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EDITORIAL

The year 1996 was supposed to be an extraordinary
year for our research department; - and indeed it was.
With the commissioning of the spallation neutron
source (SINQ) and the production of the first neutrons
at this source on the 3rd/4th December 1996 one of
our major goals was finally reached. To our great sat
isfaction the facility behaves almost entirely according
to our expectation. The task for the following year is
obvious - namely consolidate the operation of the
source and establish its scientific exploitation with the
first set of spectrometers. Furthermore a major effort
has to be put into building up the experimental infra
structure in order to establish the source as a decent
user facility.
The commissioning of the positron source also ex
pected this year met some technical difficulties and
was hence somewhat delayed. Due to corona dis
charges at the high voltage system some modifica
tions at the geometry of the system had to be made.
However, the project is on its successful track again*.
In view of these expected events (including the official
inauguration of SINQ in January 1997), we organised
a whole set of smaller and bigger international events
in Switzerland. These were:
•

First International Symposium on Ultrasonic Dop
pler Methods for Fluid Mechanics and Engineering,
PSI, 9-11 September 1996.
This is a typical multidisciplinary spin-off from our
development of diagnostics at a liquid metal spalla
tion target and related work for the European
Spallation Source (ESS).

•

International Workshop on the Technology and
Thermal Hydraulics of Heavy Liquid Metals,
Schruns (Austria), 25 - 28 March 1996, together
with ORNL, Oak Ridge, USA.

•

SLOPOS-7, International Workshop on Slow Posi
tron Beam Techniques for Solids and Surfaces,
Unterageri, 2 - 7 June 1996
This obviously in view of our own development in
this business.

•

Finally, as accompaniment to our activities in
physics of condensed matter and at our neutron
source:

First slow positron beam could be extracted just
before Easter 1997.

4th Summer School on Neutron Scattering, Zuoz,
18-24 August 1996
and as main event
ECNS-I, European Conference on Neutron Scatter
ing, Interlaken, 8-11 October 1996
with an introductory course for young scientists at
the same place for two days just before.
•

I was also happy to be able to support the 20th
Gwatt Workshop on "Soft Condensed Matter",
Gwatt, 3 - 5 October 1996
organised by the University of Neuchatel and ETH
Zurich.

All this is to show that PSI is willing and - together with
our experimental facilities - also able to play our role
as an institution, open to all the users in these re
search fields. This the more, in view of the (most
likely) upcoming of the synchrotron light source (SLS)
at PSI.
In spite of all these big and encouraging events there
are also some delightful results to be reported from the
various laboratories of the research department.
Guided by my personal taste I may just mention a few.
The Spallation Source Division has accomplished
design work for the ESS, a high power pulsed spalla
tion source for Europe. This work has led to a refer
ence design which has also its influence on the corre
sponding projects in the USA and in Japan.
The Laboratory of Ion Beam Physics is prepared for
a half-life determination of the iron isotope “Fe, which
in spite of its importance in nuclear astrophysics is still
badly known. Furthermore, for the measurement of
trace elements in ultrapure materials a SIMS-facility is
now available which may reach down to ppb's under
favourable conditions.
Injector I has become the fourth place in the world,
where heavy transactinides can be produced and
chemically investigated. The Laboratory of RadioChemistry was successful in producing 261 Rf, deter
mine its half-life and the volatility of its chloride and
bromide. The chemical "regularities" of the periodic
system is supposed to be violated due to relativistic
effects in the electron orbits of such heavy nuclei.
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Much progress in understanding the mechanical and
structural properties of multilayer systems has been
achieved in the Laboratory of Neutron Scattering.
This knowledge is essential for further development of
high reflectivity neutron mirrors and polarizers. A still
important task of the Laboratory is the commissioning
of the first generation of spectrometers at SINQ and
the design work at the next generation. Nevertheless,
experimental studies in solid state physics using ex
ternal neutron sources continued.
With the FUVITA-complex tested and the XMM-flight
hardware accepted and delivered the work on spaceborne astrophysical experimental components at the
Laboratory of Astrophysics is in a somewhat tran
sient state, waiting eagerly for launching of the space
crafts.
The data through the last 2'/z years of detection of the
earth's radiation belts show a lower electron flux in the
outer belt due to the decreasing solar activity; but the
radiation in the South Atlantic Anomaly is enhanced.
Also this year a whole set of awards have been re
ceived by young scientists of our research depart
ment. I have the pleasure to congratulate W. Henggeler (2 awards), M. Medarde, J. Mesot and J. Loftier
(2 awards) for their great performance.
Finally a personal concern, while writing up this edito
rial. I feel like a father of a family who sees all his
children happily survive and while growing up calling
for more (and also better) food. However, my life
would be happier if I knew where to gather the funds
from. Feeling a little bit lonely in that matter, however,
seems to be part of my job.

Walter E. Fischer
Head of Department F3A
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FIRST FLUX MEASUREMENT IN A SINQ SUPERMIRROR NEUTRON GUIDE
S. Janssen, N. Schlumpf, and G. Bauer (PSI)
On Dec. 3rd the Swiss spallation neutron source SINQ was taken into operation and produced its first
neutrons successfully. The neutron spectrum within one of the supermirror guides was estimated by a
chopper Time-of-Flight method. The result shows a 30% higher neutron intensity at the flux maximum than
expected from previous Monte-Carlo simulations.
At the end of this year the new spallation source SINQ
of the PSI [1] produced its first neutrons. After a first
test of the beam elements a proton current of 20 pA
was successfully kept on the target for about 10 hours
on Dec. 3rd. The next day the current was then even
raised up to 900 pA approaching almost the final
operational value of 1 mA.
The upper part of Fig. 1 shows the history of the
proton current on the SINQ target on Dec. 4th. As one
can see there was a perfectly stable current at 250
and 500 pA for for almost one hour each. The dips
that are visible are mostly due to losses in the beam
line which triggered the accelerator interlock. At about
9:30 pm the limit of 2 mAh set for the current integral
was reached.
At the 20 pA stage the neutron spectrum within one of
the supermirror guides (RNR14) was determined by a
Time-of-Flight method. At the guide interruption for the
TOPSI monochromator position a chopper with a win
dow of 1 x 50 mm2 (hor. x ver.) was located rotating at
a frequency of 50Hz. It cutted the continuous neutron
beam into single bunches. At the end of the guide just
in front of the monochromator shielding of the TASP
triple-axis spectrometer a cylindrical 3He-counter tube
served as neutron detector. By means of a multi
channel analyzer and the respective electronics the
neutrons were counted according to their flight times
which are directly proportional to their wavelengths.
The channel width was set to be 4.3-1 O'2 A. Due to
the fixed combination of frequency and flight distance
(9.1 m) the spectrum was observable up to 10 A
neutrons. Higher wavelengths produced a frame
overlap in the spectrum.
The spectrum corrected for the effect of frame overlap
and normalized to the operational current of 1 mA is
shown in the lower part of Fig. 1 (solid line) [2]
together with the in advance calculation (squares)
based on a Monte Carlo simulation by Atchison [3].
The visible dips in the measured spectrum are due to
Bragg-edges resulting from Aluminium and Zircaloy
polycrystalline materials. Especially the AI-200 edge at
4.05 A is clearly visible.
The spectrum reveals a significantly higher neutron
flux than calculated. Especially at wavelengths larger
than 4 A there are more neutrons available at SINQ
than expected. At the flux maximum between 3 and
4.5 A the experiment yields a neutron flux of about
8-107 n/cm2/s/A/mA. Compared to a typical cold guide
at the ILL (e.g. H15) [4] SINQ is lower by no more than

a factor 6-7 even for the present first generation
Zircaloy target.
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Fig. 1: Result of the first beam tests at SINQ. In the
upper part the proton current on the SINQ
target is shown, whereas in the lower part the
measured spectrum of the guide RNR14 (solid
line) is shown together with the in advance
estimation (squares).
Thus the measured data exhibit a competitive neutron
flux at SINQ compared to other sources. The potential
of a further flux enhancement by a more sophisticated
target yields a quite optimistic prognosis for SINQ.
The authors are very grateful to the neutron scattering
group at the IFF/Forschungszentrum Julich for the
loan of the chopper.
REFERENCES
[1] G.S. Bauer, Die Spallations-Neutronenquelle SINQ
am PSI, PSI (edt.), Villigen (1992).
[2] S. Janssen, G. Bauer, Appendix to Swiss Neutron
News 10 (1996).
[3] F. Atchison, private communication (1996).
[4] K. Ibel (edt.), Guide to Neutron Research Facil
ities at ILL, Grenoble (1994).
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TENSILE PROPERTIES IN ZIRCALOY-II AFTER 590 MeV PROTON IRRADIATION
Y. Dai (PSI) and M. Victoria (EPFL)
In order to investigate radiation potential damage effects on the SINQ Zircaloy-rod target, four Zircaloy-ll
tensile specimens were irradiated at the PIREX facility in 1995 to a proton fluence about 3x1(f° p/crrf,
which produced a radiation damage of about 1.35 displacement per atom (dpa). Tensile test results show
that, although there is some reduction in tensile elongation, substantial ductility still exists after such a irra
diation dose which cprresponds to the peak value obtained in the SINQ target for 23 days operation at
1 mA.

To investigate radiation damage effects on the SINQ
Zircaloy-rod target, four Zircaloy-ll specimens were
irradiated at the PIREX facility in 1995 to a proton
fluence about 3x10” p/cm’, which corresponds to a
damage of about 1.35 displacement per atom (dpa).
After allowing the residual radioactivity to decay for
one year, the specimens could be accessed and
tested.
EXPERIMENTAL
Small specimens were cut from a Zircaloy-ll rod of the
same materials as that used in SINQ target. The
specimens were cut by spark-erosion and then me
chanically polished. There was no additional treatment
performed before the irradiation. A gauge dimension of
4x3x0.25 mm was used.
The specimens were irradiated by using the PIREX
facility [1], Out of the four specimens, one was irradi
ated in a bending mode to study the effect of stress on
the formation of hydrides which is known to produce
embrittlement effects in Zr and Zircaloy. The bending
strain at surfaces was about 0.2-0.3%.
The irradiation was performed at -100 - 110°C which
was in the temperature range expected in SINQ target
Zircaloy rods, ~50°C (at the surface) to ~190°C (at the
centre) [2]. The beam current was -6 pA and a dose
of 6 As (Ampere second) was obtained. The average
maximum beam density on the specimens was about
50 pA/cm2 which is about two times as great as that in
the SINQ target (25 pA/cm2).
Two irradiated specimens were tested at room tem
perature and 100°C respectively with a stain rate of
about 3x104 s '.
After the tensile tests, small pieces were cut from the
gauge area of the specimens for dosimetry measure
ments, which showed the dose of the specimens was
about 3x1020 cm 2.
TENSILE TEST RESULTS
Both irradiated and unirradiated samples were tested
at the same conditions. The results are shown in
Fig. 1. It can be seen that for unirradiated samples at
room temperature the yield stress (o02) is about
330 MPa, tensile strength is about 640 MPa, uniform
elongation is about 22% and total elongation is about
28%. At 100°C, yield stress and tensile strength

decrease to about 240 MPa and 530 MPa, uniform
and rupture strains increase to 27% and 34%,
respectively.
After the irradiation, hardening and embrittlement
effects due to radiation damage were observed. At
room temperature, the yield stress increases to about
520 MPa, but the uniform and total elongations de
crease to 10% and 15.5%, respectively. At 100°C, the
yield stress increases to 450 MPa, the uniform and
total elongations decrease to 12% and 19%, respec
tively. The tensile strength increases in both cases,
too, but only a little.
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Fig. 1: Tensile curves of Zircaloy-ll specimens. The
irradiation was performed at the PIREX with
590 MeV protons.
The above results show that there is substantial duc
tility left in the material after an irradiation fluence
3x1020 p/cm2, which is the peak fluence obtained in
SINQ target for 23 days operation with 1 mA.
Further investigations on microstructural changes after
irradiation will be performed in future.
ACKNOWLEDGEMENT
This study was supported by Bundesamt fur Bildung
und Wissenschaft under contract No. 94.0134.
REFERENCES
[1]

P. Marmy, et al., Nucl. Instruments and Methods
in Phys. Res. B47 (1990) 37.

[2]

G. Heidenreich and G. Bauer, SINQ project re
port, Nr. 818/HG13-203, 1992.
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RESEARCH ACTIVITIES ON STRUCTURE MATERIALS OF SPALLATION
NEUTRON SOURCE AT SINQ
G.S. Bauer and Y. Dai (PSI)
With the growing interests on powerful spallation neutron sources, especially with liquid metal targets, and
accelerator driven energy systems, spallation materials science and technology have been received wide
attention. At SINQ, material research activities are focused on: a) liquid metal corrosion; b) radiation
damage; and c) interaction of corrosion and radiation damage.
Accelerator driven spallation devices are receiving
growing attention world wide both as research neutron
sources and for application in future energy systems.
While the physics of these devices is well understood,
their feasibility and reliability hinge on materials
issues. Very little is known, so far, on the effects of
spallation type radiation on the properties of materials.
The main difference relative to thermal and fast neu
tron irradiation is the high ratio of Hydrogen and
Helium production per atomic displacement (dpa).
For a spallation neutron source of >~1MW, a liquid
metal target is considered to be the best choice! 1 ].
The main advantage of a liquid metal target is that
target material will not suffer from radiation damage,
which is the main factor limiting the life-time of a solid
target. However, in a liquid metal target, some struc
tural components will still be subject to radiation dam
age, and in addition, liquid metal corrosion.
To investigate structure materials for spallation neu
tron sources, a world wide collaboration has been
established of which PSI is one of the main partici
pants. Research activities at PSI include:
•
•
•

Liquid metal corrosion tests;
Investigations on radiation damage;
Interaction of radiation damage and liquid metal
corrosion.

LIQUID METAL CORROSION TESTS
As the first step, static Mercury (Hg) corrosion tests
have been started from beginning of 1996. Candidate
materials for fusion rector first wall, austenitic stainless
steel AISI 316 and martensitic steels, MANET (DIN
1.4914) and F82H, have been selected for the tests.
The preliminary results of the corrosion tests at 300°C
do not show real corrosion effects, but reveal that
oxidation can be a critical problem if there is oxygen
above Hg surface. Not only HgO crystals can be
formed on the Hg surface, but also oxygen can be
transferred to samples inside the Hg and form both
HgO crystals and an oxide layer on the sample sur
faces, as shown in Fig. 1a. This may be worse for,
martensitic steels as the oxide layer is found to be
much thicker than for austenitic stainless steel sam
ples. The oxide layer might affect the heat-transfer
from the container to the liquid metal. The possible
oxygen impacts can be minimised by using inert gas in
the system: specimens are then almost free of oxida

tion and their surfaces remain clean, as shown in
Fig. 1b.
In a static isothermal corrosion test, there is no mass
transfer, so this kind of tests can only give very limited
information. Corrosion tests in Hg loops with tempera
ture gradients have been prepared and will be started
soon.
INVESTIGATIONS ON RADIATION DAMAGE
At moment, most of the existing knowledge of radia
tion effects on materials is based on neutron and low
energy ions irradiation. There is very little experience
on medium energy (~1 GeV) proton irradiation. To
create a data base or systematic information for spal
lation materials, a world wide collaboration has been
formed, which includes studding components retried
from LAMPF and ISIS, and performing new radiation
experiments.
Two PSI windows of martensitic steel DIN 1.4926 and
one degrader of Inconel 718 irradiated at LAMPF, and
one Tantalum target with AISI 304 stainless steel
container from ISIS were shipped to KFA. PSI is par
ticipating in the investigations on PSI windows.
For new radiation experiments, an APT materials irra
diation program is going on in Los Alamos National
Laboratory and another program has been initiated at
PSI, using the SINQ facility.
APT irradiation program includes more than 5000
specimens, most of them of Inconel 718, AISI 316,
AISI 304 and 9Cr-1Mo (martensitic steel). About 350
specimens of three kinds of martensitic steels, F82H,
Optimax and 13X13C2M2-III were prepared and in
cluded by PSI. F82H and Optimax are so called “low
activation” steels developed by the fusion materials
community, which reduce long term radioactivity and
show better fracture properties after neutron irradiation
comparing to conventional martensitic steels[2]. The
APT irradiation will be finished by September of 1997
and the analysis will be done in 1998.
In the PSI irradiation program, some rods in the sec
ond SINQ Zircaloy target will be replaced with tubes
containing samples. This irradiation program will in
clude three kinds of austenitic steels, five kinds of
martensitic steels, two types of Al-alloys, one type of
Zircaloy, one type of Ti-alloy, and welds from most of
these materials. Seven different types and a total of
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more than 1300 specimens will give detailed informa
tion on tensile, fatigue and fracture properties, and
microstrutural changes after irradiation. The results
are expected to provide good comparison between
different type of materials, and between the welds and
their parent materials as well. Five laboratories, KFA,
CEA, ORNL, LANL, JAERI also participate the pro
gram. Most of the specimens have been prepared
already.

INTERACTION OF RADIATION DAMAGE AND
LIQUID METAL CORROSION
For a liquid metal target, the heaviest damaged part
should be the beam entry area of the liquid metal
container, where material is subject to the most inten
sive radiation load and maybe the greatest mechanical
load, too. Liquid metal corrosion might be accelerated
by the irradiation and mechanical loads and irradiation
assisted stress corrosion cracking could occur. To
investigate these important issues, experiments have
been planed to using the beam-stop of INR, Moscow.
Details are presently being established by the Russian
partners. If the program is going well, the design and
manufacture of facilities will be fished in 1997, irradia
tion will be performed in 1998 and post-irradiation
analysis can be done late 1998 or in 1999.
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Fig. 1: AISI 316 specimens after corrosion in static Hg
for 2000 h: a) with air in the system, oxide layer
and HgO crystals were formed on the surface of
specimens; and b) with inert gas (Ar or Fie) in
the system specimens are almost free of oxida
tion. A few small droplets of Hg can be seen on
the surface.
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DYNAMIC RESPONSE OF THE TARGET CONTAINER UNDER PULSED HEATING
Liping Ni (PSI)
The structural mechanics of a liquid metal target container for pulsed spallation neutron sources have been
simulated using both a commercial code and a PSI-developed program. Results from the transient ther
mal-structural analysis showed that, due to inertia effects, the dynamic stress in the target container is
contributed mainly from direct heating in the initial time stage, and later from the pressure wave in the tar
get liquid once it reaches the wall.

One of the major design problems in a liquid metal
target under pulsed heating is the structural mechan
ics of the container, since a sudden loading causes
not only a direct stress wave on the container but also
a pressure wave within the target liquid, which
spreads out through the liquid, and induces high
stress in the container that may cause material failure.
Such an example can be seen in the ESS (European
Spallation Source) liquid metal target, where a proton
beam of 5MW time average is shot into a mercury
target in very short time periods of 1ps at a repetition
rate of 50Hz. The target geometry for the simulation
(right window in Figure 1) consists of a cylinder, with
an inside diameter of 0.2m and a height of 0.6m, and a
dome-shaped window with a wall thickness of 3mm.
The beam power distribution [1] is taken essentially as
an exponential decrease along the target depth and as
parabolic in the radial direction of a beam diameter of
110mm.
TRANSIENT DYNAMIC ANALYSIS
A transient thermal analysis due to a single pulse was
first performed with coupled and uncoupled heat
equations. Temperature distribution results showed
that the coupling effect between two pulses can be
neglected, so that a subsequent transient thermalstructure analysis was applied for the dynamic re
sponse of the target structure [2],
THERMAL STRESS THROUGH DIRECT HEATING ONLY

In the short time region up to 10ps, the dynamic
response of the container is dominated by the thermal
stresses, which are caused by instantaneous heating
but the structure is restrained from expanding due to
the effect of inertia. The stress components in the
target window center are mostly influenced by the
loading rate: a higher loading rate induces higher
stress. In the window center, the wall thickness affects
only the axial component of the stress.
Because of non-uniform energy deposition, the dy
namic stress distribution is a quite complicated super
position. Figure 1 shows the longitudinal propagation
of stress along the container wall due to direct heating
only. The peak stress at the heating center, y=0, is
34.5MPa in compression. This compression wave
travels through the dome-shaped window with the
longitudinal sound speed and then reaches the target
cylinder (at the tangential junction with the depth of
y=0.1m) after about 28ps. At about 84gs, the peak
stress arrives at a depth of y=0.4m. Because of the

increasing cross section area, this longitudinal stress
wave disperses and attenuates as it travels from the
heating center to the cylinder connection. Thereafter
the stress wave passes along the cylinder wall with
slightly decreased strength, since 5% structural
damping was assumed. Figure 2 depicts the distribu
tion of the "von Mises equivalent stress", which is
usually considered a criterion to compare with the
yield strength, as a function of time and length along
the wall. It shows high amplitude only at the early time
stage. The maximum von Mises stress is about
33MPa on the window center. This is 16.5% of the
design stress.
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Fig. 1: Propagation of a Longitudinal stress wave
along the container wall only due to direct
heating.
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Fig. 2: von Mises stress on the container only due to
direct heating.
DYNAMIC STRESSES ON THE TARGET CONTAINER

In the later time stage when the pressure waves reach
the wall, the dynamic response of the target container
is contributed mainly from these pressure waves.
Since a pure liquid can sustain certain tension or
"negative pressure", the container stress depends
therefore on the tensile strength in the mercury before
void forms.
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Fig. 3: von Mises stress with a constant wall
thickness of 3mm in the case of no voiding.
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Fig. 4: von Mises stress with tapering wall thickness
in case of no voiding.

Fig. 6: von Mises stress distribution on the container
wall in case of void formation at p=0.

For the case of no voiding, calculations of the pres
sure waves resulted in a maximum tension of 210MPa
in the liquid mercury. For the container wall with a
constant thickness of 3mm, the time-varying von
Mises stress distribution is displayed in Fig. 3. In the
dome area, where the heating center exists, the pres
sure waves travel spherically and reach the container
wall earlier than in the cylinder section. It is found that
the highest stress occurs not during the pulse but
some time later, i.e. when pressure waves reach the
wall. The maximum stress is 280MPa, occurring near
the window center and 25ps after the pulse.

heating included) in Fig. 5. It is clearly seen that, at the
beginning, the whole stress is contributed solely from
direct heating. With increasing time, the stress
contribution from pressure waves in the liquid
becomes more and more significant.

The dynamic response on a target window with a
varying window thickness (see the small window in
Fig. 4) was also investigated: the thickness diminishing
gradually from the cylinder value of 3mm to 1.5mm at
the window center. This change affects, of course,
mostly the stress magnitude at the window center,
which is shown as a thin solid line in Fig. 5, where the
time history of the radial stresses at the window center
is displayed. As can be expected, this stress compo
nent is larger than the one with a constant wall thick
ness. The related von Mises stress also becomes
larger in the window center area, which is depicted in
Fig. 4, and has a maximum value of 368MPa.
The influence of the stress component due to direct
heating can be also seen by comparing the dashed
line and the solid lines (stress component due to direct

The result for the situation of voiding at p=0 in mer
cury, the most pessimistic case, is shown in Fig. 6. As
can be expected, a higher stress distribution was
found, with a maximum stress of ca. 480MPa.
The conclusion is that the real stress distribution for
the ESS target could be expected between these ex
treme situations and may have a maximum stress
between 280MPa and 480MPa. Since the design
stress limit of stainless steel AISI316 is about
200MPa, this would be exceeded anyway. Adding a
small volume of helium gas bubbles could reduce the
pressure level [3], but further intensive investigations
on such a bubbly liquid are necessary.
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[1] G.S. Bauer, "ESS-liquid metal target studies - 2nd
status report", Oct. 1995.
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FLOW MAPPING FOR ESS HORIZONTAL TARGET
Y. Takeda, H. Kikura and T. Taishi (PSI)
Flow behaviour for ESS horizontal target is studied experimentally using two dimensional water model. A
velocity field of stationary flow in reaction zone has been obtained. Three dimensional effect was also
studied as a spanwise flow structure.
For the target of the European spallation neutron
source, ESS, it is proposed to use mercury as a target
material. The beam line is horizontal and the mercury
circuit is fully forced by a pump. Among various poten
tial configurations of flow channels with respect to the
beam direction, a horizontal parallel channel geometry
is considered [1]. The cross section of the target as
sembly has an oval shape, similar to the beam shape.
The top front of the assembly is made as hemicylindrical wall, where the beam enters and thus called
“Window”. The main part is partitioned by a horizontal
separation plate into the upper and the lower flow
channel. The target liquid flows in the lower channel to
the window region, turns there and flows out in the
upper channel.
A thermohyraulic study is under way to investigate the
general behavior of the flow in this configuration. An
experimental study was started by two-dimensional
model using water. The experiment using mercury is
under preparation.
Experiments : Flow measurement for flow mapping
was made using the ultrasonic Doppler method [2,3].
The model is two dimensional and water is used as a
flowing media. The test section is made of plexiglas,
55 cm long, 20 cm wide and 10 cm high, which follows
an entry region of ca. 100 cm. At the position of 3 cm
high, a separation plate (2 mm thickness) is placed.
Inflow liquid flows in the lower channel (30 mm x 200 mm
channel cross sectional area) toward the hemicylindrical top front (radius 50 mm) and after bending
180° there, it flows out in an upper channel (70 mm x
200 mm area). This test section is attached in a water
loop which has a maximum flow rate of ca. 2 I/s. One
measurement was focused on the recirculation zone in
the upper channel, while the other on the returning
flow in the hemicylindrical top front. Ultrasonic trans
ducers are assembled in special mounting devices,
which are attached to the outer wall of the test section.
For the measurement of the upper channel, eight
transducers are mounted in a block with a regular
separation distance of 15 mm and with a constant
inclination angle of 15° to the normal line. Together
with the measurements where the inclination angle is
changed to -15°, we have 96 velocity profiles, from
which we can form a two dimensional vector field. For
the measurement of hemicylindrical region, 14 trans
ducers are set with 12° separation angle and with
constant inclination of 15°to the normal line at the
outer wall. This configuration generates 28 velocity
profiles.

Flow map : The vector field obtained (361 vectors) is
given in Fig. 1 for the upper channel. It is clearly seen
that flow is recirculating in the lower part of the chan
nel (on the separation plate). On the two lowest lines,
directions of vector are leftward for X<200mm and
rightward beyond this point, although vectors are quite
small. On the third lowest line, it is more clearly seen
that it flows leftward with significant velocity levels, ca.
10 cm/s. The thickness (height) of the recirculation
zone is ca. 30 mm at x=50 mm and it extends to the
point x=200 mm (250 mm from the top of the cylinder).
Beyond this point, the flow is more or less parallel and
directed to the exit and no structure was seen.
Fig. 2 shows a result of the measurement for the
hemicylindrical region, where 705 vectors are plotted.
This shows clearly a returning flow along the end wall
as generally anticipated. Since we plotted only time
average velocity field, the flow is smooth and no sig
nificant small structure is displayed.
Spanwise motion : From the UVP measurement as
well as from visual observation, we found that spanwise motion is not negligibly small. The velocity pro
files of the spanwise direction were measured at the
top position of the hemicylindrical part along the wall.
Fig. 3 is a time averaged profile. It shows clearly a
large spanwise circulation; a pair of large vortices
which is observed from the result that the flow direc
tion is opposite from the center of the channel toward
outside. By using the orthogonal decomposition of the
space-time velocity profile [3], we found that there are
four rolls to the spanwise direction. There is a large
scale motion forming one pair of large vortices and
secondary two pairs of vortices, which are superposed
to the larger one. It is yet to be studied whether this
roll structure is intrinsic in this flow configuration or due
to inflow condition of this experimental setup.
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IRRADIATION FACILITIES AT THE SPALLATION NEUTRON SOURCE SINQ
E. Lehmann, J. Ledermann, H. Aebersold, G. Kuhne, K. Kohlik (PSI)
Four independent experiments for sample irradiation are under construction and in preparation for
operational tests at the spallation source SING. Three of them are located inside a thermal beam port with
end positions inside or near the moderator tank. The other experiment will be established at the end
position of a super mirror lined neutron guide for applications with cold neutrons.
INTRODUCTION
The spallation source SINQ, which started its test
operation in December 1996, will represent the
strongest neutron source for research purposes in
Switzerland. Most of the experimental facilities around
it will be used by an international community of
scientists. Although the source was mainly designed
for neutron scattering experiments, some other
applications of neutrons are now in preparation also
[1], Beside a neutron radiography station [2], four other
experiments will to go into routine operation in 1997.
An overview showing the arrangements of the
irradiation facilities in sector 60 of SINQ is given in
Fig. 1.
sector 60 SINQ

'shielded

Irradiation
facilities at
sector 60

laboratory
type 6

The advantage of this method is its high sensitivity, the
possibilty of simultaneous investigations of different
nuclides, the use of solid samples and the non
destructive character of the method.
The samples will be enclosed in polyethylene capsules
which were in use over many years for reactor experi
ments with good results. No permanent activation or
radiation damage could be found after repeated use of
these capsules.
PRODUCTION OF RADIOACTIVE ISOTOPES (PNA)
The generation of neutron activated radioisotopes for
medical applications will be possible by means of a
second rabbit system, independently from the NAA
system, with an irradiation position closer to the
thermal flux maximum in the moderator tank. One of
the isotopes produced routinely will be "°Ag, which
can be produced by the irradiation of natural
Palladium. The typical irradiation will be performed for
several hours to days on the highest flux level
available. Because of the heating of the samples and
the irradiation capsules by the radiation field, cooling is
foreseen by using the helium flow and taking
advantage of the high heat capacity of the shielding
material around.

:control root#

*lVY\

lf.10 Isw.KLBZV 1

Fig. 1: View on the outer part of the irradiation
facilities at the thermal beam line in sector 60
of SINQ.
NEUTRON ACTIVATION ANALYSIS FACILITY (NAA)
This irradiation facility permits short term activation of
trace elements with very small amounts of sample
material. The samples will be transported by a rabbit
system from outside into the region where a thermal
neutron flux of 10'2 to 1013 cm 2 s ' can be applied. In
side the shielding and the moderator tank region the
samples will be moved through coaxial Al tubes by a
helium flow. The helium atmosphere around the cap
sules will be exchanged for air outside the target block
region where activation of the transport medium is not
an issue. The irradiated samples will be transported by
the second part of the rabbit system to a chemistry lab
over a distance of about 80 meters. There the investi
gations and sample analysis will be performed by
gamma spectrometry.

Fig. 2: Sectional view on the irradiation capsule (Al)
and stop postion of the coaxial rabbit system
PNA, developed by PSI; visible are the coaxial
tubings, the outer safety shell and the
positions for temperature and neutron flux
detectors.
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After the irradiation, the capsules will be moved from
the irradiation position back to the sample lock by
reversing helium flow. Because of the high short term
activity level of the capsules (mainly by 28AI) this end
position is placed inside a well shielded transfer
station (in Fig. 1 left near the target block exit).
After storing the samples in this station for the decay
time of the short lived nuclides, they will be loaded into
special transport containers and transported to the
chemistry lab for processing.
This irradiation facility and most of the components
were developed and manufactured by PSI. Only the
transfer station and the electronic control system are
commercial products.
One of the most interesting mechanical developments
was the design of the Al-irradiation capsules as well as
the end position of the inner tube of the coaxial rabbit
system where the capsules are placed during the
exposition in the radiation field.
In Fig. 2 these components are shown. To prevent a
mechanical failure of the capsule or of the end stop
position the bottom of the capsule acts as like an
elastic spring. The end position is a agrid of ribbed
bars and was optimized for mechanical stability and
low flow resistivity. It was successfully tested by
investigations in the PSI mechanical lab.

GAS JET SYSTEM FOR RADIOCHEMICAL
INVESTIGATIONS
The right part of sector 60 is occupied by installations
for a gas jet system. The principles are described in
[6]. Three independent chambers each equipped with
two thin uranium layers will be exposed by the thermal
neutron flux (of the order of 109 to 101° cm 2 s ') through
a hole in the shielding plug when the shutter is
opened.
The shutter is manufactured as a rotatable drum filled
with boron carbide. It can also be used to switch off
the beam partly in order to reduce the applied flux
level.
At the startup of SINQ the installations will be ready for
operation. When the control system will be connected
early in 1997, some inactive tests of the facility will be
carried out, before the routine experimental opeartion
will be started.
IRRADIATION FACILITY FOR NEUTRON CAPTURE
RADIOGRAPHY
Boron neutron capture therapy (BNCT) for cancer
treatment is one important and interesting field of
development in medicine. Investigations of the
interaction of neutrons with tissue are performed
world-wide, mainly of the induced reactions of 10B,
generating short range acting a-particles.
The studies are based on tissue irradiation under very
„clean“ conditions and microscopic inspections of the
a-tracks inside the cell structures by detector foils [3].
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feed changer

lead glass
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lead shielding
n-monitor

sliding door
n-guide
RNR13
beam dump
mirror
n-shielding
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drive - X-axis

scanning
table
concrete
blocks

Fig. 3: Layout of the proposed irradiation facility for Neutron Capture Radiography at the cold neutron guide 13.
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Table 1: Summary of the aims and properties of the irradiation facilities at SINQ
Irradiation facilities at SINQ
NAA

PNA

GJA

NCR

nuclide composition
analysis with high
sensitivity

production of
radioactive isotopes
for medical
applications

utilization of fission
product nuclides for
radio-chemical
investigations

irradiation of
biological samples for
cancer therapy
investigations /
neutron radiography

thermal neutron
field inside the
moderator tank

thermal neutron
field inside the
moderator tank
close to the target

beam channel end
position at about 3m
distance from the
target region

end position at
neutron guide 13

1012 to 10"

n * 10"

10"

108

neutron spectrum

thermal

thermal

thermal

cold

typical irradiation
time

seconds to minutes

hours to days

during experiments:
permanent

hours

application

position at SINQ

neutron flux

This means that only well moderated thermal or cold
neutrons should be applied on the sample and the
background of fast neutrons can be negligible.
At the end position of the neutron guide 13 of SINQ
such beam properties will prevail. Therefore, an
irradiation facility is under construction as sketched in
Fig. 3. A combined neutron- and y-shielding is needed
around this position to meet the radiation protection
rules. For the adequate sample positioning a movable
desk driven by a controlled motor system will be
installed within the shielding [4],
This irradiation facility can be optionally used as a
neutron radiography system for cold neutrons. In this
case, a light tight camera box will be introduced into
the shielding to look via a mirror and an optical system
on a scintillation screen which is exposed by the
neutron beam and producing an image. Using the
advantage of cold neutrons for higher radiographic
contrasts this option is mainly intended for
investigations with high spatial resolution of thin
material sheets.
SUMMARY
Various irradiation facilities are provided at the
spallation source SINQ for a widespread user
community. It will be possible to perform analytical,
radiochemical and biological investigation using
neutrons. The production of special radioisotopes is
foreseen, mainly to support the medical research, but
also to satisfy the demands of the national industry
and institutions. The use of cold neutrons, available at
RSI with relatively high intensity for radiographic
imaging, might respresent an important advantage.
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TESTS OF A NEW CCD-CAMERA BASED NEUTRON RADIOGRAPHY DETECTOR
SYSTEM AT THE REACTOR STATIONS IN MUNICH AND VIENNA
E. Lehmann, H. Pleinert (PSI), B. Schillinger (TU Munich), S. Korner (Atominstitut Vienna)
The performance of the new neutron radiography detector system designed at PSI with a cooled high
sensitive CCD-camera was investigated under real neutronic conditions at three beam ports of two reactor
stations. Different converter screens were applied for which the sensitivity and the modulation transfer
function (MTF) could be obtained. The results are very encouraging concerning the utilization of this detec
tor system as standard tool at the radiography stations at the spallation source SINO.
After the final shut down of the research reactor
SAPHIR at PSI the continuation of work in the field of
Neutron Radiography was made possible by a new
radiography station to be installed at the spallation
source SINQ [1] and by cooperation with external
groups in Austria and Germany making possible ex
periments at their facilities.
Parallel to the investigations of building materials [2]
and other interesting objects at the TRIGA reactor in
Vienna, new methods of neutron radiography were
evaluated and a camera system was prepared for
radiography applications.
This camera system is based on a TEKTRONIX CCDchip (512*512 pixel). The nitrogen cooled camera is
enclosed in a light tight box viewing the neutron con
verter screen via a mirror and some shielding filters in
the light path. The system is arranged at an angle of
90° outside the direct beam, mainly to protect the
electronic components from irradiation damages. In
Fig. 1 the layout of the camera detector is shown.
ELECTRONIC NEUTRONRADIOGRAPHY DETECTOR
neutron beam

11 m
shielding

system
control
Al mirror

cooling
light tight box

window (neutron absorbing)

window (lead glas)

Fig. 1: View on the camera based detector system for
neutron radiography purposes

MEASUREMENTS AT THE FRM-I REACTOR OF
THE TU MUNICH
Two beam lines could be used for experiments with
neutrons at the MTR-reactor FRM-I in MunichGarching. Thermal neutrons on the flux level of about
108 were available at the channel F1 which is
equipped with a super mirror neutron guide generating

a rectangular beam (cross section 14 cm * 2.5 cm). At
this position, other investigations for neutron tomogra
phy [3] have been carried out also by the Munich
group. The main topic of the measurements was the
evaluation of the camera response. This could be
done with two scintillator screens (NE426 and NE427),
which, due to their difference in the light emission
spectrum and intensity might lead to different values of
the camera response. Furthermore, die modulation
transfer function (MTF) was to be obtained by investi
gation of a sharp Gd edge in the direct beam.
Fast neutrons provided by a converter facility [4] which
generates fission neutrons with the help of a uranium
plate could be used for experiments. This beam has a
quadratic profile with about 10 cm side length. By
means of filters in the beam (lead or polyethylene)
both the neutron spectrum and the flux level could be
modified. For the investigations with fast neutrons
another converter screen was applied (polypropylene
with ZnS - supplied by ASK (Japan)).
The knowledge of the detector response in depend
ence of the energy is very important for quantitative
measurements. Because the light emission of this
screen is caused primarily by the proton recoil in the
organic material, the response function should be
directly proportional to the scattering cross-section of
hydrogen. In the energy range above 1 MeV this cross
section has a strong slope. Therefore a relatively pro
nounced change in the integral detector response
should be found if the neutron spectrum is varied.
Such investigations were done at the fast beam by
insertion of different filters into the beam and meas
urements of the neutron distribution over the beam
area. These measurements were compared to Monte
Carlo calculations of the spectral changes by the filter
systems using an exact geometric model of the neu
tron beam line. The comparison between the camera
tests and the calculated detector response is given in
Fig. 2, indicating a good agreement.
Because the moderation efficiency of lead is small
compared to hydrogenous materials, spectral changes
can be investigated better by using more polyethylene
in the beam. Such measurements are planned and
should represent a much more sensitive check of the
response function of the converter material together
with the camera system.

16
Because of the s trong interaction of neutrons with
hydrogen, neutron radiography is well suited to sensi
tive detection of differences in moisture content, and
water quantities down to a few mg/cm3 can be de
tected. For a precise quantitative determination of the
distribution, neutron signal transfer analysis is applied.
The results are used to develop and validate improved
models of moisture transport, which can help predict
and minimize the various forms of mechanical and
chemical damage caused to building structures by the
movement of humidity. As an example, the absorption
of moisture from atmospheric humidity as measured in
a concrete sample is shown in Fig. 3.

ranee of lead fillers

Calculation
* Experiment

Fig. 2: Comparison of the measured effective camera
response with calculated values for different
neutron beams modified by several filters in
side the collimator

INVESTIGATIONS AT THE RADIOGRAPHY
STATION OF THE TRIGA REACTOR OF THE
ATOMINSTITUT VIENNA

CONCLUSIONS
The good performance of the new detetor system
could be shown during the first practical applications at
two neutron sources. The investigations will be
continued at the neutron radiography facility at SINQ,
but additional measurements and methodical comparizons are foreseen in colaboration of the authors.
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a
Fig. 3: a: The transmission profiles recorded along the width of the sample in the two measurements (original dry
sample and after 48 days of exposure to humid air from one side only)
b: humidity distribution obtained by the signal transfer analysis .
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CONCEPT FOR A NEW HIGH RESOLUTION HIGH INTENSITY DIFFRACTOMETER
U. Stuhr (PSi)
A concept of a new time-of-fiight powder-diffractometer for a thermal neutron beam tube at SINQ is pre
sented. The design of the instrument optimises the contradictory conditions of high intensity and high
resolution. The high intensity is achieved by using many neutron pulses simultaneously. By analysing the
time-angle-pattern of the detected neutrons an assignment of the neutrons to a single pulse is possible.
INTRODUCTION
It is planned to build up a new high resolution high
intensity powder diffractometer at SINQ. One main
application of the instrument will be stress analysis. Of
special interest is the investigation of internal stresses
of irradiated pieces of the SINQ-target to predict the
possible lifetime of the elements.
At present two different types of time of flight diffracto
meters exist. The standard time of flight instrument
uses single pulses and for each scattered neutron the
wavelength is determined by the time of flight of the
neutron. The time between two pulses is chosen in a
way that the fastest neutrons can not reach the slow
est neutrons of the previous pulse. Typical times
between two pulses for a high resolution spectrometer
of this kind are some 20ms.
The concept of reverse time of flight- or Fourierdiffractometer follows a contrary philosophy. The
chopper opening and closing time are the same.
Therefore, the neutrons arriving at the sample (or de
tector) position at a given time origin from several
thousands of different pulses. Conclusively, it is not
possible to assign a single detected neutron to a par
ticular wavelength or time of flight. It is only possible to
give the probability for each wavelength. A combi
nation of many spectra measured with varying fre
quency yields finally the wanted wavelength-spectrum.
The advantage of a Fourier-diffractometer is high
counting rate which exceeds that of the standard high
resolution time of flight spectrometer by a factor of
several thousands. On the other hand the contrast of
the spectra is poor. This is due to two facts: (i) The
contrast of the chopper is low and this contrast is even
reduced by further time uncertainties on the way of the
neutrons through the spectrometer and (ii) the differ
ence in the arrival time of the neutrons of different
Bragg-reflections (and pulses) is small compared to
the time resolution.
The principle idea of the spectrometer proposed for
the SINQ-thermal beam tube 31 is to increase the
contrast with a minimum of loss of intensity compared
to a Fourier-diffractometer. With other words to look
for a compromise between the two types of spec
trometers, in the order to get a maximum of interesting
information in a certain time.
PURPOSE OF THE INSTRUMENT
The main purpose of the instrument is to measure the
lattice constants of polycrystalline materials with high

accuracy. The instrument will not be optimised for
structure analysis. Furthermore, in general, our inter
est is focused on the position (and/or the intrinsic
width) of the most intense reflections.
One major application will be stress analysis. Other
possible applications for the instrument are i.e.: de
termination of lattice constants (absolutely and de
pendent on external parameters such as temperature,
pressure, stress and magnetic field) and investigations
of composite materials, phase transitions and magne
tostriction.
PRINCIPLE CONCEPT
The instrument bases on the following concept:
(i) In order to increase the contrast compared to a
Fourier-chopper we increase the ratio of closing- to
opening-time of the chopper. This also enables us
to omit the stator.
(ii) Instead of varying the chopper-frequency we will
make use of dependence of the arrival time on the
scattering angle of the neutrons. For this we need a
1-dimensional position sensitive detector with good
spatial resolution.
The dependence of the time of flight t of a neutron on
the scattering angle 20 is given by:
dt -f
"O'"

■sin©

COS0 +
3tof

Qfefpi
■ sin©
dQ

\

where tflighl is the time of flight of a neutron from the
chopper to the detector and slol is the length of this
flight path which may depend on the scattering angle.
Conclusively, in a plot tnghl versus the scattering angle
0 every Bragg reflection gives a line with a slope
which depends for fixed 0 only on the time of flight of
the neutrons. Therefore, we can use this slope to
determine the slit of the chopper which the neutrons
have passed.
For an unambiguous determination of the slit which
the neutrons have passed we have to determine the
slope with an accuracy which is better than (vn-tcyclJ/slol,
where vn is the velocity of the neutrons. This relation
defines the layout of the parameters of the instrument.
The precise value of the time of flight, which we will
use to calculate the lattice constant, is determined by
the position of the line at a given angle. This proce
dure allows us to work with a single chopper fre
quency which has the advantage that all data are
taken with the best time resolution.
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A sketch of the instrument design following this con
cept is given in Fig. 1.
Results of a Monte-Carlo simulation of the ChopperDetector system are shown in Figs. 2 and 3. For the
presented results a chopper with an opening time of
10ps (FWHM) and an 3He-detector with a spatial

resolution of 2mm and a thickness of 20mm was used
(ratio of opening time of chopper 1/10, distances:
chopper-sample 12m, sample-detector =2m). How
ever, in order to keep the number of parameters in a
reasonable range, a perfect flight-path and an infinite
small sample were assumed.

Fe- shielding
He-detector
(movable)
concrete shielding
chopper

diaphragm
neutron guide/nrurrorsystem \

diaphragm

absorber

beam
stop

diaphragms

i
\
\
\

sample
table

velocity selector
(option)

beam tube
high angle
detector ""
granite floor

Fig. 1: Sketch of the instrument

"li L
sect ttenng angle C*J

Fig. 2: Scattering angle-time contour-plot of the in
tensity for a 10°-region of the detector. Origin
of the time scale is the last opening of the
chopper.

!

9
Fig. 3: Spectrum of the sample calculated from the
contour-plot in Fig. 2, but using the whole 30°range of the detector.
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MAGNETIZATION BEHAVIOR OF NANOCRYSTALLINE SYSTEMS COMBINING
FERROMAGNETIC AND ANTIFERROMAGNETIC PHASES
J. Loftier, VZ. Wagner, H. Van Svygenhoven (PSI), J. Meier, B. Doudin, J.-Ph. Ansermet (EPFL)
The magnetic properties of nanostructured materials on the basis of Fe and Ni have been investigated with
a SQUID magnetometer, complementary to the small-angle neutron scattering study reported in the same
volume. Measurements of the coercive field in a temperature range from 5 to 300 K confirm the validity of
the random anisotropy model for our nanostructured systems. Furthermore, we obtain information about
the presence and distribution of the antiferromagnetic oxides, joining the ferromagnetic grains.
Magnetization measurements on nanostructured ma
terials on the basis of Fe and Ni have been performed
as a function of grain size to obtain information about
the dominating magnetization processes in the differ
ent grain size regimes [1]. For grain sizes smaller than
the ferromagnetic exchange length a hypothetical
domain, i.e. a region in which the magnetization is
uniform, contains many grains each with a different
magnetocrystalline anisotropy K. Providing an ex
change coupling between neighboring grains, an
effective anisotropy <K> (which results from the aver
age of each anisotropy K of the grains) affects the
magnetization process. Since the coercive field Hc is
related to the magnetocrystalline anisotropy we inves
tigated systematically Hc as a function of grain size
and temperature.
Fig. 1 shows the coercive field as a function of grain
size for nanostructured Fe measured at a temperature
of 300 K. As a general trend we observe a steep
increase of the coercive field up to a critical grain size
of about 30 nm and a more shallow decrease for
larger grain sizes. The increase of Hc in the low grain
size regime is in accordance with the random anisot
ropy model (RAM), which predicts an increasing effec
tive anisotropy <K> with increasing grain size. The
decrease of the coercive field above a grain size of
30 nm indicates the upper limit of the range of the
validity of the RAM. The approximate 1/D behavior of
Hc for grain sizes over 30 nm is predicted for
magnetization processes dominated by domain wall
pinning. It should be mentioned that the magnetic
behavior in approach to saturation can also be
described by the RAM for the samples with small grain
sizes [1, 2],
The hysteresis loop did not reveal a discernible
anomaly. However, we observe an asymmetry and
broadening of the hysteresis (Fig. 2) when the material
was cooled in an external field of 20 kOe. This obser
vation is explained by a two-phase structure of ferro
magnetic grains embedded in an interfacial phase of
antiferromagnetic oxides [1, 3]. The shift occurred in
specimens which also show a net magnetic alignment
perpendicular to the external field direction (as meas
ured by SANS, see related report) and vanished for
increasing grain size. This indicates that the interac
tion between the ferromagnetic grains and the antifer

romagnetic interphases has a dominating influence on
the magnetic microstructure on the nanometer scale.

0 10 20 30 40 50 60 70 80 90100

grain size

[nm]

Fig. 1: Coercive field as a function of grain size
measured at 300 K. The solid line is a guide to
the eye visualizing a general trend in the data.
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Fig. 2: Center part of zero-field cooled and field
cooled hysteresis loops, measured at 5 K.
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MAGNETIC MICROSTRUCTURE OF NANOCRYSTALLINE FERROMAGNETS AND
NANOCRYSTALLINE SYSTEMS COMBINING FERROMAGNETIC AND
ANTIFERROMAGNETIC PHASES
J. Loffler, W. Wagner (PSI), G. Kostorz (ETHZ), A. Wiedenmann (HMI Berlin)
Magnetic small-angle neutron scattering measurements were performed on nanostructured ferromagnetic
materials on the basis of Fe, Nai and Co, produced preferentially by the inert-gas condensation technique,
with the aim to determine the magnetic microstructure of mesoscopic small-particle systems.
The small grain size of nanostructured ferromagnetic
materials (i.e. materials with grain sizes in the
nanometer range), combined with a large fraction of
atoms located in interfaces, has multiple influences on
the magnetic properties: Firstly, the scale of the mi
crostructure is in the range of the ferromagnetic ex
change length with the consequence that the magnetic
properties of such systems become grain size de
pendent. Secondly, the high fraction of interfaces and
their particular structure influence markedly the inter
nal magnetic coupling.

ferromagnetic grains align perpendicular to the exter
nal field direction (Fig. 1). These configurations have
spatial extensions larger than 30 nm. For external
fields larger than 3 kOe the overall ferromagnetic
alignment predominates. The perpendicular aligment
occurs only for samples with small grain sizes, i.e. for
samples with a high fraction of interfaces between the
ferromagnetic and the antiferromagnetic phase. On
the other hand, samples produced by ball milling, with
a smaller oxide content in the interfaces, do not show
this unusual perpendicular alignment [1,2],

We prepared nanostructured ferromagnetic materials
on the basis of Fe, Ni and Co preferentially by the
inert-gas condensation (IGC) technique, i.e. by evapo
ration of the material in He atmosphere, collection of
the condensed clusters on a liquid nitrogen cooled
rotating cylinder and subsequent consolidation by
pressing. Since during the production process the
clusters tend to resorb non-noble residual gas atoms
(the basic pressure of the UHV recipient is about
5 107 Pa before filling the recipient with He), we obtain
a material with a two-phase structure, i.e. ferro
magnetic grains embedded in an interfacial phase of
oxides which usually are antiferro- or ferrimagnetic.

Moreover, we determined the size of the magnetic
correlations as a function of the grain size. The differ
ence of the radial scattering cross section for H = 0
and for H = 10 kOe gives a direct information about
the spatial range of the magnetic correlations in zerofield. A first data evaluation shows a minimum of the
magnetic correlation length for grain sizes of about
30 nm, but an increase for smaller as well as for larger
grain sizes. The increase of the magnetic correlation
length for smaller grain sizes can be understood by
the random anisotropy model [3], which predicts that
the exchange interaction tends to align the magnetic
moments of neighboring grains parallel to each other
when the grain size is smaller than the ferromagnetic
exchange length.

We investigated systematically the magnetic micro
structure of these systems as a function of grain size
and preparation parameters by means of small-angle
neutron scattering (SANS). SANS has the advantage
to reveal the local magnetic correlations on the
nanometer scale simultaneously with the microstruc
ture of grains and interfaces. Moreover, in an external
magnetic field the anisotropic SANS data can resolve
the development of the magnetic correlations and the
magnetic alignment of the grains under the influence
of magnetic fields.
Since an antiferromagnet tends to align its spin axis in
a direction perpendicular to the external field the IGC
nanostructured materials show an interesting mag
netic microstructure [1, 2]: The presence and the dis
tribution of the antiferromagnetic phase leads to mag
netic frustration effects as the spins of the ferromagnet
tend to rotate in the direction of the magnetic field, and
the spins of the antiferromagnet perpendicular to the
field direction. As a consequence, at intermediate
external fields between 0.8 and 1.5 kOe, we measure
a net magnetic component perpendicular to the exter
nal field, i.e. SANS resolves localized regions where
the antiferromagnetic interphase together with the

H =0

1.5 kOe

lOkOe

Fig. 1: Lines of equal SANS intensity (Q < 0.1 nm ')
on a two-dimensional detector, for nanostruc
tured Fe measured in zero magnetic field and
in external fields of 1.5 and 10 kOe. The hori
zontal elongation of the scattering profile at
H = 1.5 kOe indicates a net magnet alignment
perpendicular to the external field.
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MOLECULAR DYNAMICS SIMULATION OF NANOCRYSTALLINE NICKEL:
STUCTURE AND MECHANICAL PROPERTIES
H. Van Swygenhoven (PSI), A. Caro (Centro Atomice, Bariloche, Argentina)
Molecular dynamics computer simulations of low temperature elastic and plastic deformation of Ni nano
phase samples (3-7 nm) are performed. The samples are polycrystals nucleated from different seeds, with
random locations and orientations. Bulk and Young’s modulus, onsett of plastic deformation and mecha
nism responsible for the plastic behaviour are studied and compared with the behaviour of coarse grained
samples.
Despite of the continuously increasing amount of
experimental results, a definite picture of elasticity and
plasticity in nanophase materials is still missing, in part
due to difficulties in reproducing the experimental
conditions and controlling crucial parameters such as
density and grain boundary structure, which translates
into a significant dispersion of data. Large scale
molecular dynamics computer simulations can help
understanding the relationship between grain bound
ary structure and overall properties. In this project we
perform molecular dynamics computer simulations on
the Cray-T3D (EPFL-Lausanne) using a parallel code
with a Finnis-Sinclair potential in the Parinello-Raman
approach and periodic boundary conditions to study
the elastic and plastic behaviour of nanophase nickel
with mean grain sizes below 6 nm.
Several samples containing at least 100,000 atoms
each and having different mean grain sizes, are con
structed by filling the simulation cell volume with nan
ograins nucleated from stochastically chosen seeds
with random crystallographic orientations. After re
laxation the samples reach a final density above 97%
of the perfect crystal value at OK. Samples are then
loaded and unloaded with an uniaxial stress between
10 MPa and 3 GPa. Elastic properties and onsett of
plasticity are calculated from stress-strain curves.
Deformation has been followed using strain-time
curves, visual inspection of slabs and energy contour
plots. Grain rotation has quantitatively been deter
mined Fourier transformation of the atomic positions
and measurement of the displacement of the diffrac
tion spots on the Ewald sphere.
The nanophase samples show a reduction in elastic
constants compared to the coarse grained polycrystal,
but the reduction is less drastic then reported in the
experiments on gas-condensation/vacuum consolida
tion samples [3]. Figure 1 shows the stress-strain
curve for Nil and Ni2 with resp. mean grain sizes of
3.2 and 5.4 nm. At stresses lower then 80 MPa the
deformation can be said to be elastic and the curve fits
to a straight line within a standard deviation of 1%.
Unloading the sample leads to the original sample
size. At higher loads the curve start to deviate from
linear behaviour. The inset in fig. 1 shows the deviation
from linear behaviour expressed in %. The exact onset
of plastic deformation is difficult to determine because
of the very slowly or even maybe never reached
maximum deformation. In order to reduce error, values

given are all strain values loading during 30 psec,
when strain rate was very slow. As can be observed,
the strains reached in NI2 are higher then those
reached in Nil, which means that there is more plastic
deformation at the lower grain size. This indicates a
lowering in yield stress or a reduced hardness when
grain size is reduced from 5.4 to 3.2 nm. The simula
tions show that nanophase nickel does not follow the
well known Hall-Petch behaviour for grain sizes below
6 nm.
-
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Fig. 1: Stress versus strain for Nil (o) and Ni2 (■).
The inset shows the percentage deviation
from linear behaviour.
All samples continue to be nanocrystalline after de
formation. Some grains have been followed individu
ally during deformation revealing the presence of sev
eral accommodation mechanisms such as grain
boundary sliding, grain rotation and grain boundary
motion, as is demonstrated in [1,2]. As far as we have
been able to detect by visual inspection of slabs and
grain boundaries, and by using energy contour plots,
we have not seen any evidence of dislocation activity.
New simulations are underway which are designed to
show the change in slope of the Hall-Petch behaviour,
which is expected to take place at hogher grain sizes.
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SPUTTER DEPOSITION AND CHARACTERISATION OF HARD WEAR-RESISTANT
Ti/TiN MULTILAYERS
M. C. Simmonds and H. Van Swygenhoven (PSI)
Multilayered Ti/TiN thin films have been synthesized by magnetron sputter deposition. Alternating layers of
Ti and TiN with layer thickness in the 5 - 50 nm range are sequentially deposited. The structure of the films
have been characterised by atomic force microscopy (AFM), X-ray diffraction and reflection and auger
depth profiling. The mechanical properties have been investigated using pin-on-disc wear rate testing,
nanoindentaion determination of hardness and micro scratch testing.
By the suitable choice of materials it is possible to
grow multilayer films with mechanical properties that
are superior to either of the constituent materials. For
example [1] the growth of NbN/TiN multilayers at an
elevated temperature leads to films with hardness
values twice that of either TiN or NbN. In another
study [2] it has been reported that TiN/Ti multilayers
also show an increased hardness for films grown at
room temperature. This has been rationalised in terms
of dislocations terminating in the softer material be
cause it is energetically unfavourable for them to
propagate into the harder material [3]. This increased
hardness generally reaches a maximum for a multi
layer periodicity in the range of 5-10 nm. The Ti/TiN
system is of particular interest as whilst TiN is fre
quently used as a hard wear resistant coating, it has to
be deposited at elevated temperture (900°C) to have
suitable mechanical properties. The possibility of de
positing the films at room temperature with improved
mechanical performance not only decreases manufac
turing costs and deposition time but also extends the
choice of possible substrates that can safely be de
posited onto. This study is part of the Swiss Pro
gramme Prioritaire de Materiaux which seeks to re
place existing wear resisting coatings with more dura
ble coatings that can be coated onto substrates at
lower temperatures. This program is in collaboration
with CSEM, EMPA and the University of Neuchatel
and is supported by Rolex SA, Hilti AG and Buhler AG.

The hardness of the films and wear rate are shown in
Figure 1. The encouraging result of a peak in hard
ness and a minimum in wear rate occurs at a multi
layer periodicity of 10 nm. However the absolute val
ues of both the wear rate and hardness are a little
disappointing. Other results show that the scratch
resistance to film failure for a multilayer film is much
higher than for the pure nitride films. The load to fail
ure increases by about 5 times for multilayer films
compared to the pure nitride films.
This initial study shows that such mechanical proper
ties as wear rate and hardness are clearly affected by
the multilayer periodicty and that such films already
have enhanced (x5) scratch resistance compared to
the conventional non-multilayer film.
New experiments are underway which are designed to
grow films with higher hardness and lower wear rates.
The MoSx/Pb system is also currently being investi
gated.
The authors gratefully acknowledge P. Boni, M. Horisberger, S. Tixier, E. Pfluger, A. Savan, P. Voumard,
L. Knoblauch, R. Hauert and S. Mikhailov.
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Pure TiN and Ti/TiN multilayers have been prepared
by dc magnetron sputtering with multilayer layer thick
ness in the 5-50 nm range using a Leybold Z600 sys
tem. This system has three different magnetron tar
gets. A motorised substrate moves the samples from
one magnetron to another allowing the deposition of
multilayers. Films were grown with the substrate held
at room temperature.
X-ray diffraction shows a marked decrease in the grain
size of the film with decreasing layer thickness. This
may, in accordance with the Hall-Petch relationship,
lead to harder films. The persistance of a good multi
layer structure is observed down to a layer thickness
of 5 nm using a combination of Auger depth profiling
and X-ray reflection measurements. On the other hand
AFM measurements suggest that the multilayer film
become progressively more porous as the multilayer
thickness decreases, which would be expected to
leave to films with less strength.
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Fig 1: Wear rate and hardness of multilayer films.
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THE VIBRATIONAL SPECTRUM OF THE ATOMS IN THE GRAIN BOUNDARIES OF
NANOCRYSTALLINE Pd
U. Stuhr (PSI), H. Wipf, H. Hahn (TH Darmstadt), H. Natter, Ft. Hempelmann (Uni Saaarbrucken),
K. Andersen (ILL, Grenoble)
The vibrational excitations of the atoms in nanaocrystalline Pd was investigated by neutron-time-of-flight
spectroscopy. Hydrogen was used as a probe for the vibrations in the grain boundaries. The separation
between the H and Pd vibrations was done by spin analysis. The results show that in the grain boundary
regions the density of states of low energy excitations (<5meV) is drastically increased.
Nanocrystalline materials consist of grains with a size
of only a few nanometers. Therefore, the number of
atoms on the surface of a crystal or in grain bounda
ries and those in the lattice regions are in the same
order of magnitude.
In the last decade nanocrystalline materials were
studied extensively. Special interest attracted the
vibrational excitations. Specific heat measurements as
well as a theoretical calculation indicate a strong
increase of the phonon density of states at low energy
excitations for the atoms in the grain boundaries [1].

scattering cross section. Therefore, the spin flip scat
tering arises only from the hydrogen, whereas the
non-spin-flip-scattering contains both, one third of the
H scattering and all of the Pd and Al scattering inten
sity. These properties allows a separation of the hy
drogen and the Pd scattering from data of one meas
urement, without any treatment of the sample.
The experiment was performed at the Institute LaueLangevin (Grenoble) on the neutron time-of-flightspectrometer D7 with polarisation analysis. The
wavelength of the incident neutrons was 4.84A and
data were taken at scattering angles between 55 and
145° on both sides of the sample. In the following
figures the spectra of all detectors were added.

The appropriate method to investigate the phonon
density of states is neutron scattering with a time-offlight-instrument. However, some problems arise when
investigating vibrations of atoms in the grain bounda
ries by neutron scattering. One problem is that the
major part of the Pd atoms is still in the lattice regions.
Another problem is that cause to the preparation
methods there is always H present in nanocrystalline
materials. Consequently, there are three different
contributions to the inelastic spectrum: one from Pd in
the lattice regions, another contribution originates from
the H and finally the quite small contribution from Pd in
the grain boundaries and on the surfaces in which we
are interested. Although the H concentrations of nano
crystalline materials are typically only in the order of
1 at% a considerable part of the intensity of the neutron
spectra can be expected to arise from the hydrogen.
On the other hand this hydrogen can help us to inves
tigate the low energy excitations in the grain bounda
ries since at low concentrations (up to ~3at%) the
hydrogen occupies nearly exclusively sites in the grain
boundaries or at the surfaces of the grains [2,3]. The
vibration modes of hydrogen in metals can be divided
in (i) local vibrations of the hydrogen in the potential of
the surrounding metal atoms (with energies above
60meV) and (ii) band modes deviating from those of
the host metal only in the amplitude but not in fre
quency. Therefore, the low energy modes of the hy
drogen are essentially the same as those of the Pd
atoms in the grain boundaries.

Figure 1 shows the time of flight spectra without po
larisation analysis of a coarse grained PdH0007 sample
and an inert gas condensed nanocrystalline sample
PdH003. The spectrum of the empty cryostat has been
subtracted from both spectra. Below 10meV the in
tensity of the coarse grained sample approaches line
arly zero as expected for a Debye behaviour. In con
trast to this the nanocrystalline sample has a much
higher intensity in this energy range and does not
approach zero. With polarisation analysis it is possible
to distinguish between coherent and incoherent scat
tering. Fig. 2 shows the results for the nanocrystalline
sample. The closed symbols represent the incoherent
spectrum, the open ones the coherent scattering. It
demonstrate that the high intensity of the low energy
excitations origin mainly from the incoherent scattering
and therefore, it can be attributed to the scattering of
the H. In this figure no correction for the analyser
transmission was made. The same spectra divided by
the transmission probability of the analysers are
shown in Figure 3. A comparison of the coherent
scattering of the nano-PdHx (Fig. 3) and the total
scattering of the coarse grained PdH,, (Fig. 1) shows
that the fraction of Pd in the nanocrystalline sample
which has an enhanced intensity in the low energy
range is small and that the overall behaviour of the
phonon scattering is quite similar.

In the present experiment we use the hydrogen as a
probe for the vibrations of the Pd atoms in the grain
boundaries. Therefore, it is necessary to distinguish
between modes of the hydrogen and of the Pd in the
spectra. This can be done by polarisation analysis.
Hydrogen is a strong incoherent scatterer, Pd (and the
Al sample container) has (nearly) only a coherent
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Fig. 1: Neutron time-of-flight spectra without polarisa
tion analysis of the nano-PdH0 03 sample (full
data points) and coarse grained PdH0007 (open
points), both at 280K.
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Fig. 2: Coherent (open points) and incoherent (full
points) spectra of the nanocrystalline sample,
measured with spin analysis
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THE PSI/ETH TANDEM ACCELERATOR FACILITY
H.-A. Synal, M. Dobeli, H. Fuhrmann, P.W. Kubik, P.W.Nebiker (PSI); G. Bonani, A. Duhr,
R. Ender, P. Gartenmann, I. Hajdas, R. Huber, S. Ivy, S. Jacob, J. Lopez, R. Muhle,
Ch. Schnabel and M, Suter (ETHZ)
The 1996 operation of the PSI/ETH tandem accelerator at ETH Honggerberg is summarised with a
detailed compilation of the beam time statistics and the statistics of AMS samples for the different
radioisotopes and for the major fields of research.
Field
AMS

1994

Hours
1995

1996

1994

1995

1996

1994

1995

1996

414

673

551

13.7

24.2

19.8

1249

1240

1084

C-14

740

789

721

24.5

28.4

25.9

1624

1671

1387

AI-26
CI-36
1-129

258
349
63

99
229
117

64

8.6
11.6
2.1

3.6
8.2
4.2

2.3
7.9

686
697

6.6

95

191
680
133

6.0
68.4

4351

3915

Be-10

Heavy Elements
Subtotal
Materials Sciences
Accelerator SIMS
Tests
Conditioninq
Total

%

219
184

268

260

2092
462

2167

168
1907

258

412

8.9

9.4

69.3
15.3

78.0
9.3

178

Samples

125
458
203
10

14.8
6.4

287

137

201

9.5

4.9

7.2

176
3017

217
2779

91
2789

5.8
100

7.8
100

100

3.3
3267

Beam time statistics 1994-1996
Field
Oceanography
Polar ice
Limnology
Atmosphere
Environmental Monitoring
Others
Earth Sciences (Total)
Meteorite/Cross Sections
Archaeology
Others, Tests
Subtotal
Standards
Blanks
Total

Be-10
248
263
24
164

C-14
87

AI-26

22
86

15

64
763
63

87
282
21
603
211
835
182
88
1387

1
16
66

42
264
64

21
32
18
71
35

17
83
21
5
125

28
92
52
50
458

20
55
39
38
203

49
112
172
37
1084

CI-36

1-129

165
57

Total
10%
335
13%
428
61
2%
10%
328
32
1%
7%
212
1396
43%
249
8%
19%
603
10%
325
1177
36%
14%
466
218
7%
3257 100%

Compilation of measured AMS samples at the PSI/ETH AMS facility in 1996
The multi-user PSI/ETH tandem accelerator laboratory
which is located at ETH Honggerberg has been
operated in 1996 for 2789 hours. The facility is
dedicated to AMS, for which about 75% of the total
beam time has been spent, and to materials sciences,
where a great variety of ion beam techniques such as
RBS, channelling, ion implantation and NRA have
been applied. About 15% of the beam time has been
used for materials sciences, almost twice as much as
in 1995. A new ion source with a micro-beam Cs gun
has been set up for the analysis of stable trace
elements in ultra-pure materials, e.g. silicon, using
AMS detection techniques (Accelerator SIMS). This
system has been used for about 7% of the total beam
time. In 1996, no shut-down for maintence of the

accelerator has been necessary. Thus, the time for
conditioning and machine testing has been low (3.3%)
and the beam time used for research has been nearly
as high as in 1994, where a maximum had been
achieved since the tandem has been dedicated to
applied research.
Compared to 1994 and 1995, the total number of
measured AMS samples has decreased. In 1996, the
average measuring time per analysed sample has
been = 30 minutes for 10Be, ,4C, 26AI and 36CI. In the
case of ,29l, almost one hour measuring time has been
spent per analysed sample. In general, an increasing
demand of high precision measurements which
requires more beam time per measured sample has
been observed.
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AMS OF 14c AT LOW ENERGIES
M. Suter, Ft. Huber, S. Jacob (ETHZ); H.-A. Synal (PSI)
At the ETH/PSI AMS facility "C test measurements have been performed at low terminal voltages of 0.5
and 1 MV in order to study the feasibility of AMS with very small accelerators. These experiments have
demonstrated that interfering molecules (,3CH and ,2CHJ in charge states T and 2 can be destroyed in an
adequate Ar gas stripper. These new results imply the feasibility of a new generation of very small
accelerator systems for ,4C.
Investment and running costs of an AMS system are
related to the size of the installation. Therefore, it is
worthwhile to study the feasibility of small, tandembased AMS systems, which fulfil all requirements for
reliable and efficient analysis of long-lived radio
nuclides at natural concentrations. Pioneering work
has been done by the IsoTrace group in Toronto [1,2].
They have demonstrated that for 14C detection by
AMS, the interfering l3CH and ,2CH2 can be eliminated
at energies as low as 1.4 MeV, even if charge state 2*
is selected, for which these molecules do exist. More
recently, several concepts using foil stripping have
been discussed in connection with small 14C AMS
systems for biomedical applications, where radio
isotope concentrations are significantly higher than in
natural samples [3],
At the ETH/PSI AMS facility, investigations have been
made to obtain additional information for the design of
a new generation of AMS machines, which can be
operated at terminal voltages of 0.5-1 MV. In the case
of 14C, the isobar ,4N does not form stable negative
ions. Therefore, the remaining problem is the separa
tion or the destruction of molecules of mass 14, such
as hydrocarbons and 7Li2. To find optimal solutions, a
better understanding of the molecular dissociation
process is needed. In particular, the potential of differ
entially pumped gas cells has to be investigated. Also,
the limitations of the dE/dx separation techniques have
to be evaluated more carefully at these low energies.
First measurements were made with our standard ,4C
AMS setup. The EN tandem accelerator is not de
signed to operate at low terminal voltages, therefore,
transmission and stability were not ideal, but sufficient
to study principle questions of the stability of mole
cules and for testing various detection systems. The
results at 0.5 and 1 MV show clearly that interfering
,3CH and 12CH2 molecules can be destroyed in a gas
stripper with an appropriate pumping system. The
required gas thickness is at least 1 pg/cm2. At these
high stripper densities, a pressure independent back
ground remains for processed blanks at a level of a
few times 10,4. With graphite samples, from which less
molecules are extracted from the ion source, the re
sidual background is significantly lower. The results
are very promising and indicate that AMS of 14C seems
feasible in the low MeV range. The background is
certainly sufficiently low for biomedical applications,
but some improvements are required for ”C dating.

Our results require the revision of the generally
accepted rule in AMS that charge states 3* or higher
have to be selected in order to eliminate molecules.
This new concept of destructing interfering molecules
through collisions might also be applicable for the
analysis of other radioisotopes at low energies, for
which isobars can be separated already in the ion
source and for which only molecular interferences are
of concern (i.e. 26AI, trace element studies).
Pelletron Accelerator

200-600 kV

Magnet

Stripper

Achromatic
Mass
Spectrometer

Sputter
Ion Source

Detection System
Electrostatic
Deflector

Fig.1: Layout of a small, tandem-based AMS system
Based on the encouraging results, we plan to build a
small AMS system, operating at about 500 kV. The
system will have high transmission and high stability in
order to demonstrate the potential of the present con
cept for accurate and efficient ,4C dating at low ener
gies. The overall length of system is about 6 m, which
is a factor of 5 smaller than our present setup. The
project will be realised in collaboration with an experi
enced industrial partner: National Electrostatic Corp. in
Middleton, Wisconsin USA. This company has exten
sive knowledge in the design of electrostatic accel
erators for research and industry.
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60Fe MEASUREMENTS WITH THE PSI/ETH EN TANDEM ACCELERATOR
P. Gartenmann, C. Schnabel, M. Suter (ETHZ); H.-A. Synal (PSI)
First AMS measurements of the long-lived radionuclide 60Fe have been performed. At an energy of
60 Me V, the suppression of the stable isobar60Ni is the main difficulty. Spraying hydrogen gas onto the ion
source target and extracting the metal single hydrides, the nickel contamination in the beam can be
reduced more than 500 fold. In the gas ionization detector another five orders of magnitude of suppression
is obtained. A background 60Fe/Fe ratio of about 10 " has allowed first measurements with the standard
samples used earlier at Argonne National Laboratory. The results of the two facilities are in agreement.
A radioisotope of recent interest in accelerator mass
spectrometry (AMS) is 60Fe. It decays with a half-life of
1.49 ± 0.27 My [1] via “Co (t„ = 5.27 y) to stable “Ni.
The knowledge of the half-life and the cross sections
of the production mechanisms are important for
various applications. Double neutron capture in “Fe is
responsible for the “Fe nucleosynthesis in the shell
burning and supernova explosions of stars. Recently,
the resulting excess of “Ni has been observed in
eucrites [2]. Another source for “Fe in meteorites is
the spallation of copper and nickel induced by cosmic
radiation. Similar processes also take place in high
energy accelerator installations and in nuclear
reactors. “Fe in nuclear waste material may be
important for its long-term storage.
Compared to other AMS laboratories involved with
“Fe measurements [1,3], the beam energies available
with the EN tandem of the PSI/ETH AMS facility are
lower by more than a factor of two. Therefore, isobar
suppression is orders of magnitude less effective. The
presence of the interfering “Ni is very strong due to
the much higher negative ion yield relative to iron. The
extraction of the single hydrides is an alternative to
reduce nickel in the beam [4], A Cs-gun-type ion
source equipped with a gas inlet was used to spray

1E+5

— with hydrogen gas

10" H/s onto the target. Both the iron single hydride
and total ion current increase (see Fig. 1). On the
other hand, the formation yield for the single hydrides
of nickel is very low and its contamination of the beam
is reduced more than 500 fold. An overall transmission
of 4% was obtained for a 60 MeV Fe9* beam of about
1 particle-nA.
For isobar identification a multi-anode gas ionization
detector was used. The peak separation as a function
of gas pressure and of penetration depth of the ions in
the was studied with an attenuated beam of mass 58
(where both nickel and iron have stable isotopes).
With optimized anode lengths and software gates on
the “Fe events, a suppression factor of 5x104, i.e. a
“Fe/Fe background ratio of 2.6x10 ” was achieved.
For the normalization of the radioisotope counts, “Fe
current pulses were injected periodically into the
tandem.
From the “Fe half-life measurement at Argonne
National Laboratory [1] samples were available in a
dilution series with “Fe/Fe ratios of 7.5x10 10, 7.5x10"”
and 7.5x10"'3. The measured ratios show a good
correspondence to the Argonne ratios. The data have
been presented at the AMS conference [5].
The current status is sufficient for a redetermination of
the “Fe half-life, measurements of “Fe production
cross sections and for studies of nuclear waste
material.

without gas
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Fig. 1: Negative ion mass spectrum of a pure iron
sample (stable Fe isotopes at masses 54, 56,
57, 58).
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NEW DATA ACQUISITION SYSTEM FOR AMS
R. Pfenninger (PSI)
A new data acquisition system based on a VME front-end computer, a Sun workstation and a PC has been
installed. It is used for the acquisition of mainly AMS data, their graphical display, and the storage of the
data in an Oracle database. The measurement of magazines of 25 sample each is fully automated.
Several data parameters such as transmission are regularly checked. In case of problems the operator is
informed by optical and/or acoustic signals. Screens are updated automatically after every measurement
cycle.
A new data acquisition program called Hamster is in
operation since March 1996. It is used for all our AMS
measurements as well as for some material science
measurements. The hardware consists of a VME
front-end computer containing the ADCs and scalers,
a Sun workstation, and a PC making a X-Connection
to the Sun workstation for visualizing the spectra.
The VME computer has two 68020 CPU cards, two
CAEN V419 ADCs, one CAEN V260 scaler and one
XVME240 digital I/O module. It runs the OS-9
operating system from Microwave Inc. The first CPU is
responsible for the communication and the data
transfer from and to the Sun workstation, the second
CPU runs an assembler program for the readout of the
ADCs and scalers and the buildup of the spectra.
Different assembler programs exist for different ADC
and spectra configurations. Up to 8 ADC channels are
available which can be assigned to one- and twodimentional spectra.
The Sun workstation (under Unix) controls the whole
data acquisition, starts and stops the measurements,
reads the spectra and the numerical data from the
VME computer and stores them in binary files and in
the
Oracle
database
(commercial
product)
respectively. The spectra screen and the measured
and calculated numerical data (e.g. isotope currents,
ratio of the rare to the stable isotope, 14C-age, atoms
per gram etc.) are updated automatically after every
cycle for the operator to see the newest results without
the need for interventions.
The operator can control the measurement with a
comfortable, menu driven program, start and stop the
data acquisition, modify certain measurement
parameters and set up the graphical display format. It
is possible to create in advance the measurement
program (which sample is measured when for how
long) for several magazines of samples. The data
acquisition, once started, runs fully automatically.
Several numerical values (e.g. current of the ion
source, transmission through the tandem accelerator
etc.) are supervised by the Hamster program which
generates an alarm, if one of the parameters is out of
a selectable range. A voice output can notify the
operator of the error information.
The Hamster program system at the Sun workstation
is written in C, while for the graphical user interface

the Open Interface program generator from Neuron
Data Inc. was used. For the ease of program
maintenance the program is divided into seven
independant processes (tasks). The standard intertask
communication methods of Unix are used to realize
the data exchange between the tasks. Several
auxiliary functions are written with the Forms tool of
Oracle. All printouts of the numerical data use the
Report Writer tool of Oracle. The spectra functions are
written with PV-Wave from Visual Numerics Inc. The
communication between the Sun workstation and the
VME computer is done with remote procedure calls.
This is a stable, fast and robust programming method
for data exchange between different hardware types.
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Fig. 1: User interface of the Hamster program.

The program structure allows the operator to log
from other workstations (not in the control room)
look at the data and spectra and to check the status
the measurement. This client/server architecture
supported by the Oracle database system.
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l°Be/230Th RATIOS AS PROXY FOR PARTICLE FLUX IN THE EQUATORIAL
PACIFIC OCEAN
R.F. Anderson, M.Q. Fleisher (LDEO of Columbia University); P. ZZ. Kubik (PSI); M. Suter (ETHZ)
Particulate 10Be/ 230Th ratios collected by sediment traps in the central equatorial Pacific Ocean exhibit a
positive correlation with particle flux, but little or no correlation with particle composition.
Kumar et al. [1] suggested that past changes in the
flux of ,0Be to ocean sediments could be used to
reconstruct variability of ocean biological productivity
in pelagic regions, far from continents, where the flux
of particulate material consists predominantly of
biogenic detritus exported from the euphotic zone. To
correct for sediment focusing by ocean currents, '°Be
fluxes are evaluated by normalization to 230Th, whose
flux is well known. Exploitation of 10Be/230Th ratios as a
proxy of paleoproductivity is obscured by uncertainty
surrounding the affinity of ,0Be for preferential sorption
to aluminosilicate particles [2,3]. To help resolve this
uncertainty, we have examined the response of
10Be/230Th ratios to particle flux and to particle
composition for a suite of sediment trap samples
collected in the central equatorial Pacific.

0.30

(A)

0 20

0.10
0.00

2.0

030

6.0

(B)

0 20

0 10
-H----------------------

0.00

20

—i-------------------------S——--------------- -1
40

60

80

CoC03 <%>

0.30

Sediment traps were deployed for a period of one year
by the U.S. Joint Global Ocean Flux Study along a
transect at 140°W, from 12°S to 9°N, covering the
period from early 1992 to early 1993. wBe/230Th ratios
exhibit a slight negative correlation with organic
carbon content (Fig, 1A), and no correlation with
CaC03 content (Fig. 1B), suggesting that 10Be is not
intimately associated with these biogenic phases. A
slight positive correlation with opal content (Fig. 1C)
suggests that siliceous particles may be more effective
scavengers of ,0Be than other biogenic phases.
10Be/230Th ratios exhibit a negative correlation with
aluminosilicate content of the particles (Fig. 1D), which
is largely driven by samples from 9°N which have the
greatest clay content. '°Be/230Th ratios exhibit by far the
strongest correlation with particle flux (Fig. 1E),
offering hope that down core profiles of '°Be/23°Th
ratios can be used to reconstruct changes in
productivity of the equatorial Pacific Ocean.
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Fig. 1: "Be/^Th ratios are compared with organic
carbon (A), CaC03 (B), biogenic opal (C), and
clay (D) content of sediment trap samples
from the central equatorial Pacific Ocean, as
well as with the flux of particulate material
associated with each sample (E). Ti is be
lieved to be the best element to represent the
aluminosilicate content of these samples [4],
Organic carbon, opal Ti and mass flux data
are from S. Honjo (Woods Hole Oceano
graphic Inst.) and J. Dymond and R. Collier
(Oregon St. University).
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BERYLLIUM-10 CONCENTRATIONS IN WATER SAMPLES OF HIGH NORTHERN
LATITUDES
C. Strobl, A. Eisenhauer, V. Schulz, S. Baumann, A. Mangini (Heidelberger Akademie der
Wissenschaften); P. W. Kubik (PS!)
,0Be concentrations in the water column of high northern latitudes were not available so far. We present
different '°Be profiles from the Norwegian - Greenland Sea , the Arctic Ocean, and the Laptev Sea.
10Be, produced in the upper atmosphere, is transfered
to the earth' surface by dry and wet deposition. In the
oceans it is particle reactive and preferentially
adsorbed to aluminosilicates [1] and biogenic opal [2],
The determined concentrations of "Be in the Pacific
ocean is about 1000 at/g in the upper 1000 m and
2000 at/g in the deep water. The deep water
concentrations of 10Be in the Atlantic ocean is between
1000 and 1500 at/g [3]. Concentrations of ,0Be in the
water column of high northern latitudes were not
available so far.
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We investigated 4 vertical profiles from the Norwegian
and Greenland Sea, 3 profiles from the Central Arctic
Ocean and water samples from the shelf area of the
Laptev Sea. These locations are plotted in figure 1.
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Fig. 1: Map showing the locations of the investigated
water profiles.
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,0Be concentrations of 4 water profiles as a function of
water depth from the Norwegian and Greenland Sea
are presented in figure 2. Profiles from the Central
Arctic Ocean are presented in figure 3.
First results from the Laptev Sea show concentrations
in the range of 1000 to 6000 at/g. These are distinctly
higher than the concentrations measured in the
Norwegian and Greenland Sea (300 to 1000 at/g) and
the Central Arctic Ocean (500 at/g), respectively.
We assume that the high concentrations of "Be in the
Laptev Sea are correlated to the input of continental
"Be with the rivers. Further it is remarkable that the
concentrations in the Central Arctic ocean, which is
permanently ice covered, are comparable to the
concentration profiles from the Norwegian and
Greenland Sea.
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Fig. 3: "Be concentrations versus water depth [m]
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DETERMINATION OF DEPOSITIONAL BERYLLIUM-10 FLUXES IN THE AREA OF
THE LAPTEV SEA
C. Strobl, V. Schulz, S. Schaper, M. Molnar, S. Baumann, A. Mangini (Heidelberger Akademie der
Wissenschaften); P. W, Kubik (PSI)
A huge amount of continental 'Be is delivered to the Arctic Ocean through the rivers. Our investigations
show that the most extensive part of it is deposited directly in the shelf areas. The determined
sedimentation flux densities in the continental slope and in the Central Arctic Ocean are in the range of the
assumed atmospheric input of "Be and therefore clearly lower than in the shelf areas.
The cosmogenic radionuclide "Be (T12 = 1.5 Ma)
proved to be a sensitive stratigraphic tool for sedi
ments from the Arctic Ocean with low or negligible
content of biogenic carbonate and thus preventing the
establishment of reliable 5,sO stratigraphies.

We also measured the ,0Be concentrations and
23°Thexce„ activities (figure 1) of the sediment core
PS2471-4 (79°09,07'N 119°47,55'E; water depth=
3047m) from the continental slope of the Laptev Sea.

10Be records from sediment cores from the Norwegian
and Greenland Sea exhibited high concentrations of
10Be during the interglacials in contrast to lower values
during glacial periods [1], These distinct changes
enable a glacial/interglacial stratigraphy of Arctic
sediments. In order to achieve a better understanding
of the 10Be records from sediment cores of the Arctic
Ocean, it is necessary to investigate the pathways of
this natural radiotracer from the Laptev Shelf into the
sediments of the Arctic Ocean. As part of the RussianGerman cooperative research project "System Laptev
Sea" we focus on the atmospheric input, the riverine
flux (e.g. Lena, Yana), the sedimentary flux and the
export flux (e.g. dirty ice) of 10Be in the shelf area and
the continental slope of the Laptev Sea. The
investigation of the concentrations of l0Be in Arctic
sediment cores is an important component for
modelling the sedimentary conditions in the Arctic
Ocean.
The Laptev Sea is important to the sedimentary
conditions in the central Arctic Ocean. On the one side
high amounts of river run-off from the Siberian rivers
Lena (third largest river on earth), Khatanga, Anabar,
Olenek, and Yana supply a large amount of sus
pended material from the Siberian hinterland to the
Arctic Ocean. On the other side, the Laptev Sea is
called the "Ice factory" of the Arctic Ocean. Ice pro
duced in this region will be transported in two or three
years with the Transpolar Drift across the central
Arctic Ocean to the Pram Strait into the Norwegian
and Greenland Sea .
We determined 2,0Pbexces5 profiles and ,0Be surface
concentrations of 10 sediment cores from the shelf
area. The 2"Pbexces, profiles allows to calculate the
accumulation rates of the investigated 10 sediment
cores and furthermore the sedimentary fluxes of "Be.
These "Be fluxes [(8±0.5)*107 at / (cm2 a)], corrected
for sediment focussing, are clearly higher than the
expected atmospheric input [(0.2-0.5)*106 at / (cm2 a)]
[2] and indicate a supply of continental "Be with the
rivers drainaging in the Laptev Sea during periods of
deglaciation.

PS247I-4

500

PS247I-4

500
Core Depth |cm)

Fig. 1 : 230Thexcess activity and "Be concentrations of
core PS2471-4 versus core depth in cm.

The average sedimentation rates of this core were
determined by the 230Thexcet, method and by bios
tratigraphy. This allows to calculate the depositional
"Be fluxes during the isotope stages 2 to 5. The aver
age "Be sedimentation flux is (0.4±0.1)*106 at / (cm2 a).
The determined flux in the continental slope of the
Laptev Sea is in the same order as the assumed
atmospheric input. This suggest that most "Be
delivered to the shelf area by the rivers is deposited
directly in the shelf area.
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ATMOSPHERIC RADIOCARBON VARIATIONS 11,000 YEARS AGO
I. Hajdas, G. Bonani (ETHZ); D. Peteet (LDEO of Columbia University; P.Boden (Stockholm University)
Records of climate changes were 14C dated using AMS method. High resolution dating allowed
reconstruction of the atmospheric 14C variations at the time of deglaciation. An abrupt rise of up to 100%o in
the atmospheric 14C/12C ratio was found at 11,000 BP (radiocarbon age) which coincides with the time of
an abrupt cooling and a decrease in ocean ventilation.
Radiocarbon chronologies of the last deglaciation
show that climatic events of this period were
accompanied by dramatic changes in atmospheric 14C
content [1], An abrupt increase in the atmospheric
14C/12C ratio marks the onset of the cold Younger
Dryas period, which occurred 11,000 BP (radiocarbon
age). This is followed by an almost millennia long
decrease in 14C showing up as similar radiocarbon
ages obtained for stratigraphically different levels.
German oak and pine chronologies [2] have
reconstructed in detail the late Younger Dryas/early
Holocene plateaux i.e., period of constant radiocarbon
ages. Their origin has been attributed to the
restoration of the normal Holocene ocean ventilation
which was disturbed during the cold Younger Dryas
period [3]. The ocean is the largest of carbon
reservoirs and changes in its ventilation affect the
atmospheric 14C content as changes in 14C production
rate caused by changes in solar activity and
geomagnetic field can do [4],
Here we present the results of AMS radiocarbon
dating of two sedimentary records of deglaciation.
Lake sediments from Kodiak Island (Alaska) contain
pollen grains and fragments of plants which document
warming of Alaska after the retreat of glaciers 14,000
years ago [5]. The studies by Peteet and Mann [7]
have also shown younger climatic fluctuations. We
selected seeds of heath (Empetrum nigrum) and 14C
dated them using the AMS method.
Melting of the Scandinavian Ice Shield and drainage of
the Baltic Ice Lake are recorded in sediments of
Solberga (Sweden) [6], Shells of foraminifera and
mollusc provided material for radiocarbon dating. Both
dated records show a dramatic change in radiocarbon
ages which is equivalent to a rise in the atmospheric
14C/12C by ca. 100%o (Fig. 1). In both records the
change is found to take place at the beginning of the
cold period. Thus, these high resolution radiocarbon
chronologies might document a build-up of the
atmospheric 14C caused by the diminished ocean
ventilation. Moreover, our results show that a close
correlation between climatic records is possible using
a global signal of the atmospheric radiocarbon
content.
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Fig. 1: A14C represents variations of the atmospheric
14C/12C ratio relative to the value from 1950
A.D. A rise in the atmospheric 14C content is
reconstructed using radiocarbon dating of
sedimentary records from Alaska and
Sweden. The line at 12,600 cal BP (radio
carbon age 11,000 BP) marks the onset of the
cold Younger Dryas event.
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THE TIMING OF THE MAXIMUM EXTENT OF THE RHONE GLACIER AT WANGEN
A. D. AARE
S. Ivy-Ochs (ETHZ and Universitat Bern); C. Schluchter (Universitat of Bern); P.W. Kubik (PSI);
J. Beer(EAWAG)
Erratic blocks found in the region of Wangen a. d. Aare delineate the maximum position of the Solothurn
lobe of the Rhone Glacier. '°Be and 26Al exposure ages of three of these blocks show that the glacier
withdrew from its maximum position at or slightly before 20,000 ± 1800 years ago.
At the height of the Last Glaciation, the northern Swiss
foreland was more than 90% covered by broad
piedmont glaciers of the Rhone and Rhine Glaciers.
Defining the exact point in time of the reaching of this
maximum of glaciation has been based on correlation
with the established world-wide maximum in icevolume, which occurred at 20,000-18,000 ,4C years
ago. A radiocarbon date of 14,600 on wood from
Zurichsee sediment [1] provides a minimum age for an
ice-free foreland. By using the method of exposure
dating, we hope to pinpoint when each of the major
glacial lobes of the northern foreland (the GenevaRhone, the Solothurn-Rhone, the Linth-Rhine and the
Rhine) reached their maximum extent, and examine
whether the four lobes behaved synchronously. The
data presented here are for the Solothurn lobe of the
Rhone Glacier.
We have sampled eight erratics at Steinenberg and
two at Steinhof, which lie along the outermost moraine
belt (Wangen maximum) of the Solothurn-Rhone
Glacier.
The
lithology
of
most
of
the
Steinhof/Steinenberg erratics is so-called arkesine
(hornblende granite) which originates from Dent
Blanche Nappe in Wallis [2], The five exposure ages
we have calculated for the ,0Be and 26AI concentrations
measured in three erratic boulders (ER1, ER7, and
ER8) range from ca. 13,500 to 22,000 years (with
inclusion of the 1o errors) (Fig. 1). These ages were
calculated using the presently accepted production
rates for "Be and 26AI [3]. Both "Be and 26AI were
measured in the erratics ER7 and ER8. In each case,
the "Be and 2SAI exposure ages agree with each other
within the listed errors.
At peak times of glaciation, the Rhone Glacier was
made up of a Geneva lobe and a Solothurn lobe,
which
spread
out westward
and
eastward,
respectively. For the Geneva lobe, correlation of
moraines (at Beligneux, France) with radiocarbondated terraces (ages > 25,000 ,4C yr BP) located
downstream implies that the maximum extent of the
Geneva-Rhone Glacier during the last glacial cycle
predated the Last Glacial Maximum (summarized in
[4]). Monjuvent and Nicoud [5] have suggested that
the Last Glaciation was not actually two-phased, but
was made up of one long cold phase with lesser
climate fluctuations.
Our exposure dates from three erratic boulders
located along the outer moraine of the Solothurn lobe

of the Rhone Glacier indicate an age of 20,000 ± 1800
years for the stabilization of this moraine. This
exposure age is important because it provides the first
direct absolute age evidence that the Rhone Glacier
reached its maximum late not early in the last glacial
cycle. This is in apparent contradiction to the timing
proposed above for the Geneva lobe.
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Fig. 1: "Be and 26AI exposure ages for three different
erratic boulders (open circles are for "Be and
filled circles for 26AI). The shaded area
indicates the minimum age for an ice-free
foreland (14,600 radiocarbon years).
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ESTIMATION OF PRECIPITATION RATES BY MEASUREMENTS OF ^CITN THE"
GRIP ICE CORE WITH THE PSI/ETH TANDEM ACCELERATOR
G. Wagner, S. Baumgartner, J. Beer (EAWAG); H.-A. Synal (PSI); M. Suter (ETHZ)
Within the European Greenland ice core project (GRIP) 36Cl AMS measurements have been performed on
ice core samples from Summit (Greenland, 73°N, 37°W). Most data analysed so far are from the lower part
of the ice core. The 36CI concentration is well correlated with 81sO, which is considered as a proxy for
paleotemperatures. Assuming that the deposition rate of radionuclides is independent of S'B0, 36CI is used
to estimate the relationship between accumulation and 8iaO. The results confirm that the rapid changes of
8’aO, the so-called Dansgaard-Oeschger events, are also reflected in the precipitation rate.
Among the different climate archives (tree-rings, lake
sediments, ocean sediments etc.) ice cores provide
the most direct information on paleoprecipitation, one
of the most important climate parameters. However, a
direct reconstruction of paleoprecipitation rates from
the thickness of the annual ice layers is only possible,
if these layers can be clearly identified, and if the
thinning of the ice layers with depth can be corrected
for by ice flow models. Another independent method to
reconstruct paleoprecipitation rates is based on longlived cosmogenic radionuclides. The production of
these nuclides is directly related to the intensity of the
cosmic radiation which can be regarded as constant.
However, in the vicinity of Earth, the cosmic ray flux is
modulated by solar activity and changes in geomag
netic dipole field. In addition, various transport phe
nomena will affect the transport of these nuclides into
the archives. If the deposition rates of the cosmogenic
radionuclides are known, the ice accumulation can be
calculated from the radionuclide concentration and the
density of the ice. The main problem of this method is
that generally the deposition rates of the radionuclides
are not precisely known.
These two independent methods are applied to the
GRIP ice core in order to reconstruct the accumulation
rate and its relationship to 8,80. In the case of the first
method, the last 15 000 years have been analysed.
Based on annual layer counting and an ice flow model,
the following relationship between accumulation rate
and 8,sO has been derived [1,2]:
a = ao e°-^»0+34.8)

(1)

a0is the present accumulation rate at SUMMIT (23 cm
y'). This function has been used to extrapolate ice
accumulation before 15 000 years ago.
For the second approach, 36CI concentrations meas
ured at the PSI/ETH AMS system have been exploited
[3]. Since at present, most of the measured ^Cl sam
ples are from the last Glacial, the interval from about
40 000-80 000 BP has been chosen for the discussion.
The measured 36CI concentrations show large fluctua
tions between 2000 and 9000 36CI atoms per gram ice.
Compared to this, radioactive decay of 36CI is of minor
importance (8-15%) and can be corrected for.

Figure 1 shows the inverse accumulation rate as
calculated from equation (1), in comparison with the 36CI
concentrations which have been measured in the ice.
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Fig. 1: Comparison of the inverse accumulation rate
(solid line, calculated with equation (1)) and
the measured 36CI concentration (diamonds).
The core section from 2300 m to 2650 m cor
responds to a time interval from 42000 to
8T000 BP.
A generally good agreement has been obtained, in
particular for the core section from 2300 to 2500 m
and below 2600 m. Inbetween, both curves show a
similar structure, but 36CI concentrations are signifi
cantly lower than corresponding inverse accumulation
rates. It is remarkable that in both parameters, the
pronounced fluctuations at 2550 and 2580 m ice depth
(Dansgaard-Oeschger events) are observed within the
same dynamic range. However, some minor discrep
ancies indicate that the assumptions are not always
fulfilled. In future both methods will have to be im
proved.
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DETERMINATION OF 1<>Be, 26AI, AND 36ci IN METEORITES
S. Merchel and U. Herpers (Universitat zu Koln); S. Neumann and Ft. Michel (Universitat Hannover);
P. W. Kubik and H.-A. Synal (PSI); M. Suter (ETHZ)
Long-lived cosmogenic radionuclides were determined in stony ('Be, 26A!) and iron (°Be, 26AI, 36CI)
meteorites using AMS after radiochemical separation. A selection of these data is briefly discussed with
respect to exposure histories of the meteorites and is compared to model calculations.
Long-lived radionuclides produced by cosmic rays in
meteorites archive information that can be used to
determine, on the one hand, the spectral distribution
and the constancy of the cosmic ray flux and, on the
other hand, to study the exposure history of the
meteorites themselves.

Another example is the analysis of 9 pieces of the
meteorite shower Mbale. From cosmic ray tracks,
noble gas concentrations or short-lived radionuclides
depth profiles of the radionuclides in the meteoroid
can be obtained. Fig. 2 shows first results of "Be
concentrations as a function of shielding depth [5].

The radiochemical separation for the meteorites under
investigation was done basically by the method of
Vogt and Herpers [1], but for the extraction of 36CI from
iron meteorites a destination method as normally used
for iron targets [2] was preferred. "Be concentrations
have been determined already in a larger number of
stony meteorites e g. from the Sahara, whereas the
measurement of 26AI in most of the samples is planned
for the near future. In iron meteorites all three
radionuclides have been measured.
By comparing experimental data with production rates
based on model calculations (such as described in
reference [3]) allows an interpretation in view of the
exposure history of a meteorite. As an example, Fig. 1
shows the measured radionuclide concentrations of
"Be and 26AI (preliminary result) of the L-chondrite
Rincon and calculated production rates based on an
irradiation age of 5.5 Ma [4]. Based on these data and
information gained from 53Mn and noble gas data, one
can conclude that the analyzed sample of Rincon
should have been located at no more than 15 cm
below the surface of a meteoroid with a radius
between 65 and 85 cm.
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Fig. 2: Measured "Be activities
shielding depth [5].
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Based on these results we can postulate an exposure
age, which is long compared to the half-life of "Be
(1.51 My). This project should yield detailed informa
tion on the exposure history of Mbale and validate our
model calculations.
Measurements of "Ca in the same meteorites are
planned for the coming year.
ACKNOWLEDGEMENT
Meteorites were kindly placed at our disposal by the
Institut fur Planetologie, Munster, G. Heusser, MaxPlanck-lnstitut fur Kernphysik, Heidelberg and K.
Heide, Friedrich-Schiller-Universitat Jena. The study
was supported by the DFG and the Swiss National
Science Foundation.

Rincon (L6)

REFERENCES

10Be [dpm/kg]

Fig. 1: Theoretical GCR production rates in Lchondrites of various radii and experimental
contents of "Be and 26AI in the L-chondrite
Rincon.

[1]

S. Vogt, U. Herpers, Fresenius Z. Anal. Chem. 331
(1988) 186.

[2]

Th. Schiekel, thesis, Universitat zu Koln (1995).

[3]

R. Michel, I. Leya, L. Borges, Nucl. Instr. Meth.
Phys. Res. B113 (1996) 434.

[4]

L. Schultz, priv.com.

[5]

N. Bhandari, priv.com. to G. Heusser.

37

CH9700462

DETERMINATION AND SYSTEMATICS OF EXCITATION FUNCTIONS FOR THE
PRODUCTION OF 36CI BY MEANS OF AMS
F. Sudbrock, U. Herpers (Universitat zu Koln); H.-A. Synal (PSI); M. Suter (ETHZ); M. Gloris,
R. Michel (Universitat Hannover)
Studies concerning the production of the long-lived radionuclides '"Be,26Al and36Cl measured via accelera
tor mass spectrometry have been continued. Recently measured data on the production of36Cl by medium
and high energy protons are discussed.
In continuation of our investigations on the protoninduced production of long-lived radionuclides we
determined cross-sections for the production of 36CI
from different target elements [see ref. 1 and earlier
reports for introduction into this subject]. Except for
some cosmochemically less relevant target elements,
the production of 36CI from Ca up to Ni has been
investigated in the past [2,3]. This report wants to
focus on some remaining target elements. From these
results gradually a picture emerges for the
dependence of cross-sections on the mass difference
between target and product for a given energy.
Irradiation experiments were performed at LNS Saclay
(F) with initial proton energies ranging from 250 MeV
up to 2.6 GeV and at TSL Uppsala (S) with proton
energies etween 100 and 180 MeV. The stacked-foil
technique which has been applied allows to use only a
few primary proton energies to obtain a complete
excitation function [1, and references therein]. In each
experiment about 30 target elements from 2<Z<84
were included either as pure metal foils or as chemical
compounds. Irradiation experiments are described in
references [1,2,3]. Short-lived radionuclides have
been measured via -/-spectrometry and complete
excitation functions have been evaluated for a large
number of target/product combinations permitting now
studies of nuclear systematics [4], Additional
experiments have been carried out at Kossuth
University/Debrecen (HU) and at TSL Uppsala in order
to provide data for neutron-induced reactions, for
which it is also planned to evaluate cross-sections for
the production of 36CI.
The chemical separation for 36CI has been made at
University of Cologne. As it is also intended to
measure 10Be, 26AI and 41Ca in the same samples, the
chemical separation becomes quite an intricate
process [2,3]. The measurements of the 36CI
concentrations have been carried out via AMS at the
ETH /PSI AMS facility.
Excitation functions for the target elements V, Zr, and
Y have been determined and, as an example, are
shown in Fig. 1. These data are entirely new and a
comparison with earlier data is not possible. For K, Cu,
Zr, Nb, Ag, In, Pb and Bi, cross-sections have recently
been measured for 400, 600, 800, 1200 and 1600 MeV
protons, but are currently still under investigation.

The cross-sections for vanadium (A = 50) are larger by
a factor of about 10 than those for yttrium and
zirconium (A = 90). For spallation reactions it is quite
well established that cross-sections decrease
exponentially with increasing mass difference. Within
the expected order of magnitude, this can now also be
seen for the nuclide 36CI. The cross-sections for yttrium
and zirconium are in turn comparable, as these
elements have a very similar mass numbers.
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Fig. 1: Excitation
functions
for the
reactions
V(p,Xn)36CI, Y(p,Xn)36CI and Zr(p,Xn)36CI.
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RECONSTRUCTION OF EXPOSURE HISTORIES OF METEORITES FROM
ANTARCTICA AND THE SAHARA
U. Neupert, S. Neumann, I. Leya, R. Michel (Zentrum fur Strahlenschutz und Radiodkologie, Universitat
Hannover), P. W. Kubik (PSI), G. Bonani, I. Hajdas, M. Suter (ETHZ)
" Be, 14C, and26A! were analyzed in H-, L-, and LL-chondrites from the Agfer region in the Algerian Sahara
and from the Allan Hills/Antarctica. Exposure histories and terrestrial ages could be determined.
Cosmogenic nuclides in meteorites contain information
about the exposure and terrestrial histories of these
small interplanetary objects. In this study, we
investigated the cosmogenic radionuclides 10Be, 14C,
and 26AI in H-, L-, and LL-chondrites from the Agfer
region in the Algerian Sahara and from the Allan
Hills/Antarctica.
We
analyzed
the
measured
abundances of these radionuclides and of cosmogenic
rare gas isotopes with a physical model [1] to
reconstruct the exposure and terrestrial histories of
these most common stony meteorites. Assuming a
spherical shape for these bodies we derived the
preatmospheric radii and the distance of the analyzed
samples from the meteoroid surface. This enabled us
to calculate size- and depth- corrected exposure- and
terrestrial ages.

Significant differences between these meteorite
populations were only seen in their terrestrial ages,
with those from the Sahara not exceeding 25 ka
(Fig. 1), while those from Antarctica showed ages of
several hundred thousand years and in one extreme
case, Allan Hills 88019, of 2.0 ± 0.1 Ma (Fig. 2).
The distribution of preatmospheric sizes (Fig. 3)
shows, that half of the investigated meteorites had
radii < 15 cm. For these meteorites, nuclide production
from solar cosmic rays has to be and was taken into
account. This was recognizable in a number of cases
where the 26AI content could not be explained by
interactions of the galactic cosmic radiation alone.
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Fig. 1: Terrestrial ages of 14 stony meteorites from
the Agfer region of the Algerian Sahara
determined via 14C.

Fig. 3: Distribution of preatmospheric radii as
deduced from cosmogenic nuclides for all the
chondrites from
Antarctica and
Agfer
investigated in this study.
Details about the analytical procedures, individual
results and the interpretation can be found elsewhere
[2]. We are looking forward to measuring the
cosmogenic radionuclides 36CI (Tl4 = 300 ka), 41Ca
(T„ = 104 ka) and ,29l (T,. = 15.7 Ma) in the future using
AMS. These isotopes fill the existing gaps in the range
of half-lives covered by our investigations. This will
improve the reliability of our results, provided that the
same high level of confidence in the model
calculations of production rates for these isotopes can
be achieved as it is now available for 10Be, ,4C, 26AI,
53Mn, and stable rare gas isotopes.
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41 Ca MEASUREMENTS AT THE ZURICH AMS FACILITY
C. Schnabel, P. Gartenmann, M. Suter (ETHZ); H.-A. Synal (PSI); M. Gloris, I. Leya, R. Michel
(Universitat Hannover); U. Herpers (Universitat zu Koln)
Proton-induced production cross sections for 41 Ca from Fe and Ni determined using a 6 MV tandem
accelerator are presented. The calibration of two secondary standard materials to a standard material of
"Ca concentration determined by PTB (Braunschweig, Germany) has been carried out.
"'Ca is a nuclide of interest for studies of the irradiation
history of extraterrestrial material because its half-life
of 104 ka falls into the gap between those of l4C
(T=5.7 ka) and ^Cl (T=301 ka). Its half-life fits in an
excellent way to determine the terrestrial ages of
Antarctic meteorites, for which in many cases the 14C
concentrations have already decayed but the
decrease in 36CI concentration is too small to be
determined exactly.

at 1200 MeV do not contradict Fink's data for
600 MeV. In contrast, for proton energies below
200 MeV our data are approximately a factor of 2.5
lower than Fink's.
Fe (p, 7p xn) 41Ca
100

1000

In extraterrestrial material spallation of Fe and Ni
nuclei by galactic cosmic ray protons are two of the
main production channels of "'Ca. Fink et al. [1] have
already determined proton-induced cross sections for
the production of "’Ca for some proton energies.
In order to suppress the interference by "'K, CaH2 is
used as target material in the ion source. The
chemical preparation used is similar to that published
by Fink et al. [2], Typical low energy currents are on
the order of 200 nA.
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Fig. 1: Proton-induced production cross sections for
"'Ca from Fe.

As absolute concentration measurements are very
difficult with AMS, standard materials have to be used
as a reference. The determination of the "’Ca
concentration and the preparation of the primary "’Ca
standard material is described in [3]. To produce
secondary
standard
materials,
2 portions
of
commercial CaH2 were irradiated at the SAPHIR
reactor (PSI-Villigen) employing different irradiation
times.

l
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Table 1 shows the results for the calibration of these
two secondary standards and also demonstrates the
high level of reproducibility of our "'Ca measurements.
The 1a uncertainties are from 2.5 to 4.5%.
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Fig. 2: Proton-induced production cross sections for
"’Ca from Ni.

Table 1

July 96
Oct. 96

■
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Villi
"’Ca/"°Ca

"’Ca/"°Ca

3.57*10’°
3.54*10’°

4.59 * 10 °
4.69 * 10 °
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DETERMINATION OF PROTON-INDUCED PRODUCTION CROSS SECTIONS AND
PRODUCTION RATES OF 129| FROM Te
C. Schnabel, J.M. Lopez-Guitierrez, M. Suter (ETHZ); H.-A. Synal (PSI); M. Gloris, I. Leya, R. Michel
(Universitat Hannover); U. Herpers (Universitat zu Koln)
In order to model the production of '‘7 in meteoroids, proton-induced production cross sections in the
medium energy range of ,29l from Te as well as production rates from meteoroid simulation experiments
have been determined. '"I is a very important cosmogenic nuclide to study the constancy of cosmic
radiation on long time scales.
The long half-life (15.7 Myr) of the cosmogenic nuclide
,29l makes it possible to study the constancy of the
cosmic radiation on a time scale of up to 50 Myr. It is
the only cosmogenic nuclide with a half-life between
those of 53Mn (T=3.7 Myr) and 40K (T=1.28 Gyr).
In the course of a systematic investigation of protoninduced reactions, production cross sections of l29l
from Te have been determined for the first time for
different proton energies after irradiations at
LNS/Saclay and TSL/Uppsala. Te is one of the main
target elements for the production of 129l in
extraterrestrial matter. Cross sections are input data
necessary to calculate production rates and can also
be used for validation of cross section calculations. As
part of experiments at Saclay to simulate the
production of nuclides by galactic cosmic ray protons,
samples of Te were irradiated isotropically with
protons at different depths in artificial meteoroids
made of gabbro [1] and of steel [2]. The ,29l
experimental production rates (thick target) are
compared to data calculated from experimental proton
cross sections (above 50 MeV) and calculated cross
sections (below 50 MeV). The experimental production
rates were employed to improve the a-priori neutron
excitation functions [2].
The proton-induced cross sections of 129l from Te
determined in this work as well as the results of a
calculation based on the hybrid model of
preequilibrium reactions in the form of the code AREL
(M. Blann, priv. comm.) are shown in Fig. 1. The
scatter of the experimental data may originate from not
using all of the irradiated traget material and thus from
inhomogeneities in the proton flux. Using more of the
irradiated target material, this effect is expected to
decrease. In Fig. 2 the production rates of 129l from Te
at different depths of a gabbro sphere are compared
to the results of the model calculation. Although the
thin target and the thick target approach are in
agreement in this case, the modelling of the
production rates of ,29l in the gabbro sphere is intended
to be repeated using a data set including measured
cross sections for proton energies below 50 MeV.

-------- Calc.

Proton energy [MeV]

Fig. 1: Preliminary proton-induced production cross
sections for ,29l from Te and the results of a
model calculation.

experiment.
--------- total
neutrons
pr.protons
sec.protons

Depth [cm]

Fig. 2: Production rates of 129l from Te as a function of
depth in a gabbro sphere of 25 cm radius
(normalized to 1 incident proton cm2 s1 of
1600 MeV).
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ACCELERATOR SIMS, A TECHNIQUE FOR THE DETECTION OF STABLE TRACE
ELEMENTS IN ULTRAPURE MATERIALS
R.M. Ender, M. Suter (ETHZ); M. Dobeli, H.-A. Synal (PSI)
A new sputtering chamber with special precautions against sample contamination from the surroundings of
the sample has been added to the AMS beamline of the tandem accelerator. This allows the detection of
trace element concentrations in ultrapure materials below the ppb range in many cases.
AMS is routinely used to measure abundance ratios of
long-lived radioisotopes to their stable isotopes down
to the level of 10 '5. Due to this extremly high sensitivity
AMS is a very promising technique for the detection of
stable trace elements in ultrapure materials
(Accelerator SIMS). However, like in Secondary Ion
Mass Spectrometry (SIMS) a sputtering chamber with
special precautions to avoid any contamination of the
sample from the surrounding materials is required,
since (in contrast to AMS) this material can contain a
much higher amount of the trace element to be
detected than the sample itself. Such a setup has
been completed at the PSI/ETH tandem accelerator
facility. In the cases, where SIMS is limited by
molecular interferences (e.g. the measurement of 56Fe
in Si is impaired by the much more intense 28Si2
signal), Accelerator SIMS is expected to improve
detection limits.
Figure 1 shows the sections of the PSI/ETH AMS
facility relevant to Accelerator SIMS. The sputtering
chamber is built in UHV technology with a base
pressure of 5 1010 mbar. All the surroundings of the
target are coated with a 20 pm thick layer of pure gold
to suppress contamination of any element but gold.
For the negative ion formation, a commercial Cs
sputter gun from ATOMIKA is used. It is equipped with
an ExB filter and a 1° electrostatic beam bend to
produce a clean Cs ion beam. A scanning unit is
included in the Cs gun control system. This makes
different applications such as bulk analysis, depth
profiling and imaging possible. Further details of the
sputtering chamber are described in [1,2].

The sputtered negative ions coming from the sample
are accelerated to 30 keV and are injected into the
existing Heavy-Ion-Spectrometer (m/Am = 350). A
Faraday cup with an integrated channel plate for
current amplification is placed at the exit of this
spectrometer, which allows a preliminary analysis of
the sample composition. However, detection limits for
trace element concentrations are typically in the region
of 103 - 10 s because of molecular mass interferences.
Negative ions, which are injected into the tandem
accelerator, are stripped to positive charge states in
the stripping process at the high voltage terminal
(5 MV). Molecules with charge states > 2+ are not
stable and break up. Therefore, a purely atomic ion
beam can be obtained at the high energy side of the
accelerator. With a combination of E/q- and p/qfiltering
(electrostatic
deflector
and
magnetic
spectrometer) single atomic ions of the trace element
can unambiguously be counted in a gas ionization
chamber. The matrix element intensity can be
measured in a Faraday cup. The particle intensity ratio
has to be corrected for the different negative ion
formation probabilities to obtain the trace element
concentration of the sample. This is achieved by
comparing the measurements with results from
standard samples with known impurity concentrations.
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TRACE ELEMENT ANALYSIS IN SILICON BY ACCELERATOR SIMS
R.M. Ender, M. Suter (ETHZ); M. Dobeli, H.-A. Synal (PS!)
The Accelerator SIMS technique [1] has been applied to Si samples implanted with different elements. It
has been shown that concentrations of several trace elements can be analysed down to about 1 ppb in
depth profiling mode.
Si samples have been irradiated with different
elements (P, Ni, Cu, Sb) at 1 MeV. The irradiation
fluences were chosen to be between 7 1 O'2 cm 2 and
2 10'" cm2 leading to a peak concentration between
3 10" cm 3 and 5-10’8 cm'3.

v\
\

T
l
'

100

Depth [nm]

Jl

< V.
0

Figure 2 shows the depth profile of an ,2,Sb implanta
tion. Integration of the Sb concentration over depth
must equal the implantation dose. This fact is used for
the quantification of the trace element concentration.
The implantation profile could be analyzed down to an
Sb concentration of 10'" cm3 or 2 ppb (atomic ratio). In
bulk analysis a pure Si sample had a background
count rate which corresponded to a Sb concentration
of 2-1013 cm3 or 400 ppt.
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Fig. 1: Optical microscope image and profile of a
sputtered crater with a width of 320 x 320 pm2
and a depth of 2.2 pm. The surface roughness
of the crater bottom is only 10 nm.
Depth profiling of these samples was performed as
follows: typically, a 200 nA Cs current focussed to a
diameter of 70 pm was rastered over an area of
480 pm x 480 pm of the irradiated sample. Trace ele
ment counts in the gas ionization chamber were inte
grated in cycles of 30 seconds. The crater profile was
afterwards determined with a Dektak 3030 profilometer (see Fig. 1). The timescale of the measurement
was thus transformed to a depth scale of the sample.
A typical sputter velocity was 0.4 nm/s.
The dynamic range of the depth profiles as well as the
concentration of the trace element measured at the
end of the depth profile was of special interest, since
they are measures for the contamination background
of the setup.

Fig. 2: Depth profile of a 1 MeV ,2,Sb implantation
with a dose of 7-1012 cm 2. The solid line is a
Gaussian fit to the data.
An implantation of 1.6-1 O'3 cm 2 63Cu at 1 MeV was also
analyzed. The depth profile also showed a dynamic
range of more than three orders of magnitude going
from a peak concentration of 4 10" cm'3 (8 ppm) down
to 2 10'" cm 3 (4 ppb).
Good results were also obtained for31P and 58Ni depth
profiles. A bulk measurement of a clean sample
yielded a 5aNi concentration of 110'" cm 3 (2 ppb).
Similar results were obtained in the case of the 31P,
where also a detection limit of 1 10'" cm 3 (2 ppb) was
reached.
These results show that the new Accelerator SIMS
facility in Zurich allows to detect trace elements in Si
down to 1 ppb and below for many elements. It is thus
competitive with highly sophisticated SIMS machines.
Improvements of the background suppression are in
progress.
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NUCLEAR REACTION ANALYSIS (NRA) FOR TRACE ELEMENT DETECTION
M. Dobeli (PSI), K. Noll (Universitat Bern)
Ion beam induced nuclear reactions can be used to analyse trace element concentrations in materials. The
method is especially suited for the detection of light contaminants in heavy matrices.
Many materials analysis methods have a very limited
sensitivity for the detection of light trace elements in a
heavy matrix. For most methods using atomic
excitation or elastic scattering this is due to the
intensive background produced by heavy elements.
The problem can be overcome by Nuclear Reaction
Analysis (NRA) where a nuclear reaction in the target
element (H, O, F, Na, Al, etc.) is induced by an MeV
proton (or light ion) beam and reaction products (y, n,
d, a, etc.) are detected. The background from the
matrix elements is usually very low due to the higher
Coulomb barrier. Detection limits down to the order of
ppm can be obtained. Using a resonant reaction, a
depth profile of the trace element concentration can be
produced by varying the projectile energy [1],
I

polymers and meteorites [2] during 1996. Fig. 2 shows
a typical y-spectrum of the Ge-detector.

EXPERIMENTAL SETUP

Photon Energy / MeV

The ion beam from the PSI/ETH Tandem accelerator
is focused by a magnetic micro-lens system onto the
target. Focal spots with a diameter of a fraction of a
mm can be obtained depending on the desired beam
intensity. The beam is raster scanned across the
target surface by electrostatic deflection plates
allowing spatial imaging of the trace element. The
most convenient nuclear reactions are those followed
by high energy y-emission such as '9F(p,ay)160 or
27AI(p,y)28Si which have y-energies around 6 and
II MeV, respectively. The y-detectors are placed
outside the vacuum chamber and very little laboratory
back-ground radiation is present. For quantitative
analysis the beam current on target is precisely
integrated and the y-intensity is normalized to a
standard.

Fig. 2: y-Energy spectrum of a meteorite surface
bombarded with 3 MeV protons.
Fig. 3 shows a line scan across a 400 ppm fluorine
standard sample. For fluorine the detection limit lies
around 10 ppm. At this beam intensity the spatial
resolution is several hundred pm.
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Fig. 1: Experimental Setup.
2 FLUORINE DETECTION
As an example we give some details on the detection
of fluorine which has been applied to the analysis of

Fig. 3: Line scan across a 400 ppm fluorine standard
basalt sample masked with an Al-frame. Dots:
fluorine signal. Circles: aluminum concentra
tion.
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A TIME-OF-FLIGHT SPECTROMETER FOR THE INVESTIGATION OF LIQUID
METAL ION SOURCES
R. Muhle, M. Dobeli (PSI); P. Zimmermann (ETHZ)
A time-of-flight spectrometer with differential pulse sweeping was developed for the mass and energy
analysis of ions emitted from liquid metal ion sources.
During the past decade liquid metal ion sources have
found extensive use as ion sources of high brightness
in focused ion beam systems (FIBS) [1], Reliable,
long-lived, pure liquid metal ion sources (LMIS), such
as Al, Au, Bi, Ga, In, Sn, etc., are now available along
with liquid alloy ion sources (LAIS) for As, Be, Co, Ge,
Si and other ions useful for semiconductor device
implantation, lithography or related applications. The
emission properties of the ion source such as current
stability, lifetime, current-voltage characteristics,
angular current intensity, mass spectrum and total
energy distribution of the emitted ions are very
important and have to be investigated before the ion
source can be operated in the FIBS. A time-of-flight
spectrometer (TOF) with differential pulse sweeping
was developed for that purpose.
1 EXPERIMENTAL SETUP
The experimental setup of the TOF system is shown
schematically in Figure 1. The ions emitted from the
LMIS, collimated by an entrance aperture (diameter
100 pm) and focused by an Einzel lens onto the

|
-----------______
—------— ----------

separation aperture (diameter 250 pm).The bias of the
source can be adjusted in relation to ground potential,
thus defining the kinetic energy of the primary ions
independently of the extraction voltage. The ion beam
can be aligned to the separation aperture by a set of
alignment plates. With a set of deflection plates the ion
beam is swept rapidly over the separation aperture.
The rise time of the deflection pulse is of the order of
10 ns for a maximum voltage of 300 V. Usually a pulse
frequency of 4 kHz is used. For TOF measurements,
the start signal is given by the sweeping pulse and the
stop by the ions hitting the microchannel plate
mounted 1 m behind the separation aperture.
2 MASS SPECTRUM
A spectrum of the doubly charged silicon ions from a
AuSi LAIS is shown in Figure 2. The time of flight of
the 28Si*4 ions is 5.23 ps. The peaks of the individual
isotopes are separated by 92 ns with a FWHM of 7.5 ns.

Liquid Metal
Ion Source
Aperture
Einzel Lens

Deflection Plates
Alignment Plates
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Fig. 2: TOF spectrum of the Sr ions from a AuSi
LMIS at a total source current of 2.4 pA and
an acceleration voltage of 3.6 kV.

Channel Plate
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COBALT ALLOY ION SOURCES FOR FOCUSED ION BEAM IMPLANTATION
R. Muhle, M. Dobeli (PSI); P. Zimmermann (ETHZ)
Cobalt alloy ion sources have been developed for silicide formation by focused ion beam implantation.
Four eutectic alloys AuCo, CoGe, CoY and AuCoGe were produced by electron beam welding. The AuCo
liquid alloy ion source was investigated in detail. We have measured the emission current stability, the
current-voltage characteristics, and the mass spectrum as a function of the emission current.
Metal silicides proved to be very useful for application
in microelectronic devices, for instance as contact
materials, interconnects, and gate electrodes. Among
the silicides, CoSi2 is of special interest because of its
low resistivity, high thermal stability and low mismatch
to the Si lattice. In recent years, the technique of ion
beam synthesis became of more interest. With this
technique, buried or surface CoSi2 layers are fabri
cated by high dose Co implantation and subsequent
thermal annealing. The substitution of the conventional
broad beam technique by focused ion beam implanta
tion opens the possibility of a maskless process to
directly write submicron CoSi2 structures of arbitrary
shape [1], Due to its high melting point (1495°C),
cobalt cannot be used in a pure liquid metal ion source
(LMIS), but only in a liquid alloy ion source (LAIS) as a
constituent of an alloy with considerably lower melting
point.
Bischoff et al. [1] used CoGe and CoNd LAISs and
reported a stable ion emission over a time of some ten
hours. Problems arise from the reactivity of CoNd with
oxygen. To overcome this we prepared the following
eutectic alloys by electron beam melting under high
vacuum conditions in a cooled Cu boat: Au75 2Co248
(996.5°C), Co27Ge73 (817°C), Co37Y63 (735°C) and
Au56Co,4Ge30 (~700°C). The concentration is given in
atom percent, the melting temperature is given in
brackets. The ion sources consist of a tungsten needle
emitter which is wetted with the alloy and a
molybdenum extraction electrode with a hole diameter
of 1 mm at a distance of 0.6 mm. The AuCo, CoGe
and AuCoGe LAISs show a stable ion emission. The
lifetime of the AuCo LAIS is limited to several days
because of the relatively high working temperature.
Overheating of the source must be avoided. The mass
spectrum of Fig. 1 at a source current of 5 pA was
obtained with a time-of-flight spectrometer [2], Both
the Co" and Co " ions can be utilized for the
implantation. The lines from other ions are well
separated. The lifetime of the CoGe LAIS is also
limited to several days because the tungsten needle is
dissolved by Ge. The CoY alloy could not be tested up
to now, because the tungsten needle could not be
wetted with the alloy. The tungsten emitter will have to
be p re wetted before loading the alloy. To lower the
melting temperature further, the ternary alloy
Au56Co14Ge30 has been fabricated and tested as source
feed material. The appropriate composition of this

ternary alloy was selected on the basis of a ternary
phase diagram, constructed using the binary border
systems AuCo, AuGe and CoGe. The relatively low
working temperature of 700°C measured with a twocolor pyrometer promises a higher lifetime compared
to the AuCo and CoGe LAISs.
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Fig. 1: Mass spectrum of the AuCo LAIS at a source
current of 5 pA. The numbers above the peaks
represent the following ions: 1 :Co"", 2:Co",
3:Au"‘, 4:Au", 5:AuCo", 6:Au3", 7: Au2", 8:
Au2Co", 9: Au3", 10: Au3Co", 11: Au/, 12: Aus".
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DIRECT DEPOSITION OF GOLD ON SILICON WITH FOCUSED ION BEAMS
P. W. Nebiker, M. Dobeli (PSI); R. Miihle (ETHZ)
Irradiation with ions at very low energies (below 500 eV) no longer induces a removal of substrate material,
but the ions are directly deposited on the surface. In this way, gold has been deposited on silicon with
focused ion beam exposure and the properties of the film has been investigated with atomic force
microscopy and Auger electron spectroscopy.
Focused ion beams (FIB) can be used for direct
deposition of metals on a substrate surface. For
projectile energies below a certain threshold, which
lies around 500 eV, the ions stick to the surface and
form a new layer. Since the material is deposited with
a focused ion beam, any desired pattern can be
directly exposed in the vacuum system without any
lithographic pro cess. In-situ deposition of metal films
for Schottky or ohmic contacts is possible.
Gold has been directly deposited on a silicon surface
[1], A focused ion beam with an energy of 4 keV was
deccelerated down to almost 0 eV by applying a
retarding voltage to the target. A square of 20 pm by
20 pm has been exposed resulting in a gold layer of
150 nm thickness (Fig. 1). The deposition efficiency,
i.e. the number of deposited Au atoms per incident Au
ion was measured to be 100 %.

Fig. 2: AFM image of a 25 pm by 25 pm cross
produced by direct deposition of gold on
silicon at low energies. The linewidth is 2.5 pm
which demonstrates the focal diameter of the
beam close to 0 eV. The height is 70 nm.
The threshold energy for the deposition of material on
the substrate surface has been estimated by meas
urements of the energy dependence of the sputter
yield resp. the deposition efficiency. The beam energy
below which a direct deposition of the ions on the sub
strate surface takes place has been approximated by
a fit. For gold, this energy is approximately 250eV,
while for gallium it is 490eV.

Fig. 1: Directly deposited 20 pm by 20 pm square of
gold on a silicon substrate viewed with an
optical microscope. The thickness of the layer
is 150 nm.
Kinetic Energy (eV)

The beam size at these low energies was measured
by depositing a cross of gold on silicon (Fig. 2). The
length of a single line is 25 pm and its width is defined
by the beam diameter. The AFM image shows a
linewidth of 2.5 pm.
The purity of the film has been investigated with
Auger-Electron-Spectroscopy (AES). The obtained
spectrum (Fig. 3) shows a composition of 5.4 % C,
0.1 % O and 94.5 % Au. The 5 % carbon are mainly
due to surface contamination of the substrate in the
vacuum system.

Fig. 3: AES spectrum of deposited gold (of Fig. 1) on
a silicon surface. The concentrations are 5.4%
C, 0.1 % O and 94.5 % Au.
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STRUCTURING OF SILICON WITH LOW ENERGY FOCUSED ION BEAMS
P.W. Nebiker, M. Dobeli (PSI); R. Muhle (ETHZ)
The defect production in silicon induced by focused ion beam irradiation as a function of energy and
projectile mass has been investigated and compared to the measured sputter yield. The aim was to find
optimal beam parameters for the structuring of semiconductors with a minimum amount of defects
produced per removed atom.
In-situ and maskless fabrication of semiconductor
surfaces are important potential applications of
structuring processes with finely focused high-intensity
ion beams. A limiting factor is the crystal damage in
duced by keV ions, which seriously affects the electri
cal and optical properties and, hence, puts severe
restrictions on the applicability. For research as well
as for industrial applications it is, therefore, necessary
to investigate the basic interaction of the ions with the
semiconductor crystal to lower the damage production [1],
Monocrystalline silicon has been irradiated with Si, Ga,
Pr and Au ions of different energies (60 keV down to
100 eV) and fluences ranging from 1010 cm 2 to 10'7 cm 2.
Reflectivity at normal incidence at wavelength 785 nm
and laser induced, modulated reflectivity [2] have been
used for characterization of the optical and surface
properties of the samples after irradiation. The
removal of substrate material induced by the ion beam
irradiation, i.e. the sputtering, was measured with
atomic force microscopy (AFM). For the irradiation
with low energy ion beams an existing focused ion
beam (FIB) column has been modified to reach
energies down to almost 0 eV.
The modulated reflectivity increases with the number
of point defects in the crystal up to a saturation value
which occurs in the case of Si* ions at a fluence of
approximately 1012 cm"2 for an ion energy of 30 keV
and 1013 cm'2 at 4.2 keV. This behavior is explained by
a transient, temporary saturation of the point defects.
For a low ion energy of 200 eV no saturation was
observed up to a fluence of 10’5 cm"2, while at higher
energies saturation occurs already at a two or three
orders of magnitude lower fluence.

With the onset of the amorphization (around a fluence
of 10" cm'2) a small swelling of the substrate of a few
nm is observed. This is due to a decrease of the
density of the material in the amorphized state. From
1015 cm"2 up to the maximum investigated fluence of
5-1017 cm2 the amount of removed material increases
linearly with fluence. From 500 eV up to 60 keV the
sputtering of silicon with Au ions shows an increase
with energy (Fig. 1). Measurements with Ga and Pr
ions show a similar behavior, while silicon irradiated
with Si ions yields no significant sputtering for normal
incidence of the ion beam at all investigated energies,
i.e. the sputter yield is approximately 1 which is
supported by a computer simulation.
From the measurements of the induced damage and
the sputter yield of substrate material the ratio of
produced defects per removed substrate atom has
been derived (Fig. 2). The defect production per
removed atom has a minimum at an ion beam energy
around 1 keV. Au ions show an even lower minimum
than gallium ions. The defect production is reduced for
Au ions at 1 keV by approximately a factor of 10
relative to 60 keV, and for Ga ions the reduction is
even a factor of 100.

Energy (keV)

Fig. 2: Defects per removed atom versus beam
energy for silicon irradiated with Au, Ga and Pr
ions.
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SURFACE STRUCTURING WITH FOCUSED CLUSTER ION BEAMS
P. W. Nebiker, M. Dobeli (PSI); Ft. Muhle (ETHZ)
Damage production and sputter coefficients in silicon have been investigated for gold cluster ion beams at
keV energies.
The structuring of semiconductors with focused ion
beams (FIB) at keV energies induces crystal defects
[1], A promising way to reduce the damage produced
in the substrate during ion beam irradiation is to use
low energy ions and molecular ions. The use of mo
lecular ions has the advantage that at a given accel
eration voltage the energy per atom is lower than for
single ion beams. Since it is easier to focus an ion
beam at higher acceleration voltages, molecular ions
allow the use of slow particles of low defect production
without losing the focusing properties.
Monocrystalline silicon has been irradiated with Aun
cluster beams at energies of 6 keV/ion (n=1..5) and
10 keV/ion (n=1..3) and fluences from 10'° cm2 to
1017 cm'2. Reflectivity at normal incidence at wave
length 785 nm and laser induced, modulated reflec
tivity have been used for characterization of the optical
and surface properties of the samples after irradiation.
The removal of substrate material induced by the
cluster beam irradiation, i.e. the sputtering, was meas
ured'with atomic force microscopy (AFM).

Fig. 2: AFM image of a 6 pm x 6 pm square produced
by sputtering of silicon with a Au ion beam at
30 keV. At a fluence of 5-10’7 cm 2 a depth of
440 nm was measured.
The substrate has been irradiated with the cluster ions at
an energy of 10 keV/atom and a fluence of 5-1 O'7 cm2.
The sputter yield for Au3* is increased by approxi
mately 25% compared to the irradiation with the single
atomic Au*.
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Fig. 1: Modulated reflectivity of silicon irradiated with
Aun* clusters (n=1 ..5).

Fig. 3: Sputtering of silicon by Au/ cluster (n=1..3)
ion beams at an energy of 10 keV/atom.

The modulated reflectivity of silicon irradiated with Aun
clusters (n=1 ..5) at an energy of 6 keV/atom shows no
dependence on cluster size at any fluence investi
gated (Fig. 1). The results indicate that nonlinear ef
fects on the extension of the remaining surface dam
age do not exist. In addition, the measurements have
been carried out with Aun* clusters (n=1..3) at an en
ergy of 10 keV/atom where no dependence on cluster
size could be observed, either.

Surface structuring with focused cluster ion beams
seems to offer two advantageous features. On the one
hand, the sputter yield is increased without affecting
the amount of surface damage. On the other hand, the
higher total energy of the clusters allows to obtain
beam diameters that might well reach submicron di
mensions at an energy per atom appreciably below
100 eV.

The sputter coefficients of Au/ clusters (n=1..3) have
been determined by measuring with AFM the topo
graphy of 6 pm by 6 pm sputtered craters (Fig. 2). The
results show only a slight dependence on the cluster
size as can be seen from Fig. 3.
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MeV FULLERENE IMPACTS ON MICA
M. Dobeli, L. Scandella (PSI); F. Ames (ETHZ)
Hillock heights on mica irradiated with MeV Cm ions have been investigated systematically. Results show
that the small range of secondary particles along the track plays a crucial role in defect production.
In the past few years it has become possible to
accelerate large molecules and atomic clusters to
MeV energies [1], Upon impact on a solid surface
these particles deposit an extremly high density of
energy along their tracks. It has been shown that the
total energy loss per track length is approx, equal to
the sum of the energy losses of the cluster
constituents which allows to obtain stopping powers
that are much higher than for any monoatomic particle.
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Freshly cleaved mica has been irradiated with C60
clusters with energies between 2 and 15 MeV. The
hillocks produced on the surface have been imaged by
atomic force microscopy (AFM). Fig. 1 shows the
hillocks produced with 7.5 MeV C60 compared to those
of 77 MeV iodine ions.
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Fig. 2: Measured hillock height on mica for various
clusters and monoatomic particles vs. total
energy loss (energies in MeV given in
parenthesis).

Fig. 3 is a two-dimensional representation of all avail
able data. The results show that only slow particles
with high specific energy loss produce large tracks on
the surface.
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Fig. 1: AFM image of hillocks produced on mica.
Fig. 2 shows measured hillock heights for a variety of
single atoms, small clusters and fullerenes. For small
particles the hillock height increases slowly with
increasing stopping power, while for the large C60
clusters a much steeper slope is observed. Similar
experiments done at GSI (Germany) and GANIL
(France) with GeV heavy ions found no hillock
formation at all for any fast moving particle. A possible
interpretation of the data is that the hillock height is in
principle proportional to the deposited energy density
(as e.g. a pressure pulse model would suggest) but
secondary particles (5-electrons and recoils) tend to
transport the energy away from the track and dilute
the spatial density of deposited energy.
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Fig. 3: Hillock height vs. energy loss and ion velocity.

These findings are another step towards
understanding of radiation damage in solids.
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DISTRIBUTION PATTERNS OF RARE EARTH ELEMENTS IN
VARIOUS PLANT SPECIES
A. Wyttenbach, L. Tobler, V. Furrer (PS!)
The elements La, Ce, Nd, Sm, Eu, Gd, Tb, Yb and Lu have been determined in 6 different plant species by
neutron activation analysis. When the concentrations of each species were normalized to Norway spruce,
smooth curves were obtained which revealed systematic inter-species differences.
Previous work with spruce needles has shown that the
concentrations of the rare earth elements (REEs) are
extremely low (0.1 to 20 ng/g) and that they increase
linearly with the needle age [1], Contrary to what might
be expected from the similarity of the chemical proper
ties of the individual REE, concentrations in spruce do
not closely reflect concentrations in the soil [2], mean
ing that there is a considerable fractionation between
the REEs in their uptake from the soil. In order to ver
ify if this also holds for other plant species, we ex
tended the investigation to other plants growing on the
same site and the same soil as the spruce trees.

+4 with chemical properties different from Ce+\ and
that the ratio Ce+4/Ce+1 is different in the rhizosphere
of the various plant species.

Plants were collected within the experimental forest of
WSL at Chaneaz; the soil of this site has very uniform
REE concentrations throughout. Plant samples were
prepared as previously and the REEs determined by
neutron activation with a radiochemical group separa
tion of the lanthanides [3].

Fig. 1: REE concentrations of silver fir (Abies alba)
normalized to Norway spruce (Picea abies).

Results indicate that the species all have different
REE concentrations, which is not surprising for nones
sential trace elements. No species showed an accept
able resemblance to the soil, but inter-species com
parisons showed highly systematic trends. Compari
son of species was made by normalizing their concen
trations to those of spruce. Three different types of
distribution patterns were found (it should be noted
that all figures are drawn to the same sale):
1. Silver fir shows essentially the same distribution
as Norway spruce (Fig. 1). Both trees are gymnosperms.
2.
Planetree maple, blackberry and ivy (angiosperms) all have similar distribution patterns
(Fig. 2), which, however, deviate considerably
from spruce. They are characterized by a large
discrimination (about a factor of 5) of the heavy
REEs with respect to the light REEs.
3. Wood fern (Fig. 3) shows still a larger fractiona
tion (about a factor of 40).
These distribution curves indicate that the differences
between species are not constant for each REE, but
are a smooth function of its atomic number. It is
therefore probable that the reason for the observed
fractionations is some chemical property changing
smoothly with the atomic number, such as the complexation constant of the REEs with carboxylic acids. It
is further evident that Ce usually does not lie exactly
on the smooth curve through the other REEs; this is
attributed to the fact that in the soil Ce, in contrast to
the other REEs, also can occur in the oxidation state
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Fig. 2: REE concentrations of planetree maple (Acer
pseudoplatanus, curve A), of blackberry (Rubus fruticosus, curve B) and of ivy (Fledera
helix, curve C) normalized to Picea abies.
It is not known if the rules shown by Fig. 1 - 3 also
apply at other sites. We investigated one spruce and
one blackberry sample from different sites and found
agreement with the results from Chaneaz. Recently
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published analyses of ferns from Japan [4] showed
essentially a pattern similar to Fig. 3, although different
fern species were investigated which had concentra
tions about 100 times higher than wood fern. It might
therefore be that Fig. 1 - 3 are not only locally valid.
REEs are often used as models for the uptake of trivalent actinides into plants and hence into the food
chain. The fractionations shown here make it clear
that this modelling is not without pitfalls.
20

-

—

-

ACKNOWLEDGMENTS
We thank the Swiss Federal Institute for Forest, Snow
and Landscape Research for giving us access to its
experiment forest at Chaneaz. Many people of the
same institute (especially J. Bucher, P. Schleppi,
W. Zimmermann and A. Zingg) helped with the collec
tion of the samples and contributed to the discussion.
Special thanks are due to J. Casta of the Austrian
Research Center Seibersdorf for his help with the
neutron irradiations in the ASTRA reactor, and to
R. Keil of our institute for the ICP-OES measurements.
REFERENCES

0.5 -

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Fig. 3: REE concentrations of wood fern (Dryopteris
filix-mas) normalized to Picea abies.

[1]

A. Wyttenbach et al., Biol. Trace Elem. Research
41, 13 (1994).

[2]

A. Wyttenbach et al., Annual Report 1995.

[3]

A. Wyttenbach et al., J. Radioanal. Nucl. Chem.,
Articles, 204, 401 (1996).

[4]

J. Takadaetal., J. Radioanal. Nucl. Chem., Letters,
214. 103 (1996).

CH9700476

54

RARE EARTH ELEMENTS IN SOIL EXTRACTS BY ICP-MS
L. Tobler (PSI), M. Burger, A. Jakob (AC-Laboratorium Spiez), V. Furrer, A. Wyttenbach (PSI)
Three different horizons of a soil profile were extracted with water and with a complexing solution. 14 REEs
were determined in the extracts. The distribution patterns obtained from the different horizons were rather
similar and did not show the large fractionations observed between different plant species growing on this
soil.
Various plant species were found to have different
REE distribution patterns, although they are growing at
the same site and on a soil with horizontally uniform
REE concentrations [1]. One explanation for this
phenomenon could be that the species, which have
different rooting depths, reflect a possibly different
availability of the REEs at different soil depth. In order
to test this hypothesis, different horizons from a soil
profile at Chaneaz were investigated.
Soil samples from a depth of 0 - 2 cm (Ah horizon), 7 15 cm (B horizon) and 25 - 35 cm (Sw horizon) were
investigated. These samples had a pH (CaCI2) of 3.3,
3.7 and 3.8, and a concentration of organic matter of
15 %, 4 % and 3 %. Extractions were done with water
for immediately available labile REEs and with the
Lakanen solution (0.02 M EDTA, 1 M NH„Ac, pH 4.65)
for REEs that are available on longer terms. Determi
nations were done with ICP-MS (Perkin Elmer, Elan
6000), an analytical method that is well suited for liquid
samples.
Results indicated that the Lakanen solution extracted
about 30 times more REEs than the water, what must
be due to the fact that the Lakanen solution partially or
totally dissolved a REE containing soil component.
With both extraction methods availability was smallest
in the Ah horizon. Fractionation of the individual REEs
between horizons was tested by normalizing to the Sw
horizon (Fig. 1 and 2). Both extraction system showed
essentially the same effects, e g. no fractionation for
the elements from Pr to Ho, a slightly enhanced ex
traction of La and a slightly depressed extraction of
the heaviest REEs in the upper horizons with respect
to the lowest horizon (Sw). These curves can be com
pared directly to those for the different plant species
normalized to Norway spruce [1], as the main rooting
zone of Norway spruce is the Sw horizon. It is seen
that the fractionation between horizons is much less
than the fractionation between species, meaning that a
different rooting depth can be dismissed as the major
cause for the observed inter-species differences.
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Fig. 1: Soil extracts with water from 3 different hori
zons. Lower curve Ah/Sw, upper curve B/Sw.
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La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Fig. 2: Soil extracts with the Lakanen solution from 3
different horizons. Lower curve Ah/Sw, upper
curve B/Sw.
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DEVELOPMENT OF A THERMAL METHOD FOR THE MEASUREMENT OF
ELEMENTAL CARBON
V.M.H. Lavanchy (Uni Bern), U. Baltensperger (PSI) and H. W. Gaggeler (Uni Bern & PSI)
A thermal method was developed to measure the organic carton (OC) and elemental carbon (EC) content
of atmospheric aerosols. OC is first oxidized under an 02 flow during a precombustion step and measured
with an Non-Dispersive Infrared Analyzer (NDIR). The remaining carbon, defined as EC, is then oxidized at
650°C.
Black carbon (BC) is defined as the light absorbing
part of soot aerosols. For reliable measurements of
BC with an optical analyzer [1], the mass absorption
coefficient SA must be known. This is of great impor
tance, since the variability of SA is substantial, which is
primarily due to coating and aging of soot aerosol and
to the variability of the aerosol composition [2], For the
planned measurements of a historic record of soot
deposits in an ice core of an Alpine Glacier, the de
termination of SA is indispensable.

The detection limit, defined as three times the stan
dard deviation of the load of precleaned filters, was
1.6 pg C for EC and 0.6 pg C for OC. These are the
lowest detection limits ever reported for soot measure
ments with a thermal method.
„
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Therefore we developed a thermal method based on a
two-step combustion technique [3], The experimental
apparatus consists of two parts. In the first part, a
combustion unit is followed by a catalyst to ensure
complete oxidation of the combustion products. The
second part is a Total Organic Carbon 700 Analyzer
(O.l. Analytical), which accumulates the C02 formed in
the combustion process and determines the C02 con
centration with a Non-Dispersive Infrared Analyzer
(NDIR).
For the determination of the mass absorption coeffi
cient SA, the content of elemental carbon (EC) in the
sample has to be measured. The organic carbon
(OC), which does not absorb light, is first oxidized at
moderate temperature to C02 by passing analytical
grade 02 through it. The remaining carbon, defined as
EC, is oxidized at 650°C. This thermal separation is
very critical because of the possible pyrolytic conver
sion of OC to EC and because of the possible loss of
EC during the precombustion step. For the optimiza
tion of the method, OC and EC were measured on
aliquots of ambient aerosol filter samples for different
precombustion temperatures and duration. The light
attenuation through filters after the precombustion was
determined with the optical analyzer. Best results were
obtained with a precombustion at 340°C during
40 min. At these conditions the recovery of organic
compounds (glucose and starch) as OC was about
100% as shown in Table 1, while artifact formation of
EC was negligible.
Table 1: Recovery of organic compounds as OC de
termined with the thermal method.
organic compound
glucose
starch

total amount
7.3 pg C
11.6 pg C

recovery
102 ± 7%
99 ± 7%

Fig. 1: Mass absorption coefficient SA for different
days in 1995. 0 marks a sample with a high
amount of Sahara dust.
In a first application, the mass absorption coefficient SA
of black carbon from the high alpine research station
Jungfraujoch (3454 m a.s.l.) was determined. An
aethalometer (AE-10) measured the BC content of
aerosol sampled on filters, and the EC content of
these filters was measured with the thermal method.
From these data, the absorption coefficient SA was
calculated. Figure 1 shows the variation of SA, which in
the aethalometer is assumed to be constant. This
indicates the necessity of the measurement of SA for
BC determinations with the optical analyzer.
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A WET EFFLUENT DENUDER/MIST-CHAMBER COUPLED TO ION
CHROMATOGRAPHY FOR THE CONTINUOUS MEASUREMENT OF
ATMOSPHERIC HONO, HNQ3, N03" AND S042C. Zellweger (PSI & EMPA), U. Baltensperger (PSI), P. Hofer (EMPA)
A denuder/mist chamber system has been developed for the continuous automated measurement of low
level concentrations of HONO, HNO3, as well as of NO3 and S042'.

Specification of total reactive nitrogen (NOy) in the
remote troposphere requires analytical methods for
HONO, HNO3 and particulate nitrate with detection
limits of a few ng/m3 as well as a high time resolution.
At present the above requirements can only be
reached by the wet denuder/mist chamber tech
nique [1]. Spectroscopic methods are often limited in
sensitivity, whereas filter techniques do not allow a
good time resolution and suffer from many artifacts.
The detection of the gaseous compounds with our
system is based on a constant air flow drawn through
a parallel plate diffusion denuder (PPD) with a wetted
surface. This enables a diffusion-based collection with
a discrimination of gaseous analytes from their par
ticulate counterparts. The aerosol particles are sam
pled after removal of the gases by means of steam
condensation. The air stream is rapidly mixed with
steam. The resulting supersaturation causes aerosol
particles to grow into droplets, which can be collected
by an impactor. Both denuder and aerosol collector
solution are then preconcentrated on ion exchange
columns and analysed by ion chromatography.
The penetration of aerosol particles through the de
nuder was measured with ammonium nitrate particles
with a diameter of 250 to 350 nm. The particles were
generated with a nebulizer (TSI 3076) and detected
with an optical particle counter (Las-X). Figure 1 illus
trates the size distribution of the ammonium nitrate
particles before and after the denuder.

The measurement of the collection efficiency of the
aerosol collector was performed with ammonium sul
fate particles (30-200 nm). The number concentration
was measured before and after the aerosol collector
with a scanning mobility particle sizer (SMPS). For
particle concentrations up to 10000 cm"3, a collection
efficiency of >99.9 % was observed. For higher con
centrations the efficiency decreased slightly with 90 %
for 150000 particles per cm3. Ambient aerosol concen
trations rarely exceed 10000 particles per cm3,
especially when only those particles with a significant
mass contribution are considered. Therefore the
collection efficiency is by far sufficient for ambient
aerosol analysis.
A comparison of the aerosol collector with an inde
pendent method (filter technique) was made for am
monium sulfate. A good agreement between the two
methods was found. The difference between the two
methods was mainly because of a slight instability of
the particle generation. The result is given in Figure 2.
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Fig. 2: Comparison of aerosol collector and filter
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Fig. 1: Penetration of NH4NO3 particles through a
denuder (PPD, 40*3*0.3 cm3).
A slight shift towards larger particles was observed
with the wetted denuder, but the total number of
particles remained the same before and after the
denuder. Therefore, no significant loss of particles
occurs in the denuder.

The detection limit is 2 ppt for nitric acid, 4 ng/m3 for
nitrate and 9 ng/m3 for sulfate.
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ASSESSMENT OF SNOW ACCUMULATION DYNAMICS ON A HIGH-ALPINE SNOW
FIELD USING GLASS MICROSPHERES
D.A. Braaten (Kansas Univ. & PSI), M. Schwikowski, U. Baltensperger (PSI)
Field experiments at Colie Gnifetti are underway to quantify the seasonal accumulation rate and wind
erosion of snow. Using instrumentation which has been used successfully in Antarctica, a tracer is
dispersed on the snow surface at two week intervals and later recovered during snow sampling to provide
high time resolution determination of mass accumulation rate.
Midlatitude high alpine glaciers where snow accumu
lates year after year without significant melting provide
a natural repository of chemical and climate informa
tion of the past. These glaciers are especially impor
tant because they provide an opportunity to recon
struct the history of atmospheric pollution near areas
with large populations and extensive industrial activi
ties. Chemical analyses of glacier core samples allow
assessments to be made of potential sources, trans
port mechanisms and depositional processes of
atmospheric pollutants from both near and distant
sources. Dating of the snow core segments and an
understanding of the seasonal mass inputs to the gla
cier are important to the interpretation of the chemical
data since local flow patterns are strongly seasonally
dependent. It is quite possible that the mass input to
the glacier is completely at odds with the seasonal
precipitation amounts due to significant wind erosion
loss of snow.
A study of the detailed mass accumulation rate has
been started at the high-alpine glacier Grenzgletscher
(Colle Gnifetti, Monte Rosa massif, 4450 m a.s.l.,
Switzerland) where several ice cores have been drilled
over the last 30 years and numerous glaciological
studies have been carried out [3]. The Colle Gnifetti is
extremely wind exposed and has an actual accumula
tion rate of 30 to 40 cm water per year which repre
sents only a small fraction of the estimated total pre
cipitation rate at this altitude. In an effort to quantify
the seasonal accumulation rate and wind erosion of
snow on Colle Gnifetti, instrumentation, referred to as
the Microsphere Dispersal System (MDS), was de
ployed on 24 October 1996 to automatically disperse a
tracer of colored glass microspheres with a diameter
of 120 pm onto the snow surface once every 14 days
[1], At the start of the MDS deployment, yellow flat
glass shards (150 to 425 pm) were dispersed by hand
onto the snow surface to permit an unambiguous
identification of the lower boundary of the accumula
tion layer. The microspheres act as a unique time
marker (each color is released only once) to quantify
accumulation rate and as a tracer in wind driven ero
sion and transport of snow. Wind speed and wind
direction (20 minute averages) are obtained adjacent
to MDS using a R.M. Young wind monitor and CR10
datalogger. Precipitation inputs are inferred from local
and regional meteorological analyses.

Snow core and pit sampling at Colle Gnifetti is re
quired to recover dispersed microspheres and hence
quantify net accumulation and wind erosion. Labora
tory identification of microspheres in snow samples is
straightforward and it is routine to identify a single
microsphere in a given snow sample. Snow samples
are first melted, filtered, and the filter media is exam
ined for the number and color of microspheres present
with a low power microscope.
Although no results are available yet from Colle
Gnifetti, the MDS has been successfully used in high
wind areas of Antarctica. Results of an 8 month de
ployment during 1995 show that the dispersal and
detection of microspheres is effective in providing
detailed information on ice sheet growth [2], Figure 1
shows ice sheet mass accumulation rates at the
Williams Field Skyway (77.85 S 167.08 E) determined
from identified microsphere horizons and measured
snow density. The integration periods were dependent
on the microsphere horizons which were identified in
snow pit samples.

10/95

Fig. 1: Mass accumulation rates on an Antarctic ice
sheet determined from identified tracer hori
zons and measured snow density.
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ON THE AEROSOL-CLOUD RELATIONSHIP AT A HIGH-ALPINE SITE
U. Baltensperger, M. Schwikowski, D. T. Jost (PSI), S. Nyeki (PSI & Essex-Univ.),
H. W. Gaggeler (Univ. Bern & PSI)
Field experiments at the Jungfraujoch showed that during the presence of a cloud, most of the aerosol
mass is transferred into the cloud phase. This results in smaller cloud droplets for increasing aerosol con
centration, which increases the albedo of clouds (known as the indirect effect of climate forcing by aerosol
particles).
Atmospheric aerosol particles perturb the climate di
rectly by absorbing and scattering solar radiation and
indirectly by altering the microphysics of clouds, result
ing in a modification of their scattering properties. The
latter effect depends greatly on the activation proper
ties of the aerosol particles, i.e. their ability to act as
cloud condensation nuclei (CCN). Since there is large
uncertainty on the actual magnitude of this effect,
more data are needed regarding the aerosol-cloud
relationship. For the incorporation of aerosol particles
into cloud droplets, a mass scavenging coefficient F
can be defined as:

activated fraction of the various coarse mode aerosol
constituents Na\ K‘, Mg2*, and Ca2+ gave values be
tween 0.58 and 0.70. These observations are in good
agreement with data from other authors, with values
close to 1 for remote atmospheres and much lower
values in highly polluted atmospheres (see, e.g. [1,3]).

r_ aerosolCtoud _ aerosolTolal - aerosol,,,^,
aerosolTotal

aerosolT0tal

where aerosolTotal is the total aerosol mass concentra
tion entering a cloud, aerosol,nterstit,al is the aerosol that
remains interstitial to the cloud droplets and aerosolcl0Ud
is the aerosol in the cloud droplets. The same defini
tion has also been applied on the basis of number
concentrations instead of mass concentrations. It has
been shown that F is strongly dependent on the total
aerosol number concentration [1],
Extensive field campaigns were performed during
different seasons at the high alpine research station
Jungfraujoch. A filter pack consisting of a teflon filter
followed by a nylon filter was used to sample aerosolborne as well as gaseous species. In addition, the
cloud liquid water content (LWC) and the droplet size
distribution were determined with a Gerber PVM-100
and an FSSP-100, respectively. Bulk cloudwater
samples for chemical analysis were obtained by a
single-stage Berner cloudwater impactor [2].
As an example, Fig. 1 shows the sulfate load of
cloudwater (determined as the concentration in the
cloudwater times the Gerber LWC) as a function of
filter pack sulfate load (which included both, the
cloudwater and the interstitial aerosol). The open cir
cles represent samples with high wind speed condi
tions, when the Berner cloudwater collector had a low
sampling efficiency, especially for the larger droplets.
Large droplets often have lower concentrations, which
results in a higher mean concentation and explains the
deviation from the 1:1 line in these cases. After elimi
nation of the cases with low sampling efficiency of the
Berner sampler, 23 samples remained. These sam
ples yielded values that were remarkably close to the
1:1 line, and the mean activated sulfate fraction was
close to 1. The same was true for nitrate, while the

SO/' load (aerosol+cloud) (pg m'3)

Fig. 1: Sulfate load of cloudwater as a function of the
sulfate load of cloudwater plus interstitial
aerosol. •: winter cases; O: winter cases with
low Berner sampling efficiency due to high
wind speed; ■: spring cases. The solid line
depicts the 1:1 relationship.
According to the Twomey hypothesis, increased aero
sol number concentrations result in reduced cloud
droplet sizes, which relates to the indirect effect in
aerosol climate forcing [4]. To investigate the depend
ence of the cloud drop size on the aerosol number
concentration, the total aerosol number concentration
(with d> 0.1 pm) was calculated from the sulfate
concentration, making use of the good correlation
between these two parameters at the Jungfraujoch
(r=0.83). From this number concentration and the
LWC data, a mean cloud droplet size was calculated,
thus assuming that only particles with d> 0.1 pm were
activated. Indeed, this calculated drop size decreased
significantly with the sulfate load, giving more experi
mental evidence for the Twomey hypothesis.
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ADIABATIC AND DIABATIC AEROSOL TRANSPORT TO THE JUNGFRAUJOCH
M. Lugauer, U. Baltensperger, M. Furger, D. T. Jost, M. Schwikowski (PSI) and
H.W. Gaggeler (Univ. Bern & PSI)
Synoptic scale vertical motion, here detected by the geopotential height of the 500 hPa surface, mainly
accounts for the aerosol transport to the Jungfraujoch in winter. In summer, diabatic convection provides
the dominant vertical transport mechanism. Nevertheless, synoptic scale adiabatic motion still determines
whether diabatic convection can develop.
The aerosol concentration (AC) at the Jungfraujoch,
3450 m a.s.l. (JFJ) seems to be dominated by vertical
transport processes. This assumption is corroborated
by a statistical analysis of aerosol data measured be
tween 1988 and 1996 with an epiphaniometer (abbre
viated: epi), which is described in [1].
Seasonal data subsets (winter data: December to
February between 1988 and 1996, etc.) were discrimi
nated by a weather type classification scheme [2].
Figure 1 shows the median epi signal of the three con
vective weather types L, F and H, which differ by the
height of the 500 hPa surface. These are the classes
where substantial vertical transport occurrs. Slow
adiabatic rising on synoptic scale is present during
weather of type L and subsidence during type H.
Weather of type F has vertical motions only on smaller
than synoptic scale. Low temperature, high relative
humidity and little sunshine prevails at the JFJ
throughout the year for class L due to adiabatic cool
ing and cloud formation. The opposite holds for class
H and to a less pronounced degree also for class F.
With respect to AC the role of each class depends on
the season. In winter and spring class L showed the
highest seasonal AC-median and class H the lowest.
In summer this behaviour is reversed. In autumn the
AC differences between these classes are small.

especially in winter during weather of type H and F.
Surprisingly, the AC for class L shows a diurnal varia
tion in winter (Fig. 2). Diabatic mixing processes are
superimposed on the synoptic scale transport. In
summer the AC is highest for FI and lowest for L. Ff
and F exhibit diurnal variations, but L does not. Flence
the before mentioned adiabatic motion cannot be re
sponsible for this behaviour. We conclude that the AC
in summer can only be explained by deep convection,
transporting boundary layer air to the JFJ. Diabatic
convection is induced by the downward short-wave
radiation flux at the surface. Clouds can reduce this
flux considerably and are most probably responsible
for the low AC and the absence of a diurnal variation
in summer for class L.
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Fig. 2: Diurnal variation of epi signal for the convec
tive weather types L, F, FI. Data 1988-1996.
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Fig. 1: Seasonal variation of median epi signal for all
data and for data restricted to the convective
weather types L, F, H. Data from 1988 to 1996.
Vertical upward transport of aerosols, associated with
the rising motion, is probably responsible for the
higher AC in winter and spring of class L. On the other
hand the clean conditions during class H must be due
to downward transport induced by subsidence and the
large static stability of the polluted boundary layer
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THE JUNGFRAUJOCH HIGH-ALPINE RESEARCH STATION (3454 m) AS A
BACKGROUND CLEAN CONTINENTAL SITE FOR THE MEASUREMENT
OF AEROSOL PARAMETERS
S. Nyeki (PSI & Essex Univ.), I. Colbeck (Essex Univ.), U. Baltensperger, D.T. Jost and
E. Weingartner (PSI)
Aerosol physical parameter measurements are reported here for the first full annual set of data from the
Jungfraujoch site. Comparison to NOAA background and regional stations indicate that the site may be
designated as "clean continental" during the free tropospheric influenced period 03:00 - 09:00.
Since July 1995 an ongoing aerosol field campaign at
the Jungfraujoch (JFJ) high-alpine research station
(3454 m) has been measuring climatically important
aerosol parameters [1]. Objectives were to demon
strate that the JFJ, when compared to NOAA baseline
and regional stations, could be designated as clean
continental and would help to meet a lack of data in
this category.

10s m ', oBSP (550 nm) ~ 2.10 and 0.09 x 106 m ’, aAP
- 10.4 and 0.76 x 107 m' (550 nm), BCconc ~ 104 and
7.6 ng.m3,
CNconc
~ 670
and
280 cm3
and
epiphaniometer signal - 9.26 and 0.67 counts.s1 (SCONC
~ 24.1 and 1.7 pm2.cm 3). These values are similar
when compared to NOAA baseline stations [2]. Per
haps a more appropriate comparison would be with
the recently established clean continental NOAA re
gional station at Niwot Ridge, Colorado, USA. Monthly
geometric mean values for Niwot Ridge for 1994-1995
are: oSP ~ 10 5 - 2 x 10'6 m' (550 nm) and CN concen
tration - 800 - 2800 cm 3.

Measured parameters included: (i) the total and back
ward light scattering coefficient (oSP, oBSP), (ii) black
carbon concentration (BCconc) and hence the absorp
tion coefficient (aAP), (iii) condensation nuclei concen
tration (CNconc), and (iv) epiphaniometer signal or
surface area concentration (SC0NC).

In conclusion, the first annual data set suggests that
the JFJ site may be categorised under a clean conti
nental designation. Further support of these meas
urements will be conducted during a July 1997 flight
campaign over the JFJ region.

An initial analysis of diurnal variations in continuous
measurements of all parameters established the diur
nal period 03:00 - 09:00 as being representative of the
free tropospheric background aerosol. The annual
data set was then edited to omit: 1) the period 09:00 03:00, representing possible planetary boundary layer
conditions and 2) in-cloud conditions as determined by
a cloud liquid-water monitor.

ACKNOWLEDGEMENTS
The support of the staff and the facilities at the Jung
fraujoch Research Station are gratefully appreciated.

The seasonal aerosol cycle exhibited a July maximum
and a December minimum in most aerosol parameters
(e.g. oSP in Fig. 1). Typical monthly median values (JFJ
altitude), exhibited the following seasonal maxima and
minima respectively: oSP (550 nm) - 16.1 and 0.43 x
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Fig. 1: Seasonal Variation of the Aerosol Total Scattering Coefficient at the JFJ for July 1995 - June 1996. Solid
Line is a 30-Day Running Mean.
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ANALYSIS OF INTENSIVE AEROSOL OPTICAL PROPERTIES MEASURED AT THE
JUNGFRAUJOCH STATION
F. Li (PSI & IAP CAS, China), S. Nyeki (PSI & Essex Univ.), U. Baltensperger, E. Weingartner and
M. Lugauer (PSI)
Characterisation of atmospheric aerosol optical properties at the Jungfraujoch has been conducted to
deliver basic data for comparison with those from NOAA baseline atmospheric monitoring stations.
A continuous determination of aerosol optical proper
ties has been carried out at the Jungfraujoch from July
1995 to June 1996. The aerosol absorption coefficient
was measured with an aethalometer (AE-10 Magee
Scientific). Scattering and backscattering coefficients
at three wavelengths, (450, 550 and 700 nm), were
obtained with an integrating nephelometer (IN TSI
3563). From these measurements intensive aerosol
properties were derived.

higher fraction of absorbing material in the aerosol
particles. In addition, 6 is larger by about 30% on
average except for the south pole station, indicating
smaller particles at the Jungfraujoch [2]. The visibility
shows a seasonal cycle with a maximum in winter and
a minimum in summer. Aerosol extinction and air mo
lecular Rayleigh scattering are responsible for reduced
visibility. For most of months, visibility is greater than
264 km, which is the value, where aerosol extinction is
equal to Rayleigh scattering. This means that at the
Jungfraujoch, aerosol extinction is less important for
visibility reduction than Rayleigh scattering most of
time.
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Figure 2 gives the aerosol single scattering albedo to,
Angstrom exponent k, and horizontal visibility at the
Jungfraujoch site. Compared to data from NOAA
baseline stations [1], to is slightly smaller, suggesting a
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Fig. 1: Aerosol extinction coefficient distribution vs.
month and time of day.
Figure 1 shows the aerosol extinction coefficient at a
wavelength of 550 nm vs month and time of day. It is
easily seen that during spring and summer months,
there is usually an episode with increased aerosol
concentration. Although during autumn and winter the
absolute value is lower, a weak diurnal variation still
occurs but is not visible on the graph due to the scale
used.
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Fig. 2: Aerosol single scattering albedo (550 nm)
(top), Angstrom exponent (middle), and visi
bility (3454 m asl) (bottom). Besides median
and mean, the upper and lower quartiles (box)
and 5th and 95th percentiles (whiskers) are
shown.
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HYGROSCOPIC PROPERTIES OF DIESEL ENGINE SOOT PARTICLES
E. Weingartner, U. Baltensperger (PSI) and H. Burtscher (ETHZ)
The hygroscopic properties of combustion particles, freshly emitted from a diesel engine were investigated.
It was found that these particles start to grow by water condensation at a relative humidity (RH)>80%. The
hygroscopicity of these particles was enhanced when the sulfur content of the fuel was increased or when
the particles were artificially aged (i.e. the particles were subjected to an ozone or UV pre-treatment).
The hygroscopicity of the particles was measured by
means of a Tandem Differential Mobility Analyzer
(TDMA) [1]. Briefly, before entering the analyzing sys
tem, the diluted aerosol was dried. Then, after passing
through the first Differential Mobility Analyzer (DMA),
the monodisperse aerosol was subjected to controlled
RH during 2.2s. The new aerosol size distribution was
determined with a second DMA combined with a par
ticle counter.
1.05 1.04 -

or (NH4)2S04 particles, freshly emitted diesel particles
are unlikely to act as CCN at supersaturations S < 1%.

N, = 118100
= 108 nm

re 1.02 0.1

t— Diesel diffusion flame particles [3]

<3

1.00 -

'"■■■.

Diesel engine particles 1 kW load no sullured fuel (this study)'5— Diesel engine particles 2kW load with sulfured fuel (this study)

0.99

*— while gas particles [4]
L— Diesel engine particles |3]

Relative Humidity [%]

3— 'less' hygroscopic particles [5]

(t— "more" hygroscopic particles [5]
pure (NH4!2S04 particles
-- pure NaCI particles

Fig. 1: Hygroscopic growth of freshly emitted parti
cles from a diesel engine operating at 1kW
load (no fuel additives) for a dry particle di
ameter do=108nm.
Fig. 1 shows the hygroscopic growth measured on
diesel soot particles [2], The growth factor d/d0 is de
fined as the ratio of the diameter d of the humidified
particles to the dry particle diameter d0. N, is the
amount of dissociated molecules in the water layer of
a particle. These molecules reduce the water vapor
pressure on the particles surface and are thus res
ponsible for a condensational growth at subsaturations
(RH<100%). These values were calculated by fitting
the data with modified Kohler curves.
Fig. 2 shows critical supersaturations Sc calculated
from the fitted parameter Nr (Sc is the supersaturation
which is required for a particle to become a cloud con
densation nucleus (CCN)). Sc was determined for
diesel engine particles produced with commercially
available fuel and with fuel where the sulfur content
was artificially increased by 0.2% S. It can be seen
that the sulfured fuel increases the hygroscopicity of
the particles. Calculated critical supersaturations for
pure NaCI and (NH4)2S04 particles as well as critical
supersaturations measured by other authors [3,4] for
combustion particles are also shown. In field experi
ments [5] often two kinds of particles are found, i.e.
"less" and “more" hygroscopic particles. From such
field data critical supersaturation were also calculated
for the "less" and “more" hygroscopic particles. In con
trast to these particles or to completely soluble NaCI

Dry particle diameter d0 [nm]

Fig. 2: Critical supersaturation spectra for different
aerosols.
The difference between the “less" hygroscopic parti
cles and the freshly emitted diesel particles implies
that aging processes in the atmosphere increase the
hygroscopicity of the soot particles. This was corrobo
rated by subjecting the aerosol to an ozone or UV pre
treatment [2]. Possible pathways are:
•
•
•
•

Coagulation of soot with soluble particles,
condensation of soluble species onto the particles,
cloud processing or
photochemical degradation of surface compounds
by UV radiation.
The relative importance of these pathways will be
evaluated by future experiments.
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FRACTAL-LIKE DIMENSION OF NANOMETER DIESEL SOOT PARTICLES
G. Skillas (ETHZ & PSI), U. Baltensperger (PSI), K. Siegmann (ETHZ)
Measurements with a low-pressure impactor and a differential mobility analyser were conducted for diesel
soot at various engine loads. By means of these measurements a fractal-like dimension of diesel soot par
ticles, with diameters ranging from 55 up to 260 nm, was established.
Aerosol particles from diesel engines can be modelled
as fractal-like entities, and the dependence of their
mass on the radius is given by equation [1], as
described in [1], [2] and [3], [4],
M=Rdf

(1)

In order to determine the exponent df in equation (1)
both the radius and the mass of the particles were
measured. A diesel electrical power generator from
Yamaha (Model EDA3000, manufactured in 1987)
served for the measurements. Loads up to 3.3 kW
could be attained. The power was delivered to the
local power network in order to provide a well-known
load. The experimental setup can be seen in Fig. 1.

The measured fractal-like dimension df showed a
strong dependence on the load of the engine as can
be seen in Fig. 2. The high fractal-like dimensions can
be explained by two effects: First the agglomeration
process is ballistic, due to the high temperatures that
exist in and just after the diesel engine. Second, con
densing organic material may induce capillary forces
on the agglomerates causing them to collapse. The
fractal-like dimension decreases with increasing load
since at higher loads more particles are produced and
thus the agglomeration process is accelerated.

NTD,single charged particles

•

TD,single charged p

---- Guide to the eye

Filter

Generator
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Denuder
Dilution
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Impactor
Pump

Charger
Mobility
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Fig. 1: The experimental setup.
The exhaust aerosol was diluted with a dilution factor
of about 10 with dry, heated air. In order to avoid re
structuring due to the presence of water [5] , the aero
sol was dryed in a diffusion drier ensuring that the
relative humidity did not exceed 60 %. In order to se
lect a certain mobility the aerosol particles were
charged, and their mobility was selected with a differ
ential mobility analyser (DMA) operating with a flow of
2 and 20 I/m in for aerosol and sheath air respectively.
The aerosol flow out of the DMA was split into two
flows, the first one leading to an inertial low-pressure
impactor, the latter to a reference electrometer. The
low-pressure impactor is described in [6] and [7]. The
impactor was always operating in the subsonic flow
regime. The impaction plate was connected to an
electrometer, so that the number of the impacting par
ticles could be monitored. The pressure and elec
trometer readings were then registered by a computer,
which also controlled the DMA voltage.

Diesel engine Load [kW]

Fig. 2: The dependence of the fractal-like dimension
on the engine load. No significant difference is
found between untreated agglomerates (NTD)
and agglomerates where the volatile organic
carbon was volatilized by a thermodenuder
(TD).
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HETEROGENEOUS FORMATION OF MONO ON CARBONACEOUS AEROSOL
M. Ammann, M. Kalberer, K. Tabor, L. Tobler, E. Weingartner, Y. Parrat, D. Piguet, E. Flossier, D. T. Jost,
U. Baltensperger (PSI), C. Zellweger (EMPA & PSI), S. Nyeki (PSI & Essex Univ.),
F. Li (PSI & IAP CAS, China), and H. W. Gaggeler (Univ. Bern & PSI)
Based on an on-line and in situ experimental approach, for the first time heterogeneous production of ni
trous acid (HONO) on carbon aerosol at ambient pressure and low N02 concentration has been quantified
by use of a ,3N tracer technique.
Heterogeneous processes on atmospheric aerosol
particles not only contribute to the removal of oxidized
nitrogen compounds but may also lead to new radical
intermediates. In this respect, nitrous acid has recently
attracted considerable attention because its photolysis
may represent a significant OH radical source early in
the morning [1], While homogeneous gas phase for
mation of HONO is slow, its heterogeneous formation
seems to be a first order process in N02:
2 NO, + H20 -» HNOa (ads) + HONO (g)

(1)

A detailed description of the in-situ aerosol approach
for the investigation of NO, heterogeneous chemistry
has been given elsewhere [2]. Production of ,3N with a
half-life of 9.96 min using a 12.8 MeV proton beam
from the Philips Cyclotron and synthesis of "NO, has
been described as well [3], The gas-particle interaction
proceeded in a temperature and humidity controled
jacketed glass flow tube reactor (2.5 cm i.d., 50 cm
length). The gaseous products were detected on-line
and separately by retaining them in a series of
denuders, to each of which a y-detector was attached,
while particles and 13N attached to them were retained
in the following filter. The denuder coatings were NaCI
for HN03, Na^O/glycerol for HONO, triethanolamine
(TEA) for NO,, and Co,03 for NO. "NO, was fed to the
system at a rate of 106s \ Carrier NO, could be added
yielding 1 to 60 ppb. As aerosol source a spark dis
charge generator was used. The surface of the aero
sol entering the reactor was characterized by a differ
ential mobility analyzer coupled to a condensation
particle counter. In each experimental run of about
90 min duration, first the background effect on all prod
uct fluxes was measured before the aerosol was fed to
the system to obtain the differential signal between
‘aerosol on’ and ‘aerosol off' conditions.
Figure 1 shows the typical raw data expressing the
flux of HO'3NO molecules into the carbonate denuder.
To our knowledge, this is the first record of HONO
formation in an in situ laboratory aerosol experiment at
ambient pressure and realistic NO, concentration.
Quantification of HONO formation from the activity in
the carbonate denuder is complicated by some inter
ference from "NO,. Although the net deposition of NO,
is only of the order of 1%, the individual "NO, mole
cules have a significant residence time in the denuder
due to slow reversible adsorption, leading to an in
creased y-activity measured by the attached detector.
In the experiment shown, the NO, concentration was

1.4 ppb at a relative humidity of 60% and 25°C in the
dark. From the data we estimate a lower limit of the
HONO concentration of around 0.1 ppb formed in 25 s
due to the presence of the carbon aerosol with a sur
face to volume ratio of 2.6-104cm7cm3. Thus HONO
formation on the carbon aerosol proceeded much
faster than would be expected from experiments on
macroscopic surfaces [4], It may present an explana
tion for the surprisingly high HONO concentrations
found in field campaigns in polluted air [1],
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Fig. 1: On-line record of HO"NO formation detected
in the carbonate denuder (•) and correspond
ing signal from adsorbed "NO, in the particle
filter (■). The input of "NO, to the system (❖)
was constant.
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DEVELOPMENT AND PERFORMANCE TEST OF A CONTINUOUS SOURCE OF
NITROUS ACID (MONO)
M. Ammann, E. Rossler, M. Kaiberer, S. Brutsch, M. Schwikowski, U. Baltensperger (PSI),
C. Zellweger (EMPA & PSI), and H. W. Gaggeler (Univ. Bern & PSI)
Laboratory investigations involving nitrous acid (HONO) require a stable, continuous source of HONO at
ppb levels. A flow type generation system based on the reaction of sodium nitrite with sulfuric acid has
been developed. Performance and speciation of gaseous products were tested with denuder and chemi
luminescence techniques.
Gaseous nitrous acid (HONO) in the atmosphere has
been observed to be built up during the night and to
decay rapidly after sunrise [1], It has been widely
accepted that the formation route is heterogeneous on
the atmospheric aerosol and on other surfaces
(vegetation, buildings, etc.) rather than homogeneous
in the gas phase. HONO plays an important role in
photo-oxidant formation as a major source of OH radi
cals through its photodissociation early in the morning.
Laboratory investigations directed towards quantifica
tion of HONO formation and its reactivity towards
aerosols require a reliable, pure and stable source at
concentrations in the low ppb range.

ion chromatography. The fraction of nitrite in the rea
gent solution recovered as HONO in the denuder was
about 50% over the whole concentration range.
The results confirm output stability and linearity of the
produced HONO concentrations with the nitrite con
centration in the reagent solution. This setup will be
used for calibration purposes, denuder testing and
experiments of the adsorption of HONO to aerosol
particles.
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Production of HONO may proceed via evaporation
from ammonium nitrite, via reaction of gaseous oxalic
acid with sodium nitrite, or via reaction of sodium ni
trite with sulfuric acid [2]:

Since tubing and inlets of the analyzers inevitably lead
to HONO losses, especially at very low concentra
tions, HONO production was further quantified by the
denuder technique (Figure 2). The denuder was
coated with a 1:1 mixture of sodium carbonate and
glycerol. After extraction, HONO was determined by
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Fig. 1: Generation of HONO as a function of time,
and control of NO and N02 impurities, meas
ured with the chemiluminescence detector.

The reaction takes place in a jacketed glass vessel
with a glass frit at its base. The dilute solutions of so
dium nitrite and sulfuric acid are continuously pumped
into the vessel and drawn to waste. A carrier gas is
introduced into the reagent mixture through the frit and
continuously purges nitrous acid vapor from the mix
ture. Droplets formed from bubbles are retained in a
filter. The gas flow leaving the vessel containing the
HONO has a humidity of 40-60% and is diluted by a
factor of two.
Continuous analysis of HONO, N02 and NO is
achieved with a chemiluminescence analyzer. By
measuring with and without a carbonate denuder in
front of the inlet, HONO+N02 and N02 alone may be
monitored separately. Figure 1 shows the evolution of
HONO and impurities of NO and N02 as a function of
time.

1500

0)
o

NaN02 + H2S04 -» HONO + NaHSO,
The last was chosen in our study because it bears the
potential of converting gaseous NOz to HONO via
nitrite in solution. Additionally, a simple generation
principle based on a flow reactor has already been
published [2], which served as a guide when the pres
ent setup was developed.
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100

-
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Fig. 2: Quantitative analysis of HONO production as
a function of the nitrite concentration in the
solution reacted with sulfuric acid. The HONO
concentration was measured by the denuder
technique.
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ADSORPTION OF NO, ON CARBON AEROSOL PARTICLES
AT THE LOW PPB-LEVEL
M. Kalberer, M. Ammann, U. Baltensperger (PSI), H. W. Gaggeler (Univ. Bern & PSI)
The adsorption of NOz at the low ppb-level (3 - 40 ppb) on carbon aerosol particles was investigated. A
sticking coefficient of about 2*104 was found, similar to that in previous studies using radioactively labeled
"NO,.
Nitrogen oxides play a key role in many atmospheric
processes such as smog formation, acid rain or ozone
depletion in the stratosphere. In all these processes
heterogeneous interactions of nitrogen oxides with
aerosol particles are important but quantitatively not
well understood reactions. The kinetic parameter
describing the adsorption of a NO, molecule to an
aerosol particle is the sticking coefficient which gives
the probability that a molecule colliding with particle
chemisorbs to the surface.
For this study, carbon aerosol particles produced by a
spark discharge generator were used as a model
aerosol for real atmospheric combustion aerosols. A
previous study [1] had not shown a significant differ
ence for NO, adsorption in dry air conditions between
this model aerosol and a combustion aerosol sampled
on-line from a diesel engine exhaust. After the
generator the aerosol passed a heated molybdenum
converter (380°C) followed by a cobalt oxide denuder
to remove any surface-bound nitrogen oxides which
adsorbed to the particles during the production pro
cess. In a flow tube reactor NO, of different concentra
tions was admixed to the aerosol by a moveable
injector. After the reaction chamber any gaseous
nitrogen oxides were removed in a cobalt oxide
denuder. The aerosol then passed a second heated
molybdenum converter where the adsorbed NO, was
desorbed and reduced to NO, which does not undergo
any measurable interaction with the aerosol particles.
NO concentrations were measured by a chemilumi
nescence detector with a detection limit of 20 ppt. The
aerosol particle surface was continuously monitored
with a differential mobility analyser (DMA) and a con
densation particle counter (CPC) (see Figure 1).
Figure 2 shows an example of an adsorption curve.
Here a gaseous NO, concentration of 7.8 ppb was
mixed with the aerosol. From the linear regression of
the shown data a sticking coefficient of about 1.9*104
was calculated. The linear increase with time of the
adsorption of NO, shows a first order process. This is
in good agreement with previous results with the same
tequnique [2] as well as with results from the "NO,
tracer technique where a sticking coefficient of
4.0 *104 (±1.0 *10") was measured [1],
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generator

Moconverter

Co-oxide
denuder
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flow tube reactor
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Fig. 1: Experimental set-up.
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Fig. 2: Chemisorbed NO, on carbon aerosol particle
surface as a function of reaction time.
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MULTIELEMENT TRACE ANALYSES OF SINQ MATERIALS BY ICP-OES
R. Keil and M. Schwikowski (PSI)
Inductively Coupled Plasma Optical Emission Spectrometry was used to analyse 70 elements in various
materials used for construction of the SINQ. Detection limits for individual elements depend strongly on the
matrix and had to be determined separately.
Inductively Coupled Plasma Optical Emission Spec
trometry (ICP-OES) is an analytical method widely
used for multielemental trace analyses. In the
analytical chemistry group of the Laboratory of Radioand Environmental Chemistry determinations of many
different elements in various sample matrices have
been performed since 1988.
One interesting example of such analyses was the
determination of 70 trace elements in manifold mate
rials used for construction of the SINQ like aluminium,
brass, copper, heavy water, iron, magnesium oxide,
palladium, Sn/Pb alloy, and stainless steel. The con
centrations of the trace elements in the respective

material allow to calculate the potential activation dur
ing SINQ operation.
For the chemical analyses, digestion methods for the
various materials were optimised first. The resulting
liquid samples were characterised by matrices of vari
able complexity and, therefore, additional studies were
required to quantify the spectral interferences. Spec
tral interferences can simulate the presence of trace
elements due to interfering emission lines from the
main components in the sample. Thus, detection limits
had to be determined for the differing matrices using
standard solutionas adjusted to the concentrations of
the matrix main elements. Results of typical samples
are shown in Table 1.

Table 1: Concentrations of 70 elements (PPM) in typical samples of the different materials iron, magnesium oxide
(MgO), Alloy of Sn and Pb, copper, and brass (< : concentration below detection limit).
Element
Ag
Al
As
Au
B
Ba
Be
Bi
Ca
Cd
Ce
Co
Cr
Cs
Cu
Dy
Er
Eu
Fe
Ga
Gd
Ge
Hf
Hg
Ho
In
Ir
K
La
Li
Lu
Mg
Mn
Mo
Na

Iron

MgO

Sn/Pb

Cu

Brass

<2
335
< 50
< 40
< 30
< 0.5
< 1
<20
4.7
<5
< 5
27
154
7
75
< 15
< 1
<2
997000
< 10
< 15
< 80
< 20
< 50
< 10
< 50
< 30
<0.1
< 15
<3
< 10
0.5
1770
< 10

1.4
710
<3
<5
9
1.27
<0.05
< 10
6910
< 0.3
< 2
< 1
12.8
< 1
4510
0.5
< 0.5
< 0.1
554
<3
<1

9.5
50.6
<5
< 1
< 0.5
0.44
<0.05
< 5
4.92
< 0.2
< 5
1.6
3.8
<2

62.7
30.5
<5
< 1
< 0.5
1.5
<0.05
< 5
10.9
3.5
< 5
1.2
2.4
<2

69.3

37
698
< 10
< 10
<2
1.9
<0.2
184
3.4
15
< 10
< 3
< 0.2
< 5
2240
<2
<5
< 1
73.3
<5
<4
22
< 10
<2
<3
< 50
<20
1.2
<2
<3
< 0.5
10.6
2.7

< 0.5
< 0.05
6.57
3.33

11
2

<3
<4

<1
3

<3

<
<
<
<
<

2

2
1
1
10
<20
1.4
< 0.5
< 0.5
< 0.1
591000

999000

650000

< 1
<4
< 0.1

<1
<4

436
<3
<2
<2
<5
<5
<1
<20
<3
1
< 1

<0.1
721
<3
<2
<2
<5
<5
< 1

<20
<3
2.2
< 1
< 0.5
< 0.05
0.83
3.61
1.8

4

Element
Nb
Nd
Ni
Os
P
Pb
Pd
Pr
Pt
Rb
Re
Rh
Ru
S
Sb
Sc
Se
Si
Sm
Sn
Sr
Ta
Tb
Te
Th
Ti
Tl
Tm
U
V
W
Y
Yb
Zn
Zr

Iron

MgO

Sn/Pb

Cu

Brass

<20
<20
55
< 10
190
<20
< 20
<20
< 60
1.4
< 20
< 10
< 10
160
< 50
<2
100

<3
4
28
< 20
11
7
<3
<2
<20
< 0.2
< 10
< 2
<2
24
<3
<0.05
<3
3390
< 0.4
<5

<
<
<
<
<

618000

<5
<3
1.3
< 20
46
<5
<5
< 4
< 15
<0.2
< 3
< 2
< 2
4
< 10
<0.1
< 10
3.1
<2
<2

10.6
<5
<2
<3
<2

<0.1
<5
< 20
< 10
< 10

23.9
< 10
<0.2
< 10
26.4
<3
0.65
0.09
8.9
11.3

< 1

<5
<3
237
<20
32
29
<5
< 4
< 15
< 0.2
< 3
<2
< 2
3
< 10
< 0.1
< 10
52
<2
27
<0.01
< 1
<3
< 20
<5
< 0.5
< 10
< 1
< 10
< 1
<5
0.5
< 0.2

44
<20
< 30
<01
< 20
< 20
< 50

< 15
<1
< 100
< 10
< 50
<5
< 50
<2

<5
<20

< 10

5
10
5
100
40

381000

< 10
<20
< 50
< 1
< 30
< 10
< 10
<20
4120
< 0.2
<20

<5
< 20

< 50
<2
< 50
<0.5
< 10
< 0.5
< 0.5
4.2

<2

<0.01
<1
<3
<20
<5
< 0.5
< 10
< 1
< 10
< 1
<5
0.5
< 0.2

11
< 0.5

348000

<0.5
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THE ANALYSIS OF LEAD CONCENTRATIONS AND ISOTOPE RATIOS IN RECENT
SNOW SAMPLES FROM HIGH-ALPINE SITES WITH A DOUBLE FOCUSING ICP-MS
T. Doring, H. W. Gaggeler (Urtiv. Bern & PSI), M. Schwikowski (PS!)
For the first time lead isotope ratios have been measured in the low pg/g concentration range by the
ICP-MS technique in environmental samples.
After the emission of anthropogenic and geogenic
derived lead into the atmosphere, polluted air masses
are transported from the source to high alpine regions
by strong convective mixing processes. Lead and
other constituents are deposited on glaciers mainly
during precipitation events. Therefore, similar to polar
ice sheets, measurements of lead deposition in snow
and ice of high alpine glaciers can be used to de
termine trends of atmospheric air pollution. Compared
to Greenland, where lead is assumed to originate
mainly from North America and Eurasia, lead found in
samples from the alpine area is assumed to be
emitted from European sources. Leaded gasoline in
Europe has been produced with lead from
precambrian ores characterized by a 207Pb/206Pb ratio
of, for instance, 0.9617 from Broken Hill in Australia
[1], Thus, the isotopic composition of lead in the
atmosphere contaminated by leaded gasoline is
significantly different from the reported natural
background ratio in central Europe (0.833 ± 1.3%).
Fresh snow from the surface and snow pit samples
were collected on the Aletschgletscher (Jungfraujoch,
3450 m a.s.l.) and on the Grenzgletscher (Monte Rosa
massif, 4200 m a.s.l.). After melting under acid con
ditions, a typical sample volume was about 5 ml.
For ICP-MS measurements a double focusing ICP-MS
(ELEMENT, Finnigan, MAT) equipped with a MCN100 nebuliser (Cetac), operated in a self aspirating
mode, and a double passed scott spray chamber
cooled at 3°C was used. Sample preparation and ICPMS measurements were performed under class 100
clean room conditions.
Concentrations of lead in recent snow ranged from
0.02 to 5.5 ng/g with a median value of 0.37 ng/g (n =
220). They are an order of magnitude higher than
values from Greenland ice [2], and an order of mag
nitude lower than values reported for rain events over
the northwestern Mediterranean [3],
The resulting isotopic ratios of 90 snow samples are
plotted in Figure 1. The snow ratios ranged from 0.854
to 0.890 (avg: 0.875) for 207Pb/206Pb and from 2.088 to
2.138 (avg: 2.117) for 208Pb/206Pb. All data plotted in
Figure 1 are highly correlated. The regression (solid)
line can be interpreted as a line connecting the
characteristic isotopic ratios of two different sources of
lead. These are on the one hand, erosion of material
like minerals, sediments etc. and, on the other hand,
lead produced in anthropogenic processes from
precambrian ores. Our values are in good agreement
with data reported by Rosman et al. [4] for Greenland

ice for the time period 1965 to 1988, and Hopper et al.
[5] as well as Altorfer [6], who analysed lead isotope
ratios in European atmospheric aerosol samples of
1988 (Sweden) and 1995 (Switzerland).
-k 2 x standard error

O. 2.16 -

2.12

h

207Pb / 206Pb

Fig. 1 : 208Pb/206Pb ratios plotted versus 207Pb/206Pb
ratios. Open triangles represent recent snow
samples from 1993-1996. They are supple
mented by values from European geogenic
material (own measurements and values from
reference 1 (closed triangles)), ratios of
leaded gasoline in Europe (circles) [5,7] and
values from leaded gasoline in Switzerland
1995/96 (squares) [6]. In addition, the lead
isotopic ratio of Broken Hill ores in Australia
(BH) is given [1],
For the short time period studied, no trend of the
isotopic ratios could be observed. Hence, although the
lead concentration in the atmosphere has decreased
during the last 20 years, the average isotopic
composition has remained fairly constant.
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TRACE ANALYSIS OF INORGANIC IONS IN ICE SAMPLES
BY CAPILLARY ELECTROPHORESIS
T. Huber (Univ. Bern), M. Schwikowski (PSI) and H. W. Gaggeler (Univ. Bern & PSI)
Capillary electrophoresis was tested as a new analytical method for ice samples. Comparisons to ion
chromatography were made concerning accuracy, detection limits, reproducibility, necessary sample
volume and time consumption.
The concept of capillary electrophoresis (CE) is the
separation of charged ions in electrolyte-filled capilla
ries under the influence of an electric field.
A schematic drawing of a CE apparatus is presented
in Figure 1. A fine quartz capillary (50 pm) of 50 cm
length bridges the two buffer containers between
which a potential of 20 to 30 kV is applied. A short
sample plug is introduced either by lifting the sample
vial above the destination vial (hydrostatic injection) or
by electrophoretic migration of the sample compo
nents into the capillary (electroinjection).
data acquisition
electrode

capillary

electrode

detector

injection vial

sample vials

destination vial

high-voltage
power supply

Fig. 1: Schematic of a CE apparatus [1 ].
Which injection mode is used depends on the required
sensitivity. Electroinjection is suitable for analysis from
10 ppb to about 500 ppb, depending on the ion to be
analysed. With higher concentrations the method is
not suitable because of sample overloading. Hydrosta
tic injection cannot be used for low concentrations be
cause of the low sensitivity. Detection limits also de
pend on the ions analysed and reach from 50 to
250 ppb.
For anion separations an electrolyte with 2.25 mM
pyromellitic acid, 6.5 mM sodium hydroxide, 0.75 mM
hexamethonium hydroxide and 1.6 mM triethanolami
ne [2] was used, for cation separation an electrolyte
consisted of 5 mM imidazole, 6.5 mM a-hydroxyisobutyric acid and 2 mM 18 -crown-6 ether [3],

A major limitation was that very high blank levels occured when working with electroinjection. The origin of
the contamination could not be explained thoroughly.
Obviously the pretreatment of the sample vials was of
great importance, but even with very cautious cleaning
of the vials blanks were still too high. Of course, this
raises detection limits and makes trace analysis in ice
samples very difficult.
To verify accuracy and reproducibility, the same ice
samples were analysed by capillary electrophoresis
and ion chromatography. With hydrostatic injection
(100mm/45s) sulfate and nitrate could be determined
within 10% accuracy compared to ion chromatogra
phy. Other anions could not be detected because of
the relatively high detection limits. Electrostatic injec
tion (4kV/20s, 4kV/30s) for anions showed, that repro
ducibility was not the same for all components. Repro
ducibility of e.g. sulfate was 5%, of chloride up to 30%.
Determinations of cations with hydrostatic injection
(100mm/90s) and electroinjection (5kV/15s) were not
comparable to the results obtained by ion chromato
graphy. Accuracy and reproducibility were not good
and strongly depended on the components analysed.
For magnesium electroinjection was better suited, for
potassium hydrostatic injection gave better results.
At the moment it’s not possible to get reliable data of
ionic concentrations in ice samples with capillary elec
trophoresis. This implies that the big advantages of
capillary electrophoresis compared to ion chroma
tography, which are short analysis time (-7 min) and
little sample consumption (<100 jul), are of low value.
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A DEPOSITION RECORD OF INORGANIC IONS FROM A HIGH-ALPINE GLACTeR
T. Huber (Univ. Bern), S. Brutsch (PSI), H.W. Gaggeler, U. Schotterer (Univ. Bern & PSI), and
M. Schwikowski (PSI)
The lowest five metres of an ice core from a high-alpine glacier (Colie Gnifetti, Monte Rosa massif, 4450 m
a.s.l., Switzerland) were analysed for ammonium, calcium, chloride, magnesium, nitrate, potassium,
sodium, and sulphate by ion chromatography.
In 1982, two ice cores were drilled at Colie Gnifetti
(Monte Rosa, 4450 m a.s.l., Switzerland) of which one
reached bedrock at a depth of about 120 m. Major
anions and cations have been analysed in the
uppermost 70 m covering the period from 1760 to
1980 [1,2], The age of the deepest ice is still unknown,
although glaciological flow modelling suggests that it
might be glacial ice. Glacial ice in polar areas is
characterised by significantly high concentrations of
mineral dust tracers. Consequently, we analysed the
lowest five metres of the Colie Gnifetti core for major
anions and cations as well as for its oxygen isotopic
composition (5180).

5

O)
E

Records of sulphate, calcium, sodium, ammonium,
and 5,80 are depicted in Figure 1. Most remarkable is
the peak observed for all species except ammonium in
the lowest m of the core. This peak coincides with the
occurrence of significant amounts of insoluble
particles in the ice which is indicated by a dashed
vertical lines in Figure 1. In addition, the 5,80 values
show a decreasing trend in this lowest one metre, and
the beginning of this trend also coincides with the
increase in concentrations. Besides the peak,
concentrations of all species were surprisingly high
and are comparable to concentrations measured for
the beginning of this century [3]. Interestingly, they are
all highly correlated except ammonium indicating a
common source. However, more research is needed
to interpret the observed record with respect to the
age of the ice.
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Fig. 1: Sulphate, calcium, sodium, ammonium, and
6180 in the lowest 5 m of the Colle Gnifetti
core. The dashed lines indicate the occur
rence of significant amounts of insoluble par
ticles in the ice, which coincides with the be
ginning of the decreasing trend in 6'80.
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FIRST FORMATE, ACETATE AND METHANESULFONATE ANALYSES IN FIRN “
SAMPLES FROM GRENZGLETSCHER (MONTE ROSA, 4200 m a.s.l.)
A. Grund (Univ. Bern & PSI), M. Schwikowski, S. Brutsch (PSI), H. W. Gaggeler (Univ. Bern & PS!)
In order to determine trace concentrations of acetate, formate and methanesulfonate in ice samples by
ionchromatography precautions have to be taken to avoid contaminations. We investigated sources of
contamination and analysed first samples from Grenzgletscher (Monte Rosa massif).
In addition to HN03 and H2S04 also organic acids can
show an important contribution to the acidity of precipi
tation. In some remote areas the contribution of or
ganic acids (most of all acetic and formic acid) to the
free acidity can reach 65% [1], But usually this value is
less than 15-20%. The main atmospheric sources of
carboxylic acids are:
- Primary anthropogenic emissions (biomass combu
stion, emissions from automobiles)
- Primary biogenic emissions (soil and vegetation)
- Photochemical transformation of precursors like hy
drocarbons and aldehyds.
Measurements of carboxylic acids in ice core samples
could help to reconstruct seasonal cycles or to identify
past biomass burning events [2],

Thus, in order to avoid contaminations, ice samples
have to be stored frozen and analyses have to be
carried out immediately after melting.

MSA

Time [min

Methanesulfonic acid (MSA) originates predominantly
from the oceans. This acid is besides S02 the main
oxidation product of dimethylsulfide produced by ma
rine phytoplankton at the sea water surface. MSA in
ice core samples could therefore be a tracer to inves
tigate transport processes from the Atlantic ocean to
the alpine glacier.
To determine formate (Fo), acetate (Ac) and me
thanesulfonate (MSA), ionchromatography with con
ductivity detection was used. With an eluent of 5 mM
Na2B407 it was possible to measure these organic
anions together with the inorganic anions Cl and N03
in one isocratic run.
For the determination of acetate and formate in the
lower ppb-range great care has to be taken in order to
avoid contaminations. One source of contamination is
dissolution of acetic and formic acid from laboratory
air. To quantify this effect several vials filled with ultrapure water were stored in the laboratory, either open
or closed. Contamination rates of 7 and 3 ppb/h in the
open as well as 0.7 and 0.3 ppb/h in the closed vials
were observed for acetate and formate, respectively.
Ice core sections are usually stored in polypropylene
tubes. In order to test these tubes, they were filled with
ultrapure water which was kept frozen for a 8 weeks
period. Measured concentrations of acetate and for
mate were less than 2 and 1 ppb, respectively.
To simulate the matrix of ice samples mixed standard
solutions (Ac, Fo, MSA, Cl, N03, SO/) were pro
duced. These standard solutions were stored at 4°C
and -18°C. After one month a drastic decrease in ace
tate and formate concentrations for standards kept in
the refrigerator (4°C) was observed (Fig. 1B), which
did not occur for standards kept frozen at -18°C.

Time [min

Fig. 1: A) 0.1 ppm Ac, Fo, MSA, Cl , NQ3, SO/
B) Standard A) after 1 month (stored at 4°C).
A 125 m long ice core was drilled in 1994 at the upper
Grenzgletscher (4200 m a.s.l.) [3], Analyses of or
ganic anions in samples of the inner decontaminated
part of the core showed concentrations of 7-10 ppb for
acetate and 8-30 ppb for formate. Concentrations of
MSA were below the detection limit (0.5 ppb). The
sample volume was 100 pi. In order to decrease the
detection limit of MSA a preconcentration of a 4 ml
sample was performed. However, also with the im
proved detection limit of 0.1 ppb, the MSA concentra
tions were still not detectable.
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QUANTIFICATION OF THE REMOVAL OF CHEMICAL SPECIES BY SNOW
M. Schwikowski, U. Baltensperger, S. Bruetsch, R. Keil (PSI), H. W. Gaggeler (Univ. Bern & PSI),
and O. Poulida (Frederick Research Center, Nicosia)
In order to quantify the scavenging of chemical species in mixed phase clouds, in-cloud field experiments
were conducted in October and November 1993 at the high-alpine research station Jungfraujoch. On the
average, air to snow transfer fractions were rather low with the highest value of 0.5 for nitrate, thus, most of
the air borne chemical mass remained in the air parcel after precipitation.
Removal of aerosol particles from the air by precipita
tion is the most important cleansing mechanism of the
earth atmosphere. A variety of processes are involved
in the scavenging of aerosol particles in and below the
cloud. The most complex scavenging situation occurrs
in mixed phase or cold clouds, i.e. clouds containing
ice crystals. This type of clouds is typically found in
northerly climates and produces most of the precipita
tion there.
In-cloud field experiments were carried out in in Octo
ber and November 1993. During snowfall, aerosol,
cloud droplet and snow samples were simultaneously
collected for subsequent chemical analysis of the ma
jor water soluble components Cl", N03", SO/", Na\
NH4+, K\ Mg2+, and Ca2+ by ion chromatography. In
addition, the cloud liquid water content (LWC) and the
mass concentration of ice crystals in air (ice water
content, IWC) were measured [1],
Altogether, eight snowfall events were investigated
and the duration of observation varied between 6 and
12 h. In order to determine the overall distribution of
the various chemical trace species between the differ
ent phases during a precipitation event, the chemical
mass concentrations M, of a species i were consid
ered, e g. IV) aerosol is the concentration of species i at
tached to interstitial aerosol in ng m3 of air. The mass
concentrations in cloud water M, cloud were calculated
from the concentration C cloud in cloud water and the
LWC (M, cloud = Cl cloud LWC), and in snow M, snow from
C, sno» and the IWC (M, snow = C,.sno<v ■ IWC).
A closer analysis of individual snowfall events re
vealed that at the Jungfraujoch precipitation does not
necessarily result in a further cleansing of the air. A
decrease of the overall mass concentrations in the
three phases aerosol, cloud water and snow was only
observed during half of the events, whereas the re
maining snowfalls were characterised by an increase
due to entrainment of “fresh” air into the cloud.
Figure 1 gives the mass fractions of the species in the
ice phase revealing that the overall scavenging
showed large variations from event to event and from
species to species. In spite of these variations, the
overall mass transfer fractions from aerosol to snow
were rather low with the highest values of 0.49 for
nitrate. This seems to be caused by gas phase
scavenging of nitric acid in addition to the scavenging
of aerosol nitrate. The mass transfer fractions of
sulphate, sodium, ammonium, and magnesium were
rather similar (0.32 to 0.4) pointing at a common,

dominant scavenging mechanism, such as riming.
Generally, the air to snow transfer in mixed phase
clouds was rather inefficient for the investigated
species, compared to the air to cloud water transfer
where the fraction of the activated sulphate was often
close to one [2,3]. Thus, most of the air borne chemi
cal mass remained in this phase after the precipitation
event. Our approach to determine chemical mass
concentrations for the three different phases allowed
to estimate the imaginary volume of air processed in
the cloud above the sampling site. In order to yield the
deposition of water and chemical trace species ob
served per h and m2, an air volume of about 103 m3
would have been needed as supply. Although the
mixed phase clouds investigated during this study
showed a rather low efficiency in transferring chemical
species from the air into precipitation, the amount of
air processed and the absolute quantities of water and
trace species deposited were remarkable [4], How
ever, the fact that clean air is observed at times in
spite of the low cleansing efficiency of precipitation
indicates that more research is needed in this field.

0.0-*-

i

' ■■■■;.......... i.......... -........... ,
Various chemical species

Fig. 1: Box plot of mass fractions of chemical species
in the ice phase over eight snowfalls (given
are the extremes as well as the 5th, 25th,
50th, 75th and 90th percentiles).
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FIRST THERMOCHEMICAL PROPERTY OF SEABORGIUM DETERMINED
A. Turler for a LBNL Berkeley - University Bern - FLNR Dubna - GSI Darmstadt - TU Dresden - Chalmers
University of Technology Goteborg - GH Kassel - ITS and LLNL Livermore - University Mainz University Oslo - FZ Rossendorf - JAERI Tokai - PSI Villigen collaboration
The chemical properties of SgOgC/^ (element 106 = seaborgium, Sg) were successfully studied using the
On-line Gas Chromatography Apparatus (OLGA III). After chemical separation of Sg the nuclides 265Sg
and 266Sg were unambiguously identified and their half-lives were determined for the first time. The Sg
nuclides were produced from the 248Cm(22Ne, 4,5n)266’265Sg reaction at the GSI Darmstadt UNILAC
accelerator. Simultaneously, short-lived W nuclides were produced from a small admixture of 152Gd to the
Cm target material. As predicted by relativistic calculations and by extrapolations of chemical properties, it
was demonstrated that Sg oxychlorides are indeed less volatile than their lighter homologue Mo- and
equally or less volatile than W-oxychlorides.
1
INTRODUCTION
After a first successful experiment [1], in which we
chemically separated Sg in the form of volatile
oxychlorides and unambiguously identified the
nuclides 265Sg and 286Sg using OLGA III, a second
series of experiments was performed. It was our goal
to confirm the results of the first experiment and to
determine the volatility of Sg-oxychlorides in respect to
their lighter homologue group 6 oxychlorides.
The prediction of thermochemical properties of Sg
compounds is a rather difficult task and associated
with large uncertainties. In relativistic calculations [2] it
was shown that SgOgClg should be the most stable
oxychloride compound of Sg, and, from the calculated
dipole moments and total overlap populations,
SgOaCl2 should be the least volatile M02CI2
compound. From extrapolations of thermochemical
properties it was concluded that SgOgClg, as a
macroscopic compound, has a higher sublimation
enthalpy than WO2CI2 or M0O2CI2 and also SgOCU.
With the aid of an empirical correlation between
sublimation enthalpy (AHS°(298)) and adsorption enthalpy
on quartz surfaces A/-/a°C0(SgO2Cl2) = -106 kJ/mol was
predicted [3].
2
EXPERIMENTAL
First, the volatility of WO2CI2 was carefully measured
under conditions which were identical to the actual Sg
experiment. Short-lived W-isotopes were produced in
the 119 MeV 22|\je on 152Gd reaction at the GSI
UNILAC accelerator. A He/C-jet (1.0 l/min) was used
to rapidly transport the reaction products to the
chromatography apparatus. As reactive agents
144 ml/min Cl2 saturated with SOCI2 at room
temperature (20 ml/min) and 2 ml/min 02 were added.

The Sg experiment was performed with a mixed
248Cm/152Gd target (690 pg/cm2 248Gm, 22 pg/cm2
152Gd) at a 22Ne beam energy of 123 MeV. The same
quartz column with the same quartz wool plug in the
same chromatography oven as in the preceding W
experiment was used. Spontaneous fission decays
and a-decays were registered with the GSI Rotating
Wheel Multidetector Analyzer ROMA. Every 10 s, the
wheel was stepped to move the collected activity
between 7 pairs of PIPS detectors. Again the motherdaughter recoil mode with a daughter search time of
200 s was implemented. Simultaneously, the yield of
short-lived W was monitored with a HPGe detector, in
order to ensure that the chemical separation was
proceeding with high chemical yield.
3
RESULTS AND DISCUSSION
The yield curve measured for 168W02Cl2 (T-|/2 = 51 s)
is shown in Fig. 1. With the Monte Carlo model an
adsorption enthalpy A/-/a°(T)(WC>2Cl2) = -96 kJ/mol
was determined in good agreement with a previous
measurement [1], In addition, the shape of the
calculated yield curve corresponds very well to the
experimental data.
At 350°C isothermal temperature and with a beam
dose of 2.31-1017 two decay chains attributed to 265Sg
and one decay chain attributed to 266Sg were
observed, confirming earlier results where Sg decays
were observed at 300°C and 400°C isothermal
temperature. At the lower isothermal temperature of
250°C a beam dose of 5.22-1017 was accumulated
without observing decays of 265,266Sg. Nevertheless,
at 250°C isothermal temperature, 168W was still
detected at about 75% of its yield at 350°C and was
used to monitor system performance.

Tab. 1: 265,266Sg events observed in experiments 1996.
E1
(MeV)

At1

E2
At2
(MeV) (s)

E3
(MeV)

At3

(s)

8.87
8.68
8.74

7.0
1.4
15.1

8.20 15.2
8.35 150.2
SF
1.7

-

-

-

-

-

-

266Sg->262Rf

350°C
350°C
350°C

8.65

3.5

-

-

268Sg—>262Rf

119 MeV, direct catch with tape system

SF

2.4

Mode

Decay assignment

Isothermal Temperature.

(s)
MD 288Sg—>261 Rf or 287No
MD 265Sg->261 Rf or 257No
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In Tab. 1 all event chains attributed to the decay of
265Sg or 266Sg are summarized. In addition to the
chemistry experiment a search experiment for 266Sg
was performed. The gas-jet was collected on to the
PSI tape system equipped with 6 detector stations.
Only one decay chain 266Sg -» 262Rf was registered
at 119 MeV beam energy and a beam dose of
1.481017.
Together with the decay chains observed in the 1995
experiments [1], new more accurate half-lives and
production cross sections can be calculated for 265Sg
and 266Sg (122 ±2 MeV, 68% c.i.):
265Sg: T-i/2 = 5.4^ 7 s and o = 400!f|o Pb, and for
266Sg: T-j/2 = 20.8s and a = 20^ pb.
In Fig. 1 all Sg events which were measured at 300°C
(2 265Sg), 350°C (2 265Sg, 1 266Sg) and 400°C
(1 265Sg, 1 266Sg) isothermal temperature were
summarized to one data point with corresponding
error limits in the abscissa. Furthermore, the right
hand scale of Fig. 1 was chosen in such a manner that
the mean number of detected Sg events per 1017
beam particles corresponded to 100% relative yield. In
other words it was assumed that in the temperature
range from 300°C to 400°C Sg oxychlorides are
passing through the column with nearly maximum
yield. The error limits on the Sg data point in relative
yield correspond therefore to the 68% error of 7
detected events (5 265Sg and 2 266Sg). At 250°C
isothermal temperature 0 events were observed. The
upper error limit of 0 events at a 68% confidence level
corresponds to 1.84 events [4], Also shown are the
expected yield curve intervals for ZGSSgOgClg and

'W02CI2 (T„2=51

s,

ZGGSgOgClg calculated for A/-/a°(T)(Sg02Cl2) = -106 kJ/mol
and half-lives (including error limits) from this report.
The predicted volatility of Sg02Cl2 is in full agreement
with the available experimental data. In order to
compare the volatility of Sg02Cl2 with its lighter
homologues the limits of possible adsorption
enthalpies have to be determined. They are given by a
relative yield < 32% at 250°C and a lower half-life limit
of 3.7 s and a relative yield of > 62% and a upper halflife limit of 49.2 s. The corresponding interval of
adsorption enthalpy is:
-95 kJ/mol < AHa0(T)(SgO2CI2) < -130 kJ/mol.
Therefore, the relative volatility of group 6
oxychlorides is M0O2CI2 > WO2CI2 > SgC^C^- The
error limits on the adsorption enthalpy depend not only
on the statistics of the experimental data but also on
the error limits of the half-lives. More accurate half-life
measurements will significantly reduce the current
interval of possible adsorption enthalpy values.
Nevertheless, we have determined the first
thermochemical property of a compound of the
heaviest element currently accessible by chemical
means.
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Fig. 1: Relative yield of WO2CI2 and SgC>2Cl2 as a function of isothermal temperature. Also shown is the predicted
yield of ZGS.zeeggOgC^ for A/-/a0(T)(SgO2Cl2) = -106 kJ/mol and a half-life interval from 3.7 to 49.2 s.
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FIRST EVER PRODUCTION OF A TRANSACTINIDE ELEMENT IN SWITZERLAND ~
D.T. Jost, R. Dressier, B. Eichler, D. Piguet, A. Turler(PSI), H.W. Gaggeler (Univ. Bern & PSI), P. Thorle,
N. Trautmann, S. Zauner (Univ. Mainz)
The transactinide element 26,Rf was produced for the first time at the PSI Phillips cyclotron in the reaction
Puf2Ne,5n). At a bombarding energy of 116 MeV the production cross section was 3 nb.

244

The chemistry of the heaviest known elements is of
considerable interest since it is a good possibility to
verify the quantum mechanical calculation. So far
transactinide elements could only be produced at
three locations: Lawrence Berkeley Laboratory, Ber
keley, USA; Flerov Laboratory, Dubna, Russia; and
Gesellschaft fur Schwerionenforschung, Darmstadt,
Germany. Since beamtime at these locations is scarce
and the efforts needed to setup a chemistry experi
ment at a foreign laboratory are very high, it was de
cided to extend the capabilities of the PSI cyclotron to
produce short-lived nuclides of transactinide elements.
The production of transactinide elements necessitates
the use of radioactive targets with special equipment
as is shown in Fig. 1. The target assembly is placed in
a glove box which is vented through a filter to the
building ventilation monitored by the radiation protec
tion group. The radioactive target material was depos
ited on a 15 pm Be-backing and mounted in a target
holder with a second window (HAVAR 5 pm) towards
the beamline. The backing and the window are 4 mm
apart and are cooled with 20 I/m in N2 flowing through
this space. The exhaust from the cooling is fitted with
a filter in order to catch any target material in case of a
target failure. A fast closing valve controlled by a vac
uum sensor at the end of the beam line is installed 5 m
upstreams. In case of a window breakage this valve
closes within a few milliseconds preventing contami
nation of the accelerator with target material and a
vacuum breakdown in the cyclotron. An elaborate in
terlock system ensures that the backup valve (Fig. 1,
VV) can only be opened and the beam turned on if all
experimental parameters are within save limits and the
fast closing valve is ready to react.
For the production of261 Rf 1 mg/mm2 of 244Pu were de
posited on a 6mm diameter spot on the backing and
bombarded with 1.3 pA ^Ne6* of 116 MeV. The reaction
products were transported from the target to the
OLGA tape detection system [1] with a He/C gas-jet.
The stepping time of the tape system was 60 s and 6
measuring positions were equipped with PIPS detec
tors of 450 mm2. An a-spectrum with all events re
corded for a total of 270 samples, and a beam dose of
6.25 10 ^ particles is shown in Fig. 2. One correlated
decay chain where 261 Rf decay followed by the decay
of the 257No daughter could be identified with the decay
parameters given in Tab. 1. The production cross sec
tion for 261 Rf was estimated to be 2.9tjg nb. The
combined half life calculated from the 41 events of
261 Rf and 257No was 68^ s.

Table 1: Decay parameters of the correlated parentdaughter event of261 Rf and 257No.
Parent

Daughter
life time
[s]
23.3

a-energy
[keV]
8194.7

a-energy
[keV]
8125.2

life time
[s]
101.8

This experiment with the 244Pu target was followed by
an irradiation of a 248Cm target in the same installation.
We could show, that with the precautions taken and
the strict handling instructions established radioactive
targets can be safely irradiated in this installation.

Fig. 1: Schematic of the installation for the irradiation
of radioactive heavy ion targets. T target
chamber with double window. V1 aerosol
shutoff valve, V2 pressure release valve, P1
pressure gauge target chamber, P2 pressure
gauge window gap, VS shutter control sensor,
S shutter, VV vacuum valve, VP vacuum
pump, GB glove box, F filter, GJ gas-jet.
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Fig. 2: a-spectrum of products from the reaction
244Pu(22Ne,5n) at 116 MeV.
REFERENCE
[1] D. Jostetal., IEEE Trans, on Nucl. Sci. 39 (2),
186 (1992).

CH9700496

76

OLGA EXPERIMENTS WITH 261104 UNDER CHLORINATING AND BROMINATING
CONDITIONS
H.W. Gaggeler (Univ. Bern & PSI), B. Eichler, D.T. Jost, D. Piguet, A. Turler,(PSI), G. Buklanov,
V. Lebedev, S. Timokhin, M. V. Vedeneev, A. Yakushev, I. Zvara (FLNR-Dubna), S. Hubener (FZR)
With the On-Line Gas chemistry Apparatus OLGA III the retention times of element 104 chloride and bro
mide was measured in a quartz column using the isotope 26,104 with a half-life of 78 s. With HCI as chlo
rinating agent element 104 was found to quantitatively pass through the column at 150 °C, whereas with
HBr this temperature shifted to about 300 °C. Under both halogenating conditions, the homologuous ele
ment Hf passed through the column at higher temperatures than element 104, in agreement with expecta
tions.
A target (diameter 8 mm) containing 1.01 ± 0.06 mg/cm2
248Cm, covered by about 200 pg/cm2 Gd (30 % en
riched in ,52Gd) on a 10 (am Be foil was bombarded
with 0.5 - 0.7 pjxA of a 99 MeV ,sO beam at the vertical
beam line of the 4m cyclotron at FLNR in Dubna. From
the target products recoiling were thermalized in the
heavy-ion gas-jet chamber from PSI [1] and trans
ported with a He/C gas-jet through a 2 m PE capillary
of about 5 m length to the OLGA system. Here, the
graphite particles were collected on a quartz wool plug
kept at about 950 to 1000 °C. To that position about
300 ml/min of HCI or HBr gas were added to form
volatile halides which were then transported along a
2 m 1.0 mm i.d. quartz column kept at an isothermal
but variable temperature. Behind the column the
molecules were reattached to KCI particles and
transported through a 5 m long 2 mm i.d. capillary to
the magnetic tape system for counting (45 s steps).

elements 104 forms volatile molecules with HCI above
about 150 °C. With HBr the retention temperature at
which maximum yield is found behind the
chromatography column is shifted to about 300 °C.
This shift is indicative of a lower volatility of element
104 bromide compared to element 104 chloride. Most
likely, the compounds formed in the OLGA systems
under our experimental conditions are 104CI4 and
104Br„, respectively.

O HCI
□ HBr

1.4 -

100

200 300 400 500 600
Isothermal temperature

Fig. 2: Chromatographic curves for the a-event group
between 8.3 to 8.4 MeV assigned to 261104 and
its daughter nuclide 257No.
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Fig. 1: Sum of all a-events collected with the 6 detec
tors during an OLGA run at 950/300 °C with
300 ml/min HBr gas.
A typical a-spectrum collected during a two hour
OLGA run with HBr gas at 300 °C from all 6 detectors
is depicted in Fig. 1. Besides small lines at 6.6 and
7.7 MeV, from 2"Bi and 2,4Po (decay of 2'4Bi), a group
of 5 counts is found between 8.3 and 8.4 MeV. We
assign this group to 261104 and its daughter 257No. This
assignment is corroborated by the decay of this event
group (insert in Fig. 1).
In Fig. 2 the measured yields of the event group be
tween 8.3 to 8.4 MeV is shown as a function of the
OLGA temperature for HCI and HBr. We observe that

Simultaneously measured Hf produced in the reaction
with Gd indicated a lower volatility of both the chloride
and the bromide compared to the corresponding 104
chloride and bromide, respectively. Having in mind
that ZrCI4 and ZrBr4 are slightly less volatile than the
corresponding Hf compounds we have the volatility
sequence element 104 > Hf > Zr, for both the chlorides
and the bromides.
The high volitility of element 104 chloride is in line with
estimes using relativistic models [2],
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STABILITY AND "VOLATILITY" OF ELEMENT 104 OXYCHLORIDE
B. Eichler (PSI) and H. W. Gaggeler (Univ. Bern & PSI)
The formation enthalpies AH* of solid and gaseous oxychlorides of element 104 from free atoms were es
timated by extrapolation. Stability and volatility of these compounds are compared to those of the homolo
gous and neighbouring elements in the periodic system. It can be supposed that in a gas adsorption chro
matographic process with oxygen containing chlorinating carrier gas the transport with the carrier gas flow
occurs in the chemical state 104Clr Only in the adsorbed state the compound 104OCI2 is formed.
Not much is known about the thermochemical charac
terization of the stability and volatility of the oxychlo
rides of group 3 and 4 elements. For the group 5 ele
ments it has been proved that the oxychlorides
(MOCI3) can be volatilized. Contrary to this, the oxy
chlorides of the group 3 and 4 elements are decom
posed at relatively low temperatures. In the decom
position reaction the corresponding solid oxides and
volatile chlorides were formed. These reactions in
macroscopic systems are sufficiently well known [1-2].
To understand the behaviour of single atoms of ele
ment 104 in the presence of oxygen containing chlo
rinating gases the stability of the oxychloride must be
estimated. Similarly the data for homologous and the
neighbouring elements were also estimated if thermo
chemical data were not available.
The formation enthalpies AH* of gaseous oxychlorides
of the group 3 elements AH* MOCI (g) were estimated
as sum of the formation enthalpy AH* of gaseous
monoxides MO (g) and the bonding energy of the third
chlorine atom in the gaseous trichloride (MCI3).
AH* of MOCI2 (g) of the group 4 elements Zr, Hf can
be estimated in various ways:
•

as sum of AH* of MO (g) and the bonding energies
of the third and fourth chlorine atom in gaseous
tetrachloride (MCI, (g));

•

as sum of AH* MCI2 (g) and the bonding energy of
the second oxygen atom in gaseous dioxide
(M02 (g));

•

as mean value of AH* of MCI, (g) and AH* of
M02 (g), if these values are available.

AH* of 104OCL, (g) and (s) are estimated by
extrapolation of the corresponding data as a function
of standard enthalpies of the gaseous group 4
elements.
Fig. 1 depicts the results in comparison with the data
of elements from the 3rd and 5,h group and the lighter
homologues of group 4. The upper values correspond
to AH* of MOCI2 (g). The difference is the standard
sublimation enthalpy.
According to this estimate 104OCI2 is a compound with
"lower volatility". Nevertheless, in analogy to the oxy
chlorides of the rare earth elements or of Zr and Hf,
104OCI2 can not be volatilized without decomposition.
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Fig. 1: Formation enthalpies AH* of gaseous and
solid oxychlorides of group 3-5 elements, Th
and U as a function of the standard enthalpies
of gaseous elements.
The molecule 104OCI2 is not stable in the gas phase in
analogy to ZrOCI2 and HfOCL, which exist only in solid
state where they are stabilized by coordination with
particles of the same kind or by coordination with
chlorine or oxygen atoms of other suitable com
pounds.
A similar effect of stabilization can act for single
104OCL, molecules in the adsorbed state (for example
on a partially chlorinated surface in a quartz glass
column). In the adsorbed state the probability of their
existence is certainly higher than in the gas phase.
In a gas adsorption chromatographic process with
oxygen containing chlorinating carrier gas the chemi
cal state is very likely a tetrachloride molecule in the
gas phase and the oxychloride in the adsorbed state.
In this case the chromatographic process is based of a
so-called substitutive adsorption process [3]:
104CI, (g) + 1/2 02 «-» 104OCI2 (ads) + Cl2 (g).
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ISOTHERMAL GAS CHROMATOGRAPHY OF SHORT-LIVED Hf ISOTOPES AND
ELEMENT 104 IN CHLORINATING, OXYGEN CONTAINING CARRIER GAS
D.T. Jost, R. Dressier, B. Eichler, D. Piguet, A. Turler (PSI), H.W. Gaggeler, M. Gartner (Univ. Bern & PSI),
M. Grantz, S. Hubener (FZR), G. Buklanov, V. Lebedev, S. Timokhin, M. V. Vedeneev, A. Yakushev,
I. Zvara (FLNR, Dubna)
Based on thermodynamic state functions retention times of Hf and element 104 were calculated in the
case of the simple adsorption of the tetrachlorides and the case of a complex adsorption involving a substi
tution process with oxygen in the chlorinating gas. Preliminary results for261104 and Hf are shown.
1.

2.

INTRODUCTION

The chemical properties of element 104, the first
transactinide, are an important step towards the un
derstanding of the chemistry of the heaviest elements.
Since the production rates of these elements are very
low and the half-lives short, reliable predictions of the
processes involved in the gas chromatographic
separations are very important for the planning of such
experiments. Depending on the reactions involved,
retention times can differ by orders of magnitude for
seemingly similar experimental conditions. Hf is a
homologue of element 104. Its gas chromatographic
transport reactions were therefore studied in prepara
tion of experiments with element 104.
So far gas chromatography experiments have been
interpreted as a series of adsorption and desorption
processes [1,2]. There are, however, at least two
possible processes responsible for the transport of a
molecule through a gas-chromatography column: a)
the chemical composition of the species remains
unchanged and the molecule alternates between the
gaseous and the adsorbed state; b) the chemical
composition of the species changes upon adsorption.
In our case the process depends on the oxygen con
centration in the chlorinating carrier gas. The two
processes are [3]:
MCI4(g)oMCI4(ads)

(1)

MCI4(g)+ ;202(g)<=>MOCI2(ads) + Clz(g)

(2)

EXPERIMENTAL

Short-lived Hf isotopes were produced in the reaction
,52Gd(180,xn) (PSI PHILIPS cyclotron), whereas at the
U400 cyclotron in Dubna (FLNR) a mixed ’“Gd/^Cm
was used to produce Hf and 261104. The He/Graphite
gas jet (1 l/min) technique was used to transport the
reaction products to the On-Line Gas chromatography
Apparatus (OLGA). Quartz chromatography columns
with 1 mm i.d. and 1.9 m length were used. At the
entrance of the column the reactive gas was added
(150 ml/min Cl2, saturated with SOCI2, 20 ml/min 02).
The products leaving the column were reclustered on
a Ar/CsCI (1.2 l/min) gas-jet and transported to the
OLGA tape system. The transfer time for inert species
through the gas chromatography system is about 6 s.
3.

RESULTS

Fig. 1 shows the yield of Hf and 261104 as a function of
temperature. The 50%-yield temperature for Hf is
about 408 °C. The predicted value for a simple ad
sorption/desorption process of HfCI4 is 200 °C. The
data show clearly a much higher 50% temperature
and very slow increase of the yield with temperature.
These findings are strong evidence for the proposed
transport reaction. The gaseous state is more favored
for 261104 than for Hf as indicated by the 50% tempera
ture of 335°C.
3 -

..........................r 200

The thermodynamic data used to calculate retention
times for reactions (1) and (2) are given in Table 1.
The values for Hf are derived form bulk data, 104 val
ues are a classical, non-relativistic extrapolation from
Zr and Hf properties.

150

Table 1: Thermodynamic constants for the adsorption
of Hf and element 104
Element

Reaction

AH [kJ/mol]

AS [J/molK]

Hf
104
Hf
104

(D
(1)
(2)
(2)

-86.6
-97.9
-68.2
-68.4

-166.7
-167.3
-81.0
-82.9

Retention times for various column temperatures were
calculated for Hf and 104. Both elements show, re
flecting the thermodynamic values, at high tempera
tures much higher retention times for the complex
adsorption process (reaction 2) than for the simple
adsorption of the tetrachloride.

260 280 300 320 340 360 380 400 420 440 460

Isothermal Temperature [°C]

Fig. 1: Gas chromatographic yield of 261104 (□) and
Hf (•) as a function of column temperature.
REFERENCES
[1]
[2]
[3]

A. Turler, Radiochim. Acta 72, 7, (1996).
B. Kadkhodayan et al., Radiochim. Acta 72, 169,
(1996).
B. Eichler, Radiochim. Acta 72, 19, (1996).

CH9700499

79

STUDIES ON THE CHEMISTRY OF ELEMENT 104 WITH THE CENTRIFUGE
SYSTEM SISAK-3
K. Eberhardt, J.-V. Kratz, M. Mendel, A. Nahler, N. Trautmann, N. Wiehl (Universitat Mainz); J. Alstadt,
J.-P. Omtvedt (University of Oslo); Ft. Malmbeck, G. Skarnemark, B. Wierczinski, (Chalmers University of
Technology, Goteborg); B. Eichler, H.W. Gaggeler, D.T. Jost, A. Turler(PSI)
The centrifuge system SISAK-3 combined with a detector for the measurement of a-particles and sponta
neous fission (SF) fragments in a flowing organic liquid has been applied to study the chemical behaviour
of element 104 produced in the reaction 24SCm(mO,5nf6' 104.
The centrifuge system SISAK 3 [1] allows the fast and
continuous chemical separation of short-lived nuclides
from complex nuclear reactions by liquid-liquid-extrac
tion. The reaction products from the bombardment of
248Cm with 180 are transported with a gas-jet system
from the production site to the SISAK facility and dis
solved in 2 M HN03 in a degassing unit where the
transport gas is removed. Then the aqueous phase is
contacted with toluene containing 0.25 M dibutylphosphate (DBF) as extractant for element 104. The de
tection of transactinide elements occurs via time corre
lated a-a or a-SF measurements in a flowing organic
liquid with a new detector system based on liquid
scintillation counting [2], Here an extractive scintillator
with DBF as extractant together with 0.5 g/l dimethylPOPOP and 80 g/l naphthalene as scintillating agents
in toluene is used. The organic phase is continuously
pumped through a teflon cell (6 ml volume) with a flow
rate of 0.5 ml/s. The cell is optically coupled to a pho
tomultiplier tube by means of a cylindrical light-guide
made of plexiglass. Under these conditions an energy
resolution of approx. 400 keV (FWHM) can be
achieved. Electronic pulse shape discrimination (PSD)
and pile-up rejection (PUR) is applied to distinguish
between a-/SF- and p/y-events [2], Four parameters
per event are registered, namely one for the energy,
two for p- and y-background discrimination (pulseshape-discrimination [PSD] and pile-up-rejection
[PUR]) and one for time correlation. Figure 1 shows a
diagram of the electronic set-up.
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measured on-line. Very recently element 104 pro
duced in the reaction 248Cm(180,xn) 288 "104 was investi
gated at PSI by looking for a-a-correlations in the decay-chain 261104 -> 257No -> 253Fm.
To increase the detection efficiency four detectors in
series were applied. Taking into account the produc
tion rate of 261104 (5 nb), the transport time in the gas
jet (10 s), the chemical yield (70 %) and the detection
efficiency for 65-s 261104 (50 %), a few correlations per
hour are expected. The system was operated in such
a way that a trigger event from a 261104-decay
(Ea=8.3 MeV/T1/2=65 s) stopped the flow through the
cell where the event occurred for one minute to wait for
the decay of the 257No-daughter (E„=8.3 MeV/T,,=26 s).
Figure 2 shows all the correlated events recorded
within 6.2 hours. The 15 events in the central frame (at
8.3 MeV) would fit to the 104->No-^Fm correlation
chain. However, the two adjoined frames representing
background events due to (3/(3-pile-up (21 and 30
events, respectively) show similar numbers.

time-correlation

Fig. 1: Electronic equipment used for on-line scintilla
tion measurements.
In a test-experiment with Hf (the lighter homologue of
element 104) the performance of the detector unit has
been tested at the PSI Injector I cyclotron. Neutrondeficient Hf nuclides, including the 17-s a-emitting 16,Hf
have been produced in the bombardment of na' Sm with
20Ne ions, chemically isolated with SISAK-3 and aparticles from the decay of ,61Hf at 4.6 MeV have been

Fig. 2: a-a-correlations measured on-line within
6.2 hours. After a trigger event (Start) at
8.3 MeV the detector can register for one
minute daughter-events (Stop) in the same
cell.
From this result one can conclude that further im
provements in the detection unit are required to iden
tify unambiguously nuclides with a production rate in
the nanobarn region with the SISAK set-up.
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CHROMATOGRAPHIC STUDY OF ELEMENT 104 IN THE SYSTEM
HCI/TRIISOBUTYLPHOSPHATE (TBP)
R. Gunther, W. Paulus, J. V. Kratz, A. Seibert, P. Thorle, S. Zauner (Universitat Mainz), W. Bruchle,
E. Jager, M. Schadel, B. Schausten (GSI Darmstadt), D. Schumann (TU Dresden), B. Eichler, D.T. dost,
A. Turler (PSI), H. W. Gaggeler (Univ. Bern & PSI)
With the Automated Rapid Chemistry Apparatus ARCA chromatographic experiment have been performed
using the chemical system hydrochloric acid/Tributylphosphate with element 104 (Rf). The results indicate
that Rf behaves more like its homolog Hf.
Early experiments with element 104 showed that its
chemical properties are analogous to those of the
group-4 elements Zr aud Hf [1,2]. More recently, the
effects of HCI, hydrogen and chloride ion concentration
on the extraction of element 104 into TBP/benzene
were studied in liquid-liquid extraction experiments [3]. It
was found that in 8 to 12 M HCI the extraction of
element 104 is between that of Zr and Hf. The re
ported low extraction yields of Hf [3] could not be
reproduced by us and are also being challenged by
Kacher et at. [4] who reported that the extraction de
creased in the order Zr>Hf>104>Ti. Therefore, it was
of interest to reexamine the extraction behaviour of
element 104 relative to that of its homologs in another,
independent experiment.

Hf 8M HCI

Zr 2M HCI

80 —

20

He/KCl-jet to ARCA, was subjected to the same
chromatographic separation. After evaporation to
dryness on Ta disks, the samples were measured by
a-spectroscopy. In the a-energy range 8.0 to
8.65 MeV, 20 a-decays attributed to 261104 and its
daughter 257No were recorded, among those 5 motherdaughter correlations. Monte Carlo simulations of the
random correlation rate showed that these are true
correlations. From the distribution of the a-events
between the Hf fraction (16) and the Zr fraction (4) we
can calculate the distribution coefficient for element
104 for 8 M HCI/TBP, Kd =124^3, which is of the
same order of magnitude as the value for Hf which is
65, see Fig. 2. Thus, we find that the extraction from
8 M HCI into pure TBP decreases in the order
Zr>104>Hf. Our data do not corroborate a lower
extraction of element 104 than that of Hf [4] which was
tentatively attributed to a stronger hydrolysis of
element 104 than of Zr and Hf [4],
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Fig. 1: Separation of Hf and Zr on a 1.6x8 mm
TBP/Voltalef column in ARCA II
The new experiments with the Automated Rapid
Chemistry Apparatus ARCA II [5] were performed with
pure TBP attached onto a inert support (Voltalef 3080 pm, weight ratio TBP:Voltalef = 1:5) filled into the
chromatographic columns of 1.6x8 mm size. Using
these columns and carrier-free 98Zr (from fission) and
,69Hf (from the reaction of l80 with na,Gd) a separation
of Zr from Hf could be achieved as follows, see Fig. 1.
Zr and Hf were loaded onto the column in 12 M HCI.
Subsequently, a Hf fraction was eluted in 200 pi of 8 M
HCI ( containing 75 % of the Hf and no Zr), followed by
the stripping of the Zr with 167 pi of 2 M HCI
(containing the remainder of the Hf and >93 % of the
Zr).261104 produced at the the Philips Cyclotron at PSI
in the 248Cm(1sO,5n) reaction, and transported by a

HCI Concentration

[mol/I]

Fig. 2: Kd values for Zr, Hf, and the element 104 in
the system HCI/TBP
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FIRST RESULTS

THE SORPTION BEHAVIOUR OF RUTHERFORDIUM FROM
HCI/HF CONTAINING AQUEOUS SOLUTION

ON

D. Schumann, H. Nitsche (TU Dresden), St. Taut (FZ Rossendorf), D. T. Jost, (PSI), H. W. Gaggeler
(Univ. Bern & PSI), A.B. Yakushev, G.V. Buklanov, V.P. Domanov, Din Thi Lien (JINR Dubna), B. Kubica,
R. Misiak, Z. Szeglowski (NINP, Krakow)
Rutherfordium shows strong sorption on the cation exchanger DOWEX 50x8 at a concentration ot
0.1 M HCI/102 M HF. This shows that Rf behaves under these conditions differently from Hf and Zr and
more like Th under these conditions.
Ion exchange experiments with 0.2 M HF solution
showed that element 104 (rutherfordium, Rf) is
completely sorbed onto DOWEX 1x8 referring to the
formation of stable anionic fluoride complexes [1],
Diluted HCI/HF solutions were used for detailed
sorption studies on cation and anion exchangers of
group IV, V and VI elements [2] and the pseudo
homologues U and Th [3]. Zr and Hf desorbed from
DOWEX 50x8 at HF concentrations higher than 103 M
in the presence of 0.05-0.1 M HCI, whereas U and Th
were adsorbed up to concentrations of 0.1 M HF. The
sorption behaviour of Rf from these solutions on the
cation exchanger is the subject of the present study.
Rf was produced via the nuclear reaction
248Cm + ,80 ->261 Rf + 5n
(97-99 MeV)
at the U-400 cyclotron of the FLNR (JINR Dubna,
Russia),The target contained 1.01 mg/cm2 248Cm on
10 pm Be foil, covered by 200pg/cm2 Gd (30%
enriched in 152Gd). The 180 beam had an intensity of up
to 0.5-0.7 ppA on target.
The slightly modified chemical apparatus described in
[1] was used. After the transport from the target
chamber to the chemical setup by use of a NaCI/Ar
gas-jet system, the activity was dissolved in the
corresponding solution which continously passed a
microcolumn filled with 50 mg DOWEX 50x8 (200400 mesh) with a flow rate of 0.3 ml/min. The solution
was collected onto a Ta backing for 1 min and
evaporated to dryness by heating for another minute.
During this time, the next sample was already
collected so that a sample was prepared every minute
for a-measurement (4 PIPS detectors, ORTEC,
resolution 50 keV, counting time 4 min). Columns were
used for one hour and then replaced by fresh ones. To
control the separation quality, y-measurements of the
Ta backings and the columns were done with a GeLi
detector 15 min after changing the column. All Ta
backings were collected and measured during the use
of this column.
A direct catch was performed using 0.2 M HF solution
without a column. Six single events were found in the
energy window of 8.10 - 8.60 MeV during a time of
351 min. From this an average rate of 1.06 events per
hour results.
Then DOWEX 50x8 columns were used for the
separation using 0.1 M HCI/0.01 M HF solution. Five
single events were found in 582 min (0.52 events per
hour). With these data, a Ig D value of 2.52 was

calculated. The y-spectra of the simultaneously
produced Hf isotopes showed that Hf is not sorbed at
all onto the cation exchange resin using 0.1 M HCI/
0.01 M HF solution. In Fig. 1, the results are compared
with those of batch experiments [2,3] and former on
line studies with the ARCA apparatus [4],

■ Hf. Batch 0 05 M HCI
#
HCI
HI. ARCA o.l M HCI
HI, ARCA 0 05 M HCI
O HI, ARCA 0 1 MHNO,
X Element 104, 0.1 M HCl
A Th. Batch.
M

HI. Batch 0 1 M

A
V

0 t HCI

Fig. 1: Ig D values of Hf, Th and Rf on DOWEX 50x8
as a function of the HF concentration at
several different HCI concentrations.
Rutherfordium shows under the described conditions a
sorption behaviour different from that of its lighter
homologues Hf and Zr, whereas similarities are found
with the pseudo-homologue Th. This behaviour is
subject to further investigation.
This first result confirms the assumption that Rf can be
strongly retained on cation exchange resins from
diluted HCI/HF solutions in a concentration range of
0.05 to 0.1 M HCI and HF concentrations lower than
0.01 M. This makes this system suitable for fast on
line separation of element 106 (seaborgium, Sg) from
all other contaminations and its decay product Rf, and,
therefore, allows an indirect identification of Sg [5].
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PREPARATION OF 183,184Rg SAMPLES FOR MODELLING A RAPID GAS PHASE
CHEMISTRY OF NIELSBOHRIUM (Ns), ELEMENT 107
R. Eichler, H.W. Gaggeler (Univ. Bern & PSI), B. Eichler, A. Turler(PSI)
Chemical gas phase reactions of the heavier group 7 elements in the system O/Hfi are presumably best
suited for a separation of Nielsbohrium from the lighter transactinides. We expect a higher reaction velocity
using the more reactive gas system 03/H2Or For the experimental verification of this idea we prepared
’B3Re/'84Re samples for thermochromatography experiments with both gas systems.
Shell deformation effects in the ground state, which
were calculated for the heaviest elements (Z>104) are
responsible for an increase of the fission barrier [1], In
the N = 162 region longer-lived isotopes of the
heaviest elements are expected [2], These predictions
motivated us to plan on-line gaschromatography ex
periments with Nielsbohrium. The probably low pro
duction cross section of the 254Es (160,4n)266Ns reaction
[3] and the predicted short half-life of 2-20 s of 266Ns
define a set of tasks to be solved:
A) Investigate other production reactions such as
249Bk(22Ne,4/5n)267266Ns, as used in [4],
B) Develop a rapid on-line chemistry which has a high
separation factor of Nielsbohrium compounds from
contaminating species (i.e. of the lighter transacti
nides) in the chosen chemical system and - if
possible - use a chemical reaction that leads to
well-defined molecules in order to interpret the Nschemistry.
In gaschromatographic experiments the gas systems
02 and 02/H20 are well suited to solve the chemical
tasks [5,6]. The most probable compounds in these
systems with carrier free amounts of group 7 ele
ments are Me02, Me03 and HMe04.
Before starting a Nielsbohrium experiment we need
some information about the behaviour of the Niels
bohrium homologues (Re, Tc) in the proposed chemi
cal systems. Therefore, thermochromatographic ex
periments are very useful.
In literature studies about gas phase chemistry of
group 7 element compounds [3,4,6,7] the experimental
data were interpreted with a simple mobile transport of
the molecules X:
1. X(g) <=> X(ads)

X = Me02, Me03, HMe04

In our opinion the following molecular transport reac
tions are conceivable too:
2. Me03(g)

<=>

Me02(ads) + 0(g)

3. HMe04(g)

<=>

Me03(ads) + OH(g)

4. HMe04(g) + H(g)

<t=

Me03(ads) + H20(g).

A crucial point is a fast reaction kinetic in order to en
able a fast separation of short-lived nuclides. We
therefore propose the use of reactive gases, for ex
ample 03 and H202. The relevant group 7 element

compounds are the same. The more reactive chemical
system with 03/H202 is expected to increase the
velocity of the formation of compounds and of the
transport mechanisms 2-4.
For thermochromatography experiments we prepared
carrier-free, long-lived Re-nuclides using the PSI
Philips-cyclotron. A tungsten target was irradiated with
a 70-MeV proton beam. The optimum proton energy
for the nuclear reaction Wnal(p,xn)183,84Re is about
30 MeV [8], We degraded the primary energy with a
5 mm Cu sheet in front of the target. Using a sandwich
target of 6 tungsten sheets, each 300 pm in thickness,
we got samples with different Re activities. The sepa
ration of the 183 , 84Re from the W matrix was performed
by thermochromatography with dry air in Si02 columns
[6]. We achieved a complete separation of Re from the
oxidized tungsten matrix. About one third of the Re probably Re03 - was deposited at high temperatures
close to the heating device. Despite a thorough drying
of the transport air in H2S04 (96 %) and with molecular
sieve the remaining Re formed a volatile compound probably HRe04. Most of this compound was stopped
on a quartz wool plug at the end of the column kept at
room temperature. After the separation process we
leached the Re-containing part of the quartz column
including the quartz wool plug with ammonia (25 %).
To get dry samples for easy handling during the
thermochromatographic experiments thin quartz filter
stripes were drenched with the solution and then dried
in a desiccator.
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ADSORPTION GAS CHROMATOGRAPHY WITH 150-ms 216r0
A. Vogt (Univ. Bern), H. W. Gaggeler (Univ. Bern & PSI), A. Turler (PSt)
A gas chromatography apparatus was developed, which allows experiments with volatile radionuclides
having shorter half-lives than one second. This apparatus was tested with the 150-ms isotope 216Po.
Experimental data were compared with a Monte Carlo model to determine the adsorption enthalpy AHa.
Determining the thermochemical properties of heaviest
elements demand fast chemical separation methods,
since half-lives of these elements are very short. Iso
thermal gas chromatography confirmed in many ex
periments its efficiency. Instruments like OLGA III [1]
require half-lives of 3 seconds or more, but most of the
known isotopes of elements beyond 106 (Sg =
seaborgium) have half-lives shorter than one second.
If the chemistry of these transactinides should be
studied, faster separation techniques must be devel
oped.

deposition area and the detector, and pressure
conditions in the column and the measuring chamber.
For the evaluation of the spectra, the difference
between counting rate of 216Po and 220Fin was used.
Fig. 2 shows these results in comparison to a former
study with the isotope 218Po carried out with OLGA III.

Po-218
11/2 = 3min

2lsPo with a half-life of 150 ms served as model for the
new chromatography apparatus. Using a Monte Carlo
model to simulate adsorption processes, the dimen
sions of the chromatography column were determined.
For a carrier gas flow of 1 l/min STP, good separation
of 216Po is achieved by a 20 cm long quartz column
with a diameter of 1 mm. The source of 2,6Po was a
228Th flow through gas source. The emanating 220Rn
(55 s) furnished the 2,6Po by a-decay and served as
internal standard for the evaluation of spectra. Helium
was used as carrier gas, but in contrast to earlier ex
periments with Po, no gas-jet i. e. a particle free gas
system was applied as transport system (see Fig. 1).

Po 216
11/2

0

100

200

= 150ms

300

Temperature [°C]

Fig. 2: Relative chemical yield of Po-218 [2] and Po216 and the according Monte Carlo simula
tions for AHa = - 85 kj/mol.

After chromatography, 2,6Po was deposited on plati
num and its a-decay was detected by a PIPS-detector.
The main problems during the experiments were the
heating of the measuring chamber, containing the
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Fig. 1: Schematic diagram of the apparatus used to study thermochemical properties of 2,6Po and its compounds
(here using HCI gas as halogenating agent).
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EXCITATION FUNCTION FOR THE REACTION

244Pu(22Ne,

ot3n)259No

R. Dressier, H.R. von Gunten, B. Eichler, D.T. Jost, A. Turler, E. Rossler (PSI),
H. W. Gaggeler (Univ. Bern & PSI)
For the first time the exictation function for the reaction 244Pu(22Ne,a3n)259No was measured.
In hot fusion reactions (e.g. with oxygen and neon
beams) evaporation residues of heaviest elements are
produced via emission of mostly 4 and 5 neutrons. It is
known that even more neutron-rich nuclides might be
accessible in oxn -evaporation channels. However,
the mechanism for such reaction channels is still
poorly understood.

0.8

We have started a program to investigate excitation
functions of oxn reactions leading to transfermium
elements. In this work the production of the 58 min
259No was investigated using radiochemical tech
niques.
Reaction products recoiling from the target were col
lected in a 3 pm Au foil. After bombardment this foil
was dissolved in aqua regia. The solution was trans
ferred on an anion exchange column (DOWEX 1).
Most of the reaction products were eluted with
9 M HCI, retaining Au. The eluate was dried and dis
solved in 0.05 M HN03 and then extracted with
0.4 M HDEHP in heptane to extract the trivalent
f-elements. The aqueous phase containing No was
transferred on a 7-12 pm „Benson“ column in H* form
and eluted with 4 M HCI at 80 °C to elute No and the
chemical yield tracer 85Sr. Final samples were depos
ited and dried on thin Mylar foils for 4n a and sf-measurements. The time needed for the chemical separa
tion was about 1.4 hours.

7.2 >,

- 7.6
0.8

E, . =116.8 MeV

7.2 >,
7.0 £

-

7.6 ?
E

= 129.7 MeV
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6.8

®

log( V1h )

Fig. 1: Raw data from decay measurement.

Counting was performed between two 300 mm2 PIPS
detectors for about 20 hours, a and fission events
were recorded in an event-by-event mode and ana
lysed using TANDEM.
Bombardments were performed for 1.5 - 2.5 hours at
the following three energies 110.1, 116.6, 129.7 MeV
with typical beam doses of 8.5-10'5 22Ne particles. For
the analysis of the a-spectra it was assumed that 259No
decays with 78 % via a-emission. Fig. 1 depicts the
raw data, i.e. the measured a-events between 6.8 and
7.8 MeV as a function of the (logarithmic) counting
time for all three experiments. Also shown are the
expected probability functions for the decay of 259No
(dashed line) as well as for its a-daughter 255Fm
(dashed-dotted line). Obviously, the data indicate an
other a-emitter which we assign to 7.45 MeV 2,1Po
from the decay of211 At (dotted line). With a three-com
ponent fit the data were analysed yielding, for 259No,
the cross sections shown in Fig. 2 together with a
prediction using the HIVAP code. Obviously our data
are somewhat higher than predicted which could be
caused by pre-equilibrium emission of a-particles.

E. . =110.1 MeV
-

1E-5
a
E

1E-6
110

120

130

ELab[MeV]
Fig. 2: Cross section for 244Pu(22Ne,a3n)259No.
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THERMOCHROMATOGRAPHY OF No-259
St. Taut, S. Hubener (FZRossendorf), B. Eichler (PSI), H.W. Gaggeler (Univ. Bern & PSI),
S.N. Timokhin, I. Zvara (FLNR Dubna)
For the first time the adsorption of No on several metals has been studied by thermochromatography.
In continuation of thermochromatographic adsorption
studies of the heaviest actinides [1, 2] the adsorption
of No on several metals was studied.
The experimental setup used in this work was similar
to the one described in [2], We chose a temperature of
1480 K at the starting position in the column and a
quartz glass support tube for the thermochroma
tographic columns. These columns, made from metal
lic Ti, V, Nb, Ta and Mo foils, were wrapped in a Ta
lining to protect them from oxygen emitted from the
quartz glas tube. He was used as carrier gas with a
flow rate of 230 cm3 per minute. It was purified from
water and oxygen with molecular sieve and a Ti getter,
respectively.
No-259 was produced both at the U-400 cyclotron
(FLNR) and at the Philips cyclotron (PSI) in the reac
tion
248Cm(180, a 3n)259No.
The reaction products were collected in Ti catcher
foils. After irradiating the target for 4 hours they were
used as thermochromatographic samples without
further preparation.
After the thermochromatography the nuclide distribu
tions along the columns were measured off-line by
alpha spectroscopy. Fig. 1 shows the activity distribu
tion of 259No and other actinide nuclides on a Nb column.
The program TECRAD [3] was used to derive adsorp
tion enthalpies from the deposition temperatures.

Tab. 1 summarizes our experimental deposition tem
peratures and the calculated adsorption enthalpies.
Table 1: Deposition Temperatures and Adsorption
Enthalpies of Actinides, * only 1 event registered.
Actinide

Column

Deposition
Adsorption
Temperature Enthalpy
[kJ/mol]
[K]

Cf

Ti
V
Nb
Ta
Mo
Ti
V
Nb
Ta
Mo
Ti
V
Nb
Ta
Mo
Ti
V
Nb
Ta*
Mo*

810
1250
1173
1250
1260
760
1140
1083
1150
1200
730
1080
973
1080
1150
710
1060
973
1040
1140

Es

Fm

No

-201
-303
-290
-309
-305
-189
-277
-268
-284
-291
-182
-262
-241
-267
-279
-177
-258
-241
-258
-277

The different adsorption enthalpies of Cf, Es and Fm
reflect the tendency from metallic tri- to divalency in
the second part of the actinide series.

No-259

No is adsorbed always at the position of Fm. This
allows the conclusion that at Fm the metallic divalency
is fully developed. This is in agreement with previous
investigations of Md [4],
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REACTION GAS CHROMATOGRAPHY OF OXIDE AND HYDROXIDE SPECIES OF
MOLYBDENUM - SIMULATION AND EXPERIMENT
A. Vahle, S. Hubener (FZ Rossendorf), R. Dressier, B. Eichler, A. Turler (PSI)
The reaction gas chromatography of oxide and hydroxide species of molybdenum in thermochro
matographic columns was simulated on the basis of a microscopic model. Calculated thermochro
matograms were compared with experimental results.
In the 02-H20(g/Si02|s)-system all group 6 elements are
transported via reaction gas chromatography,
governed by the surface reactions dissociative ad
sorption and associative desorption (M = Cr, Mo, W)
[2].
M02(OH)2(g)

diss. chemisorption

M03(adS) + H20(g)

(1)

ass. desorption

To describe reaction gas chromatography the micro
scopic model proposed by Zvara [1] describing gas
chromatography governed by simple reversible ad
sorption of invariable species has been extended [3].
Based on these two models thermochromatography of
oxide and hydroxide species of Mo in open tubular
quartz glass columns was simulated with a Monte
Carlo procedure [4], For all simulations the thermo
dynamic state functions evaluated by conventional
methods or estimated from literature data in [2] were
used. Other data were chosen as used in real experi
ments.
In Fig. 1 some results of the simulations are compared
with experimental results taken from [2],

5 40 -

- 500

correspond very well under the assumption that
molybdenum is transported according to reaction (1).
This holds also at different exposure times and water
vapour pressures of the carrier gas [4],
The best correspondence between simulation and ex
periment was obtained with a value of AH"d,ssads
= - 50 kJ/mol. The same enthalpy was evaluated from
experiments by conventional methods [2].
The third peak in Fig. 1 resulted from simulations
based on the microscopic standard model [1] assum
ing reversible adsorption of an invariable species as
basic reaction. The narrow shape of this peak is a
typical feature of thermochromatography governed by
simple reversible adsorption.
With simulations it could be shown further [4] that
invariable species like Mo03 and Mo02(OH)2 trans
ported via simple reversible adsorption quickly reach
the region of their deposition temperatures and then
move very slowly. In contrast, reaction gas chroma
tography according to reaction (1) is characterized by
a slow but steady migration and comparatively broad
peaks. All simple reversible adsorption processes are
characterized by similar values of AS"ads, which has no
effect on position or shape of the peak. In contrast
AS Assads affects the migration velocity of the deposition
zone as well as its shape.
As demonstrated here the Monte Carlo simulation of
reaction gas chromatography is an essential tool
extending the possibilities to model, evaluate, and
interpret gas-solid chromatography experiments. In
contrast to all other evaluation methods it allows to
calculate the shape of thermochromatographic depo
sition zones.
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Fig. 1: Thermochromatograms of molybdenum in
trace amounts. The histogram represents ex
perimental data, the solid line peak results of
Monte Carlo simulations based on the micro
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[3] with AH dissads = -50 kJ/mol and AS'dlssads =
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of simulations based on the microscopic stan
dard model [1] with AH‘ads = -145.9 kJ/mol.
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ATMOSPHERIC PRODUCTION RATE OF 36ci
Y. Parrat, W. Hajdas, U. Baltensperger, H.-A. Synal, P.W. Kubik(PSi), H.W. Gaggeler (Univ. Bern & PSI)
and M. Suter (ETHZ)
Using experimental cross sections, a new calculation of the atmospheric production rate of XCI was carried
out. A mean production rate of 20 atoms m2s1 was obtained, which is lower than mean 36Cl deposition
rates.
Cosmic rays produce long-lived radionuclides in the
atmosphere by interactions of protons and neutrons
with nitrogen, oxygen and argon. 36CI is produced
through (n,X) and (p,X) reactions on 40Ar and through
a (n,p) reaction on “Ar. Its long half-life (3.0-105 years)
makes it very useful for a wide range of applications
e.g in geophysics, hydrology or solar physics. Its pro
duction rate is however not constant due to modula
tions of the galactic cosmic ray flux by the solar activ
ity. Moreover, the production by low energy solar
cosmic rays could become important during sporadic
solar flare events. “Cl production rate calculations
[1,2] were carried out with spallation models [3] and
did not agree with worldwide measured deposition
rates [4,5]. This underestimation of the “Cl input was
the reason for a measurement of reaction cross sec
tions to proceed to an improved production rate calcu
lation. A gas target technique [6] was used to measure
the cross sections of the reaction 40Ar(p,X)36CI in the
15-600 MeV energy range. The method was tested
successfully by irradiating nitrogen gas targets: cross
sections of the reactions N(p,X)'°Be and N(p,X)7Be
agreed very well with literature data. Using the ex
perimental cross sections and a Monte-Carlo simula
tion of the nucleonic cascade in the atmosphere [7], a
calculation of the production rate of “Cl was carried out.
Latitude [°]
90 59 53 48 44 41 37 34 31 28 25 22 19 15 11 0
4.0e-3
> 3.5e-3 3.0e-3 —
r 2.5e-3 c

2.0e-3 -

^ 1.0e-3 5.0e-4

Cutoff rigidity [GV]

Fig. 1: Atmospheric production rate of “Cl. Symbols
are calculated production rates, whereas the
line is a fit through the calculated data.
The latitudinal dependence of the “Cl atmospheric
production rate during a period of mean solar activity
is shown in Fig. 1. A global production rate for “Cl of
20 m 2s1 was obtained, which is in good agreement
with an early estimate by Oeschger et al. [2], but

higher by a factor of two compared to that of Lai and
Peters [1]. A deposition rate model, which is based on
the fallout of bomb-produced 90Sr [1], was obtained. It
is compared with the model of Lai and Peters [1] and
with measured values in Fig. 2. The new model agrees
better with the measured values, but still underesti
mates the measured deposition rates by a factor of
about 1.5.
—— This work
♦

Model [1]
Weissfluhjoch [4]

Dye-3 ice core [5]
Milcent ice core [5]
Summit ice core [5]

latitude [0

Fig. 2: “Cl deposition rates models compared with
measured values from the Swiss Alps and
from Greenland.
Due to the lack of solar cosmic rays energy spectra in
the atmosphere, the “Cl production rate induced by
solar cosmic rays has not been calculated. However,
high cross sections for the reaction 40Ar(p,X)36CI
measured in the 15-25 MeV energy range could lead
to a non negligible production of “Cl through solar
cosmic rays.
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CALCULATION OF SOLUBILITY OF PURE METALS IN MERCURY
R. Dressier, B. Eichler (PSI)
The solubility of metals in liquid mercury was calculated for the case of lack of amalgam formation.
The solubility of metals in a liquid mercury target plays
an important role in the prediction of the corrosion of
construction materials in such a target [1,2].
In this article we present an extension of the model
used in [2], for the case of pure metal solutions in
liquid mercury. The main condition in the application of
this extension is the lack of formation of intermetallic
compounds (amalgams) between the metal and the
solvent liquid mercury.
We again take the equation of solubility into consid
eration ln(x) = —- —, and estimate the enthalpy
w
R
RT
change AH as well as the entropy change AS, where x
is the mole fraction of the dissolved metal component,
T is the absolute temperature, and R is the universal
gas constant.
AS is the sum over the molar melting entropy ASme",
the partial molar excess entropy ASexc, and the molar
entropy of solid phase transformations ^ ASlrans for
the case that many different solid phases may exist for
this metal. The absolute value of ASexc is small and we
neglect it in this model.
So we get AS = ASme" + % AS'™* .
In the same manner, AH is the sum over different
thermodynamic functions, i.e. the molar melting en
thalpy AHme", the partial molar mixing enthalpy AHmix,
and the molar enthalpy of solid phase transformations
AHm,x. For highly diluted solutions we can replace
AHm,x by the partial enthalpy of solution by infinite
dilution
. This quantity can be calculated by using
the Miedema model [3],

i|' '"I | ' y' I''

Finally we get

aH

= AHmelt + AHL” + £ AHtrans ■ This

model does not work in the case of strong intermetallic
interaction between the dissolved metal and liquid
mercury. To describe these systems, further investi
gations are necessary.
For the determination of amalgam formation we used
the quantity AH[°as described in [2,4]. If this is less
than zero we assume the formation of intermetallic
compounds with mercury and omit these data from
consideration.
Now we can calculate the solubility of all metals in
liquid mercury. We chose a temperature of 450 K,
which is the working temperature of the liquid mercury
spallation target.
Comparison between experimental data and our
calculations exhibits good agreement. Only for the
elements V, Cr, Fe, Co and Ru did we find a
remarkable difference. For these elements the
experimental data are extrapolated from a temperature
region above 1000 K and in a concentration region
lower than 1 ppm.
We do not see any metal-chemical reasons that the
solubility of Co is totally different from that of Ni for in
stance. So it is highly recommended to experimentally
reproduce the solubility for these elements.
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Fig. 1: Solubility of metals in liquid mercury at 450 K.
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GAS PHASE CHEMISTRY OF HEAVY METALS IN MUNICIPAL SOLID WASTE
INCINERATOR MODEL ATMOSPHERES
P.O. Auer, B. Eichler (PSI), H.W. Gaggeler (Univ. Bern & PSI)
Different heavy metal compounds were evaporated in the hot zone of a thermochromatographic tube and
their condensation temperature detected as a function of the flow and composition of the carrier gas (N2
with fractions of 02, H2, H20 and HCI). The results show differences in the behaviour of pure heavy metal
compounds compared to mixtures of the same heavy metals. Since condensation of one species is found
to influence the condensation of other species it will be difficult to separate different heavy metals by
simple condensation.
The purpose of this work was the investigation of the
behaviour of the heavy metals (Cd, Cu, Pb and Zn)
and their most relevant compounds in municipal solid
waste incinerators after their gasification. Therefore
condensation experiments have been carried out in a
laminar flow tube with a temperature gradient from 0°C
up to 1000°C. The gas flow enters the tube on the hot
side, where samples of heavy metal compounds
evaporate and get transported by the gas flow along
the tube to lower temperatures. The position of con
densation along the tube depends on the specific
volatility of the compounds involved.
The experimental deposition temperatures were com
pared with calculated values deduced from the stan
dard enthalpies and entropies of sublimation. The
dependence of the saturated vapour pressure on the
temperature is then expressed as:
-RTA*ln% =AG°s=AH°-Ta*AS°
(1).
/ '0
Taking into account the equation PV=nRTA and the
relationship V=TA-V0-tex/To we obtain
|n nRT0
V0te*pP0

_

AG°S _

AH°S ^ AS°s

RTa

RTa

It follows that Ta = -AHg / Rln

R
nRTp
V0P0

(2)

(3)

where V is the volume of gas passed through the tube
during the time texp at TA, P is the equilibrium pressure
of the vapour, Po is the standard pressure (1 atm),
AHS° is the standard enthalpy, AGS° is the standard
free enthalpy and ASs° is the standard entropy of
sublimation. T0 is the standard temperature (298.13 K),
R is the universal gas constant, V0 is the volumetric
flow rate at Tc and P0, texp is the duration of the experi
ment and n is the number of moles of substrate.
In Figure 1 we find the experimental depositions of the
condensates. The results of Figure 1 suggest that a
thermal separation of heavy metal chlorides by con
densation seems feasible due to their different deposi
tion temperatures.
Figure 2 shows the condensation distribution for ex
periments with mixed educts. There are four deposi
tion temperatures. At the highest temperature we find
Pb, Cd and Cu, at the second highest temperature
there are Cd, Cu, Pb and Zn, then we find zinc with
lead and at the lowest temperature we find again all
four metals together.

T [Kj

Fig. 1: Deposition temperatures of Cd, Cu, Pb and Zn
in separate experiments. The sum of the
separated condensates from one metal repre
sents 100% (dotted area). The centre of the
blocks represent the deposition temperature.

CuCI
PbCI, j

Fig. 2: Deposition of Cd, Cu, Pb and Zn in a mixed
experiment in a N2-02-HCI-H20-atmosphere.
Due to mutual interferences, it is not possible, under
the given experimental conditions, to separate cad
mium chloride, copper chloride and lead chloride by
fractionated condensation.
The main effects observed in mixed systems have
been
i) the co-deposition,
ii) the condensation of some fraction of the volatile
compounds at higher temperatures,
iii) the transport of some fraction to relatively low tem
peratures.
The chemical composition of the observed deposited
species is not understood and requires further investi
gations.
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CEMENT CHEMISTRY: MAIN ACTIVITIES DURING THE LAST YEAR
H.P. Zimmermann, M. Patorski, L. Ddhring, M. Egloff, R. Ivankovic (PSI)
The main fields of our work are mentioned and some numbers relating to that. The distribution of our work
between our customers is shown.
Our group works mostly for the Swiss nuclear power
plants, with the NAGRA (national co-operative for the
disposal of nuclear waste) as co-ordinating institution,
and the PSI itself on the field of disposal of radioactive
wastes.
Main fields of activity are:
•

Control of the solidified waste products with cement
and bitumen.

•

Development and modification of recipes for the
solidification of radioactive wastes with low and
medium radioactivity like concentrates, ion ex
change resins, sludges, and metallic components.

•

Optimisation of recipes.

•

Development of special recipes used e g. for the
production of containers for radioactive waste dis
posal at PSI or the production of special shielding
concrete for SINQ containing lots of boron or the
solidification of aluminium waste in cement.

•

Sometimes analyses of inactive components in
radioactive wastes and analyses of active compo
nents by radiation measurements, i.e. y-, aspectrometry, a/(3-counting, and liquid scintillation
counting with or without chemical separations.

The main work in 1996 was done at the sector of
quality control of waste solidifications including
improvements. Since August 95, 103 sets of active
samples, i.e. about 2000 single samples, and 56 sets
of inactive samples (740) have been delivered for
quality control. Additional 4 sets (110 samples) have
been prepared for a further development for a special
resin mixture.
More than 1850 measurements of the compressive
strength of the single samples were performed. Also
83 sets of active samples were leached resulting in
nearly 6000 y-spectrometric measurements of original
samples and the subsequent leaching liquids. (Just for
comparison, a year has about 8770 hours.)
Most of the active samples were due to the test and
first production runs of the ‘newly installed’ CVRSfacility at Muhleberg (KKM). The distribution of working
hours from Jan. to Nov. 96 show clearly that KKM got
most of it (see Fig. 1). It was decided to perform some
skilful tests and improvements of the recipes for the
cement solidification used at KKM.
The storage of all these radioactive samples made it
necessary to send the primary waste products not
needed anymore for further experiments and the
waste of the tested samples back to our customers for
disposal. This was done during the first half of 1996.

Operational improvements:
In order to reduce the radiation dose for the experi
mentalists during the work for improvements and de
velopments of solidification recipes and measure
ments for quality control some installations in the labo
ratory itself were changed and some new devices
were bought with special help from our customers.
The final changes at the remote controlled set-up used
for preparing cement sludges with active waste
products are nearly finished.
For the quality control of waste solidified in bitumen a
computer controlled device for measuring the point of
inflammation (up to 400 °C) was bought. It is a closedcup device that requires only 1 ml of the sample. This
results in a major decrease of the activity involved in
the measurement combined with a more accurate
registration of the inflammation temperature.
Also a device for measuring some rheological proper
ties of bituminous samples was acquired. First
experiments are running now. At the end a simple
procedure of measurement should be developed ca
pable to replace the classical methods of needle
penetration and ring-ball-softening-point measurement
which are not suitable for highly radioactive samples.

KKG
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Fig. 1: Distribution of working capacity between our
customers and several special fields.
Due to the quantity of announced sample sets en
forcement of the radiation safety regulations required a
change of our laboratory type from class C to class B.
In co-operation with NAGRA we designed a quality
management plan tailored specially for our limited
project. From the very beginning this was intended to
be for internal use only and not for an official certifica
tion.
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FOCUS: NEUTRON TIME-OF-FLIGHT SPECTROMETER AT SINQ:
RECENT PROGRESS
S. Janssen, J. Mesot, L. Holitzner, R. Hempelmann (Univ. Saarbrucken)
At the Swiss Neutron Spallation Source SINQ a Time-of-Flight Spectrometer for cold neutrons is under
construction. The design foresees a Hybrid solution combining a Fermi chopper with a doubly focusing
crystal monochromator. During 1996 important progress has been made concerning the main
spectrometer components such as the spectrometer housing and the detector system.
The concept for the SINQ Time-of-Flight (TOP)
spectrometer FOCUS [1] consists in a highly flexible
Hybrid solution combining a Fermi chopper with a
doubly focusing crystal monochromator that disposes
of both horizontal and vertical variable curvature [2],
Two interchangeable monochromators will provide a
range of initial energies from 0.2-20 meV. By means of
variable distances between the main spectrometer
components the user can choose between various
spectrometer settings such as time focusing or
monochromatic focusing. Thus the design of the
spectrometer gives the possibility to address a broad
range of applications with special attention to the
suitability for both quasielastic and inelastic neutron
scattering. The expected energy resolution will be in
the order of 2-3% of the elastic line. Fig. 1 shows a
horizontal cut through the main spectrometer
components.

(Dornier, FRG) is expected such that during that year
the first test measurements should become possible.

>He counter tubes

Fcnm chopper

Fig. 1: Schematical layout of the SINQ-TOF spectro
meter FOCUS.
During 1996 the construction has undergone decisive
progress. After the completion of the Polyester-floor
the FOCUS detector protection has been installed on
site together with the sample line. Fig. 2 shows a col
lection of photos taken during the assembling phase.
Furthermore 200 3He-detectors for the spectrometer
have been delivered by the manufacturer (Xurisys
Mesures, FR) during the last months. The detectors
are of rectangular shape with a cross section of
30 x 10 mm2 and an active length of 400 mm. The Hepressure amounts to 6 bars such that the efficiency is
better than 90% for cold neutrons. The tests of the
detectors at PSI [3] showed that the performance of
each detector was within the specification. In the be
ginning of '97 the delivery of the chopper system

Fig. 2: The FOCUS detector protection in various
stages during its assembling phase at PSI.
We thank the German BMBF (project nr. 03-HE4SA2-2)
for generous financial support.
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COMPOSITE GERMANIUM MONOCHROMATORS - RESULTS FOR THE TriCS
J. Schefer, S. Fischer, M. Bohm, L. Keller, M. Horisberger, M. Medarde and P. Fischer (PSI)
Composite germanium monochromators are in the beginning of their application in neutron diffraction. We
show here the importance of the permanent quality control with neutrons on the example of the 311 wafers
which will be used on the single crystal diffractometer TriCS at SINQ.
Germanium is a widely used material for neutron
monochromators, as it has both high scattering length
density and moderate absorption. However, it is also
known that the introduction of a defect structure ap
propriate for an efficient neutron monochromator by
plastic deformation has turned out in the past to be a
severe problem, especially as an anisotropic mosaic is
necessary in order to use this crystal for a focusing
monochromator. This problem can be avoided by
stacked composite wafer monochromators as shown
by a BNL group [1].

The results of all our measurements after 9 bending
cycles is shown in Fig. 1. According to these results,
the wafers have been selected for the monochromator
blocks following this order:
1.
2.
3.
4.

origin from the same block if possible
good gaussian shape
maximum mosaic
maximum anisotropy.

Fig. 2 shows the neutron tests of a final monochroma
tor block using the selection rules described above:

The procedure of BNL has been improved by our
group using sputtering for the soldering process in
stead of the tin foils as described in [2].
Permanent quality control is essential in order to reach
the best monochromators possible. We therefore
checked every single wafer with neutrons as X-ray
tests did not give useful results for our purpose due to
the relatively bad surface which we use and which is
important for good soldering results. The mosaic has
been measured for every wafer as a function of the
rotation angle \|/ as shown for example in [2] and [3],

max/min fwhm _

Fig. 2: Anisotropic moasic (fwhm) of a full package of
24 wafers soldered according to ref. [2] meas
ured with neutrons of X= 1.8836 A at T13C, ILL
Grenoble.

c 2.5

E 1.5
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These blocks of 75 mm diameter and 9.6 mm thick
ness will be cutted into slices of 12.5 mm height and
mounted in the focusing monochromator device of
115 mm total height.

“ 0.3 3

2 0.1

■

min fwhm

.5 0.0
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ID Wafer
Fig. 1: Quality control of all Germanium 311 wafers
using neutron diffraction (T13C, ILL Greno
ble). The top line shows the anisotropy of the
wafers, the bottom lines the minimum and
maximum mosaic (full width at half maximum).
The x-axis is an internal numbering of the
wafers.
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MECHANICAL AND STRUCTURAL PROPERTIES OF
SPUTTERED Ni/Ti MULTILAYERS
Senthil Kumar M., P. Boni, S. Tixier, D. Clemens and M. Horisberger (PSI)
Ni/Ti bilayers have been prepared by dc-magnetron sputtering in order to study their mechanical and
structural properties. A remarkable reduction of stress is observed when the Ni layers are sputtered
reactively in argon with a high partial pressure of air. The high angle x-ray diffraction studies show a ten
dency towards amorphisation of the Ni layers with increasing air flow. The low angle measurements indi
cate a substantial reduction of interdiffusion resulting in smoother interfaces with increasing air content.
Supermirrors with Ni/Ti multilayers are used as neu
tron guide coatings in order to achieve significant flux
gain. The required number of layers increases rapidly
with increasing critical angle of reflection. Mechanical
properties such as stress limit the maximum number
of layers that can be prepared. With a view to improve
their mechanical and structural properties, we have
studied Ni/Ti multilayers consisting of 20 bilayers
having a periodicity of approximately 120 A. The Ti
layers were sputtered in pure argon whereas the Ni
layers were sputtered in an argon/air mixture.
The stress was evaluated by measuring the bending
of substrates before and after the deposition of multi
layers. A profilometer was employed for this purpose.
The evaluated stress is plotted as a function of the air
flow in Fig. 1. It is noteworthy that the stress increases
first and then falls to a very low value at an air flow of
30 seem.
Investigations of structural properties were performed
using x-ray diffraction techniques. Fig. 2 shows the

high angle data obtained on these samples. The pro
nounced Ni (111) reflection observed for no air flow
indicates the preferential orientation of grains per
pendicular to the plane of the multilayers [1], With in
creasing air flow, the tendency towards amorphisation
of Ni layers is seen. The results of the low angle
measurements show that the interfaces become
smoother as the air flow is increased.

Ni (200)
air f lo w = 0

18.8

■— o,
—o— a

Fig. 2: High angle x-ray diffraction data of Ni/Ti
bilayers for various values of air flow.

Air flow [seem]

Although the stress and the x-ray diffraction results
are encouraging, the presence of oxides/nitrides of Ni
could lead to an increased brittleness which might be
originating both from the interfaces as well as from the
Ni layers. Further investigations are in progress in
order to produce stress-free supermirrors with higher
critical angles suitable for neutron guides and focuss
ing devices.
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samples.
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PERFORMANCE OF REMANENT SUPERMIRROR BENDERS™
P. Boni, D. Clemens, W. Hahn (ISIS, England), M. Horisberger, D. Rubio and S. Tixier
Polarising supermirrors composed of magnetic and non-magnetic layers have been deposited on thin glass
sheets by means of reactive DC-magnetron sputtering. Benders that are composed of such glass have an
excellent transmission and can be used for polarising neutrons in zero field.
One of the most important applications of supermirror
technology is the use of supermirror coated glass in
polarising neutron benders. Thin glass sheets are
arranged in a bent, Soller-slit type geometry in such a
way that all neutrons are reflected at least once from
the polarising supermirror. In order to achieve an ex
cellent transmission, the glass substrates must be as
thin as possible and be arranged geometrically as
ideal as possible. The supermirror has to have an
excellent reflectivity for a maximum angular band
width. In addition, it is ideal to have coatings with a
remanent magnetisation [1],
The geometry of the benders was optimized by means
of Monte-Carlo simulations in such a way that their
transmission function is matched to the transmission
of the supermirror coated neutron guides at SINQ
(Table 1).
Table 1: Geometry of the guide and the polarising
benders. X* is the critical wavelength.
neutron
guide

short
bender

long
bender

length (m)

54

0.29

0.58

curv. (m)

2063

9.22

31.9

gap (mm)

35

0.95

1.10

de,ass (mm)

15

0.21

0.10

m (9CN)

2

3

3

1.68

2.77

1.60

X*

The bending of the glass plates is enforced by the
curved surface of the backing plates of the bender
(see Fig. 1). The gaps between the coated glass
sheets are defined by Al-spacers. The vertical strips
prevent the glass from warping.

to increase the production yield for the fabrication of
the supermirrors. As a consequence, the reflectivity
near m=3 is reduced.
TV6224/25

spin up

0.8

-

0.6

-

R2423I

m=3.22

0.4 0.2

-

spin down

Fig. 2: Reflectivity profile of an m-3 supermirror for
the polarising benders.
Short benders have been tested on the neutron spec
trometers IN3 and T3 at the ILL in Grenoble. The
transmission of the short bender is slightly smaller
than the calculated values, most likely because of
geometrical imperfections (Fig. 3).
long bender

e-e—g-|=|=i=e=l=11
60 -

short bender

40 -

Wavelength (A)

Fig. 3: Calculated transmissions for benders. The
open symbols represent measured transmis
sions.
The polarisation of the transmitted beam was deter
mined on T3 using polarised neutrons. The bender
was placed in a very small vertical field parallel and
antiparallel to the magnetisation of the bender, re
spectively. The polarisation was P=88% for both set
ups, verifying that our polarising benders can be used
as spin selective devices [2].

Fig. 1: Exploded view of a polarising bender
A transmission profile of a polarising supermirror is
shown in Fig. 2. The number of layers has been re
duced from the ideal 450 layers to 343 layers in order
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PREFERENTIAL GROWTH IN FeCoV/Ti:N MULTILAYERS
D. Clemens, Senthil Kumar M., P. Boni, M. Horisberger (PSI)
The preferential growth in Fe050Co04SV00/Ti:N multilayers was studied by X-ray diffraction. X-ray specular
reflectometry and subsequent simulation of the spectra was used to extract information about the
thicknesses and interface roughness of individual layers. The investigation gives structural information
about the material combination and its potential for the use of neutron polarizers.
Neutron
polarizers
from
the
magnetized
Fe050Co048V002/Ti:N system reflect neutrons with a spin
orientation parallel to the magnetization in the mirror
through the very high contrast in the neutron
scattering length psc, whereas for the opposite spin the
contrast is matched at psc = 0 pm2 giving rise to
reflection from the substrate, only. Therefore, an
unpolarized neutron beam can be polarized efficiently
by reflection from a multilayer. The matching at
psc = 0 pm2 is achieved by loading Ti that has psc < 0
with a compensating amount of N.
Samples have been prepared in a DC magnetron
sputtering plant [1] using N2 flows f of f= 0, 3.5, 5.0
and 6.5 seem and a constant flow of Ar at
12 seem.
For every f(N2) have been produced multilayers
according to the values in Tab. 1. Float glass served
as substrate. The stack has always been started with
a Ti layer.
Table 1: Produced Fe0 50Co048V002/Ti:N multilayers.
repetion number

3

7

10

20

bilayer thickness

30 nm

20 nm

15 nm

10 nm

Sputtered thin metallic films are known to grow in
polycrystalline columns with a preferred orientation of
a crystallographic axis perpendicular to the surface.
The nitrogen loading gives rise to the formation of TiN
for f(N2) > 5 seem, that can be found in a cubic phase
with a preferred orientation parallel to [200]. It is
induces a FeCoV texture around the <200> direction.
At f= 3.5 and 5 seem the diffraction spectra for
db, > 10 nm exhibit a (002) peak resulting from the
Comparison FeCoV/Ti:N multilayers (N -flux = 5 seem)

FeCoV(llO)
FeCoV(200)

KJnm] rt<28m) '
O

300

hexagonal a-TiN030 phase [2], Contrary to the cubic
phase and similar to pure Ti this phase induces a
preferential growth of FeCoV along [110].
Comparison FeCoV/Ti:N multilayers (fsMIux = 5 seem)

7s - cubic
hexagonal
TiN(lll) u-TiN
(002)

cubic
TiN(200)

Fig. 2: X-ray Bragg peaks of oriented TiN polycrystals
in Fe050Co0 48V0 02/Ti:N multilayers. The signal
has been normalized to the total layer
thickness.
We normalized the appearing Bragg intensities to the
total thickness of the polycrystalline material. The
correlation length parallel to q increases with
increasing layer thickness. With increasing N content
the normalized intensity of the peaks decreases.
Consequently, the mosaic spread would increase. The
effect of partial destruction of the crystallinity is
considered to give a smaller microroughness at the
interfaces. From the simulation of the reflectivity we
can deduce that an increase in /(N2) does not worsen
the rms interface roughness o which for our samples
is between 0.8 nm and 1.1 nm.
Our investigation of this series of multilayers shows
that in this composition multilayers of the same
structural quality can be produced by sputtering.
Nevertheless, interesting structural changes take
place when high amounts of N2 are added and/or the
individual layers are thinner than 10 nm. We observe
magnetostrictive effects in this system showing also
changes in the thickness regime of d< 10 nm. Further
experiments may reveal relations between the
structure and the stress in FeCoV/Ti:N multilayers.
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Fig. 1: X-ray diffraction spectra of Fe050Co048V0 02/Ti:N
multilayers.

[1]

O. Elsenhans et al., Thin Solid Films 246 (1994)
110.

[2]

JCPDS-ICDD 41-1352.

CH9700514

97

ANISOTROPIES IN SPUTTERED FeCoV FILMS AND FeCoV/Ti:N MULTILAYERS
D. Clemens, A. Vananti, C. Terrier, P. Boni, B. Schnyder, S. Tixier, M. Horisberger (PSI)
SQUID and MOKE magnetometry as well as mechanical and X-ray stress analysis have been used in
order to prove the magnetostrictive nature of the anisotropy in Fe050Co04aV002 films and Fe050Co0 48 V0 02/Ti:N
multilayers. The investigation stresses on the dependence on the sputter gas pressure and on the
thickness of the deposited layer.
A magnetic in-plane anisotropy has been found by
several authors in FeCo films and multilayers [1-3].
Such coatings are considered for the polarization of
neutrons. As a result of the anisotropy a remanent
magnetization along the easy axis is found so that
FeCoV mirrors polarize in small, antiparallel external
fields.
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Samples have been prepared in a commercially
available DC magnetron sputtering system [4], using
small circular and large rectangular Fe0 50Co048V002 and
Ti targets. Float glass and silicon wafers served as
substrates. The sputter gas was Ar. The desired
thickness is realized by regulating the power applied to
the target and the speed with which the substrate
holder passes underneath it. Some samples have
been produced in a fixed geometry to the target (stati
onary sputtering). The thicknesses have been
measured by X-ray reflectometry and profilometry.
Stress analysis has been performed using profilometry
and an X-ray diffractometer working in transmission
geometry. A SQUID magnetometer and the magneto
optical Kerr effect (MOKE) supplied the magnetic data.
In 1995, we reported a magnetostrictive anisotropy in
single FeCoV layers of -100 nm. The stress is tensile
and has its largest values perpendicular to the
substrate transport direction. We found an easy axis
along the direction of largest stress within the plane of
the coating, which is perpendicular to the transport
direction.
For
FeCoV/Ti:N
multilayers
having
10 nm < dFeCoV< 100 nm, 0.1 • d^< dVM< 0.3 ■ dFeCoV, we note
that the total stress o' is also tensile and of the same
order of magnitude as in single films. Compared to a
single FeCoV film, o' is reduced in a single bilayer
(1 period), whereas for an increasing repetition
number of periods o' increases, too [5]. Concerning
the magnetic anisotropy this results in an increase of
Hc with the period number increasing. The magnetic
anisotropy has already been exploited for the
remanent polarizing neutron mirrors discussed in [1]
and [6]. As the deposition of the atoms on the
substrate takes place mainly under oblique incidence,
a shading of neighboring locii is considered to be the
origin of the structural anisotropy. This has been found
in [3], as well. Increasing the transport speed gives
rise to a rotation of the easy axis, because then
oblique incidence along the magnetron erosion trace
dominates (Fig. 1).

Fig. 1: SQUID hysteresis curves for different
substrate table speeds parallel (//) and
perpendicular to the transport direction.
Par - 0-1 Pa.
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STRUCTURAL AND MAGNETIC PROPERTIES OF Ce/Fe AND Ce/FeCoV “
MULTILAYERS
S. Tixier, P. Boni (PSI); D. Mannix, W.G. Stirling (Univ. Liverpool); G.H. Lander (EITU)
Ce/Fe and Ce/FeCoV multilayers have been grown by magnetron sputtering. The interfaces are well
defined and the layers are crystalline down to an individual layer thickness of 20 A. Ce/FeCoV multilayers
show sharper interfaces than Ce/Fe but some loss of crystallinity is observed. Hysteresis loops obtained
by SQUID show different behaviour of the bulk magnetisation as a function of the layer thickness. Fe
moments are found by Mossbauer spectroscopy to be perpendicular to the interfaces for multilayers with
small periodicity.
Cerium exhibits anomalous rare earth properties
because the 4f electrons display behaviour which is at
the borderline between localised and itinerant. Its
magnetism depends strongly on the local environment
[1]. It makes a particularly interesting constituent in the
fabrication of multilayers, especially when combined
with 3d metals like Fe or Co [2].
Ce/Fe and Ce/FeCoV multilayers with different indi
vidual layer thickness in the range 10A - 40A have
been grown by magnetron sputtering. The structure of
the layers and interfaces has been characterized by
X-ray diffraction and reflection with a Siemens powder
diffractometer and at Daresbury Synchrotron Radia
tion Source.

The curve corresponding to the Ce/FeCoV presents a
slow decrease of the reflected intensity as a function
of the scattering angle (20) and sharp peaks until the
8th order are resolved. It indicates a low surface
roughness and sharp interfaces in comparison to the
Ce/Fe multilayer. From high angle X-ray data, a
significant loss of crystallinity is found when Fe is
replaced by FeCoV.
Hysteresis loops (Fig. 2) obtained by SQUID at 5K
show a ferromagnetic behaviour of the samples
presenting anomalies as a function of the layer
thickness.

Down to a layer thickness of around 20A, the layers
remain crystalline. FeCoV grows as Fe in the bcc
structure. The Fe containing layers are strongly
textured in the [110] direction. The Ce layers contain
10 to 30% of oxygen depending on the base pressure
prior to deposition and are also textured. Oxygen
seems to play a beneficial role in the crystallisation of
the Ce. The interfaces are well defined and sharp
especially when Fe is replaced by FeCoV. Fig. 1
shows X-ray reflectivity curves of a Ce/FeCoV and a
Ce/Fe multilayer.
Fig. 2: Hysteresis loops measured by SQUID at 5K of
(a) [Ce(40A)/FeCoV(40A)]2G and (b) [Ce(20A)/
FeCoV (20A)]40 multilayers.
Mossbauer spectroscopy at 4.2K shows that the Fe
moments in the small periodicity sample [Ce(10A)/
FeCoV(10A)]60 are perpendicular to the interfaces in
contrast to samples having a larger periodicity, where
the moments are in-plane.
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Fig. 1: X-ray reflectivity curves measured at
9.5 KeV of (a) [Ce(40A)/FeCoV(40A)]20 and
(b) [Ce(40A)/Fe (40A)]20 multilayers.
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HIGH QUALITY MULTILAYER MIRRORS FOR SOFT X-RAYS"”“"
H. Grimmer, P. Boni, U. Breitmeier, D. Clemens, M. Horisberger (PSI),
H.-Ch. Mertins, F. Schafers (BESSY; Berlin)
In an effort to develop optical components for X-rays with wavelengths in the water window (2.3 - 4.4 nm)
multilayer structures have been designed for the following applications: in transmission as phase shifters to
change linear into circular polarization, in reflection as mirrors close to normal incidence and as linear
polarizers at an angle of incidence of 45°.
The multilayer structures consist of alternating layers
of W/C, W/Ti, Ni/Ti or NiN and were produced by
sputter deposition on silicon wafers. The mirrors were
optimized to give high reflectivity either at normal inci
dence or at the Brewster angle of 45° for wavelengths
close to the absorption edges of C (4.36 nm), Ti (2.73)
or V (2.42 nm). the corresponding thicknesses of indi
vidual layers lie between 0.4 and 2 nm. This leads to
extremely low roughness and interdiffusion tolerances.
The multilayers were characterized firth with Cu Ka
radiation. Some of the results are shown in Fig. 1.
10'

-

Table 1: Reflectivities for soft X-rays (9 is the grazing
angle, X the wavelength at which the reflectivity was
measured).
Material
pair

Number of
bilayers

9
[°]

X
[nm]

Reflectivity
[%]

W/C
W/C
W/Ti
W/Ti
Ni/Ti
Ni/Ti
Ni/V

75
75
60
60
75
100
50

87
87
88
29
49
35
46

5.25
4.51
2.76
2.77
2.77
2.73
2.45

7.9
5.9
1.7
8.9
2.5
5.8
2.5

25 bilayers
of thickness 2.52 nm

75 bilayers
of thickness 2 63 nm

The reflectivities of the Ti-based multilayers are typi
cally twice as high as those given in [1] for similar
samples. The multilayers also act as monochromators,
as shown in Fig. 2.
R2385, 3 degrees off normal incidence

60 bilayers
of thickness 1 43 nm
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Fig. 2: Dependence of the reflectivity on the wave
length for the second sample in Table 1
(6 = 87°).
Fig. 1: Reflectivity spectra for Cu Ka radiation.
Higher order Bragg peaks are visible up to about twice
as large grazing angles 0 for our Ti-based multilayers
than for similar ones produced at the Optical Sciences
Center of the University of Arizona [1],
These excellent results were confirmed by reflectivity
measurements at the Berlin synchrotron light source
BESSY, as shown in Table 1.

Multilayers have been deposited also on 120 nm thin
Si3N4 films. These structures will be used in transmis
sion to convert the polarization of soft X-rays from
linear to circular.
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X-RAY GRAZING INCIDENCE DIFFRACTION FROM MULTILAYERS
S. Tixier, P. Boni, H. Van Swygenhoven and M. Horisberger (PS!)
Grazing incidence scattering geometries using synchrotron radiation have been applied in order to
characterise the roughness profiles and the structural coherence of multilayers. The lateral correlation
length of the roughness profiles was evaluated using diffuse reflectivity in the “out of plane” geometry. This
type of measurement is the only diffuse reflectivity technique allowing large lateral momentum transfer. It is
typically suitable for correlation lengths smaller than 1000A. The lateral structural coherence length of
Ni/WNi multilayers as a function of the layer thickness was obtained by grazing incidence diffraction (GID).
Ni3AI/Ni multilayers with a periodicity ranging from 25A
to 800A have been produced by magnetron sputtering.
Structural characterisations have been performed by
means of X-ray diffraction (XRD) and specular X-ray
reflectivity (SXR) with an in-house powder diffracto
meter. The layers grow in the (111) direction and are
strongly textured. The interfaces are rather smooth
and sharp.
The conventional X-ray technique for characterising
roughness profiles is the measurement of coplanar
diffuse reflectivity using non-specular and/or offspecular scans (Fig. 1). Unless the measurement is
made at high qz, the maximum lateral momentum
tranfer q„ accessible is limited by the sample surface
(Fig. 1). Moreover with increasing qz the intensity
decreases drastically (qz4).

Non-specular

Off-specular

A diffuse reflectivity scan is displayed in Fig. 3 where
the specular peak (20H = 0°) as well as the broad
diffuse scattering can be seen. The large lateral
momentum transfer q„ reached (0.15A1) allows to
measure the decay of the diffuse intensity over 2
decades. The diffuse scattering displayed in Fig. 3
yields a lateral correlation length of about 100A.
GID

PSD

Incident beam

Fig. 2: Sketch of the grazing incidence scattering
geometry showing specular X-ray reflection
(SXR), diffuse reflectivity (low 20H) in the "out
of plane” geometry and grazing incidence
diffraction (GID).

ransmission

Fig. 1: Sketch of the reciprocal space around (000)
illustrating the non-specular and off-specular
scans. In dashed is the area accessible only
by transmission, k, and k, are the incident and
exit propagation vectors.
Grazing incidence scattering geometries using
synchrotron radiation at LURE (Orsay) have been
applied in order to investigate the lateral structure of
the multilayers (Fig. 2). Depth sensitivity can be
achieved for various penetration depths depending on
the incident and exit angles with respect to the sample
surface.
At low 29h diffuse reflectivity is measured (Fig. 2). This
technique allows a large lateral momentum transfer to
be reached which is necessary for the case of small
correlation lengths of the roughness profiles (<1000A)
[1], Using grazing incidence diffraction (GID) one
measure the intensity scattered by lattice planes
normal to the interfaces.

Fig. 3: Diffuse
reflectivity
of
a
multilayer
[Ni3AI(50A)/Ni(50A)]40 measured at incidence
and exit angle with respect to the sample
surface of around 1°.
Using grazing incidence diffraction (GID), we found
the lateral coherence length to increase slowly with the
layer thickness. It varies from 80A to 160A for layer
thickness in the range 50A - 400A.
REFERENCE
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POPULATION AND STRUCTURAL CHANGES OF THE METASTABLE STATE MS II
IN SODIUMNITROPRUSSIDE Na2 [Fe(CN)s NO] 2H/D20 AT 60 K
J. Schefer, B. Delley (PSI); Th. Woike, S. Haussuhl (University at Cologne);
M. T. Fernandez-Dfaz (ILL Grenoble)
Sodiumnitroprussides are interesting materials with possible applications in holographic data storage. The
metastable state MS„ has been investigated by our group using single crystal neutron diffraction in order to
clarify proposed structural changes of related systems. Our results do not confirm these changes.
Long-living metastable states are of fundamental in
terest for information storage and for the investigation
of the correlation amongst electron density, chemical
bond and structural behavior. This is of special
interest as such systems can be used for
holographic data storage yielding storage densities
of up to 10 GByte/cm3.
Population dynamics and structural properties of the
metastable electronic excited state MS,, in sodiumni
troprussides Na2[Fe(CN)s N0]-2D20 have been inves
tigated using neutron single crystal diffraction and
spectroscopic techniques. Detailed results are pub
lished in [1], The population of MS, was performed in a
two step process. The population is determined by
Mossbauer spectroscopy in dependence on light
exposure. Structure analysis of a single crystal with
32 % of the anions in MS,, 8 % in MS, and 60 % in the
ground state has been done using neutron single
crystal diffraction.
Excitation of MS,, was performed in two steps: First,
irradiating the orthorhombic single crystal (dimensions
of 5-5 0.7 mm3) with an exposure of Q=6000 Ws/cm2
(allowing for a 15 % absorption in the quartz window)
using an AT-laser with 23 mW in the X=476.5 nm line
polarized parallel to the crystallographic c-axis, we
transferred 48 % of the anions into MS, and 2 % into
MS,,. Secondly, irradiating with the light of a Nd-YAG
Laser, >.=1064 nm, polarized also parallel to the c-axis
with an exposure of Q=320 Ws/cm2, transferred 30 %
of the molecules into MS,,. The rest is transferred into
the ground state GS. This transfer behavior has been
measured by Mossbauer spectroscopy and is shown
in [1], The population curves p(MS,) and p(MS„) can be
fitted by

p (MS,) = 53.7% -e'0203 0'3 + 0.7%

(1)

and
p (MS,,) = 50.3% -e'°00240 0,3 (1 -e 00,73Q/3)

(2),

where Q is the illumination per area and p the
population of the various states. The model is based
on a three level system (GS, MS, and MS,,).
Remarkable but not explained is the remaining 0.7 %
population of MS,, which is transferred neither to MS,,
nor to the ground state.
In summary, we have found that the structural
changes of the metastable electronic excited state
MS,, are rather small. This might explain the reversibil
ity of excitation and depopulation, so that these new
states are especially suited for optical information
storage, provided we find substances with higher de
cay temperatures. Candidates are systems with ani
ons containing Mo as a central atom. Inversions of the
N-O-atoms sites or bending of this bond by 90° as
described e.g. in [2] could not be observed although
the neutron scattering length of nitrogen (9.36 fm) and
oxygen (5.803 fm) are rather different.
In order to clarify this problem we started extended
calculations using a local spin density functional and a
functional with density gradient corrections[3].
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NEUTRON SCATTERING INVESTIGATION OF STRUCTURE AND DYNAMICS OF
TRIOXAN SODALITE
F. Altorfer (Univ. Maryland & NIST, Gaithersburg); W. Buhrer (PSI),
C. Braunbarth, J. Felsche (Univ. Konstanz)
Trioxan sodalite has been investigated by elastic, quasielastic, and inelastic neutron scattering techniques
in the temperature region 20 K < T < 475 K.
Trioxan-silicate sodalite shows a strong interaction
between guest (trioxan) and host ((3-cage) which, e.g.
is reflected in an extremely short crystallisation time, in
a high product rate, and in a high degree of crystalline
order [1]. At 450 K there is a structural phase transition
to a disordered state, observed in an anomalous
temperature dependence of the lattice constant and in
DSC-experiments [1],
The neutron scattering experiments have
performed on instruments at the NIST reactor.

been

and 480 K. The observed line width (Lorentzian),
interpreted as originating from a jump diffusional
motion, corresponds to a residence time of approx.
0.5 psec.
The detailed evaluation of the data is in progress.
REFERENCE
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Diffractograms have been recorded at 300 K, 400 K
and 475 K. The 300 K data are well explained with a
cubic structure (space group l-43m), and a very good
agreement is obtained (Fig. 1). The evaluation of the
400 K and 485 K data is less satisfactory: on the one
hand, the factor of agreement is good, but on the other
hand the Debye-Waller factors have unphysical values.
At present we don’t have a model that properly
accounts for the increasing disorder and the possible
conformation changes of the trioxan molecule (ring
inversion).
Inelastic experiments have been performed on the
triple-axis spectrometer (beryllium filter techniques) at
temperatures T = 15 K, 295 K, 420 K, and 480 K. The
15 K spectrum is shown in Fig. 2, together with the
result of a preliminary lattice dynamical calculation
(CLIMAX).
Quasielastic data have been taken for temperatures
295 K < T < 480 K with the time-of-flight spectrometer.
There is a pronounced line broadening between 420 K

energy transfer [cm

Fig. 2: Energy spectrum of neutrons scattered from
trioxan sodalite at 15 K (solid line), in com
parison with a preliminary lattice dynamical
calculation (dashed line).
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Fig. 1: Diffraction pattern of trioxan sodalite at 295 K.
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CRYSTAL STRUCTURES AND PHASE TRANSITIONS OF THE SHAPE MEMORY
ALLOY Nigo.sTUg.s
W. Buhrer, D. Rubio (PSI); R. Gotthardt, L. Bataillard (EPFL); C. Ritter (ILL-Grenoble)
Neutron diffraction experiments have been performed on industrial wire material of NiTi (used for springs,
actuators or robotics). Two samples with different heat treatments have been investigated. Crystal
structures and volume fractions are determined and compared with DSC data.
The equiatomic intermetallic compound NiTi under
goes near 0°C a martensitic phase transition with a
shape memory behaviour. Above the martensitic tran
sition Ms, the so called ‘pre-martensitic anomalies’
were observed by different experimental techniques.
The present investigation has been performed on
industrial wire material used for springs, actuators or
robotics. The 'as received' material has to be heat
treated in order to get the proper shape memory
behaviour [1], The DSC (differential calorimetry)
curves, measured after the treatments are shown in
Figs. 1 and 3: sample 1, annealed at 900°C and water
quenched, shows on cooling two peaks, whereas on
heating, only one peak with a shoulder is observed;
sample 2, with an additional annealing at 520°C, shows
on cooling a 3 peak structure. Note the shift of the
respective transition temperatures as function of the
annealing procedure!

Fig. 2: Temperature dependence of diffractograms of
Niso.5Ti49.5, sample 2 (D1B data, log. scale).

DSC coding

DSC cooling

DCS heating

DSC heating

temperature (K]

austenite heating

martensite cooling

Fig. 1: DSC curves of Nigp gTi^g 5, sample 2.

60

-

austenite cooling

Diffraction data were collected on the instru-ment D1B
at the ILL. The temperature range of inve-stigation was
120 K < T < 320 K, cooling and heating rates were
0.5 K/min. Fig. 2 displays the overall behaviour of
sample 2 on cooling. The temperature dependence of
the 3 phases (austenite, intermediate R-phase,
martensite) is clearly seen.
The data were analysed with the program FullProf. The
volume fractions of the two phases of sample 1 are
shown in Fig. 3. A tentative interpretation of the
corresponding DSC curve is as follows: one martensitic
transition with volume fractions transforming at
different temperatures due to effects of internal strain.
Further data analysis is in progress.

20

martensite heating

-

temperature [K]

Fig. 3: Sample 1, DSC curves (top) and volume
fractions (bottom) of austenite and martensite
on cooling and heating, respectively.
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UNUSUAL PRESSURE DEPENDENCE OF THE CRYSTALLOGRAPHIC
STRUCTURE IN RNi03 PEROVSKITES (R = rare earth)
M. Medarde, J. Mesot, S. Rosenkranz (PSI), P. Lacorre (Lab. Fluorures Le Mans), W. Marshall
(Univ. Edinburgh), S. Klotz (Univ. Paris VI), J.S. Loveday (Univ. Edinburgh), G. Hamel (Univ. Paris VI)
We report the first experimental observation of a pressure-induced structural phase transition in the RNi03
series (R = rare earth). At = 40 kbar, the space group of NdNi03 changes from Pbnm (orthorhombic) to the
more symmetrical R3c (rhombohedral). This experiment confirms our previous low pressure results on
PrNi03 indicating that the symmetry of the structure increases with pressure.
RNi03 perovskites (R = rare earth different from La)
show a very sharp metal-insulator transition at a
temperature Tm-i which increases when the size of R
decreases [1]. The transition is accompanied by a
small volume anomaly and, in some cases (R = Pr,
Nd), by the three-dimensional ordering of the Ni
magnetic moments.
Resistivity measurements under high pressure (up to
15 kbar) have been reported for some members of the
series (R = Pr, Nd, La0.3Ndo.7) [2], The most
interesting results can be summarised as follows: first,
Tm-i decreases with pressure (the metallic state is
favoured); second, 5TM-i /3P shows an unusually high
value (-4.2 K/kbar from ref. [2], -7.6 K/kbar from ref.
[3]); third, 3Tm-i / 3P is the same for all studied
nickelates.
The last feature seems to indicate that a common
structural and/or electronic parameter is controlling the
evolution of Tm-i with pressure. The first neutron
diffraction experiments performed at relatively low
pressure on PrNi03 (up to 5 kbar) indicated that a
small diminution of the Ni-0 distance dNj.0 and a
simultaneous increase of the Ni-O-Ni superexchange
angle 6 occurs under hydrostatic pressure [4]. A less
distorted structure would be then stabilised by
applying external pressure.

The values of 0 derived from Rietveld refinements are
summarised in Fig. 1 [7], Note that, in spite of the
large error bars, these results clearly show that the
superexchange angle increases with pressure. Our
former low pressure results [4] are then fully
confirmed.
More impressive is the observation of a phase
transition from orthorhombic to rhombohedral
symmetry at about 40 kbar. The evolution of the
structure under external pressure is then qualitatively
similar to these observed by substituting the rare earth
ion by another with larger ionic radius (chemical
pressure). In both cases a less distorted perovskite
framework,
together
with
enhanced
metallic
conductivity is progressively reached. A detailed
quantitative study of the differences between these
two mechanisms is currently in progress.

161

;
160 i_Pbnm

In order to check our previous results we have
performed a series of high pressure neutron powder
diffraction experiments at POLARIS (ISIS) by using
the Paris-Edinburgh cell. The studied nickelate was in
this case NdNiQ3. Data were collected using tungstencarbide anvils over a pressure range between 15 and
85 kbar as determined from the previously determined
equation of state. As a result of careful shielding, the
collected spectra were free from contamination. To get
reliable Bragg intensities the spectra were corrected
for attenuation due to the pressure cell and the
background was subtracted.

.

H

1

0 159

-

O)

t1

:

1

"O 158 >

<X>

157
This curious behaviour is in strong disagreement with
the pressure evolution of the superexchange angle
observed in other isostructural perovskite systems.
Several investigations on (Fei.xMgx)Si03 [5] and
NaMnF3 [6] clearly indicate that in these compounds 0
decreases with pressure.
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Fig. 1: Pressure dependence of the Ni-O-Ni super
exchange angle 0 in NdNi03.
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A NOVEL STRONTIUM-RHODIUM HYDRIDE
M. Bortz, K. Yvon (Univ. Geneve), F. Fauth (LNS/ILL)
The attempt to determine the structure of "LiSr2RhD6" that was reported to crystallize in a tetragonal primi
tive cell with one formula unit by neutron diffraction experiments on powder samples at room temperature
and at 1.5 K led to the discovery of a new tetragonal deuteride of refined composition Sr2RhD6.
Besides the ternary Sr2RhH5 and Sr8Rh5H23 [1] a qua
ternary compound with composition LiSr2RhHx was
reported to exist [2]. Preliminary investigations showed
that it crystallizes in a tetragonal primitive space group
with Z=1. In order to compare this compound with
LiSr2PdD5 [3] we resynthesized this compound for a
structure determination.

the neutron data (Fig. 1) shows an octahedral hydro
gen environment around rhodium in which the axial
positions are only half occupied and the presence of
one deuterium that is coordinated only to strontium. An
ordered structural model would presumably show a
square pyramidal coordination around rhodium
(Fig. 2).

An alloy with nominal composition "LiSr2Rh" was syn
thesized by arc melting from the elements. The alloy
was ground and transferred in a high pressure high
temperature autoclave. Dark green polycrystalline
samples of the hydride and the deuteride were syn
thesized by subsequent hydrogenation at 770 K for
28 days under 50 bar pressure. This long reaction
time was necessary to avoid the concurring ternary
phase LiSrH3 and a until now undetermined cubic Fcertered intermediate phase. A gravimetric analysis
showed an increase in weight corresponding to an
uptake of 6 H/D per formula unit. The X-ray
investigation of the sample confirmed cell and cation
model for Sr and Rh.

The structure refinement in the present stage is still
not perfect and shows some unexplainable discrep
ancies concerning chemical composition.

Neutron diffraction data of 7.5 g of the deuterated
sample were collected at room temperature and at
1.5 K on the powder diffractometer D1A at the ILL
Grenoble. The data evaluation showed the presence
of LiD reflections. A quantitative Rietveld analysis
confirmed that nearly all lithium reacted to form LiD.
Thus the previously reported lithium containing
structure model had to be revised.
30002500
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1000Fig. 2: Ordered structural model of tetragonal
Sr2RhD6 a=5.2923(1), c=4.0641 (1 )A.
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Fig. 1: Observed and calculated neutron diffraction
pattern of Sr2RhD6 containing LiD.
The cation structure of this compound as determined
by X-rays adopts the Hg2Pt-type [4], The refinement of
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NEUTRON DIFFRACTION ON CeMnAIDx (0 < x < 2.5)
P. Spatz, K. Gross and L. Schlapbach (Univ. Fribourg); P. Fischer and F. Fauth (PSI)
CeMnAI was found to absorb considerable amounts of hydrogen. Part of the totally stored hydrogen is ab
sorbed at low pressures (< 10 mbar). Additional hydrogen can be absorbed and desorbed reversible in a
wide pressure range (10 mbar to 10 bar) at room temperature. In order to a better understanding of this
new metal-hydride system, we performed neutron diffraction on deuterated CeMnAI samples with different
D-concentrations.
INTRODUCTION
Metal hydrides for hydrogen storage applications re
quire inexpensive intermetallic compounds that absorb
large quantities of hydrogen under ambient conditions.
From X-ray diffraction analysis we found that the
dominant phase of the ternary intermetallic compound
CeMnAI crystallizes in the cubic C15 Laves phase with
the Fd3m structure. Hydrogen absorption meas
urements of this ternary intermetallic compound have
shown that about 0.4 H/M is absorbed below 10 mbar
at ambient temperatures. After having reached a con
centration of 0.4 H/M the equilibrium pressure in
creases and an additional 0.4 H/M is absorbed by the
sample. In a previous neutron diffraction experiment,
we have shown that the formation of the stable hydride/deuteride phase is related to the occupation of
the 96g interstitial positions [1], The goal of this exper
iment was to determine the site occupations over the
entire concentration range in CeMnAIDx with 0<x<2.5.

deuteration (Fig. 1). From the result of the profile
refinement we get that the D-occupancies and the
resulting D/(formula unit) values (x = 1.57(4), 1.90(5)
and 2.00(6)) are in good agreement with the nominal
concentrations determined from the absorption/
desorption measurements (x = 1.63(4), 1.94(5) and
2.22(6)). The relative volume expansions due to the
deuteration of the cubic CeMnAI Laves phase are
5.6 vol.%, 7.2 vol.% and 8.1 vol.%, respectively.
Further, we found that only the 96g-positions are
occupied in CeMnAIDx with 0.0 < x < 2.5. Modeling
indicates that hydrogen/deuterium initially occupies
2Ce-2Mn interstitial tetrahedral sites, followed by the
2Ce-1Mn-1AI tetrahedral sites. Tetrahedra with 2Ce2AI atomic configurations are not occupied. The
minimum distance between two neighboring D-sites
was less than 2.1 A.

EXPERIMENTAL
The CeMnAI sample was fully deuterated to a maximal
capacity of 2.5 D/M in a constant deuterium-gas-flow
system. For the neutron scattering experiment we
used a copper coated cylindrical vanadium sample
holder with 10 mm diameter, length = 50 mm and wall
thickness of 0.25 mm. That allows us to use them to
gas pressures up to 20 bar. To change the D-concentrations in the deuterated samples, deuterium was
desorbed using a vacuum pumping system. All mea
surements were done at room temperature.
The neutron scattering experiment was performed at
the ILL in Grenoble on the instrument D1A. Thermal
neutrons with the wavelength X=1.908A were used. All
measurements were made at room temperature. The
magnitudes of the scattering lengths of Al and Mn are
approximately the same; however they are essentially
distinguished through the opposite sign (Al: +3.45 fm
and Mn: -3.73 fm [2]). This causes almost annihilation
of the intensities of the scattered neutrons by these
two metals.
RESULTS
For the predominant AB2 cubic C15 Laves phase, we
found that the Al and the Mn atoms are distributed
randomly on the B-sites (16d positions). The
calculated occupancies for the Mn and Al atoms on
the 16d-positions are in good agreement with the
nominal stoichiometric values in CeMnAI.
For the samples CeMnAIDx with 1.5 < x < 2.5, the
cubic C15 Laves phase is preserved during the

Angle 20 |°]
Fig. 1: Neutron diffraction patterns of a) CeMnAID2.o
and b) CeMnAI. In the non-deuterated sample,
the lines which belong to the cubic Laves
phase are marked by the Miller-Indices.
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EVIDENCE FOR A PSEUDOGAP ABOVE Tc IN UNDERDOPED
SUPERCONDUCTORS
J. Mesot, G. Bottger, A. Furrer (PSI); P. Berastegui (ISIS), H. Mutka (ILL)
Our measurements of the temperature dependence of the relaxation rate of crystal field excitations in
underdoped high temperature superconductors show clear evidences for the opening of a pseudogap in
the normal state. The critical temperature related to the opening of the pseudogap appears to be extremely
dependent upon the energy window at which the static susceptibility is being probed.
In spite of the large amount of work made during the
last 10 years very little is known about the nature of
the pairing interaction in high temperature supercon
ductors (HTSC). Much information can be obtained by
studying the formation of the energy gap 2A, since it
causes changes of the low excitations density of
states.
The gap can be studied in a very efficient way by
measuring the relaxation rate of crystal field (CF)
excitations which unlike in NMR and NQR
experiments, is probing the static susceptibility at non
zero energies to.

The deviation from the normal behaviour strongly
depends on the energy of the CF transition. While the
drop begins at the superconducting temperature for
the low energy data, the high energy data suggest that
the condensate forms already well above Tc. This
important result is supported by recent ARPES meas
urements [4] showing evidence for a pseudogap in the
normal state of underdoped high-Tc superconductors.

7 < co< 12 meV

The linewidth of the CF transitions between states i
and j is [1]:

rH = 2J„

100

Mm COthli(/Hoij/2kT)X"(toij)

'W
+ L M ■n gfio)(n/kT _ -| + M nl

"M

Energy Transfer (meV)

(1)

ekT _ 1

Fig. 1: Energy spectrum of neutrons scattered from
Er2Ba4Cu7Oi5 .

where Aco is the energy transfer, M the matrix element
of the CF transition, Jex the exchange constant
between the 4f and the conduction electrons. %"(m) is
the local susceptibility, which equals ttN(0)co for a non
interacting Fermi liquid. N(0) is the electronic density
of states at the Fermi energy.

Normal Metal

Bo)<2 meV

We present here the results obtained for the following
two underdoped samples ErgBa^CuyChs HoBa2Cu408,
with Tc =89 and 82 K, respectively. The two samples
have the first and strongest CF transitions located
around 10 and 2 meV, respectively, thus allowing us to
probe x"(co) in two well separated energy windows.
The measurements have been performed at the ILL
on INS (for Aco<2meV) and INS (Am =10 meV)
between 2 and 300 K. A representative spectrum* is
shown in Fig. 1.
The data have been analysed using Eq.1. We have
used the matrix elements determined in previous work
[2,3] so that the only free parameter is N(0)Jex. In the
case of a normal metal N(o)Jex should remain
unchanged over the whole temperature range. As
expected for a superconductor, we observe a clear
drop (see Fig. 2) of N(0)Jex for T«TC, similar to that
observed in Ref. [1],

• m - 10 meV

100

200

Temperature (K)
Fig. 2: Temperature dependence of N(0)Jex meas
ured around 2 meV (squares) and 10 meV
(circles) energy transfers.
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COEXISTENCE OF SUPERCONDUCTIVITY AND MAGNETISM IN Er2Ba4Cu70^
J. Mesot, G. Bottger, P. Fischer (PSI); E. Suard (ILL), P. Berastegui (ISIS)
The Er2Ba4Cu/Oi4+§ compounds show a very interesting behaviour upon removing of oxygen. Although
the samples remain superconducting when going from 8-1 to 5=0, our low temperature elastic and inelastic
measurements (8<14.3) strongly indicate that a magnetic field is present at the Er site. Such a field could
be generated by magnetically active Cu atoms in one of the neighbouring CuOg planes.

The Er2Ba4CuyOi4+5 (0<5<1) samples (247) are
constituted of alternating 1248 and 1236+8 blocks [1]
as shown in Fig. 1. Since only the oxygen in the
chains of the 1236+8 blocks can be easily removed,
such a structure offers an unique opportunity to study
the role of the coupling between the two
superconducting CuOg planes.
By removing the oxygen, the amount of holes in the
CuC>2 planes on the 1236+8 side (full plane in Fig. 1)
is reduced, while the other plane (dashed) remains
untouched. The CuC>2 planes are not electronically
coupled anymore and Tc drops from 89K to 40K [2],
when going from 8=1 to 0.3.

■ Measured
—Boltzmann

Fig. 2: Temperature dependence of intensities of
crystal-field transitions in Er2Ba4Cu/Oi 4.3ELASTIC

Cu02 planes
Rare Earth

1236+8
Fig. 1: Schematic view of the 247 structure.
In order to better understand the electronic changes
occurring upon reduction, we have performed both
inelastic and elastic neutron scattering experiments on
a Er2Ba4Cu/Oi4.3 sample.

In order to confirm the magnetic origin of these
anomalies we have performed elastic neutron scat
tering experiments below 90 K, on the Diffractometer
D1B (ILL). Although no magnetic peaks have been
observed, Fig. 3 clearly shows that a large fraction of
the paramagnetic scattering is suppressed when
cooling from 90 K to 60 K. Moreover, the Q depen
dence of the paramagnetic scattering follows qualita
tively the magnetic form factor of Er3+ (solid line in
Fig. 3).
6000

c 2000

4

90 K - 60 K

INELASTIC
The spectrometer IN3 at the Institut Laue Langevin
(ILL) in Grenoble was used to measure the
temperature dependence of the lowest lying crystal
field transitions of the Er3"1" ions.
As it can be shown in Fig. 2, the evolution of the
integrated intensity does not follow at all the
Boltzmann statistics expected for an energy-level
scheme containing three doublets with an energy
separation of 10 meV from the ground-state doublet. A
possible explanation for this anomalous result would
be the gradual appearance, below 90 K, of a magnetic
field acting on the rare earth ion. This field would both
lift the degeneracy of the doublet states and modify
considerably the wavefunctions. As a result the
Boltzmann statistics would not be valid anymore.

Angle 2©

Fig. 3: Difference pattern of £^634(^70-14.3 ob
tained on D1B.
A magnetic field acting on the Er ions could explain
the observed decrease of the paramagnetic scattering
below 90 K. Most probably this field is generated by
magnetically activ Cu atoms in one of the
neighbouring CUO2 planes. This is possible, since in
the pure 1236+8 structure, the Cu atoms in the Cu02
planes order magnetically up to 8 = 0.35.
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Ca SUBSTITUTION IN RBa2Cu307.s (R=Y, Er; 5 < 0.15): THE INFLUENCE ON THE
STRUCTURE AND THE SUPERCONDUCTIVITY
G. Bottger, P. Fischer, J. Mesot, A. Furrer, M. Zolliker, F. Fauth (PSI); E. Kaldis (ETHZ) collaborating
We present a combined neutron and X-ray diffraction study of the structural effects of Ca doping in
RBa2Cu30/s (Ft=Y, Er; S<0.15). Inelastic neutron scattering has been used to study the low-energy
crystal-field (CEF) excitations of Er3+ in Eri-xCaxBa2Cu307-$ (0<x<0.2).

Ca doping in the high-temperature superconductor
RBagCugOy-g (R-123) modifies the structure and the
electronic properties.
Polycrystalline samples with a nominal composition
R-i-xCaxBa2Cu3C>7-5 (0<x<0.2) were prepared by
solid state reaction for R=Y and by a sol-gel-method
for R=Er. We obtained single phase samples up to a
Ca concentration of 17%. The appearance of a
second phase at x=0.2 suggests that the solubility
limit is near the 20% composition. The substitution
for R3+ with Ca2+ up to a Ca content of 20% could
be verified by structure refinements of both X-ray
and neutron diffraction data. Our X-ray and neutron
diffraction study of a series of orthorhombic
R-|.xCaxBa2Cu307-5 (0<x<0.2; 5<0.15) samples shows
remarkable structural changes induced by Ca
substitution which are discussed in detail in ref. [1] .
In particular, we observed the following changes with
Ca doping:
1. The distance between R(Ca) and oxygen of
adjacent Cu02 planes increases while the R(Ca)Cu(2) distance decreases with Ca doping. In both the
cases this is an ion size effect because Ca is larger
than R (Y3+, Er3+) and an effect of the reduced
charge at the R3+ site by Ca2+ substitution. As a
consequence, the buckling in the Cu02 planes
decreases.
2. tThe apical bond length Cu(2)-0(1) increases. This
is caused by the displacements of Cu(2) towards
R(Ca) and of 0(1) towards the single chain.
The latter is the most relevant structural change for
the depression of superconductivity. By field-cooled
magnetization measurements we observed a decrease
of Tc and of the superconducting volume fraction
(Meissner) as the Ca doping level is increased.
Moreover, we found a correlation between Tc and the
buckling of the CUO2 planes.
The bond valence sums (BVS) for the cations were
calculated according to Brown et al. [2] . The BVS
around both Cu(1) and Cu(2) and the absolute hole
concentration in the CuC>2 planes are increasing while
Tc is decreasing with Ca doping. We conclude, that
the partial substitution for R3+ with Ca2+ introduces
additional hole carriers in the structure, thereby
overdoping the R(Ca)-123 system.
The changes of the CEF spectra (Fig. 1) Er-123 upon
Ca doping can be summarized as follows: firstly, the
energies of all CEF states increase; secondly, the
linewidths increase due to a smaller homogeneity and

thirdly, the intensities (absolute and relative) of the
peaks change. Compared to the CEF transitions in Er123 as a function of the oxygen content [3] we found
a completely different behaviour of the CEF transitions
with Ca doping [4] . Obviously, upon oxygen doping
the CEF transition C remains unchanged while upon
Ca doping it is decomposed into two individual
transitions (Ci and C2) whose spectral weights
distinctly depend on the Ca doping level.
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Fig. 1: Energy spectra of neutrons scattered from
Er-|_xCaxBa2Cu307-5 (x=0 and x=0.12;
5<0.15) at T=10 K.
The transition A is strongly influenced by oxygen
doping while it remains unchanged upon Ca doping
except a slight increase in energy. By introducing an
increased Cu(2) valence to our CEF model, we can
explain the increase of the energies of the CEF states.
We suggest, that the substructures of transition C
occurring with Ca doping originate from different local
environments of the Er3+ ions due to a phase
separation. Further data analysis is in progress.
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DISPERSION OF CEF LEVELS IN Nd2Cu04 AND Pr0.86Ce0.i4CuQ4

™"

W. Henggeler, A. Furrer (PSI); T. Chattopadyay, B. Roessli (ILL Grenoble)
We performed inelastic neutron scattering experiments to determine the dispersion of the /'gW - FqW - Nd
crystal field excitation in Nd2CuC>4 and of the r'4-r5 Pr CEF excitation in FT; ggCep 14CUO4. Our results
can be described within the random phase approximation model.
The R2-xCexCu04 (R=Nd,Pr, 0<x<0.2) compounds
have been the subject of intensive investigations since
the discovery of superconductivity in some of these
substances. It was the purpose of our study to
investigate the wave-vector dependence of the crystal
field excitation spectrum of the Nd ions in Nd2Cu04 in
order to obtain information about the Nd-Nd exchange
interactions. Moreover we investigated the variation of
the exchange interactions upon Ce doping in
Pri 86Ceo.i4Cu04. The experiments were performed
on the triple axis spectrometers INS and INS at the
high flux reactor of the Institute Laue-Langevin (ILL) in
Grenoble, France. Figs. 1 and 2 show typical spectra
for the two different compounds. It can clearly be seen
that some of the CEF transitions show a pronounced
dispersion.

In Pri.85Ceo.i5CuC>4 the observed energy spectra
result from a superposition of different components
due to the formation of local clusters which correspond
to different doping levels. In Fig. 4 we show the
measured dispersion for the excitations marked with A
and B along the three main symmetry directions.
To describe the data we made use of the mean-field
random phase approximation (RPA) model. This
enables us to obtain direct information on the coupling
constants between the rare earth ions. The exchange
couplings between the Pr ions in Pri.geGeo 14CUO4
turn out to be slightly reduced compared to the ones in
the undoped parent compound Pr2Cu04- In Nd2Cu04
we observe a dependence of the coupling constants
on the initial and final state that is involved in a crystal
field excitation.
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Fig. 1: Energy spectra of neutrons scattered from
Nd2CuC>4 at 4 K for two different Q positions.
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Fig. 3: Measured dispersion of the ^0) - Fgi2) - Nd
CEF excitation in Nd2Cu04 at 4 K (circles:
(=0, squares: <f=2). The lines correspond to the
RPA model calculation.
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Fig. 2: Energy spectra of neutrons scattered from
Pri.86Ceo.i4CuC>4 at 10 K at two different
momentum transfer [reciprocal lattice units )

Q positions.
In the Nd2Cu04 compound we focused our attention
on the transition at 21 meV and measured its
dispersion along the three main symmetry directions
(see Fig. 3).

Fig. 4: Measured dispersion of the acoustic branch
of the T4 - r5 - Pr CEF excitation in
Pri 86Ceo.i4CuC>4 at 10 K. The lines corre
spond to the RPA model calculation.
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MAGNETIC EXCITATIONS OF Nd IN Nd2.xCexCu04 (x=0,0.09,0.13)
W. Henggeler, A. Furrer (PSI), T. Chattopadyay, B. Roessti (ILL Grenoble), P. Vorderwisch (HMI Berlin),
P. Thalmeier (MPI Dresden)
We have studied the wave vector dependence of the magnetic excitation spectrum of Nd in
Nd2-xCexCu04 (x=0,0.09,0.13) by inelastic neutron scattering experiments on single crystals. The results
are analyzed with the help of model calculations which are performed in the context of the mean field
random-phase approximation. This enables us to obtain direct information on the coupling constants
between the rare earth ions.
Ever since the discovery of superconductivity in the
Ce doped Nd2-xCexCuC>4.5 cuprates [1] these
compounds have been subject to intensive
investigations. Moreover, the doped compounds with
Ce content x>0.1 show below 0.3 K a specific heat
linear in temperature with a huge y-coefficient,
indicating heavy fermion like behavior [2],
It was the purpose of our inelastic neutron
experiments to investigate the magnetic
spectra of Nd in (NdCe)gCu04 in order
information about the Nd-Nd and Nd-Cu
interactions.

splitting of the Nd ground state doublet due to the NdCu exchange. This shifts the Nd spin-wave modes to
lower energies (see Fig. 2).

scattering
excitation
to obtain
exchange

We performed experiments on the cold triple-axis
spectrometers V2 at the Berlin Neutron Scattering
Center (BENSC) and IN 12 at ILL, at a fixed
temperature of 50 mK. Fig. 1 shows spectra for three
different compounds at two different positions in
reciprocal space.
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Fig. 1: Energy spectra of neutrons scattered from
(NdCe)2CuC>4 at T=50 mK at two different
positions in reciprocal space.
Since the noncollinear AF structure of the Nd spins
comprises eight magnetic sublattices one expects
eight spin wave modes. In Fig. 2 we show the
measured and calculated dispersion relations for the
compounds with x=0 and x=0.09. The resulting
exchange constants differ only slightly for the two
compounds. There is however a large difference of the

Fig. 2: Dispersion of the Nd spin waves in
Nd2-xCexCuC>4 at T=50 mK. Upper Fig.: x=0,
Lower Fig.: x=0.09.
The calculation shows that at a critical value of the CuNd exchange field the lowest optical mode shows a
complete softening at an incommensurate position
close to the M-point. The steep increase of the low
temperature specific heat observed for x=0.1 could be
due to this softening.
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CRYSTAL ELECTRIC FIELD SPLITTING OF R3+-IONS IN PURE AND Co- AND CuDOPED RNi2B2C (R=Ho, Er, Tm)
U. Gasser, P. Allenspach, W. Henggeler, M. Zolliker, A. Furrer (PS!)
From the crystal-electiric-field (CEF) splitting of the R3+-ions, the CEF parameters of RN12B2C (R - Ho, Er,
Tm) were deduced. In order to get information about the influence of the variation of the density of states
(DOS) at the Fermi level (Ep), CEF spectroscopy measurements with Co- and Cu-doped ErNi2B2Csamples were performed.
From inelastic neutron measurements performed in
1995 [1], the CEF-parameters of the pure RNigBgCcompounds were determined in an unambiguous way
(Table 1). Next to elastic neutron experiments (see
preceeding report) CEF-spectroscopy experiments
were performed on the spectrometer IN3 (ILL,
Grenoble). The CEF splitting in ErN^BgC-samples
doped with Co and Cu at the Ni-site was measured.
From the obtained data further information about the
influence of the variation of the density of states
(DOS) at the Fermi level (Ep) was extracted. The CEF
parameters of the undoped compound were used as a
starting point to find the parameters of the doped
samples (Table 1).
Table 1: CEF parameters
RNI2B2C (R = Flo, Er, Tm).
ErNi2B2C
-14.5±6
A20 (meV)
2.3+0.8
A40 (meV)
A44 (meV)
-71,4±3.3
-0.42±0.3
Ago (meV)
A64 (meV)
11,7±1.4
A20
A40
A44
Ago
A64

(meV)
(meV)
(meV)
(meV)
(meV)

of

pure

HoNi2B2C
-6.3±1.3
3.3±0.3
-73.9±1.3
-0.61±0.12
10.1 ±3.1

ErNii gCoQ gBgC
-14.3±4.2
3.6±1.0
-80.4±4.3
-0.45±0.29
8.8±6.6

and

200
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a) ErNi2"B,C Ef = 4.8 meV, T = 15 K
RG (102

Cu 111
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doped

TmNi2B2C
-13.0±0.3
2.16±0.14
-63.1+1.2
-1.32±0.05
15.6±1.1

ErNi-j 3CU0.2B2C
-7.7±1.2
2.1 ±1.5
-63.6±2.7
0.27±0.34
16.4±1.7

From bandstructure calculations [2] a peak in the DOS
at the Fermi energy Ep is expected for RNigB2C (R =
Y and Lu). Accordingly, Tc of superconductivity was
found in our samples and also in samples of other
groups [3] to decrease with Co- and Cu-concentration
(Table 2). For both kinds of doped samples the
measurements reveal a substantial change of the CEF
parameters with respect to the pure compound. But
from Table 1 it can be seen that these changes are
mostly of different sign.
Table 2: Critical temperature Tc of pure and doped
ErNigB2C samples.
ErNi2B2C
ErNi1.gCo0.2B2C
ErNi-| .8CU0.2B2C

[2] W.E. Pickett et al., Phys. Rev. Lett. 72, 3702
(1994); L.F. Mattheiss, Phys. Rev. B 4& 13279
(1994); R. Coehoorn, Physica C 228, 331 (1994);
Z. Zeng et al., Phys. Rev. B 53. 6613 (1996).
[3] H. Schmidt et al., Physica C 235-240. 779 (1994);
A.K. Gangopadhyay et al., Physica C 246. 317
(1195); C.C. Hoellwarth et al., Phys. Rev. B 53,
2579 (1996).

Tc (K)
10±0.2
3.2±0.2
4.7±0.3
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POLARIZATION DEPENDENCE OF THE SPIN-DENSITY-WAVE EXCITATIONS IN
SINGLE-DOMAIN CHROMIUM
P. Boni, B. Roessli (ILL Grenoble), B.J. Sternlieb (Brookhaven), E. Lorenzo (CNRS Grenoble)), G.Shirane
(Brookhaven), S.A. Werner (Missouri)
A polarized neutron scattering experiment has been performed with a single-Q, single domain sample of
chromium in a magnetic field of 4 T. It is confirmed that the longitudinal fluctuations are enhanced for small
energy transfers and that the spin wave modes with SS parallel to Q and 8S perpendicular to Q are similar.
Chromium is a very fascinating magnetic element [1].
Below TN = 311 K it undergoes a transition to a trans
versely polarised spin-density-wave phase character
ised by incommensurate wave vectors Q+ = (1 ±8,0,0).
At the spin flip temperature TSF = 121 K a second tran
sition to a longitudinally polarised phase occurs. The
magnetic excitations exhibit many unusual features, in
particular, the spin wave branches originating from the
magnetic satellite positions rise almost vertically,
therefore the spin wave peaks coalesce almost.
Measurements using unpolarized neutrons have
shown unambiguously that the longitudinal excitations
are enhanced for E < 8.5 meV in the longitudinally
polarised phase [2], This enhancement seems to per
sist into the transversely polarised phase, however,
the situation is not clear because at least three differ
ent modes (L,T,, and T2, see Fig. 1b) have to be dis
entangled. This is only possible with polarized neutron
scattering on a single-Q, single-domain sample (Fig. 1c).
L

(h k 0) scattering plane. The constant-Q scans were
conducted at the (1-8,0,0) and (8,1,0) satellite posi
tions (Fig. 1a). Table 1 lists the fluctuation modes that
can be determined at these positions.
Table 1: Polarisation and selection rules for the mag
netic fluctuation modes in single-domain chromium.
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non spin flip
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T,
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The main results are shown in Fig. 2. The longitudinal
fluctuations are enhanced below E = 8.5 meV, similar
as in the longitudinally polarised phase. The trans
verse modes T1 and T2 are essentially identical.
However, there is an indication that the T1 mode is
more intense than the T2 mode for E < 5 meV. In ad
dition, the longitudinal fluctuations are weaker above
8.5 meV than the transverse fluctuations.
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Fig. 1: a) Brillouin zone of bcc Cr. The squares rep
resent chemical Bragg peaks. The circles are
spin-density-wave satellites. The filled circles
represent the visible satellites in the single-Q
state, b) Definition of the three different fluc
tuation modes, c) Schematics of a single
domain transverse spin-density-wave.
The neutron scattering experiments were performed
using the IN20 polarized-neutron triple axis spec
trometer at the Institut Laue-Langevin in Grenoble.
The crystal was cooled through TN in a large magnetic
field to induce a single-Q state. A vertical field FI = 4 T
was applied along [00I] in order to enforce a single
domain state with the magnetic moments lying in the
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Fig. 2: Polarisation dependence of magnetic fluctua
tions in the transverse spin-density-wave
phase.
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POLARIZATION DEPENDENCE OF THE MAGNETIC FLUCTUATIONS IN THE
WEAK ITINERANT FERROMAGNET MnSi BELOW Tc
P. Boni, S. Tixier (PSI), Y. Endoh (Tohoku University), B. Roessli (ILL Grenoble), G. Shirane (Brookhaven)
The dispersion of the spin-flip and non-spin-flip excitations in the weak itinerant ferromagnet MnSi have
been measured in the ferromagnetic phase using inelastic polarized neutron scattering. Spin wave
excitations are well defined at energy transfers as large as 7 meV. The cross section of the non-spin-flip
excitations is compatible with a quasielastic response function.
The magnetic moments in itinerant magnets are delo
calised, i.e. they cannot be assigned to a particular
atom. Hence, the energy scale of the magnetic fluc
tuations is determined by the energy scale of the con
duction electrons and no more by kgTc like in a local
ised system. Here, Tc is the Curie temperature. As a
consequence, the spin wave energies extend to ener
gies E » kBTc. Moreover, single particle excitations
between the spin up and spin down bands take place.
The loss of long range order can be explained by a
decrease of the exchange splitting of the spin polar
ized 3d bands with increasing temperature [1]. In the
following experiment we investigated the interplay of
the spin-flip and non-spin-flip excitations near Tc.
The measurements of the polarisation dependence of
the magnetic fluctuations in the itinerant ferromagnet
MnSi were performed on the neutron spectrometers
H4m at the HFBR in Brookhaven and IN20 at the In
stitute Laue-Langevin in Grenoble. The ferromagnetic
order was induced by applying a vertical magnetic field
H=0.7 T. In this configuration, the spin waves give rise
to spin-flip scattering and the longitudinal fluctuations
give rise to non-spin-flip scattering [2],
The constant energy scans that are displayed in
Figs. 1 and 2 show that the non-spin-flip scattering
and the spin wave scattering are different. The latter is
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Fig. 1: Spin waves and longitudinal fluctuations as
measured near the (110) Bragg peak in MnSi.
The peaks with the label LA are acoustic pho
nons.
clearly inelastic. The significant decrease of the inten
sity with increasing E can be explained by the interac
tion of the spin waves with the Stoner excitations [3]. A
detailed analysis shows that the spin wave renormali
sation at 2 meV is stronger than at 5 meV in agree

ment with the fact that the Stoner excitations are only
weakly T-dependent.
The interpretation of the non-spin-flip scattering is a
more difficult task because of the low intensity. At
small energy, the scattering can be parametrised by
means of a quasielastic spectral weight function. The
situation is less clear at large energy transfers.
Although the scattering seems to extend again over a
rather large range of C,, the quality of the data does not
warrant an unambiguous interpretation in terms of a
particular spectral weight function.
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Fig. 2: Spin waves and longitudinal fluctuations in
MnSi. The peaks with the label LA are acoustic
phonons.
We conclude that at small energy transfers the mag
netic excitations behave in a weak itinerant ferromag
net similarly as in a localised magnet. The results at
large E-transfers indicate that as soon as the spin
waves start to interact with the Stoner excitations, they
do not renormalize as strongly anymore as at small
energies. The non-spin-flip excitations behave in a
similar manner. They interact also with the electronic
excitations and are therefore strongly reduced in in
tensity. These effects are clearly related to the itiner
ant nature of the 3d electrons of MnSi. These experi
ments prove that longitudinal fluctuations exist also in
itinerant systems and that they must be included in a
proper theory.
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MAGNETIC STRUCTURE OF TWO- AND THREE-DIMENSIONAL
SUPRAMOLECULAR COMPOUNDS
S. Decurtins, H. W. Schmalle, R. Pellaux (Univ. Zurich); P. Fischer, F. Fauth (PSI); B. Ouladdiaf (ILL)
Supramolecular chiral networks of oxalato-bridged transition metals show either two- or three-dimensional
structural features. The magnetic structures of such compounds have been investigated by means of elas
tic neutron powder diffraction.
1

INTRODUCTION

The design of synthetic pathways to chemical systems
of desired properties continues to be a challenge for
the preparative chemist. We are currently studying
materials, that are formed by the interaction of transi
tion-metal ions (as spin carrying centers) and the ox
alate ions (as bridging units and mediator for magnetic
spin interaction). Based on different synthetic con
cepts either two- or three-dimensionally linked anionic
chiral networks with stoichiometries [Mn"M'm*(oxalate)3](6mn> (where IVT and M'm+ are transition metal
ions) can be formed and crystallized.
2

IlillMllllMEllilllllllillllli

"---- 1

STRUCTURAL PROPERTIES OF THE
NETWORKS

Both types of network-structures are formally com
posed of tris-oxalato-transition-metal building blocks. If
such building blocks of different chirality are alternately
linked, a 2D honeycomb layer compound is built up. In
the other possible arrangement, where all building
blocks have the same chirality, an infinite 3D structure
is formed. Because the networks are negatively
charged, cations (like Tetraphenylphosphonium for the
2D-structure and Iron-Tris (2,2'-bipyridine) for the 30structure) are needed as . counterions.
3

which shows a magnetic diffraction pattern corre
sponding to a 3D ferromagnetic ordering of both the
Mn2* and Or3* spins, this new compound shows only a
few distinct asymmetrically shaped magnetic reflec
tions, indicating a 2D magnetic ordering.

2 theta

Fig. 1: Observed, calculated and difference neutron
diffraction pattern of [Fe(da-bpy)3][Co2(ox)3],
measured at D2B (ILL), X - 1.594 A, T = 30 K.

NEUTRON DIFFRACTION EXPERIMENTS

The 3D compound [Fe(2,2'-bipyridine)J[Mn2(oxalate)3]
was the first example of this oxalato-networks from
which the magnetic structure could be solved [1]. The
magnetic neutron intensities are consistent with a
magnetic structure which can be described in the irre
ducible representation t4, derived from the enantiomorphic pair of space groups P4332 / P4,32. The isomorphous 3D compounds containing magnetically less
isotropic ions as iron(ll) or cobalt(ll) instead of manga
nese^!), have been measured at D2B or D1A (for the
structural part, see Fig. 1) and at D1B or D16 (for the
magnetic part). The magnetic neutron intensities of
these new compounds show distinct differences to the
manganese analogue. Because of the very limited
statistics, further experiments are needed to solve the
magnetic structure.
The magnetic neutron intensities for the 2D-compound
[Tetraphenylphosphonium][FeCr(oxalate)J (Fig. 3) have
been determined at D16 (ILL). In contrast to the
previously measured isomorphous [MnCr(oxalate)J [2],

2 theta

Fig. 2: Magnetic neutron diffraction pattern of
[P(C6D5)J[FeCr(ox)J,
measured at D16,
X = 4.518 A, 1(1.8 K) -1(30 K).
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NEUTRON SPECTROSCOPIC STUDY OF THE CRYSTAL FIELD INTERACTION IN
Pr^x LaxNI03 (0 < x < 0.7)
S. Rosenkranz, M. Medarde, J. Mesot, M. Zolliker, A, Furrer (PSI), P. Lacorre (Univ. LeMans, F)
The crystal field interaction at the rare earth site in Pry LaNi03 has been studied using inelastic neutron
scattering. A parametrization consistent over the whole series is obtained and discussed within the pointcharge model.
The rare-earth nickelates RNi03 (R - rare earth) be
long to the few families of perovskites showing metallic
conductivity. Moreover, they exhibit a very sharp
metal-insulator (Ml) transition whose critical tempera
ture Tmi increases with decreasing R-ion size. LaNi03
(rhombohedral R-3c) shows metallic conductivity in
the whole temperature range, whereas the other
members with R = Pr, Nd, Sm and Eu (orthorhombic
Pbnm) are insulating below TMI = 130, 200, 400 and
480 K, respectively [1],
Using inelastic neutron scattering, we have studied the
crystal-field (CF) interaction at the rare earth site over
the series PrVxLaxNi03 (0 < x < 0.7). Since the CF as a
local probe yields information on the electronic charge
distribution around the rare-earth ions, a detailed
analysis of the CF-interaction may give further infor
mation on the mechanism responsible for the metalinsulator transition.
Measurements were performed on the triple-axis
spectrometer IN3 at the ILL with fixed final energy E, =
13.7 meV. The powder samples were enclosed under
Helium atmosphere in aluminium cylinders and
mounted in a standard displex refrigerator. Energy
scans with fixed momentum-transfer were performed
at different temperatures to ensure the magnetic origin
of the observed transitions.
Three groundstate transitions and one excited transition
were observed in an energy range of up to 30 meV for
all samples with x < 0.7 (orthorhombic phase). Whereas
the first transition shows a continuous increase in
energy and decrease in intensity, the other transitions
remain constant in energy and increase in intensity
with increasing La-doping. In the x- 0.7 sample, the
measured energy spectra reflect the change of the site
symmetry due to the structural phase transition to
rhombohedral symmetry.

In the course of the analysis, the number of free CFparameters was considerably reduced from fifteen to
seven using constraints imposed by the geometrical
coordination of the eight nearest oxygen neighbours.
Including further information on the higher energy
transitions previously obtained for PrNiOa [2], we were
able to obtain a parametrization of the CF-interaction
consistent over the whole series. The interpretation of
these CF-parameters using a simple electrostatic
model suggests a negative charge-transfer of elec
trons from nickel to oxygen (Fig. 2), in contrast to
elastic neutron scattering and X-ray absorption ex
periments [2,3]. This failure of the point-charge model
is most probably due to the strong influence of cova
lency in the rare-earth nickelates.
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Fig. 2: Relative change of the oxygen valence ob
tained with the point-charge model.
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Fig. 1: Energy spectra of neutrons scattered from Pr095 La005NiO3 at momentum transfer Q = 2.5A1. The solid lines
represent calculated spectra.
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NEUTRON SPECTROSCOPY OF THE CRYSTALLINE-ELECTRIC-FIELD IN
Ndi_% SrxMn03 (x=0, 0.3) AND PrMn03
A. Podlesnyak, A. Mirmelstein (Inst, for Metal Physics, Ekaterinburg, Russia), M. Zolliker, A. Furrer (PSI)
Ln1x AxMnOs manganese perovskite are of interest because of their magnetic and transport properties.
Inelastic neutron scattering has been employed to search for crystalline-electric-field (CEF) transitions in
Nd,x SrxMn03 (x= 0, 0.3) and PrMn03 compounds.
Mixed valence manganese perovskites La, * AxMn03
(A=Ca, Sr, Ba, Pb) synthesized several years ago,
have shown giant magnetoresistance properties [1,2].
the latter studies show that the Curie temperature Tc of
these systems changes dramatically as cations
changes [3].
The INS experiments have been carried out to study
the CEF interaction in Nd,„<SrxMn03 (x= 0, 0.3) and
PrMnOa compounds. The measurements have been
performed on the triple axis spectrometer INS at the
high flux reactor of the ILL (France), energy scan up
toe 30 meV have been recorded at temperature range
from 10 K to 230 K for the scattering vectors 2.4 A1
<Q1<3.9 A1, the observed energy spectra of neutrons
scattered from NdMn03 and Nd07Sr03MnO3 looks very
similar and consist of broad asymmetrical CEF

transitions around 1.5 and 1 meV (Fig. 1). Such a
shape and line width of the transitions ca be related to
the dispersive behavior and/or splitting of Kramers
doublets due to magnetic interaction.
Clearly more experiments using single crystal is
needed in order to clear up the situation.
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Fig. 1: Energy spectra of neutrons scattered from NdMnC3 (left) and Nd07Sr03MnO3 (right).
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ORBITAL ORDERING IN l54SmNi03
M. Medarde, S. Rosenkranz, J. Rodriguez-Carvajal (LLB Saclay), P. Lacorre (Lab. Fluorures LeMans),
V. Trounov (PNPI Gatchina), M. T. Fernandez- Diaz (ILL Grenoble)
We have investigated the existence of a structural distortion associated to the k = (1/2 0 1/2) orbital
ordering recently proposed to explain the magnetic structure of RNi03 perovskites (R - rare earth). Our
results on a 154SmNi03 powder sample indicate that, if existing, the associated superstructure reflections
are as a maximum 104 times smaller than the largest nuclear reflection.
FtNiOg perovskites (R = rare earth different from La)
show a very sharp metal-insulator transition at a
temperature Tm-i which increases when the size of R
decreases [1], In the insulating region (T < TM-i), a
rather unusual antiferromagnetic (AF) ordering of the
Ni+3 magnetic moments (tgg6 egi low spin
configuration) has been observed for R = Pr, Nd and
154Sm [2,3]).
The most interesting (and surprising!) feature of this
magnetic structure ia that the coupling of each Ni
magnetic moment with its 6 nearest neighbours is not
purely AF, as expected from the usual superexchange
rules. In fact, only half of the are coupled antiferromagnetically, whereas the coupling with the other half
is ferromagnetic. As far as we are aware, this mag
netic arrangement is unprecedent in an oxide with the
perovskite structure.

effective existence of the orbital ordering remains then
to be demonstrated in RNiOg perovskites.
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dx2-x2 occupied

To explain this unusual behaviour, it has been
suggested that the actually observed magnetic
structure results from the set-up of a dx2-y2 - dsz2-r2
orbital superlattice (Fig. 1) [2], If such an orbital
ordering actually exists, two possibilities can be
considered to explain its appearance:
a) The competition between intraatomic exchange
correlations and the energy gain of the electrons by
occupying the lowest lying eg orbital. In this case,
no structural distortion is expected to accompany
the formation of the orbital superlattice.
b) A Jahn-Teller-type distortion due to the existence
of a single electron in a doubly-degenerate state. In
this case a new crystallographic cell with the
periodicity of the orbital superlattice (k = 1/2 0 1/2)
would be concomitant with the orbital ordering.
In order to decide between these two possibilities, we
have tried to observe k = (1/2 0 1/2) superstructure
reflections by using neutron powder diffraction. In the
case of PrNiOg and NdNiOg this is a difficult task due
to the existence of magnetic reflections exactly at the
same positions. SmNiOg is in principle a more suitable
candidate because the magnetic and the M-l
transitions are well separated. Thus, we have
synthesized a 154SmNiC>3 powder sample and we
have measured its neutron diffraction pattern on D1B
(ILL) above and below T^.,. The difference pattern
(375-420 K) is displayed in Fig. 2. [3] We could not
see any indication of superstructure peaks. Thus, if
existing, the superstructure reflections are at least 104
times smaller than the largest nuclear reflection. The

di z .fi occupied
3 2

Fig. 1: Schematic representation of the orbital ordering
in RNiOg perovskites (R = Pr, Nd, Sm).
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Fig. 2: Difference between the diffraction patterns
with high statistics obtained at 320K and
420 K. Arrows indicated the positions at which
the nuclear superstructure peaks are expected
for a k = (1/2 0 1/2) orbital ordering type.
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INCOMMENSURATE MAGNETIC ORDERING OF
L. Keller, A. Donni (NRIM Tsukuba) and F. Fauth (ILL)
The intermetallic rare earth compound PrPdAI with ZrNiAI-type structure was investigated by means of
powder neutron diffraction. PrPdAI orders below T/y = 4.2 K with an incommensurate antiferromagnetic
propagation vector k = [1/2,0,t], z - 0.398. The best fit was obtained with a sinusoidal modulation of the
magnetic moments along the c-axis.
The hexagonal ternary intermetallic compounds RXAI
(R= rare earth, X = Ni, Pd) are known to exhibit un
usual magnetic properties at low temperatures [1,2],
as for example the recently investigated CePdAI [2]
that is isostructural to the compound investigated in
this work. The three-dimensional arrangement of the
rare earth atoms in these compounds has distinct
features: The crystalline electric field around the rare
earth ion often induces strong anisotropy; the mag
netic rare earth atoms are stacked in R-Pd layers
which are separated by non-magnetic Pd-AI layers,
hence one can discuss the exchange interactions by
looking separately at the magnetic structure from layer
to layer along the c-axis on one hand, and at the
magnetic arrangement within the two-dimensional
hexagonal lattice on the other hand; within one layer
rare earth atoms form triangles of nearest neighbours,
hence in the case of antiferromagnetic coupling
between nearest neighbours frustration of the mag
netic interactions is induced by this topology.
Therefore we expect interesting effects also in PrPdAI.
Susceptibility measurements showed that magnetic
ordering occurs at Tn = 4.2 K. No second magnetic
phase transition was found at temperatures T > 1.5 K.

paramagnetic diffraction pattern confirms the hexago
nal ZrNiAI-type structure: space group P-62m, Z = 3,
with Pr on the 3f sites, Pd on the 1 a and 2d sites and
Al on the 3g sites. The Pr atoms form a triangle in the
a-b plane.
At low temperatures magnetic Bragg peaks appear
that all can be indexed with an incommensurate
antiferromagnetic propagation vector k = [1/2,0,%], r =
0.398. We tried several magnetic models to describe
the low temperature diffraction pattern. The best fit
was obtained with the spins in the a-b plane in a
triangular arrangement and a sinusoidal modulation
along the c-direction (TSW structure). The magnetic
structure we obtain in the a-b plane is given in Fig. 2.
Note that not all spins are magnetically equivalent.
Along the a- and b-axes nearest neighbours are cou
pled antiferromagnetically, but along the a+b axis the
coupling is ferromagnetic. The best fit was obtained by
independently refine the one out of three which lies on
the a+b axis. The assumption that all magnetic
moments in one plane were of the same magnitude
lead to a worse fit and can be excluded.

Powder neutron diffraction experiments were per
formed on D1A at the ILL in Grenoble, France, in the
paramagnetic state (T = 8 K) and at T = 1.5 K, clearly
below the Neel temperature T|\j. The refinement of the

--------obs

Fig. 2: Antiferromagnetic structure of PrPdAI in one
basal plane perpendicular to the c-axis.
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Fig. 1: Observed and calculated neutron diffraction
patterns of magnetically ordered PrPdAI at
T = 1.5 K.
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ANTIFERROMAGNETIC Nd ORDERING IN NdPd2Ga3
A. Donni, P. Fischer, F. Fauth, M. Zolliker (PSI), E. Bauer (TU Wien)
The ternary intermetallic compound /VdPd2Gag was investigated by powder neutron diffraction: The crystal
structure agrees well with the ordered hexagonal Pr/V/gA/g-fype structure. The antiferromagnetic ordering
below 7/v = 6.5 K corresponds to a propagation vector k = [1/2, 0, 0], The ordered magnetic Nd moments
of (1.99 ± 0.04) pb at saturation lie in the basal plane due to the crystal-electric field anisotropy and are
oriented perpendicular to the propagation vector.
NdPdgGag was studied by powder neutron diffraction
experiments on spectrometers D1A and INS as part of
an investigation of various transport, magnetic and
thermodynamical properties of the new ternary com
pounds REPdgGag with RE = Pr, Nd, Sm [1],
Fig. 1a displays the D1A diffraction pattern of
NdPdgGag in its paramagnetic state at 15 K. The ob
served intensity distribution corresponds to a ternary
compound possessing the hexagonal PrN^AIg-type
structure (see Table 1). The D1A diffraction pattern of
NdPd2Gas recorded at 1.5 K (see Fig. 1b) contains
additional Bragg peaks, which indicate long-range
antiferromagnetic Nd ordering according to a propa
gation vector k = [1/2, 0, 0]. The ordered magnetic Nd
moments of (1.99 ± 0.04) pg lie in the basal plane and
are oriented perpendicular to the propagation vector
(see Table 1). The magnetization curve, shown in
Fig. 1c, indicates a second-order phase transition with
a Neel temperature T% = (6.5 ±0.1) K. The saturation
value po(Nd) = 1.99(4) pg is reduced below the free
ion value 3.27 pg of Nd3+ with 4ig/2 ground state due
to crystalline-electric field (CEF) effects.
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The antiferromagnetic structure of NdPdgGag with Tn
= 6.5 K and po(Nd) = 1.99(4) pg is similar to the one
found in NdPd2Als [2] with Tn = 7.7 K and po(Nd) =
2.28(7) pg.
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Table 1: Parameters of crystal structure at 15 K and
magnetic structure at 1.5 K of NdPdgGag, obtained
from FullProf refinements of D1A neutron diffraction
data.
NdPdgGas: crystal structure at 15 K:
(space group P6/mmm, No. 191)
lattice parameters: a = 5.368(3) A
c- 4.242(2) A
atom site
x/a
ylb
zJc
B[A2]
0
0
0
0.17(10)
Nd
(1a)
0.52(9)
Pd
(2c)
1/3
2/3
0)
1/2
1/2
0
0.43(8)
Ga
(3g)
NdPd2Ga3: magnetic structure at 1.5 K:
propagation vector: k = [1/2,0, 0]
atom x/a
y/a
z/c
Fx [UB]
Fv [MB] Fz [FB]
1.99(4)
0
0
Nd
0
0
0
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Fig. 1: Observed, calculated and difference neutron
diffraction patterns (D1A, X - 2.478 A) of (a)
paramagnetic NdPd2Gas at 15 K and (b)
magnetically ordered NdPd2Gas at 1.5 K. Ver
tical bars indicate Bragg peak positions for
crystal and magnetic structures, respectively,
(c): Temperature dependence of the ordered
magnetic Nd moments based on the observed
neutron intensities (IN3, X = 2.44 A) of the
reflection of NdPd2Ga3 (see inset).
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CRYSTAL ELECTRIC FIELD AND DIMER SPLITTING IN Cs3Er2X9 (X"=~C17BrJ
P. Allenspach , A. Furrer (PSI); H.U. Gudel, N. Furer (Uni Bern); H. Buttner (ILL, Grenoble)
Inelastic neutron scattering technique was used to measure the crystal electric field (CEF) splitting of
CsgErgC/g. Besides a low lying magnetic excitation at around 2 meV all the other transitions are in
agreement with CEF transitions found in optical measurements. Similar additional low-lying magnetic
transitions were found in Cs3Er2Br9- While excitations of the rare-earth dimers most likely play a role, the
size of the splitting and its absence in optical spectra still remain a mystery.
Polarized absorption and luminescence measure
ments have been performed in details for Cs3Lu2_
xErxXg (X = Cl, Br, I) and the CEF potentials have
been parametrized earlier [1],
The crystal-field splitting of the ground-state J-multiplet
of Er3+ in Cs3Er2Clg was measured with neutrons on
INS (ILL, Grenoble) and is in good agreement with the
optical data (Fig. 1), however, the excitation at 2 meV
was not observed in the absorption and luminescence
experiments. The point symmetry at the Er3+ site is
very close to C3v In such a symmetry the 2J+1-fold
degenerate ground-state J-multiplet 4li5/2 splits up
into eight Kramers doublets which all were observed in
the optical measurements. The Er3+ ions in Cs3Er2Xg
structurally form dimers which are well separated from
the neighbouring Er dimers [2], Hence, intra-dimer
interactions will be present and affect the CEF splitting
as earlier reported for Cs3R2Brg (R: Ho, Tb, Dy, Yb)
[3,4,5]. Nevertheless, a dimer splitting of the groundstate doublet of the order of 2 meV would be five times
larger than in Cs3Yb2Brg (0.37 meV) and twenty times
larger than in Cs3Dy2Brg (0.08 meV) [5]. Besides this,
the higher CEF levels are expected to split up by a
similar amount. Neither optically nor with neutrons
such a splitting of higher levels was observed.
In order to explore the origin of this splitting high
resolution neutron measurements were performed on
the time-of-flight instrument IN6 (Grenoble, France) for
Cs3Er2Clg (Fig. 2) and Cs3Er2Brg. The magnetic peak
at 2 meV observed for Cs3Er2Clg on INS turns out to
consist of two pairs of lines, while for Cs3Er2Brg two
lines were observed (which, at higher resolution, may
be resolved into pairs as well).
These low-lying magnetic excitations may be real
properties of these compounds or originating from an
(nevertheless interesting) impurity phase.

Cs Er Cl.
•5 600

T= 15 K

Q = 0.8 A1, PG002
S 400
= 300

10

15

20

25

30

35

40

neutron energy loss (meV)

Fig. 1: Neutron spectrum of Cs3Er2Clg. The arrows
indicate the CEF transitions observed by opti
cal measurements. The magnetic transition at
2 meV has not been seen in these optical
measurements.
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PROGRESS ON X-RAY DETECTION WITH POLYCRYSTALLINE Nb/AI/AIOx/AI/Nb
TUNNELING JUNCTIONS
Th. Nussbaumer, E. Kirk, J. Bialkowski, Ph. Lerch, A. Zehnder (PSI) and H.R. Ott (PSI & ETHZ)
We fabricate superconducting tunneling junction devices and study them as soft X-ray detectors. We in
vestigate energy resolution degradation mechanisms in large absorber devices. Currently important charge
loss dominates in the very vicinity of the tunneling devices.
Our efforts aim towards the fabrication of a useful
X-ray detector using Giaever tunnel junctions. The en
ergy released into the superconductor after the initial
photoabsorption processes is rapidly (ps) transferred
in the phonon system in the form of excess (non-thermal) phonons. The phonon and electronic systems are
coupled together, a phonon can break a Cooper pair
into two quasiparticles (qp) and two qp can recombine
into a Cooper pair and release a phonon. After some
time in the order of a few ns, a significant fraction [1] of
the initial energy is stored in the electronic system in
the form of excess qp excitations near the band-gap
edge.
The main experimental challenge is to collect this ex
cess charge before losses by diffusion and recombi
nation of qp dominate. Effective charge collection can
be achieved with a large tunneling rate combined with
a large qp trapping rate [2], [3], These requirements
imply "well-defined" trapping regions together with a
leakage free tunneling barrier of high transparency. It
turns out that these conditions translate into a delicate
technological problem. We use a variation of the
"whole wafer" selective etching process proposed by
Gurvitch [4] to fabricate [5] Nb- or Ta-AI/AIOx/AI/Nb
devices.
Progress during 1996 has been achieved on three
important fronts.
1

DEVICE FABRICATION

Due to internal re-organization we had to move our
laboratory equipment into another building. The mi
crolithography now takes place in a professional clean
room, hence reliability has increased. Our fabrication
procedure using polycrystalline Nb and yielding polyNb/AI/AI203/AI/Nb devices is now established and fairly
reproducible. We can fabricate superconducting tun
neling devices that show low leakage current in the
order of a few pA/gm2 for a barrier area of 2500 gm2
when measured below 1 K at a bias voltage around
1 mV and in a magnetic field of a few tens of G, nec
essary to suppress the Josephson current. A low leak
age current is of utmost importance for devices that
are to be connected to charge sensitive electronics.
The electronic mean free path I of poly-Nb with resis
tance ratios RRR= R(300K)/R(10 K) = 3 is of order 8
to 10 nm and mainly limits the qp diffusion transport in
the absorber material to = 30 gm.
In order to increase the useful size of the detection
area and connect it to a tunnel device we need to in

crease the mean free path. This is achieved by
depositing Nb or Ta absorber films on hot (750 °C)
substrates before the deposition of the layers of
Al/Al203/Al/Nb forming the actual tunneling devices
occurs, at room temperature or below. The epitaxial
(epi-Nb) material we obtain is well-oriented and best
values of RRR = 70. We investigated the surface mor
phology of epi-Nb and epi-Ta films by atomic force
microscopy and found much smoother film surfaces
than for poly-Nb material. This difference in surface
roughness had surprisingly a negative effect on the
morphology of the Al film that is deposited at = - 40 °C,
on which we subsequently grow the tunneling barrier.
All experiments done so far with epi-Nb material pro
duced devices that were plagued by superconducting
shorts. The most likely explanation is that the Al-film
does not coalesce onto the smooth epi-Nb film, and
that the tunnel barrier formed is a mixture of oxidized
Al islands and oxidized Nb which is known to be un
suitable as tunnel barrier material. In order to over
come this difficulty we started to investigate the effect
of a 5 nm thin "template" layer of poly-Nb on top of the
smooth epitaxial layer. As already stated, the poly-Nb
process is yielding high quality tunnel junctions.
2

LOW NOISE MEASUREMENTS

In connection with the laboratory equipment move, we
installed a Faraday cage that shields the low tempera
ture charge collection experiments against major EM
disturbances. In addition, significant instrumental reli
ability and reduced electronic noise has been obtained
with our newly built two-channel cryogenic insert. It
enables the simultaneous voltage biasing and current
pulse integration of two tunneling devices kept at low
temperature. The heart of the system is a room tem
perature Amptek A250 amplifier wired to a cooled
silicon J-FET integrator connected to the tunneling
junction through a 100 nF coupling capacitor and
placed approximately 10 cm above the tunneling de
vice in a separate vacuum can. Best noise perform
ances of the J-FET are obtained at an operating tem
perature close to 100 K; a temperature that can be
maintained because the drain current dissipates
= 2 mW and the J-FET is weakly coupled to the cold
surrounding in the cryostat. In operation, with a tunnel
junction connected, kept cold below 1 K and voltage
biased in its subgap range, we measure a electronic
pulser F.W.H.M noise contribution of = 13'000 e. Two
channels can be operated at the same time in order
to investigate for diffusion losses in samples with
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2 detection devices connected together through a
common superconducting absorber. This experiment,
in particular, requires long electronic m.f.p in the
absorber and will be carried out as soon as we master
the fabrication problems we face in using epi-Nb
material.
3

RESULTS

The figure shows a pulse height spectrum of the col
lected charge of a single Al/Al203 /Mb read-out junction
of = 50 x 50 pm size fabricated on top of a 70 x 500 pm
large and 200 nm thick superconducting Nb absorber.
The whole device is fabricated on a sapphire
substrate. The device is kept at 0.5 K, biased at
0.95 mV and a 55Fe source, emitting X-rays at 5.9 and
6.4 keV is mounted 3 mm above the chip. X-ray
induced deviations from the stable current-voltage
operation point are integrated by the J-FET and further
amplified by the room temperature unit. Charge pulse
signals and their risetime are recorded together, pulse
height distribution analysis is performed online. The
risetime of the charge pulse is a measure of the loss
time of the excess charge population.

100

The spectrum below channel 160 has been cut. The
peak around channel 200 is the response of the top
electrode. The F.W.H.M of this peak is of the order of
10 to 15 channels and corresponds to 36000 to
54 000 e. The sharp shoulder at channel 350 and the
weak bump around channel 400 are the response of
the other electrode (bottom) of the device to the
5.9 keV and 6.4 keV radiation. The narrow peak at
channel 550 corresponds to the electronic pulser with
an amplitude of 2 x 106 e that is recorded at the same
time as the spectrum of the device. The pulser
F.W.H.M is of order 13 000 e. We assign the energy of
the 5.9 keV Ka radiation of the “Fe source to the sharp
edge at channel 350. The sharpness of this edge is
indicative of a potential energy resolution in the order
of 150 eV. The electronic noise contribution of the
pulser is of order 40 eV. The broad distribution of
events following the edge below channel 350 is due to
position dependent loss processes and the subject of
present investigations.
Risetime analysis allows us to separate events re
corded from the bottom electrode of the device, in our
case the absorber, from events occurring in the top
electrode. Low charge events are generally slower,
and indicative for diffusion losses. The fact that we
observe a broad risetime distribution of events and
that we did not observe any energy resolution im
provement with = 50 x 50 pm size devices fabricated
on top of absorbers with similar area is a clear indica
tion that the charge loss mechanisms are localized in
the vicinity of the tunneling device. Further
experiments were performed with devices fabricated
with 4 nm thin Al-trapping layers. Preliminary results
indicate that losses are most likely localized in the Nb
absorber already.
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FUVITA COMPLEX TEST
J. Bialkowski, R. Henneck, A. Mchedlishvili, A. Zehnder, (PSI)
We report on the performance of FUVITA with regard to the Complex Test of the Spectrum-RoentgenGamma scientific payload. Based on the results from this and further tests, the flight-model CDHS is
currently being fabricated.
FUVITA (Far Ultraviolet Imaging Telescope Array) is a
set of two telescopes to perform imaging in the largely
unexplored Far Ultraviolet (FUV) range between 912 <
X < 1200A [1], It will be flown on the Russian mission
Spectrum-Roentgen-Gamma (SRG) and will close the
gap between the UV instruments and the soft/hard Xray instruments. FUVITA will for the first time image
the FUV sky at a 10 arcsec level over a 1.2° field-ofview with a limiting sensitivity of m-19 for BO stars.
The orbit provided by SRG will allow for long, uninter
rupted observations of up to 100ksec and thus enable
us to study the time variability of faint objects.
Within the FUVITA collaboration PSI provides the
central detectors with front-end processor and
32 Mbytes memory. In 1995 the two flight-model and
one spare-model detectors were tested at PSI and
calibrated at the Space Sciences Laboratories at
Berkeley [2], In this contribution we report on the
Complex Test (CT) which was performed in 1996.
The aim of the CT is to demonstrate the correct func
tioning of all instruments installed on SRG and to
localize possible electromagnetic interferences. The
Engineering Models (EM) of all scientific instruments
were operated simultaneously in order to test their
performance under the following conditions: ‘normal
observation’, emergency situation’ and ‘fast memory
filling’.
Within FUVITA, the ‘Control-and Data-HandlingSystem’ (CDHS) is controlling the detector and the
power supplies as well as organizing the data transfer
to the SRG on-board computer and further to the
System Mass Memory (SMM). Alternatively, data can
also be stored in the 32 Mbytes ‘flash’ memory
(residing in the detector itself). The control is achieved
by sending parameter files. The performance of the
whole system was tested by using three different kinds
of signals: (a) random, external pulser signals, fed to
the inputs of the preamplifiers, (b) ‘stimulated pulses’
(STIMs): four metalized holes on the backside of the
anode permit to capacitively induce charges by means
of voltage pulses. The STIMs, excited periodically at
two voltage levels produce an input signal to the pre
amplifiers almost identical to that of real photon events
and are thus very useful to test the position stability,
gain linearity and dead-time of the whole signal chain,
(c) baseline signals: these are periodic signals spe
cially created to measure the ADC pedestals and the
electronic noise. Both, (b) and (c) are periodically in
terspersed with real photon events in space. In addi
tion there is housekeeping' data on the detector
status, which are transmitted periodically. Several data

output modes are selectable for each event: (i) raw W,
S, Z amplitudes and time, for analysis on ground (ii)
x/y position (corrected for baseline offsets and non
linearity) and time (iii) time-integrated x/y histograms.
Fig. 1 shows a 3-dim plot of the positions of the three
types of signals within the field-of-view, which were
sampled during the CT and stored in SMM. The four
peaks at the corners correspond to the STIMs located
at different positions of the anode, while the more
centrally located peak is due to the external pulser.
The broad, low-intensity central distribution is due to
baseline signals that are sampled at random ampli
tudes and hence have no defined positions. These
features, as well as all other detector related functions
studied, are as expected; no detrimental interference
effects due to the simultaneous operation of other
instruments were observed. Apart from that, several
serious problems were encountered with various func
tions of the CDHS and the SMM. However, these are
not considered to be due to the simultaneous opera
tion of all instruments but rather to intrinsic CDHS and
SMM problems. The problems related to the CDHS
have been largely eliminated based on the results of
additional detector-CDHS tests performed in the sec
ond half of 96. The flight-model CDHS is presently
being fabricated (in Kirgisia, partly financed by PSI)
and will be tested in the first half of 97.

Fig. 1: x/y/intensity plot, obtained during Complex
Test with different signal sources. For details
see text.
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XMM - RGS FLIGHT HARD WARE ACCEPTED AND DELIVERED
K. Thomsen (PSI)
Flight hardware for the ESA mission XMM has been completed and passed successfully the foreseen
tests.
1988 PSI joined the international collaboration to build
the Reflection Grating Spectrometer (RGS) onboard
the ESA cornerstone X-Ray Multi Mirror Mission
(XMM). XMM is an observatory type satellite of un
precedented performance in the X-Ray spectral range.
The RGS uses a strip of nine CCD detectors as detec
tors. To optimize performance these detectors have to
be cooled to operating temperatures between -60 °C
and -130 °C, with the lowest temperatures needed
towards the end of the 10 year mission. Cooling is
achieved by passive means using a radiator facing
cold space. Occasionally the CCDs have to be
warmed up to room temperature or higher to get rid of
cryodeposited contaminations.
In the XMM-RGS collaboration PSI has taken the re
sponsibility to provide the detector housing and cool
ing system as well as a door mechanism which pro
tects the detectors on ground and is opened only once
in orbit at the beginning of the scientific mission. After
extensive tests with completely PSI designed and
internally built breadboard models of the detector
housing and the radiator the qualification model and
the flight models have been finalized in the design and
produced by Swiss industry (Contraves). The door
mechanism had been contracted to another Swiss
company (CSEM) where qualification as well as flight

models have been designed in detail and manufac
tured.
In 1996 the production of all flight and flight spare
components of the detector housing, cooling system
and the door mechanism was successfully completed.
All items went through the full set of applicable accep
tance tests and passed them without problems. At the
turn of the year all units have been transferred to the
principal investigator of XMM-RGS of the space re
search organization of the Netherlands (SRON) in
Utrecht.
Another XMM relevant and important activity with PSI
involvement in 1996 was the calibration of the qualifi
cation model of the XMM-RGS instrument in a com
plete configuration with X-ray light in the Panter facility
in Munich. Mirrors, gratings and CCDs were set up in
an arrangement as flight representative as possible;
- due to the finite source distance of 120 meters there
are limits in terms of geometry. The evaluation of the
wealth of data gained is still in progress, preliminary
analysis demonstrates that the instrument meets its
specification.
For the investigation of the degradation of the detec
tors due to radiation in space sample CCDs have
been subjected to tests at PIE, the PSI Proton Irradia
tion Facility.

Fig. 1: The two flight models of the XMM-RGS detector housing with the radiators mounted.
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CALIBRATIONS OF THE ENGINEERING MODEL OF THE STANDARD RADIATION
ENVIRONMENT MONITOR AT THE PIF
W. Hajdas, P. Buhler, A. Mchedlishvili, N. Schlumpf, A. Zehnder (PSI),
L. Adams, E. Daly, P. Vuilleumier (ESA-ESTEC, Noordwijk)
The Engineering Model of the Standard Radiation Environment Monitor (SREM) was manufactured under
an ESA contract by OERLIKON-CONTRAVES SPACE in collaboration with the PSI. Different charac
teristics of the monitor were tested and its response functions for protons were measured at the Proton
Irradiation Facility. The results are compared with Monte Carlo Simulations.
GENERAL
The Standard Radiation Environment Monitor is a
second-generation radiation monitor developed by the
partnership of ESA, PSI and industry. Compared to
the first REM [1], the new design is characterized by
smaller weight and dimensions, lower power con
sumption and a much wider operating temperature
range. It has the capability of detecting very high par
ticle fluxes, i.e. up to a few hundred thousand events
per cm2 and sec. While preserving the spectroscopic
information, the monitor provides now a certain
amount of directional sensitivity. An optional set of
external RADFETs enables total dose determination at
up to seven distinct locations on the satellite. Two
programmable alarm flags for high/low dose rates are
implemented, and by using radiation tolerant compo
nents the in-orbit operation time will be extended to
about 10 years. SREM is designed as a basic dose
monitoring equipment for ESA missions with a layout
being compatible to most spacecraft standards
worldwide [2]. The engineering model of this monitor
was manufactured in November 1996. Its view is pre
sented on the photograph below.

amplification the pulses are scrutinized by a set of 15
fast comparators. Their levels are optimized to get the
most accurate information on the spectrum shape(i.e.
deposited dose) of the detected particles. The dis
criminator signals (events) are summed up in counters
for immediate on-line processing, as alarm flag setting
and dose rate calculation. In the off-line analysis (on
ground), the information stored in the counters will be
used to extract the particle spectra. An additional set
of 3 counters is measuring the dead time of the analog
channels and thus provides the on-line dead time cor
rections factors. The low energy detection thresholds
for protons and electrons are defined by the thickness
of the Al entrance windows. Thus the window
thickness can be selected depending on the mission
specific requirements. The Engineering Model was
designed to detect protons from 8 MeV up to more
than 300 MeV and electrons from about 0.3 up to
6 MeV. In addition one discriminator/ counter channel
is set to identify heavy ionizing particles.
CALIBRATIONS
During the November 1996 PIF [3] calibration runs the
following measurements were performed:
•
Linearity and minimum sensitivity
•
Dead time and pile-up corrections
• Total sensitive area of SREM detectors
•
Proton spectra for different energies and angles
• Spectra of 60Co gamma and cosmic rays
It was found that all SREM proton and electron bins
are located within the linear range. The linearity ex
tends from the low energy threshold of 16 MIP to about
30 MIPs (MIP - Minimum Ionizing Particle).

Fig. 1: SREM Engineering Model.
DETECTION SYSTEM
The SREM consists of 3 Silicon Surface Barrier Detec
tors embedded in a bi-metallic shielding/mounting
structure of tantalum (inner) and aluminum (outer).
Two of the detectors are arranged in a telescope
setup to provide better resolutions of type, energy and
directionality of the incident radiation. After signal pre

The dead time measured for the 16 MIP signals was
below 10% for fluxes above 105 p/cm2/sec. At this par
ticle fluxes the pile-up corrections were found to be on
the level of 10-20%. Correcting for the pile-ups be
comes very important at these high rates in order to
be able to reconstruct reliably the particle spectra.
Totally 35 pairs of energies and angles were set for
proton spectra and angular distribution measure
ments. The energy of the incoming protons was varied
in the 38 to 300 MeV range using the PIF energy de
grader. The angular position of the SREM was
changed to cover the full range of particle incidence
angles from 0° to 180°. A flat beam field was set up for
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uniform irradiation of the two detector housings of the
monitor. With fast, plastic detectors arranged in a tele
scope set-up the proton flux in front of the SREM was
measured for normalization.

Detector D1
•

Experiment

---------Simulations

MONTE CARLO VERSUS EXPERIMENT
Monte Carlo simulations of the SREM proton response
are performed with the GEANT particle transportation
code from CERN. An accurate modelling of the ex
perimental data requires a reliable construction of the
data bank by taking into account the details of the
structures inside the SREM box. Two examples of
angular distributions and energy spectra are shown in
the figures below.

Energy / MeV

Fig. 3: Energy spectrum for the SREM detector D1 at
0°. Initial proton energy is equal to 100 MeV.

very first REM model still operating on the STRV-B [4]
satellite in continuing the survey of the earth radiation
environment. Further SREMs are planned by now for
the ESA Integral and Propa satellites.
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OPERATING OF THE PROTON IRRADIATION FACILITY - STATISTICAL SUMMARY
W. Hajdas, A. Zehnder (PSI), L. Adams, B. Nickson, R. Sorenson (ESA-ESTEC, Noordwijk)
In 1996 the Proton Irradiation Facility (PIF) was used for more than 20 irradiation experiments. The beam
time was divided into 25 blocks of a total of 65 days with beam on target. Fifteen groups from different
scientific institutes and industrial firms performed investigations.

EXPERIMENTS
Irradiation experiments at the Proton Irradiation Fa
cility in 1996 started on 23 March and finished on
26 November. The beam time was arranged into 25
irradiation blocks of variable duration. The total number
of days with the beam on target was equal to 65. The
facility was used for 20 different types of experiments
the list of which is presented below:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Passive exposures of fast comparators
Radiation hardness studies of FPGA
CCD proton exposures for the CATSAT program
Irradiation of electronic devices for ARIANE rocket
Tests of PCMCI Hard Disk drives
Damages in Superconducting Tunnel Junctions
Calibrations of Scintillation Fibers Detectors
Material tests for the FIRST satellite
Radiation effects in Si:As detectors (ISO mission)
Degradation tests of CCDs for the XMM mission
On-ground tests of the ESA Discharge Experiment
Tests of the SREM prototype detectors
Beam development, set-up of the new quadrupole
Calibrations of the Bi-fission track detectors
Passive exposures of GaAs test devices
Radiation hardness tests of the ADCs
Radiation effects in the PCMCI EtherLink III card
Irradiation tests of microprocessors
Irradiation tests of memories
Calibrations of the EM of the SREM

Beside of irradiation studies in the NA2 PIF area,
some investigations were carried out either in the OPTIS or NEC areas using protons from the Phillips cy
clotron. Many novel electronic devices reveal in
creased sensitivity to low energy protons. Therefore
there is a high interest in radiation hardness tests
starting at energies of about 10 MeV.
(Comprehensive reports on experimental results are
published elsewhere. Leading investigators are, as a
rule, in charge of publicizing of the data and organizing
of the data banks).
TESTED DEVICES
Devices Under Tests (DUT) irradiated at the PIF can
be classified into four following groups:
•
radiation dosimeters:
ESA/PSI developed SREM = Standard Radiation
Environment Monitor, Bi-fission track monitors,
Scintillation Fibers
• particle, X-ray, photon and total flux detectors:
CCDs, Si:As (BIBIB) detectors, STJDs,
(dis)charge monitors

•

•

electronic components:
ADCs, GaAs test devices, FPGAs, Xlinks, memo
ries, comparators, ^processors
computer and communication hardware:
PCMCI disk drives, EtherLink III cards.

SPACE APPLICATIONS
Majority of the experiments was performed as a part of
preparations for future space missions. They comprise
the following projects:
•
•
•
•
•
•

CATSAT

Collaborative Astrophysics and
Technology Satellite
COLUMBUS ISS-International Space Station
FIRST
Far Infra-Red and Submillimetre
Telescope
INTEGRAL International Gamma-Ray Astro
physics Laboratory
STRV
Small Technology Research Vehicle
XMM
X-Ray Multi-Mirror Mission.

There is also an established program of radiation
hardness investigations of electronic components for
the ARIANE rocket. Another studies aim to explain
failures, which appeared on presently flying satellites
like ISO and might be attributed to radiation induced
malfunctioning.

USERS AND COLLABORATIONS
The following index contains industrial firms, scientific
institutions and universities involved in experiments at
the PIF in 1996:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

European Space Agency - ESA - ESTEC
Agenzia Naz. per la Protezione dell’Ambiente, Italy
Asea Brown Boveri Ltd. - ABB, Switzerland
Centre Spacial de Toulouse, CNES, France
CERT-ONERA, France
Dornier Satellitensysteme GmbH, Germany
HIREX Engineering SA, France
Intertechnic, France
Matra Marconi Space, France
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SOLAR INFLUENCE ON THE EARTH S RADIATION BELTS
P. Buhier, L. Desorgher, A. Zehnder (PS), E. Daly and L. Adams (ESA/ESTEC)
The more than two years operation of two Radiation Environment Monitors have allowed to study the
influence of solar activity variations on the particles trapped in the earth's radiation belts. Decreasing solar
activity causes low electron fluxes in the outer belt but results in an enhanced radiation in the South
Atlantic Anomaly.
1

INTRODUCTION

The earth's environment is strongly influenced by the
solar irradiation, which comprises electromagnetic
emission and also particles in the solar wind. This
emission undergoes variations, cyclic ones due to the
11-year solar activity cycle and 27-day solar rotation
period, but also non-cyclic ones like solar flares and
energetic proton events. These variations are also
reflected in the state of the earth's environment, i.e.
the particles trapped in the earth's magnetic field
forming the radiation belts. The earth is surrounded by
two radiation belts, the outer, of which the high-energy
part (E = 1 MeV) consists mainly of electrons and the
inner, which is dominated by high energy protons.
Since summer 1994 two Radiation Environment
Monitors, REM [1] from PSI are orbiting the earth on
different orbits and monitor the energetic charged
particle fluxes in the earth's radiation belts. The period
of time covered with REM measurements is in the
declining phase of the solar 11 -year activity cycle (the
minimum of the actual cycle is expected to be reached
towards the end of 1997). The declining phase is
characterized by decreasing solar magnetic activity
that results in a decrease of the Radio, EUV and X-ray
emission. In the uppermost panel of Figure 1 we plot
as a measure for solar activity the three-month
running average of the solar radio flux, F10.7A. The
flux of 80 • 104 Janskys (1 Jansky = 1026 W/m2/Hz)
reached in summer 1994 is a factor two smaller than
the typical fluxes at solar maximum. Between April
1995 and April 1996 the radio flux decreased by an
other 15%.
A drop of the number of sporadic solar events also
characterizes the declining phase. In the two years
since August 1994 GOES satellites have detected
only two proton events. During solar maximum this
number would be typically 20. Due to the lack of
eruptive events, the solar wind arriving at the edge of
the earth's magnetosphere, the magnetopause, is
characterized by recurrent fast wind streams which
are escaping the sun from coronal holes and reappear
after each solar rotation as long as a specific coronal
hole exists.

2

SOLAR WIND VERSUS OUTER BELT

It is the impact of these fast wind streams on the
magnetosphere which cause strong variations of the
high-energy electron population trapped in the outer
radiation belt. The arrival of a fast solar wind stream at
the earth causes first a depletion of the outer belt
within typically one day. This is followed by a rapid
(few days) increase where the level reached depends
on the wind peak velocity and season [2]. In the
middle panel of Figure 1 the three-month running
average of the electron flux measured in the outer belt
with the REM aboard the UK satellite STRV-1B is
plotted versus time. Due to the averaging the fast
variations are smoothed out, whereas the seasonal
variation is clearly seen.
The low fluxes during winter and summer are not due
to the absence of fast solar wind streams during that
time. But although solar wind streams of similar
velocity and density impinge upon the magnetosphere
their effect on the trapped electrons is different than
during spring and fall. The effectiveness of the solar
wind-magnetosphere interaction is controlled by the
orientation of the earth's magnetic dipole axis with
respect to the solar wind flow. On the other hand,
together with the solar activity also the mean solar
wind speed has decreased after summer 1995, which
is the reason for the smaller flux maxima observed in
fall 1995 and spring 1996 compared to those in fall
1994 and spring 1995.
3

SOLAR FLUENCE VERSUS INNER BELT

Particles trapped in the earth's magnetic field bounce
between mirror points located in the north and south
hemispheres. At the mirror points the particles dip
deepest into the atmosphere, where they can interact
with the ambient atoms and molecules and become
lost from stable trapping. The altitude above earth of
the mirror points of particles trapped in the inner
radiation belt depends on geographic position, as the
dipole axis of the earth's magnetic field is tilted and
shifted relative to the earth's rotation axis. The
magnetic field configuration is such that the mirror
points are lowest in a region centered on the east cost
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Fig. 1: Three month running averages of (t.t.b.) Solar radio fluence (F10.7A), REM electron flux in outer belt, and
REM daily SAA dose. The lowering of solar activity after summer 1995 caused a overall decrease of the flux
of electrons trapped in the outer radiation belt and an increase of the daily dose measured in the South
Atlantic Anomaly.
of Brazil, in the so-called South Atlantic Anomaly,
SAA. This is thus the area where the particles can
reach low altitudes (and are experienced by satellites
on Low Earth Orbits), but also where their fluxes are
most strongly influenced by atmospheric conditions.
Variations of the atmospheric density are expected to
modulate the loss rate of trapped particles and thus
the trapped particles fluxes in the SAA.
In the lowest panel of Figure 1 the daily average dose
measured in the SAA by the REM flying aboard the
Russian spacestation Mir is plotted versus time [3].
Around the middle of 1995 the SAA dose increased by
25%, nicely coinciding with the observed decrease of
the solar radio flux. Calculations using a standard
atmospheric density model show that the decrease of
heating power from the sun causes a lowering of the
atmospheric density in the SAA region by typically
20% which can account for the enhanced SAA doses.
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THE CORONAL EMISSION MEASURE DISTRIBUTION OF THE YOUNG SUN
M. Gudel (PSI), E.F. Guinan (ViHanova Univ. USA), R. Mewe, J. Kaastra (SRON, NL),
S.L. Skinner (JILA, Univ. of Colorado, USA)
We have studied the X-ray emission measure distribution (emission measure as a function of temperature)
in the corona of a very young analog of the Sun. The bi-modal distribution (maxima at 7 and at 20 MK)
suggests that frequent flaring could be responsible for coronal heating to high temperatures.
1

INTRODUCTION

The ASCA and EUVE satellites are now providing
access to intermediate and high spectral resolution
within the 1-300 A range (energy resolution E/AE = 10-30
for ASCA, and E/AE = 200-400 for EUVE). We have
selected a young solar-like star, the rapidly rotating,
Pleiades-age GOVe star EK Draconis, for combined
ASCA and EUVE studies of the coronal emission
measure (EM) distribution in the "young solar" corona.
ASCA observed our target on 1994 May 24 with a net
exposure time of 14 ks. We obtained our EUVE ob
servations between 1995 December 6 and Decem
ber 13 with a net exposure time of ~ 185 ks. The spec
tral analysis was carried out in the SPEX software
package [1],

8-20 MK. Additionally, a small amount of EM is found
around 1-2.5 MK, amounting to a total of-9x10™ cm3
(from the "average" EM in Fig. 2). This EM is
reminiscent of the non-flaring solar case although it
exceeds the latter by an order of magnitude, ii) Oth
erwise, no significant amount of EM is found below
- 3 MK.

We have applied a number of different approaches to
reconstruct the EM distribution, such as an integral
inversion, cleaning, polynomial fits, genetic algorithms,
and multi-temperature fits.

Fig. 1: EUVE short-wavelength (left) and mediumwavelength (right) spectra of EK Dra. A few
emission lines (mostly of Fe) are identified.

2

RESULTS AND DISCUSSION

We have reconstructed the EM distribution of the
coronal plasma of EK Dra between 105 K and 10s K
using all four detectors onboard ASCA and the EUVE
short-wavelength and medium-wavelength detectors
below 290 A (Fig. 1). The EM reconstructions of all
data sets consistently show two features: i) The EM
displays two relatively well confined peaks at 5-8 MK
and at 15-40 MK with a deep minimum around

Fig. 2: ASCA X-ray spectra of EK Dra. The four
spectra are from two CCD spectrometers
(SIS0, SIS1) and two gas-imaging spectrome
ters (GIS2, GIS3). The count rates of SIS1,
GIS2, and GIS3 have been shifted by -1dex,
-2dex, and -3dex for illustration, respectively.
Crosses mark binned observations with error
bars, and the histrograms represent spectral
fits.
Some of the differences in the EM shape from different
reconstruction methods are artifacts from the
algorithms. The integral inversion method produces
smooth EMs by the prescription in the regularization.
The clean method effectively selects delta functions in
T, located at the most significantly contributing
temperatures.
The bi-modal structure of our EM reconstruction may
be a signature of plasma cooling. The radiative cooling
function of an optically thin, thermal plasma displays a
positive slope (increasing emissivity with increasing T)
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around (4.5-7.S) MK and above 24 MK. These are
regimes of increased thermal stability. Radiatively
cooling plasma is naturally concentrated around these
temperatures. On the other hand, the cooling curve is
steeply negative in the regimes below 3 MK and
around 8-15 MK, and these are the ranges where little
emission measure is expected.
The bi-modal distribution, then, reveals perhaps the
most surprising result of our analysis: The presence of
a considerable amount of EM at very high tempera
tures, mostly in the range 15-30 MK. This temperature
range matches the typical temperatures reached dur
ing the peaks of solar flares. The EM distribution thus
itself supports the view that flare-like processes (if not
flares proper) are the heating sources for the hot
coronal plasma. This concept requires further evi
dence from other observations. A full report of this
work is given in Ref. [2],

polynomial

o—

multi-T
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CONTRIBUTIONS OF ACTIVE BINARY STARS TO THE GALACTIC DIFFUSE X-RAY
BACKGROUND
M. Gudel (PSI), E.F. Guinan, S. Margheim (Villanova Univ. USA), Young W. Kang (Sejong Univ. Korea)
We estimate the frequency of chromospherically active binary stars with luminous X-ray corona in the
galactic bulge, i.e., the center part of our galaxy. Based on a large database, we infer that a considerable
portion if not all of the diffuse X-ray background previously observed in that direction may be due to active
binary stars.
1

INTRODUCTION

The galactic bulge has been recognized as a generally
metal-rich population of stars around the center of our
Galaxy about 8 kpc from the Sun. Snowden et al. [1]
present the first ROSAT maps of the diffuse soft X-ray
background (DXBG) obtained in the 0.25 keV,
0.75 keV, and 1.5 keV bands during the All Sky
Survey. While the 0.25 keV map is dominated chiefly
by absorption structures predominantly along the
galactic plane due to the presence of a considerable
column of interstellar HI, the higher energy bands
(which are less influenced by HI absorption) reveal
their most prominent structure around the galactic
center. Snowden et al. suggest that this diffuse X-ray
emission is related to the galactic bulge but offer no
concrete explanation as to its origin. Fig. 1, from [1], is
a schematic map showing the major X-ray features.
As shown, the DXBG near the galactic center is
distributed around the direction of the galactic center
and extends about ±10° in galactic longitude and
latitude.
Since 1993 the Optical Gravitational Lensing Experi
ment (OGLE) collaboration has carried out CCD pho
tometry of fields of moderately low obscuration (known
as the Baade Window = BW) in the direction of the
galactic bulge to search for microlensing events and
evidence of dark matter [2]. A serendipitous reward of
the OGLE program has been the discovery of over two
thousand (periodic) variable stars in the galactic bulge
direction.
2

RESULTS

Most of the identified periodic (but non-pulsating) vari
ables in the OGLE database are placed on the red
giant branch of bulge stars. Adopting the mean values
of E(V-I) and A(l) and using calibrations of Tefl-(V-I)0,
we found that a majority of these variables have in
ferred spectral types from about G8 to K5 and, judged
from their light curves, we identified most of them as
"spotted" (i.e., magnetically and therefore) chromos
pherically active binary (CAB, or RS CVn) stars, but
also as Algol-type or contact W UMa-type close bina
ries. The OGLE magnitude limit excludes many poten
tial short period CABs having dG, dK and dM compo
nents. These are close binaries that contain active
dwarf components ("BY Dra" binaries). Most contact
W UMa binaries also would fall below the I = +18m
cutoff.

The surprisingly large number of CAB candidates in
the bulge region encouraged us to estimate their con
tribution to the DXBG toward the galactic center.
CABs, Algols and W UMa binary stars are well
known sources of coronal X-ray emission with
mean Lx = 6 x 1030 ergs s ', 1 x 103’ ergs s ’, and
6 x 1029 ergs s ’, respectively [3,4].
We estimated the surface densities (stars arcmin2) of
possible X-ray sources by counting the number of
variable (non-pulsating) stars seen in the OGLE fields.
Their surface distribution is very uneven, most likely
due to patchy foreground dust absorption. We isolated
the regions where the star numbers were greatest and
made surface density estimates using 3x3 arcmin2
grids. The following values were found for the CAB
candidates (including the ellipsoidals), Algols, and W
UMa stars: 0.9, 0.5, and 0.7 stars arcmin 2, respec
tively. These surface densities are lower limits to the
actual numbers of these active binaries in the bulge
direction. The true number of active binaries may be
several times higher, in particular due to i) our using
the light variability as the sole criterion for identifying
the active stars; ii) the 0.1m light amplitude threshold
that effectively excludes active binaries that are seen
nearly pole-on, and iii) the I = +18m brightness limit
(eliminating the inclusion of BY Dra binaries).
BY Dra binaries are quite common in the solar
neighborhood and typically have Lx = 1 x 1030 ergs s1
[3,4], We estimated their true numbers and
considered the "undetected" stars by increasing the
X-ray flux density from the observed stars by a factor
of 4 (also accounting for the foreground populations of
similar stars). When this is done, the total expected
Lx (0.5-2.0 keV) arcmin 2 = 4.3 x 103'ergs s 'arcmin 2,
which assuming an average distance of 7.6 kpc,
would yield an unattenuated X-ray flux at Earth of
fx = 6.2 x 1015 ergs cm 2 s ' arcmin 2. If we adopt an
appropriate hydrogen column density of 3x102' cm2,
then the observed (attenuated) X-ray flux would be
more like
fx (CA stars) = 3.1 x 1015 ergs cm'2 s ' arcmin 2.
This is close (within the uncertainties of the calcula
tions and assumptions) to the mean observed DXBG
flux (at 0.5-2 keV - from [1]) in the direction of the
bulge of
fx (DXBG) = 7.6 x 1015 ergs cm 2 s ' arcmin 2.
We conclude that chromospherically active binary
stars are promising candidates to explain a consider
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able portion if not all of the DXBG toward the galactic
center.
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Fig. 1: Schematic map of the DXBG components in galactic coordinates. The central emission could be due to
active binary stars in the galactic bulge (from [1]).
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DARK MATTER IN THE UNIVERSE
Ph. Jetzer, F. De Paolis (PSI), D. Scialom, M. Strassle (Univ. Zurich), G. Ingrosso (Univ. Lecce),
M. Gibilisco, M. Roncadelli (Univ. Pavia).
We further developed our investigations on the problems of the nature and the detectability of dark matter
in the halo of our Galaxy. We also performed simulations for the expected observations to be made with
the X-ray satellite XMM.
At the end of 1993 the French collaboration EROS and
the American-Australian collaboration MACHO an
nounced the discovery of microlensing events in the
Large Magellanic Cloud (LMC) by monitoring during
some years several millions of stars. These observa
tions have been confirmed in the meantime and sev
eral new events have been reported. An important
question which arises is the determination of the mass
of the brown dwarfs or Jupiter-like objects (called also
MACHOs for: Massive Astrophysical Compact Halo
Objects) which act as lenses and the fraction of halo
dark matter they make up. Using the method of mass
moments developed several years ago by us [1], we
inferred using the latest observations the average
mass of the lensing objects which turns out to be
- 0.27 M®, assuming a standard spherical halo, as
well as their contribution to the halo dark matter, which
is about 50 % [2]. This analysis has also been gener
alized to an anisotropic distribution of MACHOs in
phase space [3].
Together
with
F. De Paolis,
G. Ingrosso
and
M. Roncadelli we have recently proposed a scenario
for a baryonic dark halo, in which the formation of
MACHOs and H2 molecular clouds in the outermost
part of the halo naturally arises [4], We already dis
cussed various methods to test our scenario, in par
ticular that the clouds in the galactic halo would pro
duce a y-ray flux through the interaction with high-en
ergy cosmic ray protons. We are (in collaboration with
M. Gibilisco, G. Ingrosso and M. Roncadelli) perform
ing a more detailed analysis on this problem in order
to get a better estimate of the expected y-ray flux. This
also in order to compare it with the measurements
done so far by the satellites SAS II and COMPTON
(with the instrument EGRET).
In the framework of our scenario we have analyzed
the dynamics of the dark clusters in the galactic halo
and discussed the possibility that a sizable fraction of
MACHOs is in form of binary brown dwarfs. Moreover,
we pointed out that the observed Ly-a absorption
systems could naturally fit within our model [5,6].
We have also examined the possibility that dark clus
ters contribute to the observed X-ray background. In
fact, we expect an X-ray flux from MACHOs since they
are expected to have coronal X-ray emission of
1027 erg s'1. Since most likely MACHOs form in dark
clusters together with cold molecular clouds, each
dark cluster should have a total X-ray emission of
10” - 10” erg s'1, depending on the dark cluster mass.

These X-ray spots could be detected with the next
generation of satellites. Moreover, from the observed
diffuse X-ray background (with ROSAT) we infer that
the amount of hot (at a temperature of ~106 K) diffuse
gas present in the galactic halo can at most make up
1 -5 % of the halo dark matter.
Until present it has been generally assumed that to
investigate the amount of dark matter in galaxies it is
more convenient to look towards the brightest ones,
since it was expected that they contain much more
dark matter than low-luminous galaxies. On the con
trary, recently it has become clear that dwarf galaxies
contain much more dark matter (respect to the lumi
nous matter) than bright galaxies. Moreover, within our
scenario it is expected that dwarf galaxies have diffuse
gas and thus emit in the X-ray band. With M. Strassle
(Univ. Zurich) we are, therefore, analyzing ROSAT Xray data for some dwarf galaxies. This way we will be
able to determine the gravitational potential of the
dwarf galaxies in question and thus indirectly infer
their total amount of dark matter.

Fig. 1: Simulated spectrum for the galaxy cluster
Abell 1837. Exposure time: 40 ks.
I joined this year the study group on galaxy clusters
formed by representatives of the different laboratories
(including PSI) involved in the construction of the in
strument RGS on the satellite XMM. Together with F.
De Paolis we have performed a series of simulations
(see Figure 1) for the expected observations with RGS
of several galaxy clusters, which have been selected
as targets for the core program of XMM [7],
F. De Paolis has also continued to work on the prob
lem of the y-ray bursts on which he is writing a review
paper for the journal Comments on Astrophysics. This
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knowledge is useful in order to find suitable targets for
the planned satellite HESSI, part of which might be
built at the Laboratory for Astrophysics of PSI. In fact,
we started to make an inventory of possible y and Xray sources located nearby the ecliptic plane, whose
flux is sufficiently high to be detectable with HESSI.
I completed a paper together with D. Scialom (Univ. of
Zurich) on the time evolution of the perturbations in
duced by a complex scalar field in the early phase of
the universe [8], These investigations are of relevance
for a correct interpretation of the cosmic microwave
background, which will be measured with very high
accuracy with the planned satellite COBRAS/SAMBA
of ESA.
I also wrote up my lecture which I gave at the Zuoz
Summer School on physics with neutrinos [9] and
acted as Editor (together with N. Straumnann and G.
Lavrelashvili) of the proceedings of the conference
"The Journees Relativistes", which took place in Ascona at the Centro Stefano Franscini of ETH in may
1996. The proceedings have appeared in two volumes
[10] of Helv. Phys. Acta.
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D. Piguet, E. Rossler, D.T. dost, H.W. Gaggeler, U. Baltensperger
Heterogeneous interaction of N02 with carbonaceous aerosols at the ppb level: adsorption, conversion to
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U. Baltensperger, M. Ammann, M. Kalberer, H.W. Gaggeler
Chemical reactions on aerosol particle surfaces: Concept and methods
European Aerosol Conference, Delft, 9-12 September, 1996, J. Aerosol Sci. 27, Suppl. 1, S651-S652 (1996).
U. Baltensperger
Atmospharenchemie
Informationsseminar uber Klima- und Umweltforschung im Bereich F3A, PSI, 16 October, 1996.
U. Baltensperger, M. Schwikowski, H.W. Gaggeler
Transfer of atmospheric constituents to snow and ice
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Universitat Bern, 23 October, 1996.
M. Kalberer
Wechselwirkungen von NO mit verschiedenen Aerosolen
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G. Skillas
Bestimmung der fraktalen Dimension
Seminar PSI, 15 November, 1996.
E. Weingartner
Modification of combustion aerosols in the atmosphere
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Magnetic in-plane anisotropy in sputtered feco films and multilayers
1st European Conference on Neutron Scattering ECNS'96, Interlaken, Switzerland, 8.-11.10.96.
F. Fauth, T. Chattopadhyay, L.P. Regnault, L. Weiss, T. Zeiske, A. Hoser, and H.A. Graf
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U. Gasser, P. Allenspach, and A. Furrer
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S. Janssen, H. Natter, R. Hempelmann, T. Striffler, U. Stuhr, H. Wipf, H. Hahn, and J. Cook
Hydrogen diffusion in nanocrystalline palladium studied with quasielastic neutron scattering
1st European Conference on Neutron Scattering ECNS'96, Interlaken, Switzerland, 8.-11.10.96.
S. Janssen, J. Wagner, H. Natter, J. Prewo, R. Rupp, J. Loftier, H. Eckerlebe, R. May, G. Meier, and
R. Hempelmann
Small angle neutron scattering experiments on nanostructured matter using contrast variation
NANO'96 Kona, Hawaii, USA, 8.-12.7.96.
S. Janssen, J. Wagner, J. Prewo, H. Natter, H. Eckerlebe, G. Meier, and R. Hempelmann
Kontrastvariation in der Neutronenkleinwinkelstreuung an nanostrukturierter Materie:
Experimentelle Beispiele
Hauptversammlung der Deutschen Bunsengesellschaft, Jena, Germany, 16.-18.5.96.
E. Kaldis, K. Conder, H. Schwer, Ch. Kruger, J. Karpinski, G. Bdttger, P. Fischer, E. Liarokapis, and
D. Palles
Structural anomalies and phase transitions in the Y-Ba-Cu-0 cuprates
Swiss Workshop on Superconductivity and Novel Metals, Les Diablerets, Switzerland, 30.9.-2.10.1996.
L. Keller, D M. Hussey, and M.D. Payer
Theory of electronic excitation transfer: applications to ordered phases in polymeric materials
Annual Meeting of the Western Spectroscopic Society, Asilomar, USA, 31.1.-3.2.96.
H. Kitazawa, A. Donni, P. Fischer, J. Tang, G. Kido, F. Fauth, and M. Zolliker
Magnetic properties of NdPtAI
1st European Conference on Neutron Scattering ECNS'96, Interlaken, Switzerland, 8.-11.10.96.
K. Kramer, H.U. Gudel, P. Fischer, and M.T. Fernandez-Diaz
Three dimensional magnetic ordering in ErC/j
1st European Conference on Neutron Scattering ECNS'96, Interlaken, Switzerland, 8.-11.10.96.
M. Medarde, J. Mesot, S. Rosenkranz, P. Lacorre, W. Marshall, S. Klotz, J.S. Loveday, G. Hamel, S. Hull,
and P. Radaelli
Pressure-induced orthorhombic-rhomohedral phase transition in NdNiC>3
1st European Conference on Neutron Scattering ECNS'96, Interlaken, Switzerland, 8.-11.10.96.
M. Medarde, J. Mesot, S. Rosenkranz, P. Radaelli, W. Marshall, S. Klotz, J.S. Loveday, G. Hamel,
and S. Hull
Neutron diffraction studies of the metallization process in RN1O3 perovskites (R=rare earth)
XVII Congress and General Assembly of the International Union of Crystallography, Seattle, USA,
8.-17.8.96.
M. Medarde, J. Rodriguez-Carvajal, S. Rosenkranz, P. Lacorre, V. Trounov, and M.T. Fernandez-Diaz
Neutron diffraction study of the metal-insulator and the magnetic structure of 154SmNiC>3
1st European Conference on Neutron Scattering ECNS'96, Interlaken, Switzerland, 8.-11.10.96.
M. Medarde, S. Rosenkranz, P. Lacorre, F. Fauth, and M.T. Fernandez-Diaz
Structural and magnetic phase transitions in Lai-xPrxNi03
1st European Conference on Neutron Scattering ECNS'96, Interlaken, Switzerland, 8.-11.10.96.
H.-Ch. Merlins, I. Packe, F. Schafers, H. Grimmer, D. Clemens, M. Horisberger, P. Bdni, and
N. N. Salashchenko
Experimental multilayer survey in the water window
BESSY User's Meeting, Berlin, Germany, 5.-6.12.96.

166
J. Mesot, P. Allenspach, G. Bottger, U. Gasser, S. Rosenkranz, U. Staub, and A. Furrer
Neutron crystal field spectroscopy in boron carbides, high temperature superconductors and nickeiates
21st Rare Earth Research Conference, Duluth, USA, 7.-12.7.96.
J. Mesot, P. Berastegui, A. Furrer, and G. Bottger
Temperature dependence of crystal field transitions in high-temperature superconductors
Swiss Workshop on Superconductivity and Novel Metals, Les Diablerets, Switzerland, 30.9.-2.10.96.
J. Mesot, G. Bottger, A. Furrer, and P. Berastegui
Temperature dependence of crystal field transitions in high-temperature superconductors
1st European Conference on Neutron Scattering ECNS'96, Interlaken, Switzerland, 8.-11.10.1996.
J. Mesot, S. Janssen, L. Holitzner, A. Furrer, and R. Hempelmann
Focus: A hybrid TOF spectrometer at SINQ
1st European Conference on Neutron Scattering ECNS'96, Interlaken, Switzerland, 8.-11.10.96.
R. Pellaux, H.W. Schmalle, S. Decurtins, P. Fischer, F. Fauth, B. Ouladdiaf, and T. Hauss
Magnetic structure of two- and three-dimensional supramole-cular compounds
1st European Conference on Neutron Scattering ECNS'96, Interlaken, Switzerland, 8.-11.10.96.
A. Podlesnyak, A. Mirmelstein, V. Brobovskii, E. Mitberg, B. Goshchitskii, M. Zolliker, S. Rosenkranz, and
A. Furrer
Neutron spectroscopic studies of crystalline electric field in infinite-layer Sri-xNdxCuC>2
1st European Conference on Neutron Scattering ECNS'96, Interlaken, Switzerland, 8.-11.10.96.
R. Przenioslo, I. Sosnowska, P. Fischer, T. Wroblewski, and M. Shiojiri
Determination of the Fe/Sn atoms distribution in BaSn2Fe40i 1 by neutron and synchrotron radiation diffraction
1st European Conference on Neutron Scattering ECNS'96, Interlaken, Switzerland, 8.-11.10.96.
H. Roelofs, B. Schonfeld, G. Kostorz, W. Buhrer, J. Robertson, P. Zschack, and G. Ice
Chemische und magnetische Nahordnung in Cu 17 at. % Mn
Fruhjahrstagung der Deutschen Physikalischen Gesellschaft, Regensburg, Germany, 26.3.96.
S. Rosenkranz, M. Medarde, P. Lacorre, F. Fauth, M.T. Femandez-Diaz, and A. Furrer
Neutron diffraction study of the metal-insularor transition in Pri-xLaxNiC>3 (0<x<0.25)
15th General Conference of the Condensed Matter Division European Physical Society, Baveno-Stresa,
Italy, 22.-25.4.96.
J. Schefer, D. Schwarzenbach, P. Fischer, Th. Koetzle, S. Haussuhl, and M. Rudlinger
Single crystal and powder neutron diffraction investigations of thermal motions in K^AYC/g as a function
of temperature
1st European Conference on Neutron Scattering ECNS'96, Interlaken, Switzerland, 8.-11.10.96.
J. Schefer, Th. Woike, S. Haussuhl, and M.T. Femandez-Diaz
Population and structural changes of the metastable state II in sodiumnitroprusside
Na2[Fe(CN)5NO] 2 H20 AT 60 K
17th General Assembly and Int. Congress on Crystallography, Seattle, USA, 8.-17.8.96.
J. Schefer, Th. Woike, and R.A. Rupp
Light induced metastable electronic states detected by neutron diffraction, raman/IR-spectroscopy and
holography
1st European Conference on Neutron Scattering ECNS'96, Interlaken, Switzerland, 8.-11.10.96.
B. Schonfeld, A. Malik, G. Kostorz, and W. Buhrer
Early stages of decomposition in Al-Cu
Spring Meeting of the Materials Research Society, San Francisco, U S A., 10.4.96.
M. Shiojiri, T. Isshiki, I. Sosnowska, R. Przenioslo, and P. Fischer
Electron microscopy and neutron diffraction study of Ba-ferrite random systems
52nd Annual Meeting of Japanese Society for Electron Microscopy, Tokyo, Japan, 22.-24.5.96.

167
I. Sosnowska, R. Przenioslo, P. Fischer, and M. Shiojiri
Neutron diffraction studies of the Fe3+ magnetic moments arrangements in the spin-glass systems
BaTi2Fe40i / and
1st European Conference on Neutron Scattering ECNS'96, Interlaken, Switzerland, 8.-11.10.96.
P. Spatz, K. Gross, F. Fauth, P. Fischer, and L. Schlapbach
Structure analysis of Ce(Mno.sAlo.5)2Dx=o.O-2.5
International Symposium on Metal Hydrogen Systems MH96, Les Diablerets, Switzerland, 25.-30.8.96.
U. Stuhr, T. Striffler, H. Wipf, H. Natter, B. Wettmann, S. Janssen, R. Hempelmann, and H. Hahn
An investigation of hydrogen diffusion in nanocrystalline Pd by neutron spectroscopy
Int. Symposium on Metal Hydrogen Systems, Les Diablerets, Switzerland, 25.-30.8.96.
S. Tixier, D. Mannix, P. Boni, W.G. Stirling, and G.H. Lander
Structural and magnetic properties of Ce/FeCoV multilayers
1st European Conference on Neutron Scattering ECNS'96, Interlaken, Switzerland, 8.-11.10.96.

ASTROPHYSICS
A.C. Brinkman, H.J.M. Aarts, A.J.F. den Boggende, L. Dubbeldam, J.W. den Herder, J.S. Kaastra, P.A.J. de
Korte, R. Mewe, C.J. Hailey, S.M. Kahn, F. Paerels, G. Branduardi-Raymont, J. Bixler, K. Thomsen, A. Zehnder
X-ray spectroscopy with the reflection grating spectrometer on-board ofXMM
Proc. International Conference of X-Ray Astronomy and Astrophysics, Rontenstrahlung from the Universe;
MPE Report 263, p. 675.
P. Buhler, L. Desorgher, A. Zehnder, E. Daly, L. Adams
REM measurements on-board of MIR during 1995
Proc. COSPAR 31st Scientific Assembly, Birmingham, 14-21 July, 1996.
P. Buhler, A. Zehnder, L. Desorgher, W. Hajdas, E. Daly, L. Adams
Simple instruments for continuous measurements of trapped particles
Proc. ESA Symposium on "Environment Modelling for Space-based Applications, ESTEC, Noordwijk,
18-20 September, 1996, SP-392.
P. Buhler
REM for INTEGRAL
Seminar at ISDC, 11 October, 1996.
L. Desorgher, P. Buhler, A. Zehnder, E. Daly, L. Adams
Outer radiation belt variations during 1995
Proc. COSPAR 31st Scientific Assembly, Birmingham, 14-21 July, 1996.
L. Desorgher, P. Buhler, A. Zehnder, E. Daly, L. Adams
Variations of the outer radiation belt during the last two years
Proc. ESA Symposium on "Environment Modelling for Space-based Applications, ESTEC, Noordwijk,
18-20 September, 1996, SP-392.
M. Gudel
Chromoshparische Evaporation und Koronaheizung auf aktiven Zwergsternen
Vortrag Institut fur Astronomie, ETH Zurich, 4 June, 1996.
M. Gudel, E.F. Guinan
Ogling spotted stars through the Baade windows to the galactic bulge
12th IAP Astrophysics Colloquium on Variable Stars and the Astrophysical Returns of Microlensing Surveys,
Paris, France, 8-12 July, 1996.

168
M. Gudel, J.H.M.M. Schmitt
The radio triple Castor A+B+C: Discovery of Castor B's radio corona
Radio Emission from the Stars and the Sun, eds. A.R. Taylor and J.M. Paredes, (San Francisco: The
Astronomical Society of the Pacific), 315-317 (1996).
M. Gudel, N.M. Elias II
A radio survey of peculiar emission-line algols
Radio Emission from the Stars and the Sun, eds. A.R. Taylor and JM. Paredes, (San Francisco: The
Astronomical Society of the Pacific), 312-314 (1996).
M. Gudel, A.O. Benz, E.F. Guinan, J.H.M.M. Schmitt
The enigmatic FOV star 47 cas
Radio Emission from the Stars and the Sun, eds. A.R. Taylor and J.M. Paredes, (San Francisco: The
Astronomical Society of the Pacific), 309-311 (1996).
M. Gudel, A.O. Benz
Radio spectra of dMe and dKe stars
Radio Emission from the Stars and the Sun, eds. A.R. Taylor and J.M. Paredes, (San Francisco: The
Astronomical Society of the Pacific), 303-305 (1996).
M. Gudel, A.O. Benz, E.F. Guinan, M.H.M.M. Schmitt
Nonthermal microwave emission from F dwarfs: 71 Tau, a For, and open cluster/moving group membership
Radio Emission from the Stars and the Sun, eds. A.R. Taylor and J.M. Paredes, (San Francisco: The
Astronomical Society of the Pacific), 306-308 (1996).
M. Gudel, E.F. Guinan, S.L. Skinner
ROSAT/ASCAA/LA studies of solar proxies
Rontgenstrahlung from the Universe, MPE Special Report, eds. U. Zimmermann, J.E. Trumper, H. Yorke
(Garching: MPE), 39-40 (1996).
M. Gudel, M. Kurster
Resolving binaries with ROSAT: AB Dor + Rst 137B
Rontgenstrahlung from the Universe, MPE Special Report, eds. U. Zimmermann, J.E. Trumper, H. Yorke
(Garching: MPE), 37-38 (1996).
M. Gudel, J.H.M.M. Schmitt
Coronal densities from X-ray rotational modulation
Rontgenstrahlung from the Universe, MPE Special Report, eds. U. Zimmermann, J.E. Trumper, H. Yorke
(Garching: MPE), 35-36 (1996).
M. Gudel, E.F. Guinan, S.L. Skinner, J.L. Linsky
The Hot Corona of YY Mensae
Rontgenstrahlung from the Universe, MPE Special Report, eds. U. Zimmermann, J.E. Trumper, H. Yorke
(Garching: MPE), 33-34 (1996).
R. Henneck
A high resolution imaging detector for FUV
Conf. New developments in photon detection, Beaune, France, June, 1996.
Ph. Jetzer
Is the galactic halo baryonic?
Seminar College de France, Paris, Frankreich, 11 January, 1996.
Ph. Jetzer
Gravitationslinsen und dunkle Materie
Vortrag Naturforschende Gesellschaft, Schaffhausen, 20 January, 1996.
Ph. Jetzer
Microlensing implications for halo dark matter
Seminar Microlensing Workshop, Orsay, Frankreich, 29 January, 1996.

169
Ph. Jetzer
Microlensing implications for halo dark matter
Seminar Universitat Zurich, 20 February, 1996.
Ph. Jetzer
Microlensing implications for halo dark matter
Seminar, Journees Relativistes, Ascona, 26 May, 1996.
Ph. Jetzer
Lenti gravitazionali e materia oscura nell'universo
Vortrag Centro Stefa no Franscini, Monte Verita, Ascona, 28 May, 1996.
Ph. Jetzer
Is the galactic halo byryonic?
Seminar Institut fur Astronomie der ETHZ, 25 June, 1996.
Ph. Jetzer
Neutrinos and dark matter in galactic halos
Seminar Zuoz, 5 August, 1996.
Ph. Jetzer
Is the galactic halo baryonic?
Seminar Institut fur Theoretische Physik der ETHZ, 18 October, 1996.
Ph. Jetzer
X and gamma-ray background due to diffuse and molecular gas in the galactic halo
Seminar Rom, 23 November, 1996.
Ph. Jetzer
Halo dark clusters of brown dwarfs and molecular clouds
Seminar Texas Symposium, Chicago, 16 December, 1996.
E. Kirk, Th. Nussbaumer, Ph. Lerch, A. Zehnder, H.R. Ott
Superconducting tunneling as X-ray radiation detectors: fabrication aspects
Workshop on Superconductivity and Novel Metals, Basic Research and Applications Les Diablerets,
30 Sept. - 2 October, 1996.
F. De Paolis
Recent developments on baryonic dark matter
Seminar Universitat Lecce, Lecce, 4 November, 1996.
F. De Paolis
Gamma-ray bursts: Observations, theoretical models and future expectations
Seminar Institut fur Astronomie der ETHZ, 12 November, 1996.
F. De Paolis
Baryonic dark matter in galaxies and cluster of galaxies
Workshop Rom , 20 November, 1996.
Th. Nussbaumer, E. Kirk, Ph. Lerch, A. Zehnder, H.R. Ott
Superconducting tunneling as X-ray radiation detectors: experimental aspects
Workshop on Superconductivity and Novel Metals, Basic Research and Applications Les Diablerets,
30 Sept. - 2 October, 1996.
A. Zehnder
Neue Horizonte der Rontgenastronomie
Physikkolloquium der ETH und der Universitat Zurich.

170

LECTURES AND COURSES

ION BEAM PHYSICS
Dr. M. Suter
ETH Zurich, WS96/97:
• Kernphysik II, Wahlfachvorlesung

RADIO- AND ENVIRONMENTAL CHEMISTRY
Dr. U. Baltensperger
ETH Zurich, SS 96:
• Aerosole (with PD Dr. H. Burtscher)
ETH-Zurich, WS 96/97:
• Analytische Chemie V (with others)
Prof. Dr. H.W. Gaggeler
Universitat Bern, SS96:
• Isotopenanwendungen
• Radiochemiepraktikum (with Dr. A. Turler)
• Seminar in anorganischer und physikalischer Chemie (with others)
• Kolloquium in Radio- und Umweltchemie (with Dr. M. Schwikowski), in collaboration with Paul Scherrer Institut
Universitat Bern, WS 96/97:
• Radiochemie
• Praktikum in analytischer Chemie fur Pharmazeuten
• Interdisziplinares Seminar "Klimadynamik - gestern, heute, morgen " (with others)
• Seminar in anorganischer und physikalischer Chemie (with others)
• Kolloquium in Radio- und Umweltchemie (with Dr. M. Schwikowski), in collaboration with Paul Scherrer Institut
Dr. M. Schwikowski
Universitat Bern, WS96/97:
• Analytische Chemie fur Pharmazeuten
Prof. Dr. A. Wyttenbach
Universitat Zurich, SS96:
• Einfuhrung in die Radiochemie, mit Praktikum und Demonstrationen.

NEUTRON SCATTERING
Prof. Dr. A. Furrer
ETH Zurich, SS96:
• Neutronenstreuung in der Festkorperphysik II
ETH Zurich, WS 96/97:
• Neutronenstreuung in der Festkorperphysik I
PD Dr. H. Grimmer
ETH Zurich & Universitat Zurich, WS 96/97:
• Kristallographie I fur Physiker

171

ASTROPHYSICS
PD Dr. Ph. Jetzer
Universitat Zurich, SS96:
• Ausgewahlte Kapitel der Astrophysik.
• Organisation des Theorie Seminars (in collaboration with ETH).

172

MEMBERS OF SCIENTIFIC COMMITTEES

SPALLATION NEUTRON SOURCE
Dr. G.S. Bauer:
• PSI-Forschungskommission.
• Referenzgruppen fur ADTT, Royal Swedish Academy of Sciences.
• Steering Committee for the US-National Spallation Neutron Source Project, Oak Ridge National Lab., USA.
• Consultant to the Oak Ridge National Laboratory, USA.
• National Spallation Neutron Source Target Station, External Review Committee, Oak Ridge National Laboratory,
USA.
• ESS-Spokesman for the OECD-sponsored, International Collaboration for Target Test Stand Experiments at the
Alternating Gradient Synchrotron in Brookhaven.
• Review Panel on LANSCE-Upgrade, Los Alamos National Laboratory.
• Review Panel on Long Pulse Source Preconceptual Design, Los Alamos National Laboratory, chairman.
• Review Panel on the New HEIR Cold Source Conceptual Design, Oak Ridge National Laboratory.
• Cosultant to the Directors Office at Brookhaven National Laboratory, Brookhaven National Laboratory USA.
• Technical, Cost, Schedule and Management Review of the Manuel Lujan Neutron Scattering Center Reliability
Improvement Project, Phase II, Los Alamos National Laboratory, USA.
• BESAC-Panel on Pulsed spallation Sources, US-Department of Energy.

ION BEAM PHYSICS
Dr. M. Suter:
• International Organizing Committee ECAART Conference.
• Editorial Board, Journal of Trace and Microprobe Techniques.

RADIO- AND ENVIRONMENTAL CHEMISTRY
Dr. U. Baltensperger:
• Working group of chemical behaviour and analysis of aerosols within the European Aerosol Association,
chairman.
• Swiss committee of Global Atmosphere Watch.
• Editorial Board, Journal of Aerosol Science.
Prof. H.W. Gaggeler:
• Kommission zur Uberwachung der Radioaktivitat KUER, expert.
• International Geosphere-Biosphere Program IGBP; Landeskomittee Schweiz.
• Gletscherkommission der Schweizerischen Akademie der Wissenschaften SANW.
• Radiochimica Acta, editor
• Scientific Steering Committee (SSC) of EUROTRAC.
• European Radiochemistry Conference Series: Advisory board member.
Prof. A. Wyttenbach:
• Editorial Advisory Board, Journal of Radioanalytical and Nuclear Chemistry.

173

NEUTRON SCATTERING
Dr. P. Boni:
• Vorstand der Schweizerischen Gesellschaft fur Neutronenstreuung (Secretary).
• Projektkomitee "Neue Technologien fur polarisierte Neutronen", Verbundforschung des Bundesministeriums fur Forschung und Technologie, BRD.
• Nutzerausschuss des Berliner Neutronenstreuzentrums, Hahn-Meitner-lnstitut, Berlin, BRD.
Dr. W. Buhrer:
• Subcommittee "Structural and Magnetic Excitations" of the Scientific Council, Institute Laue-Langevin, Grenoble.
Dr. P. Fischer:
• Scientific Committee of HRFD Neutron Diffractometer, Frank Laboratory of Neutron Physics, Dubna, Russia.
• European Spallation Source (ESS), Science Working Group "Solid State Chemistry".
• Forschungskomitee pSR, Paul Scherrer Institut.
Prof. A. Furrer:
• Vorstand der Schweizerischen Gesellschaft fur Neutronenstreuung (president).
• International Wissenschaftlicher Rat des Projektes "Spallations-Neutronenquelle AUSTRON",
Wien (chairman).
• Scope Group "European Spallation Neutron Source" of the European Science Foundation, Strasbourg.
• Projektkomitee "Raumliche und zeitliche Korrelation in magnetischen Materialien", Verbundforschung des
Bundesministeriums fur Forschung und Technologie, BRD.
• Projektkomitee "Lokalisierung leichter Atome und Bestimmung von magnetischen Ordnungszustanden in
Strukturen neu synthetisierter Verbindungen aus dem Bereich der Festkorperchemie", Verbundforschung des
Bundesministeriums fur Forschung und Technologie, BRD.
• Committee of the European Neutron Scattering Association (ENSA), vice-chairman.
• European Spallation Source (ESS), Science Working Group "Solid State Physics and Magnetism".
• ISIS Instrument Beam Management Group (IBM-4), Rutherford Appleton Laboratory, Didcot, U.K.
• Consultants Group, Physics Section of the International Atomic Energy Agency, Vienna.
• Round-Table on Neutron Sources, EC "Large Scale Facilities" Programme.
Dr. H. Heer:
• ENSA Working Group "Software".
Dr. S. Janssen:
• FRM-II Instrumentierungsgruppe "Inelastische Streuung mit mittlerer Energieaufldsung".
« ENSA Working Group "TOF devices".
Dr. J. Mesot:
• Subcommittee "Structural and Magnetic Excitations" of the Scientific Council, Institute Laue-Langevin, Grenoble.
• FRM-II Instrumentierungsgruppe "Inelastische Streuung mit hoher Energieaufldsung".
Dr. J. Schefer:
• Subcommittee "Crystal Structures" of the Scientific Council, Institut Laue-Langevin, Grenoble.
• ENSA Working Group "Monochromators".

174

ASTROPHYSICS
PD Dr. Ph. Jetzer:
• Associazione Specola Solare Ticinese, chairman.
• Associazione Istituto Ricerche Solari Locarno, chairman.
• Organisationskomitee der Tagung "Les Journees Relatavistes 1996" in Ascona, May 1996.
Dr. M. Gudel:
• International Astronomical Union (member of several commissions).
• XMM Reflection Grating Spectrometer Consortium, member; chair of XMM/RGS guaranteed time proposals on
cool stars and on hot stars.

175

HIGHER DEGREES AWARDED

A. Doscher:

Title of thesis:
Historische Entwicklung von atmospharischen Spurenstoffkonzentrationen,
rekonstruiert aus Firn und Eis alpiner Gletscher
Universitat Bern / RSI
Thesis advisors:
Prof. Dr. H.W. Gaggeler (Universitat Bern & RSI)
Dr. M. Schwikowski (RSI)

F. Fauth:

Title of thesis:
Etude par diffusion neutronique des composes orientes HoBa2Cu30x (x=7, 6.2),
ErBa2Cu3C>7 et d’un crista1 Nd■/ +xBa2-y-zCU3OQ, 7
RSI / ETHZ
Thesis advisors:
Prof. Dr. A. Furrer (RSI & ETH Zurich)
Prof. Dr. M. Steiner (Hahn-Meitner-lnstitut, Berlin)

W. Henggeler:

Title of thesis:
Untersuchung magnetischer Korrelationen in Kupraten mit Hilfe von Neutronenstreuexperimenten
RSI & ETHZ
Thesis advisors:
Prof. Dr. A. Furrer (RSI)
Prof. Dr. H R. Oft (ETH Zurich)

S. Ivy-Ochs:

Title of thesis:
The dating of rock surfaces using in situ produced wBe, 26A! and 36CI, with
examples from Antarctica and the Swiss Alps
ETH Zurich #11763
Thesis advisors:
Prof. Dr. C. Schluchter (Universitat Bern)
Dr. P.W. Kubik (RSI)

R. Martini:

Title of thesis:
FUVITA - Ein abbildendes Teleskop im fernen Ultraviolett
RSI
Thesis advisors:
Prof. Dr. Engfer (Universitat Zurich)
Dr. A. Zehnder (RSI)

U. Neupert:

Title of thesis:
Langlebige kosmogene Radionuklide in Meteoriten aus heissen und kalten
Wusten.
Messung von naturlichen Vorkommen, Dunntargetwirkungsquerschnitten und
Dicktargetproduktionsraten zur Rekonstruktion von Bestrahlungsgeschichten
Universitat Hannover / RSI
Thesis advisors:
Prof. Dr. R. Michel (Universal Hannover)

176

S. Rosenkranz:

Title of thesis:
Neutronendiffraktion und Neutronenspektroskopie an Seltenen Erd-Nickelaten
RN1O3 (R=Seltene Erde)
PSI/ETHZ
Thesis advisors:
Prof. Dr. A. Furrer (PSI & ETH Zurich)
Prof. Dr. K.A. Muller (Universitat Zurich)

E. Weingartner:

Title of thesis:
Modification of Combustion Aerosols in the Atmosphere
ETHZ / PSI
Thesis advisors:
Prof. H.C. Siegmann (ETH Zurich)
Dr. U. Baltensperger (PSI)
PD Dr. H. Burtscher (HTL Windisch)

PAUL SCHERRER INSTITUT

Paul Scherrer Institute
CH-5232 Villigen PSI
Internet Adress

Phone +41 56 310 21 11
Fax
+41 56 310 21 99
http://www.psi.ch

