[able ll. Relotive Emission Intensity of
Nicke!
Stoek  solution.  Nickel  naphthenate

(apectrographically  pure dissolved in
benzene) (500 p.p.m. Ni)

Ralvent solution. 10% stock solution-
W% other solvent

Relative
Intensity,
NiSHHA,

Feed 1 Corrected

Rate, for Feed

Solyent G./Min. Rate)
Aretone 1 86 18 3
n-lHeptane 1 41 18 5
Methanol 128 18 6
Methyleyelopentane 1 1) 14,0
n-Hexyl ether 0 46 195
Nitrobenzene 0 54 300
Toluene I &7 16
Ethyl actane 130 IH]
Cyclohexane 113 25
Acetylacetone 110 20
Ethyl ehloride 140 i7
Monochlorabenzene [ 1 E]
Xvlene [ 17
Chlorobenzene 10 27
Methyl ethyl ketone 1 7 16
RBenzene 18 1
Cuarbon tetrachloride 1 6 14
Ethanol 08 1o

and then decreases rapidly as feed rate
is further increased. This is attributed
to a fall off in flame temperature at in-
creased  flow  rates.  Similar  results
were  obtained in o our  luboratories.

Liquid Scintillation Techniques Applied to

it is also probable . at high feed
mtes, the encrgy liberated by the flame
per unit weight of sample is low. Much
of it may be used in evaporating the
solvent instead of exciting the metal
atoms. This would cause a profound
decrense in emission intensity. How-
ever, it is apparent that careful con-
trol over feed rate is essential. The
feed rates used in this work, shown in
Table [, were measured directly by
weighing the sample and container
hefore and after aspiration for a known
period of time,

The optimum feed rate found was
approximately ten times as great as that
reported previously. This may be due
to differences in burner design.

Solvents. As can be seen from
Table 1, organic solvents in many
caxes enhanee the intensity of emission
for a given metal when introduced into
the flame. It was obsgerved  that
different organic solvents affect the
intensity af the emission differently.
Thiz is illustrated in Table 11, swhich
gives the relative emission intensity
exhibited by nickel in different sol-
vents,

If fame temperature alone controlled
the intensity of emission, all organic
solvents would give similar enhance-
ment effects. Sinee this is pot the ease,
it seems that the efficieney of produe-
ing the emitting species is at Jeast as im-
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portant as the flame temperature (35
Phiysical properties of the solvent which
can cause a chauge in emission include
stability in the flame, the ease of com-
bustion and liberation of the exvited
metnl atoms, drop size, and ease of
evaporation. No doubt some of the
variation in the intensity of signal
between different organic solvents can
be explained by variation in aspiration
rates for a given flame condition.
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Measurement of Trace Quantities of Zinc Sulfidesox . 1O

J. D. LUDWICK and R. W. PERKINS

Cenerol Electric Co., Hanford Loboratories Operation, Richland, Wash.

» An cnolytical procedure is bosed
on electronicolly counting the indi-
vidual phosphorescence photons follow-
ing light-excitation for the measure-
ment of scintillation grode zinc sulfide
particles on molecular air filters, The
zinc sulfide was collected on these
fillers duiing meteorological studies
of ponticle dispersion. The analyticol
procedure involves dissolving a zinc
suifide loden fiiter in on ethyl alcohol-
ethyl acetate solvent, exposing the
sample to a fluorescent lamp, allowing
the sample to decay (in the dark)} for o
predetermined time, then counting the
phosphorescence photon emission. The
counting equipment requirements are
similar to those commonly used for
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counting tritium. The conditions of
excitation and measurement yielded a
sensitivity of about 10-* gram. A
sensitivity improvement of one fo two
orders of mognitude could probably
be obtained by minor procedural
changes. The precision of the zinc
sulfide measurements on clean and
dirty filters is cbout +3% and +6%
standard deviation. Corrections for
loss in counting efficiency on dirty
filters are mode from absorbonce
measurements with a colorimeter.

ZI.\'C sULFIDE powDER  (fluorescent
pigment, No. 2210, U. 8. Radium
Corp., Morristown, N. J.) is used as a
tracer in - studying down-wind par-

rooer (A

ticle  concentrations  under  different
meteorological conditions.  An aerosoj
generator discharged the finely divided
material into the atmosphere, and eol-
lectars, using molecular filters (Mem-
brane filter No. AM-1, Gelman In-
strument Co., Chelsen, Mich)), are
spaced around the generator for sam.
pling.

The ZnS is commonly measured bs
visual counting techniques under ultra-
violet light; however, recently an in-
strument was designed (8) using alpha
excitation for its measurement.  Al-
though this instrument appeared to be
satisfnctory for measurements of "clean™
filters (6), it was not capable of measur-
ing ZnS in the presence of dust, soot,
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<l o other air-borne dirt which 1s
frequently  collected along  with  the
Zn8. Visual counting techniques were
also unsatisfactory when the filter
contained dirt.

In an investigation of possible al-
ternate methods of analysis, it was ob-
served that the phosphorescence com-
ponent of light-excited ZnS was of suf-
ficient intensity and duration to provide
# very sensitive indication of its pres-
enee. Utilizing this property of 7ZnS,
analytical procedures were developed
for its measurement in trace amounts
{us low as 10-* gram) on both clean
and dirty filters. Initially, a procedure
was develuped which required manual
control of timing and sample position-
g for the ZnS measurement, The
procedure was subscquently  modified
for automatic operation to facilitate
a1 large air sampling program.

This study was performed to demon-
strate the practicability and poten-
tial sensitivity of this new technique
without making a major effect to obtuin
the ultimate sensitivity of the method.

THEORETICAL

The results of the absorption of a
quantum of radiation by molecules
and crystals, particularly zine sulfide,
have been adequately summarized by a
nutnber of workers (2, 7). Absurption
«f a light photon by zinc sulfide results
i the transition from a stable ground
state to an excited state or conduction
band. The energy difference between
these levels is of the order of a few
clectron volts. There are several paths
open to the excited molecules in addi-
tion to nonradiative transfer processes;
two of these result in the emission of
light photons. They may immediately
«in 107" to 10 ~* second) re-emit photons
of either the same or a lower frequency,
this emission is called fluorescence.
Friission of photons may also take
laee more slowly by phosphorescence.

In the inorganic crystal, variations
“iue to lattice defects or impurity centers
weur which produce electronic energy

Zinc Sulfide Sample
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Figure 1. Zinc suifide phosphores-

cence decay

bands in the normally forbidden region
below the conduction band. The
absorption edge for excitation of zinc-
activated zine sulfide is about 3350 A.
while the inclusion of mangancse im-
purity results in a shift to 3660 A.  Flec-
trons that have been raised to the con-
duction band by excitation may then
enter an empty impurity level in their
vicinity. These levels provide the
mechanism by which transitions to the
ground state result in light emission or
fluorescence. ‘The de-excitation path
of concern in this study is a consequence
of the so-called trap mechanism. This
mechanism concerns levels from which
transitions to the ground state are
forbidden. As a result, electrons must
return to the conduction band before
de-excitation.  This delay mechanism
for light emission produces an after-
glow called phosphorescence.

The decay of the zine sulfide phos-
phorescence is illustrated in Figure 1.
These results were obtained after a
2-minute irradiation at about 14 inches
from a 60-watt fluoreseent lamp.  The

decay of the phosphorescence is rela-
tively rupid, snd the greatest sensitivity
for its measurement 18 within the first
minute of decay. In the manual unit,
a finite time of about 20 seconde for
sample transfer [rom irradiation to
counting necessitated a delay of 30
seconds beforc measurement of the
emitted light. An immediate 30-second
count of the phosphorescence after
the 30 second delay provides a very
high sensitivity for the measurement.
A background sample containing no
zinc sulfide was unexcited and constant
after similar treatment over the time
interval measured.  With the auto-
matic unit, samples were dclivered
from the irradiation position to the
counting position in 6 scconds, and
the required sensitivity was obtained
after an inmediate 18-second count.

A study of the phosphorescence in-
tensity as a function of irradiation time
showed essentially no increase in in-
tensity with irradiation times longer
than a few seconds. In practice, on
irradiation time of 2 minutes was used
with the manually operated unit. since
samples could not be handled at a
much faster rate.  With automatic
operation a 5-secot) exposure was used,
since the glass vial sample containers
were found to exhibit short-lived phos-
phorescence in the 6- to 18-secand count-
ing region which increased with ex-
tended exposure.

The  abserved  phosphoresrence  is
due to the emission of single light pho-
tons from the excited eryvstal.  In their
detection with a multiplier phutotube,
s photon can. at best. produre one
photoclectron  at  the  photorathade.
Actually. the quantum efliciency of the
phatocathode ix only about 107, thus,
about ane out of ten of the phosphores-
cence photans which strike the photo-
eathode will releage a photoclectron:

The pulse height spectrum obtained
from the multiplier phototube would
thus be the result of the amplifieation
of single photoelectrons in lower mass
sumples and should be almost identical
to thiut obtained from tritium, with a

Tritium in a Liquid Scintillator
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Figure 2. Comporison'of spectra of zinc suifide ond tritium
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relatively anetlivient higquid  svintilin-
tor. (kEven in an eflicient liquid sein-
tillation solution, tritium produces only
a few photoelectrons per disintegration.)

The multiplier phototube  output
spectrum from zine sulfide, after ampli-
fication, was measured with a multi-
channel apalyzer, and it is compared
with the spectrum of tritium, from an
aqueous adaptable liquid scintillator
(about 2%, counting eflicieney), in
Figure 2. In this scintillator, since the
average cuergy per disintegration is
about 5 k.e.v., u large proportion of
events will give only one or two phuto-
electrons from the tube cathode (9).
It is apparent from these curves that
the spectra are very similar. By a care-
ful study of these data, using 1 method
for the examination of spectra resulting
from single photeelectron emission (/,
5). it was possible to establish that the
spectra  represented identical cenergy
distributions and that they were both
the resalt of comparable photuelectron
emission from the photovathode. The
instrumentas! requirements for measur-
ing zinc sulfide are thus similar to those
used for counting tritium by liquid
seintiilation techniques.

Zinc sulfide may be detected using
alpha, beta. or gamma radioactivity
for excitation and a phototube for de-
tection of the immediate light fluores-
cence. This approach is not attractive,
since the amounts of rudioactivity re-
quired to produce a fluorescence come
parable to the phosphorescence which
follows light excitation cannot  be
handled conveniently. Also, the meas-
urement of phosphorescence, following
light excitation. eritically limits in-
terference. even from impuritics which
fluoresce.

INSTRUMENTATION AND EQUIPMENT

Manual Unit. The instrument used
for counting the samples was a stand-
ard liquid scintillation spectrometer
(Tri-Carb Model 314, Packard In-
strument Co., LaGrange, 111.). The
detector system was contained in a
deepfreeze und maintained at approxi-
mately 0° CL to minimize tube noise.
For enunting. the 2-dram vial sample
containers were placed vertically in
a 1% cinch deep by 3/inch diameter
well of a 2-inch diameter by 2-inch
long Lucite light pipe (3). The light
Bipe was viewed at each end by 2-inch

umont 6292 multiplier phototubes in
the conventional arrangement for co-
incidence counting. (In actual count-
ing, the coincidence feature was not
used since single photon events were
being measured; therefore, the signal
from only one tube was measured.)
A magnetic stirrer was centered directly
under the well of the light pipe to permit
stirring during the measurements,
Mueral oil (Scintillation Counter Min-
eral Oil, General Electric Cat.
9776095P1) was used as a light coupling
agent between the well surface and vial.
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Figure 3. Automatic counting equipment

The deepfreeze was enclosed ina “Black
Room” made of 2 layers of velveteen
originally designed to prevent photo-
tube excitation while sumple changing.
This arrangement was particularly use-
ful in preventing re-exposure of samples
during their transfer to the connter,

The apparatus for light exeitation
consisted of 60 watts of fluorescent
lamps placed approximately 14 inches
above a magnetic stirrer,  The sample
was centered in a vertical position in
a small black box on the stirrer. The
box was fitted with a lid which could be
closed in about 0.1 second to permit
reasonably  aeccurate timing  between
excitntion and counting.  Prior to the
Hght  excitation, the samples  were
placod on a mechanical shaker for 2
minutes to further ensure cven disper-
sion of the ZnS and dirt in the samples,

Automatic Unit. A standard Model
314 X Tri-Carb liquid scintillation
epectrometer was modified in  the
following manner to deteet ZnS phos-
phrrescence.  The automatic shield
was changed to accommodate 2-dram
vials, a load-unload switeh added to
replace the automatie sample changing
mechanism, and a second high speed
transistorized scaler added in the

tens unit to accommodate the ex- .

tremely high counting raute ohserved
in some samples after the 6-sccond
delay period.

Essentially, the same techniques were
used for sample preparation and count-
ing as in the manual operation; how-
ever, an oplical coupling between
sample and photocathode was not used
in the automatic operation. The light
cxcitation and counting equipment is
illustrated in Figure 3.

A Klett - Summerson eolorimeter,
which was modified to accept the 2-dram
vials, was usged without filter to mensure
the relative absorbance of the samples.

EXPERIMENTAL

The application of this new count-
ing technique required a solvent for
the filters which would not phos-
phoresce, quench the phosphorescence
of the ZnS, or dissolve the ZnS. A
means of holding the ZnS in a reason-
ably uniform suspension in this solvent

during its excitation and counting was
required. It was essential to determin
the response of the counters to the mas-
of ZnS present to establish a ZnS mas-
to counting-rate ealibiration and to de-
termine the reproducibiiity of the
measurements.  The Zas had to be
measured in the presence of zero to
about 1 gram of air-borne dirt; ther-
fure, it was neerssary to know the count-
ing cthicieney of the Zn3 in slurries
containing various amounts of dirt
and to determine if this dirt exhibited
any phosphorescence.

Selection of Filter Solvent. Provi-
aus work on liquid scintillation count-
ing by one of the authors (4) had shown
that a mixture of 23%% cthyl ulcohal
75Cc ethyl acetate was an exeellent
salvent for ester-type filters, and alse
that neither scintillations nor  light
quenching would ocrur in the mixture.
Counting rate measurements on blunk
filters in this solvent, under the ron-
ditions being studied for this procedure
showed that essentinlly no phosphore=-
cence  photons were emitted by the
solvent or filter {see Figure ). Jt thus
appeared that the cthyl aleohol ethy!
acctate was an ideal hquid for sus-
pending the Zn8 during its meazure-
ment. as well as being a good solvent
for the cster filters; therefore, no other
solvent systems were investigated.

The fact that this solvent was well
suited for thiz was further verifid
by the observation that the counting
efficieney of standard samples of Zns.
which were prepared at the onset i
this study, did not change pereeptibiy
during 0 2-week period.

RESPONSE AND MASS CALIBRATION

Manual Operation. As describied
under Instrumentation and Fquiy-
ment, 2-dram glass vials (approvi-
mately 8.5 mi.} were used as sample
containers, To determine the re-
sponse of the counter as a function «f
tge ZnS weight in these sample-
standard slurnies of ZnS were prepare!
in the following manncr. Approxi-
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mantely 1 oang, of ZnS woas aecanat iy
wewhed an a weighing Lottio vnoa
microbalance.  Ten mililiners o sof-
vent (25% cthyl alcohol-753 ethyl
acetate at 0° C) and u nenetie
stirring bar were added. arnd the nix-
ture was then placed in an e bath on
a magnetic stirrer.  The bow rempera-
ture prevented evaporation fosx during
the subsequent pipetting operations, amd
vigorous stirring maintained o uniform
suspension,  Dilutions of the originad
glurry were prepared by pipetting ali-
quots into 10- to 20-ml. vaiumes of the
solvent which were cooled and stirred
a8 degeribed above.  Experience in
pipetting these slurries showed that they
could be pil)(‘t.ll‘(l with ressonsble ae
curaey if pipets (00 or A0 N were
used, and if they were rinsed woll bath
in parent and daughter slurries. (The
pipet was filled several times, discharne-
ing the contents back into the parent
slurry before accepting o pipet full,
then the pipet was rinsed several times
with the daughter solution after dis-
charging the aliquot into it

Aliquots of these stundard slurries
which contained 1073 te 10 = wram of
ZnS were placed in the Z«iram vials
along with a dissolved filter und
magnetic stirring bar. The vials were
then filled to the neck with =nivent and
counted in the normal manner. The
counting rate was directly proportion:)
to the ZnS mass in the sample. The
response of the instrument was thus
demonstrated to be linear,

To obtain a ZnS mass to counting-
rate calibration, and at the sime time
ensure the maximum accuraey in diln-
tion and pipetting, standard sonple
preparation was curried ont in the
following manner.

A 989-ug. sample of ZnS was weighed
in a weighing bottle on s micrabulance,
This sample was slurried 1 10 ml. of
solvent. as discussed previously, and
three dilutions of the shurry were pre-
pared by transferring 500-) aliguots to
10-ml. portions- of the =olvent. Two
or three 300-X aliquots of cach duughter
slurry were placed in 2«lram vials with
a dissolved filter and & magnetic stirring
Lar. The ohserved counts from these
standards are presented in Table 1.

In addition tc providing the required
informadion for the mass calibration,
the data in Table I also illustrate the
precision which- can be obtained in
pipetting and diluting these slurries.

Automatic Operation. Continual
magnetic stirring during licht exposure

the process could be completed within
30 seconds after shaking. This in-
strument was calibrated using satnples
which contained 107* to 10~¢ gram of
ZnS (Figure 4). High counting rate
samples containing more than § X 10-¢
gram of ZnS required time delays before
determinsation. The instrument was
designed to automatically repeat opera-
tion, after a count-printout cycle, thus
incorporating delay periods amounting
to 29 seconds. The number of perivds
used are listed beside the individual
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Figure 4. Mass calibrotion curve

curves in Figure 4. The instrument
response was not linear, us was the
case with the manua} equipment, but
was better deseribed by the expression,

logN = A + Blag M) + Cclog 3 (D

where N is the eounting rate and M is
the mass. This response 15 not fully
understood; however, it may be as-
sociated with the extremely high count-
ing rates during the first few secondr of
counting time (sce Figure 1). Thus,
a greater fraction of large or multiple
pulses, whose detection efficiency varips
as a power function, would now con-
tribute to the total counting rate.

In Figure 4 the integral counts total
300,000 in 18 seconds with about 10-*
gram of ZnS. This is the maximum
counting rate which could be accurately
handled by the instrumentation. An
upward extension of the calibration
region could be accomplished through
an ampliheation reduction which reduces
the specific counting rate, or, as war
found more desirable and is illustrated,
through increase of the delay between
exposure and counting.

Reproducibility of Measurements
on Clean Filters. Six filters on which
ZnS was collected during actual field
tests were obtained and counted three
times each to determine the repro-
ducibility of the counter. The ob-
served counting rates with their eal-

culated standard deviations are in-
-cluded in Table 11, '

The average variation in counting
for individua} samples in the range of
107 to 104 gram is 1,75,

Measurement of Zinc Sulfide on
Dirty Filters. The above samples

were vlean Tters: odan kg oo
dust. seot, o dint was apparent
Keiore attempting to measure the
Zns ou dirty filters, it was neeessary
to determine if dirt exhibits any
phosphorescence under the conditions
of measurement.  From measure-
meats of dirty filters containing no
£n8 and from messurements of blank
sumples which had dirt intentionally
addod, it was established that uny
phosphorescence from the dirt was
negligible.

Since many of the samples collected
during field tests contained a  con-
riderable amount of dirt, it was es-
sential to devise a method for nicasure-
ing the counting rate attenustion pro-
duced by various amounts nf dirt on
these filters.  Direct  and  indirect
methods of mensuring this attenuation
were studied and are described here,
The dircet method simplv  involves
counting the sample, then spiking a
known amount of Zn& into the sample
and recounting to determine the at-
tenuation of the ndded spike.  The
indirvet method requires that a calibra-
tion curve be prepared to relate the
counting efficiencies of the dirty samples
as measured above to their absorbance
as meusured on a standard colorimeter
with a white light source. A ret of
20 firld-collected dirty filter samples
were obtained for these calibrations.
They each contained some ZnS and
various amounts of dirt in quantities
up to approximately 1 gram.  These
samples were each eounted twice to

Table I. Data for Zine Sulfide Mass to
Counting-Rate Calibration

(2.35 ug./sample)

Dilution  Aliguot Obwerved

No. Na. Count

! | 53,340

2 83,158

2 ] 53,127

2 53,188

3 ! 56, 198

2 52,130

3 51,058

Av. count = 53,178
Std. dev. = 2 9537
counte/pug. = 52,615/2.30 = 2.25 x 104

Table il
Sample
Designa- First Seeond
tion Count Count
A 122,591 118,192
B 12,128 13,102
C 3,518 3,384
D 6,750 6,600
E 28,871 30,071
F 58,581 55,908

Reproducibility in Meosurement of Zinc Sulfide on Field Test Filters

Per Cent
Third Standard
Count Average Deviation
123,203 121,329 022
12,536 12,622 4 25
3,517 3,473 2 22
6,773 6,710 1.35
31,690 30,511 1.562
55,564 56,714 0 909
Av. std. dev. »1 75
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Figure 5. Effect of air-borne dirt on counting effi-

ciency of zinc sulfide

determine the reproducibility of count-
ing dirty filters, and were then spiked
with u known amount of ZnS and re-
counted to determine their counting
efficiency.  Without removing the
samples from their 2<dram vials, they
were shuken on a mechanical shaker
to give fairly even distribution of the
dirt and Zn8, and their absorbance to
white light was measured with a Klett-
Summerson colorimeter.

The duplicate counts of these dirty
filter samples, along with their standard
deviations, are included in Table I}
Also included =re their counting ef-
ficiencies relative to clean flters (as
measured by spiking with ZnS), and
their absorbance as meusured by the
colorimeter.  The variations in  re-
petitive counting of dirty filters ure
greater than those observed on the
clean filters (see Table 11).

To better illustrate the relationship
between the counting efficiencies of the
dirty flters as measured by the <piking

200

77300 €00 800
Colorimeter Reading

Figure 6. Correction foctor for air-borne dirt on zinc sulfide

counting efficiency

technique and the absorbance of the
samples, these values have heen plotted
and are shown in Figure 5.

One other technique was used to
eliminate pipetting error in spiking.
Clean filters with various amounts of
7ZnS were counted and subsequently
recounted after the addition of a dirty
filter. The reduction in original eount
demonstrated the efliciency for detee-
tion, and a colorimeter reading in-
dicated the turbidity. Results of this
methad are plotted on Figure 6, where
My Ma 15 the correction  fuetor
greater than one, applied to the ex-
perimental mass to compensate  for
dirt interference. In both cases, a
rather good relationship exists hetween
counting efficiency and  absorbance,
and an absorbance measuremient of
each sample provides a good estimate
of the sample’s counting effiviency.
These techniques eliminate the need

Table . Reproducibility of Dirty Filter Counting Measurements and Comparison
of Their Counting Efficiencies with their Absorbance

Sample
No. Count § Count 2
1 38,0186 37,489
2 1026 1169
3 1474 1715
4 15,701 16,386
E] 46, 6548 46,048
6 W15 8974
T 1444 1472
R 2183 1RY6
9 EEE 4674
10 10,517 10,386
3] 1864 1762
12 2315 2388
13 1559 1700
14 HL2) 1275
15 1.3.33 | RE X3
16 742 7349
T 337 397
18 1779 1535
19 1344 1281

(Zn8

Added Spiking)

Spike Counting Relative
Counts Efficiency  Absorhances
42.5% 100 0 245
42,310 9 7 235
30,115 0l o2 40.0
37,386 &R 1 360
33,339 786 66.0
3R, 53R o .8 85 0
H#),116 N5 69 0
34,304 {0 K 96 O
24,264 69 0 233 v
27,255 64 2 2220
33,336 LI 124.0
25,615 0o g 241 0
27713 65 4 2740
26,105 Hi 6 240 0
22 60y 53 5 158 0
23,064 543 325 0
18,467 45 3 505.0
15,349 36 3 $035.0
16,489 388 655 1)

Av.std. dev.of Count | and Count 2 = %5959
* [n meter nnit« on Klett-Surnmerson colorimeter.
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Figure 7. Zinc sulfide wind flow
pattern

fur spiking and recounting each dirty
sumple.

DISCUSSION

The purpose uof this study was o
develop a procedure of u specified ac-
curacy and sensitivity for the measure-
ment of ZnS particles on air filters
Since this objective was readily real-
ized by this rather unigue und uew
technique of measurement, no effort
wag made to obtain the maximum
potentia] precision or sensitivity for the
method.

In actual field test experimentation,
air sampling stations (from 3 to 200
feet absolute clevation) ure positioned
in arcs at various distances from the
dispersion point.  The 2-mile down-
wind distribution pattern determined
by Zn8 analysis i< ifllustrated in Figure
7. It is evident, from the quantities
of ZnS present at the Iateral sampling
loeations, that a highly sensitive de-
tection system i3 necessary to accu-
ately characterize wind patterns.

It is appurent from the preceding
sections that a large increase in sen-
sitivity could be obtained by certain
improvements.  First, the light souree
was simply fluoreseent lights positioned
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about the sample.  This light intensity
at the saumple, and the resulting phos-
phorescence of the samples, could
probably be increased by ap order of
magnitude. Second. the optimum ex-
citation frequency could be determined

"and a strong light source of this fre-

queney used. This would, of course,
increase excitation of the ZnS, but
should also minimize excitation of
the gluss container or any dirt in the
sample. Third, the phosphorescence
emission varies considerably between
types of ZnS pigment, and no sttempt
wns made to gelcct the pigment which
would optimize sensitivity.

In addition to providing a new and
unique method of analysis, this pro-
cedure has been used to calibrate the
alpha excitation instruments (8) (which
measure ZnS directly on clean filters)
and to demonstrate that their response
is linear on clean “‘field-run’ fiters.

This technique could be applied to
the measurement of particle distri-
bution (using Zn§ as a tracer) on ground
surfaces in different types of terrain
and under different meteorological con-
ditions, since ZpS can be measured
in the presence of dirt. In a more
general way, this technique could be
applied to the measurement of apy
material which has a sufficiently high
phosphorescence yield and a sufficiently
long decay rate. It is approaching the
ultimate in sgeuwsitivity, since the in-
dividual phosphorescence photons re-
sulting from electronic excitation of
single molecules are being counted.
The technique could be further refined
by using optical spectrometric tech-
pigues to scparate the desired wave
lengths prior to measurement.
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Absorption Spectra of the Lanthanides in Fused
Lithium Chloride—Potassium Chloride Eutectic
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» Spectra are presented for solutions
of praseodymivm, neodymium, sama-
rium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium,
and yHerbium fiuorides in fused lithium
chloride~potassivm chloride eutectic
ot 400° C. These specira are dis-
cussed and compored with similar
results which have been obtuined in
the some and other fused sait media
and in oqueous solutions. Molar ab-
sorptlivities for selected absorption
bonds of the rare earth spectra which
might be useful in quantitative ana-
lytical determinations are also given.

Tus ABSORPTION sPECTRA of fused
salts have been of interest for some
time as aids in studying the chemical
constitution and electronic structure
of these media both as pure sults
(12, 14~17, 21) and as solutes in fused
salt solutions (3, 6-9, /8, 19, 21-8},
26-28). This investigation is con-
cerned with the determination of the
unique absorption spectra of dilute
solutions of various lanthanide fluo-
rides in fused LiCI-KCl eutectic sol-
vent, and the determination of the
molar absorptivities for significant ab-
sorption bands from these spectra.
The molar absorptivities of the bands
of analytical interest are tabulated in

the same form that Banks and Kling-
man (£) used for their results on uqueous
golutions of rare earth mixtures. The
absorbance of the solvents used was
determined at the same temperatures
and in the same quartz cells used for
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Figure 1. Eutectic purification and
filtering apparotus

recording the spectra of the rare carth
golutions, and then was subtracted from
the absorbance of the solutions to
obtain the absorption spectra of the
solutes.

EXPERIMENTAL

Apparatus and Reagents. The
spectra were obtained with & Cury
Model 12 spectrophotometer using an
electrically heated cell-block furnace
as the cell holder. The high tem-
perature cell assembly was similar to
the one ueed by Sundheim and Green-
berg (22). The temperature fluctuated
+0.5° C. in the cell block and less than
£0.1° C. in the fused salt solutions
contained in the optical cells. The
optica) absorption cells used were one-
piece quartz cells huving 1-cm. light
paths. These square cells .were con-
nected to a borosilicate glass ball joint
by a graded seal. The ball joint could
be connected to either an outer joint
fitted with & vacuum stopcock for seal-
ing the cell or to the outer joint of the
filtering apparatus used in filling the
cells with molten solutions. The graded
sea) and tubing between the cell and the
ball joint provided the necessm}; ca-
pacity for tﬁe LiCl-KCl eutectic when it
was loaded in the solid state. The
lanthanide fluorides used were prepared
at the Ames Laboratory of the Atomic
Energy Commission and analyzed for
fluoride and rare earth metal content.
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