C00-4223-6
PSI-TR-160

INVESTIGATION OF CONCEPT OF

EFFICIENT SHORT WAVELENGTH LASER

A (g ]
A R
BE. | [

QUARTERLY PROGRESS REPORT

1 August 1978 - 31 October 1978

L.G. Piper, R.H. Krech, E.R. Pugh and R. L. Taylor

1 December 1978

a [N 5 R
’ o Abdertion frosn e pakeal
Thers is NO ohjpchon ITRA WS ¥
ke pubacithon er

: p v e Al
serat of viaw 1O a8
I )
polion 01 ME -Z_Li,‘f.é.'f':"-’rff-"?"\l‘,)

dlaseaamina
Hgrad n ihis lofar

BACOK AN w&"“’qﬁrepared for
g L e

U. S. Department of Energy
Office of Laser Fusion
under Contract No. ES-77-C-03-4223-A002

PHYSICAL SCIENCES INC.

30 COMMERCE WAY, WOBURN, MASS. 01801

MASTER

PISTRIBUTION OF THEIS DOCUMENT IS UNLIMITED



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



C00-4223-6

" PSI TR-160
: INVESTIGA’I_‘ION OF CONCEPT OF
EFFICIENT SHORT 'V.VA‘VE,LENGTH LASER -
>NOT|CE

This report was prepared as an account of work
sponsored by the United States Govemment. Neither the
United States nor the United States Department of
Energy, nor any of their employees, nor any of their
or their employees, makes
any warranty, express or implied, or assumes any legal
lisbitity or responsibility for the .
ar of any inf PP produc( or
process disclosed, or represents that its use would not
infringe privately owned rights. :

Quarterly Progress Report

1 August 1978 - 31 October 1978

L. G. Piper, R. H. Krech, E. R. Pugh and R. L. Taylor

1 December 1978 |

Prepared for

U. S. Department of Enérgyi
Office of Laser Fusion :
under Contract No. ES-77-C-02-4223-A002
PHYSICAL SCIENCES INC.

30 Commerce Way
Woburn, MA 01801

M

DISTRIBUTION OF THIS DOCUNENT IS UNLIMITED



I, INTRODUCTION

Under this contract, Physical Sciences Inc, is inve stigatJ:.ng a concept
for the'development of an efficient short wavelength laser based on a class
- of endoergic molecules-azides,. Because these latter compounds contain
substantial cheﬁxica.l energy, they offer a potentia.ily more efficient approach
for the production of electronicall;t excited molecules, During the past year
we have acquired sufficient data and understanding of certain kinetic and -
spectroscopic processes to permit the design of two proof-of-concept
experiments. | In the present year's program, of which this is the second
qua.rterly' report, we w111 be concentratlng upon these two proof-of-concept -
experlments with some additional supporting measurements on the kinetics
and spectroscopy of these azide laser media as required for data interpre-

tation and analysis,

‘The first of these two laser-device experiments involves generating
high concentrations of azide radicals in the thermal pyrolysis of solid, ionic
azides, with the subsequent e}scitation of the NZ(BBTTg) state from azide-
radical recombination. Laser action would then take place upon the

3
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3_+ A
B - A‘E’+ , first-positive transition. The second laser-demonstration
2 g u po

experiment involves creating a high density of NCl(bl'E::'f) state by uv photolysis

" of C1N3. In this case laser emission is expected on the NCl(bl‘-_Z-+,—-> X?{Z‘-)

 transition at 665 nm,

Durlng this 'reportlng perlod prellmnary experlments on both of
these systems are underway, In the pyrqus:Ls approach initial emphas1s
has been placed on techni'qt'le s to produce unifortn’, thin metallic films on
ceram{c sub stra‘tes. - In the photolysis experiment considerable work ha.s
- been performed on az1de gas generatmn handlmg, and purlty In add1t1on
AAsenS1t1ve spectrometnc d1agnost1cs have been developed to detect

- NC1 b Z ) fluorescence.- These results are brleﬂy descrlbed in th:Ls report -



'II.. SOLID AZIDE LASER DEMONSTRATION EXPERIMENT

In this laser demonstratlon experiment, high concentratlons of
azide radicals (7‘1017 mol-cm” ) are to be generated by the rapid
- thermal pyrolysis of a thin (~1 micron) layer of sodium azide, ;Th1§ latter
compound is coated on a metalized ceramic substrate, The rapid heating
is provided by passing a pulse of current through the metallic film,

Gas phase recombination of the N, radicals is expected to produce

_ 3 -
NZ(B31Tg) state, and laser action is anticipated on the NZ(B3ﬂg - A32z)

first-positive transition.

In the previous quarterly report, we have de séribed the appa‘,“ra‘;tu‘s
constructed fqr the pyrolysis laser demonstration experiment, aﬂd the
results of the initial te sts of the thin-film metalized ceramic heater.

In summary, the first heater, which consisted of a 12 micron layer of an

- 80% molybdenum/ 20% manganese sintered metallic coating on an alumina
support ceramic, became severely pitted and fissured after several firings
from arcing across surface irregularitie s and- unevenness, Subsequently,
it was decided that future plating attémpts would be made by painting an
organoplatinum solution onlthe ceramic substrate and air firing this
coating at high temperature. This technique pyi‘olyzes the organic sub-
stitutants and produces platinum coatings with a bright mirror surfaée.

and a thickness of about 30003. ‘Thicker f1]_ms are made by multlple
coatings and firings, The solution chosen for the platmg is manufactured
b"y'Engelhard Minerals and’ Chemlcal Corporation of New J’ersey and is

| .éoirirnercially mai'keted'as Platinum Bright 05X. It consists of a mixture _‘ .
| of organoplatlnu.m compounds and solvents contammg 7-1/2% platlnum by
weight, Similiar solutions are used in the manufacture of the’ ceramlc .

, héa.ting, elements' of electrlc ranges for home use. A 30" three zone tube

fﬁrnace with a temperature rating of 1300°C has been 6btained to perform



the firings. Initial testing of the platinized ceramic heater is expected

to begin in the next quarter, -




'. I_II..' CHLORINE AZIDE LASER DEMONSTRATION EXPERIMENT B

Thls approach is based on the photoly31s of ClN3 gas to eff1c1ent1y
: produce NCl (b Z ) state, w1th la51ng expected on the rnetastable
o NCl (b Z.‘ - X Z )trans1t1on at 665 nm. Prev10us experlments have shown
.that NCl (b 2 ) state. 1s generated from ClN by uv photons, and therefore,
a laser _demonstratmn.usmg dual coax1al.f1as_hlemp initiation has been as-

_sefnbled.i Due to the endoergic nature of'chlori_ne azide, a more efficient

initiation technique such as multiphoton in‘fra'redphotolysis can be devel-op'ed.

- . 1 ) Lo ) .
Recent experiments have demonstrated that infrared multiphoton photolysis

of HN3 and DN3 produces the eleetronically excited nitrenes, HN and DN.

The apparatus that nas been assembled for this laser demonstration
ex.periment was described in the previous quarterly report. Briefly, it
i ' consists of a dual coaxial flashlamp assembly with an active volume of
| 100 cm3 and 50 cm arc length. Each of the lamps provides about 25 to 50 J
of uv radietion in the 200 - 275 nm band pass which should be sufficient to
completely photolyze 10 to 30 torr of C1N3.
and gas handling system is attached to the laser head. Experimental diag-
n.osties-"include a fast response uv vacuum photodiode to monitor 'fl'ashlamp
o'titp'ut,' a piezoelectric pressure transducer to measure the pressure his-

tory of the flash initiated CIN explosion, a variable reluctance pressure

3
transducer to measure initial and final static pressure in the laser cavity,
a photoelectric monochrometer to observe NCI1 fluorescence, and a 1. 26-

meter SPEX spectrometer to record photographic spectra.

The technique selected for the generation of chlorine azide is due
to Raschig2 as modified by Gleu3. As an aqueous solution of NaN3 and
NaOCl is acidified, CIN3 gas is evolved. The overall stoichiometry of

the process can be represented as:

: 2 : ' 1
Ne.OCl + NaN3 + HZSO4 ru ClN'3 + NaZSO4 + H'ZO . | (1)

_A stainless steel gas generator



E The x"etelef evol_tition (e.nd h.en,celthe p'r_essur'e) of chlorine a,zidé -i‘s easil;}
' } ‘eohtroii_ed'by adjestihé the rete of acidification.  In principle, t,_he'.t'ecihnique'
appe;'r sto be rleadily.”s.cala;bl-e for continuous genefé.tion:' of large quantities |
of pure ciN'3. - R |
A"the'initi_al expe.rime‘nts c'oneibsted‘ ef'filiing'_the Iaser cevityAwith
10 to.15 torr of C1N3, 4flashi'n'g: the‘lam;“)_s',., and aft‘empt'in'g: to'lase in a high
' Q cavity. Not surprisingly, these experiments failed, so the C9Vity was re-
‘ 'rnoved‘an'd a monochro.n.aefer installed to nionifor‘-the NCl1 flqorescence. Un-
fortunately, ‘the only radiation observed in the vi‘cinity ef 665 nrn_'wa.s flash
lamp s_elf-emission. Additionally, the pressu.re measurements indicated
only about a 50 to 75% increase in gas pressure after photolysis. The com-
plete .decomp‘osition of ClN3 into Cl2 and N2 should result in a'doubling of
the gas pressure. Chlorine azide is known to be a very unstable gas and
once the decomposition is initiated, the entire volume is exbec_ted to decom-
pose.' The failure to observe nitrene fluorescence coupled with the smaller

than expected pressure rise strongly suggests that the CIN_ was not pure.

3

Gaseous samples were taken and infrared spectra recorded. These were
3 . . 4

compared to the IR spectra of gaseous azides taken previously by Rice .

This eompariSOn produced two facts: First, the amount ofCC1N3A»in the
sample generally agreed with the pressure data which could indicate the
presehce of an unknown gas that does not have an identifiable IR spectrum
(i. e., O2 or CIZ). Second, under some conditions, considerable HN3 was
foqnd. in the C1N3 samples. It should be noted that HN3 will also be photo-
lyzed in the uv and lead to a pressure doubling, but, of course, it will not

generate NCI.

At this point the C1N_ preparation procedures were re-examined and .

. A 3 :
after some effort, it has been determined that by starting with a basic :

solution of azide/hypochlorite (with more hypochlorite than azide) the

generation of HN3

is suppressed. The IR spectrum of the gas generated



under these condltlons shows no HN3, ‘and upon photolys1s the pressure rise

1nd1cates that the total gas purlty was = 85%. Due to certain dead volumes

" of gas remammg in the supply lines, grcater accuracy from thesc pressure '

" data is not possible. Mass analys1s of the ga.s samples is now be1ng per-

." formed to sear ch for impurities such as Cl2 and O,_.

While this analytical effort was underbw‘a‘y, additional improvements :
.‘tfo At{:hel“‘d'ia‘gnostics 'w"ere also developed. A photographic spectr‘ome'per re-
Apls.cedv--the‘ monochrometer. "With greater- spbelctr_al resolution and the po-
~ tential 'ability to o-bserve lines and 'bands on film in the presence of a back-
ground continuum, the spectrometer should help in locating the fluorescence
emission from chloronitrene. Then, more quantitative measurements can be
performed photoelectrically. One initial benefit that has already accrued
from the spectrometer has been the ability to document the direct radiation

from the flashlamps. By suitable improvements in the optical train, this

continuum has been largely suppressed.

We are now in a position to. resume the experiment with (i) a better
‘technique for preparing pure chlorine azide, (ii) analytical techniques to
monit'or purity, and (iii) significant ‘improveme nts in the optical diagnostics.

‘Experiments to look for NC1 fluorescence are currently underway.
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