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RAMIN SPECTROSCOPIFS IN SHOCK-COMPRESSED MATFRIALS*

8. C. Scheidt, D.

S. Moora and J. W.

Shaner

Loa Alamos National Laboratory
Lor Alamoxs, New Mexico

Spontanenus Raman spectroscopy, stimulated Raman scattecing and coherent

Raman scattering have been used

vibrational frequenctes for detnnacting and

antl=Scokes

t¢ measure temperaturcs and changes Ln molecular
Aahocked materliala,

Inverse Raman and

Raman Lnduced Kerr effect spectroscoples have heen supggesred as dlagnoatic probes for

determlniny the phenomenology of shock-induced chemical reactlons.
using Raman

advantages, and dJdisadvaatapes of

The prartficallty,
dcattering rechniques as dlagnostic

pruhes of micradscaple phenomenology through and lemediacely behind the shoek front of
shock~comprended molecular syatems are dlscussed.

INTRODUCTION

Ramin  «spectroscopy 13 a petencially valuahle
exnerimemtal  technique (or determlning  the
structure and onergy  trandier  mechanisms
dominane throngli and  (mmediately behind  the
ghock  fronr  durlng  the shock-comaression of
molecular avstems.  In partlcular, 1t coulld
elucl late  <he wmlercscople phystcal and
chemical hehavior that occurd In thie  reglon
and  the couplling of the microscopte processey
to aydrodvnamlie and vnery/ traasport  plienome=-
aan.  Undergtandiag thi4 phenomenotlogy wil! re-
Quive aiwering at leadt four kev  queationa;
1) what are the molocular, erystal and dofoec:
stractures In thiy reglons; () what. are  the
Intra~ and  Inter-moloealar  energy  tranatfer
mechantams and, an 1 corollarv, what chonteal
reactlont or phase tranattlons veear throush
thia reglonty (V) what s the
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waves are helleved to he of the order of 1 nm
or lesa In thickness. The pasgsage time
tnrough the froat st a shock whose velocfty Ly
5 km/4ec 13 thud of the oeder of 200 pync  or
lenn. Yence, If we desfre temporal and
apatial resolutions theough a shock=front (5
data  palnts), the diagnostiec technique so=
lected munt be capable of spattal and temporal
resolutlons  of .0 u and 40 pacc, respective-
Ly. TI[ pyce chemfenl reactions are  dominant
as U4 aunpected  tor organic mnaterials, the
temporal reaolutlon mast he hetter. Within
bandwli.lth and i ffraction limits, opcieal
techntlques offer some potential tor achieving
aparially resolynd tast temporal measurements.
However, «fith guch merhods there  are geveral
compl{catfonn, Many materials are opaque or
bevome apapae when  ghock=coapresand., Conde-
quently,  the uae ob optteal dlagnoutic tech-
niques will probably  be Hmited to 1 few
aeleet  marerialy primartly for phenomenoloy
atudleas Theae studtes,  however, may  have
tremendoun

with ather for

Lochntqnes detorminday

phenomenolopy ol qhack=comprosiaed materialya.
Two other JEtETenlt Lew
cal tochnlgquen fop
the  problem of changes
fudex that

Inhereat In naing wpri-
thovk —swave {agnodtlics  are
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chanpgen  charqeterfatfe of qahovk waver and the
pogsthility ot Anduced  photochemiastry when
addny aptleal probesy Firpare 1 oahowa the =
Flenlvy ooeongte rodl whoen attesp fag ta pasa oan
aptieal  heam  threooph o ahoek-compreaaed ayu-
teme The veotbing aheck waze near the  aample
bonndartea towle tog hepd the aptleal heam away
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OPTICAL BEAM

Refractive Effects Of Shock Wave

Figure 1.
On Optlcal Beam.

of the optical diagnostle, measurements coulid
tnclude the effecerd of both the shock dtimulus
and the photochemical reactlon.

Measurements mude uniag nonhomopensous samp les
often  are  averagen  over the nonunlformit Les
and consequently do not reflect the detafla of
the mlerostructure. For materlais 1lke
granular explosives the nonhomopencous  nature
[E readlily apparent  and  oxperimen s are
Interproted aceordlaglye  For yamples thought
to bhe homogencous, ambigulttes can arfyae, For
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example, Fig. 2 depicts twr image-intensifi-
er-canera plictures~ of the shock~front of det-
onating nitromethane Aand an 80 nitromechane/
20X acetone mixture. Liquide are often
thought to be homogen=2ous materfals, howaver,
these picturas show that microstructure exists
in che vicilalty of the shock=front. Norhing
s known about the microstructure Ln the
reglon Lmmediately behind cthe front. When
performing experiments on nitromethane onr
similar =Jubstancea, especlally experiments
utilizing optical tachniques where spatial
redolutions of tens of wmilzvons are deaired,
one muat be aware that results may actually
reflact an averape over a smaller
characteristic microatructure. Conversely, a
single neasurem nt with spatlial resolution
sudller than the micrioateucture may be
misiaterpreted as representative of the
average matarfai.

INCOHERENT RAMAN SCATTERING

Spontancous Raman apectroscopy in  shock=-con-
presaded systems wan flryt performed In datorg-
ting crystallline Hexogene (RDX).
Subdequently the techniqua has been used to
meadure the vLemperature of detonatlng nitro-
mernnne and to look at the [requency shift of
vibhrational gngn ot detonating pentrcite
(PETN) and RDX. A attempt L8  presently
umder way to perform Raman ngatturing Mealsurs -
ments in a medium  whicih shnr ~compressed
using 2 high veloelty gna gun.

Raman  scattering Ls the Laelastlc sunttnrlng!
of  light from moleculon. The seattaering
crods=section and  hence the detection denst=
tlvsity are conatdecably smallee  than For
dipole amisefon/ absorption processea.  The
small seattering croms=-soct{on becomes partic-
ularly rulevant when the seatteriag modinm haa
a large  background emisslon level  such  an
might  he rrue (o a hot nhock-compressed mate-
rlal. This difffcalty can he cvercome to seme
degree by using  a ashort wavelongth exciting
froquency; however, care must  he  takon to
avoid fnterircing fluovoescence From
photochemfeally produced swpecton.

Stnee Raman seattecing occutyd {nty 47 ateradl -
and,  derectfon ean he made at an angle to the
excliting bean w0 that  spatial  redolution Iy
dntormiped hy ofther the diftraction limit of
the optieal componmts or tae scontivity  of
the detoctor and the magn! tude ot the seattor=
fog cvond=aene fone Thi- ta a algatfteant  ad-
vt age  compiared  to dipele omtaacon/ abhaorp=
tlton  rechaiques  whore the  obonerved  of teet
roagulty from emfanton/ abaorption along a path
Tength.  Tempotal teanlution Is Himtted hy the
aennitivity ol the datoctor, the pulae
duration  of  the exelting  laner and the
magnltad of the wcattoring crong=aoction. A
resnlatfon  of apprecimately 10 nree wan
achlbeved Iy detonating  PETN. oh Flaura )
ahowa achemar ieaily the Raman deattoring ox=

purlmum-( w-aed Lo menunre temperaturen via
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Figure 3. Spontnnunu7 Raman Scattering Ex-
periments.””

Stokes~=ant {=Stokes Iatenalty ratlos and
vibractonal frequency <hifra for shock—-com-
pressed detonating miteritals.  For h-)tl‘: sxper-
{menta  neattering  wasg obderved at 907 to the
fncldens, oxelting cadiation.  Temporal rnsolu=
tlon wiy of the order of 10 nsec and 1 30 naece
window wna obac_yvod in which measurements
could be made hofore the [nterss Light emftted
hy the detonatlon front  gave a  large  pack-
g'rnun.l tntonsatty.  Based on a PETN detonatlon
velartty of - 8 km/uee this tmplles the obuer-
vatlon replon wan ahout 250 aleroas long.  The
detonalor was the major source ot timing un=
cortainty. Overtap  of  the lawer pu'ae alrh
the 10 nace window conld be Laproved by aslop
a mor.: proeeiae triprering aehome for
Q-uwltehlng the lader. The (ntormation which
can be patoed trom these kiada ot experbment
{a primartly the shitts  An molecutar  enerpy
leve la renualt tng trom shoek=conaresalon and an
entimate ot the vibreat tomal temperato o In the
coplon  bebhind the shock=tront.  Althongh pood
apatlal  resolutton e poasdhle, thereare
wt 1l dirtfeatt ton bhecanse  refractize Tadeg
atleetda, at donleted fa Fly. 1, make  prectae
aptieal  allmment diftienlrs Coupling theae
problems 4ith o amall  aeattering  amplitade
appeard to Htmit  the potential ol ordinary
Raman acattering for maikine  prociae apat il
moeseirement 4, parttentarly me i rement o
througl the alioek <tront awd the cletection ol
apec o with small concontrat o Advant e
amd LD st zantaves of capontaneads R et -

tortay sro gleon In Table L

Renonanes Raman teattociog oecceara when the

exctiting troqueney Lo In vedonanes o pear

L BURTY with an  actaal  trgdtton ot tae
[ "

avitem. For dbwerete and  cont bann vesine
wanve  Aaman et terbap, the aeat tored foten -
Attty can Daereaas odpvmat tealty hort Yy | oy
fund vneat oy amd ogerioneas The oml afon {n -

tonalty can alao become e o v the et

of resonance fluorescence. In addlcion, for
disrrete resonance Raman acattering, since
laser radiation 13 being aksorbed by the
sample, complications from phorochemiatry and
sample heat!ng can be expected. Time resolved
nsec and 55?8 resonance Ramun spectrcAcopy ex-
periments”’ have L2en performed in dilute
golutlons at ambient condiriona. Generally
signal averaging was wused to {mprove sig-

nal-to-nnfse ratfios. Pulsea rasonance Ranan
acatterinpg mcasurement9d may he possible (n
shock-compreysna aystama to determine

vibrational Ffundamentals and overtones of
small concentration speciea. However, gating
of the det2ctor might be required to eliminate
fluorescenca effezfa. Algo, resulrs of ringle
pulse crperiments,” while {mproved compared to
apontineous Raman Acatterlng {ntensfcie do
not slow slgnal-to-noise ratios aa large as
observed using the cohcrent techniques
discusynd later tn thia paper (Table I).

CONERENT RAMAN SPROCTROSCOPY

Sevaral coherent Raman scatteclng techniques
have  been demonatraced (Fig. 4). Advantages
o1 chedn technlques, primacily due to large
acattering ILntenasttles (Table T) and mintmal
experlmental complleations, are Lncreaged de=-
tactlon qundltivicy, temporal resolutlion
Limles approaching laser pulse  durattons  and
ponalble  spatial resolutlon appraachung the
diffractfon Limlt of the optieal componeniq.
As  with all optlecal methods, optical acresy.-
blllty (l.r., hecause of  onaclity) remains a
mijor diftleculty with the coherent Raman tech-
ndiaes,

Anckward=atmnlated Ram:.a acattering
(BSRS)  han  heen obaoryed In .‘ih()l‘.k-l‘.umpl'\"i.'lll‘ll
honzence. Stimutated  Raman m:.-nr.ur(nq‘ 13
(FIp. 4 oeccarn whea the (netdent Yaser Inlen-
sity In a medinm exceedr o threshold level and
generated  a utrong, dtimilated, Srokes bHeam.
The threahold Teve] Is determined ov the Raman
crona=ectlon and Hnewldth of the tranaftion
Al by the tocaadng parameters of the (neideat
Iy vam, Typleal theenhold  Iatenatifog  are
= 0=100 GW/em Fipure 5% flluatratog the
arrangomnent  oued  for 10 haekward stfmalatoed
Ramin seatteriog oxperfmeat . An aluwlnom pre-
jorttle of Daodn veloelry from n
Sl=nm=dfame o l-m=long gas gan (apacted an al-
umbmn target plate prodaclon o dhock wave
which ran tarward Into a 9 to U-rm=th{ck Len-

zene '“mpl-'. Standard  ata rodactton toch-
w7 g pabl tahed ahock =veloeltv/ par -
tliclocveloclty data weee aaed Lo deterntae the
dtate ot the  abock=compreasged  bhonzene. A

nlhngde  hena-Tong rreeguency - doabled - Hd=dopod
vetrlam atumlnnm garnet (Nd:vAG)  Taner pulae
v ool theongt the quartz window to oa
potnt an the hengzepe 2 to 6omm i bront of th
rear vimple walls Fhe timiog segquence wat o=
teralned by the Ineomlaw prafect fLe, Inter-
rapttan of v Hele Tastor beam, (o eonjanct fon
with e approprtate Cime dolee, tilpgerad  the
Lt by Lamp approastmately 0w prior ta



impact. A time—of-arrival pin activated just
before Lmpact and the appropriate time delay
served to Q switch the laser just prior to the
shock wave striking the quartz window and
after it was well past the focal polnt of the
incident laser light.

In quu1T6 benzene, the v; symmetric
stretching mode at 992 cm~! has the lowest
threshold for wtimulated Raman scattering .
Lnduced by 532-nm light, and was the transi-
tion obaervr d in these experiments. As
depicted in Fig. 5, the backward stimulated
Raman beam was sceparated from th~ incident
laser oy maaus of a dlichrole filter and was
then fo-used onto the l0-p-wide entrance slit
of a i-m Czerny-Turner apectrograph equiopped
with a 1200-grooves/mm grating used in firsar
order. Figure 6 shows the resulting
gpectrogram for benzene shock-compressed to
0.92 GPa. The roflected incident 1laser 1line
and the backward s imulated Brillouln=scatter-
ing llne at 532 nm are obhservakble, as are the
backward stimulated Raman=-gcattering Line from
the shocked sample and the backward atlmulated
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332 nm Ambien’ Shocked
Benzenc Benzene
Figure 6. Scattered Light Spec:rosiam For

Shock-Compressed Benzene.

Raman-scatterinyg line €from ambient benzene.
The latter Eeature resulted as a consequence
of the shock wave having passed only about
two-thirds of the way through the sample, and
hence a stimulated Raman signal was ualso
obtalned from the unshocked liquid.

The frequency shift of the Raman line
will have small contrlbutinns of approximately
0.1 cm™! because the light crosses the moving
{nterface between two media of differest re-
fractive Indices and because the _material
behind the shock wave was noving. Since
theae errors ave condlderabdly less than the
experlicntal uncercalnty of * 0.5 en~! for the
measurud f.equency shlfts and are a small
fraction of the ahift duec to compression, no
Atteapt wai made to currect the data for these
cftectn.

Flgure 7 glves the mensured shift of the
v, rlng-atrecching mode vibratlonal wave num-
ber versus pressure of the shocked benzenu.
Obscervatfon of the rlng=stretching mode arc
.18 GPa  strongly Suggests that henzene
molacules 8tlill existed geveral milllmeters
hehind the shock wave at  this  pressure,  hut
dors “ot. however, erclude some decorposi-
ttnn.l

Sfenal heam {ntensftiea using BSRS  are
sufficiently large that fLIm can be used as a
detoector. The Large {incident Intonstciey
cespired, however, can cause damage to optical
components near  foeal points. Spatial and
temporal  redotution  (Table T) are determined
by the confocal parameter of the focuning leps
andd Lhe  laclident lamer pulan duratton. The
BSRS technique  alao sufferd from the dIf-
fifculty that only cortaln moleculesa produce
atimilated Raman  sweestte-log and  of those
molocules only the loweat threshold tranafelon
produces  acatroering. Therefore, stimulated
Ri 1 seatteriag {8 prabably best uned an
dtagnoatie to look at slngle deleect upecien in
the qteady roglon bhegimd the frone of 0
nupportnd shock.

lnv"r.-wl!l';nsan or stimalated Raman  lona
Apect ryneapy ’ (Fig. &) haw  hoen  sug-
geated”™t oan o dlbagnostle techal jue for  shock-
compreaacd aystemd. Seattering can ocenr  at
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Are Gl On One dData Polat.

tneldent power levela vconalderably below those
cequlved For atlmelated  Raman seatteriag by
averlappias the pump beam witn a heam, unually
a  hroad  band dource, at the ant (=Stokes {oe-
quenry.  Radiation 13 qeartered from the hroad
hand  aource  (appeard as oan abgacpt bon) nto
the pump Frequen-sv. No  threshold  inteanity
exfars an {n the  came of silmilated Paman
dead Lering, heace, chie complate Rauman-aet {ve
qpevtrum, with sublieieng ntenuity (XY
overcom [ luorescence g other  backyround
ofFoctd, ahenld thua bhe yialiple.

Sincee phase matehing  ta not veoaired as {n .

many ot the  cohecent techntbguens  dlaeayaed
fater, deveral geometeie arraapenent o re pog-
slbhlo, Spat fal aned temporal reunlat fan
(Table 1) qhonidD be the Hifractfon "imar ol
the optfleal component v and  1The lanoer palae
longth, respeetivelyse A ddtenlty does arefae
with  the fuvercde Raoman teclanlgue whon A
broadhand  dye Laner 1 wued Tor The ipaben
heam. Ronahnena or frreeegalarivtion ol the  Ine
tonarity ot vhe  contlavam, b o o ylog
Selueytor o the optfea Ty the Taaer and ther-
mal aradient @ o the alee q9tream, can e ob the
arder of the abacreptfon alnai, thay wleereant

affecting apectral resolution and detectlon
senaittivity.

Coherenz anti-~Stokes Raman scattering (CARS)
and gghisen: Stokes Raman scattcring
(CSRS) =“? (Fig.- &) occur as four-wave para-
metric processey in which threa waves, two at
a pump {requency and one ai either the Stokes
ovr anti=-Stokes frequency are mixed in a sample
to prcduce a cnharent Leam at the anti-Stokes
or Sto%es frequency, respectively. The mixing
ts  greatly enhanced LE the frequency
differancr between the pump and the Stokes or¢
ant L~Stokes frequencies rolncid=2s with a Raman
ectlve mode cf the sample. Like Iinverse Raman
scattering, CAKS and CSRS can be produced at
facident powcr levels considerably below those
required for 8timulated Raman scattering.
h.wever, gince phase matching I8 required,
poasaihle geomatefcal arrangements are limiced.

Figure B deplcts an experiment used to measure
CARS Ln shuck-compredded 1llquid benzene and
mixtuces of benzene and benzeue=d, . The gas
gun described previously was ased to acceler-
ate a magnestum projectile with an B-mm thick
304 atalnless ateel warhead to a desired
veloclcy. The prolectlle atruck a 2. 1-mm
thick 304 stainless atoee! target plate
prelucing o snock wave which ria forward into
a 7.5 to 8.0=nm thick benzene (or mlxture)
sample. Stalaless steel was chogen becausc
previous exper{ence has shown Lt to retafn Lts
eeflectivity under shock  compression. The
state  of the shoch=compeoessed  samples  wan
dotermined uding wubl&shud sliock-velacity/par-
ticle=veloetity da.a. Mlxture densities  were
determioed  accoedlng to volume fraction of
benzene and benzene=d, . The timing saquence
for  the HBBCARS experiment dltCered trom that
of B3RS nxperimonts in that aluminum
time~of=arrlval pilns  replaced the HeNe Llaser
boam teippering ayatems Stace the Raman tre-
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quenciea of the shock-comprussed materials are
not precizely known, and since we wished t>
produce CARS mignals from vore than one mode
or species, a broad-band dye laser, with a
bandwidth equivalent to the gain ptoftlss of
the dye, was used uas the Stokes beam. A
portion of the 6 ns long frequercy doubled
Nd:YAG laser pulse was used to pumn the dye
laser. The resulting two laser beams (dve and
remaining pump) were passed through separate
Galilean telaszopes and sent along parallel
paths towards the sample. The beams were

focueed and crossed (with approxilmately 1 mm

length of overlap) at a point 4 mm in front of
the rear sample wal%,ustng a previously de-~
scribed technique. b The hram crosslng angle
(phase-matching angle) was tuned hy adjusting
the axial distance between the parallel beanms
using a preclalon translation stage on the dye
laser beam turaing prism. Tha CARS beam was
reflected out cf the shocxed sample by the
highly polished Eront surface nf the target
plate and along a path parallel to che two
{acoming beams. After being scparated from
the pump and Stokes benms using a loug~wave-
length-pass dlchrole Ellter, the bean was then
passed chrough a dove prism and focused onto
the 75um wide entrance lit of the spectrome-
ter. The dove prism was used to rotate the

lmape of the CARS aignal ao that any bean

movemant reanlting from the changing poaition
of the reflecting surface during the shock=-
compressfon process wonld trans late to
movement along, rather then acrows, the spec-
trometer entrance  sLLt. The slgnals  were
detected at the exlt f the apectrometer uslng
a Hllicom-intensifiod-tarret vidleon (KGG~
Par 12050) coupled to an oplical multl=channel
analyzer (OMA) (EGG=PAR 1205A).

Fioure 9 ghows the OMA recordoed RBBCARS
alynalet  for the ring-dtretching modes of hen-
zone and houzenn-dh ln a 607 bhenzene, 407
benzene=d, (by volume) mixture, hoth at
amblant conditlons and shock-compressed to
0.91 dva. Alvo  shown  Lla the 253,652 um lg
line {n second order nwed as a waveleagth rer -
erence. The  apectril  data obtained -wning
RBBCARS shown no  evidence for the  pressnce
hehind Eh" shock  of  decomposltion product
Hpnclﬂql' (Ar concentrat lonn ahove the  10-20%
Level)  baving Raman actlve tranaitions within
the vibrational frequancy  taplon spanoed by
the galn protile of the dys (l.~re hetween BOD
and 1100 emly, Tn  addlivion, the apectra
obtalned tor the rixtures do nof contain any
evidonce for devtrrlium exchange react long he-
tweon  the henzene  apecles darlng the ~1 ja
after pannage ot the ahock.  If exehanpe  had
oceurred, new  peaks wonld be ovident hetween
the henzene and henzeae=d, tranatt (oo, Muen-
aured  vibrational  rinp=stretehilng Creoaeaey
gh!its For benzene obtaloed ualng RABCARS  and
the ablfta meanured anlap SRS a2 anet fon
of ashoeck preasare are show o Figo AL The
data indieates that the twe Lechindques measures
aqialyalent  lFesquoney ahife.  at cquivalent
uhiock presnuresn. Tomporal rowolation tae the

RBBCARS

]
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Figure 9. RBBCARS Spuctru24 The Ambient Peak
Powitionds Of The Two Specles Are
992 ¢m™! For Bewzena And 945 cm~!
For Hn:n'.:um'.-d,_S .

RRBCARS techuique {3 determined by the lasoer
pulae duratton. Since the bheam croasing-
auples requalred for phase matehieg are a  few
degreoun, apatlal  resolutlon {3 gomewhat less
than the confacal parameter »of  the Ffocustuy
Lena (Table ). This decreade to spactal res-
olutfon trom that potentially avallable with
{nvarae Ram:in scattering s a distinct
digndvantige nf  CARS  and  CSRE,  and will
ultimately he  a haadleap when reylog to men=-
Aaure  relaxat{on phevomenn o the replon
fmmediately bebind the shock=Cront,

The real  advintage  of CARS and CSRS expe 1=
mentd {4 the targs scattering  Intensity  aad
beam=1tke naturee of  the algnals that enable
tremondous diacriminatlon agalnst  backy=ound

f luoreacence nndd emiaaion. CARS alao
frepaeney diseriminates galnat Fluocescon:e
[atoerferonce. By  proper  sample  rolection,

futerterenees from the non-vedonant  background
alald and crogu=talk hotweon clodely spaced
IHHaes ean be minfmised. Because of the  large
signal <to=nol4e ratios exprated, Jdetectlon  of



specles with concentrations drwn to part-per-
hundred levels shuuld be poss.ole.

(RIKES) has heen 3ugges*ed as a dlagnosatic
technique® for performing measurements 1in
shock-compressed savatems which wmay have a
large non-resonant background. Similar to in-
verse=Raman scattering, RIKES requires a
single trequency pump b:am, a bruvad-band prove
source, no phase match.ng and lower incident
power lavela than stimulated Raman scactering
(Fig. 4). Apprcpeiat: polarization of the {n-
put pump and probe beams results In a
acattered probe beam whose polarization 1s
rotated at conditions of Raman resonance. An
analyzer placed In thea Jcattered probe beam
thus _ransmlts Llight only at differences in
frequency corresponding t& Raman resonances.
This Aarrangement tdeally would giv-. a large
gignal intensity againat a small background
making Lt a good cholce for tha detectlon of
gpacles with 1mall concentrations. In shc 'k
appllcations, lowever, two dlfficulties could
arl4e. The stralned dghock-compressed sample
could exhibit bivefringence which would rotate
the polarizatlon of all nf the Lneident probe
frequencles, resulting Lo a  large uawanre
background. The decond problem arlses Lo geo- |
metric arraneement  conslderatlons. Since a
polarlzation analyzer {3 required (n the out-
put heam, a stralght llae transmisslon

Raman—iaquced Kerr effect spactroscopy
h

arranpgement 4 the most  logical cholce. A
decond cholce would be aimilar to Flg. 10 with
optical cwoponents arranged to null any

polarizing ceffaorts of the cefleccing surtace.
Temporal and gpatial resolutlons tor 4quch  an
arcangement  dhould  be the ladger pulie lTength
and the diffracrlon limit of the optical  com-
ponentd nsed.

Figure [1 shows  two  RIKES 9ypectra from two
different oxperlments of the 992 em™ reylon
of beazone shock-compruessed to 117 GPa. Both
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traces have spectral features, however they
are not congistent and do not exhibit the
pressure-~induced frequency shift expected for
the benzene ring stretching mode basad on
previoua BSRS and RBBCARS experimonts. In
additlon the broadband siznal at the dye
frequency Juggests a shock-1induced
polarization rotation of the entire pr He
beam. The conclusion reached from these
experiments Ls Lhat while it may be pnsaible
to perform RIKES in ehock-cumpressed materi-
els, the experiment will he considerably amore
difficult than techniques not requiring
polarized lacer bcams (Table I).

If the output beam of a parametric mixing
process 1s sufflciently strong, it can ‘urther
mix with ore of th: incident beams anu create
a new output beam at yet a different fre-
quency. Higher order Raman spectral exclta-
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Flgure 1. RIKES Speetra or Two Shoeck-
Compresaed  And One Amblont Preg-
qure fBeazene Experimenta. The
Pasltron Of The Amhloent anlhlftmf
VihieatlTonal Frequenee e 992 ¢m”
Iv  Siven By The Lower Trace. The
Krypton Calihrat ton Lincs Are
Y7009 1 And Sse.00s A,
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TABLE [. RAMAN SPECTROSCOPY

Temporal jpatial
Technique Resolution Resolution Difficulties Advantages
(us) (u)
Incoherent
Spontaneous 10 10 Low sensitivity limics Can 1identlify vibratfonal
temporal and spatial res- spectra and speciles.
Difficulr 1in high emis- Can measure temperature.
sion backgronnd applica-
tions.
DiZficult where fluores-
cence or photochemiatry
occurs.
Resounance 10-"~10" 10 May require small specles Can Ldentify vibrational
concentrationa. spectra and apecles.
Could have compating Increased sensitivity con-
fluorescence effectr. pared to spontaneous Raman
gcattering.
Colieren”
Stimulated 10-4-1 2300 Spatial resolutf{on mar- Can ideatlfy single vibra=-
ginal. tional spectra.
High power levels re- Good temporal resolutioa.
qui-ed.
Limited detectfon capa- Scattered beam comes back
bility (single .ode and along Lncident beam.
specles).
Inverse 10-"~10 10 Appears as a small signal Can identify Vibratlonal
on large background. specftTa and specles.
Noes rot require phase-
matching.
Good Spattal resolution.
Good Temporal resolurion.
All Raman actlve wolecules
and modes scatter.
No non=r yonant Back-
ground.
Ant L=Stokes
Stokes (CARS, 10="~10 Loon Phane matehing requlred. Can fdentfify vibraticial

jpectra and specles.

Spatlal resolutlnn ade -
quate.

Good temporal resoluttlos,

Good detectton sensfcl-
vity.

All Raman active molecul~s
amd modes sgcattee.



st

Raman Induced 10-"-10 10 Sensitive to birefrin- Can identify Vibrational

Kerr Effect gence effects.

(RIKES)

spectra and species.

L e3 not require phase
matching.

Good apatlal resolution.
Good temporal resolutinn.

All Raman actlve molecules
and modes scatter.

Other Complicated.

tion studies (HORSES) (Fiz. 4) have been used
to generate colierent gacond Stoke: and second
anti~Stokus beams. Other wulti-col.r paramet-
ric mixing processex uslng polarlzed heams
have been used to observe Raman transitions.
These technlques  are generally used to
suopredas non-resonant background effeects. Ob-
servation of any of these more complicated
procisses In stock-compressed systems will
probably come after some of the techninques
discugsed previously are further developed.
Optical allgnment for any “echnlque rejuiring
polarlzed beams wlll surely be difficult.

SUMMARY

Sevaral spontanceous and coherent Raman  gcat-
tering machanisms have boeen discussed as
pot:-ntlally valuable diagnos.lec techalques ter
determining the structure ana energy transter
mechanisms dominant during the shock com-
pression of condensed-phase molecular systems.
The nractleallty. advantages and disadvantages
of anch technlaue have been  summarizerd.
petalled 'escripttons of backward gtlanlated
Raman scattering and refleected hroadband co-
heront anti=5enkea Raman scattering have  been
glven.

Two fundamental Llimltatlons of making experi-
mental measurementa In the regloa through  and
famrdiately  behind shock Frones are the maxi-
mum possible spacial resolation whish  can  be
achloved and  the (ncreased bandwi-lth of Dasr
rempor il measucements. For siaible wavelensth
optical measarements,  the A0 actlon IHmit,

ar spatias resolutlon, s~ 1/2 u. For aubni-
cosecond  temporal  technlques, the Landwidth,
or ypecteal resntation, B tons ar

wavenunhery.

fn the near tuture, qay Clve veary, we helleen
the eayvolation of Raman acatter{ine meainroment )
fan  conjunctlon with ather  Jdlagnostic tech-
nigques wil' caabte un vo pestarm the Toallowing
meadunrenent 4 (1) determination ol
sibcattonal o oruy levels tor many shock=com -
presacd matect tag (D Uent P Leai fon ot mate -
rlal phaaesy wheey cthoek —romprossad s (W [ angd -
fiL-atiom for miny  mareritls of  chemeal
wpeclow roaalbtag teom thoeck -Todueed deenmpo -
gftlon, polymertzatlion and react om0y =

termination of reaction-rate phenomenology for
shock-compressed materials, (i.e., how do
rates and phenomenology change with larg.: com-
pressions and high ctemperaturea); and (5) mea=-
surement of some details of shock=front struc-
ture podsibly providing insigznt regarding the
unlique features of the shock process. When
the results of these measurements are coupled
with presently known information, the
posalbilities fo: increasing our phenomenolog-
ical underatarding of the shock-Lowpresslon
process are numernus.

The authors wish to thank C. W. Caldwell,
R. L. Eavensun, and G. A. Laguna Ffor thelr
asslstance in performing the shockwave erperi=-
ments and Adele Zimmermann and Mary Ann Lucero
for tyoing the manuscript and preparing many
of the figures.
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