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SXPERIYHT.AL !IOLECULAR SPECTROSCOPY

D. S. Moore and S, I;. S~htnidc

!.OS Aiamos i4arLonal kboracor:<. Los

I!i SIIOCK-CO!4PHESSED .%\7:?.:AL2*

A1.lmos, Nl 87565, L’SA

Shocked mactsrla.s presonc an nxcicing challenge to the experirncnral spec:.::,:,(npist. ?hc
severe constraints in cima and space imposed by che si)ock. IITrI(:rsti CtIII alsn ‘,u ,Jcccmpanieli !J.,’

chamical complexity, Hany sc.sndard spectroscopic techniqui!s bin-:,? recen: !:: !,~,en adtipterl wirh
varying ctegreas of succees, Those dlscllssed hem ti:e uv;viskbl(~ absorprior~, ,.mission, .IIVJ

fluorescence , Lnf:ared absorption, and sponcane,,,ls and cob.eronr Rnmnn SC-I: r(,:’:ng The
imporr,~nce of chc connection CO both cheery and static hi;,,l).;,los~urr mr,tll,),!,. i,; :IIIIIIII,ISI:LIII

1. . [STRODUCTION

Adm#ances in the understanding of shock/

material Lnceraccions have paralleled the

advnnces in the experimental techniques

.Lvaiiablo co probe the sample, The ❑easurement

I!’ lIuIk prcporcles such J:: dens~.tv, temperature,

:mrl:hIIIical (Inforn,atlons, and hvdrodynamlc

t,::”,,c:~ II,IS:C p:ovlded useful charucLerizaclons

!)f somo ma:crials, buL them ramnll] difficulties

~,. .!,4, ;)t,r!.~rmilr~ce an,l !ncerprr LnL lon of such.,,

,,:<i]l,l”!mpl:’:~ 111 mult,cul~r tnatcri.lls, ospa:lally

,,IIP r~, o: LI: 1)1: !s Thv purpose ot Lhis papar 1s to

rI.,<lPw tlIc .~.lrlo[ls spertroscnplc rechnlques that

lInm.oe hv, ,n or COU II he u~nd to meu:lurc mc..~~. ‘r.

:.I..Fo1 ;,r p,.rtlcu of shock-cornprcssed molacular

:r,l!mrl.l,ti Ill pnrLlc.ul,lr, wo arn Lnteres?md In

!!IO ubI 11[ :,IICII techniques LO ldcnL’l[y the

T,IIUI. I},Ir }IIIV31CJII nrrl cllemlcal prt)crgsmy !.l}at

,.,.,II,~pon nhock compression and how thms-

,.., II I,,,. II!II. l)r,IcPqmPq ,nupl~ ! n hydrof.!yn,tmlrm

,.I I’1,1 r};y Lt’allS~OrL [11 !1}1!4 l!ollt.cxt qt!vrrnl

II,, 1,,. un r’: rnpabllkclcn III tlio oxpnrlme II1. JIl

;Ir/It)vT 1“411 be diSC@rllnd, ( 1) Lhny Ilamd (0 tla

,111111 fII c{l!ILiI\glIi?ilI }IIIf,WPnlI (:llemi(!al xp@I!iP!l;

.“ fllmvltll)(l:d!)(I.lI]ln r!) }Irovidr Iltrut’lllldl

lnform~ttrdl, (]) they mhould hllVO enough

t~lnpnrdl atl~j qp~tinl raqo]uLltjtl lo motlqut’o t}IrI

II-.X I :’e Ii kl IIm*, i( hHIIav II, r , llnll 1la j I hrly stl!)~lld

. . . . ..—- . .
1 ‘“’lIlk !l ,1111, ,,llllllr II I,, ,lll!m~l, l 0.: !,1 IIlm I;!; I)c.llarlmollt

oper.lte in r(mdl time,

There are many experimental dlfflculcies

overcome co adapt optical cachnlques to the

co

study OF shock-comprassrd aaceriaLs. For ❑any

matertala, strong shock w,lvern are belleved to be

less than 1 pro in thick.less and have valocitles

of the order of 5 km/s. Therefore, lf we day~re

Lo make spectroscop~c mr.l:;urumentz ~ the shock

wave , che tcchnlque sr!IIc” L.rl needs spatial anti

tamporaL resolution of I)wttcr than ).2 pm and 111

ps, respectl~.wly, Iiown’:1.r, thase roqulremonts

are considerably relaxa,l :0 study the regiun

iramedlacely M the :;l,f)ck wave Undar ~hock.

~ompraaslon mnny mnLerlill:l are opmquo or Locomc

opaque. Consequently, :IIC ude of thesa optical

techniques mnv he llmlLr,l LrJ phunomenoluglcnl

stud:aq In a tcw neloct m;lL,~rLals, Almthot’

limiLaLIL)ll i~ tile r~lr.t(’tl’.’n indt=x I:iI.IIIgC

[hrot~,y)l tha ~llnrk tllnt r~~,iult.n in I) OIIIIIIIP, II!

{lpt icAl Il,lttlu rtlprllf 111,., w may IMI f orrod I II



and consequently will not reflect the details of

rho ❑ lcroscruccure, This affocC may also nccur

in samples thought to be hcaogeneous. 1 It

should now be obvious that no one optical

technique has Jll of rhe necessarv speccroqcopic

qualirles or could o..,ercome all of :he ~bove

experhencdl .liffiuulcies. Thcretorc, c!w

epeccro~cop~c etudv of thege s;fscems W1.lL

necessarily be mulclfaceced, using d comblnatiol]

of several techniques !n j~pprnprl~tel:t chosen

select mncorlale.

7 5.Squartz,-’ molecular spectral faatures in

shock.compressed RDX and PETN, 3S6B7 shock.

compressed benzana, 9,1’),::, excimer-laser-

lnlciaced Lead scvphoace ~nd mercury

fulminate, L1 detonatlcg i-!!iS, HW, and PET!4,10:’5

and shock-compressed granuLar IWS and PBX

~uo4,11 ,16 The emLcctn~ ,tpecies that have been

identified lncluda C,, C!:, CP, N07
.

(tencaci.~c.i,:l ,
10 -

.Ind m,7r:.: ~:oms such as Xa.

‘%lle in somt, c.lses LIIC ,,mission 1s admittcdky

from gn~ plInsr products 111:11cnn IJO undor~tnod III

terms of Rns phnse molcc,.j!(lr paramatars, in

o~her (..ISPS the rmlssion .lrLscs from wichln cha

‘),1:.:+t.ondensed sample, A pressing question is

how (he emission feat,lr,., shift and broaden witil

pressure aI:d chemical composiclon, In +ddicion,

tha origin OS moleculnr rmtsslon in granular

axploeives may be ambiguous as discussed above,

Other serious quekt~ons .~rr what is the role of

spalled m.ltcrial, and wlI.Ic high. ternparatura,

gae-p!,ase reactione 1[1:1,.ll,llce tha result?

b. uvj lsUzk,/ AkXZKLi’-’Il has hecn usrd to
:,1:study ind~x of refracti(ln ,.hanges, .IINI the

.xhl Ets or .l!)~(,rptlnn }1,III,!,, with pros surr 18.2’

!4,111y impro’~crncnts Lo I !,,,, ~’: ‘.’lalblu .lhsorption

rcchnlquc hn,~o Ilvin ll,lpl~,l;ontn(i to u’~rrcome

CKpe:IrM!rLLiIL .wnhlguit 1P,, “Thn l.lLt.st

Il}fvl” l.tl$lllxmn Ill Illm ;r, ,i,,l ,11 Ir PIII,I.I.,; ]11.:PI 4

I{owmrrr, !}1,!!,0 I llfrr,l:ll’c .Iro rompl ll’,I!I. (1,

molmrtll.lr ,,:. I: IsI I-’l=, ,,:’ !.’, ,!1111! 1!)11 .,!lldl,t.l, ~”

,111,1 I-l)r:..lli ,h,,:l.~ ‘ 01 ..: .1” : !, {,,,1) 1)1,,..1.,,11 r.
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FIGURE 1
LJV/v LsLbla absorption apparatus with a)

reflector or b) flashlamp in the projactila. 23

. . Iuoresc enrt ;ti frcqucntl:: used ns n

dl.lgnoritlc for state.r[.-scate chemical dynamics

2Cudies, measuromants of lntramoLccuLar

relaxaclon processes, arid dmterminacione of

uxclLt~d st~t{,s, 5ubucquont arslssion from L!Ie

m;lnlL~)ld ol ~L,ILos pupul~ted by cnllislonu! or

,ll]lmoloc!ll,lr pro~,essag le then mnrllrorac! by a

‘.,.lrl(~t:f (It (,l,qt IIetrctlon methods. The

II
I !.IJMI,,.11 1,,,,,, , !, ,1,, .IIIII III mrd,;llrrn W.IVOIIIIII:I II

,,tlll f., ,1 F :: :,1. 111111,,,.11111 III I.II,I,P , l,mllll,,,li.11

, ,,!,,; ~~~ {“ :11,1 l,l,lllll~ln ,,1 , 1,11 I ,,1,,11,11 ,Illl,llltlllll:
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FIGL’RE 2

Fluorescence spec
shock production)~”’cup:’ apparatus ‘“h ‘*ger

41S orgnnlc LI\-c$, and, i:l chc region of lower

shock pressures, spectr~l broadening can be

30-33 However,small, at higher pressures, even

lf preseure. and temperature.!nduced broadanlng

is not a problcm in spQc!t’lc cases, the dye

molecule~ themselves mav cl~compose. The key to

tha ruby experlmen?,i 3G,15
is that the absorpclorl

Le broad, but the IIxci:od Ur ‘+ Lor} quickly

ralaxos into a qt.lte who5r fluorescence remaine

narrow tn high pressureti .Ind temperatures.

Other tr.~nst:lon morill iIIIIY (or complexes) mny

have rho snmr ltrrll~utc~

An Illt(tlr]:ltl’.’o LO IIo:m,Il fluorcscrncr iq Ihi,

! (1
use 0[ dt)l.lt)ir ~t-SIlllSlllL:(, t 11,.till lqu,u An

lnltinl pulnr co,~ld b~ u:;rIl LO oxclto J doulr@d

elactrnnlr ur vlbr~tlor~,ll translclon, A second

lnser PULJC, tlqmporaLlv d~.l,~vod v~th rospo:r to

thn firs: , CrIIAId :han CX,:

Ill&tlnl’ llllrr’};v Ievvl I’ill!

l14vPLb b’olll(l :Ilutl I)v mol)i

tlmO bFf.woPII })I1130N !,0 ,IP
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FIGURE 3
rims.rasolvad Lnfrarad spcccral photogra y
(TR:SP) *ppar*tus for shockad materials,

!b

wvercome the brightness of thm shock-compressed

sample. In addition. for (Iuccctlon cf mnlecul.lr

spoclee, wI14c ls namdmd 1s In TR detector array,

slmllar co the lr.tanelf~ed phacodlode ●rrayk or

vidicons ●vallabla for w~;k Lr, the visible,

Thame, unforcunacely, mra not yac avalhble. A

usable alternative 1s chc time.raeolved lnfrarcd

spectral photography (TRISP) syetem daviaed by

$orokln and coworkers 37 This system

circumvents both of tha above probleme by

t,mplo:~lng ~tlmuL+ted elrctronlc R~man scattcrin~

In .Ilk,lll JS@Ldl vapors to .lown-convert a

hruudb,mld ‘:!+~blu luaor pulBn lnuo :.I1o L,lrrared

ThLM bro.tib.lnd infrared pulse 1s pashod chro’~gh

:Iw samp:c, rccurd:ng tlw abeo:ptlonu prcf:cnt

‘.!wre, ~Ind LU then up. converted bmk to thr

‘#lMLIJl@, retaln~ng the recordu~ abaorptlons,

,Ixlng a four.wave mlxlng proct ss ~lmu in nlknl 1

,wl,il v.lpore, m Ilp.convertm-l broadham!

‘.’i,ill):m p~llse IS thwn IiJJFact@d UMIIIg a ‘#lIILcoII

111” lII:oI.slflv I IlloflP .trrfiv

“;’~: ‘1’ tl.in r~l”trllf 1“.’ hPOll II#c?d ill uhut:k.

,rl~ri~...ll,l: ,Ilmpl,,.i AIMI J+ J dl t~,m)sf [I: :IJ lIIIJk

, ,. %pl,l’:1~., 111 11,0 E,l%. ptlilsr plum! ,Illlil’!lv

Illllvw 111,’,111.11 Ill); !Illl.11 I pal lrl m uf hlfitl

IA ~},m ~~l),l;llnt~ll:dl
I,xpl ,Iul’. wl ilpp.11’a! 113 1,~1

WI:;}’ mo.l\~lrwm*nl.: III ..h,,,:k., t!nlirm”i”i~{l q.!mpio~

1,4 %ll,lwll Ill Fl~ : A ,111111.11111: Wi:tI tlw II!,r
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Ptctoral rupresoncati~ns GE Rman and resonanco
Rarsan proce?ses.

ot’ chlr. technlqllti as J rv.11-time optical

dlagnosci.c in shock.cornprrssod samplee is the

timing constraint place.1 on the method by

necessarily wry thin samplse (timing Jitter

muse ba much Loss than 1 ns for uaa of thm L nm

IR pulse to measure ●beorpcion in a 5-K.thick

sample ) An alternative is to usc dilution

methods to avoid sacuraclon of tho ●baorpclon,

but, ●s in tha case of uv,.@isibLe ●bmorptLon,25

dllutlon may elimlnate the concert-d-type

chnmlcal ruactLons chat w wish to obsarva.

2.3. Raman $lethods

L$I)P~ S~ Ln s~locked

mat-rials warn f~rst performed la datonaLing

crystalllna RDX.G Subs(!quently, chc tochllique

haa been u:lad to ❑essurc : +e temperature of

detonarlrig”)
Lo

.md shock-compressed nltromerharw

UIM.I to Obseum.w shwk mu(!:f!t,nclon of vlbrnKioII.11



smeller than chose for emission and absorp~ion:

hence, difficulties could be encountered in

-nacerials shock.compressed to very high

cemperacures The cross-sections can he

incr.sased bv using L?J pump lasers rather than

ones Ln the visible (the cross-sec~ion increases

ss V4); however, care mt,.st be taken to avoid

inccrforences from fluorescing or

phccuchemically produced species.

b. Reso~~~ h%en che exc~c~ng laser

frequency is in resonance with an actual

molecular crans~t~on, the sca::ering cross-

seccion for chat sFec~es can dramatical~y

increasa.
L7

In an isolated molecuLe, che

resonance Raman effect can be due tc (1)

interaction of the excitation with a discrete

traneit~on in the molecule. or (2) Lnteractlon

of che cxcLtatLol\ with a disscclatlve contl.wm

in che molecule (see FLg, 4),

AS the excitation energy approaches a

molecular resonul,ce, the d(s:.inctlon tarwear

R.lm,~n scacterlng arid ~bsorpc~on and reomlsslon

becomes b!urred, iihac is icrporcant to the

distinction becwecn these two processes 1s the

,Iagree of loss of phnse lnform~cion in the

vxpfirlrncnt In the condensed phasa, especially

IW}LON shockud to high pressures .Ind temperatura~ ,

lC La llkui,~ chac most mo”uct”lns w1ll undergo

phase lniarruptton due co collisions within

thair normal txcited sCaCe Lifetime implying

ttac cliscrcte rqso,,~nce Ruan would be like

fluorescence and can be said to ha~’e tho came

ndm:al]tagea and disadvan~agas,

Wlen dissuclatlvc transitions ~ue probed,

‘ !)(, j;.~in in -ross-amc Lion clue to the r~json,~!w~,

,.omlinion may be more than of[~ct by LI,Q small

tr.lctlotl of excited molnculeg thnt L-r-rmlt
,,

t ,,:, ,1.,. l!l!llot’ lml-lll~,’” Altt,wKh, ii) ~~ls-pl}.tsa

.,” :l:i,,,~, I ,Sht)tlmlncr U.tm, ill f rt. hnl IILivIi ,ltd Jl, ill t~~,s

,1!:;:,1,, l,It l~;l, l~mi.ir;ll~:ll IIAVV I’1.t’vflt lV Illldllrgclno

.Ir,lm.lr Il. };l!)wI II lJo I., IIJnr :hr.: Ilrll’.’lllu Ulllqur

Il)t,)rm;l! 11>11 ,Ih I:IIt I III, II IS SIJ, l.Ir (’w Iillfoll[ l,il

1.U4,,,’I,, !,,!: ;:,,, .;!,,.!,,! ,. , 11’ ‘tit, ,i!lll~”.’ IIf ,Ih(l’i
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FIGURE 5
Piccoral repre:lentations of several coherent

Ram.sn processes. Heavy arrowa denote coherent
beams.

compressed,condensed-pt,ase systa.ms their uee

will likaly be problematic,

Large ~ncr~ases in Raman scatteirirg cross.

sections can also be produced when the exciting

laser is jua? w resonance with an electronic

transLtLon in the ❑olecule, This near-resonance

enhancement 111 the Raman croes-ee:rion may be

much larger than the normal Raman ub frequency

dependence, and may en~bl~, fietectlon of somn

npecles that hove tl]e cnrrrct spectroscopic

attribute,

LmumuAmm Snc..rosu.. ,. Several

coherent Reman techniq:lcs have been dtivnloped in

recent years (Fig. 5), ThoEIa techniques uso

lnrge opclcal frequcncv oloctric fl.elds to non

)1) ‘) 1
n~mple, !:. lmiIloItoI! PiIIIIIIII ,~cnrt~rll,fi (!,. ,,111,,,

M’11(,11 1110 (11,. [!I,III! I ,1,4,11 Ill’ OI1!II rv ill d It.lmhlll.
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ACCiVe material exceeds a threshold lsvel and

ganeracas a strong, directional (fo~srds and

backvaLds), baam at rho Scokas frequency. The

backwards dLrected beam was conveniently used in

shock experiments co minimize the experimental

complexity.50 This technique does have som~

dissdvantagas: (1) the incident laaer powers are

large; (2) not all nolecules have the required

large Reman cross-secclon and narrow Reman

linewidth; (3) only tha Lowest threshold

cranslcion in the condensed sample producos a

a~gnal; and (L) spatial reaoluLion is lfmLCed to

che confocal paramecar of the focusing Lena.

~n erse Rawv or stimulated Raman loss

spectroscopy (SRLS), and ~ts analog scimulaced

Raman gain speccroacopy (SRCS), 52 have been

suggasted 53,5h aa dlagnosclc cechnlquaa for

shock-compressed ❑ararials. Signals can be

obcalned at power levels cunsldarably below

chose req’lired for stimulated Rnmun scattering

~~eca-~se tht. proccaa Ls drLvan hy the presunce of

Loch CIIC lrcidel~t ,Ind S~okes laser fLelds (see

FiE, 5), In the process, aomc fr,lctLon of pump

ptIocoIIs 1s converted into S,okcs photons. Tl)c

dlffcl{hnc,. LII tllc LWI> ICClIrIlqUCS LLOS 111 Which

be.un LS dsteucod, Jn the case oL’ SRLS, the LOYS

of photons .It the pump frequency la det~,:ted,

[n SRGS, rh~, gaLn of photons ~t tha S~okas

frnquc’~cy is datectod, Tha Lack of accurate

information on vibrational fraquencltss at

rLevated pressures and temparaturea, and the

dasira co detect ❑ore than onc specLas, dLccates

:1]s) \isu OC A hru~dl>and Laaal for one of che cwo

II I, OL(ICI:C pulses, Tile limLtLng dtcoctLvLty is

,Irfrrmlnad by tha spoccr~l nolsc in the

1):’~,.t,lh.lnd lasa,. unlvss sl~nnl averaging or

,!,I\IIIl,, Iwam tcchniqllo J itrq Ilswd,

. ,,
..,_ .,!L!Lh!Lullk .ltu c ~ lllkl_QNMSIL_sL&lul

I’IUJIU.: )L”!J!.U1lU IGINS /111!1~;sRs, l“1.wl)(,l:l,vrlv l”~

,%,,,, Flv,, ‘I ) w.cllr iIM lo~lr .WAVIT p,lr,lmo:’r l.,.,

proctlli:loq [11 which !tlr~{t w,lvr4, two ,ir .1 l~tlmp

[L’@IlllIlllC;/ dlld IJI}O ,It @it’ll@r tlIII Sf(]krs (L’ARS) tjs’

.lnrl S!okfi~ t~::;H:; 1 I roIl,lt,t!l,v ,11”1. tnlxtltl III J

1— “

+4rm&k
-_– ..

–—~1
!c-11-wx~ — “y
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FIGURS 6
Coherant antt.Stok

shuckad maceriala,
~~ Raman (-AIM) apparatus for

sample to produca a coherent beam at cha anti-

Stok.*s (CARS) or S(okas tCSRS) frsquency,

respectively. This ❑ixing is gra6cly enhanced

Lf che frequsncy difference between the pump and

the Stokes (or anti-Stokua) lnnera coIncLdes

with a Rnmnn nctlvc mode O( tllo sumplc, l.lk{.

SRCS .srsd SRLS, CARS ~nd CSRS can be produced .1!

lncldont power lQVCIS considrrnbly below CIIOMC

required for stlmulacecl R~man scatturLng.

However, Ln CARS and CSRS, phaaa-matching 1s

requirad, lnd possible gel netric arrangements of

the. beams are limltad. Figure 6 Ls a diagram of

● l} exparLment ussd LO meaaure CARS spactra in

shock-compressed liqulds. 55.58 The noise !n the

brandbanrl, Stokes, dyo I,tser ~pectrai profLle

also causes p~obloms wltll th@ CARS meaaurernentfi,

but does IIut prevcl)t drtl,r:Lon of .:hc spocLLuIn,

aa lE ml:;ht 111 SIWS or SRI.S technlquce. Tu

I.nterprfit tl}~ diItiI, (ho ,il$(l,:trnl pro flLc uI” (110

broadband ,lv,.-l.~sor p(IliII lJ rmcor(lcd .It t.lIL!

sitme tlm!~ ,1.I (l)o l:~\RS ::1,,.,.: I’lim usllip. ~lloth .r

upnr!.r~lml.r,or’ lllloto~ll,),lt, ,Il,r.lv. 57 !4011!lurt,mc11’ ,J

FI1.lt hil~.’(, tlrrll rlt,l,ll, I(1 ,!., ”!, Il:Jlllg !,11(1 (:ARS

to(’llntqlw l: Icl Il(lr rhI, IIr I,: I. IIr II And t!,mpor,ll,lrfi

utllft?s 01 [tll, rll)y, . rolilllll~, moth of l)rn;i~nt! ?(I

14.’) GI’ll, ”” ““ 1111* IN ,41 II. ? ,,hlllfim.,)~lv ,)t’
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nj. tromachane to 9.0 GPa, 56’59 che fluid N2

vihratfon fund.amantal and hoc-bands co 19 CPa

sLngle shock and 41 GPa double .ehock, 57,58 and

50 Thesethe fluid 02 vibraciorr to g Gpa.

results he,ve shovn that CARS measurements can

provide very accura:e molecular le~el

Lnformatior, at pressures and temperatures o:

interest co both the shock-wave and equation-of-

scace communities. For axample, the data havo

been used to t~st theoretical estimates of

vibrational frequency shifts and bond lengths in

these dense ❑olecular fluids. 60 Through such

theoreclcal ❑odeling, Lt should be possible to

characccrize molecular potential functions a:

very hLgh densities and temperatures,

Ir. CARS experiments, the temporrl resolution

1s determined by thn lase: PL:lSC duration,

However, since the beam rrossing angle is

determined (tit from 1-3 degrees) by phase-

rnatchlng requirements, spctial resolution 1s

quite ooor, being of Lhe order of the confocnl

parameter of the focusing OPCLCS. Ono advantags

of CARS and CSRS experiments 1s cho largu

si&nals producsd, allowir.g discrimination

~ga~nst bnckgruund fluorssc~nce and omlssioll.

however, CARS and CSRS produce signals even when

there 1s no vibrational tosonance, ‘~hLch Ls a

problem when attempting to detect Emall

conceatratlons of spesles. The reeona~u ●nd

non-resonant pares lncerfere CO produce

.uymmstric lina shapes, and ultimately, the

resonant concritution will Le lost in the noise

(AC tha ppt lsval), How-ver, ths ti~ymatrlc

Lincshape hae no far bean used co advnntage when

lLtLlng spectrs LO determine peak positions and

Iillllw(dths! 59 !5tlLl unoxplcred is ths

p,lss~bll~ty of using neerby slectronlc

:r.71\sLtLons to lesonantlv or nr.4r-resonantly

need~ co be undertaken before resonantly

enhanced CARS can become a truly useful

experimental cool.

~aman-indured. K~-r,- .~ fec t sDectrosca~

(RIKES)52 has been suggesced53 as a diagnostic

technique for performing measurements in shock-

compressed systems. RIKES uses a circularly

polarized pump beam and a highly linearly

polarized broadband Stokes beam, and requires no

phase-m~cc%ing. At ~onditions of Raman

resonance, che iriceraction of the cwo beams

results in slibht elLipci~aL polarization of che

Stokes bedm at the Raman resonant frequencies.

This elliptical componenc then p~sses through a

crossed polarizer, and is detected by a

spectrometer/Lntenslfled diode array, This

arrangement ideally WOUILI give large signals

against a small background, rzaking it a good

choice for the detection of specihs with sm~ll

concentracLuns. In shock applications, however,

difficultie~ due to b~refringence Ln the

straine.1 chock-compressed sample, or

polarization rotation on reflection from a

shocked mirror could result in dacecciou of ❑any

incident probe frequencies Irrespective of a

Reman resonance, and would &Lve a large unwnnted

background. 62

3, SWMY

We believe that ch~ USR of optical probes in

shock-compressed matarlals will cnllclnue to

spread and increase, The techniques ❑ ost

reveallng of molecular properties, such ss Raman

scattering, will fiLm#e sp@cLfLc inEormatLo,l

regardlrg shock. lnduccd S! ~ucture ,:banges,

cheml(.al re.sctloru, ctc This information, whrn

uuod in conjunction with the very lrnportant

~ecant60,63i6~ ;Illd fl:tllrl, ,!loore tical rf forts,

fis well ns cstabllshcd 1],.llk property

expmrlraents , w! LL provirtr tnsLght into t!’e

detailed micro#coptc pru(,p:i~os through untl

immedliltoly bclllnd Lhu ,I!l.,ck front,

C.Jmpl.smrl\rarv hi~h pruq~,i~r,l]lgh rrmp~rnturo
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static ❑ easurements will be used to test

diagnostic tools, determine struccurc and energy

transfer rates at shock-compression conditions,

and, hopefully, help to distinguish between

shock and static environments.
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