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ihe analysis of detection concepsis based on Raman seattering
regqulires a knowledge of the freguency dependernce of the Raman
eross sections (Raman excitation proefiles). Last year, data on
the chemical agent =sigulant dimethyl metaylphosphonate (DMMP) and
the chemiecal agent i{sopropyl methylphosphonofluoridate (GE)] were
presented, The Haman excitation preofiles for diisepropyl methyl-
phosphonate {(DIMP) and ethyl N,K-dimethyl phesphorcamidocyanidate
(G4) kave been measured recently. Exeitation wavelengths ranging
from 363.8 to S14%.5 nm from an aregcn ion lazep were utilized in
the measurements,

INTRGDUOCTICK

Concepts based on Ramzn scattering have frequently heen
propased for chemical agent remots, or stand-sff Zetection, ls2
Farly investigaticas socught to exploit the normal! Raman effect
willle mare recent sfforts have centered on the use of coherent
faman techniques for remote sensing.? Sensitivity analyses of
these concepts have been hacpered by an incomplete knowledge of
thke =trength of the PFaman sczitering (magnitude of the Raman
eroas section) for the chemicsl agents. Ordicary Raman scattering
increases as the fragquency ol the excitation to the Feurth powsar,
Az the excitation approaches resonznecs With anp electronic
tranzition, howesver, the &aman scattering can inareaszs by orders
of magrnitude over what would be expeated from the depen=-
dence. For this reason, the Raman crosa sectlons should be
measured at shorter wavelengths and not caleulzted from values
cbtained with visi{sle excita<ion,

FREVICUS WORK

Aesults from Raman sxcitatiaon prefile mesasurements for G3R
and DMME (dimethyl metnvlphcsphonate) were reported st this
cenferanze last year, WLly alnor pre-resanasse snhancement was
Observed foar these PoMpounss wWith excitation wavelengths down 5o
363.8 nmm. Pre-rescnance ennarzsement ocours with excitation tha+
is close, but daes not averlap an electronie sbsorption band of
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the morecule. Paman eXcitaticn profiles for G4 {ethyl N,K-2i-
methyl phosphorozmidocyanidate) and DIMF fdiisopropyl methylphos-
phonate) have recently been obtained and are repecried here. The
Faman speeatrum of HED or mustard (bis{Z-chlorcethyllsulfide} has
3lso been ahtained with execitaticon at S14.5 nm.

EXPERIMENTAL METHODE AND RESLLTS

Raman spectra were recorded at approximately 1 cm~! resol-
ution on a 3pex Ramalcog =specirometer equipped with a Datamate
computer, pheoton counting elsctronics, and RCA 310354 phote-
multiplier tube. The Raman excitztion wavelengths of 314.%,
488.0, 457.9, and 263.2 nm were provided by a Coherent Innova 12
argon ion laser. Ds2ause of their foxielty and the regulrement to
have ths samples dcouble seantained, the liguid agesnts were [irst
placed in a guartz ¢ell and then gealed in an airtight contaln-
ment cell. Quartz windows in the containment cell allowed the
lazer beam Lo aenter and strike the =sample and the scattered
radiation at 909 to exit and enter the spectirocmeter., The contain-
ment cell waa not utilized with the simulant DIME.

FIGURE 1
Raman Spectrum of GA with 363.8 nm Exgitation.
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FIGURE =
Raman Sneetrum aof DIMP with 3A3.8 nm excitatian,

5,00 £3 - - — — S
1 |
1t {
h
\

— i i
_n : i ]
+ H
-— I
¥ )| i1l i
C: i
ST ‘; -
- i
-
L 5
! ‘ i
W {!JMJ .fJ\,ﬂ‘ L - ,I,,MU w
B.oge pa L. mutil U
104, @ ?mhﬁﬁm aaaa.ma
FRaman shift (emt)
FIGURE 3
Raman Spectrum HD with S14.5 nm excitation.
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Oress sections of DIMP anmd GA were determined by comparing
the integrated llne intensitf af a single Raman band of the
sample to that of the 9%2 com~! Iine of benzene and the 459 am
line nf earbon tetrachloride. Benzenes and carbon tetrachleride
were used as references becsuse they have well established wvalues
fer the Raman eross secitlons at the excitation wavelengths
enployed. Corrections were made to account for the differences In
the sample and reference molecular volumes, indices cof re-
fraction, and Aamzn transition freguerncies,

GA, DIMP, and HD spectra are presented in Figures 1 through
3. Tke strongest iine in the GA specirum 1s the CN =atretch at
2198 em~1, Aa with GBE and DMMP, the strongest line in the DIMP
spectrum iz areund 720 cm~] and corresponds to a stretching mode
irvelving the phosphorus atom, A ocross section of 1.2 X 19~30
eme;5r was measured for the S-CHz deformation (1296 cm= 1) in
mustard (HD} with S14.5 nm excitation. The sat of lines corres-
ponding to C=C1 and C=% stretches at arcund T00 cm=1 are much
atronger but are not well resolved.

Cross sections for the strongest lines of GA and DIMP
are presented in Table 1 and are plotied vs. wavelength in Figure
4. Uncertainties in the cross sections are estimated te be + or -
20% and result predominantly from uncertainties In the reference
crcss section values and in the measurement of the peak
aredas. The ocross secilons are corrected for the iaherent
freguency dependence in Table 2, The relatively small ilncrease in
the cross sections at ahorter wavelengths evident in the data 1in
Table LU is due =clely to pre-resgnance enhancement of the Haman
internsity. Abhsorphlon =2pectra of GA end DIMF show no appreciable
abscrption above 250 nm and the small enhancement is nobt sur-
prizing. The CN =tretcn in GA, however, 1Is a strong Hamsn band
and hms a aross segtlon comparable te the 9862 cm-1 line of
banzene.

TABLE 1

Wavelength dependence of the Raman fress =ections
Tfor GA and DIMP.

Wavelength Cross Section (x 10-30 omZ/3p)
(run ) Ca (2138) DIMP (719)
BE14.5 26 5.0
4B8&.0 1y .2
457.9 G2 2.5
363.5 182 iz.4
CONCLUSIONS

The wavelength dependernce of the Raman scattering cross
sectiona of GA and DIMP have been measured for excitation
wavelengths from 520 to 360 nm. Cnly slight pre-rescnance
enhancement 1is cbserved for these compounds. Ths CN stretch of GA
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FIGURE &4
Wavelength Dependence of the Raman Cross Sections
for the Strongest Lines of GA and LIMP,
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TABLE 2

Raman eross sections of G4 and DIMP acorregted for the
Fourth power frequency dependence.,

Wavelength ~% % Cross Section (x 10-48 cmﬁfsr}
(nm) GA (2198} DIMF (71%9)
514.5 294 LE .9
533 .0 353 &0.2
h5T.9 317 h2.8
363.8 445 g2 .6
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exnibits wvery atroag FRaman scattering and the oross sestioan for
this line i= 4 times larger than that of any other sgent ar
simulant studied, & FRaman spectrum of HD has ais3¢0 beern obtalned
with S14.5 nm excitation, sznd the cross secticn of the 3=CHz
deformation at 1296 em~1 was measursd to be 1.2 x 10-3Y om2/ar,
Raman scattering crozs szotion= have now been messured for the
nhamical agents GB, GA, ¥X, and HD, and the simulants [UHMMP and
DIMF.
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