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Ume of a free-expenaion jet in ultra-high-resolution Reman mpectroacopy

James J. Valentini

University of California, Los Alamo6 National Laboratory
c?Jc-2, flail Stop 732, Los Alamos, New Mexico 87545

Peter Eaherick and Adelbert Owyoung

Sandia National Laboratories, Albuquerque, New Mexico 871B5

Abstract

Rotationally-resolved, ultra-high-resolution stimulated f’hman spectra of C!t~, CD., an~!
SF( have been obtained in cw and pulsed free-ex;a~sion jcta, using a simple and incxponsivc
nozzle-and-vacuum-chamber apparatus. Through variation of the nozzle orifice diameter,
nozzle backing pressure, and axial loc~tion of the spectroscopic probe region it is possible
to nearly independently control the spectral Doppler width, rotational temperature, and
molecular density in the jet, l’si,lg relatively mild cxpan~ior. conditions wc have been able
to cool a pure mathanc jet to A rotational tcrnperatbrc of llK. Wc show hcr~. how this con-
trol of temperature, inde[x+ncfcnt of clcnsity, allows separation of othcrwisr unrcsolicable
.spcctral foaturcs nn(l unambiguous identification of ban~l-hcods, hot-bnn(ls, ,In(! othcl sl,c(’-
tral Ceatures,

lntroduct :011——.—-.—

~ree-cx[)ansion jets havu Lmf’n shown to bo cxtrmncly USU!UI as upc~”t roscol.lr m(.,!Iu. I

~lost of the work done to dato ha~ inlolvr(l clcrtroni(” SIW71711-OSCOPY0! nlolrrulry f,lt dOWll-
strcam in the jc~, whrrc the tem[)vrntllr~, is tJeIy !OK, tyl,icolly n tow kclvln, IIOW(JI”PI # ! !),’
rarlicr part o! the jut, wtIcIre the teml, (,ral ur(ls nlI. !nr’~ t(l IOK, Illovi(lox d unit;u(~ rlII:II(J:,-
ru~,nt for hlq!l-resolution rotdt~onol iil),l \“lbrat Iunt.1 ?,! I,f,t 1-0:,(.01 .,, . III ttll S l.ll)l’l W!, 11’1,[,.1

t hc use of cw anti p,ulse(l I roc-cxl)an:ilnfl ]etrr in d I,l,ltl-rosr,lut Inn rtdlvt-(snt l{am.111 SI\I.!yi ~,,
I1,IVC choson ~tlmul~t[,(l l{nm~ll ~1,(~(.t r. SI-OlIy. tlti :!)(, s; I..(”! I“, l!:(”(lll f.’ prol)t, )1(’f’allfi(’ (,1 1! !: till!;
ficnsitivity an(l slIat Ial I“l?!lnlut 11)11 olll~l .11s(, 1)0(:! 111:11,, 11, l’f~llt 1“.lfit 10 I,!I)(,l 11(,1,1 Ill!, ill !l.l,ll -

nl,lilcs, it yi(’l(ls ,Iil(”(.t I(tm.lr] HIIIIrl I -I,
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see how the mppler width reduction effected by the cooling in the jet permits improved
resolution, the fine structure in Q(3) and Q(4) lines being clearly resolved in the mild
expan~ion jet spectrum. The CD4 Bpectra of Figure 2 indicate how this cooling can aid
considerably in identifying band-heade and hot-bande. The nozzle spectrum allows unambig-
uous id~ntification of the Q(O), Q(l), Q(2), and Q(3) linen, due to the disappearance of the
hot banda at. low temperature. In free-expansion jets the rotational cooling is generally
greater than the vibrational cooling, i.e., Trotat”on < Tv~bration.

i
This feature of the

jet cc,n be exploited to reveal vibrational hot-ban s which are concealed by rotational
etructure of the fundamental at room temperature. An example of this eituation ie ~hown in
the SF6 epectra of Figure 3. The v6 hot band near i’74.18 cm‘1 is strongly overlapped by
the high rotational htates of the fundamental in the room temperature spectrum, but is
clearly evident in the jet spectrum.

It is important to note that the mpectra obtained here of cold molecules in the jet could
not be obtained by simply cooling a gas cell *.o low temperature. At th? temperatures ~ro-
duced in the jet the equilibrium vapor preseure of alnmst all molecular species are 10 k to
10-15 Torr or lese, much too low to allow stimulated Raman spectroscopic studies. However,
since the molecules in the jet are not in thermodynamic equilibrium, pressures much greater
than equilibrium values are commonly obtained. For example, in our jet spectrum of SF,, in
Figure 3 the pressure of SF6 in the jet at tho Pint at which the spectrum was recorded
was ‘I,1O Torr, 10ln times greater than the equilibrium vapor pressure.

Conclusion

Our results dentonetratc the desirability and feasibility of applying cohurcnt Rnmnn
tcchnique~ to precise spectroscopic studiee in molecular jcl.s. AS indicated by our prelim-
inary work on C}lk, CDI,, and SF,,, the free jet afforcfa qreat control over the Doppler widt;l,
molecular density, and rotational tcmpernturc, und this shol’ld provo to bc coneiderat,ly
helpful in spectroscopic analysis, This techl:ic]uc should alsrJ allow Raman spectroscopic
studies of weakly boun(l, so called van dcr Waals molcculcc, nuch as Ar:,, a6 well as stulli(’s
u! rotational and vibrational rolaxution in free jctx,
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