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Temperature dependence of the Raman OH-stretching overtone
from liquid water

W. S. Monosmith and G. E. Walralen
Dcreranol*Cesmpy Mmarud Uuivewrnv Washingai D.C ZJs5 9

The first Raman overtone or the OH-streiching vibration from highly punfied liquid water l14%
been examined quaniataively in the temperature range of 20-95 *C. and at frequencs from ah'wu
5500-IOOcr-n. The overtone Raman spectra show contour shatpes. depolanatior ratio
dispersin. aMnd ssbestic frequecy (6960±t25cm -'. unconeced -6900:25 cm'. density
and refractive index corrected) which, &part fromi the effects of anharmonicity. tend to mimic the
fundanital. including its major four-component substructure. The two components at about
7030 and 6M5cm' were interpreted. respectively. in terms of nonhydroten-bonded 011. and
triply hydrogen-bonded OH groups. which are common to the tree-bonded H.0 species,
whereas two components at about 6665 and 6160 cm -' were interpreted as intermolecular
coupling components of the fully hydrogen-bonded. i.e.. four-bonded 14.0 species AA11*valueof
- 2.5 Kcal/mol hydrogen bond was obtained from the temperature dependence of ratios of the

combined component intensities of these two pakirsn agreement with relts fron previous
Raman fundamental measurements. The feature near 6160 cm - I'was found to be better resolved
in the specrm than its fundaniental analog, indicating that anharmionicity is advantageous in
elucidating contour substructure.

I. INTRODUCTION Fermi resonance e.1crts have never been unequi*.oca::y iso-
lated in the spectum. althouigh clear eoidenct for intern-ole-

The overtones of the OH-stretching vibration from- l.q. cailar coupling hasi recently been developed from dilution
uid water have bee-1 swudied for many ye=r by infrared :ech- expenignts. '"
nhqums anid some of the most thorough infrared oventone The RAman 011-stretching over-ne svectrum has oe-
work On aqueous sys-pms has beew reported by Luck and ca- :ently bee:- reported for liquid water by Seliey and S-ceats
work--%.' T1he infra.-d spectra of 5quid .H20. 0:0. aid Their resuits. however. *er complicated by the presence of
MWO ane characterized by a large nume of intense over. an intense sloping background due to fluoritcence from an
tone and combination binds.1. Unfortunatey, the Raman' impurity. We now present new results based on Raman data
OH-overone spectrum iseatremely weak, and thus aln .fthe which represent a considerable improvement over those pre-

Itamn work was restrcted, unti recntly.2'4 to the funds- viously reported.' Thas improvement resulted from the use
Mental region of the spectrum ELe., below -4000 cm- 1j of very rgorously pusilnd water. which lowered the fluores-

The OH-stretching vibration has been found to be very ce level ad also from relatively higher3 Raman signal
sensitive to the details of the hydrogen bonding in water.514  levels, resulting from high (4.5 W. 488 nml lawe power lev.
This sensitivity is useful because it gives rise wo spectra tea- els.
tures related to various perturbations of the OH vibration. Our improved Raman 014strtching overtone results
Unfortusnately a unique interpretation of the observed broad show new featue (eg. a broad. strongly polaneed compo-
Spectral features has been dilficult to achieve. The available nent is now seen toward the low-frequency side of the OM
data for the most Part are supportive of a mixture model peak). This, new feature is thought to be the analog of the
involving hydrogen-bonded species, plus OH groups that are shoulder observed in the fundamental spectrum near - 3 2!0
eaaentialiY free, but some workers have not entirely aban- cm 1. Our spectra also show an issbastic: frequency in the
doRed continuum models.' Howeve, because the tree OH temperanx. rnge 20-95V C which agrees, w"h reported in-
grops and the hydaugen-bonded speckes particularly the trued ovarto iosbeatic values.' arid which is consistent
latter are distriuted in frequency, it is evident that the mix. with boatbintic frequees obtained fromn the fundamental
tM ure d COGIS Inma decrptlins Are in some regards at PAmn regon of liquid water.'" 'we as have masnured
M81ast matter Of Semantics. depiolarization ratio& over the entire frequency range of the

Two further mechanisim namely, Fermi resonance OH-stretcliing oveitn contour.
aNd intermolecular coupling have led to contour breadth The details of the present meulti follow, but the sitenifi-

*and have caused problem in interpretation. Fermi reso- cant feature of the improved Raman data is that they seem to
anee mayccurbeause the symmetric stretching vibration demai-d the conventional picture of an overtone regon
of the H20molecule huthe sameA , symmnetry species as the which essentially shows the free OH and broad hydrogen-
overtone of the bending vibration. Intermolecular coupling bonded species contibutions. plus coupling effects. all as

* rises firom the coupling that nearby oscillators experience modified by various degrees of anhannonicaty across the
when they are strongly perturbed by hydrogen bonds. The overtone contour. This picture contrasts strongly with the
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recently proposed explanatioin wbh Utmmed from data of ,autisn prnarly (ram flunrecenice dsue to unspuntes. The
lower refulbibsy and smaller frequency saw-, intesty of the ON-usregclung overtone wa4 abiene to be

about 10' hem thastfseorerdn fundaental. wIL IEXPOMMMAI PROCEDURES ah*oRef I?. ThaweAness. ofcoutr sranly .nnmeal.
O'evson Raman spectra were ooaaned from haihly bemcaeke o~enose vansoar ra*n froom VT70 7 -%in (m wtt

punied water Wmdly pw'dekd h- %I Bernet, of the %*&%31 4881am exasanswhre he pwtwnupi*:esponse. rs.
Research Lab.oratoc). % thinjson, D C Theawr as 61- on$ &flc)i. and geomni" Om ptal5ectromwer condi-
tered and dexinued prior go inpir diushain fa (Wise A t'imit ;. flied sft ~ma canned by a armtgs %Jiti are a
Still. The. sloping buO)bPoWWs repoted eirler in the Rama unftaoriale. Wwsrtheicu. the present v8"i-to-bact,
spetlv, still peusmae to some essern When this %wae* v aound rati fapouaey3rpeet aicn s
used. buit is wa s parly reduced- For orduM distiled a a-smn usr1011 " the isiated raio Of 0.1 Obtained by Sela.
ter. the antews fluoracence background locei becomes eto ley and Scan's Furthmirvore. our bacoudcorreew
inove pronounced a the eempersiure nw&s and it may in- (Ramait mphg a about fourt tumn lreW than thani W
crame by Iat I uime its original simuty V 95 T, Rqponsa ISCO33SM ftutbIU h at b the we&nVMof spectr SO11 Stil
punfication. hones.. lowev "h elkec as well- Itis also httS the awomt of quaamuiew Uaformuthait can be
"mPortant 1o Clean The WSeW sror container and The Ka. extracted. compared to the foadamntal Hence otf) those
mm CC celt ih C!'.oiac aMW solution rior to WC eaurs; that were found lobe comam on unmerwis vepesi

Raman spectra wdre obtained *sib aif r doubte mono. tiOai of the spetr ame considered reli"l Aey ewam of ]
chromtor and a cooled Hamamsae R92S phosomaltpbier J~1*01 1 @440118 4C P W fC* Vstftmc "M'~ m u40v 144 POVI
tuibe. A SpmrscvaPbscs model 171 argon wen lawe *a aed WFd kf,
kot eso tft Ig delivered iproamagely 4.5 W of 'utically hepolanazd spetras of g I L, dho;*% an inrmsr
polarized 4118am ligh at rAe wnpe. For pobransa *. am mi -. 6730cm - 1. wth ao ndfection nam - 73100
suremeam a Ahme polarume was anred ut front of she col- Call Sageis o Or he V~sI3uenSIC houlder and a uvy
lection optics. A polariation scranmbler "~ also emtpioyed broad tail cetre nar - 20M Cus - , udcattIot ( ow
in front o(the entrance sli A rh~ton counfz#g Sye %at frequency compoont The depclanred tpectuimI1, shcmi%
e~~)d1ihaKk m.Il10 mtcaulnaiysct below to Fig 1. pet aIU -0$6i' 21 , " showi a8c
S:,t widths ccesion4~t; so 16 cm " %ere Used fo'r al spec. (VflIvuCCVtd hitbeIsscuia at 1uau'e 'ee;
t3 4 j lhgbfrquvfws Ar&-?an or shoulaur r4w -W

Decwp-wet 6-f)-,v~r4 UsW; aju MPXet := nuis :epecsatcsf pfts'%Aw vence efu-*at t1
was =cWcP!tsed ASuc a *UPmt 3 0 Ma 21 Moaw wOwd acae t .be OH viiefwne coacur -s COMPOsed crf

,a :42M !ou" brad xinpone" hs * V010C.
Ill. 0XPIR1MENTAL MESULTS 3rd -: Xm CM AO 20 '.ACIsOS aSPet a :b, SPcuA

Ramn Omeeaclang: ov Was $Amnn~ forcopmtasnertem rqunie r GsmentaoseofiheS;Xc rto.d Oped subsequently et9M work.
evel gmnerAfy obtained. an thi work ame dhow in Fig I fotronm beeline under the 1, and I, spectrn ane

p~s. ~ 20 C h~~euL ~ sAwn by dulhed lanea FigI (The beelin intmtpue bqs wowi whe 20Cev e obvneerty sa w w onupnd. ;::r4Ifteby stoMU ofa &"We requncy ap.the im hatthe wr, oweedwfta s wkb crraood. Thwcwtatw isgravcmpared to any Rama. fatureinjto 16 cm-' ad a pover evel of 45 W atth wm~ Th acsmad from thur am we regard isensam abovt theeOnmberf cONMts per senond recorded a dthetal q ima belim to rep - venthe true Ramaw intensity. within our
v000 1ns/sof ahithe apprnoa analn s o n aboseut preent ability to obtits The intensy pro"il were100 conixs. f wichappoana~y750opu /s ask nmotd and beline subtraction was accmished. Cor.ed from Rama. peon... with approamasey 250 counts/s r (tofr elfects of temperature on refractive desn and

densiy w" thend e" M& @ atte COmp tO obt1ai VIOUuopW
Fpcr 1 1' 1 FiA.I I 4, /11 w~ es ft 10M 6 us ofuner-

tantimin the 1, ad 1, Opc-ra
DeFMpulitmmo - us M I am$=1,(I~ ane plned vs Rama.

hqu@M demd i o- n in M&gZ2 OC1.elas eown
amoa - beinp-mn hure becitheyoumd so sua

~poo imdedta they we aisna imm hap far I1 ad 1,
Howver sh die Im- SAV UO tei he wimpo othe con-

Dupes uch ammt the Fig. 2 dat rpsu tewm OH-
-wro -exlrtto -us -emev- mde below 0600

At 6~ 740 ± W cm - .Also the stence of a hoIly polarized
11G 1 t f~ e" e 1~f tim be"n owm a0 Cv oponen nie 620 cmt 'a obvios COmpae als VIthf*tt.ot/ E a noas 4r pFouiId p' -t I* I I * .-- Fig, 1. A highly polarized ksw-requency component nadt
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