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isomers, while only one of these isomers is fa voured in the solid stale l " . 

A consideration of the above effects shows that. in general. the solid state 
gives rise to a more complicated vibrational spect rum than the liquid or gaseous 
states. SpectroscopIc !. Iudics. both Infrared and Raman . in which some or a ll of 
the above effects have been o bserved will now be discussed. The compounds ar~ 
classified according to the number of atoms they contain or to the coordination 
number of the species. 

B. Diafomic moh'clltes 

An anaJ~~ls of the Raman ~pect rum of liq uid hydrogen I 5 suggested that the 
molecules can undc:rgo rmatlonal motion In the itqll1d sl.He. The rotational Ra man 

spectrum of'iol id hyd.rogen comol~ls of 1" 0 line~ \\ hlle the fundamenta l \ Ihra lional 
band consists of four lines I o. Thl!' frequencics and shap.:~ of tht: \ ibralJonal Raman 
lines have bt.."'Cn stud ied for a !i.CrlCS of orrho'para ratios' 1 . The infrared ~p~ct r~t of 
solid H 2 • HD and D l ha\c abo bt:en ob~ned'8. ' '''. 

The infrared spectra ofsolld::t and fJ oxyge n! o. and the far infrared spectrum 
(ref. 21) of solid % o,)"£en ha\e been rcport<d. The Infrared spectrum of the, 
phase is con~istc nt with a SHc ~ymmetry ofC:h In a space grour ofC~h ' Thl' Raman 
spectra of each of the fou r con<.Jcn~cd phascs havc been ob"-l.·ncd 2 !. 

The 10\10' frequency Raman1 J and far infrarcdH ",pcl.:lra of solid x.nitrogen 
have bee n reported. 

The Raman spectra of cry ... tai llne chlonncB . lo and bromine! 7 have been 
observed. The ~t retching frequencies show fine sl ructure duc to both isoto pic 
splitting and to intcrmoit.-cular cou pling. ~tnd Ihe lattice and intramolecular fre­
quencies indicate strong.:r intermolecular forces in solid bromine than in solid 
chlorine. The intensilies of Ihe infrared active lattice modes of crystalline e1

2
• Brl 

and 12 have b:cn n:poTtedll. and a weak a bsorption has been observed in the 
infrared in the region or the stretching frequency of solid bro mine and .odine 2Q • 

The hydrogen ha l idc~ have been the subjects o f severa l Spel.:lroscop'c studies. 
both on the crystalline compounds and on the matn x Isolated specic~. 

The.infrarcd JO and Raman J 
I sp.:ctra of crystalline'" F and DF both consist 

offour bands in the intramolecular stretching region . Direct observation ofa lattice 
band near 200 cm - I enabled t\l"O oft hc bands to b: assigned as combina l ion bands. 
The infrared Jl

- J4, Rama n"·,· and far infrared J7 spectra of crystalline HCI. DCI. 
HDr and DBr have been repo rted by sc.:vl! ral "orkcrs. These st udies ind icate tha t 
the low temperature orthorhombic phase contai ns non planar. hydrogen-bonded . 
zig-zag chams. The hig h temperature cubiC pha'\c shows no slrong b.1t1icc bands 
and gives very broad Ra man bands in the st retching region. 

The infrared" specl ra of HF in no ble gas matrices in the region of tht: 
fundamenta l vibralional frequency suggests tha t rota tion occurs in these matrices. 
Direct observation of the J = I - J = 0 frequency in the far infrared JQ spect rum 
provides additional evidence that both HF and DF rotate in noble gas matrices. 
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EFFECT OF PHASE AND PRESSURE ON VIBRATIONAL SPECTRA 

Ther. is ample evidence to support the view that HCI. DCI. HBr. DBr and 
HI rotate in noble gas matr ices from infrared spectra in the intramolecular streIch· 
ing region4 0

-""" and from direct observation or the J = I +- J = 0 frequency III 

the rar infrared ) pL"(;lra~'. There is conflicting c\ idencc for nitrcgen matrices. 
Harvey and Shurvell" b clai m that Hel and HBr do roHue in a nitrogen matTIX , 
but recent work. by Ha llam and his co- \o\orkers,,"' ··i1 fi nds no e\ ide-nce for rOtallo n 

in a nitrogen matrix. There is also evlde ncc .. '· .. • to s uggl!~l thaI He!. H Br a nd HI 
rotate in CH •. CF4 and SF6 malricl!s. but that rotat ion IS prevented 10 CO. COl 

and C2 H. matrices. 
Recent far infrared' .. ·H and Raman '6 studies on jI-qulllol clathrate com· 

pounds (Fig. I) indicate that both HCI and HBr can rotate in the p-quinol 
host lattice. 
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Fig. I. Raman sp~ct ra or Bu~l mol«ul~s In /1-quinol clathrales. ta I SO J. Kr '68~ A C't'ltlllKln. 
23 mW at sample. SO, bands marled t; Ib) C, ti 1 : (e) tiel . Ii) sample a l room tcmpcrlliurc . III. 
sample at 77 K. Sp«lra tb) and h:' used Kr .SlOS A ucilatlon, 30 m\\ at ~mplc . All ~pc:clr.t 
were recorded usina 3 em - ' slit widlh . (Reproduced rrom J. E. O. Da\· i~. Ch~m. Cummult .• 
11971) :!70. , 

Bands due to isolated molecules in matnces arc only observed at high 
mi.ltrix/absorb~r ratios. Increasing the concentration of the absorb:r results in the 
appearance or new bands in the infrared spectra a nd these can be assigned to 
dilllcrs, Irimers and other multimeric specics.1 .. · .& 9-51. 

Carbon monoxide docs not rOlate in argon 51. krYPlon H or sulphur hexa­
ftuoride~s matrices. but there is evidence to suggest that it does rotate in a xenon 
mmrixH. 
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