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fia· 7. The Sas·ph;a~ Ram .. n 'P«lrum ofselcnlum fC'tnchlondc vapour at JSO "c and a pressure 
orappro~imalcl)' I ;aIm In lhe cell. la' P.tfalld PO'oIrlLJl!on and (bl crossed polarization me-dsurc
menls, ,ho .... lni Ihc--=omp!clc dl.)~laIJOn 10 )Clen.urn t.h..-hlondc and chlorlnc. I Reproduced flom 
G. A. 0"," and A. V. VO\:I. CI,,,,". CO",lf/un .• 11'J70, "96. , 

chloride
J66

• Spectra have also been reponed for such disubslilUtcd compounds as 
p-dichlorobcnzeneJ$l. guaiacol J6i1

, p-toluidlnc JO". 0- and m-toluic add J1 O. ()- and 
p-lolunitrilc

l 11
• and a series of o-haJoaryl compoundsJ1J • The ,>orid state COflCCtra 

of iododurcnel7J
• tctrachloro- and p:ntachlorotolucne J "'. hav~ al"o b.::n r~ported. 

The vibrational sp .. "I,;tra of polycrystalllneJ 7
.5 -111 and of single crystals J " 

of naphthalene. naphthalene·d, ';Y. and of I .5·dimethylnaphthaicne"o have been 
reported. The infrarcdJ1n .JU and RamanJHJ,JU ~pcc(ra of single crystals of 

anthracene and the infrared spC"Clrum l81 of anlhrac.:ne-d,o have b:cn reported. 
Other condensed aromat ic mol~culcs "ho c soltd slate "JlCctra have been reported 
3rc pyrencll '. pcryJeneJ8t.. biphen) IJlll,Jllt. (crphcnyIJ8 G

• qU3tcrphc.nyIJQo. 

blnzilHI. 9.IO-anlhraqulnoneJ9l. bcnzophcnone JYl. fluorcnc J9 .... accnaphthene 

(refs. 395- 397). paracyclorhane''', biphcnylene''', triphenylcne·oo, and 
carbazole"o I • 

(ii) Ht!(er«ydiC' compounds 

The inf)-an:d ... Ol
.4.

0
" and Raman""OJ .• 04 sp.!Ctra of crystalline pyridine indicate 

the existence of two coc,isling crY'ilallinc forms of symmetry D~h and Ditt. The 
vibrational spectm of crystalline hydrogen-bonded pyridinium h:IJ idc,:, have been 
reporlcd~o,. Cr)1ila.lline pyrimidine~o6, pyrazinc"(I7,..a.o8 • phenazinc",09. quinoline 
(rer. 4(0). and imidazole'" 11 .-412 h;lvc also been examined. Both cyanuric tri~zidc..a.l;) 

and cyanuric chloride'"'' b;:long [0 the C~h space group. 

The vibrational sp::ctra or p-dioxanc indicate the ex.isrence of two crvslalline 
phases·' ' . The solid state vibrational spcctm of ethylene oxide. ethylene s~IJlhide. 
and trimethylene oxide ha\c been t:xamincd..a. If) . Crystalline state infrared spectra 

(refs. 417-419) or thiophene. furan and Jl\'rrol. exhihit bands due to the Q, vibra
tional modes. These modes are IR inactiv~ ror the C::!" point group of the j-soklted 
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molecules. and the spectra arc compatible with a C~ : space group. CrY':'lall~ne 
thictane exists in two crystalline pha~s420. and the infrared sp:ctrum of cr~~tallmC' 
p-dithiane has b:en reporh:d",zi. 

(iii) Cycloa/kanes . . 
Polycrystalline cyclopropane has C, Slle symmetry and the space group IS 

onc of eight primitive D2h groups-411.,uJ. Cyclopcntanc I.!XI)tS In three cry'tal~,"e 
modifications42-&--4Z1 with the transition tcmperalure~ at 122 K. and 138 lK. 
Cyclohexane'J,-4:Z8 ,·u9 exi!otts in two cry~talline forms Vonh a tran~llIon at 186 K. 
The high temperature form has four molecules In the unit edl. \10 hllst there arc 

eight molecules in the unit cell of the low temperature form. 

(iv) Tilt Raman spectra of adsorb.d spuies . 
The usc of infrared spectroscoJlY for the study of adsorb:d S!,<-'CIOS has boon 

well documented-4JO and I .... ill not ~ di:,eu3sc::d in thb review. During the period 

under review several publications appeared cL:scnbing the usc of Raman "pcctrClS
copy for the study of ad,orhcd sp!.'Cle~. and the:-c "III he di~~' u~~('d bndl~ . 

Pershina and Ra"~ln"JI ':'lud l ~J the Raman ~pcclr;& 01 )C\cral OIlborb; d 

species and found that the !<Ipcctra could be cla~'IIh:d Into three grou~: 
(i) No ch;lngcs were ob~ervcd In the SJ)Cctra or compounds such as benzenc. 

naphthalene. and biphenyl on adsorpt ion. 
(ii) The spectra of compounds with a polar group (C H ,CN. C.H,COC H .,. 

CH,NO,) sho"cd shifts of 1(}"15 cm - ' in the frequenc,,,, of the C-O. C _N and 

NO} groups on adsorption. . . 
(iii) The >peelra orSbCl" SbDr, and dichloroclhanesho"edh'gh,hlltsofall 

Raman bancb on adsorption. 
Pcrshina and Raskin concluded Ihat the di lTerenccili in the Raman 'I'~ctra of 

the adsorbed species corresponded to the changes in the Raman spectra of the 

compounds during the liquidicryslal phase transition. 
Using laser excitation. Hendra and Loadcr..a.Jl .. have found that the sp:ct ra 

of adsorbed CCI. is similar to that of the liquid. while .<borbed Br,. and CS, 
give frequencies similar to the gas phase values. The Raman spectrum 01 !l~sor~d 
rrall$-dichloroethvlcne docs not contain any band~ due to the Raman IOactl'-"C 

modes. indicating that the adsorbed molecule retains its ccntr~ ~r sym~~~~y. Vo 
The Raman spectrum of ae<taldehyde adsorb,d onto "llca gel sho s 

none of the bands of liqu id aceta ldehyde. the carbonyl band b:lI1g noticeably 
absent. The adsorbed spectrum closely resembles that of paraldehyde. and thl! 

data suggest tha t condensation or acetaldehyde has b.!Cn cataly~cd at thl! sur race. 

leaving a physically adsorbed cyclic product. .... . 
The Raman spectra"')) of pyridine adsorb:.:d onto alumina, tatamum dloxl.de. 

magnesium oxide and silica gel have been u;;ed to distinguish be:t\\ccn phYSical 
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