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Raman spectra of 1,2-dichforbethane and 2-chlorbethanol have been recordei 
using both the 4358 A and the 2537 ii excitations In the specrra obtained 
with the latter excitation, many new Ruman lines are found for thejirst time. 
Assignments of these lines are discussed. When the exciting wavelength is 
changed from 4358 A to 2537 A, the relative intensities a~zd depohzriaation 
rarios of scme of the Rcman lines of the two ~ u b ~ t a n c t ? ~  are seen to change also. 
These changes are explained on the basis of the resanaride Raman effect. 

The Raman spectrum of 1,2-dichloroethane and 2~chloroethanol has been 
studied by numerous investigators1-'. The problem of internal rotation in 
substituted ethanes has been studied in d ~ t a i l  by Mizoshima2. 1t . i~.  now well 
known that both in the gaseous and liquid states 1,2-dichlo~aethaue exists as 
a mixture of two rotational isomers, having the trans- and the gauche. forms 
respectively. The trans- form of the molecule belongs to the symmetry 
point group CZb and the gauche- form to the point group symmetry C2. 
Complete vibrational assignments from normal coordinate analyses for these 
two forms has been given by Nakagawa and Mizushima6. The molecu~lar 
structure of 1.2-dichloroethane has also been studied by X-ray7, electron 
dlffraaiona and i n f ~ a r e d ~ ' ~  methods. 

The Raman spectrum of 2-chloroerhanol has also been the subject of 
numerous investigationslO-15. Infrared ~bsor~t ion '~-" ,  electron difractiod9." 
and microwaveu studies of 2-chloroethanol have also been reported in the 
literature. These studies have shown that the 2.chloroethanol molecule ah0  
exists in two rotational isomeric forms-the trans- and the gauche-ones. 
Whereas in 1,2-dichloroethane the trans- form is more stable, in 2-chloro- 
ethanol the guache- form is the more stable one. In the latter case, the 
chlorine atom and the hydroxyl groups take part in the formation of an i n i m d  
hydrogen b o d .  



. .- 
^ A.11 these earlier studies on the Raman spectra of the above b w c  

. compoYndi ha<'beer? carried-out using the visible mercury 4358 B excita;io, 
. ' methgds. Pure 1,2-d.c~oroe;hane 8nd 2-chlor@ett.anol were fain& to bt 

' .  . . -.. , .. , , ~uffi&;itly trarispamnt td"'tha..2§37 A: m e r c i q  radiation. I t  was thouglll 
,.. .,, .,'*brg.$$llile;.:therefore. t o  reexamine the. Raman spfctra.  of the above two 

. .. '..l$g& b$ing@e 2537 A excitation, with a' view .to firm Out the changes if any, 
:.. .: . :: .di.hi:ch'take.gi.$e in .ttd.spectra, as the exoiling frecihencyTin 'this. case will be . . ''. &nch'Zlose~: to the electronic absorp:i~n"treqvencies of the coinpound's., 

.L. : . ,  . 
' i d . ,  .. ....,.. ,. > ' . . . . 

-. .2. EXPERIMENTAL DETAILS. ., , ' - 
, .:: . 

Two sets c f  Raman spectra uiere.recorded f u i  each c:?mpound, ,one using 
the v:s.ble mercury 4358 excliation y d ' t h e  .other us'ng the ~ltravio]~t 
lnercury 2537 A radiation. A Toronto type:hel;cal mercuiy.. arc was the 
sources of the visible radiation, while a watei~cooled," magnet-controlled 
quartz mercury are served to produce an intense berm 'of .  the ultraviolet 
radiation. A saturated solution of sodrum nitrite was used to cut off all 
radiations c i  wavelength less thcn 4358 A in the firs. cpse ; for the ultra. 
violet studies, a filter of dilute acetic acld was used to cut off ail radiations 
of wavelength less than 2537 A The vis'ble Raman spectra were recorded 
using a H lger two prism spect~ogrcph on llford As:ra 111 plates. For the 
ultraviolet Raman spectra, a Hilger med urn quartz spectrograph was used, 
the spectra beirg photographed cn Ilford Zenith Astronomical plates. For 
rhe depolarizatiorr measurements, a double image prism was inserted in the 
path of the scattered light. TIte light coming cut of the double image 
prism was conCctrsed on to the slit of the spectrrgrcph using a crys$l 
quartz lens. The lens w::s so ctosen that by its opt cal activity and biref- 
ringence the two componers of the scattered Lght ccm ng out of thz double 
image prism, were effecrively c'epoiarized. Thus the two beams d d not 
suffer unequal rrflection losses inside the spectrograph. The Raman spectra 
were micropho:rrnetered using a Moll m~crophotcmeier. 

Analar qu: lity I, 2-d'chlorcethane, and 2-chlorcethanol were used in the 
study. Both $ 1  e 1iqu:ds were distilled twice before use. For the ultraviolet 
study, thesampleswere kept in a high optical quality fused silica Wood's tub:. 

Figures l a  and l b  show the Raman spectra and the microphotometer 
tracing.; of 1, 2-dichloroethane a s  excited by the 2537 A and the 4358 A 
radiations, respect:vely. F:gures 2a and 2b show the corresponding Raman 
spectra of 2-chloroethanol. The observed Raman frequency shifts, their 
visually estimated relative intensities, and depolarization ratios of 1, 2-dich- 
loroelhane are 1is:ed in Table 1. The frequency shifts of the Raanan lines 
of 2-Chloroeth~nol, along with thcir v;suslly estimated relative intensities are 
gken in T+bk a. 
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Raman Spectrum of 1.2-Dichloroethane 
--- -- 

7537 A excitation 4538 h excitation Species 
--------- - .  

Frequencies P ( b ,  
Assignments 

~requencies Trans Oachue 
.) P (cm - ') c,r C* 

v:-va or 2~~ 4 
V; C-CI stretching 

v:, C-CI stretching 

v5 C-Cl stretching a ,  

v ; )  CHI rocking 

v CHz rocking 

L,, CH, rocking b, 

V: C-C stretching 

V ,  C-C stretching a, 

y;, CH2 twisting 

v;-v: 

vi CH, twisting 

v;, v , ~  CH, wagging b, 

v,, vi6 CH2 twisting a, 

v:, v : ~  CH2 bending 

", CHz bending a, 

2vj A, 

0.63 via torsion a 

V I E  C-C1 bending b, 
0.31 v: C-C1 bending a 

0.40 v6 C-Cl bending a, 

0.81 v:8 C-CI bending b 

VJ-v6 OL v16-vs A, or B, 



9 ,  . 23 L960i10) 0.23 v, v: I,:, CH s'retching a, a,b 

3005(8) 1.60 3007(7) dp v,, v: v ; ~  C-H stretching b, a,b 

("1 Numbers w h n  brdkets give the reldtiv; intxs1tl.s estimatid vissuaily. 
(b )  Valucs regortcd by Neu rt al. (4). 

A study of the Tables 1 and 2 shows that besides the R:mm lines 
already ieported by earlier workers, the Rhman spectraof 1,2-dkhloroeihane 
and 2-chlorocthonol excited by the 2537 A radiation contain many new lines. 
These lines are mainly in the region of comb.nation and overtone bands. 
We have used the ass;gnrnents for the fundamental vibrations of 1,2 dich. 
loroethane as given by M-kagawa and M zushlma 6. T&le 1 gives these 
assignments, together with our ass:gnmenls of the newly observed Raman 
lines which have been :signed as  combinations and overtones. In making 
the latter assignments, the following facts were taken into account : (i) only 
the overtones a ~ d  ccmbinaticns expected ;.re lhcse involvig  in 'general, the 
stronger fundamer~tals t nd (ii) the resl;llsnt states of the comb~nations and 
the overtunes should belong to a Raman active species. 
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~ A A L E  .? 

Raman Spectrum of 2-Chloroethanol 

Fiequencles (cm-') 

Present study Assignments 

2537 excitation 4538 excitation 

Torsion 

C-C-Cl bending 

@-GO bending 

C-C1 stretching 

CH, rocking 

C-C stretching 

C-0 stretching 

CM, twisting 

CH, wagging 

CH, bending 

cDvertoues and combinaticrah 

C-H stretching 

- 0-N strerching 
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The last column of Tables 2 gives the vibrational assignments for the; 
2-chloroethane molecule. These a ssignments have been made by a comparison 
o f t h e  Raman spectrum of 2-chloroetkano1 with the Raman spectra of 
1,2idichloroethane and I,2-ethanediol 22. 

A comparison of the Raman spectrum of I,2 dichloroethane elicited by 
the 2537 A radiation with that obtained by the 4358 A excitation shows that 
the relative intensities of tbe two Raman lines at Ca. 1305 cm-' and a ca. 
1432 cm-1 are reversed. A comparison of the depolarization ratios of these 
two lines shows that in the 2537 A excited spectrum, these two Raman lilies 
have lower depolarization values. Similary, the Raman lines at 848 and 939 
cm-' have their intensities reversed in the 2537 A excited Raman spectrum 
of 2-chloroethanol. The changesobserved in the relative intensities, though 
small, are believed to be genuine. In the short wavelength ranges where 
these Raman lines occur, the variation of the sensitivity of the photographic 
plate cannot introdtlce any appreciable error. And, in our depolarization 
measurements, any error in the determination will only tend 10 increase the 
depolarization ratio to the limiting value. Thus the decrease in the 
depolarization ratios of the two 2537 A excited Raman lines of 1.2-dichloro- 
ethane must also he genuine. 

It is well known that in the phenomenon of the resonance Raman effect 
there is a many fold increase in the intensities of some of the Raman lines of 
the molecule, when the exciting frequency approaches the electronic 
absorption frequency of the molecule2'. If the molecule has a non-degenerate 
ground and excited electronic states, the depolarization ratio tends to 0.50 as 
the exciting frequency approaches the electronic absorption frequency. This 
has been verified experimentally in the case of substituted nitrobenzenes by 
Real'. However, in the case of saturated molecu~es, sach as cyclohexane, 
1, Cdioxne, etc., there does not seem to be a consistent pattern in the 
intensity changes as the exciting frequency is in the resonance In 
the latter case, however, Bernard and D ~ p e y r a t ' ~  have shown that the 
depolarization values do tend to 0.5. 

Thus we can conclude that the changes observed in the spectra of 1,2 
dichloroethane and 9-chloroethanol, when the exciting frequency is increased, 
arise due to the resonance e6fect. It is quite possible, in both cases, that all 
the lines that do change in intensity in the 2537 A excitation, actually 
increase in intenshy; only, say, in the case of 1,2-dichloroethane, the Ca. 
1305 cm-' Raman line increases intensity much more than the line at Ca. 
1432 cm-'. 

The Raman lines at Ca. 1305 and Ca. 1432 cm-' in 1,2-dichlorethane arise 
from the twisting and bending vibrations of the methylene group. The848 cm-' 
and 939 cm" lines of 2-chlorethanol arise from the methylene rocking 
vibrations. It is interesting to note that in cyclohexane and also in 1,4-dioxane, 
it is the CH, group frequencies which show the resonance e f f e ~ t s ~ ~ , 2 ~ .  
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The electronic absorption SpeCttUm of 1,2-dichloroethane was recorded 
using a Unicam absorption spectrophotorneter, and it was found to be 
continuous below 2520 A. This is very similar to the absorption spectrum of 

and can be connected with the fact that all  the valance electrons are 
used up in forming the single bonds and the only non-occupied orbitals 

from the valence electrons will be antibonding ones and so \rill lie 
fairly high. In this case, therefore, it wrll be a good approximation to think 
of the continurn level to be replaced by a single non-degenrate level and this 
might account for the changes observed in the intensities and depolarization 
ratios of the R?man lines on going to the resonance region. Similar 
explsnatiL.n~ have bsen given by Alb~echi:~, Tsenter and BobovichN and Leite 
and Parto" to explain the resonance Raman scattering from various 
substances. 

The authors wish to express their gratitude to Prof. R. S. Krishnan and 
Prof. P. S. Narayanan for their encouragcment during this investigation. 
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