
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

The Raman and Infrared Spectra and Structures of Ethyl Chloride, Bromide
and Iodide
Keinosuke Hamadaa; Hirofumi Morishitaa

a Faculty of Education, Nagasaki University, Nagasaki, Japan

To cite this Article Hamada, Keinosuke and Morishita, Hirofumi(1980) 'The Raman and Infrared Spectra and Structures of
Ethyl Chloride, Bromide and Iodide', Spectroscopy Letters, 13: 6, 373 — 380
To link to this Article: DOI: 10.1080/00387018008064029
URL: http://dx.doi.org/10.1080/00387018008064029

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387018008064029
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 1 3 ( 6 ) ,  373-380 (1980) 

THE RAMAN AND INFRARED SPECTRA AND STRUCTURES OF ETHYL 
CHLORIDE, BROMIDE AND IODIDE 

Key Words: Raman, Infrared, Structure, C2H51, C2H5Br, 
C2H5C1 

Keinosuke Hamada and Hirofumi Morishita 
Faculty of Education, Nagasaki University, Nagasaki Japan 

ABSTRACT 

The Raman, infrared and proton NMR spectra of the 
liquid molecules, C H -X(X=Cl,Br,I) have been recorded. 
And the molecular structures have been studied on the 
basis of these spectra. Consequently a non-rigid structure 
in which a CH2 group rotates freely with respect to the 
three hydrogen atoms of CH3 group is established. 

2 5  

INTRODUCTION 

The obtained Raman spectra and the polarization data 
of C2H5-X(X=C1,Br,I) do not seem to be explained according 
to the possible symmetries; Cs,C2 or C1 for a rigid structure 

of CH3-CH2-X. That is, considered as a rigid structure, 
the selection rules for every symmetries predict 18 fun- 
damentals to be both in Raman and infrared active, as 
shown by the following irreducible representations; 
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1 I 

Cs : 12A (R,p;IR) + 6A (R;IR) 

C2 : 8A(R,p;IR) + 10B(R;IR) 

C1 : 18A(R,p;IR) 

On the other hand, the selection rules derived from a non- 
rigid structure in which the CH2 group rotates freely with 
respect to the CH3 group yield 8 fundamentals[4A (R,p:IR) 
+ 4E(R;IR)] due to CH3-(Y)-X(Y=CH2) which has CjV symme- 
try and 3 additional fundamentals due to the CH2 group. 
The obtained vibrational spectra of CH3-CH2-X can be ex- 
plained according to a non-rigid structure(C3v) and the 
obtained NMR spectra strongly support a non-rigid structure 
for these molecules, too. 

1 

EXPERIMENTAL 

All samples were purchased from commercial sources, 

The Raman spectra of the liquids*' were recorded on 
and purified by distillation. 

+ JEOL JRS-S1B spectrophotometer using Ar (4880 A) laser. 
The infrared spectra were measured both in gaseous and 
liquid state*2 with Shimadzu IR-450 spectrometer whose gas 
cell had a path of 10 cm and KRS-5 windows. The differences 
between the infrared spectra of gaseous and liquid samples 
are hardly discernible, but those for gaseous state are 
shown, so as to indicate the band types: a parallel type 
or a perpendicular one. The NMR spectra of the samples 
were measured with JEOL PS-100 spectrometer operating at 
100 MHzand TMS was used as internal standard. 

RESULTS AND DISCUSSION 

The obtained Raman and infrared spectra of C2H5-X and 
CH3-I which has a C3" 1-3 symmetry are shown in Fig. 1. 
The previous l i t e r a t ~ r e ~ - ~  have reported that the structures 
of C H -X were Cs with a bent C-C,x chain. In the case of 2 5  
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taman 
l i q u i d  
A r + ,  
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-1 500 cm 

Raman a n d  i n f r a r e d  s p e c t r a  of C H 3 - I ,  C H -I, C H - B r  a n d  C2HS-C1 

3000 2 5 0 0  2 0 0 0  1 5 0 0  1000 

F i g .  1 2 5  2 5  
( * )  means t h a t  p o l a r i z a t i o n  s ta te  or b a n d  c o n t o u r  is ambiguous .  
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376 HAMADA AND MORISHITA 

a bent chain, there would appear 18 fundamentals, all of 
which are both Raman and infrared active for C2H5-X. 
However the obtained spectra indicate the general sim- 
plicity of the spectra and resemble very closely to the 
spectra of CH3-I with C3v symmetry, except the appearance 
of vaC-C-X, GC-C-X, vCH2, GCH2 and pCH2. There are some 
possible reasons for the simplicity as not expected: ac- 
cidental overlapping and disappering of weak bands. In 
this case, the Cs symmetry for a molecule might be errone- 
ously taken as a C3v. 
spectroscopic arguments, as follows, that the CH3-CH2-X 
type molecules would have a non-rigid structure, in which 
a CH2 group rotates freely with respect to the three 
hydrogen atoms of a CH group. (1) The obtained spectra 
of CH3-CH2-X resemble closely to that of CH3-I having C3v 
symmetry. (2) It has been reported that a non-rigid mole- 
cule accompanied with an internal rotation can have the 
higher symmetry than the symm'etry possible for a mole-cule 
considered a rigia structure7I8. 
infrared band(A1 species) shows a PQR structure with a 

15 cm-l for proper P-R separation: 14 cm for C2H5-I, 
C2H5-Br and 19 cm-l for C2H5-C1. 
and R branches demands that the major axis symmetry should 
be threefold or (4) In a NMR spectrum of 
CH3-CH2-X there are two sets of equivalent nuclei, those 
of methyl group and those of methylene group. The signal 
of CH2, which appears at a lower field, is split into a 
quartet by the three equivalent protoms in CH3, whereas 
the signal of CH3 is a triplet resulting from a spin-spin 
interaction with the two equivalent protons in CH2. 
spacing of the individual components in the two signals 
is identical. This can be explained on the basis of in- 
ternal rotation occuring at a sufficiently rapid rate 
for the effective chemical shifts and spin couplingwnstants 
to be averaged . 

However it is supported by several 

3 

( 3 )  A parallel type 

-1 

The presence of P ,  Q ,  

The 
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Some possible reasons for the simplicity are above 
mentioned. In opposition, there are some possible reasons 
for the complexity of the spectra; mistaking a Fermi doublet, 
a vibration-rotational band contour and/or hot! bands far plural 
 fundamental^.*^ In this case, a CjV symmetry for CH -CH2-X 
would be regarded as a Cs one. 
out by some workers 12-15. Also Winther and Hummel' have 
described that in view of the large number of "hot" tran- 
sitions found in the spectra of the C H -C1 and C2H5-Br 
their absence in the spectrum of C2H5-I is somewhat puzzling. 
This seems to be the example where a family of Q branches 
of perpendicular type band would wrongly be assigned as hot 
bands. A perpendicular type band consisting of a family 
of Q branches is not so highly resolved in the spectrum 
when the moments of inertia of molecule are large13, and 
so the numbers of Q branches decrease with increasing 
molecular weight from C2H5-C1 to C2H5-I. 

type molecules to have a C3v symmetry. The CH3 stretching, 
deformation and rocking which are group vibrations can 
easily be assigned, by comparison with those of CH3-I which 
has a C3v symmetry. 
the C-C-X stretching and bending of CH3-CH2-X are quite 
clear, because of their absence for CH3-I. The CH2 vi- 
brations which never appear for CH3-I are guessed to be 
close to the CH3 vibrations in frequencies. A tentative 
assignments of the vibrational spectra for CH3-CH2-X are 
proposed in Table 1, according to a non-rigid( C3v) se- 
lection rules. The non-rigid C model of CH -CH2-X is 
theoretically supported as follows: It is possible to con- 
sider a 2s and a 2p orbital in carbon atom as being hybrid- 
ized to be linear -X- by exciting one of a 2s  electrons 
into 2p state . A p, and a p orbital of carbon atom 
combine with Is orbitals of two hydrogen atom to comform 
CH2 group. 

3 
Such a mistaking is pointed 

2 5  

The above considerations have let me decide CH3-CH2-X 

On the other hand, the assignments of 
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FOOTNOTE 
*1 Generally speaking, the Raman measurement of gaseous 
state is very difficult. 

*2 The infrared measurement in liquid state of C2H5C1 
could not be done, because a boiling point of C2H5C1 is 
lower than a room temperature, and the present authors 
do not have a low temperature cell for infrared. 

In the literature15, the two absorption maxima at 
1430 and 1475 cm-' in the infrared spectrum of the vapor 
of CH3-S-CH3 are interpreted as branches of a single 
band and not as two separate bands. This is correct 
and shows that some of the previous workers mistook 
vibration-rotational band contours of a single band 
for plural fundamentals. Such a mistaking would lead 
a C3v to a C2v for CH3-X-CH3 type molecule or a C3v to 
a Cs for CH3-CH2-X. 
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