
 

 

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

Vibrational Analysis of 1,2-Dibromopropane and 1,2-Dibromopropane-D6
G. A. Crowdera; G. O. Carlisleb

a Department of Chemistry, Louisiana Tech University, Ruston, LA, USA b Department of Chemistry,
West Texas State University, Canyon, TX, USA

To cite this Article Crowder, G. A. and Carlisle, G. O.(1991) 'Vibrational Analysis of 1,2-Dibromopropane and 1,2-
Dibromopropane-D6', Spectroscopy Letters, 24: 5, 711 — 721
To link to this Article: DOI: 10.1080/00387019108018151
URL: http://dx.doi.org/10.1080/00387019108018151

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/10.1080/00387019108018151
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 2 4 ( 5 ) ,  711-721 (1991) 

VIBRATIONAL ANALYSIS OF lI2-DIBROMOPROPANE 
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ABSTRACT 

Infrared spectra were obtained for 1,2-dibromo- 

propane-d, in the liquid and in the unannealed and 
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712 CROWDER AND CARLISLE 

annealed solid states. Vibrational assignments were made 

for the three conformers of 1,2-dibromopropane and the 

three conformers of 1,2-dibromopropane-d, with the aid of 

normal coordinate calculations. All three possible 

conformers of CD,BrCDBrCD, were found to be present in 

the liquid and unannealed solid, but the P,S,, conformer 

was absent in the annealed solid. 

INTRODUCTION 

Vibrational spectra have been published for 1,2- 

dibromopropane, and this compound was shown by 

Thorbjornsrud, Ellestad, Klaboe, and Torgrimsen (TEKT) to 

exist as a mixture of three conformers in the liquid 

state.' A complete fundamental vibrational assignment 

was made for the conformer with the bromines in the anti 
(or trans) position. This conformer was present in much 

greater concentration in the neat liquid than was either 

of the other two conformers, and it was the only 

conformer present in the low-temperature crystalline 

solid.' Molecular mechanics calculations have been made 

for this compound that show the anti conformer to be the 

low-energy form by at least 1.6 kcal/mole.' 

Since the vibrational assignment of the anti 

conformer was made by inspection, and assignments for the 

two gauche conformers were not made, normal coordinate 

calculations were made for all three conformers. In 
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1,2-DIBROMOPROPANE AND 1,2-DIBROMOPROPANE-D6 713 

addition, the deuterated compound is now available, so 

infrared spectra have been obtained for it, and normal 

coordinate calculations have been made for the three 

conformers of this compound. 

EXPERIMENTAL 

Infrared spectra were obtained with a Nicolet MX-1 

FTIR spectrometer. The sample of CD,BrCDBrCD, was 

obtained from Stohler/KOR and had a stated purity of 99%. 

There was no evidence of the presence of the protonated 

species, and the sample was used without further purifi- 

cation. 

CALCULATIONS 

Normal coordinate calculations were made with a 

Prime 9955 computer. The computer programs written by 

Scha~htschneider~.~ were used for calculation of the G 

matrix (GMAT), for solution of the vibrational secular 

equation (VSEC), and for the least-squares refinement of 

selected force constants to fit the calculated to the 

observed frequences (FPERT). 

RESULTS AND DISCUSSION 
1.2-Dibromopropane 

Infrared and Raman spectra have been obtained for 

1,2-dibrornopropane by TEKT’. This work included low- 
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714 CROWDER AND CARLISLE 

temperature (-180°C) IR and Raman data and high-pressure 

(30 kbar) IR data. The low-temperature solid-state 

spectra showed the presence of only the A conformer 

(PxSx,) , but there was a small amount of the G, conformer 

(P,S,,) present in the high-pressure sol id. 

Since all the low-temperature solid-state bands are 

due to the PxS,, conformer, normal coordinate calculations 

were first made for this conformer because there is no 

ambiguity in assignment of those bands to the correct 

conformer. A fifty-eight parameter modified valence 

force field was used that included fifteen diagonal and 

forty-three interaction force constants. The force 

constant values that had been obtained for 1,2- 

dichloropropane and 1,2-dichl~robutane~ were used, except 

for the C-Br stretching constant, which was taken from an 

alkyl bromide6 force field. The same value was used for 

the primary and secondary C-Br stretching constant, as 

has been done previously.',' 

The initial calculated wavenumbers were not quite 

satisfactory, and several computer runs were made after 

manually adjusting several force constants. Wavenumbers 

were calculated for the other two conformers, then the 

FPERT program was used to adjust twenty force constants 

to fit the calculated to the observed wavenumbers for 

fifty-eight assigned values of the three conformers. The 

average difference between observed and calculated wave- 

numbers was 6.2 cm-'. 
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715 6 
1,2-DIBROMOPROPANE AND 1,Z-DIBROMOPROPANE-D 

Meyer and Ohmichi have done molecular mechanics 

calculations for 1,2-dibromopropane.' At 25OC, the 

concentration of the P,S,, conformer was calculated to be 

approximately 89%. This is for the vapor state, but the 

total amount of the two higher-energy forms is certainly 

greater than 11% in the neat liquid, as indicated by the 

presence of medium to strong liquid-state IR bands (1314, 

1243, 1227, 855, 541, 461 cm-') due to one or both of 

these conformers. The dipole moment of these two 

conformers is 2.6-2.9D, as compared to 0.6D for the more 

stable form,' so the two G conformers are stabilized more 

in going from vapor to liquid than is the conformer. 

1.2-Dibromopropane-d, 

Infrared spectra were obtained for 1,2-dibromo- 

propane-d, liquid, unannealed solid, and annealed solid. 

Those spectra are not given here, but are available from 

the authors. The spectrum of the annealed solid shows 

the absence of several liquid-state bands, as expected, 

because the deuterated compound should behave like the 

protonated compound. However, most of the bands will be 

due to different mixtures of normal modes in the the two 

compounds because the C-D frequencies are lower than C-H. 

The force constants that were obtained for 

CH,BrCHBrCH, were used to calculate fundamental wave- 

numbers for CD,BrCDBrCD,. In the final computer run, the 
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7 16 CROWDER AND CARLISLE 

l'Af31,E 1 
O b s e r v c d  a n d  c a l c u l a t e d  wavenumLrrs and p o t e n t i a l  e n e r y y  d i ? t r i b u t i o n  

f o r  I, 2-dihro inopropane  

FzS,,, conformer PcT;I,II conformer- I',,S,,,, con fo rmer  
O h S . "  

cm ' c a l c .  F.11.11. ( ' % I h  c a l c .  F . C . D .  ( a ) "  c.1lc .  f . E . 1 1 .  ( % ) h  

1453111 

1.245s 

1 4 3 0 s  

1 3 1 8 s  

1338rn 

3314.3 

_ _  

1 4 5 7  

1 4 5 2  

1 4 3 2  

1 3 0 0  

1 3 4 2  

3 ( 9 ? )  

3 ( 9 3 )  

5 ( 7 1 ) , 1 5 ( 2 5 )  

4(09) , 7 ( 1 2 )  

R ( l 4 )  , 2 ( 1 0 )  
6 ( 5 6 ) , 4 ( 1 G ) ,  

1 4 5 3  

1452 

1 4 3 1  

1179 

1 1 3 6  

1 4 5 2  

1451 

1 1 3 1  

137R 

G ( 7 9 )  1 3 1 1  

1 2 7 1  

1 7 4 3 s  

1 2 3 3 s  

1 2 2 7 s  

1 2 1 7 s  

1 ? 3 6  R ( O 5 )  

124 I 

1 2 1 1  

1 2 1 4  

1 2 0 4  

7 ( 5 6 )  , 6 ( 3 R )  

G(41) , 7 ( 2 9 ) ,  
7 ( 2 4 )  

l l R R  

11 72 

7 ( 7 8 ) ,  G(12) 

6 ( 4 3 ) , R ( 3 7 ) ,  
2 ( 1 5 )  

_-  

1 1 5 6 s  

1170m 

l O 9 8 w  

1162 

1117 

1111 2 (GI) 

105Gvw 

1 0 3 8 s  1 0 4 9  

9 0  7 

2 ( 4 3 )  . l 0 ( 2 6 ) ,  
9 ( 1 2 )  

1 0  ( 7 3 ) ,  G (10) 

1 0 2 3  

9 8 1  

2 ( 3 5 )  , 1 0 ( 3 4 )  

l O ( 7 6 )  

_- 

1 0 0 1 s  

984W 

906w 

8 9 7 s  

8 9 1 w  

1 0 0 4  

914 

1 0 ( 6 2 ) , 9 ( 1 1 )  

l O ( S 0 )  , 7 ( 7 6 )  

a 9 7  

R 9 8  7(18) , 1 0 ( 3 9 )  
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6 
1,2-DIRROMOPROPANE A N D  1,2-DIBROMOPROPANE-D 7 1 7  

P,S,,, con fo tn i e r  F,S,,,, c o n f o l  mer P,,S,,,, coi l former 
O h s . "  

c m '  ca lc .  F .F . I I .  c a l c .  P . E . U .  (%)h c n l c .  P . E . D .  (%)b 

8S5m 

8 4 2 m  R 3 9  

662W 

6 4 9 s  6 5 2  

5 6 4 v q  5 6 5  

54  lm 

57 Gw 

4 6 l m  

4 0 3 m  4 0 7  

35sw 

33nw 

? 9 5 m  7 8 2  

17ow 

745vw 250 

187vw 1 7 9  

1 G 5 v w  1 5 7  

I l5W 1 2 1  

85VW 

1 7  ( 5 7 )  

l l ( A 5 )  , 1 ( 1 5 ) ,  
1 2  ( 1 0 )  

1 3 ( 9 6 )  

11(38) , 1 ( 2 A )  

1 1 ( R 9 ) ,  l ? (  15) 

1 4 ( 7 0 )  , q ( l i ] ,  
l l ( 1 0 )  

093  

6 6 4  

524 

3 5 3  

3 7 0  

2 5 6  

2 5 1  

1 6 4  

74 

9 ( 6 5 ) ,  10( 1 9 )  

l(46) , 1 1 ( 3 4 )  

l ( 7 1 )  , 1 2 ( 2 1 )  

1 1 ( 6 3  ) I i ( 4 0 )  

1 1 ( 7 5 ) , 1 4 ( 3 3 )  

8 4 6  

583 

5 2 1  

4 4  I 

3 1 9  

7 8 1  

248 

1 4 0  

7 7  

9 ( 7 1 )  , 2  ( 1 4 )  

l ( 6 4 )  , 1 2 ( 3 1 ) ,  
1 1  ( 7 9 )  

1 ] ( l i d ) ,  1 ( 2 2 ) ,  
1 4  (11) 

l l ( 7 1 )  ,12(11) 

1 ? ( 9 7 )  

11 ( 4 7 ) ,  1 4  ( 2 7 ) ,  
1 2  ( 1 5 )  

1 4 ( 4 ? )  ,11 ( 3 0 )  
1 2 ( 1 1 )  

" t ' r o m  Ref. 1. 

' C o n t r i b u t i o n s  1 ~ 3 s  t h a n  1 0 %  a r e  e x c l u d ~ r l .  The c o o r d i n a t e  n r i m h e r s  r e f e r  t o  
t h e  f o l l o w i n g  d e f i n i t i o n s :  1 = C-lit-  s t r e t c h :  2 -- C-C s t r e t c h :  3 = CH, 
a n t i s y m  bend; 1 = CII, sym herid: 5 7 CII, bend:  6 = C-II bend: 7 = CH, wag: 
8 = CII, t w i s t :  9 = CII, r o c k :  10 = CII, rock:  11 : C C B r  b e n d ;  1 2  = CCC bend:  
1 3  = CH, t o r s i o n :  1 4  - Cll , l l r  t o r s ion :  15 = cH, i~edundancy  
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718  CROWDER AND CARLISLE 

TABLE 2 
obse rved  a n d  calculated wavenumbcrs a n d  potential e n e r g y  d i s t r i b u t i o n  

t o r  1,2-dibromopropane-d, 

PXSxt, conformer P,&, conformer P,,S,, conformer 
O b S .  

cnr ' calc. P . E . n . ( % ) '  calc. P . E . D . ( % ) *  caic. P . E . D .  ( 8 ) "  

12135 1198 

11R3wh 

lll4ms 1111 

1049s [ 0 4 G  

1046 

_ _  1038 

i n 1 6 m h  

1007m 101'7 

9R7W" 

943w 

9 0 9 s h  912 

p o l  
901s 

1896 

8 4 5 W  8 3 7  

7 8 7 m w  

7 7 5 m  7 6 9  

7 4 4 w h  

3 ( 9 6 )  

5(67),16(18), 
4(11) 

1210 

1116 

1052 

104 6 

1039 

1 0 3 0  

940 

9 1 5  

0 9 0  

8 3 4  

7 7 7  

6 (  30) ,2 (25), 
7(10) 

E ( 5 0 )  ,6(18), 
l O ( l 3 )  

fi(43) , 1 0 ( 2 7 )  

1185 

1106 

1 0 4 7  

104h 

1037 

1020 

9 1 1  

912 

8 5 5  

788 

3(94) 

5 ( G 4 )  .16(21) 

754 1 0 ( 5 0 ) , 6 ( 2 4 )  
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719 

TABLE 2 (CONTINUED) 

P,S,,, c o n f o r m e r  P,S,, con :o rmer  P,S,, c o n f o r m e r  
Obs. 

c m  ' calc .  P.E.D. ( % ) "  calc.  P.E.D.(%)" calc .  P.E.D.($)' 

731m 7 2 2  

6 a m h  

664mw 6 5 9  

5 9 4 s  5 7 6  

582mw 

5 2 8 s  5 2 2  

4 2 Omwb 

335mw 336 

296w 

2G1m [54 

I 186 

n o  

d a t a  
1 7 3  

1 5 3  i 99 

l O ( 3 5 )  , 2 ( 2 6 )  

9 ( 5 4 ) , 1 0 ( 2 4 )  

i ( 3 9 )  , 1 1 ( 3 1 ) ,  
l O ( 2 4 )  

1 3 ( 3 4 ) , 1 1 ( 2 6 ) ,  
1 ( 1 5 )  

1 3 ( 4 0 )  , 1 1 ( 2 6 ) ,  
1 ( 2 2 )  

1 2  ( 1 2 )  
l l ( 4 9 )  , 1 3 ( 2 3 ) ,  

1 4 ( 8 1 )  , 1 1 ( 5 2 )  

7 1 6  

6 5 7  

5 7 9  

4 7 1  

3 3 0  

2 9 0  

2 2 9  

1 7 6  

1 4 6  

8 2  

1 2 ( 5 0 ) , 1 1 ( 2 8 ) ,  
1 ( 1 2 )  

1 1 ( 6 4 ) , 1 ( 2 4 )  

13 (96) 

l l ( 6 2 )  , 1 4 ( 2 1 )  

l l ( 7 7 )  , 1 4  (15) 

7 2 6  

680 

5 1 7  

4 7 9  

4 0 4  

2 7 0  

2 5 2  

1 7 2  

1 4 0  

68 

1 0 ( 4 1 ) , 2 ( 2 7 )  

9 ( 5 9 )  ,10(15) 

1 1 ( 6 2 ) , 1 4 ( 1 8 ) ,  
1 ( 1 6 )  

1 1 ( 7 6 ) , 1 2 ( 1 0 )  

1 3 ( 9 7 )  

1101) , 1 2 ( 2 0 ) ,  
1 4  ( 1 6 )  

1 4 ( 6 5 )  ,11(50) 

" S e e  f o o t n o t e  b, T a b l e  1 

h B a n d s  t h a t  a r e  a b s e n t  i n  t h e  a n n e a l e d  s o l i d .  T h e  so l id - s t a t e  s p e c t r u m  was 
n o t  ob ta ined  b e l o w  300 cm- ' .  
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720 CROWDER AND CARLISLE 

same twenty force constants that were adjusted previously 

were adjusted to fit the fifty-eight assigned values for 

the three conformers of CH,BrCHBrCH, and the forty-seven 

assigned values for the three conformers of CD,BrCDBrCD,. 

The average difference between observed and calculated 

wavenumbers for the 105 values was 6.6 cm-l. The 

observed and calculated wavenumbers are given in Tables 

1 and 2 for the two compounds, along with the approximate 

potential energy distributions, which are given in terms 

of ordinary symmetry coordinates. Symmetry coordinates 

were used as an aid in interpreting the spectra, even 

though the molecules have no symmetry. 

Table 2 lists seven bands that were present in the 

spectrum of the liquid and unannealed solid, but were 

absent for the annealed solid of CD,BrCDBrCD,. It can be 

seen that all seven bands are assigned solely to the PHSHH 

conformer (G. in TEKT notation). This conformer obvi- 

ously disappears on annealingthe solid. The spectrum of 

the annealed solid seems to indicate that the solid was 

amorphous rather than crystalline, and both the PxS,, and 

P,S,, conformers are present in the solid. 
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