
 

 

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

A Vibrational Force Field For 1-Alkynes and Nitriles
G. A. Crowdera

a Killgore Research Center West Texas State University Canyon, Texas, USA

To cite this Article Crowder, G. A.(1989) 'A Vibrational Force Field For 1-Alkynes and Nitriles', Spectroscopy Letters, 22: 5,
595 — 603
To link to this Article: DOI: 10.1080/00387018908053909
URL: http://dx.doi.org/10.1080/00387018908053909

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/10.1080/00387018908053909
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 22(5), 595-603 (1989) 

A VIBRATIONOL FORCE FIELD FOR 1-ALKYNES AND NITRILES 
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ABS TRACT 

Normal coordinate calculations were made for 1- 

butyne, propionitrile, and the two conformers each of 1- 

pentyne and butyronitrile, using a thirty-one parameter 

modified valence force field. Only the triple bond 

stretching force constant was assumed to be different in 

the two families of compounds. Twenty force constants 

were refined to fit 117 frequencies of the s i x  mole- 

cules, with the average error being 5.1 cm , o r  0.65%. -1 
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596 CROWD ER 

INTRODUCTION 

Vibrational assignments have been made for 1- 

bu tyne, l g 2  l-pentyne,2 pr~pionitrile,~ and butyro- 

ni trile4 with the aid of normal coordinate calculations. 

Recently, the fundamentals of 1-butyne arid propionitrile 

were fitted with a common force field, except for the 

CZX force constant. The present work was undertaken to 

see i f  a common force field could be used for additaonal 

alkynes and nitriles. 

CCII-CULAT IONS 

Normal coordinate calculations were made with 

Prime 5500 computer. The computer programs written by 

Schachtschneiderjy6 were used for calculation of  the G 

matrix ( G M A T ) ,  for solution of the vibrational secular 

equation (VSt'C), and for the least-squares refinement of 

selected for-ce constants to f i t  the calculated frequcn- 

cies to the observed values (FPERT). The molecular 

parameters used were C=N = 0.117 nm, CSC = 0.1207 nm, 

C-H = 0.1067 nm, =C-C = 0.146 rim, -C-C- = 0.154 nm, -C-H 

= 0.109 nm, and all angles except for the linear gr-oup 

were as~,umr?d to be 109.47". 

c- 

RESULTS 

Initial values o f  the force constants were taken 

from the 1-butyne -- propionitrile work. The average 
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VIBRATIONAL FORCE FIELD 597 

TABLE 1 
Observed and calculated wavenumbers for 

1-butyne and propionitrile 

1 - But yne Prop ioni t r i 1 e - 
Obs. cmv1 Calc. cm-' Obs. cm-' Calc. cm 

2116 

1470  

1462  

1446  

1385  

1322  

1 2 6 1  

1090 

1 0 7 0  

1008 

8 4 0  

782  

6 3 4  

630  

509 

3 44 

( 2 2 5 )  

208 

2123 

1466  

1462 

1441 

1383 

1 3  14 

1258 

1090  

1070  

1015 

830 

776 

633  

629 

5 1'2 

347 

225 

205 

2 2 6 1  

1463  

1463  

1 4 3 4  

1382  

1 3 2 4  

1265  

1090  

1 0 7 4  

1008  

837 

7 8 3  

5 3 0  

3 7 1  

- 
220 

2255 

1466  

1 4 6 2  

1441 

1 3 8 4  

1 3 1 4  

1258  

1 0 9 1  

1 0 7 1  

1015  

829  

777 

532 

3 7 4  

229 

220 
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598 CROWDER 

TABLE 2 
Observed and calculated wavenumbers for 1-pentyne 

C- conformer C, conformer 
D I 

Obs. crn-l Calc. cm-’ Obs. cm’l Calc. cm-’ 

2127 
1465 
1465 
1460 
1435 
1385 
1 3 4 1  
1282 
1253 
- -  

1095 
1095 
1040 

954 
872 
840 
740  
633 
628 
494  
350 
340 
250 
174 
- 

2123 
1465 
1462 
1 4 5 1  
1429  
1 3 8 4  
1349  
1 2 8 4  
1257 
1237 
1098 
1090  
1032  

957 
8 6 4  
863  
7 30 
632  
629  
4 9 4  
349 
335 
248 
166  

97  

2127 
1465 
1465 
1460  
1435 
1385 
1328  
1253  
1253  
- -  
- -  

1077 
1050  

925 
872 
840 
762 
633 
628 
530 
350 
- 

250 
1 7 4  
- 

2123 
1466  
1462  
1 4 5 1  
1440  
1383 
1337 
1258  
1249  
1216  
1108  
1 0 7 4  
1042  

926  
8 8 8  
852 
7 6 1  
633  
6 2 9  
537 
358 
327 
258 
1 7 6  

9 4  
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VIBRATIONAL FORCE F I E L D  599 

TABLE 3 
Observed and calculated wavenumbers for butyronitrile 

C conformer 1 Cs conformer 
- 

Obs. cm-I Calc. cm-' Obs. cm-l Calc. cm 

2252 
1463  
1463  
-- 

1428  
1385  
1342  
1278  
1 2 6 1  
-- 

1 1 0 4  
1080  
-- 
942 
872  
840  
7 4 0  
528 
360 
360 

1 8 3  

2255 
1465 
1462 
1450 
1 4 3 1  
1385 
1343 
1285 
1256  
1237 
1102 
1076 
1033 

956 
873 
8 6 1  
729 
5 1 4  
366 
352 
248 
178  

99 

2252 
1 4 6 3  
1 4 6 3  
-- 

1428  
1385  
1329  
1278  
1 2 6 1  
1230  
1090  
1080 
1048  

9 1 1  
872  
840  
7 6 0  
557 
382 
360 
- 

1 8 3  
- 

2255 
1465  
1462  
145 1 

1436  
1 3 8 4  
1323  
1277 
1257 
1216  
1 0 9 8  
1067 
1 0 5 4  

925 
872 
853 
737 
5 5 1  
376 
353 
262 
1 8 6  
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6 00 CROWDER 

TABLE 4 
Force cons tan ts  f o r  l -a lkynes  and n i t r i l e s  

Force Coordinates Atm(s) Initial Final  Standard 
W t a n t  Group Involved Cormpn Valuea Valuea Error 

S t r e t c h  
C-H - 4.835 4.835 - 
C-H - 4.663 4.663 - 

KR(I) zc-c  c-c - 5.130 5.130 - 
KR(II) -C-C- c-c - 4.223 4.223 - 
K p  c=c c:c - 15.087 15.087 0.072 

KX(II) C-N C-N - 17.645 17.549 0.073 

SC-H C-H - 5.933 5 .923  0.015 

Kr CH3 

Kd CH2 

KS 
S t r e t c h - s t r e t c h  

CH , CH 

CH, CH 
CH3 

CH2 
c-c-c c c , c c  

H-C-H 

C-CH3 C-C-H 

H-C-H 

-C-CH2 C-C-H 

-C-CH2 C-C-H 

c-c-c c-c-c 

CH3 

CH2 

C 0.039 0.039 - 
C 0.016 0.016 - 
C 0.177 0.158 0.047 

- 0 .541  0.537 0.002 

- 0.617 0 .653  0.010 

- 0.532 0.535 0.003 

- 0.647 U.634 0.004 

- 0.689 0.660 0 .008  

- 0.984 0.930 - 
- 0.305 0 .311  0.006 

- 0.211 0.211 0.002 
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VIBRATIONAL FORCE FIELD 60 1 

Table 4 (continued) 

Force 
~~ 

Coordinates Atom(s) Initial Final Standard 
Constant Group Involved Carrmon Valuea Valuea Error 
Stretch-bend 

F R ~  
C-CH2-CH3 CC,CCH C-C 

FAY C-CH2-C CC,CCH C 

FRU C-CH2-CH3 CC,CCC C-C 

Bend- bend 
C-CH3 

C-CH2-C 

C- CH2 - C 
C-CH2 -C 

x-c-c-c 

C-CH2-CH3 

C-CH2-CH3 

C-CH2-CH3 

3 C- CH2 - CH 

Tors ion 
HT CH2-CH2-CH3 

CCH,CCH C-C 

CCH.CCH C-C 

CCH,CCH C-H 

CCH,CCH C-C 

xcc,ccc -c-c 

HCC,CCH C-C 
Ltrans J 

lgauc he) 

\trans J 

\gauche1 

HCC,CCH C-C 

HCC,CCC C-C 

HCC,CCC C-C 

c- c - 

0.261 0.257 0.019 

0.034 0.005 0.020 

0.212 0.413 0.032 

-0.005 -0.018 0.005 

-0.028 -0.020 0.004 

0.023 0.023 - 
-0.091 -0.091 - 
-0.048 -0.048 0.010 

0.016 0.1Q7 0.008 

-0.017 -0.035 0.005 

0.072 0.072 - 

-0.037 -0.068 0.013 

0.0116 0.0116 - 
~~ ~~ 

aStretching constants are in units of mdynlg; stretch- 
bend constants are in units of mdynfrad; bending 
constants are in units of mdyn g(rad)-2 
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602 CROWDER 

er ro r  f o r  the two conformers o f  1-pentyne and the two 

conformers o f  b u t y r o n i t r i l e  was ca. 10 cm i n  the 

i n i t . i a l  ca lcu la t ion .  Three FPERT runs were made, and i n  

the f i n a l  run, twenty o f  the th i r t y -one  fo rce  constants 

were adjusted t o  f i t  11'7 assigned frequencies o f  the s i x  

molecules (excluding the C-H s t re t ch ing  frequencies), 

w i t h  the averaqe d i f f e rence  between observed and 

The ca lcu lated values being 5.1 c m  , or 0.65%. 

observed and ca lcu lated wavenumbers below the C-H 

s t re t ch  reg ion are g iven i n  Tables 1-3. I n  order to  

conserve space, the p o t e n t i a l  energy d i s t r i b u t i o n s  are  

n o t  given here, but  they are  ava i lab le  from the author. 

The Force constant d e f i n i t i o n s ,  i n i t i a l  values, and 

f i n a l  values are given i n  Table 4. 

-1  

-- 1 
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