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SPECTROSCCPY LETTERS, b(  1&2 1, 9-13 ( 1971) 

THE GENERAL VALENCE FORCE FIELD OF ETHYLENE 

KET WONIS: Ethylene, fo rce  constants,  i n f r a red  spec t r a ,  Raman spec t ra .  

2 
John 21. Comerford, William H. Snyder and Howard S. K i m m e l  

Department of Chemical Engineering and Chemistry 
Newark College of Engineering 
Newark, New Jersey  07102 

During the  course of s tud ie s  of t he  v ib ra t iona l  spec t r a  of o l e f in i c -  

type molecules, i t  w a s  found tha t  d i f fe rences  i n  the  results of fo rce  con- 

s t a n t  ca l cu la t ions  were obtained by various  worker^^-^. This d i v e r s i t y  i n  

resul ts  can be a t t r i b u t e d  no t  only t o  d i f fe rences  i n  frequency assignments 

and in  assumed force  f i e l d s ,  bu t  a l s o  i n  choice of coordinates.  The pres- 

ent note dea l s  with the  two d i f f e r e n t  sets of symmetry coordinates i n  com- 

mon use by various authors f o r  ethylene-type molecules. 

Both sets of symmetry coordinates shown i n  Table 1 are based on the  

same i n t e r n a l  coordinates (Fig. 1 ) .  Since t h e  two sets d i f f e r  only i n  the  

bending coordinates,  S 

c i c s ,  t he  forcc  constants obtained f o r  thc v ib ra t ions  i n  t h e  B 

species a r e  not a f fec ted  by the  d i f fe rences  i n  these  bending coordinates. 

Thus the. v ibra t ions  i n  the  B 

ered i n  t h i s  note.  

i n  t he  A symmetry spec ies  and Sg i n  the  Bgu spe- 
3 g 

and BgU 
1g 

and BZu symnetry spec ies  w i l l  no t  be  consid- 
Ig 
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J. M. COMERFORD, W. H. SNYDER, AND H. S. KIMMEL 

Symmetry 
Type 

A 
g 

B 
1g 

B2u 

%U 

TABLE 1 

Symmetry Coordinates for Ethylene 

Set I Set I1 

S = 1/2(r1+r2+r3+r4) 

S = R  

1 

1 s1 = 1/2(r +r +r +r ) 

S2 = R 

1 2 3 4  

2 

S = 2 f l  (2b -a -a +2b -a -a ) s3 = 1/2(al+a2+a3+a4) 3 1 1 2  2 3 4  

S4 = 1/2(r -r -r +r ) 1 2 3 4  

s = 1/2(a -a -a +a ) 5 1 2 3 4  

s6 = 1/2(rl-r2+r3-r4) 

s = 112 (al-a2+a3-a4) 
7 

s8 = 1/2(r +r -r -r ) 1 2 3 4  

s = 1/Z(a +a -a -a 9 1 2 3 4  

s8 = 1/z(rl+r2-r3-r4) 
1 

= Ffl (2b1-al-a2-2b2+a3+a4) 
s9 

FIG. 1 

Internal Coordinates for ethylene. 

5 9 8  Sufficient frequency data (Table 2) were available in the literature 

The results of the normal for employing the General Valence Force Field. 

coordinate calculations for the two sets of symmetry coordinates are shown 

in Table 3 .  

agreement with the observed frequencies. However, the following considerations 

Both sets yielded calculated frequencies which were in good 
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GENERAL VALENCE FORCE FIELD 

TABLE 2 

Fundamental Vibra t ions  of Ethylene (cm ) -1 

OF ETHYLENE 

Vib . 
No. 

5 
C2H4 

A- Species  

5 
C2D4 
I- 

3026.4 

1622.6 

1342.2 

B3,, Species  

2260 

1518 

987 

8 

9 

2989.5 

1443.5 

2200.2 

1077.9 

8 
C2H2D2 

A, Spec ies  

3019 

1585 

1031 

2231 

1384 

sugges t  t h a t  set I conta ins  t h e  p h y s i c a l l y  meaningful symmetry coor- 

dinates. 

F i r s t l y ,  t h e  v a l u e  of  12.77 mdyne/A obta ined  from set I1 €or  t h e  C=C 

s t r e t c h i n g  f o r c e  cons tan t  i s  t o o  h igh  (Table 3 ) .  Previous s t u d i e s  of e thylene  

TABLE 3 

The General Valence Force Constants  fo r  Ethylene (mdynes/A) 

Sym. Coord. S e t  I Sym. Coord. S e t  I1 

Descr ip t ion  - No. F F (F) 

CH str. 1. 5.093 0.158 4.517 0.261 

C=C s tr .  2 10.754 0.230 12.772 1.093 

CH2 bend 3 1.377 0.160 0.544 0.089 

CH s t r .  5 4.682 0.133 4.787 0.144 

CH bend 9 1.346 0.064 0.441 0.023 

1-2 0 .  857 0.521 3.632 0.556 

1- 3 0.825 0.369 0.748 0.192 

2-3 1.610 0.209 0.343 0.124 

8-9 0.757 0.109 -0.413 0.073 

2 
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J. M. COMERFORD, W. H. SNYDER, AND H. S. KIMMEL 

and halogenated ethylenes using d i f f e ren t  assumed force f i e l d s  have 

yielded values of between 7 and 11 m d ~ n e / A ~ - ~ ” .  If ethylene is  considered 

as a diatomic system and t h e  harmonic o s c i l l a t o r  approximation i s  employed, 

a value of FC=C = 10.95 mdynes/A i s  obtained. Furthermore Snyder” has de- 

veloped a method for estimating mult iple  bond force constants from thermo- 

chemical data.  

s t r e t ch ing  force constant i n  good agreement with t h e  value obtained from s e t  

I (Table 3). 

This method y i e lds  a value of’10.86 mdyne/A f o r  t he  C=C 

Secnndly, examination of the po ten t i a l  encrgy d i s t r ibu t ions  of the  A 
g 

symnetry species  (Tab le  4) shows t h a t ,  from the calculat ions using set  11, 

the  v ib ra t iona l  frequency a t  1622.6 cm-l (assigned t o  the C=C s t r e t ch ing  

vibrat ion)  has almost equal contributions from t h e  C-A s t r e t ch ing  constant 

(24%) .and t h e  C=C s t r e t ch ing  constant (28%). On t h e  other  hand, i n  set I 

the  frequency a t  1622.6 cm-’ is  e s s e n t i a l l y  a C=C s t r e t c h i n g  mode with a 

very small contribution from the CH2 bending constant. 

TABLE 4 

No. - 

Poten t i a l  Energy Distr ibut ions f o r  t he  A Species of Ethylene 
g 

f o r  the Two Sets  of Symmetry Coordinates 

P r inc ip l e  Force Constants 
Frequency CH S t r .  C=C S t r .  CH2 Bend 

3026.4 

1622.6 

1342.2 

3026.4 

1622.6 

1342.2 

Set I 

84.27 1.93 1.75 

1.02 75.96 4.38 

6.27 13.80 46.07 

Set I1 

56.79 3.68 6.35 

24.23 28.50 6.56 

8.33 8.61 50.06 
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