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General ized Approach t o  Relaxed Force Constants 

Pablo A. V i c h a r e l l i  

Department of Physics 
Southern Methodis t  U n i v e r s i t y ,  Da l l as ,  Texas 75275 

The main purpose o f  p o t e n t i a l  constants ,  i.e., f o r c e  and compliance 

constants ,  i s  t o  p r o v i d e  a q u a n t i t a t i v e  understanding o f  bonding r e l a t i o n -  

sh ips.  Compliance constants  have been shown t o  possess seve ra l  mathematical 

advantages over  convent ional  force Compliance constants .  

however, a r e  parameters which decrease i n  magnitude as bond s t r e n g t h  

increases;  consequently, t h e i r  use as bond s t r e n g t h  parameters i s  n o t  

p a r t i c u l a r l y  s a t i s f y i n g .  

which increases i n  magnitude as t h e  bond becomes s t ronger ,  and a t  t h e  same 

t i m e  possesses a l l  t h e  advantages o f  compliance constants  i s  s e l f  ev iden t .  

Fo r  t h i s  reason, t h e  re laxed  f o r c e  cons tan t  Tii=l/cii was i n t r o d u c e d  by 

Jones some t ime  ago.4 I n  t h e  p resen t  communication, t h i s  approach i s  

genera l i zed  t o  i n c l u d e  re laxed  i n t e r a c t i o n  f o r c e  constants .  

d i scuss ion  o f  t h e i r  meaning i s  a l s o  presented. 

The d e s i r a b i l i t y  o f  a measure o f  bond s t r e n g t h  

A b r i e f  

I n  a r e c e n t  paper, Jones and Swanson” have d iscussed t h e  meaning o f  

pr imary and i n t e r a c t i o n  p o t e n t i a l  constants  i n  bo th  t h e  f o r c e  and compliance 

cons tan t  formalisms. They a l s o  d iscussed a more chemica l l y  meaningfu l  bond 

s t r e n g t h  parameter--the re laxed  f o r c e  ~ o n s t a n t . ~  g i v e n  by 
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Tii= (e) 
aR; f j=o,  

j c i  , 

where the  P are generalized forces appl ied t o  the various In te rna l  coor- 
j 

dinates Rj. The relaxed fo rce  constant, which i s  the rec ip roca l  o f  the 

corresponding compliance constant, i s  a measure of the fo rce  required t o  

d i s t o r t  coordinate R, wh i le  the remaining coordinates are allowed t o  re lax  

t o  a minimum energy conf igurat ion.  On the  other hand, the conventional 

primary fo rce  constant, which i s  given by 

measures the fo rce  required t o  d i s t o r t  coordinate R, wh i le  the remaining 

coordinates are constrained t o  zero displacement. 

I n  t h i s  paper, the minimum energy approach i s  extended t o  de f ine  a 

relaxed in te rac t i on  force constant as fo l lows: 

Since 

Tlj can be expressed i n  terms o f  compliance constants. I t  i s  given by 

This general expression, o f  course, also gives the primary relaxed fo rce  

constant when i = j .  

While the meaning o f  the conventional i n te rac t i on  force constant 
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703 GENERALIZED APPROACH TO RELllXED FORCE CONSTANTS 

i s  not c lear  unless the  e n t i r e  fo rce  f i e l d  has been d e t e m ~ i n e d , ~ - ~  the  

meaning o f  the relaxed In te rac t i on  fo rce  constant can be discussed i n  

terms o f  i n te rac t i on  diSDlaCement constants s ince 

Here, (j), i s  def ined as the r a t e  o f  change of coordinate R w i t h  respect 

t o  changes o f  Ri, w i t h  the cons t ra in t  t h a t  the  po ten t i a l  remain a minimum. 

Thus, the relaxed in te rac t i on  force constant proposed here has a simple 

physical interpretat ion--Ti j  is a measure of  the force  on coordinute Ri 

caused by 4 d i s tor t ion  of coordinute Rj, when Ri is 4ZZowsd to relaz  to an 

equitibritun configuration. 

constants, Ri i s  g iven by 

j 
2 

By the d e f i n i t i o n  of i n te rac t i on  dfsplacement 

when coordinate R i s  distorted. Expressing ( i )  i n  terms of generalized 

relaxed fo rce  constants i n  t h i s  equation, rearranging, and changing the  

s ign  o f  both sides, one obtains 

j j 

The term on the l e f t  i s  the res tor ing  fo rce  resu l t i ng  from the  extension 

or  compression o f  coordinate Ri as i t  relaxes t o  a new equi l ibr ium. The 

term on the r i g h t  can be thought o f  as the fo rce  on Coordinate Ri caused 

by the change i n  coordinate Rj. 

(f i I j= Tij Rj  acts upon coordinate Ri. 

reach equi l ibr ium. Ri must change u n t i l  the res to r ing  fo rce  (f.,)i= -TitRi 

matches ( f . )  

I n  o ther  words, as RJ i s  d is to r ted ,  a fo rce  

I n  order t o  balance t h i s  force and 

1 j. 
Let  us consider the  water molecule as an example. The re levant  po ten t i a l  

constants are given i n  Table 1. 

stretched by 0.1 A, a fo rce  ( f R  )R  = T~~ R1 = -0.0171 mdyn w i l l  be exerted 

I f  R,, t h a t  I s ,  the 0-H1 bond, i s  now 
0 

2 1  
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704 VICHARELLI 

Table 1 

Valence Compliance and Genera l ized Relaxed Force Constants of H20a’b 

8.403 

-0.171 

0.684 

0.222 

TR cR 

T~~ C~~ 

Cta 1.461 Ta 

0.119 

0.00242 

TRa -0.0366 Ra 

0 2 0 

a) The u n i t s  f o r C R  and CRR a re  Almdyn, those f o r  Ca a re  rad  /mdyn A, 
and those f o r  CRa a re  radlmdyn. 
a re  the  r e c i p r o c a l  o f  those o f  t h e  corresponding compliance constants .  

b )  Compliance constants  taken from Ref. 6. CR and Ca a re  the  p r imary  
s t r e t c h i n g  and angle deformat ion compl iants ,  r e s p e c t i v e l y ,  w h i l e  CRR and 
CRu a re  t h e  s t r e t c h - s t r e t c h  i n t e r a c t i o n ,  and s t re tch-bend i n t e r a c t i o n  
compliants, respectivel ’y. 

The u n i t s  f o r  t h e  re laxed  f o r c e  constants  

upon R2, t h e  0-H2 bond. 

from zero up t o  a c e r t a i n  va lue such t h a t  ( f  ) = -TR R 2  * -0.0171 mdyn. 

Clear ly ,  R 2  must be equal t o  0.00203 A, which i s  t h e  same r e s u l t  ob ta ined  

from R2= (CRR/CR) R1. S i m i l a r l y ,  one f i n d s  t h a t  t h e  H1-O-H2 angle decreases 

as a r e s u l t  o f  t h e  s t r e t c h  o f  t h e  0-H1 bond. 

I n  o r d e r  t o  coun te rac t  t h i s  force, RE must change 

R2 R2 
0 

Since genera l i zed  f o r c e  constants  a r e  expressed i n  terms of  compliance 

constants, i t  immediate ly  f o l l o w s  t h a t  t h e  former a r e  i nva r ian . t  w i t h  respec t  

t o  the  coo rd ina te  s e t  chosen t o  descr ibe t h e  molecular  c o n f i g u r a t i o n ,  and 

t h a t  a l l  pr lmary and i n t e r a c t i o n  re laxed  f o r c e  constants  can be eva lua ted  

independently, even when redundant coord inates occur. Th i s  i s  n o t  t r u e  o f  

convent ional  f o r c e  constants. Fo r  examole, i n  t h e  case of  p lana r  XYj-type 

molecules, redundancy cond i t i ons  can be used t o  o b t a i n  a l l  t h e  p r imary  and 

i n t e r a c t i o n  valence compliance constants  such as CR, Ca, CRR, CRa, and C i a  

(and consequently TR, Ta. TRR,  TRa, and T i a )  w h i l e  FR and FRR a re  t h e  o n l y  

i n d i v i d u a l  f o r c e  constants  which can be ob ta ined  e x p l i c i t l y  f rom t h e  i n -  

Plane symmetry r e l a t i o n s  o f  t h i s  type o f  molecule.8 S i m i l a r l y ,  no valence 
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GENERALIZED APPROACH TO RELAXED FORCE CONSTANTS 705 

force constants  i n v o l v i n g  ang le  deformat ion coord inates can be eva lua ted  

e x p l i c i t l y  f o r  t e t r a h e d r a l  XY4, oc tahedra l  XY6.  and o t h e r  mo lecu la r  models. 

A l l  o f  t h e  corresponding genera l i zed  force constants  can be e a s i l y  ob ta ined  

i n  terms o f  compliance constants .  Thus, t h e  Tij p r o v i d e  va luab le  bonding 

i n f o r m a t i o n  whose i n t e r p r e t a t i o n  i s  s t r a i g h t f o r w a r d ,  and which i s  sometimes 

impossib le  t o  o b t a i n  i n  terms o f  convent ional  f o r c e  constants .  

H e l p f u l  d iscuss ions w i t h  D. R. Boreham and I. E. Adam a r e  g r a t e f u l l y  

acknowledged. 
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