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S c h e m e s  o f  c a l c u l a t i o n  o f  t h e  p r o p e r t i e s  o f  s u b s t i t u t e d  e t h y l e n e s  

Yu. G. Papulov,* M. G. lqnogradova, and L G. Davydova 

Tver" State University, 33 uL Zhelyabova, 170000 Tver; Russian Federation, 
Fax: 007 (082 2) 33 1274 

Calculat ion schemes  for es t imat ion o f  the propert ies o f  X-substi tuted ethylenes based on 
the concep t  o f  a toms interacting in pairs are described. The equivalence of  these schemes are 
shown,  and the relations between their  parameters  are established. 

Key words: schemes  o f  additivity; interact ions o f  atoms,  substituted ethylenes.  

S e v e r a l  s c h e m e s  o f  c a l c u l a t i o n  o c c u r  in t h e  l i t e r a t u r e  

fo r  X - s u b s t i t u t e d  e t h y l e n e s  (X  = CI ,  M e  . . . .  ),  w h i c h  
p r e s e n t  a c e r t a i n  p r o p e r t y  as t h e  s u m  o f  p r o p e r t i e s  (P )  

d u e  to  i n t e r a c t i o n s  o f  a t o m s  in pa i r s ,  v a l e n c e  i n t e r a c -  

u o n s  ( P c c 0 ,  PCH0," - ) ,  n o n v a l e n c e  i n t e r a c t i o n s  o f  a l t e r -  
n a t e  a t o m s  ( P c H I ,  PHHI , . . . ) ,  a n d  n o n v a l e n c e  i n t e r a c t i o n s  
o f  e v e r y  t h i r d  a l t e r n a t e  a t o m s  (PHH~,- . . ) ,  t a k i n g  i n t o  
a c c o u n t  t h e i r  cis- (0) o r  trans- (n) p o s i t i o n s :  

I) B e r n s t e i n ' s  s c h e m e  ~ 

PCH2_IXt=CH2-t'Xv = P0 + Xaa + Xbb + XcC + Xad" (I)  

w h e r e  

P0 = Pcc0 + 4pEn0 + 4PcHI + 2PHHI + 2 p0tH;~ + 

+ 2P~H, ,  

a = -pOlio + PCXo - PCHI + PCX~ - PHH~ + PttX~ - 

- P'~tH2 - P~IH2 + p0{XI - P~IX2, 

b = -PCHo + PCXo - PCH~ + PCXj - PHXt + PXX~ - 

- P~m2 - P~,H, + p0~X2 - P~X2, (2) 

c = -PCl t  o + Pcxo - PClt~ + Pcxl - PHH~ + PHX~ - 

_ p,?,,,, _ po×, _ p x, + p x,, 

d = -PcHo + Pcxo - PCH t + PCX~ - PIIHI + Pl-lXl - 

- - p°,x  + of'ix= + p°x  

2) t h e  s c h e m e  p r o p o s e d  in Ref.  2 

PcH2_/Xt=CH2_rXr = ),9 + (/ + / ' )k  I + (/2 + 12')~ 2 + 

+ (ii,)~.3 +_ qllX, 

where 

Lo = Pcco + 4PCHo + 4PcHI + 2PltHi + 2pOH2 + 

+ 2P~IH~, 

2"1 = -Pct t0  + PCX0 - PCH, + PCXI - 3/2 PHHt + 
0 

+ 2PHxt - I/2 PXX~ - P(HHz - PHU~ + PUX2 + 
~t 

+ PttX2, 

k 2 = 1/2 PHUl - PUXl + 1/2 PXX~, 

~'3 = 1/2 (p0tH2 + PI~I42 - 2 P'~X2 - 2 P~IX2 + P¢~X~ 

+ P~.x2 )' 

qHX i/2 (pI~lll2 P~III2 I~ = - - 2Ptlx2 + 2P~Ix, + 

+ pox2 ~ ). 
- PXX2 

3) the scheme proposed by S. E. Tomberg  3 

P c u > , x t = c u > t  xc = a~lCHIo + ~2lCXlo + 

(3) 

(4) 

+ p~IHXll  + ff21HXl°2 + P31HXI~2, (5) 
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Table  I. Parameters of calculated schemes for X-substituted ethylenes 

Substituent of scheme (1) scheme (3) 

ethylene Po a b c d Z-o )~1 L2 L3 qHX 

scheme (5) 

ICHIo [CXl0 [HXIj [HXI°2IHXI"2 

CH2=CH2 
CH2=CHX 
CH2=CX2 
cis-CHX=CHX 
trans-C H X=C H X 
CHX=CX 2 
CX2=CX2 

0 0 0 0 
I 0 0 0 
1 1 0 0 
I 0 0 1 
I 0 1 0 
0 I I I 

- 2  2 2 2 

0 0 0 0 
I I 0 0 
2 4 0 0 
2 2 1 +1 
2 2 I - I  
3 5 2 0 
4 8 4 0 

4 0 0 0 0 
3 I I I I 
2 2 0 2 2 
2 2 2 0 2 
2 2 ~ 2 0 
I 3 I I I 
0 4 0 0 0 

where  

[CH 1o = I/4 Pcco + PCHo + PCHt + I/2 PHHt +/ 

+ I/2 pOH2 + 1/2 P~lH2, / 
[CXIo l/4pcco +Pcxo +Pcxt +I/2PxxI + [ 

+ I/2 P~(x2 + 1/2 P~x2, 
( 

[HX]I = - I/2(PHH I - 2PHxl + PXX 1 ), 

[HXI ° = - I /2 (pOH,  - 2pOx2 + P~:X, ), 

[HXI~ = - I/2(P~H 2 - 2p~tx 2 + P~X 2 ). 

(6) 

The  values of P0, a, b, c, and  d in scheme (1), k 0, Z I, 
k2, ~-3, and qHX in s cheme  (3), and  [CHI0 ,  [CXI0, [ H X I t ,  
[HXI ° ,  and [HXI~ in scheme  (5) appear  as parameters  
expressed,  accord ing  to (2), (4), and (6), in terms of  
va lence  and n o n v a l e n c e  a tomic  in terac t ions .  The factors 
preceding the parameters  in schemes  (1), (3), and (5) 
are the n u m b e r  of  these parameters  in the molecule  
(Table  1 ). 

Schemes  (1), (3), and (5), each c o n t a i n i n g  five inde-  
penden t  parameters ,  are equiva len t ,  and  it is not  diffi- 
cult  to establish l inks be tween  the  parameters .  For  ex- 
ample :  

% = P0 -- 4[CHI0, 

~1 = I /2 (3a -  b) = -[CH]0 + [CX] 0 + 2[HX h + 

+IHXl ° +IHXI~, 
~.~ : i/2(b - 0 )  : -lHXh, 
~.3 : I / 2 ( c  + d - 2 a )  : - [ H X ~  - [HXI~, 

q.X : I/2(-c +d)-- -[HXl ° +[HXI°; 

(7) 

as well as 

P0 = ;%, a = Zf + )-2, b = ~-I + 3~2, / 

c = ;k I +L 2 +L 3 -qHX d = L I +7,. 2 +~-3 +qHXj (8) 

and similar ly ill o ther  cases. 
A me thod  for cons t ruc t ion  of  schemes  of  addit ivi ty 

was described previously (see Ref. 4 and  5) based oil the 
so lu t ion  a f  the matrix equa t ion  D .  A = C, where C is 
the coefficient  matrix of  the init ial  s cheme  of  expans ion  
of property P in terms of  i n t r amo lecu l a r  in te rac t ions ,  D 
is the coeff ic ient  matrix of  the final s cheme ,  and A is the 
matrix of  in te rac t ion  numbers ,  th rough which the pa- 
rameters  of  the working s cheme  are expressed.  Using 
this p rocedure  allows ob ta in ing  schemes  (1), (3), and  (5) 
l inked by (7) and  (8) as well as o the r  schemes  (see 
Ref. 5). 

This  work was performed with f inanc ia l  suppor t  from 
the Russian F o u n d a t i o n  for Basic Research (Project  No. 
96-03-32384) .  
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