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Schemes of calculation of the properties of substituted ethylenes
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Calculation schemes for estimation of the properties of X-substituted ethylenes based on
the concept of atoms interacting in pairs are described. The equivalence of these schemes are
shown, and the relations between their parameters are established.

Key words: schemes of additivity; interactions of atoms, substituted ethylenes.

Several schemes of calculation occur in the literature
for X-substituted ethylenes (X = Cl, Me, ...}, which
present a certain property as the sum of properties (P)
due to interactions of atoms in pairs, valence interac-
tions (pCCO, pCHO,...), nonvalence interactions of alter-
nate atoms (PCH,v pHHl,...), and nonvalence interactions
of every third alternate atoms (PHsz)» taking into
account their cis- (0) or trans- (r) positions:

1) Bernstein's scheme!

PCHy XmCHyr X = Po t Xga + xpb + xcc + xd, (1)
where

Py = pce, +4Pch, +4PcH, + 2Pun, +2phn, +
+2pfin,

a = =Pcu, + Pcxy ~ PCH, + PCx; ~ PHH, ¥ Pux, ~
- plin, — P, + Phix, ~ P,

b = —pchy + Pexg ~ Pl + Pex, — PHx + Pxx, =
- P?mz - P’fm2 + D?{xz - P’fixz‘ 2

€ = =PcHy + Pexy = PcH, + PCxy — PHH, + PHX, —
- P?«H2 - P?{xz - P’Z&x2 + P’)‘(xp

d = -pcH,y + Pcxy ~ PoH, + Pex, — PHH, * PHX, ~

0 n 0
- Plin, — PR, *+ PHX, * PXX,

2) the scheme proposed in Ref. 2

PCHy X~CHar X = Ao+ (1 + 1A + (2 + Pyny +

+ (I £ gHX, (3)
where
Ao = Pecy +4Pci, +4Pch, + 2Pun, + 2Phw, +
+2pfim, . .
A = =Py *+ Pexg = PeH, + Pex, — Y 2Pun, +

0 0
+2pux, ~ 2 Pxx, = PhiH, ~ P, + Phix, +

+ Pflxp
Ay = 12pyy, - Pux, +1/2pxx,. (4
Ay = 2(phu, + Plin, — 2P%x, - 2pfix, + Pk, +
+Pkxy h
g™ = 172(phu, - Pfin, - 2phix, + 2Pfix, +
+ D?(x2 - pXx, - J

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

Peuyo x=Chyrxr = @ilCHIg + ap[CX]o +

+ BiILHX]) + Bol HX|% + B3l HX]™, )

Translated from fzvestiva Akademii Nauk. Seriva Khimicheskaya, No. 10, pp. 2586—2587, October, 1996.
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Table 1. Parameters of calculated schemes for X-substituted ethylenes

Substituent of scheme (1) scheme (3) scheme (5)
cthylene P, a b ¢ d Ao Ay hy o Ag gHX [CHg [CXlg [HX]; [HX]% [HX]%,
CH,=CH, | 0 0 0 0 | 0 0 0 0 4 0 0 0 0
CH,=CHX 1 | 0 0 0 | | | 0 0 3 | l | |
CH,=CX, Lo I 0 0 I 2 4 0 0 2 2 0 2 2
cis-CHX=CHX | 1 0 0 1 | 2 2 1 +1 2 2 2 0 2
trans-CHX=CHX 1 1 0 l 0 | 2 2 I -l 2 2 2 2 0
CHX=CX, 1 0 1 l 1 1 3 5 2 0 | 3 1 | |
CX,=CX; I -2 2 2 2 1 4 8 4 0 0 4 0 0 0
where as well as
P():)"O!H:A‘I*;‘l'b:)\'l*':g;\'zv
[CHly = I/4pcc, + Pck, + Per, + 1/ 2Pun, + P O T A WP YNP I | (8)
+1/2p%u, + /2 0fm, o ‘
(CXly = /4 pec. + Pex. + Pex. + /2 pxx, + and similarly in other cases.
0“ 70 . ‘ ! A method for construction of schemes of additivity
+1/2pxx, +1/2PXx, was described previously (see Ref. 4 and 5) based on the
[HX] = - 1/2{pun, - 2Pux, + Pxx, » (6) solution af the matrix equation D+ A = C, where C is
(HX1 = - 1/2(p%y, - 200, + P&xz ). the coefﬁcnentl matrix oftbe initial schemp of expansion
; . . of property P in terms of intramolecular interactions, D
[HX]3 = - 1/2(pfin, - 2PRix, *+ PXx, )- is the coefficient matrix of the final scheme, and A is the

The values of Py, a, b, ¢, and d in scheme (1), 2, 1,
Ay, Ay, and ¢H% in scheme (3), and [CH],, [CX],, [HX],
[HX]%‘ and [HX]% in scheme (5) appear as parameters
expressed, according to (2), (4), and (6), in terms of
valence and nonvalence atomic interactions. The factors
preceding the parameters in schemes (1), (3), and (5)
are the number of these parameters in the molecule
(Table 1).

Schemes (1), (3), and (5), each containing five inde-
pendent parameters, are equivalent, and it is not diffi-
cult to establish links between the parameters. For ex-
ample:

g = Py = 4[CHJp,

1/2(3a~b) = ~{CHJy + [CXp + 2[HX]; +
+ [HX]S + [HXE,

i/2(b - a) = -[HX];,

=1/2(c+d - 2a) = -[HX]} - [HX]},

"X = 2(=c + d) = -[HX]9 + [HX )3

(7N

matrix of interaction numbers, through which the pa-
rameters of the working scheme are expressed. Using
this procedure allows obtaining schemes (1), (3), and (5)
linked by (7) and (8) as well as other schemes (see
Ref. 5).

This work was performed with financial support from
the Russian Foundation for Basic Research (Project No.
96-03-32384).
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