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1. MACROMOL. SC1.-CHEM., A5(2), pp. 453-458, March, 1971 

Antepenultimate Copolymer 
Composition Equation 

GEORGE E. HAM 
CIBA-GEIG Y Corporation 
Ardsley, New York 10502 

SUMMARY 

A new reduced copolymer composition equation weighing the effects of 
units through the antepenultimate is derived fo,r the first time. The 
simplification obtained is placed into context with previously published 
work. 

This paper reports the derivation of a simplified binary copolymer 
composition equation including contributions from all antepenultimate 
units. Derivations of antepenultimate copolymer equations have been 
previously reported with certain simplifying assumptions [ 11 or with ex- 
cessive complexity 12-41. 

Pbba, and Pabb, weighIng antepenultimate unit contributions, for substitu- 
tion in the equations [ 11 which weigh penultimate unit contributions. 

The crux of the problem is the derivation of expressions for Paab, b a a ,  

Paab 
aab b a a  pab = p 

Pbba 
= Pbba Pabb 
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454 G. E. HAM 

Suitable expressions for Paab and b b a  were offered but €‘baa and Pabb may 
have been oversimplified ( I ] .  Ito and Yamashita [3] offered overly complex 
expressions for Pbaa and Pabb, but correctly pointed out that they could 
not be derived in the simple way possible for Paab and Pbba. In their deri- 
vation Ito and Yamashita made use of their Eqs. (2.6) and (2.7). 

P3 {BAA} = P4 {ABAA} +,P4 {BBAA} (3) 

P3 {ABB} = P4 {AABB} + P4 {BABB } (4) 

It has now been found possible to derive expressions for Pbaa and Pabb 
by invoking the principle of sequence reversibility [ 11 . Thus 

P{BBABA} = P{ABABB} ( 5 )  

Such sequence probabilities may be expressed in terms of the probability 
of finding an initial sequence multiplied by conditional probabilities. 

Assuming 

P {BBA} = P {ABB) 

one may write 

Since expressions including only antepenultimate unit effects are sought, it 
folIows that 

Pbbaba = Pbaba (9) 

and 

Pababb = Pbabb 

We obtain 

PabbPbbabPbaba = PabaPababPbabb 
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ANTEPENUL TIMA TE COPOL YMER COMPOSITION EQUA TION 

Pabb - PababPbabb 
1 -Pabb PbbabPbaba 
-- 

PababPbabb 
abb = PbbabPbaba + Pababpbabb 

P 

Similarly, starting with 

P {AABAB) = P (BABAA) 

P {AABlPaabaPaabab = p @A}PbabPbabaPbabaa 

Since 

P{AAB) = P{BAA) 

we may write 

p {BA)PbaaPaabaPaabab = p {BAIPbabPbabaPbabaa 

Pbaapaabapabab = PbabPbabaPabaa 

It follows that 

Pbabapabaa 
= Paabapabab + Pbabapabaa 

Substituting Pabb and b a a  from Eqs. (14) and (20), respectively, and 

Paaab 
Paab = Paaab + Pbaaa 

Pbbba 
Pbba = Pbbba + Pabbb 
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456 G. E. HAM 

from Refs. 1 and 3 into Eqs. ( 1 )  and (2) we obtain 

Since 

Pabbb 1 +- Pbbba 
'ab= ' Paabapabab 

' Pbabapabaa 

Pbaaa I + -  
Paaab 
PbbabPbaba 1 +  
PababPbabb 

h a =  1 + 

we obtain on substitution 

Pbaaa 
I + -  Paaab 

PbbabPbaba I +  
P{A) = PababPbabb 
P(B1 Pabbb 

+ h T a  

I +  

1 +  
Paabapabab 
Pbabapabaa 

1 +  

Expressed in terms of reacting monomer concentrations and monomer re- 
activity ratios [ 11 we obtain an interesting simplification 

1 +  

1 +  

rItx(rlx + 1) 
+ r,tx t 1 
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ANTEPENUL TIMA TE COPOL YMER COMPOSITION EQUA TION 45 7 

CONVENTIONS 

11 = kaaaalkaaab 
r i  ' = kbaaakbaab 

r i  " = kabaakabab 

r i  - kbbaahbbab 
rz = kbbbbkbbba 

r2 '  = kabbbkabba 

rz" = kbabbkbaba 

r2'" = kaabbkaaba 

I I f  - 

x = A/B (unreacted 
monomers) 

It only remains to estimate the degree of over-simplification involved 
in the use [ I ]  of 

1 
Pabab 1 + -  
b b a a  

b a a  = 

for example, in lieu of 

1 

baa = Paabapabab 1 t -- 
Pbabapabaa 

and similarly for Pabb. It may be shown that the difference is no  greater 
than the limitation to a penultimate unit effect in two of the four govern- 
ing probabilities, b a a  and Pabb. Equations (27) and (14) reduce to the 
same equation in these circumstances 

1 
Pbaa = - b a b  l t -  

b a a  

Actually, the difference is probably much less than indicated above. I t  may 
be shown by equating the right sides of Eqs. (27) and (14) and simplifying 
as shown 
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~ 

Pabab Paabapabab 
Pbbaa Pbabapabaa 

1 + -  

PbabaPabaa(Pbbaa t Pabab) = (Pbabapabaa -I PaabaPabab)Pbbaa (30) 

Pbabapabaa = PaabaPbbaa (31) 

that the only condition necessary is for this proportionality to hold 

Pbaba - Pbbaa 
Paaba Pabaa 
- - -  

Thus, B in the antepenultimate position must have the same effect relative 
to A whether followed by AB or BA. 

REFERENCES 

[ I ]  G .  E. Ham, J. Polym. Sci., 45, 169, 177 (1960); Bid., Part A-2, 2 ,  
2735 (1 964). 

[2] F. P. Price, J. Chem. Phys., 36, 209 (1962). 
[3] K. Ito and Y. Yamashita, J. Polym. Sci., Part A-2, 3, 2165 (1965). 
[4] C. W. Pyun, J. Polym. Sci., Part A-2, 8, 1 1 1 1 (1970). 

Accepted by editor August 3, 1970 
Received for publication September 1, 19 70 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
5
2
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


