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NOTE

Antepenultimate Reactivity Ratios

It has been proposed that in copolymerizations exhibiting antepenultimate
units effects [1], all sequences are reversible. This proposition is based on
the principle [2] that a reaction will take that course which minimizes the
production of entropy. Thus, in copolymerization the equivalence of re-
versed sequences would minimize a potentially important source of disorder.

To inspect this proposition a sequence is chosen ‘‘at random” and equated
in occurrence to its mirror image:

P{AABABBAA} = P{AABBABAA} (1
It follows that
P{AAB}P;ap, Pabab Phabb Pabba Pbbaa

= P{AAB}P,41b Pabba Pobab Pbaba Fabaa @)

Paaba Pabab Pbabb Pabba Pbbaa = Paabb Pabba Pbbab Pbaba Pabaa  (3)

Expressed as reactivity ratios we have
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816 NOTE

[The practice is followed here of specifying reactivity ratios by letters in-
dicating only the terminal sequence of the radical (reactive) chain. It is
understood that unshown monomer A is compared in reactivity with un-
shown monomer B.]

Reducing we obtain

Taab T™bba = Tbab Taba )

This key equation, expressed as it is in reactivity ratios, gives us a
means of testing the equivalence of occurrence of reversed sequences in co-
polymer chains exhibiting antepenultimate unit effects, and, more important,
the applicability of the Ham simplified antepenultimate copolymer equations.
Fortunately, two very important papers are being published by Pichot
et al. [3] and Guillot et al. [4]. These papers offer for the first time ex-
perimental techniques applying Ham’s simplified antepenultimate copolymer
composition equations to the estimation of antepenultimate reactivity
ratios. (The practice of estimating reactivity ratios with a composition
equation which assumes sequence reversibility and then utilizing these re-
activity ratios in another equation to test sequence reversibility will be
questioned. It should be pointed out that a limiting procedure is used in
estimating the reactivity ratios. It is regarded as highly unlikely to obtain
agreement with Eq. 5 and not to have the antepenultimate equation apply.
Of course, analyses of copolymer microstructure would give an independent
check on the reactivity ratios.) Thus, in the system vinyl chloride(C)-vinyl
acetate(Ac),

TAcCAc = TCCAc = TAc =029 rccc =167
ICAcC =220 rpccc= 460
TAcAcC = 2.0
Substituting in Eq. (5) we have
TCCAc TAcAcC = TAcCAc TCAcC
029X 2.0 =029 X 2.20 6)

In the system vinylidene chloride(V)-vinyl acetate(Ac),

tAc =007 ryyy =530 rpcyyv =113
TAcAcV =80  1vAcy =60
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Substitution in Eq. (5),

TVVAc TAcAcV = TAcVAc 'VAcV

R

007 X80 = 007X60 ™)
However, in the system vinyl chloride(C)-styrene(S),

rgss = 3.0 ress = 20.00

iges = 185 1ecs 2.7

rc = 0.06

Substituting in Eq. (5),

ICCS TSSC = ISCS ICSC
27 X 006 =18.5 X 0.06 (8)

The reason for the lack of agreement in this instance is not known now.
However, the sevenfold difference in rgeg and rceg seems rather large for
an antepenultimate effect.

The relatively good agreement in two of the three systems gives en-
couragement to the hypothesis of equivalence of occurrence of reversed se-
quences in copolymerizations exhibiting antepenultimate effects. Further-
more, the usefulness of Ham’s simplified antepenultimate equations in
estimation of reactivity ratios is confirmed.

These findings suggest that polymer chemists are on the threshold of a
breakthrough in the understanding of neighboring unit effects not unlike
that encountered 24 years ago with the confirmation of the usefulness of
the Lewis-Mayo copolymer composition equation.
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