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Determination of the Participation of Donor-Acceptor
Complexes in Copolymerizations from NMR Data

George S. Georgiev

Department of Chemistry, University of Sofia, BG-Sofia-1126, Bulgaria
SUMMARY

A new method is developed which enables a quantitative
estimation of the participation of donor-acceptor com=-
plexes in copolymerizations from the triad copolymer
composition. Rate constant ratios may be calculated by
this method as well, allowing to evaluate the effect of
the complex formation on the monomer reactivities.

INTRODUCTION

In the recent decade many data, showing the participat-
ion of monomer donor-acceptor complexes (DAC) in copo-
lymerizations have been obtained (BUTLER and CAMPUS
1970, FUNT and RHODES 1974, GAYLORD and PATNAIK 1975).
The gquantitative estimation of their participation is
essential for a correct determination of the monomer
reactivities and for an explanation of the experimental
deviations from the copolymer composition eguation. In
some methods which are elaborated for this aim, the
special copolymerization processes are discussed (SHI-
ROTA et al. 1974, GEORGIEV and ZUBOV 1978, GEORGIEV and
ZUBOV 1979). In others (SEINER and LITT 1971, LITT 1971,
KUCHER et al. 1978) the values of the complex formation
constant (K) and of the rate comnstants are calculated
by a proper computer procedure in such a way, that the
theoretical and experimental dependences of the copoly-
mer compositions and the copolymerization rates are in
close agreement. No method is existing, however, which
allows to check the participation of DAC in a copolyme=
rigzation, to determine the degree of this participatiomn
in the propagation reaction and to calculate the cha-
racteristic parameters for the monomers and DAC reacti-
vities from NMR study.

RESULTS AND DISCUSSION

When DAC between the monomers A and B (AB) takes part
in the copolymerization, the kinetic scheme will be as
follows:
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A+ A SBA_ 4. (1) ~A' 4 AB MAB _pe (5)
~A* + B z.é_B.,.B- (2) ~A' + BA i-}‘*-li*“a- ~A" (6)
~B 4 A —Eenpt (3) ~B* + BA -22A (1)
~B 4+ B BB . (4) ~B* 4 4B SBAB pe (8)

The addition of AB to the propagating end can be split-
ted conventionally into two steps. The first component of AB
is involved in the polymer chain at first, forming a new active
end which reacts only with the other part of AB in the second
step of the AB-addition. In this way two types of chains of
differing reactivity are defined, two of the type A ¢A® and

~A*®) and two active chaines of the type B (~B* and ~B'®), The

chains~A*® and ~B*®™ are formed after the first step of the AB-
addition only. Thus, the problem for the determination of the
probability for the formation of the copolymer molecules by a
AB~addition (P(C)) is reduced to the estimation of the average

times of occurrence in the conditions A*¥® (Fi) and B** (Fg).
K * v
P(C) = 2(F, + Fg) (9)

The problem may be solved if the propagation reaction is sump-~
lated by the Markov’s chain with four states (4, A", B and B).
As the values of K are much less than unity usually, (AB]

= K CTAJUBl, Then the components of the transition matrix (P)
of this Markov’s chain

A A* B B*
b3
A Paa Pya PyB Ppg
A* 0 0 1 0
P = x " (10)
B Ppa Pga Pgp Ppp
B* 1 0 0 0

are represented by the concentrations [Al, '(B) and by the six
ratios of the rate constants (q1=kAA/kAB’ q2=kBB/kBA’

_ _ _ - v th
£,2k,, /By, 00 =Ky n/lypys Fx=kpp/lpn s £y=ky, g, g) by the
following way:

Py = 44081/ M, (11) Py, = Ka,f4,0A1LBY/ M, (12)
Pgp = 9,081 /M,  (15) Ppp = Ko f5[A1LB1 / M, (16)
gy =LA/ M, (17) o}, = Kf, LAJLB) /M, (18)

In the above equations M, = q,[A](14Kf,LB1) + (Kf,LA] +1)LB]
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and Mg q,0B1(1 + Kf,[A)) + (1 + Kf [B]) LAJ, The average
time 6f occarance of tﬁe propagating éhaln in the gtates A,

A*®* B ang B® can be determined from the relation FP = F ( F

(FA, FA, Fpo» F )) (PRICE 1962):
FA = (meBA- mA(1 - PBA))/J‘3 (19)
Fy = (g (01 = pyydmy = mp) = mypiy (1= 25)))/ M5 (20)
Fp = (my(1 = py,) = mg(1 + 05,))/ Mg (21)
Fp = ((mgphy = m)(1 = py) # mppp, (14 55,00/ M5 (22)

where mA and My are the mole fractions of the units A and B in

the copolymer molecules andj“3 = pgA (1 - pAA)-(1-pBA)(1+p§A).
The decomposition of the AB~addition results in the
number of the ending diads and triads which become two times
higher as before. The average times of occurrence of the pro-
pagating chains in these stafes are expressed by the elements
of the matrix P and by F,, FK, FB and Fp (as determined above):

Fap = FpPppr Fyp = FyPyp + Py Fpy = Fpdpy + Fpy Ppp=Fppgy,
Faa = FaPpa» Fap = FpPaps Tpp = FypPpyr Fpp = Fplpms

Faan = FaPaaPans Fapn = FAPapPap + FoPpas

Fana = FpPppPp * FoPrp * Fy Ppps Fapp= FpPpagPps + Fy Ppps
Faan = FpPpaPay * F3Paar Prap = FpPraPap * FoPap * PpPhp
Pppy = FpPppPpy * FoPppr Fomp = PrPepPen’ Fasa = FaPaaPias
Faup = FaPaaPaps Fapa = FAPasPra * FaAPEas

Fysp = FoPusPgp * FAPBB’ Faan = FaPayPra * FpPpar

Foap = PpPpsPap * F5Paps Fppa = PpPesPea’  Famp = FpPepPhae

The mole fractions of the following diads and triads can be
determined by NMR-spectroscopy:

m, =F, +F, =F,(p,, +7,,) (23)
mpp = Fpp + Fp = Fpopp + Pp) (24)
Myp + Mp, = Fpo + FiB + Fpy + FBA =1 =my, - Mpp (25)
aan = Faga * Faan = FaPaa(pn * Ppa) (26)
m

= .3
AAB * Mppp = Fpap * Fap + By, + PR,
- *
(Fy (1 = 2y,) + Pppp, + FR)(p,, + pp,) (27)
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mypp * Tpps = Papp * Fass * Foma * Fama
* ®
= (FB(1-pBB) + FA + FAPAB)(pBB + pBB) (28)
3 *
mppp = Fppp * Fppp = FpPpp(Pep + Pap) (29)
m F + FK =

.3 x
spa = Fama * Famy = My~ ((F,Pp*F, ) (Ppp*Ppp)
¥®
+ Fp(ppp + Ppp)) (30)

3* k.3
Noap = Fpup + Feap = Pp = ((Fpbpy + Fp)(py, + Dyp)

+

Pr(Pap + Dpp)) (31)
From the eqs. (52)B8and BB(25) it follows thab

pAA = mAAA/mAA (32)
and from egs (23) and (28)
Pgp = "ppp/Mgp (33)

It is obvious from egs. (11) and (15) that both the probabili=-
ties and the experimentally determined ratios mAAA/mAA and
mBBB/mBB depend on the concentration [AB), if AB takes part

in the propagation reaction. These dependences allow the AB-
participation in the propagation reaction to prove a posteri-
ori., For this purpose it is necessary to check the effect of
the total monomer concentration (IM)} =[Al + [B]) on the ratios
m“q/mAA and Mppp/mpy at constant[A)/IBl. Such an effect al-

lows to determine the probabilities Prg and Ppp algso, For this
purpose the linearization of the eqs. (11) and (15) is used:

a1”’
(B

-1
~K(qqfq + £5) + qq(mypn= my,)([B1 my,,) (34)
-1
“Klapts + ;) + qp(mppp= mpp) (LA mpgp) (35)
From the eqgs. (13) and (17) it is seen that the values of Pyg
pBA can be calculated from the intercepts and slopes of these

. . # ¥, _
lines. In such a way the probability sums Pap * pAB_1 Pyp~Ppy
can be calculated too,

]

-1

The expressions for the mole fractions m,p, (30) and
Mpag (31) can be used for the determination of the probabili-
- ties pﬁA and pr. The following system is obtained after a
substitution of the expressions for F, (19), Fg (21), Fi (20)
and ¥y (22) in egs. (30) and (31):

[}

¥, + rp%
AR EA (36)

I
<

~Tpy, + UPgy
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where @ = mA(1 - pBA) -1, R = mB(1 - pAB) - mA(1 - pAA)’

S = mA(pBA - 1)pAB + L(mB - mA(1 - pAA))’ T = pBA(1 + mB)’
i)

(M + pAA = 1)mB’ V = mA(pBA - 1) - Pap ~ M),

L = (mA My, - mAAA)/mBB and M = (mB + Mgy = mBBB)/mAA'

Then Py, = (SU - RV)/ M, v, = (QV - ST)/ Mg,

Pyp = 1 = Dy = Pyp = Py ond PEg = 1 - Pgp = Ppa = Ppa
where )‘6 = QU + TR,

Another method for the determination of pXA and p’gA is
based on a linearization of the systems egs. (3%6) after sub-

stitutions of the expressioms for pXA (12) and p%A (18)
within.

5 M4(q,Q [41B1)"
v, (q,T LANBD) ™

KE, + R My(aq M) KE, (37)
-Kf, + UN1(q1}42T)-1Kf4 (38)

From the gbove it is seen that all transition probabilities

can be determined. Therefore, the average times FA, FX, FB’
F: and the probability P(C) can be calculated too. It is
essential to note that these problems are solved by the sug-
gested method without a prelimenary determination of K.

The constants Qs oo Kf1, Kfz, Kf3 and Kf4 can be cal-

culated by this method as well, Important conclusions for the
monomers reactivities before and after being involved in the
DAC to the propagating ends can be drawn from the values of
thege constants. The ratios q1Kf1/Kf2 = kAAB/kABA and

qZKf3/Kf4 = kBBA/kBAB are of interest in this context. lMore

profound information in this direction can be obtained after
the prelimenary determination of XK.

As an example the probability P(C) of the methyl acry-
late (A) - 1,1-diphenylethylene (B) copolymerization (IT0 and
YAMASHITA 1966) has been calculated. In the case of anot ad-
ding to ~B* (HAM 1964) q, =0, Kfy = 0, pgy = 0 and ppp = 0.

The probabilities Ppp and PyB has been calculated from the
expressions (32) and (34). In order to determine Xf, and Kf,
the expressions for pzA (12) and Ppa (17) are substituted in
the expression for MppR (31), yielding the equation

r = (qu2 + v)Kf4 + wKf, (39)

2
where r = (mBAB - meAB)M1’ u = (mB - mA) LAJIB] ’
v = (mB - mBAB)JM1 and w = mB[A][B] . Then



Kf, = (b + (b° - 4ac)??°)/2a and Kf, = (r wKE,)/(ukE, + v)
where a = Wy = WU, b = Touy t WV, - WV, = TyU, and
c =TIV, - r2v1 are calculated from the triad composition of
two copolymers. qq = 0,14, Kf1 = 0,107, Kf2 = 0,110 and
Kf4 = 0,40 have been found. Other results are presented in
TABLE 1.

TABIE 1
Average times of occurrence of the propagating chains in the
states ~A°(F,), ~0F (Fﬁ), ~B' (Fp), ~B** (F%) and probability
for a donor-acceptor complexe participation in the copolymeri-
zation (P(C)) between methyl acrylate (A) and 1,1-diphenyl=-
ethylene (B) from the triad composition of copolymers (ITO and
YAMASHITA 1966), Temperature: 60°¢C. Initiator:benzoyl peroxide.

k.3 *®

Myan|™eaB | Fa | Fa | 5 | T8 p(C)

o he

9,04 | 1,790, 128|0,205|0, 605 |0,037|0,260|0,098 | 0,270
13,30 | 2,17|0,189|0,135|0, 665|0,010|0,209| 0,106 | 0,232
24,10 | 3,23}0,367|0,076|0,748|0,016|0,175/ 0,061 | 0,154
61,30 | 5,40|0,591|0,059|0,796|0,048|0, 124|0,0%2 | 0,160
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