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ABSTRACT

The kinetics of cyclopolymerization of N,N’-methgleisacrylamide (MBA) was carried out using a nalarge-
transfer complexes of N,N-dimethylaniline(DMA)-Baizhloride (BoCl) and N,N-dimethylaniline-Trichémacetic
acid (TCA). The reactions were carried out underia@s conditions of concentrations at constant terafure of
52°C in aqueous medium. The dependence of ratelpiprization on various experimental conditionshsias
different concentrations of monomer MBA, donor D&l acceptors BoCl and TCA were studied. The ondtr
respect to monomer, donor and acceptors was foondet1, 0.5 and 0.5 respectively. The kinetic tsswere
interpreted by a suitable mechanic sequence. Alesefigelation is attributed to the formation of yclic polymer.
Jobs method of continuous variation studies shattl complex formation.

Keywords: cyclopolymerization, non-conjugated divinyl monem N,N-dimethylaniline-Benzoylchloride, N,N-
dimethylaniline-Trichloracetic acid charge-transfemplex

INTRODUCTION

Butler and his co-workers reported that monomertaioing three or four cyclic groups lead to thenfation of
insoluble polymers. A chain growth mechanism wasppsed which involved alternation, intra-inter noalar
steps which for the first time familiarly broughtitoat cyclopolymerization [1]. N,N’-methylenebisglarmide
[MBA], which is a symmetrical non-conjugated diatehaving double bond at terminal position and isell-
known cross-linking monomer used in the prepanatibhydrogels, which are studied for the develophté self-
regulated insulin delivery system [2], potent aaticer drug. The insoluble gel formation was dught three
dimensional growth of the polymer.

This type of monomer can also polymerize withoutser linking to give soluble gel-free polymer [3-S]he

cyclopolymerization of N,N’-methylenebisacrylamiohétiated by eosin — ascorbic acid system is regmbrT he rate
of polymerization is proportional to [MBA] and [Astbic acid] [6]. In our laboratory the cyclopolyn®ion of non

conjugated divinyl monomer N,N’-methylenebisacryidenwith redox pair of Mn(VIl)-Thiol in a homogene® gel

free state was reported [7].

Charge-Transfer complexes studied as initiator iofylvpolymerization, were not employed for initiati of
cyclopolymerisation. N,N-dimethylaniline(DMA) is @ell n-donor. It also behaves asmeacceptor, when it
interacts with suitable acceptor [8]. The present study of cyclopolymdigsainitiated by CT complexes indicate
that N,N-dimethylaniline function as a lone-paidanor of the increvalent type.
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The survey of literature reveals free radical exise through the formation of CT complex DMA seemandergo

CT interaction with a variety of acceptor and leagio radical polymerization [9,10]. Tertiary aménare potential
donors with anhydrides acylchlorides as acceptaslinng in the vinyl polymerization. In many of tlebove cases
the formation of CT complex is evidenced by the egypnce of the CT band and a few by ESR spectral
investigation. In most of these cases a first ordée dependence of monomer and a square root diepen of
donor and acceptor are reported [11-19]. DMA-Tcbhcetic acid [TCA] initiated vinylpolymerizatioand a
mechanism involving bimolecular reaction betwees donor and acceptor followed by the decompositibthe
complex to give initiating free radical resultingthe polymerization is reported [20].

In recent past numerous reports have appeared cisange-Transfer complexes as initiator of vinyllyprerization.
In our laboratory we have reported cycopolymeraatdf divinyl monomer using various redox pair dbMA-
Benzene sulphony chloride charge transfer compleg[d. Still it has been the topic of extensiveastigation. To
the best of our knowledge CT complex has not besex @s initiator for cyclopolymerization. The prasstudy of
cyclopolymerization initiation by CT complexes indies that, N,N—dimethylaniline function as a Iqg@er n-
donor of the increvalent type. In the present itigaion, Benzoylchloride and Trichloroacetic acite chosen as
acceptors.

EXPERIMENTAL SECTION

Purification of the monomer and the polymerizatowacedure were all as reported earlier [7]. N,helhylaniline,
Benzoylchloride, Trichloroacetic acid and, acetdleitwere purified by standard procedure.

RESULTS AND DISCUSSION

In this study under the specified experimental dons employed DMA or BoCl or TCA alone could riattiate
any effective polymerization. No initiation of pohgrization was observed in aerated conditions dhénpresence
of hydroquinone, all of which revealed the freeicatinature of the polymerization reaction. No iotlon period
was observed and light did not alter the reactimetics as was proved by same kinetic results @sgmce and the
absence of light. Nevertheless all experiment®warried out in reaction vessel covered with bidokh.

EFFECT OF MONOMER CONCENTRATIONS ON CHARGE-TRANSFER COMPLEXES:

In both the systems of study the monomer concéoitratas varied in the order of 5x3®olL™ to 50x10* molL™ at
constant [DMA], constant [TCA] or at constant [BCTab1,2;Fig 1,2). In both systems of study, logvR log
[MBA] was found to be linear with the slope, onelahe plots of Rvs [MBA] were straight lines passing through
the origin, from the slope of which the compleerpairameters were calculated.

When the concentration of monomer and the accepéve kept constant, the concentration of DMA waseda
from 1.5x10° molL™ to 8.0x10° molL™. The plots log Rvs log [DMA] were found to be a straight line withe
slope of 0.5 and the plots of Rp against [DMApassing through the origin, permit the calculatidrthe complex
parameter (Tab.3,4;Fig3,4).

The Concentration of TCA and BoCl were carriednfr®.33x10molL™ to  3.33x1GmolL™. The rate of
cyclopolymerization was observed to have squaredependence on the concentration of the acceptbtte plots
of R, vs [ACC[® passed through the origin (Tab5,6;Fig5.6).

The value of overall rate constantkK® (2k; K)*° was obtained from the plots of the rate of polyieaion versus
the monomer concentration and from the plots of thie of polymerization versus the square root af t
concentration of the initiators . The value is 3%1folLs* for DMA-BoCl system and 6xIdmolLs* for DMA-
TCA system.

Jobs method of continuous variation (Tab.7; Figftidies shows that 1:1 complex formation and ihermally

decomposed to give primary radical. The formatiboharge — transfer complex between the DMA andefstars
have been assumed as follows.

K

DMA + ACC

C (Complex)
Kq
cC —— Ro
R° is the initiating free radical.
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K
MBA+ RO ——» MI1°
M,° K V'
_ =

In the termination step, solveaiso be involved or by primary radical deactivatiorby reinitiation.

Mn° + Mn° _kc_> Polymer

(0]
R® + DMA — — » products

Primary radical deactivation
10

R® + BsCl s products

MO + s —KILS o polymer + &

L + MBA —K o gy

All the type of initiation, propagation and termiiza steps were considered and expression wergedefor the
rate of polymerization.

(ki/kt)O.S (de K)O.S[M] 1.5 [C]0.5

kiMl + k°[D] + [A]%®

[D] and [A] are the initial concentration of the iy and acceptor respectively. Under experimenaldition
1>>[A]eqand [DLg C=K[D]<[A]

Rp:kp

Rp = kp (ki/kt)o'S(de K)O'5 [M] l.S[A] 0.5 [D] 0.5

kiM] + ko [D] + ko[A]®®
Assuming k[M]>>k[D] + ko [A],

Rp = kp ktO.S (de K)O.S M [A] 0.5 [D]0.5

The structure of the polymer unit of similar nompmated divinyl monomer [6,7] and also the polyroéMBA
were studied by spectral analysis and reportedoitsist of five member and seven — member unitsesely,
which provides conclusive evidence for cyclopolyiration of MBA.
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TABLE-1

[Bocl]:1.33 [Bocl]:1.33

[DMALL 166 [DMALL15.0
MBA] Ry 2tlog[MBA] GHogRp  MBA] Ry tlog[MBA] BHogRy
i 4 1013k 16021 03 bl 1013k 17745
155 b1 1168 1.7653 155 BA 1.180 15304
Db 8.3 13147 1520 06 Nk 13147 2064
A 12 1 4408 20791 G 1.44 22041
Hi b 16157 22041 M3 25 16157 23521

Al concentrations are expressed in 107 mol litre™

Ry valugs in 107 molLs”
TABLE-2
[TCA]:1.33 [TCA):1.33
[DMAL:3.33 [DMAL: 1.66
MBA] Ry 3tlog[MBA]  7HogRp [WMBA] Ry 3tlog[MBA]  7HogRp
14 158 1.1473 11986 146 13 1.1643 1.1138
i 1.4483 lehah A0 2 1.4k55 1.4154
421 536 1.6255 17281 438 38595 1.6414 1.5566
561 775 1.7493 18893 664 5 1.7664 1.721
842 115 1.59285 20606 878 7.1 1.9425 1.8871

A1l concentrations are expressed in 107 mol litre™

Ry values in 107 molLs "
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TABLE-3
[MB AL]: 16,74 [MBAL:10.6
[Bocl]:1.33 [Bocl]:1.33
[DM&] B,  I+log[DMA]  G#ogRp [DMA]™  [DM&] R,  3tlog[DMA] EogRp [DMA]™
166 5E7 1.2201 17528 128 18 407 1.2201 16096 128
333 66 1 5224 15224 182 33 51 15224 17076 182
5 B4 1699 1689 223 5 63 1699 18038 223
67 9 1 8261 1 8261 28 67 69 1.8261 18335 268
8 986 1.9031 1 9031 2.2 R 74 1.9031 18692 282

All concentrations are expressed in 107 mol litre™
Ry values in 10° molL 5™,
[DMA]" values in 10(molLh)"?

TABLE-
[MEA]:2.80 [MBA):3.40
[TC4]:1.33 [TCA]1.33

[OMA] By I+log[DMA] 7+ogRp [DMAT™ [DMA Ry Itlog[DMA] 7+ogRp [DMA]™

167 2 1.2227 1.301 13 167 8.1 12227 1.9085 13
dny g 1.3978 14914 158 2 2 1.3979 1598 158
Sy 1) 15224 1556 182 333 1.2 15224 20492 182
41 45 16201 11532 204 4N 122 16201 2064 204
5 4R 1.659 1639 243 5 14 1,659 214681 223

Al concentrations are expressed in 107 mol lire™
Ry values in 107 molLs",

[DMA values in 10 (molL )™

[TCA]™ values in 10 fmolL 1Y
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TABLE-S
[MBAI]:3.00 [MBA] 16 7
[DMAL]:3.33 [DMA]3 39
Boc] By I*log[Boc] GHogRp [Bocl” [Bog By 3tlogBod] EogRp [Boc]”
33 kb 05185 A48 57 033 33 05185 17403 &/

1
45 23 081% 13636 812 0B 45 0819 1892 812
591 28 1 1.4623 1 E Bl 1 1.9772 0
1
1

bds 33 1.1231 8211 15 133 b5 11235 20413 115
687 371 1.2041 AR 126 1R BA 1.2041 20681 126

Al concentrations are expressed in 107 mol lire™
Rp values in 107 molL 5"
[Boc]™ values in 10%(mallHy"

TABLES

[MBAJ:4.20 [MBA] 5,62

[DMAL]:3.33 [DMA]3.33
ey B, Mg TCAT 7oogRp [TCA [TCAl By Hlog[TCA 74ogfp [TCA”
05 368 0841 18 898 06 55 084 1B 88
(RN v N /v N Y-S I I £: DK < N -/ S
2 B 1 BB M1 2 989 13 1gm M

141
67 75 142 8% b3 26 1 146 213 Tha
33 4n 1504 196 182 33 M7 1524 ARG 182

&1l concentrations are expressed in 10°% mal five™

R values i 107 molL's"

TCA)"™ values in 10*(molL
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Fiz.1. Dependence of logRp on log[MBA]; (A)[Bocl]=1.332107 [DMA]=1.662107,
(B) [Bocl]=1.33z107 [DMA]= 5.0x10% (C) [TCA]=1.33x107 [DMA]= 3.33x107;
(D) [TCA]=1.33z10° [DMA]= 1662107, Concentrations in molL ! Temp 55°C.
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(B) [Bocl]= 1.33x107? [DMA]= 5.0210%, (C) [TCA]=1.33x107 [DMA]= 3.33z10%,
(D) [TCA]= 1.33210° [DMA]= 1662107 Concentrations in molL ™, Temp. 55°C.
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TABLE-7
Job's Method of continuous v ariation
[DMA]HBocll=1.0 [DMA]HT CAED. 37
Mole percentage of Wole percentage of the Dia-Bocl at DiATCAat 247

DA, acceptars 245nm nm

10 a0 0.37 0.16

20 g0 0.56 0.2a

30 70 0.68 0.36

a0 a0 0.75 0.44

70 30 0.55 0.37

80 20 0.32 0.29

a0 10 022 0.1

4ll concentrations are expressed in 107 mal litre™

0.8 4

0.7 1

0.6 1

0.5 1

—— A
0.4 1

-—=a—F

Optical Density

0.3

0.2 1

0.1

D T T T T 4
a 20 40 =] 80 100

Mole fraction of the acceptors

Fig.7. Optical Density ve mole fraction o f acceptor; (&) [DMA]+[Bocl]=1.0;
(B).[DMA]+[TCA]=1.0; All Concentrations are expressed in 107 molL": Temp 27°C

CONCLUSION
In this study we have demonstrated the utilizabbi€T complexes initiator for cyclopolymerizatioeaction. We
found that the Rwas proportional to [MBA] [DMA] °°, [Bscl*®. . The overall rate constant were found to be 3x10
2 and 6x10 respectively.
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