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Synopsis 

The tetrahedral cobalt ( I1 ) complexes A-D are found to possess an unusual coordinately un- 
saturated nature. These additives significantly inhibit the thermal polymerization of acrylamide 
and further, they impart significant induction period during AIBN initiated polymerization of 
MMA and acrylamide. Some evidence has been obtained to show that the additives’ effect plausibly 
results because of the reaction of the coordinately unsaturated cobalt complexes with radicals 
present in the system. 

INTRODUCTION 

Transition metal complexes are being currently studied as additives 1-3 rather 
than as initiators4 in radical polymerization of vinyl monomers. Some of the 
fascinating developments in this interdisciplinary field are: catalytic chain 
t r a n ~ f e r , ~ ’ ~  control of the architecture of  copolymer^,^ etc. These stem from 
the possibility of the transition metal ion interacting with “suitable” ligands 
present in the polymerization medium. 

In the case of cobalt additives, both square planar and tetrahedral complexes 
contain coordinately unsaturated cobalt ions. Understandably therefore, the 
interaction of square planar cobalt (11) complexes with suitable ligands has 
been studied.’ Further, the interaction of these complexes with alkyl radicals 
is an active topic of contemporary research owing to its implications in the 
fields of organometallic and biomedical lo chemistry. Nevertheless, in contrast 
to the square planar complexes, the tetrahedral cobalt complexes generally 
contain sterically bulky ligands which forbid them from coordinating with extra 
ligands. Consequently, the parallel chemistry of tetrahedral cobalt complexes 
is not yet available. However, in the case of complex A ( Scheme 1 ) it has been 
observed” that despite being a tetrahedral complex, it can easily accommodate 
two extra ligands, as reflected by the significant change in the near-IR spectrum 
of the complex in benzene. This transformation of tetrahedral to octahedral 
geometry demonstrates the unusual flexibility of this complex to coordinate 
with other suitable ligands. A similar geometrical transformation of the other 
tetrahedral cobalt complexes B, C, and D (Scheme 1) has been confirmed by 
us and a representative example is presented in Figure 1. 

Due to this interesting behavior, we anticipate complexes A-D to bring about 
significant changes in the radical polymerization reactions. We have therefore 
studied the thermal and AIBN ( 2,2’-azobisisobutyronitrile ) initiated polymer- 
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c : R = H ;  R ’ = O C H ~  
D : R = CH3 ; R’ = Br 

R’ 
Scheme 1. Structure of cobalt complexes. 

ization of acrylamide in the presence of the above additives by differential 
scanning calorimetry (DSC) . Also, polymerization of styrene and MMA (methyl 
methacrylate) has been studied by dilatometry in the presence of these additives. 

EXPERIMENTAL 

Acrylamide (J. T. Baker) was twice recrystallized from acetone (mp 84°C).  
AIBN (Fluka) was twice recrystallized from methanol. Styrene and MMA 
monomers were purified by removing the inhibitor by alkali treatment followed 
by distillation under reduced pressure. The cobalt complexes were prepared as 
reported elsewhere.12 
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Fig. 1. Near-IR spectra of complex B in different solvents. 
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The near-IR spectra of the complexes were recorded on a Hitachi U-3400 
spectrophotometer. The polymerization of acrylamide was studied using a Du- 
pont 990 DSC, under nitrogen atmosphere, and conditions mentioned in Figures 
2 and 3. The dilatometric studies were carried out using a dilatometer of 4.5 
mL capacity which was calibrated for conversions up to 5% using various com- 
binations of monomer and AIBN concentrations in conjunction with indepen- 
dent gravimetric estimation of polymer precipitated from methanol. The fol- 
lowing calibration equations for the rate of polymerization (R,) were obtained 
from the slope (S) of the plot of extent of conversion (measured as decrease 
in solution level in the dilatometer) against time. 

For styrene 

R, = 7.01 x 10-3 x s 

For MMA 

R, = 5.85 x 10-3 x s 
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Fig. 2. DSC thermograms for thermal polymerization of acrylamide. Conditions: nitrogen 
atmosphere; heating rate = 10"C/min; chart speed: 0.5 min/cm; sensitivity: 20 mV/cm. Sample 
weight: 1, (acrylamide: 4 mg); 2-4, (acrylamide: 4 mg + additive: 2 mg). 
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Fig. 3. DSC thermograms for AIBN initiated polymerization of acrylamide. Conditions: nitrogen 

atmosphere; heating rate: 10"C/min; chart speed: 0.5 min/cm; sensitivity: 200 mV/cm. Sample weight: 
1-4, (acrylamide: 4 mg + AIBN: 2 mg + additive: 2 mg); 5, (acrylamide: 4 mg + AIBN: 2 mg). 

RESULTS AND DISCUSSION 

The effect of additives on the thermal and AIBN induced polymerization of 
acrylamide is shown in Figures 2 and 3, respectively. It is well known13 that 
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during thermal polymerization, acrylamide first melts and then polymerizes 
exothermically (thermogram 1, Fig. 2 ) .  In the presence of additives A-D, the 
polymerization exotherm is completely suppressed (thermograms 2-5, Fig. 2 ) 
and the polymerization is completely inhibited in the presence of additive C. 
On comparing the area under the exotherm in absence and presence of additives, 
it is observed that additives allow conversion of the order of only 10% (Table 
I ) .  Also, the peak temperature ( T,) of the polymerization exotherm shifts to 
higher temperatures in the presence of additives (Table I ) .  

For AIBN initiated polymerization, acrylamide polymerizes soon after it 
melts (thermogram 5 ,  Fig. 3 ) ;  the fusion endotherm is not as distinct as in the 
case of thermal polymerization. In the presence of additives, the overall pattern 
is the same except that Tp is higher in all the cases (thermograms 1-4, Fig. 3 
and Table I ) .  Further, unlike in the case of thermal polymerization, the area 
under the polymerization exotherm as well as the maximum rate of heat release 
(measured as the ordinate value in the thermograms at  T,) remains unaffected 
in the presence of additives (Table I ) .  

These results show that the additives A-D strongly inhibit the thermal po- 
lymerization of acrylamide. As regards the AIBN induced polymerization, 
though the polymerization may be taking place in the melt and/or the solid 
state (since the fusion endotherm is not distinctly separated from the poly- 
merization exotherm) , an inhibitory effect of the additives is evident. This has 
been further substantiated by independent solution polymerization experiments. 
The thermal polymerization of acrylamide in benzene at reflux in nitrogen 
atmosphere does not yield a precipitate of the polymer even after an hour of 
refluxing. Copious amounts of polymer however, are found to precipitate within 
0.5 h under similar conditions but in the absence of the additives. Similarly, 
in case of AIBN induced polymerization, no polymer was found to precipitate 
in presence of the additives after refluxing for an additional 5 h. 

TABLE I 
DSC Data for Acrylamide Polymerization 

Additives 

Parameters None A B C D 

Thermal polymerization a 

Monomer/additive 
(mol ratio) - 13.66 12.73 14.36 15.56 

Tp ("C) 135 f 2 1 4 2 f  2 147 f 2 - 155 f 2 
Relative polymerization (W) 100 8.5 8.8 

Monomer/additive 
(mol ratio) - 13.66 12.73 14.36 15.56 

Tp ("C) 82 f 2 90 f 2 88 f 2 92 f 2 88 f 2 
Rate of heat release at Tp 

8.0 - 

AIBN induced 

(mcal s-') 102 * 2 102 f 2 102 f 2 102 f 2 102f 2 

[Acrylamide] = 5.6 X 

[AIBN] = 1.22 X 

mol. Other conditions: nitrogen atmosphere; sensitivity = 20 mV 
cm-'; heating rate = 10°C min-'; chart speed = 0.5 min cm-' 

mol; sensitivity = 200 mV cm-'. 
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Fig. 4. Dilatometric measurement of time against decrease in solution level in MMA poly- 
merization at 65OC. (AIBN] = 0.013 mol/L; [ A ]  = [ B ]  = 0.009 mol/L; [MMA] = 9.340 
mol/L. 

A significant induction period was noticed for the AIBN initiated MMA 
polymerization in the presence of additives A and B (Fig. 4) ; a solubility problem 
prevents the study of other additives in this case. R,, was, however, not changed 
appreciably in presence of the additives (Table 11). Interestingly, additives did 
not impart such noticeable changes during styrene polymerization. 

These studies thus indicate that the tetrahedral cobalt complexes ( A-D ) , 
possessing an  unusual coordinately unsaturated nature, selectively bring about 
the inhibition of radical polymerization of vinyl monomers. In light of literature 

TABLE I1 
Rp for Styrene and MMA Polymerization 

R, X lo4 (mol L-' SKI) 

Monomer No additive AC B' 

Styrene" 2.01 f 0.02 1.90 f 0.02 1.96 f 0.02 
M M A ~  5.86 f 0.05 6.82 f 0.05 6.60 f 0.05 

a [styrene] = 8.740 rnol L-'; [AIBN] = 0.024 rnol L-I. 
[MMA] = 9.340 mol L-'; [AIBN] = 0.013 rnol L-'. 
[A] = [B] = 0.009 rnol L-I. 
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reports” regarding the alkyl radical trapping by the cobalt complexes, we believe 
that present results may stem from a similar radical trapping reaction of the 
complexes A-D. Further, the “selectivity” in imparting the induction period 
during polymerization of monomers containing electron withdrawing substit- 
uents (MMA and acrylamide) may be a result of the facile redox reaction of 
these radicals with Co (11) ion; the electron withdrawing substituents favoring 
the oxidation of Co (11) to Co (111). A similar argument was advanced by Lee 
and Minoura14 to explain the selective inhibition observed in the presence of 
Cr complexes during vinyl polymerization. 

For a similar reason, the reaction of the complexes A-D with primary radicals 
possessing strongly electron withdrawing cyano group is also possible. To  cor- 
roborate this hypothesis, we have studied the decomposition of AIBN in the 
presence of complexes A and B (Fig. 5). When AIBN alone is heated in nitrogen 
atmosphere, it decomposes exothermically with the inception and peak tem- 
peratures at 75 and 100°C, respectively. In the presence of complexes A and 
B, the inception temperature shifts to 80 and 90°C, respectively; the peak tem- 
perature remaining unchanged. The area under the exotherm is found to increase 
significantly in the presence of the complexes. This could be attributed to the 
reaction of these complexes with the radicals generated during the decompo- 
sition of AIBN. The exact structure of the product of such a reaction is not 
known at the present stage. However, it unambiguously confirms the interaction 
of these complexes with radicals generated from AIBN decomposition. 

We have also observed an order of reaction of 1.5 with respect to MMA in 
the presence of additives A and B; the reasons for this deviation from normal 
kinetic behavior are not known at present. 

1 AIBN 
2 A I B N +  A &, 
3 AIBN + B 

I I I I 

1 5  100 125 150 

T I O C I -  

5 

Fig. 5.  DSC thermograms for AIBN decomposition. Conditions: nitrogen atmosphere; heating 
rate: 10°C/min; chart speed 0.5 min/cm; sensitivity: 50 mV/cm. Sample weight 1 (AIBN: 3 mg), 
2-3 (AIBN: 3 mg + additive: 3 mg). 
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