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A radical polymer of acrylonitrile (AN) was prepared using a non-conventional complex initiating system 

Ni(II)/Giycine/KHS05 in the absence of an added emulsifier. The polymerization reaction was also carried out in the pres

ence of various divalent transition metal salts, certain amino acids and their chelate complexes in atmospheric oxygen. The 

metal salts and amino acids with free amino and carboxyl groups have a retarding effect on the polymerization reaction 

.while their chelate complexes have catalytic effect. From among the data, NiCiiglycine chelate complex was chosen for 

detailed kinetic study of acrylonitrile polymerization. The stirring of solution produces dispersion of the insoluble monomer 

in the continuous phase. The rate of polymerization (Rp) was studied for varying concentration of monomer, initiator, gly

cine, NiCI2 and solvents over a temperature range of 40-70°C. The polymers were characterized by molecular weight deter

mination by GPC and viscosity methods. The overall act ivation energy was computed to be 5.35 kcal mol'
1
• From kinetic 

and spectrophotometric study, the mechanism of KHS05 decomposition by Ni(ll )/glycine complex and initiation of poly

merization was suggested. 

Emulsifier-free emulsion polymerization of vinyl and 

acrylic monomers have received much attention be

cause of both practical and academic interests
1
-
10

, and 

also with a view to synthesize commercial polymers 

for biomedical , coating and adhesive applications. 

Several studies were carried out in the field of emul

sion polymerization of various monomers using dif

ferent redox pairs
11

-
14 

and metal ions but most of 

these are performed at high temperature over 70°C 

under oxygen-free (inert) atmosphere. In previous 

communications
15

, the emulsifier-free emulsion po

lymerization of acrylonitrile (AN) initi ated by KHS05 

in the presence of inorganic
15 

salts CaS03 and BaS04 

and Cu(II)/glycine chelate complex 
16 

in N2 atmos

phere has been reported. In the present topic more 

attention has been given to develop a non

conventional initiating system to investigate the 

emulsifier-free emulsion polymerization of AN in 

atmospheric oxygen initiated by KHS05 catalyzed by 

in situ developed Ni (II)/glycine complex, Aqueous 

polymerization of AN in oxygen atmosphere
17 

has 

been attempted because of its low cost polymerization 

technique and wide industrial appl ication in surface 

coatings technology
18

• 

*For correspondence 

Experimental Procedure 

Acrylonitrile (AN) from BDH was purified as re

ported earlier
16

. Potassium monopersulphate (KHS05) 

was a gift sample from Du Pont Co., USA and was 

used as such. Glycine, alanine, leucine were from E. 

Merck and were used as such. All other reagents were 

of BDH (AR) grade and were used after purification. 

The polymerization experiments were carried out 

in round bottomed flask containing known concentra

tion of monomer (AN), NiCI 2 and glycine, alanine or 

leucine. For comparison, a set of experiments with 

monomer variation was done under N2 atmosphere. 

The solution was stirred at 400-600 rpm that is aver

age and has no remarkable effect on the rate of po

lymerization. A requisite amount of initiator (KHS05) 

was carefully added after 5 min. The pH of the sys

tem was found to be 2.8 prior to polymerization. It is 

found that the agitation produces dispersion of the 

insoluble monomer in the continuous phase. The re

action is terminated after 180 min by keeping the 

flask in ice-cold water and by addition, of a known 

excess of Fe(II) solution, which spontaneously con

sumed unreacted KHS05
19

. The precipitated poly

mers were filtered, washed repeatedly with water and 

absolute alcohol and dried to constant weight at 60°C. 

The % conversion and rate of polymerization were 

calculated gravimetrically . The visible spectra of 
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Fig. !-Spectral evidence for the interacti on of NiCI2 with gly, 

AN, KHS05 at [NiCI2] = IO.OXI0.3 mol. dm· 3
, [gly]=IO.OX I0.3 

mol.dm·J [AN] = 1.517 mol.dm·3, [KHS05] = 12.9X I o·3 mol. dm· 
3 

(a) NiCI2, (b) NiCI2 + gly, (c) NiCI 2 + gly + KHS05, (d) NiCI2 

+ gly +AN, (e) NiCI 2 + gly +AN + KHS05. 

Ni(II) , Ni(II)/Glycine complex, Ni(Il)/Glycine/AN, 

Ni(II)/Giycine/KHS05 and Ni (II)/Glycine/AN/ 

KHS05 were studied by Perkin-Elmer UV-Visible 

spectrophotometer. The number average (M,,) and 

viscosity average (Mv) molecular weights of the puri

fied polymers were determined respectively by Gel 

Permeation Chromatography (GPC) and Viscosity 

method in pure DMF at 30°C using the relationship of 

Shibukawa et a/.
20 

[11] = 3.335 X 10-
4 

Mv
072

. 

Results and Discussion 

The study of polymerization rate (Rp) and % con

version in AN polymerization catalyzed by various 

transition metal/glycine chelate complex, initiated by 

KHS05 are presented in Table I. The results of the 

studies on the AN polymerization initiated by KHSOs 

catalyzed by Ni(II) salts, amino acids and 

Ni(II)/amino acid complex in atmospheric Oz and in 

N2 atmosphere are also presented in Tabl e 2 . From 

the result , it is clear that Ni(II)/glycine che

late complex has pronounced catalytic effect 

than other Ni(II)/amino acid complex. Again 

Table I-Rate of polymerization (Rp) and % conversion in AN 

polymerization catalyzed by various transit ion metal/glycine che

late complexes initiated by potass ium monopersulphate (KHS05) 

Transition Metal(II ) Percent RrXI0
5 

Salts Conversion mol.dm·3 s·' 

Zn(II) so4 36.77 5.16 

Cu(II) so4 85.42 12.0 

Ni(II) Cl2 52.68 7.40 

Co(II) S04 58.38 8.26 

Mn(II) so4 44.84 6.2 

[gly] = IO.OX I0.3 mol.dm·3, [AN] = 1.5 17 mol.dm·3, [KHS05] = 

12.9XIO.J mol.dm·3 

[M (II)]= I O.OX 10·3 mol.dm·3 at 50°C. 

Table 2-Rate of AN polymerization (Rp) catalyzed by various Ni 

(II) salts, amino acids and Ni(II)/amino acid complex initiated by 

KHS05 at [Ni(II)]=IO.OX I0.3mol.dm·3, [Amino acid]=IO.OXI0.3 

mol.dm·\ [AN]=1.517 mol.dm·3, [KHS05]=12.9XI0.3 mol.dm·3 at 

50°C 

Amino R XI05 mol.dm·3 s·' 

acids NiCI2 Ni so4 Ni (OAC)z No Ni(ll) 

Salts 

No amino 

acid 2.58 3. 14 2.16 1.65 

Glycine 7.40 7.18 6.54 2.69 

Alanine 5.84 6.08 5.36 4.12 

Leucine 4.96 5.32 4.76 4.97 

with glycine, it was found that: Rp 

[AN/KHSOs/Giy/Ni(II)] > [Rr (AN/KHSOs) + 

Rr [AN/KHS05/Ni(II)] + Rr (AN/KHS05/ 

Gly). Further, NiC h /glycine complex has 

more activation effect as compared to other 

Ni(II)/glycine complexes. From the value of 

Rr, NiC]z has poor activat ion, glycine has 

moderate activation and NiCh/gly complex 

has pronounced activation effect, which is 

five times greater than the non-catalyzed sys

tem. 

Fig. 1 shows the visible spectra of various mixtures 

like Ni(Il), Ni(Il)/gly, Ni(II)/gly/KHSOs, 

Ni(II)/gly/AN, Ni(II)/gly/AN/KHS05 measured to 

obtain complete picture of the interaction between the 

reacting components and their relationship with the 

Rr data. The high % conversion and Rr values with 

Ni(II)/gly couple may be due to the high rate of pro

duction of initiating radical by the facile homolysis 

of the initiator bound by the transient complex 

Ni(II)/gly, where the internal energy is transferred to 

the initiator. The novel non-conventional complex 

initiating system leads to stabilize the emulsion latex 

to high conversion in absence of an added emulsifier. 
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Table 3-Effect of concentration of AN, KHS05, NiC12 and glycine on% conversion, Rr and viscosity average molecular weight (Mv) of 

PAN at 50°C 

[AN] [KHS05] [Gly] [NiC12] Percent Rpx 105 mol.wt Percent Rpx105 Mol.wt 

mol.dm-3 
xl03 xl03 xl03 conversion mol.dm-3 

Mxl04 conversion mol.dm-3 
Mxl04 

mol.dm-3 mol.dm-3 mol.dm-3 in atmospheric 0 2 in N2 atmosphere 

1.517 12.9 10.0 10.0 52.68 

1.896 12.9 10.0 10.0 50.18 

2.276 12.9 10.0 10.0 47.63 

2.655 12.9 10.0 10.0 43.74 

3.034 12.9 10.0 10.0 39.34 

1.517 16.12 10.0 10.0 55.62 

1.517 19.35 10.0 10.0 59.26 

1.517 22.57 10.0 10.0 62. 14 

1.517 25.8 10.0 10.0 68.74 

1.517 12.9 5.0 10.0 44.37 

1.517 12.9 7.5 10.0 49.28 

1.517 12.9 12.5 10.0 48.25 

1.517 12.9 15.0 10.0 42.73 

1.517 12.9 10.0 5.0 36.56 

1.517 12.9 10.0 7.5 43.78 

1.517 12.9 10.0 12.5 46.72 

1.517 12.9 10.0 15 .0 38.43 

1.517 12.9 10.0 17.5 34. 14 

1.517 12.9 10.0 20.0 30.72 

Effect of {Monomer}-The rate of polymerization 

and convers ion were found to increase with increas

ing concentration of monomer [AN] ( 1.517-3 .034 

mol.dm-
3
) at fixed concentration of NiCI2 (I O.Ox I o-3 

mol dm-\ glycine (IO.Oxi0-
3 

mol.dm-\ KHS05 

( 12.9x I o·' mol.dm-
3
) at 50°C, under atmospheric 0 2 

and Nz atmosphere (Table 3) . From the double loga

rithmic plot of rate versus [AN], it has been found 

that the rate depends on 0 .89 power of monomer con

centration. The slight deviation from I st order de

pendence on [monomer] may be ascribed to more ac

tive participation of the monomer in the initiation step 

that is evident from the decrease of the absorbance of 

0.375 (~nax=685 nm) in NiC I2/gly/AN to 0.258 (Amax = 

665 nm) in NiC]z/gly/AN/KHS05 (Figs ld, e).The 

molecular weights Mv and Mn of the PAN determined 

by viscosity and GPC methods increase from 

4.48xl0
4
-7.14x l0

4 
and 4.12x l0

4
-6.95xl0

4
, respec

tively with increasing [AN] from 1.5 17 - 3.034 mol. 

d 
-3 

m. 

Effect of {lnitiator}-The effect of [KHS05] on 

the Rp and % conversion has been studied by varying 

concentration in the range 12.9x 10-
3

- 25.8x i0-
3 

mol. 

dm-
3 

(Table 3) . With increase in monopersulphate 

concentration in the above range, the maximum con

version and Rp are found to increase due to increase 

in concentration of active species
21 

resulting in 

smaller oligomers with higher critical micelle con-

7.40 4.48 58.73 8.18 4.97 

8.81 5.78 57.16 9.75 6.40 

10.03 6.62 53.34 12.14 7.82 

10.75 7.04 49.28 12.97 8.10 

11 .05 7. 14 44.54 13.37 8.61 

7.81 4.98 

8.32 5.57 

8.72 5.68 

9.65 6.23 

6.23 3.63 

6.93 4. 18 

6.77 4.06 

6.00 3.42 

5.13 3.03 

6.15 3.59 

6.56 3.96 

5.39 3. 14 

4.79 2.91 

4.3 1 2.76 

centration (CMC). Therefore, the number of particles 

wi ll increase, thus increasing the chance of diffusion 

of the monomer in the part ic les, as a result, increasi ng 

polymerization rate. The overall rate is found from 

plot of logRr versus log[KHS05] to be 0.46 order de

pendent on initiator concentration, which is in agree

ment in normal half order dependence of the rate in 

conventional free radical polymerizat ion . 

Effect of [ NiC/2]-Effect of [NiC]z] on the Rr and 

% conversion has been studied by varying its con

centration in the range of 5.0-20.0xl0·
3 

mol.dm-
3 

(Ta

ble 3). Plot of log Rr versus log[NiCI2] indicated the 

overall rate to be half (0.5) order dependent on 

[NiC]z]. The rate of polymerization was found to be 

maximum at I O.Ox I a·' mol. dm-
3 

NiCI2 and then de

creases. The increase in rate may be due to increasing 

catalys is, since an appropriate mole ratio of Ni(II) to 

glycine in solution favours the formation of an acti

vated complex, which actively interacts with the per

oxo bridge orbital , resu lting in cleavage of 0-0 bond 

in a sequential fashion. This was evident from the 

decrease in absorbance from 0.295 (An,lX = 680 nm) 

for NiCI 2/gly to 0.235 (Amax = 690 nm) for 

NiCI2/gly/KHS05 (Figs I b, c) . The decrease in rate 

may be due to the retardation effect of the transition 

metal ion, i.e. Ni(II) ion . Further at higher Ni (II) con

centration, the decrease in rate may be due to prema-
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Fig. 2-Arrhenius plot of log Rr versus 1/T: [NiC12] = lO.OX l0-3 

mol.dm-\ [gly) =lO.OXI0-3 mol.dm-3, [AN] = 1.517 mol.dm-3, 

[KHS05) = 12.9Xl0-3 mol.dm-3
, and temperature= 40 -70°C. 

ture termination of the growing radicals by Ni(III) 

produced during the reaction. 

Effect of [Glycine]-The initial rate of polymeri

zation and the % conversion are found to increase 

with increasing the concentration of glycine 

(5.0xl o-3-1 O.Ox I o-3 
mol. dm-3) and then decrease. The 

overall rate was found to be 0.43 order dependant on 

[glycine] as calculated from the plot of log Rp versus 

log [glycine] . The enhancement of rate may be due to 

increase in concentration of Ni(II)/glycine complex, 

which causes a ready decomposition of initiator to 

produce initiating radicals at a much greater rate. It 

may be noted that the catalytic activity of Ni(II) in 

cleaving the peroxo bond is enhanced by coupling the 

metal ion with chelating glycine ligand, where a com

petitive coordination between Ni(II) ion, KHS05 and 

glycine takes place. Because of this competition, the 

stability of Ni(II)-glycine complex is distorted to

wards Ni(II)-HS0-5 interaction and the internal en

ergy of the complex is released in the direction of the 

peroxo bond, resulting in its breakage. The decrease 

in absorbance on addition of KHS05 to Ni(II)/glycine 

system may support the explanation (Fig. 1). 

Effect of organic solvents-The addition of 20% 

(v/v) water miscible organic solvents such as metha

nol and acetic acid to the reaction mixture retarded 

the conversion % and Rp, then with DMSO the rate 

and conversion are negligible. The retardation of the 

reaction in presence of these solvents may be due to 

(i) solvation of Ni(II) ions, lessening its complex 

forming ability with glycine, (ii) simultaneous oxida-

tion of the additives by KHS05, thus reducing the 

optimum concentration of the initiating radicals in the 

immediate vicinity of the monomer. The oxidation of 

compounds such as ethyl alcohol to ethyl acetate and 

acetic acid to glycolic acid has been established
22 

(iii) 

premature termination of growing polymer chains 

resulting from activity transfer to these solvents. 

Effect of temperature and Arrhenius plot-The Rp 

and % conversion have been investigated by varying 

the temperature in the range 40-70°C. The result 

shows with increase in temperature both Rr and % 

conversion increase. From the Arrhenius plot of log 

Rr versus liT (Fig. 2) the overall activation energy of 

polymerization was found to be 5.35 kcal mar' (20.48 

kJ mar') . 

Mechanism-The mode of initiator decomposition, 

chain initiation and termination mechanism of poly

merization involving a novel tricomponent activator 

system Ni(II)/gly/KHS05 can be explained from the 

proportionalities obtained between measurable pa

rameters and variables ( Rp a [Ni(II)]
050 

[gly ]
0

.43 

[KHSOs]o.46 [AN]o s9 ). 

The reaction involves a complex initiation mecha

nism, which can be interpreted as proceeding through 

a novel catalytic path induced by the transient I: I, 

Ni(II):Giy complex . The initiation is a surface cataly

sis with adequate energy transfer from the complex to 

the initiator molecule. Also the complex stabilizes the 

emulsion latex leading to high conversion even with

out an added emulsifier. 

Chain Initiation 

(a) Ni(II) +glycine '==7 Complex-! 

(b) Complex-!+ KHS05 '==7 Complex-II 

ki 

(c) Complex-II +AN~ Transient adduct~ 

R-AN" (RM") 

(R" = "OH, HSO/, So4·- & HSO" 
3

) 

Out of the free radicals produced above as reported 

elsewhere, the actual initiat ing species may be pro

posed as HS0"3 which is not inhibited by 0 2 in the 

atmosphere. This has been reported by Bajpai 
17

. This 

has been further indicated by the detection of so3-

end-groups. The other radicals OH", HS0"4 and S04-• 

formed may be inhibited by 0 2 because the Rp, con

version and Mv of the polymers were found to de

crease by 10-15% in comparison under N2 atmos

phere (Table 3). 
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Propagation 

k 
RM~ + M ~RM; 

RM~-~ + 
k 

M ----L- RM• 
- n 

Termination 

RM~+RM~ Polymer 

RM~ + Ni(II)- complex k 12 + Ni(III)- complex 

RM~ + Ni(II) k 13 Polymer+ Ni(III) 

RM~ + Ni(III) k14 Polymer+ Ni(II) + H+ 

Conclusion 

The most interesting and significant outcome of 

the paper is the conversion of inhibitors/retarders 

(metal ions and 0 2) into accelerators of polymeriza

tion by the in situ developed complex of NiCh/amjno 

acid. The resuits indicate that the new novel non

conventional complex initiating system is able to sta

bilize the emulsion latex
23 

leading to high conversion 

in much the same way as a polymerizable surfac

tant/emulsifier. 
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