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Cupric SulfateHydrazine System as an Initiator 
of Vinyl Polymerization. 11. Polymerization 
of Methyl Methacrylate in Aqueous Solution 

in the Absence of Oxygen 

JOAN BOND and P. I. LEE, The Universily of Sdjord, 
Salford, Lancashire, Enylarul 

sywpsis 
The cupric sulfate-hydrazine system has been used to initiate the aqueous solution 

polymerization of methyl methacrylate at pH 9.25 in the a h n c e  of oxygen. There is 
no decomposition of hydrazine on the surface of the reduced cupric hydroxide until a 
flocculant precipitate is formed (cupric sulfate concentration of about lo-* mole/l). 
Below this concentration, the initiating reaction occuw solely in solution, the rate of 
polymerization decreasing when the reaction mixture becomes depleted in cupric ions. 
When a suitable surface area of the precipitated polymer is attained, adsorption and d e  
composition of hydrazine occurs on its surface, causing further initiation of polyrner- 
ization. 

The polymerization of methyl methacrylate in aqueous solution, initiated 
by the cupric sulfate-hydrazine system in the presence of oxygen, was 
described in Part I of this series.' The work discussed in this paper deals 
with the polymerization which occurs in the absence of oxygen and of which 
there is very little mention in the available literature, Menon and Kapur2 
simply quoting the fact that the rate of polymerization of methyl meth- 
acrylate increases with increasing initial concentration of cupric ions. 

Experimental 
The experimental techniques were identical to those described in Paper 

I of this series,' except that all solutions were prepared in water which had 
previously been boiled and then cooled while nitrogen was bubbling through 
it. The reaction mixtures were further deoxygenated by bubbling nitro- 
gen through them for 2 hr, after which polymerization was initiated by the 
addition of hydrwine. The British Oxygen Company's oxygen-free 
nitrogen was used, and this was further purified by passing it first through 
a solution of alkaline pyrogallol and then through distilled water. 

R e d t a  

The results are expressed graphically (Figs. 1-4). 
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Fig. 1. Dependence of (a) the amount of hydrazine decomposed in 30 min and (a) 
Methyl the initial rate of polymerization on the initial hydrasine concentration. 

methacrylate, 0.02 mole/l; cupric sulfate, 5 X mole/. 

Discussion 

At an initial cupric sulfate concentration of 5 X 10-6 mole/l, the rate of 
hydrazine decomposition and the corresponding rate of polymerization 
both increase with increasing alkalinity and reach a maximum at pH 9.5. 
At this pH value there is no detectable decomposition of hydrazine over a 
2 hr period in the absence of cupric sulfate, while in its presence the rate of 
hydrazine decomposition is directly proportional to the initial concentra- 
tion of cupric ions (Fig. 2) until a flocculant precipitate of cupric hydroxide 
forms mole/). The rate of decomposition then increases appreciably 
and some hydrazine is removed instantaneously from the solution as a 
result of its adsorption onto the surface, the amount adsorbed increasing 
with increasing amount of precipitate. 

mole/l cupric sulfate there is some instantaneous disap- 
pearance of hydrazine; mole/l (at an initial cupric 
sulfate concentration of 5 x 1 0 - 5  mole/l) compared with 2 x mole/l 
in the presence of oxygen.' A comparison between Figure 1 of the present 
report and Figure 4 of the previous paper' shows that the reaction between 
the initial cupric ions and hydrazine takes place in solution in the absence of 
oxygen. It would thus appear that the small particles of cuprous hydroxide 
sol which have been formed as a result of the original adsorption and oxida- 

BeIow 
this is 0.4 x 
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Fig. 2. Dependence of the initial rate of the decomposition of hydrazine on the con- 
centration of cupric sulfate. Hydrazine, 0.08 mole/l; methyl methacrvlate. 0.02 
mole/l. 
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Fig. 4. Rate curve for the polymerization of methyl methacrylate. Hydrazine, 0.08 
mole/l; methyl methacrylate, 0.02 mole/l; cupric sulfate, 5 x 10-6 mole/l. 

tion of hydrazine, do not present a suitable surface for further hydrazine 
adsorption. At cupric sulfate concentrations > mole) the increased 
rate of hydrazine decomposition indicates that decomposition must take 
place on both the initial cupric, and resultant cuprous, hydroxide pre- 
cipitates. 

Since there is no oxygen present in the system to convert cuprous ions to 
cupric ions, a given reaction mixture becomes progressively depleted in 
cupric ions; the initiating reaction is therefore not maintained, and a de- 
crease in the rate of decomposition of hydrazine is observed with a re- 
sultant slowing down of the polymerization when a plateau is produced in 
the rate curve (Fig. 4). The increased rate of polymerization which occurs 
after the plateau can be attributed to the adsorption and subsequent de- 
composition of hydrazine on the surface of the polymer which is of a 
suitable nature and area. This effect was verified qualitatively by observ- 
ing the decomposition of hydrazine in solution when a finely divided sample 
of purified polymer was added to it. 

The graph of initial rate of polymerization versus monomer concentration 
is of the same form as that of percentage conversion versus time and can 
be interpreted in a similar manner, because a change in the initial monomer 
concentration represents a change in the total surface area of polymer 
produced. 

At cupric sulfate concentrations below the saturation solubility of cupric 
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hydroxide, the rate of polymerization is directly proportional to the initial 
concentration of cupric ions in solution, as was observed by Menon and 
Kapur.* At cupric sulfate concentrations above the saturation solubility 
of cupric hydroxide, the rate of polymerization decreases in a similar manner 
to that observed in the presence of oxygen,' and this again is probably the 
result of adsorption and recombination of initiating radicals at the surface 
(Fig. 3). 
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