2-Methyl-2-nitrosopropane as a new regulator of the polymer chain growth
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Aliphatic nitroso compounds are efficient regulators of the radical polymerization of methyl methacrylate through the
‘pseudoliving’ chain mechanism.

It is well knowri-5 that stable nitroxyl radicals, in particular, position inhomogeneity of polymers. Earliénve proposed the
2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) and its analoguespuse ofN-tert-butyl-a-phenylnitrone for controlling the radical
can control the chain growth in the polymerization of styrenepolymerization of acrylic monomers. Note that MNP is a more
and methyl methacrylate (MMA). A significant disadvantage ofefficient growth regulator because it actively affects the growth
the regulators is that they effectively influence the growth stagef polymer chains in much lower amounts (0.01-0.05 mol%).
only at temperatures above 373 K. Thus, low-molecular stabl&€he addition of more than 0.1 mol% MNP to a monomer mix-
radicals cannot be widely used under industrial conditions ofure gives rise to a considerable increase in the induction period
polymer synthesis. (Table 1) and to strong inhibition of the overall process.

To control polymer chain growth in the radical polymeriza- On the basis of the reactivity of nitroso compounds and a
tion of MMA, we proposed the use of 2-methyl-2-nitroso- mechanism of ‘pseudoliving’ polymerization in the presence of
propane (MNP), which is traditionally employed as a spin tramitroxyl radicalst3 it is reasonable to assume that the controlled
and can add active radical centres (including polymer radicalgropagation of a macromolecular chain results from the inter-
with the formation of stable nitroxyl spin adducts directly in theaction of MNP with polymeric (oligomeric) radicals to form
reaction system. stable nitroxyl radicalsA-):

2-Methyl-2-nitrosopropane was synthesised by a well-known

procedure. MMA, azobis(isobutyronitrile) (AIBN) and solvents ~F + BU-N=0 ” ~Pn_'|\'_o' @
were purified by standard procedufe$he physico-chemical But
constants of the compounds used were consistent with the A

published data. Samples for polymerization were prepared under

a residual pressure of 1.33 Pa, the experimental details wevehere ~Bis a macroradical containimgmonomeric units.

described elsewhefeThe kinetics of polymerization was moni-  This is the cause of an induction period observed in dilato-

tored by gravimetry, dilatometry and thermograpfihe mo-  metric studies. Nitroxyl spin adduct&-] interact with growing

lecular weight (MW) of the polymer was determined by vis-radicals with the generation of labile terminal groups:

cometryt® and gel permeation chromatography using a set of

five styrogel columns with pore diameters of18x1C¢, 104, ~P; + A <~ [-P;——A] )

108 and 250 A (Waters, USA). An R-403 differential refrac-

tometer (Waters) was used as a detector. Tetrahydrofuran servedThe lability of the chemical bond [P — A] is caused

as an eluent. For the calibration, narrow-disperse polystyrerigy the stability of the the nitroxyl radicah[]. This stability is

standards were used. associated with electron density redistribution between oxygen
The data indicate that, on adding 0.01-0.05 mol% MNP, thand nitrogen atoms and also with steric hindrances from the

initial rate of MMA polymerization decreased only slightly tert-butyl group of nitroxyl. It is well-known that radical reac-

(Table 1). At the same time, this additive caused a noticeablgons are very sensitive to steric environments.

decrease in the autoacceleration process. Moreover, a successiv@he uniform reinitiation as a result of reverse reaction (2)

increase in the additive concentration from 0.01 to 0.05 mol#eads to the occurrence of a ‘pseudoliving’ polymerization

relative to MMA results in a gradual decrease of the poly-mechanism. In this case, the chain growth procegdsequen-

merization rate at the autoacceleration stage (Figure 1, curveil insertion of the monomer at the labile bond {~P- A]:

2-4) and almost comletely eliminates a gel effect which induces

a spontaneous increase in the molecular weight and the con 1
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Figure 2 Molecular weight (MW) of poly(methyl methacrylate) as a fi

Figure 1 Differential kinetic curves of the polymerization of methyl tion of conversion: ¥)—(3), viscosity-average MW;4§ number-averag
methacrylate in the presence of MNP at 338 K; iniiator, [AIBN] = 0.1 mol%, MW; initiator, [AIBN] = 0.1 mol%. MNP concentrations (mol%}t)(0, (2)
MNP concentrations (mol%)1) 0, (2) 0.01, @) 0.02, &) 0.05. 0.01, @) and @) 0.02.
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Thus, MNP as a potential source of stable radicals directly
participates in the stage of polymer chain growth and controls
the rate of the process and the molecular-weight characteristics
of PMMA in a relatively ‘soft’ temperature range (323-338 K).

Another explanation of the polymerization mechanism ofAn important feature of this growth regulator is that, in contrast
MMA in the presence of MNP can be given in terms of thewith other regulator;s stable radicals capable to control the
secondary catalytic inhibition of the polymerization of vinyl polymeric chain growth are formed directly in the course of
monomers by nitroxyl radicals, which was considered in detaipolymerization by the interaction of the polymeric macroradicals
by Smirnovi4 with the additive. This additive is more efficient as a poly-

In order to examine this mechanism under particular condimerization modifier than TEMPO and other stable radicals.
tions, the molecular-weight distribution of the samples prepareth controlling the polymeric chain propagation, MNP slightly
in the presence of various MNP concentrations and the malecreases the rate of polymerization and hence can outperform
lecular weights of polymeric products as functions of the degreether regulators of radical polymerizatiof.14
of conversion were studied. We found that the chromatograms
of poly(methyl methacrylate) (PMMA) samples are unimodal, This work was supported by the Russain Foundation for
and the mode is regularly shifted towards the high-moleculaBasic Research (grant no. 99-03-33346) and the Competitive
region with increasing time of polymerization. This indicatesCentre of Fundamental Science.
that the polymerization is accompanied by a continuous rise of
the average MW of the polymer. In addition, the number-References
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the process (Table 1). An insignificant increase in the coefficient
of polydispersity (higher than 1.5) with conversion can be
associated with bimolecular chain termination, which lead to
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Table 1 Characteristics of the polymerization of MMA and the polymer 10
formed in the presence of MNP; initiator, [AIBN] = 0.1 mol%s 323 K.

MNP Induction ... .orCoefficient Polydispersity of High-Molecular Compoundshimiya, Moscow,
Entry concentrationperiod/ Téﬂar'nf‘l‘ggrg 51 (CO/(;)nverswnof poly- 196y3, pF.) 357y(in Rusgian). pound Y

(mol%) min dispersity 11 S. Moris,J. Lig. Chromatogr 1990,13, 1719.
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