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 The Transition Polymerization of Acrylamide. I. 
On the Polymerization Condition and the Property of Polymer* 

 By Naoya OGATA 

 (Received November 27, 1959)

 Generally, amino acid tends to cause an 
intermolecular condensation reaction between 
two molecules to form a ring compound and 
almost never makes linear polyamide by heat-
ing. It was reported by Breslow1) that acryl-
amide was polymerized into poly-β-alanine

(Nylon 3) of high degree of polymerization 
in the presence of an alkali catalyst and an 
inhibitor of the vinyl polymerization. The 
polymerization proceeds through the transition 
of an amide hydrogen to a double bond of 
acrylamide and can be designated as the transi-
tion polymerization.

nCH2=CHCONH2→[-CH2CH2CONH-]n

 The condition of polymerization and the 

property of the polymer have been investigated 
in this study. 

Experimental 

 The Effect of Solvent.-Acrylamide was dissolved 
in various solvents at the concentration of 10%
and the solution was heated at 115℃ for 2 hr. in

the presence of 1/32 mol./mol. of sodium-tert-

butyrate and O.02% of phenyl-β-naphthylamine.

Polymer precipitated gradually from the solution 
after the addition of catalyst and adhered massively 
to the wall of a reaction vessel or a stirrer. Poly-
mer was extracted with water for an hour and the 
weight of water-soluble and water-insoluble polymer 
was determined. The relative viscosity of the 
polymer was determined for 1% solution in 98% 
sulfuric acid. Polymer was hydrolyzed by sulfuric 
acid and the qualitative and quantitative analyses
of β-alanine were carried out by paperchromato-

graphy, using a mixed solvent of n-butanol/ammonia 
=80/20 as a developer. These results are shown 
in Table I. 
 The yields of polymer are larger in the solvents 

of lower dielectric constant and in aromatic solvents 
than in aliphatic solvents. The polymerization 
hardly ever occurs in the solvents with active 
hydrogen, such as alcohol, amine or amide. 
 In the case of a N-substituted amide such as 

dimethylformamide or dimethylacetamide, the poly-
mer was obtained in the form of suspension in 
spherical particles of about 100u diameters.

 The Concentration of Monomer and Inhibitor.-
Acrylamide was dissolved in pyridine at various 
concentrations and the solution was heated in the 
presence of sodium-tert-butyrate. The yield and 
the relative viscosity of polymer was largest at 
10% monomer concentrations, as shown in Table II. 
 The quantity of an inhibitor of the vinyl poly-
merization, such as hydroquinone or phenyl-β-

naphthylamine, does not necessarily affect the yield

of the polymer, and poly-β-alanine is obtained

without such inhibitors. These results are shown 
in Table III. 
 Contamination of water in the solvents decreases 

the yield of polymer and the vinyl polymerization 
occurs in the presence of more than 1% of water 
in the solvents, as shown in Table IV. 
 The Effect of Catalyst.-The catalytic effect of 

several alkali compounds was investigated in chloro-
benzene at 10% monomer concentrations, which is 
shown in Table V. The yield of polymer is largest 
for tertiary alkoxide and the catalytic effect of 
alkali metals is in the order of K>Na>Li. 
 The yield of the polymer is approximately in pro-

portion to the square root of the concentration of 
the catalyst, while the relative viscosity of the 
polymer does not change markedly, as shown in 
Table VI and Fig. 1. 

The Rate of Polymerization.-The rates of poly-
merization of acrylamide were determined in various 
solvents at 10% monomer concentrations in the 
presence of 1/32 mol./mol. of sodium-tert-butyrate 
and 0.02% of phenyl-B-naphthylamine. These

Fig. 1. The relation between the yield of 
 the polymer and the concentration of 

 catalyst.

○Pyridine

×Monochlorobenzene

△N,N-Dimethylaniline

●N,,NLDimethylformamide

* Presented at the Symposium of High Polymer, held 

at Tokyo on November 20, 1959, under the auspices of the 
Chemical Society of Japan. 

1) D. S. Breslow, G. E. Hulse and A. S. Matlack, J. 
Am. Chem. Soc., 79, 3760 (1957).
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TABLE I. THE TRANSITION POLYMERIZATION OF ACRYLAMIDE IN VARIOUS SOLVENTS

(○:colored deeply by ninhydrin)

 TABLE II. THE EFFECT OF MONOMER CONCENTRATION 

(Polymerized in the presence of 1/32 mol./mol. of sodium-tert-butyrate
and 0.02% of phenyl-β-naphthylamine at 115℃ for 2 hr.)

TABLE III. THE EFFECT OF AN INHIBITOR OF THE VINYL POLYMERIZATION

(Polymerized in pyridine at 10% monomer concentrations at 115℃ for 2 hr.

 in the presence 1/32 mol./mol. of sodium-tert-butyrate.)
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TABLE IV. THE EFFECT OF WATER

(Monomer concentration=10%)

(Phenyl-β-naphthylamine=0.02%/monomer)

(Sodium-tert-butyrate=1/32 mol.)

(Temperature=115℃)

TABLE V. THE CATALYTIC EFFCT OF ALKALI COMPOUNDS 

(Polymerized at the catalyst concentration of 1/32 mol./mol.,
with 0.02% phenyl-β-naphthylamine, at 115℃ for 3 hr.)

TABLE VI. THE CONCENTRATION OF CATALYST 

(Polymerized at 10% monomer concentration in the presence of 0.02%
phenyl-β-naphthylamine for 2 hr.)
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TABLE VII. THE RATE OF POLYMERIZATION IN PYRIDINE AT 115℃

TABLE VIII. THE RATE OF POLYMERIZATION IN CHLOROBENZENE

TABLE IX. THE RATE OF POLYMERIZATION IN O-DICHLOROBENZENE
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 TABLE X. THE RATE OF POLYMERIZATION IN p-DICHLOROBENZENE

TABLE XI. THE RATE OF POLYMERIZATION IN N,N-DIMETHYLFORMAMIDE

results are shown in Tables VII-XII. 
 The Property of Polymer.-i) Melting Point.-

The melting point of water-soluble and water-in-
soluble polymer was determined in the nitrogen
atomosphere in an electric heater, which was 330° ～

335℃.

 ii) Infrared Spectrum.-The infrared spectrum of 
water-soluble and water-insoluble polymer was 
determined with KBr disc. by Hitachi spectrophoto-
meter IR II. The characteristic absorption band 
(Amide II band) of a monosubstituted amide ap-
pears at 6.5 u and no absorptions due to ethylenic 
double bond appear in comparison with the spect-
rum of polyacrylamide, which is shown in Figs. 
2-5.

Fig.2. The infrared spectrum of water-

insoluble poly-β-alanine, which is obtained

in chlorobenzene at 115℃ for 30 min.

(KBr disc).
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TABLE XII. THE RATE OF POLYMERIZATION IN ANILINE AND ITS DERIVATIVES

Fig. 3. The infrared spectrum of water-

 soluble poly-β-alanine, which is obtained

 in chlorobenzene at 115℃ for 30 min.

(KBr disc).

Fig. 4. The infrared spectrum of acryl. 
 amide. (KBr disc).

Fig. 5. The infrared spectrum of poly-
 acrylamide. (Film).

TABLE XIII. SOLUBILITY OF Pol-Y-β-ALANINE
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iii) Moisture Absorption.-The moisture content

of the polymer(ηrel;1.9-2.1)at various relative

humidities is shown in Fig.6.

Fig.6. The moisture content of poly-β-

 alanine,

iv) Solubility of polymer.-The solubility of the

polymer in various solvents at 25℃ is shown in

Table XIII. Anhydrous formic acid containing

5% of calcium chloride is a good solvent for poly-

β-alanine.

Discussion

The conversion curve of acrylamide to water-

soluble poly-β-alanine shows a maximum,

while the .. yield of water-insoluble polymer 
increases with time after a short induction 

period. The total yield of water-soluble and 
insoluble polymer is not affected so much with 

time. The final yield of water-insoluble poly-

mer increases as the reaction temperature 

becomes higher. Therefore, it is expected that 

the transition reaction of acrylamide to poly-
B-alanine occurs very rapidly as soon as a 

catalyst is added and then the growth of 

polymer follows slowly. 
 It is assumed that the transition of an 

amide hydrogen may be hindered in the 

solvents with active hydrogen, as the yield of 

polymer decreases with the amount of active

hydrogen of the solvents. The alkoxide ion 

may decompose in the solvents with active 

hydrogen, as follows:

RO-Na+H-XROH+Na-X

It is expected that the transition polymerization 

may proceed at first through the addition of 

alkoxide ion to acrylamide, because no absorp-

tions due to double bond appear in the infra-

red spectrum of water-soluble polymer which 

is obtainded at the initial stage of the reaction. 

The reaction mechanism will be proposed 

in a later paper, and the further investigation 

on the property of polymer and the application 

to fiber or plastics is now being carried out. 

Summary 

The polymerization condition for the transi-

tion polymerization of acrylamide to poly-B-

alanine has been investigated in the presence 

of alkali catalyst. The catalytic effect of alkali 

catalysts is largest for tertiary alkoxide and 

that of alkali metals is in the order as K>Na 

>Li. The yield of polymer is larger in the 
solvents of lower dielectric constant and in 

aromatic solvents than in aliphatic solvents. 

The polymerization seldom occurs in the 

solvents with active hydrogen. The property 

of the polymer has also been investigated. 

 The author wishes to express his gratitude 

to Dr. K. Hoshino and Dr. H. Kobayashi for 

their instructions and permissions to publish 

this study, and he also thanks Mr. K. Sugii 

for his assistance in experiments. 

 Nylon Laboratory, Research Department 
Toyo Rayon Co. Ltd. 

Minato-ku, Nagoya


