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Brief Communications 

Model investigation of the polymerization of acrylamide complexes 
with metal nitrates by ESR 

N. P. Piven,* V. S. Savostyanov, S. D. Babenko, and A. N. Ponomarev 

Branch of the Institute for Energy Problems of Chemical Physics, Russian Academy of Scienses, 
142432 Chernogolovka, Moscow Region, Russian Federation 

Modelling experiments have shown that the interaction between NO 2 and acrylamide 
(AA) and the AA complex with calcium nitrate leads to the formation of radical centers. 
Analogous paramagnetic centers are detected directly in AA complexes with calcium nitrate. 
The ESR spectrum differs from that of y-irradiated AA and is caused by nitroxyl radicals 
appearing in the course of the consecutive transformations in the system. The data obtained 
support the earlier suggested mechanism of NO2-initiated polymerization of acrylamide 
complexes with metal nitrates. 
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Recent ly  unusual  monomers  capable of  polymer iza-  
t ion have been  discovered,  1 i.e., acrylamide (AA) com-  
plexes with meta l  nitrates.  The specific propert ies  of  
these monomers  make possible po lymer iza t ion  that  pro-  
ceeds readi ly at modera te  tempera tures  without  any 
ini t ia tor  or  activator.  Thus, the  AA complexes of  some 
t ransi t ion meta l  ni trates undergo polymer iza t ion  in the 
frontal  regime at a tmospher ic  pressure and with low 
"ignition" temperatures .  2 The polymerizat ion of  AA com-  
plexes with the  nitrates of  many  metals  ( transit ion as 
well as non- t rans i t ion)  occurs spontaneously  at room 
tempera tu re  immedia t e ly  after their  syn thes i s )  It has 
been es tabl ished that  these are radical  processes and it is 
suggested that  ni t rogen oxides are thei r  init iators,  since 
they can be present  in systems containing metal  nitrate. 4 

In fact, n i t rogen oxides are capable of  init iat ing AA 
polymer iza t ion  in aqueous solutions or  solutions in D M F  

or DMSO.  5-7 But it is known that  NO,  unlike NO2, 
does not  init iate this process in an aqueous medium.  
And so, since the crystall ization water is l iberated during 
the format ion of  AA complexes,  one can suggest that  
free N O  2 radicals are the initiators of  polymerizat ion.  
Since this supposi t ion has not  yet been conf i rmed  
experimental ly,  in the present  work the paramagnet ic  
centers which are probably formed during the NO 2 
ini t iated polymer iza t ion  of  AA and its complexes  with 
metal  nitrates are investigated by means  of  ESR. 

Experimental 

Vaseline oil in a glass ampule (d = 5 mm) was saturated 
with NO 2 (obtained by the thermal destruction of lead nitrate) 
up to a concentration of ~1016 cm -3. Then the powder of AA 
or of its complex was added to the vaseline oil and mixed 
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carefully. The AA used was purified by recrystallization from 
benzene, and the crystal-hydrates of the metal nitrates used, 
i.e., Ca(NO3)2.4H20 , Bi(NO3)3-5H20, and anhydrous 
Pb(NO3)2, were of "chemically pure" grade and gave no ESR 
signals. AA complexes with metal nitrates were prepared by 
mixing finely divided AA and the corresponding nitrate pow- 
ders in a 4:1 molar ratio (see Refs. 1, 8, 9), which led to the 
liberation of the crystallization water followed by the dissolu- 
tion of the polymerization-capable complex. In the case of 
Pb II nitrate, a small amount of water was added to the mixture. 
The concentrated solution of the AA complex that formed was 
placed in ampules (d = 3+5 mm). To obtain the solid phase 
AA complex with Ca II nitrate, the product of the polymeriza- 
tion was dried, washed with ether, and evacuated. 

To register the ESR spectra, the ampules with the samples 
were placed into the resonator of a 3 cm diapason E/X-2544 
spectometer. All measurements were carried out at room tem- 
perature. To obtain the growing poly(acrylamide) (PAA) radi- 
cal, AA was 7-irradiated in the evacuated ampule at -196 ~ 
(irradiation dose 20 kJ kg - l ,  dose power 1.4 J kg -1 s - l ,  6~ 
source). 

Results and Discussion 

No ESR signals were registered during the spontane-  
ous po lymer iza t ion  of  any of  the investigated AA com-  
plexes with metal  nitrates. This was apparent ly  due to 
the small  concent ra t ions  of  the radicals formed and the 
considerable  deter iora t ion  of  the quali ty of  the resonator  
because of  the  presence of  the l iberated crystall ization 
water  in the system. Therefore  an a t tempt  was made to 
reveal the in terac t ion  of  N O  2 with AA and its complexes 
in a model  medu im with small  dielectr ic  losses. Vaseline 
oil was chosen to be this kind of  med ium since the 
needed concent ra t ion  of  N O  2 could be easily reached 
in it. 

Ni t rogen  dioxide is a stable o -e lec t ron  radical  and its 
s tucture and ESR spect rum have been studied quite 
thouroughly,  l~ The ESR spectrum of  NO 2 in vaseline 
oil (a single line with a width of  15 mT and g-factor  
equal to 2.00) registered by us is presented in Fig. 1, a 
and corresponds to the  c o m m o n l y  known spectrum. AA 
powder  in vaseline oil which does not  contain  NO 2 gives 
no ESR signal, whereas the sample  of  the  AA complex  
with Ca tl ni t rate  gives a weak tr iplet  (Fig. 1, b). When  
the interact ion o f  this complex  with the N O  2 dissolved 
in vaseline oil occurs,  the  intensi ty of  this line increases 
substantial ly (Fig. 1, c) and the wide N O  2 band actually 
dissappears.  Afterwards,  the signal intensi ty of  the triplet  
decreases. When  non-coord ina ted  AA reacts with the 
dissolved NO2, a s imilar  t r iplet  appears against the 
background o f  the wide N O  2 band,  and the intensi ty of  
the former diminishes ,  while the  intensi ty of  the lat ter  
eventual ly increases. 

It should be noted that  the  ESR spect rum of  the  
radical  discovered is an anisotropic  tr iplet ,  that  is, it 
differs from the symmetr ica l  t r iplet  belonging to the  
growing PAA radical  (1) formed in y- i r radiated AA at 
room tempera tu re  (Fig. 2, a) as a result of  the addi t ion 
of  an AA molecu le  to the init iat ing radical,  t l  

f 
i 

\ 

2.5 mT 
I ' '  I 

Fig. 1. ESR spectra of the radical forms in vaseline oil at 
20 ~ NO2(a); AA complex with Ca II nitrate (b); product of 
the interaction between AA-Ca I1 nitrate complex and NO 2 (c). 
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Fig. 2. ESR spectra of'/-irradiated AA (a) and of the product 
of the interaction between the AA-Ca II nitrate complex and 
NO 2 in vaseline oil (b). 
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The addi t ion of  ni trogen dioxide to the  double bond 
of  the m o n o m e r  s must  lead to another  structure (2). 
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However, it has been noted 12-14 that during the 
interaction of  NO 2 with compounds  containing >C=C< 
double bonds structures of  this type could not be regis- 
tered directly, though nitroxyl radicals of  the type 

O" 
RI--~I-R 2 (3) are present in the system. These radicals 

can be formed in the course of  the consecutive transfor- 
mations of  type 2 radical forms and the products of  their 
reactions with N O  2 according to the schemes described 
before. I2,13 The characteristic features of  the ESR spec- 
tra of  radical 3 are the anisotropic hyperfine structure 
and the anisotropic g-factor. 

The spectrum which we registered (Fig. 2, b) is an 
anisotropic triplet (All = 3.2 mT, gll = 2.0021), i.e., it is 
characteristic of  type 3 nitroxyl radicals. The mecha-  
nism of  the formation of  such radicals during the inter- 
action of  N O  2 with acrylamide is apparently analogous 
to that suggested earlier, 12,13 taking into account  the 
initiation and prolongation of  the chain during the 
polymerization. Apparently, our discovery of  the nitroxyl 
radical is indirect evidence of  the existence of  its short- 
lived precursor of  type 2, which is actually the initiator 
of  the acrylamide polymerization. 

The role of  the NO 2 source in the system under 
investigation could be played by metal nitrates partially 
hydrolyzed in a n  aqueous medium: Is 

M(N03)  n + H20  - �9 M(OH) (NOs)n_  1 + HNO 3 . 

The nitric acid forming is in equilibrium with NO2:15 

4HNO 3 - - 4 N 0 2 +  0 2 + 2 H 2 0 .  

The N 2 0  4 present in the system in equilibrium with 
NO 2 (see Ref. 10) can not affect our conclusions. 
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