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The first synthesis of high-molecular-weight poly(N,N-diallyl-N-methylamine) by thermal 
(at 30 and 50 :C) and photoinduced (at 21 ~ radical polymerization el" N.N-diailyt-N- 
methylamine ~DAMA) in aqueous solution in the presence of an equimolar amount of 
trifluoroacetic acid (TFA) and by polymerization of the newly synthesized equimolar 
DAM&-TFA sah is reported. Data of IH NMR spectroscopy indicate dial lhe molecules of 
the monomer under chosen conditions are in the protonated form This leads to a decrease in 
the contribution of the reaction of degradative chain transfer to the monomer and its 
transformation into effective chain transfer to the monomer. A bimolecular cimin termina- 
tion mechanism was estabik, hed and H~e possibility of controllinL, the poiymerization rate and 
the molecular weight of the polymer was demonstrated. 

Key words: N,N-diallyl-N-methylanfine. trifluoroacetic acid, protonatioq, nldical poly- 
merization, degradative chain transfer to monomer, poly(N,N-diallyt-~-methylamine). 

] h e  present  study is devoted to the solution of  one 
of  tbe problems o f  polymer chemisto' ,  namely the in- 
volvement o f  prospective monomers o f  the N,N-d i -  
al lylaminc series ( ! )  in radical polymerizat ion to give 
polymers o f  relatively Mgh molecular  weights ( M W )  

The ment ioned process of  
po lymer iza t ion  is di f f icul t  to 
pertbrm because the reaction 
of  degradative chain transfer to 
the monomer  occurs wi th the 
abstraction o f  the c~-hydrogen 

All-.. N j A i l  

I 
n 

atom of  the al ly l  group o f  the R = H (a), Me (b), Bu t (c) 
monomer  by radicals and wi th 
the format ion  o f  a weakly reactive, stable allyl radical. 
This results in the terminat ion of  the kinetic chain, and 
hence,  only  o l igomers  with low MW can be produced in 
this process I - 8  (see also Ret~s. 7, 8) (Scheme I). 

It is known, that the po lymer iza t ion  rate for allyl 
and diatlyl monomers as well as the MW values o f  
o l igomers  obtained substantially increase in c o m p l e x -  
forming and acidic media, the react ion rates and MWs 
of  products  increasing with increase in the p ro ton-  
donor  propert ies (or complex ing  ability) of  the acidic  
solvent  and in the m o n o m e r  basicity. ~-7 This effect is 
explained by the enhancemen t  o f  the c,,-C--H bond 
strength in the atlyl group upon  m o n o m e r  pro tonat ion  
(or comp lex  fi)rmation) and by the increase m the 
reactivi ty o f  the allyl radical in such a media,  i.e., by 
partial t ransformation of  degradat ive chain transfer into 
the effect ive one, 2-7 Nevertheless ,  even in acidic me-  
d ium,  polyamine  with sufficiently high MW could be 
obta ined  from the most basic a l lylamine m o n o m e r  only 
by radia t ion- induced polymerization. '* At the same t ime,  
the qua t e rna~ '  forms of  m o n o m e r s  1 (salts of  derivatives 
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Now: reaction (I) -- chain propagation, reaction (2) -- degradative chain transfer to monomer. 
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of !) polymerize relatively easib, by chemical initiation 
with the formation of rather high molecular weight 
cationic polyelectrolytes. 8,'~ 

As was shown earlier, t the competitiveness of chain 
transfer and propagation reactions is controlled by the 
difference between their activation energies. Based on 
these results, we used quantum-mechanical calculations 
to study the possible mechanisms for the effect of 
protonation and quatemization of I on the competitive- 
ness of two reactions -- chain propagation and chain 
transfer to monomer, t~ We demonstrated that at ambi- 
ent temperatures the radical polymerization of the stable 
protonated forms of 1. e.g.. N,N-diallyI-N-methyl- 
ammonium (2). also may give a product of fairly high 
MW. I~ The protonation of lb, as well as its quaternization 
leads to increase in the act ivat ion energy for 
c~.-hydrogen abstraction due to the enhancement in the 
~-C- -H bond strength, 1~ which is in accordance with 
the results of Ret's. "~ " The advantage of the use of the 
quaternaw Porto of the amine consists in the additional 
increase in the activation energy for chain transfer 
because of soh,ation effects (the decreasing of the free 
enemy of solvation of bulky structures). It is no less 
important that m this case the existence of the stable 
~onogenic forms of monomer and chain propagation 
radicals is also provided. I~ 

thus ,  to create the stable protonated tbrms of 1 
Iwith the practically total absence of non-protonated 
[brms) in polymerization medium is the key point for 
solving the discussed problem. The aim of the present 
work was to search for the system where monomer lb 
almost completly exists as the stable protonated form 2 
and to study the possibility of obtaining products of high 
MWs by radical polymerization of this s,vstern. 

Results and Discussion 

Pvlonomer system 

The analysis of the data available in the reviews 11-12 
(see also references therein) on the acid-base equilib- 
rium existing in complexes of amines of various natures 
with known acids shows that the formation of ionic 
proton-transfer complexes (highly dissociated or as ion 
pairs, depending on the solvent) is the most probable in 
equimolar mixtures ofamine--trifluoroacetic acid (TFA). 
However. allylamine complexes (in particular, 1) with 
various acids including TFA were not studied, It was 
established tbr equimolar complexes of pyridines with 
TFA in aprotic non-polar  solvent that in the case of 
pyridines with pK a r the equilibrium is shifted toward 
the e.xch,sive formation of proton-transfer ion pairs. 13 
Faking into account that compounds i are even stron- 
ger acceptors of a proton (value.,i of pK a > 9), TFA v, as 
chosen as protonizing agent. 

To confirm the fact of protonatiom the tH NMR 
spectra of solutions of equimolar l b - - T F A  mixture and 

compound lb in ,'vl%O-d~ were investigated at various 
concentrations. The degree of amine protonation was 
judged by the position of the peaks arising from methyl 
protons of monomer  Ib, which are typically shifted 
downfield upon protonation in T F A  media (see, tbr 
example, data t4 for the tertiary amines R2NMe). 

It was established that a significant downfield shift of 
Me proton resonance is observed for the solution of a 
Ib--TFA mixture in comparison with the solution of 
neutral amine containing no TFA (&6 = 0.59 to 0.61; 
the concentration of lb amine in the mixture changed 
from 4.08 to 1.13 m o l L - l ;  its concentrat ion in the 
solution of neutral amine ,sas 1.13 tool L-t) .  

The mobile protons of the c,-CH 2 group were even 
more sensitive to protonation of the nitrogen atom. For 
them a downficld shift by 0.77 ppm was obser','ed irre- 
spective of the concentration of solution. The reso- 
nances of other allyl protons, especially of protons of 
CH~ end groups, are also shifted downfield in the 
presence of r F A ,  but to a tesser extent. Change in the 
position of the c~-CH-~ proton resonance is especially 
indicative if one takes into account that c~-C--H bonds 
are slightly shortened and strengthened upon protona- 
tion, as was mentioned above. I~ 

Since prolonged time is reqiured for reaching com- 
plete acid-base equilibrium in the sufficiently viscous 
solutions of Ib - -TFA mixture, the problem of incom- 
plete protonation arises (i.e., the dimer  forms of TFA 
and non-protonated amine molecules may exist in the 
more concentrated mixtures, which is typical for the 
systems containing carboxylic acids and, in particular, 
TFAt t -13 ) .  Therefore the 
N , N - d i ' a l l y l -  N - n l e t h y l a m -  
monium tr if luoroacetate 
t Ib" T[-A) was synthesized by 
the specially developed pro- | ~  ~ M.. j '  
cedure. Its composition was 
confirmed by elemental ana- ! ~. 
lysis. At ambient temperature, Me H... . _ . 
the synthesized l b - T F A  salt O...~_...O-- 
is a transparent viscous oily [ 
l iquid.  1 b �9 TFA CF3 

"l-he analysis of I H N M R 
spectra obtained for solutions 

equ i rno lecu la r  salt of 

of this salt in MetCO-d ~ at concentrat ions analogous to 
those of solutions of a Ib- -TFA mixture has shown that 
the downfield shifts of methyl proton resonances (26 = 
0.59 to 0.62) are equal to the shifts of corresponding 
signals in the spectral of a Ib - -TFA mixture, while the 
shifts of proton resonances derived from the a - C H ,  
group (A~5 = 0.77 to 0_82) are even somewhat higher 
than for the mixture. 

It is known that the thct of protonat ion of the base 
in the presence of an acid in an aprotic solvent guaran- 
tees that in the aqueous solution the given base will be 
completely protonated.tt , lz Therefore we believe that in 
acidic aqueous solutions amine lb  would exist exclu- 
sively in the protonated form 2. 
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Synthesis and some properties of polymers 

We car r ied  out  the radical  po lymer i za t i on  o f  
I b - - I - F A  mix tu re  and i B . T F A  salt in i t ia ted by 
( N H a ) 2 S 2 0  s at 30 and 50 ~ as well as photoini t iated at 
21 ~ ill aqueous  solutions at several initial concen t r a -  
t ions o f  monomer .  After heating or  photolyzing, the 
p roduc t s  were isolated both as the polysalt (3) and as 
the polybase (4), the IH and );C N M R  spectra oF 
var ious  samples and their viscosity and molecular mass 
character is t ics  were studied. 

The  polymer  3 and polybase 4 are yello~ish c u s t a l -  
l ine so l ids  The solubility o f  monomers  and symhesized 
po lymers  is character ized as follows (s = soluble, i = 
insoluble) ;  

Solvent Sample 

lb ib �9 TFA 3 4 

H ~O i* s 
Et , 0  s s 
Me,CO s s 
C' H'CI~ s s 
MeOH s s 
Hexane s i 
Benzene ~ i 

* < 8 %  

It is known, that the polymerizat ion of alkylated 
m o n o m e r s  of  series 1 gives cyc lo lmear  polymers wi th  
f i ve -membered  pyrrolidine rings in the chain, s ,9 - t s - t7  
The  structures of  the synthesized polymers were es tab-  
lished on the basis o f  the e lementa l  analysis data and by 
compar i son  of  the II-t and I ;C N * I R  spectra (Fig. 1) 
with the literature data. s , ts ' t6 The  analysis for f luorine 
has shown thin the tbrmed polysalt 3 cont 'dns one  
molecu le  of  TFA per unit of  monomer ,  l-he results 
suggest the structures o f  poly(N,N-dia[lyI-N-methyl-  
a m m o n m m  tr if luoroacetate)  (3) and poly(N.N-dia l ly l -  
N - m e t h y l a m i n e )  (4) shown in Scheme  2, 

Scheme 2 

'- "CH Z @CH2 . CH 2 

Me H-. Me 
O < . ~ . / O  4 

1. 
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3 

The I3C N M R  spectrum of the isolated polyamine 4 
is ident ical  to the spec t rum of  the analogous po lymer  
(o f  degree  of  polymer iza t ion  o f  20L t6 Compar ison o f  
the relative intensities o f  the pairs o f  signals assigned to 
the C(3)  and C(4) a toms of  the cis- and n'ans-substi- 
tuted pyrrolidine rings o f  po lyamine  4 (see Fig. I, a) 
indicates  a cLs :trons ratio o f  approximate ly  5 : I, wh ich  
is in accordance  with the data. t6 

C(~ % I C(3.4) 
. . . . .  J I X~e~.) C(S.4),.) I I I 

11 ''. M e i / ) /  L Me J n 
| ] l i  .. i c(6)w) 

'i ~ i  c (6) ,r ) ' l  

; . 1 t .  i .  i , : ; i I ) 1 i , t ] 
70 60 50 40 30 3 

;;! 

6.4 6.2 ,~ 

'i ~ !J ,, 

8.0 6.0 4.0 2.0 ,5 

Fig. I. NMR spectra: n, IsC NMR spectrum ofpotyamine 4 in 
CD;OD, Iq] = 0.47-10" mkg -I, see ]able l. !;, ~H NMR 
spectrum of polysalt 3 m D20 tc -- cis, t - -  trans), polymer 
sample was prepared from mixture (Ib--TFA) at 31) ~C. [M = 
2 mol k -I,  [ll = 5.10 -s tool L-L 

The )H N M R  spectrum of the synthesized po lymer ic  
salt 3 (see Fig. 1, b) contains k)v,,-intensity proton 
resonances of  vinyl end groups (5.9--6.4 region).  These 
signals were first observed 15 in the IH NMR. specu 'um of  
quaternary polysalt poly (N,N-d ia l ly I -N ,N-d imethy l -  
ammonium chloride) (5). This suggests that in the ob- 
served process tile reactive radicals of chain propagation 
are generated during the chain transfer to the monomer. 
and, thus, the acts of ci~ain transfer to the monomer 
become effective by analogy with the mechanism sug- 
gested in Refs. 8,15 (Scheme 37. 

According to the kinetic data 3,4,7 obtained for the 
polymerization of allyl monomers  in acidic or  c o m p l e x -  
forming media, the allyl radical of  chain t ransfer  also 
becomes rather reactive under these condi t ions .  As a 
result, the chain transfer to the monomer  the substan-  
tially transforms into the effective one (it was shown,  s 
that the polymefizat ion of  AIIN H 2 in H3PO 4 m e d i u m  is 
characterized by a value of  the probability o f  ini t ia t ion 
by the allyl radical of  chain transfer of  0.86). 

The reasons for activation of  allyl radicals o f  chain 
transfer, i.e., why these radicals get the ability to take 
part in ,the reaction of  addition to a double bond  ( trans-  
formation into the propagation radicals) under  p ro tona -  
tion, complexing,  or quaternization condi t ions ,  are not  
absolutely clear yet in the case of  polymerizat ion o f  both 
al[yl and diallyl monomers.  The authors 3A,7 expla in  it 
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Scheme 3 
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b', the increase in the stability, of tile allyl radical caused 
by reduct ion o f  its mobili ty because o f  the formation o f  
a grid o f  hydrogen bonds network with the solvent 
molecules .  We believe that the ability o f  protonated or  
qua ternary  allyl radical to take part in the addition to a 
double  bond (for diallyl radicals it is an int ramolecular  
cycl iza t ion ,  see Scheme  3) can be caused by the local - 
ization o f  unpaired electron density' on to  the o:-C a tom.  
This  local iza t ion might arise in lorms containing the 
posit ively charged N atom due to the low elect ronega-  
tivity o f  the c~-CH---NR3 ~ group.  As was established, 18 
the s imilar  local izat ion of  e lectron density onto the end-  
group X (per turbat ion of  de tocal iza t ion)  is characterist ic 
for s imple  allyl radicals of  the C H 2 = C H - - X "  type 
con ta in ing  group X less e lec t ronegat ive  than the CH 2 
group (see also references in the workJS). This ques t ion 
is of  interest and should be cons idered  separately. 

The  values o f  intrinsic vi~;cosity [rl] in MeOH were 
d e t e r m i n e d  (at 25 ~ for the var ious samples o f  
p o l y a m i n e  4. o b t a i n e d  u n d e r  b o t h  thermal  and  
photo in i t ia t ion  (Table I). The  viscosity measurements  
carr ied out for one o f  the samples  in MeOH and in a 
me thano l i c  solut ion of  LiC1 have shown that in pure 
M e O H  tile e lectroviscous effect is observed. This effect 
is typical for very diluted solut ions o f  polYelectrolytes 
(Fig.  2). T h e r e f o r e  the values  o f  viscosity o f  the 
po lyamine  samples were de te rmined  by standard ex- 
t rapola t ion  to tile axis of  ordinates.  

As shown in Table I, the [rll values obtained are 
sufficiently high and vary with cl 'vmging process t em-  
perature ,  ini t iat ion method,  type o f  m o n o m e r  (salt or  
mixture) ,  and initial concen t ra t ion  o f  monomer  and 
init iator.  The value o f  the average MW (*1,,,) for the 
po lymer  sample prepared from i h - - T F A  mixture at 
30 ~ was 32000, as measured by sedimentat ion ultra-  
centr i fugat ion.  This fact indicates that we succeeded in 
the synthesis o f  pols, amine o f  an averagc degree o f  

Table I. Intrinsic viscosity ([qt) (in MeOH) for the various 
samples of polyamine 4 prepared in aqueous solutions under 
thermo- lAY and photoinitiation (,~v) in the presence of 
( N H4)2820 s 

Monomeric Initiation T" r a 1q] '10 -2 " 

svstem Type [I}-10 - ; e  ,,"~ /h ,/mLg -] 

Type [MI ,/ 

Ib--TFA 2 ~'~ 5 30 50 0.5 If 
Ih--TFA 2 ~x 5 50 50 047 
Ib--TFA 2 ,x 10 30 50 0.45 
Ib--TFA 2 ,3. 20 30 50 0.39 
Ib--TFA 2 hv g 5 21 2.67 0.71 
lb" TFA 2 6 5 30 50 0.~0 
Ib- TFA 3 6 5 30 50 1.07 

a Polymerization temperature. 
b Polymerization period. 
c The values of viscosity averaged |br several samples of each 
polyamine obtained under various polymerization conditions 
are given. 
,,/[ MJ/mol L -q - concentration of monomer. 
" [ l l  /tool L -I -- concentration of (NH4)2S2Og initiator. 
f Mw = 32000 {sedimentation uhracentrifugatlon). 
.~A DRS-250 lamp, quartz reactor. 

polymer izat ion of -300 under the condi t ions o f  thermal  
in i t ia t ion.  This value is more than one order o f  magni -  
tude higher than the values obtained earl ier  with po ly-  
mer iza t ion  of  hydrochloride l b .  HC1 under  cond i t ions  
of  thermal  initiation by' various initiators, where the 
average degree of  polymerizat ion of  polyamine was about  
2t) at 30 ~ 16 and not higher than 5 at 65 ~ It is also 
known,  19 that the at tempts  to overcome the m e n t i o n e d  
difficulties and to synthesize polymers of  actually high 
MWs from the monomers  of  series 1 did not lead to 
considerable success. The max imum value of  [q] ( in I M  
NaCI solution, 30 '~C) found for the samples o f  po ly-  
meric salt prepared from l b -  HCI was 29 m L g  - I .  

I n a series of  works 3-7 polymerizat ion o f  al lyl m o n o -  
mews and monomers 1 in various acidic media under 
condi t ions of  thermal in i t ia t ion did not lead to the 
f o r m a t i o n  o f  po lymers or  o l igomers .  On ly  upon  
photo in i t ia t ion (20 ~ o f  tile most basic m o n o m e r  

q,,p. C - I  . lO-Z/mL g-i 
0.gF �9 

L 

> 

0.4 i- �9 methanol 

!- o 0.4M LiCI 

0 0.4 0.8 C" 102/g mL - I  

Fig. Z. Dependence of the ~pecific qscosity ~p of polyamine 4 
(per the concentration of 4) on the concentration of polymer 4 
((-3, 25 ~ solvents -- MeOH and 0.4 M LiCI in MeObl. 
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from the considered series --  AIINI-t~ --  was the 
polyamine with MW of ca. I0000 obtained in the pres- 
ence of  3-fold excess of  H,,PO 4. This MW value corre- 
sponds to an average degree of  polymerization equal to 
175 (under the conditions of radiative initiation, MW of 
the polymer reached ca. 140000L 4 

In the present work the use of  photomitiation along 
with reduction m the process temperature to 21 '~C has 
allowed us to obtain polyamine 4 with a degree of  
polymerization much higher than 31)0, as can be seen 
from comparison of the viscosities of  the polymer samples 
synthesized at 21 and 30 :'C (]]'able I). 

An increase in the concentrat ion of initiator results 
in characteristic 2~ (for radical polymerization) reduc- 
tion in the viscosity of  polymers obtained at the same 
temperature. 

The aforediscussed variation of viscosity values for 
polymer 4 with changes of  polymerization conditions 
relates to the polymerization of  ib - -TFA mixture. Even 
higher  viscosity values were found for samples  
of  polyamines synthesized by the polymerization of 
I b - T F A  salt (]]able I). This effect was expected, since 
during the polymerization of  lb-- - [FA mixture witll the 
concentrat ion greater than l tool L -t  an acid-base equi- 
librium might be established incompletely, as was men- 
tioned above. With the use of  lb �9 TFA salt the opportu- 
nity has also appeared to carD' out the reaction at higher 
concentrations of monomer  (> 2 mol L-~). which has 
resulted in substantial increase in polymer viscosity 
under comparable conditions. The analysis of the sub- 
mitted data enables us to believe that the photoinitiated 
polymerization of l b ' T F A  salt at concentrations of  
initiator as low as possible is the most promising from 
the viewpoint of obtaining polymers of the highest 
MWs. 

Study o f  ~ome kinet ic  characteristics 

To study the polymerization kinetics the G LC method 
was used. For this purpose the method of quantitative 
estimation (by GLC) of  consumption of monomer dur- 
ing cationic step~ise polymerization developed earlier zl 
was modified and adapted to the described process 
under discussion. The advantage of  this method is that 
G L C  (unlike dilatometry) allows one to study (with 
suffiszientl.' :' high accuracy and reproducibility of  results) 
kinetics of the radical poiymeiizat ion at reliitively low 
rates of  monomer consumption,  This method can be 
applied both at low monomer  conversions (that are 
necessary. for studies of stationary kinetics} and at high 
degrees of  monomer conversiotl. 

The initial rates (v) of  radical polymerization of  
I b - T F A  salt (at 5 - 6 %  conversion of the monomer)  
were measured at concentration of the monomer [M] = 
2 tool k -j and concentration of  (NH4)2S20 s initiator 
[I] = 5- l0 -3 tool L -I (the results obtained are given in 
comparison with tl~e data 8 on the initial rate of  poly- 

merization of N , N - d i a l l y l - N , N - d i m e t h y l a m m o n i u m  
trifluoroacetate (6)): 

Monomer T/"C t, �9 l06 
/mot (1. s) -I 

ib - TFA 30 44+_0.4 
Ib " TFA 50 I l "- I 

6 6 0  66 

Change in the reaction temperature causes the ap- 
propriate change in the polymerization rate. One can 
see that the polymerization rate of lb �9 TFA salt found at 
50 ~C is comparable to that s of quatemaw salt 6 at 
60 ~ This tact strongly suggests the relatively high 
reactivity of lb" TFA salt. 

Fig. 3 shows the dependence of the initial polymer- 
ization rate on the initial concentration of initiator. The 
kinetic reaction order with respect to the initiator (0.51) 
obtained from the data of Fig. 3 evidences the bimo- 
lecular mechanism of chain termination. A rather im- 
portant conclusion follows from this, namely that in the 
given system acts of  degradative chain transfer to mono-  
mer, which are characteristic of allyl monomers, can 
not be found, i.e., the chain transfer to monomer  
becomes the effective one. The obtained result also 
indicates thai in the considered process the monomer  
molecules and propagation and chain transfer radicals 
are protonated (for detailed discussion see above). In 
this connection note that in the early works 3,4,7 on 
polymerization of atlyl monomers in acidic media, in 
particular on the polymerization of the AIINH2--H3POa 
system, the kinetic order of I with respect to the initia- 
tion was observed. We believe that in the mentioned 
systems only part of the monomer molecules and pan of  
the radicals were in the stable protonated forms. This 
assumption is also proved indirectly by the impossibility 
of obtaining the corresponding polymers and even oli- 
gomers as a result of polymerization of  these monorners 
under thermal initiation conditions. 

2.0 

1.6 

1.2 

0.8 

0.4 

I 

log(u-106) 

0 0.5 1 1,5 IogQl['104 ) 

Fig. 3. Dependence of the initial sate (u) of polymerization of 
monomer Ib 'TFA salt on the concentration [I] of the 
INH4)2SzOs initiator doganthmic scale!; [M] = 2 mo[-L -t .  
T = 50 ~ 
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Thus,  a high molecular  weight  polyamine has been 
synthes ized  for the first t ime by radical polymerizat ion 
of  a m o n o m e r  o f  the dial lylamine series in the presence  
of  a c o m m o n  radical ini t ia tor  unde r  relatively mild 
cond i t ions .  The bimolecular  m e c h a n i s m  of  the chain 
t e rmina t ion  reaction has been establ ished:  the oppor tu -  
nity o f  control of the react ion rate and molecular  weight 
o f  the po lym er  has been shown.  

The results  o f  this work con f i rm  the eflqciency o f  the 
suggested approach  for the p repara t ion  of  high molecu-  
lar u, e ight  polymers  from allyl m o n o m e r s  by polymer-  
ization in the media where the m o n o m e r  is pro to-  
hated. 3-7,1~ They also justify,  as we believe, the choice  
of  the m o n o m e r i c  system made  in the present  work. The 
advantage  o f  our  system cons is t s  in that the interacrion 
of T F A  with an amine with pK a > 7 at a molar  ratio 
T F A :  a m i n e  o f  I : I leads in water  and even in less 
polar, apro t ic  solvents to the fo rma t ion  o f  a stable ionic 
pair (highly dissociated or assoc ia ted ,  depend ing  on the 
type o f  the solvent),  jLI3 It is possible to state that in 
none  o f  the polymerizat ion media  cons idered  earlier 3 -  
747,18 was the acid-base equi l ibr ium achieved so that 
the m o n o m e r  would be mainly in the pro tona ted  fbrm 
(the a m o u n t  o f  n o n - p r o t o n a t e d  m o n o m e r  molecules  
and p ropaga t ion  radicals would be insignificantly small). 

In ou r  op in ion ,  further  sys temat ic  studies will aIlow 
us to es t imate  quanti tat ively a n u m b e r  of  e lementary  
kinetic cons t an t s  of  the po lymer iza t ion  process. At the 
same t ime,  it is already clear  that  the results obta ined 
basically make  it possible to synthes ize  new cat ionic  
polye lec t ro ly tes  of sufficiently high molecular  weight 
from m o n o m e r s  of  series 1, as ve i l  as to modify them 
subsequent ly ,  

Experimental 

IH and IJC NMR spectra were recorded on a Bruker MSL- 
300 spectrometer (300 MHz) in Me2CO-d~ ,, CD_~OD and D_,,O. 
The chemical shifts in the IH NMR spectra are reported 
relative to residual protons of the solvent. 

GkC-analysis was carried out on a Tzvet-3 chromatograph 
using a digital integrator ID-26, a flame ionization detector, 
and a I m x 3 mm glass column filled with 5% SE-30 on 
Chromaton N-AW (particle size of 0 20--0.25 mini. Nitrogen 
was used as a carrier gas; the gas flow ntte was 20 mk rain -I. 
The column was heated from 70 to 150 ~ at 12 ~ The 
injector temperature was 2(10 ~ The content of monomer ill 
pt?l.',?ne_rization media was determined using t3-picoti.ner 
as the internal standard: the time of the analysis did not exceed 
3 rain. To take a .,;ample of the polymerization mixture, the 
process was terminated by addition of 94 mg (2.35 retool) 
NaOH to 2 g of polymerization mixture: then 266 mg (5.79 
retool) of homogenizer (EtOH) and 172 mg (2.15 mmol) of 
internal standard tl:l-picoline} were added. The molar ratio 
of l b ' T F A  : NaOH : EtOH : [:~-picoline was equal to 
1.00 : 1.52 : 3.74 : 1.39. 

The determinatmn of ,M,, values was carried out on an 
N1OM 3180 ultracentrifuge at 20 ~ and 40000 rpm using 
methanol as a solvent. 

Reagents of chemically pure grade produced domesticaJly 
except for (NH,O2S:Os (Germany, "'pure lbr analysis" grade) 
and TFA {Germany, Riedel-de FlaeS.n AG, purity of 99%) were 
used ior the experiments. 

N,N-DiallyI-N-methylamine (lb).  This compound was oh- 
tamed according to the known procedure. 2z A 25% aqueous 
solution of MeNH 2 (I moll was placed in a three-necked flask. 
equipped wfih a stirrer, a reflux condenser, and a dropping 
timnel, and AIICI (2 moo and 50% aqueous solution of NaOH 
(2 moll were successively added at 0--5 ~ with no overheating 
allowed. Then the reaction mixture was heated to 70 "C and 
kept at this temperature for 5 h. The organic layer was sepa- 
rated, dried over NaOH Ibr 40 h, and distilled on a column to 
give 69.93 g (63%) of chromatographically pure Ib: b.p. 108 --  
II0 ~ nil 1~ 1.4308; IH NMR (1.t3 mot k-~: Me,CO-d~,). & 
2.16 (s, 3 H, CH3N): 2.98 (d, 4 H, 2 c~-CH-,: 
d =  5.89 Hz); 5.13 (m. 4 H, 2 7-CH2): 5.78 (m. 2 H, 2 [3-CHL 

N,,V-MlyI-N-melhylammonium trifluoroacetate ( lb  - TFA). 
To a solution of 28.9 g f026 mol~ TFA in 200 mL of anhydrous 
hexane 28.9 ,_., (0.26 molt of lb at 5--0 ~ was added dropwise 
over 2 h with vigorous stirring in an argon tlow. A salt Ib -TFA 
precipitated as a slighlly yellowish oil was washed twice with 
hexane. Residues of the solvent were removed on a rotary 
evaporator. The product was purified by precipitation upon 
adding hexane to the solutton in MeOH. The yield was 49.73 g 
(85%) Found (%): C, 47.75: H. 6.08; N, 6.79; F, 26.03. 
CgHI4NO2F 3. Calculated (%): C. 48.00: H, 6.22: N. 6.22: F, 
2533. IH NMR (I.13 real L -~: Me2CO-d~,), & 2.78 (s. 3H, 
CH3N); 380 (d, 4 H. 2 a-Cl-121: 5.53 fro, 4 H, 
2 -,-CH2: d = 6,96 HzI: 6.03 tm, 2 H, 2 [3-CH). 

Poly(N,N-diallyl--V-methylamine) (4). Method A (prepara- 
tion from lb--TFA mixmrel. To 5603 g (3 II moll of H,O 
22.71 g 10.2 moll of TFA. 22.11 g 10.2 mot) of lb, and 
113.5 mg (0.408 moll of (NH,),SzO~ , were added. 

Method B (preparation from lb .  TFA salti. To 45.00 g 
(0.2 mol'~ of I b ' T F A  36.03 g (3.1 l mot) of H20 and 113.5 mg 
(0.498 moll of (NH4)2S:O s were added. 

A solution was charged into an ampoule, degassed in vacua 
(10 -3 Tort) by 4--5 repeated freeze (liquid N?) - thaw cycles, 
and sealed and the ampoule was kept at the desired temperature 
tthe reaction temperature and time are specified in Table 1) 
When the photoinitiation was carried out, the degassed solution 
was placed in a quartz reactor in an argon flow and irradiated 
with the full light of a DRS-250 lamp (irradiation time is 
specified in Table I). The polymer thus obtained was precipi- 
tated with 40% aqueous solution of  NaOH pre-cooled to 
0 ~C. washed carefully with distilled H20 until neutral reaction. 
and therl reprecipitated with water from the solution in MeOH. 
The yield was 2.34 g (5.2 %). Found (%): C. 73.53; H, 13.75: 
N, 12.08. CTHt3N_ Calculated (%): C. 75.68:. H. i l .71: 
N. 12.61. 

Poly(N,N-diallyI-N-methylammonium trifluoroacetate) (3). 
The preparation of initial soJutlons and polymerization r~action 
was carried out by the procedures described above for the 
synthesis of compound 4. An excess of H20 was evaporated 
from the polymerization mixture using a rotary' evaporator_ The 
polymer was precipitated by pouring a reaction mixture into 
500 mL of anhydrous Et20 and purified by repreeipitation with 
Et:.O from the solution in MeOH. The yield was 3.78 g (8.4%). 
Found (%): C. 47.00: H, 6.07; N. 6.12: F, 25.03. CgHt4NO2F 3, 
Calculated (%): C, 48.00; H, 6.22: N, 6.22: F. 25.33. 

The authors express  grat i tude to G. I. T imofceva  tbr  
carry."ing out the ul t racentr i fugat ion measurements .  
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