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Summary

A triblock perfluorirated poly(acrylamide) wagsroduced by polymé&zation of acrylamide

at 82 °C in acetonitrile using afdnctional azo-deriative initiator bearing tiorinated
groups. The presence of triblock structures wasakad by GPC analyses by changing the
nature of the solvent. Fractionation of a poly(acrylamide) sample allowed us to isolate the
triblock fractionsfrom the diblock ones. Polymeation with a small awunt of intiator

led to a sample with few triblock structures compared to a polymerization with a large
amount of imiator. It can be concluded from this that dargide rather gives
disproportiomtion according to thditerature and that triblockormation comesfrom
primary radical termination.

Introduction

One of the most important type of associative thickenensy@sopholcally modified
poly(oxyethylene). These thickeners can be symtbkds from poly(oxyethylene),
isocyanates and fatty alools (1),(2),(3),(4). Then for exampletadecyl isocyanate is
reacted with pgl(oxyethylene) (POE) of varying rexular weight. In a send synthesis,
excess isophorone diisocysn is reacted with POE to prepare an isocyahatotional
precursor, followed by theeaction of the last isocyanageoup with nonylphenol (5). A
two step procedure is also used waltohol (6): 1) prepation of n-dodecyl p-toluene
sulfonate DPS) by eactingp-toluenesulfonyl chloride on a dleohol in the presence of
pyridine, according to aclassical procedure 2) eaction betweenDPS and a,w
dihydroxylated PEO previously metallated by potassium diphenylmethane.

Our aim was to synthesize d&ydropholically-modified poly(acrylamide) with a triblock
structure analogous to «HEUR» (Hydroplualtly Ethoxy Urethane), that is two
hydrophobic segments dated at each end of thHeydrophlic polymer chain. For that
purpose, acttamide was polymerized in acetonitrile in the presence ofumational azo-
derivative initiator bearing twhydrophobic groups, that we had synthed previously.

The literature mentions one article dealing with fartitional azo-initiator containing two
poly(ethyleneglycol) blocks used in the polymerization of acrylamide with Ce(IV). The
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acrylamide-(ethyleneglycol) blockopolymers olained, with labile azo linkages in the
main chain, were used toduce the radical polymerization of acrylonitrile resulting in the
formation of multiblock opolymers (7). Macroitiators can also be used in multi-mode
polymerization(8).

The bimolecular termination mode is anpiontant factor because it determirfes a large

part the final functionality of the polymer. Termination by combination ensures two
initiator fragments per polymer molecule whereas termination lyrapsrtioration only
gives one initiator fragment per polymer molecule. Only few studies have tried to
determine the extent of termination by combinafmmacryjamide nonomer. For example,
Venkatarao et al.(9) have studied the polymeation of acrylamide in water
photosenisized by uranyl ions. The polymer was fractionated and the experimental integral
and differential distribution wves were drawn. The thetical distributionfunction was
derived from the kiatics of photopolymeization. The theatical and experimental
molecular weight distributions were compared: they did not deviate very framheach
other which proved that the propose@chanism wasarrect and that termination occurs
mainly by diproportioration. The ame conclusion was made by Suen etfal. the
polymerization of acrylamide in water at 80 °C with ammonium persulfate as inii#Xpr
They determined the residual unsaturation in two poly(acrylamide) samples by either of
two methods: 1) the bnoatebromide iodine number edermination 2) a coulometric
method developed by E.W. Hobart in which the sample isizeddby permanganate,
followed by coulometric titration of the excess of permanganate with a sensitivibpuof a
0,002%. It was concluded that the residual unsaitum in poly(acrylamide) is due to the
terminal double bond and that the teration step of polymerization of acrylamide at 82
°C occurs to a large extent through dispropodtan. Mitra et al. (11) described a new
method to e@smate caboxyl and sulfoxy endgroups in ataynide polymer,known as
reverse dye partition technique. The estimated humbensdgir@ups in the polymers were

in agreement with the existing free radical mechanism of initiation of polymerization.
Particularly, the results of polymerization with KMpi@xalic acid or lactic acid or citric
acid system wpported the idea that the termtion of polymerization of acrylamide
monomer occurs mainly by gioportiration.

It is known that poly(actamide) itself slowlyundergoesmidization in aqueous solution
and this fact has been used to aeu for the «after efict» observed in the
photoclemically initiated polymerization of acrylamide, tf@mation of a cyclic imide
with structure | at the radical end ofgeowing polymeric chain being posated for that
purpose (12). (early, radical chains having such glutarimidgtoups could undergo
bimolecular termination bhiydrogen transfer, in which case polymers having end groups
with structures Il and Il would be formed, and enatisn of 11l would produce the very
stable aromatic heterocyclic system IV.
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Although considations of this kind may provide some support for the assumed
termination mechanism, conclusive evidefmeit is Hill lacking.

Since acrylamide is rath&nown to undergo disproportiation, it should be impossible to
obtain a telechelic structure by dead-end polymepmatBut it must be rtaced that when
high initiator concentrations and rather lowomomer concentrations are employed,
primary radical termination must be taken into@ot (13). This termiation consists in a
combination reaction between a primary radical confiog the intiator decomposition
and a growing radal. Then, alough methyl methacrylate undergoes 33%
disproportiomtion, telechelic structures could have been obtained because the reaction
conditions favoured pnary radical terminatiofl4).

In this work, we have prepared poly(aempide) samples with dilorinated end blocks. Two
reaction onditions were chosen: low initiator and high initiator concentrations. The
presence of triblock structures was revealed by gel permedtiomatography analyses in
combination with rheological studies.

Results and discussion

Acrylamide was polymerized at 82 °C with duttictional perfluorimted azonitrile initiator
derived from 4,4'-azobis(4-cyanopentanaicid) (ACPA) {). Modification of ACPA

with fluorinated groups have already been done in our laboratory, by using another
procedure (15).

CH, CH
CsF17C2H40%C2H4(!3—'N=N—'Cl3C2H4(|%O(32H4€8F17
0] CN CN O
V

Initiator synthesis is an esterification between ACPA AAd1H, 2H, 2H2-perfluorooctyl
1-decanol with a catalytic system composed of dicycloherytciimide and
dimethylamnopyridine. The ield is aound 70%. The decomptsn rate constant was
determined at 82 °C by thermal gravimetric analysis: %83.10° s* with a half-time
decay equal to 50 min.

Acetonitrile was chosen as the reaction medium due to its high boiling (8@rfiC) and
its presumed low transfer constant. The polymerization finere praeeded
heterogeneously due to the insality of poly(acrylamide) (see mechanism in fig. 1).

A

. - /
Rpmw(M)y, +  Rpaw(M)
’ ’ T RFM(M)SM disproportionation
RFW(M)gls

Fig.1 : Mechanism of polymerization
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b 2. o1
I + RgSH —» RS® + H
RiS* + nM ——» RgS—M);

RpS—M)y + RgSH —— RgS—M)-H  + RgS’

Fig.2 : Mechanism of telomerization.

% time|{ o | %F f W, K/I_n, |
initiator | min | (%) apparent

Polymerization

P, 0,05% | 40 | 54 |0,09 0.15 127 000 53 900 2,3

P, 7,00% | 20 | 84 |3,84 1.37 30 100 11 600 2,6
Telomerization

T, 020% | 6 | <6 |1,80| 076 | 2460013600 1,8
R=[RsSH}/[AM] | (AIBN)

=0,0062

Table 1: Reaction conditions and results for both polymerization and
telomerization of acrylamide at 82 °C - a=conversion determinated by IR-TF-
GPC results based on poly(oxyethylene) standarts - apparent functionnality

(f)=Mn x %F/19 x 17

In order to make comparison with polyrneation, we prepared a perfluodated
poly(acrylamide) with a diblock structure by telomerization of acrylamide with a
perfluorinated thiol (GF.C,H,SH) (see mechanism irgf2) according to Mouanda (16).

The conditions and the results of both polymerization and telomerization of acrylamide at
82 °C are summarized in table 1. Polymerization is very fastf@ndxample with 7%
initiator it is almost completed within 20 min whereas the half-time decay of the initiator is
only 50 min. We are not, then, in the typical reacti@mditions known as dead-end-
polymerizaton. The polymer products are soluble in mixturatev/acetonitrile 70/30.
Polymerization was not prmed in such a solvent sincatiator was not soluble even at
80°C.

The three perfluoriated poly(acrylamide) samples were analysed by gel permeation
chromatography using three columns from Tosohaas G250Q, R88000 PW, and
G4000 PW,. Analyses were condted in three distinct carrier solvent: water,
water/acetonitrile 90/10 (v/v) and water/acetonitrile 70/30v)(viThe elution of the
polymer was strongly influenced by the comfios of the carrier solvent, especially for
the sample obtained with 7% initiator (Rig. 3). In water, the elution chromatogram
shows three peaks. The first two peaks appear at very high molecular wealrtd 40
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and 10 whereas the last one appears at lower molecular weigbtsich 2.10 With
addition of 10%acetonitrile in the carrier solvent, the excluded fraction begins to
disappear. Finally, with 30% of addedetonitrile, it only remains the last elution peak
connected witnormal polydispersity(2,6) and low mktecular weight Mw = 30 100).

We believe this elution dependency on the solvent composition to be consistent with the
presence of associative structures in thepdly(acrylamide) sample. ydropholcally-
modified water-soluble polymers are effectively watown to assoiate in water, thus
forming, even at low conceiitions, aggreates of highhydrodyramic volumes. Addition

of an appropate organic solvent in ater makes thaydrophobic segments more soluble
in the medium thus dissociatinggredtes at the same tin{@7) (18). This exfains the
results found in going from ater to water/acetonitrile elot. In water, trimodal elution
corresponds to sepe elution of ggreqated andnon-aggregted molecules, owing to
large differencies in theinydrodyramic volumes. WithHL0% acetonitrile, ggregtes tend

to disappear but are still largely present and finally \B@Pwo acetonitrile ggregtes are no
more detected. Hereggregates must beformed by the association of the triblock
structures of the type FPAM-R..

The presence of triblock structure are not so clear, icompared to P(chromatograms
not given here). But some exclusion phenomena observed in water elution that disappear
with 30%acetonitrile may indicate the presence of a smabwarhof assoiative structure.

T, elution (not given here) can be compared jelktion: there is no significant change
on going from vater to water/acetonitrile elution as it could be expedtech the non-
associative behaour of its diblock structure.

In order to confirm the assmtive nature of the triblock structure we rfoemed a
rheological atdy on the carmed CSL100 rhemeter. B, P, and T were analysed in 8%
aqueous solutions and the rheological data (viscosity vs shear rate) are shovahirigra
We can notice that the Bnd P solutions are viscous but not thesblution.

H,O/MeCN
70/30

10° 105 10° 10° 10* 10

— e 10° 10°  10° 10° 10* 10!
10° 105 10° 10° 10* 10’

Fig.3 : GPC analyses of P, (a) and two of its fractions : F; (triblock) (b) and F; (diblock)
(©
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Graph 1 : Rheological study - Viscosity as a function of shear rate
for three poly(acrylamide) samples in aqueous solution - Cp=8%
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Graph 2 : Rheological study - Viscosity as a function of shear rate
for P, sample and its triblock and diblock fractions in aqueous
solutions - Cp=8% - Mn and % triblock are given

Fraction | weight | %F |Mn(GPC)| apparent nature
(2) functionality
F, 38 5.1 12 500 1.97 triblock
F; 0.14 1.6 14 500 0.72 triblock + diblock
F; 0.32 0.3 25 000 0.23 diblock
Fy4 0.26 1.0 5 600 0.17 diblock

Table 2 : Fractionation results of P, (%F=3.8) - weight fractionated : 5,6 g -
Mn (GPC) is determinated in non associative elution conditions
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P, shows typical associative behavior with a newtonian bebhawver a wide range of
shear rates, shear thickening in the range“1ans finally shear thinng. T, exhibits a
newtonian behaviour over the entire shesemrange. A diblock molecule is not then an
approprate thickening agent. Psolution is less associative than $bdlution (see the
viscosity value at zero gradient: 0,9 Pa.s against 33 Pa.s). dotars can explain that :

first of all, P sample contains less associative structures thas P can be deduced from

the comparison of their apparent functionality (tab)e Secondly, miecular weight is
known to influence strongly the viscosifyingiliiies: for example, for hydrophotally
modified PEO there is a maximum of viscosity forleomlar weight eound 13 000 g/mol

and it is related to thieydrophlic/l ypophlic balance(19).

At last B sample was fractionated intfour fractions by a very simplgrocedure.
Acetonitrile is slowly addedinder continuous stirring, into a 6% concated P solution

in a 70/30 water/acetonitrile solvent until appearance obadahess. The solution is then
gently warmed at 50 °C until it becomes clear and slowly cooled to 5 °C. After one or two
days at 5 °C, a phase separation occurs. The lower viscous phase is separated carefully
from the upper phase and then eappitated in acetonitrile after dilution with water. The
clear non-viscous upper phase is anothiene submitted to fractionation until no more
phase separation occurs. Then the last fraction is concentrated and precipitated in
acetonitrile. Results of the, Ractionation are shown in table 2. There ftrer fractions

with varying fluorine contents and necular weights. Each nature of the fractions could
be determined by their apparduanctionality or again by their elution dependency in GPC
analysis. A typical example can lbeund in fig.3 for the Fand F, fractions. They are
respectivelypure in triblock and diblock as it can be seen from the single peak found in
water. The elution of the Fraction (triblock) clearly depends on the acetonitrile content
in the solvent whereas the elution of the ffaction (diblock) is not changed by the
presence of acetonitrile. Aoaling to the weight okach fracton, P sample contains
84% of triblock structures. The graph 2 confirms the @aswe nature of the triblock
fraction and thenon-assoiative nature of the diblock one.

In conclusion we showed that triblock perflu@ied poly(acrylamide) can be obtained by
polymerization with an @propiate initiator provided its concerdition is not too low.
Fractionation of the polymerizatioproductallowed us to onfirm the presence of both
diblock and triblock structures by means of GPC analyses and rheological studies. Triblock
poly(acrylamide) can be used as additive in fire-fighting aquéausulation (20) or as
associative thickener in paintifigrmulations(21).

We gratefully ackknowledge ELF-ATOCHEM (Centre d'Aipption de Levallois-Perret)
for its finarcial upport.
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