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Summary

The viscosimetric titrations of poly (N methacryloyl-L-
alanine) and of a series of poly(N methacryloyl-L-alanine-co-
N phenylmethacrylamide) have been studied. The stability of
the compact conformation at low degree of neutralization o de-
pends on the hydrophobic nature of the copolymer. When titra-
ting with tetraalkylammonium hydroxides instead of sodium hy-
droxyde, the tetraalkylammonium ion has been found to increase
the molecular dimensions of PNMA and in opposite, to decrease
those of the copolymers. This has been explained by the exis-
tence of intermolecular hydrophobic interactions.

The titration of one of the copolymers in the presence of
calcium ions, has shown that this divalent cation strongly de-
presses the electrostatic repulsions, giving to the copolymer
a marked hydrophobic character.

Introduction

For polyelectrolytes undergoing a conformational transi-
tion upon increasing the degree of dissociation o of the ioni-
zable groups, viscosimetric measurements have become a classi-
cal way for studying the changes in their hydrodynamic beha-
viour. We report in this paper the viscosimetric titrations of
a series of hydrophilic - hydrophobic copolymers of N-metha-
cryloyl-L- alanine and N phenylmethacrylamide :

COOH

It has been shown in a previous paper (MORCELLET-SAUVAGE et al,
1981) that such copolymers take in water a compact conforma-
tion stabilized by hydrophobic interactions, when the mole
fraction F of hydrophobic residues is higher than 15 %. Thus,
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two kinds of conformational behaviour are observed in this se-
ries of copolymers depending on the value of F. First, for
F<0.15, ionization results in a normal polyelectrolyte beha-
viour. Second, for F>0.15 the compact conformation is retained
until a critical value of «, which depends on the strength of
the cohesive intramolecular hydrophobic interactions. Beyond
this value, the molecular expansion results from the balance
between the cohesive hydrophobic interactions and the repulsi-
ve electrostatic interactions and thus should depend among
other factors on :

the composition of the copolymer

the average distance between the carboxylate groups

. the strength of the association of the carboxylate
groups with the counter-ions.

Experimental

The synthesis and characterization of the copolymers has
been described earlier (MORCELLET-SAUVAGE et al, 1981). Copo-
lymers are referred to as Pp, F being the mole fraction of hy-
drophobic residues. The poly (N methacryloyl-L~alanine) homo-
polymer is referred to as PNMA. Agueous solutions were prepa-
red either by direct dissolution in water (PNMA and copolymers
with ¥<0.15) or by percolation through a cationic exchange co-
lumn. Potentiometric titrations were carried out at 5°, 25°
and 45°C with a Radiometer pHm 62 pHmeter.

Viscosimetric measurements were made with a Fica "Viscoma-
tic" apparatus equipped with a Ubbelohde viscosimeter at
25+0.02°C.

Results and discussion

Titration of the copolymers with sodium hydroxide

Potentiometric titrations were carried out at different
temperatures for PNMA, P20, P24, P38 and P50. Results were
plotted according to the modified Henderson-Hasselbach equa-
tion : -

H = pK - n log * (1)
p 1/2 -3

which holds for 0.05<a<0.7 (g is the degree of neutralization
of the copolymer) .

The values of pPK1/2 and n, obtained in this way, are given
in Table I.
TABLE I
n and pKj /7 values for PNMA and the copolymers titrated by NaOH
in pure water at different temperatures

PNMA P 20 P 24 P 38 P 50

n 5° 2,14 1.83 1.73 1.70 1.40
25° 2.02 2.27 2.01 1.85 1.66

45° 1.80 2.01 2.03 1.74 1.60

pKl/2 5° 5.72 5.60 5.60 5.48 5.20
25° 5.78 5.53 5.5 5.53 4.90

45° 5.40 5.66 5.7% 5.60 5.%0
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It is well known that n and pK) /) both increase when the elec-
trostatic repulsions between tée carboxyl groups increase (n=1
for a monoacid). Table I shows that the introduction of non
iocnizable side chains in the copolymer decreases the n and
PKy /2 values. This may be explained by the decrease of the
average distance between the ionized groups * .

The value of n and pK;,/y for PNMA at 25° are lower than
those of polyacrylic acid (GREGOR et al, 1957) which is rela-
ted with the greater length of the side chain of PNMA (lower
electrostatic interactions).

Fig. 1 shows the variation of the reduced viscosity /C
as a function of ¢ for PNMA, P38, P50 andP63. At o = 0 gﬁg re-
duced viscosity of PNMA is rather high compared to the copoly-
mers which take a compact conformation. Upon increasing «,

PNMA behaves like a normal polyelectrolyte with a progressive
expansion of the macromolecular chain. For P38 the viscosity

at & = 0 is low, but it increases rapidly upon ionization even
before the beginning of the conformational transition as deter-
mined by potentiometric titrations (arrows in Fig. 1)
(MORCELLET-SAUVAGE et al, 1981). In this case electrostatic
interactions are predominant. For P50, the reduced viscosity

remains low up to o = 0.2 then increases. For the more hydro-

phobic copolymer in this series (P63) the initial plateau is

zzginng
. P38
Figure 1. Variation of nsp/c with

o for PNMA, P38, P50, and
P63 (C = 4.7 1073 eq.1-1l except

for P63 : 1.5 10-3eq.171)

% Similar results have been

obtained for other hydrophilic
X hydrophobic copolymers (MILLER
and RAHUT, 1959, BRAUD, 1975).

more pronounced and ionization results only in a slight in-
creasg of ngp/C, even after the completion of the transition.
In this case, hydrophobic interactions are very strong and
the macromolecule retains a tighly coiled conformation. The
overall trend when going from PNMA to P63 is very close to
the behaviour reported by DUBIN and STRAUSS (1975) and VILLIERS
and BRAUD (1978) for a series of maleic acid - alkylvinylethers
copolymers with increasing hydrophobic character.
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Titration of the copolymers with tetrapropyl-and tetrabutyl
ammonium hydroxides

It is well known that the association of a carboxylate
group with its counter-ion decreases in the following order :
Lit, Nat, Kt, tetra methyl-, ethyl-, propyl-, and butyl ammo-
nium ion. This correlated with an increase in the value of n,
(increase of the electrostatic repulsions) as shown for acry-
lic acid - N butyl, N methylacrylamide copolymers (BRAUD, 1975.
The potentiometric titration of PNMA with tetrabutyl-ammonium
hydroxide gives n = 2,10 value wich is only slightly higher
than for the titration with NaOH. Nevertheless, the viscosime-
tric titration (Fig. 2) shows that the electrostatic repulsions
are more intense when using tetrabutylammonium hydroxide, in-
dicating a lower ion-counterion compensation. Fig. 3 shows the
effects of tetraalkylammonium ions on the viscosimetric titra-
tions of P38 and P50.

In the fully ionized state nsp/C decreases from NaOH to
tetrapropyl and tetrabutyl ammonium hydroxide. Such an effect
has already been reported for an other hydrophilic hydrophobic
copolymer in water (FENYO et al, 1974, MULLER et al, 1974).
This result, which can be considered as abnormal when compared
to what is observed with hydrophilic polyelectrolytes (poly-
acrylic acid, polymethacrylic acid, or PNMA, Fig. 2) is not
only due to a screening effect and indicates that there is a
specific effect of the tetraalkylammonium cations on the mole-
cular dimensions of P38 or P50, involving hydrophobic inter-
actions between the hydrophobic part of the cation and the hy-
drophobic residues of the copolymers, through changes in the
structure of water (MULLER et al, 1974).

The nature of the counterion has no important effect on
the stability of the compact conformation. This is not surpri-
zing since, in the compact conformation, hydrophobic groups
are screened from contact with the surrounding solvent. Thus,
intermolecular interactions with the tetraalkylammonium ions,
are not allowed. Nevertheless for an other hydrophobic - hy-
drophilic polymer (FENYO et al, 1974) tetraalkylammonium ions
have been shown to stabilize the compact conformation, through
changes in the structure of surrounding water.

. Effect of a divalent cation

In Fig. 3 is also reported the viscosimetric titration of
P50 with NaOH in the presence of CaCl, (R = meqg. Ca2*/meq.COOH
= 0.86). The addition of the calcium ion has two effects : at
low degree of neutralization o, when P50 is still in the com~
pact conformation, it combines with two carboxylate groups,
decreases the electrostatic repulsions and thus stabilizes the
compact conformation. At high degree of neutralization, the
calcium ion has a screening effect as monovalent cations but
it also condense with the carboxylate ions (MANDEL et al,
1964 and 1967, BARONE et al, 1965). In this case the hydropho-
bic interactions become predominant.

Conclusion

The above results show that for PNMA and the series of co-
polymers the hydrodynamic behaviour is very dependent on the
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Figure 2. Viscosimetric titration X
of PNMA with NaOH (¢ ) and oF
tetrabutylammonium hydroxide (—e—e—3
Figure 3. Effect of sodium ( ), tetra propyl ammonium (ese:.. )y
tetrabutyl ammonium (e-e—e—e) and calcium ion (~-==) on the

viscosimetric titration of P38 and P50.

balance between the hydrophobic c¢ohesive interactions and the
electrostatic repulsive forces. Tetraalkylammonium ions have
opposite effects on the repulsive and cohesive forces which
lead to an increase of the viscosity for the more hydrophobic
copolymers. Divalents cations such as the calcium ion strongly
weakens the electrostatic repulsions and increases the hydro-
phobic character of the copolymers.

References

BARONE, G., CRESCENZI, V. and QUADRIFOGLIO, F. : Ric. Sci. 35,
393 (1965).

BRAUD, C. : Eur. Polym. J. 11, 421 (1975).

DUBIN, P.L. and STRAUSS, U.P. : "Polyelectrolytes and their
applications" Vol. 2 Ed. by REMBAUM, A. and SELEGNY, E., D.
REIDEL Publishing Co. Dordrecht (1975).

FENYO, J.C., BEAUMAIS, J. and SELEGNY, E. : J. Polym. Sci.,
Polym. Chem. 12, 2659 (1974).

GREGOR, H.P. and FREDERICK, M. : J. Polym. Sci. 23; 451 (1957).
MANDEL, M. and LEYTE, J.C. : J. Polym. Sci. A2, 3771 (1964).
MANDEL, M. : J. Polym. Sci. Cl6, 2955 (1967).

MILLER, M.L. and RAUHUT, C.E. : J. Colloid. Sci. _i; 524
(1959).

MORCELLET-SAUVAGE, J., MORCELLET, M. and LOUCHEUX C. : Makro-
mol. Chem. 182, 949 (1981).

MULLER, G., FENYO, J.C., BEAUMAIS, J. and SELEGNY, E. : J.

Polym. Sci., Polym. chem. 12, 2671 (1974).
VILLIERS, C. and BRAUD, C. : Nouv. J. Chimie 2, 33 (1978) .

Accepted July 17, 1983 c



