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Abstract 

The importance of the nature of two solvents used in a patented method for obtaining aqueous dispersions of 
polymers is discussed. The principle of the method resides in the fact that a preformed polymer can precipitate as 
nanospheres when a solution in a water-miscible organic solvent (organic phase) is mixed with water containing 
surfactants (aqueous phase). To obtain HP55 (hydroxypropyl methyl cellulose phthalate) pseudolatex suitable for 
coating by this method, i.e. with a high polymer concentration, the amount of polymer in the organic phase was 
increased, but this caused considerable precipitation of the polymer in large aggregates when the two phases were 
mixed. Changing the nature of the organic solvent by replacing acetone with a mixture of acetone and water resulted 
in reducing aggregation. To explain this phenomenon, hypothesis based on viscosity parameters of dilute polymer 
solutions i.e. the intrinsic viscosity [r/], and the interaction constant k', were advanced. The influence of the dielectric 
constant (E) of the final dispersant medium (a mixture of acetone and water after dispersion of organic phase with 
aqueous phase) is also discussed. © 1997 Elsevier Science B.V. 
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1. Introduction 

The methodology for obtaining polymeric 
nanoparticles developed in our laboratory (Fessi 
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et al., 1992) comprises two main steps: dissolution 
of the polymer in a water-miscible solvent SI and 
dispersion of  the obtained solution (polymeric 
phase) in an aqueous phase ($2) consisting of 
water with or without surfactant. The polymer 
then precipitates as nanoparticles and the result- 
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ing dispersion is filtered on no. 2 sintered glass to 
eliminate possible aggregates. Finally, it is con- 
centrated by rotary evaporation. 

It has been suggested (Stainmesse, 1990) that 
the mechanism of nanoparticle formation is com- 
parable to the 'diffusion and stranding' mecha- 
nism which occurs during spontaneous 
emulsification (Davies and Rideal, 1963). 

According to this mechanism, during the dis- 
persion of the organic phase in the aqueous phase, 
acetone diffuses rapidly carrying with it the poly- 
mer which is still in solution, forming a three- 
component phase in the immediate vicinity of the 
interface. As acetone diffuses further into the 
water, the associated polymer 'stranded' in the 
water in several possible forms (particles whose 
size could range from some nm to several mm or 
large aggregates). These differences, as demon- 
strated in other studies (Ammoury et al., 1991; 
Guterres et al., 1995), are related to the polymer 
concentration in the organic phase. When this is 
low, dispersions with small particle size can be 
obtained easily by this method. In contrast, when 
it is necessary to increase the amount of polymer 
in the organic phase in order to obtain a final 
dispersion with a high concentration in polymer, 
large aggregates appear. This is the main difficulty 
encountered when this method is used to prepare 
pseudolatexes for coating (De Labouret, 1987, De 
Labouret et al., 1995). 

It has been shown that, by increasing the polar- 
ity (represented by the dielectric constant) of the 
final dispersant medium, it was possible to reduce 
aggregation when this method was used to obtain 
a pseudolatex of poly-e-caprolactone (Stainmesse, 
1990). 

Thus, one of the objectives of this study was to 
verify whether increasing the dielectric constant of 
the final dispersant medium would have similar 
effects on the preparation of a pseudolatex of 
hydroxypropyl methylcellulose phthalate (HP55). 

In other respects, it is well known that the 
chains of a dissolved polymer are in different 
states according to the solvent used. In a good 
solvent, polymer solutions are characterised by a 
high intrinsic viscosity It/] and a low interaction 
constant k'. In a study dealing with selection of a 
suitable solvent for polymers derived from cellu- 

lose, it was shown that mixtures of water and 
different organic solvents were more suitable for 
dissolving the polymers than organic solvents 
alone (Arwidsson and Nicklasson, 1990). 

In this study, a mixture of acetone and water 
(solvent B) was used as the solvent for the organic 
phase in order to determine whether it was a more 
suitable solvent for HP55 than acetone alone (sol- 
vent A). In other words, the question of whether 
the interactions between polymer chains in the 
organic phase (which are influenced by the sol- 
vents nature) would be related to the particle size 
was addressed. 

2. Materials and methods 

2.1. Materials 

Solvents: Acetone (Rectapur, Prolabo, France) 
and different mixtures of Acetone/water. Polymer: 
Hydroxypropyl Methylcellulose Phtalate (HP55, 
SEPPIC, France). Surfactant: Sodium dodecyl 
sulfate (SDS) (texapon L100R, Henkel, France). 

2.2. Pseudolatex preparation 

Several formulations were developed using the 
methodology described previously. Solvents for 
the organic phase were either acetone alone (sol- 
vent A) or mixtures of acetone with water in the 
following proportions: 10%, 20%, 28.5% (solvent 
B). The initial polymer concentration in the or- 
ganic phase was varied from 1 to 4%. No surfac- 
tant was used in this series of preparations; so, the 
variation of the yield was influenced only by the 
nature of the solvents. 

Preparations using solvent A and solvent B 
were called, respectively, formulation I and for- 
mulation II. 

2.3. Pseudolatex characterization 

The followed characteristics were determined 
for a pseudolatex obtained with a good yield, i.e. 
which formula could be used for an industrial 
scale-up. The pH was determined by using a pH 
meter M64 (Radiometer, Paris, France).The vis- 
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cosity was measured with a Rheometer type CSL 
100 (RHEO 99, Champlan, France) at 20°C. The 
specific gravity was measured according to the 
method described in European Pharmacopoeia 
(1980). Particle size was measured with a Nano- 
sizer Coulter N 4 (Coultronic, Andilly, France). 

2.4. Intrinsic viscosity 

2.5. Dielectric constant (E) 

The dielectric constants of  different mixtures of  
acetone and water were determined in a Q meter 
(Type M 803 A, Ferisol France). These corre- 
spond to the final dispersant phases of  the pseu- 
dolatexes. The percentages of water in the samples 
tested were varied from 58.3 to 76%. 

The intrinsic viscosity of polymers was mea- 
sured from solutions in acetone alone or in a 
mixture of acetone and water. Solution concentra- 
tions ranged from 0.1 to 1%. A Ubbelohde vis- 
cosimeter (Schott-Ger/ite GmbH,  Germany) was 
used to perform measurements. With this appara- 
tus, the efflux time of  a defined volume of solution 
is determined and this allows different viscosity 
parameters to be deduced. 

Using the dynamic viscosity of  the solution ~/ 
and that of the solvent r/0, the specific viscosity r/s v 
could be determined according to Eq. (1) 

- -  ~o ~ (I) 
~o 

which can be written: 

pkt  - -  pokto 
qsp - pokto (2) 

where t and to are the efflux times for the solution 
and for the solvent respectively; p and P0 their 
densities. It is admitted that in cases of dilute 
solutions, p and P0 can be considered as equiva- 
lent. Thus Eq. (2) becomes 

t - -  to 
qsp -- 

[o 

Intrinsic viscosity [r/] and interaction constant 
k' were determined by linear regression analysis 
from the plot of ~Isp/C vs. c according to Eq. (3) 
(Alfrey, 1947) 

tlsp/C = [r/] + k'[tl]% (3) 

[r/] and k'  were obtained from the intercept and 
the slope, respectively. 

3. Results and discussion 

Fig. 1 shows that there was a correlation be- 
tween the polymer concentration in the organic 
phase and the amount of  polymer precipitation as 
aggregates. The latter increased when the amount 
of polymer in the organic phase was increased. 
However, there was a significant difference in the 
results obtained when the solvent for the organic 
phase was pure acetone (solvent A) or a mixture 
of acetone and water (solvent B). A maximum of  
28-28.5% water could be included in solvent B, 
because beyond this limit, HP55 precipitated. 

These preparations were made with a ratio of 
$2/S1 of 2 as indicated in the original description 
of the method (Fessi et al., 1992). It should be 
noted that the replacement of  a part of  acetone by 
water resulted in a greater proportion of  water in 
the final dispersion in formulation II than in 
formulation I. Under these conditions, the dielec- 
tric constant of the final dispersant medium was 
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Fig. 1. Percentage loss of polymer as aggregates as a function 
of polymer concentration in the organic phase and solvent 
nature. 
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Table 1 
Water amount in the organic phase (%) 

Formulation 1 Formulation II 

Water amount in the organic phase (%) 0 10 20 28.5 

not the same for the two formulations and it was 
not possible to determine which parameter (sol- 
vent nature or dielectric constant) was responsible 
for the differences in the results. 

So, another series of preparations in which the 
only difference between the two formulations was 
the solvent nature were made. The formulations 
used are represented in Table 1. The polymer 
concentration in the organic phase was 3% and 
the dielectric was 66.5 for both formulations. The 
results obtained are given in Fig. 2. 

When solvent A was used, more than 70% of 
HP55 precipitated as aggregates. Increasing the 
amount of the water in the organic phase resulted 
in a reduced proportion of aggregates (from 
about 70% to less than 7%), i.e. an improvement 
in the yield of the preparation. In addition, it was 
possible to reduce the amount of acetone used of 
about 29%. These are two main advantages to be 
considered in the case of an industrial scale-up of 
the method. 

Fig. 3 represents the linear regression lines for 
HP55 in the two solvent systems. Values of [t/] 
and k' are shown in Table 2. 

According to the values of k', it seemed that the 
polymer chains interactions were weaker in sol- 
vent B than in solvent A. When [t/] was consid- 
ered, the results obtained suggested that the 
polymer chains were organized in such a way that 
their hydrodynamic volume was greater in solvent 
B than in solvent A. Moreover, the polymer in 
solvent B was close to precipitation, so when the 
organic phase was introduced in the aqueous 
phase, the diffusion of a little amount of acetone 
in water (and/or water in acetone) caused the 
precipitation of the polymer. Thus, it was ad- 
vanced the hypothesis according which, when the 
polymer precipitated from its solution in solvent 
B, less aggregation occurred. In contrast, since the 
polymer chains were much more associated in 
solvent A, the polymer precipitated as larger par- 
ticles. This phenomenon was not observed in the 
case of low polymer concentrations in the organic 
phase (up to 1%), when the interactions between 
polymer molecules were less because of the high 
dilution. 

As far as the dielectric constant (E) was con- 
cerned, the values of this parameter for the final 
dispersant medium were varied in formulation I 
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Fig. 2. Percentage loss of  polymer as aggregates as a function 
of  the water amount in the organic phase. 
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Fig. 3. Specific viscosity/concentration, qsp/C versus concentra- 
tion for HP55 in acetone and a mixture of acetone and water 
(28.5°/,, water amount). 
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Table 2 
Values of intrinsic viscosity [r/] and interaction constant k' for 
HP55 in acetone and a mixture of acetone and water (28.5% 
water amount). 

Solvent [q] (ml/g) k' 

Solvent A 60.72 0.60 
Solvent B 70.89 0.52 

and all formulations II by adding different 
amounts  of  water in the aqueous phase. Accord- 
ing to the results obtained, as shown in Fig. 4, it 
is not possible to conclude that an improvement 
in the yield is only due to an increase in e value. 
When the dielectric constant for formulation I 
was higher or equal to those of  formulations II, 
the yield obtained with the latter was better. The 
decrease in aggregation was observed in both 
formulations, but it was more important  when 
solvent B was used. This seemed to indicate that it 
was the nature of  the solvent of  the polymeric 
phase which was the more important,  and in 
particular its influence on the polymer in solution, 
reflected by the values of  the intrinsic viscosity 
and the interaction constant• 

The characteristics of  the dispersion obtained 
when solvent B (with 28.5% water amount)  was 
used are shown in Table 3. These characteristics 
are comparable with those of  the latex which are 
used for coating. The viscosity is low, despite the 
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Fig. 4. Percentage loss of polymer as aggregates as a function 
of the dielectric constant of the final dispersant medium. (n.d.: 
not done). 

Table 3 
Summary of the characteristics of the dispersion obtained with 
formulation II (solvent B with 28.5% water amount) 

Characteristics Values 

t o t o + 2 years 

pH 3.5 2.3 
Viscosity (mPas) 2.44 3.72 
Final polymer concentration (%) 17 17 
Relative density (d42°) 1.01 1.01 
Particle size (nm) 300 _+ 58 330 _+ 69 

high polymer concentration and this facilitates the 
spraying and prevents the blockage of the nozzle 
of  the coating apparatus 

Another interesting characteristic is the particle 
size of  the latex. It has been demonstrated that a 
small particle size is of  a great advantage with 
regard to sedimentation (Lehmann, 1988) and 
film formation process (Dillon et al., 1951; 
Brown, 1956; Nagakami  et al., 1991). 

4. Conclusion 

The nanoprecipitation method for obtaining 
aqueous dispersions of  HP55 seems to be interest- 
ing owing to its simplicity and ease to use. This 
study has shown the importance of the choice of  
solvent for the polymeric phase, using intrinsic 
viscosity [r/] and interaction constant k '  measure- 
ments. In particular, it was demonstrated that a 
mixture of  acetone and water was more suitable 
than acetone alone for obtaining an optimal yield 
of  the preparation. Moreover, when industrial 
scale-up of  this method is considered, replacing a 
part  of  the acetone by water would represent a 
considerable advantage. 
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