J. Am. Chem. S0d.997,119, 8383-8384

Control of Morphology through Polymer —Solvent
Interactions in Crew-Cut Aggregates of
Amphiphilic Block Copolymers

Yisong Yu and Adi Eisenberg*

Department of Chemistry, McGill Unérsity
801 Sherbrooke Street West
Montreal, Quebec, Canada H3A 2K6

Receied March 27, 1997

Amphiphilic diblock copolymers in selective solvents gener-
ally yield colloidal aggregates or micellés® It has been shown
recently that highly asymmetric diblocks of polystyrene and
poly(acrylic acid) (PS-b-PAA) with very short PAA blocks in
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Table 1. Aggregate Morphologies of PS-b-PAA Diblock
Copolymers in Different Solvents
DMF THF dioxane
PAA €=38.2 €e=75 €=22
PS-b-PAR (mole%) o©6=248 =186 =205
168-b-59 26.0 sphere sphere sphere
490-b-87 151 sphere sphere cylinder
500-b-58 10.4 sphere vesicle vesicle
420-b-21 4.8 sphere LCM LCM

aThe initial copolymer concentrations in the solutions were 2 wt
%: e: dielectric constant! 6: solubility parameter ((MP&P).18

the solvent content of the core can change the aggregate

morphology. We show that this is, indeed, the case.
Changing the solvent can change not only the core dimensions

but also possibly the repulsion between corona chains, particu-

solution can form stable aggregates of various morphologies, larly when the corona chains are ionic and the dielectric constant
i.e. spheres, cylinders, vesicles, and large compound micellesof the solvent is allowed to change. Until now, it has been

(LCMs) consisting of a spherical assembly of reverse micéfles.

possible to prepare only spherical micelle-like aggregates or

To prepare these aggregates, PS-b-PAA diblock copolymers ardarge compound micelles from diblocks of polystyrene and

first dissolved in a common solveniN-dimethylformamide,

quaterized poly(4-vinylpyridine), even from blocks of widely

DMF) for both blocks, and then a precipitant, water, is added different compositions. By changing the solvent out of which
to induce aggregation of the insoluble PS blocks. All these the aggregates are prepared, we have now succeeded in forming
aggregates, which consist of a core or layer of the insoluble PS aggregates with other morphologies, i.e., cylinder and bilayer

blocks surrounded by a thin shell of the soluble PAA blocks,
are called crew-clt’ More recently, crew-cut aggregates with

from that polymer also.
The copolymers used in the present study were synthesized

various morphologies were also obtained from other ionizable by anionic polymerization as described in detail elsewhére.

or nonionic block copolymer%:12 The morphologies assumed

For the preparation of the colloidal solutions, the precipitant,

by the crew-cut aggregates are mainly controlled by a force deionized water, was added at a rate of 0.3 wt % per 10 s with
balance involving three factors, i.e., the stretching of the PS vigorous stirring to the copolymer solution in the common
blocks in the core, the repulsive interaction among the corona solvent. Self-assembly occurred at a water contertaof 5
chains, and the surface tension at the core-corona interface atvt % in DMF, of call wt % in 1,4-dioxane, and @fa. 18 wt

the onset of micellizatioA® The morphogenic effect of

% in tetrahydrofuran (THF). When a mixture of solvents was

changing the interaction among the corona chains on the used, the critical water content (CWC) was related to the solvent

aggregates has been evidenced by the addition of Yfons.

Specifically, the presence of ionic species such as NaCl, HCI,

composition. More water was added until the water content
reachedca. 50 wt %. Stable aggregates in aqueous solution

and CaCJ changes the repulsion among the PAA corona chains were obtained by dialyzing the colloidal solutions against
due to electrostatic screening, protonation, and ion-binding, distilled water for a few days to remove the common solvent.
respectively; it thus changes the force balance and induces theTransmission electron microscopy (TEM) was carried out on a
formation of aggregates of different morphologies from the same Philips EM410 microscope operating at an acceleration voltage
block copolymer. The morphology of the aggregates is also a of 80 kV; the TEM samples were prepared as described

function of the initial polymer concentration in the solutitin.

In this Communication, we show that solvent induced changes

elsewheré:®
Table 1 illustrates the relationship between the morphology

in the core dimensions can also induce morphological changesof PS-b-PAA aggregates and the nature of common solvent for
in aggregates of an identical block copolymer, due to changesseveral diblocks. At a concentration of 2 wt %, all the diblocks

in the dimension of the polystyrene coils and in the volume

yield only spherical micelle-like aggregates in DMF. In

fraction of solvent in the core during self-assembly. It has been contrast, vesicles and large compound micelles (LCMs) can be

suggested by Nagaraj&ron theoretical grounds that changing
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obtained in THF, while the aggregates prepared from dioxane
show the entire range of morphologies. A study of the phase
separation of homopolystyrene (homo-PS) from these different
solvents by the addition of water shows that the degrees of
swelling of homo-PS phase, which is defined as the volume
ratio of the total PS-rich phase to that of the solid PS,cae

3.3 in THF,ca. 3.1 in dioxane, anca. 1.6 in DMF16 The
higher degree of swelling of the homo-PS in THF and dioxane
than in DMF reflects their solubility parameter values; the
solubility parametersd) of THF (6 = 18.6) and dioxane)=
20.5) are closer to that of homo-P& £ 16.6-20.2) than that

of DMF (0 = 24.8)!® Similar swelling ratios are likely to be
found in the cores of the PS-b-PAA aggregates. Therefore, the
dimensions of the aggregate cores, at the onset of micellization,
must be much larger in THF and dioxane than in DMF. As a
result, the degree of stretching of the PS chains has to increase
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correspondingly, which is entropically unfavorable. The high & B P
penalty for the larger stretching of PS chains in the core forces : S e
the aggregate to change morphology from a sphere (in DMF) i
to a cylinder or to a bilayer (in THF or dioxane) in order to
decrease the free energy of micellizatfon.

The effect of changing the dimensions of the chains in the
core on the morphologies of the aggregates becomes more
versatile when a mixture of solvents is used. As a typical
example, P&gb-PAA;s (the numbers in the subscripts indicate
the number of repeat units in the blocks) yields spherical
micelle-like aggregates in DMF and large compound micelles
(LCMs) in THF; however, aggregates of other morphologies
can be obtained by using mixtures of DMF and THF in various
ratios (the initial polymer concentration before the addition of
water is 0.5 wt % for all experiments). For instance, the
aggregates prepared in a mixture of 5 wt % THF and 95 wt %
DMF are cylindrical. A mixture of rods, lamellae, and vesicles
is obtained in a mixture of 10 wt % THF and 90 wt % DMF.
When the THF contents are in the range of-®7 wt %, the
aggregate are vesicular. The sizes of the vesicles are found to p—
depend on the solvent composition and to increase with T
increasing THF content. When the THF content is 67 Wt %, Frigyre 1. TEM pictures of PSsb-P4VPMels crew cut aggregates:
the vesicles are still the dominant aggregates, but LCMs can (a) spheres from THF; (B) rods from a mixture of 60 wt % THF and
be seen occasionally. With a further increase in the THF 40wt % dioxane; (C) vesicles from 50 wt %THF and 50 wt % dioxane;
content, the fraction of vesicles decreases and that of LCMS and (D) LCMs from dioxane. The initial copolymer concentration is 1
increases. Finally LCMs are obtained in pure THF. The wt %.
behavior described above can be explained by a progressive

increase of the dimension of the core with increasing THF yielded structures other than small spherical micelles when these
content. The repulsion among the corona chains is believed toyarious methods were employed in DMF as common sol-
change relatively little in mixtures of DMF and THF of different  yent13.14 The other three polymers yielded only small spheres
ratios because the PAA is, at best, only very slightly ionized in ynder all the conditions we tried. Naturally, the present method
these solvents. o ) also has its limitations, and for some polymers, notably those
A somewnhat different situation is encountered in the study ith very short soluble block lengths, DMF may be the better
of ionic polystyrene-b-poly(4-vinylpyrinium methyl iodide) (PS-  gqjvent for generating multiple morphologies.
b-P4VPMel) block polyelectrolytes to be described below. In summary, it has been shown that the dimensions of the
Preparation of aggregates with cylindrical or bilayer morphol- core chains dhring micellization have a major effect on the
ogies from these block polyelectrolytes in DMF has not been morphology of crew-cut aggregates. Furthermore, the control
possible either by changing polymer composition or by adding of repulsive interaction in corona 6hains compos'ed of ionic

various salts, most likely because of the strong repulsive b ing the dielectri £ th |

interaction among corona chains in a solvent of such a high SS9MeNts, by varying the dielectric constant of the solvent at
dielectric constante(= 38.2), coupled with the small degree of r_learly constant core dlr_nensmns, aIIovv_s further morpholog_lcal
swelling of the core (1.6). We now report the preparation of fine-tuning such that various morphologies can now be _ol:_)talned
PS-b-P4VPMel aggregates with the entire range of morphologiesg?erciobdglcyk rgglc))ﬁtlaedc'[r;ocl))r/;i%Io-glj—irc]:ZISicf(ra]tcrg?I%%?:i;rﬁ\év r#g'g;gg d
from a single block copolymer (R&b-P4VPMete) induced on block length, ion content, and polymer concentration to make

by both increasing the core dimension and decreasing theth t f block | t f itiol
repulsion among the corona chains. The morphologies are € preparaton Of block copolymer aggregates of mulliple
morphologies very versatile. Now it may even be possible to

controlled in this case by using the solvents of THF and dioxane predict the morphologies of the aggregates for new polymer

as well as their mixtures in various proportions. The core S o i

dimensions in both of these solvents are much larger than in SYStéms by considerirgpriori the solubility parameters of the

DMF because of the higher swelling ratios. Meanwhile, the h_ydroph"b'c block an_d common solvent (which control the core

repulsive interaction between the corona chains decreasedlimension) and the dielectric constants of the common solvents
(which control the interchain repulsion). If one wants to produce

significantly because of low dielectric constant of THF=¢ ; X . .
7.5) and dioxanee(= 2.2). The interchain repulsion can be morphologies other than spherical micelle-like aggregates, a

varied further by using various mixtures of THF and dioxane. Solvent which has a solubility parameter close to that of the
Thus, as shown in Figure 1, small spheres are obtained in purecOré-forming block (to maximize the core dimension) and a low
THF (strongest interchain repulsion), rod-like aggregates (with d|ele(;tr_|c constant, partlcylarly Wh_en the coronal block is ionic
spheres) in a mixture of 60 wt % THF and 40 wt % dioxane, (to minimize the interchain repulsion), should be explored.

vesicles in a 5650 THF/dioxane mixture, and finally LCMs
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