
Multiple morphologies of molecular assemblies of poly-
styrene-b-poly[2-(β-D-glucopyranosyloxy)ethyl acrylate] (PSt-
b-PGEA) were obtained by initially dissolving it in DMF and
then adding water to the organic solution. With increasing the
initial copolymer concentration (ICC) from 0.1 wt% to 2.0 wt%
in DMF, the molecular assemblies of PSt77-b-PGEA6 were
transformed from spheres, to rods, to vesicles, to tubules, and
again to vesicles. Concanavalin (Con A) was used to character-
ize the surface properties of the resulting aggregates. 

It has been known that when the length of hydrophilic
blocks of amphiphilic block copolymers is far shorter than that
of hydrophobic blocks, as the result of the association of
hydrophobic blocks, multiple morphologies of molecular
assemblies (so called crew-cut aggregates) are formed in
water.1-3 These morphologies include spheres, rods, vesicles,
and tubules, etc.. Several factors, like the nature and composi-
tion of the block copolymers, the nature of the common solvent,
and the initial copolymer concentration (ICC), etc., have been
found to influence the morphologies of aggregates.3  So far,
several block copolymers have been investigated for their mul-
tiple morphologies of crew-cut aggregates in water.4-6 

Glycopolymer in which saccharide residues are incorporat-
ed to polymer backbones as pendent groups have been studied
as important materials for the study on the carbohydrate-protein
interactions.7 Amphiphilic diblock copolymers with glycopoly-

mer segment as the hydrophilic block have also been found to
form ordered aggregates under certain conditions.8 We have
reported that a new kind of highly asymmetric amphiphilic
block copolymer, polystyrene-b-poly[2-(β-D-glycopyranosylox-
yl)ethyl acrylate] (PSt-b-PGEA), exhibits multiple morpholo-
gies of molecular assemblies in water by initially dissolving it
in a common solvent, e.g. DMF, THF, etc., at room temperature.9

In this article, we reported that the aggregates transformed
from spheres, to rods, to vesicles, to tubules, and again to vesi-
cles with the increase of ICC from 0.1 wt% to 2.0 wt% in DMF.
The specific interaction between PSt-b-PGEA aggregates and
Con A was investigated in order to characterize the saccharide
groups in the surface of aggregates.

PSt-b-PGEA diblock copolymer was synthesized by atom
transfer radical polymerization (ATRP). The fractionated
diblock copolymer used in the present study is PSt77-b-PGEA6
with a polydispersity of 1.27. The subscripts of PSt77-b-PGEA6
represent numbers of the repeat units of PSt blocks and PGEA
blocks. The procedure for preparation of aggregates and the
characterization with transmission electron microscopy (TEM)
can be found in the previous paper.9 The solvent used was
DMF and a series of copolymer solutions with the concentra-
tion from 0.1 wt% to 2.0 wt% were investigated.

Figure 1 shows the morphological transitions of the crew-
cut aggregates of PSt77-b-PGEA6 by changing ICC in DMF.
When ICC was 0.1 wt%, PSt77-b-PGEA6 yielded a mixture of
spheres and short rods (Figure 1A).  The outer diameter of
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spheres is from 30 nm to 50 nm. The outer diameter of rods is
ca. 50 nm.  When ICC was increased to 0.2 wt%, rods were
dominantly aggregates (Figure 1B).  The length of the rod
increases appreciably compared to that in Figure 1A, but the
diameters do not change obviously.  As ICC was increased to
0.4 wt%, most of the rod-like aggregates disappeared and vesi-
cles were formed (Figure 1C), the diameters of which range
from 80 to 120 nm.  The vesicular nature is evidenced from
their higher transmission in the core of aggregates compared to
skin. Spheres still exist, but the diameters increase obviously as
compared with those in Figure 1A and Figure 1B.  As ICC was
raised to 0.6 wt%, most aggregates formed from PSt77-b-
PGEA6 were vesicles (Figure 1D), coexisting with some
spheres.  The vesicles are in regular shape.  The average diame-
ter of the vesicle increases compared to that in Figure 1C.  With
the increase of ICC to 0.8 wt%, the copolymer started to form
short and irregular tubules (Figure 1E), coexisting with vesi-
cles.  When ICC was increased to 1.0 wt%, the copolymer
formed long and regular tubules (Figure 1F).  The tubular
nature is evidenced from their higher transmission in the core
compared to skin.  The length of tubules ranges from 6 µm to
10 µm.  The diameter of tubules is ca. 55 nm. Some small
spheres could still be seen.  As ICC was further increased to 1.5
wt%, the copolymer formed again irregular and short tubules,
coexisting with vesicles (Figure 1G).  When ICC reached 2.0
wt%, the copolymer formed dominantly large compound vesi-
cles (Figure 1H).  The transition from spheres to tubules can be
explained from that the aggregation numbers of micelle
increase as the increase of ICC.10 The transition from tubules
to vesicles is still being studied. 

It is well known that glucose moieties have a strong and
specific interaction with Concanavalin A (Con A).11 In order to
characterize the surface properties of the crew-cut aggregates
we discussed above, the interaction of Con A with them was
studied.  Thus, an equal volume of aggregate solution prepared
from 2.0 wt% of PSt77-b-PGEA6 in DMF and aqueous Con A
buffer solution was mixed.  The concentration of Con A in the
mixture was 400 µg/mL.  The interaction was monitored by fol-
lowing the increase of turbidity at 360 nm (Shimadzu 2100 UV-
visible spectrophotometer).12 Figure 2 shows the results.  The
solution has a absorption of 0.4 after equal volume of deioned
water was added.  Soon after Con A solution was added, the
absorption increased very quickly, and reached a maximum at

about 45 min.  At this moment, even though the solution is very
turbid, it is homogenous, and no precipitation can be observed.
This state continued for about 40 min, then the precipitation
was gradually formed.  Until about 120 min, all the aggregates
have been precipitated.  This result indicates the secondary
aggregation of crew-cut aggregates, which further confirms that
the surface of the aggregates is covered with glucose moiety.
After complexation with Con A, the aggregates are connected
together to give large aggregates whose hydrophilicity are not
strong enough to keep it in water as suspension.  Other aggre-
gates gave similar results.  The only difference is the maximum
value of turbidity and the time to reach it.  To confirm that the
original aggregates are stable enough and this complexation is
reversible, an aliquot of concentrated glucose solution was
added to the precipitated sample.  After shaking the solution, it
was observed that the turbidity gradually decreases and almost
returns to the original value after 2 hours (data not shown).  The
interaction between Con A and glucose has replaced the interac-
tion of Con A with aggregates, due to higher concentration of
glucose.

It is thus concluded that by changing ICC of PSt77-b-
PGEA6 in DMF, different morphologies of aggregates can be
obtained.  At lower ICC, the aggregates are mainly micelle-like
spheres, while bilayer aggregates are formed by increasing ICC.
All the outer surface of the aggregates was covered with
hydrophilic glycopolymer segments.
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