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A novel self-assembly polysaccharide derivative; hydro-
phobically (stearyl alkyl group) and hydrophilically (sulfonic
acid salt group) modified hydroxyethylcellulose (HHM-HEC),
has the unique rheological properties in aqueous solutions.

Much recent attention has been paid to the water-soluble
polymers from the view point of the environmental protec-
tion.2–4 Especially, the water-soluble amphiphilic polymers have
been extensively investigated not only by academic chemists but
also by industrial scientists, and applied to various fields.2–4

Many kinds of the block or random copolymers have been syn-
thesized from various hydrophobic and hydrophilic monomers,
and investigated intensively the self-assembly and aggregation
of the amphiphilic polymers in aqueous solutions.5–16 However,
there are only a few reports on studies of the amphiphilic poly-
saccharide derivatives such as the nonionic hydrophobically
modified polysaccharides.17–21

In this paper, we report on a novel self-assembling polymer
(HHM-HEC), and it’s unique rheological properties in aqueous
solutions. The HHM-HEC was synthesized from hydroxyethyl-
cellulose, stearyl glycidyl ether, and 3-chloro-2-hydroxypropa-
nesulfonic acid in alkaline condition (Figure 1). We synthesized
the HHM-HEC1 that introduced hydrophobic substituent
(0.0039), because it was insoluble in water when that exceeded
0.0080, and that introduced hydrophilic substituent(0.29), be-
cause it accelerated the water-insolubility when that replacement
was few. Initially, we examined the relationship of viscosity or
surface tension between the concentration of HHM-HEC in wa-
ter. The viscosity and the surface tension of the aqueous solution
of HHM-HEC at 25 �C were shown in Figures 2 and 3, respec-
tively. In Figure 2, two break points were found at around 0.2
and 0.6wt%. Such behavior in the viscosity is different from
that of HEC or Carbopol� (the cross-linked polymer of polya-
crylic acid), and should be attributed to the amphiphilic proper-
ties. Because HHM-HEC has both hydrophobic and hydrophilic
moieties, so that it forms the aggregate, as well as a large number
of conventional surfactants form micelle in water. The surface
tension measurements were carried out to determine the critical
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Figure 1. Hydrophobically (stearyl alkyl group) and hydrophil-
ically (sulfonic acid salt group) modified hydroxylethylcellulose
[R = H or (CH2CH2O)nH or CH2CH(OH)CH2OC18H37 or CH2-
CH(OH)CH2SO3Na or (CH2CH2O)nCH2CH(OH)CH2OC18-
H37 or (CH2CH2O)nCH2CH(OH)CH2SO3Na].
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Figure 2. Viscosity of aqueous solution as a function of the
HHM-HEC concentration at 25 �C.
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Figure 3. Surface tension of aqueous solution as a function of
the HHM-HEC concentration at 25 �C (dyn = 10�5 N).
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Figure 4. Emission maximum of �-PNA (�max) as a function
of the HHM-HEC concentration at 25 �C (�-PNA ¼ 1:0�
10�6 mol dm�3).
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micellization concentration (CMC). In Figure 3, a clear break
point at around 0.6wt% was observed of the aqueous solution
of HHM-HEC and was belived to be the CMC. While at a con-
centration of 0.2wt% another characteristic can be observed. It
should be noted that the viscosity of solution is greatly increas-
ing, beginning at this concentration (see Figure 2). Therefore, it
is likely that the intermolecular crosslinking (growth of gel net-
work) based on the hydrophobic interaction of stearylalkyl moi-
eties occurs immediately from 0.2wt% concentrations. To test
this hypothesis, we have conducted an experiment using, �-phe-
nylnaphthylamine (�-PNA) as the fluorescence probe, because it
is well known as a neutral, hydrophobic probe, and its maximum
wavelength of a fluorescence spectrum shifts to short wave-
length with decreasing the polarity of environment around the
probe.22 Figure 4 shows the variation of the maximum wave-
length with the HHM-HEC concentrations. Going from 0.2 to
0.6wt% of HHM-HEC concentrations, the fluorescence maxi-
mum wavelength of �-PNA shifted to a lower wavelength. In
a region of more than 0.6wt% concentrations, it showed an al-
most fixed wavelength. It can be seen that the aggregation of hy-
drophobic stearylalkyl moieties in HHM-HEC occurs from
0.2wt% concentration, and the formation of aggregates is com-
pleted at 0.6wt% concentration (aggregation number of steary-
lalkyl groups were determined). Above 0.6wt% there is an in-
crease in the number of aggregates but it is likely that the
aggregation number of stearylalkyl groups remains the same.

Thus the thickening mechanism of HHM-HEC consists of
three steps. First step: HHM-HEC exists as monomer solution
below the CAC (critical aggregation concentration). Second
step: Intermolecular aggregation of its alkyl groups starts at
CAC. Therefore the alkyl domains that play the role of cross-
points in intermolecular network are formed. After that, as its
concentration is increased, the alkyl domains also increase in
size (the number of aggregated alkyl chains increase). Third
step: Growing of alkyl domains stops at CMC (the number of ag-
gregated alkyl chains stop increasing). While increasing the con-
centration of HHM-HEC, the number of domains increases but
the number of alkyl chains per domain remains the same.

As described above, HHM-HEC, an anionic associated
thickener, can dramatically increase the viscosity of an aqueous
solution above CAC. Ordinarily, it has been seen that ionic asso-
ciated compounds depress their CAC with increasing the ionic
strength of that solution. The case of HHM-HEC isn’t an excep-
tion, either. To utilize these properties, we found it can induce
specific behavior on rheology in an aqueous solution. Figure 5
shows the relationship of NaCl concentration and solution vis-
cosity (HHM-HEC concentration is 0.5wt%, constantly). It’s

clear that the viscosity of aqueous HHM-HEC solution increases
while increasing the concentration of NaCl. It can be seen that
the networking of HHM-HEC proceeds with increasing the ionic
strength of that solution. General thickeners reduce the viscosity
of their solution while increasing the ionic strength in that solu-
tion. And also, even the polysaccharides that show excellent vis-
cosity in ionic aqueous solutions do not cause the viscosity to de-
crease. This finding is very interesting because there is no
previous report of a thickener in low concentrations that shows
this unique behavior.

In summary, we synthesized a novel self-assembling poly-
mer; (HHM-HEC), and reported on it’s unique rheological prop-
erties. The thickening mechanism in aqueous solution consists of
three steps. And we found that the viscosity of aqueous solution
increases while increasing the ionic strength of that solution.
From now, we will proceed with the analytical approaches to re-
alize the mechanism of viscosity that increased in ionic condi-
tions.

References and Notes
1 Data for HHM-HEC: The average degree of replacement by the hydro-

phobic substituent (stearyl alkyl group) is 0.0039 per constituent mono-
saccharide residue as determined by Zeisel’s method23 and that by the
hydrophilic substituent (sulfonic acid salt group) is 0.29 per constituent
monosaccharide residue as determined by colloidal titration. Weight-
average molecular weight is 1900000 (7300 glucose unit) as determined
by light scattering method. This novel polysaccharide derivative was
synthesized by the method of Japanese patent [JP3329668].

2 Y. Morishima, Kobunshi, 46, 128 (1997).
3 J. Bock, R. Varadaraj, D. N. Schulz, and J. J. Maurer, ‘‘Solution Proper-

ties of Hydrophobically Associating Water-Soluble Polymers,’’ in
‘‘Macromolecular Complexes in Chemistry and Biology,’’ ed. by P.
Dubin, J. Bock, R. Davis, D. N. Schulz, and C. Thies, Springer-Verlag,
Berlin (1994), p 33.

4 Y. X. Zhang, A. H. Da, T. E. Hongen-Esch, and G. B. Butler, ‘‘Synthe-
sis, Solution Properties and Application,’’ in ‘‘Water Soluble Poly-
mers,’’ ed. by S. W. Shalaby, C. L. McCormick, and G. B. Butler,
ACS, Washington, DC (1991), p 159.

5 M. Almgren, P. Bahadur, M. Janson, P. Li, W. Brown, and A. Bahadur,
J. Colloid Interface Sci., 151, 157 (1991).

6 M. Malmssten and B. Lindman, Macromolecules, 25, 5440 (1992).
7 P. N. Hurter, J. M. H. Scheutjens, and A. T. Hatton, Macromolecules,

26, 5592 (1993).
8 P. Linse, Macromolecules, 26, 4437 (1993).
9 G. Wu, B. Chu, and D. K. Schneider, J. Phys. Chem., 99, 5094 (1995).
10 R. Xu, M. A. Winnik, G. Riess, B. Chu, and M. D. Croucher,Macromo-

lecules, 25, 644 (1992).
11 C. Ramireddy, Z. Tuzar, K. Prochazaka, S. E. Webber, and P. Munk,

Macromolecules, 25, 2541 (1992).
12 T. Cao, P. Munk, C. Ramireddy, Z. Tuzar, and S. E. Webber,Macromo-

lecules, 24, 6300 (1991).
13 I. Astafieva, Z. F. Zhong, and A. Eisenberg, Macromolecules, 26, 7339

(1993).
14 Z. Gao, S. K. Varshney, S. Wong, and A. Eisenberg, Macromolecules,

27, 7923 (1994).
15 J. Zhu, R. B. Lennox, and A. Eisenberg, J. Phys. Chem., 96, 4727

(1992).
16 A. Halperin, M. Tirrell, and T. P. Lodge, Adv. Polym. Sci., 31, 100

(1992).
17 L. M. Landoll, J. Polym. Sci., Polym. Chem. Ed., 20, 443 (1982).
18 K. Kobayashi, H. Sumitomo, and H. Ichikawa, Macromolecules, 19,

529 (1986).
19 F. M. Winnik, Macromolecules, 22, 734 (1989).
20 F. M. Winnik, J. Phys. Chem., 93, 7452 (1989).
21 K. Akiyoshi, S. Deguchi, N. Moriguchi, S. Yamaguchi, and J.

Sunamoto, Macromolecules, 26, 3062 (1993).
22 W. O. Mcclure and G. M. Edelman, Biochemistry, 5, 1908 (1966).
23 K. L. Hodges, W. E. Kester, D. L. Wiederrich, and J. A. Grover, Anal.

Chem., 51, 2172 (1979).

1000

10000

0 2 4 6

NaCl/wt%

V
is

co
si

ty
/m

Pa
.s

 

Figure 5. Viscosity of HHM-HEC solution as a function of the
NaCl concentration at 25 �C. (HHM-HEC = 0.5wt%)
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