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SUMMARY

In order to obtain information about the intermolecular
interaction between the water-soluble-polymers, we measured the
heats of dilution of hydroxypropylcellulose(HPC)-water and gel-
atin-water systems at 298K by the flow microcaleorimeter. The
heat of dilution for gelatin-water system proved to be exothermic
and the heat interaction parameter Xqr determined by Van Laar
equation was estimated to be about -1,00. However, the heat of
dilution of HPC-water system moves from the exothermic to the
endothermic with an increase of HPC concentration and xl—value in
dilute solution was estimated to be about -0.91. We “found that
the interaction between gelatin and water depends linearly on the
gelatin concentration, but for HPC-water system, the interaction
depends considerably on the HPC concentration.

From the results of these interactions, the hydrophilic effect
of these water-soluble-polymers for water was the order of gelatin
> HPC.

We will discuss the hydrophilic and hydrophobic interactions
from the results of heats of dilution.

INTRODUCTION

One of the most interesting areas in biopolymers is to inform
the interaction between biopolymer and small molecule, and the
behaviours of the water surrounding biopolymer or the hydrated
biopolymeric molecule accompanying the functional development of
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life. No information, however, has been obtained for water
effect.

In the previous papers, we measured the heats of dilution of
the water-soluble-polymers such as polylethylene oxide)(ref.l) and
poly(acrylic acid)s(ref.2) in aqueous sclutions at 298 K by means
of microcalorimetry and the heat interaction parameter was
estimated to be negative(exothermic). The fact that the enthalpy
parameter was negative may be expected the existence of the
consolute temperature. And also, in order to obtain information
about the thermodynamic quantity from the consolute temperature,
we studied the lower critical solution temperature of the aqueous
poly{ethylene oxide)(ref.3) and hydroxypropylcellulose(HPC)(ref.4)
solutions by solution type of differential thermal analysis, and
the heat interaction parameter was estimated to be -1.86 for
poly(ethylene oxide) and 0.49 for HPC.

Recently, to obtain information about the intermolecular in-
teraction for water-soluble-polymer in the concentrated solutions,
the phase states of the gelatin-HPC mixture were studied by the
new instrument of DTA equipped with laser and polarization
microscope(ref.5). We found that HPC in ternary solutions with
various HPC concentrations at a given concentration of gelatin(15
wt%) was enclosed by gelatin at low concentration of HPC and vice
versa at high concentration of HPC and the mixture of HPC-gelatin
forms the different liquid crystal compared with the lyotropic and
choresteric liquid crystals of HPC(ref.é6). It is considered that
the hydrophilic and hydrophcbic effects may play an important role
for forming the liquid crystal of the mixture of HPC-gelatin.

As one of the approach to obtain information about the
mechanism of the formation of the liquid crystal for the mixture
of HPC-gelatin, the heats of dilution of HPC-water and gelatin-one
systems were measured at 298.15 + 0.005 K by a flow microcalori-
meter and heat interaction parameters were estimated.

We will discuss the hydrophilic and hydrophobic interactions
from the heat interaction parameter estimated by the heat of
dilution in this paper.



EXPERIMENTAL

Samples used in
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6.0x104, Scientific Polymer Co.Ltd., USA
1.Ox105, Sigma Co.Ltd., USA}, respectively.

Water as solvent used in this study was passed through the
reverse osmotic membrane, distilled and deionized by ion-exchange
resin.

A calorimeter used in this study was a flow microcalorimeter
equipped with UV spectrometer.

RESULTS AND DISCUSSION Table I Heat of dilution at 298 K

The heats of

. . — 5 —
dilution,  XE, of 1020, 10%.¢y 10%an; 10°.7E,  xy
hydroxypropylcellu- mol J
lose(HPC)~ and gel-
atin-water systems

(a) gelatin-water system

were  measured at 0.81 4.05 1.11 -0.83  -0.92
298.15 + 0.005 K by 0.81 4.86 0.89 -1.10 -1.27
a flow microcalori- g‘g% g'é; g'gé :g‘gé :é'gg
meter equipped with 1.02 2.04 1.78 -0.84 -0.92

. . . -1.0 -0.87
the UV spectrometer. 105 408 133 C1l31 104
These heats of 1.02 5.10 1.11 -1.40 -0.98

. . . . .89 -1.33 -0.97
dilution proved to 15 S 386 Ils0 109
be exothermic, dem-~ 1.24 4.94 1.33 -1.94 -0.96

. 1.24 .65 .67 -1.60 -0.90
onstrating that the 130 1510 033 0.6 318
interactions between
HPC and/or gelatin (b) HPC-water system
and water may exist. 0.81 4.04 1.11 -0.59 -0.62

0.81 5.66 0.67 -0.47 -0.66

The results ob- 1.07 2.13 1.78  -0.80 =-0.71
tained are listed in 1.07 3.20 1.56 -0.94 -0.80
1.29 1.29 2.00 -1.04 -0.45

Table I.  However, 1.29 5.17 1.33  -1.49  -0.55
it is very interest- 1.29 6.46 1.11 -0.68 -0.82
. —_ . 1.47 5.87 0.89 -0.56 -0.29
ing that aHy for HPC- 1.47 8.81 1.33 0.20  0.05
water system converts 1.47 11.74 1.78 1.90 0.25
from negative value 2% 5.03  ole 11 0.2
to positive one with 2.26 11.29 1.11 1.84 0.29
. . 3.03 6.06 1.78 2.17 0.27
increasing the HEC 3.03 9.09 1.56 2.89 0.27

concentration.
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As reported previ-
ously(ref.7), the heat
of dilution, Eﬁd is

-1
o
H
©

N
©

N
~
(]
3
[o]
]

]

related to the initial
volume fraction of the
polymer,¢2 and the final
volume fraction, ¢, as
follow;

AHd/Anl / J-mol
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mole of solvent added,

respectively. By using Fig. 1 Plots of Eﬁd/Anl against

the experimental data .
. . RT ¢4,
listed in Table I and Eg. .
— a: gelatin-water system
(1), the plots of aH4/ 60, b: HPC-water system
against RT¢2¢é are

carried out and shown in Fig. 1a and 1b. As seen in Fig. 1a, the
plot of Kﬁd/Anl against RT¢2pé for gelatin-water system is a
linear, suggesting that Xy is not dependent on the concentration
of gelatin. and the solubility of gelatin for water is
good(exothermic). while, the plot of Eﬁd/Anl against RT¢2¢é for
HPC-water system is shown in Fig. 1b. AHd moves from the
exothermic to the endothermic with an increase of the HPC
concentration. It is worth noting that the critical concentra-
tion, ¢c from the exothermic to the endothermic direction with
increasing the HPC concentration may exist, suggesting that the
hydrophilic effect by the hydrogen bonding between OH of
hydroxypropyl group of HPC and water 1in dilute solution
contributes the solubility of HPC. However, with an increase of
the concentration of HPC, the hydrophobic effect between HPC and
water becomes the larger and then the endothermic of Kﬁd appears.
It is demonstrating that Xy depends considerably on the concent-
ration of HPC by the cooperative action of the hydrophilic and
hydrophobic interactions.



Assuming that Xy is expressed as;
= xq * X * X0y * =m- (2)
Xg T X1 T Xp% T X39

and making the same derivation as that of Eg.(l1), we can obtain
the following equation;

X3 (3)

2.2
(¢,+95) (6,°+65°)
27%2° 2 792 +___}
2 3

AHd = RT¢2¢éAnl{Xl + X5

In order to find X1r Xor and X3, We tried to plot the
AHd/RT¢2¢éAn1 against (¢2+¢é)/2 for each system as shown 1in Fig.
2a and 2b. The experimental data, however, are scattered to obtain
accurate values.

Therefore, we
carried out the

least - squares 2 .
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treatment of the

data according to
Eq.{(3), and this
gives the values
for Xpr X3 and X3
shown in Table II.
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But, x,- and X3~
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tin-water system
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tration. wWhile,
it is worth noting
that the behaviour
of Xy
for HPC-water sys-
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formation from

itive values with
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increasing the HPC concentration. By using the values of X1r Xg
and x, listed in Table II, a Kﬁd/Anl—RT¢2¢é curve has been
calculated for each system;

This curve, which is shown

by the solid line in Fig. Table II Values of X =, Xy~ and
1, 1is in good agreement X3~ parameters
with experimental data for
each system. X1 X5 Xq

As seen in Table 1II,
x,-Parameter is negative gelatin -1.00 = 0 0
value which is indepen-  HEC -0.91 2.52  4.65x10°>

dent of the gelatin con-

centration, suggesting that

gelatin molecule from the dilute to the concentrated solutions has
the 1large hydrophilic effect based on the hydrogen bond between
>C=0 and/or >N-H groups of main chain of gelatin molecule and
dater molecule. On the other hand, for HPC-water system,
xl—parameter in dilute sclution is negative wvalue which has
approximately the same value as well as that of gelatin-water
system. This negative value in dilute solution may be based on
the hydrogen bond between OH in hydroxypropyl group as side chain
of HPC molecule and water molecule. But, X5~ and X3~ parameters
which depend on the HPC concentration are positive value,
demonstrating that positive value may be due to the cooperative
action of the hydrophobic effect and the hydrogen bond as
mentioned above with increase of the HPC concentration.

However, it 1is very difficult to analyze exactly the
complicated interaction between HPC and water with increasing HPC
concentration from our present work only.

Further study is in progress to obtain many information about
the interaction between water-soluble-polymers.
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