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Figure 3 A calibration line obtained by
plotting the ratio of the absorbance of the
band at 1560 cm~! to that of the band at
2878 cm~! (A 1550/A187g) against the degree
of deacetylation. (®), I.r. data of the samples
made by the homogeneous hydrolysis;

(O), those of the samples obtained by the
heterogeneous hydrolysis

derived from the i.r. data obtained
from the two series of partly deacety-
lated chitin samples prepared by the
heterogeneous and homogeneous
hydrolyses, respectively. The interest-
ing comparison is that the slopes of the
lines A and B are appreciably ditfe-
rent from each other. We have already
reported that the structures of the
chitin congeners would be different
from each other, depending on the hy-

drolysis mode®. The difference in the
slopes of the Beer—Lambert lines A
and B in Figure 2 may reflect sensi-
tively the difference of the structures
of the chitin congeners.

Very similar phenomena have been
reported to be observed in the estima-
tion studies of the acetyl content of
cellulose acetate'®. The Beer—Lambert
curves for the intensity of the C=0
stretching band were known to give
different slopes depending on the dif-
ference in acetylation procedures.
O’Connor suggested that the difference
in slopes might be a clue to the position
or site of the chemical modification®®.
This suggestion is quite similar to our
view about the structural difference of
the chitin congeners.

Figure 2 shows considerable scatter
probably due to some experimental
errors including that in weighing, as
chitin and its congeners are very hygro
scopic. In order to correct the errors,
the absorbance of the amide II band
at 1550 cm~! was divided by that of
C—H band at 2878 cm~! which was
previously confirmed not to be affected
by the deacetylation.

Figure 3 depicts the plot of the ratio
of the absorbance of the amide II band
at 1550 cm~! to that of the band at
2878 cm~1 against the degree of deacety-
lation. As can be seen from Figure 3,
the correction technique gave data
which showed considerable decrease in
scatter of the points about the calibra-
tion line. More attractive is the fact
that the plot resulted in a single linear
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INTRODUCTION

A polymer is normally soluble? only in
liquids whose solubility parameter
values fall within the range 6, * 3.0
Hildebrands, the solubility decreasing
with an increase in the difference bet-
ween 8, and 6. o-Hydroxypropyl
cellulose with an MS of approximately
4.0 exhibits solubility® in liquids over a
much wider range of § values, from

water (6 = 23.4) to piperidine (§ = 8.7)
and having widely differing hydrogen
bonding abilities and polarities, e.g.
water, dimethylformamide and
chloroform.

In view of the wide solubility spec-
trum of this polymer the value of §,
has been determined, using the maxi-
mum limiting viscosity number (L VN)
method®. In addition &, has been cal-
culated directly using Small’s tech-
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relationship for both partly deacetylat-
ed chitin samples made by the homo-
geneous and heterogeneous deacetyla-
tion. This single relationship appeared
to correspond well to that of the cellu-
lose acetate case, which made the deter-
mination of acetyl content in any cellu-
lose acetates accurate.

The results obtained above indicate
that with this calibration technique,
the degree of deacetylation of any
partly deacetylated chitin samples can
be estimated rapidly with satisfactory
precision and accuracy regardless of the
deacetylation mode.
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nique®, and has been determined by a
novel method based on surface tension
measurements’.

EXPERIMENTAL

The o-hydroxypropyl cellulose used
was an unfractionated commercial
sample (Klucel MF produced by Her-
cules Inc,) with a nominal MS value of
4.0. The solvents were either Analar
grade or purified by distillation prior
to use. Viscosities were measured at
25.0° £ 0.05°C, and the surface tension
measurements were carried out using a
Du Noiiy balance.
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Figure 1 The L VN of solutions of o-

hydroxypropyl celluiose as a function of
the solubility parameter of the solvents:
O, strong hydrogen bonding solvents; @,
DMF/THF mixtures

RESULTS AND DISCUSSION

Four experimental determinations of

b, were carried out, two by the maxi-
mum L VN method and two using sur-
face tension measurements. Both strong
and moderate hydrogen bonding sol-
vents were used with each method.

Measurement of maximum LVN

The strongly hydrogen bonding sol-
vents used in the viscosity study,
together with their & values in paren-
theses, were water (23.4), methyl alco-
hol (14.5), ethyl alcohol (12.7), n-
butyl alcohol (11.4), sec-butyl alcohol
(10.8), tert-butyl alcohol (10.6), iso-
butyl alcohol (10.5), isoamy] alcohol
(10.0), and piperidine (8.7). The LVN
values are plotted against the 6, values
in Figure 1, from these a value of §,, =
10.65 Hildebrands is obtained.

Two moderate hydrogen bonding sol-
vents, tetrahydrofuran (9.9) and di-
methylformamide (12.1), were used to-
gether with mixtures of these two sol-
vents. The values of the solubility
parameter for the mixtures were cal-
culated using the equation:

8 =8mix=061V1t62V2

where V7 and V7 are the fractional
volumes of solvents 1 and 2, respec-
tively?. The LVN values are plotted
against the 6 values in Figure 1. The
graph has an unusual shape, the LVN
being greater in the two pure solvents
than in any of the intermediate mix-
tures. Normally the L VN values in
mixed solvents are either intermediate
between those in the pure solvents or
exhibit a maximum. It was originally
thought that since the minimum occurs
at a solvent composition of approxima-
tely 1:1, the two solvents were prefe-
rentially hydrogen bonding to each
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other, thereby reducing the solubilizing
power of the mixture relative to that of
a single solvent of moderate hydrogen
bonding ability and similar §; value.
However, the LVN of the polymer in
N,N-dimethyl acetamide (67 = 10.8)
was found to be 7.4 dl/g, similar to
that for the mixed solvent having §;

= 10.8. Thus the shape of the curve
cannot be due to preferential hydrogen
bonding between the two components
of the solvent mixtures. The curve has
a peak at a value of 10.7 Hildebrands
which is in good agreement with the
value obtained with solvents of strong
hydrogen bonding ability.

Calculation of &, by the method of
Small®

Small’s method is based on the as-
sumption that the contributions of the
individual atoms or groups to the over-
all value of the solubility parameter of
the molecule are additive. Small calcu-
lated molar attraction constants (F) for
a wide range of atoms and groups and
using these the solubility parameter can
be calculated from the formula:

8p = T F.d/Molecular weight

where d is the density of the polymer.

Using a value of 1.170 for the den-
sity® and a value of Foy = 380, similar
to that for the secondary hydroxyl
group in isopropyl alcohol, the calcu-
lated value for o-hydroxypropyl cellu-
lose is 10.2 Hildebrands. This is less
than the values obtained experimentally
by the maximum L VN method. How-
ever, the experimental determinations
involved strong or moderate hydrogen
bonding solvents whereas Small’s
method assumes no specific solvent—
polymer interactions. Examination of
the &, values of a number of poly-
mers®® shows that there is, on average,
a decrease in 8, with decrease in the
hydrogen bonding capability of the
solvents used in the determination. The
average decrease on going from strong
to poor hydrogen bonding solvent sys-
tems is 1.7 Hildebrands. Thus, the
calculated value for 6, would be expec-
ted to be less than the experimentally
determined value when using solvents
capable of hydrogen bonding with the
polymer.

Determination of p, from surface ten-
sion measurements

This method is based on the assump-
tion that the poorer the solvent for the
polymer the greater will be the tendency
of the polymer to move to the air—

solvent interface. Therefore the diffe-
rence between the surface tension of
the solution and that of the solvent
should be a minimum where 8, and

61 most closely match. The surface
tensions of the solvents were determin-
ed, then those of the corresponding
0.75% (w/v) solutions of polymer. Two
solvent systems, acetone/water and
DMF/THF, were used and the surface
tensions of both varied linearly with
composition whilst those of the solu-
tions passed through a minimum. The
plots of Ay against the solubility para-
meter of the solvent are shown in
Figure 2. For the acetone/water system
the minimum occurs at 10.9 Hildebrands
and at 10.6 Hildebrands for the DMF/
THF system. Both are in very good
agreement with the values obtained by
the LVN method. The agreement is
encouraging but it may be fortuitous,
as the validity of the method has yet to
be established. It is intended to exa-
mine the technique further to deter-
mine the reliability, as it has the advan-
tage of being considerably quicker than
the LVN method.

In all cases the surface tensions of
the solutions were greater than those of
the corresponding solvents, contrary to
the normal situation in which the
solution surface tension is lower. One
possible explanation is that the tech-
nique is measuring the ‘surface tension’
of the polymer, lowered by the presence
of solvent molecules. This is supported
by the fact that although the surface
tensions of THF and acetone differ con-
siderably, the values for the solutions
of o-hydroxypropyl cellulose are 30.2
and 30.3 mN/m, respectively, identical
within the limits of experimental error.
Since THF and acetone have approxi-
mately the same solubility parameters,

N
T
Ll

Ay xIC* (N/m)

00 105 110 115 120
8, (Hildebrand)

Figure 2 Differences (Ay) between the sur-
face tensions of solutions of o-hydroxypropy!
cellulose and the surface tensions of the sol-
vent mixtures as a function of the solubility
parameter values of the solvent mixtures:

O, acetone/water mixtures; ® DMF/THF
mixtures



9.9 and 10.0 Hildebrands, the amount
of solvent taken up by the surface layer
of polymer would be similar and the
‘surface tension’ of the polymer would
be reduced by a similar amount in
both instances. A minimum would
still be expected at the point where

6p and §; have the same value.

The average experimental value for
the solubility parameter of o-
hydroxypropyl cellulose, in strong and
moderate hydrogen bonding solvents,
is 10.7 Hildebrands. The calculated
value is 10.2 and the value in poor hy-
drogen bonding solvents would be ex-
pected to be less than 10.7. This is
lower than might be anticipated for a
water-soluble polymer. However a
structure for the polymer has been pro-
posed by Samuels® in which the hy-
droxyl groups of the anhydroglucose

units and of the propylene glycol chains
are predominantly intramolecularly hy-
drogen bonded. This would reduce the
interchain forces of attraction and give
a relatively low solubility parameter.
The aqueous solubility and the extre-
mely wide solubility spectrum in
strong hydrogen bonding liquids is due
to the numerous sites on the polymer
chain available for bonding with these
solvents. As the hydrogen bonding
power of the solvents decreases the
width of the solubility spectrum dec-
reases. Thus it is the aqueous solubility,
not the organosolubility, that must be
regarded as anomalous. This agrees
with the fact that o-hydroxypropyl
cellulose is thermoplastic and can be
readily melt processed®, making it
unique among water-soluble cellulose
derivatives.
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Kumaran and De' 3 showed that ligno-
sulphonate (hereafter referred to as
lignin) lowered the tensile strength,
modulus, hardness and resilience and
increased the abrasion resistance and
flex resistance of natural rubber vulca-
nizates. While studying different acce-
lerator systems in lignin-containing
vulcanizate® it was observed that in-
crease in compression set* due to addi-
tion of lignin was less in the MBT
system than that in other systems
(CBS/CBS—TMTD/CBS—DPG/MBT—
DPG). In order to understand the pos-

sible correlation between the vulcani-
zate structure and properties of the
vulcanizates, we have studied the effect
of different accelerator systems on the
vulcanizate network structure in the
absence and in the presence of lignin.

EXPERIMENTAL

Details of materials, mixing, vulcaniza-
tion and testing procedures have been
published earlier' ~>°. The compositions
of the mixes used in the present study
are shown in Table I. Vulcanizates

Table 1 Composition of the mixes

Mix No. 1 1A 2 2A 3 3A 4 4A
Natural rubber 100 100 100 100 100 100 100 100
Zinc oxide 5 5 5 5 5 5 5 5
Stearic acid 3 3 3 3 3 3 3 3
N-cyciohexyl-2-benzothiazyl 06 06 06 06 - - -
sulphenamide (CBS)

Diphenyl guanidine (DPG) 01 01 - — 0.2 02 - -
Tetramethyl thiuram disuiphide (TMTD) — — 0.1 01 - - — -
Mercapto benzothiazole (MBT) - — - - 08 08 1.0 1.0
Sulphur 25 25 26 25 25 25 25 258
Lignin 0 10 (o] 10 0 10 (o] 10
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were prepared by curing the compoun-
ded stock at 140°C for the respective
optimum cure times, determined by
using a viscurometer®. The M, values
of the rubber in the mixes were in the
range of 1.4 x 105 to 1.5 x 105, as de-
termined by the determination of the
limiting viscosity number®-¢. Chemical
crosslink density was determined by the
swelling method®7~® and the cross-
link type (mono-, di-, polysulphidic)
by using thiol—amine chemical
probes'’!2 The total sulphur was deter-
mined by the combustion of the vulca-
nizate, followed by absorption of the
sulphur dioxide in hydrogen peroxide
and quantitative titration of the resul-
ting sulphate ions®. Sulphide sulphur
was determined iodometrically from
the formation of cadmium sulphide*.
F values were calculated as the number
of g ions of sulphide sulphur present
in the network per chemical crosslink'2.
The crosslink efficiencies, £ and E’
were calculated as the number of atoms
of sulphur combined in the vulcanizate
network per chemical crosslink before
and after treatment with triphenyl
phosphine®. The E value is interpreted
as a measure of overall structural com-
plexity of a sulphur vulcanized network,
while E' is a direct measure of sulphur
combined in the main chain modifica-
tion such as cyclic sulphidic groups
and pendant sulphidic groups.
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