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It was reported! that the rate of the poly-
condensation of dimethyl tartarate (DMT)
with hexamethylenediamine (HMD) was en-
hanced by the presence of polymer matrices
such as poly(1-vinylpyrrolidone), a polysac-
charide, or poly(vinyl alcohol). This rate en-
hancement was due to the hydrogen-bonding
interaction between DMT or the resulting
polyamide with the matrix polymers so that
monomers were adsorbed along the chains of
the matrix polymers, thus increasing the local
concentration of monomers at the reaction
stage of the polycondensation. The presence of
poly(4-vinylpyridine) did not enhance the rate
of the polycondensation of diethyl mucate
(DEM) with HMD, but the molecular weight
of the resulting polyamide increased.”

This paper deals with the polycondensation
of diethyl mucate (DEM) with hexamethyl-
enediamine(HMD) in the presence of a matrix
polymer which may adsorb DEM by interac-
tions with carbonyl or hydroxyl moieties in
DEM so that polycondensation reactions may
take place along the chains of the matrix
polymer.

CH;CH,0CO(CH),COOCH,CH; + H,N(CH,)sNH,
6H (DEM) (HMD)

Matrix CO(CH),CO +
_Matrix
TnDOX or INDMS0 t (b:»c NH(CH,)sNH} + 2CH,CH,0H

at 60°C

EXPERIMENTAL

Diethyl mucate (DEM) and diethyl adipate
(DEAd) were synthesized by esterification of
commercially available diacids and ethanol.
Polycondensation of these diesters with HMD
was carried out in dimethyl sulfoxide (DMSO)
or 1,4-dioxane (DOX) in the presence or ab-
sence of the matrices shown below by a con-
ventional polycondensation method at 60°C.
The added amount of matrices was adjusted
according to the concentration of repeating
unit based on the amount of ester moiety in
DEM. The following polymers were added as
the matrix polymers:

~CH—CH,)7 —tCH—CH,J)5  CH;CH,

OH OH
4HST-1 PST 4EPh
4HST-2
4HST-3
4LHST-4

Matrix Np/ €
4HST-1 0.08
4HST-2 0.09
4HST-3 0.14
4HST-4 0.34
PST 0.67

* 0.01g/10cm® in CHCIL,COOH at 30°C.
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The rates of polycondensation were fol-
lowed by titrating the residual amount of
HMD in the solution. The polycondensation
was initiated by mixing a solution of HMD
with that of DEM and matrices, and the
mixture was allowed to stand overnight in
order to reach an equilibrium and form a
complex between DEM with the matrices.
Separation of polyamide from the matrix was
carried out by extracting the matrix polymer
with methanol in a Soxhlet extractor. The
apparent rate constants of the present matrix
polycondensation were calculated as second-
ordered reactions.

RESULTS AND DISCUSSION

Figures 1 and 2 show the polycondensation
of DEM with HMD in DMSO or DOX in the
presence or absence of a matrix at 60°C. The
rate of the polycondensation in the presence of
4HST-4 was greater than that in the presence
of 4EPh or absence of a matrix. It was also
found that rate enhancement due to 4HST-4 in
DOX was more pronounced than that in
DMSO. This result suggests that the rate
enhancement effect might be attributed to a
hydrogen-bonding interaction.

The following three interactions are thought
to be possible hydrogen-bonding interactions:
(1) the interaction between hydroxyl groups in
4HST and carbonyl moieties in DEM; (2) that
between hydroxyl groups in 4HST and hy-
droxyl groups in DEM; (3) that between hy-
droxyl groups in 4HST and amino groups in
HMD. We at first investigated the role of
hydroxyl groups in the matrix (4HST). Figure
2 clearly shows that hydroxyl groups in 4HST
play an important role as binding sites for
monomers since the polycondensation in the
presence of PST took place at almost the same
rate as that in the absence of the matrix.

Secondly, we investigated the effects of the
hydroxyl and carbonyl moieties in DEM. The
reseluts are shown in Figure 3. Polyconden-
sation of diethyl adipate was also enhanced in
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Figure 1. Time-conversion curves of the matrix poly-
condensation of DEM with HMD at 60°C. O, 4HST-4;
©, 4EPh; @, none; [monomer]=0.05moldm™3;
[matrix]=0.10moldm ~* or unit moldm 3.
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Figure 2. Time—conversion curves of the matrix poly-
condensation of DEM with HMD at 60°C. O, 4HST-
4, ©, PST,; @, none; [monomer]=0.05moldm3;

[matrix]=0.10 unit moldm 3.

ky Matrix Polyamide
Matrix
mol 'dm?s ™! el € el C*
None 2.5 — 0.27
4HST-4 15.9 0.34 0.32
PST 2.5 0.30 0.27

2 0.01 g/10cm? in CHCI,COOH at 30°C.

the presence of 4HST-4 in spite of the fact that
diethyl adipate has no hydroxyl group. If the
hydroxyl group in DEM contributes to rate
enhancement, results such as shown in Figure
3 would not be observed. From this point, we
concluded that the carbonyl moiety in DEM
plays a role as a binding site for a hydrogen-
bonding interaction.

DEM was concentrated around the matrix
by the hydrogen-bonding interaction between
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Figure 3. Matrix polycondensation of DEAd with
HMD at 60°C. O, 4HST-4; ©, 4EPh; @, none;

[monomer] =0.05moldm~3;  [matrix]=0.10 moldm ™3

or unit moldm 3.

the carbonyl moiety in DEM and the hydroxyl
group in 4HST before the start of polyconden-
sation. As a result, the rate enhancement and
increase of molecular weight of the corre-
sponding polyamide were observed. At present,
we conclude that the hydrogen-bonding in-
teraction between hydroxyl groups in matrix
(4HST) and carbonyl moieties in DEM is the
dominant interaction to enhance the polycon-
densation rate of DEM with HMD in the
presence of 4HST matrix.

Lastly, Figure 4 shows the effect of the
degree of polycondensation of the matrix
polymer on the polycondensation reaction of
DEM with HMD, where the viscosity of the
matrix polymer is used as a measure of the
degree of polymerization. Increase of viscosity
values of the matrix polymer (4HST) induced
both an increase of the reaction rate and
viscosity of the corresponding polyamide as
shown in Figure 4. Increase of the polymer
length might cause more hydrophobic environ-
ment around the hydroxyl group in the matrix,
and such increased hydrophobicity strength-
ened the hydrogen-bonding interaction,
leading to an increase in the local concen-
trations of DEM. As a result, the polyconden-
sation rate was increased. Further, the longer
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Figure 4. Time—conversion curves of the matrix poly-
condensation of DEM with HMD at 60°C. @, 4HST-
1; ©, 4HST-2; O, 4HST-3; [monomer] =0.05 moldm ~3;

[matrix]=0.10 unit mol dm 3.

01

k, Matrix Polyamide
Matrix
mol " 'dm3s ! Nspl € NeplC*
4HST-1 6.5 0.08 0.16
4HST-2 10.1 0.09 0.21
4HST-3 10.4 0.14 0.31
4HST-4 15.9 0.34 0.32

2 0.01 g/10cm?® in CHCL,COOH at 30°C.

the matrix polymer, the longer the monomer,
DEM, might line up along the matrix polymer.
This well lined-up monomer sequence might
cause an increase of viscosity of the cor-
responding polyamide.

Thus it was found in this work that the
polycondensation of DEM with HMD was
enhanced in the presence of a matrix polymer,
and the longer the matrix polymer, the longer
was the corresponding polyamide obtained.
This matrix effect might be due to hydrogen-
bonding interactions.
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