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Poly(vinyl alcohol)-Iodine Reaction

Introduction
Since the blue color reaction of poly(vinyl alcohol) (PVA) with

1) 2)

iodine was observed by Herrmann et al. and staudinger et al.

as early as 1927, numerous investigators have demonstrated the effects

of the reaction conditions and the structure of PVA on this reaction.
Effect of the reaction conditions was studied systematically

in detail by Zwicks) and a helical structure of the PVA-iodine

complex was proposed.Hayashi et al. noted that the dilute aqueous

solution of partially saponified poly(vinyl acetate) (PVAc) colored

red by treating with iodine as PVAc did, but that of partially

acetylated PVA did not turn red with iodine, even if both were

4)

equal in the average degree of acetylation Imai et al. reported

that the PVA-iodine reaction is sensitive to molecular weight and

5).

stereoregularity Longer and more syndiotactic PVA display higher
color intensities under the same conditions than polymers with
shorter chains and more random molecular configuration. A quantita-
tive relationship was establised between molecular weight and the
color intensity of the PVA-iodine reaction and the more syndiotactic
polymer reported to exhibit more intensive color.

Onthe other hand, it has been known that the variation at
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the molecular fine structure of PVA influences the properties of
PVA. For example, Murahashi et al. noted that isotacticity and
the 1,2-glycol structure lower the melting point and deteriorate
the crystallinit6’7).

Imai et al. separated a PVA derived from PVAc into fractions

8)

by foaming an aqueous solution ’. Fractions showed different reac-
tivity to the PVA-iodine reaction inspite of little difference of
degree of polymerization and 1,2/glycol content. They have suggested
that the PVA have been separated according the stereoregularity.

This work was undertaken to study the effect of the struc-
tural variations on the PVA-iodine reaction and to make an
approach to the elucidation of the structure of the PVA-iodine
complex.

Chapter I describe the preparation of atactic PVA having
various amount of the 1,2-glycol structure, in other words
head-to-head, starting from a new monomer, divinyl carbonate.
Further study was made on the cyclopolymerization of homologous
divinyl esters in the hope of synthesizing PVA rich in the
1,2-glycol structure. Divinyl carbonate was found to the most suitable
monomer for this purpose. In addition copolymerization parameters
of divinyl carbonate were determined.

Effect of the 1,2-glycol structure and stereoregularity on
the PVA-iodine reactions was studied in Chapter II. The presence

of the 1,2-glycol structure in atactic PVA did not change the
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structure of the complex but decreased the concentration of the
complex, whereas isotacticity not only decreased the concentration
but also modified the structure of the complex. The shortest
sequence which is needed for the complex formation was estimated

to be 120 monomeric unit of the atactic structure.

In Chapter III foam fractionation of aqueous PVA solution
were carried out according to Imai et al.g) It was confirmed that
the intensity of the PVA-iodine color reaction decrease with the
increase of the fraction numbers. The origin of this difference
was pursued from the view point of structural variations such as
molecular weight, stereoregularity, the 1,2-glycol content, and
the carbonyl content but none of these factors could elucidate
the difference. Short branching was suggested as a probable factor
which will influence the iodine-color reaction as well as the

foam fractionation.
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Chapter I

Preparation of Poly(vinyl alcohol) Containing Various
of the 1,2-Glycol Structure via Cyclopolymerization

of Divinyl Esters of Dibasic Acids.

I-1

Preparation and Polymerization of Divinyl Carbonate

Synopsis

The preparation of divinyl carbonate has been described. The
cyclopolymerization of the monomer has been studied under various
reaction conditions, and it has been found that cyclopolymerization
is not a predominant mode of propagation, for it leaves not less
than half a mole of unsaturation per unit structure. The polymer
structure has been analyzed by the infrared method and found to
contain the 5-membered cyclic carbonate unit, the 6-membered cyclic
carbonate unit and the pendant unsaturated carbonate unit.

The polymerization temperature has been shown to have a sig-
nificant effect on the S-membered cyclic unit content, increasing
the temperature resulting in an increase in the 5-membered unit.
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The activation energy difference between the intramolecular 5-
membered cyclization and the intermolecular propagation has been
estimated to be 6.21+0.29kcal/mol in the polymerization in a 50%

benzene solution and 8.44+0.48kcal/mol in bulk polymerization.



The Preparation and Polymerization of Divinyl Carbonate*

By Shunsuke MURAHASHI, Shun’ichi NozaxURA, Saburo Fun
and Kiyoshi KIKUKAWA

(Received March 15, 1965)

Since Butler? found the principle of the
intra-inter polymerization of divinyl com-
pounds, many divinyl compounds have been
reported to undergo cyclopolymerization,
yielding soluble polymers.

Divinyl carbonate seems, considering its
structural analogy to divinyl thiocarbonate,??
to be a monomer with the possibility of cyclo-
polymerization. The hydrolysis of the cyclized
polymer might yield polyvinyl alcohol, which
in turn might show some features of the
cyclopolymer with stereoregularity.®® The
present study started from such point of view.

Divinyl carbonate has not previously been
successfully prepared. In the present paper we
wish to report the synthesis of divinyl carbo-
nate and its polymerization, emphasis being
laid on the cyclopolymerization of the mono-
mer under various conditions. The identifica-
tion of cyclic units in the polymer and the
estimation of the degree of cyclization have
been made by means of infrared analysis based
on the study of model compounds.

Experimental

The Preparation of Divinyl Carbonate.—Divinyl
carbonate was synthesized by the reaction of mer-

* Part of this paper was presented at the 17th Annual
Meeting of the Chemical Society of Japan, April, 1964.

1) G. B. Butler and R. J. Angelo, J. Am. Chem. Soc.,
79, 3128 (1957).

2) H. R. Ringsdorf and C. G. Overberger, Makromol.
Chem., 44/46, 418 (1961).

3) S. Murahashi, H. Yuki, T. Sano, U. Yonemura, H.
Tadokoro and Y. Chatani, J. Polymer Sci., 62, 577 (1964).

curidiacetaldehyde with phosgene in tetrahydrofuran.
A mixture of 220g. of mercuridiacetaldehyde,>
150 ml. of tetrahydrofuran, and 0.5g. of hydro-
quinone was placed in a 500 ml. three-necked flask
equipped with a reflux condenser with a calcium
chloride tube, a stirrer and a glass gas inlet tube,
the flask was then cooled with an ice bath.
Phosgene (29 ml.), which had been condensed in a
graduated trap cooled in a dry ice-acetone bath,
was gradually evaporated through a phosphorus
pentoxide tube into the flask while its contents
were being stirred. The flask was then kept at 0°C
for 1 hr. while being stirred, kept at room tem-
perature for another hour, and then warmed slowly
up to 60°C. The reaction, which was not complete
at 0°C, vyielded vinyl chlorocarbonate as a main
product. The volatile components of the reaction
mixture were collected by vacuum distillation at
room temperature, and then the distillate was sub-
jected to fractional distillation at reduced pressure
using a fractional column of about 30 theoretical

plates. The yield was 17g., 40% based on mercuri-
diacetaldehyde. Colorless liquid, b.p. 103.5—
104.5°C, 49.0—49.2°C/98 mmHg, m.p. —38.0—

—38.5°C, n¥ 1.4135, di* 1.0095.

Found: C, 51.92; H, 5.22. Calcd. for C;HO;:
C, 52.63; H, 5.25%.

The Synthesis of Carbonates. — Trimethylene
carbonate was prepared by a known method® from
45g. of diethyl carbonate, 25g. of 1,3-propanediol
and 0.2g. of sodium. B.p. 115—116°C/2mmHg;
m. p. 47.0—47.5°C (recrystallized from ether). "Yield.
27%.

4) A. N. Nesmeyanov, R. M. Khomtov and I. F. Lut-
senko, Izvest. Akad. Nauk SSSR., Otdel. Khim. Nauk, 1957,

942,
5) L. Hough and J. E. Priddle, J. Chem. Soc., 1961, 581.



2,3-Butanediol cyclic carbonate was prepared from
25g. of 2,3-butanediol, 45g. of diethyl carbonate
and 0.1g. of sodium. The mixture was then heated
for 5hr. at 120°C, the ethanol thus formed being
distilled through a Vigreux column. After the
distillation of ethanol had ceased, the reaction
mixture was distilled under reduced pressure twice,
thus yielding 19g. of the product (60%), b.p. 78—
79°C/4 mmHg.

Found: C, 51.78; H, 6.88. Calcd. for C;HO;:
C, 51.72; H, 6.89%.

2,4-Pentanediol cyclic carbonate was prepared in
a manner similar to that used for 2,3-butanediol
cyclic carbonate, using 10 g. of 2,4-pentanediol, 15g.
of diethyl carbonate and 0.1g. of sodium. The
yield was 7g. (549%). B.p. 129—130°C/7 mmHg,
m. p. 12.5—13.0°C.

Found: C, 55.37; H, 7.78.
C, 55.39; H, 7.75%.

For the preparation of ethyl vinyl carbonate, a
mixture of 60g. mercuridiacetaldehyde, 15g. of
¢thyl chlorocarbonate and 30 ml. of tetrahydrofuran
was stirred in a three-necked flask equipped with a
reflux condenser and a stirrer, first at room tem-
perature for several hours, and then at gradually
increased temperatures up to 65°C. The volatile
component of the reaction mixture was collected in
a trap cooled by a dry ice - acetone bath in a vacu-
um, and then fractionally distilled, yielding 11 g. of
the product (69%), b.p. 71—72°C/176 mmHg.

Found: C, 50.98; H, 6.75. Calcd. for CsHgOs:
C, 51.72; H, 6.89%.

Propylene carbonate, a commercial product, was
used after distillation and the gas chromatographic
comfirmation of its purity.

The solvents for the polymerization experiments
were purified by standard procedures.

Polymerization.—An ampoule containing a mono-
mer, a solvent and benzoylperoxide (0.5 mol.2% of
the monomer) or 2,2'-azobisisobutyronitrile was
degassed three times in a high-vacuum manipulation
and then sealed. Polymerization was carried out
in a thermostat at 60+0.05°C.

In the photo-sensitized polymerization, a solution
of the monomer and 2,2'-azobisisobutyronitrile in
benzene was irradiated with a ultraviolet lamp
(Toshiba SHL 100-UV) in a vacuum, using a vessel
with a fused silica window.

After polymerization, a small amount of an in-

Calcd. for CgH ;403 :

hibitor, p-f-butylcatechol, was introduced into the
polymerization mixture, and then the residual
monomer and the solvent are stripped in a vacuum
at room temperature. The residual crude polymer
was treated with acetone. The acetone-soluble
fraction was precipitated with petroleum ether. In
some experiments the polymerization mixture was
poured into a large amount of hexane, yielding a
precipitate of the polymer. The polymer was dried
at room temperature in vacuo.

A typical example of the analysis of the polymer
is shown below for the sample of Exp. No. 1 in
Table V.

Found: C, 52.61; H, 5.29. Calcd. for CsHe¢Os:
C, 52.62; H, 5.31¢%,.

Infrared Spectra.—The absorption coefficients of
the model compounds were determined in chloro-
form, as it was confirmed that the Lambert-Beer
law was applicable at concentrations from 0.02 to
0.5mol./1. The infrared spectra of the polymer
were taken by the KBr-tablet method.

Results

The Infrared Analysis of the Polymer Struc-
ture.—An infrared spectrum of the polymer,
shown in Fig. 1, has two carbonyl absorptions,
at 1810 and 1760cm~!, and a double bond
absorption at 1660cm~! To identify these
absorptions, the infrared spectra of model
compounds were studied, they are listed in
Table I. It can there be seen that the band
at 1810cm~! in the polymer corresponds to
2, 3-butanediol cyclic carbonate (1810) and
closely corresponds to propylene carbonate
(1800), thus indicating that the 1810 band may
be due to the presence of a 5-membered car-
bonate. The band at 1760 cm~! of the polymer
corresponds to 2, 4-pentanediol cyclic carbonate
(1750), trimethylene carbonate (1755), and also
to ethyl vinyl carbonate (1760), indicating that
this band may originate from the unsaturated
carbonate of 1,2-addition type, presumably
being overlapped with a 6-membered cyclic
carbonate. Thus, the structure of the polymer
may be represented by Formula I:

3 4 3 [ 7 8 9 10 11 12 13 1415
100> M T T T T T T T T T T 7 T3
NS
o
153
=1
8
g
w3
=]
<
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=
ok .
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1400 1200 1000 800

Wave number, cm~?

Fig. 1.

Infrared spectrum of polydivinylcarbonate.



CH.

d
~/CHz-CH —(CH~CH \qH -[CH-CH-CH-CH~
] -
(u) 0\ /O O\ C/
COOCH=C ¢ C s
o 7’ 0
I

Using the following notations:

Polymer Molar Absorption Observed
structure concn. coefficient absorbance
Unsaturated C, 1C=C &1 D; (1660 cm~1)

carbonate
C=0 ¢
6-Membered C» i } D, (1760 cm~1)
carbonate &8
S-Membered C, e« D3 (1810 cm~1)
carbonate

the molar concentrations of the three structural
units can be expressed as;

Ci=Dy/eil
C2= (Dz-‘EzD]/Sl)/Esl
C3:D3/€41

where I, denotes the thickness of a specimen.
Assuming that the absorption coefficients of
the three structural units can be represented
by those of the corresponding model compounds
in solution, the following expressions result :

C1=D,/494]
C:=(D,—2.97D,)/1819]
C3=D3/1960!

The relative amounts of C;, C; and C; can be
calculated independently of the thickness, /.
The absorption bands at 1810 and 1760 cm™!
in the polymer, which overlapped each other,
were separated as shown in Fig. 2. The 6-
membered cyclic carbonate content was not
determined directly, but it was calculated on
the basis of the difference in the observed
absorbance of unsaturated carbonate as calcu-
lated from the vcac band at 1660 cm~!. There-
fore, its valué is likely to have some error
and to be less reliable. Cross-linking due to
the pendant unsaturation may not be large,

i
\ .
\\\/ N

N
Q0
Q
=}
<]
£
=
o
@
£
<

NN o

1 I L
1500 1800 1700 1600

Wave number, cm—!

Fig. 2. Analysis of an infrared spectrum of
polydivinyl carbonate.

but its increase will result in the overestima-
tion of the 6-membered carbonate in the above
calculations. This is another source of error
in the estimation of the 6-membered carbonate.

The Effect of Polymerization Variables on
Polymer Properties.—Gel point conversion may
represent a qualitative measure of the degree
of cyclization.?? The effect of the monomer
concentration on the gel point conversion is
shown in Table II. When a visible gellation
had taken place, almost the entire polymer
was found to become insoluble ; the monomer
concentration in this case did not have any
appreciable effect on the gel point conversion.

As it has been shown that, at a gel point
conversion, almost the entire polymer becomes
insoluble, the solubility of the polymers was
examined at various points of conversion. The
polymer was fractionated into a soluble part and
an insoluble part by digesting the precipitated
polymer with acetone at room temperature.
The results are shown in Table III. The first
appearance of gellation was observed after
about 75 min. polymerization, but the insoluble

TABLE I. INFRARED ABSORPTION COEFFICIENTS OF THE RELATED MODEL COMPOUNDS
Carbonate yc=0, CM™! € YCwc, €M1 €

Divinyl carbonate 1775 1460 1660 752
Vinyl ethyl carbonate 1765 1470 1665 494
Diethyl carbonate 1745 1110

2, 3-Butanediol cyclic carbonate 1810 1960

Propylene carbonate 1800 1490

Trimethylene carbonate 1755 1970

2,4-Pentanediol cyclic carbonate 1750 1810

Poly(vinylene carbonate)®> 1825

a) H. C. Haas and N. W. Schuler, J. Polymer Sci., 31, 237 (1958).
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TABLE II. POLYMERIZATION AND POLYMER STRUCTURE OF DIVINYL CARBONATE AT VARIOUS
MONOMER CONCENTRATION IN BENZENE
60+0.05°C ; [BPO]=0.5 mol. ¢5 of monomer

Exp. No. 1 2 3 4
Monomer concn., % by Vol. 70 50 30 10
Time, min. 52 77 112 1080
Conversion, %® 12.2 13.9 11.1 14.7

. N ———— S
Sol. and insol. part, % 0.9 10.0 0.5 10.9 0.4 8.4 0.0 14.0
1,2-Addition, % — 72 56 69 59 52 - =
6-Membered ring, % — 12 31 18 25 27 — -
5-Membered ring, % — 16 13 13 16 21 JE—

a) Polymerization was stopped at the first appearance of gellation except for No. 5
where no visible gellation was observed.

TaBLE III. PROPERTIES OF POLYMERS OBTAINED AT VARIOUS CONVERSIONS
[M]1=30vol. 9% in benzene; [AIBN]=0.5 mol. 2, of monomer; 60+0.05°C

Exp. No. 5 6 7 8 9
Time, min. 30 60 90 120 180
Conversion, % 5.8 8.5 11.6 14.0 20.5

—_—— —— —, —— ——————
Sol. and insol. part, 95 5.3 0.0 3.7 4.7 1.3 9.5 1.1 12.1 0.5 20.0
1,2-Addition, % — — 59 52 — — 48 51 59 48
6-Membered ring, % — — 25 27 — — 36 31 21 33
5-Membered ring, % — — 16 21 — _ 16 19 20 19
Intrinsic viscosity of the soluble part of Nos. 5 and 6 are 0.109 and 0.118dl./g. in
acetone.

TaBrE IV. EFFECT OF SOLVENTS ON POLYMEZRIZATION OF DIVINYL CARBONATE
[M]1=30vol. ¢;. [AIBM]=0.5mol. ¢ of monomer; 60+0.05°C

Exp. No. 10 il 12 13 14 15
Solvent Benzene Toluene Cumene CCl, I:lctertl(l)t; bl\elx?zr:r;e
Time, min.»> 75 140 No gel. 135 140 No gel.
Conversion, %, 20.1 20.1 7 (70. 1) 25.6 0
Sol. and insol. part, 9% 0.5 200 1.5 15.3 7 0 (21.0)(48.6) 5.5 19.6 0
1,2-Addition, 9% 59 52 6l 60 61 — 91 52 40 48 — —
6-Membered ring. % 25 27 21 21 26 — 0 29 21 19 — —
5-Membered ring, % 16 21 18 19 14 — 9 19 39 33 - —

Intrinsic viscosity of the soluble part of Nos. 12 and 14 are 0.062 and 0.080dl./g. in
acetone.

a) Time at the first appearance of gellation.
b) Cl9,=19.76. Figures in parentheses are values corrected for chlorine, assuming that CCl,
was incorporated by a chain transfer reaction.

TABLE V. BULK POLYMERIZATION OF DIVINYL CARBONATE AT VARIOUS TEMPERATURES
Monomer, 2 ml.; AIBN 0.1 mmol.

Exp. No. 1 235 3 42 55 62>
Temperature, °Ce> 60 45 30 15 0 —30
Time, min. 14 3 1215 70 25 105
Conversion, 9, 9.9 4.1 5.7 7.5 8.2 0.5
1,2-Addition, % 71 90 76 88 86 85
6-Membered ring, % 21 5.5 22 11 14 15
5-Membered ring, % 7.9 4.0 2.3 1.2 0.5 0

a) Photo-sensitized polymerization.
b) Polymerization was stopped shortly after gellation except for No. 6.
c¢) Temperature was kept constant within +0.5°C.
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polymer had been formed prior to the apparent
gellation. At a conversion as low as 6%, the
polymer was soluble in acetone, and thereafter
the fraction of the insoluble polymer increased
rapidly with conversion. The soluble part
softened at 250—270°C with a slight discolor-
ing. The polymer structure did not show
appreciable change during the course of poly-
merization.

The solvent was expected to influence the
solubility and the structure of the resulting
polymer because of the differences in the chain
transfer reaction and in the polarity, the latter
of which might have some special influence
on the conformation of the monomer molecule
and of the polymer end in solution. The
results are listed in Table IV. Even carbon
tetrachloride, which is known to have a large
chain transfer constant in the vinyl acetate
polymerization, could not prevent the gel for-
mation. However, polymerization in acetonitrile
gave a polymer of a relatively high solubility.
The extraordinary high yield of the polymer
in carbon tetrachloride was unexpected: the
reason can not be determined at present.
Hydrocarbon solvents with high chain transfer
constants, such as toluene and cumene, did not
have any effect on the polymer structure, but
a polar solvent, acetonitrile, showed such an
effect, increasing the relative content of the
S5-membered cyclic carbonate structure.

The Effect of the Polymerization Temperature
on the Polymer Structure.—The formation of
the S5-membered cyclic structure means the
head-to-head addition of two vinyl groups in
the same molecule. Head-to-head addition in
usual vinyl monomers is known to have a
higher activation energy than that of head-to-
tail addition, and so it is to be expected that
the polymerization temperature will have an
effect on the content of cyclic units. The
results are shown in Tables V and VI. The
ratios of C3/C,, that is, the mole ratio of the
S-membered cyclic unit to the unsaturated

TaABLE VI. PHOTOSENSITIZED POLYMERIZATION
OF DIVINYL CARBONATE AT VARIOUS
TEMPERATURE IN BENZENE (1:1 vol.)

Monomer, 2 ml.; Benzene 2 ml.; AIBM 0.1 mmol.

Exp. No. 7 8 9 10
Temperature, °C» 40 30 20 10
Time, min. 40 48 60 85
Conversion, 2, 13.6 12.0 13.0 14.5
1,2-Addition, 2 68 71 71 81

6-Membered ring, % 25 24 25 16
5-Membered ring, % 7.7 5.1 4.1 3.0

a) Temperature-:-was kept constant within
+0.1°C.

b) Polymerization was stopped shortly after
gellation.

11

carbonate units, is taken in an Arrhenius plot,
giving the difference in the activation energies
(Fig. 3):
E;— E,=6.21+0.29 kcal./mol. in a 50%
benzene solution

=8.44+0.48 kcal./mol. in bulk

polymerization
ks
-CH.-CH- —— -CH,.CH —C;H—CH:-
i |
(o] (o] (o)
| e/
C-=0 (”:
|
Po) (o]
| II
CH=CH2

k
-CH,-CH- + M —» 1CH2—CH—CH-_—(13H-
| |
o o o

C]3=O é:o (l3:0
o o &
(l:H:CHg éH=CH2 (|:H:CHT
111
Since
ki o g (B
kk (M) A RT

Where (M) represents the monomer concentra-
tion in terms of the vinyl group, it follows.

log Cy/C

1
3.30 3.50 570

o
o
<

1/Tx108

Fig. 3. Dependency of relative abundance ot
S5-membered ring on temperature of poly-
merization.

] Solution polymerization in benzene
(50 vol. %)
O Bulk polymerization



that; formation of the 5-membered cyclic unit has a
As/A4,=2.04%10* in a 50% benzene solution larger activation energy, from 6 to 8 kcal./mol.,
than the intermolecular propagation. The dif-
ference in the activation energies between the
head-to-head addition and the head-to-tail
Discussion addition of the usual monomers is reported to
be 1 to 3kcal./mol.®> The formation of the
The experimental facts concerning the poly- S-membered cyclic unit of divinyl carbonate
merization of divinyl carbonate at low con- implies an intramolecular cyclization as well
versions may be summarized thus: as a head-to-head addition. Therefore, the
i) The polymer structure has been found cyclization reaction may need an additional
to be composed of a 5-membered cyclic car- activation energy to be able to take a con-
bonate unit, a 6-membered .cyclic carbonate formation favorable to the ring closure.
unit, and an unsaturated carbonate unit. The frequency factor of the S5-membered
i1) Cyclopolymerization is not a predominant  cyclization reaction (A;) is larger than that of
mode of propagation, leaving not less than  the intermolecular propagation (A4;) by a
half a mole of unsaturation per unit structure. tmagnitude of 10* to 10°. The ratios observed
Hence, the polymers are likely to be cross- in other vinyl monomers range from 0.1 to
linked. 0.7% This large difference may not be un-
iii) The polymerization variables, i.e., the reasonable when it is considered that the
concentrations of the monomer, the conversion, reacting vinyl group in the cyclization reaction
and the solvent, had no appreciable effect on  always exists in the vicinity of the reacting
the polymer structure except for the polymeriza-  polymer radical. In other words, the intra-
tion in acetonitrile (Table IV). molecular cyclization needs less decrease of
iv) The polymerization temperature had a  entropy at the activated state than does the
strong influence on the polymer structure, intermolecular propagation.
raising temperature resulting in an increased
content of the S5-membered cyclic carbonate
unit. Summary
Divinyl compounds which undergo cyclo-
fOIY?er’lrzl::‘:;rlle gtﬁmbzu;ézssgidu;:;? r;:;g been described. The cyclopolymerization of
);gi 's relativel inacfive towards a r:dical the monomer has been studied under various
group . Y o > reaction conditions, and it has been found
such as diallyl compounds and diviny!l acetals. L . .
. . . that cyclopolymerization is not a predominant
The other one is monomers with the reactive . .
; . ; . . mode of propagation, for it leaves not less
double bonds, like acrylic anhydride and its . .
.. b than half a mole of unsaturation per unit
derivatives. Recently, it has been suggested,
. structure. The polymer structure has been
from a study of the electronic spectra, that .
. analyzed by the infrared method and found to
two double bonds in a molecule of the latter . . .
type have a mutual interaction in solution and contain the 5-membered cyclic carbonate unit,
yp . ! . the 6-membered cyclic carbonate unit and the
that the molecule takes a special conformation .
ST . . pendant unsaturated carbonate unit.
favorable to cyclization.®”? The vinyl groups in .
. . The polymerization temperature has been
divinyl carbonate belong to the latter type, its ..
D . . shown to have a significant effect on the 5-
réactivity is not very different from that of . R A .
A D .. membered cyclic unit content, increasing the
vinyl acetate.’”” The fact that divinyl carbonate X . . .
is unlikely to undergo zenuine cyclopolymeri temperature resulting in an increase in the
. Y 8o 8 yclopoly 5-membered unit. The activation energy
zation might be due to the lack of a conforma- . .
tion favorable to cyclopolymerization in this difference between the intramolecular 5-mem-
case yclopoly bered cyclization and the intermolecular pro-
Gellation at the stage of low conversion is pagation hz}s been estnmatt_ad to be‘621 039
explained as being due simply to the brior kcal./mol. in the polymerization in a 50%
P & ply P benzene solution and 8.443-0.48 kcal./mol. in
existence of a large amount of the pendant bulk polymerization
vinyl groups in the polymer and to the high poty )
reactivity of the vinyl group. .
The temperature dependency of the polymer Department of Polymer Science

A . Faculty of Science
structure is significant. The intramolecular osakay U{;,-ve,':,-,y

Nakanoshima, Osaka

=5.85%10% in bulk polymerization

The preparation of divinyl carbonate has

6) G. B. Butler and J. W. Brooks, J. Orz. Chem., 28,
2699 (1963).

7) S. Murahashi, S. Nozakura and K. Kikukawa, to be 8) L Rosen, G. H. McCain, A. L. Endrey and C. L.
published. Sturm, J. Polymer Sci., Al, 951 (1963).



I-2
Structure of Poly(vinyl alcohol) derived from

Polymers of Divinyl Carbonate

Synopsis

The structure of poly(vinyl alcohol) derived from poly(divinyl
carbonate) or divinyl carbonate-vinyl acetate copolymers was
studied. These poly(vinyl alcohol) were found to contain an unusually
large amount of 1,2/glycol structure, which is considered to due
to the S5-membered ring structure in poly(divinyl carbonate) or
divinyl carbonate-vinyl acetate copolymers. With increasing the
1,2-glycol structure in poly(vinyl alcohol) (3mol% - 45mol%), the
melting points of poly(vinyl alcohol) decreased and the infrared
absorption of C-0 stretching mode shifted from 1090cm™ ! to 1050cm™ .
The melting behavior in diffrential thermal analysis was not
observed in poly(vinyl alcohol) which contained the 1,2-glycol
structure in more than 40mol%.

Variation of melting points with the contents of 1,2-glycol
structure was interpreted by the Flory's theory, giving 1.67kcal/mol
for the heat of fusion of poly(vinyl alcohol) and 243°C for the
melting point of pure Poly(vinyl alcohol).

- 13 -



(5) RECE=1DEABIVBLhDIRY =T ra - LOHEE
(196746 1 27 A )

%)

B BRE—" - AERNT

B B RVEEBree=1 (PDVO) H2VIIRE oY =L -BBY = A #E &% (DVC-VAC) kb
BohsrzRYVIE=ALT7ALa—L (PVA) OBBEBC VTR L, Zh 5D PVA X PDVC & X ¥¥
DVC-VAc #E4&HTO5 BBRBECHRTHILRAD]L, 2-7V 2 - A BEYEFAT V3, 1, 27
g A BEREMT sy 3mol %~45mol %). PVA ORI ET L, HRABRIA=2 Ao C-
O ¥ 3REN L 1090cm™ 225 1050cm™ ~BE+5, 1, 2-7V a3 —A B4 40mol % LA E & & PVA
T3, RERSFCHAREDbhELI 5 1, 2-7) 2 - LB X 5MAEOKELY Flory oHfic
I DB ik, PVA ORfZSE L LT1. 67 kcal/mol 87z, ¥4, 1, 3-ZV a~nAidnblkd 1, 2
7Y a— A HEYES TV PVAORA L LT 243°C 57,

1. #% E

Butler 5"zt b o € = L {LEYDOHTIR-HT B &
ENRHINTLR, £ DUy =1 {tEHrBILES
BTN, WEEHRY ~—FERTIZ LBBREINT
\4‘60

REEv v = (DVC) LB EAR LY, (1)
ZOUDOHEY ORY = — DA FHERD, ¥

CH. CH. CH. CH.
A N
CH

— CiH CIH 1)

OH OH
Fe R Y = —DMAS BN TRbhIUER I E=Ar7 12
~A (PVA) 7i86h 5113 Chbh, BIESRIDE
BICTHIEY b » 7 PVAXE LM B WEEMDD 5o
DX 5 IBANID, Mk bhibhil DVC OB
BRI, FORY =~ 2)RKF LA X5 ek
BERIDZEREFD IR A2 AL LHE Lo

CH.
7\
—(CHzQI\*Dr—(CHz!CH (‘DH),—(CHZ—(,)H— (llH-CHa).
0 0 0 0 (6]
/ N/ ANV
0=C C C
AN ) |
0 0 0 (2)
s
CH.=CH

* KIRRFHEBES TER CRIEAF & f 3k eT
121)

IHK, TOMBBMCEETEASRMGOBEY R
L EOKE, BEER, BRCI-TRKEAYE
BEZFiwy, ERAEEC I Y RELEENE DL R
co

TR B\ TR, R Y REED ¥ =1 (PDVC) Dink4sy
OB EC T2 A ¢ RHE L@ T, PVA
ELTOBEDRRBYHRIT LIz, S5ITHTEC BT
i3 PDVC h> 5 BBREEDEEY, IR A<7 A Y
b, EFAHPEOBRKER BV AEECKV-TTk -
DT, MAFELTHESNS PVAD 1, 2-7) 2~
NMEEDERK LY, L&05 BREZOEENERY
Fledbc &b —oDEME Lo

2, R L

21 E/7—, Bi¥

DVC BRI E Lic X 5ic, &A% v & He(CH.CH
O & HEB LIc?, bp 44, 7~45. 3°C /85 mmHg,

B € =4 (VAc) (XTEEREE Y — # KBR Tk,
CaCl, THEHEE Lo, KA LTV, 2, 2-7 /%
AV 7Fe=1rYr (AIBN) &% EtOH XL b H
HERLTHV,

2.2 & &

Expt. No. 1~10 {2, Ri#? X\ T, ks IO
50vol % ~ v VKT, BEAEBEYE(I¥TE L
RY v —TH b ERIZISVTREASI L DR ET
BRfTleolco EDMITNT, =/ ~—, Bk Lt
BRI AR H T AT v oY, Bkt 3 EE &K
%, HELT60°C OERMTHEES L, HARKT
By A2 EURR e BHROLM= —F AthAL ¥, 2
< — %X, HEDF AT~ vELDELE
Db, BIRTHELE L B MES T 10~15 %,
HKEATIG~B % DEAEE Lice TXTOHRT, #
Y= —Dikl (Fa) BT,

- 14 -



2.3 KYI—OMKHR

200cc DEAT7FAIL0.2~0.4gDHEY =—& L b,
74+ v50ce ¥Mir+oREEES @~5HED. £Z
~ 1IN-KOH KEHK 180cc ¥Mx b, TDEERY =~
DIREAEDVERT S, COFEEFRRT 2~3 BRIET
B ESEL KA EEN, A No. 1~10 DHEE T
PVARTER LTK 30 ZDORFIOBHEFTILTBITHE
LT D, ChEEED AL/, —AILEE, Y ~<—
BREERD, FHVTF—vavELDELLEOD, &
LHEELT G No. 1~10 T/ 3 A7 4 A& —T
rP L), A&/ ~ATHEL, BRTHRERRL

2.4 1, -4V - LiBEOTR

B2 vEH HIO) B X sfco AMTIEELT,
PBHLOFYC L DY #£—35r y 5 78T HIO, ¥EER
Ufco e LTREMBIR YT & 0% 0 5L
L, —0.1V (SCE) s 2 BitELXIMER & LTH
W ioo PVA R D B8 A T~ BER, FOEAEN0. 045
~0.075 % DT FOESCRERPERIRDLR
Khoto £ZT, $0.06 % OAERE LTHIE Lico

¥7:, PVAEEE0.052% @i\~ T, HIO, BEE & 35
DA R Lici R, HIO, BEH 0~16mmol/]
DOFEHTIE Table 1 WHALR B X S TRFLILFIBAR
7)23‘?.&?)5%7‘;0

fe D T, Expt. No. 24~29 DO FRBHTOWT
t¥ H.E. Harris o5 Xk b, RIS#HD HIO, %»
FHELT, 1, -7V 2 —AB%Rdi,

2.5 IR AXZ7 ML

1 ZKRIBHED 7 4 v 2 %ER LT, BIrsr XX
it EPI= 2R X I Lico

2.6 PVADERE

S KRB DOREN S EEORD #AGTRDI,

2.7 PVA ORARE

Sample No. 24~27 B2OWTik, BE LA =2 VHR
SHBFEANCE VT, BERESRSNG DT-10R YA
WTHISE Lo No. 28, 29 KDOWTIE, =FF—KRK
SHFHARACR T, SERESSHADT - 108

Table 1. The proportionality between HIO,
concentration and diffusion current.
[PVA]=0.052 % at 25°C

[HIO.] [ .
(m mol/1) (A #/C
0.0 0 —_
0.4 172 4.27
0.8 3.42 4.27
1.2 5. 19 4.32
1.6 6. 48 4,27

FRCCHIE L (Fig. Do

3. #& £

3.1 PVAD1, 2-#Ya—LEECoWT

FiRY LR\, BREERYELI 2 CHELRAL
PDVC # A LTELNICPVAD 1,2-7Y 2 ~n
Eo HIO, BHbiEic X 2 RIEMES Table 2 & Lz,
Table 2L IR A2 AR X 55 BRIEEOERE
IhEHBELAE L, 2-7V 2 -8R, 5 BEES
CH¥TD 1,2-7V 2 —Ai#ED mol % i3, (3)RK
XIn,

{22/(x+2y+220} x 100 & LTEFL LI,
CH,

7
—(CH2|CH)I—(CH2(|3H ?H),,—
Q Q 0
N N L/
C=0 C
/7 I
CH;=CH—O 0
——(CHz?H — (|:HCH2),——
Q 0
N/
c
I
0
— —(CH-:'CH);—(CHz(lZH)gy—(CHzCHCHCHz)..
OH OH OHOH

3

$7db, Table 2 © 1, 2-27Y = — 2 mol %43,
— iz AR T3 1004 (100BD = 2 <= —Bifrodr
C&EENRD 1, 2-70 =2 — BB DfFo 2 fic i
Yt %,

HIO, Bgfbic X bR 1, 2-7V =2 —a 8k, IR
ARy p B X DRpi R LR, 5 AREOALGE
B (<15%) ©HB\\T, b IV—8E2TTz &2
halteo EFAEEHELTD=F 1 = L REED IR
BEEGKIVELNA PVA 24T Table 2 1RL
#o5v (Sample No. 284), ¥ 1, 2-7y = — A But
VHEE Y = A X DD PVA X W RRSVEBETH L,

3.2 1, 2-4YVa-LBOFT(LICEBPVADIR AR
P PLGSUREDOET(L

DVCix VAc & X (U BEARIEEAIRT S Laibh:
272D TY, DVC & VAc O#TEEHTlow, FORTE
A mTiuE, 1,2-79 2 — A BoOB{E L PVA
BT EXNTFHEIND,

1,2-79y 2 —ABOBTIc LB IR A2 b, Bk
VRl (Th) OFLRFXDBI2 &, DVC-VAc Dt
EEIT -7 fBEY Table 3 KiRLI, ¥ PVA® IR
A7 % Fig 1 GiRLTIz, PVADYvYd 5 2

15 -



Table 2. 1, 2-glycol contents of PVA

derived from polydivinylcarbonate.

Sample (M) Polymerization | 1» 2-glycol contents (moi %) Dote BF
No. (vol %) | temp. (°C) obsd. caled. from IR 2
1 100 60 13.7 12.2 0. 30 631
2 (bulk) 45 9.6 7.3 0.37 —
3 30 6.4 3.7 0. 40 —
4 15 4.7 2.1 0.43 —
5 0 3.5 0.9 0. 45 —
7 50 40 10.8 11.5 0.34 593
8 30 7.6 7.9 0.33 610
9 20 57 6.3 0. 26 606
10 10 6.7 5.0 0.33 623
23 11. 4 60 30.0 42.8 0.18 —
284* bulk 60 4.7 —_ 0.23 196
Commercial PVA 3.3 500

* Sample No. 284 was derived from polyethylvinylcarbonate.

Table 3. The IR spectra, melting points and 1, 2-glycol contents of PVA derived from DVC-

VAc copolymers and PDVC.

Expt. DVC, mol % DVC, mol % 1, 2-glycol Da1e Ve-0 _ T
No. in monomer in polymer (mol %) Dass (em™) bp “c)
20 20.0 27.2 11.4 0.30 1090 358 —
21 50.0 55.5 19.7 0. 25 1075 — —
22 80.0 84.1 24.0 0.25 1060 274 —
23 100 100 30.0 0.18 1060 — —
24 25.0 — 12.1 0.24 1090 243 207
25 50.0 — 19.5 0.21 1075 237 181
26 75.0 — 25.6 0.22 1060 - 164
27 100 — - 0.18 1060 - 118
28 100 — 42.0 0.19 1050 188 decomp.
29 100 — 45.8 0.17 1050 164 decomp.

Conditions for polymerization in benzene at 60°C,

No. 20~27 : [DVC1+[VAc}=2mol/Il, [AIBN]=0.0134mol/],
No. 28: [DVC]=10vol%, [AIBN1=0.075mol/!
No. 29: [DVCl=5vol%, [AIBN]=0.038mol/!

POIEE L INTWABPIR A7} N DBRI-EEH Dore/
Doso DIER, 1,2-70 2 — A BOMINC X b BAT 51
B D503 B C-OMEOIRE & ThTv+51090cm™
DRI 1050cm ™ ~NBET 5 LRBDLh, 5
21, 227 2~ EORINIEL S RAYET I,
Expt. No. 28, 29 Ti¥, X »E h LAREARTH LN
7o otco Fig. 2 RFEBSITOBRELTTo

1, £ -3

Table 2 CREHN D X 51, = v EEMEB{LEC XS
1, 2-7Va—ngd, IRASNZ bABRIREBFREMN
5 BB W EE (<15%) THigh Lv—FK xR
LTwho EFAMLEYEELLADEY =FLr =20
REEXDBENIPVAD 1, 2-7Y 2 —1 B (4.7mol
%) 12 PVA % h (3~4mol %) L hA L&\
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Fig. 1. IR Spectra of PVA containing the 1,
2-glycol structure
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AFF — BT EET D ve-o® 1760cm ™ DRI LD
T AR Z LB, IR A7 bAkIIsy T#RE
NREVEEZOND,

Table 3 CRHNAB I HIT, 1, 2-7Y 2 —LBOE
ftX b, PVAD IR A7 b A, KLU EDRMAIK
EREALEDLND,

P, ovvrAaa s rOEEEIRTVE, IRAN
2 P ADRNE, Doe/Dass DIES, 1, 2-27V 2 —1§
o X hES T EEN RS, & i Fig 1
R R L BB M Y22 F PVAR IO vy
27+ PVADBRINE EXTHRD &, Hic849cm™ DR
LA V& 27+ PVA LIXREGREND D, Doe/Desu D
HOWRPH A V&7 MEBEORINEITEZZ { Vo 849
m DB DOFULL LA v A &7 F PVADERR
e BT Fig. 1 ©dFfevy vy a2+ PVAN,
0D PVACc FHEBEDONMR A7 rricth, ~Fr2
7 rREER S BATV-BZ L (16, H40, S54)° %

Endothermic «—

100 200 300
Temp. (°C)
Fig. 2. Thermograms of PVA.
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WIZ, ve-o DEILE #EZ Hh b 1090cm™ DRUA,
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WBE ENEBITH D, DO LI —BITE2ET L

I—=AD oo WED a RFE (—$“CHOH) 575 8 4%
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WEDZ LXBRE .
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WhEEXLND, TOZ LiTE, Fig 1 CRbh
35X, IRARZ PATESESAVIFEIRAT W3
1140em™! DEILAL, Expt. No. 20 ThIscBails
LRABET, BLAEHRLTLAZ ENLLHERES
N5,

Flory!® i3 ¢5& b2 ABZ LR (L L e\ BHAL L
DHRESGFCTINT, RORCR T, BRI ALY
DRIEHETEIRBZ EHRL T 5,
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1/Twx10

2.00-

OB EHTHA 5o

PLEATEIEREND, 1,2-77Y =2 —1 8
BEDOHEL PVA oMt Ak E Sy 5
2TED, 205 EBHE T (<25mol
%), oM AL TERBLERS ¥ B
I¥BLELONB, ¥10 1, -7V 23—
£/ 40mol % kX 5 LETHHY <= —%
Hx %6

i TERIFLYRE-LLE AR
vA a vH§RASEWERE, BEx B —1F
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Fig. 3. Melting points of PVA plotted according to eq.

(1)
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I-3
Cyclopolymerization of Divinyl Esters of Dibasic Acids and

Structure of Poly(vinyl alcohol) derived from the Polymers

Synopsis

Divinyl esters of dibasic acids( CH2=CHOC0(CHz)n_3COOCH=CH2,
n=2 - 10) Qere synthesized and polymerized with radical initiator,
and the structure of poly(vinyl alcohol) derived from the polymers
were studied. The cyclopolymerizability of these monomers was
nearly equall or less than that of divinyl carbonate which was
previously reported, and the extent of cyclization was 15% - 65%.
All the monomers yielded gelled polymers. The monomers which are
to yield even membered rings tend to cyclopolymerized easier than
odd membered rings. Poly(vinyl alcohol) derived from these polymers
showed similar structure with respect to 1,2-glycol content and

stereoregularity to that from poly(vinyl acetate).
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Introduction

We have previously studied the cyclopolymerizability of
divinyl carbonate and the properties of the poly(vinyl alcohol)
(PVA) derived from its polymer, and have shown that divinyl
carbonate is cyclopolymerized with a radical initiator to give
the polymer containing the S5-membered ring in part(~ 30mol%),
that is, the head-to-head type cyclopolymerization occursl’a).
Therefore, PVA derived from poly(divinyl carbonate) by saponi-~
fication contains a large amount of the 1,2-glycol structure
(~40mol%) and exhibits different properties from that derived
from poly(vinyl acetate). For example, the increase of the 1,2-
glycol structure lowers the melting point of PVA and deteriorates

the crystallinity2)

. Furthermore the 1,2-glycol structure affects
violently the PVA-iodine blue color reactionB’h). It is therefore,
of interest to prepare the PVA containing a large amount of the
1,2-glycol structure and to study its properties. For this pur-
pose, divinyl esters of dibasic acids other than divinyl carbonate
were studied.

The S5-membered ring structure is formed as well as the 6-
membered ring in the case of the polymerization od divinyl carbon-

1)

ate”’, whereas the 7-membered ring structure is hardly formed
compared with the 6-membered ring at the ring closure reaction
of low molecular weight compoundss). Thus, divinyl oxalate may
be a suitable monomer for the preparation of the head-to-head

linkage in PVA; for the formation of the 6-membered ring(head-to-
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head) competes with that of the 7-membered ring(head-to-tail)

In the cyclopolymerization of divinyl oxalate. If the 6-membered
ring is formed predominantly, the derived PVA will mainly be
comprized of the 1,2-glycol structure. Although Mark claimed such
an idea for divinyl oxalate6), the structure of the polymer has
not been reported in detail.

In the present paper we have dealt with the synthesis and the
polymerization of the divinyl esters of dibasic acids,
CH2=CHOCO(CHZ)H_BCOOCH=CH2, n= 2 ~10, and have studied their
cyclopolymerizability and the property of the PVA derived from

the polymers in comparison with the case of divinyl carbonate.

Experimental

Preparation of Monomers

Divinyl esters of oxalic, malonic and succinic acid were
synthesized by a reaction of mercuridiacetaldehyde with the
corresponding acid chlorides in ether similarly to the method

for divinyl carbonatel)

. A typical reaction condition is described
below.

A mixture of 120g of mercuridiacetaldehyde, 200ml of ether
and a slight amount of hydroquinone was placed in a 500ml three-
necked flask equipped with a reflux condenser with a calcium

chloride tube, a stirrer and a dropping funnel, and the flask
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was cooled with an ice bath. A solution of 27g of oxalyl chloride
in 45ml1 of ether was added to the flask with stirring during half
an hour, and stirred for additional one hour at room temperature.
The resulting chloromercuriacetaldehyde was removed by filtration
and the filtrate was subjected to distillation at reduced pres-
sure. The yield was 18.1g, 64% based on oxalyl chloride.

Divinyl esters of glutaric, adipic, pimelic, suberic, azeraic
and sebacic acid were synthesized by the well-known transvinylation
reaction of acid with an execess of vinyl acetate using mercuric

7)

acetate and sufuric acid as catalysts’’. A typical reaction
condition is described below.

A mixture of 30g of adipic acid, 200ml of vinyl acetate, 1lg
of mercuric acetate, 0.2ml of sulfuric acid and a slight amount of
cupric stearate or copper powder was placed in a 500ml three-necked
flask equipped with a reflux condenser with a ealcium chloride
tube and a mechanical stirrer, and the flask was heated to reflux
the reaction mixture with an 0il bath. After 10 hours 0.8g of
sodium acetate was added to the cooled reaction mixture. The
excess of vinyl acetate was evaporated by an aspirator at room
temperature and the residual solution was distilled at reduced
pressure., The yield was 26g, 64% based on adipic acid.

The results for all the divinyl esters were summerized in
Table I. IR and NMR data are shown in Table II.

Other materials were purified in the usual way.
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Table I. Syntheses of Divinyl Esters

Divinyl Yield b.p. m.p. n25 Found Calcd.
D

Esters % °C/mmHG c c H c H

Oxalate 64 81.8 23.0 1.4460 49.90 4.17 50.71 4.26
~82/45 ~23.5

Malonate L2 65.3 -90 1.4440 53.37 5.06 53.84 5.16
~65.5/6 ~=100

Succinate 68 5043 25.0 1.4477 - - - -

~250 5

Glutarate 48 78 - 1.4488 58.25 6.50 58.68 6.57
~80/2

Adipate 64 59 - 1.4480 - - - -
~61/2 (30°c)

Pimelate 60 107/1 - lo= 62.29 7.57 62.25 7.60

Suberate - 99/1 - - 63.71 8.00 63.70 8.02

Azerate 75 110 ~ - 64.76 8.33 64.98 8.39
~114/1.5

Sebacate 66 141 7~8 1.4521 65.79 8.65 66.12 8.72

~145/3




Table II. Spectroscopic Data of Divinyl Esters

Divinyl Infrared spectra, p— NMR spectra, 7-,a)
Esters Veso Ve=c Hl H2 H3
Carbonate 1775 1660 2.85 5.00 5.35
Oxalate {1764 1651 3.15 5.30 5.54
1790
Malonate {1752 1650 2.73 5.08 5.38
1770
Succinate 1760 1650 2.71 5.12 5.38
Glutarate 1760 1650 2.72 5.17 5.43
Adipate 1760 1650 2.72 5.18 5.48
Pimelate 1763 1650 - - -
Suberate 1762 1650 - - -
Azerate 1763 1650 - - -
Sebacate 1760 1650 2.72 5.20 5.50

a) Hy, Hy and H3 represent vinylic proton, HB\szc/H1
V4

2

The esters were examined as 10vol% solutions in carbon tetra-

N

H 0—

chloride and the chemical shifts were measured from tetra-

methylsilane internal reference.
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Polymerization Frocedure

An ampoule containing a monomer, benzene and 2,2 -azobis-
isobutyronitrile(AIBN) was degassed three times by the freeze-
3

thaw method, and then sealed under vacuum(~10 “ammHg). Poly-
merization was carried out in a thermostat at 60x0.005°C. The
polymerization mixture, which almost gzelled, was poured into a
large amount of petroleum ether, yielding a precipitate of poly-
mer. The polymer was washed several times with petroleum ether
by decantation and separated by centrifugation and then dried at
room temperature under vacuum. The conversion was determined
gravimetrically. For the determination of the rate of polymeri-

zation and of the extent of cyclization, a condition of 10Oml

benzene solution of 0.5m0l/1 monomer and 0.005m0l/1 AIBN was used.

Extent of Cyclization

The extent of cyclization was calculated from the content
of residual double bonds in polymer extraporated to 0% conver-
sion in order to exclude the effect of the monomer concentration
change from progress of the polymerization. The residual double

bond was calculated from the absorbance ratio, D___/D

o
c=¢’ “c=0? t

the IR spectrum(nujol mull), assuming that the absorption co-

efficients of Dc= and Dc=° in monomer and polymer are identical.

c
The extraporation to 0% conversion was shown in Figure 1. Because
of this assumption and of the neglect of consumption of double
bond other than cyclization such as branching, the extent of
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Figure 1. Extraporation of Extents of Cyclization to 0%
Conversion in Radical Polymerization of
Divinyl Esters
Polymerization conditions; [M)=0.50mol/1,
(AIBN}=0.0050m1/1 in benzene solution at 60°C

(CH2=CHOCO)2(CH 5» Where n=l represents divinyl

a)n-
carbonate.
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cyclization calculated here might include a considerable error.
Thus, these data might be a reasonable measure of the extent of

cyclization as far as houologous monomers are concerned.

Saponification of Polymer

20ml of a 10% aqueous potassium hydroxide solution was added
to 1lg of swelled polymer in 20ml of acetone. Saponification was
completed for a day at room temperature. After separation of
inorganic ion and low molecular weight compounds by dialysis, an
agueous polymer solution was poured into a large amount of meth-
anol, yielding a precipitate of PVA. The PVA was dried by freeze-

drying of an aqueous solution.

Characterization of PVA

1,2-Glycol content was determined by titrating the periodic
acid consuaption by PVA in accordance with the method of Harris
et al.8)

Degree of polymerization of PVA was calculated from a
specific viscosity of a 1% aqueous PVA solution according to
the equation presented by Nakajimag).

IR spectrum of PVA was measured with a film which was

prepared from a 1% aqueous solution and ¢ried at 30° in a

silicagel desiccator.

- 27 -



Results and Discussion

Rate of Polymerization

The time~conversion curves of the polymerization of divinyl
esters at 0.50m0l/1 benzene solution are shown in Figure 2 and
the rate of polymerization are given in Table III. Figure 3
shows the rate of polymerization of each monomer, representing
a periodical relationship with the methylene numbers of the
monomers. Since therewas no correlation to the extent of cycliza-
tion, this periodical properties in the rate of polymerization
sould be ascribed to the reactivity of the vinyl group in each
monomer. If the main tactor of this property is the inductive
effect of substituents, CH2=CHOCO(CH2)n_ZCOO-, such variation in
the rate of polymerization is not expected for the change from
divinyl succinate to divinyl sebacate(n= 4 ~™~10). Actually the
spectroscopic data for the monomers, n= 4 ~10, showed a similar
property of the vinyl group to one another and to vinyl acetate
(Table II). The reason for this periodical property of the rate
of polymerization is not yet explainable.

The plot of the extent of cyclization against the rate of
polymerization is desicted in Figure 4. There seems to be two
groups of monomers, one is comparatively likely to cyclize and
the other is not. In esch group, the increase of the polymeri-
zability is accompanied by the decrease in the extent of cycli-

zation.
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Figure 2. Tiane-Conversion Curves at Polymerization of

Divnyl Esters

Polymerization condition is identical to those
described in Figure 1.

(CHZ:CHOCO)Z(CHZ) where n=1 represents divinyl

n=2"*

carbonate.
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Figure 3. Rate of Polymerization of Divinyl Esters
(CH2=CHOCO)2(CH2)n_2, where n=1 represents

divinyl carbonate.
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Table IITI. Rate of Polymerization and Extent of Cyclization

Polymerization condition; (M}=0.50mol/1, (AIBN]=0.0050mol/1

in benzene solution at 60°C

Monomer Rp(%/hr) Extent of Cyclization
D.V. Carbonate 3.4 59
D.V. Oxalate 10.9 37
D.V. Malonate 3.1 63
D.V. Succinate 1.3 28
D.V. Glutarate 2.6 65
D.V. Adipate 6.4 50
D.V. Pimelate 6.0 60
D.V. Suberate 0.9 32
D.V. Azerate 2.1 42
D.V. Sebacate 7.5 17
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Extent of Cyclization

The structure of the cyclic units in polymers is considered
to be almost the head-to-tail type judging from the content of
the 1,2-glycol structure in FVA described afterward. The extents
of cyclization are given in Table III. Figure 5 shows an alter-
nation of the extents of cyclization as in the melting point of
dibasic acids. Although the accuracy of the absolute value of
these data was not so good as described before, it is a very
interesting correlation. The conformation of the monomers in
solution and the stability of cyclic unit should be considered
in rationalization of the alternation tendency. Dipole moment,
which is considered as a measure of the conformation in solution,
of diethyl esters of dibasic acids are similar to each other
except for carbonate, oxalate and succinat6102 The stability
of the ring structure has not yet been known. A similar tendency
of the ease of cyclization of diallyl esters of dibasic acids
was expected because the structure of ring in poly(diallyl esters)
resembles that in poly(divinyl esters). However, the result of
bulk polymerization of diallyl esters, which was reported by
Simpson and Holt and is shown in Figure 511), did not resemble
that of divinyl esters.

Marvel et al. reported the cyclopolymerization of {-diolefins,
CH2=CH(CH2)nCH=CH2, n=2~15, with the Zjegler catalyst, Al(i-Bu)3~

12)

Tic14, and the result is shown in Figure 5 . In the cyclopoly-

merization of K-diolefins, the ease of cyclization at 5 and 6
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Polymerization of Divinyl Esters

O; Divinyl esters, polymerization condition is
identical to those described in Figure 1.
®; -Diolefins, M 0.20mol/l, catalyst, Al(i—Bu)B-

12)
TiClA
A; Diallyl esters, bulk polymerization at 30°C
catalyst, benzoyl peroxide, 1)
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membered rings are explicable on the basis of the ring strain.
On the other hand, there appeares to be not so great différence
in the ring strain beween divinyl carbonate and other divinyl
esters. Two methylene groups in poly(X-diolefins) are replaced
by two oxygen atoms in poly(divinyl esters) and this replace-
ment may releave steric interference, that is, it increase the

ease of cyclization.

Structure and Properties of derived PVA

The properties of the PVA which was derived from the poly-
(divinyl esters) by saponification are given in Table IV along
with the polymerization conditions. All the monomer were liable
to form gelled polymers corresponding to medium cyclopolymeri-
zability. The derived PVA showed a closely similar structure
with respect to the 1l,2-glycol content and stereoregularity to
that from poly(vinyl acetute). As to PVA derived from poly(divinyl
oxalate), it seemed likely that 1,2-glycol structure shoild be
formed considerably if the formation of the 6-membered ring with
the head-to-head linkage is preferentially expected in poly-
(divinyl oxalate). No difference, however, could be detected
between PVA from poly(divinyl oxalate) and those from other poly-
(divinyl esters). Since a considerable c¢yclization occured as
previously described, the ring closure reaction in divinyl oxalate
should have yielded the 7-membered ring predominsntly. This

res.lts showed that the ease of cyclization does not depend only
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Table IV. PVA derived from Poly(divinyl esters)

(M] Polymn. Conv. Derived PVA
Monomer vol% time % DP D§l6 1,2-glycol
hr D849 content, %
pivinyl 2) 100  0.25 9.9 631 0.30 13.7
Carbonate 10 67 - 188 0.19 42.0
5 67 30 164 0.17 45.8
Divinyl 20 4 80 525 0.26 3.4
oxalate 10 2 29 - 0.23 2.7
1 50 54 132 - 2.2
Divinyl 20 16.3 91 182 0.26 4.3
Malonate 10 2 b - 0.26 h.2
1 50 3 - - -
Divinyl 20 k4 72 218 0.23 3.6
Succinate 10 20 91 150 0.27 bl
i1 50 41 - - -
Divinyl 20 15 84 201 0.39 3.6
Glutarate 10 20 74 138 - 3.9
1 50 35 - - -
Divinyl 20 10 83 180 0.36 3.7
Adipate 10 20 80 - 0.39 3.6
1 50 41 - - -
Divinyl 20 15 83 194 0.41 3.8
Sebacate O 2k 25 163 - .6
1 50 17 - - -

a) The data is cited from reference (2), and reaction condition

was similar to this paper.
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on number of ring atoms. Probably divinyl oxalate has a particular
conformation which is unfavorable to produce the 6-membered ring
owing to the presence of neighboring two carbonyl groups.
Mizushima reported from spectroscopic measurement that two
conformations occur in the case of oxalic acid derivatives, a

13)

trans and a cis form . Ketelaar and Meurs reported the energy
difference getween both conformations to be 420cal/mol for ethyl
oxalate from the measure of temperature dependency of dipole

14)

moment . Construction of the model of the 6-membered ring shows
that two carbonyl grouns are roughly parallel to each other
taking a cis conformation, whereas the carbonyl group in 7-
membered ring are roughly perpendicular to one another. Therefore,
the formation of the 6-membered ring may require higher activation
energy than the 7-membered ring. For this reason, the 6-membered
ring hardly formed in the polymerization of divinyl oxalate.
Optical density ratio, D916/D849’ of the IR spectrum of
PVA is considered to be a measure of tacticity in case of low
content of 1,2-glycol structure. The ratio showed that PVAs from
poly(divinyl oxalate), malonate and succinate possess slightly
higher isotactic structure than PVAs from other polymers. This
result suggests that the some steric control which is probably
attributed to the strained conformation of the cyclized free
radical during the cyclopolymerization process of these three
monomers. Whereas, the large membered ring have little ring strain
and then have little steric control for the cyclopolymerization

of other monomers.
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1-4

Copolymerization of Divinyl Carbonate

Synopsis

Copolymerization parameters of divinyl carbonate were determined
by the copolymerization with p-chlorostyrene and vinyl acetate,
and compared with those of ethyl vinyl carbonate. Q and e values are:
Q=0.035, e=-0.23 for divinyl carbonate and Q=0.025, e=-0.26 for
ethyl vinyl carbonate. These values suggest that copolymerization
reactivities of divinyl carbonate and ethyl vinyl carbonate are
alike each other and are close to that of vinyl acetate(Q=0.026,
e=-0.22). Since divinyl carbonate undergoes a cyclization polymerization
to considerable extents, the data also suggest that there is no
extraordinary effect of the cyclization on copolymerization parameters.
Extent of cyclization of divinyl carbonate was found to be lower in
the divinyl carbonate-p-chlorostyrene copolymer than in the divinyl

carbonate-vinyl acetate copolymer.
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Table 1. Copolymerization ot p-chlorostyrene
(M)) and divinyl carbonate (M,).
[M,;]+[M.]=2mol/! in benzene,
[AIBN]=0.01 mol/!{, 60°C

M, mole Poly- ‘1 Con. M. mole
Expt. | fraction | merization . fraction
) . version | .
No. in time o in
monomer (hr) %> polymer
1 0. 952 45.0 2.73 0. 436
2 0. 900 22.5 6. 00 0. 234
3 0. 700 7.0 7.92 0. 083
4 0. 600 5.0 7.40 0.053
5 0. 400 3.0 6. 47 0. 020
6 0. 200 2.0 5.47 0.017
Table 2. Copolymerization of vinyl acetate
(M,) and diviny! carbonate (M,).
[M,J+[M,]=2mol/! in benzene,
[AIBN]=0.01 mol/!, 60°C
\ M, mole | Poly- | M, mole
Expt. | fraction merization Co.n- fraction
No. in time verjmn in
monomer (hr) o polymer
7 0. 100 2.5 9.16 0.126
8 0. 300 2.5 8.07 0. 359
9 0. 500 2.5 6. 67 0. 567
10 0. 600 2.5 6.99 0. 668
11 0. 700 2.5 6. 76 0. 746
12 0. 900 2.5 5.97 0. 839
13 0. 506 2.0 4.13 0.572
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Table 3. Bulk copolymerization of p-chlorc
styrene (M,) and ethyl vinyl carbonate
(M,).

[AIBN]=0.5mol % /monomer, 60°C

M. mole Poly- Con. M. mole
Expt. | fraction merization K fraction
No. in time verix/on in
monomer (hr) %) polymer
14 0.911 1.5 2.38 0. 216
15 0. 784 1.25 3.11 0.0762
16 0. 685 1.0 1.71 0.0483
17 0. 609 1.25 5. 67 0. 0401
18 0. 401 125 8. 66 0. 0322
19 0.921 5.0 2.85 0.219
20 0. 961 5.0 1.03 0. 376
21 0.977 24.0 4.15 0. 600
Table 4. Copolymerization of vinyl acetate

(M,) and ethyl vinyl carbonate (M,).
[(M,1+[M,1=2mol/! in benzene,
[AIBN]=0.01 mol/!, 60°C

M, mole Poly- Con- M, mole
Expt. | fraction | merization . fraction
No. in time verilon in
monomer (hr) o polymer
22 0. 901 3.10 7.45 0. 894
23 0. 701 3.17 0. 81 —
24 0. 601 3.17 9. 66 0. 586
25 0. 501 3.10 9.76 0.487
26 0. 401 3.17 10. 53 0.395
27 0.301 3.17 11.13 0. 309
28 0. 201 2.00 7.25 0.213
29 0.101 3.10 11. 89 0.117
Table 5. Monomer reactivity ratios.
M, M. ’ (4} 72
p-CISt DVC 21.5 0. 036
VAc DvC 0.77+0.05 1.33+0.08
p-CISt EVC 39.8+0.7 0.025+0. 017
VAc EVC 0. 87+0.04 0.79+£0.07

¥/ Table 5 Dri, v DAL HBLNDIEAMR
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Table 6. Q-¢, values.
M1 Mz Qz (2]
pCISt DvVC 0. 036 —0.23
VAc DVC 0.034 —0.22
p-CISt EVC 0. 025 —0. 26
VAc EVC 0. 026 +0.39
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Table 8. Structural variations of diviny! car
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Copolymerization of Divinyl Carbonate

By Kiyoshi Kikukawa*, Shun’ichi Nozakura* and Shunsuke Murahashi*

Copolymerization parameters of divinyl carbonate (DVC)were determined by the copolyme-
rization with p-chlorostyrene (p-CISt) and vinyl acetate (VAc), and compared with those of
ethyl vinyl carbonate (EVC). @ and e values are: Q=0.035 ¢=-0.23 for DVC and Q
=0.025, e==—0.26 for EVC. These values suggest that copoiymerization reactivities of
DVC and EVC are alike each other and are close to that of VAc (Q=0.026, ¢=—0.22).
Since diviny! carbonate undergoes a cyclization polymerization to considerable extents, the
data also suggest that there is no extraordinary effect of the cyclization reaction on
copolymerization parameters. Extent of cyclization of DVC was found to be lower in the
DVC-p-CISt copolymier than in the DVC-VAc copolymer.

* Department of Polymer Science, Faculty of Science, Osaka University (Toyonaka, Osaka)
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Chapter I1

Effect of 1,2-Glycol Structure and Stereoregularity of

Poly(vinyl alcohol) on Poly(vinyl alcohol)-Iodine Reaction

Synopsis

The poly(vinyl alcohol)-iodine blue color reaction in dilute
aqueous solution has been investigated at 6-8°C and extinctions
at the absorption maximum have been measured as a function of
the 1,2-glycol content and stereoregularity of poly(vinyl alcohol)
(PVA). The increase of the 1,2-glycol content and-of isotacticity
remarkably decreased the color intensity. Particularly, when
the 1,2-glycol content was larger than 5mol% or isotacticity
was more than 70%, the reaction mixture was almost colorless.
Wave length of the absorption maximum of the reaction mixture
was not affected by the 1,2-glycol content(608mu), whereas
the maximum was shifted to shorter wave length by the increase of
isotacticity. It is suggested that the 1,2-glycol structure
simply decreased the content of the PVA-iodine complex. Sequence
length of 1,3-glycol units required for the color reaction of
atactic PVA was estimated to be about 120. Isotactic structure,
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on the other hand, may not only disturb the formation of the

complexes, but may also affect its structure.

Introduction
Various physical properties of poly(vinyl alcohol)(PVA)
may be affected by molecular weight, 1,2-zlycol structure,
residual acetate group, branching, stereoregularity etc. PVA
samples with different stereoregularities have been prepared
in order to study qualitatively the effect of stereoregularity

1)

on crystallinity, solubility to water and so0 on~ /. It has also

been informed that the increase of the 1,2-glycol content lowers
the melting point of PVA and deteriorates crystallinitya).

The blue color reaction of PVA with iodine proceeds in a
8imilar manner to the amylose-iodine reaction. The intensity
of the blue color was known to vary delicately with various
kinds of PVA specimens and the fact has been interpreted to
be due to minor changes in the molecular structure of PVA.
Among many structural variations, the effect of molecular
weight has been studied quantitativelyS).

The present study was undertaken to elucicdate the role of
the 1,2-glycol structure znd stereoregularity on the PVA-iodine

reaction. During the course of our study Shibatani et al. reported
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the effect of these variables on the color intensity of the

k)

PVA-iodine reaction'’., We have obtained further informations
about the position of tie absorption maximum in addition to the
intensity. The nature of the complex will be discussed on tnis

basis.

Experimental

Preparation of Polymers

PVA samples with different 1,2-glycol contents were prepared
by hydrolyzing copolymers of vinyl acetate and divinyl carbonate.
Polymerization was carried out in methanol at 1°C using a monomer
concentration of 2mol/l and triisobutylboron as a catalyst. The
results of copolymerization are given in Table I and Figure 1,
and the degree of polymerization and the 1,2-glycol content of
resulting PVA are given in Table II. Monomer reactivity ratios

are found to be r c=0.41 and r =1.55. Former values in the

VA DvC
presence of azobisisobutyronitrile as catalyst are 0.77 and
1.33, respectively5).

PVA samples with 1,2,3-triol structure were prepared by
hydrolyzing a copolymer of vinyl acetate and vinylene carbonate.
Polymerization conditions are the same as in the vinyl acetate-

divinyl carbonate copolymerization. The degree of polymerization
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and the 1,2,3-triol content of resulting PVA are given in Table III.
PVA samples with different stereoregularity were prepared
using various polymerization conditions and starting monomers.
Polymerization conditions are summarized in Table IV. Stereoregu-
larity and degree of polymerization are given in Tables V and VI.

Determination of 1,2-Glycol Content in PVA

1,2-Glycol content was determined by titrating the periodic
acid consumption by PVA in accordance with the method of Harris
et a1.6) It was assumed that the -CH(OH)-CH(OH)-CH(OH)- structure,
formed by the copclymerization of vinylene carbonate and vinyl
acetate, may consume 2 moles of periodic acid, and thus the
triol structure was regarded as one 1l,2-glycol structure,

Dtermination of Tacticity

Triad tacticity was determined from NMR spectra of poly-
(vinyl acetate) derived from PVA samples using a JNM 4-100
spectrometer of Japan Electron Optics lLaboratory Co. Ltd.7)

In some cases diad tacticity was calculated from the absorbance
ratio, D916/D849’ of IR spectra of PVA films according to the
equation presented by Murahashi et a17).

The PVA-Iodine Color Reaction

An agueous PVA solution wes mived with a KI-I2 solution at
6-8°C and kept at this temperature for 20hrs and the mixture
was subjected to spectroscopic measurement at room temperature

using a Hitachi spectrophotometer, LPS-3T.
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Results

Influence of the l1l,2-Glycol Structure on the PVA-~-Iodine Reaction

Table II and Figure 2 show the influence of 1l,2-glycol
content on the PVA-iodine reaction. The 1,2-glycol structure
extensively reduced the intensity of the blue color of the reaction
mixture, Particularly, it is to be noted that the position of the
absorption maximum was unaltered(608mu) and that PVA in which
1,2-glycol content is more than 5mol% was unable to develop
the color. The absorption maximum shifted to 680qu.when boric
acid was added.

Influence of Stereoregularity

Tables V and VI show the coloring abilities of PVA samples
with various stereoregularities. The difference in stereoregularity
markedly affected the PVA-iodine reaction, and particularly the
PVA samples with diad syndiotacticity less than 30% did not have
any visible absorption at all., The coloring ability in this case
mainly depends on the increase of syndiotacticity.

It is characteristic that the PVA samples with approximately
4O% syndiotacticity had the absorption maximum at a shorter wave
length than the PVA samples with higher syndiotacticity. The
syndiotacticity higher than 44% almost unaltered the absorption
maximum and the increase in syndiotacticity resulted in the

increase in extinction.
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Table I. Copolymerization of vinyl acetate(Ml) and divinyl

carbonate(Mz).

[Mﬂ+[Mé]=2mol/l in methanol, Catalyst; triisobutylboron

0.5mmol, at 1°C.

Exp. MZ mole fraction Polymerization Conversion M, mole fraction

2
No. in monomer a) time, hr % in copolymer 2)
3 0.194 3 15.1 0.337
4 0.291 2.7 6.4 0.506
5 0.390 2.7 11.9 0.551
6 0.490 2.5 16.0 0.630
7 0.590 2.3 19.7 0.720
8 0.691 2.2 18.6 0.786
9 0.793 2 19.0 0.866
10 0.896 2 18.7 0.908

a) One mole of divinyl carbonate was regarded as two equivalent
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Table II. The effect of the 1,2-glycol structure on the PVA~iodine

reaction
Sample l,2-glycol o Bﬁlé £xtinction(D608)a)
No. mo1% Daug I II III
1 1.41 623 0.35 3 1.88 -
2 1.87 631  0.40 2.8 1.41 -
3 2.73 513 0.34 1.08 0.50 -
L 3.17 - - - - -
5 4.09 342 0.29 0.26 - 0.83
6 4,69 335  0.29 0.11 - 0.47
7 5.09 310 0.26 0.048 - 0.19
8 5.67 332  0.29 0.026 - 0.14
9 5.17 - 0.27 0.013 - 0.037
10 6.66 290 - 0.009 - 0.017
Commercial 2.10 500 0.36 2.48 1.10 -

a) Reaction condition:
I: (PvA}=25mmol/1, [12]=1.25mm01/1, (KI]=2.5mmol/1, 20hrs, 6-3°C
11: (PVA)= 14.5mmo1/1, (1,)=0.87mmol/1, (KI]=1.75mmol/1, 24hrs, 6-8°C
III: Two ml of an 0.5mol/1 aqueous boric acid solution was added to
7ml of the reaction mixture of I and allowed to react for

24hrs at 6-8°C
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Table III. The effect of the 1,2,3-triol structure on the PVA~

iodine reaction

Sample 1,2,3-triol - gﬂé Extinction 2
No. mol% 849 (D6O7)
11 2.13 617 0.37 1.60
12 10.9 392 0.28 0.22
13 11.6 60L 0.29 0.09
14 18.7 408 0.23 0.03

a) Reaction condition:

(PVA)=30mmol/1, [12]=1.25mmol/1, (kI})=5mmo1/1, 20hrs, 6-8°C
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Table IV. Preparation of PVA samples with different stereoregularities

Sample Monomera) Catalyst Solvent Polymerization Yield
No. temperature,oc %
21 vosi®)  Eta101,®) Toluene -95 -
22 " " Toluene-CH,CL, -78 86

(8:2)

23 " " "o (6:4) " 58
24 " " " (4:6) " 53
25 " " " (5:5) " 100
26 " " "o (3:7) " 59
27 o " CH,CL, " 100
28 " " " -95 -
29 " " " -78 -
20 " n " -60 -
K1 VAc a1BN-0v?)  Methanol 30-31 81.5
L2 " n Hexane n 87.7
43 " " Methanol 6-3 25.8

a) Monomer concentration was 20 volkb.
b) Vinyl trimethyl silyl cther.
¢) Catalyst concentration was 0.0125mol/1l.

d) Photosensitized polymerization.
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Table V., The effect of stereoregularity on the PVA-iodine reaction

Sample Syndiotacticity Extinctiona)
DP _ ) I IT
No- atad, % N max Dnax Amax Dpax
21 2322 12 none - L400~600 0,33-0.34
broad peak
22 1520 20 none - " 0.1-0.2
23 1485 29 none - - -
24 678 39 562 0.27 - -
25 1171 40 571 0.27 650 0.61
26 1010 Ly 620 0.31 - -
27 858 55 (616 (1.06)?) 654 2.21

a) Reaction conditions:
I: [PvA]=14.0mmol/1, [IZ]=2.OOmmol/1, (KI)=3.00mmol/1, 6-8°C, 20hrs.
1I: [PVA)=7.0mmol/1, (Ia]=0.33mmol/l, (KI]=0.5mmol/1, (H3B03]=100mm01/1

6-8 °c, 20hrs.
b) [12]=O.667mmol/l, [KI]=1.00mmol/1, other conditions are the same
as I.
c) Diad tacticity was calculated from the absorbance ratio, D

916”2849
of IR spectra of PVA filns7).
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Table VI. The effect of stereoregularity on the PVA-iodine reaction

Sample Stereoregularity,% Extinction b)
DP diad 2/ triad |
No. ———e D
i s 1 H S8 ‘A max max
28 2680 55 §5 3% 39 25 616 0.57
29 180 49 51 26 46 28 620 1.07
30 490 48 52 25 L7 28 624 1.03
41 1995 53 47 28 49 23 617 0771
2 2080 55 45 31 48 21 618 0.69
43 3127 53 &7 29 48 23 620 0.81

a)Diad tacticity was calculated from the triad tacticity.
b) Reaction condition:

(PVa]=6.25mmol/1, [12]=5.5mmol/1, (k1]=16.7mmo1/1, 6-8°C, 20hrs.
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Figure 1. Copolymer composition curve for vinyl
acetate(M)) and divinyl carbonate(M,)

: MjJ+Mal=2 mol/1 in methanol at 1°C; catalyst,
(i-Bu)43 0.33 mol% of monomer; the curve is calcu-
lated for r'1=0 Al, rp=1.35
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Discussion

Effect of the 1,2-Glycol Structure on the PVA-Iodine Reaction

The increase of 1,2-glycol content, as shown in Figure 2,
strongly influences the PVA~-iodine reaction. Particularly when
the 1,2-glycol contents are larger than 5mol%, the reaction
mixtures are colorless. The PVA samples are almost identical
to one another with respect to stereoregularity and the degree
of polymerization. Therefore, the decrease of the intensity of
visible absorption (coloring ability) solely depends on the
increase of the 1,2-glycol content. Further, the fact that
absorption maxima are unchanged independent of the 1l,2-glycol
content suggests thaéfgtructures of the PVA~iodine complexes
are identical to one another.

Table II shows that the IR absorbance ratios, D916/D849’
decrease as the 1,2-glycol contents decrease. The values of
D9l6/D849’ however, may not reflect the stereoregularity of
PVA when PVA has a large 1,2-glycol content as informed earlier5)}
The polymerization conditions suggest these PVA samples to
be atactic,

We have previously reported that the 1,2-glycol structure
is one of important factors which interfere with the crystalli-
zation of PVA. The influence of the 1,2-glycol structure in the
present report differs from that on the crystallization. Figrue 3
shows that the melting point of PVA inversely corresponds to the

1,2-glycol content when the contents are less than 13mol%5).
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Figure 2. Effect of 1,2-glycol on PVA-iodine reaction

O : Samples from the vinyl acetate-divinyl carbonate copolymer
® : Commercial PVA

Reaction conditions for 1, Il, and Ill are listed in Table I.
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Whereas the PVA-iodine reaction suffers a large effect from
much smaller amount of the 1,2-glycol content. This tendency
was remarkable at a reaction temperature of 20°C which was employed
by Shibatani and othersh). The difference in these two properties
suggests that the PVA-iodine reaction requires a longer 1,3-
glycol sequence length than does the crystallization of PVA.

Let us assume that a sequence length n of 1,3-glycol units
is required for the color reaction. If one assumes that the
1,2=-glycol units are distributed statistically along the chain,
the probability of the occurrence of sequence length x of 1,3-

glycol units is obtained approximately by the formula,

a+l,,b=1.x
P(x) = (—ﬁ-)(—ﬁ-) (L

where N is degree of polymerization, a and b are average numbers
of 1,2- and 1,3-glycol units in polymer molecules, respectively,
that is a+b=N. Therefore the mole fraction of the 1,3-glycol
units which are contained in sequences with more than n, f(n),
is obtained by the formula,

n

>7 xP(x)dx

f(n)= 1 - &l (2)
2 xP(x)dx
X

Combination of Eq.l and Eq.2 gives Eq.3%, which can be calculated
assuming various n values.

n -l/ln(Eﬁl)

£(n) = (2=1)P"1 ¢ (3)

1 -1/1n(9§l)

Table VII shows the mole fraction of the 1,3-glycol units with
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Table VII. Mole fraction of the 1,3-glycol units contained in

sequences of more than n,

The values in parentheses are relative values taking

No.3 as a standard

Sample
‘o Doy n=100 n=120 n=150
1 - 0.522(2.92) 0.425(3.83) 0.305(5.87)
2 2.8(2.6) 0.378(2.11) 0.279(2.52) 0.174(3.35)
3 1.08(1.00) 0.179(1.00) 0.111(1.00) 0.052(1.00)
5 0.26(0.24) 0.046(0.25) 0.020(0.18) 0.0056(0.11)
6 0.11(0.10) 0.024(0.14) 0.0091(0.082)  0.0021(0.040)
4 0.048(0.045) 0.015(0.083) 0.0051(0.046)  0.00098(C.019)
8 0.026(0.024) 0.0073(0.041) 0.0023(0.021) 0.00035(0.007)
10 0.009(0.008) 0.0022(0.012) 0.0005(0.004)  0.00005(0.0009)
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n=100, 120 and 150 in the PVAs of different 1,2-glycol content.

In order to facilitate a comparison bhetween the observed extinc-
tion and the calculated value, sample No.3 was taken .as a stand-
ard. In Figure 4, curves represent relations between the calcu-
lated relative amount of the 1,3-glycol units contained in
sequences of more than n and the 1,2-glycol content, showing

a good correspondence between the observed and the calculated

value when n=120. Namely, the conditions of the PVA-iodine reaction
supposingly require an extremely long 1l,3-glycol sequence length
of atactic configuration. The value of 120 in 1,3-glycol sequence
length obtained here does not directly relate to the PVA-iodine
complex, because other factor than the 1,2-glycol structure may
influence the PVA-iodine reaction., Thus an extremely long sequence
length may be necessary in case of the atactic PVA. Indeed, syndio-
tactic PVA has high coloring ability in spite of low degree of
polymerizationh).

In order to check the effect of vicinal arrangement of
hydroxyl groups, a comparison between the influence of the 1,2,3-
triol structure on the PVA-iodine reaction (closed circle) and
that of 1,2-glycol (open circle) was made in Figure 5. This
figure indicates that the effect of the 1,2-glycol structure
inevitably gives the 1,4-glycol structure and both the structures
probably infavor the color reaction, while the 1,2,3-triol
structure does not give the 1,4-glycol structure. Thus it is
not the vicinal arrangement of OH groups but the structural

irregularity that influences the color reaction. Shibatani et al.
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have carried out a similar experiment and failed to obtain a
difference between the 1,2-glycol and 1,2,3=triol structuresu).

It is conceivable that, as compared to our experiment, the reaction
temperature was high and so the formation of the PVA-iodine complex
was more difficult.

The Effect of the Stereoregularity on the PVA-Iodine Reaction

PVA samples (No.21-30) derived from vinyl trimethylsilyl
ether are known to contain negligibly small amount of 1l,2-glycol
unitl). The influence of stereoregularity on the PVA-iodine
reaction is also remarkable. The results in Tables V¥ and V¥I
show that PVA with syndiotacticity larger than 50% showed high
coloring ability and PVA samples with syndiotacticity less than
30% do not show the color reaction. It is characteristic to
PVA samples with syndiotacticity of about 40% that the increase
in the isotactic structure results in the shift of the absorption
maximum as well as the decrease in extinction. This fact is in
contrast with the effect of the 1,2-glycol structure on the
PVA-iodine reaction, and suggests that the effect of stereoregu-
larity may be different qualitatively from that of the 1,2-glycol
structure, that is, the isotactic structure may have an influence
on the structure of the PVA-iodine complex. The tendency of the
isotactic PVA to form an intramolecular hydrogen bondingS) may
reflect on the PVA-iodine reaction.

The similarity of the PVA-iodine reaction to the amylose-

iodine reaction suggests that the blue color may be due to the
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interaction between polyiodine, Ii-, and oxygen atoms of surrounding

9’10’11). The structure and the amount of the site

PVA chains
which stabilizes polyiodine may change the absorption maximum

and extinction. In case of the amylose-iodine reaction, this
structure is determined as a helix; in case of the PVA~iodine
reaction it is not clear although a helical structure was suggested
by zwickl®),

Imai et al.>) and Shibatani et al.*) have shown that the
PVA-iodine reaction has a close relation with the intermolecular
interaction of PVA. Since an isotactic sequence interferes
with the formation of the intermolecular hydrogem bonding, a
blue shift of the absorption maximum with increasing isotacticity
may be due to the fact that intramolecular hydrogen bonding
reduces the interaction between polyiodine and oxygen atoms
of PVA. But the sequence length forming an intramolecular hydrogen
bonding is not so long to destroy the complex completely at
these medium isotacticity.

The addition of boric acid generally promotes the PVA-iodine
reaction and shifts the absorption maximum to a longer wave
length(670-700mw). Boric acid may intensify the intermolecular
interaction of PVA and consequently may promote the interaction
between PVA and iodine. Without boric acid, the color reaction
was not observed on samples No.21l and 22. The addition of boric

acid to these developed the color, but the visible absorptions

are too broad to determine the absorption maximum. It is interesting

- 67 -



to note that a sample which is rich in isotactic structure(No.21,
88% isotacticity) was colored more intensely than No.22(80%
isotacticity). Sample No.21 is less soluble in water than No.22,
which is the most soluble among various tacticities, and some
other kind of intermolecular interaction than hydrogen bonding
was suggested l). The intermolecular interaction is reinforced
by boric acid probably at the segments not having intramolecular
hydrogen btondings, resulting in the formation of the PVA-iodine
complex., The broad absorption spectrum also suggests that this
interaction may not be s0 simple as the interaction in atactic
or syndiotactic‘PVA.

The comparison between the influence of stereoregularity
on the PVA-iodine reaction znd that of the 1,2-glycol structure
is summed up as follows: the existence of 1,2-glycol structure
discontinues the interaction between PVA and iodine, but does
not influence the structure of PVA-iodine complex. The isotactic
structure may modify the structure of the PVA-iodine complex

so0 as to weaken the interaction, finally entirely suppressing the

complex formation at isotacticity higher than 70%.
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Chapter 1III

Poly(vinyl alcohol)-Iodine Reaction of

Poly(vinyl alcohol) fractionated by Foaming

Synopsis

It has been confirmed that foam fractionation of an aqueous
poly(vinyl alcohol) solution produced poly(vinyl alcohols) with
different reactivity on the poly(vinyl alcohol)-iodine reaction,
namely the color intensity decreased with increase in the frac-
tion number. This result was found not only with a poly(vinyl
alcohol) derived from poly(vinyl acetate), but also with a speci-
men derived from cationically polymerized poly(vinyl trimethylsilyl
ether). Particularly in the case of poly(vinyl alcohol) obtained
from poly(vinyl acetate)(degree of polymerization =1652, syndio-
tacticity = 50.0% in diad), the variation of color intensity among
the fractions can not be explained by any one of the structural
factors such as molecular weight, the 1,2-glycol structure,
stgreoregularity, and the carbonyl group in the main chain. There-
fore an other molecular structure, for example short branching,
which will affect the poly(vinyl alcohol)-iodine reaction and
the foam fractionation should be considered.
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The result also indicates the homogeneity of poly(vinyl
alcohol) from poly(vinyl acetate) with respect to stereoregular-
ity and the 1,2-glycol structure contents. In the case of poly-
(vinyl alcohol) obtained from poly(vinyl trimethylsilyl ether)
(degree of polymerization =1496, syndiotacticity =37.5% in diad),
the fractionation with respect to stereoregularity has occurred:
syndiotacticity of poly(vinyl alcohol) contaned in foam layers
was higher than that in the residual soclution. This result indi-
cates that the poly(vinyl alcohol) derived from poly{ vinyl
trimethylsilyl ether) consisted of stereoblock and/or a mixture

of poly(vinyl alcohol) of different tacticity.

Introduction

Imai et al. sepatated a poly(vinyl alcohol)(PVA) derived
from radically polymerized poly(vinyl acetate)(PVAc) into frac-
tions by foaming an aqueous solutionl). The fractions showed
different reactivity in the PVA-iodine reaction though there
is little difference in degree of polymerization and in the
1,2-glycol content. They suggested that PVA was fractionated
according to stereoregularity. But there arises a question in
considering the presence of wide difference of stereoregularity
among individual polymer molecules of a radical polymer.

It is known that even a minor change in molecular structure
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Of PVA influences the properties of PVA. Factors, which may
affect crystallinity and PVA-iodine reaction, involve the 1,2-
glycol structure, the carbonyl group in the main chain, branch-
ing and stereoregularity. Since the method of determination of
stereoregularity was establisheda), PVA samples with different
stereoregularities have been prepared in order to study the
effect of stereoregularity on properties of PVAB). The increase
of isotacticity of PVA loweres melting point, crystallinity,

354,5)

and color intensity of the PVA-iodine reaction . Murahashi

et al. showed that the increase of the 1,2-glycol structure deter-

4)

iorates the crystallinity and fades the color of the PVA-iodine

5)

reaction”’. In addition, Shibatani et al. have shown that a

minor change in l,2-glycol contents remarkably affects the PVA-
iodine color reactionG).

This work was undertaken to investigate the properties of
PVA fractionated by foaming in detail, and to elucidate the
effect of the change in the molecular structure of PVA on the
PVA-iodine reaction and on the foam fractionation. Foam fraction-
ation of PVA derived from cationically polymerized poly(vinyl
trimethylsilyl ether)(poly(v0S8i)) which was nearly atactic, was

also investigated.
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Experimental

PVA Samples

Sample A was a commericial PVA(Ruraray Co., Ltd.) which
was derived from radically polymerized PVAc. Degree of polymeri-
zation =1652, residual acetate group=0.23%, sodium acetate=0.25%,
syndiotacticity= 50.0% in diad, the 1,2-glycol content=2.12%.

Sample B was prepared by methanolysis of a poly(V0OSi)
prepared from the cationic polymerization of VOSi. The polymeri-
zation procedure was as follows: a mixture of 200ml of VOSi,
1000ml of methylene chloride, and 800ml of toluene was placed in
a 21 three-necked flask under a nitrogen atomosphere, the flask
was then cooled to -70°C with a dry ice-methanol bath. When
ethylaluminum dichloride(0.7ml) was added slowly to the flask
under stirring, the reaction temperature rose temporally to -50°C,
and then the solution was stirred for two hours at -70°C. The
polymerization mixture was poured into a large amount 0f methanol.
Methanolysis of the resulting polymer and precipitation of PVA
occurred simultaneously. The PVA was washed several times with
methanol by decantation and separated by filtar.tion and dried
under vacuum. Yield was 52.0g(91%). Degree of polymerization =

1496, syndiotacticity =37.5% in diad, the 1,2-glycol content=0.25%.

Foam Fractionation

Sample A: a solution of 60g of PVA and 31 of water was
placed in a 51 wide-mouthed bottle. The bottle was shaken at a
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frequency of 68cycle per minute: a foam layer was thus created.
After being shaken for apropriate period, the soultion was
allowed to stand for a certain time. In the course of this
standing, part of the foam usualdly disintegrated and the remaining
foam layer was taken out as a foam cake. The residual solution was
usually claudy, and there was a slight amount of precipitate at
the bottom of the bottle. To obtain successive fractions, the
cloudy solution was heated until it became completely clear and
then the procedure involving shaking, standing, separation and
heating was repeated.

Sample B: fractionation procedure was the same as the above

except for the use of 40g of PVA and 21 of water.

PVA~Iodine Color Reaction

An aqueous PVA solution was mixed with a KI-I2 solution at
6~8°C and kept at this temperature for 23hrs. The mixture was
subjected to spectroscopic measurement at room temperature using
a Hitachi spectrophotometer, EPS-3T.

Sample A: (PVA]=15mmol/1, [Ié]=l.25mmol/1, (X1 }=5mmol/1.

Sample B: (PVA]=30mmol/l, (I,)=1.25mmol/1, (K1]=5mmol/1.

Characterization of PVA

Degree of polymerization of PVA was calculated from viscosity
of 1% aqueous PVA solution at 30 °C according to the equation
presented by Nakajima et al7).
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Diad syndiotacticity of PVA was calculated from the ab-
sorbance ratio, D916/D849’ of the IR spectra of PVA films, which
was prepared from 1% aqueous solution and dried at 30°C in a
silica gel desiccator, according to the following equation

presented by Murahashi et al.a)

8(d1ad)%=72.4(Dgy /Dg, o)° " *
The content of 1,2-glycol structure was determined by

titrating the periodic acid consumption by PVA in accordance

with the method of Harris et a1.8) In the case of Sample B, the

content was also determined by degree of polymerization of PVA

oxydized by periodic acid in accordance with the method of Floryg).
The carbonyl group in main chain was measure by the UV

spectra of agueous PVA solutions. Absorption maxima at 240mum

and 280mp_are assighned to -g—C=C, and -¢-C=C-C=C, respectivelylo).
0

Results
The results of foam fractionation of Sample A and Sample B
are given in Table I and II, reaspectively. Sample A produced
stable foams and thus gave a large number of fractions, whereas
Sample B produced less stable foams and most of the sample
remained in solution. The change of the various properties of
PVA according to the fractionation are given in Table III and IV.
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Table I. Foam fractionation of Sample A

Fraction Shaking Standing Yield
No. time, hr, time, hr, & %,
A1l 13 5 3.09 5.15
A2 18 5 3.77 6.28
A3 18 5 3.68 6.13
AL 21 24 3.72 6.20
AS 21 24 4.25 7.08
A6 21 24 3.72 6.20
A7 23 24 2.84 4.73
A8 21 2L 3.58 5.97
A9 21 24 1.85 3.08
A 10 21 24 2.26 3.77
A1l 24 45 1.42 2.37
A 12 2k 45 1.52 2.53
A 13 24 45 1.09 1.82
A 14 24 45 0.85 l.42
A 15 24 45 0.61 1.02
A 16 24 45 0.57 0.95
A 17 24 45 0.74 1.23
A 18 24 45 0.56 0.93
A-R®) - - 16.90 28.17

a) ResiduaerVA in solution
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Table II. Foam fractionation of Sample B

Fraction Shaking Standing Yield

No. time, hr, time, hr, g, %,
B 1l 10 24 0.308 0.91
B2 20 48 1.030 2.56
B3 20 24 0.890 2.21
B 4 20 24 0.599 1.48
B 5 20 48 0.503 1.25
B 6 20 24 0.320 0.79
B 7 20 24 0.402 1.00
B8 20 24 0.308 0.76
B9 20 24 0.240 0.69
B 10 20 48 0.111 0.27
B 11 20 48 0.245 0.60
B 12 20 48 0.126 0.31
B-R% - - 35.24 88.0

a) Residual PVA in solution
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Table III. Structure and Properties of Foam-fractionated Sample A

b)

Fraction DP Syndiotac- 1,2-glycol UV spectraa) PVA'IZ reaction
No. ticity, %, mol¥%, d230 dmax 7\max,QM’
A 0% 1652 50.0 2.12 - 1.79 614
A1l 2060 53.0 2.14 2.5 3.23 "
A2 1974 50.0 - 1.8 3.28 n
A3 1991 50.0 - 2.7 3.07 "
Ay 2349 50.5 2.07 1.9 3.30 "
AS 2384 51.0 - 1.3 3.20 "
A6 2256 51.5 - 1.5 2.87 "
A7 2371 52.0 2.03 0.77 2.70 "
A8 2509 49.0 - 0.72 2.47 "
A9 2173 51.0 - 0.94 2.13 "
A 10 2193 50.0 2.00 0.71 1.96 "
A 11 1879 49.0 - 0.83 1.51 "
Al - 49.5 - 0.86 1.07 "
A 13 1524 49.0 1.98 0.85 0.84 "
A1y 1583 49.5 - 1.4 0.79 "
415 1571 48.5 - 0.61 0.76 "
A 16 1490 49.0 2.05 - 0.44 n
A 17 1450 49.0 - 0.51 0.40 n
A 18 1168 48.5 - - 0.31 "
a-rY) 43 48.5 2.13 - 0.06 "
a) Aqueous PVA solution(0.6%), )\ =230mum

max

b) Reaction conditions; {PVA]=15mmol/1, [12]=1.25mmol/1,
(K1)=5mmol/l at 6~8°C for 23nrs
¢) Original unfractionated PVA

d) Residual PVA in solution
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Table IV. Structure and Properties of Foam-fractionated Sample B

b)

Fraction DP Syndiotac- 1,2-glycol UV spectra®) FVA~I, reaction
No. ticity, % mol% thO dmax A pax® M
B 0%) 1496 37.5 0.25%) 0.35%) - 0.216 596
B1l 1449 43.5 - 2.62 1l.542 602
B2 1577 L4 .0 0.14, 0.1 - 1.484 602
B3 1578 41.5 - 1.10 1.411 605
B4 1520 4.0 - 1.91 1.352 606
B5 1585 41.5 -, 0.50 0.82 1.159 606
B6 1572 42.5 - 0.98 1.081 606
B?7 1542 sl .0 - 1.33 0.753 608
B8 1554 42.5 - 0.84 0.735 606
B9 1513 41.5 - 0.74 0.674 606
B 10 1522 42.0 - 0.96 0.953 605
B 11 1431 41.5 - 0.83 0.383 601
B 12 1424 41.0 - 0.80 0.413 597
B-rY) 1490 38.0 0.40, 0.58 - 0.433 562

a) Aqueous PVA solution(0.6%),;kmax=2u0m

b)

c)
d)

)

Reaction conditions; (PVA)=30mmol/1, [Ié]=l.25mmol/1,
(X1]=5mmol/1 at 6~8°C for 23hre
Original unfractionated PVA
Residual PVA in solution

Determined by the viscometric method

Determined by the periodate method
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Figure 1 shows that the degree of polymerization of Sample A
in each fraction was not constant but increased slightly with an
increase in the fraction number and then decreased. On the other
hand, the degree of polymerization of Sample B in each fraction
was substantially constant.

There is little defference in the 1,2-glycol structure content
of Sample A(Table III) and B(Table IV) in each fraction and a
systematic change was not found.

As may be seen in Figure 2, the stereoregularity of Sample A
in each fraction essentially unaltered within the experimental
error and was the same as that of the original PVA. The syndio-
tacticity of Sample B contained in the foam layer is higher than
that of the original PVA. Therefore Sample B was separated
according to syndiotacticity, but there was not systematic
change of stereoregularity among fractions.

The aqueous solutions of Sample A and Sample B exhibit
their absorption maxima at about 230mu(Sample A), 240mu(Sample B)

and 280mp(weak), which were assigned to -G-C=C and -g—C=C-C=C,
0]

respectively(Table III and IV)lO). The relationship between the
absorbance at 230mu(240m, for Sample B) and the fraction number
1s depicted in Figure 3; there is no clear-cut dependence of the
absorbance on the fraction number though the early fractions
tend to absorb more intensely than the later fractionms.

The intensity of the PVA-iodine color reaction(dmax) of

Sample A and Sample B is shown in Figure 4. Systematic changes
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of dmax of Sample A and B in each fraction was clearly found,
that is, as the fractionation progresses, dmax decreases remarkably.
It is characteristic to Sample B that the absorption maxima

varied with fraction number as shown in Table IV.

Discussion
Foam fractionation in low melecular weight compounds takes
advantage of adsorption of surface-active agents on interface and

11)

have found wide applications . In the case of high molecular
weight compounds such as protein, starch and synthetic high
polymer, the foam is stabilized by the formation of films of

12). Viscosity of the solution also affects

a gel-like substance
the stability of the foam. In the case of the solution of PVA,

the formation of remarkably stable foam will suggest the gelation.
Therefore the foam fractionation described here may be similar

in principle to the mechanical denaturation of PVA solution

13)

reported by Go et al. The above discussion suggests the
possibility of the fractionation of PVA according to the molec~
ular structure, which influence the tendency of gelation, such
as stereoregularity, the 1,2-glycol content, the carbonyl group
and branching.

As may be seen in Table III, IV and Figure 4, a characteristic

result in the foam fractionation of a PVA solution was a decrease
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of the PVA-iodine color with an increase of fraction number.
The PVA-iodine color reaction is strongly affected by molecu-
lar weight, stereoregularity, the 1,2-glycol structure of PVA
as reported previously. The color reaction is also reported to
correspond to the degree of swelling of PVA, which probably
reflects the crystallinity.

Figure 1 shows that the degree of polyumerization of Sample A
is not constant but increase with an increase in the fraction
number and then decrease, whereas that of Sample B is essentially
constant, that is, the fractionation did not occur with respect
to molecular weight. Imai et al. reported a linear relationship
between the intensity of the PVA-iodine color and the degree of

14). A relationship

polymerization of fractionated PVA, D6200<DP
between dmax corrected for molecular weight by the above equation

(d was used instead of D } and the fraction number are

max 620
shown in Figure 5. The data of Sample B in Figure 5 were convert~
ed to a concentration of 15mmol/l of PVA in order to compare
directly with data of Sample A. The linear relationship between
the corrected dmax and the fraction number also indicates that
molecular weight is not main factor of the change of dmax'

The 1,2-glycol content of the fractions was almost constant,
hence the fractionation with respect to the 1,2-glycol content
did not occur, and the 1,2-glycol content can not explain the
decrease of the color. This result does not deny the possibility

of foam fractiomation according to the 1,2-glycol structure of
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PVA in general but represents the homogeneity of the PVA specimens.
Figure 2 shows that tacticity of the fr.uctions of Sample A
was nearly equall to each other and to that of the original PVA.
Since Sample A is obtained from radically polymerized PVAc, the
sequence of stereoregularity probably follows random distribution.
Thus an appreciable difference should not be present concerning
stereoregularity among individual polymer molecules and hence
each fractions. The constancy of absorption maximum in the 12
color reaction alsc represents the homogeneity of the tacticity

5). Then, the decrease of d at Sample A with the

of Sample A nax

increase of fraction number can not be explained by stereoregularity
On the other hand, the syndiotacticity of the fractions of

Sample B was higher than that of the original PVA, and the foam

was unstable and the yield of foam was low compared with Sample A

though a difference in tacticity among the fractions was not found.

This results suggest that a considerable syndiotacticity is

necessary for producing a stable foamn and that the foam franction-

ation with respect to stereoregularity has occurred for Sample B.

A lzrge hypsochromic shift of absorption maximum of Sample B

with fraction numbers(Table IV) also shows the fractionation

with respect to stereoregularity because an isotactic PVA shows

the hypsochromic shift at the PVA-iodine color reaction5).

Sample B is probably heterogeneous with respect to stereoregular-

ity15). The high conversion and the elevation of temperature at

the beginning of the polymerization may be one of the reason for
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the production of the polymer molecules with different stereo-
regularity. In contrast, a successive change of tacticity was
not found among the foam fractions as shown in Figure 2. The
dmaX of the frszctions, however, decreased with the increase of
the fraction number, though the difference in this case was
smaller than that in the case of Sample A(Figure 5). The dmax of
Sample B of the residual solution was more intense than that of
original PVA but these dmax might not be directly compared with

because of the large difference of ) Figure 6 shows the plots

max’®

of the corrected dmax against syndiotacticity; these plots also
shows that the gradual decrease of dmax does not correlate with
stereoregulurity. Namely the stereoregularity is not a main
factor govering the difference of the color reaction of PVA
among the fractions.

Go et al. reporied that a mechanical stirring of an aqueous
PVA solution yielded precipitates of PVA with different color
intensity of the PVA-iodine reaction in spite of the same

13). They suggest

syndiotacticity as that of the original PVA
that the difference of sequence length of syndiotactic part of
each PVA is not the same. This suggestion, however, may not be
reasonable in the present case because the PVA obtained by radical
polymerization may consist of random sequence distribution of
stereoregularity and the difference between polymer molecules

is probably small.

The presence of carbonyl group in the main chain is revealed
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by the absorption maximum at 230mu(Sample A), 240mu(Sample B)
and 280mu. Figure 3 shows the plots of the absorbance of 230mM

and 240mu, which have been assigned to the -G-C=C structure,
0

against the fraction number. Roughly speaking the early fractions
tend to show stronger absorptions. These results disagree with the
conventional information that the presence of abnormal structures
disturbs the gelation and the PVA-lodine reaction. Thus the
presence of carbonyl groups in the main chain is not a main

factor on the change of PVA-iodine reaction.

Consequently none of molecular weight, stereoregularity, the
1l,2-glycol structure, and carbonyl group in the main chain may be
a main factor govering the decrease of the color intensity of
PVA-iodine reaction with the increase of fraction number. Other
factors should be considered.

One of the possible structural variations which will affect
the cystallinity and PVA-iodine reaction is branching of PVA,
though the presence of branching on PVA has not been investigated
in detail.

Imoto et al. reported that long branching, which was prepared
by the chain transfer on the backbone of PVA, was scarecely found16).
Murahashi et al. have found that long branching on PVA does not

affect the PVA-iodine reactionl7)

. This result is reasonable, for
the presence of long branching probably show little effect with
respect to the microstructure of PVA because of small number of
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branching point per a polymer molecule.

Short branching has not been confirmed and its presence
has been only speculated. The pr:sence of short branching, how-
ever, seems reasonable because of a similar reactivity of the
vinyl acetate radical to that of ethylene and from the consid-
eration of the chain transfer re.ction of model compoundsls).
Short branching may be produced by the back biting mechanism.

The high conversion will lead up to the 1low monomer concentration,
and hence will produce different PVA molecules with respect to
the frequency of short branching. In addition the gelation area
of PVA surface film(rvloAZ/mOnomer unit) is equall to or less
than the calculated two dimensional surfzce area of closed
packing(AalaAZ/monomer unit), and the polymer molecules should

19). Therefore the

be brought close to each other at gelation
presence Of short branching probably disturbs both the PVA-iodine
reaction and the formation of stable foam, the foam fractionation
with respect to short branching being possible. At present,
however, we must await the developement of a technique for the
measurement of short branching.

In the case of Sample B prepared from the cationic polymeri-
zation, the color intensity of PVA-iodine reaction was weak
owing to low syndiotacticity. It is noteworthy that color

intensity of PVA contained in foam layers decrease with the

increase of fraction number similar to the case of Sample A.
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