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(a) SBP-1/[benzene/methanol (9:1)]

(b) SBP-2/pyridine

Figure 2.

It should be noted that in the above results the mor-
phologies do not comply with a rule given by Molau,!
namely, that PAVP always forms large globular domains
rather than cylindrical or lamellar domains in spite of the
P4VP content being varied from 0.10-0.24. In contrast to
this, Nagasawa reported that the morphology of an ABC
three-block polymer of PS—(poly[(4-vinylbenzyl)di-
methylamine])-PI exhibits a combination of Molau’s
morphologies.® We suspect that strong inter- and intra-
block coherence of P4VP blocks predominates over other
interactions®'® and that the PAVP domains tend to keep
the interfacial area as small as possible.

To prevent the coagulation of the P4VP phase into
globules, we also cast SBP-2 from pyridine, which is a good
solvent for PAVP. Figure 2b shows its morphology, in
which P4VP formed neither globular domains nor a clear
continuous phase but curious amoeba-like domains. This
result suggests a possibility of controlling the morphology
of SBP’s, to some extent, by choosing suitable casting
conditions. : ;

Note Added in Proof. Recently we were able to obtain
a new morphology, a “three-lager lamellar” structure, in
which the three phases alternate as . . .SBP-PBS-SBP. . .
in the SBP-1 cast from n-butyraldehyde/CHCl; (9:1 v/v)
mixture. The details will be reported soon.
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Formation of Soluble Polyethylene by
Hydrogenation of Alkali-Metal-Doped
Polyacetylene

The semiconducting organic polymer polyacetylene
[(CH),] or polyvinylene [-(CH=CH),~] has recently been
the subject of much experimental’™'? and theoretical'®-%°
study because of observations that its conductivity can be
changed many orders of magnitude by doping it with
various acceptors and donors.

Infrared,?* Raman,?? and absorption? spectral data are
consistent with a linear conjugation of cis and/or trans
C=C double bonds. The insolubility and infusibility of
this conjugated polymer, however, make it difficult to
obtain various information on molecular weight, its dis-
tribution, cross-linking, branching, etc. More detailed
structural information is necessary for understanding
chemical as well as physical properties of the as-prepared
polyacetylene.

In this short communication, we present preliminary
results on the formation of soluble polyethylene by hy-
drogenation of alkali-metal-doped polyacetylene.

Recently we have found that the alkali-metal-doped
polyacetylene catalyzes the H,~D, exchange reaction under
very mild conditions and that hydrogen in the doped po-
lyacetylene is also able to exchange with H, in the gas
phase at higher temperature (>160 °C).?* During the -
course of the hydrogen exchange study, we have observed
that the doped film becomes partly transparent after
several hours when the reaction is carried out at 200 °C
and 85 Torr of H,, suggesting that there is a possibility of
hydrogenation of the conjugated double bonds in the
doped polyacetylene.

The sodium doped films were prepared by treating the
trans-polyacetylene films?* (0.05-0.1-mm thickness) with
a solution of sodium naphthalide in THF (~0.5 M) for
about 1 h. The doped films were washed repeatedly with
THF by trap-to-trap distillation from the sodium naph-
thalide solution until the washed solution became colorless.
After being dried under vacuum, the films were allowed
to react with hydrogen (650 Torr) at 200 °C for 7 h. Silvery
films of the sodium-doped polyacetylene turned to
transparent pale brown material, which became opaque
to some extent on cooling to room temperature. The hy-
drogenated product was treated with methanol vapor and
then immersed into a methanol-water mixture to dissolve
the doped sodium in the films. Since hydrogen evolution
was observed by this treatment, it was suggested that
sodium in the hydrogenated film was present in the form
of either the metal or sodium hydride. The entire oper-
ation was carried out under vacuum or inert gas.
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Figure 1. Infrared spectrum of the hydrogenated polyacetylene.
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The product was washed with a small portion of the
methanol-water mixture until it became neutral to phe-
nolphthalein. The combined solution was titrated by HCI
solution to obtain the amount of sodium in the films. The
composition of the pristine-doped material was
(CHNag 146),- It is noteworthy to mention that the hy-
drogenated films are flexible and themoplastic.

Infrared spectra of the hydrogenated films coincided
closely to that of high-density polyethylene except for a
band at 965 cm™ which may be due to C-H out-of-plane
vibration in residual isolated or short, conjugated double
bonds (Figure 1).

It is interesting to note that the hydrogenated film does
not melt down but maintains the initial shape of the film
although the reaction is carried out at a higher temperature
than the melting point of polyethylene. This observation
strongly suggests that the product might be a highly
cross-linked polyethylene. Treating the product (145 mg)
with boiling tetralin for 5 h, however, gave a soluble
polyethylene (87 mg) whose IR spectrum was identical with
that of untreated hydrogenated film. Since the hydro-
genated film became opaque upon cooling, it was suggested
that this material might be crystalline. In fact, appearance
of a doublet at 720 and 730 cm™! due to the CH, rocking
vibration in the IR spectrum indicated that both soluble
and insoluble polymers were highly crystalline (ca. 50%).
The melting point of the soluble polymer observed by a
microscope was in the range 111.6-120.6 °C. DSC analysis
gave an endothermic peak maximum at 120 °C and in-
dicated ca. 40% crystallinity. The number average mo-
lecular weight measured by GPC was 6200 with a &-
(M,,/M,) value of 3.44 (Figure 2).

Although the hydrogenated product was slightly colored
and contained a detectable amount of C=C double bonds
in its IR spectrum, elemental analysis gave a H/C ratio
of 2.01 and 2.03 for the insoluble and soluble polymers,
respectively.

In order to obtain completely hydrogenated poly-
acetylene, the reaction was carried out in a stainless steel
autoclave at a higher pressure of hydrogen (ca. 60 kg/cm?)
at 190 °C for 24 h, Hydrogenation of the sodium-doped
polyacetylene (CHNay ,4;), prepared from 854.6 mg of
trans-polyacetylene film gave 915.0 mg of white opaque
film. From the material balance, 99.4% of the double
bonds in the polyacetylene were hydrogenated. Its IR
spectrum, however, showed absorption at 965 ecm™ at-
tributable to residual double bonds. Corresponding ab-
sorption was also observed in the ultraviolet region. In
addition to a very strong absorption at a shorter wave-
length than 260 nm due to the isolated double bonds, very
weak shoulders were observed at 306, 322, and 341 nm
assignable to -(CH=CH);- sequences.?® Since the H/C
ratio of the soluble fraction was 2.02, the amount of the
residual C==C double bonds must be very small. However,
only 132.0 mg of white soluble powder was recovered from
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Figure 2. Molecular weight distribution curve of a soluble part
of the hydrogenated polyacetylene. The molecular weight dis-
tribution was measured by GPC (Toyo Soda Co. TSK-HLC), using
a GMHG6-S column and trichlorobenzene as the solvent at 145 °C.
The calibration curve of the molecular weight was obtained with
ten standard samples of monodisperse polystyrene with molecular
weights from 1000 to 3840 000.

the hot tetralin extract. The insoluble part which also gives
the same IR spectrum may be a cross-linked polyethylene.

The soluble fraction of the hydrogenated products in a
series of hydrogenation reactions scattered over a wide
range of 5-80%, although the pristine polyacetylene was
taken from the same polymerization batch, suggesting that
the cross-linkage may occur during the doping or the hy-
drogenation processes promoted by some impurities such
as oxygen, water, etc. Very recently Chien et al. reported
the successful hydrogenation of polyacetylene by several
catalyst systems, but the hydrogenated product was in-
soluble.? There is no possibility that the alkali-metal-
doped polyacetylene is chemically reduced by the Na/
methanol combination, because the doped polyacetylene
became transparent by the hydrogenation process before
the methanol treatment.

In conclusion, the formation of soluble polyethylene by
hydrogenation of polyacetylene strongly suggests that
polyacetylene has no cross-linkage. Further studies on the
hydrogenation of polyacetylene and the detailed charac-
terization of the hydrogenated products are in progress.
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Conformational Changes of Azoaromatic
Polyaspartate Induced by Solvent and/or Light

Stereochemical changes induced in the photochromic
molecules incorporated into polymer chains can cause
conformational variations of the polymers.! The photo-
chromic moieties act as photoregulated “switches”
changing reversibly from one geometric isomer to another
under the influence of light. Azo compounds can undergo
both trans — cis photoisomerization and reversion of the
cis isomer back to the trans in the dark or on irradiation
and were successfully adopted as photochromic moieties
to produce conformational changes of vinyl polymers.??

Among many polymers containing azoaromatic moieties,
polypeptides seemed to be extremely interesting to us from
the point of view that polypeptides can take various con-
formations whose chiroptical properties are distinctly
different from each other, and the effect of light on their
conformations can be easily evaluated by spectral mea-
surements such as ORD and CD.

Goodman et al. prepared azoaromatic polypeptides from
L-p-(phenylazo)phenylalanine and investigated the effect
of photoisomerization of the azoaromatic side chains on
the ORD spectra.* Similar investigations were carried out
by us for azoaromatic polyaspartates®” and by Ciardelli
for azo-modified poly(L-glutamic acid).??

The light-induced conformational changes of poly-
peptides were first accomplished by us for copolymers
derived from m- and p-(phenylazo)benzyl L-aspartate.’”’
These polymers were designed based on the fact that
substituted benzyl esters of poly(L-aspartic acid) show
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Figure 1. Variation of the molecular ellipticity at 222 nm of [
induced by solvent and/or light: (@) before photoirradiation; (O)
after photoirradiation.

conformational versatility, and the conformation can be
perturbed by changing the nature and the position of the
substituent. This system resembles visual purple rho-
dopsin whose polypeptide part opsin undergoes a confor-
mational change coupled with the cis-trans photoisomer-
ization of an incorporated chromophore retinal. In a
continuation of these investigations, a copolymer I com-

COOCHE—@ COOCHCH, @N:N@
CHy CHz

ENHCHCO- 7 \_ -NHCHCO¥
I

posed of 3-benzyl L-aspartate and 3-p-(phenylazo)phen-
ethyl L-aspartate (33:67) was found to undergo right-
handed helix — left-handed helix — random coil transition
on addition of hexafluoro-2-propanol (HFIP) to its 1,2-
dichloroethane (DCE) solution. Thus there arises one
interesting problem of how the conformation of I is af-
fected by the trans-cis photoisomerization of the side-chain
azobenzene moieties at different HFIP contents. We wish
to report here the results of CD measurements of I in the
mizxed solutions of DCE and HFIP before and after pho-
toirradiation.

Copolymers of 8-benzyl L-aspartate and 3-p-(phenyl-
azo)phenethyl L-aspartate were prepared as photorespon-
sive polypeptides.!® The conformation of this polymer
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