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Preparation of 13C-Poly(p-phenylene). IR, Ben MR, and ESR Spectra of the Polymer
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13¢_Enriched poly(p-phenylene) PPP prepared by dehalogenation polycondensa-
tion of 13C-enriched p-diiodobenzene with Ni(0) complex gives basic data for assignment
of the IR vibration modes of PPP, reveals the magnitude of magnetic dipole interaction in
the NMR spectrum, and indicates considerably small coupling of spin with B3¢ nuclei in
the ESR spectrum presumably due to rapid movement of electrons.

Preparation of electrically conducting m-conjugated polymers and revealing

their chemical and physical properties are subjects of recent interest. Among the -

conjugated polymers, poly(p-phenylene) PPP has a simple and rigidly linear structure

and attracted attentions of many research groups.l) We have prepared B3 enriched

PPP for further understanding of the properties of PPP and now report IR, 13C—NMR,

and ESR data of the '2C-enriched PPP. PPP
The '3C-enriched PPP was synthesized by dehalogenation polycondensation of B3¢ enriched p-diiodoben-

zene p-C_H 1, with zero-valent nickel complex (a mixture of bis(1, 5-cyclooctadiene)nickel Ni(cod)2 and 2,2’-

6 42 2)
bipyridine bpy).

13 . .
C-Enriched CgHyl, + Ni(OL,,; —» 1:)'C-Enriched —<©>— €))
n

The monomer with 25% or 98.5% enrichment was prepared according to the following procedure.

98.5% 13C-Enriched 1) Ba 98.5% '3C-Enriched a) 98.5% '3C-Enriched by, 98.5% 3C-Enriched
BaCO;, 2) Hzo' HC=CH CeHg —»  p-C¢H4l,

+ usual
HC=CH

25% '3C-Enriched _a)_ 25% '*C-Enriched b)_ 25% '*C-Enriched
—
HCE CH C6H6 p-C6H4IZ
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a) Treated on Cr/A1203 catalyst.3)
b) Treated with I, in the presence of TOCOCF,),.%

Figure 1 shows comparison of IR spectra of non-enriched PPP and 98.5% enriched PPP, and Table 1 sum-
marizes the data.

Table 1. IR data of PPP and 98.5%
13 enriched PPP
13 @)
PPP C-Enriched PPP
-1 -1
v1 /cm v2/cm v1 / v2 /\’/1
1908 1886 1.012
(0]
1596 1543 1.034 S
<
1479 1449 1.021 k=
1398 1361 1.027 §
999 964 1.036 g
811 799 1.015
763 749 1.019 (b)
692 676 1.024
A 1 1 1 1 1
1600 1200 800 400

Wave number / cm'1

Fig. 1. IR spectra of (a) 98.5%
13¢_enriched PPP and (b) PPP.

The absorption bands of PPP observed at 1596 and 1479 em™! are considered to be mainly related to ring
deformation of the phenylene ring.s) However, as shown in Table 1 , the observed v 1 / v, ratios for the
absorption bands are considerably smaller than the value calculated by assuming simple mass effect for a C-C
vibration suggesting participation of hydrogen in their normal vibrations; the calculated v l/ v, value =\ﬁ3’/—12 =
1.041. Similar smaller v l/ v, values (1.008-1.020) for the ring deformation vibrations were also observed for the
monomer p-C 6H 412.
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Figure 2 shows CP/MAS 1’C-
NMR spectra of PPP, 25% enriched
PPP, and 98.5% enriched PPP. The
half width of both a- and B-carbons of
PPP becomes larger with increase in
the extent of the 13C-enrichment pre-
sumably due to magnetic dipole inter-
actions between 13C-nuclei; the half
width of the B-carbon signals of PPP,
25% enriched PPP, and 98.5% en-
riched PPP are 160 Hz, 330 Hz, and
675 Hz, respectively.

Figure 3 shows ESR spectra of
PPP, Na-doped PPP, 98.5% enriched
PPP and Na-doped 98.5% enriched
PPP. The doping was carried out with
excess sodium naphthalide in THF.6)
The spin concentration increases mark-
edly on the Na- doping.6)

As shown in Fig. 3, the ESR sig-
nals are relatively sharp probably due
to rapid movement of electrons in the
polymer chain and/or between the
polymer chains.”) The increase in the
line width of the signal (peak-to-peak
width AH__ in Fig. 3) due to the Be
enrichment (AApr = 0.27 mT and
0.13 mT for the undoped and Na-doped

samples, respectively) is considerably

small (less than about half) compared |

with the reported 13C-hyperfine cou-
pling constants.’ This indicates that
the coupling of electron spin with Be.
nuclei is also affected by the assumed
rapid movement of electrons along the
polymer chain or between the polymer

chains.
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Fig. 2. CP/MAS 13C—NMR spectra of

(b) 25% enriched PPP, and (¢)
enriched PPP.
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(a) PPP,
98.5%

All the above described data reveal interesting effects of the 13¢_enrichment on the IR, NMR and ESR spec-

tra, and further detailed analysis of the effect is expected to provide bases for understanding chemical and physical

properties of PPP.
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Fig. 3. ESR spectra of (a) PPP, (b) Na-doped PPP, (¢) 98.5% enriched PPP,
and (d) Na-doped 98.5% enriched PPP.
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