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Substituted polyacetylenes have recently 
attracted much attention due to their electrical 
conduction 1 - 3 and photo conduction4 based 
on their n-conjugation along the main chain. 
Recently there arises the possibility of unique 
magnetic interaction for polyacetylenes carry
ing stable radical substituents5 •6 and several 
model compounds have been reported. 7 - 9 The 
electronic structure of main chain is quite 
important for discussing the magnetism of 
these polyradical macromolecules such as 2b 
and 3b (Scheme 1) because magnetic interaction 
is expected to occur through the n-conjugated 
main chain. While the existence of n

conjugation along the main chain with 
alternating single and double bonds in some 
substituted polyacetylenes is demonstrated by 
UV/VIS spectroscopy/ 0 - 12 detailed investi
gation using other spectroscopy has not been 
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performed yet. Ultraviolet Photo Electron 
Spectroscopy (UPS) is suitable for a detailed 
study of the uppermost part of the valence 
states of organic polymers, which is most 
important in discussing the electronic prop
erties of them. 

In this communication, we report on the 
correlation between UV /VIS absorption and 
ionization threshold (rh) from UPS and on the 
effect of substituents of phenyl ring. While the 
UPS spectroscopy was applied to many organic 
polymers14 including unsubstituted polyacetyl
ene, there is no report on substituted poly
acetylenes as yet. 

Poly[(3,5-di-tert-butyl-4-hydroxyphenyl) 
acetylene] (2a) and poly(p-ethynylphenylhy
drogalvinoxyl) (3a) are prepared as described 
in ref 7 and 8, respectively. These polymers 
were carefully oxidized with freshly prepared 
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Scheme 1. 

t To whom correspondence should be addressed. 
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Pb02 or alkaline K 3Fe(CN)6 in benzene under 
oxygen-free atmosphere to give corresponding 
polyradicals (2b, 3b). Spin concentration of 
polyradical was determined by the comparison 
of the ESR signal area of the benzene solution 
of 2,2,6,6-tetramethyl-1-piperidinoxy1, with 
known spin concentration (98%, Aldrich). 
Poly(phenylacetylene) (PPA) (1) was prepared 
according to lit. 13. Poly(3.5-di-tert-butyl-4-
hydroxystyrene) (4) was gifted from Maruzen 
Sekiyu Co. These polymers were spin-coated 
on a polished copper electrode. UPS spectra 
were measured on an apparatus similar to that 
in lit. 14. It consists of a Xe I (8.42 e V) light 
source and a retarding field type analyzer with 
a resolution of ca. 0.2eV. 
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UPS spectra of 2a and 4 were shown in 
Figure 1. The values of Jlh of these polymers 
are summarized in Table I. These peaks are 
unimodal and fine structure are not observed. 
The ph of 2a is between that reported for 
trans-polyacetylene15 and that of 1. This 
observation agrees with the trend in the visible 
spectra: the absorption maximum of 2a is in 
the visible region (A.max = 450 nm, e = 38001/ 
monomer mol em- 1 ), while that of 1 is in the 
ultraviolet region (Figure 2) indicating that the 
degree of conjugation around the main chain 
in 2a is larger than that of 1. The· ph of 4 
(6.3 eV) is well reproduced if Jlh of polystyrene 
(6.95 eV, solid phase)16 is corrected by use of 
the difference in Jlh between benzene (9 .24 e V 
gas phase)17 and phenol (8.7eV, gas phase). 17 

The smaller Jlh of 2a than that of 4 confirms 
that the highest occupied orbital in 2a contains 

Figure 1. UPS spectra of 2a (a) and 4 (b). 
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Table I. Ionization threshold energies 
(J'h) of 1--4 

Polymer Cat./Solv. M."x 10- 4 

1 WC16/Bz 1.4 
2a WC16/CC14 1.8 
2a MoC15/Bz 1.4 
3a Rhb/THF 2.0 
4 1.5 

• Determined by GPC (PSt standard). 
b [RhCl(C8H 12)h 

Wavelength ( nm) 

Figure 2. UV /VIS spectra of 1 (a), 2a (b), and 3a (c) in CH2Cl2 . 
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the contribution from the main chain, 
indicating an efficient development of n
conjugation along the polyacetylene main 
chain. 

3a has Amax at 420 nm due to the presence of 
quinoide chromophore in the side chain. This 
absorption continues to 550 nm which is about 
30 nm longer than that of corresponding 
monomer, indicating the presence of some 
n-conjugation along the main chain. Jlh of 3a 
is higher than that of 1, indicating n

conjugation does not develop in 3a compared 
with 1. 

Thus 2a and 3a show increase and decrease 
of the degree of n-delocalization compared to 
1, respectively. The increase in 2a may come 
from factors such as steric hindrance among 
the substituents to prevent the free rotation of 
the phenyl ring in a way favoring planar main 
chain structure and/or the chain-substituent 
interaction, and (2) the lowering of the 
ionization energy of the substituent from 1, 
which should increase the degree of mixing with 
the main chain by reducing the energy 
difference between the chain and the sub
stituent. The decrease in 3a may be explained 
by the steric hidrance to prevent the effective 
chain-substituent mixing and/or intrachain 
conjugation. Further studies are necessary for 
clarifying these points. 

The Jlh of polyradical derivatives 2b and 3b 
are listed in Table II. Jlh of 2b is greatly 
increased from that of 2a (5.5eV) to 6.4eV, 
indicating that conjugation length along the 
main chain is decreased with oxidation. It can 
be explained by the migration of unpaired 
spin 7 : solution ESR spectra of2b indicated that 
the formed unpaired spin migrates to the main 
chain, then the phenoxy structure changes to 
quinone methide structure which deconjugates 
the main chain (Scheme 2(a)). On the other 
hand, Jlh of 3bs are almost constant irrespective 
of spin concentration· and not significantly 
different from that of 3a. Because the formed 
unpaired spin is delocalized within galvinoxyl 
skeleton in 3b (Scheme 2(b)) evidenced by the 
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Table II. Ionization threshold energies 
(J'h) of 2b and 3b 

Spin concn J'h 

Polymer 
mol% eV 

2b 8 6.4 
3b 23 6.1 
3b 39 6.1 
3b 62 6.1 
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Scheme 2. 

solution ESR spectra in ref 8, the electronic 
state of main chain is not affected with the 
formation of unpaired spin. From these 
findings, spin localized profile in the side chain 
seems to be superior to spin-delocalized one in 
3b. 

In summary, in this communication we have 
shown the existence of significant n-conjuga
tion along the main chain in poly(phenylacetyl
ene)s by UPS and also examined their sub
stituent effects. 
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