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Electrical Conductivity in Doped Polyacetylene
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Doped polyacetylene forms & sew class of coadecting polymers 1o which the electrical
cooductivity can be aystematically sad cootinucusly varied over & rasge of eleves orders
of magaitode, Transport studies aad far-iafrared trassmission meassroments Lrply a
o« metal -to- insulasor transition st dopant coocentrations pear 19,

We find that films of the semiconducting poly- polycrystalline films of (CH),, and developed

mer, polyacetylene, show a dramatic increase

in electrical conductivity when doped with con-
trolled amounts of the halogens chlorine, bomine,
or lodine, and with arsenic pentaflvoride (AsF,),

techasques for controlling the cis /frams content.**
These materials are semicondoctors®; the frows
isomer {# the thermodynamically stable form at
room tempe rature,

The concentration dependence in combination with /
far<infrared transmission data suggests the oc- 3
currence of a metal-insulator transition as a et T r—y——
function of dopant concentration, e o
Polyacetylene is ane of the simplest linear con- 1008 o
jugated polymers with a single-chain structure .
as shown In Fig, 1, Each carbon is 0 bonded to yob d
one hydrogen and two neighboring carbon atoms ' '
consistent with sp* hybridization. The r electrons I
are therefore available to delocalize into a band,
In the {dealized siteation of a uniform chain, the
\ resulting conduction band would give rise to me- . W ? W W 1
tallic bedavior. However, such a systems Is un- : N o 55 G
'—"._\- stable with respect 1o boad alterastion, which o "' i )
\,\ causes the formation of an energy gap in the elec- 5 i
- tronic spectrum, Studies of r-r* transitions in o
'1 short-chain polyenes show that the frequencies L.
do not fall a8 =°* as expected for a free-electron - | e § ,"'"> Sl
picture, but appear to saturate at AF """ ” F e W "4_ -
~ 2.4 ¢V.,' Boad alternation is present in the poly- : o
mer and would be expected 1o lead 1o semlcondect- <% 1
ing behavior. Mowever, Ovchinnikov' has stim- |
mated the bond-alternation energy £2p o be too 10— : e
small and attributed the observed value 1o Cou- o SR B e o
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Figure 6: Record (Jan. 2003) conversion efficiencies for different PV technologies (data from [9]).
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