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Doping of (CH)x Films to the Metallic State with Xenon Fluorides
and lodine Pentafluoride

By HENRY SELIG,* ADAM PrON,® MARK A, DrUY,? ALAN G. MACDIARMID,?* and ALAN J. HEEGER®

(8 Department of Inovganic and Analytical Chemistry, Hebvew University, Jerusalem, Isvael, and ® Department of
Chemistry, and © Deparvtment of Physics, University of Pennsylvania, Philadelphia 19104, Pa.)

Summary Conductivity measurements have shown that
exposure of cis-rich (CH), film to the vapour of XeOF,,
Xelf,, or IF; causes it to be doped to the metallic regime.

Botn IF; and XeOF, have been shown to form intercalation
compounds with graphite.! More recent experiments on the
intercalation of XeOF, into highly oriented pyrolytic
graphite (HOPG)? have shown striking parallels between the
series of intercalation compounds Cg;,XeOF, and C,,AsF;
(n = stage), although the exact nature of the intercalated
species is still uncertain. Both series of compounds show
substantial increases in their a-plane electrical conductivities
over that of graphite. The changes in electrical conductivity
of polyacetylene films, (CH),, upon doping with AsF.3
are even more dramatic than those in graphite, increasing
the conductivity by ca. 12 orders of magnitude from the
semiconductor regime (10~° Q~!'cm™?) in ¢is-(CH), to the
metallic regime (10® Q~! cm™). Baughman has suggested
that doped polyacetylene forms layered structures analogous
to those for intercalated graphite.t The close correspon-
dence between these systems has prompted us to dope
(CH), with XeOF,, XeF,, and IF;.

The polyacetylene used had a cis content of approximately
67% as determined by ir. intensity measurements.®
Samples were cemented with Electrodag to two Pt electrodes
in an all-Kel-F reactor,® or pressed into a 4-point jig in a
similar reactor. Additional samples of (CH), were kept in
close proximity to the electrodes for parallel weight-uptake
measurements. The resistance of the films was measured
by either the two-point or four-point method as doping
progressed. The (CH), was exposed to constant vapour
pressures of XeOI, or IF; by maintaining a reservoir of

these at a fixed temperature. Best results were obtained
by keeping the Kel-F reactor at about —15°C and the
dopants at —23 °C (CCl, slush). The vapour pressures of
XeOF,” and IF;® at the latter temperature are ca. 1-5 and
0-4 Torr, respectively.

Polyacetylene film spontaneously inflamed on contact with
liguid XeOF,. Hence, all doping experiments using XeOF,
involved exposure to the vapour only. For samples of
(CH), about 0-06 mm thick, the resistance dropped within
seconds of initial exposure to XeOF, from > 2 x 107 Q to
10° O and after 1h exposure to 130 Q. Another sample
attained a constant resistance of 12 Q after 10h. TUpon
pumping of the sample the resistance rose to 17 2. The
corresponding conductivity of the film is 50 Q= cm™L
Parallel weight measurements indicated a stoicheiometry of
[CH(XeOFy)q.005], assuming the weight uptake is due to
XeOF, only. The conductivity corresponds to that of a
[CH(AsF;), ], sample of similar composition.? Polyacetylene
films doped with XeOF, show the typical golden colour
observed with other dopants.

Preliminary experiments involving Xel, gave a maximum
conductivity of 70 Q' cm~! which, however, decreased
rapidly upon pumping to <<107* Q~'cm™! to give a final
light blue product of empirical composition [CHy.ge-
(XeF,)p 0a5F0-36) 5 Since the ratio of Xe: F in the product is
1:10 it is apparent that significant fluorination of the (CH),
had occurred.

The changes in resistivity of (CH), exposed to IF; are
even more striking. Immediately upon exposure the
resistance drops from >2 X 107 Q to several hundred ohms.
The lowest resistance observed for a 0-12 mm thick film
doped with IF; was 1-7 Q after four hours, corresponding



J.C.S. Cuem. CoMmm., 1981

to a conductivity of 150 Q—'cm~. Polyacetylene films
doped with IF; exhibit a metallic blue colour somewhat
similar to that of HOPG intercalated with AsF; or XeOF,.

The increase in weight of the reaction vessel after doping
was used to calculate the molar ratio in which (CH), and
IF, underwent reaction. In two different experiments the
(CH),, to IF, ratios were 1-00:0-10 and 1-00:0-094, respec-
tively. These ratios do not, however, give the true com-
position of the doped (CH), since free iodine could be
observed in the reaction vessel after doping. After pumping
for several hours to remove the free iodine, elemental
analyses for C, H, I, and F gave compositions of [CH-
(TF5.27) 0-091)e @A [CH(IFj.53)0.006]¢- The composition of
these materials bears a striking resemblance to that of (CH),,
doped with AsF, where compositions from analytical data
ranging from [CH(AsF;)¢,], to [CH(AsFg),.,], with a
variety of intermediate values have been obtained.® The
primary reaction between (CH), and IF; might possibly be
analogous to one of the reactions proposed between (CH),
and AsF; where partial reduction of the MF,, species'® with
concomitant oxidation of (CH), occurs [e.g. equation (1)].

31F; + 2 e~ — 2 IF~ + IF, (1)

1 H. Selig and O. Gani, Inorg. Nucl. Chem. Lett., 1975, 11, 75.
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The energetically most favoured decomposition reaction for
the thermodynamically unstable IF, is given in equation
(2).1* If this occurs to give free iodine the doped polymer,

5 IFy — I, + 3 IF; @)

therefore, contains both IF;~ and IF;, the latter species
possibly existing in the form of a weak complex. The IF
value intermediate between 5 and 6 in the final product is
therefore understandable. This would be basically analogous
to the case of CgzAsFy which is proposed to consist of a
mixture of AsFg~, AsF;, and AsF,.1? Upon pumping, the
conductivity of the IF;-doped material decreases gradually.
Since such samples retain their fluorine content, it appears
that the iodine fluoride dopant gradually fluorinates the
(CH),.

This work was partially supported by grants from the
Air Force Office of Scientific Research and the NSF-MRL
Program.

(Received, 2nd September 1981; Com. 1054.)

2 H. Selig and J. E. Fischer, Proceedings of the 15th Biennial Conference on Carbon, Philadelphia, Pa., June 21—26th, 1981, p. 359.

3 A. G. MacDiarmid and A. J. Heeger, Synth. Metals, 1980, 1, 101.

4 R. H. Baughman, R. R. Chance, R. L. Elsenbaumer, D. M. Ivory, G. C. Miller, A. F. Preziosi, and L. W. Schacklette, Organic
Coatings and Plastics Chemistry, 1980, 43, 762, 180th National Meeting, Am. Chem. Soc., Las Vegas, NE, August 24—29th, 1980.

5 T. Ito, H. Shirakawa, and S. Ikeda, J. Polym. Sci., Polym. Chem. Ed., 1974, 12, 11.

¢ H. H. Hyman and J. J. Katz in ‘Non-Aqueous Solvent Systems,’ ed. T. J. Waddington, Academic Press, London, 1965, p. 49.

? D. F. Smith in ‘Noble Gas Compounds,’ ed. H. H. Hyman, University of Chicago Press, 1963, p. 45.

8 Q. Ruff and A. Braida, Z. Anovg. Allg. Chem., 1934, 220, 43.

? A. G. MacDiarmid and A. J. Heeger, Proceedings of the International Conference on Low Dimensional Synthetic Metals, Helsingor,

Denmark, August 10-—15th, 1980, in Chem. Scr., 1981, 17, 143.

10 T, C. Clarke, R. H. Geiss, W. D. Gill, P, M. Grant, J. W. Macklin, H. Morawitz, J. F. Rabolt, D. Sayers, and G. B. Street, J.

Chem. Soc., Chem. Commun., 1979, 332.

117, Stein in ‘Halogen Chemistry,” ed. V. Gutmann, Academic Press, London, 1967, p. 177.
12 M. J. Moran, J. E. Fischer, and W. R. Salaneck, J. Chem. Phys., 1980, 73, 629.





