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Electrochemical reduction of hexachlorobuta- 1,3-diene with 
a Pt cathode leads to a semiconductive carbon deposit in the 
form of a thin film consisting of a carbyne analogue doped 
and stabilized with the electrolyte. 

Carbyne, defined as an infinite linear polyyne, or cumulenic- 
type carbons,' is an attractive target in development of new 
quasi-one-dimensional electroconducting materials. Several 
attempts to synthesise carbyne have led only to ill-defined 
materials.2 Spectrometric characteristics suggest the trans- 
formation of reactive carbon chains to graphite-like carbon by 
inter- or intra-chain reactions during reaction. At present, long 
carbyne chains are reported to exist either in polymer matrices3 
or as end-capped  specie^.^ 

Here, we present a novel electrochemical synthesis of a 
carbyne analogue by electrochemical reduction of hexachloro- 
buta- I ,3-diene (HCBD). HCBD (50 mmol dm-3) was cathod- 
ically electrolysed at a Pt plate (at -2.0 V vs. saturated calomel 
electrode) in DMF containing 0.1 mol dm-3 tetra- 
butylammonium perchlorate (TBAP) at 0 "C in a two- 
compartment cell. A black film deposit grew at the Pt surface 
and upon decreasing the current, the reaction was stopped. The 
film was washed several times with DMF and acetonitrile, 
removed from the electrode, dried under vacuum at room 
temperature, and stored in a freezer under an argon atmo- 
sphere. 

The product was a fragile lustrous black film of thickness ca. 
50-100 pm depending on the electrolytic conditions. SEM 
observations showed that the solution-side surface had a 
cauliflower-like morphology. Powder X-ray analysis showed a 
broad peak at 28 = 20.8" indicating the product to be 
amorphous. 

The IR spectrum was similar to the product obtained from 
diiodoacetylene5 but with stronger characteristic broad absorp- 
tions in the range 2195-1705 cm-1 with the peak maximum at 
1979 cm- 1 shifted to lower wavenumber; exposure to air of this 
sample led to a decrease in the intensity of this band. The Raman 
spectrum also showed a peak at 1950 cm-1 and such IR and 
Raman peaks around 2000 cm-1 are considered as diagnostic of 
the stretching mode of conjugated carbonxarbon triple 
bonds.2.3.5 The extent of conjugation was estimated as ca. 10 
according to the Raman data using an equation recently 
proposed by Kuzmany and coworkers.6 However, the Raman 
peaks around 2000 cm- might also be due to a stretching mode 
of cumulenic carbons.7t Solid-state NMR (13C CP MAS) data 
suggested the presence of TBA+ (6 14.6,20.3, 24.4,58.3)$ and 
acetylenic sp carbons (6 70-90)49* along with some unidentified 
carbons that may be cumulenic sp9t or aromatic ~ ~ 2 8 3 1 0  (6 
90-170). The product appears to consist of polyyne chains in 
contrast to results reported by Nishihara et al. 

The as-grown sample showed an EPR signal at g = 2.0036 
with a linewidth (AHpp) of 2.53 G. The number of spins (1  X 
1019 g-') is similar to that found for conductive polymers.12 
Upon 12 doping, the spin density increased and AHpp was 
reduced to 2.1 1 G, suggesting the formation of mobile spins 
generated by p-type doping. The as-grown film sample showed 
a negative thermoelectric power, whereas the 12-doped sample 
showed a positive value, suggesting that the as-grown product 

was electrochemically n-doped by TBA+ during the cathodic 
process. The electrical conductivity of the pristine film was 5 X 
10-8 S cm-1, and it increased to 5 X 10-5 S cm-1 upon I2 
doping; the low conductivity may be due to incorporation of the 
bulky counter cation. 

A schematic structure of the repeating unit may be postulated 
from the structural analyses, electronic and electrical character- 
istics, and elemental analysis.§ The product would appear to 
consist of a decaacetylenic chain with two acetylenic units 
doped by TBA+, and incorporated TBAP. The doped moiety, an 
acetylenic radical anion, may cause cross-coupling of the linear 
chains or cumulene formation by combination. The remaining 
radicals in the polymeric matrix, amounting to one spin per ca. 
I500 carbynoid carbons, can be detected by EPR spectroscopy. 
The dopant (TBA+) and the incorporated TBAP are assumed to 
play a key role in the stabilization of the carbyne chains as found 
in composites of carbyne metal fluorides.13 In conclusion, this 
is the first report of the synthesis of a carbyne analogue 
consisting of long polyyne chains via monomeric compounds. 
The product can be classified as a third category of stabilized 
carbynes in addition to carbynes in polymer matrices3 and end- 
capped ~ a r b y n e s . ~  
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Footnotes 
t Two model compounds containing cumulenic bonds were prepared for 
spectral data comparison. 1,1,4,4-TetraphenyIbutatriene: UV-VIS, 
A,,, = 420 nm; Raman, 2030 cm-I (vcg); 13C NMR 6(CDCI3), 122.7 
(=C=C=), 15 1.9 (Ph,C=). 1,1,6,6-Tetraphenylhexapentaene: UV-VIS, 
A,,, = 485 nm; Raman, 1970 cm-I (vCEC); I3C NMR 6 (CDC13), 127.3, 

$ I3C NMR data for tetrabutylammonium perchlorate; 6 (CDC13), 13.47, 
19.50, 23.76, and 58.51. 
3 Elemental analysis. Found: C, 78.0; H, 8.8; N, 3.8; C1, 3.2. Calc. for 

124.7 (=C=C=), 149.4 (Ph2Cz). 

C ~ ~ - ~ . ~ N B U ~ + * ~ . O N B U ~ C I ~ ~ :  C, 77.9; H, 9.05; N, 3.5; C1, 3.4%. 
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