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Chemical dehydrochlorination of 1,1,1-trichloroethane with
anhydrous KOH in the presence of a poly(ethylene glycol)
oligomer as phase transfer catalyst leads to the formation of
carbyne particles with diameters in the range of 30–50 nm.

Synthesis of carbynes or cumulenic carbons has attracted the
attention of many researchers,1 as we still know much less about
this material than about the other carbon polymorphs such as
graphite, fullerenes and diamond.2 Several synthetic routes to
carbynes have been developed,3–5 however, none of them
concerned dehydrochlorination of low molecular weight carbon
halides. Presented here is a novel chemical approach for
synthesizing a carbyne analogue from 1,1,1-trichloroethane.

Carbyne can be prepared by reaction of 1,1,1-trichloroethane
with a large amount of anhydrous KOH powder (the molar ratio
of the base and the halide should be greater than 5 : 1) in the
presence of a poly(ethylene glycol) with molar mass greater
than 200 g mol21 as phase transfer catalyst. The reaction can be
represented by eqn. (1).

HO(CH2CH2O)mH (m > 3)
n CH3CCl3 + 3n KOH –––––––––––––––––––?

20–30 °C, 4 h

–(C·C–)n + 3n KCl + 3n H2O (1)
42%

KOH in excess acts as a water absorbent and removing of water
forces the reaction to the right hand. Otherwise, as a large
amount of water exist in the system, the reaction produces only
1-chloroacetylene or 1,1-dichloroethylene and no carbon is
obtained.

The black powdery carbon obtained by this technique had a
particle size of 30–50 nm as shown by its transmission electron
micrograph (Fig. 1). Powder X-ray diffraction analysis showed
a broad peak at 2q = 21°, showing the product to be
amorphous.

The FT-IR spectrum of the product (Fig. 2) shows no C–Cl
bands in the region 520–700 cm21, indicating extensive
dehydrochlorination of the halide. New absorption bands appear
in 1600 and 2130 cm21. They are typical of valence vibrations
of carbon–carbon double and triple bonds, respectively.6,7 The
band in the region of 1700 cm21 may be attributed to
cumulative double bonds.8 The very strong band at 1100 cm21

is assigned to the stretching vibration of the C–C bond.6
Absorption bands typical of valence vibrations of CH2 were
found in the region of 2800–2990 cm21. No band was observed
above 3000 cm21, which demonstrated that no substitution side
reaction was present during the carbonization process.

In the FT-Raman spectrum (Fig. 2) there appears a broad
band centered at ca. 1900 cm21, which is attributed to
conjugated carbon–carbon triple bonds. A much weaker band
centered at ca. 1600 cm21 is of ‘inner layer’ graphite bound by
two adjacent graphite planes and the band centered at ca. 1400
cm21 is the A1g mode of D6h

4 symmetry for small graphitic
crystallites.9 The intensity ratio of the 1900 cm21 (IC°C) band
and 1600 cm21 band (Ig–C) is calculated to be 4.0 ± 0.5. There
exists no other solid carbon material showing such intense
Raman signals for triple-bonded carbon (the IC°C/Ig–C of
carbynes made via other systems was found to be lower than
2.2).2 The conjugation length of carbyne estimated by the
equation developed by Kuzmany et al. is ca. 15. This value is
higher than those of the carbynes reported previously
(6–10).2,4

While the existence of carbyne has been repeatedly doubted,
all the criticisms are not convincing enough to reject the concept
of linear carbon allotropes.10 On the other hand, the FT-IR and
FT-Raman spectra results described above provide strong
evidence of carbon particles made from 1,1,1-trichloroethane
having a polyyne structure with high concentrations of
relatively long conjugated triple-bonded carbon sequences.

Fig. 1 Transmission electron micrograph of the carbon made from
1,1,1-trichloroethane.

Fig. 2 (a) FT-IR and (b) FT-Raman spectra of the carbon made from
1,1,1-trichloroethane.
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In conclusion, 1,1,1-trichloroethane can be carbonized by
anhydrous KOH powder into amorphous carbyne nano-parti-
cles. This is the first example of dehydrochlorination of low
molecule weight carbon halides into carbynes.
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Macromolecules, 1995, 28, 344.
3 R. B. Heimann, J. Kleiman and N. M. Salansky, Carbon, 1984, 22, 147;

Nature, 1983, 306, 164.

4 M. Kijima, T. Toyabe and H. Shirakawa, Chem. Commun., 1996,
2273.

5 Yu. P. Kadryavtsev, S. Evsyukov, M. Guseva, V. Babaev and V.
Khvostov, Chem. Phys. Carbon, 1997, 25, 1.

6 Z. Iqbal, D. M. Ivory, J. S. Szobota, R. L. Elsenbaumer and R. L.
Boughman, Macromolecules, 1986, 19, 2992.

7 C. C. Costello and T. J. McCarthy, Macromolecules, 1987, 20, 2819.
8 V. V. Korshak, Yu. P. Kudryavtsev, S. E. Evsyukov, Yu. V. Korshak,

V. V. Khvostov, V. G. Babaev and M. B. Guseva, Makromol. Chem.
Phys., Rapid Commun., 1988, 9, 135.

9 H. Nishihara, H. Harada, M. Tateishi, K. Ohashi and K. Aramaki,
J. Chem. Soc., Faraday Trans., 1991, 87, 1187.

10 Yu. P. Kudryavtsev, R. B. Heimann and S. E. Evsyukov, J. Mater. Sci.,
1996, 31, 5557.

Received in Cambridge, UK, 7th July 1998; 8/05244A

2272 Chem. Commun., 1998


