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Copolymerization of acetylene with ethylene in the presence
of dibenzenetitanium(0)
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The interaction between acetylene and dibenzenetitanium(0) at a room temperature
results in the acetylene polymerization and its reduction to ethylene, ethane, and methane at
the expense of H atoms of the acetylene molecule. The catalytically active species capable of
copolymerizing acetylene with ethylene that are formed during the reaction or are added into
the system originate from the interaction of dibenzenetitanium(0) with acetylene.
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We have shown earlier! that Ti% bis-arene complexes
do not react with alkenes but acetylene readily polymer-
izes in the presence of these complexes. Polyacetylene
formed can be used for the production of lithium accu-
mulators.? The interaction of acetylene and ethylene with
dibenzenetitanium(0) at a room temperature was studied
in this work.

Experimental

The Ti% bis-arene complex, dibenzenetitanium, was pre-
pared by co-condensation of the Ti atoms vaporized in a high
vacuum with a solid benzene matrix cooled with liquid nitro-
gen.l3 After defrosting, the benzene solution of dibenzene-
titanium was introduced into a cell combined with a vacuum
circular setup, and acetylene was passed through the cell at
~20 °C. The gas phase was periodically sampled for GLC analysis
on a Biokhrom-3 chromatograph (flame-ionization detector,
0.4x300 cm column packed with Al,O3). The ESR spectra
were recorded on an SE/X 2544 radiospectrometer (Radiopan,
Poznan). The IR spectra of the samples were obtained on a
Specord IR-75 spectrophotometer in the KBr pellets. The DSC
thermograms of the polymer melting and crystallization were
obtained on a DSM-2M instrument at the 16 °C min~! rate of
heating/cooling. The polymer weighed samples were 5—7 mg.

Results and Discussion

The Ti% bis-arene complexes are diamagnetic com-
pounds,3 which are very sensitive to oxygen and highly
soluble in benzene and toluene. Their solutions are red-
coloured (L, = 505 nm). During the interaction of the
Ti% complex with acetylene, gaseous reaction products
(methane, ethane, and ethylene) are evolved, the start-

ing solution is decolorized, and a polymer is precipi-
tated. The products of the reaction between dibenzene-
titanium and acetylene are presented in Table 1. When
an excess of acetylene interacts with the titanium com-
plex (C,H, : Ti = 85 : 1), a violet polyacetylene film is
formed on the walls of the reaction vessel. When the
C,H, : Ti ratio was decreased to 8 : 1, only traces of the
polyacetylene film were found. The major reaction prod-
uct is distinctly different in appearance. This is a black
round lump of ~1 mm diameter. In this case (see Table 1,
run 2), the ethylene content in the gas phase decreases.
This loss of ethylene can be due to its polymerization.
Experiment with a mixture of ethylene and acetylene
confirmed this suggestion (see Table 1, run 3). Even
traces of the polyacetylene film were not found after
run 3, and the main reaction product represented black
spherical particles 3—4 mm in diameter. These particles
are formed during stirring the liquid phase because of
adhesion of small particles initially precipitated from the
solution. The yield of the solid product increased by
100 times compared to the previous run. This fact con-
firms the participation of ethylene in polymerization.
Earlier! we showed that the Ti’ complex does not
react with ethylene. Hence, the active species respon-
sible for the catalysis of ethylene polymerization arise
from the interaction of the Ti? complex with acetylene.
It is known that the C=C and C—H bonds in the acety-
lene molecule can be broken in the presence of transi-
tion metal complexes. The insertion of a transition metal
atom at the C=C bond produces carbyne compounds,
which can further transform into methane.45 The cleav-
age of the C—H bond in the acetylene molecule by
transition metal complexes is usually accompanied by
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Table 1. Products of interaction between dibenzenetitanium(0) and acetylene

Run Cy? V/mL p?/Torr t/min Yield of the reaction products/mol Polymer
—1 P c
/mol mL (Ti: CoHy) CH, CH,  C,H Type Yield
/gperlgTi
1 2-10~ 6 450 (1: 85) 55 0.26-1077 1-10¢  0.33-10~7  Violet film 16
2 2-10~ 8 50 (1:8) 21 0.25-1077 2.5-100®  1.9-10~7  Traces of violet film 0.1
80  0.49-107 0.5-10°° 0.44-10°  and black sperical lump
in24h
3 26-1075 3 200 (1 : 150) 1440 — — — Black spherical particle 40
(24 h)?

4 Concentration of the initial solution.
b Acetylene initial pressure.

¢ Molar ratio.

4 Ethylene initial pressure was 400 Torr.

the oxidative addition of both fragments formed to the
metal atom.® One can suggest that Ti in our system is
oxidized through a similar reaction to form ethynylhydrido
complex, which interacts with acetylene to form ethyl-
ene, whereas the reaction with ethylene leads to ethane.
These transformations can occur in the same transition
complex due to the cleavage of the Ti—H bonds in the
ethynylhydrido complex and the H atom transfer to the
acetylene molecule to form the C—H bond of alkene.”
Acetylene itself rather than a solvent (benzene) is a source
of hydrogen when methane, ethylene, and ethane are
formed from acetylene. Experiment with deuterated
acetylene of the isotope composition C,D, : C,H, =
70 : 30 at a 10-fold excess of acetylene to titanium and
the initial pressure of 200 Torr confirms this suggestion.
The absorption bands at 2145 and 2200 cm™! of the
stretching vibrations of the CD, group of deuteriumpoly-
ethylene are seen in the IR spectrum of the black poly-
mer product. Hence, the reduction of deuteroacetylene
to deuteroethylene in this system occurs at the expence
of the H atoms of acetylene.

Acetylene dehydrogenation seems to be accompa-
nied by the formation of carbyne-like low-valent tita-
nium compounds (possibly linear polymers).” This is con-
firmed indirectly by a black color of the polymer product
obtained.

According to the ESR spectroscopic data, the initial
diamagnetic Ti® complex transforms into a paramagnetic
compound upon the interaction of dibenzenetitanium
with acetylene. The ESR spectrum of the paramagnetic
compound is a singlet with the g-factor of 1.993. One
can suggest that the active sites of polymerization arising
in the system are the molecules of a Ti! compound. A
similar assumption on the Ti! participation in the reac-
tion center of ethylene polymerization has been reported
earlier.?

The black polymeric product (see Table 1, run 3) is
not dissolved in boiling decalin and represents an elastic

material unlike the known powdery polyethylene and
acetylene—ethylene block-copolymer, which are formed
in the presence of the Zigler catalysts.!® To recognize
the ethylene—acetylene copolymer, the polymeric prod-
uct was extracted with xylene on a Soxhlet apparatus. If
a mixture of two polymers, polyacetylene and polyethyl-
ene, was produced by the reaction, the latter could be
dissolved in boiling xylene. However, pure polyethylene
was not found in this experiment. Therefore, one can
suggest that the polymer obtained is a copolymer of ethyl-
ene and acetylene. Nevertheless, a comparison of the
DSC thermograms for two polymers synthesized with
the use of dibenzenetitanium and in the VOCl;—Al(Bu'),
catalytic system gives evidence of an essential difference
between these polymeric products. It has been reliably
proved for the latter catalyst!! that the polymeric prod-
ucts are ethylene—acetylene block-copolymers and poly-
acetylene blocks in a copolymer chain have different
lengths. Depending on the content of the polyacetylene
blocks, the color of the copolymers formed changes from
light-blue to dark-blue and even black similarly to that
of polymers synthesized by us. A typical thermogram of
the ethylene—acetylene block-copolymer is shown in
Fig. 1 (curve 2), where two peaks are clearly seen: the
endothermic peak of melting of the polyethylene blocks
(m.p. 120—130 °C depending on the content of the poly-
acetylene blocks) and the exotermic peak (at 77> 200 °C)
caused by oxidation of the conjugated double bonds in
the polyacetylene blocks with the air oxygen that is present
in a calorimetric cell. The DSC pattern for the polymer
synthesized by us differs substantially. First, a broad peak
is seen in the 80—100 °C range. Second, a peak for poly-
ethylene melting is shifted to a higher temperature re-
gion, and this corresponds to the ethylene homopoly-
mer. Third, the exothermic peak typical of the known
ethylene—acetylene block-copolymers is absent. These
data confirm the fact of ethylene polymerization in the
system, but the polymer obtained cannot be unambigu-
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Fig. 1. DSC thermograms of the polymers synthesized with
the use of dibenzenetitanium (/) and catalytic system
VOCIl;—AIBu'; (2); Q is the heat effect.

ously categorized as the known ethylene—acetylene
block-copolymers.

The IR spectrum of the product obtained (v/cm™!:
3040 v.w, 3010 m, 2910 v.s, 2840 v.s, 1785 w, 1470 s,
1460 s, 1375 m, 1010 s, 905 v.w, 890 v.w, 738 m, 728 m,
718 m, 440 m.br) can be easily divided to two spectra:
that of polyacetylene (PA) and that of polyethylene (PE).
Some conclusions on the structure of the product com-
ponents can be drawn from the examination of the spec-
troscopic data. The polyacetylene component is a mix-
ture of cis- and trans-conformers (72 and 28%, respec-
tively). The PA isomer composition was determined from
the ratio of intensities of the absorption bands (a.b.) at
1328 cm~! (8(CH), cis-PA) and 1010 cm~! (8(CH),
trans-PA) according to a procedure described earlier.12
The PA chains are not long, since the intensity of the
band of the combination vibration at 1785 cm~! is small.

The polyethylene component is crystalline. The PE
crystals contain fairly long polymethylene chains, since
a.b. of the pendular deformation vibration are in the
region of 725 cm~!. The PE crystallinity is confirmed by
the splitting of the a.b. of the CH, scissor and pendular
deformation vibrations by 10 cm~! (doublets at 1470,
1460 cm~! and 728, 718 cm™!, respectively).13 The en-
hanced intensity of the a.b. at 1375 cm~! (8(CHj3) termi-
nal) can be due to the superposition of the a.b. of the
deformation vibrations of methylene segments of the
trans-gosh-conformation in the loops of the PE folded
chains.14 The presence of the a.b. of the stretching and
deformation CH vibrations of the =CH—CH,— frag-
ment at 3010 and 905, 890 cm~!, respectively, can be
due to the presence of a junction of the short PA chains
with long folded PE chains. The relative contents of the
ethylene and acetylene units in the copolymer evaluated
from the relative intensities of the a.b. at 1470, 1460 cm™!
(8(CH,) PE) and 1328 (§,(CH) cis-conformer of PA),
taking into account of trans-conformer of PA, are 60
and 40%, respectively.

Hence, we showed for the first time that acetylene is
reduced to methane, ethane, and ethylene upon the in-
teraction of dibenzenetitanium(0) with acetylene and
acetylene is the source of the H atoms. The copolymer-
ization of acetylene with ethylene was first found, and
this reaction is catalyzed by the single-component sys-
tem containing dibenzenetitanium(0) as the starting
complex.
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