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Influence of the structure of carbyne on the preparation of diamond 
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The influence of the structure of carbyne on the preparation of diamond was considered. 
Carbyne obtained by the dehydrohalogenation of polyvinylidene halides is a precursor of 
diamond and ct-carbyne. 
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At the present time, the most accessible methods for 
obtaining carbyne are the oxidative dehydropolyeonden- 
sation o f  acetylene I and the low-temperature dehydroha- 
Iogenation o f  polyvinylidene halides by a solution o f  
alkali in alcohol in the presence of  T H F  or ace tone )  
The latter method makes it possible to obtain carbyne in 
the form of  films, fibers, and coatings, which have found 
application in medicine, in particular, in surgery. 3 

Carbynes synthesized by different methods have some 
differences. For example, carbyne obtained by the dehy- 
dropolycondensation of  acetylene does not form dia- 
mond under the conditions of  its synthesis from graphite 
(9 GPa,  1800 °C, Fe or  Ni as the catalyst), ̀ = while 
carbyne synthesized by the dehydrohalogenat ion o f  
polyvinylidene halides forms diamond at lower pressures 
and temperatures (5--6 GPa,  1000 °C). 5 In this case, 
the addition o f  uitradispersed diamond to carbyne makes 
it possible to obtain diamond at normal pressures and at 
360 °C. 

The reasons for the different behavior of  carbynes 
obtained by different methods have been studied in this 
work. 

Experimental 

Polyvinylidene fluoride (PVF) films in DMF were used as 
the subject of the investigation. The films were dehydrofluori- 
hated in the fixed state (the film was preliminarily extended 
along one axis) by two methods: under the action of NaNH 2 in 
liquid ammonia 6 followed by treatment with a solution of 
alkali in alcohol or by treatment with a solution of KOH in 
alcohol in the presence of acetone z at -20 °C. IR spectra of 
the films were recorded on a double-beam UR-20 spectropho- 
tometer according to the standard procedure. The preparation 
of diamond from 13-carbyne in the presence of ultradispersed 
diamond (UDD) has been described previously. 7 In the ab- 
sence of UDD, 13-carbyne was heated in a metallic crucible for 
400 h at 360 °C. 

that the polyyne form of  carbyne (a-carbyne) is prima- 
rily formed during the oxidative dehydropolycondensation 
of  acetylene, a-Carbyne with an even number of  carbon 
atoms is formed by the stepwise mechanism of  the 
oxidative dehyd ropo lycondensa t i on  o f  ace ty lene  
(Scheme !). 

Scheme 1 

4HC_----CH ~-~-~2+ HC_----C--C~CH + 2HC------C--Cu + 4H +, 

4HC------C--C~CH ~ HC~C--C------C--C--C--C~CH + 

+ 2 H C ~ C - - C ~ C - - C u  + 4 H  + e t c ,  

Carbyne obtained by this method does not transform 
into diamond under the conditions o f  its synthesis from 
graphite. 4 

The cumulene form of  carbyne - - ( C = C = C = C ) n  - 
(13-earbyne) is mainly formed as a result of  the exhaus- 
tive dehydrofluorination of  PVF by an alkali in alcohol 
in the presence of  acetone (Scheme 2 ) )  

Scheme 2 
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Results and Discussion 

The I R spectroscopy data and the quantitative yield 
of  oxalic acid in the ozonolysis of  the product s confirm 

[~-Carbyne is easily transformed into diamond at 
lower pressures and even at normal pressures when 
ultradispersed diamond is added. 7 
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Fig. I. Models of ct-carbyne (A) and 13-carbyne (B) according 
to Heimann 9 (a = 0.1379 nm, b = 0.1282 nm, and c = 
0.1207 rim). 

A zigzag-l ike model  of  the structure o f  the carbon 
chains,  in which l inear  regions al ternate with regular 
breaks (Fig. 1), has been suggested previously. 9 N o  
cleavage o f  the  bonds  occurs  at the points o f  the breaks 
of  the polyyne chain,  but in the [3-carbyne structure 
unsaturated bonds  are formed and alkali metals are 
intercalated at the points  o f  the breaks, and cross-l inks 
are easily formed. The  U D D  added reacts smoothly  at 
the points o f  the breaks, and heating results in the 
opening  o f  the cumula ted  bonds to release heat, which 
favors the epitaxial  synthesis o f  new UDD.  le 

it is of  interest  that  after heating m an argon flow at 
150 °C, the PVF film, which was dehydrof luor inated 
comple te ly  by the alkali in alcohol in the presence of  
acetone,  a lready contains  C atoms in the sp3-hybridiza - 
tion state.* The addi t ion of  U D D  catalyzes the forma- 
tion of  d iamond  in this film, i.e., the existence of  C 
a toms with sp3-hybridizat ion of  the a tomic  orbitals fa- 
vors this process. 

We a t t empted  to obtain carbyne from this precursor. 
It has been previously shown that the t rea tment  of  PVF 
flint with sodium amide  in liquid NH 3 results in the 

* B. Thomas, R. B. Heimann, and Yu. P. Kudryavtsev, un- 
published results. 

..... I 

2 

¢ -  

2800 2400 2000 1600 1200 800 v/cm -t 

Fig. 2, IR spectra of the initial PVF film (1); film treated with 
alkali in alcohol in the presence of THF for 20 h (2); film 
treated with NaNH 2 in liquid NH 3 for 100 h (3), and then 
with alkali in alcohol in the presence of acetone for 1 h (4). 

formation of  a -carbyne .  6 However,  the s tructure o f  the 
initial po lymer  is retained even after 400 h of  t reatment .  
To accelerate  the  process we combined  two methods:  
dehydrof luor inat ion  under  the ac t ion of  N a N H  2 in liq- 
uid N H  3 and dehydrof luor inat ion  by a solut ion of  KOH 
in alcohol  in the  presence o f  acetone.  During the t reat-  
ment  the film was or iented along one axis and fixed. As 
a result, we obtained for the first t ime the spectrum of  
ct-carbyne, which contains no "dip" in the region of  
1100--1700 cm -I  typical o f  the zigzag-l ike chain of  
carbyne (Fig. 2). Evidently, this carbyne film will not 
t ransform easily into d iamond,  because its s tructure is 
identical to that  of  the powder obtained by the oxidative 
condensat ion  of  acetylene.  

Thus,  the product  of  the dehydroha logena t ion  of  
polyvinyl idene halides is a precursor  o f  d i amond  and 
a -ca rbyne .  The existence of  the zigzag in the structure 
o f  the initial [3-carbyne is the reason for its easy transi-  
t ion to d iamond  (with the addi t ion of  U D D )  or  into 
d iamond- l ike  carbon (in the absence of  U DD).  
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Meehanoaetivation of solid-phase iodoehlorination of olefins 
with potassium dichloroiodate(i) 
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Mechanoactivation of iodoehlorination of olefins with a new reagent, potassium dichlo- 
roiodate0), was studied. 

Key words: potassium dichloroiodate(0, iodoehlorination; reactivity, mechanoactivation. 

Sol id-phase  methods  are promising in the develop-  
ment  of  techniques  o f  organic synthesis j and chemical  
technology,  z Much at tent ion is being given to the study 
o f  the mechanisms  o f  mechanoae t iva ted  chemical  reac- 
tions, z The mechanica l  propert ies  o f  reagents are likely 
to significantly influence the  results o f  these processes, 
and hence so l id-phase  procedures  are quite promising 
for the study of  the act ion o f  solid reagents on solid 
organic substrates. We have found that  stilbene (1), 
which almost  does not react with potassium dichloro-  
iodate0) ,  KIC! 2, on stirring !n CCI 4, undergoes prepara-  
tive iodochlor ina t ion  under  the act ion of  this reagent in 
a bal l  v i b r a t i o n a l  mi l l .  Th is  p rocess  is p robab ly  
mechanoac t iva ted  by the energy that  is released locally 
during the mechanica l  destruct ion o f  the hard and brittle 
st i lbene crystals in the vibrational  mill. 

ball vibrational mill | 

P h ",,,.,~"~.ph KIC!2[ ........................ = ph~p h 

,,.~ = CI CCI4 

1 (85%) 

In contrast ,  methyl c innamate  (2), which easily un-  
dergoes iodochlor inat ion under  the same condi t ions  in 
solution,  remains unchanged when treated with KICi2 in 
the ball vibrational mill. This can be explained by the 
fact that  during mechanical  t rea tment  of  the soft and 
low-mel t ing crystals of  ester 2 mechanical  energy is 
consumed to melt  it, and there is no mechanoact iva t ion  
o f  i ~ o c h l o r i n a t i o n .  Thus, the data obtained by us sug- 
gest that sol id-phase  iodochlor inat ion o f  olefins with 
potassium dichloro iodate0)  is decisively influenced by 
the mechanical  properties of  the olefin. 

Experimental 

The solid-phase syntheses were carried out in a plastic 
chamber 20 cm 3 in volume (working agents were steel balls: 44 
with a diameter of 4 mm and 27 with a diameter of 2 ram) 
rotating at a frequency of 5--7 Hz and with a vibrational 
amplitude of 2 cm along the vertical axis and 2 cm along the 
horizontal axis. The IH NMR spectrum was recorded on a 
Bruker FT-80 instrument (80 MHz) in CC14 with HMDS as 
the internal standard. Chromatographic analysis was performed 
using Silufol UV-254 plates. 
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