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ABSTRACT

The formation possibility of the most widespread carbon compounds had been showed on the base of
detonation nanodiamonds thermodynamic data. These reactions may play a key role in the life origin and
in the atmosphere formation of the Solar system giant planets
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RESUMEN

La posibilidad de formación de los compuestos de carbón más comunes se habían mostrado sobre la base
datos termodinámicos de detonación nanodiamantes. Estas reacciones pueden jugar un papel clave en el
origen de vida y en la formación de la atmósfera de los planetas gigantes del sistema solar.
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INTRODUCTION

Greiner  (Greiner, 1988) marked the
similarity of the detonation nanodiamonds
(DND) with the diamonds of the meteoric
origin. Now they believe, the diamonds in
space are formed at space explosions of
the super new stars (Henbest, 1980), in
peripheral area of red giant stars (Cleggett-
Haleim et al., 2001) and at shock collision
carboncontained meteorites (Fisenko et al.,
1987). Alamandola and his colleagues
(Alamandola et al., 1992, 1993) consider,
that carbon of interstellar clouds contains
up to 20% nanodiamonds. However some
of the researchers reject the existence of the
nanodiamonds in the interstellar space.

Their opinion is based on the data of
ultraviolet spectroscopy of carbon
compounds in interstellar dust clouds. An
extraordinary wide strip in the field of a
spectrum near to 217 nanometers was
detected and it was supposed, that it was
connected with to presence of graphite,
polycyclic molecules such as naphthalene
or fine fullerenes, for example C

60
. However

any of them did not answer completely the
character of absorption. In 1997 Henrard
has assumed (Henrad et al., 1997), big
fullerenes (C

60
, C

240
, C

540
, etc.), covered with

ice should show that adequate character of
absorption of light. In these fullerenes at
not too big sizes (less than 20 nanometers)
weak bonded electrons have the oscillatory
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levels adequate to transitions UF-in the
field of a spectrum. Therefore dust clouds
of such carbon products could be
characterized by absorption in a ultraviolet
part of a spectrum. He assumed that
molecular crystals of carbon were born in
atmospheres of stars and in the beginning
they had the structure of a diamond, which
then were hydrated by molecules of water.
However Beegle (Beegle et al., 1997)
believes that actually on unusual
absorption is caused by congestions of large
molecules of naphthalene like substances.
The results of the program of researches
with an infra-red space telescope (ISO) also
did not allow to come to a certain opinion
on this problem: Presence of fullerenes
(Garcia-Lario et al., 1999), nanodiamonds
(Jones  et al., 2000), mixes allotropic
forms of carbon (Kwok et al., 1999) was
supposed. The first researches of structure
of the interstellar dust, carried out by a
space vehicle «Stardust» with five
particles of dust, showed presence of
polymeric heteroaromatic bonds (Kruger et
al., 2000).

The detonation nanodiamonds are differing
from other types of diamonds. It  is
connected with an unusual mechanism of
their formation through liquid phase of
carbon. Therefore they have narrow avera-
ge size of particles 4-6 nm and contain
hollow spheres in (Vereshchagin et al.,
2000) and resemble solid diamond foam.
They have tetragonal crystal structure
(Vereshchagin et al., 2004) Owing the high
surface the enthalpy formation (estimation)
of DND is +3.425 MJ/kg (diamond in a stan-
dard condition of +0.158 MJ/kg). On the
same reason DND have unusual reactivity
to carbon dioxide (adsorption up to 753 K)
and to mixture of hydrogen and nitrogen -
they evolved HCN at 573 K (Vereshchagin
et al., 1996).

On the base of these data, it is possible
to assume the following model of

transformations of carbon in interstellar
space (Vereshchagin, 2002).

Reactions of the detonation
nanodiamonds with hydrogen (proton)

Under explosion of the stars rich with
carbon, the nanodiamonds should be
formed through a liquid phase in the
hydrogen and helium medium. The liquid
carbon will be crystallized in the form of
solution with hydrogen and helium. The
process of crystallization of the diamond
drops of will run from a surface of DND.
Owing to a difference between of density
of liquid and crystal diamonds (3.22 g/sm3

against 3.515 g/sm3 at crystal) at such
character of process of free space
crystallization inside particles can be
formed. This free space will be filled with
hydrogen and helium. It is established, that
diamonds in a space have the critical size
2.9…3 nm (Anisichkin et al., 1988 and
Badziag et al., 1990). In that case internal
diameter of a cavity will be not less than
1.54 nanometers, and wall thickness -
will  make not less than 0.78 nm (or
approximately 5 lengths of bond C-C)
(assuming, that the density of star diamond
will be equal to density of the DND – 3.05
g/sm3) not less. It is abnormal great values
of curvature of a surface DND cause their
high reactionary ability. Hydrogen which
is inside at raised pressure (by our
estimations for the DND up to 20 MPa) can
leave on a surface of particles and desorbed
itself as molecules of methane. It will redu-
ce the thickness of walls of diamond
particles. Interaction of the atomic and
molecular hydrogen which is not taking
place inside particles of the DND (allocated
proceeds during activity of stars), with a
surface diamond nanoparticles runs the
same way therefore the further reduction of
a wall thickness can begin. A limiting case
of this transformation is the formation of
the one-dimensional closed structure
(fullerenes type) and transition of carbon
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from sp3 in sp2 under condition with the
subsequent hydrogenation high-energy
molecules of hydrogen or protons and
transformation to flat polycyclic fragments
such as molecules of naphthalene. The
thermodynamic probability of such
reaction is great enough, as standard
enthalpy formations of fullerenes C

60
 equals

to +2346 ± 12 kJ/mol (Diky et al., 2000) or
+3.258 MJ/kg. At the same time by our
calculations limiting value enthalpy
formations of nanodiamonds makes + 41.1
kJ/mol or +3.425 MJ/kg (enthalpy
formations of diamond in a standard
condition of +0.158 MJ/kg). To estimate
such transformation we shall make the
following assumptions. Star origin
nanodiamonds will consist only of carbon
and hydrogen on their surface. Taking into
consideration, that for particles of this
size the share of surface atoms makes
approximately 25% and that not
compensated bonds of atoms of carbon will
be connected to atoms of hydrogen, we shall
receive the gross formula of detonation
nanodiamonds CH

0.25
. Then the equation

of prospective reaction of fullerenes
formation C

60
 will the following:

64CH
0.25(s)

  C
60(s)

 + 4CH
4(g)

.

In view of these assumptions, we received
the value minus 3692.8 kJ/mol C

60
 for

energy of Gibbs under standard conditions.
Therefore, in principle nanodiamonds can
form fullerenes.

From the thermodynamic point of view it
is possible the formation of naphthalene
structures from DND, and fullerenes.
However the velocity of such processes can
very insignificantly due to low temperatures
of interstellar space, but high kinetic energy
of colliding particles can compensate low
temperature of near surrounding space:

10CH
0.25(s)

 + 2.75H
2 (g)

  C
10

H
8(g)

 ∆ G
298

0 =
-267.6 kJ/mol

C
60

(s) + 24H
2
(g)  6C

10
H

8
 

(s)
 ∆ G

298
0 =

-541.6 kJ/mol C
10

H
8
.

From the thermodynamic point of view the
subsequent hydrogenation of aromatic
cyclic structures up to methane is possible,
but, more probably, with participation of
atomic hydrogen it possible also:

C
10

H
8(s)

 + 36H
2(g)

  10CH
4(g)

 ∆ G
298

0=

-1.624 kJ/mol CH
4
.

Heating the particles of DND to the
temperature higher than 1473 K under
influence of high-energy space particles
should lead to graphitization of DND.

Detonation nanodiamonds reactions with
nitrogen and hydrogen (proton)

As DND are capable to react with N
2
 and H

2

under soft conditions (Vereshchagin et al.,
1996) in products of reaction can be found
out molecules of hydrocyanic acid:

CH
0.25(s)

 + H
2(g)

 + N
2(g)

  HCN
(l)

 + 3H
2(g)

 

NH
3(g)

 + CH
4(g)

.

Thus it should be noted, that the mechanism
of hydrocyanic acid formation should
include some more stages. From the
thermodynamics point of view HCN in
process

CH
0.25(s)

 + 0.4875H
2(g)

 + 0.5N
2(g)

  HCN
(l)

was impossible due to thermodynamic
reasons as Gibbs potential is positive - + 70
kJ/mol HCN. From the thermodynamics
point of view the hydrocyanic acid
formation from nitryls – cyanogens,
dicyanogen or dicyanoacetylene is more
favorable. Accepting the data received of
hydrocyanic acid formation should from
the DND in laboratory conditions, it is
possible to assume, that N

2
 chemosorbed

with dissociation on the surface of DND
with nitryl groups formation, which are
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TABLE 1

Structure of a gas atmosphere of planets-giants of Solar system

Planet Composition the atmosphere [http://nssdc.gsfc.nasa.gov/planetary]

Jupiter H
2
 - 89.8%; He - 10.2%

impurities (ppm): CH4 - 3000; NH3 - 260;

HD - 28; C
2
H

6
 - 5.8; H

2
O - ~4

Aerosoles: solid NH3, H2O, NH4HS

Saturn H
2
 - 96.3%; He - 3.25%

impurities (ppm): CH4 - 4500; NH3 - 125;

HD - 110; C
2
H

6
 - 7

Aerosoles: solid NH3, H2O, NH4HS

Neptune H
2
 - 80.0%; He - 19.0%; CH

4
 1.5%

impurities (ppm): HD - ~192; C
2
H

6
 - ~1.5

Aerosoles: solids NH3, H2O, NH4HS, CH4(?)

Uranium H
2
 - 82.5%; He - 15.2%, CH4- ~2.3%

impurities (ppm): HD - ~148

Aerosoles: solids NH3, H2O, NH4HS, CH4(?)

hydrogenated by H
2
 (also by atomic

hydrogen) with evolution of hydrocyanic
acid.

Nanosize of detonation diamonds also
assumes very high curvature of the surface
that will promote, apparently, dissociation
of the adsorbed diatomic molecules on
atoms.

The observed hydrocyanic acid formation
in soft conditions can give the additional
data for consideration of initial stages of
carbon genesis in the Universe. So,
according to the classic theory of origin of
a life on the Earth on data (Miller, 1953),

formation HCN occurs in the electric
discharge:

2CH
4
 + N

2
===> 2HCN +3H

2

CO + NH
3
 ===> HCN +H

2
O

In view of our data a hydrocyanic acid is
formed and in more mild conditions that
can add the theory to the new approach.

Further, the atmosphere composition of
Solar system planets-giants can include
ammonia and methane in a molar ratio
approximately 1:1 (table 1) (if taking into
account the aerosols composion).
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Precisely the same parity between these
gases is observed at restoration of
hydrocyanic acid by hydrogen HCN + 3H

2

= CH
4
 + NH

3
. In view of these data it is

possible to assume, that at the first stage of
formation of the Solar system planets-
giants hydrocyanic acid was originally
formed from ultradisperse carbon, hydrogen
and nitrogen then was reduced up to
ammonia and methane (Vereshchagin,
2003).

CONCLUSIONS

Therefore, in products of carbon stars
explosion can be a plenty of the various
carbon substances formed in the reactions
of a primary carbon, – hollow diamond
nanoparticles and products of their
hydrogenation can be submitted:
fullerenes, polycyclic structures,
hydrocyanic acid, ammonia, methane.
Besides it, the DND under heating are
capable to graphitize. In such case, it is quite
probably to admit, that detonation
nanodiamonds is a primary state of carbon
in the Universe.
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