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Introduction: Main efforts in the study of presolar dia-

mond nanograins have been directed towards the isotopic 
analysis of trace elements (primarily, noble gases) [1] 
trapped inside the grains and the results allow to draw con-
clusions regarding stellar nucleosynthesis [1,2]. The surface 
chemistry of interstellar diamonds has been studied to much 
lesser extent, in spite of the fact that, due to the small size of 
diamond grains (2-4 nm) and their large surface to volume 
ratio, the surface species can represent a substantial part of 
grain material. Information about surface chemistry of dia-
mond grains is important for the following reasons. First, the 
possibility exists that at least some extraterrestrial surface 
features of nanodiamonds may have survived [3]. If so, 
diamond grains with different history may reveal different 
surface chemistry. Second, surface species on diamond 
nanograins may be responsible for some of the IR absorption 
features observed in spectra of the interstellar medium [4,5] 
and it is necessary to know the relation between surface 
chemistry and optical properties of nanodiamonds. 

The severe acidic treatments used usually to extract 
nanodiamond grains from meteorites were shown to modify 
surface properties analyzed by IR spectroscopy [6-9]. How-
ever, the fine details of IR spectra of diamonds extracted by 
the identical procedures from two different meteorites were 
not the identical [8]. In our previous work we have applied 
the same chemical treatment to the synthetic nanodiamonds 
extracted from detonation soot by different methods and the 
results indicated that a relation exists between the surface 
chemistry of nanodiamonds before and after treatment 
[10,11].  

In the work presented here, we applied this approach to 
different types of untreated diamond containing soot which 
may be considered in some sense as analog of carbon mate-
rial formed during explosion of stars. Such a study may help 
to understand if the different populations of diamonds (syn-
thesized in different environments) can be distinguished by 
their surface chemistry after the extraction.  

Experimental: We used two different types of diamond 
containing carbon soot produced by detonation of explosives 
in different scientific centers. According to the information 
of the producers the soot sample labeled CH7-ST was ob-
tained by detonation of explosives in ice, the sample K2-ST 
– in carbon dioxide. Nanodiamonds chemically extracted 
from the soot have the same mean size of ~4 nm (estimated 
from the shape of X-ray diffraction lines) independent of the 
types of soot. 

To extract nanodiamonds the pristine soot samples were 
treated by the same chemical procedure developed recently 
to separate meteoritic diamonds [12] including: 1) two steps 
of microwave digestion in HCl/HNO3 and HNO3/HF mix-
tures; 2) washing in AlCl3 solution; 3) washing in HCl solu-
tion; 4) colloidal separation in H2O/CH2Cl2; 5) drying. The 
surface chemistry of the samples both before and after 
chemical treatment was studied by means of thermodesorp-
tion mass spectrometry (TDMS) sensitive to the structure and 
abundance of different surface species in nanodiamonds 
[10,11,13]. Mass spectra of volatiles were measured by 

quadrupole mass spectrometry in the mass range 2-100 amu 
during linear heating (15 oC/min) of the sample (~1.5 mg) up 
to 1100 oC in vacuum under permanent evacuation. 

Results and Discussion: TDMS study of as received 
soot samples showed release of H2O, CO2 and CO as main 
components (Fig. 1). In addition some hydrocarbons were 
released in the temperature range 200-500oC. H2 and HCN 
started to be released at high temperature above 900oC. 
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Fig. 1. TDMS profiles of H2O (m/e=18), CO (m/e=28) 

and CO2 (m/e=44) for pristine carbon soot of different types. 
 
Both the rates of release and the shapes of the tempera-

ture profiles of different components depended strongly on 
the type of the soot. As a rule TDMS profiles consisted of 
several peaks and shoulders (Fig. 1) accounting for the de-
composition of different surface species on the soot grains. 
The positions and the intensities of these peaks are quite 
different for different soot samples. The total amount of 
volatiles released during pyrolysis of surface compounds on 
the surface of sample K2-ST is higher than in the case of 
CH7-ST. 

The results indicate that the structure and the composi-
tion of surface species formed in diamond-containing soot 
during detonation synthesis strongly depend on conditions 
during the explosion. As detonation soot is a mixture of 
nanoparticles of diamond and nondiamond carbon [14], it is 
impossible to determine the surface properties of pristine 
diamond grains. However, it is reasonable to suggest that the 
surface chemistry of nanodiamonds in the soot depends on 
the synthesis conditions as well. 
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Fig. 2. The effect of chemical treatment on the TDMS 

patterns of CO (m/e=28), CO2 (m/e=44) and HCl (m/e=36) 
release for nanodiamonds CH7-Diam and K2-Diam extracted 
from detonation soot CH7-ST and K2-ST, respectively. 

 
The TDMS profiles for extracted nanodiamonds were 

modified substantially compared to the case of pristine soot 
(Fig. 2). The main components released from nanodiamonds 
were CO (500-700oC) and CO2 (200-600oC) both arising due 
to decomposition of surface oxide groups, and HCl (bimodal 
at 400-700oC) caused by contamination of the surface by 
chlorine during chemical extraction. The results indicate the 
pronounced difference between surface chemistry of different 
nanodiamonds illustrated by the ratio curves (“K2-Diam to 
CH7-Diam” for CO and CO2 and “CH7-Diam to K2-Diam” 
for HCl in the lower part of Fig. 2) between release rates of 
every component. The whole amount of released COx is 
higher in the case of K2-Diam in accordance with the data 
for pristine soot (Fig. 1). In contrast, the abundance of chlo-
rine-containing species is highest for CH7-Diam. These 
results are in agreement with our previous data on chemically 
treated nanodiamonds CH7 and K2 [10,11]. What is more 
important, the shapes of ratio curves, consisting of several 
peaks and shoulders, indicate that the relative abundances of 
different surface oxide groups (carboxylic anhydride, lac-
tone, carbonyl) decomposed at different temperatures are not 
identical for the two types of extracted diamonds. The same 
is valid for the chlorine-containing groups.  

The obtained results give strong evidence that the final 
chemical state of extracted nanodiamond grains depends on 
the type of raw soot, which in turn differs according to the 
details of detonation synthesis. The detonation conditions 
can influence both the shape [15] and the structure of the 

shell [16] of diamond grains. The chemical activity of dia-
mond surfaces in various environments, on the other hand, 
depends on its atomic structure [17,18]. One could suggest 
therefore that surface “crystal” structure can be the primary 
factor affecting the chemical reactivity of nanodiamond 
surface towards environments (both during synthesis and 
extraction).  

Conclusions: Our results strongly indicate that the de-
tails of detonation synthesis of diamond-containing carbon 
soot affect the surface chemistry of extracted nanodiamonds. 
In other words, the diamond grains retain a “chemical” 
memory on their origin even after extraction procedure. We 
are in the process of comparing details of the surface proper-
ties of presolar diamonds extracted by the same procedure 
from different meteorites. 
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