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Abstract
In current study nanodiamond particles were synthesized, purified and characterized. Then the nanodiamond surface was ﬁrstly
oxidized to establish a homogeneous layer of COOH groups. Finally, the functionalized particles were deposited on the SiO2
substrate and its anti-polishing behavior was investigated. The resulting products in this research were characterized by FT-TR,
TGA, TEM and SEM.
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Introduction
Diamond has a very compact structure and it is good insulating material. The presence of any impurities can significantly
change the electron levels [1-3]. One of the outstanding features of diamond is its high thermal conductivity which is almost
five times more than thermal conductivity of copper [4]. Other physical properties of diamonds are high Young's modulus,
high tensile stress, low friction coefficient and a melting temperature of about 4000°C [5]. Furthermore, diamond has a high
chemical stability and it cannot react with most acids and alkalis [6].

Diamond naturally is formed under high pressures during a long time. Nano-sized diamond can be prepared through
detonation of an explosive deficient in oxygen such that the oxygen cannot oxidize all of the other elements (C, H and N) in
the explosive. When such an explosive is detonated, the released free carbon atoms can coagulate and rearrange under the
high-temperature and high-pressure condition produced by the detonation reaction, to form Nano-sized diamond crystallites.
In the mid-1980s, Nano-sized diamond was found in the detonation residue of some high-energy explosives after they were
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detonated in inert gas [7,8]. Nano-sized diamond particles have become well-known due to their chemical inertness, tunable
surface structures and relatively small and narrow size distribution. These nanoparticles have unique mechanical, electronic,

and thermal properties. It should be noted that Nano-sized diamond particles can be stabilized by surface modification with
suitable functional groups to protect them from further agglomeration [9-13].

The aim of current study is to functionalize the Nano-sized diamond to prevent agglomeration at first and then coating on the
surface of SiO2 lenses. SiO2 substrate is chemically neutral and does not react. After coating the SiO 2 substrate with Nanosized diamond, the optical properties should remain intact. Nano-sized diamond coating on SiO2 substrate induces properties
such as hardness of Nano-sized diamond, high-temperatures endurance without impacts on the optical properties of the lens,
high pressures tolerance and etc. The final product with this method would be applicable in the camera hatches and the
windows of devices which tolerate high temperatures and pressures. With this regard, Nano-sized diamond particles were
synthesized and the surface of Nano-sized diamond particles was oxidized by a mixture of mineral acids including H 2SO4 and
HNO3 acid to establish a homogeneous layer of COOH groups [10]. Then, the ND-COOH was reacted with thionyl chloride
to generate acyl chloride groups. The acyl chloride functionalized Nano-sized diamond (ND-Cl) was subsequently reacted
with amine-modified glass substrate.

Experimental
Materials and physical measurements
All chemicals and solvents were purchased from commercial sources and used directly without further puriﬁcation. Scanning
electron microscopy (SEM) was carried out with a HITACHI S-4160 operated at 30 kV. FT-IR spectra were recorded using
the WQF-510A FTIR spectrometer. Thermogravimetric analysis (TGA) was carried out in the temperature range from
ambient to 800°C in air atmospheres at a heating rate of 10°C/min using a Mettler thermogravimetric analyzer. Transmission
electron microscopy (TEM) images were obtained on a Philips EM 280 transmission electron microscopy with an
accelerating voltage of 150 kV.

Synthesis of nanodiamonds
In current investigation Nano-sized diamond particles were synthesized from mixture of TNT and RDX (50/50) by the
explosion route [14]. The as synthesized particles were obtained with some impurities including metals and carbons which
were removed by applying purification methods like chemical and thermal treatments that will be described in the next
sections.

Purification process of as synthesized ND
Appropriate amount of raw product was mixed with 90 ml of 37% HCl and heated up to 100°C under steering for 1 h. Then a
mixture of potassium permanganate and H2SO4 was added and stirred over a night to remove further impurities. Finally, the
particles were filtrated and washed and dispersed in 200 ml of HCl/HNO 3 with the ratio of 1:1. This mixture was heated and
boiled for 2 h to remove all metal impurities. The carbon impurities containing the carbon-like phase have been removed by
the thermal oxidation at 400°C for 5 h.
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Oxidation of ND surface
ND-COOH was prepared according to the literature with slight modiﬁcation [15]. In a typical procedure, 5.0 g of Nano-sized
diamond particles, 120 ml of H2SO4 (98%) and HNO3 (68%) (V:V=3:1) were sonicated in a water bath for 30 min. The
resulting mixture was stirred at 80°C for 7 days. Then, the reaction solution was separated by centrifugation and the solid
residue was completely washed with water. Finally, the samples were dried under vacuum at 60°C overnight to obtain the dry
powder of ND-COOH.

Chemical chlorination of nanodiamond
To convert the carboxyl groups into acyl chloride groups, 0.1 g of ND-COOH was reﬂuxed in 30 ml of toluene contained 10
ml of thionyl chloride (SOCl2) at 70°C for 24 h. Finally, the residual SOCl2 was removed by a rotary evaporator under
vacuum and the samples were collected.

Preparation of stable ND-Cl suspension solution
Brieﬂy, 10 mg of ND-Cl was mixed with 40 ml of o-dichlorobenzene and sonicated in a water bath for 2 h to disperse the
ND-Cl in the solvent. Thereafter, it was left to settle for four days to get a stable suspension. Finally, the top 20 ml solution
was decanted for future use.

Preparation of aminated SiO2-based substrate
The glass substrate was first washed by in piranha solution (7:3 v/v H 2SO4/H2O2) at 80°C for 1 hour. Then, it was rinsed with
water and dried with the stream of N2 gas. The cleaned glass substrate was immersed in 2% APTES ethanol solution for 30
minutes on a rotation plate. Then, it was rinsed with ethanol. Finally, the resulting substrate was cured at 50°C overnight.

Fabrication of ND-coated SiO2-based substrate
The APTES treated glass substrate was put in a 50 ml volume glass bottle. Then, 20 ml stable ND-Cl suspension and a few
drops of pyridine were added into the bottle covering the substrate. The bottle was put in the oven at 140°C for 24 hours.
After the reaction was completed, the resulting substrate was rinsed with ethanol.

Results and Discussion
The X-ray diffraction (XRD) patterns of the nanodiamond samples are shown in FIG. 1, confirming the obtained products
crystallites have a cubic structure. Also the graphitization of the samples is approved. A broad diffraction peak at 2Ɵ=25°
belongs to (002) graphite planes (FIG. 1a). This peak disappeared after thermal treatment while (111) diamond planes
intensity at 2Ɵ=43.5° increased (FIG. 1b). Also the broaden peaks confirm the small size of the products.
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FIG. 1. XRD pattern of the synthesized samples before (a) and after (b) annealing process.

Surface modification
IR spectrum of Nano-sized diamond particles before surface modification is displayed in FIG. 2. The pristine Nano-sized
diamond showed obvious peaks of functional groups such as C–H (2783 cm-1 and 2858 cm-1 stretching and 1321 cm-1
bending) and O-H vibrations (3300-3500 cm-1 stretching). Furthermore, a wide weak peak in the 1012-1165 cm-1 region
illustrates the presence of C–O and C–O–C ether vibrations [16].

FIG. 3 presents the thermal degradation behavior of Nano-sized diamond particles. Results show that the TGA curve of
pristine Nano-sized diamond particles can be divided to four temperature regions. In the ﬁrst region “I” (30°C-220°C), an
initial decrease (∼3 wt %) in weight is observed due to desorption of adsorbed water. In the second region “II” (220°C400°C), the weight of the sample is approximately constant. It is interesting to note that an increase in the weight of Nanosized diamond particles is observed in the third region “III” (400°C-520°C) with a maximum around 500°C due to the
oxidation of “light” C−H bonds to “heavier” C=O or C−O bonds. In the fourth region (>520°C) “IV”, a significant decrease
in weight of Nano-sized diamond particles occurs due to etching of diamond via oxidation in air [17]. The temperature where
the decomposition of diamond phase start is 550°C. Importantly, the ND sample had a residual mass of about 60% at 800°C,
which indicates the high thermal stability of the Nano diamond material.

FIG. 2. IR spectrum of pristine ND particles.
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FIG. 3. TGA/DTG curves of the pristine ND particles.
Carboxylated ND particles (ND-COOH)
FT-IR spectrum of ND-COOH particles after surface oxidation is shown in FIG. 4. In contrast to pristine Nano-sized
diamond particles, FT-IR spectrum of ND-COOH particles shows a strong peak centered around 1720 cm-1, which is
attributed to the carbonyl group (C=O). In addition, the weaker band in the 3000-3700 cm-1 is related to the O−H stretching
vibrations [18,19].

FIG. 4. IR spectrum of ND-COOH particles.

The thermal stability of ND-COOH sample was investigated using TGA (FIG. 5). It should be noted that ND-COOH sample
shows higher water loss of about 3% in comparison with pristine ND sample upon heating from room temperature to 180°C.
This indicates that ND-COOH is somewhat more hydrophilic than pristine ND due to the presence C=O groups on the
surface of ND-COOH. In addition, a significant decrease (10%) in the weight of ND-COOH particles is observed in the
200°C-550°C [20,21].
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FIG. 5. Thermogravimetric curves of the pristine ND particles and ND-COOH.

Chlorinated ND particles (ND-COCl)
The first indication of successful surface chlorination with thionyl chloride was analyzed by FT-IR (FIG. 6). A sharp intense
peak at 790 cm-1 appeared that can be assigned to the presence of C-Cl group stretching vibration [22]. It is worth noting here
that the C=O and O-H vibrations are not observed in this spectrum, indicating chlorination has occurred completely.

The thermal stability of ND-Cl material was studied by TGA (FIG. 7). It should be noted that ND-Cl sample shows lower
water loss of about 4% in comparison with ND-COOH sample upon heating from room temperature to 200°C. This indicates
that ND-Cl is less hydrophilic than ND-COOH due to the presence C-Cl groups on the surface of ND-Cl. TEM images were
applied to investigate the size of the Nano-sized diamond before and after functionalization. With this regard TEM images of
the pristine Nano-sized diamond particles (FIG. 8a) and ND-COOH particles (FIG. 8b) were obtained and it was confirmed
that reaction condition did not have significant effect on the size and agglomeration of the particles.

FIG. 6. IR spectrum of ND-Cl particles.
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FIG. 7. Thermogravimetric curves of the ND-Cl and ND-COOH particles.

FIG. 8. TEM images of the pristine ND particles (a) and ND-COOH particles (b).

ND-coated SiO2-based substrate
The successful coating of the glass substrate with Nano-sized diamond particles is conﬁrmed by SEM images. As shown in
FIG. 9a, b no particles are observed on the surface of the glass substrate before modification. On the other hand, FIG. 9c
clearly exhibit that the surface of glass substrate was successfully coated by Nano-sized diamond particles. It should be noted
that a high-magniﬁcation SEM image (FIG. 9d) reveals that the thickness of the ND-coated substrate is less than 100 nm.

FIG. 9. SEM images of glass substrates before modification (a and b) and after coating with ND particles (c and d) at
diﬀerent magniﬁcations.
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The polishing experiments were done with the use of laboratory-scale machine consisting of two rotary shafts independently
driven by electric motors and a container filled with abrasive materials. The substrate was put at the bottom of the container
associated with spindle B. The abrasive grinding wheels and the polishing pads were fixed on spindle A, where the polishing
load of 1.5 N was applied. The surface roughness of the substrate before and after modification with Nano-sized diamond
was investigated as function of polishing time. As can be seen in FIG. 10 surface coating by Nano-sized diamond improves
its roughness in comparison with uncoated samples.

FIG. 10. Surface roughness of the substrate.

Conclusion
The ND particles were synthesized by explosion route and the impurities including metals and carbon have been removed by
method of the acidizing and thermal oxidation, respectively. The purified samples were coated on glass substrate via
chemical routes. The substrate was then studied and it was observed that Nano-sized diamond coating of the substrate
increased its roughness.
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