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Abstract. Intermetallic (Co-Sn, Ni-Sn, Co-Ni) nanoparticles have been synthesized through a
wet chemical reduction with NaBH

4
 in aqueous solutions of the chloride salts of Co, Ni, and Sn

at room temperature. Also nanocomposite materials have been obtained in-situ using the same
nanoparticles synthesis method but applying a template technique and using carbon-based
support. The ratio of the metallic components has been chosen according to the phase diagrams
of the relevant binary (Co-Sn, Ni-Sn, Co-Ni) systems: Co: Sn=35:65, Ni: Sn=45:55, Co: Ni=50:50.
Graphite has been used as a support. To avoid the nanoparticle aggregation -cyclodextrin has
been added to the reaction solutions. The morphology, elemental and phase composition of the
synthesized intermetallic nanocomposites have been investigated with SEM, EDS, and XRD
respectively. The nanoparticles are different by shape and in size and exhibit a tendency to
aggregate due to the unsaturated nanoparticle surface and the existing magnetic forces. The
nanoparticle morphology is typical for an alloyed material. The formed phases are in accordance
with the respective binary system phase diagrams: phases of CoSn and CoSn

2
 for the Co-Sn

(Co:Sn=35:65) nanoparticles, phases of Ni
3
Sn

4
, Ni

3
Sn

2
 and Ni

3
Sn for the Ni-Sn nanoparticles

(Ni: Sn=45:55), phases of Co and Ni for the Co-Ni nanoparticles (Co: Ni=50:50). The prepared
nanopowders (Co-Sn, Ni-Sn, Co-Ni) and their carbon-containing nanocomposites have been
studied by FTIR spectroscopy in the mid-IR region from 4000 to 400 cm-1. On the basis of the
collected FTIR spectra, respectively bands of absorption with peaks at the relevant frequencies
the kind of vibrations (symmetric or asymmetric stretching and bending) of the created chemical
bonds in different atom groups such as COH, CH

2
, OH, H

2
O, C=C, COOH, BO

3
, BO

4
, Me-O

(Me=Co, Sn, Ni) have been determined.

1. INTRODUCTION

The synthesis of intermetallic nanoparticles and their
nanocomposites is a priority area in materials sci-
ence. This is a new approach in the technology of
composite materials, which gives many opportuni-
ties to improve the existing characteristics, as well
as to develop new properties. Challenge in the tech-
nology of the nanocomposites is the expansion of
the variety of the nanoparticles used as a nanofiller,
whereby new and specif ic properties of
nanocomposites are expected.

In recent years, interest in nanosized particles
increases due to their potential applications in key

technology areas such as electronics, optics,
chemical catalysis, biotechnology, and biomedicine.
Synthesized are different metal, semiconductor and
polymer nanoparticles, which are characterized by
nonlinear optical and electronic properties of inter-
est to different areas of science, engineering and
technology [1-3].

Because of the small dimensions and the un-
saturated surface state the nanoparticles tend to
aggregate due to Van der Waals of interaction. This
requires stabilization of the nanoparticles so that
the forces of repulsion between the particles should
balance the attraction between them. This can be
achieved by chemically binding the particles with a
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stabilizing agent, thereby creating a protective shell.
This can control their size as well as their specific
arrangement. The protective cover inactivates the
surface to prevent the formation of agglomerates. It
should be transparent, stable and susceptible to
transformation. To stabilize the metal and semicon-
ductor nanoparticles with protective shell polymer
materials such as polyvinyl alcohol (C

2
H

4
O)

x
,

-cyclodextrin (C
42

H
70

O
35

) are used successfully .
The latter represent hollow spheres which are im-
plemented over wrap synthesized nanoparticles. By
using IR spectroscopy with Fourier transform (FTIR)
and X-ray diffraction (XRD) it has been proved that
nanoparticles are formed on the walls of the hollow
spheres [4-8].

In our previous work we reported for the synthe-
sis of intermetallic Co-Sn, Ni-Sn, Co-Ni nanoparticles
through a borohydride reduction in an aqueous so-
lution of the corresponding chloride salts, as well
as for a template synthesis using carbon-contain-
ing support [9-13]. As a result we got in situ
nanocomposites with C-matrix and intermetallic
nanoparticles that are suitable for electrodes in Li-
ion batteries and magnetic materials for biomedical
applications. We used -cyclodextrin to avoid the
aggregation of Co-Sn, Ni-Sn, Co-Ni nanoparticles
during the template synthesis using graphite as a
support. Having different elemental composition (Co-
Sn, Ni-Sn, Co-Ni) the aim of the current work is to
determine the nanoparticles morphology and phases
formed by using SEM and XRD, as well as to study
by FTIR spectroscopy the nanoparticles’ surface
state and nanointerface phenomena.

2. EXPERIMENTAL SET-UP

Intermetallic Co-Sn, Ni-Sn, and Co-Ni nanaoparticles
are synthesized through a borohydride reduction
method with 0.2 M NaBH

4 
in a mixture of aqueous

solutions of chloride salts of Co, Sn, and Ni (0.1 M
CoCl

2
.6H

2
O, 0.1 M SnCl

2
.2H

2
O, 0.1 M NiCl

2
.6H

2
O,

respectively) at a ratio of metallic component cho-
sen according to the phase diagram of the respec-
tive binary systems (Co:Sn=35:65, Ni:Sn=45:55, and
Co:Ni=50:50). To reach the relevant ratio
Co:Sn=35:65 we used 35 ml 0.1 M CoCl

2
.6H

2
O and

65 ml 0.1 M SnCl
2

.2H
2
O, respectively for a ratio

Ni:Sn=45:55 – 45 ml 0.1 M NiCl
2

.6H
2
O and 55 ml

0.1 M SnCl
2

.2H
2
O and for a ratio Co:Ni=50:50 - 50

ml CîCl.
2
.6H

2
O and 50 ml 0.1 M NiCl

2
.6H

2
O. To fully

complete the reduction process in the all cases the
quantity of the reducing agent stabilized with NaOH
is 100 ml 0.2 M NaBH

4
. Citric acid (C

6
H

8
O

7
) is used

as a stabilizing ligand. In all cases we used quan-
tity of 0.44 g/100 ml.

The synthesis is carried out in a double-wall cell
ensuring a consecutively introducing of the initial
solutions and continuously mechanical stirring of
the reaction mixture with a magnetic stirrer. The
experiments are run at room temperature and at-
mospheric pressure. The reduction process is com-
pleted in 2 minutes adding the reducing agent drop
wise. Fine powder precipitates are obtained. They
are filtrated, washed with a distillate water and etha-
nol and dried in a vacuum oven during 24 hours at
100 °C to prevent oxidation

Intermetallic Co-Sn, Ni-Sn, and Co-Ni
nanocomposites are synthesized through the same
borohydride reduction method using template tech-
nique and a carbon support at the same technologi-
cal conditions as in the case of the synthesis with-
out using a support (the same concentrations and
quantities of the reaction solutions and reducing
agent solution, the same ratio of the metallic com-
ponents).

Fluorinated graphite (CF) and also graphite in a
presence of -cyclodextrin (-CDx) are both used
as a supports. As a result carbon-based
nanocomposites are obtained in-situ. The used quan-
tities of CF and -CDx are respectively 0.36 g /100
ml. The ratio is 20% CF: 20% -CDx: 60%
intermetallic (Co-Sn, Ni-Sn, and Co-Ni)
nanoparticles.

The morphology of the synthesized Co-Sn, Ni-
Sn, and Co-Ni nanoparticles and their carbon-con-
taining nanocomposites is investigated with of Scan-
ning Electron Microscopy (SEM). The SEM images
are made with a JEOL JSM 6390F (Japan) SEM
microscope at accelerating voltage of 20 kV in a
secondary electron regimes (SEI images are taken).
The phase composition of the investigated samples
is determined by X-ray diffraction (XRD). Powder X-
raydiffraction data for phase identification were col-
lected on a Philips PW 1050 automatic powder
diffractometer using CuK filtered radiation and
Bragg- Brentanogeometry. Step-scan data were re-
corded in the angle interva 10–95° (2) with a step
of 0.03°(2) and acounting time of 1 s. per step.
Equal mass of powdered samples and identical
sample holders were used in all measurements.

The intermetallic nanoparticles are also charac-
terized by Infrared spectroscopy with Fourier trans-
formation using a FTIR spectrophotometer EQUI-
NOX 55 (Bruker) in mid- IR region of the spectrum –
in the interval from 4000 to 400 cm-1. FTIR spectra
of the nanoparticles synthesized through a chemi-
cal reduction with NaBH

4
 in a mixture of water solu-

tions of the corresponding metal salts including using
a support of graphite and also in the presence of -
cyclodextrin are taken.



72 I.N. Markova, I.Z. Zahariev, V.L. Milanova, D.I. Ivanova, M.B. Piskin, L.B. Fachikov et al.

Fig. 1. SEM images at a magnification x 1000 in SEI regime: a-Co-Sn nanoparticles (Co: Sn=35:65)
(sample 1), b-nanocomposites Co-Sn (Co: Sn=35:65)/CF (sample 2), c-nanocomposites Co-Sn (Co:
Sn=35:65)/CF/-cyclodextrin (sample 3).

(a) (b)

(c)

3. RESULTS AND DISCUSSION

3.1. Investigation of Co-Sn
nanoparticles obtained at a ratio
Co: Sn=35:65 and their carbon-
containing nanocomposites

3.1.1. Morphology of Co-Sn
nanoparticles obtained at a
ratio Co: Sn=35:65 and their
carbon-containing
nanocomposites. SEM results

Fig. 1a presents SEM images of Co-Sn
nanoparticles synthesized at a ratio Co:Sn=35:65
(sample 1D), while in Figs. 1b and 1c SEM images
of their carbon-containing nanocomposites based
on graphite (sample 2D) and graphite in a presence
of -cyclodextrin (sample 3D) as a matrix are shown.
The images are made at a magnification x1000 in
SEI regime.

Generally, the SEM images of the Co-Sn
nanoparticles show morphology typical for alloyed
materials. The observed particles are irregular by
shape and have form some aggregates. The bigger
rectangular particles are most likely Sn based. It is

observed that the graphite used as a support char-
acterized by a flake like structure has influenced
the nanoparticle formation during the template syn-
thesis (Figs.1b and 1c). The nanoparticle morphol-
ogy is of the graphite itself. Particles irregular by
shape similar to the flake graphite particles are ob-
served. The -cyclodextrin added to the graphite
prevents the nanoparticle aggregation (Fig. 1c).

3.1.2. Phase composition of Co-Sn
nanoparticles obtained at a
ratio Co: Sn=35:65 and their
carbon-containing
nanocomposites. XRD results

In Fig. 2 XRD patterns of the synthesized Co-Ni (Co:
Ni=35:65) nanoparticles and their carbon-contain-
ing nanocomposites obtained through a template
synthesis using graphite (CF) as a support and also
graphite/-cyclodextrin are presented.

The XRD spectra prove that during the synthe-
sis of the Co-Sn nanoparticles at a ratio Co:
Sn=35:65, including when carbon - containing sup-
ports are used two main phases of CoSn

2
 and CoSn

are formed. They are in accordance with the Co-Sn
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binary system phase diagram. A phase of Sn is also
observed. In the case of composites a phase of
carbon is also present. The impure phase of SnO is
probably due to oxidizing processes during the syn-

Fig. 2.  XRD  patterns Cî-Sn  nanoparticles  (Cî:
Sn=35:65) and their carbon-containing
nanocomposites: sample 1-Co-Sn nanoparticles,
sample 2-nanocomposite Co-Sn/CF, sample 3-
nanocomposite Co-Sn/CF/-cyclodextrin.

(a) (b)

(c)

Fig. 3. FTIR spectra: a- sample 1/Co-Sn nanoparticles (Co: Sn=35:65), b-sample 2/ nanocomposites
based on Co-Sn nanoparticles (Co: Sn=35:65) and graphite (CF) support, sample 3/nanocomposites based
on Co-Sn nanoparticles (Co: Sn=35:65) and graphite (CF) as a support in a presence of -CDx.

thesis. According to literature data the CoSn
2
 phase

is a more suitable electrode material than the CoSn
phase.

3.1.3. FTIR spectra of Co-Sn
nanoparticles obtained at a
ratio Co: Sn=35:65 and their
carbon-containing
nanocomposites. FTIR
spectroscopy results

Figs. 3a-3c demonstrate FTIR spectra of the Co-Ni
(Co: Ni=35:65) nanoparticles (sample 1D) and their
carbon-containing nanocomposites with matrix of
graphite and also in the presence of -cyclodextrin
(sample 2D and sample 3D).

In Fig. 3a (FTIR spectrum of Co-Sn nanoparticles
(Co:Sn=35:65) the bands of absorption in the fre-
quency interval from 1400 to 500 cm-1 are due to
vibrations of B-O bonds in BO

3
 and BO

4
 groups: the

narrow and intensive band with a peak at 1365
cm-1 could be assigned to asymmetric stretching
vibrations of B-O bonds in BO

3
 groups, the very slight



74 I.N. Markova, I.Z. Zahariev, V.L. Milanova, D.I. Ivanova, M.B. Piskin, L.B. Fachikov et al.

band with a peak at 1026 cm-1 is revealed to sym-
metric stretching vibrations of B-O bonds in BO

4

groups and the sharp band observed at 548 cm-1 is
referred to bending vibrations of B-O bonds in BO

3

and BO
4
 groups. The well expressed and intensive

absorption band with a peak at 3365 cm-1 that can
be seen in Fig. 3a is typical for stretching vibrations
of O-H bonds in free OH groups, while the sharp
band with a peak at 1579 cm-1 characterizes bend-
ing vibrations of H-O-H bonds in H

2
O molecules

adsorbed on the nanoparticle’s surface. In the FTIR
spectrum shown in Fig. 3b that belongs to compos-
ites of type Co-Sn nanoparticles/graphite (CF) bands
with peaks at around the same frequencies are ob-
served, but in the interval of 3400 - 700 cm-1 the
bands are weaker and slighter expressed, while the
band with a maximum at 556 cm-1 is stronger and
sharper compared to that in the spectrum of the
Co-Sn nanoparticles (Fig. 3). This band is a result
from the overlap of the bands characterizing bend-
ing vibrations of B-O bonds in BO

3
 and BO

4
 groups

and stretching vibrations of Co-O and Sn-O bonds
in CoO and SnO oxides formed during the oxidation
processes occurred through the reduction synthe-
sis. Two FTIR spectra are distinguished by the shape
and intensity of the bands in the interval from 1400

(a) (b)

(c)

Fig. 4. SEM images at a magnification 1000 in SEI regime: a-Ni-Sn nanoparticles/Co: Ni=45:55 (sample
4), b-nanocomposites Ni-Sn/CF (sample 5), c-nanocomposites Ni-Sn nanoparticles/CF+-cyclodextrin (sam-
ple 6).

to 500 cm-1. The very slight expressed bands in the
interval of 3750-3600 cm-1 describe vibrations of C=C
bonds due to the graphite used as a support for the
template synthesis. The FTIR spectrum of the com-
posites of type Co-Sn nanoparticles/graphite/
-cyclodextrin shown in Fig. 3c is disparate. Only
three sharp and weak absorption bands with a maxi-
mum respectively at 3427 cm-1 and 1631 cm-1

(stretching and bending vibrations of O-H bonds,
respectively) and 578 cm-1 (banding vibrations of B-
O bonds) can be observed. Very slight vibrating sig-
nal at 1330     cm-1, 1240 cm-1 and 1020 cm-1 that
are probably related with B-O bond vibrations can
be also detected.  In  the  interval of 3600 – 3850
cm-1 the slight expressed bands could be assigned
to vibrations of O-H bonds in hydroxyl-containing
groups (CH

2
OH) and C-O bonds in C-OH groups

situated on the surface of the -cyclodextrin, as well
as they could be due to C=C bond vibrations in
graphite support.

The FTIR spectra shown in Fig. 3 are different
by both the shape and the intensity of the absorp-
tion band We can conclude that FTIR spectroscopy
is a sensitive and suitable investigation method for
studying nanomaterials because these differences
can give qualitative information about the techno-
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logical conditions of the reduction synthesis includ-
ing the template synthesis with a carbon support.

3.2. Investigation of Ni-Sn
nanoparticles obtained at a ratio
Ni: Sn=45:55 and their carbon-
containing nanocomposites

3.2.1. Morphology of Ni-Sn
nanoparticles obtained at a
ratio Ni: Sn=45:55 and their
carbon-containing
nanocomposites. SEM results

Fig. 4a present SEM images of Ni-Sn nanoparticles
synthesized at a ratio Co:Sn=45:55 (sample 5D),
while in Fig. 4b and Fig. 4c SEM images of their
carbon-containing nanocomposites based on graph-
ite (sample 6D) and in a presence of -cyclodextrin
(sample 7D) as a matrix are shown. The images
are made at a magnification x1000 in SEI regime.

These images show the morphology of the Ni-
Sn nanoparticles which are different in size. Small
particles of 20-30 nm are observed. Bigger rectan-
gular particles most probably from Sn can also be
seen. When graphite is used as a support, the SEM
images show flake like particles that are aggregated
similar like the Co-Sn nanocomposites prepared at
the same conditions. This is the morphology of the
graphite itself. It can be seen in Fig. 4c that -
cyclodextrin added to the reaction solution prevents
the nanoparticle’s aggregation.

3.2.2. Phase composition of Ni-Sn
nanoparticles obtained at a
ratio Ni: Sn=45:55 and their
carbon-containing
nanocomposites. XRD Results

Fig. 5 presents XRD patterns of Ni-Sn nanoparticles
and their graphite supported nanocomposites. In the
all cases of Ni-Sn nanoparticles and their
nanocomposites of type Ni-Sn nanoparticles/graph-
ite including with -cyclodextrin used as a capping
agent the XRD analysis proves the formation of two
main phases of Ni

3
Sn

4
 (2= 30°, 32°, 34°) and Ni

3
Sn

(2 = 42°). Phase of graphite (2 = 26°) is also
present. Impurity phases of NiO (2 = 26°, 62°) and
SnO

2
 (2 = 32°) are also detected. Phase of Ni is

presented too. According to the literature the ob-
tained Ni

3
Sn

4
 phase is the best electrode material

for Li-ion batteries. It means that the graphite (CF)
is the better matrix for template obtaining the Ni-Sn
alloy.

Fig. 5. XRD patterns: a-Ni-Sn (Ni: Sn=45:55)
nanoparticles (sample 4), b-composite Ni-Sn
nanoparticles (Ni:Sn = 45:55)/CF (sample 5), c-com-
posite Ni-Sn nanoparticles (Ni:Sn = 45:55)/CF/
-cyclodextrin (sample 6).

3.2.3. FTIR spectra of Ni-Sn
nanoparticles obtained at a
ratio Ni: Sn=45:55 and their
carbon-containing
nanocomposites. FTIR
spectroscopy results

In Figs. 6a-6c FTIR spectra of Ni-Sn synthesized at
a ratio Ni: Sn=45:55 (sample 5D) and their carbon-
containing composites (sample 6D and sample 7D)
are shown. The FTIR spectra of Ni-Sn nanoparticles
synthesized using graphite as a support (sample
6D) and graphite in a presence of -cyclodextrin
(sample 7D) are similar by shape and position of
the absorption bands to the spectra of Ni-Sn
nanoparticles synthesized without using a support.
Only intensity difference can be seen on the re-
corded bands in the investigated frequency interval.
In the case of –cyclodextrin the bands are wider
and weaker expressed.

In the interval of 4000-3000 cm-1 the observed
weak expressed bands describe stretching vibra-
tion of C=C bonds characteristic for graphite, C-H
bonds in C-OH groups and C-H bonds in CH

2
 groups

typical for the citric acid used as a complexing
agent. The band with a maximum at around 3440
cm-1 could be assigned not only to stretching vibra-
tions of O-H bonds in OH groups, but also to bend-
ing vibrations of O-H bonds in hydroxyl-containing
groups (CH

2
OH) of -cyclodextrin adsorbed on the

nanoparticle surface. The bands in the interval of
1700-1000 cm-1 are due to stretching vibrations of
C=C bonds belonging to the benzene ring of
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Fig. 6. FTIR spectra: a-Ni-Sn nanoparticles/Ni: Sn=45:55 (sample 4), b- nanocomposites based on Ni-Sn
nanoparticles/Ni: Sn=45:55 and graphite (CF) support (sample 5), nanocomposites based on Ni-Sn
nanoparticles/Ni:Sn=45:55 and graphite (CF) as a support in a presence of - cyclodextrin (sample 6).

(a) (b)

(c)

Fig. 7.SEM image at a magnification x1 000 in SEI regime: a-Co-Ni nanoparticles synthesized at a ratio
Co:Ni=50:50 (sample 1=7), b-nanocomposites based on Co-Ni nanoparticles and graphite (CF) support
(sample 8), c-nanocomposites based on Co-Ni nanoparticles and graphite (CF) support in a presence of
-cyclodextrin (sample 4=9).

(a) (b)

(c)
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-cyclodextrin used during the nanoparticle synthe-
sis. The bands in the interval of 1000–750 cm-1 are
referred to symmetrical stretching vibrations of B-O
bonds in BO

4
 groups. The narrow and clear ex-

pressed bands in 600-400 cm-1 are related to bend-
ing vibrations of B-O bonds in BO

3
 and BO

4
 groups,

but they could be assigned to bending vibrations of
Ni-O and Sn-O bonds in the relevant NiO and SnO
oxides. From here it could be inferred that the car-
bon-containing support like graphite and graphite/
-cyclodextrin doesn’t change the shape of the FTIR
spectra and the frequency at which the respective
absorption bands characteritic vibrations of C-O,
C-H, C=C, O-H, B-O, Ni-O, Sn-O bonds in the rel-
evant atom groups have appeared.

3.3. Investigation of Co-Ni
nanoparticles obtained at a ratio
Co:Ni=50:50 and their carbon-
containing nanocomposites

3.3.1. Morphology of Co-Ni
nanoparticles obtained at a
ratio Co: Ni=50:50 and their
carbon-containing
nanocomposites. SEM results

Fig. 7a presents SEM image of Co-Ni nanoparticles
synthesized at a ratio Co:Ni=50:50 at a magnifica-
tion x1000 in SEI regime, while in Figs. 7b and 7c
SEM images of template synthesized Co-Ni
nanoparticles using a support are shown, respec-
tively graphite and graphite in the presence of
-cyclodextrin.

It’s noticable that the support has influenced the
nanoparticle’s morphology. Very small nanoparticles
are formed and tend to aggregate like in the case of
Co-Sn and Ni-Sn nanoparticles. But in this case of
Co-Ni nanoparticles the observed aggregates are
almost the same in size and distributed homogene-
ously. This is probably due to the different elemen-
tal composition and formed phases. The morphol-
ogy is typical for amorphous alloyed materials.

3.3.2. Phase composition Co-Ni
nanoparticles obtained at a
ratio Co: Ni=50:50 and their
carbon-containing
nanocomposites. XRD results

In Fig. 8 XRD patterns of Co-Ni nanoparticles syn-
thesized at a ratio Co:Ni=50:50 and also the ones
prepared by template technique using graphite as a

support and in the presence of -cyclodextrin are
compared.

The XRD patterns of Co-Ni nanoparticles and their
carbon-containing nanocomposites show that dur-
ing the synthesis of Co-Ni nanoparticles at a ratio
of Co:Ni=50:50 and also when a carbon-based sup-
port is used two main face-cubic center phases of
Co (fcc) and Ni(fcc) are formed that are in accord-
ance with the phase diagram of the binary Co-Ni
system. The peak at around 2 value of 45° corre-
sponds to both Co (fcc) and Ni (fcc) phases. The
peak at 2 value of 34o describes Co hexagonal
centered phase (hcp). A phase of carbon is also
detected at around 22 of value 2  26°. The XRD
analysis proves the formation of impurity of oxide
phases of Co and Ni that are due to oxidizing proc-
esses. The peaks at around 2 of values 12° and
37° are assigned respectively to CoO and Co

3
O

4

phase. The peaks at around 2 of value 62° are re-
lated to NiO phase.

3.3.3. FTIR spectra of Co-Ni
nanoparticles obtained at a
ratio Co: Ni=50:50 and their
carbon-containing
nanocomposites. FTIR
spectroscopy results

The FTIR spectra of Co-Ni nanoparticles synthesized
at a ratio Co:Ni=50:50 (sample 9D) and Co-Ni
nanoparticles (Co:Ni=50:50) template synthesized

Fig. 8. XRD patterns of: a-Co-Ni nanoparticles syn-
thesized at a ration Co: Ni=50:50 (sample 7), b-Co-
Ni nanoparticles synthesized at a ratio Co: Ni=50:50
using graphite as a support (sample 8), c-Co-Ni
nanoparticles synthesized at a ratio Co: Ni=50:50
using graphite as a support in the presence of
-cyclodextrin (sample 9).
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Fig. 9. FTIR spectra of: a-Co-Ni nanoparticles synthesized at a ratio Co:Ni=50:50 (sample 7), b-Co-Ni
nanoparticles at Co:Ni=50:50 synthesized using fluorinated graphite as a support (sample 8), c-Co-Ni
nanoparticles at Co:Ni=50:50 synthesized using fluorinated graphite as a support in the presence of
-cyclodextrin during the synthesis (sample 9), c-compared spectra of sample 7 and 9.

(a) (b)

(c)

using graphite as a support (sample 10D) including
using -cyclodextrin during the synthesis (sample
11) are presented in Figs. 9a-9c. The experimental
data on the basis of the collected FTIR spectra for
the bands of absorption and the mode of the bond
vibrations in the formed atom groups at the corre-
sponding wavenumber (cm-1) are given in Table 1.

It could be seen in Fig. 9b that the FTIR spec-
trum of Co-Ni nanoparticles (Co:Ni=50:50) using
graphite as a support (sample 10D) seems similar
to those of the sample 9D that presents Co-Ni
nanoparticles synthesized at the same ratio
Co:Ni=50:50 but without using a support during the
synthesis (Fig. 9a), while the FTIR spectrum of Co-
Ni nanoparticles synthesized using graphite in the
presence of -cyclodextrin during the synthesis dis-
tinguishes by the shape and intensity of the ab-
sorption bands (Fig. 9c). In the case of the sample
10D and 11D in the frequency region of 3900–3700
cm-1 slight expressed bands of absorption are ob-
served: narrow and very slight absorption band at
3735 cm-1 could belong to stretching vibrations of

C=C bonds resulting from the graphite used as a
support during the synthesis and also to C-H bond
vibrations in CH and CH

2
 groups due to citric acid

used as a complexing agent during the nanoparticle
synthesis and -cyclodextrin used as a capping
agent to prevent the nanopartile’s aggregation. In
all cases the broad absorption bands with peaks
respectively at 3421 cm-1 (Figs. 9a and 9c) and 3450
cm-1 (Fig. 9b) could be assigned to stretching vibra-
tions of C-O bonds in C-OH groups and also to asym-
metric stretching mode of vibrations v

1
(OH) of O-H

bonds in free OH groups. The slight expressed ab-
sorption bands with peaks at 2895 cm-1 and 2829
cm-1 (Fig. 9a), respectively at 2890 cm-1 and 2828
cm-1 (Figs. 9b and 9c) are due to stretching mode
of vibrations of C-H bonds in CH

2
 groups. These

bands are probably overlapped by the band that is
characteristic for the stretching vibrations of CH–
OH bonds as a result from the used citric acid
C

6
H

8
O

7
.

The sharp and narrow bands of absorption with
a maximum at 2360 cm-1 and 2337 cm-1 (Figs. 9a-
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9c) could be refered to asymmetric stretching mode
of vibrations v

1
(OH) of O-H bonds in free OH groups

and also to the stretching vibrations of C–H bonds
due to the used of -cyclodextrin during the synthe-
sis. The detected sharp bands with a maximum re-
spectively at about 1646 cm-1 (Fig. 9a), 1645 cm-1

(Fig. 9b), and 1647 cm-1 (Fig. 9c) characterize the
vibrations of the C=O bond in the carboxyl group
(COOH) of citric acid. These bands could be also
due to bending mode of vibrations v

4
(OH) of H-O-H

bonds in H
2
O molecules adsorbed on the

nanoparticle surface. The band with a peak at 1746
cm-1 (Fig. 9b) has to belong to the stretching vibra-
tions of the C=C bonds in the benzene ring of the
-cyclodextrin and in the graphite used as a sup-
port during the template synthesis.

In the case of sample 11D the very slight ab-
sorption band at 1397 cm-1 characterizing bending
mode of vibrations (C-H) of C-H bonds in the pri-
mary and secondary hydroxyl groups of
-cyclodextrin is observed (Fig. 9c).The wide and
very slight absorption band at 1003 cm-1 registered
in Fig. 9a is due to stretching mode of vibrations
v(C-O) of C-O bonds in the hydroxyl group citric
acid.

According to the FTIR spectrum in Fig. 9 (fre-
quency region of 1500–400 cm-1) three modes of
vibrations typical for B-O bonds in BO

3
 and BO

4

groups forming different structural units are revealed
as follows:

Table 1. Experimental data on the basis of the taken FTIR spectra for the mode of the bond vibrations in the
formed atom groups at the corresponding wavenumber (cm-1).

Experimental FTIR data for Co-Ni nanoparticles (Co:Ni-50:50) and their carbon-containing nanocomposites
Absorption frequency, cm-1 Chemical bond Vibration mode Atom group, molecule

3864, 38023743, 3735, 3671 C=CC-O Stretching GraphiteC-OH groups
3450 C-O Stretching C-OH groups
3450, 3421 O-H Asymmetric stretching Free OH groups
2895, 28902829, 2828 C-H Stretching CH

2
 groups

in C
6
H

8
O

7
/citric acid

2360, 2337 O-HC-H Asymmetric stretching Free OH groups
Stretching CH

2
 groups/citric acid

1746 C=C Stretching Graphite
1647, 1646, 1645 C-O Stretching COOH groups
1541 H-O-H Bending H

2
O molecules

1456, 1428, 1421, 1420 C-H Stretching -CDx
1338, 1275, 1273, 1217 B-O Asymmetric stretching BO

3 
groups

1003 C-OB-O Stretching C-OH groups
Symmetric stretching BO

4
 groups

974, 835 B-O Bending BO
4
 groups

671, 672, 540, 539, 537 B-O Bending BO
3
 and ByO

4
 groups

416 Co-O, Ni-O Stretching Co
x
O

y
, Ni

x
O

y

· asymmetric stretching mode of vibrations v
3
(BO

3
)

of B-O bonds in BO
3 
groups in the frequency region

of 1400 to 1200 cm-1 that are described by the bands
with peaks at 1421 cm-1 1338 cm-1 and 1275 cm-1

(Fig. 9a), 1456 cm-1 and 1428 cm-1 (Fig. 9b), and
respectively at 1420 cm-1, 1397 cm-1, and 1217
cm-1 (Fig. 9c);
· symmetric stretching mode of vibrations v

1
(BO

4
)

of B-O bonds in BO
4 
groups in the frequency region

of 1000 to 850 cm-1 expressed by the bands with
peaks at 1003 cm-1 and 835 cm-1 (Fig. 9a), 974
cm-1 (Fig. 9b)
· bending mode of vibrations v

4
(BO

3
) and v

4
(BO

4
) of

B-O bonds in BO
3 
and BO

4 
groups in the frequency

region of 800 to 400 cm-1 – bands with peaks at 672
cm-1 and 539 cm-1 (Fig. 9a), 671 cm-1 and 537 cm-1

(Fig. 9b), and respectively at 671 cm-1 and 540
cm-1 (Fig. 9c). The band at 416 cm-1 could be as-
signed to stretching vibrations of Me-O bonds in CoO
and NiO, respectively(Fig. 9c).

The stretching vibrations at frequencies higher
than 1000 cm-1 are characterized by brief and very
strong B-O chemical bonds in the rigid BO

3
 group,

while the stretching vibrations at frequencies lower
than 1000 cm-1 are typical for the weaker and longer
chemical bonds in the BO

4
 group. The BO

3
 and BO

4

groups participate in the formation of pirobarate,
dibarate, triborate, and tetraborate units (a struc-
tural units with a different number of BO

3 
and BO

4
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Fig. 10. Borate structural units.

groups) that are shown in Fig. 10. The FTIR
spectroscopy study of the synthesized Co-Ni
nanoparticles prove the creation of chemical bonds
between boron and ogygen atoms, as well as the
formation of BO

3
 and BO

4
 groups connected differ-

ently in boroxol rings (B
3
O

4,5
)

x
 and in boron struc-

tures formed from dibirate, triborate, and tetraborate
units [14].

At the frequencies under 600 cm-1 sharp and
slight expressed band of absorption can be seen
(Fig. 9) corresponding to stretching vibrations of Me-
O bonds: bands with peaks at 672 cm-1 (Fig. 9a)
and 671 cm-1 (Figs. 9b and 9c) that characterize
vibrations of Co-O bonds in CoO and Co

3
O

4
 oxides;

bands with peaks at 539 cm-1 (Fig. 9a), 537 cm-1

(Fig. 9b) and respectively at 540 cm-1 and 417 cm-1

(Fig. 9c) that are typical for vibrations of Ni-O bonds
in NiO oxides.

Generally, narrow sharp and slight expressed
absorption bands under 600 cm-1 probably present
overlapped absorption bands due to bending mode
of vibrations of B-O bonds in BO

3
 and BO

4
 groups

and respectively stretching mode of vibrations of
metallic-oxygen bonds in metallic oxides (Co-O
bonds in CoO, Co

3
O

4
,and Ni-O bonds in NiO).

In summary, basing on the FTIR study of the
Co-Sn, Ni-Sn and Co-Ni nanoparticles synthesized
through a borohydride reduction at a ratio metal/
metal chosen according the phase diagrams of the
relevant binary systems and also applying a tem-
plate synthesis using a graphite as a support in the
presence of -cyclodextrin during the synthesis we
can say that Infrared spectroscopy is a sensitive
and suitable method for the investigation of the oc-
curring nanoparticle surface phenomena. It is a reli-
able method in regards to identify the atom groups
formed on the nanoparticle surface. FTIR spectra
prove the creation of chemical bonds in atom groups
on the nanosurface.

Infrared spectroscopy can distinguish the differ-
ences in the FTIR spectra due to synthesis condi-
tions, including a different elemental composition,
metal/metal ratio, and the use of a support for the
nanoparticle template synthesis.
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The position of the bands of absorption at the
corresponding frequencies (wavenumber, cm-1), the
shape and intensity of the bands in the spectra give
information about the mode of vibrations of the
chemical bonds created between the relevant at-
oms in atom groups situated on the nanoparticle
surface.

4. CONCLUSION

The performed wet brohydride reduction using a tem-
plate synthesis with a carbon support (graphite) is
an effective method and suitable down-up approach
for in-situ preparation of new C-based
nanocomposites with active intermetallic (Co-Sn, Ni-
Sn, and Co-Ni) nanoparticles that are suitable for
electrode and magnetic materials. Fine Co-Sn, Ni-
Sn and Co-Ni alloy powders are obtained. The choice
of a suitable matrix (graphite, including in the pres-
ence of -cyclodextrin) and the optimization of the
conditions for the Co-Sn, Ni-Sn, and Co-Ni alloy
synthesis can bring to essential improvement of their
properties. The obtained nanoparticles and their
carbon-containing nanocomposites have morphol-
ogy, which is typical for alloyed materials. The syn-
thesized nanoparticles are about 100 nm in size
and have an irregular shape. They tend to aggre-
gate forming agglomerates of 0.5-100 m in size.
The supports used for the template synthesis influ-
ence the morphology and the structure of the ob-
tained nanocomposites. The graphite support is
appropriate in regards to nanoparticle dispersion.
The mass ratio (Co, Ni):Sn and Co:Ni set in the
synthesis of the intermetallic (Co-Sn, Ni-Sn, Co-Ni)
nanoparticles controls the phase formation. The XRD
analysis proves that stable phases of CoSn

2
, Ni

3
Sn

4

Co, Ni, which are in accordance with the Co-Sn, Ni-
Sn, Co-Ni binary system phase diagrams can be
achieved. The morphology, structure, elemental and
phase composition of the prepared carbon-based
nanocomposites with the synthesized intermetallic
nanoparticles, respectively the formed stable micro-
structural phases are appropriate to be used as elec-
trode nanocomposite materials instead of graphite
in Li-ion batteries. Another potential application is
in biomedicine as magnetic nanomaterials for bio-
medical applications as diagnostic tools and tar-
geting treatment (drug delivery) in cancer and other
diseases.
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