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Abstract—Halloysite nanotube composites covered by silver nanoparticles with the average diameters of 5 nm
and 9 nm have been studied by methods of optical spectroscopy of reflectance/transmittance and Raman
spectroscopy. It has been established that silver significantly increases the light absorption by nanocomposites
in the range of 300 to 700 nm with a maximum near 400 nm, especially for the samples with the nanoparticle
size of 9 nm, which is explained by plasmonic effects. The optical absorption increases also in the long-wave-
length spectral range, which seems to be due to the localized electronic states in an alumosilicate halloysite
matrix after deposition of nanoparticles. Raman spectra of nanocomposites reveal intense scattering peaks at
the local phonons, whose intensities are maxima for the samples with the silver nanoparticle sizes of 9 nm,
which can be caused by plasmonic enhancement of the light scattering efficiency. The results show the ability
to use halloysite nanotube nanocomposites in photonics and biomedicine.
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1. INTRODUCTION
Halloysite is a clay mineral belonging to a subclass

of phyllosilicates. Halloysite nanotubes (HNTs) is the
dominating form of natural halloysite. Halloysite is
close to kaolinite in its composition and is subjected to
a chemical formula Al2Si2O5(OH)4 · nH2O [1, 2].
Wrapping of the material into a tubular structure is
caused by a mismatch in the periods of a tetragonal
SiO2 layer and adjacent Al2O3 layer with the octahe-
dral structure [3, 4]. This results in the formation of a
layered tubular HNT structure. The outer nanotube
surface is covered by the Al–OH groups, while the Si–
O–Si groups are located on the inner surface. There
are, herewith, the positive and negative charges at the
outer and inner surfaces, respectively [5, 6]. The sur-
face is thus the potential area for deposition of parti-
cles [7–10]. There are actually several articles dedi-
cated to the properties of HNTs covered by various
nanoparticles, and their possible application to pre-
vent corrosion, increase thermal stability, deliver
drugs, and so on [1, 5, 11–13].

Deposition of metal particles, such as gold and sil-
ver, onto HNTs is of interest due to the ability to

induce surface plasmonic resonance that can be used
in surface-enhanced Raman scattering (SERS) [14].
SERS is a powerful probing method in biochemical
applications for detection of small amounts of organic
substances, due to its sensitivity and ability to be used
in real-time operation [15]. It was shown in many arti-
cles that enhancement of the SERS signal is caused by
an increase in the electromagnetic field strength in the
so-called “hot points” which are located at the inter-
face between metal particles.

In [16], the influence of dimensions and shape of
gold particles at the HNTs surface on the plasmonic
properties of the structures were studied, whereas, in
[17], SERS was found in halloysites covered with gold
nanoparticles. Nevertheless, corresponding studies of
HNTs covered by silver nanoparticles have not yet
been conducted.

This work is aimed at studying the optical proper-
ties of halloysite covered by silver nanoparticles, in
order to detect the plasmonic properties.
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2. EXPERIMENTAL

The halloysite samples prepared from natural raw
material in accordance with the standard technique [1,
18] were used, as well as the modified HNTs samples
covered by silver nanoparticles with the diameters of 5
and 9 nm and prepared in agreement with a method by
analogue to that in [18]. The table shows the parame-
ters and designations of the samples.

The structural properties of the HNTs were studied
with transmission electron microscope (TEM). The
total reflectance and transmittance spectra in the
range of 200–1300 nm were measured on a Perkin
Elmer Lambda 950 spectrophotometer equipped with
an integrating sphere. Raman spectra were recorded
on a Horiba HR 800 micro-Raman spectrometer
using the continuous HeNe laser excitation at a wave-
length of 633 nm (the irradiation power of 10 mW and
the spot diameter of 12 μm) and on a Renishaw InVia
micro-Raman spectrometer at the continuous Ar-
laser excitation at a wavelength of 514 nm (the irradia-
tion power of 25 mW and the spot diameter of 10 μm).
The measurements were made at room temperature
in air.

3. RESULTS AND DISCUSSION

The electron microscopy study reveals that the hal-
loysite samples are the cylindrical tubes composed of
multi-layer walls with hollows (Fig. 1). Tubes length
varies from 1 to 1.5 μm. The external tubes diameter is
50–100 nm, and the hollow size is about 15–20 nm.
The observed defects on the HNTs surface can be
related to the mechanical damages or crystal defects
[19]. There are the silver nanoparticles at the nano-
tubes surface, whose diameters are 5 and 9 nm for var-
ious samples, and the distance between them is below
100 nm.

The reflectance (R) and transmittance (T) spectra
were studied by means of an integrating sphere
(Figs. 2a and 2b). As was established, the spectra of
HNTs modified and covered by silver nanoparticles
(samples B and C) are different from those of the ini-
tial HNTs (sample A). So, the reflection coefficient in
the reflectance spectra for samples B and C is
decreased in comparison with sample A (Fig. 2a).
Herewith, sample C reveals a pronounced dip at a
wavelength of 400 nm in addition to a reduction in the
reflection coefficient, in contrast with sample A. An
identical abrupt decrease at a 400-nm wavelength was
also observed in the transmittance spectrum of sample
C (in contrast with sample A). However, the light
transmission coefficient has risen with increasing
wavelength due to a decrease in the reflected radiation
portion (Fig. 2b). Sample B showed considerably
decreased reflection and transmission coefficients,
unlike sample A.

Based on the reflection and transmission coeffi-
cients, the absorbance spectra (Abs) were plotted
using a simple formula Аbs = 1 – R – T (Fig. 2c).
Obviously, the HNTs modified with silver nanoparti-
cles (samples B and C) absorb stronger than the initial
HNTs (sample A). Sample C exhibits a pronounced
absorption peak at a wavelength of 400 nm, which is
caused by the plasmonic resonance in silver nanopar-
ticles [20]. With sample B, this absorption peak is
much broader towards the long-wave spectral range.
This broadening can be explained by the emergence of
the collective modes that can arise when the silver
nanoparticles do not touch, but are close to each other
[21]. Usually, the broadening increases with a decrease
in a distance between nanoparticles [22, 23]. More-
over, this absorption peak broadening can be due to a
smaller diameter (5 nm) of silver nanoparticles, in
contrast with sample C, which results in a more prob-
able formation of their agglomerates and stronger oxi-
dation. For these samples the increased absorption
over the range of 400 to 700–750 nm can be related to
both individual silver nanoparticles in the oxide envi-
ronment and their agglomerates on the HNTs surface.
Besides, the light absorption in the longer-wave spec-
tral range can be attributed to the optical transitions
between the local electronic state levels on the HNTs
surface because of the presence of silver oxide.

Parameters of HNTs samples

Sample Silver nanoparticle diameter, nm

A –

B 5

C 9

Fig. 1. TEM image of HNTs covered by silver nanoparti-
cles.

100 nm
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Fig. 2. (a) Reflectance, (b) transmittance, and (c) absorbance spectra of various HNTs samples.
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Fig. 3. Raman spectra of various HNTs samples at (a) 633 and (b) 514 nm laser excitation wavelengths. The spectra are spaced
vertically for convenient representation.
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Figures 3a and 3b display the Raman spectra at
633 nm and 514 nm laser excitation wavelength,
respectively. The spectra are spaced vertically for the
convenient representation. At the excitation of 633 nm
the initial HNTs (sample A) exhibit the photolumi-
nescence background with a maximum at 660 nm,
which, however, weakens in the case of HNTs modi-
fied and covered by silver nanoparticles (samples B
and C) (Fig. 3а). The pronounced Raman peaks were
detected in sample C, which are attributed to hal-
loysite [24, 25] and NH2-groups, which are present in
HNTs due to their modification and interaction with
silver nanoparticles [26, 27]. No such effects were
found in sample B, because the silver nanoparticles
seem to be covered with an oxide layer due to their
small diameters.

The photoluminescence background is also
observed in a sample A at 514 nm excitation wave-
length, which is enhanced in samples B and C
(Fig. 3b). In addition, the same Raman lines are
observed in sample C, as at a wavelength excitation of
633 nm. This fact testifies to the ability of Raman scat-
tering enhancement in HNTs samples covered with
silver nanoparticles due to the plasmonic properties of
silver. The lack of the identical effects in sample B is
explained by the small nanoparticle diameter, and the
effect of the natural oxidation of silver is thus
increased, which leads to a decrease in the metallic
phase content.

4. CONCLUSIONS

In this work we studied the optical properties of
HNTs covered with silver nanoparticles. The reflec-
tance and transmittance spectra were measured using
an integrating sphere, and the absorbance spectra were
then plotted. As was established, the halloysites with
9-nm silver nanoparticles exhibit a plasmonic peak at
a wavelength of 400 nm. The Raman spectra of these
samples show the intensive lines attributed to local
vibrational groups at the nanotubes surface, which
means there is possibly plasmonic enhancement of the
scattering processes by silver nanoparticles in such
materials. No similar effects were observed in the
HNTs covered with 5-nm silver nanoparticles, which
seems to be due to the oxidation of silver.

The results on the formation of HNTs with depos-
ited silver nanoparticles and the study of their optical
properties show the ability to use these nanocompos-
ites in photonics in order to enhance Raman scattering
signals caused by the plasmonic effects that can be
applied for spectroscopic analysis of various sub-
stances. Moreover, these nanocomposites can be used
in biomedicine for antibacterial treatment of the sur-
faces of different objects and liquid media. One can
thus expect both antibacterial influence of silver ions
diffusing from immobilized nanoparticles and photo-

catalytic effect due to the excitation of plasmonic
modes and, respectively, enhancement of local elec-
tric fields near silver nanoparticles. The observed
broadening of a long-wave boundary of the plasmonic
resonance in halloysite nanocomposites allows one to
use not only ultraviolet radiation, but also the longer-
wave range light, making their application particularly
relevant.
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