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Abstract—Unithiol, as a biologically active ligand that forms stable complexes with metals, is of significant
interest and requires systematic research when designing efficient medicinal agents. The accelerated “green”
synthesis of a tungsten complex with unithiol as a ligand is carried out using two methods: ultrasonic and
microwave. The precursors to this reaction are an extract of Picea pungens Engelm. spruce needles as a natural
source of presumably bioactive unithiol and sodium tungstate; the reaction duration is 15 min. X-ray absorp-
tion spectra (XANES) near the L3 edge of tungsten absorption for a tungsten–unithiol complex are obtained
and qualitatively analyzed for the first time.

DOI: 10.1134/S2635167623601316
Fig. 1. X-ray powder diffraction profiles of the unithiol–
tungsten complexes synthesized by the (1) ultrasonic and
(2) microwave methods.
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INTRODUCTION
Unithiol is widely used as a detoxicant for heavy

metals such as mercury [1], cadmium [2], lead [3],
vanadium [4], and even radioruthenium [5], due to its
property of binding metal ions into complex com-
pounds. Unithiol complexes are often soluble in water,
which makes them convenient for use as a medicinal
agent. The extraction of unithiol from natural
resources is of particular interest. In the present work,
blue spruce is a proven source of unithiol in the syn-
thesis of a unithiol–tungsten complex.

EXPERIMETAL

Preparation of spruce extract. A 50-g weighing sam-
ple of Picea pungens Engelm. spruce needles dry-
cleaned from external contaminants was wrapped in
filter paper and placed in a Soxhlet apparatus.
Extraction was carried out with 95% ethyl alcohol for
6 h. The hermetically sealed f lask with the extract was
stored in a dark place.

Ultrasonic method of synthesis. To obtain a tung-
sten–unithiol complex, an excess of an ethanolic
extract of Picea pungens Engelm. spruce needles
(40 mL) was added to sodium tungstate dihydrate
Na2WO4·H2O (0.33 g) in a 100-mL heat-resistant glass.
The mixture was stirred for 5 min on a magnetic stirrer
at a speed of 400 rpm without heating. At the next stage,
the resulting mixture was treated with ultrasound using
a VCX-750 homogenizer (Sonics & Materials, the
25
United States) at the following parameters: time
15 min, frequency 20 kHz, intensity 70 W cm–2, and
pulsation with a ratio of the operating time and paus-
ing of 2 : 1. At the end of the reaction, the temperature
of the mixture was ~50°C. Next, the reaction product
was precipitated by centrifugation at 10000 rpm for
10 min, then the sediment was washed with 96% ethyl
alcohol and centrifuged at the same parameters, and
dried at a temperature of 60°C.
3
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Table 1. Elemental composition of the needles of Picea pun-
gens Engelm.

Element Normalized content, wt %

Ca 36.28

K 32.30

Si 14.64

Al 5.13

S 3.03

Co 2.87

Fe 2.04

P 1.96

Mn 0.95

Ti 0.38

Zn 0.35

Cu 0.07

Σ 100
Microwave method of synthesis. In preparation for
the synthesis of a tungsten–unithiol complex, 0.1 g of
sodium tungstate dihydrate was weighed in a micro-
wave reactor, and an ethanolic extract of the Picea
pungens Engelm. spruce needles (10 mL) was added.
A 0.15-g weighing sample of PEG-1000 was added to
increase the boiling point of the alcohol solution and
prevent it from reaching critical pressure due to its
boiling. To homogenize the mixture, it was stirred for
5 min on a magnetic stirrer at 400 rpm without heat-
ing. At the next stage, the mixture was placed in a
quartz cell for microwave synthesis. The reaction time
in a CEM Discover SP reactor (CEM Corporation,
NANOB

Fig. 2. Pie charts of the sodium, tungsten, and sulfur con-
tents in the unithiol–tungsten complexes obtained by the
microwave and ultrasonic methods (based on elemental
analysis by X-ray diffraction).
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the United States) was 15 min at a set temperature of
110°C with constant stirring with a stir bar. After cool-
ing to room temperature, the reaction product was
precipitated by centrifugation at 10000 rpm for
10 min, decanted, washed with 96% ethyl alcohol,
centrifuged again, and dried at 60°C.

The methods used make it possible to reduce the
reaction time from three–four days [6] to 15 min.

RESULTS AND DISCUSSION
X-ray diffraction phase analysis. X-ray diffraction

plots were obtained on a Bruker D2 Phaser diffrac-
tometer (Bruker Corporation, Germany). According
to X-ray phase analysis (Fig. 1), the samples are single
phase and the peaks in the X-ray diffraction pattern
correspond to the data from PDF-2 under number 00-
045-1784, C12H32Na4O17S12W2·3H2O [6].

X-ray fluorescence analysis. The element content
was studied using a Bruker M4 Tornado instrument
(Bruker Corporation, Germany). The elemental com-
position of blue-spruce needles is presented in Table 1;
the content of tungsten, sodium, and sulfur in the syn-
thesized complexes, in Table 2; the information is also
presented graphically in Fig. 2.

X-ray absorption spectroscopy. X-ray absorption
spectra in the XANES (X-ray absorption near edge
structure) and EXAFS (extended X-ray absorption
fine structure) regions were measured beyond the L3
absorption edge of tungsten at the structural-materials
science station of the Kurchatov synchrotron-radia-
tion source [7] and are shown in Fig. 3. Samples were
prepared as powders densely applied to Kapton.
In order to calibrate the energy scale of the recorded
spectra, simultaneously with the absorption spectra of
the samples under study, we recorded the absorption
spectrum of a pellet of a reference sample, tungsten
oxide WO3, located between the second and third ion-
ization chambers. The spectra were normalized and
the energy calibrated using the Athena program
included in the DEMETER software package [8].
IOTECHNOLOGY REPORTS  Vol. 19  No. 2  2024

Table 2. Elemental composition of the unithiol–tungsten
complexes obtained by the ultrasonic- and microwave-syn-
thesis methods

Element Atomic 
number

Content, at %

ultrasonic microwave

W 74 30.49 31.66

Na 11 68.69 67.74

S 16 0.82 0.61
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Fig. 3. X-ray absorption spectra obtained beyond the W L3 edge for the initial precursor Na2WO4 and the tungsten complexes
prepared by the microwave and ultrasonic methods: (a) is near-threshold fine structure of the X-ray absorption spectrum
(XANES region); (b) is extended fine structure of the X-ray absorption spectrum (EXAFS).
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The resulting normalized XANES spectra beyond
the W L3 edge are shown in Fig. 3a. It can be seen that
the local environment in the vicinity of tungsten atoms
in the complexes synthesized by the microwave and
ultrasonic methods is identical. The higher intensity of
the main absorption maximum (the so-called white
line) observed for the sample obtained by ultrasonic
synthesis may be associated with a slightly higher den-
sity of free states on the d- or p–d hybridized tungsten
shells. Figure 3b shows the magnitudes of the ampli-
tudes of the EXAFS signal obtained by the Fourier
transform of the k2-weighted χ(k) oscillating function
for complexes obtained by the ultrasonic- and micro-
wave-synthesis methods. The main peak with a maxi-
NANOBIOTECHNOLOGY REPORTS  Vol. 19  No. 2 

Fig. 4. IR spectra of the unithiol–tungsten complex sam-
ples: 1 is the ultrasonic sample; 2 is the microwave sample.
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mum localized at 1.4 Å can be interpreted by the single
scattering paths of W–O and W–S in the first coordi-
nation sphere of tungsten. A slight shoulder on the left
side of the main peak may indicate slight differences in
the lengths of the W–O and W–S bonds. The second
pronounced feature in the EXAFS amplitudes has a
maximum in the region of 3.4 Å, which can be
uniquely associated with the intense contributions of
single W–W scattering paths. However, we note that
the shape of the second maximum of EXAFS ampli-
tudes also indicates the presence of at least two possi-
ble W–W bond lengths differing within the range of
0.10–0.15 Å. In general, qualitative analysis of the
extended region of X-ray absorption spectra (EXAFS
region) indicates a high degree of identity of the local
environment of tungsten atoms in complexes synthe-
sized by the microwave and ultrasonic methods.

IR spectroscopy. To identify tungsten–unithiol
complexes obtained by ultrasonic and microwave synthe-
sis, the IR absorption spectra were measured in the range
of 5000–0 cm–1. The graphs are presented in Fig. 4. Peaks
in the regions 3750–3550 and 2400–2100 cm–1 are back-
ground peaks and will not be considered.

The peaks at wavenumbers 220 and 295 cm–1 are
likely due to coordination of the W2  group through
the tungsten–sulfur single bond. We note that the S–H
bond vibrations observed in unithiol were not detected
at the expected wavenumber of 2551 cm–1, which indi-
cates a fundamentally different structure of the com-
plex with tungsten relative to pure unithiol. The peak
at 820 cm–1, broadened in the low-frequency region,
presumably corresponds to vibrations of the W=O and
W–O–W bonds in the (O=W–O–W=O)4+ group, but

+4
3O
 2024
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Fig. 5. Raman spectroscopy of the unithiol–tungsten
complex samples: 1 is the ultrasonic sample; 2 is the
microwave sample; 3 is the initial extract of Picea pungens
Engelm. spruce.
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there is almost no peak corresponding to the vibration
of the W–O bond at 500 cm–1, which may indicate incor-
rect interpretation of the value of this peak in [6], since
according to X-ray diffraction a structure similar to that
described in this work was obtained. The broadening of
the peak at 3500–3100 cm–1 indicates the presence of
water molecules of different nature in the complex and
reconfirms the individuality of the structure of the
tungsten–unithiol complex in comparison with
unithiol, the IR spectrum of which shows peaks asso-
ciated with the absorption of water in the lower fre-
quency region at 3600–3400 cm–1. A very weak peak at
a wavenumber of 1635 cm–1 indicates deformation
vibrations of water in the complex and is located in a
higher frequency region compared to the position of
NANOB

Fig. 6. TEM images of the unithiol–tungsten complex

(а)

1000 nm
this vibration at 1606 cm–1 in dihydrated unithiol
according to data from [6].

In addition, a peak was found at 165 cm–1 compa-
rable in intensity to the peaks at 220 and 295 cm–1, but
its exact nature is unknown.

Raman spectroscopy. For the first time, graphs of
the Raman-scattering shift for the tungsten–unithiol
complex were recorded on a EnSpectr R532 spec-
trometer (EnSpectr, Russia). The measurement
results are presented in Fig. 5.

Transmission electron microscopy. Images of the
powders were taken on a transmission electron micro-
scope (TEM) G2 Spirit BioTWIN (FEI Company, the
United States) and are shown in Fig. 6. In the ultra-
sonic sample, the particle size is ~1000 nm, they are
covered with a layer of ~100-nm particles that form a
surface irregularity on individual crystallites, while
some of them are rod shaped. In the TEM images of
the microwave sample, the cubic shape of the grains
with dimensions of ~500 nm is visible.

CONCLUSIONS

It has been found that an ethanolic extract of blue
spruce can be used as a source of unithiol to form a
complex with metals, in particular with tungsten. This
tungsten–unithiol complex was first synthesized by
ultrasonic and microwave methods using natural raw
materials as a source of unithiol. The synthesis
method affects the particle size and morphology.

The resulting complex has high chemical resistance
to widely used organic solvents, such as diethyl ether,
benzene, toluene, ethyl alcohol, and carbon tetrachlo-
ride, but is soluble in water.

Antibacterial and fungicidal properties are pro-
posed based on the data on biological activity with
other heavy metals [6].
IOTECHNOLOGY REPORTS  Vol. 19  No. 2  2024

 samples: (a) ultrasonic sample; (b) microwave sample.
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