
© 2022 al-Farabi Kazakh National University                                                                                       Int. j. biol. chem. (Online)

International Journal of Biology and ChemistU\�����ʋ����79�������

IRSTI 31; 31:17; 31:17:15                                                           https://doi.org/10.26577/ijbch.2022.v15.i1.09

N.V. Khan1* ��0��%DOiå2 , M.M. Burkitbayev1 ,  

B.B Tatykayev1 , Zh.S. Shalabayev3 , A.I. Niyazbayeva1 ,  

F.Kh. Urakaev1,4

1Al-Farabi Kazakh National University, Almaty, Kazakhstan 
2Institute of Geotechnics, Košice, Slovakia 

36FLHQWL¿F�&HQWHU�RI�$QWL�LQIHFWLRXV�'UXJV��$OPDW\��.D]DNKstan 
4Sobolev Institute of Geology and Mineralogy, Novosibirsk, Russia 

*e-mail: Natalya.Khan@kaznu.edu.kz 
�5HFHLYHG���0D\�������UHFHLYHG�LQ�UHYLVHG�IRUP����0D\�������DFFHpted 07 June 2022)

6ROYRWKHUPDO�'062�PHGLDWHG�V\QWKHVLV�RI�WKH�6�$JL�PLFURVWUXFWXUHV� 
DQG�WKHLU�WHVWLQJ�DV�SKRWRFDWDO\VWV�DQG�ELRORJLFDO�DJHQWV�

AbstUDFW��S/AgI microstructures were produced by solvothermal DMSO-mediated synthesis using two 
PHWKRGV�RI�VXOIXU�SUHFLSLWDWLRQ��DW�URRP�WHPSHUDWXUH��PHWKRG����DQG�E\�ZDWHU��PHWKRG�����7KH�VDPSOHV�
ZHUH�REWDLQHG�ZLWK�GL൵HUHQW�SHUFHQWDJHV�RI�$J,���������DQG�������0LFURstructures were investigated with 
KHOS�RI�;5'��5DPDQ�VSHFWURVFRS\�DQG�6(0�('6��HOHPHQWDO�PDSSLQJ���;5'�DQG�5DPDQ�VSHFWURVFRS\�
FRQ¿UPHG�WKH�SUHVHQFH�RI�VXOIXU�DQG�$J,��('6�HOHPHQWDO�PDSSLQJ�UHYHDOHG�WKDW�VDPSOHV�ZHUH�FRPSRVHG�
of large grains of sulfur covered by smaller grains of AgI. The obtained SEM micrographs revealed that the 
1st method gave larger grains of sulfur in comparison with the 2nd method. Testing of the microstructures as 
photocatalysits showed the low activity; as the prepared samples were able to degrade no more than 7 % 
RI�WKH�PROHFXOHV�RI�2UDQJH�,,��6LJQL¿FDQW�ELRORJLFDO�DFWLYLW\�ZDV�GHWHFWHG�RQO\�IRU�6�$J,����������VDPSOH��
as it was able to suppress test strains of S. aureus�$7&&�ȼȺȺ�����P.aeruginosa ATCC 9027 and (UZLQLD�
amylovora at MBC/MFC 5000 µg/mL, and E. coli ATCC 8739 at 2500 µg/mL.
.H\�ZRUGV��sulfur; silver iodide; solvothermal synthesis; microstructures; photocatalytic activity; biological 
activity.

,QWURGXFWLRQ�

Micro- and nano-structures are widely used in 
YDULRXV� ¿HOGV� >���@�� $PRQJ� WKHP� DUH� VWUXFWXUHV�
EDVHG� RQ� VXOIXU� DQG� VLOYHU� LRGLGH� �$J,�� >��� �@��7KH�
necessity of obtaining such structures is explained by 
the possibility of their application in photocatalysis, 
biochemistry and electrochemistry. The production of 
silver halides is caused by high cost of the feedstock, 
so the question arises of using cheaper accompanying 
components that could enhance certain properties 
and reduce the amount of used silver halide. Sulfur 
can potentially serve as such a cheap and accessible 
component.

Sulfur is an inorganic substance, which used 
in wide range of the science and technology [6]. 
It is often used in production of batteries, because 
of its semiconductor properties [7, 8]; in drugs 
production because of its anti-inflammatory 
properties and the ability to treat different diseases 

[6, 9]. In the production of fertilizers, sulfur used 
in oxidized form, which improves the ability of 
plants to absorb the necessary components [10]; 
in the production of antibacterial and antifungal 
agents, sulfur is more active in nano-state [11, 
12]. Sulfur is also used in photocatalytic CO

2
-

reduction [13] and hydrogen evolution [14] 
in combination with C

3
N

4
. For degradation of 

organic dyes, sulfur doping by ZnO and PbO is 
also used [15, 12]. 

$J,� LV� LQRUJDQLF� VXEVWDQFH� ZLWK� VSHFL¿F�
properties. The most common application of 
the AgI is photocatalysis [16-22] because of its 
photosensitivity. In degradation of model solutions 
and various contaminants, AgI is used with other 
materials for obtaining of the enhanced properties. 
For example, it can be TiO

2
, Ag, Bi

5
O

7
I, BiOI, C

3
N

4
, 

SnS
2
�DQG�RWKHUV�>�����@��$QRWKHU�DSSOLFDWLRQ�¿HOG�RI�

AgI is microbiology, more accurately, the production 
of antimicrobial agents [13, 17-19, 21]. Here AgI 
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also used in combinations with other substances, like, 
PVA, ZnO and chlorophyll [18]. 

Preparation methods of above mentioned 
materials encompass mainly from hydrothermal 
to solid-phase route [6-15, 20-24]. In our case, we 
have chosen the solvothermal DMSO-mediated 
method of synthesis. DMSO is aprotic and bipolar 
solvent, which is used in medicine, biotechnologies, 
FKHPLVWU\� DQG� RWKHU� ¿HOGV� >��@�� '062� LV� OHVV�
dangerous and toxic in comparison with other aprotic 
and polar organic solvents; it can serve as a source 
of sulfur and dilute a big number of substances [26-
28]. Our research group have already studied the 
behavior and solubility of the sulfur in DMSO media 
[29] and synthesized sulfur-containing materials with 
silver compounds [30, 31]. In the present case, we 
have used similar methodology to [30], however, the 
mass ratios of the components was changed and in 
the process of precipitation of sulfur by water, the 
YROXPH�RI�LW�ZDV�GL൵HUHQW��+HQFH��WKLV�UHVHDUFK�ZRUN�
is devoted to the synthesis of microstructures based 
RQ� VXOIXU� DQG� $J,�� DQG� IXUWKHU� VWXG\� RI� WKH� H൵HFW�
of the method of obtaining and the percentage of 
components on the manifestation of photocatalytic 
and biological activities. 

0DWHULDOV�DQG�PHWKRGV

Materials. Silver nitrate, ammonia iodide, 
sulfur, Orange II were provided by Sigma Aldrich 
�*HUPDQ\���'LPHWK\O�VXOIR[LGH�DQG�VRGLXP�FKORULGH�
were supplied by OJSC Mikhailovsky Plant of 
&KHPLFDO� 5HDJHQWV� �5XVVLD���0XHOOHU� +LQWRQ� $JDU�
�0����� DQG� 0XHOOHU� +LQWRQ� %URWK� �0����� ZHUH�
SXUFKDVHG�IURP�+L0HGLD��,QGLD���$OO�UHDJHQWV�ZHUH�
of analytical grade and deionized water was used in 
experiments. 

Characterization. ;�UD\� GL൵UDFWLRQ� �;5'�� ZDV�
used for determination of the phase composition of 
the samples. Analysis was conducted with Rigaku 
0LQL)OH[� ���� ;�UD\� GL൵UDFWRPHWHU� XVLQJ� FRSSHU�
UDGLDWLRQ��Ȝ� ���������QP���7KH�;5'�SDWWHUQV�ZHUH�
processed with help of the ICCD-PDF2 release 2016 
database. 

Raman spectroscopy was conducted for 
LGHQWL¿FDWLRQ� RI� WKH� VDPSOHV� FRPSRVLWLRQ� DQG�
proving the XRD results. Analysis was made on 
6ROYHU� 6SHFWUXP� �17� 0'7� ,QVWUXPHQWV�� 5XVVLD��
VSHFWURPHWHU�XVLQJ�DQ����������GL൵UDFWLRQ�JUDWLQJ�

The morphology and size of the particles were 
VWXGLHG�E\�VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0��DQG�
particle distribution by Energy Dispersive X-ray 
PDSSLQJ� DQDO\VLV� �('6� PDSSLQJ��� $QDO\VLV� ZDV�
FRQGXFWHG� RQ� 4XDQWD� ���L� �'� PLFURVFRSH� �)(,��

Netherlands). The analyses were conducted in the 
NNLOT laboratory of al-Farabi Kazakh National 
University. 

Absorption spectra of the samples were 
REWDLQHG�ZLWK�KHOS�RI�6)���� �2.%�6SHNWU��5XVVLD��
spectrophotometer, using wavelength range from 
350 to 700 nm. 

Synthesis of the S/AgI microstructures (sulfur 
deposition at room temperature), (1) The process of 
the synthesis was conducted with using an apparatus, 
ZKLFK�FRQVLVW�RI� WKUHH�QHFN� URXQG�ERWWRPHG�ÀDVN��
WKHUPRPHWHU�� EDFNÀRZ� FRQGHQVHU� DQG� PDJQHWLF�
stirrer. The similar procedure was used in [30]. For 
obtaining silver iodide, the solutions of AgNO

3
 and 

NH
4
,�LQ�'062�ZHUH�XVHG�����P/�RI�HDFK�VROXWLRQ���

The required amount of sulfur was dissolved in 100 
PO�RI�'062�DW������&�ZLWK�FRQVWDQW�VWLUULQJ��7KHQ�
1/10 part of the NH

4
I was added drop by drop to 

WKH� UHDFWLRQ� PL[WXUH� DQG� WKH� FRQWHQW� RI� WKH� ÀDVN�
was stirred for 15 minutes. After that, a solution 
of AgNO

3
 and NH

4
,�ZHUH�LQWURGXFHG�LQWR�WKH�ÀDVN�

alternately, drop by drop. Thus, AgI is formed 
EHFDXVH�RI�WKH�LRQ�H[FKDQJH�UHDFWLRQ������7KHQ��WKH�
resulting mixture was cooled at room temperature 
for 12 hours for complete precipitation of sulfur 
from the DMSO solution. Further, the mixture was 
VWLUUHG�DQG�SUHFLSLWDWHG�LQ�D�FHQWULIXJH��5RWLQD������
+HWWLFK�� *HUPDQ\�� ������ USP�� ��� PLQ��� ZDVKHG�
2 times with deionized water and dried for 12-14 
KRXUV��DW�����&��

AgNO
3
 + NH

4
,� �$J,���1+

4
NO

3
�������������

The marking of the samples depending on the 
content of AgI and synthesis method was adopted as 
IROORZV��6�$J,� �������� ���� �����DQG�6�$J,� ��������
30, 50 %. Here 10, 30, 50 % shows the content of 
$J,�� WKH� UHVW� LV� VXOIXU�� ���� ±� D� V\QWKHVLV�PHWKRG� LQ�
ZKLFK�VXOIXU�SUHFLSLWDWHV�DW�URRP�WHPSHUDWXUH�DQG�����
– a synthesis method in which sulfur precipitates by 
diluting the reaction mixture with water.

Synthesis of the S/AgI microstructures (sulfur 
GHSRVLWLRQ�E\�ZDWHU�������The initial steps of synthesis 
were identical to the previous method described 
above. However, the process of the precipitation of 
VXOIXU�ZDV�GL൵HUHQW��$IWHU�DGGLQJ�VROXWLRQV�RI�$J12

3
 

and NH
4
,� WR� WKH�ÀDVN�� GHLRQL]HG�ZDWHU�ZDV� SRXUHG�

into the mixture. The volume ratio of water to the 
UHDFWLRQ�PL[WXUH�ZDV������$W�¿QDO�VWHS��WKH�SURGXFWV�
were precipitated, washed and dried.

Synthesis of pure AgI. The procedure of obtaining 
of pure AgI was the same as the previous, but the step 
of introducing of sulfur to the reaction mixture was 
excepted. 
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Synthesis of pure S. The procedure of obtaining 
of pure S was the same as the previous, but the step 
of introducing of solutions of AgNO

3 
and NH

4
I to the 

reaction mixture was skipped. 
Photocatalytic activity. 20 mg of the micro-

structure was introduced to 40 mL of the Orange II 
����PJ�/���)RU�XQLIRUP�GLVWULEXWLRQ�RI�WKH�VDPSOH�LQ�
the volume of the solution, ultrasound treatment was 
XVHG����PLQ���7R�VWDELOL]H�WKH�VDPSOHV��WKH�DGVRUSWLRQ�
desorption test was conducted in the dark conditions 
IRU���KRXU��WKH�VDPSOH�ZDV�FRYHUHG�ZLWK�DOXPLQXP�
foil). When the adsorption process is complete and 
the sample is stable, the visible light exposure begins. 
7KH�VRXUFH�RI�YLVLEOH�OLJKW�ZDV�D�����:�2VUDP9LWDí
OX[�ODPS�HTXLSSHG�ZLWK�D�89�¿OWHU��7KH�LUUDGLDWLRQ�
intensity was 15 mW/cm2. Sampling was carried out 
every 30 minutes. Then, the sample was centrifuged 
�5RWLQD�0LFUR������+HWWLFK��*HUPDQ\��IRU���PLQ�DW�
10000 rpm. The photocatalytic activity of the samples 
was studied with help of UV-Vis spectrophotometer. 
(DFK� VWXG\� ZDV� FRQGXFWHG� WZLFH� WR� FRQ¿UP� WKH�
results. 

Biological activity. For study of the biological 
activity the following bacterial strains of American 
7\SH� &XOWXUH� &ROOHFWLRQ� �$7&&�� ZHUH� XVHG��
Staphylococcus aureus� $7&&� �����3� �FROOHFWLRQ�
sensitive strain); Candida albicans ATCC 10231 
�FROOHFWLRQ�VHQVLWLYH�VWUDLQ���Escherichia coli ATCC 
����� �FROOHFWLRQ� VHQVLWLYH� VWUDLQ��� Pseudomonas 
aeruginosa�$7&&�������FROOHFWLRQ�VHQVLWLYH�VWUDLQ���
(UZLQLD� DP\ORYRUD� �SK\WRSDWKRJHQLF� VWUDLQ���
Staphylococcus aureus� �VXEVS�� DXUHXV�� $7&&�
BAA-39 and Escherichia coli ATCC BAA-196™. 
The sensitivity of microorganisms was studied on 
standard nutrient media [32]. 

Preparation of bacterial suspension. For 
preparation of the bacterial solution 5 mL of saline 
solution was poured to the test tube, then the test 
strain was added, and vigorously stirred. The result 
suspension was tested for the following characteristics: 
for bacteria, the turbidity was 0.5 McFarland units 
�ZKLFK� FRUUHVSRQGV� WR� D� FRQFHQWUDWLRQ� RI� ���î��8 
CFU/mL); for yeast – like fungi, the turbidity was 
�����ZKLFK�FRUUHVSRQGV�WR�D�FRQFHQWUDWLRQ�RI����î��8 
CFU/mL). 1 mL of the suspension was transferred in 
9 mL of sterile saline solution for tenfold dilutions. 
As a result, a concentration of 1.5×106 CFU/mL for 
bacteria and 7.5×106 CFU/mL for yeast-like fungi, 
was obtained. The purity of bacterial strains was 
examined before each experiment.

0HWKRG� RI� WZR�IROG� VHULDO� GLOXWLRQV�� The 
biological activity was studied on water suspensions 
RI�PLFURVWUXFWXUHV�����PJ�P/���

In typical experiment, 0.5 mL of Muller-Hinton 
broth was poured to the plate with 48 wells. Then, 
0.5 mL of the water solution of microstructure 
ZDV�SRXUHG� LQ� WKH�¿UVW�ZHOO�RI� WKH� URZ�DQG� VWLUUHG��
Hence,1:1 dilution was obtained. For 1:2 dilution, 
���� P/� RI� PL[WXUH� IURP� WKH� ¿UVW� ZHOO� ZDV� VWLUUHG�
and transferred to the second well. In that way other 
two-fold serial dilutions up to 1:128 were prepared. 
After that, 0.05 mL of test strains of microorganisms 
were added to all wells. For each series of dilutions, 
medium control and strain growth control were used. 
Experimental procedures were carried out in two 
repetitions for all samples [32, 33].

The incubation of the samples was conducted for 
���KRXUV� DW� D� WHPSHUDWXUH�RI� ��������� �&� IRU� IXQJL�
DQG�IRU�������KRXUV�DW�����������&�IRU�EDFWHULD��7KH�
seeding at Petri dish was carried out to determine the 
number of living cells. The incubation conditions 
were similar to conditions described above.

The biological activity was determined by 
examining the visible growth of microorganisms on 
the surface of a solid nutrient medium. The minimal 
EDFWHULFLGDO� �IXQJLFLGDO�� FRQFHQWUDWLRQ� �0%&� RU�
MFC) was considered as a measure of the biological 
activity. 

All experiments were performed in three 
repetitions.

5HVXOWV�DQG�GLVFXVVLRQ

XRD analysis. In the Figure 1 the XRD patterns 
RI�WKH�6�$J,����������������������SXUH�$J,�DQG�6�����
2) are shown. According to the obtained results there 
are three noticeable peaks of AgI at 23.76, 39.24 and 
��������ZKLFK�FRUUHVSRQG�WR�LWV�JDPPD�PRGL¿FDWLRQ��
Also, with an increase in the content of AgI, the 
intensity of these peaks increases. As for sulfur, it can 
be seen that samples represented by one clear peak at 
DERXW��������DQG�VPDOO�SHDNV� LQ� WKH� UDQJH�EHWZHHQ�
���DQG������7KHUH�LV�DOVR�DQ�LQFUHDVH�LQ�WKH�LQWHQVLW\�
of peaks, with an increase in the sulfur content in the 
VDPSOHV��,Q�RUGHU�WR�FRQ¿UPWKH�SUHVHQFH�RI�LGHQWL¿HG�
phases, the Raman spectroscopy measurements have 
been conducted. 

Raman spectroscopy. In the Figure 2 the Raman 
VSHFWUD�RI�6�$J,����������������������SXUH�$J,�DQG�
6� ���� ��� DUH� VKRZQ�� 3XUH�$J,� �RUDQJH� VSHFWUXP�� LV�
represented by two peaks at 74 and 109 cm-1, while 
SXUH�VXOIXU��UHG�DQG�EOXH�VSHFWUD��KDV�IRXU�FOHDU�SHDNV�
at 89, 158, 223 and 477 cm-1. The obtained results 
correspond to the [34]. The signals corresponding 
WR�ERWK�SKDVHV�FRXOG�EH� LGHQWL¿HG�LQ�6�$J,��+HQFH��
synthesized samples contain both S and AgI.



82

Int. j. biol. chem. (Online)                                                International Journal of Biology and ChemistU\�����ʋ���������

Solvothermal DMSO-mediated synthesis of the S/Agi microstructures ...

)LJXUH���±�;5'�SDWWHUQV�WKH�6�$J,���������������������$J,�DQG�6��������

 

)LJXUH���±�5DPDQ�VSHFWUD�RI�WKH�6�$J,����������������������$J,�DQG�6��������

SEM/EDS analyses. For understanding of 
distribution of all components of the samples the EDX 
mapping have been conducted. For this analysis only 
50 % samples were analyzed, because the samples 
with a higher sulfur content melted.

,Q� )LJXUH� �� �D�K��� WKH� UHVXOWV� IRU� 6�$J,� ���� ���
��� �� DUH� VKRZQ�� ,Q� WKH� FDVH� RI� 6�$J,� ���� ��� ��
VDPSOH��ODUJH�VXOIXU�JUDLQV�ZHUH�GHWHFWHG��)LJXUH��D���
However, the small grains of sulfur also can be seen 
�)LJXUH���E���$V�IRU�$J�DQG�,�±�LW�LV�HYHQO\�GLVWULEXWHG�
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on the surface of the sulfur particles. Thus, the large 
grains of the sulfur are covered by a layer of the AgI 
>��@��)RU�6�$J,����������WKH�SUHVHQFH�RI�ODUJH�JUDLQV�

was not evidenced. In general, more homogeneous 
distribution of all elements was detected for this 
samples. 

)LJXUH���±�('6�PDSSLQJ�RI�6�$J,����������D�G��������H�K���D��H�±�('6�OD\HUHG�LPDJHV��
b, f – EDS image of S distribution; c, g – EDS image of Ag distribution; d, h – EDS image of I distribution

7R� IXUWKHU� FRQ¿UP� WKH� SUHVHQFH� RI� VPDOO� $J,�
particles on the surface of sulfur grains, a more 
GHWDLOHG�6(0�DQDO\VLV�ZDV� SHUIRUPHG� �)LJXUHV� �� ±�
6). In general, the presence of big particles covered 
by smaller ones can be seen in all samples. It is 
highly probable that sulfur is represented by dark 
large particles with irregular form and AgI by small 
light particles with even and clear boundaries. 

7KH�UHVXOWV�RI�6(0�DQDO\VLV�RI�6�$J,����������DUH�
VKRZQ�LQ�WKH�)LJXUH����D�±�ɫ��DQG�RI�6�$J,���������
±�LQ�WKH�)LJXUH����G�±�I���+HUH�WKH�¿UVW�PHWKRG�JLYHV�
the largest grains of the sulfur. The average size of 
VXOIXU�LQ�WKH�6�$J,����������LV�ÀXFWXDWHG�IURP����WR�
���ȝP��ZKLOH�IRU�WKH�6�$J,����������LW�KDV�VL]H�UDQJH�
IURP����WR����ȝP��$J,�SDUWLFOHV�REWDLQHG�E\�PHWKRG�
1 have clear and smooth triangle and hexagonal form 
ZLWK�WKH�DYHUDJH�VL]H�RI�����±���ȝP��$J,�SDUWLFOHV�LQ�
WKH�6�$J,����������DUH�LUUHJXODU�ZLWK�VL]H�IURP�����
WR�����ȝP�

,Q�)LJXUH�������D�±I��WKH�6(0�RI�WKH�6�$J,��������
30, 50 % are given. Here also the 1st method gave 
sulfur with bigger size in comparison to the 2nd 
method. The morphology and the size of the sulfur 
is similar to the samples with 10 % AgI content. 
The AgI particles obtained by method 1 have also 
triangular and hexagonal form with smooth surface 

and in the method 2 the AgI particles exhibit irregular 
shape with loose surface. The size of AgI in the S/
$J,����������LV�LQ�WKH�UDQJH�IURP�����WR�����ȝP�DQG�
IRU�6�$J,����������IURP�����WR���ȝP��,Q������VDPSOHV�
the 1st method produced sulfur particles with the size 
range from 20 to 50 µm and the 2nd method – from 5 
to 10 µm. AgI grains are represented by size from 1 
to 3 µm and from 0.5 to 2 µm for both method 1 and 
2, respectively. 

For easier perception of the data on the particle 
sizes of microstructures, we have given all the data 
in Table 1.

Photocatalytic activity. Figure 7a shows a 
comparison of the photocatalytic activity of the S/
$J,���������������������PLFUR�VWUXFWXUHV�DQG�SXUH�$J,�
DQG�6���������7KH�UHVXOWV�VKRZ�WKDW�SXUH�$J,�LV�DEOH�WR�
degrade 99 % molecules of Orange II after 180 minutes 
of exposure to visible light, while after the same 
GXUDWLRQ��WKH�6�$J,��������VDPSOHV�RI�DOO�FRPSRVLWLRQV�
and pure sulfur do not show photodegradation higher 
than 7 %. Hence, the synthesized microstructures do 
not possess photocatalytic activity. Such result can 
be explained by the micro-size of the sulfur, which 
probably passivates otherwise photocatalytically 
active AgI. Maybe the higher content of the AgI 
could solve this problem. 
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)LJXUH���±�6(0�DQDO\VLV�RI�WKH��6�$J,�����������D�±�����[��E�±�����[��F�±������[�PDJQL¿FDWLRQ�� 
�6�$J,�����������G�±�����[��H�±�����[��I�±������[�PDJQL¿FDWLRQ�

)LJXUH���±�6(0�DQDO\VLV�RI�WKH��6�$J,�����������D�±�����[��E�±�����[��F�±������[�PDJQL¿FDWLRQ��� 
6�$J,�����������G�±�����[��H�±�����[��I�±������[�PDJQL¿FDWLRQ�
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)LJXUH���±�6(0�DQDO\VLV�RI�WKH��6�$J,�����������D�±�����[��E�±�����[��F�±������[�PDJQL¿FDWLRQ��� 
6�$J,�����������G�±�����[��H�±�����[��I�±������[�PDJQL¿FDWLRQ�

7DEOH���± The size ranges of the microstructures

Microstructure The size range of the sulfur, µm The size range of the AgI, µm

6�$J,��������� 20-50 0.5-3.0

6�$J,��������� 10-20 0.3-0.9

6�$J,��������� 20-50 0.2-0.3

6�$J,��������� 5-10 0.4-1.0

6�$J,��������� 20-50 1.0-3.0

6�$J,��������� 5-10 0.5-2.0

The kinetics of the photocatalytic process 
was accepted as a pseudo-first-order reaction: 
ln (C0/C)   NW. C

0
 and C are initial and final 

concentrations, respectively, of model solution in 
moment of time t; N� �PLQ-1) is the rate constant 
of the photocatalytic reaction [35]. Other kinetics 
models were also studied, but the most suitable 
one was the pseudo-first-order reaction. The N�

was found from the linear graphs. High Pearson’s 
correlation coefficient r was a proof of the kinetic 
order of model solution degradation. Figure 
8 b shows the pseudo-first order kinetics for 
photocatalytic degradation of Orange II by S/
$J,� ���� ��� ���� ���� �����PLFURVWUXFWXUHV�� ,Q� WKH�
Table 2, the values of N�and r for all synthesized 
samples can be found. 
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)LJXUH���± Photocatalytic degradation of Orange II: a – comparison of the photocatalytic activity  
RI�WKH�6�$J,����������������������SXUH�VXOIXU�DQG�$J,��E�±�3VHXGR�¿UVW�RUGHU�NLQHWLFV� 

for photocatalytic degradation of the Orange II by all samples

7DEOH���±�3VHXGR�¿UVW�RUGHU�UDWH�FRQVWDQWV�RI�SKRWRFDWDO\WLF�GHJUDGDWLRQ�RI�WKH�2UDQJH�,,�IRU�DOO�VDPSOHV�

Sample
The rate constant, 
N�ိ���2 min-1 

3HDUVRQ¶V�FRH൶FLHQW��r

6�$J,��������� 0.006 0.974

6�$J,��������� 0.008 0.912

6�$J,��������� 0.019 0.911

6�$J,���������� 0.006 0.957

6�$J,��������� 0.046 0.983

6�$J,��������� 0.044 0.981

AgI 1.638 0.961

6���� 0.001 0.898

6���� 0.001 0.867

Biological activity. The resistance of the 
microstructures to microorganisms was measured 
UHO\LQJ�RQ�WKH�0%&��0)&���7KH�0%&��0)&��YDOXHV�
were calculated from the dilutions. As concentration 
of the water suspensions of the samples was 10 mg/
P/� ������� �J�P/��� WKH� FDOFXODWLRQV� ZHUH� GRQH�
by the next scheme: 1:1 dilution corresponds to 
5000 µg/mL, 1:2 dilution corresponds to 2500 µg/
mL and etc. These calculations were performed 
IRU� DOO� IRUPXODWLRQV� DQG� DOO� GLOXWLRQV� �IURP� ���� WR�
1:128). According to the study, pure substances and 
microstructures of all compositions did not show the 
DELOLW\�WR�VXSSUHVV�PLFURRUJDQLVPV��RQO\�6�$J,��������
% was active. It was able to suppress S. aureus ATCC 

ȼȺȺ����� P.aeruginosa ATCC 9027 and (UZLQLD�
amylovora at MBC/MFC 5000 µg/mL. As for E. 
coli�$7&&������� WKH�6�$J,����������ZDV�H൵HFWLYH�
at 2500 µg/mL. Such results may indicate that there 
is a bond between sulfur and AgI, which leads to the 
manifestation of biological activity. This percentage 
ratio and the method of obtaining were the optimal 
conditions for this system. The results indicate 
the need for further investigation of the synthesis 
FRQGLWLRQV� DQG� WKHLU� H൵HFW� RQ� WKH� PDQLIHVWDWLRQ� RI�
biological activity. Hence, precipitation of sulfur by 
water during the synthesis and the equal amount of the 
components were optimal conditions for obtaining of 
the S/AgI microstructures with antimicrobial action. 



87

Int. j. biol. chem. (Online)                                                International Journal of Biology and ChemistU\�����ʋ���������

N.V. Khan et al.

&RQFOXVLRQ

S/AgI microstructures were prepared by 
solvothermal DMSO-mediated synthesis using two 
methods of sulfur precipitation: at room temperature 
�PHWKRG� ��� DQG� E\�ZDWHU� �PHWKRG� ���� 7KH� VDPSOHV�
were represented by the next percentages of AgI: 10, 
30 and 50 %.

XRD and Raman spectroscopy revealed that 
all samples contain sulfur and AgI. According to 
EDS elemental mapping, sulfur is present in the 
form of both large and small grains. The large 
grains are covered by a thin layer of AgI. SEM 
results have shown that sulfur have irregular 
shape for both methods of synthesis. As for a size 
SDUWLFOHV�� ¿UVW� V\QWKHVLV� PHWKRG� SURGXFHG� VXOIXU�
ZLWK� JUHDWHU� VL]H� ������� ȝP���$J,� SDUWLFOHV� KDYH�
triangular and hexagonal shape. 10 % samples 
UHSUHVHQWHG� E\�$J,� VL]H� UDQJH� IURP����� WR� ��ȝP��
�����±�IURP�����WR�����ȝP�������±�IURP���WR���ȝP��
The second method yielded sulfur particles with 
VL]H�IURP���WR����ȝP��7KH�VL]H�RI�WKH�$J,�SDUWLFOHV�
ZDV�WKH�QH[W�������±�����±�����ȝP�������±�����±� 
��ȝP�������±�����±���ȝP��7KH�PRUSKRORJ\�RI�$J,�
SDUWLFOHV� LV� UHSUHVHQWHG� E\� QRQ�GH¿QHG� VKDSH�� ,Q�
general, method 1 gives larger particles of sulfur 
in comparison with method 2. 

7KH�SRWHQWLDO�DSSOLFDWLRQ�RI�WKH�6�$J,���������������
DQG������LQ�WKH�SKRWRFDWDO\VLV�ZDV�QRW�FRQ¿UPHG��DV�
neither of the samples was able to degrade molecules 
of Orange II under visible light irradiation. The 
kinetics of the photocatalytic process was accepted 
DV�D�SVHXGR�¿UVW�RUGHU�UHDFWLRQ��

Biological activity was studied on the six types 
RI� WKH� WHVW� VWUDLQV�� 2QO\� 6�$J,� ���� ����� ZDV� DEOH�
to inhibit test strains of S. aureus�$7&&�ȼȺȺ�����
P.aeruginosa ATCC 9027 and (UZLQLD� DP\ORYRUD 
at MBC/MFC 5000 µg/mL, and E. coli ATCC 8739 
at 2500 µg/mL. The manifestation of biological 
activity by only one sample can be explained by the 
formation of a bond between sulfur and AgI. Thus, 
the precipitation of sulfur with water and a 50 % 
content of sulfur and AgI are optimal for obtaining 
microstructures with the ability to suppress certain 
microorganisms.
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