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Development of the synthesis technology
of SWAgCl-Ag,S nanocomposite in aqua medium

This research work is devoted to the development of the synthesis technology of nanocomposite based on sul-
fur, silver chloride and silver sulfide. The components which included in this nanocomposite make it‘possible
to use it in various fields of science and technology: from biomedicine to agriculture.S@AgCl—Ag,S
nanocomposite was synthesized in aqua medium by two stages: 1) separate obtaining of each component;
2) mixing of all systems (products of reactions). The first stage is based on the interaction 6f aqueous solu-
tions of silver nitrate with sodium chloride and sodium thiosulfate (in excess) with hydroghileric agid. Each of
these reactions was carried out separately. At the second stage there was formation of silversulfide,and di-
rectly the S@AgCl-Ag,S nanocomposite, under interaction of all products of the first gtage. Fhe physic-
chemical characteristics of the samples were determined by X-ray diffraction (XRD), Raman spectroscopy,
scanning electron microscopy and energy dispersive X-ray spectroscopy (SEM-EDAX). The results of XRD
and Raman spectroscopy of the samples showed that nanocomposite represented by silverchloride, silver sul-
fide and sulfur. EDAX analysis identified the presence of silver, chlorine and sulfam, Meanwhile SEM analy-
sis revealed that investigated material has range of particles sizedfromymicro to nano ones. Morphology of
particles mostly represented by oval and spherical forms, and smooth surfage.

Keywords: nanocomposite, nanoparticles, sulfur, silver halidegysilvemchloride, silver sulfide, aqua medium,
aqueous solution.

Infroduction

Nowadays nanomaterials are made af bighbreakthrough in science and technology. By turns
nanomaterials can be obtained by various methods from mechanochemical synthesis to liquid phase synthe-
sis [1, 2]. It is known that nanocompgsites aremmitlticomponent materials and each individual component
must have useful properties. Combining ofidifferent elements and their compounds can give a new material
with enhanced properties.

There are a lot of researches,devoted to the study of silver and silver chloride, its antimicrobial and
photocatalytic properties [2-874Silver sulfide is a functional material which has semiconductor, thermoelec-
tric and photoluminescence properties |6, 7] also in the study [8] it is assumed that this compound may show
some biological activity™ As, fossitlfur it is widely applied as fungicide, fertilizer in agriculture and in pro-
duction of Li-S batteries [9, 10].

It is obviousfthat the production of nanocomposite based on the above elements and compounds can
lead to the credtion ofja universal material with a set of features applicable in various fields. At the initial
stage of investigation it was important to get the final product corresponding to the claimed composition.
Thereforg, the'aim ‘of this study was development of the synthesis technology of the nanocomposite with
S@AZC1=Ag,S composition.

Experimental

The synthesis proceeded in two stages: 1) separate obtaining of each component; 2) mixing of all sys-
tems. The first stage included interaction between aqueous solutions of silver nitrate and sodium chloride.
The solutions were poured drop by drop with constant stirring. During this reaction there was obtained silver
chloride. Then, through the interaction of aqueous solutions of hydrochloric acid with excess of sodium thio-
sulfate under conditions similar to previous reaction, there was formation of sulfur.

The second stage included the mixing of solutions with the products which were obtained on the first
stage. Silver sulfide is formed in the process of mixing of all solutions. The formation of silver sulfide was
observed not only visually (black precipitate), but also subsequently confirmed by a number of physic-
chemical methods of analysis. The formation can be explained by the next scheme [11]:
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NaszOj), + 2AgNO3 = Ag28203 + 2NaNO3
Ag28203 = AgQSOj), +S
Agst3 +S +H20 = Agzs + HQSO4

After mixing the solutions, the excess of sodium thiosulfate reacts with silver nitrate, which is not all
amount reacted with sodium chloride at the first stage. As a result, silver sulfide is formed according to the
scheme described above and after some time the system comes to balance and forms a composite
S@AgCl-Ag,S.

Further, the solid precipitate is precipitated using a centrifuge ROTINA 380 R, for 15 minutes aid at a
speed of 4000 rpm. Eventually the samples had been dried at 45 °C, for 12—16 hours.

Results and Discussion

The phase composition of the sample was identified by XRD using X-ray difractometer Rigaku
MiniFlex 600. Identification of the sample was carried out using the databases PDF Card Ney00—014-0072
for silver sulfide and PDF Card Ne 01-085-1355 for silver chloride. The results of analysesy(Fighl) showed
that investigated material represented by clear peaks of silver sulfide and silver chloride and correspond to
standard data. On the Fig. 1 spectrum with red color is investigated sample, blue columnsjarestandard peaks
of silver sulfide and green columns are standard peaks of silver chloride. Sulfur €ould*not be,found. The ex-
planation may consist of that sulfur present in amorphous state; therefore, \the XRD analyzer was unable to
fix it. Consequently, Raman spectroscopy was performed to detect sulfun and confirf the presence of silver
chloride and silver sulfide in the sample.
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Figure 1. XRDgpatterns of the sample. Characteristic peaks of the silver sulfide and silver chloride

Raman spectra were excited by a He-Ne laser with a wavelength of 633 nm and recorded by a Raman
spectrometer SolveriSpeetrum (NT-MTD) using a diffraction grating 1800/500, which provides a spectral
resolution of 1°e'. Sopthere are quite clear Raman peaks on the Figure 2, fully corresponding to the sulfur.
Other componentstdo not show clear peaks, which may indicate their metallic nature. The peaks at 95 and
190.em ' imaybefirelates to Ag-Ag lattice vibrations, while the bands at 240 and 400 cm™' are caused by the
Ag-Clibondjstigtching and compression mode [12]. According to [13] Ag,S correspond to two intense peaks
between 90 and 109 cm ' and there should be a weak band at 245 cm™'. Silver chloride appears at 233 cm ',
and there should be two small peaks in the area from 324 to 470 cm ' Thus, it can be seen from the spectrum
(Fig.3), our results echoes in some means with literature data.

The structural morphology of prepared samples and elemental composition were examined by SEM and
EDAX, using scanning electron microscope Quanta 200i 3D. Figure 4a showed the SEM images of the
S@AgCl-Ag,S nanocomposite which revealed homogeneous structure of the sample. Closer examination of
the sample shows that the majority of particles is represented by oval and sphere form with smooth surface
(Fig. 4b). Figure 4¢ revealed that investigated material has both micro- and nano-sized particles. It can be
seen that the powder is mainly represented by light particles. But at the same time, on closer examination,
there can be seen the gray areas (particles) in the sample. The EDAX analysis (see Table) shows there is the
highest percentage (At%) of such elements like Ag (24.05), Cl (16.46) and S (8.63 %). It should be noted
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that Ag and Cl are presented by pronounced peaks and wave shoulders (Fig. 5). Thus, based on the obtained
data, it can be assumed that the light areas are silver chloride and sulfur (smaller particles), and the gray are-
as is silver sulfide. Also in the composition of nanocomposite present a small amount of Na, O, C, Si, P.
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Figure 2. Raman spectra of elemental sulfur

M images of S@AgCI-Ag,S nanocomposite
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Table
Elemental composition of S@AgCl-Ag,S
nanocomposite
Element Wt.% At.%
C 10.22 35.40
O 4.62 13.02
Na 1.11 2.01
Si 0.58 0.86
P 0.42 0.57
S 6.66 8.63
Cl 14.03 16.46
‘ Ag 62.35 24.05
12.00 14.00 16.

Figure 5. EDAX analysis of the S@AgCIl-Ag,S
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Conclusions

In summary S@AgCl-Ag,S nanocomposite has been synthesized in aqua medium by two stages. The
results of XRD analysis revealed that samples represented by silver chloride and silver sulfide. The Raman
spectroscopy showed the presence of sulfur in composition of nanocomposite, also illustrated some areas,
which can indicate the silver chloride and silver sulfide. EDAX analysis demonstrated the presence of ele-
ments like Ag (24.05 At%), Cl (16.46 At%) and S (8.63 At%). SEM analysis proved that S@AgCl-Ag,S
nanocomposite has micro- and nano-sized particles with oval and sphere form, and smooth surface.

As a result the goal of this study was successfully achieved.

This research work was supported by scientific projects of the Ministry of Education and Science 'of the
Republic of Kazakhstan AP05133115 and BR05234566 (program-target financing).
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H.B. Xan, M.M. bypkir6aes, ®@.X. Ypakaen

CyabLopTagarsl SWAZCI-Ag,S HAHOKOMIIO3UTIH CUHTE3/1EY/IiH TeXHOJIOTUACHIH
AaHbIHAAY

Makasa KypamblHOa KYKIPT, KyMic XJIopuni oHe cyiabduai 6ap HaHOKOMIO3UTTEpPAlI CHHTE3ICYAIH
TEXOJIOTHSACHIH JalbIH/IayFa apHaFaH. ATajraH HAHOKOMIIO3UTTIH KypaMblHa KipeTiH KOMIIOHEHTTEP OHBIH
FBUIBIM MEH TEXHHKAaHBIH OpPTYpJi calanapblHIa KOJIaHyFa MYMKIHIIK Oepemi: sSFHH, OHOMeIWIMHAIaH
Gacran aypUTmapyambuibiFbiHa geiiH.  S@AgCl-Ag)S HaHOKOMIO3UTI Cynbl OpTaga €Ki CaThIMEH
CHHTE3IeN/i: 1) KOMIIOHEHTTEpHl >KeKe-)KeKe CHHTe3qey; 2) Oapiblk kyHenepai (peakmus eHiMzaepi)
apanacTelpy apKbUIBL bBipiHII caThl Kymic HUTpaThl MEH HATPUH XJIOPUAI epITIHAIIEpiHIH XoHe HaTpHil
THOCYIb(ATHI (APTHIK MOJIILIEpPAE) MEH TY3 KBIIIKBUIBIHBIH dpeKeTTecyine HerizaenreH. OnaH Oesek, aTanraHn
peakipsulap JKeke napa ga OKyprizinmi. ExiHmnd catbima  OipiHING CaThIHBIH peakius ©HiMAEPIHHIH
OpeKeTTeCyiHiH HoTHKeciHAe KyMmic cynbduaiHin xoHe S@AgCl-Ag,S HaHOKOMIIO3UTIHIH TY3ilyi XKy3ere
acanbl. ChlHamanapzblH  (QU3MKa-XUMUSJIBIK  KacuerTepi peHTreHodazansik  tanpay (POT), Paman
CHEKTPOCKOIUSACHI, CKAHUPJIEYII 3IEeKTPOHIb MUKpocKkomus (SEM) jxoHe 3HeproaucHepCHOHIbl PEHIeHI1
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crnektpockonusi (SEM-EDAX) opictepinin kemeriMeH anbikranasl. POT jxoHe PamaH CIIEKTPOCKOMUACH
TaJlayapbIHbIH HOTIIKENIEPI HAHOKOMITO3MTTIH KYpaMbIHOa KYKIPT, KYMIC XJIOpHAI KoHe cymbduii Oap
ekeHiH aHbIkTagpl. EDAX Tangaypl HaHOKOMIO3UTTIH KypaMbIHAA KYMIC, XJIOp, KYKIpT koHe ae T.0.
JJIEMEHTTEpAiH Oap eKeHiH oyenjeni. 3epTTeNiHreH MaTepHaAbIH MiMIiHI MHKpOeJIIeMHEH Oactam
HaHOeJIeMre Jeiin TapanranslH SEM TannayslHbeIH HOTIOKeNepi kepceeTTi. bemmexrepain Mopgosorusice
HETI31HEH COIIaK jKOHE IIap TOPi3[i, OCTTIK KabaThl TETiC €KeH1 aHBIKTAIIBI.

Kinm ce30ep: HaHOKOMIIO3UT, HAaHOOGNIIEKTEp, KYKIPT, KyMiC TaJOTeHHATEpi, KyMic XJIOpuai, KyMmic
cynbdui, CyIbl OpTa, CyJIbl epiTIHALIED.

H.B. Xan, M.M. bypkur6aes, ®.X. Ypakaen

Pa3paboTka TexHo/0ruu cuHTe3a HaHOKOMMIO3UTa S@WAZCI-Ag,S B Bog1uOU cpene

CraThsl MOCBsIIIIEHa Pa3pabOTKe TEXHOJIOTMH CHHTE3a HAHOKOMIIO3HTa Ha OCHOBE CEphI, XJIOpHUJa cepedpa u
cynsduna cepedpa. KoMIOHEHTHI, BXOAAIINE B COCTAaB JAHHOTO HAHOKOMITIO3UTA, MO3BOJISIOT UCHOIH30BATH
€ro B Pa3IMYHBIX OTPACIIX HAYKH M TEXHHWKH: OT OMOMEIMIMHEI 0 CeJILCKOTo Xo3siicTBa. HaHoKoMIIo3up
S@AgCl-Ag,S OblI CHHTE3UPOBAaH B BOJHOW Cpejie, B BE CTAAUU: 1) pa3mesibHOE MOTydeHHe, KaXXI0L0 13
KOMITOHEHTOB; 2) CMEIICHHE BCeX CHCTEM (IPOIYKTOB peakiuii). [lepsast craamst ocHOBaHagHA B3aHMOMICHCT-
BHH BOAHBIX PacTBOPOB HUTparTa cepedpa ¢ XJIOPHIOM HATpHs, a TakkKe THOCYNb(aTa/HaTpHsINB H30BITKE) C
COJIIHOM KHcnoTol. IIpuueM kakaas U3 3THX peakuuid MPOBOAMIIACH OTAEIBHO OpyrioTgipyna.’Ha BTopoii
CTaAuM TIPOMCXOIUT 0Opa3oBaHHE Cynbpuia cepebpa U HEMOCPEACEBEHHO, CaMORO, HAHOKOMIIO3HUTA
S@AgCl-Ag,S, npu B3aMMOJICHCTBUM BCEX MPOIYKTOB peakiuil MepBoi CTanndg®PH3UKO-XUMUIECKHE Xa-
paKkTeprCTHKU 00pa3ioB ObUTH ONpEEIeHBI C MOMOIIBI0 peHTreHodaszoporo anannsza (POA), pamaHoBckoit
CIIEKTPOCKOIIUH, CKAaHUPYIOLIEH AJIEKTPOHHON MUKPOCKOIIMU U PHEProJUCIEPCUOHHQI peHTIeHOBCKOI CIiek-
tpockormmu (SEM-EDAX). Pesynbrater POA-ananmsa 1 paMaH@BCKOM)CIIEKTPOCKOIINH MTOKA3aM, 9TO 00-
pa3Ibl MPeICTaBICHE] XJIOPHAOM cepebpa, cyabdumoM cepedpa mcepol. BDAX-aHanmu3 ycTaHOBIII IPUCYT-
CTBHE B COCTaBE HAaHOKOMIIO3HTa cepedpa, XJIopa, Cephl U JIPyLHX 9EeMEHTOB. B To Bpemst kaxk SEM anamms
TIOKa3aJl, 9TO UCCIEAYEMBIIl MaTepHal NMPEACTaBIeH YaCTHIAMK, 0T MUKPO- 10 HaHOpa3MepoB. Mopdomorus
YaCTHIl NPEACTABICHA B OCHOBHOM OBAJIbHBIMU U c(epUUEEKUMH HOPMAMH, C IIIAJKOH U POBHOH MOBEPXHO-
CTBIO.

Kniouesvie cnosa: HaHOKOMIIO3UT, HAHOYACTHIIBI, g€pa, TalOIeHUIBI cepedpa, XIopun cepedpa, cynbdun ce-
pebpa, BoJHas Cpesia, BOIHbIC PACTBOPHI.
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