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Synthesis of ternary sulfides Agass, and Ag,Ass, from  systemsAgNO, - AsS,,
AgNO,— NaAsO,—Na,$S and AgNO,-As,S,— HNO, in ethylene glycol medium, obtained nano- and mic-
roparticles of compounds, their physicochemical properties studied. The solution stirred for 30 mi-
nutes, poured into an experimental bowl, placed in a Teflon cuvette, sealed and placed in a micro-
wave electric heater and heated for a day at a temperature of 373-453 K. After synthesis, the preci-
pitate filtered. For extraction, excess of arsenic washed with 0.1 M nitric acid solution, distilled wa-
ter and ethanol. The purified precipitate dried at 353 K for 1 hour. It has been established that at
pH = 4-6 and molar ratios of the initial components AgNO,:As,S,= 3:2 and AgNO,: As,S, = 3:1,
AgAss, and Ag,Ass, compounds, respectively, are obtained. At 373-453 K, nanoparticles formed,

the size of which varies depending on the temperature and duration of heat treatment. The indivi-
duality of the synthesized compounds controlled by differential thermal and X-ray diffraction met-
hods of analysis. According to the DTA results, the AgAss,and Ag,AsS, compounds revealed two en-

dothermic effects. The endothermic effect observed at 695 + 2 K and 763 + 2 K corresponds to the
melting temperature of the Agass, and Ag,Ass, compounds, respectively. The endothermic effect ob-

served at 594 K and 465 K corresponds to a polymorphic transition. According to SEM data, it fo-
und that the synthesized compound has nano- and microsizes at 413-433 K. The sizes and shapes of
nanoparticles and microparticles vary depending on conditions, temperature and pH.
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INTRODUCTION
The continuous search and study of new nanoscale materials is an important factor in the de-
velopment of modern science and technology. Silver (I) thioarsenites ( AgAsS, and Ag,Ass,) are

among the important functional materials of modern technology. Most compounds of this class wi-
dely used and considered promising materials with valuable semiconductor, photo-, ferroelectric-,
and thermoelectric properties [1, 2].

Synthesis of silver nanoparticles briefly, 5 mL of sodium citrate 0.05 M (TSC, Sigma-Aldrich
CAS 6132-04-3) and 5 mL of silver nitrate 0.05 M (AgNOs, PANREAC CAS 7761-88-8) added to
185 mL of water type 1 in a cold bath between 6°C to 10°C. The solution stirred for 3 min at 3000
RPM. Subsequently, 5 mL of sodium borohydride 0.05 M (NaBHa, Sigma-Aldrich CAS 16940-66-
2) dripped slowly. The pH adjusted to 10 with sodium hydroxide 1.25 M (NaOH, PANREAC CAS
1310-73-2). The nanoparticles obtained were stored in amber bottles at 4°C. These nanoparticles
were the reference AgNPs (Ref-AgNPs) for the study [3-9].

Inthe Ag,S - As,S, System known compounds with compositions of Agass, and Ag,Ass,. These

compounds possess unique semiconductor properties [10, 11]. Agass, compound melts at 696 K,
polymorphic transformation occurs at 594 K, and according to [10], at the low-temperature modifi-
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cation (trechmannite) (T < 594 K) crystallizes in the orthorhombic (sp. gr. R3:a =1.398, ¢ = 0.912
nm ), and at the high-temperature modification (smithite) — in the hexagonal (sp. gr. A2/ a : a =
1.723,b =0.778, ¢ = 1.519 nm; B = 101,2°) structures [12, 13, 14]. This compound decomposes at a
temperature above 773 K.

The compound of ag ass, melts at 764 K, its polymorphic transformation occurs at 468 K. The
low-temperature modification (xanthoconite) (T < 468 K) crystallizes in the orthorhombic (sp.
gr.C2/c:a=1.200,b=0.626, c = 1.708 nm; 3 = 110°), and the high temperature modification (pro-
ustite) — in the hexagonal (sp. gr. R3c: a =1.083, ¢ = 0.865 nm; B = 103.52°) structures [12, 13].

From the literature [10, 11] it is known that silver thioarsenites are synthesized at high tempe-
ratures (700-800 K) in deaerated (~102 Pa) quartz ampoules by melting the elemental components
or silver (1) sulfide with arsenic (I11) sulfide. To homogenize these compounds is required high tem-
perature and too much time. In this regard, the production of silver (I) thioarsenites in solution at
low temperatures is one of the most urgent matters. It known that the production of d-metal chalco-
genides in polar and low-polarity organic solvents is of great practical importance recently, since
impurities are less in composition of the compounds obtained in an organic solvent medium. Furt-
hermore, the formation of nanoparticles and microparticles is very easy. Information on the produc-
tion of silver (1) thioarsenites in ethylene glycol medium is almost absent in the literature. Ethylene
glycol is a colorless, viscous, hygroscopic, odorless liquid with sweetish taste. Its boiling point is
470.6 K, melting temperature 287.5 K, density 1.1132 g/cm?®. It is soluble in water, alcohols, and
ketones, et al., mildly soluble in benzene, toluene, and diethyl ether. Aqueous solutions of ethylene
glycol freeze at low temperatures (down to -343 K). It forms partial and full ethers with monobasic
acids. Ethylene glycol used in many industries: chemical, motorcar, aerospace, electrical, textile, oil
and gas and others. One of ethylene glycol main applications is the production of nonfreezable flu-
ids, cooling, and heat-transfer agents. Ethylene glycol is use as solvent, as starting reagent in the
chemical industry for the production of many inorganic compounds, synthetic resins, and polymers,
in the manufacturing of polyurethanes, explosive, and odoriferous substances. The dielectric cons-
tant at 293 K is equal to 37.0 [3, 6, 15, 16]. Consider this, in the synthesis of =~ Ag,Ass, and AgAss,
compounds we used ethylene glycol as the solvent.

The study results of AgAss, and Ag,Ass, compounds nanoparticles obtaining conditions in
ethylene glycol medium are cite in this paper.

MATERIAL AND METHODS
To obtain AgAss, and Ag,AsS, compounds nanoparticles in ethylene glycol medium are inves-

tigated physical and chemical interactions within the system of theAgNO,-AsS,,
AgNO, — NaAsO, — Na,s and AgNO, — As,S, — HNO; -

As starting components in the AgNO,-As,S, System were used AgNO, andAs,S,. As,S, and
AgNO, were taken in a molar ratio, according to the reaction equation, mixed, and 20 ml of ethylene

glycol were added to this mixture. The solution was stirred for 30 minutes, and then each sample
was transferred to 2 autoclaves and heated for 24 hours at temperatures of 373-453 K. After synthe-
sis, the precipitate filtered. For extraction, the excess of arsenic washed with 0.1 M of nitric acid so-
lution, distilled water and ethanol. The purified precipitate dried at 353 K for 1 hour. The composi-
tion of the obtained compounds determined by NETZSCH STA 449F349F3 derivatograph (Ger-
many) and chemical analysis. Differential thermal analysis (DTA) carried out in an HTP-70 pyro-
meter, Thermoscan-2 device, in an inert atmosphere. The phase analysis of Agass, and Ag,Ass, na-

no- and microparticles was studied using a Bruker D8 ADVANCE X-ray diffractometer (CuKa, A =
1.5406 A, 0 < 20 < 80°). Morphological studies performed using scanning electron microscopy
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TM3000 (Hitachi, Japan), also studied the influence of pH medium (pH METER-pH410 “AKVI-
LON").

RESULTS AND DISCUSSION

The resulting precipitate investigated by microstructure analysis. It ascertained that the nano-
particles (Figure 1) formed at 373-453 K. In practice, it ascertained that sizes of nanoparticles vary
depending on the temperature and heat treatment time.

TM3000_0842 164 o Toum  TM3000_0803

Fig. 1. The photomicrograph of nanoparticles of Agass, (a—at373 K; b—at453 K)and Ag,Ass,
(c—at 373 K; d — at 453 K) compounds.

The individuality of the synthesized compounds monitored by methods of differential thermal
analysis (Figure 2).
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Fig. 2. The DTA curve of ag,Ass, and AgAss, compounds.

In the DTA curve (Figure 2) of Agass, and Ag.,Ass, compounds found two endothermic ef-
fects. The endothermic effect observed at 695 + 2 K and 763+2 K corresponds to the melting point
of AgAss, and Ag,Ass, compounds, respectively. The endothermic effect observed at 594 K and 465
K corresponds to the polymorphic transition of aAgass, and Ag,Ass, compounds that agrees well

with the published data, presented above. In this paper has been studied also the influence of pH
medium and temperature on total precipitation of Agass, and Ag,Ass, compounds. For production in

an acid medium solution, we used hydrochloric acid and monitored product yield at different pH va-
lues of medium in the temperature range of 353-453 K. It has been ascertained that the maximum
yield of Agass, and Ag,AsS, compounds is observed at pH = 4 and at the temperature of 393 K. Ac-

cording to XRD data it has been found that at pH >7 a mixture of products: Ag,AsO,, H,AsO,, Ag,S
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H AgAsS, (Ag,Ass,) is formed in the system. AgAss, and Ag,Ass, compounds decompose at pH < 2.
Effect of medium pH and temperature on complete precipitation of agass, and Ag,Ass, compounds
represented in the following table 1.

Table 1.
The study results of medium pH and temperature effect on the yield of agass, and Ag,Ass,
compounds.
Compound yield, %
The temperature, K pH
AgAsS, Ag, AsS,
343 35 93.31 92.59
373 3.8 94.67 95.52
393 4 96.94 97.68
435 5 96.64 95.49
453 6 95.32 95.13

In the AgNO,-NaAsO, -Na,S system at the synthesis of Agass, and Ag,Ass, compounds in
ethylene glycol medium we used aAgNO,, NaAso, and Na,S as starting components. According to the
reaction equation:

AgNO,+ NaAsO, + 2Na,S + 4HNO, — AgAsS, +5NaNO; + 2H,0 ;
3AgNO, + NaAsO, +3Na,S + 4HNO, — Ag,AsS, + 7TNaNO, + 2H,0

We mixed NaAsO, and AgNO, WithNa,s in ethylene glycol medium in molar ratios of
AgNO,: NaAsO,: Na,S =1:1: 2 and AgNO, : NaAsO, : Na,$ = 3:1: 3, respectively. Synthesis carried out in the
temperature range of 413-433 K for 24 hours. According to SEM HITACHI TM3000 data it is
ascertained that the synthesized compound is nano- and micro-sized at 413-433 K. Sizes and shapes
of nano- and microparticles vary depending on the conditions, temperature and pH = 4-5 (Figure 4.).

Fig. 4. The photomicrograph of nanoparticles of Agass, (a—at413 K;b—at433 K)and Ag,Ass, (C
—at 413 K; d — at 433 K) compounds

Based on the XRD data, it determined that at 453 K aAgass, (&) and ag,Ass, (b) compounds
obtained in the system (Figure 5 a, b).
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Fig. 5. The diffraction pattern of Agass, (a) and Ag,Ass, (b) compounds obtained at 453 K (a).

In the AgNO,-As,S,—HNO, Ssystem depending on molar ratios of AgnO,, As,s, and HNO, are
obtained Ag,Ass, and AgAss, compounds in ethylene glycol medium. Practically it found that in
ethylene glycol medium, in molar ratios of AgNO,: As,S,: HNO, =1:1: 7 obtained Agass, compound,
and in AgNO;,: As,S,: HNO, = 5:12:18— Ag,AsS, compound.

As,S,+ AgNO, + 7HNO, — AgAsS, + H,AsO, +8NO, + SO, +2H,0
5As,S;+12AgNO,; +18HNO,; — 4Ag,AsS, + 6H,AsO, + 30NO, +3S0,

CONCLUSION

Very simple synthetic methods developed for the preparation of Agass, and Ag,Ass,
chalcogenides in ethylene glycol medium without polluting the environment. Nanoparticles of
AgAss, and Ag,Ass, compounds have been obtained in the systems of AgNO,-AsS,,

AgNO,—NaAsO,—Na,S and AgNO, - As,S,—HNO, The effect of temperature, time and pH on the

complete formation of nanoparticles of these compounds studied. During the conducted research, it
was determined that nanoparticles are obtained in the system of AgNO,-NaAsO,-Na,S at a

temperature range of 453 K within 24 hours (pH = 4-5)
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AgAsS2 VO AgsAsSz BIRLOSMOLORININ NANOHISSOCIKLORININ ALINMASI
T.I. Siilleymanova

AgAsS; vo Ags;AsS; ticlii sulfidlorin AgNO;—As,S;, AgNO3;—NaAsO; —Na,Svo AgNO, - As,S,—HNO,
sistemlorindon etilenglikol miihitinds sintezi, alinan birlosmalorin nano- vo mikrohissaciklori, onla-
rin fiziki-kimyavi xasselori tadqiq edilmisdir. Mahlul 30 doqiqe qarigdirilir, tacriibe qabina tokiiliir,
teflon kyuvets yerlosdirilir, agz1 kip baglanir vo mikrodalgali elektrik qizdiricisina qoyulur. Bir giin
orzinds 373-453 K temperaturda qizdirilir. Sintezdon sonra ¢okiintii siiziiliir, ekstraksiya {i¢iin artiq
arsen 0,1 M azot tursusu mohlulu, distillo edilmis su va etanol ilo yuyulur. Tomizlonmis ¢okiinti 1
saat orzinds 353 K-do qurudulur. Miiayyan edilmisdir ki, , ilkin komponentlorin AgNO,: As,S;= 3:2
vo AgNOs: As;S; =3:1 mol nisbatinds vo pH = 4-6 giymatlorindo miivafiq olaraq birlogmalar aldo edi-
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lir. 373-453 K-da nanohissaciklor amola galir, hissaciklarin olgiilori temperaturdan asili olaraq do-
yisir. Sintez edilmis birlogsmalorin fordiliyi diferensial istilik va rentgen slialanma analiz iisullari ilo
miioyyon olunmusdur. DTA naticolorine gora birlosmolorin iki endotermik tosiri askar edilmisdir.
695 + 2 K va 763 + 2 K-do miisahids olunan endotermik tasir miivafiq olaraq birlogmalorin arime
noqtasine uygundur. 594 K vo 465 K-do miisahids edilon endotermik tasir polimorfik kegido uygun-
dur. SEM molumatlarina asason, sintez edilmis birlosmonin 413433 K-do nano- vo mikrodlgiilora
malik oldugu askar edilmisdir. Nanohissaciklorin vo mikrohissaciklorin 6lgiilori vo formalar1 sorait-
don, temperaturdan vo pH-dan asili olaraq doyisir.
Agar sozlar: iizvi halledici, giimiis (I) nitrat, nanohissaciklor, tioarsenitlor, ¢okiintii.

MOJYYEHUE HAHOUYACTHUIL COEAUHEHUM AgAsS: M AgaAsSs
T.N. CyneiimanoBa

CuHte3 TpOoHBIX CyabhuIoB AJAsS, i Ag;AsS, m3 cucteM AgNO;-—As,S;, AgNO;—NaAsO,— Na,S
n AgNO; — As;S3—HNO; B cpezne 3TUIICHITIMKOIIA, TOJIy4EHHbIE HAHO- U MUKPOYACTHUIbl COCITUHEHNH,
u3ydeHsl UX (pU3MKO-XxMMHUYecKne cBoicTBa. PacTtBop mepememmBanu B TedeHue 30 MHHYT U
HEepeIUBAIN B SKCIIEPUMEHTAIBHYIO Yallly, IIOMEIIaId Ha Te(PIOHOBYIO KIOBETY, T€pPMETHU3UPOBAIN
U TIOMEUlaJii B MHUKPOBOJHOBBIM 3JIEKTPOHArpeBarelb M HArpeBajd B TEUEHUE CYTOK IIpU
temneparype 373-453 K. [locne cunresa ocanok GpuiabTpyroT. s SKCTpakIuU U30BITOK MBIIIbSKA
npombiBatoT 0,1 M pacTBOpoM a30THON KHUCIIOTHI, JWCTUJUIMPOBAHHOM BOJOW U 3TaHOJIOM.
Ounmiennslii ocanok cymuau npu 353 K B teuenue 1 yaca. Ycranosneno, uto npu pH = 4-6 u
MOJIBHBIX ~COOTHOIIEHUSIX MCXOJIHBIX KOMITOHEHTOB AgNO;:As,S;= 3:2 u  AgNO;:As,S;=3:1
COOTBETCTBEHHO IOJIy4aroTCsl coeluHEeHus AgAsS;u  AgsAsSz. Ilpm 373-453 K obpasyrotcs
HAHOYACTHIIBI, Pa3Mep KOTOPHIX MEHSIETCA B 3aBUCUMOCTH OT TEMIIEPATYPbI U MPOJOJIKUTEIbHOCTU
TepMOOOpabOTKH.  VHAMBUAYaIbHOCTH  CHHTE3UPOBAHHBIX  COEIMHEHUH  KOHTPOJIUPYIOT
TG depeHIIMATBEHO-TEPMUUECKUM U PEHTICHOCTPYKTYpHBIM MeToAaMM aHanu3a. [lo pe3ynpTaram
JATA coenunenusi AgAsS; u Ag;AsS; BBISBUIIM JBa DHAOTEpMUYECKUX dPdeKTa. DHI0TEPMUIECKUN
addext, Habmogaembrii mpu 695 £ 2 K u 763 £ 2 K, cooTBeTCTBYeT Temrieparype IUIaBICHUS
coenuHeHUN AgAsS; u Ag,;AsS; COOTBETCTBEHHO. DHAOTEPMUYECKUN 2P (DeKT, HaOI0AaeMblid TIpU
594 K u 465 K, cootBerctByeT noiaumoppuomy nepexony. Ilo nanasim COM ycTaHOBIIEHO, YTO
CHUHTE3UPOBAHHOE COETMHEHUE NMEET HaHO- U MUKpopa3mepsl mipu 413-433 K. Pasmeps u Gpopmsl
HAHOYACTHI] U MUKPOUYACTHI] BAPbUPYIOTCS B 3aBUCUMOCTH OT YCJIOBHM, Temneparypsl u pH.

KuroueBble cioBa: opeanuueckuti pacmeopumens, numpam cepedopa (1), nanouacmuyoi,
MUoapcenHumsl, 0CAOOK.
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