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QORXMAZ HUSEYNOV
GUMUS VO MiS 9SASINDA MUROKKOB TIOSTANNATLARIN ALINMASI

Isda giimiis(I) nitrat, mis(Il) nitrat mahlullarindan va SnSy-nin 5%-li etilendiamind> mohlulundan istifads
etmakla AgNO;—Cu(NO3) ,—SnS,—H,0 sistemindon hidrotermal metodla 150°C temperaturda (Cu,SnS3); (Ag>S),
torkibli ¢okiintiilor almmisdir. Miiayyon edilmisdir ki, (Cu,SnSs) j_(Ag5S), torkibli ¢okiintiilorin asas torkibi
Ag,SnS;, Cu,SnS; Ag,S va Cu,SnS, birlagsmalarindan taskil olunub. 500-550°C temperaturda termiki emal
edilmis ¢okiintiilarin faza tarkibi RFA metodu ila tayin edilmis va kristal qafasinin parametrlori Gyronilmigdir.
Miiayyan edilmisdir ki, (Cu,SnS3);_.(Ag>S), torkibli arintilorin hamist kub kristal gafasda kristallagir. Orintilorin
bark mahlul xarakterli oldugu miiayyan edilmisdir. DTA metodu ila 500-1200°C temperatur araliginda ¢okiin-
tiilordo bas veran termiki effektlor toyin edilmisdir. Alinan biitiin ¢okiintiilorin mikromorfologiyast tadqiq edilmis
va miiayyan edilmisdir ki, 150°C temperaturda alinmug biitiin ¢okiintiilor yiiksak adheziyali nano- va mikrohis-
saciklardan ibaratdir. Temperatur artdigda nanohissaciklorin bitismasi naticasinda nanokristallik quruluslar
formalagir.

Acar sozlor: giimiis, mis, xalkogenid, sulu mahlul, ¢okiintii, faza, termiki effekt, mikromorfologiya.

Giris. Glimiis vo misin xalkogenidlori asasinda yeni miirokkab funksional materiallarin
axtarisi vo todqiqi sahasindo bir sira islor aparilmisdir. Malumdur ki, Ag,S, Ag,SnS;, Cu,SnS;
va qalay va germaniumun digor xalkogenidlori optoelektronikada istifado olunan perspektivli
materiallardir [1-11]. Bu materiallar osason vakuumda birbasa sintez metodu ilo sintez edil-
misdir. Son dovrlor bu materiallarin su va lizvi halledici miihitlorinds alinmasi va tadqiqi
aktual mosalolordon biri hesab edilir. Ciinki soraitdon asili olaraq mohlullarda xalkogenidlarin
nano- vo mikrohissaciklori formalasir. Belo halda yeni xassali materiallar omalo golir [1, 2].

Sulu mohlullarda Ag,S, Ag,SnS;, Ag,SnS,, Cu,SnS;, Cu,SnS, birlosmalarinin alinma
soraiti tadqiq edilmis, alinmis birlogmolorin mikromorfologiyasi va bazi fiziki-kimyavi xasse-
lori Gyranilmisdir. AgNO; vo SnS, birlogmolori asasinda etilenqlikol miihitindo Ag,SnS; bir-
logmosi, dimetilformamid miihitinds iso Ag,SnS, birlogsmasi sintez edilmis, birlosmolorin
torkibi, mikroqurulusu vo alinma soraiti dyronilmisdir [2].

[3] isdo stexiometrik migdarda gotiiriilmiis CuCl, H,O, SnCl1,H,0 vo SC(NH,), duzlar1
qaris181 50%-1i etil spirti mohlulunda qarigdirilmis, qurudulmus ve 673 K-ds pirolitik parca-
lanma metodu ilo Cu,SnS; birlogsmasi sintez edilmisdir. RFA metodu il birlosmonin fordiliyi,
kristal qurulusu vo qofos parametrlori todqiq edilmisdir.

Misin birvalentli vo ikivalentli duzlarinin spirtdo vo suda mohlullarindan Cu,SnS; va
CuSnS,; torkibli tiostannatlari almaq miimkiindiir. Qeyd olunan birlogmalor [7] isin miislliflori
torafindon ampula metodu ilo elementlordon birbasa sintez edilmisdir. [2] isin mioslliflori iso
Cu,SnS; birlogsmasini natrium tiostannat mohluluna misin hallolan duzlar ils tasir etmokla
almiglar. Baslangic maddolor — natrium tiostannatlar qalay(IV) sulfid vo natrium sulfidin
miixtalif mol nisbatlorinds qarisdirmagqla sintez edilmisdir. Bu tioduzlarin har birindon baglan-
g1c maddo kimi istifade etmoklo suda hall olmayan tiostannatlar almaq miimkiindiir. Miioyyan
edilmisdir ki, Na,SnS;—CuCl,—H,O sistemindo komponentlorin miixtslif mol nisbatlorindo
qarsiligh tesirindon miixtolif torkibli tiostannatlar alinir [2]. Na,SnSs-in CuCi, suda mohlulu
ilo qarsiliglt tosirindon Cu,SnS; birlosmasi sintez edilmisdir.
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Tadgiqatlardan aydin olmusdur ki, qalayin sulfidlori sulu mohlulda ¢6kdiirtilon zaman
onlarla barabar goxlu metallar ¢okiir. Belo naticayo golinmisdir ki, sulfid soklinds ¢okon metal-
larin oksoriyyati mikrokomponentlor soklinds galay (IV) sulfiddo daha ¢ox sorbsiya olunur.
SnS, ilo kationlarin ¢okmasi turs miihitdo azalir. Natrium tiostannata tallium duzlari ilo tosir
etdikdo stexiometrik torkibdon asili olaraq T1,SnS, vo T1,SnS; torkibli birlosmoalor almir [11].

Na;SnS; s—CuCl,-H,0 va Na SnS,—CuCl,—H,O0 sistemlori todqiq edilmis vo bu sistemlor
izra Cu;SnS; 5 vo Cu,SnS; torkibli birlosmolor alnmisdir. Bu birlosmolorin elektrikkeciriciliyi,
termo-e.h.q. dyronilmis, Holl sabitinin qiymsoti, yiikdasiyicilarin yiriikliliyt vo qatiligi
hesablanmisdir [6, 7, 8-10].

Sulu mohlulda qalayin tio- vo hidroksitioduzlarinin davamliliq serhadleri tadqiq edilmis
va miioyyaon edilmisdir ki, qalay disulfidin galovi mahlulunda hall olmas: zamani hidroksi-
tiostannat [SnS,0OH] ionlar1 amalo goalir. Bu mohluldan H,S qazi buraxdiqda iso tiostannat
[SnS3]* ionlar1 alimir. Bu onunla slagadardir ki, golovi metallarin tiostannatlarina kompleks
duzlar kimi baxildigindan su molekullari kompleks anionlarin ([SnS,;(H,0),]*, [Sn(OH),(HS),]*,
[SnS,(H,0),]*, [Sn(OH),S,(HS),]*) torkibindos olur [1, 2, 4, §].

Yuxarida gostarilonlori nazors alaraq biz isdo AgNO;, Cu(NO;), vo SnS, birlosmalarin-
don istifada etmoklo sulu mohlullarda miirokkab torkibli tiostannatlar1 almagi garsiya magsad
qoydug.

Isdo AgNO,~Cu(NO;),~SnS,~H,0 sisteminda bas veran fiziki-kimyovi qarsiligl tosira
aid noticalor verilmisdir.

Tacriibi hissa. AgNO;—Cu(NO;),—SnS,—H,0 sistemindo bas veran qarsiligli tosiri tod-
qiq etmak t¢iin 0,1 M AgNO,, Cu(NO,), mohlullarindan vo SnS,-nin 5%-li etilendiaminds
mohlulundan istifads edilmisdir. Mahlullarda miihitin pH-1 5-6 araliginda saxlanilmisdir. Tlkin
komponentlorin miixtslif mol nisbatlorindaki qarisigindan 25 niimuns hazirlanmis vo
niimunoalor hacmi 100 ml olan avtoklava yerlosdirilmisdir. Niimunolorlo doldurulmus
avtoklavlar mikrodalgali sobaya yerlogdirilorok 150°C temperaturda 48 saat miiddstindo saxla-
nilmigdir. Sintez basa catdiqdan sonra niimunslor otaq temperaturuna kimi soyudulmus vo
stizlilmiisdiir. Coktntiilor ovvoalca ultratomiz su, sonra isa 96%-li etanolla yuyulmus vo 80°C
temperaturda vakuumda qurudulmusdur. Cokiintiilorin torkibi vo xassoalori fiziki-kimyavi ana-
liz metodlar1 (RFA, DTA, SEM) vasitasilo todqiq edilmisdir.

Noticalorin miizakirasi. 500-550°C temperaturda termiki emal edilmis ¢okiintiilorin
RFA (D2 Phaser Bruker, CuK,-siialanma, Ni-filtr) naticolorindon malum olmusdur ki, biitiin
cokiintiilorin torkibindo Ag,S, Ag,SnS; vo Cu,SnS; fazalar istirak edir. Niimunalorin arima
temperaturlar1 vo termoqravimetrik analizi NETZSCH STA 449F3 markali termoqrafla (25-
900°C temperatur araliginda) miioyyaon edilmisdir. Cokiintiilorin sixlig1 piknometrik metodla,
mikromorfologiyasi iso HITACHI TM3000 markali mikroskopla miioyyan edilmisdir. Miioy-
yan edilmisdir ki, AgNO,—Cu(NO;),—SnS,—H,0 sistemindo alinan biitiin ¢okiintiilor havada
va suda, homginin mineral tursulara (H,SO,, HNO;, HCI) qars1 davamlidir, iizvi halledicilordo
hall olmur.

RFA vo DTA naticalarine asason ¢okiintiilorin torkibdon asili olan bazi fiziki-kimyavi
xassalori asagidaki cadvaldo gostorilmisdir (codval 1).
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Cadval 1
Alimms cokiintiilorin bazi fiziki-kimyavi xassalori
i i i i 0
o (-1idn komponentlorin miqdar, mol% | g, ; forkibi | Termiki effektlor, °C | Sixhigy, q/sm?
Agr Cu* SnS,

1 0,00 57,14 42,85 Cu,SnS; 855 4,85

2 | 2857 28,57 42,86 Ag;SnS;, Cu,SnS; 665 827 5,20
AgSnS;, R

3 | 3333 26,67 40,00 CusSaSs, AgsS 782; 822; 961 5,43
AgSnS;, ; y

4| 3529 2353 41,18 CusSnSs, AsS 692: 834: 632 5,83

5 | 33,50 33,33 33,17 CuSnS3, ApS 832; 945 6.81

6 | 3005 40,02 293 CusSnSy, ApyS 826;912: 1130 6.20
Ag;SnS;, SRR

7 | 20,00 40,00 40,00 Cu,SnS,. Cussas, | 667 824:830; 1126 5,68

Cadval 1-don goriindiiyii kimi, ilkin komponentlorin (Ag:Cu:Sn:S) 1:1:1:2 mol nisbatin-
doki qarisigindan Ag,SnS; vo Cu,SnS;, 2:6:3:10 mol nisbatindoki qarisigindan iso Ag,SnS,,
Cu,SnS; vo Cu,SnS, birlogsmalori birge ¢okiir. Digor torkiblordoki qarisiglardan miivafiq
birlogsmoalorlo yanasi Ag,S birlosmasi do alinir. DTA naticalorindon malum olmusdur ki, har
bir ¢okiintii lizro alinmis termiki effektlor miivafiq birlosmolorin polimorf ¢evrilma, faza
kegidlori vo arimo temperaturlarina uygundur. Miixtalif torkiblorde alinmis ¢okiintiilorin sixlig1
4-7 g/sm’ araliginda dayisir.

Miioyyan edilmisdir ki, torkibinds 0,04-0,2 mol% Ag, 1,8-1,98 mol% Cu va 0,8-0,98
mol% Sn olan ¢okiintiilori 630°C temperaturda termiki emal etdikdo (Cu,SnS,), (Ag,S),
torkibli orintilor alinir (cadval 2). Bu orintilorin hamisi kub sinqoniyada kristallasir. Bu
arintilorin torkibi v kristal gofasinin parametrlori asagidaki codvoldo gostorilmisgdir.

Cadval 2
(Cu,SnS;),(Ag,S), tarkibli srintilorin kristalloqrafik parametrlari
2 0 03 d,
Torkib a, A Z Vv, 4 o/sm’
Agu,m(}u]_ggsng,ggs; 20 5,562 4 [?2,25 5,66
Ag[} 1,5C'Il]_g4SD{] 9282 22 5,5 13 4 [66,92 5,64
Ag[} QC'I.I]_EESD{] 9482 28 5,491 4 165, 14 5,5?
Agu,m(}u]_g{]snﬂ,%s; on 5,464 4 [63,1[ 5,45
Ag[} QEC'IJ]_QQSD{] 9582 07 5,432 4 [62,47 5,41
Ag[} 05(:111_94811{] 9132 04 5,422 4 162,06 5,39
Ag[} 04C11]_95$D{] 9352 o5 5,416 4 161,87 535

Cadval 2-don goriindiiyi kimi, (Cu,SnS;), (Ag,S), torkibli orintilorin hamisinda kristal
qofosin qurulusu eynidir. Orintilords glimiisiin miqdar: artdiqca sixliq da artir vo artimda
xottilik miisahids olunur. Bu da (Cu,SnS;), (Ag,S), torkibli arintilorin bark mohlul xarakterli
oldugunu siibut edir.

AgNO;—Cu(NO;),—SnS,—H,0 sisteminds alinan biitiin ¢okiintiilorin mikromorfologiyasi
HITACHI TM3000 markali mikroskopla todqiq edilmisdir. Miiayyon edilmisdir ki, 150°C
temperaturda alinmais biitiin ¢okiintiilor (10 mkm sahado) yiiksok adheziyali nano- vo mikro-
hissaciklordon ibarotdir (sokil 2).
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Sakil 1. (Cu,SnS,), (Ag,S), torkibli arintilorin difraktoqramau.

Sakil 2. 150°C temperaturda alinmis bazi ¢okiintiilorin SEM sokillori:
a) Ag,SnS;, Cu,SnS;, b) Ag,SnS;, Cu,SnS;, Ag,S, ¢) Ag,SnS;, Cu,SnS;, Ag,S,
d) Cu,SnS;, Ag,S, e) Cu,SnS,, Ag,S, f) Ag,SnS;, Cu,SnS,, Cu,SnS,.

630°C temperaturda alinmis (Cu,SnS,), (Ag,S), torkibli arintilorin SEM sokillorindo
forqli quruluslar miisahide olunur (sakil 3). Belo ki, nanohissaciklorin bitigmasi naticasindo
nanokristallik quruluslar formalasir.
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Sokil 3. 630°C temperaturda alinmis (Cu,SnS,), . (Ag,S), torkibli arintilorin SEM sokillori:
a) Ago20CU, 501,005 50, D) Ago 16CU 5451005, 55,
) Agy1nCU, 5551,6,S; 55, d) AL 10CU1 9951 055 005
€) AgoosCU04514,0755 045 T) Ao 04Cl 9651 055, 96-

AgNO,;—Cu(NO,),~GeS,—H,0 sistemindo do oxsar hal miisahido olunmusdur. Lakin
forq ondan ibaratdir ki, alinan ¢okiintiilordo Ag,GeS, birlosmasi miisahido edilir. Giimiislo
zangin ¢okiintiilorin asas torkibi (Cu,SnS;), (Ag.GeSy), (x = 0,1-0,9) olur.

Natica. ilkin komponentlorin (Ag:Cu:Sn:S) 1:1:1:2 mol nisbotindoki qarisigindan Ag,SnS,
vo Cu,SnS;, 2:6:3:10 mol nisbatindoki qarisigindan iso Ag,SnS;, Cu,SnS; vo Cu,SnS,
birlosmalori birgs ¢okiir. Torkibinds 0,04-0,2 mol% Ag, 1,8-1,98 mol% Cu vs 0,8-0,98 mol%
Sn olan ¢okiintiilori 630°C temperaturda termiki emal etdikds (Cu,SnS;),(Ag,S), torkibli
arintilor alinir. 630°C temperaturda alinmis (Cu,SnS;),(Ag,S), torkibli orintilorin SEM
sokillorinds forgli quruluslar miisahido olunur. Temperatur artdiqda nanohissaciklorin bitismasi
noticosinds nanokristallik quruluslar formalasir.
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Gorkhmaz Huseynov

ACQUISITION OF COMPLEX THIOSTANNATES BASED
ON SILVER AND COPPER

In this study, (Cu,SnS;),(Ag,S), containing sediments were obtained from the AgNO,—
Cu(NO;),—SnS,—H,0 system by hydrothermal method at a temperature of 150°C using silver
(D) nitrate, copper (II) nitrate solutions and a 5% solution of SnS, in ethylenediamine. It was
determined that the main composition of (Cu,SnS;),,(Ag,S), containing sediments is com-
posed of Ag,SnS;, Cu,SnS;, Ag,S and Cu,SnS, compounds. The phase composition of ther-
mally processed sediments at a temperature of 500-550°C was determined by the RFA method
and the parameters of the crystal lattice were studied. It was found that all alloys containing
(Cu,SnS;), (Ag,S), crystallize in a cubic crystal lattice. It was determined that the alloys have
solid solution character. Thermal effects occurring in sediments in the temperature range of
500-1200°C were determined by the DTA method. The micromorphology of all the sediments
obtained was studied and it was determined that all the sediments obtained at a temperature
of 150°C consist of highly adhesive nano- and microparticles. As the temperature increases,
nanocrystalline structures are formed as a result of the adhesion of nanoparticles.

Keywords: silver, copper, chalcogenide, aqueous solution, sediment, phase, thermal effect, micromor-
phology.
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TI'opxmas I'yceiinoB

INOJIYYEHHME CJIOKHBIX THOCTAHHATOB HA OCHOBE
CEPEBPA U MEJIN

B nannoit pabore nmonydens ocaaku coctaBoB (Cu,SnS;), (Ag,S), ¢ UCMOTB30BaHUEM
pactBopa Hutpara cepeodpa (I), uurpara meau (II) u 5%-noro pactBopa SnS, B aTHIIEHIHA-
muHe u3 cucteMbl AgNO,—Cu(NO;),—SnS,—H,O rugaporepManbHbIM METOAOM IIPH TEMIIepa-
type 150°C. YcTanoBneHo, 4To OCHOBHO# cocTtaB ocankoB (Cu,SnS;), (Ag,S), cocTout u3
coequHenmnit Ag,SnS;, Cu,SnS;, Ag,S u Cu,SnS,. Onpenenen (a3oBblii COCTaB TEPMUUECKI
o0paboTtaHHbIX 0caakoB MeToioM PDA npu temneparype 500-550°C u u3ydeHsl napameTphbl
KPUCTANIMYECKOM PEIIeTKU. YCTAHOBIICHO, YTO BCe CIuiaBbl copepxkaiiue (Cu,SnS;), (Ag,S),
KPUCTAJUTM3YIOTCSI B KyOMUYECKOH KPUCTAUIMUECKON pelIeTKe. YCTaHOBIICHO, YTO CILJIaBbI
HUMEIOT TBEPAOPACTBOPEHHBIN Xapakrep. Onpenenensl Tepmudeckue 3(h(HeKThl, BOZHUKAIOIINE
B ocajikax B auanasone temmneparyp 500-1200°C, metonom A TA. M3ydyena mukpomopdosorus
BCEX MOJTYUYEHHBIX OCAJIKOB U YCTAHOBJICHO, YTO BCE OCAIKU COCTOAT U3 BHICOKOAT€3HOHHBIX
HAHO- ¥ MUKPOYACTHII TToJTyueHHbIe ipu Temneparype 150°C. [1pu noBbIlieHUN TeMIIEPaTyphbI
HAHOUYACTHUI 00Pa3yIOTCs HAHOKPHUCTANINYECKHE CTPYKTYPBI B Pe3yJbTaTe aAre3u.

KuroueBble ¢10Ba: cepedpo, medb, XanbKoeeHUo, B0OHbILL pacmeop, 0cadok, asza, meniosou dpgexmn,
MuKkpomopgponozus.

(AMEA-nin miixbir iizvii Tofig Oliyev torafindan toqdim edilmigdir)

Daxilolma tarixi: ilkin variant 18.03.2021
Son variant 12.04.2021
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