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GesAs14Ses2, GeaAs14S2Sess, GerAS16S5S€e72, Ge10AS20S10Se60,Ge17,5A5155155€52,5,

Ge24AS19S20Se37, Ge2sAS10S25Se40,

GeasAs18S30Se26, GessAs17S3sSes torkiblari sintez olunmus vo Rentgen difraksiya metodu, topoloji mohdudiyyatlor nazariyyosi
(TMN) osasinda todqiq olunmugdur. Isds “sort gorginlikli” siigo halina (Z>2,4, Nco>3) uygun torkiblords (Ge17,5As15S15S€s2,5,

Ge24As19S20Se37,
intervalinda doyisdiyi miioyyonlogdirilmigdir.

Acar sozlor: Xalkogenid,siiso, amorf, orta nizam.
PACS: 81.05.Gc, 61.80.

GIRIS

Hal-hazirda torkibindo germanium (Ge) olan bi-
nar xalkogenid siisolor temperaturdan asili olaraq faza
doyismasine moruz qaldigindan yaddas elementlori vo
otraf miihitin temperaturuna nazarot edon termal sen-
sorlar kimi potensial totbiq imkanlar1 otrafli sokilds
aragdirihir [1]. Xasusilo genis siigolosma oblastina ma-
lik olan Ge-Se binar xalkogenid siisolori yiiksok tem-
peraturlarin (450-528°C) va siialanmanin tasiri ilo faza
doayigon perspektivli material olaraq taklif olunur [1].
Aparilan elmi tohlillor vo sinaq tocriibalori bu maddo-
lorin optik spektrin infraqirmizi oblastinda (3+12mkm)
daha yiiksok soffafliq vo yiiksok geyri-Xotti sindirma
xuisusiyyatlorine malik oldugunu siibut edir [3-6]. Bu
baximdan tocriibalor gostarir ki, Ge-As-S maddasinds
optik xassalorin doyismasina kiikiird (S) atomlarinin
tosiri dominantliq teskil edir [2]. Bu tadgigatlarin tahl-
ilindon alinir ki, terkibinds germanium (Ge) olan xal-
kogenid siisolorin yuxarida geyd olunan saholords tot-
big imkanlariin dagigliklo miioyyan edilmasi stabil
sliso halina uygun miixtalif torkiblorin alinmasim vo
onlarin lokal qurulug xiisusiyyastlorinin mixtolif ugurlu
modellor osasinda otrafli aragdirilmasini talob edir.

Toagdim olunan magalonin asas elmi magsadi Ge-
As-Se-S maddosinin  miixtalif giigo hallarina uygun
torkiblorinin alinmasi vo onlarm lokal qurulusunun to-
poloji mohdudiyystlor nozoriyyasi (TMN) asasinda
todqigidir.

TOCRUBONIN METODIKASI

GesAs1sSesy,  GesAs1aSSesn,  GerAS1655Se7s,
Ge10AS20S10Se60, Ge17,5AS155155€525, GE24AS19S20S€37,
GexsAS10S55e40,  Ge26AS18S305€26,  Ge33AS17S355€15

maddolori firlanan soba tisulu ilo sintez olunmusdur.
Maddslarin sintezi 950°C temperaturda yerina yetiril-
migdir. Sintezin yiiksok temperaturda aparilmasi nati-
casindas torkibe daxil olan biitiin komponentlorin miim-
kiin qadar az 6zliiliikls bir-birina qarigmasina nail olun-
mugdur. Sintez olunan tarkiblarin bircinsliyini tomin et-
moak {iclin 950°C temperaturda 1lsaat orzindos saxlanil-
mis vo sintez prosesinin sonu sondiiriilmiis firlanan
soba rejimindo hoyata kegirilmigdir. Todqiqat zaman
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GezsAs10S255e40, Ge2sAS185305€26, Ge33As17S355€15) orta nizanun Slgiisiiniin artaraq 25,37+33,74 A

alinmig tobogolorin rentgen qurulus analizi D2
PHASER toz difraktometri vasitasilo edilmisdir.

NOTICOLOR VO ONLARIN MUZAKIROSI

Sokil 1-do miirokkob komponentli GesAsiaSesy,
G64A514525680, G67A315353672, GeloASmSmSEso,
Ge175AS155155€s525,  G24AS19S205€37, GE25AS10S255€40,
GE‘zeASlgSaoSE‘ze, Ges3AS17S355€e15 XSY torkiblarinin
Rentgen difraksiya sapilmosi spektrlori tasvir olunmus-
dur.

—— Ge4 As14 Ses2
Ge4 As14 S2Ses0
Ge7 As16 S5 Se72
Ge10As20 S10 Se60

Ge24 As19 S20 Sed7
Ge25 As10 S25 Sed0
Ge26 As18 S30 Se26
— Ge33 As17 S35 Se15
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Sakil 1. Ge-As-Se vo Ge-As-Se-S XSY-torkiblarinin
Rentgen difraksiya sapilmo ayrilori.

Goriindiiyt kimi, tadqiq olunan biitiin torkiblors mox-
sus difraksiya sopilmo spektrlori iigiin sopilmo vekto-
runun Q=0,99+1,41 A intervalinda birinci koskin
difraksiya piki (BKDP) miisahide olunur. Bu natico
miixtolif binar As;Ses (As2S3 ), GeSepvo miirokkab
komponentli As,SeySix.y, AsxSeyTerxy(X=40, y=30
at%), AsxSeySixy, AsxSeyTerxy (x=33.3, y=33.3 at%)
xalkogenid sligalor tizarinds aparilan Rentgen va ney-
tron difraksiya sepilmasi tacriibalorinin naticalarinden
alinan BKDP-nin vaziyyati ilo uygunluq taskil edir
[7,8]. Tadgiq olunan maddslarin Rentgen diffraksiya
sopilmasi spektrlorinds miisahido olunan birinci kaskin
difraksiya piklori kovalent rabitali amorf maddslords
orta nizam qurulusunun varhg: ilo slagelondirilir [9].
Sokil 1-do gostarilon biitiin torkiblar tigiin BKDP-ni
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xarakterizo edon biitiin parametrlor (pikin voziyyati

(Q1), pikin yarim eni (AQ)) grafiklora asasen, orta
nizamm Olgiisii (L) asagidaki  diisturla  [10]
hesablanaraq naticalor cadval.1-ds tosvir olunmusdur.

L =2m/AQ &)

Todqiq olunan maddolorin torkibindon asilli olaraq
BKDP -ni xarakterizo edon parametrlorin, miirakkab
komponentli xalkogenid giigolorin halint miioyyon edon
orta koordinasiya odoadi (Z) vo kovalent rabitali
xalkogen atomlarinin saymin xalkogen olmayan

atomlarmin sayina nisbati (R) [11] vo
|

orta koordinasiya oadadi (2) ve (3) disturlart ils
hesablanmisdir (Cadval.1).

Z = xrj + x5 + Xl + Xply )
_ Xil‘i-l-XjI‘j (3)
XkI'k+XnTn

Burada ri x;, rj x—maddods xalkogen, rk Xk, Fn, Xn—iso
xalkogen olmayan atomlarinin kovalent koordinasiyasi
va molyar payidir.

Cadval 1

Z | R | Q1 | L=2*9/AQ1 | Nco=2/2+27-3 | Na=Z{2 | NB=2Z-3 | f=(12-52)f/6 | AQ1
GeyAs4Ses; 222(2,83| 141 | 22,2887 2,55 1,11 1,44 0,15 0,28191
GeyAs45,5es 222 (2,83| 1,40 | 23,4098 2,55 1,11 1,44 0,15 0,26848
Ge;As 6S55¢es; 230 [2,03| 137 | 22,9649 2,75 1,15 1,60 0,08 |0,27359
GepAsySioSesn 240 [1,40| 125 | 24,2631 3,00 1,20 1,80 0,00 |0,25896
Gey5A8158155€s35 | 2,50 [1,17| 1,12 | 253764 3,25 1,25 2,00 -0,08 | 0,24762
GeuAssSySes 2,67 (0,75| 1,02 | 31,3845 3,68 1,34 2,34 023 |0,20020
GeysAspS35Sesn 2,60 [1,00| 1,10 | 26,5966 3,50 1,30 2,20 0,17 |0,23624
GeypAs 5S305€6 2,70 [0,71| 1,06 | 27,8473 3,75 1,35 2,40 025 |0,22563
Ges3As8178355€ 5 2,83(0,55| 0,99 | 33,7461 4,08 1,42 2,66 036 |0,18619

Cadvoll-do gostorilon naticalora topoloji mohdudiy-
yatlor nazoriyyesini [12] totbiqindon alinir Ki, tadqiq
olunan Ge1oAs20S10Seso torkibi tiglin orta koordinasiya
adadi Z=2,4 sartini 6dadiyindan “sifirinci” tezlikli rags
modlarinin Xalkogenid siisovari sobokoadoki pay1 f=0-a
borabar olur.Bu iso nozariyyaya gora “izostatik siiso”
halina uygun golir. Z<2,4- oldugda germaniumun (Ge),
arseniumun (As), kiikiirdin (S) konsentrasiyasinin
azalmasi, selenin (Se) iso konsentrasiyasinin artmasi
naticasinds f-in qiymati f=0-dan 0,15-o kimi, artaraq f
>0 sortini Odoyir. Bunun noticasindo (Cadval 1)
slisavari sabakada rabits vo bucaq mohdudiyystlarinin
(N“ vo N#) miqdar azalir ki, bu da mohdudiyyatlorin
imumi miqdarinin Neo<3 olmasi, yoni “elastik siliga”
halinin yaranmasi ilo noticolonir (burada sorbostlik
daracalorinin say1 3-o berabordir). Sonuncu natica
gostorir ki, cadvoalda tosvir olunan N¢e<3 sortini 6doyan
tokiblor (GE4A5145882, GesAS14S,Sego, Ge7A516855e72)
movecud nazariyyays goroe asanligla kristallagsma qabi-
liyyatino malik olmali idi. Dogrudan da, cadvel 1-do
tasvir olunan Rentgen difraksiya sopilmasinin natice-
lari gostarir ki, mahdudiyyatlorin miqdart Ne,<3 oldug-
da orta nizamin 6lgiisti L= 24,2631 A -don L=22,2887
A-o godor gismon azalir, yoni alinan tocriibi notico
topoloji mahdudiyyatlar nazariyyesinin sartlarini dds-
yir. Topoloji mahdudiyyatlor nazariyyasinin talablorine
goro, orta koordinasiya adadi (Z) vo mohdudiyyatlorin
miqdart (Neo) Z>2,4, Neo>3 sortlorini 6dayirso madds

! “sort gorginlikli” siiso halina kegir. Bu halda qarsiligli
olagoli olan mohdudiyyetlorin sayssinds todqiq olan
maddolora moxsus lokal siisovari soboko geyri stabil
olur. Bu halda zsif bucaq va rabito mohdudiyyatlori nis-
baton giiclii daxili sixilma vo gorilmoslorlo miigahida
olunan mohdudiyyastlarin yaranmasina sabab olur. Na-
zoriyya gostorir ki, maddods daxili gorginliklorin art-
mas1 daha asagi energetik hallara dogru relaksasiya
proseslorini stimullagdirmali va naticado termodinamik
baximdan kristallasmaya dogru meyillilik artmalidir.
Miiayyon olunmusdur ki, “sort gorginlikli” giigo halina
(2>2,4; Neo>3) uygun torkiblords (Ge17,5AS15S15S€s2,5,
Ge2sAS19S20Se37, GeasAS10S255€40, GE26AS18S305€26,
Ges3As17S355€e15) orta nizamin Sl¢lisii nisbaton artaraq
L=25,37+33,74 A intervalinda dayisir.

NOTICO

Gostorilmisdir ki, “izostatik sligo” halina uygun olan
Ge10As0S10Seso  torkibindo orta koordinasiya ododi
Z=2 4 sortini ddadiyindan “sifirinci” tezlikli rags mod-
larinin xalkogenid siisovari sobokodoki pay1 f=0-a bo-
rabor olur. Miisyyan olunmusgdur ki, “sort garginlikli”
siisgo halma (Z>2,4 Ne>3)  uygun torkiblordo
(Ge175As155155€s2 5, Ge24AS19S20S€e37,
GesAs10S5Sesn, GexsAsisSzoSers, GessAsi7SssSers)
orta nizamin dlgiisii 25,37 A —don 33,74A-5 kimi artr.
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S.1. Mekhtiyeva,R.lI. Alekberov, S.M. Mammadov
STUDY OF LOCAL STRUCTURE IN Ge-As-Se-S SUBSTANCES

GesAs14Ses2, GesAs14S2Sesn, GerAs16SsSer2, Ge10AS20S10Ses0,Ge17,5A515S155e52,5, Ge2aAS10S20Se37,  GesAS10S25S€40,
Ge26As18S30Se26, GessAs17SssSers compositions are synthesized, which was studied by X-ray diffraction method, theory of
topological constraints. In work shown that compositions (Gei75As15S155€s525, Ge21AS19S20S€37, Ge2sAS10S255€40,
Ge26As18S30Se26, GessAs17S3sSess) corresponding to the "rigid stress™ glass (Z>2,4, Neo>3), the size of the medium range order
increases and varies in the range of L=25.37+33.74 A.

C.1. MexTueBa, P.U. Anexoepos, C.M. Mammajios
NCCJIEJJOBAHUE JJOKAJIBHOM CTPYKTYPHI B BEIIIECTBAX Ge-As-Se-S

beutn  cuHTesupoBanbl  GesAS1aSesr,  GesAs1aS:Seso,  GerAS16SsSerz,  Ge10AS20S10Ses0,Ge17,5AS8155155€es2 5,
Ge24AS19520Se37, Ge25AS10S255€40, Ge26AS18S30S€26, GE33AS17S355€15 U UCCIEIOBAHBI PEHTTEHOBCKHM JTH(PPAKIIMOHHBIM
METOJIOM M TE€OPUH TOIOJIOTHYECKHUX OTpaHrYeHUit. TeOPETHUECKH 3TO COOTBETCTBYET KH30CTATHYECKOMY CTEKITY». B padore
MOKa3aHO, YTO B COCTAaBaX, IOAXO/SIIMX UL <OKECTKO HampspkeHHO» creknma (Z>2,4; Nco>3) (Gei75AS155155€s25,
Ge24As19520Se37, GezsAS10S255€e40, Ge26AS18530Se26, Ge33AS17S355€15), pasMep CPEAHOro MOPSAAKA — yBEIHYHMBACTCS U
m3MeHseTca B mpexenax L =2537+33,74 A,
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