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In the present work, the medium-range ordering (MRO) effects in
pseudo-binary vitreous As,S;-Sb,S; are studied with conventional x-ray
diffraction measurements. It is found that Sb atoms essentially affect on the
MRO scale determined by structural correlation length L. As a result, the
packing factor of layer configurations p increases with increasing Sb content
in the amorphous alloys studied, this effect being enhanced after y-irradiation.
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Two scales can be recognized in the structure of glasses [1]. The first one is quite
short and well defined with a relatively good approximation and documented as short-
range ordering (SRO). The other scale is more complicated to be determined due to
longer distances (20-50 A and/or more) and it documented by many researchers as
medium-range ordering (MRO). Sometimes, the latter can be also shifted to the
extended-range ordering (ERO), but the origin of extended structural correlations in the
network glasses has been unknown yet.

In the present study, we focus our attention on the MRO scale, the structural
correlation length of which L can be estimated on the basis of full width at half
maximum (FWHM) of the first sharp diffraction peak (FSDP) in x-ray diffraction (XRD)
analysis:

L =27 /AQkspp, (1
where AQrspp is the FWHM of the FSDP in [A"], calculated from Brspp measured in
[deg.] using the relationship between the scattering vector O [A"'] and Bragg angle 0
[deg.] in the form of 0= 4m sinB /A (A is the x-ray wavelengths).

Also, information on the MRO structural motif can be obtained from the packing
factor of amorphous layer configurations p = Dg/ds, where Dg is an average thickness of
the domain built by packing a number of disordered layers determined with the formula

[2]:
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Dg= {KMBgspp cosOrgpp - {360/21}, (2)
where K = 0,9 is the Debye-Scherrer constant, A is the x-ray wavelengths, Oggpp is the
position of the FSDP and ds is the interlayer distance (ds= A /2sin®ggpp).

The glasses from pseudo-binary (As;S;),(Sb,S;)1. (x = 0,9, 0,8, 0,7) system are
chosen for analysis in order to find the effect of Sb addition into a glass-forming network
on the MRO structural correlations. The experimental measurements of the FSDP
profiles in the range of 10° < 2@ < 30° were carried out using conventional HZG-4a
x-ray diffractometer (Cu K,-radiation) with 0,05° step. The samples were tested in the
rotation regime. The FSDP parameters, position 2@gspp and FWHM Bgspp, were
estimated with accuracy of £0,1°. To verify Sb-effect, the same glasses were also studied
after irradiation by high-energy “°Co y-quanta with average energy of 1,25 MeV and
accumulated dose of 1,23 MGy.

The main physical properties of the investigated alloys are summarized in table 1.
One can see the strong compositional dependence of the glass transition temperature 7,
optical band gap energy E,, crystallization temperature 7;, and microhardness H for
(As,S3):(SbyS;)1-, glasses. It is noticeable that with increasing of Sb content the values of
T, and H increase and the values of £, and T, decrease.

Table 1
Physical properties of glasses in (As,S3),(Sb,S;);_, system [3-5]
Glass composition Physical properties
v | g | cremical | 7, | | B | E T, (g;a
formula K [4] K[4] | eV [3] | eV [4] | K[4] [5]

1,00 | 0,00 AS40S60 487 487,0 2,23 2,15 1,32
0,90 0,10 AS36Sb4SGO 1,32
0,80 | 0,20 As3,SbgSe 2,14 1,36
0,75 | 0,25 As30Sb10Se0 485 490,0 2,12 1,97
0,70 0,30 ASzng12860
0,60 | 0,40 | AsySbisSeo 2,05 1,42
0,50 | 0,50 | AsySbypSs0 487 491,0 2,00 1,90 584 1,45
0,40 | 0,60 | As;sSbyuSeo 1,90 1,50
0,25 | 0,75 As10Sb3Seo 491 492,5 1,86 1,80 532
0,20 0,80 ASngj,zSGO 1,85 1,50
0,10 | 0,90 As4Sb36S60 493 495,5 1,61 516
0,00 | 1,00 Sb4oSeo 1,73 1,59

Note. 1) The glass compositions in the glass-forming region (0<x<0,62 [6]) are marked by bold.
2) The Tg* values are obtained using the relation: T, g*=520,8715,72 E, [4].

Structural study of (As,;S3)«(Sb,S3);, (x=0,9, 0,8, 0,7) alloys demonstrates the
strong Sb-effect on the MRO scale. Figure 1 shows the FSDP-related XRD patterns for
the investigated glasses in non-irradiated and y-irradiated states. The MRO parameters
Brspp, L, Ds, ds, and p = Dg/dg are gathered in table 2.
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Fig. 1. The FSDP-related XRD patterns for (As,S;),(Sb,S3);_, glasses (x = 0,9, 0,8, 0,7) in non-
irradiated (closed symbols) and y-irradiated (open symbols) states
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Table 2
The MRO parameters for (As,S3)(Sb,S3),_, glasses (x = 0,9, 0,8, 0,7)
in non-irradiated (non-irrad.) and y-irradiated (irrad.) states
AS;S3)(SbyS3)1,
MRO (As253)(SbaS3)s
x=0,9 x=0,8 x=0,7
parameters
Sample conditions
(*0.,1)
non-irrad. irrad. non-irrad. irrad. non-irrad. irrad.
Besor (°) 5,6 5,0 4,6 4,0 4,3 3,6
L(A) 15,7 17,4 19,0 224 20,3 24,2
Ds(A) 14,4 16,1 17,5 20,1 18,7 22,4
ds(A) 5,1 5,1 5,1 5,0 5,0 5,1
p = Dglds 2,92 3,16 3,43 4,02 3,74 4,39

It is established that impact of Sb is mainly due to increase MRO structural
correlation length L and packing factor of amorphous layer configurations p, it
enhancing after irradiation. In order to estimate percentage of the medium-range
ordering effects observed we calculate the radiation-induced change in the packing
factor Ap/p in percents (fig. 2). The effect is found to be increased from 12,1 to 17,4 %
when the molar fraction of As;S; x in (As;S3),(SbyS3) 1. system changes from 0,9 to 0,7.
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Fig. 2. The “packing”-factor p calculated for (As;S;),(Sb,S;3);_, glasses (x = 0,9, 0,8, 0,7) in non-
irradiated (closed symbols) and y-irradiated (open symbols) states (the dashed arrows
indicate the relative radiation-induced change in the packing factor Ap/p in percents)
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In conclusion, by studying the medium-range ordering effects in pseudo-binary
vitreous As,S;-Sb,S; with conventional XRD measurements, it is found that Sb atoms
essentially affect on the MRO scale determined by the structural correlation length L. As
a result, the packing factor of amorphous layer configurations p increases with
increasing Sb content in the alloys studied, the effect is enhanced after y-irradiation of
the samples.
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E®EKTH CEPEJIHBOI'O MTOPSAJIKY
B IICEBJOBIHAPHUX CKJIONOIIBHUX CIIIABAX
CUCTEMH ASzS3-szs3:
AHAJII3 METOJIOM TPAJIALIMHOI PEHTTEHIBCBKOI TU®PAKIIIT
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Busueno edexrtu cepemuporo nopsaxky (CII) B mceBmoOiHapHMX CKIOMOAIOHHX
cruiaBax cucteMu As,;S;-Sb,S; 3a TOMOMOrOK0 METONMy TPamUIlifHOT PEHTTEeHIBCHKOI
mudpakmii. 3’sicoBaHo, mo atomMu Sb cyrTeBo BmmBaloTh Ha mkany CII, sxa
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BU3HAYAETHCS CTPYKTYPHOIO KOPEISALIIHOI0 NOBXHUHOIO L. ToMy 3 MiIBUIIEHHAM BMICTY
Sb B nocmimKyBaHMX cIIaBaX 3pocTae (akTop YHAaKOBKM aMOp(HHX IIapyBaTHX
KoH(irypartiit p, npuaomy OUTBII IHTEHCUBHO ITIiCIIS Y-OTIPOMIHEHHS 3pa3KiB.

Kniouosi cnoea: XanbKOTEHiHI CTEKIa, CEpeIHIH MOpPSIOK, pPEHTIeHIBChbKa
mudpakuis, mepmmi piskuil qudpakmifHAN MK, CTPYKTypHa KOpeIsliiHa NOBXKHHA
Astg-szsg.
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Nzydensr ¢ dextor cpeanero mopsaka (CII) B mceBIOOMHAPHBIX CTEKIOBHIHBIX
cruiaBax cucTeMbl As,S;-SbyS; ¢ momompr Merona TpaJWIMOHHOW PEHTICHOBCKOM
IUPpakIuU. YCTaHOBJICHO, YTO aTOMBI Sb cCyllecTBeHHO BiusAoT Ha mkamny CII,
KOTOpas. OIpenensercss CIPYKTypHOH KoppensnuoHHoM mauHoit L. IlostoMy mnpu
MOBBIINICHUU cojepKaHusi Sb B HCCIENyeMBIX CIUIaBaX pacTeT (akTop YIaKOBKH
aMOp(HBIX CIOUCTHIX KOH(PUTYpanuil p, mpudeM 00Jiee MHTCHCUBHO IOCTE Y-00TydCHHS
00pasmos.

Kniouesvie cnosa: xampKOTEHHIHBIE CTEKJIA, CPEOHHUN TOPSIOK, PEHTTEHOBCKAS
nudpakius, TEpBBIA pe3kuid MTUQPAKIIMOHHBIA UK, CTPYKTYpHAs KOPPEIAIUOHHAS
JUIMHA Astj,-szSj,.
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