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The new ordered vacancy compoundsfAg [1Tey was synthesized by the melt and annealing technique and its structure was refined from X-
ray powder diffraction pattern using the Rietveld method. The title compound crystallizes in the tetragonal spacd2yr(Np P12), with
a=6.3453(2) A, c = 12.5754(7) A, vV = 506.32(4) A%. The refinement of 23 instrumental and structural parameters I8¢ te 5.4%,

Ryp = 5.8%, Reap = 5.1%, S = 1.1. This ternary compound is isostructural with s O Tey and have a defect adamantane structure.
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1. Introduction The semiconducting behavior of these OVC’s has been ex-
plained, based on the four electrons-per-site rule, by assign-

The compounds with ternary chalcogenide structures of th#g to this vacancy a zero valent atom [5].
chalcopyrite family I-11I-Vl, (where | = Cu or Ag; Ill = While Cu-content OVC's are of great interest for ther-
Al, Ga or In; and VI = S, Se or Te), form a wide group moelectric applications [9], the Ag-content compounds
of semiconductor materials with diverse optical and electri-are potential candidates for several applications as photo-
cal properties [1]. They crystallize with tetragonal symme-absorbers in solar cells, opto-electronics devices and photo-
try in the space groupiRd (N°122) being isostructural with ~electrochemical cells [10], Concerning the crystal structures
the CuFe$ mineral (chalcopyrite) from which they take their in the Ag-In-Te system, the ternary compositions AginTe
name [2]. This family of compounds fulfill the rules of for- [11], AginsC2Tes [12] and AgIn[CTes [13] crystalize in
mation of adamantane compounds and belongs to the normtgitragonal structures with space groupad (N° 122), PLl2m
semiconductor compound families [3]. (N° 111) and BR2c (N° 112), respectively. For AdnsTey

In particular, the ternary chalcopyrite semiconductorOnly @ reportin the literature shown a tetragonal unit cell with

CulnSe has emerged as a leading material for the prepaP@rameters = 8.738 andc = 7.147, without space group
ration of photovoltaic devices due to their potential appli-2ssigned [14]. .

cations in solar cell technology [4]. In studying the defect  1herefore, in this work, we report a detailed structural
physics of CulnSg Zhanget. al [5] have suggested that analysis of the new ternary compound /g;[Tey, which
the presence of the donor-acceptor defect pair' {2y + crystalllzg with aP-chalcopyrite structure [15]._ From _thls
In2+Cu) could be used to explain the existence, accordingC't“dy' unit cell parameters, atomic coordmate_s, isotropic tem-
CUy_3IN,+ 156, Of CulnsSe (n = 4), Culn,Ses (n = 5),  Perature factors and other relevant geometric data could be
CwInsSes (n = 6), CiniSer (n = 7), ClsingSes determined using X-ray powder diffraction data.

(n = 8), CwInsSe (n = 9) as due to the repeat of a sin-

gle_ unit of thig defect pair for each = 4, 5, 6, 7_, 8 and .9 2. Experimental

units, respectively, of Culn$e These new materials, which

have a deficiency of cations over the anions, belongs to thg¢he sample was synthesized by direct fusion of stoichiomet-
defect semiconductor families [3], and are known as orderegc quantities of Ag, In and Te (99.99%) in a sealed, evacuated
vacancy compounds (OVC's) [6]. quartz ampoule and subsequent quenching in water. The mix-
Similarly we can define Ag-content derivatives, from the ture was slowly heated up to 523 K at a rate of 4 K/min. The
chalcopyrite AginTe, and the existence of several of theseampoule was kept at this temperature for a period of 6 hours
compositions has been shown from the phase diagrams anat order to allow the exothermic reaction between In and Te.
ysis of the AgTe-laTe; pseudo-binary system [7,8], such Then, the temperature was gradually raised at the same rate
as AglnsTeg (n = 4), AgingTes (n = 5) and AglnsTey up to 773 K. It was kept at this condition for 24 hours. Sub-
(n = 9), which can be written as Agihl,Teg, AginsCTes sequently, it was heated up to 1323 K, which is higher than
and Agln;0Tey, whered represents the cation vacancy. the melting points of the constituent elements, and kept at
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this temperature for 7 days. The charge in the ampouladdition, the condition&hl: | = 2n and00l: | = 2n sug-
was allowed to react in this molten state for 60 h with in- gests the extension symbal®. A comparison of the pattern
termittent shaking in order to improve the homogeneity. Fi-taking into account the chemical composition, crystal system
nally, the ampoule with the charge in the molten state wasnd cell parameters, showed that this material is isostructural
guenched in water. The chemical composition of kg Tey with the Cuylns0,;Tey compound, the first crystal structure
crystals was determined by energy dispersive spectroscopieported for a §-Ill 5-02-VIg member, which crystallize in
(EDS) analysis using a JSM-6400 electron microscope. Théhe tetragonal space grouplZ (N° 112) [18] with a P-
atomic compositions of the studied sample are: Ag (17.0%)chalcopyrite structure [15].
In (29.9%) and Te (53.1%), from three different regions of  For the Rietveld refinement [19], the whole diffraction
the ingot. These percentages are in good quality agreemedata was used. This was carried out using the Fullprof pro-
with the ideal composition 3: 5: 9. For the X-ray analysis, agram [20] available in the software packag@nPLOTR{15].
small quantity of the sample, cut from the ingot, was groundThe atomic coordinates of the ¢la;[;Tey compound [17],
mechanically in an agate mortar and pestle. The resulting finerere used as starting parameters and the unit cell parame-
powder was mounted on a flat holder covered with a thin layeters were those obtained from indexing. The angular depen-
of petroleum jelly. The X-ray powder diffraction data was dence of the peak full width at half maximum (FWHM) was
collected at 293(1) K, i/26 reflection mode with Bragg- described by the usual constrain imposed by the Caglioti’s
Brentano geometry, using a Panalytical X’pert diffractometerformula [21]. Peak shapes were described by the parameter-
equipped with an X-ray tube (CuKradiation: A\ = 1.5418 ized Thompson-Cox-Hastings pseudo-Voigt profile function
A; 40kV, 30 mA). The specimen was scanned from 10°100 [22]. The background was described by the automatic inter-
20, with a step size of 0.02and counting time of 20 s. Silicon polation of 67 points throughout the whole pattern. With the
(SRM-640) was used as an external standard. The Panayticdiffraction data available it was only possible to described the
X’pert Pro analytical software was used to establish the posithermal motion of the atoms by one overall isotropic temper-
tions of the peaks. ature factor.
The final figures of merit for 23 instrumental and struc-
tural variables were:R, = 5.4%, R, = 5.8%, R.y)p =
3. Results and discussion 5.1%, for 4501 step intensities and 152 independent reflec-
tions. The final Rietveld plot is shown in Fig. 1. Unit cell
The X-ray diffractogram of Agin;[0Tey shows a single parameters, atomic coordinates, isotropic temperature factor,
phase. The peak positions were extracted by means of singlpend distances and angles are listed in Table I.
peak profile-fittings carried out with th&inPLOT Rsoftware The structure of the ternary phase #gsOTey is a P-
[16]. The first 20 peak positions measured from the patterehalcopyrite-like compound [18], and can be described as
were input to the auto-indexing program DICVOLO04 [17].  a derivative of the sphalerite structure. In this structure the
A unique solution was obtained in a tetragonal systenmanions (Te) form a close-packed arrangement with the tetra-
with unit cell parameters = 6.186(1) A ¢ = 12.365(2) hedral sites occupied by the cations (Ag, In) and vacancies
A. The lack of systematic absence condition- £ + linthe  (O) in a partially ordered fashion. This array is expected for
general reflections of the typlek! indicating aP-type cell adamantane compounds [3] and can be observed in the unit
and rule out the-type cell of the chalcopyrite structure. In cell diagram of this ternary chalcogenide compound (Fig. 2).

TABLE I. Rietveld refinement details for AgnsTey.

Molecular formula Aglins[Tey wavelength (Culk) 1.5418A
Molecular weight (g/mol) 1973.44 data rang®(°) 10-100
a(d) 6.3453(2) step sized (°) 0.02
cA) 12.5754(7) counting time (s) 20
cla 1.98 step intensities 4501
\% (,56‘) 506.32(4) independent reflections 152
z 0.889 (8/9) R (%) 5.4
Crystal system tetragonal Wi (%) 5.8
Space group Pc (N 112) Rexp (%) 5.1
dcalc (g/cm ) 6.47 Rs (%) 4.7
Temperature (K) 298(1) S 11

Rexp = 100[(N'P+C)/ Zw (ygbs)}l/Q’ Rp = 1002 |y0bs— ycalc|/|:”yobs‘ Rwp = 100[Zw |yobs— ycalc|2/ Zw ‘yobs‘Q]l/Z,
S = [Rwp/Rexp] R = 100}, |1, — I, |/ >4 1k |, N-P+C is the number of degrees of freedom

Rev. Mex. 5. 65 (5) 475-478



A NEW ORDERED VACANCY COMPOUND; PREPARATION AND CRYSTAL STRUCTURE OF AB\5[ITEy 477

11000
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FIGURE 1. Final Rietveld refinement plot showing the observed,
calculated and difference pattern for Ags[1Tey. The Bragg re-
flections are indicated by vertical bars.

In the P-chalcopyrite structure, the introduction of addi-
tional cations in the crystal lattice of the chalcopyrite parent
produces a degradation of symmetry from the space group
142d to the related £c, which leaves the cell volume almost
unchanged [23]. This behavior was also found in some ma-
terials with compositions I-1I-11I-Vg, 1-lll 3-0-VI 5, 13-l ;-
O5-VI15 and k-l 5-00-Vly, trying to derive structural mod-
els that describe their crystalline structures from X-ray pow-
der diffraction data. These are the cases of the seminal re-
ports of the compounds with structure-types CuFe}{38],
AglnsOTes [13], CwIn;[05Se 5 [24] and CylnsOTey [17],
respectively.

~ The tetrahedra containing the Ag atoms [mean Te...Tegure 2. Unit cell diagram for the new P-chalcopyrite com-
distance 4.584(7}] are lightly smaller than those contain- pound AgIns0Tey (P42c). M (Wyckoff site2b) = Ag2 (0.333),
ing the In2 atoms [mean Te ... Te distance 4.53&J)M In3 (0.222), (0.445).

TABLE Il. Atomic coordinates, occupancy factors, isotropic temperature factors, bond Ieﬁgmw(angles"() for AgslinsOTey, derived

from the Rietveld refinement.

Atom Ox. Wyck. X foc B A2?)
Agl +1 2e 0 0 1 0.4(2)
In1 +3 2f 1/2 1/2 0 1 0.4(2)
In2 +3 2d 0 1/2 1/4 1 0.4(2)
Ag2 20 0.333 0.4(2)
In3 20 1/2 1/4 0.222 0.4(2)
a - 20 0.445 -
Te -2 8n 0.2637(7) 0.2608(7) 0.1217(5) 1 0.4(2)
Agl-Te 2.897(5) In1-Te 2.626(5) In2-Te 2.776(5)
Te'-Agl-Te 107.3(1) TE-Agl-T€" 113.9(1) Té-Agl-Te"v 107.3(1)
Te-Agl-Te" 107.3(1) Té&-Agl-Te 113.9(1) Te-Agl-Té 107.3(1)
Te'*-In1-Te 108.7(1) T& In1-Te" 109.9(2) Te-In1-Té 108.7(1)
Te - In1-T&"” 108.7(1) Te-In1-T¢ 109.9(2) T&-In1-Te" 108.7(1)
Te-In2-Te x2 105.9(2) Te-In2-T¥ x2 113.7(2) Te-In2-T¢* x2 108.9(1)

Symmetry codes: (i) — z, —vy, z; (i) —y, =, —z; (i) —z, —vy, z; (V) y, —x, —2; (V) =z, y, 0.5 — z; (Vi) z, 1 — y, 0.5 — z; (Vi) —z, 1 — vy, ;

(iil) y, 1 —z,—2; (X)) 1 — 2,1 —y,2; X) 1 —y, z, —2.
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TABLE |ll. Comparative table of space group, unit cell parameters and bond distances for the ternary compounds of the Ag-In-Te system
reported so far ([*] = this work).

Space group Unit cell&) cla V(A% Ag-Te () In-Te (&) Ref.
AginTe, 142d (122) 6.4431(4) 1.96 524.57(6) 2.811(2) 2.734(2) [11]
12.6362(9)
AginsCaTey Pi2m (111) 6.1952(2) 2.00 476.7(2) 2.890(6) 2.764(6) [12]
12.419(4)
AginsOTes Pi2c (112) 6.2443(8) 2.00 487.62(9) 2.7243(4) 2.7052(4) [13]
12.5058(4)
AgsInsOTey Pi2c (112) 6.3453(2) 1.98 506.32(4) 2.897(5) 2.701(5) ]
12.5754(7)

4. Conclusions structure. This is the first silver compound of thellll 5-0I-

VIg family which is structurally characterized in detail.
The new ordered vacancy compoundshgTey was ob-

tained as a single phase and its structure was refined by thgcknowledgments
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