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The crystal structure of the quaternary compound CuVin8elonging to the system (Culn9e_.(VSe). with x = 1/2, was analyzed

using X-ray powder diffraction data. This material was synthesized by the melt and anneal method and crystallizes in the tetragonal space
group Pi2c (N° 112), with unit cell parameters = 5.7909(4) A, ¢ = 11.625(1) A, V = 389.84(5) A>. The Rietveld refinement of 25
instrumental and structural variables ledRg., = 6.6%, R, = 8.7 %, R,, = 8.8 % andS = 1.3 for 4501 step intensities, and 153
independent reflections. This compound has a normal adamantane structure and is isostructural with el S indicates that this
compound melts at 1332 K.
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1. Introduction 2. Experimental

2.1. Preparation of the sample
Lr;zsadd:t;?jﬁ:ésa Iallil\(/) : glr&:g tgocnhlal(;:;%::t%:“g}é;Str(lillc_: " Polycrystalline sample was synthesized using the melt and
' P y P —r annealing technique. Stoichiometric quantities of the ele-

\./l)ﬂ”‘ All the possible phases fu|f|||- the rules fpr the.forma_.ments with purity of 99.99% were charged in a synthetic sil-
tion of adamantane compounds, giving materials with Semiz. lass ampoule. which was previously subiected to bvrol-
conductor behaviour, which belong to the compound fami- 9 P ' P Y subj Py

X o . . sis in order to avoid reaction of the starting materials with
lies derivatives of the II-V1 binary [1] Rgcently, it has peen )s/ilica glass. Then, the ampoule was sealgd under vacuum
observe_d_ that whem = 1/2, the formation of alloys with (~ 10— Torr) and the fusion process was carried out in-
composition I-1-1ll-Vl; is obtained [2-7]. In a lately work 4 "0 ¢ oo o (vertical position), heated up to 1500 K at a
carried out on the CuFelngenaterial it was found that this rate of 20/h, with a stop of 48 h at 490 K (melting point
compound crystallizes in a primitive tetragonal structure WithOf Se). The :ampoule waps shaken using a mechaniga?system
zgﬁcz ?gocuo%i(;t[ﬂi‘:k? ct)hW: ssa;(:h?gﬁgﬁ”;? t[k9113 rz?;?ero?- during all the heating process in order to guarantee the com-
. pace grou : plete mixing of all the elements and the formation of binary
HII-VI » chalcopyrite structure, indicating a degradation Ofspecies at low temperature. Then, the temperature was grad-
symmetry but maintaining the volume almost unchanged. ually decreased until 600 K and this temperature was kept for
These types of materials have received considerable af0 days. Finally, the sample was cooled to room temperature
tention mainly because they can be useful for their potenby switching off the furnace.
tial applications in the fabrication of low cost solar cells and _ )
their large magneto-optical effects, which are observed wheR-2:  Scanning electron microscopy
I are paramagneulc atoms [10,11]. We are c?urrgntly |nvest|-.|.he stoichiometric relation of the samples was investigated
gating the synthesis and structural characterization ofchalc%y Scanning Electron Microscopy (SEM) technique, using
genide diamond-like families [12-16], and as part of ONgo-, " o SEM. Jeol 6301-E equipment. The micro-cr;emical
ing studies, in this work we report the synthesis and a crys- '

. o . composition was found using an energy dispersive X-ra
tallographic characterization of the new chalcogenide qua- P 9 gy disp y

. ED I ith - Iti-
ternary compound CuVInge which belong to the system spectrometer (EDS) coupled with a computer-based mult

N channel analyzer (MCA), (Delta Ill analysis and Quantex
(Cu-ln-S_Q)é,x(t\/Ee);(vvthe:Sx ? 1/2. T?e s_truc)t(ural StUd):j software, Kevex). For the EDS analysigines were used.
\évi?ffaizg'ne da?g y Rietveld refinement using 2-ray pow erAccelerating voltage was 15 kV. The samples were tilted by

35°. A standardless EDS analysis was
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TABLE |. Experimental parameters for data collection of the CuVin&empound.

diffractometer Siemens D5005 0 2ange 10-100
radiation Cukx step size 0.02(20)
instrumental settings 40 kV, 30 mA counting time 40s
wavelenght A = 1.54056 A specimen rotation 15r.p.m.
monocrhomator graphite external standard quartz
scan mode 0/20 (reflection) temperature 298(1) K
made with a relative error af5% and detection limits of the 100
order of 0.3 wt%, where the k-ratios were based on theoreti- , = YR
cal standards. (R G|

80 oV

2.3. Differential thermal analysis @In

60 +++*+++ ecCu

The differential thermal analysis (DTA) was carried out in a
fully automatic Perkin-Elmer apparatus with Pt/Pt-Rh ther-
mocouples. Au or Ag was used as internal standards, accord
ing to the expected melting point of the sample. The heating *
and cooling rates were controlled to 20 K/h. Transition tem-
peratures were manually obtained from th& vs. T graph
with the criteria that the transition occurs at the intersection

of the base line with the slope of the thermal transition peak, ° 8 ’ 8 8 ! ' 8 o

as usually [3].
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2.4. X-ray powder diffraction g k . € 4 I
Distance [mm]

A small amount of the sample was ground in an agate mortalElGURE 1. SEM measurements for CuVIngeThe upper image

and pe_stle a”‘?' mounted on a flat zer'o-backgr.ound holder COYépresents the slice and the measured points (in red). The circles

ered with a thin layer of petroleum jelly. A Siemens DS00S gre the measured values in atomic percent for each element (the ex-

powder diffractometer was used for data collection with theperimental errors are represented only for Se for clarity). The red

conditions given in Table I. The X-ray Power Difraction lines denote the stoichiometric nominal values.

(XRPD) data was collected at 293(1) K, #7126 reflection

mode using a Siemens D5005 diffractometer equipped with  ,

an X-ray tube. The specimen was scanned fidh— 100°

26, with a step size of 0.02and counting time of 40 s. Quartz

was used as an external standard.

0 Heating Cycle

3. Results and Discussion

AT[K]

3.1. Scanning Electron Microscopy

Cooling Cycle 755

The obtained ingot (15 mms long and 8 mms diameter) was
homogeneous at sight, with no voids in the surface and light 4
gray color. As it is routine in our laboratory, stoichiome-

try and homogeneity of the ingots are tested using scanning
electron microscopy (SEM); for that, a slice 1 mm thick was " " - - - " .
cut from the center of the ingot. In Fig. 1, the results of SEM G B @M M INe LG En o B
measurements are shown. It When measured, a little exces_ TIK]

of selenium was found in the points located in the inner partFicure 2. DTA thermogram for CuVInSg The labels indicate
of the slice whereas for the nearest points to the external suthe thermal transitions in the heating and cooling cycles.

face of the ingot the selenium is in defect. This behavior may

be due to the long period of annealing (30 days) for whichout. For Se, the measured values areg% higher that the
little amounts of selenium in the surface of the ingot may goestimated experimental errot-§%); for cations Cu, In and

Rev. Mex. Fis64 (2018) 548-552



550 GUSTAVO MARROQUN, GERZON E. DELGADO, PEDRO GRIMA-GALLARDO, AND MIGUEL QUINTERO

TABLE Il. Results of Rietveld refinement for CuVingSe

Molecular formula CuVInSg Decalc 5.29 (g/cni)
Molecular weight 1243.0 (g/mol) Nstep intensities 4001
Crystal system Orthorhombic Nndependent reflections 153
Space group Pc (N 112) Peak-shape profile Pseudo-Voigt
4 2.667 (8/3) Rexp 6.6 %
a 5.7909(4) Rp 8.7 %
c 11.625(1) Rwp 8.8%
\Y 389.84(5) S 13

Rexp = 100[(N — P+ C)/ 3, (42 J]Y/2, N — P + Cis the number of degrees of freedom.
Ry = 1002 ‘yobs_ ycalc'/z ‘yobs‘ pr = 100[211; Hyobs_ ycalc‘2]l/2 S = [RWP/REXP]

V, the measured values are in agreement with nominal in th&unction [23] was used for the simulation of the peak shapes.

range of the experimental error. The background of the XRD data was refined with a polyno-
_ _ _ mial with six coefficients. The thermal motion of the atoms
3.2. Differential thermal analysis (DTA) was described by one overall isotropic temperature factor.

. - The final figures of merit for 25 instrumental and structural
DTA runs were carried out on the sample as indicated above,_ iahjes were'R... — 6.6%. R. — 8.7% R... — 8.8%
exp — Y- y Llp — O. y Lbwp — O ’

The transition temperatures as well as the type of meltin% — 1.3, for 4501 step intensities and 153 independent re-
were obtained from the peaks on the DTA heating and COOIerctions See Table Il

ing curves. Each transition temperature was determined from Fiqure 3 shows the observed. calculated and difference
the base intercept of the tangent to the leading edge of the 9 '

. : o : rofile for the final cycle of Rietveld refinement. The lower
peak in the differential signal (see Fig. 2). It can be observe ; X
. race is the difference curve between observed and calculated
that CuVInSg show several thermal transitions before melt-

g - 13321 The shape ofne pesks suggets rat rans 27T 1 809 efecton e ool vri brs
tions (in the heating cycle) at 780, 910 and 1075 K are of the P ' P

type solid— solid, whereas at 1170 K is a solid solid + perature factor are showr] in Table Il
liquid transition. Table IV shows the distance lengths and bond angles for

CuVInSeg. Additional information that can be extracted from
3.3. X-ray powder diffraction analysis this study based on the Rietveld method is a semi-quantitative

analysis of the two phases present in the X-ray diffraction
The X-ray powder pattern of CuVIngés shows in Fig. 3. pattern [24]. The final refinement converged to t he following
In weight fraction percentages: CuVInSg5.3%) and Se,

this plot it is possible to observe small amounts of a sec{4.7%).
ond phase, which was identified agSg&;, PDF N° 84-2431
[17]. The peak positions of the main phase (CuVIsiSe 11000
were indexed using Dicvol04 [18], which gave an unique
solution in a tetragonal cell with = 5.788(2) A and
¢ = 11.630(2) A. By analyzing the crystallographic char- 7000 L
acteristics of CuVInSgwith those of other I-1I-11l-Vi; re-
lated compounds, it is found that this material is isomorphic
with CuFelnSg which crystalize with a P-chalcopyrite struc-
ture [8]. So, in order to refine the structural parameters of .
CuVInSe;, the space group42c (N° 112) and the atomic too0 - n 1 T
position parameters of CuFelnSeere taken as the starting NI OO
values.

The Rietveld [19] refinement was performed using the
Fullprof program [20]. The indexed unit cell results were . . ‘ ‘ . . ‘ ‘
taken as starting parameters. Atomic positions ¢5& [21] 6. @6 &6 do &5 @6 70 86 85 6o
were included as secondary phase in the refinement. The an 2Theta ()
gular dependence of the peak full width at half maximumpggure 3. Final Rietveld plot showing the observed calculated
(FWHM) was described by the Cagliotti’s formula [22]. The and difference pattern for the CuVinSeompound. The Bragg
parameterized Thompson-Cox-Hastings pseudo-Voigt profileeflections for both phases are indicated by vertical bars.

9000 Yobs —
Yeale
Yobs-Ycalc
CuVInSey
Bragg_position -
ViSey
5000 - B

3000 | i 4
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TaBLE Ill. Unit cell, atomic coordinates, isotropic temperature factors for Cu\dn&erived from the Rietveld refinement

M = (Cul+V1+Inl1)

Space group B2c, (N° 112), Z= 2.667 (8/3)y = 1.00 a = 5.7909(4) A, ¢ = 11.625(1) A, V = 389.84(5)A3

Atom OxX. Site X y z foc BA?)
Cu +1 2e 0 0 0 1 0.4(4)
\Y, +2 2d 0 1/2 1/4 1 0.4(4)
In +3 2b 1/2 0 1/4 1 0.4(4)
2f 1/2 1/2 0 1/3 0.4(4)
M 2f 1/2 1/2 0 1/3 0.4(4)
2f 1/2 1/2 0 1/3 0.4(4)
Se -2 8n 0.2553(5) 0.2572(5) 0.1231(3) 1 0.4(4)
TABLE IV. Distance Iengthsﬁ() and bond angles’§ for CuVInSe;.

Cu-Se 2.518(3) V-Se 2.540(3) In-Se 2.530(3) M-Se 2.456(3)
Seiii-Cu-Seiv 108.1(1) Seiii-Cu-Sev 112.1(1) Seiii-Cu-Se 108.3(1)
Seiv-Cu-Sev 108.3(1) Seiv-Cu-Se 112.1(2) Sev-Cu-Se 108.1(2)

Se-V-Sexii 108.5(1) Sex-V-Sexi 108.5(1) Sex-V-Se 108.5(1)
Sex-V-Sexii 111.4(1) Sexi-V-Se 111.4(1) Sexi-V-Sexii 108.5(1)

Se-In-Sei 107.9(2) Se-In-Seviii 111.9(2) Se-In-Seix 108.7(2)
Seviii-In-Sei 108.7(1) Seuviii-In-Seix 107.9(1) Sei-In-Seix 111.9(2)

FIGURE 4. Unit cell diagram for the quaternary chalcogenide

CuVInSe, showing the tetrahedra around the cations.

unity, is indicative of small lattice distortions in the sample
synthesized.

CuVInSe crystallize with aP-chalcopyrite structure in
a normal adamantane-structure compound [1]. In this qua-
ternary compound, the introduction of vanadium (V) into the
CulnSe chalcopyrite composition produces an effect of dilu-
tion leaving the cell volume almost unchanged, with a degra-
dation of symmetry from the chalcopyrite structud@d to
the P-chalcopyrite structure4Pc. The Se anions form a
close-packed arrangement, where each anion is coordinated
by four cations located at the corners of a slightly distorted
tetrahedron. All cations are similarly coordinated by four an-
ions. Figure 4 shows a polyhedral view of the crystal struc-
ture with the four types of atoms-centered tetrahedra GuSe
VSey, InSg, and MSe where all polyhedra are oriented in
the same direction and are connected by the corners.

The interatomic distances are shorter than the sum of the
respective ionic radii for structures tetrahedrally bonded [26].
The bond distances Cu-Se [2.518(&), V-Se [2.540(3)

A] and In-Se [2.530(3] agree well with those observed
in other adamantane compounds such as Cuyln3é&],
CuFe(Al,Ga,In)Sg [8,13], CuFg(Al,Ga,In)Sq [12,16],
CuNi(Ga,In)Sg [14], and CyVSe, [28].

An important structural characteristic is the parameter o4, Conclusions
tetragonal lattice distortion, which is determined as a devia-
tion of the ration = ¢/2a (a andc are unit-cell parameters) A new quaternary chalcogenide has been synthetized and
from unity [25]. The value of; show in Table II, close to structurally characterized. The DTA indicates that this com-
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pound melts at 1332 K. The crystals of CuVinSelong to  Acknowledgments
the tetragonal system with space grouf2€ This material,
a new compound of the I-lI-1lI-\§ family of semiconduc-
tors, have an adamantane structure and consists of a thrggrants LAB-97000821,
dimensional arrangement of slightly distorted CySéSe, 2011001341).

and InSg tetrahedra connected by common corners.
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