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A new, quaternary mercury and cadmium pnictidehalide semiconductor (HgeSh4)(Cdlg) (1) has been prepared by
the solid-state reaction and structurally characterized by single-crystal X-ray diffraction analysis. Compound 1
crystallizes in the space group R-3c of the rhombohedral system with four formula units in a cell: a = 13.3818(9)
A, o =90.93° and V = 2395.3(3) A®. The crystal structural novelty of 1 derives from the fact that a 3-D mercury
antimonide cationic network interpenetrates with an unusual 3-D cadmium iodide octahedral anionic network through
the weak covalent interactions between mercury and iodine atoms to form a mixed 3-D framework. Among them,
the cationic moiety features a perovskite-like 3-D network while the anionic moiety is characterized by a 3-D Ig
octahedral anionic network with two-thirds Is octahedra being occupied by Cd atoms. The optical properties were
investigated in terms of the diffuse reflectance and Fourier transform infrared spectra. The electronic band structure
along with density of states calculated by the density functional theory method indicates that compound 1 is a
semiconductor with a direct band gap and that the optical absorption of 1 is mainly ascribed to the charge transitions
from I-5p and Sh-5p states to Cd-5s and Hg-6s states.

Introduction noncentrosymmetric lattices, and frameworks containing
magnetic nanostructurésgre another new class of mixed-
Eramework materials. According to the concept of mixed-
ramework compounds, metal pnictidehalides are investigated

combining attractive features of different framework moieties t‘? explore new m|xed-f_ra}mework_ materials due to the d'SFlnCt
within a single compound. For instance, inorganirganic size and electronegativity of pnicogen and halogen anions.

hybrid materials are likely to exhibit diverse structures, Furthermore, metal pnictidehalides have been of much
improved properties, and unique functions that are not interest in ad\_/anced materl_al research because of thelrdlv_erse
obtained from their purely inorganic or organic moiefies. Structure, unique electronic properties, and good physical
The hybrid materials of mixed covalent and ionic lattices ProPerties, such as magnetic, electric, and optical propérties.
made of transition metal oxides and alkali and alkaline-earth Till now, there are more than twenty mercury pnictidehalides
metal halides, which exhibit salt-templated porous structures, containing 3-D cationic network with two different cavities

Recently, design and syntheses of mixed-framework
compounds have attracted much attention because they offe
scientifically and technologically significant opportunities for
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being occupied by discrete anions reported in the literature. reflectance spectrum was measured on a PE Lambda 35visV
To the best of our knowledge, only three compoundsg{Hg spectrophotometer equipped with an integrating sphere at 293 K,

Ass)(AgCls)2,* (HgeASs)(CUCH),,5 and (HgAS:)(CUBr),,° and the BaS@plate was used as the reference. The absorption
composed of a 3-D cationic network mixed with a 1-D spectrum was calculated from reflection spectrum by the Kubelka

S . . . ioné = (1 - R)? i i
anionic moiety are found in the literature, but there are no Munk function® /S = (1 — R)*/2R, wherea.is the absorption
other compounds reported with the structural feature of acoeffluent, S is the scattering coefficient which is practically

- . . - wavelength independent when the particle size is larger than,5
3-D cationic network mixed with a 2-D or 3-D anionic

K for (H TIC] d (HaSb)(TIBr-) 6 andR is the reflectance. The energy gap was determined as the
network except for (HgAs,)( 3) and (HgSk,)(TIBrs). intersection point between the energy axis at the absorption offset

In the present work, in order to obtain new mercury and the line extrapolated from the linear portion of the absorption
pnictidehalides with new mixed-framework structural feature, edge in thew/SversusE (eV) plot. Microprobe elemental analysis
we have chosen to incorporate the?Hgation in combina- on Hg, Cd, Sh, and | for the title compound was performed on a
tion with Cc?* cation because the pnictides of these cations field-emission scanning electron microscope (FESEM, JSM6700F)
exhibit good semiconducting properties and potential for €auipped with an energy dispersive X-ray spectroscope (EDS,
technological applications” During the course of our Oxiford 'N(_:A)' . )
research, we have tried to use a series of the pnicogen Synthe5|_s.CrystaIs _ofl were initially prepared by the solid-
elements from P to Sb and the halogen elements from ClI tofr:?r:il resaéc:fr; O(f:; (rg')éu:]:iqglf nglmm;m;ﬁ;?b Togf)sl riric()?.zl
| as anions; we sucgeeded_ only in qbtaining anew quaternarymg) iﬁ our :tt‘empt to’ obtain 'a new Sh‘ase, £Sbk(édl4). Th;a
mercury and cadmium pnictidehalide semiconductors{Hg

. \ starting materials were ground into fine powders in an agate mortar
Shy)(Cdle) (1), with mixed 3-D framework structural feature.  ang pressed into a pellet, followed by being loaded into a Pyrex

Herein, we report the synthesis, crystal structure, optical ube evacuated to % 104 Torr and flame-sealed. The tube was
properties, and electronic band structure calculation of the placed into a computer-controlled furnace, heated from the room
titte compound. temperature to 250C at a rate of 40C/h, and kept at 250C for
4 h. The tube was then heated to £4@at 25°C/h, kept at 400C
for 120 h, and slowly cooled to 10TC at a rate of 2C/h; it was
finally cooled to the room temperature over 4 h. A crop of black
Materials and Methods. All of the chemicals were analytically  ¢rystals of1 that is stable in air was obtainedCgution! the title
pure (99.999%) purchased from Alfa Aesar and used without further compound may be toxic because of the toxicity aj Mticroscopic
purification. The powder X-ray diffraction pattern was collected gjemental analysis on several single crystalsl afonfirmed the
with a Rigaku DMAX2500 diffractometer at 40 kV and 100 mA presence of Hg, Cd, Sb, and | in an approximate molar ratio of
for Cu Ka (A = 1.5406 A) with a scan speed of/Gnin at room 5.7:0.9:3.8:6.1. No other elements were detected. The exact
temperature. The simulated pattern was produced using the Mercurycomposition was established from the X-ray structure determination.
program and single-crystal diffraction data. Thermogravimetric The purity of the crystals ofl was confirmed by PXRD study
analysis (TGA) and differential scanning calorimetry (DSC) were (rigure S1). Thermogravimetry-differential thermal analysis (TG-
performed on a Netzsch Sta449C thermoanalyzer undetiNo- DTA) study shows that compouridis thermally stable up to 220

sphere in the range of 301000°C at a heating rate of 1TC/min. °C and underwent decomposition above that temperature (Figure
IR spectrum was recorded on a Magna 750 FT-IR spectrometer asgp).

KBr pellet in the range of 4000400 cnt. The optical diffuse

Experimental Section

Single-Crystal Structure Determination. A black single crystal
of 1 was mounted on a glass fiber for the X-ray diffraction analysis.
Data set was collected on a Rigaku AFC7R equipped with a

(3) (a) Olenev, A. V.; Oleneva, O. S.; Lindsjd.; Kloo, L. A.; Shevelkov,

A. V. Chem—Eur. J.2003 9, 3201. (b) Kovnir, K. A.; Shatruk, M.
M.; Reshetova, L. N.; Presniakov, I. A.; Dikarev, E. V.; Baitinger,
M.; Haarmann. F.; Schnelle, W.; Baenitz, M.; Grin, Y.; Shevelkov,
A. V. Solid State Sci2005 7, 957. (c) Kovnir, K. A.; Sobolev, A.
V.; Presniakov, I. A.; Lebedev, O. |.; Tendeloo, G. V.; Schnelle, W.;
Grin, Y.; Shevelkov, A. Vlnorg. Chem2005 44, 8786. (d) Rebbah,
A.; Yazbeck, J.; Lande, R.; Deschanvres,Mater. Res. Bull1981,

16, 525. (e) Beck, J.; Hedderich, S.;'Ksch, K. Inorg. Chem200Q

39, 5847. (f) Zou, J.-P.; Guo, G.-C.; Chen, W.-T.; Liu, X.; Fu, M.-L.;
Zhang, Z.-J.; Huang, J.-#1org. Chem2006 45, 6365. (g) Zou, J.-
P.; Li, Y.; Fu, M.-L.; Guo, G.-C.; Xu, G.; Liu, X.-H.; Zhou, W.-W_;
Huang, J.-SEur. J. Inorg. Chem2007, 977. (h) Zou, J.-P.; Wu, D.-
S.; Huang, S.-P.; Zhu, J.; Guo, G.-C.; Huang, JJ-Solid State Chem.
2007, 180, 805. (i) Shevelkov, A. V.; Shatruk, M. MRuss. Chem.
Bull., Int. Ed.2001, 50, 337 and references therein.

(4) Oleneva, O. S.; Olenev, A. V.; Baranov, A. |.; Shevelkov, ABur.

J. Inorg. Chem2004 4006.

(5) Oleneva, O. S.; Olenev, A. V.; Baranov, A. |.; Shevelkov, A.V.

Cluster Sci.2005 2, 273.

(6) Beck, J.; Neisel, UZ. Anorg. Allg. Chem2001, 627, 2016.
(7) (a) Choi, I. H.; Yu, P. YPhys. Re. B 1997 55, 9642. (b) Yoodee,

K.; Woolley, J. C.; Yakanit, V. SaPhys. Re. B 1984 30, 5904. (c)
Shay, J. L.; Buehler, E.; Wernick, J. Rhys. Re. B 197Q 2, 4104.
(d) Chiker, F.; Abbar, B.; Tadjer, A.; Bresson, S.; Khelifa, B.; Mathieu,
C.Phys. C. B2004 349 181. (e) Laiho, R.; Lashkul, A. V.; Lisunov,
K. G.; Lahderanta, E.; Safonchik, M. O.; Shakhov, M. A.Phys.:
Condens. Matte2004 16, 333. (f) Laiho, R. A.; Lashkul, V.; Lisunov,
K. G.; Lahderanta, E.; Safonchik, M. O.; Shakhov, M. ®emicond.
Sci. Technol2004 19, 602.
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graphite-monochromated ModKradiation ¢ = 0.71073 A) from

a rotating anode generator at 293 K. Intensities were corrected for
LP factors and empirical absorption using thescan technique.
The structure was solved by direct methods and refinePamith
full-matrix least-squares techniques using Siemens SHELXTL
version 5 package of crystallographic softw@ikhe site occupancy
factor (SOF) of the Cd site was set!fgfor the balance of valence,
and the other atoms were refined with SOF of 1. The final
refinements included anisotropic displacement parameters for all
atoms and a secondary extinction correction. The crystallographic
data of1 are listed in Table 1. The selected interatomic distances
and bond angles are given in Table 2.

Computational Descriptions. The crystallographic data df
determined by X-ray was used to calculate its electronic band
structure. The calculation of electronic band structure along with
density of states (DOS) was performed with the CASTEP &bde
based on the density functional theory using a plane-wave expansion

(8) (a) Wendlandt, W. W.; Hecht, H. GReflectance Spectroscopy;
Interscience Publishers: New York, 1966. (b) KoniuG. Reflectance
SpectroscopySpringer-Verlag: New York, 1969.

(9) SHELXTLTM version 5, Reference Manual; Siemens Energy &
Automation Inc.: Madison, WI, 1994.
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Table 1. Crystal Data and Structure Refinement Parameterd for

chemical formula HgCdShile
Fw 2564.34
crystal size (mr#) 0.03x 0.03x 0.14
T(K) 293(2)
2 (Mo Ka, A) 0.71073
crystal system rhombohedral
space group R-3c
a(h) 13.3818(9)
o (deg) 90.93
V (A3) 2395.3(3)
z 4
Dcalcd (g Cm73) 7.111
u (mm-1) 51.306
F(000) 4200
Ra 0.0655
R.° 0.1247
GOF onF? 0.997
ApmaxandApmin (€ A-3) 5.285 and-3.512

aR = X||Fo| — |Fcll/Z|Fol. bRy = {Z[W(Foz - FCZ)Z]IZ[(WFOZ)ZJ}IIZ-

a
L.
Table 2. Selected Interatomic Distances (A) and Bond Angles (deg) ) T ) . -
for 12 Figure 1. The perovskite-like 3-D mercury antimonide cationic network

in 1 viewed along thé-axis.

Hg(1)-Sb(2)x 2 2.704(2) Sb(1)}Sh(1y° 2.804(7)
Hg(2)—Sb(1) 2.682(2) Sb(2)Sb(2)? 2.784(3) the Brillouin zone was performed using a44 x 4 Monkhorst-

:gggigg%x 5 22.'253((22)) ch((ll;:gg#e %;;g?gg; Packk-point sampling. The convergent criterion of total energy

Hg(1)-1(2) x 2 3.110(3) Cd(1}1(2) 2.884(8) was set by the default value of the CASTEP céte.

Hg(2)-1(1) 3.142(3) Cd(1)1(2)# 2.929(8) ) .

Results and Discussion

Sb(2f1—-Hg(1)-Sh(2) 156.7(1)  Cd(#J—I(1)—Hg(2) 89.7(2) Crystal Structure. The crystal structural novelty df is
Sb(1)-Hg(2)-Sh(2) ~ 161.90(8) Cd(BHI(1)-Cd(1y>  172.3(2) that a 3-D mercury antimonide cationic network interpen-
Sb(2)-Hg(3)-Sh(2f* 177.9(1) Cd(131(2)—Cd(1)® 34.8(3) . : -
Sb(2fi-Hg(L)-1(2)*? 96.73(6) Cd(1}1(2)—Hg(1®  110.6(2) etrates with an unusual 3-D cadmium iodide octahedral
Sb(2-Hg(1)-1(2)*2  99.09(6) Cd(¥—I(2)—Hg(1}® 85.9(2) anionic network through the weak covalent interactions

ggg);:gg;—:g; 3201-;(17()7) Eg§§§_§gﬁi§§§ff%9 1137152((77)) between mercury and iodine atoms to form a mixed 3-D
|(2)#2_Hg(1)_|(2)#3 94.0(2) Hg(3)—Sb(2)—Hg(2) 109.93(8) framework (Figure S3). Among the cationic moiety, the

I(1)—Cd(1)-I(1)#® 102.3(3)  Hg(3¥Sb(2)Hg(1) 110.40(7) distorted (SkHge) octahedra, built up of the bonded pair of

:EB#_G(—:g(c}()l_)g()z) 23-74(72()2) :9%;22%)):288%3 11363-%‘((5)) Sb atoms octahedrally coordinated by six Hg atoms to form
I(1)-Cd@)-1(2)*  106.3(2) Hg(zyst;(z)—st)(zys 107.6(1) distorted octahedron with normal SBb bond distance being
I(1)*—Cd(1)-1(2)"5 94.1(2)  Hg(1)»Sb(2)}-Sb(2y®  108.4(1) 2.78-2.80 A3913corner-share each other to form a perovs-
I2)-Cd(1)y-12)*  145.1(3) kite-like 3-D cationic network (Figure 1), which is also found

a Symmetry transformations used to generate equivalent atoms=¢#1)  in other compound&:29The anionic moiety can be regarded
+ o, =24ty =y o+ Ya (#2)x = o 24 Moy — M (#3) =, —y + 1, as a 3-D corner-sharing bctahedral anionic network with

—Z (#4) =y + Uy, =X+ Uy, —z 4 Yy, (#5) —y + Yo, =X + Uy, —2 — Yy

#6) —2, —x, —y, (HT) —y, —2, —x; (#8)Z X, Y. (#9) =X, —y, —Z two-thirds k octahedra being occupied by Cd atoms. Eight

l¢ octahedra, each consisting of four I1 atoms and two 12
atoms, corner-share each other along the octahedral equatorial
of the wave functions. The total energy is calculated by the plane to form an approximate square arrangement with four
generalized gradient approximations in the scheme of Perdew octahedra lying at the corner and the other four at midpoint
Burke—Ernzerhof functionat! The interactions between the ionic  of edge, which extend along tleeandb directions to form
cores and the electrons are described by the norm-conservingan octahedral layer (Figure S4). The octahedral layers stack
pseudopotentidf in which the orbital electrons of I-85p°, Sb- with -ABAB- mode along the direction via corner-sharing
_4d0 - . . .
595p’, Cd-4d*5¢’, and Hg-5d%¢ are treated as valence electrons. o ayial| atoms of the octahedra at midpoint of square edge
The number of plane waves included in the basis was determlnedtO form a 3-D | octahedral anionic network (Figure 2). It is
by a cutoff ener of 450 eV, and the numerical integration of ) S I
Y 0 g notable that the 3-Dgloctahedral anionic network ifh is
(10) (a) Segall, M.; Linda, P.; Probert, M.; Pickard, C.; Hasnip, P.; Clark, the first example among the cadmmm_hahdes_and ab_solutely
S.; Payne, MMaterials Studio CASTERersion 2.2; 2002. (b) Segall,  different from the most known cadmium halides with the
M.; Linda, P.; Probert, M.; Pickard, C.; Hasnip, P.; Clark, S.; Payne, 2_p layer structures, among which (CXX = F, CI, 1)

M. J. Phys.: Condens. Matte2002 14, 2717. (c) Milman, V.; .
Winkler, B.; White, J. A.; Pickard, C. J.; Payne, M. C.; Akhmatskaya, OCtahedra edge-share to form steplike layeérs.

a E. \(j.; NotJJe% RBHJknt. f( Qélantur;: fChlargﬁOO% 77]. 835-1996 .- Unlike most of inorganic supramolecular complexes based
eraew, J. P.; burke, K.; ernzernort, yS. Re. Lell. y . .
3865, on mercury-pnicogen or mercurypnicogen-halogen, where
(12) (a) Hamann, D. R.; Schluter, M.; Chiang, Phys. Re. Lett. 1979
43, 1494. (b) Lin, J. S.; Qteish, A.; Payne, M. C.; Heine, Rhys. (13) Shevelkov, A. V.; Dikarev, E. V.; Popovkin, B. A. Solid State Chem.
Rev. B 1993 47, 4174. 1992 98, 133.
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Figure 2. View of the 3-D k octahedral anionic network ih along the
b-axis.

the guest anions embedded in the cavities of the host
framework are discrete or 1-D infinite structural uriit§"*°
the present compound contains a new type of “guest anions
with a 3-D Ik octahedral anionic network mixed with 3-D
cationic networlé515In comparison with (HgShy)(Cdls)-
Hgo ¢ that contains discrete (Cglloctahedral anions and
Hg atoms located in the different cavities of the host
framework, compound contains a 3-Dd octahedral anionic
network interpenetrated with the 3-D cationic network
although they have the nearly same formula except for the
discrete mercury atoms.

There are three crystallographic independent mercury
atoms inl. Analogues to the compound (k&)(Cdle)-
Hgo 639 the mercury atoms are almost linearly coordinated
by two antimony atoms in the present compound. The-Hg
Sb bond distances range from 2.682(2) to 2.704(2) A, which
lie in the normal range of the HgSb separations in mercury
pnictidehalide$915216The Cd-1 bond distances range from
2.766(8) to 2.929(8) A, which are shorter than those found
in cadmium iodides and cadmium pnictidehalités but-
comparable to those found in (k#s),(Cdly).3"

(14) (a) Leligny, H.; Monier, J.-CActa Crystallogr., Sect. B975 31,
728. (b) Chadha, G. K. ZKristallografiya 1974 139, 147. (c)
Chaudhary, S. K.; Chadha, G. K.; Trigunayat, GACta Crystallogr.,
Sect. C1983 39, 675. (d) Yu, W.-L.; Zhao, M.-G. ZKristallografiya
193Q 74, 546. (e) Mitchell, R. S. ZKristallografiya 1962 117, 309.
(f) Sharma, S. D.; Sharma, G. L.; Agrawal, V. Kcta Crystallogr.,
Sect. B198Q 36, 26. (g) Partin, D. E.; (Keeffe, M. J. Solid State
Chem.1991, 95, 176.

(15) (a) Olenev, A. V.; Baranov, A. |.; Shevelkov, A. V.; Popovkin, B. A.
Eur. J. Inorg. Chem2002 547. (b) Olenev, A. V.; Baranov, A. |.;
Oleneva, O. S.; Vorontsov, . I.; Antipin, M. Y.; Shevelkov, A. V.
Eur. J. Inorg. Chem2003 1053.

(16) Shevelkov, A. V.; Shatruk, M. MRuss. Chem. Bull., Int. EQ001,
50 337.

(17) (a) Bozorth, R. MJ. Am. Chem. S0d.922 44, 2232. (b) Jain, P. C.;
Wahab, M. A.; Trigunayat, G. QActa Crystallogr., Sect. B978 34,
2685. (c) Palosz, BActa Crystallogr., Sect. 983 39, 521. (d)
Gallay, J.; Allais, G.; Deschanvres, Acta Crystallogr., Sect. B975
31, 2274. (e) Marsh, R. E.; Herbstein, F. Acta Crystallogr., Sect.
B 1988 44, 77.

7324 Inorganic Chemistry, Vol. 46, No. 18, 2007

Zou et al.

0.08 4

0.07 4
0.06
90,05
3
0.04

0.03 4

0.02

2
Energy (eV)
Figure 3. Diffuse reflectance spectrum af

1

The shortest distance between the cationic and anionic
frameworks inl is much longer than the value for covalent
bonding suggesting the typical supramolecular interactions
between them. The interatomic distances between the
mercury atoms in the cationic moiety and the iodine atoms

in the anionic moiety range from 3.110(3) to 3.142(3) A,

»which are rather longer than the Hfcovalent bond distance

but shorter than the sum of van der Waals radii of Hg and
I. This indicates that there are weak covalent interactions
between the cationic and anionic moieties in the crystal
structure ofl, as the case found in the literatpe:" 1>

Optical Properties. The diffuse reflectance spectrum of
1 reveals the presence of an optical gap of 1.25 eV (Figure
3), which suggests that the present compound is semiconduc-
tor and is consistent with its color. The energy gapla$
approximate to those of CdTe (1.44 eV), GaAs (1.43 eV),
and CulnSg (1.04 eV), all of which are highly efficient
photovoltaic material& Thus, it can be supposed that the
present compound may become potential material for the
efficient absorption of solar radiation in solar cell applica-
tions. The IR spectrum df (Figure S5) shows no obvious
absorption in the range of 4086@00 cni™. This in combina-
tion with its good thermal stability (Figure S2) supports the
idea that the compound may be potentially used as window
materials for laser delivery media and infrared transmitting
for optical fiber applications in telecommunicatiéh.

Electronic Band Structure. The calculated band structure
of 1 along high symmetry points of the first Brillouin zone
is plotted in Figure 4, where the labelkgboints are present
asF (0.5, 0.0,—-0.5),G (0.0, 0.0, 0.0) and (0.5, 0.5,—0.5).
It is found that the top of valence bands (VBs) and the bottom
of conduction bands (CBs) have small dispersions. The
lowest energy (1.04 eV) of CBs and the highest energy (0.00
eV) of VBs are both localized at G. Accordingly, the present
compound shows a semiconducting character with a direct

(18) (a) Champness, C. fPhosphorus Sulfur Relat. Elerh988 38, 385.
(b) Dube, R. H.PhotoVoltaic Materials;lmperial College Press:
London, 1998, p 135. (c) Dichen, P.; Bensch, W\Eur. J. Solid State
Inorg. Chem.1997, 34, 1187.

(19) (a) Harrington, J. Alnfrared Fibers and Their ApplicationsSPIE
Press: Bellingham, WA, 2004. (b) Marchese, D.; De Sario, M.; Jha,
A.; Kar, A. K.; Smith, E. C.J. Opt. Soc. Am. B998 15, 2361.
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the electronic band structure and chemical bonds. As shown
in Figure 5, it can be observed that the density and shape of
Sh-5p state are similar to those of the Hg-6s state between
—5.0 and—2.5 eV while the density and shape of I-5p are
much different from those of the Cd-5s state, which indicates
that there are strong covalent interactions in the-Big bond
and weak covalent interactions in the -€idbond. In other
words, the Hg-Sb bond is mainly covalent in character
whereas the Cdl bond is mainly ionic in character, which
supports the idea of mixed-framework compound.
Semiempirical population analysis allows for a more
guantitative bond analysis. The calculated bond orders of
the Cd-I, Hg—Sb, Sb-Sh, and Hg-I are from 0.09 to 0.32,
Figure 4. The band structure df. (The Femi level is setat 0 eV, andthe  0.71to 1.05, 0.57 to 0.88, ane0.68 to—0.36, respectively,
bands below-5 eV have been cut for clarity.) in a unit cell of 1 (pure covalent single bond order is
generally 1.0). This indicates that the H§b and Sb-Sb
bonds are mainly covalent in character whereas theICd

Energy (eV)

sof ! | b bond is mainly ionic character and the Hgbond is weak
s o /\’\« S covalent interaction, which is in good agreement with the
2 0l o — crystal structure ofl.
§ of— . NPl Conclusion
[ '
E soq C o § - In summary, a new quaternary mercury and cadmium
B ool LN e VN pnictidehalide semiconductor, (k®t)(Cdls) (1), has been
227 § . synthesized and characterized. Studies on the optical proper-
g 1001 2 f ties of 1 support that the present compound may be a
o o z N ; . . . L .. .
wol ‘ ' ; i potenFlaI Candld_ate for apph_catlons as eff|C|_ent photoyoltalc
1001 § materials and window materials for laser delivery media. The
ol— = > 0 ] _cal_culations of the electronic band st_ructure a_long with DO_S
Energy (eV) indicate that the present compound is a semiconductor with
Figure 5. The total and partial density of states for(The Femi level is a direct band gap and that the optical absorption is mainly
setat0eV.) originated from the charge transitions from I-5p and Sb-5p

o ] states to Cd-5s and Hg-6s states. The DOS and semiempirical
band gap of 1.04 eV, which is comparable with the dpopulation analyses indicate that the-+Hgp and Cetl bonds
experimental value (1.25 eV). The bands can be assignedare mainly covalent and ionic in characters, respectively,
according to th_e total and partial densities of states (DOS) \yhich support the idea that the present compound possesses
as plotted in Figure 5. The Hg-5d, Cd-4d, and I-5s states the siryuctural feature of mixed 3-D framework composed of
mixing with small Sb-5s and Cd-5s states create the VBS ine covalent framework of (HSh)*" and ionic framework
localized between about15.0 and—5.0 eV. The VBs of (Cdlg)*.
between energy-5.0 eV and the Fermi level (0.0 eV) are )
mostly formed by I-5p and Sb-5p states mixing with a small  Acknowledgment. We gratefully acknowledge the fi-
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In addition, we calculated the atomic site and angular 2t NttP://pubs.acs.org.

momentum projected DOS df to elucidate the nature of 1C0624165
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