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Two New Tellurite Halides with Cationic Layers: Syntheses,
Structures, and Characterizations of CdPb,Te;05Cl, and
Cd;3PbgTe;404,Cly,

Chen Bai,* Yu Chu,*? Jiazheng Zhou,? Linan Wang,? Ling Luo,? Shilie Pan* and Junjie Li*®

Two new tellurite halides, CdPb,Te;04Cl, and Cd,3PbgTe;404,Cly4 with cationic layer structures, have been synthesized by
high-temperature solution method. CdPb,Te;04Cl, crystallizes in the noncentrosymmetric Aba2 space group, built by
[CdPb,Te;0g] cationic layers with Cl atoms. Cd;3PbgTe 404,Cly, crystallizes in the centrosymmetric PT space group,
constructed by [Cd;,Pb,TegOs;] layers, and [Cd7Clg] octahedra as well as Cl atoms filled in the interlayers. In the two
compounds, four unique oxyhalide mixed anionic groups, [CdOgCl], [PbO;Cl,], [PbO,Cl,] and [PbO;Cls] were discovered. The
experimental bands are ~3.89 eV for CdPb,Te;04Cl, and ~3.78 eV for Cd;3PbgTe 1404,Cly4. Furthermore, the powder second
harmonic generation (SHG) response of CdPb,Te;05Cl, is about 0.2 x AgGaS, under 2029 nm (x 1.1 KDP @ 1064 nm), which
is mainly originated from the triangular [TeOs] and distorted [TeO,] units. The results give an insight into the design of new
IR optical materials by combing the heavy metal oxyhalide groups with the Te-O units.

Introduction

Inorganic tellurites have received considerable attentions
recently, due to their promising applications in catalysis, ionic
conductivity, magnetism, linear and non-linear optical (NLO)
fields.>” A known fact is that the physicochemical properties are
dependent on the unique crystal structure of materials.
Tellurium (IV) atom can be coordinated with 3-, 4- and 5-oxygen
atoms to form TeO3, TeO,4 and TeOs polyhedral units, which can
be further interconnected to form various tellurium (IV) oxide,
like one dimensional (1D) chains, two dimensional (2D) layers
and three dimensional (3D) frameworks, showing abundant
structural diversity and adjustable photoelectric properties.8-1!
Therefore, over the past decades, a great number of metal
tellurites, like MTeMoOg (M = Cd, Mg, Zn),1>14 BaMo,TeQ,,*
Na,W,TeQ,,*® Bi,TeOs,'7 CosTeOg,® Li;NiTeOs°® MgsTeOg,t°
INNb(Te0,),,2° Hg,Cus(Tes05),,%t Li,MTeOg (M = Ti, Sn),?2 and
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Ba(Mo0,F),(Q03),(Q= Se, Te)?* have been designed and
fabricated.

To further increase the structural and functional diversity of
metal tellurites, introducing the highly electronegative halogen
atoms (e.g. F, Cl and Br) into tellurites has been demonstrated
as a feasible way.?* For example, Mao et al. reported the
synthesis of Li;(TeOs)sF with a 3D anionic framework structure
consisting of [LiOsF], [LiO4s] and [TeOs] units by high-
temperature solid-state reactions, showing potential
applications in the fields of NLO and lithium battery.?> Stolze
and co-workers reported the synthesis of magnetic
CaCo,(Te0s)4Cl, with a layered structure built by [CaOg], [CoOs],
[CoOsCl] and [TeOs] units.2® Berdonosov et al. reported the
synthesis of luminophore activated Na,LnsCl5[TeOs]4 (Lh = Sm,
Eu, Gd, Tb, Dy and Ho) compounds with 3D anionic framework
structure built by [NaO,Cl,], [LnOg], [LnOy] and [TeOs] units.??
What’s more, compared with the light metal atoms, the
bonding between heavy metal atoms and oxygen can effectively
expand the infrared (IR) optical transmission regions of oxides
(up to ~14 um), indicating that the heavy metal oxyhalide could
be a promising system for the development of new IR optical
materials.?®

In this work, combing the oxyhalide mixed anionic groups with
Te-O units, two new tellurite halides, CdPb,Te3;0gCl, and
Cd13PbgTe1404,Cli4 were synthesized by high-temperature
solution method. CdPb,Te3;05Cl, and Cd;3PbgTe;404,Cli4
crystallize in the noncentrosymmetric Aba2 (No. 41) and
centrosymmetric p1 (No.2) space groups, respectively. The 3D
structures of the two compounds are composed of mixed
cationic layer, with anions filling the interlayer to balance the
charge. The experimental band gaps for CdPb,Te3;0gCl, and
Cd13PbgTe1404,Cli4 were ~3.89 and ~3.78 eV, respectively. The
theoretical calculations indicate that the band gaps are mainly
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originated from the O 2p, Cl 3p, Te 5p and Pb 6p states in
[PbO3Cl4] and [TeOs] groups for CdPb,Te305Cl,, and O 2p, Cl 3p,
Cd 4p, Te 5p states in [Cd10¢Cl;] and [TeOs] units for
Cd13PbgTe 404,Cl14. The powder SHG response of CdPb,Te;03Cl,
is about 0.2 x AgGaS, under 2029 nm, and x 1.1 KDP under 1064
nm.

Experimental Section

Reagents

Te0,(99.99 %), CdCl,(99.99 %), PbCl, (99.90 %) and CdO (99.90
%) were purchased commercially and used as starting materials
without further purification.

Chemical Syntheses

The single crystals of CdPb,Te;03Cl, and Cd;3PbgTe;404,Cly4 for
structural determination were obtained by high-temperature
solution method. The molar ratio of starting materials is TeO, :
CdCl, : PbCl, : CdO =1:1:1:1. The reactants were mixed
thoroughly in an agate mortar and then sealed in a quartz tube.
The sample was heated to 550 °C and retained at this
temperature for 24 h, and then decreased to 400 °C with a rate
of 1 °C/h. Eventually, the furnace was turned off and the
samples were cooled to room temperature naturally. It is worth
noting that the two compounds were discovered
simultaneously in the final products.

The pure phase polycrystalline powder samples of
CdPb,Te30gCl, and Cd;3PbgTe 404,Cli4 were obtained by high-
temperature solid-state reaction with different starting
materials, CdCl, : PbO : TeO, = 1 : 2 : 3 (molar ratio) for
CdPb,Te30¢Cl,, and CdCl, : PbO : CdO : TeO,=7:8:6: 14 (molar
ratio) for Cdi3PbgTe1404,Clis. The mixtures were put into the
graphite crucibles and sealed in quartz tubes. After that, the
samples were slowly heated to 600 °C and held at this
temperature for 24 h, and then cooled to room temperature at
a rate of 2.4°C/h.

Single-Crystal X-ray Diffractions (XRD)

The high-quality transparent single crystals were chosen for
the structure determination. A Bruker SMART APEX Il 4K CCD
diffractometer with Mo Ke radiation (A = 0.71073 A) was used
to collect the single-crystal XRD data of CdPb,Te3;0gCl, and
Cd43PbgTe1404,Cli4 at 296(2) K. The data were integrated with a
SAINT program. The direct methods and SHELXTL system were
used to solve and refine the crystal structures.?® All of the
atomic positions in the title compounds were refined by full-
matrix least-squares techniques. After the structural
determinations, no higher symmetries were found in the crystal
structures. The detailed crystallographic data and structural
refinements of CdPb,Te;03Cl, and Cdy3PbgTe ,04,Cly4 are listed
in Table 1. The atomic coordinates, isotropic displacement
parameters, bond valence sums, bond
lengths and angles are presented in Tables S1-S2 for
CdPb,Te30gCl; and Tables S3—4S for Cd;3PbgTe 404,Cl14.

Table 1. Crystal Data and Structure Refinements for CdPb,Te;0gCl, and
Cd13PbsTe1404,Cl 1.
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Formula cdpszE3OgC|2D0|: ﬁ)di?)%%%i%%g’?fé
a
Temperature 302.0K 300.0 K
Wavelength 0.71073 A 0.71073 A
Crystal system orthorhombic triclinic
Space group, Z Aba2, 4 PT, 1
a=18.2526(9) A a=8.7487(4) A
b=9.0158(4) A
c=20.7187(9) A
Unit cell dimensions b=8.1357(4) A o =89.824(2) °
B =84.919(2) °
c=7.9408(4) A y=289.158(2) °

Volume 1179.19 (10) A3 1627.62(13) A3
Density (calculated) 6.244 Mg / m3 6.196 Mg / m3
Absorption coefficient 38.018 mm™ 31.558 mm™

F (000) 1864 2582

Theta range for

data collection

2.232t0 27.553°

1.974 to 27.553°

-23<h<23 -11<h<11
Index ranges -10<k<10 -11<ks<11
9<l1<11 -26<1<26
Reflections collected 4579 65876
Independent reflections 1212 7518
Completeness 96% 99.90%
Flack index 0.011 -
Goodness-of-fit on F2 1.123 1.106
Final R R, =0.0297, R1=0.0423,
indices [I>2sigma(l)] 2 wR, =0.0772 wR, = 0.1098
R indices (all data) 2 fi=0.03, fu=0.0462,
wR2 =0.0775 wR, =0.1116

Ry = o Fel/ ZfFo/and WR; = [Zw(F,2 = F2)>/ Zw Fo*]*? for Fy? > 201 Fo?).

Powder XRD Analyses

The purities of the obtained powder samples for the title
compounds were confirmed by powder X-ray diffraction (XRD),
which was performed on a Bruker D2 PHASER diffractometer
equipped with Cu Ka radiation at room temperature. The
diffraction patterns were recorded from 5 to 80° (26 ranges),
with a scanning step width of 0.01° and a scanning rate of 1 s/
step.

Energy dispersive X-ray spectroscopy (EDS)

The EDS spectra of CdPb,Te3z05Cl, and Cd13PbgTe1404,Cli4 were
measured on crystals in a field emission scanning electron
microscopy (FE-SEM, JEOL JSM-7610F Plus, Japan) with an
energy dispersive X-ray spectroscopy (Oxford, X-Max 50), which
was operated at 5 kV.

UV-Vis-NIR Diffuse-reflectance Spectra

To determine the absorption edge of CdPb,Te;0gCl, and
Cd13PbgTe1404,Cli4, the UV-Vis—NIR diffuse reflectance spectra
for CdPb,Te305Cl, and Cd;3PbgTe ,04,Clis were characterized
by a Shimadzu SolidSpec-3700 DUV spectrophotometer.
Tetrafluoroethylene was used as the diffuse reflectance
standard. The reflectance spectra were converted to

This journal is © The Royal Society of Chemistry 20xx
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absorbance by the Kubelka—Munk function, F(R) = (1-R)?/ (2R),
where R is the reflectance.3°
Infrared (IR) Spectra

The infrared (IR) spectra of the title compounds were
measured by Shimadzu IR Affinity-1 Fourier transform IR
spectrometer. Before the measurements, the powder samples
of CdPb,Te;05Cl, and Cd;3PbgTe;404,Cl14 were mixed with dried
KBr to prepare a thin sheet under pressure. The data were
recorded in the range of 400-4000 cm™.

Powder SHG Measurement of CdPb,Te3;03Cl,.

For the second-order NLO materials, a noncentrosymmetric
structure is essential. Since CdPb,Tes0gCl, crystallizes in the
noncentrosymmetric Aba2 space group, the SHG responses of
the compound were evaluated with the Kurtz-Perry method
under ~1 um and ~2 um irradiations, respectively. For the
measurement under 2090 nm, AgGaS, crystal powders were
used as the references.3133 CdPb,Te;05Cl, and AgGaSs, samples
were ground and sifted into desired particle size ranges of 38-
55, 55-88, 88-105, 105-150, and 150-200 um and further poured
into sample cells with a thickness of 1 mm. The measurement
was implemented on a Q-switched laser (2090 nm, 50 ns, 1 Hz).
A photomultiplier tube and Tektronix oscilloscope were used to
detect and recorded the frequency-doubled intensity output
from the samples.

For the measurement under 1064 nm, KDP crystal powders
were used as the references. CdPb,Te;03Cl, and KDP samples
were ground and sieved into distinct particle size ranges (55-88,
88-105, 105-150, 150-200, 200-250 um). The samples were
poured into sample cells and irradiated with a pulsed infrared
beam produced by a Q-switched Nd:YAG laser at a wavelength
of 1064 nm.

Thermal Analysis

The differential scanning calorimetry (DSC) curves were
carried out on a NETZSCH STA 449F3 thermal analyzer
instrument at a temperature range of 40-800 °C with a heating
rate of 5 °C/min in an N, atmosphere.

First Principles Calculations

Theoretical calculations on the optical properties of the title
compounds were performed based on the density functional

Figure 1. (a-d) Coordination modes of Cd1, Pb1, Tel and Te2 atoms; (e)The
structure of [CdPb,Os] layer constructed by Isolated [CdOg] and [PbOs];
(f)The structure of [CdPb,Te30g] layer; (g) The three-dimensional framewor
structure of CdPb,Te;0gCl,.

This journal is © The Royal Society of Chemistry 20xx
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theory (DFT) of the CASTEP package.?* In the,gengralized
gradient approximation (GGA),3% the PerdeW BUrRYErN2éPRGT
(PBE) function was used as the exchange-correlation
function.3%37 The band structures of the two compounds were
firstly calculated at a kinetic energy cut-off of 910 eV with a
separation of 0.04 A-1. To further confirm the band structure, a
higher calculation accuracy (kinetic energy cut-off: 700 eV;
separation 0.035 A1) was used. To accurately evaluate the
theoretical band gaps of the title compounds, the scissor
operator was used.

Results and Discussion

Crystal Structure of CdPb,Te;03Cl,

CdPb,Tes05Cl, crystallizes in the noncentrosymmetric Aba2
space group (No. 41) of orthorhombic crystal system with cell
parameters a = 18.1555 (9) A, b = 8.1514 (4) A, c = 7.8801 (4) A
and Z = 4. In its asymmetric unit, there are one
crystallographically unique Cd atom, one Pb atom, two Te
atoms, four O atoms, and one chlorine atom. The EDX spectrum
(Figure S1a) demonstrates the existence of Cd, Pb, Te, O and Cl
elements in CdPb,Te30gCl,. The results of bond valence
calculation in Table S1 indicate that the valence states of all
atoms in CdPb,Te3;05Cl, are in reasonable oxidation states.

The Cd1l atom is coordinated with eight O atoms to form
[CdOg] polyhedra (Figure 1a) with Cd-O bond lengths of 2.334 -
2.642 A. Pbl is coordinated with three O atoms and four Cl
atoms to form [PbOsCl,] polyhedra (Figure 1b) with Pb-O bond
lengths of 2.299 - 2.363 A and Pb-Cl bond lengths of 3.172 -
3.431 A. Tel is coordinated with three O atoms to form
triangular [TelOs] units (Figure 1c) with Te-O bond lengths of
1.872 - 1.896 A, while Te2 is bonded to four O atoms to form
twisted [Te20,4] polyhedral units (Figure 2d) with Te-O bond
lengths of 1.908 - 2.141A. The formed [CdOg] and [PbOs] units
are isolated, which are connected with each other by shared
oxygen atoms to form a [CdPb,0g] layer (Figure 1e). The layer is
further connected with [TeOs] and [TeO,4] units by shared
oxygen atoms to construct a complicate [CdPb,Te;Og] layer
(Figure 1f). The [CdPb,Tes0g] layers are connected by Cl atoms

G TR ST
e\ X ATV
farsaerienty

—

ptiag - L—f
J{ o b

(e)

Figure 2. (a-c) Coordination modes of Cd1, Pbl and Pb2 atoms; (d) The
structure of [Cd1,045Cl] layer; (e-f) The structure of [Cd;,Pb,TegOss] layer
viewed alon% the [010] and [100] directions, respectively; (g) The three-
dimensional framework structure of Cdi3PbgTe;404,Cly,.
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Figure 3. Rietveld refinements of PXRD and experimental band gaps of (a) (c)
CdPb,Te;04Cl;,(b) (d) Cd13PbgTe;4,04,Clyg.

to build the final 3D framework structure of CdPb,Te303Cl,, as
shown in Figure 1g.
Crystal Structure of Cd;3PbgTe;404,Cli4

Cd13PbgTe 404,Cli4 crystallizes in the centrosymmetric p1 (No.
2) space group in the triclinic crystal system with cell
parameters a = 8.7487(4) A, b =9.0158(4) A, c = 20.7187 (9) A
, a=89.824(2)°,6=84.919(2)°, y=89.158(2)°andZ=1.1In
the asymmetric unit, there are seven crystallographically
unique Cd atoms, four Pb atoms, seven Te atoms, twenty-one O
atoms and seven chlorine atoms, which shows more atoms than
CdPb,Te30gCl, in the unit. The EDX spectrum (Figure S1b)
demonstrates the existence of Cd, Pb, Te, O and Cl elements in
Cdq3PbgTe1404,Cli4. The results of bond valence calculation
(Table S3) indicate that the valence states of all atoms in
Cd13PbgTe 1404,Cli4 are in reasonable oxidation states.

As shown in Figure 2d, Cd1-Cd7 atoms are coordinated with O
and/or Cl atoms to form the [Cd104Cl], [Cd20,], [Cd30g],
[Cd40g], [Cd50¢], [Cd60g] and [Cd7Clg] polyhedral units with
Cd-O bond lengths of 2.141 - 2.858 A and Cd-Cl bond length of
2.570-2.781 A (Figure S2). Pb1-Pb4 atoms are coordinated with
O and Cl atoms to form the [Pb10,Cl,], [Pb205Cls], [Pb305Cl,]
and [Pb40sCl4] mixed anionic groups with Pb-O bond lengths of
2.264 - 2.695 A and Pb-Cl band length of 3.105 - 3.405 A, as
shown in Figure S3. Different from the 3-fold and 4-fold
coordinated Te atoms in CdPb,Te;05Cl,, the seven
crystallographically unique Te atoms in Cd;3PbgTe;404,Cli4 are
3-fold coordinated with O to form the triangular [TeOs] units
(Figure S4). The formed [Cd10¢Cl], [Cd20g], [Cd30¢], [Cd4Os],

o
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o
—
3

I
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Figure 4. IR spectra of (a) CdPb,Te;05Cl, and (b) Cd;3PbgTe1404,Cl14.
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Figure 5. TGA and DSC curves of CdPb,Te;0zCl, (a) and Cd;3PbgTe1404,Cli4 (b).

[Cd50¢] and [Cd605g] polyhedral units are connected to form a
layered [Cd;,045Cl] structure by sharing oxygen atoms, as
shown in Figure 2d. Then, the [Cd;,04sCl] layer is further
connected with the triangular [TeOs] and distorted [Pb10,Cls],
[Pb203Cls], [Pb30sCly] and [Pb40,Cls] units to construct a
[Cdy,PbsTegOs3]  layer  (Figures 2e-2f). The resulted
[Cd,,Pb,TegOs3] layers are connected with each other by sharing
Cl atoms to build the final 3D framework, and the [Cd7Clg]
octahedral groups are located between the layers (Figure 2g).

In the two compounds, four unique oxyhalides mixed anionic
groups were discovered. The formed [CdOgCI] group in
CdPb,Te30gCl; is scarcely observed, which is different from the
formed [CdO,Cl,], [CdOsCls], [CdO4Cl,] and [CdOsCI] mixed-
anion groups in C3HgeCd; 5Cls04P,38 CdOHCI,3° Cd(103)CI*° and
Cds(BO3)sCI*t (Figure S5). What’s more, the formed [PbO;Cl,],
[PbO,4Cl4] and [PbOsCls] units in the two compounds are
different from the formed [PbO,Cl,], [PbO,Cl,], [PbO,Cls],
[PbOCIs] and [PbOsCls] mixed-anion groups (Figure S6) in
Pb30,Cl,,%2 Pb,;05Cl15,28 RbPbgO,Clg*3 and BaysPbgOgClss 4
UV-Vis-NIR Diffuse Reflectance Spectra

To investigate the experimental band gaps of the title
compounds, the pure phase of powder samples were
synthesized and characterized. The powder XRD (PXRD)
patterns and refined results in Figures 3a-3b confirmed the
purity of the synthesized samples.*> After that, the UV-Vis-NIR
diffuse reflectance spectra were characterized on the basis of
the pure phase powders. The absorption (K/S) data were
depicted through the Kubelka-Munk function. As shown in
Figures 4c-4d, The experimental band gaps are determined to
3.89 eV for CdPb,Te;05Cl, and 3.78 eV for Cdy3PbgTe 404,Cl14,
which are comparable to the ones in previously reported
tellurite compounds like a-CdTeOs3 (3.91 eV),*® and larger than
the ones in Pb;;05Cly5 (3.44 eV),?® Pb1306Cl4Brig (3.05 eV),%’
Pb1306Cl;Br; (3.13 eV)*” Pby30¢CloBrs (3.21 eV)*” Pb;gOgClisls
(2.82 eV)*8 and CdPbOClI; (3.63 eV)*.

IR Spectra

To confirm the chemical bonding in the two compounds, the IR
spectra were measured in the region from 400 to 4000 cm™. As
shown in Figures 4a-4b, the characteristic absorption peaks at 665.76,
725.4 and 752.51 cm™ for CdPb,Te3;04Cl, , and 642.4, 683.5, 733.8
and 797.5 cm™ for Cd,3PbgTe1404,Cl14 can be attributed to the Te-O
stretching vibrations. The peaks at 441.67 and 499.86 cm*!

This journal is © The Royal Society of Chemistry 20xx
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for CdezTe303C|2, and 438.6 cm™ for Cd13Pb8Te14O42C|14 are
related to the Te-O-Te vibrations.21,50-54.
Thermal Analyses

To uncover the thermal stability of the title compounds, the
TG-DSC experiments were carried out from room temperature
to 800 °C. As shown in Figure 5, there is an obvious absorption
peak at 512 °C for CdPb,Te;05Cl,, and a peak at 618 °C for
Cd13PbgTe1404,Cl14, accompanying with the weight loss starting
at the temperatures in the TGA curves. To uncover the origin of
the the temperatures in the TGA curves. To uncover the origin
of the endothermic peaks, the synthesized pure phases
CdPb,Te;05Cl, and Cd3PbgTe;404,Cli4 samples were heated to ~550
and ~650 °C, respectively. Based on the XRD patterns before and
after heating (Figure S7), the endothermic peaks on the two DSC
curves can be attributed to the decomposition of the two
compounds. The thermal decomposition products could be CdTe;0g,
PbO,Cl, and Pb,TeQ, for CdPb,Te;04Cl,, and Pb3TeOs and Te,0s for
Cd13PbgTe14045Clig.

SHG Response of CdPb,Te3;05Cl,

CdPb,Te30gCl; crystallizes in mm?2 point symmetry, which has
three independent SHG coefficients. The calculated SHG
coefficients are dis = 0.025, d,s = 1.587 and di3 = 0.9595 pm/V
for CdPb,Te30gCl,. The powder SHG responses of CdPb,Te3;0zCl,
were investigated by the Kurtz and Perry method. The
experimental results show that the powder SHG response is
about 0.2 x AgGas, at the size of 150-200 pm (Figure S8a) under
2090 nm, and x 1.1 KDP under 1064 nm (Figure S9).5556
However, the SHG intensities are not increased with the
increase of particle sizes in the two measurements. It means
that the compound is not in accordance with the type | phase-
matching behavior due to its small birefringence of ~0.009 at
1064 nm (Figure S8b).>>>% To detect the origin of SHG in the
compound, the SHG density map of electron-including occupied
and unoccupied states was calculated by DFT calculations
(Figure 6). Meanwhile, the atomic populations (Tables S5-S6)
and electron density maps (Figure S10) were further calculated
and analyzed. The results indicate that the triangular [TeOs] and
distorted [TeQ4] units, with strong covalence Te-O bonding and
lone pair electron effect, make the major contribution to the

Figure 6. The SHG density of CdPb,Te3;05Cl, at the occupied state (a), and at
the unoccupied state (b).
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SHG responses. What's more, the calculated
hyperpolarizabilities for [TeOs] and [TeO,] units are 3.65 and
8.79, respectively.

Band Structures

To clarify the origin of optical band gaps and the band
structures, total and partial density of states (TDOS and PDOS)
were studied for the two compounds by DFT calculations under
different calculated accuracy (Figures 7 and S11). The calculated
band gaps are ~3.0 eV (direct band gap) for CdPb,Te;0zCl, and
~2.8 eV (indirect band gap) for Cdi3PbgTe;404,Clis. The
difference of band gap in the two compounds can attributed to
their unique crystal structures. Moreover, in CdPb,Te30gCl,, the
top of valence bands near the Fermi level is mainly filled with O
2p and Cl 3p states, and the bottom of conduction is mainly
composed of O 2p, Te 5p and Pb 6p states, indicating that the
band gap of CdPb,Te;03Cl; is mainly determined by the [PbO3Cl4]
and [TeOs] units. In Cd13PbgTe1404,Cly4, the top of valence bands
near the Fermi level is mainly filled with O 2p and Cl 3p states,
and the bottom of conduction is mainly composed of O 2p, Te
5p and Cd 4p states with a small mixture of Pb 6s, showing the
main contribution of [Cd10Cl;] and [TeOs] units on the band
gap of Cdi3PbgTe 404,Cl14.

Conclusions

In summary, the Cd-Pb-Te-O-Cl system has been investigated
systematically in this work. Two tellurate halides, CdPb,Te;05Cl,
and Cd;3PbgTe404,Cli4 have been synthesized by high-
temperature solution method. CdPb,Te30gCl, crystallizes with
noncentrosymmetric Aba2 group, constructed by [CdPb,Te;0g]
cationic layers and Cl atoms. The SHG responses of
CdPb,Te30gCl, are mainly originated from the triangular [TeOs]
and distorted [TeO,4] units. Cdy3PbgTe;404,Cli4 crystallizes with
centrosymmetric p1 group, built by [Cd,PbsTegOs3] cationic
layers, and [Cd7Clg] octahedra and Cl atoms filling the
interlayers. The experimental band gaps are ~3.89 eV for
CdPb,Te305Cl, and ~3.78 eV for Cd;3PbgTe404,Cli4, matched
with the calculated results. What’s more, the theoretical
calculations indicate that the band gaps are mainly originated
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from the O 2p, Cl 3p, Te 5p and Pb 6p states in [PbO3Cl,] and
[TeOs] groups for CdPb,Te;05Cl,, and O 2p, Cl 3p, Cd 4p, Te 5p
statesin [Cd105cll] and [Te03] units for Cd13Pb8T614042C|14.
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