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and SrSn(IO3)6: distinct
arrangements of lone pair electrons leading to
large birefringences†

Kaitong Liu,ab Jian Han, *a Junben Huang, a Zhonglei Wei,ab Zhihua Yang a

and Shilie Pan *a

Three new iodates SrTi(IO3)6$2H2O, (H3O)2Ti(IO3)6, and SrSn(IO3)6 have been synthesized via a facile

hydrothermal method. The three compounds have zero-dimensional crystal structures composed of

one [MO6]
8� (M ¼ Ti, Sn) octahedron connected with six [IO3]

� trigonal pyramids. However, the

particular coordination of Sr2+ cations results in distinct arrangements of lone pair electrons in an [IO3]
�

trigonal pyramid, which leads to large birefringences. More importantly, this work enriches the species

crystal chemistry for [M(IO3)6]
2� (M ¼ Ti, Sn) clusters-containing iodates.
Introduction

For a compound, the structure determines its physicochemical
properties and the elds of potential applications.1,2 And a lot of
high-performance iodate compounds have been reported owing
to the unique arrangements of I–O anion groups, such as
NaI3O8, Bi(IO3)F2, Cs2I4O11, ABi2(IO3)2F5 (A ¼ K, Rb, Cs),
LiMII(IO3)3 (M

II ¼ Zn and Cd), and AgI3O8.3 There are two types
of coordination modes for I5+ cations ([IO3]

� and [IO4]
3�) since

the weak I–O interactions will be neglected if the I–O bond
lengths are larger than 2.4 Å, which result in the limited
structural diversity of metal iodates.3f

Therefore, some metal cations (Ti4+, V5+, Cr6+, Pt4+, Ge4+,
Sn4+, Mo6+, Mo4+, Zr4+, and Nb5+) and nonmetal cations (Se4+

and Te4+) have been introduced into iodates to enrich the
structural chemistry and enhance the properties.4 And inter-
estingly, through introducing homo-valence Mo4+, Zr4+, Ge4+,
Ti4+, Pt4+, and Sn4+ metal cations into iodates, the similar
[M(IO3)6]

2� clusters (M ¼ Mo, Zr, Ge, Ti, Pt, and Sn) can be
formed, which possess [MO6]

8� (M ¼Mo, Zr, Ge, Ti, Pt, and Sn)
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octahedron connected with six [IO3]
� trigonal pyramids. The

[M(IO3)6]
2� clusters (M ¼ Mo, Zr, Ge, Ti, Pt, and Sn) can be

isostructural when they have the same arrangement of [IO3]
�

trigonal pyramids, which will be isostructural for metal
iodates.4a,e,h,5

Moreover, the birefringence of iodates has also been
comprehensively studied due to the stereochemical activity of
the lone pair (SCALP) of I5+ in the [IO3]

� group. The SCALP
should be considered as a vital factor to inuence the bire-
fringence, such as Sn2+ with SCALP enhancing the birefringence
in BaSn2(PO4)2 and Sn2B5O9Cl.6 While for iodates, the I5+ cation
with SCALP in the [IO3]

� group can also inuence the bire-
fringence apparently when the [IO3]

� groups are arranged
regularly. And introducing [IO3]

� groups into borates and
phosphates can signicantly increase the birefringence such as
metal borate-iodates Sr[B(OH)4](IO3) and Li4Sr5[B12O22(OH)4](-
IO3)2, as well as the metal iodate-phosphate Pb2(IO3)(PO4).7

Herein, three new Ti4+ or Sn4+-containing iodates,
SrTi(IO3)6$2H2O (1), (H3O)2Ti(IO3)6 (2), and SrSn(IO3)6 (3) were
synthesized through the mild hydrothermal method. And all of
them possess zero-dimensional crystal structures which are
composed of [M(IO3)6]

2� (M¼ Ti, Sn) clusters and cations lling
in voids among the [M(IO3)6]

2� (M ¼ Ti, Sn) clusters. The
[M(IO3)6]

2� (M ¼ Ti, Sn) cluster consists of [MO6]
8� (M ¼ Ti, Sn)

octahedra connected with six [IO3]
� trigonal pyramids through

sharing vertex O atoms. They are not isostructural although
crystalizing in centrosymmetric space group R�3 (No. 148).
Whereas, the particular coordination of Sr2+ cations lling in
voids leads to the distinct arrangements of lone pair electrons
in the [IO3]

� trigonal pyramids and results in large birefrin-
gences. More importantly, compounds 1 and 2 are enriching the
species of [Ti(IO3)6]

8� groups and crystal water molecules-con-
taining iodates. Compound 3 is the rst alkaline-earth metal
and [Sn(IO3)6]

8� groups-containing iodate.
RSC Adv., 2021, 11, 10309–10315 | 10309

http://crossmark.crossref.org/dialog/?doi=10.1039/d0ra10726c&domain=pdf&date_stamp=2021-03-09
http://orcid.org/0000-0002-4198-5083
http://orcid.org/0000-0003-2647-7168
http://orcid.org/0000-0001-8726-7952
http://orcid.org/0000-0003-4521-4507
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra10726c
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA011017


Fig. 1 The grown crystal grains and simulated morphologies of (a)
SrTi(IO3)6$2H2O, (b) (H3O)2Ti(IO3)6, and (c) SrSn(IO3)6, respectively.
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Experimental section
Crystal growth

Sr(OH)2$8H2O (0.034 g) (Aladdin Industrial Co., Ltd., 99.5%),
HIO3 (0.446 g) (Aladdin Industrial Co., Ltd., 99.5%), TiO2

(Tianjin Fuchen Chemical Co., Ltd., 99%), and SnO (Aladdin
Industrial Co., Ltd., 99.5%) were used as received from
commercial sources without any further purication.

The starting reagents are Sr(OH)2$8H2O (0.034 g), TiO2 (0.020
g), HIO3 (0.446 g) for compound 1, TiO2 (0.022 g), HIO3 (0.478 g)
for compound 2 and Sr(OH)2$8H2O (0.056 g), SnO (0.059 g),
HIO3 (0.383 g) for compound 3, which are mixed respectively
and put into PTFE pouches. Then these pouches were enclosed
in 120 mL autoclaves with PTFE inner linings and added 15 mL
of deionized water and heated at 190 �C for 3 days. The pouches
were cooled at a rate of 0.6 �C h�1 to 130 �C and then 1 �C h�1 to
room temperature. Aer cleaned with deionized water, the
colorless block crystals were obtained. Crystal samples can also
be obtained based on the following reaction:

Sr(OH)2$8H2O + TiO2 + 6HIO3 / SrTi(IO3)6 + 12H2O
Table 1 Crystal data and structure refinement for SrTi(IO3)6$2H2O, (H3O

Empirical formula SrTi(IO3)6$2H2O

Formula weight 1220.95
Crystal system
Space group
a/Å 11.3720(11)
b/Å 12.5321(19)
Volume/Å3 1403.6(3)
Z, r calcd/g cm�3 3, 4.334
Theta range for data collection/� 2.630 to 27.318
Reections collected/unique 2867/704 [R(int) ¼ 0.0390]
Completeness 99.90%
Goodness-of-t on F2 1.053
Final R indices [I > 2sigma(I)]a R1 ¼ 0.0191, wR2 ¼ 0.0380
R Indices (all data)a R1 ¼ 0.0221, wR2 ¼ 0.0390
Extinction coefficient 0.00224(7)
Largest diff. Peak and hole/e Å�3 0.808 and �0.596

a R1 ¼ SkFoj � jFc k/SjFoj and wR2 ¼ [Sw(Fo
2 � Fc

2)2/SwFo
4]1/2 for Fo

2 > 2s

10310 | RSC Adv., 2021, 11, 10309–10315
TiO2 + 6HIO3 / (H3O)2Ti(IO3)6

2Sr(OH)2$8H2O + 2SnO + 12HIO3 +O2/ 2SrSn(IO3)6 + 24H2O

Fig. 1 shows the photos of grown crystal grains and the
simulated morphologies of the compounds. On the basis of the
crystal structure, the theoretical morphology can be calculated
through the Bravais–Friedel–Donnay–Harker (BFDH) theory.8

The grown crystals are in line with the simulated morphologies.
Single-crystal X-ray crystallography

The single crystals selected manually are mounted on thin glass
bers using epoxy for data collection. The diffraction data collec-
tion of these compounds was conducted on a Bruker SMART APEX
II CCD diffractometer with a Mo Ka radiation (l ¼ 0.71073 Å) at
room temperature. And the data were integrated via SAINT, and
then the crystal structures were solved with the direct method and
rened by full-matrix least-squares tting on F2 using the SHELX.9

The PLATON soware veries no other missed symmetry existed.10

The crystal information and structure renements are recorded in
Table 1. The atomic coordinates, equivalent isotropic displace-
ment parameters, bond valence sum (BVS), and selected bond
lengths and angles are given in Tables S1 and S2.†
Powder X-ray diffraction

X-ray diffraction (XRD)measurementswere carried out on aBrukerD2
PHASER diffractometer equipped with a diffracted beamed mono-
chromator set for Cu Ka (l ¼ 1.54056 Å) radiation at room tempera-
ture in the 2q range from 10 to 70� with a scan step width of 0.02� and
a xed counting time of 1 s per step. The experimental powder XRD
patterns are well in agreement with the simulated ones (Fig. 2).
Infrared and Raman spectrum

The samples and dried KBr weremixed completely in themolar ratio
of 1 : 100 and then pressed into a thin wafer to collect the infrared
)2Ti(IO3)6, and SrSn(IO3)6, respectively

(H3O)2Ti(IO3)6 SrSn(IO3)6

1135.35 1255.71
Trigonal

R�3
11.31(3) 10.807(7)
11.36(3) 11.098(7)
1258(7) 1122.5(16)
3, 4.495 3, 5.573
2.746 to 27.189 2.847 to 27.422
2567/628 [R(int) ¼ 0.0501] 2340/576 [R(int) ¼ 0.0354]
100.00% 100.00%
0.977 1.095
R1 ¼ 0.0259, wR2 ¼ 0.0360 R1 ¼ 0.0172, wR2 ¼ 0.0366
R1 ¼ 0.0361, wR2 ¼ 0.0382 R1 ¼ 0.0196, wR2 ¼ 0.0374
0.00038(4) 0.00128(7)
0.740 and �0.877 0.870 and �0.707

(Fo
2).

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Experimental and calculated powder X-ray diffraction patterns
of (a) SrTi(IO3)6$2H2O, (b) (H3O)2Ti(IO3)6, and (c) SrSn(IO3)6,
respectively.
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View Article Online
(IR) spectra through a Shimadzu IRAffinity-1 spectrometer. The
sampleswere ground thoroughly andpressed toat for collecting the
Raman spectra on a LabRAM HR evolution equipment.
UV-vis-NIR transmission and photoluminescence spectrum

The UV-vis-NIR diffuse reectance spectra were characterized
via a Shimadzu SolidSpec-3700DUV spectrophotometer. The
function F(R) ¼ (1 � R)2/2R is applied to convert the reectance
spectra, where R is the reectance and F(R) is the Kubelka–
Munk remission function.11 Photoluminescence (PL) spectra
were performed via FLS1000-Edinburgh Instruments.
Thermal and magnetically analysis

Using a NETZSCH STA 449C simultaneous thermal analyzer,
compounds 1, 2, and 3 were placed in the platinum crucibles
and heated from 40 to 1000, 500, and 800 �C at a rate of
5 �C min�1 under a ow of N2 to get TG and DSC data,
respectively. Magnetic properties of the samples were per-
formed by the DC magnetization measurements using
a vibrating sample magnetometer (VSM, QUANTUM DESIGN).
Fig. 3 Ball and stick structure of SrTi(IO3)6$2H2O. (a) The basic
building unit [Ti(IO3)6]

2� of SrTi(IO3)6$2H2O. (b) The Sr2+ cation and
H2O molecules. (c) Two [Ti(IO3)6]

2� units separated by one Sr2+ cation
and two H2O molecules. (d) The final zero-dimensional structure of
SrTi(IO3)6$2H2O.
Birefringent measurement

A polarizing microscope (ZEISS Axio Scope. A1) was used to
study the birefringences (Dn) with a visible light lter at 546 nm.
The optical path difference (R) was quantied under the cross-
polarized light based on the maximum interference color.12

The formula for calculating the birefringence is

R ¼ jNe � Noj � d ¼ Dn � d,

where Ne and No represent the refractive indexes of light
through a crystal.
© 2021 The Author(s). Published by the Royal Society of Chemistry
Theoretical calculations

To deeply explore the origin of optical properties, the rst-
principles calculation was carried out to simulate electron and
band structures along with birefringence by the plane-wave
pseudopotential method embedding in the CASTEP package.13

The Perdew–Burke–Ernzerhof functional within the generalized
gradient approximation was applied for the exchange–correla-
tion potential.14 The plane-wave cutoff energy was set at 830 eV
with a separation of Monkhorst–Pack k-point sampling of 0.04
Å�1 for the aim of energy convergence.
Results and discussion
Crystal structure

Compound 1 crystallizes in a centrosymmetric trigonal space
group R�3 (No. 148) with a ¼ 11.3720(11) Å, c ¼ 12.5321(19) Å,
and Z ¼ 3, however, it is not isostructural to BaTi(IO3)6, and
A2Ti(IO3)6 (A ¼ K, Rb, Cs, and Tl).5b,d There is one unique Sr
atom, one unique Ti atom, one unique I atom, four unique O
atoms, and two H atoms in the asymmetric unit. The Ti4+ cation
is coordinated to six O atoms, forming the [TiO6]

8� octahedron
which is linked to six [IO3]

� trigonal pyramids, and further
forms a [Ti(IO3)6]

2� group (Fig. 3a). The Ti–O bonds have
a unique distance of 1.915(3) Å. The I5+ cations are coordinated
to three O atoms in a distorted trigonal pyramidal with I–O
bond lengths ranging from 1.790(3) to 1.843(3) Å. The Sr2+

cations are coordinated with eight O atoms to form a hexagonal
bipyramid with six equatorial oxygen atoms (Fig. S2a†). The
pyramid with Sr–O distances of 2.433(8)–2.664(3) Å, resides in
the site formed by eight [Ti(IO3)6]

2� groups. Bond valence sum
(BVS) values were calculated to check the reliability of each
atom (Table S1†).15 Only the bond valence of O1 (0.42) is not
regular, so two hydrogen atoms should be coordinated to O1 to
balance the bond valence. It should be noted that the one H+

cation is disordered over three sites with 66.7% occupancy on
each site resulting from the three-fold axis through the O1 atom
(Fig. 3b). The two [Ti(IO3)6]

2� units are separated by one Sr2+

cation and two H2O molecules (Fig. 3c), and further form the
zero-dimensional structure of compound 1 (Fig. 3d).

Compounds 2 and 3 also crystallize in centrosymmetric
trigonal space groups R�3 (No. 148) and have similar structures
RSC Adv., 2021, 11, 10309–10315 | 10311
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to compound 1 (Fig. S1 and S2†), so the detailed structures are
not demonstrated here. And compound 2 is isostructural to b-
(H3O)2Pt(IO3)6 reported by Mao's group.5c And compound 3 is
not isostructural to A2Sn(IO3)6 (A ¼ K, Rb, Cs) and
Sn2+Sn4+(IO3)6.

Compounds 1, 2, and 3 possess the different arrangements
of [M(IO3)6]

2� (M ¼ Ti, Sn) groups even though all crystallize in
the same space group R�3. Owing to the unique M–O (M¼ Ti, Sn)
bond distances in each compound, the [MO6]

8� (M ¼ Ti, Sn)
octahedra have no out of center distortion.16 So the main
difference is the condition of [IO3]

� trigonal pyramid. Each I5+

cation in these compounds is bonded to three oxygen atoms,
and owing to its lone electron pair, an [IO3]

� trigonal pyramidal
coordination environment is observed. For compound 1, the
planes formulated via three oxygen atoms in [IO3]

� trigonal
pyramid have two angle values (41.264 and 48.736�) with the c-
axis in each compound (Fig. 4a). However, for compounds 2 and
3, the corresponding unique angle values are 8.296 and 30.384�

with the c-axis, respectively (Fig. 4b and c). From Fig. S3,† except
hydrogen atoms, there are two oxygen atoms and one strontium
atom between the two adjacent [M(IO3)6]

2� (M ¼ Ti, Sn) groups
for compound 1, while there are two oxygen atoms for
compound 2 as well as one strontium atom for compound 3.
The particular hexagonal bipyramid coordination of Sr2+ in
compound 1 (Fig. S4a†) should result in taking up the place
between the two H2O molecules (Fig. S3a†). And in order to
maintain this coordination for compound 1, the arrangements
of [IO3]

� should rotate with respect to the [TiO6]
8� octahedron,

in which the rotation aligns the polarization from the [IO3]
�

groups in opposite directions. Alike to compound 1, in order to
sustain special Sr2+ bipyramid coordination in compound 3
(Fig. S4b†), the arrangements of [IO3]

� should rotate taking
account of the [SnO6]

8� octahedron (Fig. S3b†). So the angles of
compounds 1 and 3 mentioned above are larger than that of
compound 2.

IR and Raman spectroscopy

The IR and Raman spectra are shown in Fig. S5.† For
compounds 1, and 2, IR spectra are similar except for the
absorption bands at 2358 cm�1 in compound 2, which are caused
by bending modes of H–O–H units.17 The IR absorption bands at
3500–2800 cm�1 can be assigned to the stretching vibrations of the
H2O band, the absorption bands at 1850–1000 cm�1 are consistent
with the bending and stretching vibrations of the H–O–H units.17

The absorption bands in the range of 890–750 cm�1 and 490–
Fig. 4 From the c-axis direction, the condition of planes formed by
three O atoms in [IO3]

� trigonal pyramid of a [Ti(IO3)6]
2� group for (a)

SrTi(IO3)6$2H2O, (b) (H3O)2Ti(IO3)6 and (c) SrSn(IO3)6, respectively.

10312 | RSC Adv., 2021, 11, 10309–10315
400 cm�1 are consistent with stretching and bending vibrations of
the I–O groups.18 The IR absorption bands at 700, 704, and
671 cm�1 in the three compounds are caused by the [MO6]

8� (M¼
Ti, Sn) units stretching vibrations.5b The Raman spectra were used
to further verify the existence of the [M(IO3)6]

2� (M ¼ Ti, Sn)
groups. The proposed assignments of observed positions of the
Raman bands are illustrated in Table S4,† which are consistent
with the reported results.19
UV-vis-NIR transmission and photoluminescence spectrum

Fig. 5a–c displays the UV-vis-NIR diffuse reectance spectra.
The cut-off edges of compounds 1, 2, and 3 are 318, 330, and
250 nm (inset of Fig. 5a–c), and the corresponding energy gaps
are 3.38, 3.35, and 4.08 eV, respectively, which are close to those
of the previously reported iodate crystals.5f,20 Fig. 5d shows the
photoluminescence emission spectrum of the three
compounds. The bands around 300 nm (4.13 eV) can be in
corresponding with a result of ground state to their excited state
electronic transitions. Photoluminescence in two broad bands
at 360 nm (3.44 eV) for compound 3 and 370 nm (3.35 eV) for
compounds 1 and 2 are associated with electronic transitions
from the ground state to the conduction band selrapped
excitons, and the bands around 470 nm (2.64 eV) and 560 nm
(2.21 eV) are excited most effectively at short wavelengths.21
Thermal and magnetic properties

The TG-DSC curves of the three compounds are shown in
Fig. S6.† There are four remarkably endothermic peaks at 350,
450, 477, and 595 �C for compound 1, respectively (Fig. S6a†). In
the range of 220–370 �C, there is a mass loss of 2.9%, which is
consistent with the loss of two molecules of H2O with a calcu-
lated value of 3.0%.22 The TG curve in the range of 370–1000 �C
shows a total mass loss of 80.9%, which corresponds to the
decomposition process of three I2O5 molecules.23 The loss is
consistent with the calculated value of 82.0%.
Fig. 5 Optical absorption spectra of (a) SrTi(IO3)6$2H2O, (b)
(H3O)2Ti(IO3)6, and (c) SrSn(IO3)6 as well as (d) PL spectra of the
compounds.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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There are three distinct endothermic peaks at 220, 409, and
458 �C for compound 2 (Fig. S6b†). In the range of 120–227 �C it
has a mass loss of 4.8%, which is consistent with the loss of
three molecules of H2O with a calculated value of 4.7%.22 And
there is a mass loss of 90.7% in the range of 227–500 �C, which
is consistent with the decomposition process of three I2O5

molecules.23 The loss is consistent with the calculated value of
88.3%.

There are two distinct endothermic peaks at 492 and 566 �C
for compound 2 (Fig. S6c†). And there is a mass loss of 80.8% in
the range of 440–800 �C, which is consistent with the decom-
position process of three I2O5molecules.23 The loss is consistent
with the calculated value of 79.8%.

The eld-dependent magnetization plots are displayed in
Fig. S7,† which shows that the three compounds are a para/
antimagnetic nature at a low and high eld.19g It has been re-
ported that the SrTiO3 and SrSnO3 are diamagnetic.19g,24

Whereas, the para/antimagnetism of these compounds may
come from introducing [IO3]

� anion groups and further
compensating the diamagnetism of inner electrons.
Theoretical calculations and birefringent analysis

The electronic structures of the three compounds are shown in
Fig. 6. Compounds 1, 2, and 3 possess indirect band gaps of
2.50, 2.62, and 3.19 eV, respectively, which are always smaller
than the experimental values.25 And from the PDOS of
compounds 1 and 2, the bottom of conduction bands is mainly
contributed by Ti-3d, I-5p, and O-2p states and the top of the
Fig. 6 Band gaps, the partial density of states (PDOS) of (a)
SrTi(IO3)6$2H2O, (b) (H3O)2Ti(IO3)6, and (c) SrSn(IO3)6.

© 2021 The Author(s). Published by the Royal Society of Chemistry
valence bands mainly comes from I-5p, O-2p states. Moreover,
for compound 3, the I-5p, O-2s, and O-2p states mainly deter-
mine both the bottom of conduction bands and the top of the
valence bands. In other words, the [Ti(IO3)6]

2� groups deter-
mine the Fermi level position of compounds 1 and 2, while the
[IO3]

� groups for compound 3.
The calculated birefringence values of compounds 1, 2, and 3

are shown in Fig. S8a.† Thereinto, compounds 1 and 3 possess
larger birefringences compared to compound 2. Furthermore,
the Dn values of compounds 1, 2, and 3 were measured by
a ZEISS Axio Scope polarizing microscope (Table 2). According
to the results, the retardations are about 1331, 906, and
2690 nm for compounds 1, 2, and 3, respectively. So the
approximate experimental values of 0.093, 0.045, and 0.116 at
546 nm for these three compounds are consistent with the
calculated results and verify the rationality of the calculations.

It is well known that the optical properties depend on the
hybridization of electron orbitals around Femi level, which
states that the birefringence is mainly affected by the response
electron distribution of the [Ti(IO3)6]

2� and [IO3]
� groups for

compounds 1, 2 and 3, respectively. Moreover, the [TiO6]
8�

octahedra in each compound are not out of center distortion,
and therefore, the difference of [IO3]

� in [Ti(IO3)6]
2� groups

plays a dominant role on the different birefringence, as the
inuence of [TiO6]

8� octahedra can be in a little scale. To
further analyze the [IO3]

� groups to be the dominant factor on
the amplication of birefringence, a real-space atom-cutting
method was adopted for compounds 1 and 2 (Fig. S8(b) and
(c)†). And for compound 3, we have tried many times and failed
to get a reasonable result. From the PDOS of compound 3, the
hybridization of [IO3]

� trigonal pyramid is the main contribu-
tion to optical properties as well as birefringence. The condition
of lone pair electrons in [IO3]

� trigonal pyramid can be associ-
ated with the orientation of the plane formulated by three
oxygen atoms. Meanwhile, it is known that the c-axis of the three
compounds is the optical principle axis because they all crys-
talize in R�3 space group. For compounds 1 and 3, half of the
lone pair electrons can be regarded as inclining to the positive c-
axis in a large degree, and the rest to negative (Fig. S9a and c†).
While, from the c-axis direction, the lone pair electrons of
compound 2 are inclined to the positive or negative c-axis in
a tiny magnitude (Fig. S9b†). These different arrangements of
lone pair electrons may induce large birefringences for
compounds 1 and 3 compared to compound 2. Besides, the
Table 2 Calculated and experimental birefringences at 546 nm of the
three compounds and the contributions for birefringence of each
functional group of SrTi(IO3)6$2H2O, and (H3O)2Ti(IO3)6 at the static
limit derived from the cut-TiO group wave functions and cut-IO group
wave functions

Birefringence SrTi(IO3)6$2H2O (H3O)2Ti(IO3)6 SrSn(IO3)6

Experimental 0.093 0.045 0.116
Calculated 0.109 0.038 0.128
IO group 0.081 0.04 —
TiO group 0.018 0.035 —
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higher density of [IO3]
� in compound 3 may lead to a larger

birefringence than compound 1 (the unit cell volume of
compound 1 (1403.6(3) Å3) is larger than that of compound 3
(1122.5(16) Å3)).

Conclusion

In summary, three iodates, SrTi(IO3)6$2H2O, (H3O)2Ti(IO3)6,
and SrSn(IO3)6, have been obtained successfully via the facile
hydrothermal method. They crystallize in centrosymmetric
space groups R�3 and possess zero-dimensional structures with
isolated [M(IO3)6]

2� (M ¼ Ti, Sn) that are composed of [MO6]
octahedra connected to six [IO3]

� trigonal pyramids. The
introduction of the Sr2+ cation results in the different arrange-
ments of [IO3]

� trigonal pyramids. The distinct arrangements of
lone pair electrons of the I5+ cation lead to larger birefringences
in SrTi(IO3)6$2H2O and SrSn(IO3)6 than that in (H3O)2Ti(IO3)6.
And this work enriches the species crystal chemistry for
[M(IO3)6]

2� (M ¼ Ti, Sn) clusters-containing iodates.
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