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Synthesis and Structural Relationship
of Complex Tantalum Phosphates
In the Flux System yO—P,.0Os—Ta05—M0GO;

A.A. Babaryk”’, 1.V. Odynets, V.N. Baumef, N.S. Slobodyanik S. KhainakoV* and S. Hoffmanh

Abstract. Single crystals of Ka0:;, (1), K(TaG,),PO, Here is reported an episode of systematic study on
(1) and K3Tas011(PO,), (111) were synthesized by flux-aidedcomplex phosphates based oo §foup of metals.
metha in the pseudo-quaternary systenOKP,0s-Ta,0O5—
MoGQ;, Tight interrelation of their crystal structures has been [I. EXPERIMENTAL SECTION
found va X-ray diffraction study. Experimental solid-state
band gap measurements revealed its semiconductor nattéri
corroborated with DFT calculations. Local structure of PO
groupsin (I1) and (I1) compounds was probed wiffiP
MAS NMRspectroscopy.

Compounds (), (II) and (Il ) were synthesized by flux-
Ged (kM0,O;) melts in spontaneous regime of
crystdlization in a range oK/P < 1 andTa/P = 0.22-1.39.
Single diffraction experiments were performed on Agilent
XCalibur Ruby and XCalibur Sapphire 3 diffractometers.

Key words: tantalun, phosphate, intergrowth structures, x-rayBUlk polycrystalline samples were checked for purity with

diffraction, solid state NMR, density functional theory. Shimadzu XRD-6000 diffractometer (Bragg-Brentah@0o
diffraction geometry, secondary graphite monochromator,
I. INTRODUCTION Cu-anode tube) and Huber G670 Guinier camera (IP

From te point of view of “structure-properties” cylindrical detector, germanium primary monochromator,

relationship rigid tetrahedral geometry ¥J,] (X = Si, P, S, Cu-anode). Thermoanalytical study was carried out on a

V, As, Se) anions should preserve certain configuration é}multaneous analyzer (STA 409C, Netzsch, Pt/Rh crucibles,

[MYOg] (where M = Nb a Ta). From the other hamd,thermocouple type S, heating./coolin.g rate 30 K/min).
cations of NB and T usually form highly polarisable Measurements were conducted in flowing argon atmosphere

. . 31 .
bonds die to the second-order Jahn-Teller (SOJT) eﬁe&zo mL/min). Solid state”P-NMR experiments were

leading to set of useful macroscopic properties [1Ferformd with Bruker Avance III_ 400 WB spectrometer.
Therefore, various topologically distinct combinations o owder second-harmonic generation (SHG) test8 evere

tilted oxo-octahedra with rigid symmetrical tetrahedra ma rried out by conventional Kurtz-Perry method described

be considered as pathways to compounds with eith l|sewhere [5’ 6]. About 10_0 mg of povyder was pressed into
electrophysical or optical properties at the first stage. It & PEllét, which was then irradiated with a pulsed IR beam

probable that new materials are based on it. Conventior{gtp ns and 10 kHz) produced by a Q-switched Nd:YAG laser

“waterline” group of compounds bearing features of oxidedl Wavelength 1064 nm. PolycrystallieeSiO, was used as

and complex salts (so-called phosphate bronzes) may %étamard for measurements.
considered. Reveau and co-workers reported a number of
representatives [2] of this class classifying them into groups
upon topological principle with relation to the types of A. Crystd structure

tungsten bronzes (TB), namely, tetragonal (TTB) and aj reported compound belong to trigonal crystal system
hexagonal (HTB) ones. The latter can be regarded as iopigyp|e 1).

conductors, thermo- and electrochromic, charge density(|) crystallizes isotypically to natrotantiteAdv,01.),
wave (CDW) materials [3]. The recent rise of active researgthere A= Na, Ad; M = N, Ta' [7-8]. Its framework
on oxide semiconductor photocatalytic materials attracnsiss of successive stacking of ;0a (UsOs —topology)
more attention to this class of compounds due to their higlq KTaD; layers along the [001] axis. Otherwise, {Dg)
crystallinity, stability and photocatalytic activity [4]. pyjlding units BU) are recognized. Potassium atoms are
However, in our opinion, anabsence of an appropriafymprised within a cage which is delimited with two
synthetic approach disables an embodiment of potentighiacenBU's. Upon inclusion of [P@) tetrahedra, structure
solutions to this problem. of (1) turns to heterodesmic framework consisting of
[TasP,0,4. The latter are shared exclusively via common
oxygenvertices. Potassium atoms are strongly differentiated
by their location: K1 (symmetrp3) is surrounded with six

I1l.  RESULTS AND DISCUSION
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B. Solid state band gap measurements and DFT
calculations

Experimental band gaps fot-lll were estimated
experimentally as 4.06(1), 3.29(1) and 3.71(&V
respectiely. Their theoretically calculated counterparts
agree well at chosen level of theory (generalized gradient
approximation on Perdew-Burke-Ernzerhof parameterization

as implemented in DMbdlcode [9]).] was faind to be a
wide direct band gap semiconductor (3.8 eV), wHiland
lIl are in-direct one (3.0 and 3.5 eV, respectively).

Table 1 Summary of crystallographic data on I-11I

Empirical formula KTauO11  K(TaO),PO;  KiTas011(PQy)2
M 978.00 559.97 1388
T(K) 293(2) 293(2) 293(2)
Crystal system Trigonal
Space group R-3c R32 (155) R-3c
Unite cell 6.2732(2) 13.35660(1) 12.9550(7)
dimensions4, cin A)

36.8575(13)  10.31740(1) 53.546(3)

Fig. 2. Plot of*'P MAS NMR signals for (I1) and (ll).

Volume (&) 1256.11(7)  1594.02(2) 7782.8(11) IV. CONCLUSIONS
Formulaunits ¢) 6 9 18 ’
Density (Ca}gculated) 7.758 5.250 5.331 This study has revealed the subtle relationship of pure
Fgg;jcig:b)n e MoKe MoKe metal-containing oxide phases with tetrahedral oxoanionic
Absorption coefficient,  103.248 31.686 32515 salts though_the formation of intergr_owth structures. This
(mm) approach might be useful for design of “easy-to-tune”
F(000) 2508 2196 10872 ;
6 Range (°) 7.21-64.95  3.05-45.71 3.06-30.54 materials.
Data/restrains/parameters ~ 1628/0/29 3029/0/65 5149/0/137
Goodness-of-fit offr2 1.162 1.071 1.023 ACKNOWLEDGMENT
Final Rindices Ri=0.024, R=0.021, R,=0.046, . L .
[F2>26(FD) WR=008  WR=0.048 WR,=0.094 SK tharks the Spanish Ministerio de Economia vy

C. *P Solid State NMR probing

Competitividad (MAT2010-15094, MAT2006-01997) and
European Commission (FP7- PEOPLE-2009-IRSES) for

¥p NMR MAS shows low-field shift of a signal ascribedfinancial support.

to a s$ngle non-equivalent phosphorus irl)( to its
counterpart inl{l ). This fact could be explained with the
increase of local distortion of [R{tetrahedra front, to C;
symmety of oxygen environment (Fig. 2).
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Fig. 1. View of unit cells for | (left), Il (middle) and IlI (right). BU's are

emphasied with polyhedral presentation (see description in the text). (7]

D. Non-linear optical properties i

Compouwnd Il crystallizes in non-centrosymmetical space
group R32. Preliminary estimate of the second harmonic
response for this double phosphate gives 22.2 (a.u.) intenéﬂly
relatively to polycrystalline:-SiO..
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