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NI---027' 3.09(3) Q4WB- - .020* 2.70¢14)
Ni---O1W! 2914 04WB- - -022™ 2.61(14)
OlW-.-04" 3.15(3) Q4WB- - -024" 2.91(14)
OlW-..016" 3.06(3) 04WB. . .29 31504
Olw---018" 2973 04WB- - -O5WB 2.36(14)
olw. -.023" 2.75(3) OSWA. - -019*" 2.74(5)
olw-..024° 31074 OSWA- - -025" 294 (5)
OiIW. - .O4WA™ 257(5) O5WA- - -029" 2.73(5)
OlW. - -.0awB"' 2.81(14) O5WB- - .019"" 2.84(7)
ozw- - -020™" 3.14(4) O5WB- . .020* 3.12(7)
022w...021™ 3.07(4) O5SWB- . .022" 2.83(7)
O2wW- - -024 2.72(4) O5W8- - -029" 2.89(7)
Q2w. . .027" 2.79 (4)

Symmetry codes: (i) —x, 1 — v, =21 (i) § — x,y — 4,1 — & (i)
e, d=vi+anav)t—x levi—av)x—4 3 —ynl+uvi
L, bav, 3=z (vib) Lax, y, Ti(viii) L+x, b=yz=4iGix)x,y L l+g
(x) —x, I =y, I —zxh) ]l —x 1 =y —zxi) L +x, L =y, L+2z

Two lattice water molecules, designated O4WA, O4WB, O5WA
and O5WB, showed disorder. In the final refinement, the site-
occupancy factors of O4WA and OSWA were assigned to be
0.7, and those of O4WB and OSWB 0.3, according to the
refinement results. There were 12 O atoms of paradodeca-
tungstate and two disordered O atoms (OW4B and O5WB)
became ‘non-positive-definite’ when all atoms were refined
anisotropically. The N and O atoms were then refined isotrop-
ically in the final refinement. The isotropic displacement
parameters of the 12 O atoms ranged from 0.008 to 0.030 A,
which are comparable with those of the other O atoms in
the paradodecatungstate (0.011-0.027 A?%). The largest resid-
ual electron-density peaks were located around W atoms.

Data collection: CAD-4-PC Sofrware (Enraf-Nonius, 1992).
Cell refinement: CAD-4-PC Software. Data reduction: XCAD4
(Harms, 1997). Program(s) used to solve structure: SHELX97
(Sheldrick, 1997). Program(s) used to refine structure:
SHELX97. Molecular graphics: SCHAKAL92 (Keller, 1992)
and ORTEX (McArdle, 1993). Software used to prepare ma-
terial for publication: SHELXL97.

JL is grateful to Rutgers University for the FASP
Leave opportunity during the fall of 1997. We also thank
the National Science Foundation for partial support via
an International Collaborative Program (DMR-9553066)
and travel funds from DuPont Company.

Supplementary data for this paper are available from the [UCr
electronic archives (Reference: BR1227). Services for accessing these
data are described at the back of the journal.
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Abstract

The title compound, potassium niobium aluminium
arsenate (KNAA), is isostructural with KTiOPO, (KTP).
In KNAA, the site corresponding to the Til sites of
KTP is occupied mostly by Nb atoms, the Ti2 site is
occupied predomipantly by Al atoms, and the Asl and
As2 tetrahedral sites are occupied mostly by As atoms.
The M1Q¢ octahedron is more distorted and the M20,
octahedron is less distorted than that of KTP.

Comment

Recently, many crystals isostructural with KTiOPO4
(KTP) (Tordjman et al., 1974) have been synthesized
because they have interesting non-linear optical prop-
erties. For example, KTP crystals are used effectively
for second harmonic generation. The structures of the
compounds with the general formula (K,Rb,T1,Na)TiO-
(P,As)O4 have been determined by single-crystal X-ray
or neutron diffraction methods (Haidouri et al., 1990;
Mayo et al., 1994; Thomas et al., 1990, 1992).

In this study, a new compound with the chemical for-
mula K;NbAIO;[(As,Nb)O4]; (KNAA) has been syn-
thesized by a flux method and the structure was refined
using single-crystal X-ray diffraction data. The atomic
coordinates, site occupancies and equivalent displace-
ment factors are given in Table 1, the interatomic dis-
tances and angles are given in Table 2 and a projection
of KNAA parallel to the ¢ axis is shown in Fig. 1.

The structure of KNAA, isostructural with that of
KTP, has six kinds of cation site, namely M1, M2,
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Fig. |. A view of the KNAA structure along the [001] direction. The
structure of KNAA, isostructural with KTP, has six kinds of cation
site, namely M1, M2, Asl, As2, Kl and K2 sites. The structure
consists of M10g and M20, octahedra, and AslO4 and As204
tetrahedra forming a three-dimensional corner-sharing network.

Asl, As2, K1 and K2 sites. The structure consists of
M10¢ and M20¢ octahedra, and AslO; and As20,4
tetrahedra forming a three-dimensional corner-sharing
network, with K1 and K2 occupying the vacancy in the
network.

For the octahedral sites, the Nb atoms with higher
valence and larger ionic radius and the Al atoms occupy
98 and 2% of the M1 sites, respectively, and 2 and 98%
of the M2 sites, respectively. In the M10, octahedron,
M1—OM] and M1—OM?2 distances are 1.823(5) and
1.815(5) A, respectively, and the remaining M1—OI,
M1—02, M1—OS5 and M1—O6 distances range from
2.035(4) to 2.094 (S)A The difference of the former
short M1—O distances from the latter long MI—
O distances is ca 0.2A. On the other hand, in the
M?20; octahedron, the M2—O03, M2—04, M2—OM]1,
M2—OM?2, M2—O7 and M2—O8 distances range from
1.858 (6) to 1.972(4) A, the difference of the maximum
and the minimum M2—O distances is ca 0.1 A and
all M2—O distances are almost the same. In the KTP
structure, both TilOg and Ti20, octahedra have one
short, one long and four intermediate Ti—O distances.
The M10, octahedron is more distorted than the TiOg
octahedra and the M20 octahedron is less distorted.

For the Asl and As2 sites, As and Nb atoms
occupy 80 and 20%, respectively. The Asl site is
four-coordinated by Ol, O2, O3 and O4 at distances
between 1.677(4) and 1.694 (6) A, with one longer
and three shorter Asl—O distances. The As2 site is
four-coordinated by OS5, 06, O7 and O8 at distances

K;NbAIO;[(Asy sNby2)O4]2

between 1.668 (5) and 1.701 (4) A, with two longer and
two shorter As2—O distances. The Asl1O4 and As204
tetrahedra are slightly distorted compared with those in
KTP.

Experimental

The crystal of KNAA was synthesized by a flux method
(Chani et al., 1997). The chemical composition was analysed
using an energy-dispersive X-ray analyser (EDX). The EDX
data expressed in oxides was 18.0 (6) wt% K.O, 35.8 (9) wt%
Nb>Os, 11.6 (17) wt% Al.O; and 34.8 (12) wt% As;Os. The
chemical CO]TIpOSiliOI‘l. Ki 978 Nby 551 Al Asy 638010, cal-
culated on the basis of ten O atoms, was assumed to be

K:.0Nb sAl} gAs; ¢Oy0. taking into account the s.u.’s.

Crystal data

K:NbAIO:[(Asg sNbg 2)04 ]2
M, = 515.12

Orthorhombic
Pn2a
a=13.006(1) A
b =10.648 (1) A
c=6619(1)A
V=9167(3) A’
Z=4

D, =373 Mgm™*
D,, not measured

Data collection

Rigaku AFC-7 diffractom-
eter

w-20 scans

Absorption correction:
spherical (modified PTPHI
program in PW1100
software)
Tmin = 0.269, Trax = 0.353

8491 measured reflections

2598 independent reflections

Refinement

Refinement on F

R =0.023
wR = 0.034
§=1.99]

2365 reflections
147 parameters
w = U[o’(F,)]
(A0 )mar < 0.001

Mo Ka radiation

A=071069 A

Cell parameters from 80
reflections

f = 10-26°

=857 mm"!

T=293)K

Sphere

0.093 (5) mm (radius)

Colourless

2365 reflections with

F > 30(F)
Rin = 0.013
Gnux =34.96°
h=-18 — 18
k=-14 — 14

=-10—9

3 standard reflections
every 200 reflections
intensity decay: none

Apmax = 0723 e A7?

Aﬂmm = -0628e A 3

Extinction correction: Becker
& Coppens (1974)

Extinction coefficient:
0.334(10)

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A*)

Ueq = (1/3)E, ;U o'a;.a;.

X ¥

Kl 0.38020(12) 0.3147(2)
K2 010640 (11) 0.0724(2)
MINht  0.36839(2) 0
MI_AlL 0.36839 0

z Ueq
0.78(9 (2) 0.0283 (4)
0.6956 (2) 0.0287 (4)
0.49994 (9) 0.00426 (8)
0.49994 (9) 0.00426
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M2_Nbi 0.24700 0.2473 0.2528 0.0043
M2_Alt 0.24700 0.2473 0.2528 0.0043
Asl_As§  0.49872 (5) 0.2519(1) 0.32209 (6) 0.0062 (9)
As| Nbq  0.49872 0.2519 0.32209 0.0062
As2_As§  (.18725(3) 0.50045 (12) 0.50368 (10) 0.0072 (10)
As2_Nbq  0.18725 0.50045 0.50368 0.0072
0Ol 0.4870 (4) 0.1323(5) 0.4882 (9) 0.0140(13)
02 0.5043 (4) 0.3811(5) 0.4693 (11) 0.0107 (11
03 0.3930(3) 0.2645 (6) 0.1779 (6) 0.0118(11)
04 0.6027 (3) 0.2332(4) 0.1751 (6) 0.0062 (10)
OoM1 0.2231(4) 0.6249 (5) —0.0559 (10) 0.0100(13)
oMm?2 0.2204 (4) 0.3735(5) 0.0585 (9) 0.0076 (12)
05 0.1114(3) 0.5397(5) 0.3054 (6) 0.0103(9)
06 0.1088 (3) 0.4644 (4) 0.7011 (6) 0.0087 (10)
o7 0.2644 (4) 0.6224 (5) 0.5489 (10) 0.0091 (13)
08 0.2616 (4) 0.3762 (5) 0.4538 (10) 0.0104 (13)
T Site occupancy = 0.980 (2). Site occupancy = 0.020 (2). § Site
occupancy = 0.800 (10). 9 Site occupancy = 0.200 (10).
o

Table 2. Selected geometric parameters (A, °)
MI—OM1' 1.823(5) M2—04" 1.942 (4)
M1—OM?2' 1.815(5) M2—03 1.972 (4)
M1—06" 2.035(4) As1—04 1.677 (4)
M1—08' 2.082 (4) Asl—01 1.683 (6)
M1—QO2"™ 2.094 (5) Asl—O3 1.679 (4)
M1—O01 2.091(5) As|—02 1.694 (6)
M2—OM1! 1.858 (6) As2—O7 1.668 (5)
M2—OM?2 1.892 (6) As2—08 1.671 (6)
M2—OT7" 1.900 (6) As2—06 1.701 (4)
M2—O08 1.921 (6) As2—05 1.694 (4)
OM1'—M1—OM?' 982  OMI'—M2—04" 889(3)
OMI'—M1—06" 919(2)  OM2—M2—04" 92.7 (4)
OM2'—M1—06" 99.3(2) O07"—M2—04" 92.6(3)
OM1'—M1—05' 97.4 (2) 08—M2—04" 88.8(4)
OM2'—M1—05' 91.3(2) OM1'—M2—03 91.5(4)
06"—M1—05' 164.4(2) OM2—M2—03 86.9 (4)
oMI'—M1—02" 167.7(2) 07"—M2—03 87.7 (4)
OoM2'—M1—O2" 96.0(2) 08—M2—03 90.9 (4)
06"—M1—02" 71.6(2) 04" —M2—03 179.5(5)
05'—M1—02™ 96.1(2) 04—As1—01 111.1(2)
OM1'—M1—01 89.0(2) 04—As1—03 109.9 (2)
oM2'—M1—01 82.3(2) O1—As1—03 111.2(3)
06"—M1—01 89.0(2) 04—As1—02 113.1(2)
05'—M1—01 78.8(2) Ol—As1—02 104.0(3)
02"—M1—O0I 779 (2 03—As1—02 107.0(3)
OMI'—M2—OM?2 178.1 (4) 0O7—As2—08 107.7(3)
oMI'—Mm2—OT7" 90.3(3) 07—As2—06 113.5(3)
OM2—M2—0T7" 89.9(4) 08—As2—06 108.7 (3)
OM!I'—M2—-08 90.2 (4) 07—As2—05 107.3(3)
OM2—M2—08 89.0(5) 08—As2—05 112.3(3)
O07"—M2—08 178.3(4) 06—As2—05 107.6(2)

Symmetry codes: (i) § — x, v — LA+l —xy— 4z — L
l—xy—-4 1l —zav)x— LY

I

Possible space groups assigned from X-ray photographs are
Pnma and Pn2,a for systematic absences h = 2n+ 1 for
hkO and k+! = 2n+1 for Okl. In this study, the same
space group as KTP (Pn2,a; Tordjman et al., 1974) was
assumed as the correct space group. The structure parameters
of KTP were adopted as the initial parameters of KNAA.
The Friedel pairs were averaged and 2698 reflections were
obtained.

Data collection: MSC/AFC Diffractometer Control Software
(Molecular Structure Corporation, 1993). Cell refinement:
MSCIAFC Diffractometer Control Software. Program(s) used
to refine structure: modified from the 1977 ORXFLS4 version
of ORFLS (Busing et al., 1962).

The authors acknowledge the support of Professor K.
Kihara at the Department of Earth Sciences, Faculty of
Science, Kanazawa University, Japan.
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Supplementary data for this paper are available from the IUCr
electronic archives (Reference: OH1112). Services for accessing these
data are described at the back of the journal.

References

Becker, P. J. & Coppens, P. (1974). Acta Cryst. A30, 129-148.

Busing, W. R., Martin, K. O. & Levy, H. A. (1962). ORFLS. Report
ORNL-TM-305. Oak Ridge National Laboratory, Tennessee, USA.

Chani, V. L., Shimamura, K., Endo, S. & Fukuda, T. (1997). J. Cryst.
Growth, 173, 117-122.

Haidouri. A. E., Durand, J. & Cot. L. (1990). Mater. Res. Bull. 25,
1193-1202.

Mayo, S. C., Thomas, P. A, Teat, S. J., Loiacono, G. M. & Loiacono,
D. N. (1994). Acta Crysi. B50, 655-662.

Molecular Structure Corporation (1993). MSC/IAFC Diffractometer
Control Software. MSC, 3200 Research Forest Drive. The Wood-
lands, TX 77381, USA.

Thomas, P. A.. Glazer, A. M. & Watts, B. E. (1990). Acta Cryst. B46,
333-343.

Thomas, P. A., Mayo, S. C. & Watts, B. E. (1992). Acta Cryst. B48,
401-407.

Tordjman, L, Masse, R. & Guitel. J. C. (1974). Z. Kristallogr. 139,
103-115.

Acta Cryst. (1999). C55, 1393-1395
Zinc cadmium thiocyanate (ZCTC)

Yu-PenG Tian, WEN-Ta0 Yu, Qi Fang, XIN-QIANG
WanG, Duo-RoNG YuaN, DonG Xu aND MIN-Hua JiaNG

Stute Key Laboratory of Crystal Materials, Institute of
Crystal Materials, Shandong University, Jinan 250100,
Peoples Republic of China. E-mail: yptian@mars.ahu.
edu.cn

(Received 23 November 1998; accepted 3 June 1999)

Abstract

The title complex, zinc cadmium tetrathiocyanate,
[ZnCd(SCN)4],, contains slightly flattened ZnN, and
CdS, tetrahedra. The ~-S=C=N- bridges connect Zn
and Cd atoms, forming infinite three-dimensional ~Cd—
S=C=N—Zn- networks, and are essentially linear at
C and N, but bent at S. The structure exhibits a high
non-linear optical property, and physical and chemical
stability.

Comment

Recently, organometallic and coordination complexes
have emerged as potential building blocks for second-
order non-linear optical (NLO) materials (Long, 1995;
Tian et al., 1997). Compared with organic molecules,
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