
1517 

INORGANIC COMPOUNDS 

Acta Cryst. (1997). C53, 1517-1519 
03 

A Cubic Hydrated Sodium Zinc Phosphate 
with a Tetrahedral-Triangular Framework 
Topology, Na6Zn3(PO4)4.3H20 

O1 

XIANHUI BU, THURMAN E. GIER, WILLIAM T. A. 
HARRISON t AND GALEN D. STUCKY 

Chemistry Department, University of California, Santa 
Barbara, CA 93106, USA. E-mail: bu@sbxray.ucsb.edu 

(Received 1 April 1997; accepted 27 May 1997) 

08 

Znl 

07 

06 

Abstract 
The structure of hexasodium trizinc tetraphosphate tri- 
hydrate has been refined from a twinned crystal. The 
three-dimensional framework consists of strictly alter- 
nating Zn and P oxygen tetrahedra with Na cations and 
water molecules located inside the cages. 
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Fig. l. View of the Zn and P tetrahedra with 50% probability 
displacement ellipsoids and atomic labelling. Two unique Na ÷ 
cations and one unique water molcculc arc omitted. 

Comment 
Interest in non-aluminosilicate molecular sieves has 
resulted in a large number of phosphate-based 
novel framework materials. Examples include alumino- 
(or gallo)phosphates (Flanigen, 1991), zinco(or beryllo)- 
phosphates (Gier & Stucky, 1991; Feng, Bu & Stucky, 
1995; Bu, Feng & Stucky, 1996), and cobalt phosphates 
(Feng, Bu & Stucky, 1997a; Feng, Bu, Tolbert & Stucky, 
1997). Our own studies have led to several dozen new 
open-framework metal phosphates and arsenates includ- 
ing about three dozen new materials with topology iso- 
typic with known zeolite structures (Feng, Bu & Stucky, 
1997b; Bu, Feng, Gier & Stucky, 1997). 

We have previously reported the synthesis and pre- 
liminary characterizations of a cubic sodium zinc phos- 
phate, Na6Zn3(POn)4.3H20 (Gier, Harrison, Nenoff & 
Stucky, 1992). The structure analysis was, however, not 
satisfactory due to the crystal twinning and the associ- 
ated pseudosymmetry. We have now resolved the twin- 
ning problem and the new structure refinement allows 
accurate determination of the cubic structure including 
the location and refinement of water-molecule H-atom 
positions. In this paper, we report the structural analysis 
of Na6Zn3(PO4)4.3H20. 

There is one unique Zn-atom site and four P-atom 
sites. One important structural feature is that there is 
a pendant ~ O  group on each PO 3-  group (O1, 02, 
03 and 04  are pendant O atoms on P1, P2, P3 and 
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P4, respectively). The remaining framework O atoms 
(05, 06,  07  and 08) are bicoordinated to one Zn 
atom and one P atom (excluding coordination to extra- 
framework Na atoms). Thus, in terms of the framework 
connectivity, all P atoms are tricoordinate. There are no 
four- or six-membered rings (i.e. four or six polyhedral 
atoms such as P and Zn in a ring excluding O-atom 
bridges). The framework consists of highly distorted 
eight-membered rings. 

Compared to zeolite frameworks which consist of 
alternating tetrahedral centers, the framework of the 
title compound consists of four-connected Zn-atom 
tetrahedra in strict alternation with three-connected 
P-atom tetrahedra. This explains the ratio of 3/4 
for Zn/P. Another framework structure that con- 
sists of four- and three-connected polyhedral cen- 
ters is Na2Zn3(CO3)4.3H20 (Gier, Bu, Wang & 
Stucky, 1996). The title compound is isostructural with 
Na6As3(PO4)n.3H20 (Grey, Madsen, Jones & Smith, 
1989). 

Each of the two unique sodium cations (Nal and Na2) 
is located in a slightly distorted octahedral environment. 
One of the six O atoms (09) in the sodium coordination 
sphere belongs to a water molecule. Both H atoms 
on the water molecule are hydrogen bonded to the 
framework O atoms. The bonding distances H91 . . .05  
and H92- . .06  are 1.99 (5) and 2.06 (7)~,, respectively. 

The crystal used for data collection is a reflection 
twin. The twin plane is parallel to the c axis and bisects 
the a and b axes. The volume ratio between the two 
twin domains is 79:21 [the refined value is 0.2113 (3)]. 
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Experimental  

The  title c o m p o u n d  was  prepared by  hydro the rma l  synthes is  
(Gier, Harr i son,  N e n o f f  & Stucky,  1992). 

Crystal data 

Na6Zn3(PO4)4 .3H20 M o  Ka radia t ion 
Mr = 767.98 A = 0.71073 ,A 
Cubic  Cell  parameters  f rom 8192 
P2~ 3 ref lect ions 
a = 1 1 . 9 9 3 1 0 ( 1 0 ) *  0 = 1 .70-28 .28  ° 
V = 1725.02 (2) , 3  # = 4 .762 m m - t  

Z = 4 T =  293 (2) K 
Dx -- 2.957 M g  m -3  Trans lucen t  cube 

0.12 x 0.12 x 0.12 m m  
Color less  

Data collection 

Siemens  S M A R T  C C D  
d i f f rac tomete r  

o3 scans  
Absorp t ion  correct ion:  

empir ica l  f r o m  di f f rac t ion  
da ta  (Bless ing,  1995; 
Sheldr ick ,  1996) 

Tmin = 0.61, Tmax = 0.67 

17 981 measu red  ref lect ions 
1434 independen t  ref lect ions  
1411 ref lect ions wi th  

I > 2o'(/) 

Rint = 0.037 
0max = 28.18 ° 
h = - 1 5  ---. 15 
k = - 15 ~ 15 
l = - 15 ~ 15 

Refinement 

Ref inemen t  on F 2 
R[F z > 2o.(FZ)] = 0.020 
wR(F z) = 0.047 

S - 1.016 
1434 ref lect ions  
107 parameters  
All  H - a t o m  parameters  

ref ined 
w = l/[o.2(Fo 2) + (0 .0180P)  2 

+ 3 .0057P]  
where  P = (Fo z + 2F2) /3  

(A/O')max = - -0 .008 

Apmax = 0.278 e ~ - 3  
Apmin = - 0 . 2 4 8  e ,~-3 
Ext inc t ion  correct ion:  

SHELXTL (S iemens ,  
1995b) 

Ext inc t ion  coeff icient :  
0 .00029 (14) 

Scat ter ing factors  f rom 
International Tables for  
Crystallography (Vol. C) 

Abso lu te  conf igurat ion:  
F lack  (1983) pa ramete r  
= 0.006 (11) 

T a b l e  1. Fract ional  a tomic  coordinates  and  equivalent  

isotropic d i sp lacement  parameters  (~2) 

Ueq = ( I /3)Ei~jUOa~ a~ ai.aj. 

x y z Ueq 
Znl 0.37493 (4) 0.00257 (4) 0.24292 (3) 0.01019 (9) 
Pl 0.51982 (7) l/2-x -l /2+x 0.0085 (3) 
P2 0.52961 (7) -- 1/2+x I - x  0.0089 (3) 
P3 0.21866 (7) --x l/2-x 0.0090 (3) 
P4 0.22983 (7) x • x 0.0087 (3) 
OI 0.4476 (2) I /2-x - 1/2+x 0.0174 (9) 
02 0.4574 (2) - I/2+x 1 - x  0.0175 (9) 
03 0.2913 (2) - x  I/2-x 0.0201 (10) 
04 0.3025 (2) x x 0.0166 (9) 
05 0.4544 (2) -0.0691 (2) 0.1202 (2) 0.0126 (5) 
06 0.2974 (2) 0.1334 (2) 0.1758 (2) 0.0142 (5) 
07 0.2587 (2) -0.0959 (2) 0.2888 (2) 0.0164 (5) 
08 0.4805 (2) 0.0514 (2) 0.3526 (2) 0.0159 (5) 
Nal 0.33262 (15)  0.50225 (13)  0.24862 (I1) 0.0228 (4) 
Na2 0.42141 (14 )  0.00771 (12 )  0.74104 (12)  0.0207 (3) 
09 0.5010 (3) 0.2468 (2) 0.1283 (3) 0.0249 (5) 

T a b l e  2. Selec ted  geometr ic  parame ter s  (A ) 

Z n l - 0 7  1.908 (2) P4--04 1.509 (5) 
ZnI--O8 1.917 (2) P4---O6 TM 1.554 (2) 
ZnI--O5 1.953 (2) P4--O6 1.554 (2) 
Znl--O6 1.994 (2) P4--O6"'" 1.554 (2) 
PI--OI 1.500 (5) O4--Nal TM 2.508 (3) 
P1---O5 1.554 (2) Nal---O5 'x 2.317 (3) 
PI--O5' 1.554 (2) Nal---O8 TM 2.392 (3) 
Pl--O5" 1.554 (2) Nal--O9'" 2.450 (4) 
P2--O2 1.500 (5) Nal--O3 ~ 2.570 (3) 
P2--O8 'i' 1.553 (2) Nal---O8 x' 2.616 (3) 
P2--O8 1.553 (2) Na2--O6 x'' 2.394 (3) 
P2--O8" 1.553 (2) Na2--O7 i' 2.449 (3) 
P3--O3 1.510 (5) Na2---O7 x"' 2.472 (3) 
P3--O7' 1.551 (2) Na2----O9 x'' 2.488 (4) 
P3--O7" 1.551 (2) Na2---Ol ~' 2.554 (3) 
P3--O7 1.551 (2) Na2--O2 2.493 (3) 

Symmetry codes: (i) ~ - . v , - z , x -  ~_'1" (ii) -~t + z ,  ½ - x , - v ; .  (iii) 
1 - z , x -  ½,½-y; (iv) ½ + y , ~ - z , l - x :  (v) ½ - z , - x , ~ + y ;  (vi) 
- y , z  - ½, ½ - x; (vii) z ,x,y;  (viii) y ,z ,x ;  (ix) ½ - z, 1 - x, ½ + y; 
(x) x , l  + y , z ;  (xi) ! - x ,  ½ + y ,  ½ - z ;  (xii) ½ - y , - z ,  ½ +x;  (xiii) 
i _x,_y,_~t  +z ; (x iv )  + . + z , ~ - x , i - . v ; ( x v )  x , . v , l + z .  

The  data  col lec t ion  nomina l l y  covered  over  a full  sphere o f  
reciprocal  space by a combina t ion  of  four  sets o f  exposures ;  
each  set had a d i f ferent  ~, angle  for  the crystal  and each 
exposure  covered  0.3 ° in w. The  crys ta l - to-de tec tor  d is tance  
was  4.95 cm.  The  total n u m b e r  o f  exposures  is 2082. The  
coverage  o f  the data  set is 100% at every  resolut ion to at least  
28 ° in 0. 

Data  col lect ion:  SMART (Siemens ,  1996). Cell  ref inement :  
SAINT (Siemens ,  1995a). Data  reduct ion:  SAINT. Program(s)  
used  to solve structure:  SHELXTL (Siemens ,  1995b). Pro- 
gram(s)  used  to refine structure:  SHELXTL. Molecu la r  graph- 
ics: SHELXTL. Sof tware  used to prepare mater ia l  for  publ ica-  
tion: SHELXTL. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BR1187). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
Pentacaesium henicosamolybdenum tricosasulfur is 
isostructural with CssMo21Se23 and is the third mem- 
ber in the series M2n-lMo6n÷3X6n.5 (M = Rb, Cs; X 
= S, Se, Te). Its crystal structure contains as the main 
building block an Mo21S23 cluster unit, the Mo core of 
which consists of six face-sharing Mo6 octahedra. The 
decrease in the ionic radius of the chalcogen results in a 
shortening of the Mo--Mo intertriangle distances while 
the intratriangle ones do not change significantly. The 
shortest intercluster Mo---Mo distance also decreases 
from 3.342 (3) .4, in CssMo21Se23 to 3.1687 (9) A, in 
CssM021 $23. 

Comment 
This work is part of our programme in search of new re- 
duced molybdenum compounds in the Cs-Mo-S system. 
Until now, this study has led to the synthesis of six struc- 
ture types by solid-state reaction: Cs0.6Mo6S7 (Gougeon, 
Padiou, Potel, Sergent & Couach, 1984), which contains 
Mo6 clusters; Cs6Mo24S26 and CssMo30S32 (Gougeon, 
1984), comprising condensed clusters built up from 
seven or nine Mo6 clusters; and infinite chains of trans- 
face-shared Mo6 octahedra in the quasi-one-dimensional 
compound Cs2Mo6S6 (Potel, 1981). In addition, mix- 
tures of Mo6 and Mo9 clusters (Cs2Mol5Sl9; Gougeon, 
1988), and Mo9 and Mol2 clusters (Cs4Mo21525; 
Gougeon & Potel, 1993) have also been obtained. Here 
we present the crystal structure of a new compound be- 
longing to the Cs-Mo-S system, CssM021S23. 

A view of the structure of CssM021S23 is shown in 
Fig. 1. The basic structural unit is the M021S23 cluster 
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unit (Fig. 2) which can be thought of as six M06S8 units 
fused together sharing Mo353  faces ,  after removal of the 
capping S atoms. Consequently, the Mo atoms belonging 
to the outer M03 triangles have an environment similar 
to that of the Mo atoms of the Mo6S8 cluster units 
(five S and four Mo), while those of the inner triangles 
are surrounded by six Mo atoms and four S atoms. In 
addition, all the S atoms which are coplanar with the 
shared octahedral faces bridge two triangular faces and 
the others bridge one triangular face. 

As observed previously in CssMo21Se23 (Gougeon, 
Potel & Sergent, 1990) and compounds of the se- 
ries M2n-2Mo6nX6n+2 containing Mo6nXrn+2 cluster units 
(n = 2, 3, 4 and 5) (Gougeon, 1984), the distances 
between Mo atoms related through the threefold axis (in- 
tratriangle distances) lie in a narrow range [2.6587 (11)- 
2.6688 (8),&] whereas those between adjacent Mo3 tri- 
angles (intertriangle distances) vary from 2.6699 (6) to 
2.7539 (7)A. The intratriangle Mo--Mo distances are 
somewhat similar to those in Cs5Mo21Se23 [2.652(2)- 
2.669 (2)A], and the intertriangle distances are smaller 
than comparable values in CssMo21Se23 [2.701 (2)- 
2.768 (2) A], as expected from the smaller radius of the 
S atom. This contraction of the Mo21 cluster along its 
elongation axis is reflected in the spacings betweenMo3 
triangles which are 2.275 A for A(1)-A(2),  2.194 A for 
,4(2)-,4(3) and 2.206,& for ,4(3)-,4(4) in CssMo21S23 

Fig. 1. View of the unit cell of CssMo21523. Mo2j clusters are 
emphasised by thick lines. Mo--S bonds are shown as thin lines. 
Unconnected ellipsoids represent the Cs ÷ cations. Displacement 
ellipsoids are drawn at the 95% probability level. 

Acta Crystallographica Section C 
ISSN 0108-2701 © 1997 


