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Structure of Synthetic Zeolite Na-P2 
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Abstract. Na4A148i12032.14H20, Mr = 1301"1, ortho- 
rhombic, Pnma, a = 9 - 8 6 8 ( 2 ) ,  b = 10-082(2), c = 
10.098 (2)/~, V = 1004.6 (3) A 3, Z = 1, Dx = 
2-15 g cm -3, a (Mo Ka) = 0-71069/~, # = 6.61 cm-1, 
F(000) = 660, room temperature, R = 0-053 for 1462 
independent reflections with I > 3o-(/). An untwinned 
crystal fragment was located for the structure deter- 
mination. The tetrahedral framework of Na-P2 
represents a new conformation of the flexible gis- 
mondine type of net (maximum symmetry I41/amd). 
The two almost identical cell constants in Na-P2 
do not correspond to the topologically tetragonal 
axes of the gismondine framework. 

Introduction. P zeolites are among the many phases 
which can be produced in the technically important 
system Na20-AI203-SiO2-H20.  Structural charac- 
terization of P phases has been complicated by (i) the 
existence of several topologically distinct zeolite nets 
with related unit-cell dimensions (gismondine- 
phillipsite-merlinoite), (ii) the small crystal size, 
which hinders or prevents single-crystal work and 
causes broad powder diffraction peaks, and (iii) the 
strong pseudo-symmetry, which leads to complex 
twinning and peak overlap in powder patterns. The 
present single-crystal study was undertaken in order 
to resolve some of the structural problems concern- 
ing P zeolites. 

Experimental. Needle-shaped multiply twinned crys- 
tals forming spherical aggregates with an approxi- 
mate diameter of 0-5 mm were produced by the 
reaction of aqueous NaOH and sodium aluminosili- 
cate glass at 423 K (Ffilth, 1981). Around ten 
twinned crystals were cut with a razor blade and 
their X-ray diffraction symmetry was checked using 
both a Weissenberg camera and a diffractometer. 
The selected crystal fragment exhibited maximum 
deviation from tetragonal symmetry. It was a tri- 
angular prism, length 0.16 mm, sides 0.11, 0"09, 
0.07 mm. Data were collected using a Nicolet P3m 
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diffractometer, graphite-monochromatized M o K a  
radiation, to-20 scan, width d20 = 2.4 ° + ala2 split- 
ting, scan rate 1.0-15 ° m i n - i ,  total background time 
= 0.75 × scan time. Cell parameters were determined 
from 12 reflections, 3.(Cu Ka) = 1.54178 ,~, 6 < 0 < 
28 °, plus 10 reflections, MMo Ka) = 0-71069/~, 3 < 
0 < 12 °. The data set has [(sin0)/a]max = 0"91 A -1" 
h 0 to 17; k and l 0 to 18. 3542 unique reflections 
were measured, of which 1462 have I >  3or(/). The 
standard reflection 112 was monitored after every 
100 reflections and showed a random variation in 
intensity with or = 2-1%. Lp and absorption correc- 
tions were applied, the range of transmission factors 
was 0.95-0.98. The Na-P2 structure was initially 
solved and refined in the space group P2j2121, 
though the symmetry was later increased to Pnma 
(P2~2~21 is a subgroup of Pnma). Tetrahedral nodes 
(Si,A1) were located by direct methods (MULTAN) 
and the structure was completed by Fourier methods 
and least-squares refinement minimizing Y.w(AF) z, 
with w-1 = o.2(Fo) + (0"025 Fo) 2 + 0"8. The final 
cycles of refinement converged to R = 0.053, wR = 
0.067, S = 1-18. Anisotropic temperature factors 
were used for all atoms; in total 106 parameters were 
varied, (A/Or)max = 0"03; Apmax = 0.6, Apmin = 

- 0 . 5  e A -3 Scattering factors for neutral atoms, 
including dispersion terms, were taken from Interna- 
tional Tables for X-ray Crystallography (1974). For 
computer programs used, see Lundgren (1982). 
Atomic parameters are listed in Table 1 and selected 
distances in Table 2.? Fig. 1 gives a view of the 
species surrounding an Na + ion in the zeolite cage. 

Discussion. The topology of the Na-P2 tetrahedral 
framework is of the gismondine type. This type of 
3D net is found in at least four minerals: amicite, 
garronite, gismondine, gobbinsite, as well as in 
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13 62 Na4A14Si 12032  • 14H20  

Tab le  1. Positions, displacements and occupancy 
factors  

The number of atoms per unit cell is 8g. T represents Si,AI; W 
represents O atoms of water molecules. B~q = (4/3)[a2/3~ + b2f122 
+ ca/333 + (2abcosy)fl~2 + (2accosfl)flj3 + (2bccosa)f123]. 

x y z B~q(A 2) g 
T(1) 0.35946 (9) 0-0946 (1) 0.35738 (9) 0.91 (1) 1 
T(2) 0.17412 (9) 0.0946 (1) 0.10142 (9) 0-92 (1) 1 
O(1) 0.2916 (3) -0.0005 (3) 0.4723 (3) 1.96 (5) 1 
0(2) 0-3318 (5) 0.25 0.3999 (4) 2.01 (7) 0.5 
0(3) 0-1861 (5) 0.25 0.0530 (4) 1.99 (7) 0.5 
0(4) 0.0225 (3) 0.0621 (3) 0.1615 (3) 1.80 (5) 1 
0(5) 0-2869 (3) 0.0593 (3) 0.2153 (3) 2.16 (5) 1 
Na(1) 0.045 (1) -0.0808 (7) 0.3520 (7) 8.1 (2) 0.5 
W(1) 0.200 (3) 0-75 0.286 (2) 8.5 (6) 0-25 
W(2) -0.031 (2) 0.75 0.529 (2) 14 (1) 0.25 
W(3) -0.006 (1) 0.054 (2) 0.539 (1) 10.2 (6) 0.5 
W(4) -0-132 (3) 0.75 0-411 (2) 9.3 (6) 0.25 
W(5) 0-115 (5) 0-75 0.203 (2) 13 (1) 0.25 
W(6) -0-107 (4) 0-75 0.235 (3) 13 (1) 0.25 

Tab le  2. Selected distances (A) 

Tetrahedra 
T(1)---O(5) 1.642 (3) T(2)--O(5) 1.639 (3) 

---O(1) 1.647 (3) --0(3) 1.646 (2) 
---0(2) 1.648 (2) ---0(4) 1.647 (3) 
---4:)(4 ~) 1.653 (3) ---O(P ~) 1.647 (3) 
Mean 1-647 Mean 1.645 

Na + coordination 
Na(1)--W(3 ai) 1-20 (2) --W(6) 2.56 (2) 

--W(3 i') 2-38 (2) --W(2) 2.58 (2) 
--W(5) 2.38 (2) ~ ( I  '~) 2.83 (1) 
--W(1) 2.38 (2) ---0(5 v) 3.00 (1) 
--0(4 i') 2-41 (1) --O(Y") 3.09 (1) 
--W(4) 2.52 (2) 

Symmetry code: (i) ~ + x, y, ½ - z; (ii~ ~ - x, ~- y, - ~ + 
1 - y , l - z ; ( i v )  x, l + y , z ; ( v )  x - ~ , l + y , ~ - z .  

z; (iii) -x ,  

~,..~:4 ) ~,~ g(, 

Fig. 1. Coordination of Na ÷ in Na-P2, seen approximately along 
b. The c axis is vertical. 

several  synthet ic  phases ,  e.g. Na-P1 and  T M A -  
g i smondine .  D u e  to the f lexibi l i ty  o f  the g i smond ine  
f r amework ,  the s y m m e t r y  changes  wi th  the compos i -  
t ion o f  the zeolite. G i s m o n d i n e  ne tworks  have  been 
refined in a n u m b e r  o f  d i f ferent  space groups,  e.g. 
I41/amd, I4, Pmn21, 12, P2Ja;  see references cited by  
Meie r  & Olson  (1987). 

The  m a x i m u m  s y m m e t r y  o f  the g i smond ine  net  is 
I 4 J a m d  a n d  a a n d  b are the pseudo- te t ragona l  axes 

in Na-P2.  It is thus  r e m a r k a b l e  tha t  the b a n d  c axes 
are o f  a lmos t  equal  length  in the structure.  A s imi la r  
s i tua t ion  was encoun te red  in connec t ion  wi th  an  
X- ray  powder  d i f f rac t ion  s tudy  o f  the mine ra l  gob- 
binsi te  (McCusker ,  Baer locher  & N a w a z ,  1985). 

Typica l  A1---O a n d  Si---O dis tances  in ful ly 
ordered  zeolites, l ike nephe l ine  hydra t e  I ( H a n s e n  & 
F/il th,  1982), are 1-74 a n d  1.61 A, respectively.  A 
c o m p a r i s o n  o f  the m e a n  T---O dis tances  in Tab le  1 
suggests extensive Si,A1 d i sorder  in  the present  struc- 
ture model .  In t e rpo la t ion  indica tes  tha t  bo th  tetra- 
hed ra  con ta in  a b o u t  2 5 %  A1, co r r e spond ing  to a 
f r a m e w o r k  compos i t i on  o f  A14Si12042. This  is in 
good  agreement  wi th  the four  N a  ÷ ions  found  in the 
calculat ions .  Gene ra l l y  speaking,  the A1 conten t  o f  
N a - P 2  f r ameworks  is var iable ,  since a sys temat ic  
va r ia t ion  in the latt ice pa rame te r s  was observed as a 
func t ion  of  s tar t ing c o m p o s i t i o n  in the syntheses.  

A n  even d i s t r ibu t ion  o f  ca t ions  wou ld  lead to the 
presence o f  one N a  + ion per  cavi ty  ( F i g .  1). This  
N a  ÷ occupies  one o f  the two mir ror - re la ted  sites 
present  in each cavity.  W a t e r  molecule  W(3) is l ikely 
to occupy the site wh ich  gives a b o n d  dis tance  o f  
2.38 ( 2 ) ~  to Na(1) ,  since 1.20 ( 2 ) A  is t o o  shor t  
(Table  2). Molecu les  W(1), W(2) a n d  W(4)--W(6) are 
s i tuated in the m i r r o r  p l ane  at the center  o f  the cage 
a n d  their  p o p u l a t i o n  is a p p r o x i m a t e l y  50%.  Shor t  
w a t e r - w a t e r  dis tances,  such as W(1) -W(5 )  1-18 (4), 
W(4)-W(2)  1.55 (3), W(4)-W(6)  1-79 (4) A, suggest 
two a l ternat ive  a r r a n g e m e n t s  o f  channe l  species. In  
50% of  the cavities W(1), W(2), W(6) are present ,  
while  W(4) and  W(5) are present  in the other  50%.  
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