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Contrary to the recent work of J. M. Thomas et al. (J. Chem. SW. Chem. Commun., 678, 1981), it was 
found that a high-resolution neutron powder diffraction pattern of a sample of dehydrated Na zeolite A 
(with Si/Al ratio 1.09) can be indexed and refined in the cubic space groups PmStn (R,, = 11 .O%) (A. 
K. Cheetham and J. C. Taylor, J. Solid State Chem. 21,253, 1977) and Fm% (R,, = 10.3%), whereas 
in the rhombohedral space group Rj refinement was unsuccessful. For two other samples having WA1 
ratios of 1.03 and 1.12 the diffraction patterns again showed no evidence of rhombohedral distortion 
and can be indexed using a cubic unit cell. It appears that the Si, Al ordering of zeolite A, and hence 
the crystal symmetry, must depend upon the conditions of preparation of the zeolite. 

Introduction flections which were not in agreement with 
this space group. They found that although 

The crystal structure of zeolite A was the sodium atoms have unusual coordina- 
first determined by Reed and Breck (3), 
who found a 12.3-A cubic cell. Later more 

tions, the Na-0 distances do not satisfy the 
concept of near-zero coordination. 

accurate X-ray studies were made of the Recently there has been an upsurge of 
hydrated zeolite by Gramlich and Meier interest in the structure of dehydrated Na- 
(4), who showed that the true cell had a 
24.6-A repeat and conformed to space 

zeolite A, which started with a solid-state 
*%i nuclear magnetic resonance (NMR) 

group Fm%; they also located the water study (7) which demonstrated that each 
molecules in the zeolite cavities. Subrama- SiO, tetrahedron is connected to three Al 
nian and Seff (5) later made a claim for a atoms and one Si atom (3 : 1 ordering). This 
“near-zero coordination sodium ion” in the contravenes Loewenstein’s rule and, fur- 
dehydrated structure. Their study used the 
12.3-A pseudocell with space group PmJm. 

thermore, is not consistent with the space 
group Fm& used in the previous accurate 

Pluth and Smith (6) carefully reexamined X-ray structural investigations (4, 6). Tri- 
this dehydrated structure and refined it suc- methylsilylation studies of zeolites (9) also 
cessfully, using single-crystal X-ray data, in 
Fm%, although they noted a few weak re- 

suggested that between one-third and one- 
half of the AlO, tetrahedra in zeolite A were 
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linked in pairs. Lodgeet al. (10) argued that 
the space group should be Pm3 when Si/Al 
was unity and Frnj when the ratio deviated 
from this value. In addition, Thomas et al. 
(II) stated that although the method of 
preparation of the zeolites sodalite and can- 
crinite can apparently affect the short-range 
Si, Al ordering, this does not appear to be 
the case for zeolite A. Their samples were 
prepared either by the method of Charnel1 
(12) or from kaolinite (13) and in both cases 
3 : 1 ordering was apparent from NMR mea- 
surements. 

More recently Thomas et al. (11) re- 
ported that the true space group is Rj 
rather than Pm3 or Fmj (II). Bursill et al. 
(14) demonstrated that powder neutron dif- 
fraction measurements made with 2.96-A 
radiation show certain peaks to be split 
while others are not; the conclusion was 
that the samples used were not polyphasic 
and although they were unable to index the 
reflections in Fmk, they could do so in Rj. 

We collected a high-resolution neutron 
diffraction data set and report here attempts 
to refine the structure in several of the pos- 
sible space groups suggested above. 

Experimental 

The sample of zeolite 4A, prepared by 
Charnell’s method (12) (particle size -20 
pm), was dissolved in dilute HCl and ana- 
lyzed for sodium by flame photometry and 
for silicon and aluminum by gravimetric 
procedures (15); the composition was 
found to be Na92A$2Si1000348 * 216H,O, i.e., 
the Si/Al ratio was found to be 1.09 + 0.02. 
The data were collected using the high-res- 
olution powder diffractometer DlA at the 
Institut Laue-Langevin, Grenoble (16). A 
5-g sample was loaded into a 16-mm-diame- 
ter vanadium can and dehydrated in situ on 
DlA at 300°C and 5 X 1O-3 mm Hg for 1 hr, 
after which the sample was allowed to cool 
to 300K. Throughout the data collection the 
pumping was maintained to avoid any pos- 

sibility of rehydration. Data ranging from 
2.04 to 161.04” (28) were collected in 22 hr 
at a wavelength of 1.909 A. The background 
was estimated by linear interpolation from 
regions where no Bragg peaks occurred. 
The refinement of the structure was made 
using the Rietveld technique of profile re- 
finement (17, Z8) with the programs of He- 
wat (19, 20). The scattering lengths used 
were from the “International Tables for X- 
Ray Crystallography” (21). 

Structure Refinement 

In all of the structure refinements dis- 
cussed below the Fmjc atomic coordinates 
of Pluth and Smith (6) were taken as a ba- 
sis. In those cases where refinement was 
attempted using space groups of lower in- 
herent symmetry than Fm% the approach 
of Katz and Megaw (22) was followed to 
obtain the initial shifts in atomic coordi- 
nates. 

At the time that this work was under- 
taken, Lodge et al. (10) had argued that for 
a sample of zeolite A with Si/Al # 1.0 the 
space group should be Fmj. A full refine- 
ment was attempted in that space group, 
but large shifts were observed in the atomic 
positions and, in addition, the refinement 
was unsatisfactory in that an R,,l of only 
26% could be obtained even with aniso- 
tropic thermal parameters for all atoms. 

At this point it was suggested (I ) that the 
true space group of zeolite A was Rj, al- 
though since the rhombohedral cell angle 
was close to 60” there was a pseudocubic 
symmetry. Consequently a refinement was 
attempted in Rj. The positions of all the 
atoms in the cubic cell were generated from 
the Fmjc coordinates (6), the origin was 

’ I?,,= 100 zw(y(obs) - ; y(cak))2/Xw(y(obs))2 “‘7 
[ 1 

where w is the weight at each 20 step and y(obs) 
and y(calc) are the observed and calculated intensities 
at that point. 
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shifted to the center of the a-cage, and then 
the coordinates were transformed to Rj. 
All of the atomic positions were therefore 
known approximately before the beginning 
of the refinement, but the identity of the 
atom at each Si,Al site was unknown. An 
average scattering length was employed at 
each position. Refinement of the cell con- 
stants and half-width of the peaks led to 
R = 22.7%. However, any further refine- 
m:t in which atomic positions were al- 
lowed to vary gave large parameter shifts 
without any associated refinement. It was 
noted that the rhombohedral cell angle (Y 
was 59.998(2)“, which suggested that in the 
case of this sample of zeolite A either the 
true cell was cubic or the pseudocubic sym- 
metry was very marked. At this stage neu- 
tron diffraction traces taken with 2.98-A 
neutrons were obtained for dehydrated Na 
zeolite A samples having Si/Al ratios of 

COUNTS 
3.M) - 

II 

FIG. 1. Observed neutron diffraction profiles (at 
300K) for selected 20 regions for dehydrated Na zeo- 
lite A samples with (a) Si/Al = 1.03, (b) WA1 = 1.09, 
(c) %/Al = 1.12. Traces (a) and (c) were obtained with 
2.98-A radiation, whereas (b) used 1.909-A neutrons. 

1.03 and 1.12 (Fig. 1). The observed peaks 
could be indexed using a cubic cell, and 
attempts to refine a rhombohedral cell unit 
using the Rietveld program (I 7) gave rhom- 
bohedral cell angles within one esd of 60”, 
again showing that the samples were cubic. 

A return was then made to the space 
group Fmsc which has been used success- 
fully both for hydrated and dehydrated Na 
zeolite A (4, 6). The Si(1) site was fully oc- 
cupied by Si, whereas the Al(l) site was 
constrained to have 92 Al and 4 Si (labeled 
Si(2)) to agree with the chemical analysis. 
In addition, the total number of sodium ions 
was constrained to 92. When using iso- 
tropic temperature factors and fixing the 
population of the sodium ions approxi- 
mately to values given by the previous X- 
ray refinement (6), convergence was noted 
at R,, = 13.2%. After refinement of the site 
populations of sodium at sites Na(l), Na(2), 
and Na(3), the population parameters re- 
mained close to those of Pluth and Smith 
(6). An anisotropic refinement then proved 
possible for all atoms except Na(3), which 
had a very small occupancy factor. The rea- 
sonable agreement between the anisotropic 
thermal parameters here and those of Pluth 
and Smith (6) (Table I) was considered 
heartening as it is well known that aniso- 
tropic thermal parameters are the least reli- 
able data from the Rietveld refinement. The 
final R,, was 10.3%, corresponding to a 
conventional R* of 7.2%. The unit cell con- 
stant was 24.5920(2) A (the esd in cell pa- 
rameter does not include a contribution 
from the uncertainty in the neutron wave- 
length: for comparison, the cell constants 
for the two samples having Si/Al ratios 1.03 
and 1.12 were 24.5982(4) and 24.5996(2) A, 

2 The program (19, 20) divides the observed counts 
between overlapping reflections according to the rela- 
tive contributions of the calculated reflections, applies 
a Lorentz correction, and then calculated Fibs and 
FLc. The values of F& and F:,,, were square-rooted 
and used to calculate the conventional R factor accord- 
ing to R = ZIIF,,bsI - I~~,,,I~/~IFOd 



248 ADAMS, HASELDEN, AND HEWAT 

TABLE I 

COMPARISON OF REFINEMENT IN SPACE GROUP Fm%z WITH PREVIOUS WORK 

Pluth and Smith (6) 

96(i) 
96 

0.0 
0.09352(29) 
0.18558(33) 
5(l) 

12(l) 
10(l) 
0 

-6(l) 

96(i) 
4 

Nat11 
Position 
Pop. 
x 

Y 

Al 1 Pm P22 
Pm P13, Pm 

64(g) 
64.0 

0.10066(12) 
0.10066(12) 
0.10066(12) 

16(l) 
5(l) 

W2) 
Position 
Pop. 
X 

Y 

FL 

;I 
Pm &s 
A3 

96(i) 
23.62 

0.0 
0.21580(94) 
0.22604(91) 

36(6) 
5(3) 

19(6) 
0 

27(3 

W3) 
Position 
Pop. 
x 

YJ 
811 
Pz9, A3 

ap,,, 823 
i3 

96th) 
4.38 
0.25 
0.11550(156) 

0.42(1.16) 

O(l) 
Position 96(i) 
Pop. 96 
X 0 

Si( 1) Si(2) Al(l) Si( 1) Al(l) 

Wi) 
92 

0.0 
0.18665(43) 
0.08921(38) 

1W 
W) 
7(l) 
0 
9(l) 

96(i) 
96 

0 
0.09316(5) 
O-18499(6) 
9.7(3) 
7.9(3) 
5.9(3) 
0 
0.6( 1) 

Wi) 
96 
0 
0.18715(7) 
0.69042(6) 
9.4(3) 
6.5(3) 
8.7(3) 
0 
1.0(l) 

k(l) 

Wg) 
62.2 

0.09960(4) 
0.09960(4) 
0.09960(4) 

15.7(2) 
2.7(l) 

N&9 

96(i) 
23.2(4) 

0 
0.2165(6) 
0.2111(6) 

23(2) 
334 
19(3) 
0 

-5(6) 

Na(3) 

96th) 
6.3(4) 
0.25 
0.1060(7) 

W’) 
15x4) 

-l(2) 
-2(7) 

O(1) 
96(i) 
96 

0 
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TABLE I-Continued 

Pluth and Smith (6) 

Y 0.11377(11) 0.11367(10) 

;I* 
0.24695(33) 0.24663(17) 

19(l) 15.5(5) 
P 22 18(l) 18.4(6) 
P33 WI 5.5(5) 
Pm A3 0 0 
P 23 -3(l) 0.0(4) 

Position 
Pop. 
X 

Y 

;I* 
P 22 
P3.9 
PI% PI3 
P23 

O(2) O(2) 

96(i) 96(i) 
96 96 

0 0 
0.14493(21) 0.14459(14) 
0.14583(20) 0.14591(14) 

25(l) 23.9(6) 
13(l) ll.l(l.0) 
5(l) lO.g(l.0) 
0 0 
7(l) ? 

Position 
Pop. 
X 

Y 

iI1 

;: 
P 12 

;: 

O(3) O(3) 

192(j) 192(j) 
192 192 

0.05480(18) 0.05379(9) 
0.05785(19) 0.05865(9) 
0.17104(7) 0.17152(6) 
9(l) 11.6(6) 

17(l) 11.9(5) 
13(l) 13.6(3) 
31) 1.8(2) 
2(l) 0.6(2) 
3(l) 0.1(2) 

Note. Anisotropic displacement factor given as 1Wexp - hzflll + kzpzg + 12& + 2hk& + 2hlp,, + 2klp,. 
pzs omitted for O(2) in Ref. (6 ). 

respectively). Structural parameters are 
given in Table II. 

Because of the success of the refinement 
in the cubic cell a refinement was attempted 
in the space group Pmjm. It is known that 
this 12.3-A cell is only a pseudocell since 
X-ray data (4, 6) and electron microscopy 
(e.g., 23, 24) often show a 24.6-A cell. 
However, Yanagida et al. (25) stated that 
their samples of zeolite A showed a 12.3-A 
cell and must therefore not have any long- 
range Si, Al ordering. In addition, Seff and 
co-workers have had some success in re- 

finement of zeolite A complexes in this 
pseudocell (e.g., 26 -29). 

For the Si, Al scattering length an aver- 
age value was computed for WA1 = 1.09 
from data in the “International Tables for 
X-Ray Crystallography” (21). Again the to- 
tal number of sodium ions was constrained 
to fit the chemical analysis, but the distribu- 
tion between sites was initially allowed to 
vary. 

Refinement of the zero point on the 28 
scale, cell constant, and half-widths of the 
diffraction peaks gave R,, = 14.8%. An 
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TABLE II 

INTERATOMIC DISTANCES (A) AND ANGLE (“) FOR REFINEMENT IN Fm% (esd IN LAST FIGURE 

IS GIVEN IN PARENTHESES) 

Si(l) -O(l) 
Si(1) -O(2) 
Si(1) -O(3), O(3’) 
Al( 1) -O( 1”‘) 
Al(l) -O(2) 
Al(l) -0(3d’), O(3”“‘) 
Na(l)-O(3), 0(3’), O(3”‘) 
Na(l)-O(2), 0(2”), O(2vii) 
Na(2)-O(2) 
Na(2)-O(1) 
Na(2)-O(lvi) 
Na(3)-0(3%) 
Na(3)-O(lXL), O(P) 

1.589(11) 
1.598(9) 
l&7(6) 
1.741(13) 
1.729(11) 
1.699(7) 
2.31914) 
2.923(4) 
2.632(24) 
2.561(23) 
2.909(23) 
2.830(28) 
2.842(38) 

O(1) -Si(l)-O(2) 
O(1) -Si(l)-O(3) 
O(2) -Si( 1) -O(3) 
O(3) -Si( 1) -0(3’) 
O(l”‘) -Al(l)-O(2) 
O(P) -Al(l)-O(3”“) 
O(2) -AI(I)-O(3”“‘) 
O(3”“)-Al(l)-O(3”“‘) 
Si( 1) -0( 1) -Al( lx”) 
Si( 1) -O(2) -Al( 1) 
Si(1) -O(3) -Al(P) 

109.5(5) 
111.9(3) 
106.8(4) 
109.8(5) 
106.1(5) 
112.6(4) 
105.6(4) 
113.7(6) 
141.4(4) 
164.1(5) 
143.5(5) 

isotropic refinement lowered R,, to 13.2%, 
but it was found that the occupancies of the 
sodium ions were highly correlated with 
their temperature factors; consequently 
their occupancies were fixed at values de- 
duced from the Fmk refinement. Aniso- 
tropic refinement converged at R,, = 
ll.O%, which was equivalent to a conven- 
tional R of 6.4%. The cell parameter was 
12.2%6(l) A. Atomic positions are given in 
Table III and bonding information in Table 
IV. 

TABLE III 

COMPARMN OF REFINEMENT IN SPACE GROUP 
Pmjm WITH F%EVIOLJS WORK 

Pluth and Submmanian 
Smith (6) and S& (5) 

0: 11 Si, Al Si, Al 

Wk) 
24 

00.18351(20) 
0.37206(18) 

4w 
3x2) 
27~) 

0 
0.w 

Wk) 
24 
0 
0.1836(l) 
0.3722(l) 

38(l) 
35(l) 
26(l) 

Y(l) 

Wk) 
24 

0 
0.1836(2) 
0.3718(2) 

3x2) 
27(2) 
17(2) 
0 
3(l) 

Discussion 

From our refinements it is apparent that 
the sample of zeolite studied here is cubic. 
A Hamilton statistical test (30) was carried 
out on the hypothesis that the structure in 
Pmjm was correct. The R factor used for 
comparison purposes was R, = 10.25% 
for Fm%z, 11.03% for PmSm. The number 
of independent observations was 2804 (i.e., 
number of data points collected) and the 
dimension of the problem [ 151 was the num- 
ber of parameters in the Fm% refinement 
[51] minus the number in the Pmlm refine- 
ment [36]. The test shows that we can reject 

Position 
POP. 
x 
Y 

;I, 
IL 

NW 
W 

!.20136(25) 
0.2013q2s) 
0.20136(25) 

67(2) 
W) 

N@) 
12(i) 
2.9S2 

E4as7(114) 
0.44087(114) 

l%m 
W9) 
59(9) 

W 
7.30(7) 
0.1991(2) 
0.1991(2) 
0.1991(2) 

55(2) 
1w 

W 
8 
0.2014(3) 
0.2014(3) 
0.2014(3) 

59(3) 
W 

N&3 Na(2) 
12(i) 
4.38(12) 

:.4290(8) 
0.4290(S) 

238(21) 
177(12) 
177(12) 

-3i(7) 

12(i) 
3 

:.4302(12) 
0.4302(12) 

141(27) 
7X12) 
72(12) 
0 

- lO(9) 
Pm3m at the 95% significance level despite @a. BU 
the lower conventional R factor for PmSm, I-% 7&(13, 
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TABLE III-Continud 

Pluth and Subramanian 
Smith (6) and Se-!T (5) 

Position 
Pop. 
x 
YJ 
&I 

izk 
&s 
B 

Position 
Pop. 
x 
Y 

$; 

t% 
Pm BlS 
Bea 

W3) NaW W3) 

WI 
0.547 
0.5 
0.23763(374) 

WJ 
O.El(lO) 

zI87(30) 
lo(W 
74(35) 
0 

-5(16) 

wl~ 
1 
0.5 
0.2307(54) 

51(58) 
157(6) 

0 
37(41) 

2.52(1.67) 

O(l) O(l) O(l) 

12(h) 
12 

:.22671(22) 

6& 
69(2) 
37(2) 

0 
0 

1%) 
12 

:.2275(4) 
0.5 

6X5) 
76Q) 
28(4) 

0 
0 

12(h) 
12 
0 
0.2277(6) 
0.5 

5%‘) 
480’) 
31(6) 

0 
0 

w9 fx-3 O(2) 
12(i) 
12 

L9O91(13) 
0.29091(13) 

93(3) 
39(l) 
39(l) 

2$2) 

12(i) 12(i) 
12 12 

~.2910(33 :.2917(4) 
0.2910(3) 0.2917(4) 

90(5) 77W 
48(3) W4) 
WV W4 
0 0 

1 w 10(3) 

O(3) O(3) O(3) 

244 
24 

0.11258(12) 
0.11258(12) 
O&4226(14) 

54(l) 
54(l) 
5x2) 
8(l) 
7(l) 
7(l) 

w4 

?1119(2) 
0.1119(2) 
0.3437(3) 
520 
5x2) 
W3) 
6(l) 
X1) 
w 

24(m) 
24 

0.1123(3) 
0.1123(3) 
0.3418(4) 

W3) 
4W 
4X4 

5(2) 
w 
o(2) 

although the recent controversy concerning 
the statistical independence of the intensity 
data points (31, 32) suggests that this con- 
clusion is not definitive. A search of the 
diffraction profile for reflections allowed in 
Fdc, but not in Pmjm, disclosed the pres- 
ence of the 21.9.7 reflexion at -136” (a), 
and also the conspicuous peak in the differ- 

ence intensity trace (Fig. 2) at -27” (20) 
which may be due to the “diagnostic” 5.3.1 
line present in Fmsc with its 24.6-A cell, 
but absent in Pmjm (12.3-A cell). 

The only slightly controversial feature 
shown by the structural parameters is the 
length of the Na(3)-0 bonds (Tables II and 
IV)-those quoted here are as long (2.9 A) 
as those given by Subramanian and Seff (5). 
Pluth and Smith (6) have shown that 
Na(3)-0 of about 2.5 A can be observed in 
dehydrated Na zeolite A. Amaro and Seff 
(29) and Yanagida and Seff (25) pointed out 
that Na(3) is the least stable Na position 
and showed that on complexation with 
ethyne this Na(3) moves 0.9 A away from 
the framework oxygen atoms. We propose 
that the long Na(3)-0 distances found by 
ourselves and by Subramanian and Seff (5) 
are the result of bonding of Na(3) to a small 
residual amount of water in the (Y cage. 

The successful refinement of the struc- 
ture in Pmjm and Fmk supports the pre- 
vious conclusions of X-ray crystallographic 
studies of dehydrated Na zeolite A (5, 6) 
that the structure is cubic. This is contrary 
to the conclusions of Thomas et al. (I) and 
Bursill et al. (14), who also used powder 
neutron diffraction as a tool. They found 
that the diffraction pattern could not be in- 
dexed nor the structure refined in Fm%, 
whereas refinement was satisfactory in Rj. 
The only conclusion possible is that the Si, 
Al ordering in our sample was not the same 
as in that of these other workers (I, 14). It 
should also be emphasized here that the 
previous crystallographic studies which 
agree on cubic symmetry have disagreed on 
the Si, Al ordering and have shown either 
regular Si, Al alternation (6) or a complete 
lack of Si,Al ordering (5). 

This assertion that the Si, Al ordering in 
zeolite A must depend upon its mode of 
preparation appears to contradict recent 
2sSi nuclear magnetic resonance studies 
(II) which showed that samples of zeolite 
A prepared by Chamell’s method (12) or 



TABLE IV 
INTERATOMIC DISTANCES (A) AND ANGLE (“) FOR REFINEMENT IN Pmjm (esd IN LAST 

FIGURE IS GIVEN IN PARENTHESES) 

(Si, A&O(l) 1.660(2) O(1) -(Si, Al)-O(2) 108.4(2) 
(Si, Al)-O(2) 1.655(3) O(1) -(Si, Al)-O(3) 111.9(l) 
(Si, Al)-O(3) 1.677(2) O(2) -(Si, Al)-O(3) 106.5(l) 
Na(1) -O(3) 2.321(4) O(3) -(Si, Al)-0(3*) 111.3(2) 
Na(l) -O(2) 2.925(3) (Si, Al)-O(.l) -(Si, Al’*) 142.7(2) 
N&3 -O(2) 2.608(14) (Si, Al)-O(2) -(Si, AP) 164.1(2) 
Na(2) -O(l) 2.732(14) (Si, Al)-O(3) -(Si, AP) 144.2(2) 
Na(3) -O(P) 2.925(45) 
Na(3) -0(3”) 2.914(34) 

Note. Symmetry code for tables: (i) -x, y, z; (ii) -x, y, 1 - z; (iii) x, z, y; (iv) y. x, z; (v) z, 
x, y; (vi) x, 4 - z, Y; (vii) Y, z, x; (viii) -y, z, x; (ix) 2, y, t - x; (xl t - z, Y, .Pd; (xi) z - x, y; 
(xii) -x, z, t - y. 

a 

6UO I 

z 500 1 

2 
2 400 

0 
300 

t 

-,I 

FJ 200 
5 
+- 
z 100 

0 

I I I I I I I I I I I I I I 
TWO THETA 13 20 30 do 50 60 70 80 LO 130 I I3 120 130 140 150 
(DEGREI-S) 

b 

600 

I I I I I I I I I I I I I I 
TWO THETA 13 20 30 A0 SO 60 70 80 bo 130 113 120 130 140 150 
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FIG. 2. Observed (. . . .) and calculated (--) neutron dilfraction protiles, together with difference 
plots, for the dehydrated zeolite at 300K (WA1 = 1.69). The calculated profiles are those given by 
refinement in (a) space group Fmfc and (b) space group Pmjm. The arrow at -27” (26) marks the 
position of the residual intensity peak that may correspond to the 531 reflection (24.6-A ceil). The 
second arrow at -136” (26) on each ditfraction trace marks the 21.9.7 reflection (24.6-A cell). Both of 
these reflections are allowed in Fmk, but not in Pmfm (12.3-A cell). 
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from kaolin (23) had 3 : 1 Si, Al ordering, 
which is inconsistent with Fmfc or Pmjm 
space groups. However, it should be noted 
that in studies on the related zeolite soda- 
lite, Englehardt is reported (Ref. 10 in (11)) 
to have always found 4:0 ordering, 
whereas Thomas et al. (II) always found 
3 : 1 ordering. The conclusion was that for 
sodalite at least the type of ordering must 
depend upon the conditions under which it 
is formed. The neutron diffraction data pre- 
sented here and by Thomas et al. (1) show 
that a similar conclusion must arise for zeo- 
lite A. 
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