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ERMANNO GALL! *

CRYSTAL STRUCTURE REFINEMENT OF MAZZITE**

RIASSUNTO. - La mazzite, Na",o.•K..•Cat.<Mg•., [Al...Si2ll.•0T2] .28H.O, probabiIe corrispon
dente naturale della zeolite n, cristalIizza nel sistema esagonale con a = 18,392 e e = 7,646 A.
La sua struttura e stata raffinata nel gruppo spaziale P6./mme fino ad un R = 0,049 per i 681
riflessi osservati. L'impalcatura e caratterizzata dalla presenza di gabbie tipo gmelinite che si
sovrappongono dando luogo a colonne parallele a e. Queste, sfasate di e/2 per la presenza di
uno slittopiano, sono legate lateraImente tra di loro e delimitano due tipi di canali, pure paralleli
a c. I cationi scambiabili sono distribuiti in tre posizioni diverse: il Mg+ +, completamente circon
dato da acqua, e posto al centro delle cavita tipo gmelinite; gli ioni (K+, Na+, Ca++), legati sia
ad ossigeni dell'impalc:ttura sia a molecole d'acqua, si trovano ne1Ie cavita tra le gabbie; il Ca++
completamente circondato da molecole d'acqua, si trova al centro dei grandi canali delimitati
da anelIi di 12 tetraedri.

ABSTRACT. - Mazzite, NaNo..K..•CauMg2.1[AI..•Si.....0 721·28H,O, probably the natural
counterpart of the synthetic zeolite n, crystallizes in the hexagonal system with a = 18.392
and e =7.646 A. Its crystal structure was refined in the space group P63/mme to a residual
R of 0.049 for the 681 observed reflections. The alumino-silicate framework consists of
gmelinite-type cages superimposed to form columns parallel to e. The columns, shifted by e/2
in accord with a e glide plane, are cross-linked to form two different types of channels parallel
to c. The exchangeable cations are distributed into three positions: Mg++ is completely
surrounded by water molecules in the gmelinite-type cages; (K+, Na+, Ca++) ions are coordi
nated both to framework oxygens and water molecules between the cages; and Ca++ is
completely surrounded by water molecules in the' middle of the largest channels formed by
rings of 12-tetrahedra.

Introduction

The zeolite, mazzite described as a new mineral by GALLI et al. (1974), is
closely related to the synthetic molecular sieve n (UNION CARBIDE Co., 1967); they
probably have the same framework.

The present study was undertaken to determine the details of the crystal
structure of mazzite, and to compare it with the structure proposed by BARRER and
VILLIGER (1969) for molecular sieve n. A preliminary report on the structure
determination was published elsewhere (GALLI, 1974). The crystal structure of
mazzite dehydrated at 600° C has been recently described (RINALDI et al., 1975).

•: Istituto di Mineralogia e Petrologia dell'U?iversira di Moden.a. . . . .
. Paper presented at the Ninth General Meetmg of the InternatIonal Mmeralogical ASSOCiatIon.
September 1974, Berlin-Regensburg, Germany.
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Experimental

A regular hexagonal prism, ca 0.6 mm long and 0.04 mm wide, was removed
from the holotype of GALL! et a1. (1974) from Mont Semiol, Montbrison, Loire,

France, the original locality for offretite. It was mounted parallel to the elongation
(c-axis). Unit cell dimensions obtained with a 4-circle automatic diffractometer .

agree with those accurately determined by GALL! et a1. (1974) from powder dif
fracrometry:

a = 18392 ± 0.008, c = 7.646 ± 0.002 A

The systematically absent reflections (l odd in hh2hl) indicate P63/mmc, P62c
or P63mc as possible space-groups.

Chemical analysis from new electron probe data (RINALDI et al., 1975) yielded
a unit cell content of:

Na.,o.3K2.5Cal.4Mg2.1 [AI9.9Si26.5072] •28H20

Intensity data were collected with a Picker FACS-1 automatic four-circle dif

fractometer of the Department of the Geophysical Sciences of the University of

Fig. 1. - Structura~ sch:me for the «gmelinite-type» cage. T atoms lie at the intersections and the
O-atoms near the mld-pOlnts of each line.

Chicago with ~-21} scans W min- l ) using Cukrx radiation (). = 1.5418 A). Four
sets of equivalent diffraction (sin ~/).max = 0.562) were averaged to 759 independent
reflections, of which 78 were considered to be unobservable, having Fo < 2crFO.
Data processing was carried out in the manner described by RINALDI et al. (1975)

to yeld IFol and aIFt)I. No correction for absorption was applied because of the
low absorption coefficient and the small dimensions of the crystal.

Some difficulties were experienced during data collection due to instability of
the intensities of the standard diffractions. This problem was overcome by applying
at the free end of the crystal a second drop of epoxy resin, similar to that used to

fix it on the side of the goniometer head. Perhaps water molecules were moving

'1

I

t

1

in response to changes of relative humidity and the epoxy sealed the one-dimensional
channel system. The structure was solved starting from the «gmelinite-type» cage
(Fig. 1) which was assumed by BARRER and VILLIGER (1969) to be part of the
structure of zeolite n. Space group P6ajmmc requires that the cages be staggered
by cp, whereas BARRER and VILLIGER (1969) placed all of them at the same height.
Refinement of F's was carried out with a modified ORFLS full-matrix least-squares

Fig. 2. _ The superimposing aild cross linking of (c gme1inite-trpe cages» in the mazzite structure,
represented as in Fig. 1. Atoms are coded as in Table 1.

program (BrSING et al., 1962) and by Fourier syntheses. Atomic scattering factors

(CRO:\IER and MANN, 1968) were used for Mg++, K +, Ca++, Na+ and [1/4 Al++
+3/4 Si H

] (for which AI+ was interpolated between Al and AI~+ and Si~+

between Si and Si~+). The final model, checked by difference Founer syntheSIS,

did not show any significant residual electron density. Attempts to re~ne the
structure in P62c ~nd P6amc resulted in worse R values than for the centnc space

group. The lowest R-value (R = :r jlFo-Fcl//:rIFoj) with framework atoms o~ly
Was 037. Introduction of exchangeable cations and water molecules (detected WIth

three dimensional electron density maps) resulted in R = 0.075 with isotropic
temperature factors. Partial anisotropic refinement on all atoms excluding Ca in
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TABLE 1

Atomic coordinates, thermal. parameters and occupancy factors with e.s.d.'s on the
last digit in parentheses. The form of the anisotropic temperature factors (x 104) is:

exp[- (h2~11 + k2~22 + 12~3s + 2hk~12 + 2hl~1S + 2kl~2s)]

~
Pl

§

Atom Symmetry * xh, y/h, z/£ ~l1or B<A)2~22 13 33 /312 /313 P23
Occupancy

%

T(1) 12 (j) .1584(1) .4902 (1) 1/4 9(1) 9(1) 60 (3) 5(1) 0 0 100
T(2) 24 (1) .3536(1) .0933(1) .0444(2) 10 (1) 7 (1) 59(2) 4 (1) 2(1) -0(1) 100
0(1 ) 6(h) .2589(2) .5178 1/4 14 (2) 20(4) 166(18) 10 0 0 100
0(2) 6(h) .4249 (2) .8498 1/4 14 (2) 16 (3) 116(16) 8 0 0 100
0(3) 12 (j) .3822(3) .1004 (3) 1/4 24 (2) 27 (3) 78(9) 17 (2) 0 0 100

0(4) 24 (1) .4352(2) .1114(2) -.0721 (5) 21 (2) 25(2) 106(8) 14 (1) 9(3) 8 (3) 100
0(5) 12(k) .1614(2) .3228 -.0016( 6) 14(1) 22(2) 107(11) 11 4 (2) 8 100
0(6) 12 (i) .2741(3) 0 0 20 (2) 12(2) 153 (14) 6 -3 (2) -6 100
K,Na,Ca 6(g) 1/2 0 0 19(2) 30 (3) 217(17) 15 20 (3) 40 50 (1)
Mg 2(d) 1/3 2/3 -1/4 32(2) 32 93 (14) 16 0 0 100

Ca 4 (e) 0 0 .072(8) 23.2(32) 22(1)
H

2
o(1) 12(k) .467 (1) .934 .661(2) 6.4(4) 50(1)

H 0(2) 4 (f) 1/3 2/3 .016(1) 4.3(3) 100
H~O (3) 6 (h) .271 (1) .542 -1/4 5.4(6) 44
H

2
0 (4) 12(j ) .566(1) .355(1) 1/4 6.9(5) 44

H 0(5) 24 (1) .028(2) .148(1) .030(4) 7.7 (11) 23 (1)
H~O (6) 6(h) .088(1) .176 1/4 21.8(19) 89(5)
H

2
0 (7) 6(h) .076(1) .152 -1/4 31.2(30) 45(3)

• Nmber of POSition and Wyckoff notation for P6./mmc.
Occupancy of the T(l) and T(2) sites: Si = 73 %, AI = 27 %.
Occupancy of the K,Na,Ca site: K = 42 %, Na == 5 %, Ca == 3 %. and empty = 50 %.



Structure refinement and discussion

the large channels and all water molecules, converged to a final R =0.049 (omitting
zeros) and R = 0.054 (including zeros). The weighted Rw (Rw = [LwliFo-FcI12/
Lw\FoI2Jl/2 where w = (1/O"ro)2) was 0.052.

Population refinement of H 20(3) and H20(4) showed anomalously high values
(54 ± 3 %) which were consequently held fixed at 44 % in accordance with statistical
occupancy of geometrically related positions. In the last stages of the refinement the
position of H20(7) was held fixed at z/c =-1/4 after it had refined to a value
of z/c =-264(14).

Positional and thermal atomic parameters are given in Table 1 and 2. The
observed and calculated structure factors are listed in Table 3. Tables 4 and 5
contain the interatomic distances.
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Pi 0 h d pointing up are easily recognizable
19. 3. - The st.ru~ture of mazzite projected along. c. T • tetra e ra an ed e normal to the projection

Whereas those pOinting down are shown on I}' as mangles. Those With Th g .. nd coordm'ations
I I . nd Mg e posItions aPane can be distinguished because they form hexagona nngs arou. : F- . h F' 4 5 and 6
f th d od b' anng thiS Igure wit IgS., .

o e exchangeable cations mal' be better un ersto } comp d - d' h fr e aperture of the
Br~ken circles represent the dimensions of OX}'gens atoms, an In Icate tee
llIaln channels.

. f . . lite is its high Mg-content.
One of the characteristic features 0 mazzlte as a zeo .

MgH-ions occur in site I at the center of all the c gmelinite-type ~ cages (FT 4~
Above and below each Mg··-ion has two H 20 (2) _molecules (100 %occupaMncz.~n
. () d H 0 (4)] surround the • g -lOnnine positions for water molecules [H20 3 an 2 . . d h

. . - . . an be occupIe at t e
at Its own level, but only four out of these nm7 po.sltlons c . . . 4 Th

. ., d - M H by a dashed hne 10 FIg.. esa1l1e tIme; as for instance, those )ome to g

of the type hh2hl with I = odd in P63!mmc. The same diffraction however
are missing also in the powder data of phase n (AIELW and BARRER, 1970).
Hence the two zeolites could have the same space group and the same framework.
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I
I
I
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E. GALLI

Description of the structure may begin with the c gmelinite cage:., which is
represented clinographically in Fig. 1; in this Figure each nodal point represents
a tetrahedral-atom, oxygens being placed near the midpoint of the lines so that
each line represents a T-O-T bridge. These cages are superimposed to build columns
parallel to c, with the upper and the lower hexago1!al rings in common between
cages. Adjacent columns of cages are shifted by c/2 and interconnected as shown
in Fig. 2. A projection of the whole structure along c is represented in Fig. 3,
where one may note that: (a) cross linking of the cages forms large channels
delimited by 12-membered rings and surrounded by 6 cages, and smaller ones
delimited by distorted 8-membered rings between adjacent pairs of cages; (b) the
exchangeable cations are distributed into three positions, (I) inside the cages, (11) in
the channels between the cages, and (Ill) in the middle of the larger channels.

The free diameter of the large channels formed by 12-rings of tetrahedra is
7.4 A assuming the effective radius of oxygen to be 135 A. Channels of .the same
order of magnitude are rather rare in zeolites, being present only in faujasite,
gmelinite, mordenite and offretite.

The analysis of the anisotropic temperature fact~rs (Table 3) revealed small
deviation from isotropy for all atoms, the maximum anisotropy occurring in the
thermal parameters of (K, Na, Ca) in site 11. .

The mean T-O distances for mazzite are consistent with Si, Al disorder
(Table 4).

The topological difference between this structure and that proposed by BARRER
and VILLIGER (1969) for zeolite n lies in the interconnection of the columns of
cages, and it is a result of the different space group, P63/mmc assumed from single
crystal data for mazzite, compared to P6/mmm assumed 'from powder data for
phase n. The difference between the two is revealed by the absence of diffractions

604
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Fig. 6 is a detail of the content of the larger channels, with cation site Ill.
Here the situation is complicated by many low occupancies, the higher ones being
897t: for H20(6) and 457c for H 20 (7), which determine the prevailing coordi
nation pattern around Ca++; this can be described as follows: the Ca cations are

I, configuration is the most plausible, however the distribution of cations and water
molecules in these wide channels is not as well defined as it may be in smaller
cavities due to the considerable freedom of movement of the atomic species as

evidenced by their high thermal motions.

Fig. 5. _ Coordination of framework-oxygens and water molecules aro~nd ~e (K, Na, Ca) site 11
(?OCUpancy factor = 50 %), shown in clinographic projection. The. catIOn IS at the center. of a
distorted hexagon with two 0(2) and four 0(4) at its corners. The dlstan~e from the. lo~er cation t~
R,oO') (occupancy factor 50 %) is 1.63 A, hente forbidden. The followlDg assumption IS proposeddWhen the upper cation position is empty and the lower is occupied, the two H.o(l) are present an
the two H.o( 1') are absent, and vice-versa.

TABLE 4

1nteratomic distances (A) and angles (0) within the framework with e.s.d:s
on the last digit in parentheses

T(1)-0 (1) 1.655 (3) 0(1 )-T(l )-0(2) 109.1(4)
T(1) -0 (2) 1.641(2) O(1)-T(l)-O(4) 110.4(2)[x2]
T(1)-O(4) 1.658 (4) [x2] 0(2)-T(1)-O(4) 108.3 (2)[x2]
Average 1.653 0(4)-T(1)-O(4) 110.3(3)

0(1)-0(2) 2.685(5) O(3)-T(2)-0(4) 106.4(2)0(1)-0(4) 2.720(5) [x2] 0(3)-T(2)-0(5) 110.4(3)0(2)-0(4) 2.674(4)[x2] 0(3 )-T(2)-0 (6) 111.3 (2)0(4)-0(4) 2.721(8) 0(4)-T(2)-0(5) 111.6(2)

T(2)-0(3) 1.642(2) O(4)-T(2)-0(6) 110.5(2)

T(2)-O(4) 1.629(4)
0(5)-T(2)-0(6) 106.8(2) m

T(2)-0(5) 1.645 (2)
T(2)-O(6) 1.640(2) T(1)-O(1)-T(l) 149.2(5)
Average 1.639 T(1)-O(2)-T(l) 171.0(5)

0(3)-0(4) 2.619(4) T(1)-0(4)-T(2) 144.6(2)

0(3)-0(5) 2.699(5) T(2)-O(3)-T(2) 146.5(4) ,
0(3)-0(6) 2.710(4)

T(2)-0(5)-T(2) 138.0(3)

0(4)-0(5) 2.708(5) T(2)-O(6)-T(2) 136.7(3)
0(4)-0(6) 2.685(5)
0(5)-0(6) 2.637(2)

locate~ on the c axis at z/c =0.072 with an occupancy of 23 %. Six water positions
occupIed by H20(6) and H 20(7) occur above and below the Ca site at the vertices
of a hexago~al prism. More water molecules [H20(5)] are located at approximately
the same heIght as Ca and with an occupancy of 23 % in twelve positions of which
only three can be occupied at the same time in accordance with statistical occupancy
and possible distance restraints. The Ca position could actually be occupied by a
random alternation of Ca and water molecules. .

In short the walls of the wide channel are lined with water molecules, and
the cations are set at regular intervals in the middle of these c water pipes). This

x

-------_::::::::::..
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An interestin relationship exists between the structures of mazzite and offretite

(GARD and TAIT, 1972), which are associated at Mont Semiol. Bothzeolites contain

the «gmelinite-type > cages occupied by the hydrated Mg-ion, and in both of them

the superimposition of these cages forms columns parallel to c. Offretite contains

large channels surrounded by 12-rings of tetrahedra too, but the positions and the

connections between the «gmelinite-type» cages are different; a rotation of 60° and

translation of c/2 of the columns is necessary to trasform one structure into the

other. Some similarities between the two could also be present in the distribution
of the cations within the large channels.

Cations, oxygens and water molecules: distances less than 3.40 A, with e.s.d:s

on the last digit in parentheses

K,Na, Ca-O (2) 3.06(1)[x2] H 0(3)-0(3) 3.04(2)

K,Na, Ca-O (4) 2.89(1)[x4] H
2
0(3 1 )-H 0(4') 1.37(2)*

K,Na,Ca-H
2
O(1) 2.80(1)[x2] H20(31 )_H2O(4 11 ) 2.63(2)

K,Na, Ca-H
2

0 (1' ) 1.63 (1)[x2]*
2 2

H 0(4)-0(3) 2.95(2)
Mg-H

2
0 (2) 2.03 (1)[x2] H2O(4)-0(4) 3.29(1)

Mg-H
2
0(3 ) 1.99(2)[x3] H20(4')-H 0(4 11 ) 1.46(3) *

Mg-H
2
O(4) 2.08(2)[x6] H20 (4 11 )_H

2
0(4111 ) 2.64(3)

2 2

Ca-Ca I 1.10(13)* H 0(5)-0(5) 2.93(3)

Ca-Ca 11 2.72(13)* H2O(S)-0(6) 2.62(2)

Ca-H 0(5 1) 2.52 (2)[x6] H20(S' )-H 0(5") 1.70(5)*
2

2.62(J)[x6] H20(SI )_H20(S'") 3.36(7)Ca-H o(SV)
Ca-H2O(6 1 ) 3.11 (4)[x3] H20 (5 I ) _H20 (S'V) 2.55(3)
Ca-H

2
O(7 11 ) 2.78(4)[x3] H20(S' )_H20(SV) 1.00 (5) *

2 H20(SI )_H20(SV') 3.23 (5)
H

2
O(1)-0(3) 3.21(1) H20 (51) _H

2
0 (6' ) 1.93 (3)*

H
2
O(1)-0(4) 2.93 (1) H20(SI )_H2O(6 11 ) 2.83(3)

H O(l)-H 0(1) 3.25(3) H2O(SI)_H2O(7') 2.31(3)*

H20 (1)-H20 (1 , ) 1.36(3)* H20 (51 )_H2O(7 11 ) 2.38(3)*

H~O (1) -H~O (4) 2.51(2)
2 2

H 0(0)-0(5) 3.03(2)

H
2
O(2)-0(1) 2.97(1) H20(6 1)-H 0(7") 2.63 (2)

2 2
H

2
0(2)-H 0(3) 2.84(2)

H
2
O(7)-0(S) 3.31(3)H20(2)-H~0(4) 2.91(1)
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TABLE 5

CRYSTAL STRUCTURE REFINEMENT OF MAZZITE
I
I
I
I
1
I
I,
i

E. GALLI610

Fig. 6. - Coordination of water mol I" d C" . . 1 h h " •.
Th d" b' ,ecu es aroun a in site n s own ere in projectIOn along t.

ree Iglt num ers gIVe the height . h If' , dare H0(6) d H.on I ed /s mer t e pane 0 projection as permillage of c. Most abun ant
around' Ca an

h
·
ch

I' I P aC
I

at zjc = 1/4 and -1/4, hence giving a hexagonal prism configuration
, Wiles near y at z C =O.

The superscripts do not £ollow any specific rule, but are used solely to locate the corresponding
atoms in Figs. 4, 5 and 6. .
An asterisk indicates distances too short for simultaneous occupation of both sites.
The multiplicator of the interatomic distances related by symmetry is given in square brackets for
cation polyhedra only.
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