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ERMAN!'lO GALLI • 

CRYSTAL STRUCTURE REFINEMENT OF MAZZITE" 

RIASSUNTO. - La maz:z.ite, N .... .K. .• Ca, . .Mg.., [Al. . .si. .• O .. J ·28fYl. probabile corrispon· 
dente naturale della zeolite n, criSt.lliua nel sistema esagonale con /I = 18,392 e c = 7,646 A. 
La sua Itn.mura ~ stala raffinala nd groppo spaziale P6./mmc fino .d un R = 0,049 per i 681 
riflessi osservati. L'impalcatura ~ caratteritzata dalla presenza di gabbie tipo grnelinile che si 
IOvrappongollO dando luogo a colonne parallde a e. Quesle, &fuale di e/2 per la presenza di 
uno slittopiano, sono legate lateralmeme Ira di loro e delimitano due tipi di canali, pure paralleli 
a c. I cationi scambiabili 'Ono distribuiti in tre posizioni diverse: il Mg", rompletamente circon· 
dato da acqua, ~ posto al centro delle caviti tipo gmelinite; gli ioni (K', Na~, Ca ' ,), legati sia 
ad ossigeni dell'impalcatura sia a molecole d'acqua, si trovano nelle cavidl tra le gabbie; il Ca+<
completamente circondato da molecole d'acqua, si trova ai centrO dei grandi canali delimitati 
da anelli di 12 tetraedri. 

ABSTlACT. - Mauite. Na_JC. .• Ca.. .• Mg..,[Al. . .si...o..l·28H.o, plObably !be natural 
tounlerpan of tbc symhetit zeolite n , trySlailizes in the hexqonal synem with /I = 18.392 
and c = 7.646 A. Its crystai strutture was refincd in the space group P6./mmc to a residua! 
R of 0.049 for the 681 observed reflections. The alumino-silicate framework consisu of 
grnelinite-type cages superimposed tO form columns para!lel to c. The columns, shifted by e/2 
in accoro with a c glide piane, ate cross·linked IO fonn !wo different types of thannels para.l1d 
to c. The exchangeable cations are distributed mto three positions: Mg" is completely 
surrounded by water molecules in the gmelinite-type cages; (K', Na', C.',) ions are coordi
nated both tO framework oxygens Ind water molecu1es berween the cages; and Ca " is 
completely surrounded by w. ter molecules in the middle of the largelt channels formed by 
rings of 12·teuahedra. 

Introduction 

The zeolite, mazzite described as a new minerai by GALLI et al. (1974), is 
c10sely related to tbe symhetic molecular sieve n (UNIOS CARlItDE Co., 1967); they 
probably have the same framework . 

The pre~m study was undertaken to determine the details of the crystal 
structure of mazzite, and to compare it with the structure proposed by B AlUlER and 
V ILLIGER (1969) for molecular sieve n. A preliminary report on tbe structure 
determination was published el~where (G.'r.LLI, 1974). The crystal structure of 
mazzite dehydrated at 600" C has been recently described (R INALDI et al., 1975) . 

• IslitutO di Mineralogia e Petrologia dell'Universiti di Modena . 
.. Paper presemed at Ihe Ninth Generai Meeting of the lmernational Mineralogical Association. 

September 1974, Berlin.Regensburg, Germany. 
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Experimental 

A regular he:xagonal prism, ca 0.6 mm long and 0.04 mm wide, was rc:moved 
from the holoty~ af GALLI et al. (1974) from Mont Serniol, Montbrison, Loirc:, 
France, the originai locality fo r offretite. Tt was mounted paralle1 to the elongation 
(ç-axis). U nit celi dirnc:nsions obtained with a 4-ei rde automat!c diffractomc:tc: r 
agree with thase accurate1y determined by GALtl et al. (1974) from powder dif
fractomc:try : 

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

The systc=matically absent reAections (I odd in hh2hl) indicate P6,/ mmc, P62c 
or P6amc as possible space-groups. 

Chemical analysis from new electron probe data (RINALDI et aL, 1975) yielded 
a unit celi cament of: 

Na..o.sKuCal.4 Mg2.\ [AluSizuOa] ·28H20 

Intc:nsity data were collected with a Picker F ACS-I automatic four<ircle dif
fractometer of the Department of the G~physical Scienees of the University of 

Fig. I. - S!ructuul sc:heme for !be IlImclini te'lypc,. cage. T alom, lie a! Ihe intuJ(Ction, and tbc 
Q.aIOInI ncar tbc mid·poinu of eaeh linc. 

Chicago with 1)-20 scans ( l ° mi n- I) using Cuka. radiation (À = 1.5418 A). Four 
sets of equivalent diffraetion (si n i}/À.mu = 0.562) were averaged to 759 independent 
reAeetions, of whieh 78 were eonsidered lO be unobservable, having F,,:S:: 2a,.". 
Data processing was earried Out in the manner described by RINALOl et al. (1975) 
to yeld IFol and alf'Ol. No correelion for ahsorption W:l.S applied because of the 
low absorption eodfieient and the small dimensions of the erystaL 

Some diffieulties wcre experieneed during data eollcetion due to instability of 
the intensities of the standard diffraetions. This problem was overcome by applying 
at the free end of thc erystal a seeond drop of cpoxy resi n, si milar lo that used tO 
fix it 00 the side of the goniometcr head. Perhaps watcr moleeules werc moving 
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in respanse to changes of relative humidity and the epoxy sealed the one-dimensional 
channel system. The strueture was solved starting from the c: gmelinite-type ~ eage 
(Fig. 1) whieh was :lSSumed by BARRER and VILUCER (1969) to be part of the 
strueture of zeolite n. Spaee group P64rnrne requires that the cages be staggered 
by e/2, whereas S.URER and VIU/CER (1969) placed ali of them at the same height. 
Refinement of F's was carried out wlth a modified ORFLS fuU-matrix least-squares 

Fig. 2 .. The supcrimpming and crolS linking of ., gmdini!e-Iypc "'-ges ~ in Ihe mazzile structure, 
rCl'reKntro as in Fig. l. Aloml are coded b in l'abl.: I. 

program (BL'SI","c et al., 1962) 3nd by Fourier syntheses. Atomie seattering factors 
(CRO:\IER and M ... ","x, 1968) were used fo r Mg··, K ' , Ca· · , Na · and [ 1/4 Al'+ 
+ 3/4 Si " ] (far whieh AI ' was Interpolated between Al and A13' and Si'· 
between Si and Si~ · ). The final model, eheeked by difference Fourier synthesis, 
did not show any significant residual electron density. Attempts to refine the 
structure in P62e dnd P6:\rne resulted in worse R values th::m far the centrie space
group. The lowest R·value (R = 1: [lFo-Fcil/1: IFoi) with framework atoms only 
was 037. Introduction of exchangeable cations and water molecules (detected with 
three dimensionai electron density maps) resulted in R = 0.075 with isotropic 
temperature factors. Partial anisotropie refinement on ali atorns excluding Ca in 



AtOM 

T(l) 
T(2) 
0(1 ) 
o( 2) 

~ 
0(3) 

0(4) 

'" 
o(S) 
0(6) 
K,Na,Ca 

" 
Co 
H 0(1) 
H2O(2) 
H2O(3) 
H~0(4) 
H

2
O(S) 

H 0(6) 
H~O (7) 

$ 

TABLE l 

Atomic coordinaus, thermal param~Urs and occupancy factors with ~.J.d:s on th~ 

last digit in par~nth~us. Th~ lorm 01 th~ anisotropic ump~ratttr~ lactors (x JOt) ù: 

exp[ - (h2~11 + k2~~2 + 12~3s + 2hk~12 + 2hl~i3 + 2kl~23)] 

Symmetry'" xl!. y/!!. ~/~ ~11or B(}!)2t>22 1>33 1>" (3" 
12(j ) .1584(1) .4902( 1 ) 1/ • 9 (1) 9(1) 60(3) 5(1 ) O 
24 (l) .3 536(1 ) . 0933 (1) . 0444(2) lO (1 ) 7 (1) S9(2) 4 (l) 2(1) 

6(h) .2S89(:l) • S178 1/ • 14 (2) 20(4) 166(18) lO O 
6(h) .4249(2) . 8498 1/' 14 (2) 16(3) 11 6 (16) 8 O 

12 (j) . 3822(3) .1004(3) 1/' 24 (2) 27 (3) 78 (9) 17 (2) O 

24 (1) .43S2 (2) .1114 (2) -,0721(S) 21 (2) 2S(2) 106(8) 14(1) 9(3) 
12(k) .1 614(2 ) . 3228 - ,0016(6) 14 (1) 22 (2) 107(11) Il 4 (2) 
12(i) .2741 (3) O O 20 (2) 12(2) IS3(14) 6 -3 (2) 

6(g) 1/' O O 19(2) 30 (3) 217(17) lS 20 (3) 
2(d) 1/3 '/3 -1/4 32(2) " 93(14) 16 O 

4 (e) O O .072(8) 23.2(32) 
12(k) .467(1) .934 .661(2) 6.4 (4) 

4 (f) 1/3 '/3 . 016( 1 ) 4.3(3) 
6(h) ,271(1) .S42 - 1/ 4 S.4(6) 

12(j) . 566(1) . 355( 1 ) 1/' 6.9(S) 

24 ( l ) . 028(2) .148(1) .030(4) 7 . 7( 11) 
6(h) .088(1) • 176 1/ • 21,8(19) 
6(h) .076(1) . 1S2 - 1/4 31. 2(30) 

• Nmbe!" of position and wrckotl notation for P6,./mmc. 
O<.:cupancy of tbe T(l) and T(2) .ite.: Si = 73 %, Al = 27 %. 
Occupancy of thc K,Na,Ca lite : K = 42 9b, Na "" S 9f:I, Ca "" 3 %, and anpty = 50 %. 

(3" 
Occupancy 

% 

O 100 
_0(1 ) 100 

O 100 
O 100 
O 100 

8(3) 100 
8 100 

-6 100 

'0 So( 1 ) 
O 100 

22 ( 1 ) 
so( 1 ) 
100 
44 
44 

23 (l) 
89(S) 
4S(3 ) 
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Tua 2 

Analisys 01 anisotropie th"mal param(urs. Root m~an squar~ th"mal vibrations (A) 
alang th~ ~//ipsoid aus and angl~s (0) b~twun th~ principal aus (Vi) 01 th~ 

vibration (l/ipsoid and the [100] , [120] and [001] direetions 

Atom Principal R.m. s , 

-&'1 ,(1, J'3 axis amplitud e 

1 . 10(1) 28(40)° 62 (40)· 90' 
T( l ) , .11(1) 11 8(40) 28 (40) 90 

3 .1 3( 1) 90 90 O 

1 , 0 9( 1 ) 10 1 (6) 169(6) 93 (4) 
T(2) 2 .12(1) 160(7) 79(6) 107 (7) 

3 .13(1) 73(7) 90(4) 163 (7) 

1 .1 2(4) O 90 90 
0(1) 2 . 16(,) 90 O 90 

3 .22 (1) 90 90 O 

1 ,1 3(2) O 90 90 
o( 2) 2 . 15 ( 1) 90 O 90 

3 .1 9(1) 90 90 O 

1 .1 5( 1) 21 (9) 69 (9) 90 
0(3) 2 . 15( 1) 90 90 O 

3 ,19(1) 69(9 ) 1 59(9) 90 

1 .1 5( 1) 22(13) 9 1 (13) 68 (13) 
0(4) , ,17(1) 74(16) 42(9) 128(12) 

3 , 19(1) 74 (7) 13 2 (9) 133(8) 

1 . 12(1) O 90 90 
o(s) , .15(1) 90 33(12) 12J{ 12} 

3 .19 ( 1) 90 123(12) 147(12) 

1 .1 3(2) 90 172(5) 98 (s) 
0(6) 2 . 17(2) O 90 90 

3 . 2 1 ( 1) 90 82 (5) 172(5) 

1 .14 (1) O 90 90 
K, Na,Ca 2 .1 5 (1) 90 3 1( 3) 121 (3) 

3 , 28(1) 90 121( 3) 149(3) 

1 .1 7(1) 90 90 O 
MO' , . 20(1) 

3 . 20 

• BrinI' a routioo ellip.oid, only tbe analel relative IO Ihe routloo altil are aiven. 
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thc= large channds and ali water molec:ules, coovc=rgc=d to a final R = 0.049 (omitting 
uros) and R = 0.054 (induding uros). Thc= wc=ightc=d Rw (Rw = [I:wI IFo-FCI12/ 
I:w IFoI2]112 whc=rc= w = (1/1$"0)2) was 0.052. 

Population refinc=m c= nt of H 20(3) and H20(4) showc=d aoomalously high values 
(54 ± 310) which ww: conseque ntly held fixed at 44 % in accordance witb statistical 
occupancy of geometrically rdatc=d positions. In the last stages of the refinement the 
position of H20(7) was hdd fixc=d at z/e = -1/4 after it had refined to a value 
01 z/< = -264(14). 

Positional and thermal atomic parameters are given in Tabk l and 2. The 
observed and calculated structure factors are listed in Table 3. Tables 4 and 5 
contain tbe intcratomic distances. 

Structure refinement and diseulaion 

Description of the structure may begin with the • gmdinite cage:lo, which IS 

represented clinographically in Fig. l; in this Figure each nodal point represents 
a tetrabedral-atom, oxygens being placed near the midpoint of tbe lines so tbat 
each lioe rcpresc=nts a T .Q-T bridge. Thc=sc= cages are supt:rimposc=d to huild colurnos 
parallel to c, with the upper and the lower hc=xago~al rings in common between 
cages. Adjacent columos of cages arc= shifted by cf2 and interconnccted as shown 
in Fig. 2. A projection of the whole structure along c is representcd in Fig. 3, 
where one may note that: (a) cross linking of the cagc=s forms large channels 
ddimited by l2-membered rings and surrounded by 6 cages, and smaller ones 
delimited by distorted 8-mc=mbered rings between adjacent pairs of cagc=sj (b) the 
exchangeable cations are distrihuted into threc= positions, (I) insidc= the cages, (II) in 
tbe cbannels between the cages, and (IlI) in tbe middle of tbe larger channels. 

The frtt diamc=ter of thc= largc= channels formed by 12-rings of tetrahedra is 
7.4 A assuming me effc=ctivc= radius of oxygc=n to be 135 A. Channels of .the same 
order of magnitude are rather rare in zeolites, being presc=nt only in faujasite, 
gmelinite, mordenite and offretite. 

The analysis of tbe anisotropic temperature factors (Tahle 3) revealc=d small 
deviation from isotropy for all atoms, the maximum anisotropy occurring in the 
thermal paramc=ters of (K, Na, Ca) in site II. 

The rnean T -O distances for mazzite are consistent with Si, AI disorder 
(T,bio 4). 

The topological difference between this structure and that proposed by BARRa. 
and VILLICEII. (1969) for uolite n lies in the interconncction of tbc= coIurnns of 
cages, and it is a result of the different space group, P63/mmc assu med from single 
crystal data for mazzitc=, comparc=d tO P6/mm m assumed from powder data for 
phasc= O. The difference between the tWO is revealed by the absence of diffractions 
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of the tyjX: hh2hl with 1 = odd in Pl>3 / mmc. The sarne diffraetion hawever 
are missing al50 in the powder data of phase: n (AIELLO and BARIlFll., 1970). 
Hence the twa uolites eould have the sarne space group and the same frarnewark. 

D .A 

Fig. 3. - Tho: ItrUC1.uro: of m3ui~o: projcctcd 310ng c. TO. teuahcdra pointing up are euily . CC"ogniublc 
whc'ul ~hO'lC pointing down 3rC shown onlr al tTian)!lc •. Thmc with an cdie no.mal to thc projcction 
pbnc un bo: di.tinlfUishcd bccau>c thc)" farm hcuj(onal .ingl around Mg. Thc positions and coordinnionl 
of thc uch~nlleablc ca~ionl ma)· be bo:ucr undcr.~ood by (omparing ~hi. Fij(urc with Figi. 4, 5 3nd 6. 
Broken (irclcs rcprcscnt thc dimensioni of oX)"Jj"cnl atoms, and indicale the fr« ap<:nure of the 
main ch .. nnelt. 

One of the characteristic features af rnazzite as a uolite is iu high Mg-coment. 
Mg" -ions occur in site l al the ceme't af ali the' .. grnelinite-tyjX: a cages (Fig. 4), 
Above and heloweach Mg" -ion has two H20(2) rnoJC'Cules (100 ro occupaney) and 
nine positions for water molecules [ H~O(3) and H2Ù(4)] surround tbe Mg"-ion 
at iu own leve!, but only fou r out of these nine positions ean be occupied al tbe 
same time; as for instance, those joined to Mgh by a dashed line in Fig. 4. Tbe 
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TABLE 3 

Oburlled and calcu/aud $tructuu factoTi ( X lO). Unobs~lIed reflections 
are marked with an astmsk 
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same figure shows also the positions of thc framework ox)'gens relative to the 
Mg" -water complex. lo the dehydrated form Mg boods to the three O(1)'s of thesc: 
rings and to one residual waler molec ule (RI~""'LOI et aL, 1975). 

O<:cupancy of H~O(3) and H 20(4) must oot be higher than 419 = 0.44, and 
the multiplicity factar was fixed at this value io the last cyc1es of the refinemem, 
as said above. Essentially the Mg" -ioos are octahedrally coordinated. 

Funher studies 00 the crystallizatioo kinetics af zeolites containing the same 
buildi ng units as mazzite may well lead tO the cooc1usion that the Mg-w3ter 
complex acts as a template to the farmatioo of (gme1inite.type cages,. The :;ame 
fole would be played by the large organic TMA-ions in the crystallizatioa of 
zeolite n. 

0\21 
(2501 

H,0(41 

0121 
t 12501 

0111 
(250) 

riti. ~. - Coordintion of waler moltt\ll~, uou.nd Mg in ,il~ I ,hown ~n proi«twn along c. 
Three-digil numben givc tbc helghe o"cr thc proj«tion planc al permll1age of c. HoC(2) is alway. 
prest:nl. Only fOllr of the nine HoO(3) and HoC(") mol«u1cs are present at thc u.mc lime (for 
inJlanc~ Ih<»e joinw to Ma with dalhal lincI). On tbc average, Mg eoordinalet OCLahcdrally to 
6 Walcr molcculc,:. 

Site II is occupied about 50 'fo by a mixture of ions (i n arder of abundance: 
K"-l42 'fo , Na~5 %, Ca"-l3 re and empt y 50 '7c). These catians (Fig. 5) coordi
nate mainly to framework-oxygens, two 0(2) and four 0(4), which form a rather 
distoned hexagon. The distances tO 0(2) are slighdy larger than those reponed by 
SHAI'I'ON and PUWl"rT (1969) far 8-coordinated K·. The coordination is completed 
by two H 2Q( I) molecules, with an QCcupancy of 5O~; the overly short dist::mces 
of these water molecules to the cations ma y be easily explained, as dane in the 
legend of F ig. 5. 
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Fig. 6 is a d~tail of the (antent of the larger channds, with catioo site 111. 
Here the situation is complicated by many low occupancics, the higher cnes being 
897r. for H 20(6) and 45]'c for H~O(7), which determine thc prevailing coordi· 
natioo p:mern around Ca"; this can be dcscribed as follows: thc Ca catioos are 

TABLE 4 

Interatomic dìJlancn (A) and ang/es (0) within tI/e framework with eJ.d.'s 
on tI/e last digi! in parentnuu 

T(I)-O(l) 1. 655 (J) O(l}-T(l)-O(Z) 109.1(4) 
T(1) - 0(2) 1.641(2) 0(1)-T( I)-0 ( 4) 110 . 4(2 )[x2] 
T(1)-0(4) 1.658(4) [ x2) 0(2)-T(1)-0(4) 108.3 (2)[,,2] 
Average 1 . 653 0(4) - T( I )-0(4) 11003(3) 

0(1)-0(2) 2.685 (5) O(3)-T(2)-O{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] O(3)-T(2) - O(6} 111. 3(2) 
0(4)-0(4) 2,721(8) 0(4) - T(2)-0(5) 111.6(2) 

0(4)-T(2 ) - 0(6) 110.5(2 ) 
T(2)-0(3) 1.642(2) 0(5) -T(2)-0(6) 106.8(2) 
T(2)-0(4) 1.629(4) 
T(2) - 0(5) i.645(2) 
T(2)-O(6) 1 . 640(2) T(I)-O(l)-T(l) 149 . 2(5) 
Average 1 . 639 T(1) - 0(2)-T(l) 171.0(5) 

T(1)-O(4)-T(2) 144 . 6(2) 
0(3)-0(4) 2.619(4) T(2)-0(3)-T(2) 146.5(4) 
0(3)-0(5) 2.699(5) T(2) -0(5)-T(2) 138.0(3) 
0(3)-0(6) 2.710(4) T(2)-0(6)-T(2) 136.7(3) 
0(4) - 0(5) 2.708(5) 
0(4)-0(6) 2.685(5) 
0(5)-0(6) 2.63](2) 

located on the c axis at z /c = 0.072 with an occupancy cf 23 re, Six water positions 
occupied by H zO(6) and HzO (7) oceur above and below the Ca site at the vertiees 
of a hexagonal prism. More water molecules [HzO(5)] are located at approximate\y 
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 actual1y be occupied by a 
random ahernation cf Ca and water mole.cules. 

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 
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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. 

H,O Il ') 

H,Oll l 

15' 

x 

H,OI1l 

Fig. 5. _ Coordination of framcwork·oxygens and water moleculcs arOlind thc (K, Na, Ca) site Il 
(occupancy factor:: 50 %), shown in dinographic projeclion. The ution is al the centcr of a 
distortcd hcxagon with two 0(2) and four 0(4) at ilS corner.' . The distanee fcom thc lowcr cation to 
H.o(l') (octupanty factO' 50 %) is 1.63 A, hcnte forbidden . The fol1owing 3S$umPlion i. proposcd: 
when the upper t3tion position is empty and the lowcr is occupicd, the two H,o(i) are prcsc:nt and 
thc two H.o(l') are absc:nt, and vicc·versa. 
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An interestin rdationship exislS between the structures cf mazzite and offrerite 
(CARO and T AlT, 1972), which are associated al Mant Serniol. Both uoliles contain 

the c: gmdinite-type' cagcs occupied by the hydrated Mg-ion. and in both cf [hem 
the superimposition cf these cages forms columns parallel to c. Offretite contains 
large channels surrouncled by 12-rings of tetrahecl ra [00, but the positions and the 
(onnections hetween the c gmelinite-type' cages are different; a rOlatioo cf é/Jo and 

translation cf e/2 cf the colurn ns is necessa ry to trasform ane structure ioto the 
other. Some similarities between the [WC coulcl also be present in the distribution 

cf the cations within the large channeh. 

Fig. 6. - Coordin:llion of walCT molecules around Ca in sitc 111 .hown herc In proj«tion along c. 
Thrtt digil num~n give Ihe heights o"u Ihe pIane of projeclion al permillage of e-. MOIOt abundant 
are H,o(6) and H.o(7) pIa=! al z/c = 1/ 4 and -1/4. hencc giving a he;taional prism conngurauon 
around Ca. which lia nearly al zIe- "" O. 
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TABLE 5 

Cation$, oxygen$ and waur mo/eCltle$: dÙlanU$ leu than 3.40 A, with e.ui:$ 

on Ihe Jasl digit in parenlneses 

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)[x.t ] H

20(31)_H 0(4') 1.37(2)· 
K, Ha,Ca-H

2
O( I ) 2.80(I)[x2] H

20 (3' )_H
2

O(4 11 ) 2. 63(2) 
K,Ha,Ca-H

2
0(I' ) 1 . 6J(1 )[ X2 ] · 

2 2 

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

MC- H
2
O(2) 2.03( 1 )[ x2 ] H 0(4)-0(4) 3 . 29( 1 ) 

MC- II
2
O(3) 1.99(2) ( xJ ] H20(4' ) _H 0(4 11 ) 1.46 (3) · 

Mg- H
2
O( 4) 2 . 08(2 )[ x6 ] H20 (4 ") _H

2
0 (4111) 2. 64(3) 

2 2 

Ca-Ca I 1.10(13)· H
2
O(5)-0(5) 2.93(3) 

Ca-Ca Il 2 . 72(13)· H 0(5)-0(6) 2.62(2) 
Ca- H 0 ( 5 1) 2.52(2)[x6 ] H

2
0(5 1 ) -H 0(5") 1 . 70(5)· 

2 
2.62(3) ( x6 ] H

20(S ' )_H
2
O(5111 ) 3 . 36(7) Ca-H O(SY) 

Ca_H2O(6 1) 3 . 11(4)[xJ ] H
20 (5 ' ) _H 20 (5") 2 .5 5(3) 

Ca_ H
2
O{7") 2. 78( 4 )[ ,., ] H2O(SI)_H20(SY) 1.00 ( 5) 

2 H20(S I )_H
20(S") 3.23(5) 

H
2
O(I ) - 0(3) 3 . 2lC l ) H

20(SI)_H 2O{6 1) 1. 93(3)· 
H 0( 1)-0{4) 2 . 93(1) H20{SI ) _H 2O( 6 11 ) 2.83(3) 
H20 ( 1)_H 0( 1) 3 .25(3) H2O{SI)_H 2O(7') 2.31(3)· 
H2O( I )_H2O(1 ' ) 1 .36(3)· H20 (SI )_H 2O(7") 2.38(3)· 
":0(1)-";0(4) 2.51(2) 

2 2 

H 0(6) - 0(5) 3 .03 (2) 
H 0(2) - 0( 1) 2.97(1) H20(6 1)_H 0{7") 2. 63 (2) 
H

20(2 ) _ H 0(3 ) 2.84 (2) 
2 2 

H:0(2)-H:0(4) 2.91 (l) H
2

O( 7)-0(S) 3 . 3 1 (3) 

Tbc ,u~rKripts do not fol low any 5p«inc rule, but are uKd JOlcl)' to lo<:ate the corrcspoooin, 
alOmJ in Fig •. 4, 5 and 6. 
An u tu i. k indicates distanc:es too J.hort for Umul tanwuJ occupation of bo.h JiteJ. 
Tbc multipticator of thc intcntomic dinanccs rclate<! by lrmmctry il ,;vcn in I<juarc bradr-ets for 
catioo polyhe<!ra onlr. 
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