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Mineralogia. — The crystal structure of macdonaldite (,). Nota di 
E lio C annillo , G iuseppe  R ossi e L uciano U ngaretti , presentata0  
dal Socio G. C arobbi .

R iassu n to . — La macdonaldite è un silicato la cui formula chimica, tra tta  dalla lette
ratura, è: BaCa4Sii5035 • 11 H 20 ; quattro  di queste unità stechiometriche sono contenute nella 
cella elem entare. Il gruppo spaziale è Cmcm; le costanti reticolari, rideterm inate per il pre
sente lavoro, sono le seguenti: a =  14,081, b — 13,109, c =  23,560 ^  0,001 Â.

La stru ttu ra  è stata determ inata attraverso l ’esame della sintesi di Patterson tridim en
sionale e di successive sintesi di Fourier tridimensionali. Il raffinamento è stato eseguito col 
metodo dei minimi quadrati. Il fattore di discordanza finale per i riflessi osservati è 0.083. 
I poliedri di coordinazione del calcio sono ottaedri formati da atomi di ossigeno e da molecole 
d ’acqua; questi ottaedri, mettendo in comune uno spigolo, formano catene parallele ad a. 
Tali catene sono collegate fra loro attraverso legami idrogeno e formano strati paralleli a 
(001). T ra due strati ottaedrici è posto un doppio strato tetraedrico costituito da anelli di quattro 
e otto tetraedri Si0 4 . Gli strati tetraedrici sono del tipo apophyllite « idealizzato ». L ’im pal
catura tetraedrica è a ttraversata  da un doppio sistema di canali: uno parallelo a b con dia
metro utile di 2,1 A, l’altro parallelo ad a con diam etro utile di circa 3,4 Â. A ll’interno dei 
canali si trovano gli atomi di bario coordinati da sei ossigeni dei tetraedri e da quattro molecole 
d ’acqua. Sono pure presenti nei canali molecole d ’acqua non legate ai cationi.

Viene discussa l ’analogia stru tturale della m acdonaldite e con le zeoliti fibrose e con i 
m inerali rhodesite e delhayelite.

La form ula chimica è modificata, sulla base dell’analisi strutturale, nel modo seguente: 
BaCa4H 2Sii6038 • (8 +  x) H 20  dove x  è uguale a 2,4 per il cristallo usato nella presente ricerca.

Introduction.
M acdolnaldite is one of the seven barium  minerals recently found in 

E astern Fresno County, California, and described by Alfors et al. [1]. The 
following data  are quoted from the A uthors cited above:

lattice param eters a =  14.06 A 0.01 Â 
b — 13.08 A 0.01 Â 
c =  23.52 ±  0.02 Â 

space group Cmcm
cell content 4 [BaCa4Sii5035* 11 H 20 ].

The m ineral occurs in crystals elongated following [100].
These cleavages are present: {001} perfect, {010} good, {100} poor or 

a fracture.
In  respect to the paper of Alfors et al. [1], who choose the axes setting 

corresponding to the convention used in Crystal D ata, the reference axes 
have been interchanged in order to obtain an orientation consistent w ith the 
standard  setting of the In ternational Tables of X -rays Crystallography.

(*) This work was performed in the Sezione di Pavia del Centro Nazionale di Cristal
lografia del C.N.R., Istituto di Mineralogia dell’Università, Via Bassi 4, 27100 Pavia.

(**) N ella seduta del 19 novembre 1968.

29. — R E N D IC O N T I 19J8, Vol. XLV, fare. 5.
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Experimental.

The sam ple used for the crystal structure analysis was a prism atic 
fragm ent elongated following a. The side dimensions of the rectangular 
section of the sample were: 0.0200 cm (side parallel to b), 0.0096 cm (side 
parallel to c).

The lattice param eters were re-determ inated and the values obtained
are:

o
a =  14.081 T  0.001 A 
b — 13.109 zb 0.001 A

o
c =  23.560 T  0.001 A.

Integrated equi-inclination W eissenberg photographs of the hkl reflexions 
(h from o to 10) were taken with nickel filtered C uK a radiation, using the 
m ultiple film technique. A total of 1948 reflexions, out of the 2626 present 
in the C uK a limiting sphere (about 75 %) were inspected; 1428 of them  were 
m easured photom etrically, 520 were too faint to be suitably m easured or 
did not give any blackening on the films.

The intensities were corrected for the Lorentz-polarization and absorp
tion factors and for the incipient but incomplete ai— a2 spot doubling. The 
absorption factors were obtained through an exact integration over the 
whole diffracting volume -  considered as continuous -  of the crystal; the 
formulas given by Cannillo and M azzi [2] were used. T he linear absorption 
coefficient is p, =  161.8 cm -1 and the transm ission factor ranges from 1 to 4 
on a relative scale.

The correction for the ai — a2 splitting effect was applied taking into 
account the integration technique which complicates the splitting effect for 
its diagonal direction with respect to the sides of the film.

Crystal structure analysis.

A first inspection of the W eissenberg pictures perm itted to observe 
th a t the average intensity  of the reflexions with h =  2 n +  1 was noticeably 
lower than  th a t of the reflexions with h — 2 n. Furtherm ore, am ong the 
reflexions of the latter set, those with h =  4 n  have the strongest intensities. 
The pseudo-sym m etry inferred from these observations was taken into account 
in the course of the structure analysis.

From  a three-dim ensional Patterson synthesis it was possible to locate 
all the atoms of Ba, Ca and Si. A three-dim ensional Fourier synthesis, com put
ed giving to the F o ’s the phases of the heavy atoms contributions, perm itted 
to find the positions of the rem aining atoms.

The structural model obtained in this w ay is self consistent only with 
the assum ption th a t there are 16 Si atoms for each Ba atom  in the chemical
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form ula and no alternative structure is possible with the num ber of Si and O 
atoms of the chemical form ula given by Alfors et al. The chemical formula 
will be fully discussed later.

The arrangem ent of the atom s in the crystal structure of m acdonaldite 
gives a full account of the intensity  differences in the sets of reflexions m ention
ed above. All the atoms but barium  are arranged in .such a w ay th a t the 
glide plane at x =  1/4 in the Cmcm space group becomes a m irror plane. 
Thus the contributions of these atoms to the structure factors of the reflexions 
with h ~  2n  \ are near to zero. The strong average intensity  of the 
reflexions with h — 4 n is explained by the fact th a t m any atoms are crowded 
on planes at x  =  o, at =  1/4, x  — 1/2 etc.

The discrepancy factor at this stage was 0.28 for all the observed 
reflexions.

Refinement.

Five cycles of least-squares calculation carried out on the observed 
reflexions, using the O R FLS program  by Busing, M artin  and Levy, with 
isotropic tem perature factors for all the atoms, lowered the R factor to 0.11.

A t this stage it was observed th a t two oxygen atoms, O ( i i ) and 0(17), 
considered as w ater molecules, had tem perature factors exceedingly high. 
This fact, together with the difficulties encountered in their location, suggested 
the following procedure. The multipliers of all the oxygen atoms were allow
ed to vary  in the course of a cycle of the least-squares refinement. The result 
was a strong dim inution of the m ultipliers of 0 ( i  1) and 0(17) while the rem ain
ing oxygens showed only slight variations in both directions. Thus some 
doubt on the presence of those atoms arose.

In order to solve the question a structure factors calculation, w ithout 
0(11) and 0(17) was carried out and the relative Fo Fourier synthesis was 
exam ined. This one appeared very disturbed by series term ination effects 
qnd gave no conclusive inform ation. In order to elim inate such p ertu r
bations a further Fourier synthesis was com puted using Fo-ex.p B as

X̂
coefficient (B =  3.0) instead of F  o f .  M ost of the disturbances disappeared 
while* the m axim a corresponding to 'O ( u )  and 0(17) rem ained and their 
heights were those expected on the basis of the m ultipliers obtained from 
the least-squares refinement. A n usual A F  synthesis confirmed these obser
vations. All these data were interpreted in term s of an incom plete occupation 
of the positions the two w ater molecules involved.

In the difference synthesis there was also a sure evidence th a t Ba and 
Ca had anisotropic therm al factors. The three successive least-squares cycles 
were çom puted varying the m ultipliers of 0 ( i  1) and 0(17) and using anisotropic 
tem perature factors for Ba and Ca atoms. It has not been thought w orth
while to extend the anisotropic treatm ent to all the atoms because of the 
uncertain ity  on the num ber of w ater molecules and because the scale factor 
was not unique.
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Table I.

Final atomic parameters and their standard deviations {in parentheses).

The letter w  labels those oxygen atoms which are considered as belonging to w ater molecules. 
The asterisk (*) is used to distinguish the equivalent isotropic tem perature factors, after 

H am ilton [18], of those atoms which were treated anisotropically in the refinement.

Atoms x  fa y ß Z/c B

B a .............................. 0 0.2054(1) 0.2500 0 -70*(4)

C a ( i ) ....................................... 0 0.2522(3) —0.0022(1) ° - 55*(8)

C a (2 ) ....................................... 0.2500 0.2500 0 o .4o*(8)

S i ( i ) .................................. .... 0.1098(3) 0.1473(2) 0.1153(1) 0.17 (4)

S i ( 2 ) ..................... .... 0.3895(3) O.1406(2) 0 . 1170(1) 0 .24  (4)

Si(3) ...................................... 0,2524(3) ■ 0.2695(2) 0.1835(1) 0.08 (4)

Si(4) ....................................... 0.2522(3) 0.4642(2) 0.1025(1) O .io  (4)

0 ( i ) ....................................... 0.1212(6) 0.2073(6) 0.0582(3) I. 14 (12)

0 ( 2 ) ....................................... 0.1542(6) 0.2098(6) 0.1701(3) I .28 (12)

0 (3) .............................. 0.2536(7) 0.4234(5) 0.0386(3) I . 12 (12)

0 (4) ....................................... 0.1568(8) 0.0352(6) 0.1149(3) I .7 6  (15)

0 (5) ....................................... 0.2571(7) 0-3699(5) 0.1476(3) 1 .21 (12)

0 ( 6 ) ....................................... 0.3751(6) 0.1998(6) 0.0599(3) I - 17 (12)

0 (7) • .................................... 0.3464(8) 0.0251(7) 0.1159(4) 2-37 (17)

0 ( 8 ) ....................................... 0 3419(6) 0.1974(6) 0.1714(3) 1.20 (12)

0 (9  )w ...................................... 0 0.4217(15) 0.0404(8) 5-36 (43)

0 ( io  ) w .................................. 0 0.3830(15) 0.1825(8) 5-52 (45)

0 ( n  ) w .................................. 0 .5 0 0 0 0 .3823(23) 0 . 1682(12) 4 -6 3  (98 )

0 ( l 2 ) w .................................. 0 .5 0 0 0 0 .4188 (17) 0 .0407 (9) 6-43 (51)

0 ( i 3) w .................................. 0 . 1051(12) 0 .0227 (10) 0 .2 5 0 0 2 .7 4  (24)

0 ( i 4 ) ....................................... 0 0 . 1319(7) 0 . 1348(4 ) O.64  ( l6)

0 ( i 5 ) ...................................... 0 .2491(9) 0 .3002(8) 0 .2 5 0 0 I .22 (17)

0 ( i6 ) ...................................... 0 .5000 0 . 1239(8) 0 . 1339(4 ) I . 07 T 8)

0 ( i 7 ) w .................................. 0 .3574(26) 0 .0112 (26) 0 .2 5 0 0 6 .3O (1.21)
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The final R  factor is 0.083 f°r the observed reflexions and 0.116 for all 
the reflexions.

The anom alous dispersion correction for barium  was carried out with 
the m ethod proposed by Patterson [3]; A f  and A f"  are given by Crom er [4].

The secondary extinction effect appeared to be nearly  negligible and 
no correction was applied.

T a b l e  II.
Analysis of the anisotropic thermal parameters.

(Root m ean square therm al vibration along the ellipsoid axes (A), m agnitudes of the principal 
axes (A2) and angles (°) between the crystallographic axes and the principal axes of the

vibration ellipsoid).

A t o m r . m . s . B a ß T

B a .................................. 0 .09 0.72 0 90 90
0.12 I  - 1 5 90 0 90
0.05 0.22 90 90 0

C a(i) , .......................... 0 .06 0.30 90 118 28
0.12 1 .16 90 28 62
0.05 0.21 0 90 90

C a (2 ) ....................... . 0.05 0.23 i i 90 7 9
0. i i 0.97 93 16 7 4
O . O I O . O I 100 106 1 9

Final atomic coordinates and therm al param eters with their standard 
deviations are given in T able I. The analysis of the anisotropic therm al 
param eters of Ba, C a(i) and Ca(2) is reported in Table II; of course their 
significance is lessened by the fact tha t not all the atoms were treated 
anisotropically and tha t the structure factors were scaled level by level. 
In  Table I I I  the final observed and calculated structure factors are compared.

D i s c u s s i o n .

The interatom ic distances and bond angles are presented in Table IV 
as well as their standard  deviations.

Calcium. Both calcium atoms in the asym m etric unit have a six-fold 
coordination. C a(i) is linked to four oxygens belonging to the S i-tetrahedra 
and to two w ater molecules. Ca(2) which lies on an inversion center, is 
surrounded by six oxygens of the S i-tetrahedra. The coordination poly- 
hedra of both Ca atoms could be considered as squares bipyram ids ra ther 
than  octahedra because there are four oxygens forming a square around Ca 
at distances ranging from 2.29 to 2.35 A, and two oxygens, at opposite sides 
of the square, with longer Ca— O distances (from 2.42 to 2.45 A).
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T a b l e  IV.

Interatomic distances (Â) and angles (°) and their standard deviations
(in parentheses).

An asterisk is used to distinguish equivalent atoms. The distances preceded by the sign ' 
occur twice; those preceded by "  occur four times.

Atoms Bond lengths Atoms Bond angles

Si(i) — 0 ( i) 1-567 (7) 0 (i)—Si(i)—0 (2) 112033' (28')
- 0 ( 2 ) 1.651 (7) 0(1)— Si(i)—0(4) 1140 15' (28')
- 0 (4) 1 .610 (8) 0 (i)—Si(i)—0 ( i4) H 3° 43/ (28')
- 0 ( 1 4 ) 1.625 (8) 0 (2)— Si(i)—0 (4) 1070 34' (28')

si(2) —0(6) 1.567 (7) 0(2)—Si(i)—0(14) io i°3 3 ' (28')
- 0 (7) I .631 (9) 0(4)— Si(i)—0(14) 1060 13' (28')
- 0 ( 8 ) 1.625 (7) 0(6)—Si(2)—0(7) 113° 2S' (28')

0(16) I .620 (8) 0(6)— Si(2)— 0(8) 1130 22' (28')
Si(3) - 0 (2) 1.620 (9) 0 (6)— Si(2)—0 ( i6) 1130 42' (28')

- 0 (5) 1-565 (7) 0 (7)— Si(2)— 0 (8) 1060 32' (28')
- 0 ( 8 ) 1 .601 (9) 0(7)—Si(2)—0 (i6 ) 103037' (28')
- 0 ( i 5) 1 .617 (6) 0 (8)—Si(2)— 0 ( i6) 105021' ^28')

Si(4) - 0 (3) 1.597 (6) 0(2)—Si(3)—0(8) 110033' (28')O1 I.Ó2I (9) 0 (2) - S i ( 3) - 0 (5) 109041' (28')
- 0 (5) 1-633 (7) 0(2)—Si(3)— 0(15) io6° 37' (28')

0 ( 7)* I.622 ( i l) 0 (8) Si(3)—0 (5) i n 0 26' (28')
C a(i)— 0 (i) ' 2.299 (8) 0 (8)—Si(3)—0 ( i 5) n o 0 3 ' (28')

— 0(6)* ' 2.308 (8) 0 (5) - S i ( 3) - 0 ( i 5) io8° 22' (28')
—0 (g) w 2.437 (20) 0(5)— Si(4)—0(7)* 106045' (28')
---0 (l2)w 2.417 (22) 0 (5)— Si(4) ~ 0 (4)* io6° 4 ' (28')

Ca(2)—0 ( i) ' 2.340 (7) 0 (5) - S i ( 4) - 0 (3) i n 0 4 ' (28')
- 0 (3) '  2 -447 (6) 0 (7)*—Si(4)—0 (4)* i n 0 2' (28')
- 0 ( 6 ) ' 2-350 (7) 0 (7)* - S i(4) - 0 (3) I i i ° 29' (28')

Ba—0(2) " 2 .8 7 4  (7) 0 (4)*— Si(4) - 0 (3) i i o ° i 5 '  (28')
—0(14) ' 2.880 (9) Si( I )— 0 ( 14)— Si( I )* 1440 4 ' (56')
— 0 ( io  )w ' 2.820 (20) Si( I )— 0 ( 2)— Si(3) 135° 41' (36O
— 0(13)«; '  2.814 (H ) Si(3)—0(15)— Si(3)* 151° (56')

0(3) o ( 3)* 2.71 (2) Si(3) - 0 (5)— Si(4) 170° 24' (36')
0 (9  )w---0(9  )w* 2.80 (6) Si(3)—0 (8)— Si(2) 1370 24' (36')
0 (l2)w ---0 ( l2  )w* 2.87 (6) Si(2)—0 ( l6)---Si(2)* 1470 27' (56')
0 (n )w —0 (ip)w 3-05 (3) Si(4)—0 (7)*— Si(2)* H o0 53' (3b')
0(17 )w—0(io)w * 3.06 (3) SÌC4)—0(4)*— Si(i )* 1480 28' (36')
0(8)—0 ( i7 )^ 3-07 (3)
0(2)—0 (io  )w 3.16 (2)
0(2)—0 (13 )^ 3-17 (O
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The tetrahedron around Si(3) needs a more detailed discussion. Si(3) 
shares all its oxygens with other tetrahedra and the average Si(3)— O dist
ance is 1.601 A. It m ust be pointed out th a t the Si(3)—0 (5) distance is the 
shortest of all the Si— O distances of m acdonaldite. P an t and C ruickshank [6] 
suggest tha t large Si—-O— Si angles “ cause the bridging bonds to gain strength 
at the expense of peripheral bonds T  A ctually the Si(4)— 0 (5)—Si(3> angle 
is 170° and this fact could explain the short Si(3)— 0 (5) distance. On the 
other hand the second bond distance, Si(4)—0 (5), involved in the cited angle, 
i s .1-633 A. One could expect, on the basis of the cited large angle, a shorter 
length for the Si(4)— 0 (5) bridging bond, but one m ust take into account 
the different ^-o rders existing in the Si(4)-tetrahedron. However the aver
age of the two Si— 0 (5) distance is 1.60 A tha t is a value which could be 
expected for a Si— O— Si angle of 170°. Fig. 1 shows a plot of the Si—-O— Si 
angles of some recently studied silicates versus the average of the two Si—O

io
I

<0Iin

18 0°

170°

160° X

15 0”

140°

13 0”

• M a c d o n a l d i t e

n Krauskopf ite [l 4 ]

0 N0 iS i03 [7] 

x a -N a 3Si2Os [ó]

+ Rhodonite  [lój

* Bustamite [lój

* Wol l a s t o n i te [lój

♦ P e c to l i t e  [l 7]

1.60 1.61 1 .62  1 .63  1 .6 4  1 .65 1 .6 6  1 .6 7  1 .6 8

S i - o  (À)

Fig. I. -  Plot of the average of the two Si—O distances involved in one 
Si—0 - S i  angle versus the Si— O—Si angle for some recently studied silicates.

bridging bonds lengths involved. One can observe a ra ther regular short
ening of the Si— O distances (from a value of about i .63 Â) with the increas
ing of the angles (from a value of about 13 70).

The O— Si— O angles range from io i°  to 1140. By plotting the m ean 
lengths of any pair of bonds forming an angle at Si, against the O - O  
distances, the results of this work fit the corresponding curve given by 
M cDonald and C ruickshank [7].

Balance of electrostatic valences. The balance of electrostatic valences 
com puted in the usual way, assigning a bond strength of 1.00 to tetrahedral 
Si -O bonds, 1/3 to Ca O bonds and 1/5 to Ba—-O links, give some 
unacceptable results: 0 (2) and 0(14) are “ overbonded ” (2.20) while O (i), 
0 (6) and 0 (3) are .“ underbonded ” (1.66, 1.66 and 1.33 respectively). The 
valences get balanced if one accept the' suggestion of Zachariasen [9] th a t 
“ the observed bond lengths uniquely determ ine the bond strengths ” . In



this way O (i) and 0 (6), which form with silicon non-bridging bonds of 1.57 A, 
would have a bond strength greater than  1.00; 0 (2 ) and 0(14) which form 
with silicon bridging bonds of 1.62-1.63 A, would have a bond strength 
less than  1.00. As P an t [8] observes “ . . .the two theories (d-p  7r-bonding 
theory and the m ethod of balancing of valences) for the Si— O bonds are 
not exclusive. Tu-bonding in Si— O bonds m ay be part of the m echanism 
whereby valency balance is achieved
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Fig. 2. ~ Perspective view of the chains of C a-octahedra and of 
a layer of tetrahedra. The rings of four and eight tetrahedra are 
shown; the layer is doubled by a m irror plane parallel to xy.

For the case of 0 (3 ) it is necessary to spend some more words. In fact, 
for this atom  the valences balance is not achieved even with the application 
of the cited method; 0 (3 ) is linked to Si(4) with a non-bridging bond of 1.597 A 
and to Ca(2); in such a way the positive charge reaching this oxygen is about 
1.4 tha t is far from 2.0. On the other hand, if this atom  is considered to be 
a hydroxyl group, it would be “ overbonded ” (1 .4 +  1.0). Furtherm ore, the 
chemical form ula would have an excess of positive charges. The 0 (3 )— 0 (3 ') 
distance of 2.70 A  is the shortest distance between oxygens not belonging 
to the same coordination polyhedron and surely represents a hydrogen bond,
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but it seems too long (Zachariasen [9]) for the hypothesis of a hydrogen atom 
occurring m idway between 0(3) and 0 (3 '). Thus the possibility of a statistical 
distribution of one hydrogen between the two equivalent 0 (3 ) seems to be 
the more convenient one. This assum ption permits to get balanced the 
valences of 0 (3 ) and the sum of positive and negative charges in the chemical 
formula.

Description of the structure. The crystal structure of m acdonaldite is 
characterized by the presence of double layers of Si— tetrahedra connected 
by layers of Ca— octahedra

Fig. 3. -  Perspective view of the structure following b. The ring of tetrahedra 
norm al to b is shown. The small black circles represent w ater molecules occurring 
in the channels and those linked to barium. The num ber in square parentheses 
are the y  coordinates. The chains of octahedra occur at 2 =  0 and 1/2.

The Ca— octahedra, sharing two opposite edges, form chains parallel 
to a. The chains are linked to one another with hydrogen bonds and give 
rise to sheets parallel to (001) and occurring at z =  o and z — 1/2.

The tetrahedral fram ework is located between two of such octahedral 
sheets. The basic unit of the silicate fram ework is a ring of four tetrahedra. 
The rings are linked together to form a corrugated layer of tetrahedra 
parajllel to (001) (See fig. 2). The presence of the m irror plane at z =  1/4

(1) The coordination polyhedra of calcium have been described as square bipyramids, 
bu t in the course of this description they will be designated more simply as octahedra.
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m akes the layer doubled. Each single layer is very sim ilar to the “ idealized ” 
apophyllite layer which is derived from the condensation of wollastonite 
chains through the xonotlite ribbon. The doubling of the layers produces 
two sets of channels built up by eight-m em bered rings of tetrahedra: one 
set is parallel to a w ith a free diam eter of 3.4 A  and the other is parallel 
to b w ith a free diam eter of 2.1 Â  (figs. 3 and 4). The barium  atoms and 
the w ater molecules not linked to calcium occur in these channels.

Fig. 4. -  Perspective view of the structure showing the ring of tetrahedra 
tha t forms channels parallel to a.

The fact th a t the therm ogravim etric curve of m acdonaldite resembles 
those of mesolite and scolecite [1] and the presence of such channels, suggest
ed the possibility of some relationship between fibrous zeolites and m acdo
naldite. In  effect some structural argum ents give strength to this hypothesis. 
Fig. 5 (left) shows the structural feature characteristic of natrolite [10] and 
of all the fibrous zeolites: it is a ring of four te trahedra (two Si and two Al) 
with alternate vertices pointing upwards and downwards; a fifth S i-tetrahe- 
don links the upper vertices and, repeated 6.6 A  below, the lower ones to 
form  a sort of string parallel to c. The vertices labelled 1 to 4 connect together 
neighbouring strings thus forming a three-dim ensional tetrahedral fram e
work. The openings am ong neighbouring chains give place to a double system 
of channels (with free diam eter of 2.08 and 2.6 A) formed by eight-membered 
rings of tetrahedra. Fig. 5 (right) shows the four S i-te trahed ra  and one of
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the two C a-octahedra contained in the asym m etric unit of m acdonaldite. 
This group could be derived from tha t showed in the left part of the figure 
by substituting in this one the tetrahedron labelled 4 with an octahedron. 
The figs. 3 and 4 perm it to see how this structural feature of m acdonaldite 
(four te trahedra and one octahedron) is repeated in the structure and the 
role played by the octahedra of the second Ca atom.

The water molecules. W ater is present in the coordination polyhedra 
of barium  and calcium and, as “ free ” or zeolitic water, in the channels of 
the tetrahedral framework. C a(i) is linked to two water molecules, 0 (9) 
and 0(12) lying on a m irror plane. Each of these w ater molecules form a 
hydrogen bond which together with th a t occurring between 0(3) and 0 (3 ')  
contributes to hold together the chains of Ca—octahedra.

Fig. .5. -  Left: the structural feature characteristic of fibrous zeolites; dark  tetrahedra are 
A 104 groups. Right: the structural feature of macdonaldite built up by four S i-tetrahedra 

and by one C a-octahedra; the Ca atom involved is tha t labelled C a(i).

The water molecules occurring in the channels and not linked to the 
cations are labelled O (n )  and 0(17). T hey occupy two positions, on m irror 
planes, related by a pseudo-m irror plane to those of O (io) and 0(13). The 
occupancy is 6 4 %  for O (n )  and 56 % for 0(17); the unit cell contains 9.6 
of such w ater molecules. T hey are linked very weakly to the w ater molecules 
belonging to the coordination polyhedron of barium  and to some oxygens 
of the S i-tetrahedra.

It m ust be pointed out th a t there is room in the channels for other atoms 
(cations or water) and the num ber of free water molecules could vary  without 
disturbing the structure.

Chemical form ula . On the basis of all the considerations m ade in the 
preceding discussions and of the fact th a t the num ber of H20 linked to 
calcium and barium  could not be varied without im portant changes in the
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structure, the chemical formula of m acdonaldite can be written as follows: 

4 [BaCa4H 2Sii6038 • (8 +  a:)H20 ]

where x  is the num ber of free water molecules; in the case of the present 
work x  =  2.4.

This form ula is somewhat different from tha t given by Alfors et al. [1]. 
However the chemical analysis calculated from it does not diverge from 
the experim ental analyses more than  that calculated from the formula publish
ed by the m entioned A uthors (Table V ).

T a b l e  V .

Oxides in wt. % I 2 3 4 5

Si0 2 . . .  ................. 6 1 .1 6 2 .1 61.00 61.00 62.23

A120 3 . ...................... 0 .06

Ti0 2 .............................. O.OI 0.03 J
FeO . . . . . . .  . < 0 .0 1 0.1 1 

1
f
> 0 .96

MgO .............................. < 0 .0 5
!

0.10
\
Ì

C a O ..................... .... . 14.8 14-95 15-3 15.19 14-53
BaO . . . . . . . . 10.2 9 .0 9-3 10.38 9-93
H 20 .............................. 13-7 13-7 13-7 13.42 13-30

Total . . . 100.0 100.0 100.3 100.00 100.00

Analyses 1, 2 and 3 are published by A lfo r s  et al. [ i ].
I, 2: analyses made by  G. W. Putm an by  d~c arc emission spectrograph methods; 
3: wet chemical analysis made by  M. Tavela;
4: chemical analysis calculated from the chemical formula given by A lfo r s  et al. [1], 

4 [BaCa4Sii5035- n  H 20 ];
5: chemical analysis calculated from the chemical formula given in this work, 

4 [BaCa4H2Sii6038• 10.4 H 20].

C o n c l u s i o n .

The description of the crystal structure m ade previously in term s of 
double layers of tetrahedra appears to be more suitable than  tha t emerging 
from the com parison with the fibrous zeolites for a convenient introduction 
of m acdonaldite in the Zoltai classification of silicates [11 ]. The crystal 
structure of this silicate, characterized by double layers of the apophyllite 
type, fills a gap in the series of structure families having as common feature



the wollastonite chain. Table V I shows the two series of structure families 
th a t can be derived respectively from the pyroxene chain and from  the 
wollastonite chain: in the second series, the place corresponding to the 
“ double sheets ” subtype, the same as the hexagonal celsian family, was 
em pty.

T able VI.

t 14 5 ] È. C a n n i l lo  ed ALTRI, The crystal structure of niacdonaldite 4-^3

P yroxene chain Wollastonite chain

Structure family
Repeat unit 
or loop of 
tetrahedra

Structure family
Repeat unit 
or loop of 
tetrahedra

Single c h a in ................. Pyroxenes 2 Wollastonite 3

Double chain . . . . Amphiboles 6 Xonotlite 8

Single s h e e t ................. Micas 6 Apophyllite 4-8

Double sh ee t................. Hexagonal celsian 4-6 Macdonaldite 4-8

T able V II.

M ineral Cell dimensions Chemical formula

Macdonaldite . . . a = 14.08 b = 13.11 c = 23.56 Â 4[BaCa4H2Sii6038-10.4 H 20]

R hodesite ................. c = 14.10 b = 13.08 a = 23.8 Â 4[K2Na2Ca4Siie038 • 12 H 20]

Delhayelite . . . . b = 7.04 a — 13.05 c = 24.65 Â

Probably m acdonaldite is not the sole m em ber of this structure family. 
Two m inerals have crystallographic, physical and chemical properties sim ilar 
to those of macdonaldite. T hey are rhodesite [12] and delhayelite [13] which 
can be com pared also with fibrous zeolites. In Table V II are reported the 
crystàllographic and chemical properties of these two silicates and of m acdo
naldite. The chemical formula of delhayelite is not so im m ediately com par
able with th a t of m acdonaldite as is th a t of rhodesite. The num ber of cations 
in this one is g reater than  th a t of m acdonaldite, but it m ust be observed 
th a t the num ber of Ca, Si and O, the atoms which build up the founda- 
m ental part of the structure, is the same and tha t in the structure of m ac
donaldite there is room for other cations or water molecules. However only 
the structural analysis could confirm or discard the hypothesis.
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