
ATTI ACCADEMIA NAZIONALE DEI LINCEI

CLASSE SCIENZE FISICHE MATEMATICHE NATURALI

RENDICONTI

Elio Cannillo, Giuseppe Giuseppetti, Carla Tadini

The crystal structure of asbecasite

Atti della Accademia Nazionale dei Lincei. Classe di Scienze Fisiche,
Matematiche e Naturali. Rendiconti, Serie 8, Vol. 46 (1969), n.4, p. 457–467.
Accademia Nazionale dei Lincei

<http://www.bdim.eu/item?id=RLINA_1969_8_46_4_457_0>

L’utilizzo e la stampa di questo documento digitale è consentito liberamente per motivi di
ricerca e studio. Non è consentito l’utilizzo dello stesso per motivi commerciali. Tutte le
copie di questo documento devono riportare questo avvertimento.

Articolo digitalizzato nel quadro del programma
bdim (Biblioteca Digitale Italiana di Matematica)

SIMAI & UMI
http://www.bdim.eu/

http://www.bdim.eu/item?id=RLINA_1969_8_46_4_457_0
http://www.bdim.eu/


Atti della Accademia Nazionale dei Lincei. Classe di Scienze Fisiche, Matematiche e
Naturali. Rendiconti, Accademia Nazionale dei Lincei, 1969.



[loi] E. CannillO ed ALTRI, The crystal structure o f  asbecasite 457

Mineralogia. —  The crystal structure o f asbecasiten . N ota di 
E l i o  G a n n i r l o , G i u s e p p e  G i u s e p p e t t i  e C a r l a  T a d i n i , presen
t a t a ^  dal Socio G .  C a r o b b i .

RIASSUNTO. — ■ L ’asbecasite, silicato di formula Ca3(Ti, Sn) [(As3SiBeOio)2], è trigonale, 
con due unità stechiometriche nella cella elementare. Il gruppo spaziale è P3CI e le costanti 
reticolari sono: a — 8,36, c =  15,30 A. La stru ttu ra  cristallina è stata studiata utilizzando 
695 effetti di diffrazione di raggi X registrati con la camera di Weissenberg. I param etri degli 
atom i sono stati ricavati con i consueti metodi di Patterson e di Fourier e raffinati col metodo 
dei minimi quadrati fino a un fattore di discordanza finale R == 0.054 per i riflessi osservati. 
Nella stru ttu ra  sono presenti strati di poliedri paralleli a (0001) che si susseguono nell’ordine 
. .  . AABAAB . . .  Lo strato A è costituito da tetraedri Be04, Si04 e da piram idi As0 3; lo strato B 
da ottaedri (Ti, Sn)Oe e antiprism i quadrati CaOg. Le distanze di legame e l ’equilibrio elet
trostatico che ne risultano presentano qualche particolarità che viene discussa.

I n t r o d u c t i o n .

Two new minerals, asbecasite and cafarsite, were found by Graeser 
in the gneiss of the M onte Leone nappe in the southern part of the B innatal 
(Switzerland).

The morphological, optical, physical and chemical properties of asbe
casite were fully described by Graeser himself [1] and we shall report only 
those features tha t are necessary for the following discussion. The space 
group is P 3 ^ i ,  the lattice param eters are: a ~ S . 33, c =  15.29 Â, Z =  3. 
The chemical form ula reported by Graeser is:

Ca2Sii.5Be0. 75Tio.5Alo.2Sn0.iTlo.o3(As03)5 •

M ore recently Strunz [2] suggested the following alternative form ula 
(Z =  2), more consistent with the space group:

Ca3(Ti,Sn)BeSÌ2 (O3AS6O18), 

but it is notew orthy th a t the resulting balance of the valences is unsatisfactory.

E x p e r i m e n t a l .

A specimen of asbecasite, with spherical shape (radius 0.19 mm), was 
used to collect the X -ray s diffraction data. A  redeterm ination of the cell 
dimensions carried out by m eans of precession and W eissenberg photographs 
was in accordance with the previous results, and gave the following values:

a =  8.36 ±  0.02 A 
C =  15-30 zb 0.03 Â. (*) (**)

(*) 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 (Italy).

(**) Nella seduta dell’8 marzo 1969.
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Equi-inclinated W eissenberg photographs of the integrated reflections 
were taken by the m ultiple-film  technique and CuKoc radiation, b being the 
rotation axis and k ranging from o to 8. The intensities were m easured by 
a Nonius m icrodensitom eter and a total of 695 independent reflections out 
of about 800 present in the CuKoc limiting sphere (87 %), were examined. 
It was found th a t 122 of them  could not be detected and a value of half of 
the m inim um  observable intensity was assigned to them.

Corrections were m ade for the absorption (linear coefficient p =  283 cm “ 1 
for CuKoc) and for the incipient but incomplete oq-oc2 separation.

C r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n  a n d  r e f i n e m e n t .

W ith these data, a three-dim ensional Patterson synthesis was calculated 
and the heavy atoms, arsenic and titanium  were situated according to the 
equivalent points of the space group P 3 ri. On this basis a three-dim ensional 
electron density synthesis was successively obtained, on which new m axim a 
appeared reasonably due to Ca atoms and to Si atoms, as well as possible posi
tions for forty oxygens surrounding the heavy atoms. F inally some m axim a 
located in a special position, with four-fold m ultiplicity, could reasonably 
be attribu ted  to Be atoms. The above results do not agree with the chemical 
form ula suggested by Strunz, which shows two Be atoms, instead of four, 
and forty-two oxygens instead of forty.

Yet, at this stage, we assumed that the structural model we had obtained 
could be taken as the starting point for the refinement. The refinement 
was carried out by means of some cycles of least squares (full m atrix, 
isotropic tem perature factors, equal weight for all the observed reflections). 
The structure factors were calculated by using the PIFS scattering factors 
for neutral atoms published by Hanson, Herm an, Lea and Skillm an [3]. 
The scattering am plitudes for Ti take into account the presence of a 
20 % Sn. ■

D uring the former cycles the tem perature factors of three or four out 
of the nine independent atoms became always negative, although the R factor 
dropped from  0.17 to 0.08. An inspection of the F o -F c  table revealed a conspi
cuous secondary extinction effect. In fact, the agreem ent between observed 
and calculated structure factors was im proved by excluding from the refi
nem ent the most intense reflections. In such a way it was possible to reduce 
the num ber of negative tem perature factors to only one.

In the m eantim e a new version of the least squares program  became avail
able. This perm itted one to take into account the anom alous dispersion 
in the Fc calculation and to include the secondary extinction as a param eter 
in the refinement. Some further cycles of least squares allowed the complete 
elim ination of the negative tem perature factors, the reduction of the R factor 
to 0.054 f°r the observed reflections and to 0.066 for all the reflections, and 
the im provem ent of the standard deviations.
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The final parameters are reported in Table I. In the final calculation of 
the Fc’s, presented in Table II, the small contributions of the imaginary 
components of the anomalous dispersion are neglected. The real components 
are those given by Cromer [4]. In the formula of the secondary extinction, 
given by Zachariasen [5] and rearranged in order to apply the correction to 
the Fc’s, the terms involving the absorption were neglected. The final value 
of “ g ” , secondary extinction parameter, is 6.2 • io -6 .

T a b l e  I.
Final atomic parameters and their standard deviations (in parentheses').

Atoms xja yib zjc B

As . . . . . . . . . 0.01840 (14) 0.29632 (14) 0.10361 (6) 0.35 (3)
(Ti, S n ) .......................... 0 0 1/4 0 .66  (5)
Si . . . . . . . . . 2/3 1/3 0.07320 (28) 0 .20  (6)
C a .............................. . 0.59205 (31) 0-59205 (31) 3/4 0.38  (4)
O (i) .............................. 0.89326 (97) 0.77841 (97) 0.17534 (41) 0 .54  (10)
0(2) ............................... 0-53703 (96) O .72II8 (96) 0.17392 (42) 0 .56  (10)
0 (3) .............................. 0.59836 (97) 0.46997 197) 0.11721 (43) 0 .78 (11)
0 (4) .............................. 1/3 2/3 0.03008 (85) 1 .06 (20)
Be . . .  ..................... !/3 2/3 0.13011 (126) 0.22 (29)

T a b l e  II.
Structure factors of asbecasite.

Reflections m arked with an asterisk were unobservably weak; 
in this case Fo derives from 0.5 Imin .

h I I o F o i ° F c h / 1 0 F
0 x ° F c h I 0 O x o F c k I i ° F 0 x ° F c

h  , 0 I 2 — 2 6 9 2 — 7 3 9 3 1 4 I O 6 4 — 1 1 2 1 5 8 1 3 6 3 1 3 5 4
, 2 4 7 8 4 8 2 4 3 — 1 4 I O 3 4 — 1 0 7 5 5 ■— 8 * 1 5 3 — 1 4 3

0 4 1 9 9 2 — 1 8 4 0 2 — 4 1 6 7 8 1 7 2 9 3 1 6 5 7 7 — 6 2 3 5 1 0 9 9 0 — 9 5 1
0 6 1 9 8 7 — 2 0 0 7 2 6 * 1 8 3 — 1 5 6 3 — 1 6 * 8 7 8 5 5 — 1 0 1 3 3 3 — 1 3 5 6
0 8 1 5 1 5 1 5 9 9 2 — 6 8 5 2 — 8 4 6 3 1 8 2 8 6 3 3 9 5 1 2 * 1 2 5 6 3
0 1 0 1 2 9 2 1 3 3 2 2 8 1 3 7 5 1 4 6 8 3 — 1 8 3 0 2 — 3 3 6 5 — 1 2 9 0 0 9 2 8
0 1 2 l i s i 1 2 5 0 2 — 8 * 1 9 0 1 9 6 4 0 1 4 0 4 1 4 6 0 5 1 4 3 6 5 — 3 5 6
0 2 2 2 4 — 2 4 3 9 2 1 0 8 8 3 — 9 1 0 4 2 * 1 2 1 — 1 3 0 5 1 4 * 1 4 0 7 1
0 i 6 * | 9 5 1 2 7 2 — 1 0 1 2 1 0 — 1 2 6 1 4 — 2 * 1 2 1 1 3 1 5 1 6 8 7 5 9 3 3
0 1 8 4 9 5 6 0 0 2 1 2 2 8 8 2 6 5 4 4 1 1 1 5 — 1 0 3 9 5 — 1 6 4 0 6 3 9 3
I 2 3 9 0 — 4 7 9 2 — 1 2 3 6 7 3 3 9 4 — 4 9 4 3 — 9 5 3 6 0 7 6 8 6 8 9
I — 2 4 7 8 — 6 4 1 2 1 4 * 2 0 5 — 2 0 9 4 6 8 1 9 — 8 2 3 6 2 6 5 1 — 6 1 0
I 4  1 . 5 1 8 5 1 7 2 1 4 * 1 2 1 — 2 6 4 — 6 1 3 9 5 — 1 4 5 5 6 — 2 1 2 2 1 1 1 4 9
I — 4 6 2 7 — 5 6 7 2 1 6 6 3 5 6 8 7 4 . 8 8 5 8 8 5 8 6 4 * 1 5 7 — 1 2 3
I 6 4 3 9 — 4 5 2 2 — 1 6 5 9 8 6 7 3 4 — 8 8 7 1 8 7 7 6 — 4 1 7 5 — 2 0 9
I — 6 * 1 2 5 6 3 2 1 8 4 7 4 — 5 2 8 4 1 0 5 4 8 5 1 2 6 6 2 3 1 — 2 2 1
I 8 3 2 5 — 2 6 6 2 — 1 8 5 1 4 — 6 1 8 4 — 1 0 1 5 1 1 1 5 5 9 6 — 6 9 1 8 — 8 8 8
I — 8 6 3 9 6 5 2 3 0 2 1 3 7 2 0 7 6 4 1 2 * 1 2 3 — 3 6 6 8 4 0 0 3 6 3
I 1 0 * ! 5 7 1 5 1 3 2 1 4 7 4 1 4 0 9 4 — 1 2 5 5 8 5 7 4 6 — 8 1 8 3 — 1 7 4
I ■— 1 0 3 5 2 3 1 7 3 — 2 5 5 8 — 5 6 8 4 1 4 1 0 2 7 — 1 1 0 8 6 1 0 2 0 8 1 6 9
I 1 2 * 1 3 0 — i i 3 4 1 2 6 5 — 1 3 0 2 4 — 1 4 1 1 9 1 — 1 2 8 9 6 — 1 0 * 9 2 1 2
I — 1 2 5 8 6 6 0 7 3 4 * 1 6 9 1 4 7 4 1 6 2 9 3 — 2 9 7 6 1 2 4 5 4 — 4 5 6
X , 1 4  i 6 4 1 — 7 0 4 3 6 2 1 6 6 — 2 1 5 2 4 — 1 6 6 4 0 — 7 0 8 6 -----X 2 6  7 8 6 6 7
I — 1 4 . , 4 1 6 — 4 2 7 3 — 6 2 0 9 3 — 2 1 0 3 5 0 3 0 6 — 2 6 1 6 1 4 1 . 5 3 — h i
I x 6 * j 1 1 9 1 2 2 3 8 1 4 9 8 1 5 4 8 5 2 1 8 2 5 — 1 8 0 8 6 — 1 4 1 3 0 1 0 6
I — 1 6 3 3 2 — 3 7 1 3 — 8 9 8 0 9 8 3 5 — 2 * 1 7 3 — 1 9 6 7 O 1 8 0 6 1 7 1 9
X 1 8 3 1 3 3 3 4 3 1 0 5 8 2 5 2 6 5 4 1 0 1 7 1 0 0 6 7 2 3 4 4 — 2 8 9
I — 1 8 * 7 1 — 5 0 3 — 1 0 1 1 2 5 1 1 2 3 5 — 4 1 7 7 5 1 8 3 2 7 -----2 3 5 1 — 2 9 0
2 0 3 2 5 — 2 5 6 3 1 2 7 0 S 7 7 8 5 6 * 1 2 8 3 0 7 4 4 9 8 — 4 5 5
2 2 1 4 1 1 — 1 4 8 7 3 — 1 2 2 7 2 2 1 2 5 — 6 8 2 1 — 8 0 9 7 — 4 9 8 0 — 9 8 4

35. — RENDICONTI 1969, Voi. XLVI, fase. 4.
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T ab le II (continuedj.

h I I o F o i o F c h I i ° F 0 I o F c h I i ° F 0 i ° F c h I i ° F o i ° F c

7 6 1 3 5 3 — 1 3 1 9 2 1 7 3 3 7 3 7 2 5 — 2 * 1 6 1 — 1 9 7 8 2 4 0 9 — 4 6 7
7 — 6 1 4 3 4 — 1 3 8 9 2 — 1 7 4 5 1 — 4 5 7 5 3 1 1 7 7 — 1 0 9 2 8 — 2 2 7 8 — 2 7 0
7 8 1 0 1 6 9 9 6 2 1 8 * 6 7 2 6 5 — 3 1 4 6 6 1 3 9 7 8 3 1 1 8 3 — 1 1 7 7
7 — 8 1 3 8 6 1 3 8 6 2 — 1 8 3 6 0 — 4 0 5 5 4 1 1 3 5 1 0 9 4 8 — 3 1 1 0 6 1 0 6 8
7 1 0 5 7 1 5 6 1 3 0 6 1 2 6 8 1 5 — 4 5 4 7 5 2 7 8 4 5 2 1 5 3 7

7 — 1 0 9 0 8 9 4 0 3 I 5 2 0 5 3 7 5 5 6 3 6 5 8 6 8 — 4 4 0 8 4 1 5
7 1 2 2 6 6 2 5 2 3 ■— I 1 5 4 2 — 1 5 1 7 5 — 5 * 1 5 5 — 1 2 6 8 5 5 7 8 5 6 7
7 — 1 2 5 7 8 6 0 3 3 2 4 4 2 4 1 3 5 6 4 7 1 4 1 7 8 — 5 3 5 1 — 3 3 2
8 0 3 6 6 3 1 0 3 — 2 * 1 1 8 — i i 5 — 6 3 7 0 3 3 1 8 6 8 1 9 8 5 6
8 2 1 0 6 4 — m i 3 3 * 1 7 3 1 5 3 5 7 9 5 3 8 9 8 8 — 6 4 8 6 4 9 2
8 — 2 3 4 4 3 4 8 3 — 3 3 3 7 3 2 9 5 — 7 1 0 1 5 — 9 7 8 8 7 5 9 3 5 7 1
8 4 * 7 1 — 5 6 3 4 9 8 7 — 9 7 6 5 8 * 1 9 7 — 1 7 6 8 — 7 5 6 9 — 5 4 6
8 — 4 4 6 8 4 7 3 3 — 4 ' 7 7 5 — 7 8 1 5 — 8 * 1 9 2 2 0 6
8 6 * 7 1 6 3 5 1 0 3 4 1 0 6 0 5 9 5 3 1 4 9 9 ' h 2 I
8 — 6 5 0 8 — 4 7 0 3 — S 4 4 6 4 3 6 5 — 9 8 6 7 — 8 6 1
8 8 8 2 4 8 4 8 3 6 8 9 5 — 9 2 7 5 1 0 8 2 7 — 8 0 2 2 0 3 6 2 — 2 7 3
8 — 8 * 7 1 — 7 2 3 — 6 5 1 8 — 5 4 5 5 — 1 0 5 6 7 — 5 5 8 2 I * 1 3 0 1 7 1
8 1 0 1 3 5 1 2 2 3 7 7 8 3 — 7 5 1  ■ 5 i i 8 5 9 — 8 5 6 2 2 * 1 8 8 — 1 9 6
8 — 1 0 4 3 9 — 4 4 6 3 — 7 8 0 9 8 2 8 5 — i i 7 3 4 7 3 0 2 3 1 2 4 0 1 3 6 3
9 0 1 8 5 1 4 0 3 8 8 3 6 8 3 5 5 1 2 5 0 0 — 4 9 1 2 4 1 1 6 5 1 2 4 4
9 2 7 0 7 — 7 6 1 3 — 8 7 1 0 7 4 8 5 — 1 2 2 5 1 2 2 1 2 5 * 1 3 4 — 1 0 8
9 — 2 3 4 0 3 9 0 3 9 4 4 2 — 4 3 4 5 1 3 7 8 3 — 7 7 9 2 6 * 1 3 9 — 5 1
9 4 * 4 3 — 1 8 3 — 9 8 2 0 — 7 9 9 5 — 1 3 i o o 3 1 0 5 5 2 7 1 0 2 2 — 1 0 5 5
9 — 4 8 3 7 8 6 8 3 1 0 1 1 2 5 1 1 0 5 5 1 4 3 9 1 3 9 0 2 8 3 2 3 — 2 5 5

3 — 1 0 4 1 3 4 0 5 5 — 1 4 5 3 8 5 3 4 2 9 6 6 7 — 6 7 8
h I I 3 i i 3 7 9 — 3 6 7 5 1 5 3 7 8 3 7 9 2 1 0 1 0 5 5 — 1 0 8 3

3 — i i * 1 3 8 — 7 4 5 — 1 5 , 1 9 5 — 1 8 9 2 i i 9 2 2 9 5 5
I 0 4 7 2 — 4 9 2 3 1 2 * 1 8 6 2 0 0 6 0 * 1 3 0 1 1 8 2 1 2 2 9 7 2 9 4
I I 1 0 2 5 — 1 0 4 5 3 — 1 2 6 6 6 — 6 6 7 6 I 3 3 9 — 3 0 4 2 1 3 5 0 9 5 0 1
I 2 * 1 0 8 5 0 3 1 3 1 0 0 5 1 0 4 1 6 — I 8 9 0 — 8 5 4 2 1 4 6 3 0 6 4 5
I 3 2 1 4 7 — 2 0 4 3 3 — 1 3 4 4 3 — 4 5 7 6 2 * 1 7 3 9 3 2 1 5 * 1 0 7 4 0
I 4 9 8 4 1 0 5 5 3 1 4 5 2 7 — 5 9 4 6 — 2 * 1 3 6 — 1 4 6 2 1 6 5 * 4 5 3 5
I 5 9 2 7 9 6 0 3 — 1 4 6 0 2 — 6 2 3 6 3 * 1 4 7 1 2 2 2 1 7 8 0 7 — 8 5 1
I 6 6 8 0 6 3 3 3 1 5 2 1 3 — 1 8 4 6 — 3 6 7 5 6 1 8 2 1 8 6 3 4 — 6 8 7
I 7 1 3 4 4 1 4 0 7 3 — 1 5 7 4 1 7 8 4 6 4 * 1 6 0 — 1 3 9 3 0 3 9 5 — 3 3 7
I 8 7 0 2 — 7 0 4 3 1 6 5 2 6 — 5 5 7 6 — 4 2 4 9 — 2 4 1 3 I 5 9 5 6 1 9
I 9 1 1 9 8 1 1 7 7 3 ■— 1 6 * 8 8 3 9 6 5 8 6 3 8 1 2 3 — ’I 9 2 8 — 8 8 3
I 1 0 1 0 2 7 — 1 0 7 8 3 1 7 * 1 0 9 — 6 7 6 5 2 3 6 2 2 1 3 2 6 0 0 — 6 o 6
I i i 1 5 2 4 — 1 5 7 2 3 - 1 7 * 7 5 — 3 5 6 6 5 6 4 — 5 5 0 3 — 2 1 7 3 0 — 1 6 5 0
I 1 2 * 1 3 5 7 2 3 1 8 1 7 9 1 7 3 6 — 6 * 1 2 9 8 2 3 3 1 3 0 3 1 3 7 3
I 1 3 8 9 8 — 9 4 1 3 — 1 8 S 3 6 5 9 5 6 7 2 3 6 — 1 7 6 3 — 3 1 0 1 3 — 1 0 4 0
I 1 4 8 7 2 9 1 6 4 0 4 3 2 4 0 0 6 ■— 7 3 7 9 3 6 4 3 4 1 7 4 3 1 6 4 2
I i S 2 5 9 2 2 4 , 4 I 6 6 9 — 6 7 4 6 8 2 1 0 18 Ó 3 — 4 9 3 7 9 6 9
I 1 6 4 6 0 5 1 3 4

— I 7 2 7 7 4 4 6 — 8 3 3 7 3 3 7 3 5 2 4 6 — 2 4 8
I 1 7 1 2 4 0 1 3 9 0 4 2 * 1 6 9 2 0 1 6  , 9 2 8 7 — 2 4 3 3 — 5 * 1 8 8 1 6 6
I 1 8 5 2 0 — S 6 7 4 — 2 2 6 5 — 2 6 7 6 — 9 5 5 0 — 5 4 4 3 6 * 1 3 6 4 8
I 1 9 1 5 1 — 1 2 3 4 3 9 5 5 — 9 5 4 6 1 0 7 2 7 7 4 0 3 — 6 6 3 2 6 4 0
2 0 5 0 6 — 4 9 9 4 — 3 6 0 6 6 0 4 6 — 1 0 1 8 4 — 1 6 4 3 7 1 1 3 2 — 1 1 2 5
2 I 1 0 1 9 — 1 1 0 9 4 4 4 8 5 4 8 1 6 i i 6 9 6 — 6 8 7 3 — 7 1 1 1 8 1 1 1 6
2 — I 6 3 5 6 5 4 4 — 4 4 1 9 4 2 2 6 — i i 2 2 4 — -2 1 9 3 8 5 9 8 — 5 6 1
2 2 6 1 7 — 6 4 9 4 5 * 1 8 8 2 1 6 6 1 2 3 2 5 3 1 5 3 — 8 6 8 3 6 6 4
2 — 2 6 8 4 “ 7 3 7 4 5 * 1 7 0 1 5 0 6 — 1 2 3 1 0 — 3 0 2 3 9 3 6 1 — 3 4 3
2 3 3 5 2 — 3 7 5 4 6 2 8 2 — 1 7 4 6 1 3 5 4 8 5 7 4 3 — 9 4 6 2 4 6 2
2 — 3 8 7 4 9 1 4 4 — 6 * 1 5 6 7 6 6 — 1 3 * 8 2 — 6 1 3 1 0 1 3 2 5 — 1 3 2 3
2 y 4 4 1 6 4 7 7 4 7 1 0 4 6 1 0 0 1 7 0 6 6 0 6 3 1 3 •— 1 0 9 3 9 — 9 3 3
2 — 4 9 2 9 9 6 4 4 — 7 8 0 3 — 7 8 8 7 I 5 0 5 — 4 5 5 3 1 1 6 3 o 6 7 9
2 5 4 2 9 — 3 8 6 4 8 3 5 2 — 3 1 5 7 — I 5 1 0 — 4 7 3 3 — i i 9 5 2 — 9 4 8
2 — 5 3 7 1 3 8 5 4 — 8 * 1 3 9 — 1 3 2 - 7 2 5 4 7 5 2 3 3 1 2 7 2 8 7 2 2
2 6 6 4 3 6 1 5 4 9 * 1 5 6 9 1 7 — 2 2 9 1 — -2 4 0 3 — 1 2 3 7 4 3 6 5
2 ■— 6 2 7 9 — 2 7 9 4 — 9 4 6 5 — 4 2 3 7 3 6 1 1 5 7 5 3 1 3 6 6 1 6 4 7
2 7 1 2 9 4 1 3 4 4 4 1 0 5 3 0 — 5 2 1 7 — 3 1 6 4 — 1 6 0 . 3 — 1 3 5 7 5 — 5 8 6
2 — 7 1 2 0 3 — 1 2 4 8 4 — 1 0 5 7 6 — 5 7 5  • 7 4 * 1 3 3 6 5 3 1 4 * 1 0 2 7 1
2 8 * 1 3 9 1 6 7 4 i i 5 5 1 — 5 3 1 7 — 4 * 1 5 8 — 1 3 7 3 - 1 4 * 1 4 3 — 1 6 3
2 — 8 * 1 3 9 8 6 4 — i i 4 7 3 4 4 8 7 5 3 0 6 2 8 4 3 1 5 * 1 3 1 — 1 5 3
2 9 * 1 4 1 1 3 3 4 1 2 3 6 9 3 5 0 7 — 5 8 5 7 8 2 6 3 — 1 5 4 2 0 3 9 7
2 — 9 * 1 4 1 — 7 0 4 — 1 2 * 1 1 6 9 5 7 6 7 3 0 — 7 2 5 3 1 6 5 ° 8 5 1 8
2 1 0 1 2 2 4 — 1 2 6 6 4 1 3 6 2 5 — 6 1 9 7 — 6 3 5 4 — 3 2 5 3 — 1 6 7 3 5 7 3 5
2 — 1 0 3 2 3 2 7 1 4 — 1 3 6 0 1 6 0 8 7 7 * 1 3 4 1 0 7 3 1 7 6 5 7 — 7 1 7
2 i i 6 7 5 — 6 8 2 4 1 4 3 2 9 3 1 1 7 - 7 * 8 7 4 5 3 — 1 7 5 7 2 6 0 0
2 — i i * 1 4 3 9 8 4 — 1 4 3 2 4 2 9 1 7 8 * 1 2 5 — 1 1 2 4 0 4 1 5 — 3 8 3
2 1 2 * 1 3 8 — 4 2 4 1 5 3 6 0 3 3 8 7 — 8 3 5 3 3 2 4 4 I 7 5 7 — 7 0 3
2 — 1 2 4 5 6 4 4 6 4 — 1 5 2 0 7 — 2 0 2 7 9 6 5 5 — 6 5 4 4 — I 1 2 1 0 1 2 0 2
2 1 3 7 2 0 — 7 4 7 4 1 6 2 4 0 2 3 5 7 — 9 3 1 9 — 2 7 3 4 2 * 1 4 7 — 2 3
2 — 1 3 8 3 3 8 4 4 4 — 1 6 4 1 9 4 3 8 7 1 0 * 6 1 1 5 4 — 2 7 9 4 — 7 7 4
2 1 4 * 1 2 1 1 4 9 4 1 7 5 1 1 5 8 3 7 — 1 0 * 7 7 — 2 4 4 3 6 7 0 — 6 2 7
2 1 4 * 1 7 2 — 1 9 2 4 — 1 7 3 1 8 — 3 4 4 7 i i * 6 5 2 4 — 3 7 5 3 7 1 6
2 1 5 5 8 0 6 0 7 S 0 1 1 0 4 — 1 0 4 9 7 — i i 5 4 4 — 5 5 0 4 4 3 4 7 3 3 2
2 ~ i S * 1 0 9 — 9 6 5 I 1 1 9 8 — 1 1 5 4 8 0 5 4 6 — 5 5 7 4 — 4 4 0 6 3 8 1
2 1 6 3 5 1 3 4 4 5 — I 7 5 4 7 0 1 8 I 3 0 8 — 2 6 7 4 5 8 7 6 — 8 4 1
2 — 1 6 * 1 0 8 8 4 S 2 5 4 6 — 5 1 1 8 — I 2 7 6 2 5 4 4 — 5 3 2 8 — 3 2 3
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T ab le II (continued).

h / 0
to0

i o F c

4 6 * 1 8 6 1 7 8

4 — 6 7 8 5 759
4 7 1 3 7 2 1 2 4 7

4 — 7 1 4 8 2 — 1 4 5 7
4 8 397 — 358
4 ■— 8 * 1 4 2 ■— h i

4 9 439 4 2 8

4 — 9 6 1 5 592
4 1 0 * 1 3 1 38
4 — 1 0 5 6 1 — 535
4 i i 332 — 3 0 6

4 — i i 572 5 9 1
4 1 2 6 8 8 6 9 4

4 — 1 2 443 — 4 1 4
4 1 3 8 5 0 — 8 7 9

4 — 1 3 5 6 2 558
4 1 4 1 9 7 1 3 1
4 — 1 4 * 1 2 1 — 1 3 9
4 1 5 2 9 2 2 8 6

4 ~ i 5 6 7 6 — 7 2 5
4 1 6 3 2 5 — 348
4 — 1 6 4 4 2 456
5 0 7 7 1 775
5 I 7 2 9 6 6 9

5 — I 2 8 2 235
5 2 536 — 4 8 9

5 — 2 4 8 3 — 4 1 9

5 3 353 — 2 8 6

5 — 3 5 1 8 — 474
5 4 9 5 1 897
5 — 4 6 0 2 5 2 8

5 5 4 4 6 — 436
5 5 2 6 9 — 2 1 0

5 6 5 8 8 — 5 6 6

5 — 6 447 — 438
5 7* 1 2 8 — 5
5 - T 7* 1 4 6 1 0 5

5 , 8 * 1 4 0 55
5 r~8 473 4 2 2

5 9 274 2 4 3
5 — 9 3 1 0 2 4 2

5 1 0 779 — 7 1 0
5 — 1 0 9 0 6 — 8 3 9

5 i i 3 0 0 274
5 — i i 2 1 3 1 8 4

5 1 2 596 5 6 4
5 — 1 2 4 8 3 459
5 1 3 1 8 0 - 1 3 8
5 — 1 3 374 — 336
5 1 4 " 6 0 — 2 8

S — 1 4 1 6 7 — 1 3 3
6 d 791 — 7 5 1
6 I * 1 2 6 1 1 4
6 — I 6 6 1 — 6 2 7
6 2 2 1 2 1 9 4
6 — 2 8 1 1 — 774
6 3 1 3 9 6 1 3 2 3
6 — 3 1 1 7 0 — 1 1 6 4
6 4 8 0 1 779
6 4 556 495
6 5* 1 3 0 8 3
6 5 686 6 4 9
6 6 2 5 8 2 0 1
6 — 6 338 3 1 7
6 7 8 9 2 — 8 9 3
6 ~ 7 8 6 7 897
6 8 2 4 5 — 2 4 7
6 — 8 349 3 4 0

h I 0 0 ioFc

6 9 879 — 9 0 8
6 — 9 3 0 0 2 8 2
6 1 0 853 - 8 5 5
6 — 1 0 2 3 9 — 1 8 1
6 11 837 8 5 9
6 — i i 943 — 975
6 1 2 * 6 0 6 6
6 — 1 2 2 2 2 — 2 1 8

7 0 2 1 9 — 1 9 7

7 I * 8 8 3 1
7 •— I 5 8 7 5 8 3
7 2 * 1 6 4 I O I

7 — 2 9 2 1 — 8 5 2

7 3* 1 7 2 ■— 1 6 1

7 — 3 2 2 3 — 2 0 6

7 4 548 5 1 1
7 — 4 5 0 6 4 7 6

7 5 374 — 376
7 — 5 3 1 0 — 3 1 1

7 6 4 6 5 — 4 0 6

7 — 6 3 3 1 3 2 4
7 7 * 1 2 2 1 2 7

7 — 7 * 1 3 2 — 1 1 3

7 8 * 6 4 44
7 — 8 5 0 0 479
7 9 2 5 2 2 8 0

7 — 9 2 8 4 3 0 8
8 0 6 8 8 6 8 0
8 I * 8 6 2 7
8 -— I 5 7 0 6 2 2
8 2 2 4 7 245
8 — 2 6 4 1 — 598
8 3 4 2 9 — 4 6 7
8 — 3 3 0 8 299

h 3 I

3 0 1 8 8 1 1 7 5 2
3 I 5 1 2 544
3 2 * 113 4 2

3 3 153 — 94
3 4 8 6 5 — 8 0 1

3 5 301 2 5 2

3 6 543 —469
3 7 545 — 4 9 0

3 8 * 1 6 7 93
3 9 2 0 5 1 7 8

3 1 0 473 423
3 i i * 1 2 6 — 113
3 1 2 393 353
3 13 417 4 0 6

3 14 6 7 6 — 6 6 9

3 15 3 1 2 — 2 9 2

4 0 1436 1347
4 I 6 1 0 537
4 — I 338 303
4 2 1 9 9 1 6 1

4 — 2 405 — 3 6 8

4 3 337 — 3 0 0

4 — 3* 1 6 9 — 6 6

4 4 6 8 9 — 6 4 2

4 — 4 1 0 1 2 — 9 6 6

4 5 2 9 2 — 2 6 7

4 — 5 743 —713
4 6 994 —965
4 — 6 913 — 895
4 7 4 7 2 — 4 3 0
4 — 7 2 6 4 2 1 4

h I i ° F o i o F c

4 8 6 0 1 5 6 5
4 — 8 1 0 0 7 9 6 0

4 9 6 2 7 6 0 0

4 — 9 1 9 9 1 8 6

4 1 0 6 7 5 6 3 8

4 — 1 0 1 0 3 3 1 0 6 2

4 i i 3 0 2 2 5 4

4 — i i 4 0 1 3 7 6

4 1 2 2 2 2 1 6 9

4 — 1 2 3 9 7 3 6 3
4 1 3 1 9 5 — 1 3 7
4 — 1 3 3 0 9 — 2 5 3
4 1 4 1 0 7 1 — 1 1 0 0

4 — 1 4 1 0 1 7 — 1 0 8 2

5 0 * 1 4 0 — 1 0 6

5 I 7 6 2 7 1 6

5 — I * 2 0 1 — 2 1 6

5 2 I I 3 9 — 1 0 8 8

5 — 2 * I 4 5 — 9 5

5 3 S O I 4 8 3
5 — 3 6 4 4 — 6 2 1

5 4 * I 7 I 8 7
5 4 I 2 6 5 1 2 1 1

5 5 4 7 2 — 4 1 7
5 5 3 9 O - 3 2 8

5 6 3 8 7 3 6 1

5 — 6 3 7 O — 3 3 7

5 7 6 6 5 — 6 4 6

5 — 7 5 3 7 5 0 2

5 8 9 0 5 8 9 2

5 — 7 4 4 1 — 4 8 8

5 9 * 9 7 6 4

5 9 5 9 2 5 5 8

5 1 0 5 9 0 — 5 2 2

5 ;— IO 6 6 6 — 6 2 3

5 I I 5 1 1 4 9 9

5 -----11 1 9 8 — 1 7 2

5  . 1 2 1 5 3 7 4

5 -----1 2 5 4 5 5 4 5

5 1 3 3 2 3 3 5 2

5 — 1 3 5 4 3 — 5 9 7
6 O 1 9 5 — 1 2 4
6 I 5 4 7 5 0 1
6 — I 5 7 5 “ 5 3 4
6 2 * 1 3 0 — 9 5
6 -----2 4 7 5 4 4 7
6 3 1 5 4 9 9
6 — 3 * 8 9 I
6 4 * 8 9 — 2 8
6 — 4 6 0 9 5 8 0
6 5 2 8 2 2 5 0
6 — 5 4 0 4 — 3 2 9
6 6 2 4 8 2 0 2
6 — 6 4 0 3 — 3 7 1
6 7 7 0 4 — 6 7 7
6 — 7 6 9 2 6 4 3
6 8 1 9 2 1 7 6
6 — 8 5 4 5 — 5 4 1
6 9 2 3 5 1 9 5
6 — 9 1 0 8 — 1 0 8
6 1 0 4 5 5 — 4 6 9
6 — IO 1 5 3 — 1 4 6

7 0 8 5 3 8 4 6

7 I 2 9 0 2 4 6

7 — I 4 0 6 4 2 6

7 2 * 7 9 6 7

7 -----2 4 8 3 — 4 4 4

7 3 3 3 5 — 3 3 9

h I i ° F o i o F c

7 — 3* 75 — 2 7

7 4* '  58 — 2 4

7 4 358 — 357
7 5 395 — 4 1 1

7 — 5 3 2 4 — 3 1 4

h 4 I

4 0 772 6 9 4

4 I 5 0 7 — 5 5 1
4 2 3 8 7 3 6 1

4 3 2 0 7 1 8 9

4 4 4 2 6 — 3 7 0
4 5 3 8 3 — 3 2 7
4 6 5 0 3 — 4 6 9

4 7 6 1 0 559
4 8 * 1 0 2 34
4 9 3 2 6 — 3 0 9
4 1 0 279 2 6 2

4 i i 237 1 8 6

4 1 2 * 6 7 35
4 1 3 4 2 5 — 4 0 0

5 0 6 5 1 — 6 3 7
5 1 3 6 0 — 3 2 3
5 — I 2 0 3 1 5 2
5 2 7 9 6 — 736
5 — 2 * n o 9
5 3 6 3 1 — 572
5 — 3 8 1 4 742
5 4 355 355
5 — 4 1 0 2 2 9 6 3
5 5* 1 0 3 1 2

5 — 5* 1 0 3 — 4 0

5 6 8 0 5 7 8 0

5 — 6 4 1 3 — 3 1 6

5 7 7 1 6 659
5 — 7 6 3 2 — 574
5 8 5 6 0 4 8 9
5 — 8 4 1 6 — 374
5 9 4 2 1 335
5 — 9 237 — 2 4 0

5 1 0 1 0 9 9 — 1 0 2 0

5 — 1 0 * 6 7 — 2 6
6 0 455 4 0 0
6 I 6 9 4 — 6 8 9
6 — I 2 9 9 — 2 6 4
6 2 3 1 2 — 2 4 2
6 — 2 1 8 5 1 4 0
6 3 1 1 5 98
6 — 3 2 2 0 2 2 7
6 4 6 5 6 — 6 3 9
6 — 4 1 4 5 6 6
6 5 5 6 2 5 6 8
6 — 5 8 3 3 779
6 6 1 8 0 — 1 8 9
6 — 6 439 — 374
6 — 7 2 9 7 — 2 1 9

h 5 I

5 0 4 1 2 453
5 I 4 7 1 — 554
5 2 3 9 0 — 4 0 0

5 3 557 — 635
5 4 6 7 6 7 6 9

5 5 2 2 2 2 2 3

5 6 497 - 5 5 8
5 7 4 0 2 5 4 1

C r y s t a l  s t r u c t u r e  De s c r i p t i o n  a n d  d i s c u s s i o n .

Fig. I shows a clinographic projection of the trigonal cell. As one can 
see the m ost p rom inent feature of the structure consists of layers of poly- 
hedra parallel to (0001). Two kinds of layers are present: layer A, formed
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by BeC>4 tetrahedra, SÌO4 tetrahedra and AsC>3 pyram ids, and layer B, formed 
by (Ti , Sn)06 octahedra and CaOs square antiprism s. Two A layers, placed 
upon each other, are inverted with respect to a sym m etry centre, and they 
are connected by a common vertex of the BeC>4 and SÌO4 tetrahedra, so forming 
(BeSiCb) groups. L ayer B acts as a bridge between pairs of these double A 
layers.

In order to explain better the structural model, the polyhedra contained 
in limited slabs of the unit cell, projected on a plane normal to the c axis are 
presented in fig. 2-3-4.

Fig. 2 shows the projection of the cell slab which includes the A layer 
of the BeC>4, SÌO4 and ASO3 polyhedra. The two tetrahedra BeC>4 and SÌO4



1

Fig. 2. -  Projection of the cell slab with — 0.03 <  z/c<  0.20, showing the A layer of polyhedra.

Fig. 3. -  Projection of the cell slab with 0.11 <  zjc <  0.38, showing the B layer of polyhedra.
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have the beryllium  and silicon atoms on a triad  axis; owing to their position, 
three vertices of each tetrahedra are occupied by equivalent oxygens (0(2) 
for BeOé and 0(3) for SÌO4); the fourth oxygen 0(4), common to both te tra 
hedra, is aligned along the three-fold axis w ith the Be and Si atoms. The 
arsenic is situated on the vertex of a sort of trigonal pyram id and the rem aining 
three vertices are occupied by independent oxygens (0(i) , 0(2) , 0(3)) 
belonging respectively to the titan ium  octahedron and, as said above, to the 
beryllium  and silicon tetrahedra.

2

Fig. 4* ~ Projection of the cell slab with —o .03<  z/c <  0.38, showing the connections 
between the antiprism  of calcium and the other polyhedra.

The B layer of the rem aining groups of polyhedra is represented in fig. 3. 
The ( T i , Sn) atom, lying on 3, co-ordinates six equivalent oxygens 0(i) 
in a nearly  regular octahedron, whereas the Ca atom, which lies on a diad 
axis, is connected with eight oxygens and forms a coordination polyhedron 
th a t could be described as a square antiprism . Each CaOs polyhedron is always 
joined to four equivalent Ca polyhedra by means of four vertices occupied 
by 0(2) and is also connected with a common edge to a (Ti , Sn) octahedron.

I t  is possible to understand more clearly the various connections between 
the antiprism  of calcium  and the other polyhedra from fig. 4, consisting of 
the overlying of fig. 2 and 3. The connections occur by edges as well as by 
vertices. In  fact the CaO§ antiprism , besides the edge 0( i)— O (i) in common
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with the octahedra, has two more edges 0(2)—0(2) in common with two 
Be04 tetrahedra, and also it shares two vertices 0(3) with respectively a tetra
hedron SÌO4 and a pyramid ASO3.

From  the structural arrangem ent of the atoms, the chemical form ula results:

Ca8Asi2(Ti, Sn)2 SÌ4Be4O40*

Owing to the presence of the anionic group (SiBeCb) the form ula could 
be modified as follows:

Ca3As6(Ti,Sn) [O13 SiBeO?].

On the other hand, if one regards the layer arrangem ent of the polyhedra 
and by assigning an anionic character to the A  layer, the previous form ula 
could be written:

Ca3(Ti , Sn)[(As3SiBeOio)2];
consequently two of these form ula units are present in the un it cell. However 
only a new chemical analysis could definitively confirm the results of the 
structural study, but the am ount of m aterial a t our disposal is not enough 
to perm it a new analysis.

The bond lengths and angles.—The (Ti, Sn) octahedron is nearly  regular; the 
T i-O (i)  distance between the cation and surrounding oxygens measures 1.970 A.

The eight fold coordination polyhedron of Ca forms a very irregular square 
antiprism , whose bases have sides of different lengths ranging from  2.5 A to 
3.2 A  and the Ca— O distances from  2.433 to 2.560 A.

The polyhedron of arsenic is not regular: in each « trigonal » pyram id 
the distance As— 0(3) (1.846 A) is somewhat longer than  the two others 
(A s-O (i) 1.787 Â and A s-0(2) 1.757 Â). The same coordination of A s3+ 
has been found in finnem anite [6].

Also beryllium  and silicon tetrahedra are not perfectly regular: the two 
distances B e-0(2) and Si— 0(3) are respectively 1.668 and 1.654 A, but the 
0 (4 ) forms distances noticeably shorter than  the preceding ones, 1.530 B e-0(4) 
and 1.580 A  Si— 0 (4 ) .

The bond angles are listed in Table III .

T a b l e  III .
Interatomic angles (°) and their standard deviations (in parentheses).

0(2)Be0(4)- 1 1 3 0 4 2 '  ( 5 0 0 0 ( i ) A s 0 ( 2 ) IO205O/(2O/)

0(2)B e0(2)' io4 °5 6 '( i °3o ') 0 ( i ) A s 0 ( 3 ) 9 4 ° 5 5 ' ( 2 i ' )

0 ( 3 ) S i 0 (4 ) 1 1 4 0 1 '  ( 1 7 ' ) 0 (2)As0 (3) 9 0 °  6 ' ( 2 l ' )

0 (3)510(3)' i ° 4 ° 3 4 ' ( 4 9 ' )

0(i)T iÒ (i)' 1 7 8 0  2 ' ( 3 8 ' )

SiO(3)As 1 2 7 0 3 8 '  ( 2 4 ' ) 0 ( i)T i0 ( i)" 9 i 0 3 9 ' ( 3 8 ')

SiO(4)Be 1 8 0 0 Ö (i)TiO (i), / ' 8 9 0 4 5 ' ( 3 8 ' )

0 (i)T i0 ( i ) //// 8 8 o 5 2 ' ( 3 8 ' )
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The balance of charges.—Some remarks can be made on the electrostatic 
equilibrium of the crystal structure. As it can be seen in Table IV, in which 
are reported the bond lengths, ordered according to their electrostatic polarity, 
the balance of the electrostatic charges on the oxygens atoms is not seemingly 
satisfied: the sum of the positive charges is 1.92 on O(i), 2.00 on 0(2), 2.25 
on 0(3), and 1.50 on 0(4).

T a b l e  IV .

Bond lengths (Â) ordered according to their electrostatic polarity (standard
deviations in parentheses').

Neutral oxygen atoms 
0 ( i )  and 0(2)

Overbonded, oxygen 
atoms 0(3)

Underbonded oxygen 
atoms 0(4)

Ti . ..............................

Ca ..........................

(6) T iO (i) 1 .970 (6) 

(2) CaO(i) 2.433 (6) (2) CaO(3) 2.471 (7)

As ................. .... .

(2) Ca0(2) 2.560 (7) 

(2) CaO(2)' 2.435 (9) 

(1) AsO(i) 1.787 (7) (I) A sO(3) 1.846 (7)

B e ..............................

(1) A sO(2) 1.757 (8) 

(3) BeO(2) 1.668(12) (1) BeO(4) 1.530(23)

S i .............................. (3) SiO(3) 1 .654(9 ) (1) SiO(4) 1.580(13)

Actually a close relationship can be observed between the concentration 
of either positive or negative charge on the oxygen atoms, and the lengths 
of the cation-oxygen distances, that are respectively long or short; that is, 
the Pauling-Zachariasen [7] rule is well verified in this crystal structure.

The electronic mechanism that underlies such variable bond lengths 
can be different for the different cations, and, as Pant [8] observes, in a single 
cation-oxygen distance more than one mechanism could act for achieving 
the valency balance.

In the case of the SÌO4 system, the d—p tu double bond theory put forward 
by Cruickshank [9] is consistent with the data presented here. In fact, the 
S i-0(4)—Be angle of 1800, imposed by a triad, favours a very good 7r-overlapp- 
ing. On the other hand the 0(3) atoms that connect silicon and arsenic can 
share their p-electrons with both the latter atoms, since also arsenic has 
d—orbitals available; then the double bond ^-character of the Si—0(3) (As) 
bond is lower than^the one of the Si-0(4) (Be). The Si-0(4) (Be) distance is 
very short (1.580 Â) whereas the Si-0(3) (As) is very long (1.654 Â); then, 
without excluding the possibility for other electronic mechanisms, the Cruick-
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shank d -p  rc theory  can be accepted as a work hypothesis for the Si04 system. 
Of course this m echanism  cannot be pu t forward to explain the variability 
of the lengths of the Be04 system.
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