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G. Ferraris, Univ. Torino, Italy — Modelling Modular Inorganic Structures

Exercise 1

CaF; (fluorite) cubic (Fig. 1s see solution)

Chemical composition: CaF, - Cell parameter: a = 5.462 A
Density: & = 3.18 gr/cm’ - Atomic weights: Ca 40.08, F 18.998
Symmetry: hkl diffractions occur only if /,k,/ are either all odd or all even; from morphology

the point group of fluorite is m 3m; then, the space group is Fm3m. Assign atoms to the
Wyckoff positions.

Number of positions, Co-ordinates of equivalent positions Conditions limiting

anvg yggfﬁ nsoyt;:rlr?:t’ry possible reflections

0,00; 0343 404 410+

General:
192 I 1 X0, XY, VX XN5Y;, BEZ 5Y.X; hkl: h+k,k+L(I+h)=2n
: XFE5 AP, VA% X%4LT WEE LPX; hhl: (I+h=2n); C
EWE LEFy BE% XL, PxI LYK Okl (k,1=2n); C

X7z, LAY PIxs XLy, PXEz LPX;
5,5 LEY, DA% XELY, BRI LI
3.2, Lxy; DX Xzy; BXE L)X
X, 7,25 XY WEX, XY, P.X.ZI; Z,7,X;
Y5 LXT PBEX XL pXI LK

Special: as above, plus

96 k m XXz, XX, XZz2,X; X%Z; 5,%X; XI,X;
X%z, X%, %57 XXz; I,X%X; X,2,X;
xx,Z X% Xz% xXz, XX, XX
X%z LEX, XIX xXX%Z XX XZX

96 J m 0y, z0y; »z0; 0zy; y,O,z_; z,)_),O;

z,3,.0; + no extra conditions

48 i omm Lxx xix xxl % Lbx xx
155 2% AEL LA xbE Al
48 b omm Oxx: x0x xx0; 0x% X0x xXx0; N
0,%,% x0% xx0; 0,%x; x0% Xx0.
. " " 3. " B s 3 i
48 g mm xib txkh bix xibb o dxd i,g,x, hkl: hy(k,1)=2n
. - g z 1. s, 1 3. 1. =
X,i', 3 i'sxsi’ %&,xs xaT]DIs 4,X,i, é:l’:x-
32 o 3m oxxx; x,X% XxX XXX

no extra conditions

24 e dmm x,00; 0,x0; 0,0,x; %00; 0x0; 00,

24 d m 0, ’ ; l’o’ ; "%’i’o; 0’1’-&; a,o’i; * i,ﬂ’o'
main Bk i vt ) hil: b, (k,1)=2n

8 4 2]-.3m i)i’i’; %’%9%'

4 b mdm 3,34 } 3
no extra conditions
4 a m3m  0,0,0.
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G. Ferraris, Univ. Torino, Italy — Modelling Modular Inorganic Structures

Exercise 2

MgAlL,Oy (spinel) cubic (Fig. 2s, see solution)

Chemical composition: MgAl,Oy - Cell parameter: a = 8.09 A- Density: 8 =3.58 glr/cm3
Atomic weights: Mg 24.312, Al 26.982, O 15.999 - Space group: hkl diffractions occur only

if hk,[ are either all odd or all even: thus, lattice is cF; besides, Okl occur only for k+/=4n;

from morphology the point group is m 3m, thus the space group is Fd 3m. Assign atoms to

the Wyckoff positions.

Number of positions,
Wyckoff notation,
and point symmetry

Co-ordinates of equivalent positions Conditions limiting

possible reflections

192

96

96

48

32

16

16
8
8

mm

X,,Z;
b AN
x0.2 LX.P,
Xz, LAy,
1-xi-pi-z;
&fx,i+y,:}+z;
%+x3i_y:é+z;
Hxitpni—z
-xi-zi-y;
1-xt+zi+y;
i+x>%*l’%+)’§
1+xt+zi-y;

Z,X%,)5
2% Y5

%:x’i_'x; Jg,&—x,x;
x’%,i,fx;
i_xxx’é;
13 4+x.%;
X
#+x,%.43

i—x!%:x;
xi-x4
353t
$+x.4.%;
g3

x’x’z; ZJx’x;
X, X%,2;  Z,X,X;
k_x)i'—x’i_z;
}xtixttz;
txi-xt+z;
+x itz

x,0,0;
0,x,0;
0,0,x;

%,0,0;
0,%,0;
0,0,%;,

(O’O)O; 0)%,%;

y,Z,X;
A H
b.n.% %23,
Bix; XLy,
1—ni-xi-y;
P-zitxity;
%‘Fl,f}_x%ﬂf;
i‘“—':i"‘x:i”y;
é—y:&—“x!kfz;
%‘)&%JFX,%*Z;
%'*'y’i_x’i"l'z;
t+yit+xi-z;

X,2,¥;
X2,)5

x04+x;
xix;
xi+xh
$x3—x;
%_x;%’f;
f’%_x:%;

x,z,x; Xx2Z; Z
Z,%,X;

xZ,%; XX,2;
i_zak—xaiix;
kiz’k‘l—xy% +x;
Hzl—xi+x;
Hri+xi—x;

Hxhh
HLitxh
Lid+x;

YaX,Z;
WXz,
P2}
Jux.z;

i'_xsi»i";
%’} _x:i';

i‘yf‘l‘si —X.

1 1.
?roﬁy

53,00+

General:

hkl: h+k, kv, (I+h)=2n
zy9,%; hhl: (I+h=2n);, &
Zy.%; Okl (k,1=2n); k+l=4n
Z,p.x; G

%"J’,i"zsi‘ﬂ

T-nitzd+x;

%+y,i—z,&+x;

}+y7é+z,é—x;

%*za%fy:&*x;

1-2i+pit+x;

z}+2,1},—y,&+x;

I+z 4yt

Z:yrx;

Special: as above, plus
$.1400; ]
x41+x;
3+xx,3;
%!%_x:x_;
x!%’%_x;
%_x:is%-
+ no extra conditions
x,2,%;
x,2,x;
—xi-zi-x
1-xltzitx;
Hx}-zi+x;
txttzi-x

X K]

hkl: h+k+I1=2n+1 or 4n

}—x,}—-x,%—x;
i+t x;
Hxt-xit+x;
1+xd4x1—x

HeE bR

XXX
X,%,X;
X,%,%;
X,%.x;

88,8 &b

Lid bEE AL BRE
144 14%
a 3m  0,00; 1ii

c Im,

b A3m

no extra conditions

k=2n-+1
I=2n+1

an+2 4n
or 4n+24 or 4n

4nv2]  4n

| kl: h=2n+ 1}

hkl: h+k+1=2n+1 or 4n

J
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NaAlSi,04 H>0 (analcite, zeolite) cubic (Fig. 3s, see solution)
Chemical composition: NaAlSi;06.H,0 - Cell parameter: a = 13.73 A - Density: & = 2.28

G. Ferraris, Univ. Torino, Italy — Modelling Modular Inorganic Structures

Exercise 3

gr/cm’ - Atomic weights: Na 22.991, Al 26.982, Si 28.086, O 15.999.

Space group: hkl diffractions occur only if h+k+[ = 2n; therefore, the lattice is c/; besides,
0kl occur only for k and / even and hhl occur only for 2h+[ = 4n; from morphology the point

group of analcite is m3m, thus the space group is la3d. Assign atoms to the Wyckoff

positions.

Number of positions,
Wyckoff notation,
and point symmetry

96

43

48

32

24

24

Co-ordinates of equivalent positions

©0.0,0; 4.3.0)+

h l X, 25 %‘FX:%—)GZ-; f,}z‘ﬂ’;%—Z; %—X,_}—),%--FZ;
Z,%,Y; %"FZ,%—JC,)—); z‘,%-kx,%—y; %—z,f,%+y;
Ys2,%;5 %*J”%*Zﬁ; i,;lz,%»—x; %“J{gi%’“ﬁ
i:.}_)’z; %_‘xi%_’—yiz; x:’lf_ya%_}'z; %+X;y,%——2;
f,)f,j); %722%+xay; Za%—x;%ﬂ}; %Jrzvxa%_y;
}7,2,12; %—y,%+z,x; J’y%—ly%+x§ %‘U’;Z:%_)ﬁ
Pxd+zity; itttz dziipndex
%"’xy%—zr%“y; %4‘}7,%*)(,%72; %'*Z’i*ya‘z'*)ﬁ
t-xitzt-y Lvdixt- d-zd4pdex
P=xi-24+y; i-pi-xits i-ni-nitx
%"’xé_z)%_y; i-—y,%—x,%—z; %_Zﬁ%_y%_)ﬁ
%_x1£+z:%+y; %-y,i+x,%+z; %—2,%+}’,%+x§
Prxi-zity; pi-xitz fzniopitx
trxirat-y bnitxi-z dtnitni-x

&g 2 i,x,i—x; %,x,%+x; %»f:i’_x; %,3?,%+x,
-xbx dxdx -xb% xR
xr%—'x:%; xa%+x’%; X’ifx’g; fa%+x’%;
BRI+ 53-x dxitx; Exiex;
i+x7%’i; %—xa;ﬂisj; %"‘x’%’x; %_x’%:x;
£itxd; Bi-xd xitxd xi-xid

f 2 xyosé; faléa%s ;}—x,O,%—; %er,%,;]f;
i’sxao; i’s‘f,%; %,%—X,O; %9%"‘—’55’5’;

05%;-’“ %si!)—g Osi’i_x; éaéa%‘*‘x;
xs%:%; i,o,%; ‘}_x’%a%; %+x,0’%;
%sxs%; %sst; I’I—XS%ﬁ %,%“FX,O;
%9%5;“; 0!%9'7?; %5%5%_}(; 0,%,%4—3&'.

e I oxxx; Frxdeexk Kitxd ox; -xXitx
AR d-xi+xx; xd-xdi+x; Rxxhex;
gttt E-xdexkex;
dxg-x3-x; 3-xi+xd+x;
%_x9%+x5é_x; %"Lx’%—xv]{’{"x;
t—x3-x8+x; Pxjixi-x

d 4 %,0,‘}, é!%?oz 0:7}!%) %703%1 47%’01 O’%’%y
504 150, OLE 803 130 043

¢ 222 %’0>%7 %)%707 03%7%7 8707%: %7%707 O!%a%:
530’%: é,g,o, 0;&,%, %’0)%7 %,%,0, Ozgvg

b 32 %’é’éf g,H, IS T HEE SR
%)ﬁﬁh E)gi%) %1%;%; %ai,%.

a 3 020)0; 0’%’%; %,O:%; %,5,0;
bhb 33E LB 4L

Conditions limiting
possible reflections

General:

hkl: h+k+1=2n
Rhl: (I1=2n); 2h+1=4n; &
Okl k,(DN=2n; C

Special: as above, plus

hkl: horkori=2n+1
or dn

hikl: If h,k,(1)=2n,
then -tk 1 /=4n

1 Rkl h=2n+1}  4n+2)
k=2n+1 } or 4n+2
I=4n-2] dn J
8n 4n
or 8n+4} or 4n
4n+2 4n

h,k,l permutable

hkl: h=2n+1 4n

k=2n+1} or 4n

1=4n42 4n
h,k,I permutable

hkl: bk, (1)=2n;
htk+1=4n
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Exercise 4

Kalifersite and the palysepiole polysomatic series (Fig. le and 4s, see solution)

Kalifersite - (K,Na)s(Fe’*);[Siz0s0](OH)s*12H,0; P1, a = 14.86, b = 20.54, ¢ = 5.29 A, o, =
95.6, B =92.3, y=94.4°. Structure unknown.

Sepiolite - Mgg[Si;203](OH)4¢12H,0; Pncn, a = 13.40, b = 26.80, ¢ = 5.28 A. Structure
known (Fig. le).

Palygorskite - Mgs[SigO,0](OH),*8H,0; C2/m, a = 13.27, b = 17.868, ¢ = 5279 A, B =
107.38°. Structure known (Fig. le).

Figure le - Sepiolite (left) and palygorskite (right).

The following is noted

1. Kalifersite, sepiolite and palygorskite have close values of their a and ¢ parameters. The
[001] direction corresponds to the fibre axis of these silicates and its periodicity corresponds
to that of a pyroxene chain.

2. The b value of kalifersite is intermediate between that of palygorskite and sepiolite.

3. The [SizOs0](OH)s silicate anion of kalifersite corresponds to the sum of those of sepiolite,
[Si12030](OH)4, and palygorskite, [SigO2](OH),.

4. The structures of sepiolite and palygorskite are based on a framework of interconnected
[001] TOT ribbons which correspond to cuts with different width of the phyllosilicate 2:1
layer (Fig. 3 and 4). These ribbons are chess-board arranged and delimit channels. In the
[010] direction, the (TOT)s ribbon of sepiolite is one chain wider than that, (TOT)p, of
palygorskite. That requires for sepiolite a b value about 9 A longer than in palygorskite, i.e.
about 4.5 A per T chain. Mg and H,O are in the channels delimited by the silicate ribbons.

Taking into account the above chemical and crystallographic aspects derive a structure

model for kalifersite.
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G. Ferraris, Univ. Torino, Italy — Modelling Modular Inorganic Structures

Exercise 5

Modelling the structure of seidite-(Ce) (Fig. 2e and Ss, see solution)

Seidite-(Ce) - Na(Ce,Sr),Ti[(Sis0:5)(OH),](O,0H,F)4*5H,0; a = 24.61, b = 7.23, ¢ = 14.53
A, B =94.6° C2/c. Structure is unknown.

Rhodesite - K,Cay[Sig03(OH),]*12H,0; a = 23.416, b = 6.555, ¢ = 7.050 A, Pmam. The
structure is known (Fig. 2e). Several compounds share with rhodesite the silicate double layer
crossed by eight-membered channels delimited by Si-tetrahedra. The structures of these compounds
differ instead in the content of the octahedral layer that is sandwiched between two silicate modules.
In rhodesite, Ca is in the octahedral layer arranged in chains of edge-sharing Ca octahedra; K and

H,O are in the channels.

—
bt

Figure 2e — The crystal structure

of rhodesite.

The following is noted.

1. Seidite-(Ce) and rhodesite share the anion [(SigO;3)(OH),] which corresponds to the
composition of the double layer mentioned above.

2. The two minerals show close values of the cell parameters [c/2 seidite-(Ce) to be compared

with ¢ of rhodesite].

3.
Table 1 — Members of the rhodesite group.

Name Chemical formula a,b,c(A),P ()
Seidite-(Ce) Nay(Ce,Sr){ Ti(OH)x(Sig015) }(O,0H,F),-5H,0 | 24.61, 7.23,14.53, 94.6
Rhodesite K,Cay[Siz0,5(OH)],-12H,0 23.416, 6.555, 7.050
Macdonaldite BaCay[Siz0;3(OH)],- 10H,O 14.081, 13.109, 23.560
Delhayehte K7N3.3C3.5[SI7A1019]2F4C12 2486, 707, 6.53
Hydrodelhayelite | K,Caq4[Si7AlO;7(OH)]»-6H,0 6.648, 23.846, 7.073

Monteregianite-(Y) | KoNasY;[SigOy9]-10H,0O 9.512, 23.956, 9.617, 93.85
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