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(II) Consider the case when all n; are equal to 3. It is
readily seen from Fig. 2 that the interval becomes 3 for
axis 4, and 2 and 4 for axes B and C.

(ITT) If we take the case when all are equal to 2 and
starting from A (say), it is seen that the interval becomes 4
for axes 4 and C while it is 2 for axis B. (Fig. 3).

(IV) If in the sequence ni, n2, n3 ... 2’s are sandwiched
between 3’s, then again the results of cases (II) and (III)
become operative and thus any combination of 3’s and 2’s
produces only intervals of 2, 3 and 4 and none greater
than 4 (Fig. 4).

The case in which the interval can be greater than 4 can
be realized only if 1’s are involved in the Zhdanov symbol.
Thus a sequence of complete 1's (polytype 2H) produces
intervals of 2 in two of the axes while the third axis is
completely unoccupied (it may be considered to be of
infinite interval). This infinite interval can be brought down
to a finite one of any desired value if an appropriate
sequence of 1’s is sandwiched by n; and n2, with both n;
and n, = 2. (Fig. 5). Thus, the interval sequence need
not be restricted to 2, 3 and 4 provided 1’s occur in the
Zhdanov symbol. This is not the case in SiC polytypes, and
the observed intervals of 2, 3 and 4 can thus be attributed
to the absence of 1’s in the Zhdanov symbol. These remarks
can be readily extended to the rhombohedral lattice where
the axes 4, B and C become equivalent.

The non-occurrence of 1’s in the Zhdanov symbol might
itself find an explanation from a physical mechanism, such
as for instance Mitchell’s (1957) treatment based on screw
dislocations, and the generation of certain family series
of polytypes or from Schneer’s (1955) treatment. These,
however, need not concern us here.

I should like to thank Dr A. R. Verma for helpful com-
ments.
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Tables are presented whereby physically relevant differences in the relationship of the elements of symmetry
of a Wyckoff site to those of the crystal class can be distinguished.

In International Tables for X-ray Crystallography, (1969)
the various sets of equivalent points (Wyckoff sites) are
described by the point group of the elements of symmetry
passing through a typical point (i.e. the site group), the
number of points in the set, their coordinates, the Wyckoff
label and some information of relevance to X-ray crystal-
lographers. For those interested in spectroscopic and other
tensorial properties of crystals, however, this is often in-
sufficient and a detailed examination of the coordinates
has hitherto been necessary in some cases where differ-
ences in site orientation within the unit cell can lead to
different correlations of the representations of the crystal
class and those of the site group,

The problem can be illustrated simply by means of the
crystal class D>=222. A site of symmetry C>=2 can lie on
the crystallographic x, y or z axes of the unit cell and
accordingly the correlation between the representations of
D; and C; is given on descent in symmetry by the subgroup
table
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and on ascent in symmetry by the supergroup tables
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Table 1. Orientation of C, sites in crystals
Wyckoff sites
Dé(q, r,5,t), D¥(a,b), D§(i.j, k), DZ ,), D§(i,j), D3(c).
Di(m,n,0,p), D(c,d), D3(b), D§(g,h), DY(f,i), D§(g.h), DYb).
Dz(l,j,k l) D (a, b)’ Dg(a)r Dz(e’f), Dz(e,l), D2(egf)’ Dz(a)

D4(i)’ Di(d)’ Dd(g’h’t), Dd(C,d)’ Ds(f)y D4 (C).
Di(l,m,n,0), Di(a,b), D3(j,k,l,m), Di(a,b), D3(h,i), D).
DU, k), Die.f), D¥(c), Dy(a), Di(n,0), Di(e,f), DY(c), Ds(a), D3(g.)), Di%d,e)

Ds(l ), Di(e.f), Die.f).
D3, k), Da), D3(a), Dglg, h), Di(g, h), Dg).
Di(l, m), Db), DYb), Dé(t,J), D)), Dg(h)

Did(n;), D3, (k,l,m), D3 (d), D3,(c,d), DS (g,h,i), DIs(e,f), D§ (e,h), DIS(f,8), Dik(h),
Di(c
2d(1‘1,k 1) D (g,h i,7), D34(h,0), DSy(e.f), D34(8,h), D3;(f,8), D3s(g,h), D3Y(e,h),

Dz (k l)’ Dgh(m n 0,p)1 Dgh(k I) D6 (C), Dg.h(d e)’ D (eyf), D?{g(c:d), -D (e:f), Dlg(m)’
z;.(l,l,k), D), D%%(g, h), D3(J), D%‘;f(g), D3(h, 1), D3j(e).

D2h(’7./)’ Dzh(k l)’ Dzh(l;j), Dzh(g,h)) Dzh(g)’ Dzh(c)’ Dzh(c)y D;}Si(e)’ D (h), D (J:k)y

DZ(f), D3k), D3(S), D3ig), D3|(d), D3}

D3(g,h), D3(i,)), D3y, h), D3,(d), D’,,(e,f ), D} 21(), Diie), DY(d), D3g), D3i(h,i),

D%%(e)’ D%IS;U)9 D%z(e)’ DZS(f)’ D%h(c)’ Dzh(f)

D), D(e), Dgh(f ), Diy(e), Dik), Dij(f.g), Dixh), Diie,f), Ds(h), Di(f), D3A).
D4h(k D, D4,,(k D), D4h(’,l)a Du,(l m), D4,,(/1 i), Da;.(b]), D4h(J)’ D‘lug;(f) D (e)

D4;,(J), D4;,(l,1), D4;,(/l), D3y(g), Diy(g,h), D3(f), Dau(n), DIN(), Dik,1), D3(g), DI(f),
Dii(g,h), D(k), D), Di(g), Dif).

D).

D)), h(l)

D (k), D).

0X(h), O*(h,1,j), O%(D), O(f), O%(g), O%(/).
0'(i.j), O%(k,1), O%(g, h), O%(g), O°(h,i), 0%(d), O"(d) O%g,h).

0xe), O, O3(f), O;%f).
O, 03(), O3((5,J), O3(h), Oj(h), O}(g), 03(0), O}%e).

Table 2. Orientation of Cin(= Cs) sites in crystals
Wyckoff sites

Cz\,(e £), C(d), C3e), CE(0), CR(d), C3©).
Cifg.h), C2v(a3b)’ C3,0), C%,(a), Cif,(e), Ci%(a), wd, ), C35(b), CF(0), C3d), C3(b).

Ci(e.f), Ci\de), C3(d), C}; (b)
CA v(d)r sz(c)a Ciy(d): C:v(c)9 (C), C4 (C)

Cee), Cg(0).
Cs (d), C6,(c)

Djy(w,x), D3,(.j), DI(S), Dis(c), D30), DZ(n), D} (n), DZ%(m), DF).
D3y (,2), Dzh(tI), D3(g, k), Dé (d), Dii(g), Diig), D3(p,q), DI, D%,.:‘(O) D2 (n), D).
D}, (u,v), D3,(k), DL (), DY(e), D), DI(f), D} (n), D%}.(m), D%?,(m), D), D (h)

Dy, (I, m), D3 (k), D3,(j,k), Dy (k).
D3y(n), Dsh(’)

D4;.(p, ), D3u(m), D34(i,)), D§(h), D3,(q), D‘lz?,(ﬂ), DRk, Dij), DY), Di(k).
-D4h(3,t ), -D4h(’ ) DM(O,P), D,,,,(g ) D4,,(n), Dj; 2(h).
D4,,(r ), D4h(m), D4h(k): D4h(.l), D4h(0), Dﬁ(m), D} (J), D (1 ) D},Z(m)a D}zﬁ(l ).

Ds,,(p,q), D), D&(7), D).
DGh(”)’ D6h(k)
D}y(0), Dé(k).

o)k, D), Oh(k), 0;(), 031, O3().
Oj(m), O(k), Oj(k), Oi(g), O}(k).
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Table 3. Orientation of Can sites in crystals

Supergroup Orientation Wyckoff sites
CZ g Cé DZh(a b C d)$ Dgh(aib C,d), D (a,b C,d), Déﬁ(e,f), D (C d e)f), D (e)p D%(C d)
Dy, C—> G D3(a,b,c,d), 2n(e f), D3i(d), D3j(c,d).
CZ g Cf ‘D2h(a b C,d), DZh(a’ b)) 'D?Jl(as b)’ Dzh(C,d): D (C), D28(a b)
C—> G 41.(6’), 3:(C), DI, D4h(a» ¢), D} (c)
Dy, C,—C; D}i(c,d).
C2 - Cg DAh(e’f)’ Ddh(d e)’ D e9f), D (C, d), D (.f)’ D‘I"S'(e)'
C,> G, D(g).
Dy, C,—C, Di(g).
C,—>C, D ().

Table 4. Orientation of Cav sites in crystals

Supergroup Orientation Wyckoff sites
Co g,—>0, Cl(¢), Cifa,b,c), C3,(b), C 1(a).
g, >0y Cib), C 4,(11, b), C (a), (b)
C—>C DY(q.7,s,1), D3(e.f), D¥a,b), DXk, 1), D3(g), D), D5i,i), D3i(e).
D2h C’2_—> C{ Dzh(m>" o p)a D (C) DZ (la.’): D;};(h), D (g’h)
CZ_)' Ci Dzh(l)hk 1): -D (g’h)a -Dzh\g)) Dzh(eyf)
2"‘!9 Zav Ddh(l): DZh(f)s Dgh(goh l): D (C,d): D (g)’ D (t’)
D4h 20', gl ZGJ ‘D4h(h)s D (f)r D4h(§>h)s D4h(g), Diz(e)s D (e)’ D (g)'
20’, g ah+av Ddh(l m,n, 0): D4h(.’:k l "7)9 -D4h(1»])
20, —> 0yt 0, D3,(j,k), D3 (g,h), Diji.j), Dii(f,&). Dii(h), Di(h).
C,—>C, DL ).
Dy, C,—~C; Dé,,(j, k), Dgh(g)-
C,—C3 D (I,m), D&(h).
20, — 20, Olh), OX(f.8,h), O3(g), O3(e), OI(f), Oj(g).
0, 26, — 20, oXg).
2o-v g ah+ad h(l’.l)y O (h 1), O (h)
. Table 5. Orientation of Csy sites in crystals
Supergroup Orientation Wyckoff sites
C6v gy, — 0y Cév(b): Cgv(a: b)-
o,—> 0y Ci(a).
Dy, G,—0, none
Oy, —> 04 D éh(h)’ D gh(eaf )-

Table 6. Orientation of D, sites in crystals

Supergroup Orientation Wyckoff sites
D, 3C,— C,+2C;  Dile,f), Di(a,b,c,d), DYc).
3C2 gl C2+ 2C§ DA(a: b)) D4(eaf)) D4(ay b)r Dg(d)9 DlO(a’ b)'
Dy 3C, = C,+2G, D3(f), D40, Dije), Dij(a,b), Di(c).
3C,— C+2C;  Dgy(d), D,(a), Dijlc), Dii(d), Dii(d), Di5(a), D3)(b).
0 3C,— C,+2C,  O¥e,f), 0%(d), 05(d), 0%(c,d).
3C,— 3G, 0%(d).
O, 3C,— C,+2C; oX ).
3C,—3C, 03%c).

Table 7. Orientation of Ds sites in crystals

Supergroup Orientation Wyckoff sites
Dy C,— C; D¥(a).
C;—Cy DY(c,d), D¥b,c,d).
Dg, C,—C; none

G—~C D}(c), Dg(d).
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Table 8. Orientation of Dsa sites in crystals

reflexion planes and/or twofold axes of symmetry. Corre-
spondingly, the only site groups requiring attention are
C2,Cin, Con, Cav, C3v, D2, D3, D2a,D34,D2n, and D3, In the

Supergroup Orientation Wyckoff sites
D4h ad - av DZh(as b)’ Dgh(ehf)’ Dclilsl(a9 b): DiZ(d), Diz(a, b)-
0"—> 0" Dih(c’ d), D«’t?;(by d)’ D};ﬁ(a, b)y Diﬁ(b)‘
Oy Of—> Oy 0Oi(c,d), O3(c), O}(d).
G4—> 0y oHd).
Table 9. Orientation of D3ia sites in crystals
Supergroup Orientation WyckofF sites
Dy, C,—>C Dgh(a)'
C,—C; Dé;.(b)-
Table 10. Orientation of Doy sites in crystals
Supergroup Orientation WyckofT sites
D,, 3C, — C,+2C; D} (e.f), D3(a,b,c,d), Di(c).
3C, — C,+2C; Dj(c,d), DiYa,c), Di(a,b) D(d).
0, 3C,—> C,+2C,  0j(d).
3C, —3C, 03(b).
Table 11. Orientation of Dsy sites in crystals
Supergroup Orientation Wyckoff sites
Dy, 6, — o, D} (a).
Oy —> 0g Déh(cs d)7 Dgh(b> [ d)-
c3 l D> 3 i Djy (1 ‘ D;
A A+ B3 A A+ B> A A+ B,
B B+ B> B B+ B3 B B>+ B3

Examination of International Tables for X-ray Crystallo-
graphy (1969, p. 102) shows that in the case of space group
No. 16, D} =P222, Wyckoff sites i~/ are on the x axis,
m—p are on the y axis, and g are on the z axis. In more
difficult cases the analysis can be quite tedious and the
author is grateful to Dr D. M. Adams and Mr D. C.
Newton of the University of Leicester for a copy of some
computations on Wyckoff sites which were carried out in
connexion with the Bhagavantam-Venkatarayudu method
for the analysis of lattice vibrations. It was quite easy to
recognize the different possible orientations of sites from
their tables and the results are recorded in Tables 1 to 11.

Ambiguities of the kind described above arise when
similar elements of symmetry occur in more than one
group-theoretical class of elements of the point group. In
all crystallographic cases, choice is restricted to sets of

Tables, the various crystal classes (referred to as super-
groups) for which orientational differences occur are listed
together with the relationship between key elements of site
group and supergroup and then a list of Wyckoff sites
(given in parentheses after the Schonflies symbol for the
space group). It will be seen that there are never more than
four distinguishable orientations and so it is fairly easy to
find the orientation of any Wyckoff site by inspection. It
should be noted that, where relevant, the crystallographic
z axis was chosen as the principal axis and in the case of
dihedral point groups the x axis was chosen to be a C,
axis. The remaining elements of symmetry then followed in
accordance with current conventions.
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