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F4,32
No. 210 F4,32

432 Cubic

Patterson symmetry Fm3m
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Asymmetricunit  0<x<3 —;<y<gy —§<z<p y<min(r;-x); —y<z<min(xi-x)

Vertices O,O,O %7%,é %7%77% %77§7%

%7070 %7%,§ %7%77% %77%7%

Symmetry operations
For (0,0,0)+ set
(1 (2) 2(0,0,3) 0,32 (3) 2(0,3,0) 35,0 4 2(5,0,0) x,0,5
(5) 3+ X, X, X (6) 3+(%7_%a%) )?-l—é,x—i—é,)? (7) 3+(_%?%a% x+%7i_(lni (8) 3+(%a%a_%) X—’—é?i—’—%?x
9) 3" x,x,x (10) 3~ x,5+1,% (1) 3~ #+1%x (12) 3~ ¥—1 x+1%
(13) 2(3,5,0) x,x—1,3 (14) 2 x,%+3,3 (15) 47(0,0,3) 3,32 (16) 47(0,0,y) 0,3,z
(17) 47(3,0,0) x,3,3 (18) 2(0,3,5) §.y+3.y (19) 2 §y+1.3 (20) 47(1,0,0) x,0,3
(21) 47(0,5,0) 73,0 (22) 2(3,0,3) x—3,3,x (23) 47(0,3,0) 133 (24) 2 Ft1,5,x
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CONTINUED

Symmetry operations (continued)

No. 210

F4,32

(2)2 00z ()2 13 4) 2(5,0,0) x,5,0
(5) 3%(5,5,5) xX—3,0—5x (6) 37 ¥+3,x,% (7) 3% x,%,% (8) 3" xt3,%+3,x
(9) 37(%7%%) x—%,x—l—é,x (10) 37 x+%aff (11) 37(%7%7_%) x+%a-x+6a (12) 37 Xa-xa-f
(13) 2(3,3,0) x,x,5 (14) 2(—3,3,0) x,%+3.3 (15) 47(0,0,3) 3,0.z (16) 4%(0,0,3) 1,32
(17) 47(%7()’0) -xa%7_% (18) 2'(0’%7%) %’y_Z7y (19) 2 %7}74_%’5} (20) 4+(%a07 ) xaoa%
(21) 47(0,3,0) 3.y,—3 (22) 2(5,0,1) x,5,x (23) 4°(0,3,0) 0.3 (24) 2(—1,0,3) Tt+i15,x
For (3,0,3)+ set
(1) 1(3,0,7) ()2 3z (3) 2(0,3,0) 0.y, @ 2 x0,0
(5) 3%(3,5,1) X+g,x—gx (6) 3" X,x,X (7) 3" x+3,%,% (8) 3" X, x+5,x
(9) 37(3,5,5) x—g,x—5,x (10) 3°(=1,5,5) x+g, 8+, % (1) 3 ffx (12) 37 Xx+3,%
(13) 2(};,%,0) -xaxa% (14) 2(}7,_%, ) )C,)E %7% (15) 4- ( ) %,O,Z (16) 4+(0?0a%) _%?%az
(17) 4°(5,0,0) x,5,0 (18) 2(0,5,3) 5.2y (19) 2(0, zl%) Sy (20) 4%(2,0,0) x,3,3
(21) 4+<0v%>0) %7)7’0 (22) 2<%a07%> x+%a%ax (23) 4- ( e ) _%ay?% (24) 2 X""%aé?x
For (3,3,0)+ set
(1) 1(3,5,0) (2) 2(0,0,5) 3.0,z (3) 2 00 ) 2 x3.3
(5) 37(5.3,5) X+g.x +37 (6) 3" Xx+3,% (7 3* x+2a 2, (8) 3" x,%,x
(9) 37(%7535) x+%7x va (10) 3- )C,)Z,)Z (11) 3- x+27x+27 (12) 37(%77%7%) Xﬁél7x+%7x
(13) 2(3,7.0) x,x+3,% (14) 2 x,%+33 (15) 4°(0,0,3) 1,—1.2 (16) 47(0,0,5) 0,32
(17) 4°(5,0,0) x,3,0 (18) 2(0,5,3) 5.2y (19) 2(0,3,—3) §y+3.9 (20) 4*(2,0,0) x,—3.3
(21) 47(0,3,0) 1.y.3 (22) 2(3,0,3) x,5.x (23) 47(0,3,0) 0.y, (24) 2(3,0,—3) Tt+5,3.x
Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); #(0,3,3); #(3,0,3); (2); (3); (5); (13)
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter, . 1 1 .
Site symmetry (0,0,0)+ (0,5,5)+ (50,5)+ (53,0)+ h,k, [ permutable
General:
9% h 1 (1)xyz 2) X, 5+3,z+1 B)xi+3,y+3,2 4) x+3,5,2+3 hkl : h+k=2n and
(5) z,x,y (6) 245,55+ 3 (N Z,5+5,y+3 (8) Z+3,x+1, htlk+1=2n
9) y,2,x A0 y+iz+5%  ADy+hzi+d (A 5ZI+ha+d OKL k.l =2n
) y+ix+3,2+5 () y+ni+52+: A y+id+3z+5 16 F+ix+iz+5 %é Ztlf%
A7) x+3z+5,5+5 U8 F+iz+iy+: (19 F+EI+55+5 Q0 x+1245,y+] S
CDz+iy+5ni+; Q) z+55+5x+7 @) Z+3y+ix+; @HZ+3.9+5.8+;
Special: as above, plus
48 g ..2 B0+ LIt 5LI+1 LY+t ny+i LIyt no extra conditions
)_)+Z%y }7+%,%,)7+% y+%7%7y+% y+zl_u%7.)7
y)_)+zl_t§ }7+%,}7+%,% y+%7y+%7% y7y+%7§
448 f 2. x,0,0 X513 0,x,0 1. %, % 0,0,x 1,3.% hkl : h=2n+1
Srbhi o hE+hE x4bhi XELLE LLE+d Lixed o htk+l=4n
32 e .3. X, X, X X,xX+3,x+1 X+i,x+15,x X+ 31,55+ 3 Okl : k+1=4n
X+4,X+% )E‘F% )E‘F%,X“FJT,X‘FJT x+ﬁ,i+§,x+§ X+%7x+%ax+}1
16 d .32 B3 80 £ 8 B 88 hkl : h=2n+1
or h,k, l:4n+2
16 ¢ .32 %7%7% %’%7% %,%,% %7%7% or hk,l=4
8 b 23. 3y3y3 13 hkl : h=2n+1
or h+k+1=4n
8 a 23. 0,0,0 SR
Symmetry of special projections
Along [001] p4mm Along [111] p3m1 Along [110] ¢c2mm
a =1ia b =1b =i(2a—b—c¢) b =;i(—a+2b—c¢) a’=j(—a+b) b=c

Origin at ;,0,z Origin at x, x,x

Origin at x,x, §
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Maximal non-isomorphic subgroups

I

{

IIa

IIb

[21 F231(F23, 196)

[3]F4,12 (14,22, 98)
[3]F4,12 (14,22, 98)
[3]F4,12 (14,22, 98)

[4] F 132 (R32, 155)
[4] F132(R32, 155)
[4] F132(R32, 155)
[4] F132(R32, 155)

[4] P4,32(213)
[4] P4,32(213)

[4] P4,32(213)
[4] P4,32(213)
[4] P4,32(212)
[4] P4,32(212)
[4] P4,32(212)

[4] P4,32(212)

none

2;3;4;5,6;7; 8 9; 10; 11; 12)+
2; 3; 4; 13; 14; 15; 16)+
2; 3; 4; 17; 18; 19; 20)+
2; 3; 4; 21; 22; 23; 24)+
;55 9; 14; 19; 24)+
; 6, 125 13; 18; 24)+
0 7 10; 13; 19; 22)+
; 8 11; 145 18; 22)+
4 5; 6 7:8;9; 10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24
13; 14; 15; 16; (9; 10; 11; 12; 17; 18; 19; 20) + (0,3,3); (5; 6; 7; 8; 21; 22; 23;

s 4
0
; 45 17; 18; 195 20; (9; 10; 11; 125 21; 225 23; 24) + (4,0,4); (5; 6; 7; 8; 13; 14; 15;
3,0)

;45 215 22; 23; 24; (55 6; 7; 8; 17; 18; 19; 20) + (0,4, 4); (9; 10; 11; 125 13; 14; 15;
+3,0)

1; 5;9; 14; 19; 24; (4; 6; 11; 16; 18; 23) + (0,3,3); (3; 8; 10; 15; 20; 22) + (5,0,3); (2; 7; 12;
13; 17, 21)+(%,%70)

1; 6; 12; 13; 18; 24; (4; 5; 10; 15; 19; 23) + (0,1,3); (3; 7; 11; 16; 17; 22) + (3,0,3); (25 8; 9;
14; 20; 21) + (3,4,0)

1; 7; 10; 13; 19; 22; (4; 8; 12; 15; 18; 21) +(0,3,3); (3; 6; 9; 16; 20; 24) + (5,0,3); (2; 5; 11;
14; 17; 23) + (3,1,0)

1; 8 11; 145 18; 22; (4; 7; 9; 165 19; 21) + (0,4,1); (35 5; 12; 15; 17; 24) 4 (1,0,3); (2; 6; 10;
13; 20; 23) 4+ (4,4,0)

Maximal isomorphic subgroups of lowest index
[271F 4,32 (a' =3a,b’ = 3b,c¢' = 3¢) (210)

Ilc

Minimal non-isomorphic supergroups
[2]1 Fd3m (227); [2]1 Fd3 ¢ (228)
[2]1P4,32(a' = ;a,b' = ;b,¢' = ;¢) (208)
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