PHY 332: CONDENSED MATTER PHYSICS
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1 m (Monoclinic)

Monoclinic

Matterson symmetry A 112/m

m

Origin on glide plane a
Asymmetric unit 0<x<1;
Symmetry operations

For (0,0,0)+ set
a1

For (0,1, 1)+ set
(1) 1(0,3,3)

2) a xy,0

Positions
Multiplicity,
Wyckoff letter,
Site symmetry

4 a 1 () x,yz

Symmetry of special projections
Along [001] p1

a=ja b=3b

Origin at 0,0,z

) n(3,1,0) xn:
Generators selected (1); £(1,0,0); #(0,1,0); #(0,0,1); #(0,5,3): (2)

Coordinates

0,0,0)+ (0,4,5)+

@) x+1,3.2

Along [100] c11m
a'=b, b=c
Origin at x,0,0

227

C; Cc
Alla No. 9

UNIQUE AXIS ¢, CELL CHOICE |

b =]

I T —1

| | |

| | |

I | |

| | |

] | |

] | |

1 | |

L 1 I
OO

O_
O+ O+

Reflection conditions

General:

hkl:
hk0:
Okt:
hot:
001:
h00:
040:

k+1=2n
hk=2n
k+1=2n
=2n
=2n
h=2n
k=2n

Along [010] plgl
a=ic b'=a
Origin at 0,y,0
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2 Pm3m

Pm3m O, m3m Cubic
No. 221 P 4/"1 :3) 2/”1 Patterson symmetry Pm3y
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ITINUE
CONTINUED No. 221

Origin at centre (m3m)

Asymmetric unit 0
Vertices 0,

Symmetry operations

(1 2) 2 0,0,z 3)2 0,0 @2 x
(5) 3* x,x,x 6) 3* 5,x,% (7) 3 x,%5,% 8) 3* &
9) 3" x,x,x (10) 3~ x,&,% (11) 3 %,%x (12) 3 ¢
(13) 2 x,x,0 (14) 2 x50 (15) 4 0,0,z (16) 4* 0
(17) 4~ x,0,0 (18) 2 O,yy (19) 2 Ly (20) 4* x
1) 47 0,5,0 (22) 2 x,0,x (23) 4° 0,50 (24) 2 x
(251 0,0,0 (26) m x,30 Q27 m x,0,z (28) m 0
(9) 3* x,x,x; 0,0,0 (30) 3* xx,% 0,00 Gh 3 xEm (32) 3 &
(33) 3~ x,x,x; 0,0,0 (34) 37 x,5,5 0,0,0 (35) 3" &% (36) 3 ¢

(39) 0,0..:'. 0,0,0
@3) m x,yy
47) 4- 0,y,0; 0,0,0

(38) m x,x,2
42) m x,3y
(46) m X,y,x

37 m x,%,z
(1) & x,0,0; 0,0,0
(45) 4+ 0,y,0; 0,0,0

641

o

ROk ON RO

,4x 0,0,0
v, 0,0,0

po
g

=
Fot

)

(40) 4 0,0,z; 0,0,0
(44) 4* x,0,0; 0,0,0
(48) m x,yx

Pm3m
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Pm§m No. 221 CONTINUES

Generators selected  (1): 7(1,0,0): £(0,1,0): 1(0,0,1): (2): (3): (5): (13): (25)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckofl letter,
Site symmetry Ik, ! permutable
General:
S 0o ) 5,2 no conditions
8) Z,x, ¥
(12) ¥,%,x
(16) ¥,x,2
(20) x,Z,y
(24) ,5,%
(28) T,y2
(32) 2,8,y
(36) y,2,%
(40) »,1,2
(44) 5,2,¥
48) z,y,x
Special: no extra conditions
24 m m x,x,2 Z,X,X Z,1,%
X2 x,Z,X XX
5ok X505 X,2,X
Z,Xx, % Z.X,x Z,x,%
24 1 m 1z L2 L4,y
»2h Fnd hai
»iz ¥z Hay
L0 51 5,4
24 kK m 0,5,z z,0,y 7,0,y
3,0 »z,0 ¥Z,0
3.0,z 0,z,5 0,2,y
w50 50 5,0
12 j m.m2 HihF Y Ny
-“‘l"'% .)'Y)-‘i -")-.‘%
12 @i m.m2 0,5 0.5,y 0,5 0,5,5 30,y »0,¥
5,0,y 5,0.¥ »»0 55,0 »¥0 %50
12 h mm2.. x, 4,0 %10 0,x,3 0,%,1 50,x 1,0,
4x,0 150 x,0,4 x,0,4 0,1,% 0,%,x
8 g .3m XXX X xx X,X,X $
X,X,5 XXX XXX xx
6 f 4m.m X4 4,4 L 5LE} 1hix hi %
6 e 4m.m x,0,0 x,0,0 0,x,0 0,%,0 0,0,x 0,0,%
3 d 4/mm.m 1,0,0 0,1,0 0,0,
3 ¢ 4/mm.m 0,1,1 10,4 11,0
1 b m3m bkt
1 a m3m 0,0,0
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INUED
No. 221 Pm3m

Symmetry of special projections

Along [001] p4mm Along [L11] p6mm Along [110] p2mm
a=a b=>b a=1i2a-b-c) b’ =i(—a+2b—c) a’ = j(-a+b) b=c
Origin at 0,0, Origin at x,x,x Origin at x,x,0
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3 Im3m

Im3m No. 229 CONTINUE),

Generators selected  (1); £(1,0,0): 1(0,1,0) £(0,0,1): 1(3, 4, 1): (2): (3): (5): (13): (25)

Positions

Multiplicity, Coordinates Reflection conditions

WyckofT letter,

Site symmetry 0,0,0)+ (3,4, 1)+ h,k,I permutable

General:

% 1 1 (1) w2 @) %5, OFSS: @) x5, Ikl: Bt k1 =2n
) zny M &5y ®) &5 Okl: k+ '2 =2
©) yz.x (Hy5e (1255 hg{)-. 5 ~

Byyxi 552 (9piz (6 5x: {00: =25
(17) x,2,7 (18) 5,2,y (19) 5,z,5 (20) x,2,y
21 z,y,% (22) ,5,x (23) 4yx 4) 3,53
(25) &,5,2 (26) x,y,2 27 x5,z (28) &,z
29) 3,5,y (30) Z,x,y (31) z,x,¥ (32) z,%,y
33) 5, z,x (35) y,z,x (36) ¥,
37) 5,5,z (38) yx 39) y,x,2 (40) y,%,Z
@n gy (42) x,%,5 43) x,z,y (44) 5,2,§
@5 Zyx (6) Z,y,x @7 z,5,% (48) z,y,x
Special: as above, plus
48 &k ..m X.52 252 xz xR ZEx 2,5, % no extra conditions
Zx,x X2, X, X,2,% x,7,% 54Lx
E ¥4 x,%,2 Xz x,2z,% X2,x
X,Z,%X X, 5,x Z,x,X ,4,x XX Lxx
448 j m.. 0,2 0,5,z 0,32 0,52 2,0,y 2,0,5 no extra conditions
3,0,y 0,y »z,0 72,0 »z0 54,0
»0,2 5,0,2 »0,2z %0,z 0,z,7 0,2,y
0,35 0,z 0 25,0 50 50
48 i ..2 Iny+i 1T+ 1 LY+ no extra conditions
F+iny F+iL¥ y y+ii¥
»i+5i it H Fy+ii
L+l Inyti H ESO RS
y+iany y+andy HED F+idy
Fy+id »ythi +1,4 »i+hi
24 h m.m2 0,y 0,7,y O35 0,5,5 »0,y »0,5 no extra conditions
7,0,y 70,5 »h 5.,0 »5,0 7.5,0
24 g mm2. %0, 50,3 1,%,0 150 0,4,x 0,5,% no extra conditions
0,x,} 0,%,1 x, 1,0 3,0 10, 10,x
16 f .3m X,0,X XEx &x,X R X no extra conditions
XX X X5X X,8,X X%
12 e 4m.m x,0,0 x,0,0 0,x,0 0,%,0 0,0,x 0,0,% no extra conditions
12 d dm.2 10,3 10,4 11,0 Hi0 0,4} 0,53 no extra conditions
8 ¢ .3m il L D3 ihi hki: k0 =2n
6 b 4/mm.m 0,4,} 40,3 N fioExtri-Conditions
2 a m3m 0,0,0 no extra conditions
690
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4 Fm3m

CONTINUED

Origin at centre (m3m)

Asymmetric unit

Symmetry operations

Vertices

For (0,0,0)+ set

m1
(5) 3*
) 3
(13) 2
a7 4
@n 4
25 1
29 ¥
(33) 3°
G om
“1n 4
@5 &

X,0,x
XX,
x,x,0
x,0,0
0,30
0,0,0
x,x,x; 0,0,0
x,x,x; 0,0,0
x, Xz
x,0,0; 0,0,0
0,y,0; 0,0,0

For (0,1,} )+ set
(1) 1(0,3,4

(5) 3*(

G (=451 x+iiz

(41) 4-
45) a*

1.
x,0,1; 0,0,4

For (;,0,§)+ set

(37) g(s
1) 4
@s) &

For (3,

9 3

a7 4
@ 4
291
(29) 3+

(33) 3- x,

G m
@1 -
45) 4+

(
(
(13) 2(3
(3
(

b ..s)

0_\,,,00_'

1,0)+ set

\,\,0

) =
.\'+3,»\,3
x4t fibi

11
Nt b

0<x<i:

1
HhHay Hrivi

) x4ix+ix
) x+ixtix
)
)

10,0 4,40

()2
6) 3* 1
(10) 3~
(14) 2 x,x0
(18) 2 0yy
(22) 2 x0,x
(26) m xy0
(30) 3 5 0,00
(34) 3 x5 0,00
(38) m x,x,z
@2) m xyy
(46) m xy.x

(2) 2(00,3) 0,5,z
6) 3* Tx+i,%

“2) m x):{- ¥

(46) g(=i.} J) I

42) L’( i ...) \\+;
(46) m I+iyx

@2 §iz

(34) 3 x4l%
(38) g(3,1,0 ) )
42) g(3,4-5) xy+iy

@6) g14—=1) Ty

0<y<i 0<z<y y<min(i-a) 2
[}
i

No. 225

IA

3)2 0y0
7 3 i1
(1) 37 &,&x
(15) 4 0,0,z
19 2 0y
(23) 4- 030
27 m x0z2
30 3 x5 5
(35) 3
(39) &
43) m
@7 & 0\0 0,00

@ e xiz
(31) 3* x,8+}
@53 x
(39)

“3) g(O.,,) XYY
@N 4 {ns i

(19) 2(0,-4, I) 8 )+u>
(23) 4 03

@7 n(4,0,}) x0.z
@1 3 x+,1,.?+,,..
(35) 3 F+iE+lx
(39) & iz i
@3) g(4,0,3) =iy
@7) 4 1y0; 1,00

(3) 2(0,3,0) 130
(7) 3' -
(1) 3- (nn ) X5
(15) 4 1,0,z

(19) 20.5,=3) 3+iF
(23) 4 (0 0) Ini

27) a
31 3' :
(35 3«

665
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Fm3m

4) 2 x0,0
(8) 3* &.xx
(12) 3~ 5,x,%
(16) 4* 0,0,z
(20) 4* x,0,0
(24) 2 i0,x

(36) 3 & &
(40) 4* 0,0,z 0,00
(44) 3 x,0,0; 0,00
(48) m xy,x

@2 xii
(8) 3* %,&+1
(12) 3- &=4,x+4,%
(16) #(00,5) —htz

(20) 4* x,0,3
(@4) 2(~104) FHbbr
(28) n(0,3,3) 0.z

32) 3‘ X+l \+,. 5
" I+i,x+1,

“) 2(3,0,0) 60,3
(8) 3* i+, T+1,x
(12) 3- (H‘s»}) f-%v\"*‘!nf
(16) 4(0,0,3) 1.1z

("0)4(_00 =11

24 2 .f+g,0,x

) 2(0,00) x,}0

®) 3 (\ 5im3) BT
(12) 3° Tt

(16) 4 02

(20) 47(3,00) x4}

(’4) 2(3,0,—3) T

(48) g(:.:,z) ml\
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Fm3m No. 225 CONTINUEp |

Generators selected  (1); £(1,0,0): £(0,1,0); £(0,0,1); £(0,4,4): 1(3,0,1); (2): (3): (5): (13); (25)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry (0,0,00+ (0,5,5)+ (3,0,)+ (51,0)+ I, k! permutable
General:
192 1 1 () X0z 3) & 3.2 @) x,5,2 hkl: h+kh+ L k+1=2n
(5) z,x,y N 2.5y ®) 55,5 Okl: k,1=2n
Orzx (0528 (ADpiE ()55 hhi: h+1=2n
(13) y,x,% (14) 5,5,2 (15) 3§,z (16) 5,3,z hoo: h=2n
(17) x, 2,5 (18) %2,y (9 5,2,y (20) x,Z,y
QD 3% (22) z,5,x (23) Z,yx (24) 7,5,%
(25) %,5,2 (26) x,y,2 2hx, ¥z (28) I,y,z
29) z,%,¥ (30) Z,x,y (31 z,x,¥ (32) z, &,y
33)5,%,% (35) ¥,z,x (36) y,2,%
(37) 3,%,2 39) 5,x,2 (40) y,%,2
@1 szy (43) x,z2,y (44) %,2,¥
(45) Z,5,x (46) Z,y,% (47) z,5,% (48) z,y,x
Special: as above, plus
9% Lk ..m XXz X%,z X%,z 57 LXx LS no extra conditions
XX LiXx X,2,X X,z,% Xy Z,X X &5x
xx ¥ X, %57 X;X,2 X,X,2 X,2,X Xy Z, X
X35 X,Z,X 2,58 ,%,x Z,x,x IL5x
9% j m.. 0,32 05,2 0,2 0,5,2 7,0,y 20,7 no extra conditions
3,0,y 50,5 »50 35,0 »50 55,0
0,2 5,0,2 »0,2 3,0,z 0,2,y 0,2,y
0,z,5 0,3,y 7,30 75,0 0 5,0
48 i m.m2 Ly LAY NF »hy Wiy no extra conditions
Siny i Yy whi 551
48 h m.m2 0,y 0,7,y 0,y 5 »0,y »0,¥ no extra conditions
50,y 50,57 »no »5,0 55,0
48 g 2.mm xhi £ LS 157 hohix X hkl: h=2n
hxid L&} X5 Ko Hak L
32 f 3m X, X% X4x 4% Y, X, ¥ no extra conditions
XXX I,xXx X, X, X, X
24 e 4m.m x,0,0 0,0 0,x,0 0,%,0 0,0,x 0,0,% no extra conditions
24 d m.mm 0,4,4 0,34 1,0, 50,3 14,0 11,0 hkl: h=2n
8 ¢ 43m 443 hii hkl: h=2n
4 b mim Lt no extra conditions
4 a m3m 0,0,0 no extra conditions
666
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5 Fd3m

Fd3m 0,7, m3m Cubic

No. 227 F 4,/d32/m Patterson symmelry £ 3
ORIGIN CHOICE 1
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CONTINUED

Origin at 3 3m, a0 —1, =1, 1 from centre (3m)

Asymmetricunit 0<y<y 0<v<h
Vertices 0,0,0

Symmetry operations
For (0,0,0)+ set

(5) 3*(3,5,3) *—3,x—3%
(9 37(5,3,3) x—3,x+3
(13) 2(3,31,0) xx4

(17) 4’(%-,0»0) -",51—%
(21 4°(0,3,0) $y—s
1 433

(29) 37 x,x45,X i
(33) 37 x=Lx=4,x {0
(37) m x+i,%52

RS NTERE

(l)r 0%)

(5) 3*(3.4,3) x+ix-1,
(9) 3_(%’§l§) .\'—%,X—%,
(13) 2(5,1,0) xx,5

(17) 4°(1,0,0) x,;,0
21) 4(0,5,0) 0
@)1 343

(29) 3* x—3x=4,x 4,44

(45) 4+ 0,,0; 0,0,0

For(§,§,0)+ set
) '( 0)

(53 (i i §) xtgxty,
9) 3°(5,5,3) x+i,x+5,
(13) 2(5,5,0) x,x+4,3
(17) 4-(1,0,0) x,3,0
(1) 4+(0,3,0) 434
251 3,34

29) 3+ x+4,x,x {44
(33) 3- xx44x; L3t
G g(-1.4.8) x+i5z
@1 4 xO,;. 0,0,}

@5) & —iyd —414

H0,0 fini L

= =

1) 04
i

i
(10) 37 x,3
X,

AT,
(14) 2 x,5+5,1
(18) 2(0,3,3) 3y+1y
(22) 2(%()'%) "'_%vév-\'
(26) d(:,3.0) x,3
(30) 3* F=1,0+1,5 -1 12
(G4 3 x+ii-LE 1=
(38) m x,x.z
(42) g( !u-%) ‘v."+%v)"
(46) g(_u% } ‘+%v)'v“
(2)2 00,z

6) 3* i+.,x X

l

Hi) i
(22) 2(3,0,3) xi.x
(26) d(i,1,0) xy.i
(30) 3 s-1x+1,5 -43
(34) 3~ x+1,8-1,% 1,-1,}
(38) 8(5;53 -“—5!-(-:
(42) g(s, % 1) Xyt

(38) g(a,in
(42) m xy+
(46) S(:m-i) THipx

(2) 2(00,3) 0z
(6) 3* X,x+1,%
(10) 3- x,.f..f

(14) 2 x,%+3,!

(18) 20,40 {yy
(22 2003 xiox
@6) d(3,4.0) xyd

(30) 3 -1 x+1,5 =i
(34) 37 x+1,0-08 §-hi
(38) g(1,1.0) xx2

42) m x5

(46) m I+iyx

(35) 3 .\'-+[:,.f §,x; -
(39) 4 -3 1o —-hid

(43) moxy,
@7 & {y-i Lid

(3) 2(0,3,0) 0,3
(7) 3" x+1,5,%
(11) 3~ %,5,x

(15) 4°(0,0,5) 1,0z

(19) 2(0,-1,5) 1y+iy

(23) 4°(0,3,0) —3nd

(27) d(:,0.3) xiz

31) 3* x—4,3+3,% 1,13

35) 3§40 =it

09 & 0tgop0
LYyl

43) g(|.) xy=dy

@7 4 ina B

3)2 0y0

(7) 3 x+3,8-4,%

(11) 37 T4+4,3+3,x

(15) 4°(0,0,3) i,~iz

19) 2((.%.'-%)) %,)'IHJ'

(23) 47(0,3,0) O35

(27) d(3,0,1) xiz

(31) 3* x+3,5+1, % %,%,:é

673
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I:OO

(12) 37 fx+1.%
(16) 4°(0,0,5) -
(20) 4 (‘,0 0) .r.

40) 4 00N 000

uu ERRER

2 ) \’+l‘.‘ X

Fd3m

) %03
3 —1) FHLERLX
(12) 3 x—-‘x+; X
(1())4(00 ) 0.z

)
IR
0,1

(28) d( ....) Eo'-z

* X+l Ex ;.—;.i
3wl i
3 1.0z 4,00

3 x,4,0:0,40

@) 2(3,00) x:,0
(8) 3* .f+§,f+§.x

#
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Fd3m

ORIGIN CHOICE 1

No. 227

Generators selected  (1): £(1,0,0): 1(0,1,0); 1(0,0,1): £(0,1, 1) £(3.0.9): (2): (3):
Positions
Multiplicity, Coordinates
WyckofY leuter,
Site symmetry (0,0,0)+ (0,4,1)+ (1,0,1)+ (5,5,0+
192 i 1 (Dxyz Q) 5,5+ 42+4 @ i+iy+n
(5) z,x,y 6) z+1,5,5+1 (M Z3+1,y+1
©) yzx (10) \+l 44,8 () y+4,z,5+4
A3 y+3x+43+1 Q) F+5LF+5,+1 (US) y+i8+1,2+3
(D x+hz+ b+ (B T+letdyt! (19)F+5I+05+]
CDz+iy+ L3+ Q)2+ 5+3x+] @) I+ y+ix+i
Q@) F+4LF+5LI+E QO ¥+ y+32I+] QD x+4 52+
(29) 45,5+ 5,5+1 GO Z+3x+hy+] GDz+x+ii+i
G F+5LI+hE+] GYy+ii+ihx+t B9 5+iz+ixt]
(B7) 5+ 1,52+ (38) y,x,2 (39) F,x+ 4,142
@) +1,z,y+13 @2) x+3,2+4,¥ (43) x,2,y
45) z+4,5,x+1 46) Z,y+1,X+3 @7 z+5,5+1,%
96 h 2 Ly BFELFHD LyHiy+l LR+
F+hiy  FHLEFHE yrLay+tr ytnad
withit  FHLIF+HLE y+hy+LE Fytini
%))"+%7) ivy+%y)'+% ;|_'+Ev)-'+% %v)‘+%a)1
yhF+E y+hio+l FHLEFHD Ny
FHimi  yHIy+Li FHLFHLT yHLad
9% g ..m X,X,2 XX+1,2+1 X+4,x+15,2
2,X,X 24+ 3,55+ i+ x+1
X,Z,X 44,245, X+ 47,541
xbhxt I+l FHLIHLIHD xHiEHLadd
x+dethE+d FHizhiabi SHLIFLEHS
24+ 3x+ 5+ zHbEHLx+] IHLxbLatd
48 f 2.mm x,0,0 3,5 0,x,0 L) 0,0'{
Ix+h O LE+LE x4 LY E+LEL: LiE
32 e .3m X, X, X EE+§,x+1
X+ Lx+5,8 x+ 55 5+3
x+ix+hE+] THLEHLEHE
xLEHLAHD FHLxE LR
16 d .3m L4 bt bt %,%,5}
16 ¢ .3m Ly LLd bbbt b
8 b 43m L %,%.%}
8 a 43m 0,0,0 i3
674

~16 —

). (5): (13): (25)

CONTINUE)

Reflection conditions

I, k,I permutable

General:

h+k=2nand
h+1k+1=2n

hkl:

@) x+1,5,2
(8) z+ 3, x+15,¥

(12) 5,24+ §x+1 Okl: k+1=4nand
_‘W) o 2 ! kd=2n

(;g))-'-f’f:;’z:_i hhl: h+1=2n

@O xtnztBITE 100: h=dn

Q4) T+ 15+ 55+1
(28) ¥+ 3y+1,2t+i
(32) z+ 1,5+ 5yt
(36) y+ 4,2+ 3,3+
(40) y+ 4,4+ 14,2
@4 xz+3,5+1
(48) z,y,x

Special: as above, plus

no extra conditions

x+1,57+1 no extra conditions
I+ 5,0+ 4,8

BZI+x+g

f+ix+izti

x+hz+ha+)

IHLEHLIH

X hkl: h=2n+1

T bhix+d orh+k+I=4n

no extra conditions

hkl: h=2n+1
or hk,i=4n+2
or hk,l =4n

hkl: h=2n+1
orh+k+1=4n
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CONTINUED No. 227 Fd3m

Symmetry of special projections

Along [001] pdmm Along [111] p6mm Along (110] ¢2mm
a=ia-b) b'=i(a+b) a=!2a-b-c) b=}i(-a+2b—c) a=!(-ath) b=c
Origin at 0,0,z Origin at x,x,x Origin at x,x,

675

(&) CamScanner

17 -



~ 18 —



6 F43m

F43m i 43m Cubic
No. 216

Patterson symuietry Fmip

Origin atd3m

Asymmetric unit 0<x<y;
Vertices 0,0,0 3,0,

Symmetry operations
For {0,0,0)+ set

1 (2)2 00z 3)2 00 @) 2 x00

(5) 3" x,x,x (6) 3* T,x,% (7 3 5% ®) 3 Tox

9) 3" x,xx (10) 3° x,%,% (1) 3- §,5x (12) 3- i:x‘i

(13) m x,x,z (14) m x,%z (15) 3+ 0,0,z; 0,0,0 (16) 3- 00'2, 0.0.0

(D mxyy (83 x00;000 (19 & x00;000  (0) m xyy

1) m xy,x (22) & 00,000  (23) m Tyx 4) & 0")5‘0: 0,0,0
630
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CONTINUED

Symmetry operations (continued)
For (0,3.3)+4 set

() 2(00,4) 0.4z
(6) 3 Tx+i8
(10) 37(=1,5,§) x+4,7
(14) g(=4,0,8) ¥+,
(18) 4 x,1,0; 0,0
(22) & fonk b4

i

i) ==y

) =iy

X+1,y,X

Generators selected  (1); 1(1,0,0); 1(0,1,0); 7(0,0,1); #(0,4,%); #(£,0,4); (2); (3); (5): (13)

Positions
Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates

0,0,00+ (0,5,5)+

No. 216

(3) 2(0,1.0) O,

(M) 3(=144) s+hF-1
(1) 3 T+1, 8450

(15) 4 iz
19) 3 x,0,% 0,0}

(23) g(=3,1,1) Fiyx

32
(7 3 x
(11) 3- 341,
(15) & §,-4,
(19) 4 x,-4,

(23) m T+1p2

(3) 2(0,5,0) i
(7) 3* x+1,%4,%

(D) 3°(3,5,—3) F+3,8+5.x
(15) 4 10,z 1,00

(19) & x4,4 Lo

(23) g(%'%v—%) f+;v.".~-‘

Fa43m

)2 xiz

(8) 3" X 0+i.x

(12) 3 i—jxt5.%
(16) 4 =4tz =444
(20) m xy+i.y

4) & =iyt —4Lii

@) 2(1,00) x0.}
(8) 3 i} i+1,x

(12) 3 (L=40) E—boxtiE
(16) & {4z 4hd

Q0) g(4,=11) xy+ig
(24) 4* 0.y,5; 0,05

Reflection conditions

h,k,! permutable
General:

hki:
Okt:
hhi:
h00:

h+kh+1 k+1=2n
k!=2n

h+1=2n

h=2n

Special: no extra conditions

9% i 1 (1) x,yz @) x,¥,2
(5) z,x,y ®) &x,§
9) »z,x (12) y,3,x
(13) yx,z (16) ¥,x,2
(17 x,2,y (18) %,z,5 (20) x,Z,¥
QD z,3x (22) z,5,% (24) z,7,x
48 h ..m X,X,2 &z %%z 57 2,X, ,5,X
Z,4,x x5 x X,2,X x,z,% X,Z,X XZx
24 14 2.mm Xl%’% ":'3‘:% Iv-‘-~% :-fv: :,“.\' }yi:f
24 f 2.mm x,0,0 0,0 0,x,0 0,%,0 0,0,x 0,0,%
16 e .3m X, X, X XX F Y X, 5,0
4 d 43m 133
4 ¢ 43m L
4 b 43m i
4 a 43m 0,0,0

Symmetry of special projections

Along [110) c1m1
Aloy 1] pdmm Along [111] p31m \long )
along [001] pm, a=i2a-b-c) b'=1i(-a+2b-c) a=H-ath) b=c
0rigizn 0 0.l 2 Origin at x,x,x Origin at x,x,0

631
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7 Pb6smc

6mm

Hexagonal

Patterson symmetry P6/mmm

Originon3m1on6,mc

Asymmetric unit 0<x<i 0<y<y§ 0<z<; x<(1+y)/25 y<x/2
Vertices 0,0,0 1,0,0 3,%,0
0,0,1 10,1 35,1

Symmetry operations

[OR! (2) 3 0,0,z
4) 2(0,0,1) 0,0,z (5) 67(0,0,1) 0,0,z
M m x,%z @®) m x,2x,z
(10) ¢ x,x,z (11) ¢ x,0,z

3) 3 0,0,z
(6) 6°(0,0,3) 0,0,
9) m 2x,x,z
(12) ¢ 0,y2

Generators selected  (1); 1(1,0,0); £(0,1,0); #(0,0,1); (2); (4); (7)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

12 4 1 (1) x5z Q) Fx—xz (3) T+y,4,2
@ x5,2+1 () yF+yz+i (6) x—y,x,2+}
@ 55z (8) T+302 O xx—yz ‘
(10) y,x,z+14 () x=yyz+i () & x+y2+s

6 ¢ .m X, 5,2 X,2%,2 24,52 X2+ 5262+

2 b 3m Hhiz Lzt

2 a 3m. 0,0,z 0,0,z+1%

Symmetry of special projections

Along [001] p6mm Along [100] plgl ;

¥=a  p-jp a'=ia+2b) b=c

Origin a1 0,0, 7 Origin at x,0,0

567

—99 _

Reflection conditions

General:

hh2ht: [ =2n
0004: I=2n

Special: as above, plus

2,x,2+ % no extra conditions

hkil: =2n
orh—k=3n+1
orh—k=3n+2

hkil: =2

Along [210] p1m1
a'=ib b =lc
Origin at x, 1x,0
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8 Pd/n

P4/n
No. 85

ORIGIN CHOICE 1

-

©

L 4

©

Originatdonn,at =1, 1.0 from 1

Asymmetric unit

Symmetry operations

1
®1

1
H1,0

0<x<y

(2) 2 0,0,z

(6) n(3,1,0) x,5,0

3

A 4/m Tetragony
P4/n Patterson symmetry 14y,
o] o}
+O -0
* ¢ s o
o @ e @
O
-0
¢ * 0-
o - Q ~
O] ]
Ne) O
* ® o o
0 0
0<y<y 0<z<;
“) 4 1,0,z
(8) 4 0,0,z 0,0,0

Generators selected  (1); £(1,0,0); 1(0,1,0); £(0,0,1); (2); (3); (5)

Positions
Multiplicity,
Wyckoff letter,
Site symmetry

8 g |1 ) xyz

(5) F+1,5+14,2
4 f 2. 0,0,z
4 ¢ 1 v
4 d 1 1,0
2 ¢ 4.. 0,1,z
2 b 4., 0,0,}
2 a 4., 0,0,0
Symmetry of special projections
Along [001] p4
a'={(a-b) b =i(a+b)
Origin at 0,0,z

Coordinates Reflection conditions
General:
) §,¥,2 B)F+ix+iz @) y+4,3+4,2 hkO: h+k=2n
) x+1,y+1,2 M »5z 8) ¥,x,2 h00: 1 =2n
Special: as above, plus
nnto 002 hKE: Bk =2n
i hki: bk =2n
11,0 4,0 hkl: bk =2n

no extra conditions
hkl: h+k=2n

hkl: h+k=2n

A:long [100] !)ng Along [110] p2mm
a=b b|=c a'=3i(-a+b) b =c
Originatx, 1,0 Origin at x,x,0

394
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Tetragonal 4/m Cj/, P4 / n

Patterson synmetey 24 /m P4 / n No. 85

ORIGIN CHOICE 2

o o o @ 0
0 Q
. ® .
o+ , @]
o [+] o O
o
® . -© -O
. o- .
© ©
o o ]
0 0
+O
Originat Tonn,at 1, —!,0 from 3
Asymmetricunit -!<x<i —i<y<iy; 0<z<!
Symmetry operations
m1 @2 iz (3) 43, @) 4 55z
5)1 0,00 6) n(4,1,0) x,3»0 M4 5-13 3,—3,0 ® 4 -4z -4H1,0

Generators selected (1); 1(1,0,0); #(0,1,0); 1(0,0,1); (2); (3): (5)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 g 1 () x,y,z Q) i+4,7+142 3)F+i,x2 @) y,3+1,2 hkO: h+k =2n
5) x5,z 6) x+1,y+1,2 @) y+4,52 8) 5, x+14,2 h00: h=2n

Special: as above, plus

4 f 2 13332 Jih2 hig hiat hkl: h+k=2n
4 e 1 0,0,3 Dl 10,3 0,43 hkl: Dk =2n
4 4 1 0,0,0 110 10,0 0,1,0 hkl: Ik =2n
2 ¢ 4 Lihz 13z no extra conditions
2 b AL L4 bl WL Bk =2n
2 a 4. 41,0 110 hkt: hk=2n
Symmetry of special projections
Along [001] p4 Along [100] p2mg Along [110] p2mm
a=i(a=b) b'=!(a+h) a=b b=c a=1i-a+bh) b=c
Originat §,,z Origin at x,0,0 Origin at x,x,0

395
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9 Pnma

Pnma =

No. 62 P2,/n2/m2/a

——

0 b
T 0y o —
| |
ke ?_._ —._’—‘_ —.-f ~IE
Sls oo o j o=
IR
!j_ — _._5_._ _._5
Y |

c
§
)
=
I [T ° —
~IE
Q,
‘_-Ob b Q
s I Iy
OriginatTon 12,1
Asymmetric unit 0<x<); 0<y<i 0<z<lI

Symmetry operations

() (2) 2(0,0,1) 1,0,z
) ©6) a x5}

(3) 2(0,4,0) 0,50
() m x4,z

1
1 0,00

354
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mmm Orthorhombj

Patterson symmetry P mpmyy,

R
3
Y ld
E{ld

o
- N

) 2(3,0,0)
®) n(0,3,1)

A
IR TR

LY
ahl
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CONTINUED

Generators selected  (1); £(1,0,0): 1(0,1,0); ¢(0,0,1); (2); (3): (5)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

8§ d 1 () x,y,2 @) X+1,5,2+1 3) £y+1,2
(5) x5,z 6) x+1,3,2+1 M x,5+1,2

4 ¢ .m. x4z I+i,hz+4 iz x+4,5,3+3

4 b 1 0,0,3 10,0 0,13 11,0

4 a1 0,0,0 £0,3 0,1,0 i

Symmetry of special projections

Along [001] p2gm Along [100] c2mm

g=ja b'=b a=bhb b=c¢

Origin at 0,0,z Origin atx, {,1

355

~ 98 —

No. 62 Pnma

Reflection conditions

General:
@) x+5,7+5,2+1 Okl: k+1=2n
(8) i+ 1,y+14z+} hkO: h=2n
h00: h=2n
0k0: k=2n
006: 1 =2n

Special: as above, plus
no extra conditions
hkl: h+1l,k=2n
hkl: h+1k=2n

Along [010] p2gg
a=c b=a
Origin at 0,y,0
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10 Pmec2y

2
Orthorhombic mm?2 sz Pmc 2,

Patierson svmmetry Pmmm Pmc 2| No. 26
Pmel, Pml.b
0 b l c 0
<
E
£ / { g =5
a ; a
P2am
c [ 1 O ©- O ©-
| | | O[O O] O
| | |
x 1 1 |
s | | |
| | |
| | I
| | | 1O O 10| O
: L 1 | O O O O-
b
| | |
Originon mc2,
Asymmetricunit 0<x<}; 0<y<ji 0<:z<l1
Symmetry operations
m1 (2) 2(0,0,%) 0,0,z 3) ¢ x0,z @) m 0,y,z
Generators selected (1); £(1,0,0); #(0,1,0); £(0,0,1); (2); (3)
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General
eneral:
4 ¢ 1 ) x,yz ) 5,5,z+1 3) x,¥,z+1% ) &y,2 hol: 1 =2n
00/: 1=2n
Special: no extra conditions
2 b m.. Inz INE2 S
2 a m.. 0.5z 0,72+
Symmetry of special projections
Along [001] p2mm Along [100] plg! Along [010] pL1m
a :a b=h a'=b b'=c a=lc b'=a
Ongin at 0,0,z Origin at x,0,0 Origin at 0,y,0

285
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