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Space groups Centro Polar Twin Twin Twin operators Physical properties Symmetry-related reflections
Chiral axes index code

P1. NC abc 2 a 1. Flack =f(B)=1-f(a) ﬁ k_/._
B 1. f(chiral)=f(B)=1-f(a) h k I.
flpyro)=£(B)=1-f(a)
PT. CcA -1 a 1,1 - hkl, hkI.
P2, P121,P2,, P12,1,C2,C121,A121,/121. NC b 2 a 1,2 Flack =f(B)=1-f(a) hki, hk I
Unique axis b B 1 m. f(chiral)=f(B)=1-f(a) h ki, hkl
flpyro) =f(B) = 1-f(a)
P112, P112,, A112, 112, /112. NC ¢ 2 o 1,2 Flack =f(B)=1-f(a) hkl, hkl.
Unique axis ¢ B 1, m. f(chiral)=f(B)=1-f(a) h ki, hkI.
flpyro)=f(B) = 1-f(a)
Pm,P1m1,Pc,P1c1,P1n1,P1al,Cm, NA ac 2 o 1,m. Flack =f(B)=1-f(a) ﬁk_/,_h _I_</._
Cim1,A1m1,/11m1,Cc,C1lc1,A1lnl,/1al. B 1,2. f(pyro)=f(B)=1-f(a) h kI, hkl
Unique axis b
P1im,P1l1a,P11n,P11b,A11lm, NA ab 2 a 1,m. Flack =f(B)=1-f(a) ﬁ k_/,_hk_ I__.
B1lm,l11m,A1la,B11n,/11b. B 1,2. flpyro)=f(B)=1-f(a) h kI, hkl
Unique axis ¢
P2/m, P12/m1,P2,/m,P12,/m1, C2/m, CA -1« 1L2,Im - hkl, hkl hkl hkl.

C12/m1,A12/m1,112/m1, P2/c, P12/c1,
P12/n1,P12/al,P2,/c, P12,/c1, P12,/n1,
P12,/a1,C2/c,C12/c1,A12/n1,112/a 1.

Unique axis b



Space groups

P112/m,P112/m,A112/m,B112/m,
1112/m, P112/a, P112/n,P112/b,P112,/a,
P112,/n,P112,/b,A112/a,B112/n,1112/b.

Unique axis ¢

P222,P222,,P2,22, P22,2, P2,2,2, P22,2,,
P2,22,, P2,2,2,,C222,,A2,22, B22,2,C222,
A222,8222, F222, 1222, 12,2,2,.

Pmm 2, Pmc 24, Pcm 2,, Pcc 2, Pma 2, Pbm 2,
Pca 24, Pbc 2,, Pnc2, Pcn 2, Pmn 24, Pnm 2.,

Pba 2, Pna 24, Pbn 2., Pnn 2, Cmm 2, Cmc 2.,
Ccm 2,4, Ccc2, Amm 2, Bmm 2, Aem 2, Bme 2,

Ama 2, Bbm 2, Aea 2, Bbe 2, Fmm 2, Imm 2,
Iba2,Ima?2, lbm?2.
Fdd 2.

P2mm ,P2,am ,P2,ma ,P2aa ,P2mb ,P2cm,
P2ica, P2,ab, P2an,P2na,P2,nm,P2,;mn,
P2cb,P2,cn,P2,nb,P2nn,A2mm, A2,ma,
A2,am ,A2aa,B2mm,C2mm ,B2em ,C2me,

B2mb,C2cm,A2eb,C2ce, F2mm,I2mm,
12cb,12mb,12cm.
F2dd.

Centro Polar Twin Twin Twin operators

Chiral axes index code
CA - 1 a L2,Im.
NC - 2 a 1, 21100} 210101 2[001]-
B 1, Mp00), Mio10), Mioo1)-
NA c 2 1, M (100 M (o101 2j001)-

B 1, 21001 21010, Mio01}-

NA a 2 a

B 1, M100), 20101 2001

1, 213001, M 020 M (001}

Physical properties

Flack =f(B)=1-f(a)
f(chiral) = f(B) = 1 - f(a)

Flack =f(B)=1-f(a)
fpyro)=f(B)=1-f(a)

Flack =f(B)=1-f(a)
flpyro)=f(B)=1-f(a)

Symmetry-related reflections

hkl, h ki

> >
x| ~

> |

= |
=

-



Space groups Centro Polar Twin Twin Twin operators

Chiral axes index code

Pm2m ,Pb2,m ,Pm2,b,Pb2b,Pc2m ,Pm2a, NA b 2 a 1, M (1001, 210101, [001)-

Pb 2,a, Pc 2,b, Pn2b, Pb2n,Pn2,m, Pm2n, B 1, 2{100) Mio10)r 2001
Pc2a,Pn2,a,Pc2.,n,Pn2n,Bm2m, Bb2,m,

Bm 2,b,Bb 2b ,Am 2m ,Cm 2m ,Ae 2m ,Cm 2e,

Am2a,Cc2m,Ae2a,Cc2e,Fm2m,Im2m,

Ic2a,Im?2a,lc2m.
Fd2d.

Pmmm, Pnnn, Pccm, Pmaa, Pbmb, Pban, CA - 1 o 1, 21100p 2j010) 2[001)s
Pcna, Pncb , Pmma , Pmmb , Pbmm , Pcmm,

Pmam, Pmcm, Pnna, Pnnb, Pbnn, Pcnn,
Pnan, Pncn, Pmna, Pnmb, Pbmn, Pcnm,
Pman, Pncm, Pcca, Pccb, Pcaa, Pbaa,
Pbab, Pbcb, Pbam, Pmcb, Pcma, Pccn,
Pnaa, Pbnb, Pbcm, Pcam, Pmca, Pmab,
Pbma ,Pcmb ,Pnnm ,Pmnn ,Pnmn ,Pmmn ,
Pnmm , Pmnm , Pbcn , Pcan, Pnca, Pnab ,
Pcnb, Pbna, Pcab, Pnma, Pmnb, Pbnm,
Pcmn ,Pmcn ,Pnam ,Cmcm ,Amam ,Bmmb ,
Amma ,Ccmm ,Bbmm ,Cmce ,Ccme ,Aema,
Aeam ,Bmeb ,Bbem ,Cmmm ,Ammm ,Bmmm,
Cccm ,Amaa ,Bbmb ,Cmme ,Aemm ,Bmem ,
Ccce ,Aeaa ,Bbeb ,Fmmm ,Fddd ,Immm ,
Ibam , Imcb , Icma, Ibca, Icab, Imma, Immb,
Ibmm , lcmm , Imam , Imcm.

P4, P4, 4. NC ¢ 4 o 12004 4.
P4ll P43' B 2[100]/ 2[010]1 2[ 110]/ 2[110]'
x T, Moy, 4, 4.
14,. o) m (100}, M (010}, M [ 110} M [110]-

1, My100), Mio10), Mioo1)-

Physical properties

Flack =f(B)=1-f(a)
flpyro)=f(B)=1-f(a)

Flack =f(y) + f(d)
=1-f(a)-f(B)

f{chiral) = f(x) + £ (8)

f(pyro) =f(B) +f(x)

Symmetry-related reflections

>l >

S>>l >

> =



Space groups

Pz, 1.

P4/m, P4,/m, P4/n, P4,/n, 14/m,
14,/a.

P422, P42,2, P4,22, P4,2,2, 1422.
P4,22, P4,2,2, P4;22, P452,2.

14,22.

P4mm, P4bm, P4,cm, P4,nm, P4cc,
Panc, P4,mc, P4,bc, |4mm, l4cm.
14,md, 14.cd.

PA2m, P42c, P42,m, P42,c,
142m.
142d.

Centro Polar Twin Twin Twin operators

Chiral axes

NA -

CA -

NC -

NA c

NA -

index code

R ™ Q

- 73
1, 21501, 4, 4.

21001 2020 M { 1101 M [110)-
= 3

1, Moy, 4, 4.

m {100, M (010 2( 1101 2[110]-

3
1, 21001, 4, 47,

T — 3

1, mpoy, 4, 4.

21100} 20101 2( 1101 2(110)

m 1001, M (010, M [ 110), M [110]

3
11 2[001]/ 4/ 4 ’

211001 210101 2[ 110 2[110)-
- — 3

1, mpoy, 4, 4,

™M (100, M (010}, M [ 110}, M [110)-

3
1, 20011, 4, 47,

™M (100, M 1010}, M [ 110}, M [110)-
= it
1, Moy, 4, 4,

21001 2j010) 2 1101 2[110]-

- 73
1, 210013, 4, 47,

21001 2020 M { 110 M [110)-
= 3

1, Moy, 4,47,

m {100, M (010, 2( 1101 2[110]-

Physical properties

Flack =f(B)=1-f(a)

f(chiral) =f(B)=1-f(a)

Flack =f(B)=1-f(a)

flpyro) =f(B) =1-f(a)

Flack =f(B)=1-f(a)

Symmetry-related reflections

S>>l >

>SS >

> >l >

> S>>

S>>l >

ki, h ki, khi, k hi,
kI, h kI, khil, k hl.

I, hk I,k hI, khl,



Space groups Centro Polar Twin Twin Twin operators

Chiral axes

PAm2, PAc2, PAb2, PAn2, NA -
14m2, 14c2.
P4/mmm, P4/mcc, P4/nbm, P4/nnc, CA -

P4/mbm, P4/mnc, P4/nmm, P4/ncc,
P4,/mmc, P4,/mecm, P4,/nbc, P4,/nnm,
P4,/mbc, P4,/ mnm, P4,/nmc, P4,/ncm,
I4/mmm, |4/mecm, 14,/amd, |4,/acd .

P 3. NC c
P3,, P3,.
R 3. HA NC C

index code

R ™R

83 = S o

R ™R

- 3
1, 210013, 4, 4,

m (100, M (010} 2[ 110} 2110}
- 3

1, mgosy, 4, 47,

2[100], 2[010], m 1101, M (110

3
1, 20011, 4, 47,

21001 20101 2( 110 2[110)
= it
1, Moy, 4, 4,

m 1001, M (0101, M [ 110}, M [110]

1,3,3%

6, 21001, 6°-

21001 2[010)» 2[110]-
22100 21 110 2(120)-
13, 3.

6, Mygoa)s 6.

m 1001, M (010, M [110)-

m (2101 M [ 110), M [120]-

1,3,3%
21001 2[010)» 2[110]-
T 3, 3°.

M (100}, M (010} M [110)-

Physical properties

Flack =f(B)=1-f(a)

Flack =f(g) +f() +
+f(y) +f(n)
=1-f(a) f(B) f(x) -f(3)
f(chiral) = f(€) + f (¢) +
+fly)+fn)
flpyro) =f(e) + () +
+f(x) +f(0)
=1-f(a) f(B) () -f(n)

Flack =f(y) +£(3)
f(chiral) =f(x) + f(8)
=1-f(a)-f(B)

f(pyro) =£(B) +f(x)
=1-f(a)-f(3)

Symmetry-related reflections
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Space groups

R 3. RA

R3. HA

R3. RA

Centro
Chiral

NC

CA

CA

CA

Polar Twin Twin Twin operators

axes index code

[111] 4

TR QR

1,3,3%
2[T01]/ 2[1T0]l 2[OlT]'
T 3, 3°.

M101), Mp110), Mi017)-

1,3,3%

T, 3, 3°.

6, 21001}, 6,

6, Mipouys 6°.

211001 2j010) 211101

m 1100}, M (010}, M [110)-

2[210]/ 2[ 110 2[120]/

m 2101, M [ 1101, M [120)-

1,3,3%
1 3, 3
2[lOO]/ 2[010]1 2[llO]/

m 1100}, M (010}, M [110)-

1,3,3%
T 3, 3°.
2[T01]/ 2[1T0]l 2[OlT],

M101), Mp110), Mi017)-

Physical properties

Flack =f(y) +f(d)

f(chiral) =f(x) + f(8)
=1-f(a)-f(B)
flpyro) =f(B) +f(x)
=1-f(a)-f(5)

Symmetry-related reflections

x| >

~ > > X x> > = =

> > > >

= xI>l =



Space groups

P312.

P3,12, P3,12.

P321.

P3,21, P3,21.

R32.HA

R32. RA

Centro Polar Twin Twin Twin operators

Chiral

NC

NC

NC

NC

axes

index code

1,3,3%

212100 2 1101 2[120):
6, 210011, 6,

211001, 2[010) 2(110]-
T, 3, 3°

m (2101 M [ 110), M [120]-

= =5
6, M1y, 67,

m 100}, M (010}, M [110]-

1,3,3%

211001 2j010) 2[110]-

6, 210011, 6,

212101 2 1101 2(220)
T, 3, 3°

M 1001, M (o101, M [110]-
6, Mooy, 6,

m 12101, M [ 110}, M [120)-

1,3,3%
2[100]/ 2[010]1 2[110]'
1 3, 3°,

m 1001, M (010, M [110)-

1,3,3%
2[T01]/ 2[1T0]l 2[OlT]'
T 3, 3°

M101), Mp110), Mi017)-

Physical properties

Flack =f(y) +f(d)
=1-f(a)-f(B)

flchiral) = £ (x) + f(3)
=1-f(a)-f(B)

Flack =f(y) + f(d)
=1-f(a)-f(B)

flchiral) = £ (x) + f(3)
=1-f(a)-f(B)

Flack =f(B)=1-f(a)

flchiral)=f(B)=1-f(a)

Flack =f(B)=1-f(a)

flchiral)=f(B)=1-f(a)

Symmetry-related reflections

SIS xS T
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—

kih

-
>

> >

1,

> >

~ >
> =

= >
=

=1~ > >
=
Tl o= T
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i

kil,ihki, kihl
ik Likh L khil.



Space groups

P3m1, P3c1.

R3m, R3c. HA

R3m, R3c. RA

P31m, P3lc.

Centro Polar Twin Twin Twin operators

Chiral

NA

NA

NA

NA

axes index code

[111] 2 a

1,3,3%

M (100}, M (010} M [110)-
5

6, 21001y, 67,

m 2101, M [ 1201, M [120)-

TI §I §5/

211001 20101 2{110)-
= =5

6, M1y, 6,

22101 2 1101 2[120]-

1,3,3%
m (100}, M 1010}, M [110]-
1, 3, 3°,

211001 210101 2[1210)-

1,3,3%

My101), Miato), MioaT)-
13, 3,

21101 2170) 2{017)-

1,3,3%

m (2101 M [ 110), M [120]

6, 210011, 6

m 1001, M (010, M [110)-
T, 3, 3°,

22100 21 110 2(120)-

8, Mpo1), 6,

211001 210101 2[1210)-

Physical properties

flpyro) =£(x) +£(3)
=1-f(a)-f(B)

flpyro) =f(B)=1-f(a)

flpyro) =f(B)=1-f(a)

flpyro) =£(x) +f(3)
=1-f(a)-f(B)

Symmetry-related reflections
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e = =~

3‘\‘.| x| =>I

N T
~

Nl Baal|
1=
|-
—1=
> =
- =
~| I
-

kih I, hkil,ihk/
hik lLikh 1 khil.
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Space groups

P31m, P31c.

P3m1, P3cl.

R3m, R3c. HA

R3m, R3c. RA

Centro Polar Twin Twin Twin operators

Chiral

CA

CA

CA

CA

1,3,3%

22100 21 110 2(120)0
13, 3,

m 2101, M [ 1201, M [120)-
6, 21001}, 6,

211001 2j010) 211101

8, Mpo1), 6,

m 1100}, M (010}, M [110]-

1,3,3%

211001 2j010) 21110
13, 3,

m 1001, M (010, M [110)-
6, 21001}, 6,

22100 21 110 2(120)0

6, Mioo1) 65,

m 12101, M [ 1101, M [120)-

1,3,3%
2[100]/ 2[010]1 2[110]/
1 3, 3°,

m 1001, M (010, M [110)-

1,3,3%
2[T01]/ 2[1T0]l 2[OlT],
1 3, 3,

M101), Mp110), Mi017)-

Physical properties

Symmetry-related reflections
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hkil,ihkl, kihl,
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hRILTRKILEIA]
hikl ik hl khil.
hkl, Thk, klh _

k hil, hl k, | k h,
hki, I hk, kIh
khil, hlk, I kh.



Space groups

P6, P6,.

P6,, P6s P6, P6,

P6/m, P65;/m.

Centro Polar Twin Twin Twin operators

Chiral

NC

NA

CA

axes

index code

1,6,3,

2001y 3, 6.

211001 2 110} 2010}
211201 21110 212101
1,6 3,

m oy 3, 6

m 1001, M [ 1201, M [010)s

M (1201, M (1101, M [210)-

1,3,3%

6, Mypoa)s 6.

2100, 2[010) 2[110)s

M 1101 M (120 M 1210}
T, 3, 3°,

6, 21001, 6°-

m 1001, M (010, M [110)s

22101 2( 1101 2(120)-

1,6,3,

20001 3%, 6,

1,6 3,

m oy, 3 6

2p100p 21 110) 2{010)
21120 2[110) 2[210)

M 1001, M [ 110, M (01015

m 1201, M (1101, M 210

Physical properties

Flack = £ (x) + f(3)
=1-f(a)-f(B)

f(chiral) = f(x) + £ (8)
=1-f(a)-f(B)

fpyro) =£(x) +f(B)
=1-f(a)-f(3)

Symmetry-related reflections
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hkil,ihkl, kihl,
kihi, hkil, ihkI.
hik Likh I khil,
khil hikl ikhi.

hkil,ihkI1 kihd]I
kihl hkil ih&kI.
hikl ikhil khil
ikhi khil hikI
hkil kihlihklI
hkilkihl ihkI
hkilkinhl ih&kI
hkil kihTlihk.I.
hikl khilikhd]
hikil khil ikl
hiklLkhil ikhnl
hikl k hil ikhl



Space groups

P 622, P6322.

P6,22, P6522, P6,22, P6,22.

P6mm, P6cc, P6scm, P6smc.

Pém2, P6 c2.

Centro Polar Twin Twin Twin operators

Chiral

NC

NA

NA

axes

index code

B
2 a
B
2 a
B

1,6,3,

20001, 3%, 6°,

211001, 2 110} 2010}
211201 21110 212101
1,6 3,

m 1001}, 3%, 6,

m 1001, M [ 1201, M [010)s

M (1201, M (1101, M [210)-

1,6,3,

20001, 3% 6°,

M 1001, M [ 110, M (01015
M (1201, M (1101, M [210)-
16 3,

m 001), 55, 65,

20001 21 1101 2j010)

21120) 211101 2[210)-

1,3,3%

6, Myoo1)s gs’
22100 21 110 2(120)0

m 1001, M (010, M [110)-
T, 3, 3°,

6, 20013, 6

m 1101 M (120, M 2100

211001 210101 2[1210)-

Physical properties

Flack = () =1-f()

f(chiral) =f(B)=1-f(a)

Flack =f(B)=1-f(a)

flpyro) =f(B) =1-f(a)

Flack =f(B)=1-f(a)

Symmetry-related reflections
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Space groups

P62m, P62c.

P6/mmm, P6/mcc, P6s;/mcm,

P 6s/mmc.

P23, F23, 123, P2,3, 12,3.

Centro Polar Twin Twin Twin operators

Chiral axes

NA -

1,3,3%

6, Myo1)s gs’

211001 2j010) 211101

m [ 1101, M (1201, M [210)-
T, 3, 3°,

6, 2001}, 6,

M 11001, M (o101, M [110)/

22101 21 1101 2[120]-

1,6,3,

20001, 3%, 6°,

21001 2 110} 2010}
211200 21110 212101
1,6 3,

m (o01), 55/ 65/

m 1001, M [ 1201, M [010)s

M (1201, M (1101, M [210)-

1, 213001 2j010) 2j00110 32[111]/ 311
31 111y 311 12 3paap 32[1 1) 32[11 1 32[ 111)
2[ 1101 43[001]/ 410011, 211101 21 1013 212011
43[010]: 410101 210 113 A200p 2[011)s 43[100]-
1, M0}, Mio1op Mooy §S[111]/ §[11 1
31y §[1 1) §[111]/ §5[1 1) §S[11 1 §5[ 111]
m 110y Za[001]/ Z[om]/ M (1100, M [ 1013 M (2011

3 - 7 =3
A o101 o0 Mo 111 200y Mio11)r 4 (100}

Physical properties

Flack =f(B)=1-f(a)

Flack = £ (x) + f(3)
=1-f(a)-f(B)

f(chiral) = f(x) + £ ()
=1-f(a)-f(B)

Symmetry-related reflections

hkil,ihkl, kihl,
kihi, hkil,ihk/]
hik LikhIl khil,

khil hikl ikhi.
hkil,ihkI kihl

kihl hkil ih¥kl

hikl ikhl khil

ik hil khil hibkI

hkil kihlihklI
hkilkihl ihklI

hik 1 khilikhd]I
hiklLkhil ikhndl
hkilkihl ih&k]I

hkil kihTLihk.]
hiklkhil ikhnl

hikl k hil ikhl.

hki, h kil hkil hkilklh Ihk
I hk ! hkIihk k Ih kI1h kiIh.
khikhl khikh il | khlkbh,
Ikh itk h hilkhilk hikhl k.
h kil hklhkilhklIl kihl!hk
I'h k Ihk I hkklh kIlhkIh.
khi khi khil khilkh Ikh
I k hy I kh,hik hil kh Ik hIk.



Space groups

Pm3, Pn3, Fm3, Fd3, Im3,
Pa3, Pb3, la3.

P432, P4,32, F432, 1432, 14,32.
F4,32.
P4,32, P4,32.

PA3m, F43m, 143m, P43n,
F43c, 43d.

Centro Polar Twin Twin
Chiral axes index code

CA -2 a
B
NC -2 a
B
NA -2 a

Twin operators

2
1, 21100} 210101 210011 3 (1111 3111 1)
2 2 2
3[ 111) 3[1 11) 3[111], 3 1 11) 3 [11 1) 3 [ 111)

— _
1, My100), Mio10), Mioo1)s 3 [111) 3[11 1)

3 3 35 35 35
_3[ 111) 3[1 11) 3[111], 3 [1 11) 3 [11 1) 3 [ 111)

3
2 110p 4 10011 Ao011r 211101 2[ 011 (1011
3 3
410101 Ho101r 210 111 Ap200 20111 4 [2001
—5 =z
m 1100 4 [001]s 4[001], m 1101, M [ 1011, M [101)

3 - - -3
4 [010] 4[010], M 11) 4[100], Mio11), 4 [100]

1, 211001 210101 2[001)s 32[111]: 301 1
3( 1211 311 11y 321 32[1 1 32[11 L 32[ 111}
2 1100 43[001]: 410011 211101 21 1011 (101
43[010], 410101 210 111 4100) 2j011)s 43[100]-
1, My100), Mio10), Mioo1)s §S[111]: §[11 1)
3 1 §[1 1 §[111]1 §5[1 11 §S[11 L §5[ 111)
m 1100 Zs[001]: Z‘[00111 m 110 M [ 101, M [101)s

3 - - -3
4 [010] 4[010], M 113, 4[100], Mio11), 4 [100]

1, 211001 2(010) 2{001)s 32[111]: 301 1
3( 1211 311 11y 311 32[1 1 32[11 L 32[ 111}
m 1100 Zs[001]: Z‘[00111 m 1101 M [ 101, M [101)s
_43[0101, Z[0101, M 113, Z[1001, Mio11), Zs[100]-
1, My100), Mio10), Mioo1)s §S[111]: §[11 1)
3 1 §[1 1 §[111]1 §5[1 11 §S[11 L §5[ 111)
2 1100 43[001]: 410011 211101 21 1011 (101

3 3
410101 40101 210 111 Ap2001 20111 4 [2001-

Physical properties

Flack =f(B)=1-f(a)

f(chiral) =f(B)=1-f(a)

Flack =f(B)=1-f(a)

Symmetry-related reflections

hkilh kil hkil hklklh Ihek
I'hk | hkIlhk kIhkTI1h kibh,
h kil hklhklLhk I kI1h I hk
Ih k Thk I hkklh kihkIh.
khi khil khikh 1l Ikhl!kbh,
I'khilkh hilkhilk hikhlk
khi kh i khi khilkh Ikh,
I' k h, T kh hik hl kh1k hilk.
hkilh k1l hkil hklklh Ihek
I'hk | hkIlhk kIhkTI1h kibh,
khi khil khikh 1l Ikhl!kbh,
I'khIkh hilkhik hikhl k.
h kil hklhklLhk I kI1hI hk
Ih k Thk I hkklh kih k Ih,
khi kh i khi khilkh Ikh,
I' k h, T kh hik hl kh1k hilk.
hkilh kil hkil hklklh Ihek
I'hk | hkIlhk kIhkTI1h kibh,
khi kh i khi khilkh Ikh,
I' k h, T kh hik hl khk hilk.
h kil hklhklLhk I kI1h I hk
Ih k Thk I hkklh kih k Ih,
khi khl khi,kh 1l Ikh!kbh,
I'khlkh hilkhik hikhlk



Space groups Centro Polar Twin Twin Twin operators

Chiral axes index code

Pm3m, Pn3n, Pm3n, Pn3m,
Fm3m, Fm3c, Fd3m, Fd3c,
Im3m, la3d.

CA - 1 a 1, 243001 20101 200013 3 113 31 11
3( 1211 311 11y 321 32[1 1 32[11 L 32[ 111),
2 1100 43[001]: 410011 211101 21 1011 (101
43[010], 410101 210 111 A100) 2j011)s 43[100],
1, My100), Mio10), Mioo1)s §S[111]: §[11 1)
3 1 §[1 1 §[111]1 §5[1 11 §S[11 L §5[ 111)
m 1100 Zs[001]: Z‘[00111 m 110 M [ 101, M [101)s

3 - - -3
4 [010] 4[010], M 11) 4[100], Mio11), 4 [100]

Physical properties

Symmetry-related reflections

hkilh kil hkil hklklh Ihek
I'hk | hkIlhk kIhkTI1h kibh,
khil khl khikh i Ikh!k
I'khilkh hilkhilk hikhlk
h kil hklhklLhk I kI1h I hk
Ih k Thk I hkklh kih k Ih,
khi, kh L, khi khilkh Ik
I' k h, T kh hik hil khIk hI



Space groups

P1.

P2, P121,P2,P1241,C2,C121,A121,1121.

Unique axis b

P112, P112,, A112,B112,/112.
Unique axis ¢

Pm,P1m1,Pc,P1c1,P1nl1,P1lal,Cm,
Cim1,A1m1,/11m1,Cc,C1lc1l,Aln1,/1al.
Unique axis b

P11m,P1la,P11ln,P11b,A11lm,
B1lm,/11m,A1la,B11n,/11b.
Unique axis ¢

P2/m, P12/m1,P2,/m,P12,/m1, C2/m,
C12/m1,A12/m1,112/m1, P2/c, P12/c1,
P12/n1,P12/al,P2,/c, P12,/c1, P12,/n1,
P12,/a1,C2/c,C12/c1,A12/n1,112/a 1.

Unique axis b

Inversion

0,0,0

0,0,0

0,0,0

0,0,0

0,0,0

SHELXL

SHELXLO1

SHELXLO2

SHELXLO1

SHELXLO1

SHELXLO1

SHELXLO1

SHELXLO2



Space groups

P112/m,P112,/m,A112/m,B112/m,
1112/m, P112/a, P112/n,P112/b,P112,/a,
P112,/n,P112,/b,A112/a,B112/n,1112/b.

Unique axis ¢

P222,P222,,P2,22, P22,2, P2,2,2, P22,2,,
P2,22,, P2,2,2,,C222,,A2,22, B22,2,C222,
A222,B8222, F222, 1222, 12,2,2,.

Pmm 2, Pmc 24, Pcm 2,, Pcc 2, Pma 2, Pbm 2,
Pca 24, Pbc 2,, Pnc2, Pcn2, Pmn 24, Pnm 2.,

Pba 2, Pna 24, Pbn 2., Pnn 2, Cmm 2, Cmc 2.,
Ccm 2,4, Ccc2, Amm 2, Bmm 2, Aem 2, Bme 2,

Ama 2, Bbm 2, Aea 2, Bbe 2, Fmm 2, Imm 2,
Iba2,Ima?2, lbm?2.
Fdd 2.

P2mm ,P2,am ,P2,ma ,P2aa ,P2mb ,P2cm,
P2ica, P2,ab, P2an,P2na,P2,nm,P2,;mn,
P2cb,P2,cn,P2,nb,P2nn,A2mm, A2,ma,
A2,am ,A2aa,B2mm,C2mm ,B2em ,C2me,

B2mb,C2cm,A2eb,C2ce, F2mm,I2mm,
12cb,12mb,12cm.
F2dd.

Inversion

0,0,0

0,0,0

Y%, %, 0

0,0,0

0,%, %

SHELXL

SHELXLO2

SHELXLO1

SHELXLO1

SHELXLO3

SHELXLO1

SHELXL20



Space groups Inversion SHELXL

Pm2m ,Pb2,m ,Pm 2,b ,Pb2b ,Pc2m ,Pm2a, 0,0,0 SHELXLO1
Pb 2,3, Pc 2,b, Pn2b, Pb2n,Pn2,m, Pm2n,
Pc2a,Pn2,a,Pc2.,n,Pn2n,Bm2m, Bb2,m,

Bm 2,b,Bb 2b ,Am 2m ,Cm 2m ,Ae 2m ,Cm 2e,

Am 2a,Cc2m,Ae2a,Cc2e,Fm2m,Im2m,

Ic2a,Im2a,lc2m.
Fd2d. %,0,% SHELXL21

Pmmm, Pnnn, Pccm, Pmaa, Pbmb, Pban, - SHELXLO2
Pcna , Pncb, Pmma , Pmmb , Pbomm , Pcmm,

Pmam, Pmcm, Pnna, Pnnb, Pbnn, Pcnn,
Pnan, Pncn, Pmna, Pnmb, Pbmn, Pcnm,
Pman, Pncm, Pcca, Pccb, Pcaa, Pbaa,
Pbab, Pbcb, Pbam, Pmcb, Pcma, Pccn,
Pnaa, Pbnb, Pbcm, Pcam, Pmca, Pmab,
Pbma ,Pcmb ,Pnnm ,Pmnn ,Pnmn ,Pmmn ,
Pnmm , Pmnm , Pbcn, Pcan, Pnca, Pnab ,
Pcnb, Pbna, Pcab, Pnma, Pmnb, Pbnm,
Pcmn ,Pmcn ,Pnam ,Cmcm ,Amam ,Bmmb ,
Amma ,Ccmm ,Bbmm ,Cmce ,Ccme ,Aema,
Aeam ,Bmeb ,Bbem ,Cmmm ,Ammm ,Bmmm,
Cccm ,Amaa ,Bbmb ,Cmme ,Aemm ,Bmem ,
Ccce ,Aeaa ,Bbeb ,Fmmm ,Fddd ,Immm ,
Ibam , Imcb , Icma, Ibca, Icab, Imma, Immb,
Ibmm , lcmm , Imam , Imcm.

P4, P4, 14 0,0,0 SHELXLO4
P4y, P4 0,0,0 SHELXLO5
P4, <> P4,

14,. %,0,0 SHELXLO6



Space groups Inversion SHELXL

P4, [4. 0,0,0 SHELXLO7
P4/m, P4,/m, P4/n, P4,)/n, 14/m, - SHELXL14
14,/a.

P422, P42,2, P4,22, P4,2,2, 1422. 0,0,0 SHELXLO1
P 4,22, P4,2,2, P4;22, P4352,2. 0,0,0 SHELXLO8

P4,22 <> P4;22
P4,2,2 ¢ P432,2

14,22. %,0,% SHELXLO09
P4mm, P4bm, P4,cm, P4,nm, P4cc, 0,0,0 SHELXLO1
Panc, P4,mc, P4,bc, |4mm, l4cm.

14,md, 14.cd. %,0,0 SHELXL10
PA2m, P42c, P42,m, P42,c, 0,0,0 SHELXLO1
1a2m.

132d. %,0,% SHELXLO9



Space groups Inversion SHELXL

PAm2, PAc2, PAb2, PZn2, 0,0, 0 SHELXLO1
14m2, 14c2.
P4/mmm, P4/mcc, P4/nbm, P4/nnc, - SHELXLO2

P4/mbm, P4/mnc, P4/nmm, P4/ncc,
P4,/mmc, P4,/mcm, P4,/nbc, P4,/nnm,
P4,/mbc, P4,/mnm, P4,/nmc, P4,/ncm,
I4/mmm, 14/mecm, 14,/amd, |4,/acd .

P 3. 0,0,0 SHELXL11
P3, P3,. 0,0,0 SHELXL15
P3,¢5P3,

R 3. HA 0,0,0 SHELXLO4



Space groups

R 3. RA

R3. HA

R3. RA

Inversion

0,0,0

SHELXL

SHELXL22

SHELXL17

SHELXL14

SHELXL23



Space groups

P312.

P3,12, P3,12.

P321.

P3,21, P3,21.

R32.HA

R32. RA

Inversion

0,0,0
0,0,0
P3,12 ¢>P3,12

0,0,0
0,0,0
P3,21¢>P3,21

0,0,0

0,0,0

SHELXL

SHELXL16
SHELXL19

SHELXL16
SHELXL19

SHELXLO1

SHELXLO1



Space groups

P3m1, P3c1.

R3m, R3c. HA

R3m, R3c. RA

P31m, P31c.

Inversion

0,0,0

0,0,0

0,0,0

0,0,0

SHELXL

SHELXL16

SHELXLO1

SHELXLO1

SHELXL16



Space groups

P31m, P31c.

P3m1, P3cl.

R3m, R3c. HA

R3m, R3c. RA

Inversion

SHELXL

SHELXL13

SHELXL13

SHELXLO2

SHELXLO2



Space groups Inversion

P6, P6s. 0,0,0

P63, P6s, P6, P6, 0,0,0
P6,<$>P6s
P6,4>P6,

PG. 0,0,0

P6/m, P65;/m. -

SHELXL

SHELXLO4
SHELXLO5

SHELXL12

SHELXL14



Space groups

P622, P6522.
P6,22, P 6522, P6,22, P6,22.

P6mm, P6cc, P6scm, P6smc.

Pém2, P6 c2.

Inversion

0,0,0
0,0,0

P 6,22 ¢ P 6522
P 6,22 <> P 6,22

0,0,0

0,0,0

SHELXL

SHELXLO1
SHELXLOS8

SHELXLO1

SHELXLO1



Space groups Inversion SHELXL

P62m, P62c. 0,0,0 SHELXLO1
P6/mmm, P6/mcc, P6s;/mcm, - SHELXLO2
P 6s/mmc.

P23, F23, 123, P2,3, 12,3. 0,0,0 SHELXLO4



Space groups

Pm3, Pn3, Fm3, Fd3, Im3,

Pa3, la3.

P432, P4,32, FA432, 1432, 14,32.

F4,32.
P4,32, P4;32.

P43m, F43m, 143m, P43n,
F43c, 43d.

Inversion

0,0,0
Yo, Yo, Vo

0,0,0

P4.,32 ¢ P4;32

0,0,0

SHELXL

SHELXL14

SHELXLO1
SHELXL18
SHELXLO8

SHELXLO1



Space groups Inversion SHELXL

Pm3m, Pn3n, Pm3n, Pn3m, - SHELXLO2
Fm3m, Fm3c, Fd3m, Fd3c,
Im3m, la3d.
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SHELXLO1

SHELXLO02

SHELXLO3

SHELXL04

SHELXLO5

SHELXLO6

SHELXLO7

SHELXLO08

LS refinement
Inverting

Interpretation

LS refinement
Inverting
Interpretation
LS refinement
Inverting
Interpretation

LS refinement

Inverting
Interpretation

LS refinement

Inverting

Interpretation

LS refinement

Inverting
Interpretation

LS refinement

Inverting
Interpretation

LS refinement

Inverting

Interpretation

TWIN

BASF 0.5

MOVE 1 1 1 -1
f(a) = 1.0 - BASF1
f(B) = BASF1

not applicable
not applicable
not applicable

TWIN

BASF 0.5

MOVE 0.25 0.25 1 -1
f(a) = 1.0 - BASF1

f(B) = BASF1

TWIN O 1 0 1 0 0 0 0 -1
BASF 0.25 0.25 0.25

MOVE 1 1 1 -1

f(a) = 1.0 - BASF1 -BASF2 - BASF3
f(B) = BASF1

f(x) = BASF2

f(3) = BASF3

TWIN O 1 0 1 0 0 0 0 -1
BASF 0.25 0.25 0.25

MOVE 1 1 1 -1

SYMM - Change the sign of ALL numbers on ALL SYMMs

f(a) = 1.0 - BASF1 -BASF2 - BASF3
f(B) = BASF1
f(x) = BASF2
f(3) = BASF3

TWIN O 1 0 1 0 0 0 0 -1
BASF 0.25 0.25 0.25

MOVE 1 0.5 1 -1

f(a) = 1.0 - BASF1 -BASF2 - BASF3
f(B) = BASF1

f(x) = BASF2

f(3) = BASF3

TWIN O 1 0 1 0 0 0 0 -1
BASF 0.25 0.25 0.25

MOVE 1 1 1 -1

f(a) = 1.0 - BASF1 -BASF2 - BASF3
£(8) = BASF1

f(x) = BASF2

f(B) = BASF3

TWIN
BASF 0.5
MOVE 1 1 1 -1

SYMM - Change the sign of ALL numbers on ALL SYMMs

f(a) = 1.0 - BASF1
f(B) = BASF1



SHELXL09 LS refinement

Inverting
Interpretation

SHELXL10 LS refinement

Inverting
Interpretation

SHELXL11 LS refinement

Inverting
Interpretation

SHELXL12 LS refinement

Inverting
Interpretation

SHELXL13 LS refinement

Inverting
Interpretation

SHELXL14 LS refinement

Inverting
Interpretation

TWIN

BASF 0.5

MOVE 1 0.5 0.25 -1
f(a) = 1.0 - BASF1

f(B) = BASF1
TWIN
BASF 0.5

MOVE 1 0.5 1 -1
f(a) = 1.0 - BASF1
f(B) = BASF1

BASF 0.125 0.125 0.125 0.125 0.125 0.125
HKLF 5

Template of NAME.hkl file - format 314, 2F8.2, 14
hhhhkkkk I I I<F2 OBS><UF20BS>BASF

All reflections

k h 1 -8
-k -h 1 -7
h k -1 -6
-h -k -I -5
-k -h -1l -4
k h -I -3
-h -k 1 -2
h k 1 F20BS UF20BS 1
0 0 O

MOVE 1 1 1 -1

f(a) = 1.0 - BASF1 - BASF2 - BASF3 - BASF4 - BASF5 - BASF6 - BASF7
f(B) = BASF1

f(x) = BASF2

f(3) = BASF3

f(e) = BASF4

£(d) = BASF5

f(y) = BASF6

£(n) = BASF7

TWIN 0
BASF 0.25
MOVE 1 1
f(a) = 1.0 - BASF1 - BASF2 - BASF3
£(8) = BASF1
f(x) = BASF2
f(B) = BASF3

~ O

TWIN -1 0 0 0 -1 0 0 0O 1 2
BASF 0.5

not applicable

f(a) = 1.0 - BASF1

f(B) = BASF1

TWIN O 1 0 1 0 0 0 0O -1 2
BASF 0.5

not applicable

f(a) = 1.0 - BASF1

f(B) = BASF1

0.125



SHELXL15 LS refinement BASF 0.125 0.125 0.125 0.125 0.125 0.125 0.125
HKLF 5
Template of NAME.hkl file - format 314, 2F8.2, 14
hhhhkkkk I I<F2 OBS><UF20BS>BASF
All reflections

k h 1 -8
-k -h 1 -7
h k -1 -6
-h -k -1 -5
-k -h -1 -4
k h -1 -3
-h -k 1 -2
h k 1 F20BS UF20BS 1
0 0 0
Inverting MOVE 1 1 1 -1

SYMM - Change the sign of ALL numbers on ALL SYMMs
Interpretation f(a)=1.0-BASF1 - BASF2 - BASF3 - BASF4 - BASF5 - BASF6 - BASF7

f(B) = BASF1
f(x) = BASF2
f(3) = BASF3
f(e) = BASF4
£(d) = BASF5
f(y) = BASF6
£(n) = BASF7

SHELXL16 LS refinement TWIN -1 000-10001 -4
BASF 0.25 0.25 0.25

Inverting MOVE 1 1 1 -1
Interpretation f(a)=1.0-BASF1 - BASF2 - BASF3
f(B) = BASF1
f(x) = BASF2
f(8) = BASF3

SHELXL17 LS refinement BASF 0.25 0.25 0.25
HKLF 5
Template of NAME.hkl file - format 314, 2F8.2, 14
hhhhkkkk 1 I I<F2 OBS><UF20BS>BASF
All reflections

-k -h -1 -4
k h -1 -3
-h -k 1 -2
h k 1 F20BS UF20BS 1
0 0 0
Inverting not applicable
Interpretation f(a)=1.0-BASF1 - BASF2 - BASF3
f(B) = BASF1
f(x) = BASF2
f(8) = BASF3
SHELXL18 LS refinement TWIN
BASF 0.5
Inverting MOVE 0.25 0.25 0.25 -1
Interpretation f(a) =1.0-BASF1

f(B) = BASF1



SHELXL19

SHELXL20

SHELXL21

SHELXL22

SHELXL23

LS refinement

Inverting

Interpretation

LS refinement

Inverting

Interpretation

LS refinement

Inverting

Interpretation

LS refinement

Inverting
Interpretation

LS refinement

Inverting
Interpretation

TWIN -1 000-10001 -4
BASF 0.25 0.25 0.25
MOVE 1 1 1 -1

SYMM - Change the sign of ALL numbers on ALL SYMMs

f(a) = 1.0 - BASF1 - BASF2 - BASF3
f(B) = BASF1
f(x) = BASF2
f(3) = BASF3

TWIN

BASF 0.5

MOVE 1 0.25 0.25 -1
f(a) = 1.0 - BASF1

f(B) = BASF1

TWIN

BASF 0.5

MOVE 0.25 1 0.25 -1

f(a) = 1.0 - BASF1

f(B) = BASF1

TWIN O -1 0 -1 0 0 0 0 -1

BASF 0.25 0.25 0.25
MOVE 1 1 1 -1

f(a) = 1.0 - BASF1 -BASF2 - BASF3
f(B) = BASF1

f(x) = BASF2

f(3) = BASF3

TWIN O
BASF 0.5
not applicable
f(a) = 1.0 - BASF1
f(B) = BASF1

-1 0 -1 0 0 0 0 -1
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Space groups

P1.

P2, P121,P2,,P12,1,C2,C121,
A121,/121.
Unique axis b

P112, P112,, A112, B112,/112.

Unique axis ¢

P222,P222,, P2,22, P22,2,
P2,2,2,P22,2,, P2,22,, P2,2,2,,
€222,,A2,22,B822,2,C222,
A222,B222, F222, 1222, 12,2,2,.

P4, P4, 14,P4,, P4; 14,.

P422, P42,2, P4,22, P4,2,2, 1422,
P4,22, P4,2,2, P4522, P4;2,2,14,22.

Polar Twin
axes index
abc 1
b 1
C 1
- 1
C 2
- 1

Twin Twin operators

code

Physical
properties

1, 2.

1,2.

1, 2(100)s 2j010) 2[001)-

f(pyro) = f(B)
=1-f(a)

3
1, 2001, 4, 4.

21000 2[010] 2[ 110) 2[110]-

3
1, 2001, 4, 4,

21000 2[010] 2[ 110) 2[110]-

Symmetry-related reflections

h k.

h kl,

h ki,

>

hkl,h

=1

-

~

>

-

~

> |

=1

SHELXL

SHELXLO2

SHELXLO02

SHELXLO2

SHELXLO2

SHELXL14

SHELXLO2



Space groups Polar Twin Twin Twin operators Physical Symmetry-related reflections SHELXL

axes index code properties
P3,P3, P3, c 4 o 1,33 f(pyro) = hkil, ihkI, kihl. SHELXL17
B 6,2[001],65- =f(x) +f(0) k TEJ,E k Zl,l_ﬁf/
Y 21200 27010 2(110]- =1-f(a)-f(B) hik Il ikhI khil.
S 20100 2 T10p 2(120 ik hi khil hik:/
R 3. HA c 2 a 1,3,3% f(pyro) =f(B) hkil,ihkl, kihl. SHELXL14
B 213000 (0100 2(110]- =1-f(a) hik Il ikhI khil.
R 3. RA [111] 2 a 1,3,3% f(pyro) =f(B) hklil, Ihk, klh SHELXL23
B 2[101], 2[1T0], 2[011]. zl-f(a) k h , h | k, | k h.
P312,P3,12, P3,12. - 2 a 1,3,3% hkil,ihkl,kihd] SHELXL13
252100 2( T10p 2[120- ik hi khil hik:/
B 6, 2001, 6, kihl,hki/,ihfl,
211001 2(010) 2(110]- hik Il ikh I khil.
P321,P3,21, P3,21. - 2 a 1,3,3% hkil,ihkl,kihl, SHELXL13
211001 2(010 2[110]- hik Il ikh I khil.
B 62" KRR RILTREL
2[210], 2[ 110)» 2[120]. i k h I, k h i I, h ik .



Space groups
axes index code

R32.HA -1 a
R32. RA -1 o
P6, P6;, P6, P65, P6, P6, c 2 a

B
P622, P6,22, -1 a

P6,22, P6522, P6,22, P6,22.

Polar Twin Twin Twin operators

1,3,3%

211001 210101 (1107

1,3,3%
2(701) 21170) 2[017)

1,6,3,

2001, 35, 6.

2[100]' 2[ 110] 2[010],
21120 211101 2210)-

1,6,3,

20001, 3%, 6°,

2[100]' 2[ 110] 2[010],
21120 211101 2210)-

Physical
properties

f(pyro) = f(B)
=1-f(a)

Symmetry-related reflections

hkil,ihkil, kihl
ik Likhlkhil

h

x>

SHELXL

SHELXLO2

SHELXLO2

SHELXL14

SHELXLO2



Space groups

P23, F23, 123, P2,3, 12,3.

Polar Twin Twin

axes

index code

Twin operators

1, 2(100) 2j010)
2
2[001]; 3 [111) 3[11 1)

3[ 111)» 3[1 11) 3[111],

2 2 2
3 [1 11) 3 [11 1] 3 [ 111]

3

2; 110 4 (0013 4001

211101 2[ 1011 (10110
3

4" 0101 4o10p 20 1110

3
4[100]; 2[011]I 4 [100]*

Physical
properties

Symmetry-related reflections

SHELXL

SHELXL14
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