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Abstract

The atoms located at a general position in a crystal do thermally ellipsoidal vibration satisfying 1-
fold rotation symmetry. Likewise the thermal vibration of atom at special position must comply with
the symmetry of the special position. This paper shows how to calculate the anisotropic temperature
factors of the atoms located at special positions.
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2. Theory
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Fig. 1. One molecnle, C,;H;;N,SCL,Zn, belonging fo
space group P4,2,2 is shown. Zn and S atoms lie at
special positions satisfying 2[110] se that a half
molecule labeled is an asymmetric unit.
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2-fold symmetry 7} Sl& Bhol &S R 1= 2-
fold symmetry & #{Es}7] @izt kel BER T}
Zrolokstn 2 o2 BAfR7} MILsked oF g},

Bi=Poy Bi=Ps
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S By=| Pz Bu ~ P
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BT IR B Mol

(#1) C,,H,;N,SCL,Zn [space group P4,2,2(92)]4]
Zne}t S7F 29} ins fileoll A &} o] o « 22] EfE
Zhol| Fof Qlrk(see Fig. 1).°

<kor500p41.ins for C\,H,,N,SCl,Zn>

TITL C12 H12 N2 § CI2 Zn in P 41 21 2 (92)

CELL 071073 88734 88734 186115 90.000 90.000 90.000
ZERR 400 00002 00002 00007 0000 0000 0000
LATT -1

SYMM 12+X, 12-Y,34-2

SYMM -X,-Y,12+2

SYMM 172-X 12+ Y, 1/4-2

SYMM Y, X,-Z

SYMM 12+ Y,12-X, 34+2

SYMM 12-Y,12+X, 14 +2

SYMM -Y,-X,12-2

S)PAC C H N S CL ZIN

UNIT 48 48 8 4 8 4

FVAR 0.60608

In 6 002916 0029616  0.000000 1050000  0.03460  0.03460 =
003983 000827 -0.00827 -0.00800

Ct 5 -0088962 -0031854  0.101278 11.00000 003843 008374 =
005926 003748  0.00096 -0.0027%

N 4 0353750 0353750  0.000000  10.50000  0.04209  0.04209 =
007623 0.00562 -0.00562 -0.01599

HKLF 4

END

Zn2] Uy =U,,=0.03460, U,:=0.00827, U,,—0.00827
9] U, =U,,=0.04209, U»=0.00562, U,,=—0.00562
o],

(2) Space group Pm(6)2] Wyckoff letter a, b
mirror symmetry& ZHe special position®] 5.
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positione]t}.
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(4) Space group P4(75)2] Wyckoff letter a, b
x4 - 9 BB 7= special positiono] .
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2. 4-fold symmetry 7} Q1= 1219 iR
HHREE 22 EEHFHRERTE de2=
e},

exp[-(4, 1(”12‘%2 )‘*”ﬂslz)]

(5) Space group P4(81)2] Wyckoff letter a, b,
o= 49] BRB-E 2 special position©]| .

B 0-1 0 0 10
4[001]:(S;):[1 0 OJ,(SZ)T=(—1 0 0)
0 —1

0o 0 -1 0
0 1 0\(Pubibisyro-1 0
B,;=|—1 0 OJ Bia Bz Bas (1 0 0]
0 0 —U\B138,383/)0 0 —1
0 10 3312 _ﬂu _/613
=—-10 0 ]L e — By — B
0 0 1 ﬁ23_ﬂ13—ﬁ33
:822 _,312—ﬁ23
= =B Bu B

—Bas Bz Pa
%2 4-fold symmetry &} 4-fold symmetry &= 722
BRE £

(5]) CaMoO, [space group /4,/a(88), origin choice
2]1¢) Ca(Wyckofff letter 4a) 2} Mo(WyckofT letter
4y BF 4 o] B ¥ o (G5

Ca IR

~N

Fig. 2. A molecule, CaMoO,, belonging to space
group I4,/a is shown. Ca_and Mo atoms lie at
special positions satisfying 4 ¢ » so that a quarter
molecule labeled is an asymmetric unit.
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Fig. 28} ins file Z/8: SEKE4% B5AE campus #7
TR XorayE $24h).

<kor634.ins for CaMoO,>

TITL Ca Mo 04 in I4(1)a (88)
CELL 0.71073 52384 52384 114249 90.000 90.000 90.000
ZERR 400 00017 00017 00073 0000 0000 0.000
LATT 2

SYMM 05:X, -Y, 0.5+Z

SYMM 0.75-Y, 025+, 0.25+2

SYMM 0754Y, 075-X, 0.75+Z

SFAC O CA MO

UNIT 16 4 4

Mo 3 0500000 0250000 0875000 1025000  0.00614  0.00614 =
000670 0.00000 0.00000  0.00000

Ca 2 0000000 0750000 0875000 1025000  0.00737  0.00737 =
0.00441 0.00000 000000  0.00000

N 0o i 0256502 0397993 0.959436 11.00000 001225  0.01122 =

0.00961 000084  0.00196  0.00109

HKLF 4

END

Mo2] U, =U,=0.00614, U,;=U,=U,,=0
Ca®l U, =Uy=0.00737, Uy=U,=U=0°]c}.

(f8) Hazen, R. M., Finger, L. W. and Mariathasan,
I W. E.7F [i— % CaMoO, ol #isle] -2 o}
+ BEE [—3% #Relxt.” o714 Mot
Wyckoff 4acl] 12]32 Cat= Wyckoff letter 4bell 9
o} 28} BE 4« 9] symmetryS Zb=th

<Data of Hazen, R. M., Finger, L. W. and
Mariathasan, J. W. E>

a=b=5.222(1), c=11.425(3), V=311.5(2) A’, space
group: /4,/a(88)

atom]  x y z B B B B B B
Mo| 00 | 025 [0.125] 0.0066(2) | 0.0066(2) [0.0017%(D| 0.0 0.0 0.0
Cal| 0.0 {025 | 0625 0.0082(3) | 0.0082(3) [0.0016(1)] 0.0 0.0 0.0
O 0.1490{0.0069(0.2089) 0.0091(11)| 0.0012(11) [0.0020(2) | 0.0016(8){—0.0001(4){ 0.001 5(4)

(6) Space group R3(146)¢] Wyckoff letter a:

3-fold symmetryS 2= special positiono] o}

010 001
3[111) : (S3)=[0 0 1], (S3)T—[1 0 o)
010

100
00 1\ (P11 Bz Bz 010
ﬁijz(l 0 OJ B2 Baa 523] (0 0 1]
01078815 Bog 853/ \1 0 0

B EA MY FEHHRERF 85

001 B3 Bi1 Bia Bs3 B13 Pas

2[1 0 0) ﬁzs Bia ﬂzz =|By3 ﬁllﬁlz

| 0 1 0/\ B33 813 B3 23 Br2 Bao
o2 BME7} BeaT o] of 3o}
B33 513 Baz (Pr1 Brz Pis
,Bij: /613 ﬂu ,312 = 512 /622 523
23 P12 Bao 13 Ba3 B3

< Ba=Pa=Pis BB

ABB
ﬂz‘jz[g A BJ
BA
W2 ERERFREE 22 veud-xql
A= vgo 2 o
exp[—~(B, (WP +I+PY+2 B, (hk+hi+kD))]

(7) Space group R§(168)-9] Wyckoff letter a, b
%= 3-fold symmetryS Z3= special position®]t}.

0—-1 0 0 0-1
3[111]:(S§)=( 0 0—1J,(S3)T=[—1 0 OJ

-1 0 0 0—-1 0
0 0—1 ﬂ11ﬂ12ﬂ13 0—1 0
Bij: -1 0 OJ ,Blgﬁmﬁzg ( 0 O—IJ
0—1 0/\813 8030853/ "1 0 0
0 0—1 —Bi3 —Bu — B
=-1 0 0]{‘@3 _ﬁ12_ﬂ22]
0-1 0/\=B3=P — By
Bss By3 Bas
:ﬁ13511ﬁ12J
\B23 B2 Bz

#E 3-fold symmetry &} 3-fold symmetry = 22
MRE £

(8) Space group P6(173) 8] Wyckoff letter a &=
6-fold symmetryS 2= special positiono]t}.

110 1-10

6[001] : (56)=(1 oo], (56)T=(1 0 o}
001 0 01

1—10 ,311512513 110
ﬂij_[l 00] Brz Baz Bas (_1 00)
0 01 13ﬁ23ﬂ33 001



86 EHRAH - BAET - EAE - FREMR - R

‘BIZ 1811 ﬁ13]

1—-10 11
=11 00| B2~ BB P
0 01lg,

3 523 ,313 ﬂ33
1~ 2812 By By~ B /813 — Bag
{ B11— Bz 511 :313 J
ﬁ13 _/323 ﬁls 533

EX22RE o5 BR7} dolAlg)
Bi=Po, Bi=B-2p By " Bu=hB2
Bis=Bis—Bys - B=0=L;
A A/2 0
ﬂij:(A/2 A0 }
0 0 By
2 BILRER T R 22 IS SR ER
Feoeow H,
exp[—(B,,(F*+i+hky+ B

(9) Space group R§c(167, hexagonal axes) 9|
2] (9-1) Wyckoff letter 6a%= 32 symmetry S 2
4.

0 10 0-10
A 3[001]:(53):[—1 —1 o}, (53)7{1 -1 o]

0 01 0 01
0—10 ,311 ﬂ12 ﬂls 0 10
B;=| 11 OJ [,Zm Bao 1323] (—1 -1 OJ
0 01 13 Bas Bs3 0 01
0—10Y( PizBu—B2bis
=1-1 0] [_522 Bia “:822/623]
00 1 ~ B3 Brs — Boy Bas
{ Bao =By + B —Bas
== Bra T By Bri — 2812+ By Brs = Bas
_523 :813 _ﬁ23 533
Bi=hn, Bo=Buthe — Bi=Pu=20, 1E|Z

Bis=oss Bos=Pis=Pos = L=y ©lo1oF Het,

1 00
%ﬂ:qmm#gFGq—l @,
0 0-1
1-1 0
(Sz)T=(O -1 0)
0 0-—1
1-1 o[ By ﬁ11/2 0
5U—[0 -1 oj Bu/2 By 0

1 0 0
~-1—-1 0
0 0-1 0 0 PBa 0 0-—1

CHULHE - RE - &HD - £BE EAA IR

1-1 0 11 ﬁn/Z /311/2 0
[0 -1 Oj{ Bu/2—By —By UJ
0 0-1 0 0 By
Bu Bu/2 0
=|Bu/2 By
0 0 Py

oS BIRRIGME-S st R) Fai)

whekr] Wyckoff letter 6al] HLESr E 2] aniso-
tropic temperature factor: £,=£,=25,% B;=5=
0o]c}.

(9-2) Wyckoff letter 18e 913 « 28] symmetry
€ Fed

1.0 0 1-1 0
2[100]=(S,)= [ 1-1 oj cgfé[o-—l o]
0 0-— 0 0-1

1—=1 o\(B1 B2 B3 1 0 0
B,;=|0 -1 0) Bia Baa Bos [‘1 -1 OJ
0 0-1

%13 Bos Bas 0 0-1

1-1 o\|Bu— By = B1z — B3

=0-1 0} By = By — By — B3
A0 0-1

ﬂlg _ﬂzs _ﬂ23 “ﬂ33

~:311 —28y, +ﬁ’22 —ﬁu +r322 ‘“ﬂm +ﬁ23
=l ﬁu + ﬂ22 1622 ’ :523
- /313 + 523 623 ﬁss

Fig. 3. A molecule, Ti[OC(NH,),];I;, belonging to
space group R3c (167) is shown. Ti lies at special
position satisfying 32 and 1 at special positions
satisfying ¢ 2 so that one sixth molecule labeled is
an asymmetric unit.
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w2t B,=4,-2f+Bn > B2, TEL B=Pf
By = 2B=Psele] ok dehs Ao "ot

(f81) Phillip H. Davis and J. S. Wood 7} #&#3k
Ti[OC(NH,),J¢l; & Fig. 3 ¢} o5 datacl| A9} ko]
A compound = space group R3c(167)9 B3}
titanium = Wyckoff letter 6al] 18] iodine <
Wyckoff letter 18eol] $]X]3}aL gle}.”

<Data for Ti{OC(NH,),]sls>
Hexagonal unit cell of dimensions a=17.67(2)
and c=14.15(2) A

atom X Y| z bll B B B B Bs
Ti 0.0 0.0{0.25(4.63(18) | 4.63 |3.82(17)|2.32f 0.0 0.0
[ {0.37023(4) [0.0{0.25] 6.26(8) | 3.66(6) | 5.64(7) |1.83| -0.37(1) | -0.75

TiNA B,=pn=20=4.63%} f5==0°] 1L 1o 4]
Sor=23,=3.66 18| 1L 25,:=h,=—0.75°]c}.

(10) Space group Pg(174)9—] Wyckoff letter a,
b, ¢, d, e, f¥ 6-fold symmetry &
positiono] =},

= special

_ -1-1 0 —11 0
6[001]:(sg)=( 1 0 0] (SG)T—[—l 0 o}
0 1 00—-1

11 0 :611/812:813 —1—-1 0
B;=| L0 OJ [512 Baz ﬁza][ 10 0]
0 0—1/\B5 Bas Bss 0-1
—11 0 _ﬂu +ﬂ12 ‘,311_,613
=[—-10 O][_ﬁm + B9 _ﬁ12_ﬂ23]
00—\ ~pB3+0y —Bi3— B
Bu _2512 +ﬂ22 P11~ Brg :313 _ﬁ23
= B~ P B Bis J
B3 — Bas Bis Bss

. 6-fold symmetry ¢} 6-fold symmetry = -
HEZE

(11) The space group Imgm(229)2] Wyckoff

letter a¥= site symmetry m3mE Z¥E special
position®] =},
AA. m[1001> v #RE Tt
B0 0
[0 B ,@23]
0 B3B3

Frikfr gl Mol % HERER T 87

=A.

_ 0—1 0 0-1
3[111]:(5'5):( 0 0-— J(SQT:( 1 0 0]
-1 0 0-1 0

1

0—

0

0 0—1\{Bu 0 0 0—
By;=|~1 0 OJ{O 622/323][ 0 J
0—-1 0/¢ Bog Bs3 1 0
0 0-—1 0 —Bu 0
=l—-1 0 OJ[ ,323 0 _ﬂ22]
0-1 0/\=B; 0 —fy
B2z 0 Bog
= 0Bu0 J
A0O
A
004

whebA] SESLEE R RS VER SR
ERfE theo2 g

exp[_ﬁll(h2+k2 +12)]
3. Conclusion

FEIIN2E structure 2 refine 3 v special posi-
tion°ll & EFS] BERT BRRE L7EsH
+ A International Tables for X-ray Crystallo-
graphy Vol. A2] % space group©l v}t )= site
symmetryS BT o] fifi{E2] symmetry matrix2} L
®] transpose matrix & K3}od ©]EL anisotropic
temperature factorol] #gfEs}te] & HEFRF} 3
=0 BERFE FYA g Foll BERFS] HIR
fGefro] Aoixlct. & friEel o= 2] symmetry
7} 9o of8 fie] &%&e] symmetry 7} [RlRge]]
WL WERTE Zbotof s}

Special position®] symmetry ol e} FEEH M
BB E T coefficient= 6914 4, 3,2, 12 &
w 2304 space groupE-<ll B3} special position o]
= B FEEFMIEERT coefficient By 9}
FIRE = 8= 25 1871 féifHelw & Wyckoff
letterel] 2 2]—/‘1]‘5& ansiotropic thermal parameters
52 Peterse®} Palm 28] 3 Willis9} Pryore] =
T2 BHEs e of g}

Crystal structure & refine & ™ RERT 5ol
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