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la mol6cule sont particuli~rement faibles: C(4)-C(5) 
2,30 A; C(5)-O(2) 2,64 A; C(4)-N 2,39 A; C(5)-N 
2,43 A. 

L' encha?nement de la structure 
Les mol6cules qui, toutes, se d6duisent les unes des 

autres par de simples translations de r6seau, forment 
des chaines parall~les 5̀  l'axe cristallographique a 
(Fig 3). 

Dans une chaine, les mol6cules sont reli6es par des 
liaisons hydrog~ne O(1 )H. . . 0 (2 ) .  L'arrangement de 
ces chaines mol6culaires est repr6sent6 sur la Fig.4 
qui est une section par un plan perpendiculaire 5̀  l'axe a. 

La coh6sion entre les chaines est assur6e par des 
liaisons de van der Waals. Les distances interatomi- 
ques intermol6culaires les plus courtes sont: pour les 
mol6cules I et II (ou III et IV: num6rotation de la 
Fig. 4): 

C(5n)O(li)  3,60 ./~ 
C(5n)C(1 i) 3,76 
O(2n)C(li)  3,41 
O(2n)C(4i) 3,79 

pour les mol6cules I et IV: 

c(5Iv)C(4i) 3,70 A 
Cet enchainement est tout 5̀  fait conforme 5̀  la 

morphologie; le bas point de fusion (73 °C) s'explique 
compte tenu de la faible coh6sion de ce cristal; liaisons 
hydrog~nes ( O ( 1 ) . . . 0 ( 2 ) = 2 , 9 4  A) et liaisons de van 
der Waals relativement longues. 

Chaque mol6cule a dix mol6cules voisines; deux 5. 
la distance c=5,8  A, deux 5̀  la distance [a+cl =6,6 A, 

deux 5. la distance a = 7 / ~  et quatre 5̀  la distance 
[(b + a)/2l = 7,85 A. 

L'arrangement des mol6cules dans le plan (a,c) est 
trbs proche d'un arrangement hexagonal compact, mais 
l 'empilement de ces plans, lui, n'est pas compact (et 
de ce fait, l 'arrangement des chMnes ne l'est pas non 
plus). 
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Nous remercions 6galement les chercheurs du Labo- 
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The crystal structure of the complex, CsF. 4(SCN2H4). 2H20 has been determined by three-dimensional 
X-ray diffraction methods. Caesium ions were found to lie in a column, segregated from the fluoride 
ions and enclosed by the thiourea molecules in such a manner that each caesium ion lies at the centre 
of a slightly distorted cube defined by eight sulphur atoms. Each fluoride ion was found to be hydrogen- 
bonded in an octahedral fashion to two water molecules and the amine groups of two thiourea molecules. 

Introduction 

Thiourea, S=C(NH2)2, forms a series of structurally 
related ionic complexes with salts of potassium, rubi- 
dium, caesium, ammonium, thallium(I) and lead(II), 
which can be classified into a number of isomorphous 
groups (Boeyens & Herbstein, 1966). Because of a lack 

of suitable single crystals the structure type of the com- 
plexes formed by the chlorides of these cations has not 
yet been established. These complexes crystallize in the 
space group Bbam (D~ 8) and have cell dimensions of 
a--  32, b ~- 13, c -  8.5 N. The caesium fluoride complex, 
with space group Ibam and cell dimensions of a = 17.09, 
b=12"56, c=8"51 A, is, however, easily obtainable in 
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the form of good single crystals and appears to be 
structurally closely related to the chloride complexes. 
The structure of the CsF complex was therefore deter- 
mined in the hope that the structure type of the chloride 
complexes could be derived from it. Although this 
proved not to be the case, the present structure showed 
some interesting features, not encountered before in 
this series of complexes. 

Experimental 
Crystals of the complex were obtained from an aqueous 
solution of the components in 1:4 stoichiometric pro- 
portion. The crystals are orthorhombic and the unit- 
cell data, as reported before (Boeyens & Herbstein, 
1967) are as follows: a =  17.09, b=  12.56, c=8.51 A. 
The density, calculated for four formula units per unit 
cell, is 1.82 g.cm -a and the measured density is 1.84 
g.cm -3. The conditions for possible reflexions are: hkl 
for h + k + l=  2n, Okl for k = 2n, hOl for h = 2n. On this 
basis the centrosymmetric space group 1barn was se- 
lected and the choice was vindicated by the successful 
structure analysis. 

A needle-shaped crystal of average diameter 0.01 cm 
and Cu Kc~ (Ni filter) radiation were used at room 
temperature to collect non-integrated intensity data for 
859 reflexions (including 125 unobserved). Standard 
multiple-film equi-inclination Weissenberg techniques 
were used and intensities were visually estimated. A 
value of ½Imin was assigned to unobserved reflexions 
(Hamilton, 1955) and the usual corrections were ap- 
plied with the use of appropriate computer programs. 
The unobserved reflexions appear in Table 2 with 
Fobs < 10. 

structure factors differentially and w = 1 was used for 
all (observed and unobserved) reflexions. After four 
cycles of refinement, using individual isotropic tem- 
perature factors, the parameter shifts were less than 
0.1 of the estimated errors and convergence was con- 
sidered as complete with R=0.085. A completely fea- 
tureless three-dimensional difference synthesis con- 
firmed the structure. The final atomic parameters are 
listed in Table 1 together with the observed and cal- 
culated structure factors, which are on an absolute 
scale, F(000)= 896, in Table 2. 

Table 1. Fractional coordinates 
and temperature factors (A 2) of the atoms in the 

asymmetric unit, with estimated standard deviations 
below each value 

x y z B 
Cs 0 0 ¼ 3-10 

0-04 
F ½ 0 0 6.29 

0.40 
S(1) 0.1402 0.1432 0 3-15 

0.0002 0.0003 0.08 
S(2) 0-1047 0.1949 ½ 2-94 

0"0003 0.0003 0.08 
C(1) 0.0949 0.2644 0 2.89 

0"0009 0-0011 0"28 
C(2) 0"1957 0.1332 ½ 3-03 

0.0009 0.0011 0"28 
N(1) 0.0770 0.3151 0-1378 4.08 

0.0005 0.0007 0.0015 0.20 
N(2) 0"2300 0.1068 0"6348 4"13 

0"0005 0-0007 0-0014 0-21 
O 0.3494 0.0458 0 5.63 

0.0008 0-0010 0.32 

Determination and refinement of the structure 
From the corrected intensities a three-dimensional Pat- 
terson synthesis was calculated with the computer pro- 
gram MIFR 1 of Shoemaker and Sly for the IBM 704 
machine. The Cs-Cs vectors were easily identified and 
the other peaks defined the S, F, O, N and C positions 
relative to Cs, which could be placed in any of the 
fourfold positions: a (0, 0, ¼; 0, 0, ¼) or c (0, 0, 0; 0, 0,12). 
Since all the other atoms except N were seen to lie 
in a mirror plane normal to [001] [positions (j)] at a 
level c/4 from the Cs, the Cs had to be assigned to 
positions (a). The notation used here is that of Inter- 
national Tables for X-ray Crystallography (1952) for 
space group no. 72. 

The atomic coordinates derived from the Patterson 
synthesis were refined by least-squares methods, using 
the full-matrix computer program ORXLS of Busing 
and Levy for the IBM 704 machine and the atomic 
scattering factors of Hanson, Herman, Lea & Skillman 
(1964). The  quantity minimized is Xw(Fo-Fc) z. Be- 
cause of the high relative mass of Cs and the fact that 
the intensities of all layer lines with l odd were uni- 
formly very low, no attempt was made to weight the 

3 b _ _  
2 

a ! G ,  / t - l l ~  , t(~)I IG , C(~) I 

5A 
i i 

Fig. 1. Projection of the structure along [001]. Open circles 
indicate atoms belonging to molecules lying in the mirror 
plane in the paper and full circles refer to the mirror c/2 
above the plane of the paper. The large shaded circles repre- 
sent caesium ions at c = ¼, ¼ and the smaller, doubly shaded 
circles indicate fluoride ions at c---0, ½. Some essential sym- 
metry elements are shown for clarity. 
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Description of the structure 

The (001) projection (Fig. 1) provides the most illu- 
minating view of the structure. The two independent 
sulphur atoms are, within experimental error, equi- 
distant from the caesium. This separation of 2.69 & is 
interpreted as a purely ionic contact. The thiourea 
molecules surrounding any stack of caesium ions, are, 
within experimental error, related by a local fourfold 
axis of symmetry which coincides with the stack axis. 
Furthermore the separation of the sulphur atoms of 
the thiourea molecules, which overlap in the (001) pro- 
jection, is virtually the same as the shortest sulphur- 
sulphur distance in the (001) plane. The sulphur poly- 
hedron can thus be described as a cube, twisted about 
the vertical fourfold axis by 16 ° and having the caesium 
ion as its centre. Although the arrangement of caesium 
ions can formally be considered as a column enclosed 
in a channel defined by the sulphur atoms, it differs 
from the true thiourea channel adducts (Hermann & 

Lenn6, 1952) in that the thiourea framework is not 
held together by hydrogen bonds. 

The only hydrogen bonds occur between the fluoride 
ion and the water molecules which are enclosed to- 
gether in another channel defined by the amine groups 
of the thiourea molecules. The environment of a fluo- 
ride ion is shown in [010] projection in Fig.2. The 
interatomic distances clearly show that the fluoride is 
definitely hydrogen-bonded to two water molecules and 
most probably to the -NH2 groups of two thiourea 
molecules as well. Additional hydrogen bonding be- 
tween a water molecule and the -NH2 groups of the 
thiourea molecules not in contact with the fluoride is 
also not excluded, as the O-N distance of 3.03 A is 
well within the range given by Pimentel & McClellan 
(1960). It was, however, not possible to determine the 
hydrogen positions in this structure experimentally. 
The differences are not significant and are probably 
due to systematic errors or diffraction effects of the 
heavy Cs atom. 

Table 2. Observed and calculated structure factors on absolute scale 

H Fo Fc H Fo n: 

L=O,  K=0  20 30 36 
0 - 896 L=0 ,  K=7  
2 169 172 1 147 145 
4 32 15 3 51 49 
6 74 77 5 119 116 
8 226 226 7 119 127 

10 146 143 9 45 50 
12 116 117 11 32 33 
14 109 106 13 87 84 
16 35 41 15 77 84 
18 41 37 17 7 16. 
20 58 57 19 5 I I 
L=0 .  K= I  L=0 ,  K=8  

1 214 205 0 107 101 
3 I00 87 2 66 59 
5 201 185 4 156 153 
7 122 122 6 147 147 
9 186 183 8 103 99 

11 59 88  10 46 42 
13 66 73  12 42 45 
15 58 61 14 70 76 
17 49 54 16 54 49 
19 30 38 18 9 15 
21 39 46 1-=0, K=9  
L=O.  K=2  1 98 97 
0 80 77 3 73 73 
2 126 128 5 96 96 
4 340 323 7 53 48 
6 308 297 9 73 70 
8 164 153 11 42 48 

18 61 56 13 58 60 
12 88 89 15 31 34 
14 106 101 17 38 38 
16 66 74 L=0 ,  K= I0 
18 42 48 0 104 100 
20 23 25 2 109 96 
L=0 ,  K=3  4 112 103 

1 76 76 I 6 14 12 
3 306 331 8 65 65 
5 135 139 10 103 99 
7 32 27 12 59 60 
9 42 46 14 7 I I 

11 134 139 16 27 26 
13 91 95 L=0 ,  K= I I  
15 69 71 1 64 58 
17 48 58 3 79 75 
19 13 25 5 55 50 
L=O. K=4  7 43 44 
0 76 77 9 70 74 
2 265 302 11 60 60 
4 148 148 I "I 27 ~'~ 
6 139 134 15 16 
8 117 104 L=0 ,  K= 12 

10 161 159 0 29 34 
12 123 118 2 75 70 
14 39 35 
16 46 47 4 84 74 
18 61 65 6 61 53 
20 35 37 8 39 40 

10 45 37 
L=0 ,  K=5  12 47 42 
1 105 113 14 31 38 
3 142 145 
5 69 61 k=O,  K=13  
7 156 161 I 81 42 
9 110 122 3 41 45 

11 117 118 5 59 57 
13 20 13 7 66 59 
15 25 30 9 12 8 

11 6 15 17 49 52 
19 59 64 1-=0,  K= 14 

0 54 45 
L=0 .  K=6  2 46 40 
0 224 226 4 30 25 
2 198 195 
4 64 58 6 70 61 
6 127 130 8 48 43 
8 115 115 10 21 20 

10100 96 L=0 ,  K=15  
12 82 74 1 62 86 

16 54 56 12 
18 24 28 7 37 36 

H Fo R= H Fo F¢ H Fo FI H Fo R: H Fo Fc 

L=0 ,K=  16 3 35 -33 17 55 -62 16 17 -28 8 32 31 
0 37 43 $ 37 36 19 39 -43 18 45 -53 10 37 -34 
2 33 34 7 32 32 21 15 -21 1-=2, K=9  12 20 17 

L= I ,  K= I ~ 9 41 -33 L=2 .  K=2  I 101 -102 14 7 -8 
2 28 --25 I1 8 2 0 220 -242 3 99 -93 16 13 9 
4 59 -45 13 8 7 2 172 -179 5 83 -74 18 6 -5 
6 22 30 I 15 14 -12 4 92 -76 7 77 -75 20 8 1 
8 73 -67 J 17 6 4 6 ' 75  -60 9 76 -74 1-=3, K=4  

10 32 29 I L=  1. K= 9 8 187 -144 11 61 -66 I 41 -46 
12 60 66 I 2 60 -68 10 152 -153 13 54 -52 3 4 -2 
14 8 2 4 8 -11 12 76 -77 15 30 -39 8 14 16 
16 56 -55 6 69 67 14 32 -37 17 21 -29 7 48 47 
18 8 -9 8 8 10 16 36 -42 L=2 .  K=10 9 6 6 
20 23 23 10 39 -38 18 47 -51 0 103 -92 I I  45 -44 
L=  I,  K= 2 12 8 -6 20 44 -48 2 56 -51 13 36 -37 

1 54 58 14 14 -6 1-=2, K=3  4 59 -60 15 18 20 
3 22 -19 16 11 8 1 295 -332 6 108 -100 17 36 36 
8 156 181 18 13 14 I 3 54 -50 8 61 -,59 19 5 -2 
7 66 -60 L= I ,  K=10J  5 91 -99 10 9 -10 L=3 ,  K=5  
9 114 -108 1 14 -9 7 208 -198 12 41 -39 2 34 35 j 

11 48 42 3 37 -31 9 149 -149 14 74 -70 4 52 -52 
13 54 54 5 20 15 11 94 -86 16 26 -34 6 47 -51 
13 25 -25 7 14 10 13 73 L = 2, K = 11 8 62 j 
17 25 -26 9 8 -12 15 63 1 71 -62 10 40 37 
19 13 15 11 8 7 17 29 .~15 3 86 -52 12 56 -53 
L=  I ,  K= 3 13 13 5 19 48 -49 5 93 -88 14 7 - 4  

2 16 14 15 11 -4 21 32 -45 7 83 -77 16 12 181 
4 30 -30 17 4 - I  1- = 2, K = 4 9 38 -.,16 18 6 11  
6 69 69 L=  I ,  K= 11 0 176 -171 11 13 -19 L=  3. K=6 J 
8 24 -24 2 47 46 2 104 -99 13 40 -43 1 52 52 J 

10 23 -16 4 8 2 4 103 -103 15 53 -53 3 31 33 J 
12 22 -17 6 29 -23 6 174 -174 1- = 2, K = 12 5 20 -19 ' 
14 28 18 8 15 -19 8 115 -113 0 84 -81 7 70 -68 
16 8 2 10 25 17 10 52 -54 2 50 -49 9 33 31 
18 8 " 6 12 7 7 12 53 -48 4 33 -33 11 27 24 
20 6 -5 14 6 5 14 89 -98 6 50 -48 13 13 6 
1 -= I ,  K -4  L= I .K=12  16 60 -65 855  -49 15 7 - I  

I 87 -67 1 43 42 18 8 -16 10 44 -44 17 24 -18 
3 121 -138 3 35 31 20 25 -33 12 21 -29 19 4 -6 
5 $ -2 5 25 -18 1-=2, K=5  L=2 ,  K=13  L=3 ,  K=7  
7 56 54 7 29 -26 1 111 -120 1 65 -62 2 75 83 
9 61 61 9 24 18 3 156 -184 3 65 -53 4 32 32 

I1 22 ..-22 11 7 0 5 197 -199 5 24 -23 6 22 -19 
13 50 -43 13 6 -6 7 147 -142 7 18 -22 8 49 -48 
15 8 8 1-= 1, K= 13 9 63 -62 9 66 -57 10 7 5 
17 20 24 2 8 2 11 66 -65 11 60 -55 12 7 4 
19 7 -1 4 8 -9 13 90 -90 L=  2, K= 14 14 28 24 
21 15 -16 6 14 -10 15 84 -87 0 18 -21 16 I$ -13 
I .=  1, K= 5 8 18 15 17 28 -34 2 49 -45 18 4 -6 
2 68 72 10 19 12 19 15 -18 4 52 -47 L = 3, K = 8 
4 25 -26 12 18 -17 L=2 ,  K~6  6 25 -24 I 32 -30 
6 68 .-66 L= I ,K=14  0 58 -60 8 23 -24 3 58 -60 
8 83 77 1 13 -13 2 124 -127 L = 2, K = 15 5 50 48 

10 22 17 3 18 -14 4 149 -146 1 10 -11 7 17 15 
12 62 .-61 5 7 1 6 88 -84 3 57 -51 9 25 -18 
14 8 -3 7 18 13 8 64 -56 L = 3, K= 1 I I  7 1 
16 32 31 9 9 8 10 84 -83 2 47 45 13 7 s 
18 7 2 I .= 1, K = 15 12 73 -83 4 81 75 15 6 -9 
1- = I ,  K =6 2 23 -18 14 43 -50 6 4 7 17 5 -1 

1 22 26 4 6 7 16 41 -43 8 64 -63 L=3 ,  K :  9 
3 103 128 6 19 14 18 33 -38 10 46 -43 2 79 -80 

31 -31 L=2 ,  K=O L=2 ,  K=7  12 61 64 4 36 -35 
7 71 -65 2 192 -178 1 113 -104 14 7 -2 6 60 58 
9 7 -0 4 362 -363 3 171 -174 16 22 -24 8 22 17 

11 14 17 6 124 -111 5 91 -88 18 7 -.6 10 13 -12 
13 8 9 8 44 -42 7 58 -58 20 20 21 12 7 -3 
15 8 3 10 90 -81 9 121 -112 L=3 ,  K=2  14 6 -8 
17 8 -8 12 94 - I 01  11 107-111 1 90 -88 16 5 -2 
19 6 -10 14 72 -72 13 36 -40 ~ 6 3 L -- 3, K = 10 
L = I ,  K= 7 16 68 -74 15 8 -16 7 17 I 12 -9 
2 42 42 18 44 -55 17 62 -59 7 $ 1 3 7 2 
4 22 18 20 6 -3 19 35 --46 9 77 -76 $ 13 18 
6 6  . . . . .  2 .~  . . . .  2 .K=8  1 1 . .  7 7 lO 
8 7 -1 I 139 -166 0 102 -95 13 46 49 9 3 /  -26 

10 8 6 3 244 -240 2 106 -105 15 38 --40 11 7 -2 
12 38 35 5 237 -212 4 87 -75 17 25 -25 13 6 5 
14 8 3 7 163 -151 6 51 -51 19 6 5 15 5 1 
16 8 -16 9 122 -107 8 83 --87 L=3 .  K=3  L=3 ,  K=11  
18 24 -19 11 113-111 10 89 -91 2 39 -39 2 43 40 
L = 1, K = 8 13 101 -102 12 59 -60 4 10 -13 4 13 14 

1 64 -68 15 56 .-,$6 14 8 -14 6 16 12 6 35 -30 

H Fo F¢ H Fo F¢ H Fo Fc 

1 149 157 L = 4, K= 14 
12 14 14 3 91 88 0 61 59 
14 7 -1 5 52 44 2 27 26 
L = 3, K = 12 7 47 37 4 21 26 

1 18 14 9 123 120 6 31 33 
3 28 27 11 74 78 L = 5. K = I 
5 39 -37 13 57 58 2 17 15 
7 17 -12 15 16 16 4 39 31 
9 24 22 17 50 48 6 11 6 

11 9 9 19 24 36 8 53 -46 
13 4 -5 L = 4, K = 6 10 20 -16 
2 8 1 - + " 7  K = "  o141 i .  12 . . . .  

2 72 74 14 9 - I  
4 11 2 4 86 89 16 20 -25 
6 6 -13 6 109 110 18 6 -6 
8 13 15 8 126 124 L= 5, K= 2 

10 4 I 10 65 63 1 28 --32 
L=  3, K= 14 12 36 40 3 5 4 

I 10 -10 14 so 49 $ 21 31 
3 6 -8 16 33 39 7 7 -10 
5 9 4 18 28 33 I 9 59 -59 
7 4 10 1=4 ,  K=7  I I  44 41 

L=3 ,  K=15 I 97 96 13 38 38 
2 23 -22 3 48 41 J 15 26 -27 

1-=4, K=0  5 101 100 I 17 18 -19 
2 174 162 7 108 109 I 1=5 ,  K=3  
4 52 -24 9 47 43 I 2 26 -23 
6 199 194 11 28 22 4 6 -8 
8 183 174 13 59 61 J 6 27 20 

10 124 116 15 61 68 I 8 8 11 
12 55 51 17 6 14 I 10 25 -22 
14 47 50 1-= 4, K = 8 12 9 7 
16 39 39 0 94 92 I 14 9 -1 
18 27 31 2 95 94 J 16 0 6 
20 82 64 4 75 78 18 6 - I  
L=4 ,  K= I  6 99 95 L=5 ,  K=4  

I 176 167 8 45 44 1 26 -31 
3 119 102 10 43 39 3 19 -25 
5 84 61 12 49 52 5 14 2 
7 131 114 14 72 72 7 39 37 
9 102 86 16 41 43 I 9 20 18 

11 97 89 L=4 ,  K -  9 11 34 --29 
13 49 48 1 59 54 13 34 -30 
15 76 72 3 73 70 15 15 13 
17 26 29 $ 73 69 17 20 25 
19 28 32 7 73 72 1-=5, K= 5 
L = 4. K = 2 9 43 40 2 20 29 

0 87 107 11 48 51 4 28 -29 
2 146 153 13 14 25 6 35 -36 
4 166 172 15 32 35 8 43 48 
6 158 158 L=4 ,  K= 10 10 26 23 
8 72 69 0 36 35 12 34 -41 

10 55 52 2 90 89 14 9 -3 
12 92 88 4 67 62 16 7 17 
14 94 92 6 40 39 L = 5, K = 6 
16 61 62 8 55 50 1 37 37 
18 23 28 10 79 80 3 40 42 
20 8 15 12 35 39 5 24 -18 
1-= 4. K=3  14 12 I 7 49 --49 

1 26 -10 1-=4, K=11  9 21 18 
3 183 194 1 70 65 11 15 16 
$ 169 183 3 75 67 13 9 5 
7 75 66 5 16 19 15 7 I 
9 81 74 7 22 23 17 9 -12 

11 73 68 9 44 48 L = 5, K = 7 
13 63 61 11 62 61 2 45 48 
15 36 37 13 25 26 4 25 20 
17 55 57 1- = 4, K = 12 6 21 -21 
19 18 28 0 27 27 8 37 -28 
L=4 ,  K=4  2 85 49 10 9 5 
0 121 140 4 66 62 12 9 11 
2 116 128 6 45 42 14 13 14 
4 156 166 8 35 35 16 6 -12 
6 47 49 10 27 28 L=5 ,  K=8  
8 106 98 12 29 32 1 29 -28 

10 106 109 L = 4, K=13 3 39 -39 
12 84 93 I 28 24 5 34 32 
14 28 32 3 27 31 7 15 15 
16 31 31 5 64 60 9 15 -16 
18 51 58 7 53 50 11 9 0 

H Fo Fc H Fo Fc 

13 8 4 2 57 -53 
15 6 -7 4 70 -67 
L = 5, K = 9 6 TO0 -95 
2 58 -58 8 77 -.74 
4 27 -20 10 32 -31 
6 47 47 12 37 -32 
8 9 11 14 52 -62 

10 8 -14 16 30 -40 
12 7 -3 L=6 ,  K=5  
14 6 -7  1 66 -74 
L = $, K= 10 3 00 .-82 

1 9 .-7 5 105 -108 
3 9 -5 7 68 -66 
5 15 12 9 37 -38 
7 15 8 11 37 -36 
9 20 -17 13 59 -64 

I1 7 0 15 45 -54 
13 S 4 [ . =6 ,  K=6  
L=5 ,  K=11 0 37 -34 
2 34 31 2 73 -65 
4 9 9 4 102 -97 
6 20 .-22 6 61 -57 
8 8 -8 8 45 -43 

10 6 4 Io 53 -51 
12 5 10 12 44 -49 
L=5 ,  K=12  14 26 -30 

1 20 16 16 20 -27 
3 19 22 L=6 ,  K=7  
5 26 -24 1 60 -58 
7 12 -12 3 94 -96 
9 17 16 5 51 -52 

9 63 -68 
4 6 - I  11 55 -67 
6 10 -10 13 15 --24 
8 7 12 15 6 -9 

LI= 5,8K= ~ L=  6, K= 8 
0 65 -63 

L=6 ,  K= 0 2 80 -75 
2 112 -95 4 49 -42 
4 192 -173 6 26 -27 
6 11o .-95 8 45 -48 
8 46 -33 10 56 -60 

1o 55 -48 12 37 -41 
12 65 -56 14 6 - I1  
14 45 -41 L = 6, K = 9 
16 44 -48 1 58 -57 
18 22 -36 3 54 .-55 
L = 6, K = I 5 46 .-44 

1 74 -83 7 82 -53 
3 136 -127 9 34 -42 
5 110 -100 11 33 -36 
7 78 .-76 13 24 -29 
9 61 -54 L = 6, K =10 

11 80 -73 0 54 -47 
13 53 .-57 2 37 -35 
15 34 -38 4 41 -38 
17 26 -37 6 68 -68 
L=6 ,  K=2  8 32 -38 
0 121 -139 10 8 --8 
2 104 -105 12 16 -23 
4 48 -40 L=6 ,  K=11  
6 54 -39 I 46 -42 
8 89 -81 3 29 -32 

10 91 -91 $ 49 -51 
12 54 -53 7 44 -46 
14 26 -28 9 17 -19 
16 21 -27 L=6 ,  K= I2  
18 18 -31 o 51 -50 
L=6 ,  K=3  2 29 -31 

I 131 -147 4 24 -23 
3 36 -30 6 24 -31 
5 60 --62 8 20 -32 
7 104 -114 L=6 ,  K=13 
9 90 -93 1 31 -37 

11 46 -44 3 27 -31 
13 37 -40 
15 33 -39 
17 17 -24 
L=  6, K=4 
0 115 -111 
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• C1 = 

5;, 
C k., ! 

1_ (3,2 . /  ..Q 

I,O-F" 2'65A; 2, N-F" 2.92 A; 5,N-O: 3"03A ZNOF:99* 

Fig.2. (010) projection of the surroundings of a fluoride ion 
to indicate close approaches and possible hydrogen bonds. 
The shaded fluoride ion lies in the plane of the paper 
whereas open and full circles indicate atoms respectively 
above and below this plane. The numbers in the diagram 
refer to possible hydrogen bonds. 

Except for the contacts shown in Fig.2, all other 
intermolecular contacts are of the normal van der 
Waals type. The S-S distances in the (001) mirror 
plane are 4.29 + 0.02 A and 4.24 + 0.02 A, whereas the 
two different S-S-S angles for nearest neighbours are 
89.3 + 1 and 90.3 + 1 °. The shortest out-of-plane S-S 
distance is 4.30 + 0.02 N. The angle of twist about [001] 
of the one with respect to the other sulphur square is 
16 ° . 

Bond lengths and interatomie distances 

Because of the presence of the heavy caesium atom all 
interatomic distances are given with caution. The two 
Cs-S distances of ( l )  3.68 + 0.01 A and (2) 3.70 + 0-01 A 
should thus be considered as identical. The interatomic 
distances (A) for the two crystallographically distinct 
thiourea molecules are listed below, together with the 
values given by Kunchur & Truter (1958) for thiourea" 

S-C C-N S-N 
(1) 1.71 + 0.02 1.36 + 0.02 2.68 + 0.02 
(2) 1-73 + 0-02 1-33 + 0-02 2.67 + 0.02 
KT 1.71 + 0.01 1.33 + 0.01 

N - N  NCN 
(1) 2.35+0.02 118+2 ° 
(2) 2.30 + 0.02 119 + 2 ° 
KT 115.6+ 1-1 ° 

Discussion 

This structure is closely related to the previously re- 
ported structures of this type of complex (Boeyens & 
Herbstein, 1966, 1967). It differs from them significantly 
in being orthorhombic as opposed to tetragonal and 

in being almost completely ordered at room tempera- 
ture. These two effects both arise from the existence 
of the system of hydrogen bonds around the anion. 
The tendency of the anion to be positionally disordered 
in the channel is still apparent in the relatively high 
temperature factors calculated for fluorine and oxygen, 
but since the anion is hydrogen-bonded to the walls 
of the channel the degree of ordering is much higher 
than that of the nitrate ion in the TINO3.4(thiourea) 
complex. The hydration of the anion is necessitated 
by its small size, which would entail very loose con- 
tacts in the usual type of tetragonal channel, described 
before and also by its tendency to form strong hydro- 
gen bonds. The water therefore serves to provide the 
necessary close contact between the fluoride and the 
channel walls without having contraction of the chan- 
nel whereby the -NH2 groups would be brought un- 
comfortably close together. Effectively the included 
anion is thus the doubly hydrated fluoride ion which 
is considerably elongated, causing a parallel elongation 
of the channel which leads to orthorhombic rather than 
tetragonal symmetry. The structural role of the water 
is thus entirely different from that of the zeolitic water 
in the hydrated 6" 1 thiourea complex of Pb(CIO4)2 
(Boeyens & Herbstein, 1967). 

Conclusion 

It was expected that the arrangement of thiourea mol- 
ecules around the caesium ion as found in this CsF- 
complex, together with the symmetry operators of 
space group Bbam would lead directly to the structure 
of the CsC1.4 (thiourea) complex, the cell dimensions 
of which are simply related to those of the present 
complex (Boeyens & Herbstein, 1966). Because of the 
prominent structural role of water found here, how- 
ever, the two types of structure now seem to be com- 
pletely different. 
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