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metals. Compounds in this family for which the struc- 
tures are known are N2Hs[BF4] (Conant & Roof, 1970), 
N2H6[BF4]2 (Frlec, Gantar, Goli~ & Leban, 1984) 
and (N2Hs.5)2[GaF6].2H20 (Meden, Goli~ & Siftar, 
1992), which contain isolated fluorometallate ions, and 
N2Hs[InF4(H20)] (Bukovec & GoliG 1976), which con- 
tains chains of complex ions. Extensive hydrogen bond- 
ing of the type N - - H - - . F  is present in all of the above. 
The structures of both (I) and (II) contain quite regular 
octahedra, which are isolated from each other and are 
arranged in a distorted f.c.c, fashion (see Figs. 1 and 2). 
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Fig. 1. ATOMS (Dowty, 1991) plot of the structure of (N2Hs)3[GaF6] 
showing the packing of the octahedra and positions of hy- 
drazinium(l+) ions (more than one unit cell is shown). 

Abstract 
(N2Hs)3[GaF6] contains GaFf-  octahedra arranged in 
a distorted cubic close-packed manner and linked to 
hydrazinium(l+) ions via N - - H . . - F  hydrogen bonds. 
(NEH6)[GaFs(H20)] contains [GaFs(H20)] 2- octahedra 
arranged in a similar distorted cubic close-packed man- 
ner; in addition to N - - H . - - F  hydrogen bonds to hy- 
drazinium(2+) ions, these octahedra are also linked 
directly via O - - H - . . F  hydrogen bonds. 

Comment  
The structures studied here are those of two members of 
the family of hydrazinium(1 +) [hydrazinium(1 +) hexa- 
fluorogallate, (I)] or -(2+) [hydrazinium(2+) aquapenta- 
fluorogallate, (II)] fluorometallates of main Group III 
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Fig. 2. ATOMS (Dowty, 1991) plot of the structure of (N2H6)[GaFs- 
(H20)] showing the packing of the octahedra and positions of 
hydrazinium(2+) ions (more than one unit cell is shown). 
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T h e  h y d r o g e n  b o n d i n g  in b o t h  s t ruc tures  is ve ry  
eff ic ient .  E v e r y  H a tom,  e x c e p t  H31 and  H 3 2  in the  case  

o f  (N2H5)3[GaF6] (see Fig.  3), t akes  par t  in a h y d r o g e n  
b o n d  and  eve ry  F a t o m  is h y d r o g e n  b o n d e d  to at least  
o n e  N a tom.  N - - H - . . N  h y d r o g e n  b o n d s ,  w h i c h  c o u l d  

a lso  ex is t  in (N2H5)3[GaF6],  are no t  p resen t .  In  the  case  
o f  (N 2H 6) [GaF5(H20) ] ,  the re  are a lso  O - - - H . . . N  b o n d s  
p r e s e n t  b e t w e e n  [GaF5(H20) ]  2 -  o c t a h e d r a  in add i t i on  to 

the  N - - H . . . F  h y d r o g e n  b o n d s  (see  Fig.  4). T h e  F . . . N  
and  F . . . O  d i s t ances  r ange  f r o m  2.58 to 2.85 A. 

\ / 

Fig. 3. ORTEP (Johnson, 1965) view of the unit cell of (N2H5)3 [GaF6I 
with completed structural moieties and atomic numbering. Displace- 
ment ellipsoids are drawn at the 50% probability level. 

Fig. 4. ORTEP (Johnson, 1965) view of the unit cell of (N2H6)- 
[GaF5(H20)] with completed structural moieties and atomic num- 
bering. Displacement ellipsoids are drawn at the 50% probability 
level. 

Experimental  

The crystals of both compounds  are stable in air and were 
prepared by room-temperature evaporation of a solution 
of  N2I-I4, GaF3 and HE Different composit ions were ob- 
tained by varying the molar ratios. Details of  the synthe- 

sis of  (N2H6)[GaFs(H20)] are published elsewhere (Siftar & 
Bukovec,  1970). The new compound (N2Hs)3[GaF6] was pre- 
pared by mixing aqueous solutions of  N2HsF and GaF3 in a 
molar ratio of  3:1. 

Compound (I) 
Crystal data 

(N2H5)3 [GaF6] Mo K a  radiation 
Mr = 282.87 A = 0.71069/~, 
Orthorhombic Cell parameters from 75 
P21212~ reflections 
a = 9.125 (2) ,~ 0 = 9 .99-17.94 ° 
b = 9.241 (2) ,~ # = 3.16 m m  - l  
c = 10.532 (2)/~, T = 293 K 
V = 888.1 (3) A 3 Prism 
Z = 4 0.53 x 0.46 x 0.34 m m  
D~ = 2.116 Mg m -3 Colourless 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
w/20 scans 
Absorption correction: 

none" 
10 393 measured reflections 
1497 independent reflections 
1429 observed reflections 

[I > 2o'(/)] 

Refinement 

Refinement on F 
R = 0.033 
wR = 0.019 
S = 1.024 
1469 reflections 
178 parameters 
All H-atom parameters 

refined 
Regina weighting scheme 

gint = 0.029 
0max = 29.94 ° 
h = - 1 2  ---} 12 
k = - 1 2  ~ 12 
1 = - 14 ~ 14 
3 standard reflections 

frequency: 333 min 
intensity decay: 1.14% 

(A/or)max = 2.21 
Apmax = 0.644 e A -3 
z~ipmin = - 1 . 1 3 8  e ,~-3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV, Tables 
2.2B and 2.3.1) 

Table  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,4e ) for  (I) 

• . .  * * . Ueq = (1/3)Ei~jUua i aj ai.aj. 

x y z U~q 
Ga 0.54452 (4) 0.51246 (3) 0.54627 (3) 0.0136 (1) 
F1 0.5202 (2) 0.5353 (3) 0.7256 (2) 0.030 (1) 
F2 0.5724 (2) 0.4893 (3) 0.3687 (2) 0.0245 (8) 
F3 0.7348 (2) 0.5851 (3) 0.5589 (2) 0.031 (1) 
F4 0.4700 (3) 0.7010 (2) 0.5243 (2) 0.0279 (9) 
F5 0.3550 (3) 0.4325 (3) 0.5293 (2) 0.031 (1) 
F6 0.6175 (3) 0.3241 (3) 0.5730 (2) 0.034 (1) 
N1 0.3050 (5) 0.6647 (4) 0.2909 (4) 0.031 (2) 
N2 0.2425 (5) 0.7663 (4) 0.2003 (4) 0.026 (2) 
N3 0.6772 (5) 0.8426 (5) 0.2859 (5) 0.032 (2) 
N4 0.7607 (5) 0.7123 (4) 0.3007 (4) 0.026 (2) 
N5 0.4937 (4) 0.0848 (4) 0.4516 (4) 0.029 (1) 
N6 0.5756 (3) -0.0145 (4) 0.5297 (3) 0.027 (1) 
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Table 2. Selected geometric 
Ga--F1 1.913 (2) Ga--F5 
Ga--F2 1.900 (2) Ga--F6 
Ga--F3 1.866 (2) N3---N4 
Ga--F4 1.884 (2) 

F1--Ga--F2 179.0 (1) F2---Ga--F6 
F I----Ga--F3 89.9 (1) F3----Ga--F4 
F I---Ga--F4 88.70 (9) F3--Ga--F5 
FI---Ga--F5 91.7 (I) F3---Ga--F6 
F 1---43a--F6 89.7 (1) F4---Ga--F5 
F2----Ga--F3 89.2 (1) F4----Ga--F6 
F2---Ga--F4 91.83 (9) F5---Ga--F6 
F2---Ga--F5 89.2 (1) 

parameters (,~, o) for (1) 
1.889 (2) 
1.885 (2) 
1.434 (6) 

89.8 (1) 
90.7 (1) 

177.6(1) 
89.6 (1) 
91.1 (1) 

178.4 (1) 
88.7 (1) 

Compound (II) 
Crystal data 

(N2I-I6)[GaFs(H20)] 
Mr = 216.79 
Orthorhombic 
Pbca 
a = 9.248 (1)/~, 
b = 10.942 (1)/~, 
c = 11.199 (1)/~, 
V = 1133.2 (2) ,~3 
Z = 8  
Dx = 2.541 Mg m -3 

Mo Ka radiation 
A = 0.71069/~, 
Cell parameters from 69 

reflections 
/7 = 6.04-14.91 ° 
/z = 4.88 mm -~ 
T = 293 K 
Irregular 
0.23 x 0.11 x 0.08 mm 
Colourless 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
w/20 scans 
Absorption correction: 

none 
8569 measured reflections 
990 independent reflections 
805 observed reflections 

[I > 2or(/)] 

Rint = 0 .022 
0max = 24 .9  ° 

h = - 10 ~ 10 
k = - 1 2  ~ 12 
l = - 1 3  ~ 13 
3 standard reflections 

frequency: 333 min 
intensity decay: 12.68% 

Refinement 
Refinement on F 
R = 0.026 
wR = 0.019 
S = 1.026 
907 reflections 
114 parameters 
All H-atom parameters 

refined 
Regina weighting scheme 

(A/or)max = 0 .271 
Z~Pmax = 0.72 e /~ -3  
mpmin -" -0 .65  e A - 3  

Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV, Tables 
2.2B and 2.3.1) 

Table 4. Selected geometric parameters (,4, o)for (II) 
Ga--F1 1.894 (2) Ga--F4 1.875 (2) 
Ga--F2 1.887 (2) Ga--F5 1.858 (2) 
Ga--F3 1.899 (2) Ga---O 1.975 (3) 

F1--Ga--F2 85.98 (9) F2---Ga---O 94.6 (1) 
FI---Ga--F3 93.10 (8) F-3---Ga--F4 87.23 (9) 
FI----Ga--F4 89.50 (9) F3----Ga--F5 174.73 (9) 
FI--Ga--F5 92.05 (9) F3---Ga---4) 89.0 (1) 
FI--Ga---4) 177.8 (1) F4----Ga--F5 91.7 (1) 
F2---43a--F3 86.70 (9) F4----Ga---O 90.2 (1) 
F2----Ga--F4 172.22 (9) F5----Ga--O 85.8 (1) 
F2---Ga--F5 94.8 (1) 

For (N2Hs)3[GaF6] the maximum scan time was 60 s, the w-20 
scan width was (0.70 + 0.30tan0) ° and an orientation control 
was checked every 500 reflections; for (N2H6)[GaFs(H20)] the 
maximum scan time was 80 s, the w-20 scan width was (0.90 
+ 0.30tan0) ° and an orientation control was checked every 300 
reflections. For both compounds the background was measured 
as 1/4 of the scan on each side of the reflections and an 
aperture of (2.4 + 0.9tan0) ° was used. The sizes of the crystals 
were such that no absorption corrections were necessary. Both 
structures were solved by the Patterson method and subsequent 
use of Fourier maps. The structures were then refined by full- 
matrix least-squares procedures using anisotropic displacement 
parameters for non-H atoms and isotropic for H atoms. 
Refinement of the positional and displacement parameters of 
the H atoms was stable; however, the final shift/e.s.d, for 
these parameters remained quite high. In the final stages of 
the refinement, the Regina weighting scheme (Wang Hong & 
Robertson, 1985) was used. 

For both compounds, data collection: CAD-4 Software 
(Enraf-Nonius, 1989); cell refinement: X-ray PARAM (local 
program); data reduction: Xtal3.2 D1FDAT SORTRF ADDREF 
(Hall, Flack & Stewart, 1992); program(s) used to solve struc- 
tures: Xtal3.2; program(s) used to refine structures: Xtal3.2 
CRYLSQ; molecular graphics: ORTEP (Johnson, 1965) and 
ATOMS (Dowty, 1991); software used to prepare material for 
publication: Xtal3.2 BONDLA CIFIO. 

The  financial  support  o f  the Minis t ry  for Sc ience  and 
Techno logy  o f  the Republ ic  o f  S loven ia  is gra teful ly  
a c k n o w l e d g e d .  

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: KA1142). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 

Table 3. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,42)for (I1) 

Ueq = (1/ 3 ) ~ i  ~jUija~ a; ai.aj. 

x y z Ueq 
Ga 0.21994 (4) 0.11349 (3) 0.56246 (3) 0.0126 (2) 
F1 0.2204 (2) 0.2715 (2) 0.6314 (2) 0.0194 (8) 
F2 0.0254 (2) 0.1042 (2) 0.6126 (2) 0.024 (1) 
F3 0.2680 (2) 0.0361 (2) 0.7089 (2) 0.0210 (9) 
F4 0.4191 (2) 0.1276 (2) 0.5343 (2) 0.024 (1) 
F5 0.1765 (3) 0.1756 (2) 0.4123 (2) 0.029 (1) 
O 0.2191 (3) -0.0484 (2) 0.4845 (2) 0.023 (1) 
NI --0.0314 (4) 0.3097 (3) 0.7540 (3) 0.022 (1) 
N2 -0.0315 (4) 0.4241 (3) 0.6892 (3) 0.022 (2) 
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Cu3Er(SeO3)202CI, the Erbium Analogue 
of Francisite 

' ~  ~-'~ Z ~ ,>. 

/; .,., . 

Fig. I. SHELXTL-Plus (Sheldrick, 1991) diagram of Cu3Er(SeO3)2- 
O2CI viewed along [001]. Striped spheres represent CI atoms and 
cross-hatched spheres O atoms. 
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Abstract 
The title compound, tricopper erbium chloride bis- 
(oxide) bis[trioxoselenate(2-)], consists of an infinite 
three-dimensional framework of cations and O atoms, 
and contains eight-coordinate Er 3+, square-planar Cu 2÷ 
and three-coordinate Se 4+ ions. The C1 ions and the 
Se lone pair of electrons occupy tunnels parallel to 
[001]. The mean bond distances are: Er--O 2.38 (8), 
Cu l - -O  (in the square plane) 1.96 (7), Cul--C1 (out of 
plane) 3.015 (2), Cu2--O 1.95 (3), Cu2---C1 3.1753 (9) 
and S e ~ O  1.696A. The shortest Cu.. .Cu distance 
is 3.150A and the shortest O. . .O distance is 2.48~ 
(03.- .03). 

.. ~ ;  

Fig. 2. SHELXTL-PIus (Sheldrick, 1991) diagram showing the O and 
CI coordination of the Er, Cul, Cu2 and Se ions. Lower case 
letters in atom numbers correspond to the symmetry transformations 

I indicated here: (a) x, y, z - 1; (b) x, ~ - y, z - 1; (c) -x ,  1 - y, 
I 1 - z ; ( e )  / + x ,  l - y ,  1 - z ; ( f ) - x , y  2' l - z ;  (d) ½ + , x , y -  5' 

l - z ;  (g) x, 2 - Y ' Z ;  (h) - x ,  -y ,  l - z ;  ( i ) x , y -  1, z; ( j ) - x ,  I 1- -y , - - z ;  (k) 1 - x ,  l - y ,  l - z ;  (l) ~ - x , y , z .  

Comment 
Following the determination of the structure o f  
francisite, Cu3Bi(SeO3)202C1 (Pring, Gatehouse & 
Birch, 1990), experiments were carried out to sub- 
stitute lanthanide ions for Bi 3+. The structure of 
Cu3Er(SeO3)202C1 is depicted in Fig. 1 and consists 
of an infinite three-dimensional framework of cations 

'and O atoms containing eight-coordinate Er 3+, four- 
coordinate Cu 2+ and three-coordinate Se a+ ions. The 
coordination of each ion is illustrated in Fig. 2. C1- 
ions and the lone pair of electrons of Se occupy tunnels 
within the framework parallel to [001], as in francisite. 

The Er3+-ion coordination sphere is best described as 
an 8,14,8-D2h polyhedron, using the method of King 
(1970), in which the numbers refer to the number of 
vertices, edges and faces of the polyhedron, respectively. 
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While the Er polyhedron is formally of the same type 
as that of Bi in francisite, the bond lengths differ. For 
Bi in francisite the Bi----O bonds range from 2.23 (02) 
to 2.80 (2)A, for eightfold coordination (mean 2.48 A), 
and from 2.23 (2) to 2.45 (1)A, for sixfold coordination 
[mean 2.38(11)A.].* In the Er compound, the Er- -  
O bonds range from 2.27 (1) to 2.50 (1)A for eight- 
coordination (mean 2.38(9)A), and from 2.271 (9) to 
2.380 (7) A, [mean 2.34 (6) A,] for six-coordination. 

Abrahams, Jamieson & Bernstein (1967) show that in 
seven compounds, six Bi atoms have six Bi--O bonds 
less than 2.68 A and a further two Bi atoms have five 
Bi--O bonds also less than 2.68 A,, the overall average 
Bi--O bond being 2.37 A,. 

* For mean bond distances the numbers in parentheses are standard 
deviations, for bond lengths these numbers are standard uncertainties. 
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