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The Crystal Structure of Hydrazinium(+ 2) Hexafluorotitanate(IV), N2H6TiF6 
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(Received 8 June 1970) 

The crystal structure of hydrazinium(+2) hexafluorotitanate has been determined from three-dimen- 
sional X-ray data. The crystals are cubic, a=  10.404/~, space group Ia3 with eight formula weights in 
the unit cell. The structure is formed of discrete [TiF6] 2- octahedra, with Ti-F = 1-855/~, connected by 
N - H . . . F  bonds. The hydrazine(+ 2) group has a trans configuration and the N-N bond length is 
1"474/~. The shortest N . . .  F distances, three for each nitrogen atom, are 2-612/~,. 

Introduction 

Some hydrazinium(+2) and ( +  1) fluoro complexes of 
transition metals have been prepared at the Institute 
'Jo~ef Stefan', Ljubljana, Yugoslavia (Slivnik & Vo- 
lav~ek, 1968; Slivnik, Smalc, Sedej & Vilhar, 1964). 
Crystals of N2H6TiF6 were kindly supplied to us for a 
structure analysis. It was reasonable to expect an octa- 
hedral coordination for the titanium atom in a high 
symmetry, cubic structure of N2H6TiF6 with a 1 : 6 ratio 
of Ti to F. This has been confirmed by the present 
structure analysis. Since there are only four known 
structures containing N2H~ + ions (Kronberg & Harker, 
1942; Donohue & Lipscomb, 1947; Nitta, Sakurai & 
Tomiie, 1951; Liminga, 1966) the investigation was 
also used to obtain more information about the con- 
figuration and structural function of NaH~ +. 

Experimental 

N2H6TiF6 crystallizes in the diakisdodecahedral class 
- m3. The crystals are colourless with well-developed 
(110) faces. When exposed to air the crystal surface be- 
comes white. In order to prevent decomposition, the 
crystals were covered with silicone oil. 

Crystal data 
N2H6TiF6 - cubic 
a = 10.404 + 0.002 A 
V= 108.24 A 3 
Dm =2"46, De=2"37 g.cm -3 
Z = 8  
Cu K0¢ radiat ion, / t  =61.3 cm -1 

The systematic absences 
hkl:h+k + l=2n+ 1 
Okl: k, (l) = 2 n + l  

indicate uniquely the space group Ia3 (T7), No. 206. 

Equi-inclination Weissenberg photographs were ob- 
tained using the multiple-film technique (four films), 
and 250 independent reflexions were recorded on five 
layer-lines. The effect of fluorescent radiation was min- 
imized by a thin A1 foil placed in front of the film. In- 
tensities were estimated with a microdensitometer. The 
crystal was ground into a cylinder of 0.014 cm radius 
in order to apply absorption corrections more easily. 
Corrections for absorption, polarization and Lorentz 
factors were made in the usual way. The observed struc- 
ture amplitudes were placed on the same absolute scale 
through common reflexions. These scale factors were 
refined during the structure determination. 

Structure determination 

The symmetry of the space group and the formula of 
the compound suggested either positions 8(a) or 8(b) 
for the titanium atoms on an inversion triad axis and 
positions 16(c) for the nitrogen atoms on a rotation 
triad axis. A three-dimensional Patterson synthesis con- 
firmed positions 8(a) for the titanium atoms and posi- 
tions 16(c) for the nitrogen atoms. A three-dimensional 
Fourier synthesis was performed with the signs of struc- 
ture factors based on the contribution of the titanium 
and nitrogen atoms only, and from it the location of 
the fluorine atoms in positions 48(e) was deduced 
(Table 1). The structure was refined by several cycles 
of full-matrix least-squares refinement with isotropic 
temperature factors and then with anisotropic temper- 
ature factors for all non-hydrogen atoms. In the course 
of refinement with isotropic temperature factors the R 
index decreased to 8.5 %, and with anisotropic temper- 
ature factors to 8.0 %. The weighting scheme adopted 
was w = 1 for all observed reflexions and w = 0  for un- 
observed and w =0.25 for very weak reflexions. An at- 
tempt to locate hydrogen atoms by means of a differ- 
ence synthesis was unsuccessful. Neutral atomic scat- 

Table 1. Final coordinates and anisotropic thermal parameters ( × 10 4) with e.s.d.'s in parentheses 

The thermal parameters refer to the expression : exp [ -  (ill lh 2 +f l22  k2 +fl3312 + 2,812hk + 2fl13hl+ 2f123kl)]. 

x y z f i l l  fl22 fl33 ill2 i l ia fl23 
N 2091 (6) 2091 (6) 2091 (6) 52 (4) 52 (4) 52 (4) 1 (6) 1 (6) 1 (6) 
F 3923 (5) 1303 (4) 566 (4) 73 (5) 51 (4) 73 (5) 14 (4) 23 (5) 0 
Ti 0 0 0 24 (1) 24 (1) 24 (1) 0 0 0 
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tering factors were taken from International Tables for 
X-ray Crystallography (1962). 

The observed and calculated structure factors are 
listed in Table 2. Three-dimensional Fourier syntheses 
(Zelenko, 1968), the least-squares refinement (Poli6, 
1968) and the interatomic distances and bond angles 
(Trup~evi6, 1969) were computed on the Institute 
'Rudjer Bogkovi6' CAE 90.40 computer. 

Description and discussion of the structure 

The crystal structure of N2H6TiF6 consists of discrete 
[TiF6] 2- octahedral anions (Fig. 1) and N2H~ + cations. 
Titanium atoms occupy the corners of the cubic cell, the 
middles of the edges, the centres of the faces, and the 
centre of the cube (Fig. 2). 

Table 3 (cont.) 
Distance 

N - - N ( a )  1.474 (7)/~ 
N - - F  2.612 (6) 
N - - F ( g )  3-070 (5) 
Ti(b)-F(c) 1.855 (4) 
F(c) -F (d )  2-600 (8) 
F(c) -F(e)  2.646 (8) 
F F(g) 3"187 (9) 

Angle 
N ( a ) - N - F  96.4 (0.5) 
F(c)-Ti(b)-F(e) 91.0 (0.2) 
F(c)-Ti(b)-F(f) 89"0 (0-2) 

The octahedron (Fig. 1) is slightly extended along 
the threefold axis of the space group. It has therefore a 
trigonal distortion which reduces the symmetry of the 
octahedron to 3 and results in two values of the edge The fluorine atoms are octahedrally disposed round 

the titanium atom. The Ti-F bond of length, 1.855 A lengths (F. • F distances), the six normal to 3 being 
(Table 3), is considerably shorter than the sum of the 
ionic radii (rTi4+ =0.68, r~-=1.36 A, Pauling, 1963). 
The shortening can be attributed to the high covalent 
character of the Ti-F bond. This value is smaller than 
some values reported earlier: 1.887 A in CuTiF6.4H20 
(Fischer, de Cian & Weiss, 1967); 1.882 A in Na3HTiF8 
(Weiss, Fischer & Chevrier, 1966) and 
NHaCuTiFT.4H20 (de Cian, Fischer & Weiss, 1967). 

Table 3. Interatomic distances, angles and their 
standard deviations (in parentheses) 

Number ing  of the atoms.  
Small letters indicate symmetry  t ransformat ions  or cell trans- 

lations 
a 0 . 5 - x ,  0 . 5 - y ,  0 . 5 - z  
b 0 . 5 + x ,  0 . 5 4 y ,  0 . 5 4 z  
c 0 . 5 4 z ,  x, 0 . 5 - y  
d x, 0 . 5 - y ,  0 . 5 4 2  
e 0.5 + y ,  0 . 5 - z ,  1 - x  
f 0 . 5 - y ,  0 . 5 + z ,  x 
g 0"5 - x, y, - z 

~ 2 " 6 4 6  A 
; "  

a l  

Fig. 1. The TiF6 octahedron.  
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slightly shorter (2•600 A) than the remaining six 
(2•646 ./~). The eight hydrazinium ions in the unit cell 
are centred at the eight points (b) with symmetry 3. Six 
of these are on the six threefold axes that cross the unit 
cell from the centre of one cube edge to the centre of 
the face perpendicular to it. The remaining two are on 
the threefold axis (body diagonal). The position of the 
NzH~ + ion on the threefold axis with the centre of 
symmetry in the middle of the N-N bond requires a 

(_ 

a l  

Fig. 2. Arrangement of [TiF6] 2- anions and N - N  bonds in hy- 
drazinium(+ 2) cations in the NzH6TiF6 structure. 
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Fig. 3. Projection on (001); [TiF6] 2- ions at 0 and 1 are shown 
with dashed lines, those at ½ with full lines. Dotted lines 
connect the hydrogen-bonded atoms, thin dashed lines the 
next nearest nitrogen and fluorine atoms. 

trans configuration of the ion. The N - N  bond length 
of 1.474 A is considerably longer than the 1.43 .A found 
in NzH6(HzPO4)2 (Liminga, 1966), 1.42 ,~ in NzH6F2 
(Kronberg & Harker, 1942) and N2H6C12 (Donohue & 
Lipscomb, 1947) and 1.40 A in N z H 6 S O  4 (Nitta, Saku- 
rai & Tomiie, 1951)• There is no evidence to suggest 
that the hydrazinium ions are disordered in this crystal• 
Around the N2H~ + ion there are six fluorine atoms with 
an N . . . F  distance of 2.612 A. These short distances 
indicate strong N . . . F  interaction and suggest that 
[TiF6] 2- octahedra and N2H~* ions are joined together 
by N - H . . . F  hydrogen bonds• Six hydrogen-bonded 
fluorine atoms around one N2 H2+ ion belong to six 
different [TiF6] 2- octahedra and so connect discrete 
groups into a three-dimensional framework (Fig. 3). 
No exact explanation has been found for the length- 
ening of the N - N  bond to 1.474 .A; perhaps six strong 
N - H . . . F  hydrogen bonds affect the length. Besides 
six fluorine atoms at an N . - . F  distance of 2.612 A 
around one N2H~ + ion there are also six fluorine at- 
oms at N . . .  F=3.070 A. 

The Raman spectrum of NzH6TiF6 was recorded by 
Dr Jacob Shamir (Inorganic and Analytical Chemistry 
Department, Hebrew University of Jerusalem, Jerusa- 
lem, Israel) and the N - N  vibration frequency was as- 
signed at 1040 cm-1; similar values for N - N  vibrations 
in N2H6C12 at 1024 cm -1 and in N z H 6 S O  4 at 1050 cm -1 
have been found (Nitta, Sakurai & Tomiie, 1951). 

The authors would like to thank Dr S. Popovid for 
instructive help• 
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