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Zinc hydroxide nitrate, Zns(OH)s(NO3)2.2HzO, is monoclinic with a =  19.480 (5), b=6.238 (1), c=  
5.517 (1) A, fl= 93-28 o (2), space group C2/m, two formula units per cell. The structure has been deter- 
mined from Patterson and Fourier syntheses. The refinement was done by the method of least squares. 
The final R value for 491 observed Weissenberg reflexions was 6"4%. The structure is characterized by 
zinc atoms occuring in both octahedral and tetrahedral coordination in the ratio 3:2. The octahedral 
zinc atoms, surrounded by six OH groups, belong to a CdI~-type sheet with ¼ of the metal atoms missing. 
The tetrahedrally coordinated zinc atoms are located above and below the empty octahedra. The 
tetrahedra are formed by three OH groups and one water molecule. The nitrate group is not directly 
involved in the coordination of the metal atoms. The average tetrahedral Zn-O distance of 1.95 A is 
significantly shorter than the mean octahedral Zn-O distance of 2.13 A. 

Zinc hydroxide  nitrate is obtained as a microcrystalline 
powder by reaction o f  ZnO or Zn(OH)z with aqueous 
Zn(NO3)2 solutions (Feitknecht, 1933). Single crystals 
can be grown by precipitation from homogeneous so- 
lution of zinc nitrate with urea at 60 °C (both concen- 
trations e.g. 1 molar). 

Experimental 

The chemical formula Zns(OH)s(NO3)z.  2 H 2 0  was es- 
tablished by chemical and thermogravimetric analysis. 
X-ray powder diagrams for the determination o f  ac- 

curate unit-cell dimensions were taken with a focusing 
camera of the Guinier-de Wolff type with Fe Ke and 
Cu Kcc radiation. High purity potassium chloride was 
used as an internal standard. Multiple-film integrated 
Weissenberg photographs of the layers hOl, hll  to h41 
were taken on a Nonius camera with Cu Kcc radiation 
(Ni filter). Intensities of the layers hkO and Okl were 
collected by the multiple exposure technique with Zr- 
filtered Mo radiation on a Buerger precession camera. 
The blackening of the films was measured with a Joyce- 
Loebl mark III CS double-beam microdensitometer. 
The data from the layers hk0 and Okl were used to 

Table 1. Final observed and calculated structure factors of Zns(OH)s(NO3)z.  2 H 2 0  

The columns are h, Fo and Fe. 
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bring the observed structure factors of the layers hOl to 
h41 to the same scale. 

The intensities were reduced to Fo by applying Lo- 
rentz, polarization and absorption factors. The ab- 
sorption correction was accomplished using the for- 
mula proposed by Palm (1964). Structure factor cal- 
culations were performed on an IBM 360/40 computer 
using a program written by Meier & Gramlich (1968). 
Fourier syntheses (King & Van der Helm, 1963) were 
calculated on an IBM 1620 system. Full-matrix least- 
squares refinement was executed on a CDC 6500 elec- 
tronic data processing system using the program XFLS 
by Busing, Martin & Levy (1967). 

The final observed and calculated structure factors 
are listed in Table 1. 

Crystal data 

Zinc hydroxide nitrate is monoclinic with the following 
unit-cell dimensions (refined by least-squares calcula- 
tions): 

a =  19.480(5) A fl = 93.28°(2) 
b=  6.238(1) V=669-2(2) A 3 
c =  5.517(1) 

(values in parentheses are standard deviations). 
The calculated density for 2 formula units per cell is 

d~= 3.115(1) g.cm -3 in agreement with. the pycnomet- 
rically measured density d=  3.02(3) g.cm -3. 

The crystal used for data collection was cut out of a 
rhomb-shaped specimen to a rectangular prism of the 
following dimensions: 0.07 x 0.4 x 0.1 mm. The linear 
absorption coefficient is 109.4 cm -1. 

The space group, as determined from Weissenberg 
and precession photographs, is either C2, Cm or C2/m. 
As the habit of the crystals is centrosymmetric the 
space group C2/m was adopted; this choice was subse- 
quently found to be correct. 

Structure solution and refinement 

Initially a Patterson synthesis was computed from the 
hOl reflexions which revealed the positional parameters 
of the metal atoms. By two successive difference Fou- 
rier syntheses the positions of the hydroxide oxygen 
atoms and the nitrate groups were determined. A three- 

dimensional structure factor calculation gave an R 
value of 20%. In all calculations the atomic scattering 
factors used for the neutral atoms were those listed in 
International Tables for X-ray Crystallography (1962). 
In a three-dimensional difference Fourier synthesis the 
oxygen atoms of the four water molecules were detect- 
ed. By Fourier and difference Fourier methods the R 
value could be lowered to 10%o. In the following least- 
squares refinement we first varied 20 positional param- 
eters, 11 temperature parameters and 5 scale factors: 
the R value for 491 observed reflexions dropped to 
7.8%. After the introduction of anisotropic tempera- 
ture factors an R value of 6.4% was reached. In the last 
cycle 20 positional parameters and 46 temperature fac- 
tors were varied. The function minimized was 
ZlFe-sqFo[ z (sq is a scale factor); the reflexions were 
given unit weights. 

The final positional and thermal parameters are 
given in Tables 2 and 3. 

Table 2. Zns(OH)s(NO3)2.2H20 positional parameters 
and their standard dev&tions 

x y z 
Zn(l) 0-0000 0.5000 0.0000 
Zn(2) 0.0000 0.2518(5) 0.5000 
Zn(3)  0.0879(1) 0.0000 0.0079(4) 
OH(I) 0"0622(4) 0.2512(20) 0.1882(13) 
OH(2)  0.4402(7) 0.5000 0.3397(20) 
OH(3)  0.4492(6) 0.0000 0.3091(21) 
O(1) 0.2863(7) 0.5000 0-4974(29) 
0(2) 0.1845(8) 0.5000 0.3090(25) 
0(3) 0.3032(8) 0.0000 0.3014(28) 
H20 0.3123(7) 0.5000 0.0125(25) 
N 0.2206(9) 0.5000 0"4950(35) 

Description of the structure 

The structure of zinc hydroxide nitrate can be regarded 
as a variation of a hypothetical Zn(OH)2 structure in 
the C6 or CdI2-type group. One quarter of the zinc 
atoms are removed from the octahedral interstices of 
the sheet. Each occupied octahedron shares its edges 
with two unoccupied and four occupied octahedra. 
The resulting sheet is negatively charged" [Zn~ct(OH)8] 2-. 
Tetrahedrally coordinated zinc atoms are located above 
and below the empty octahedron. Three corners of the 
tetrahedron are occupied by hydroxide ions belonging 
to the sheet described above, the fourth by a water 

Zn(l) 
Zn(2) 
Zn(3) 
OH(l) 
OH(2) 
OH(3) 
O(1) 
0(2) 
0(3) 
H20 
N 

Table 3. Mean-square amplitudes of vibration (A 2 × 10 3) 

U11 U22 U33 U12 U13 U23 
32 (2) 28 (3) 22 (2) 0 1 (1) 0 
36 (1) 26 (2) 22 (1) 0 2 (1) 0 
31 (1) 26 (2) 25 (1) 0 2 (1) 0 
25 (4) 43 (8) 14 (3) 1 (6) 4 (2) 1 (4) 
35 (6) 34 (11) 13 (3) 0 - 4  (4) 0 
16 (5) 30 (10) 20 (6) 0 0 (3) 0 
24 (8) 60 (15) 55 (10) 0 8 (7) 0 
29 (7) 42 (14) 36 (8) 0 -3  (6) 0 
38 (9) 127 (20) 36 (9) 0 16 (7) 0 
31 (7) 64 (16) 34 (6) 0 -3  (6) 0 
37 (10) 40 (20) 47 (12) 0 7 (8) 0 
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molecule. The complex sheet so formed is positively 
charged, [Zn~Ct(OH)sZntxetr(HzO)2]2+. These sheets are 
stacked so that the second sheet is shifted along [010] 
by an amount b/2. The nitrate anions are located be- 
tween the sheets and lie in a plane normal to them. 
The nitrate groups do not directly coordinate the zinc 
atoms: the symmetry D3h is therefore almost preserved. 
In addition, the sheets are held together by hydrogen 
bonds: two oxygen atoms of the nitrate group are 
hydrogen bonded with water, the third forms a bond 
with two hydroxide ions of the sheet. Two views of the 
structure are given in Fig. 1 (a) and (b). The bond lengths 
and angles are presented in Table 4. 

Table 4. lnteratomic distances and bond angles 
in Zns(OH)s(NO3)2.2H20 

(a) Coordination octahedron around Zn(1) 
Zn(1)-OH(1 x) 2.193 (12) A 
Zn(1)-OH(1 xI) 2.193 (12) 
Zn(1)-OH(1 v) 2.193 (12) 
Zn(1)-OH(lV0 2-193 (12) 
Zn(1)-OH(3 m) 2"020 (11) 
Zn(1)-OH(3 TM) 2.020 (11) 
/OH(3m)-Zn(1)-OH(11) 83.4 (0"5)* 
/ OH(II) -Zn(1)-OH(111) 89-9 (0.5) 

(b) Coordination octahedron around Zn(2) 
Zn(2)-OH(1 x) 2.160 (12) A 
Zn(2)-OH(1 v) 2.160 (12) 
Zn(2)-OH(2 m) 2-118 (11) 
Zn(2)-OH(2 Iv) 2.118 (11) 
Zn(2)-OH(3 m) 2.089 (11) 
Zn(2)-OH(3 TM) 2.089 (11) 
Mean value 2-122 (6) 

/ OH( 11)--Zn(2)-OH(2 m) 
/_ OH(11)--Zn(2)-OH(3 m) 
/_ OH(2Iv)-Zn(2)-OH(3 Iv) 

89"2 (0"5)* 
82"6 (0"5) 
96"1 (0"5) 

(c) Coordination tetrahedron around Zn(3) 
Zn(3)-OH(11) 1.937 (12) A 
Zn(3)-OH(111) 1.937 (12) 
Zn(3)-OH(2 TM) 1-963 (11) 
Zn(3)-H20(Iv) 1.953 (11) 
Mean value 1.947 (6) 

/_ OH(II)--Zn(3)-OH(111) 
/ OH(111) -Zn(3)-OH(2 Iv) 
/_ OH(II)--Zn(3)-H20(rv) 
/_ OH(2Iv)-Zn(3)-H2OQ v) 

108.0 (0"6)* 
115"8 (0"6) 
108"5 (0"6) 
99.6 (0.6) 

(d) Nitrate group 
N - O ( 1  I) 
N-O(2 I) 
N-O(3 TM) 
Mean value 

1.277 (23)/~ 
1"209 (25) 
1"242 (23) 
1"243 (12) 

/_ O(lr)-N-O(2 r ) 
/ O(II)-N-O(3 rv ) 
/ O(2~)-N-O(3 TM ) 

122"9 (1"9)* 
114"6 (1"9) 
122.5 (1.9) 

(e) Hydrogen bonds 
H20(I)-O(1 I) 
H 2 0 (  I ) - O ( 3  Iv) 
OH(1I)-O(2 I) 
OH(3I)-O(3 r) 

2.751 (23) A 
2-758 (23) 
2.891 (23) 
2.842 (23) 

Table 4 (cont.) 

Symmetry code: 
I= x y z Iv=½--x ½--y 

I I=  X --y Z V= --X y 
III=x--½ y--½ Z VI=--X --y 

--Z 
--Z 
--Z 

Discussion of the structure 

The structure of zinc hydroxide nitrate is closely related 
to those of zinc hydroxide chloride Zns(OH)sC12. H20 
(Nowacki & Silverman, 1961 ;refined byAllmann, 1968), 
and zinc hydroxide carbonate (hydrozincite), 
Zns(OH)6(CO3)2 (Ghose, 1964), in so far as these com- 
pounds contain zinc in octahedral and tetrahedral co- 
ordination. The ratio of octahedral to tetrahedral zinc 
is always 3: 2. 

The three compounds differ in that the carbonate 
group in hydrozincite coordinates both the octahedral 
and the tetrahedral zinc atoms, whereas in zinc hydrox- 
ide chloride the chloride ion takes part in the tetra- 
hedral coordination of zinc. On the other hand in 
Zns(OH)8(NO3)z.2H20 the nitrate group coordinates 
neither the tetrahedral nor the octahedral metal atoms. 

The mean octahedral Zn-O distance of 2.13 A is 
comparable with the value of 2.16 A in zinc hydroxide 
chloride, 2 .10A in hydrozincite, 2 .07A in 
Zn(OH)z.ZnSO4 (Iitaka, Oswald & Locchi, 1962) and 
2.10 A in Zn(NO3)2.6H20 (Ferrari, Braibanti, Manotti  
Lanfredi & Tiripicchio, 1967). 

The Zn(t)-OH(1) distance is significantly longer 
than the Zn(1)-OH(3) distance. This difference is due 
to the fact that the OH(3) ions are exclusively coordi- 
nated to Zn(1) and Zn(2) whereas OH(l)  is coordinated 
to Zn(3) as well. Therefore OH(l)  is pulled out of the 
layer (100) in the direction of Zn(3), and the Zn(1)-OH(1) 
distance is increased. 

The occurrence of strongly distorted octahedra with 
considerable variation in the distances between the 
central atom and its neighbours is fairly common in the 
crystal chemistry of zinc, see e.g. Zn(OH)2.ZnSO4 
(Iitaka, Oswald & Locchi, 1962) or fl-Zn(OH)Cl (Fors- 
berg & Nowacki, 1959). 

The distance between the centre of the empty octa- 
hedron and the oxygen atoms is 2.22 A, which is 
significantly larger than the Zn-O distance in the 
occupied octahedron. This is readily understood on 
the basis of  an ionic model and electrostatic repulsion 
of the oxygen atoms involved in the empty octahedron. 
The Zn-O distance in the tetrahedron with an average 
value of 1.95A is similar to those found in 
Zns(OH)sCI2.H20 (1.94 A),  Zns(OH)6(CO3) 2 (1"95 A) 
and Zn(OH)2. ZnSO4 (2.02 A). 

The nitrate group has almost Dab symmetry, the 
differences in the N-O bond lengths not being signif- 
icant. The almost complete preservation of Dab symme- 
try can be clearly seen in the infrared spectra: the 
strong doubly-degenerated asymmetric N-O stretching 
frequency v3 of the nitrate group near 1380 cm -a is not 
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1 l- b 

l_ 
I~ v , C I ! 

(b) 
Fig. 1. Zns(OH)s(NO3)2.2H20. Partial projections (a) along b, (b) normal to the b, c plane; nitrate groups omitted. Small circles 

are nitrogen, medium circles zinc and large circles oxygen atoms. Shaded circles represent atoms above the plane of projection. 

split and the forbidden, totally symmetric vx mode 
(1020 cm- 0 can hardly be detected in the spectra. 

As the nitrate oxygen atoms are not directly bonded 
to any metal atoms, the nitrate groups may be replaced 
by chlorine ions merely by immersing the crystals in 
solutions of metal chlorides: 

Zns(OH)8(NO3)2.2H20 + Me 2+ + 2C1----~ 

Zn4Me(OH)8CI2. H20 + Zn 2+ + 2NO~- + H20. 

The crystal structure of the product is very simi- 
lar to the structure of zinc hydroxide chloride, 
Zns(OH)sCI2.H20. A discussion of this topotactic 
reaction and the infrared and ultraviolet spectra will 
shortly be published elsewhere. 

The authors are indebted to Professor W. M. Meier 
and Mr V. Gramlich, Institut fur Kristallographie und 
Petrographie, Eidg. Technische Hochschule ZUrich, 
for the use of computer programs and assistance in the 
computations and to Professor E.Stiefel, Institut fur 
angewandte Mathematik, Eidg. Technische Hoch- 
schule ZUrich, for the use of the CDC 6500 computer. 
This research has been supported by the Schweize- 

rischer Nationalfonds zur F6rderung der wissenschaft- 
lichen Forschung, project number 5158.2. 

References 

ALLMANN, R. (1968). Z. Kristallogr. 126, 417. 
BUSING, W. R., MARTIN, K. O. & LEVY, H. A. (1967). A 

Fortran Crystallographic Least-Squares Program XFLS- 
360. Oak Ridge National Laboratory, Tennessee. 

FEITKNECHT, W. (1933). Helv. Chim. Acta, 16, 427. 
FERRARI, A., BRAIBANTI, A., MANOTTI LANFREDI, A.M. & 

TIR1PICCHIO, A. (1967). ,4cta Cryst. 22, 240. 
FORSBERG, H.-E. & NOWACKI, W. (1959)..4cta Chem. 

Scand. 13, 1049. 
GHOSE, S. (1964). Acta Cryst. 17, 1051. 
IrrAKA, Y., OSWALD, H. R. & LOCCHI, S. (1962). Acta Cryst. 

15, 559. 
International Tables for X-ray Crystallography (1962). Vol. 

III. Birmingham: Kynoch Press. 
KING, G. S. D. & VAN DER HELM, D. (1963). A Crystallo- 

graphic Fourier Summation Program. ERA Techn. Re- 
port 3/63; 10/64. 

MEIER, W. M. & GRAMLICH, V. (1968). Unpublished work. 
NOWACKI, W. & SILVERMAN, J. N. (1961). Z. Kristallogr. 

115, 21. 
PALM, J. H. (1964). Acta Cryst. 17, 1326. 


