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The crystal structure of Zn(OH)(N03).Hz0 has been studied by X-ray diffraction methods using 
fibrous microcrystals and powder. The cell dimensions are a = 17.951 A, b = 3.2600 di, c = 14.272 A, 
and p = 114.91”. The space group is P2,/c. The structure has been refined by the Rietveld full-profile 
technique. The results obtained from different data sets and the corresponding discrepancy indicators 
are compared. The structural chemistry of the compound is discussed and an interpretation of its 
topotactic transformation into Zn3(OH)4(N03)2 is presented. o 1989 Academic PKSS, hc. 

Introduction synthesis of zinc oxide with high surface 
area. This oxide exhibits coherently dif- 

Four zinc hydroxide nitrates have been fracting domains whose size and shape are 
reported: the crystal structures of two of amenable to a precise analysis by means of 
them ZnS(OH)s(NO& . 2H20 (1) and Zn3 diffraction line broadening (see, for exam- 
(OH)4(N03)2 (2) were solved in single crys- ple Ref. (5)). The hydroxide nitrate 
tal studies. They are characterized by layer Zn5(OH)s(N0& is obtained by thermal de- 
structures which are related to the brucite composition of the hydrated phase; a possi- 
type, and they belong respectively to types ble crystal structure has been proposed 
IIa and I of the structural classification from analogies between the unit cell param- 
scheme proposed for the bivalent metal hy- eters of the two phases (6). This suggested 
droxide nitrates (3). Among investigations layer structure would correspond to type 
of their properties, topotactic studies by ion IIb of the structural classification. The 
exchange have been described (4), as have fourth known hydroxide nitrate Zn(OH) 
studies of their role as precursors in the (NOJ). Hz0 with a lower hydoxyl ion con- 
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tent has a fibrous texture which has pre- 
cluded a precise structural analysis (7). 
Although the thermal decomposition mech- 
anism of this solid, like that of the layered 
Zn3(OH)4(N03)2 compound, involves the 
formation of gaseous nitric acid and water 
by a chemical reaction occurring inside the 
crystallites (a), the fibrous texture of the 
crystals does not seem to be consistent with 
a layer structure. To clarify this discrep- 
ancy, an investigation of the crystal struc- 
ture is strongly needed. 

Recent applications of X-ray powder dif- 
fraction, especially in structure analyses 
utilizing the powerful Rietveld method (see, 
for example, Refs. (9, 10) have further moti- 
vated us to investigate the structure of 
this zinc hydroxide nitrate, Zn(OH) 
(N03) * H20. Data obtained by four differ- 
ent experimental techniques have been 
used for the solution and refinement of the 
crystal structure. The present paper deals 
with the crystal structure determination of 
Zn(OH)(NO& * H20, contains a discussion 
of the results obtained from different sets of 
data, and, finally, describes the structural 
chemistry of this solid. 

Experimental 

Crystals of Zn(OH)(N03) * H20 display- 
ing a fibrous texture were grown, under at- 
mospheric conditions, by slow hydrolysis 
at 65°C of melted zinc nitrate hexahydrate 
(II). For this work, four types of X-ray dif- 
fraction data were collected from the 
sample. 

A small group of fibrous microcrystals of 
relatively parallel orientation were 
mounted on a STOE single crystal diffrac- 
tometer. A total of 607 independent reflec- 
tions with Z(net) > 3u(Z) were collected 
with 8-219 scans, using CuKcv radiation and 
a wide detector opening (4 mm). Attempts 
to use w-scans failed because the peaks 
were too broad in this scan direction. As 
the data quality was necessarily low, we 

TABLE I 

CRYSTAL DATA FOR Zn(OH)(N03).H20 

Data type Radiation Data range Number of F RF RV 

“Multiple 
crystal” CuKa (ho0 132 0.144 

“Multiple 
crystal” CuKa (hkl) 607 0.241 

Guinier CuKa, 10” < 28 < 80” 4% 0.183 0.42 
Guinier CrKa, 10” < 28 i 85” 151 0.138 0.41 
Siemens CuKal IO” < 28 < 64.5 244 0.071 0.18 

Note. a = 17.951(3) A, b = 3.2600(2) A, c = 14.27X2) A, J3 = 
114.91”(l), V = 757.5 .@, Mz” = 26, F3” = 43(0.010,69), Fs3 = 
28(0.010,200). 

decided also to use Guinier powder diffrac- 
tion data and to employ the Rietveld refine- 
ment technique to analyze the structure. 
For the final refinements powder diffrac- 
tometer data were used. 

X-ray diffraction photographs were ob- 
tained in a subtraction-geometry Guinier- 
Hagg camera, 100 mm in diameter, using 
strictly monochromatized CuKai (A = 
1.5405981 A) and CrKcv, (X = 2.28962 A) 
radiation. Single-coated film (CEA, Reflex 
15) was used in order to avoid superposi- 
tion of front- and back-layer intensity pro- 
files and to reduce the background. All the 
films were measured with a computer-con- 
trolled single-beam microdensitometer, LS- 
18, designed for X-ray powder diffraction 
photographs (12). The dimensions of the slit 
opening of the collimator were 0.040 x 2.0 
mm and the corresponding measuring step 
length in the B-direction on the photographs 
was about 0.0228” (28). The o-scale was cal- 
ibrated by means of the internal standard 
technique, using a parabolic correction 
curve. Silicon (a = 5.430880(35) A at 25°C) 
was chosen as the standard substance (13). 
Unit-cell dimensions obtained from least- 
squares refinement of the CU&~ data set 
are given in Table I. The corresponding in- 
dexed powder diagram is given in Table II. 

Powder diffractometer data were col- 
lected with a Siemens DSOO powder dif- 
fraction system. Strictly monochromatic 
CuKcrl radiation was selected by means of 
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TABLE II TABLE II-Continued 

OBSERVED AND CALCULATED 20 VALUES FOR THE 

GUINIER POWDER DIFFRACTION PATTERN OF 

Zn(OH)(NOJ . Hz0 

(h&l) mhs NW d ohs 

(122) 57.988 -0.005 1.5892 
cm) 

[ 

0.019 
(910) 58.278 -0.006 1.5820 
(908) -0.011 
(418) 58.978 -0.009 1.5648 

Note. A(20) = 2&b, - 20,,,,; A = 1.5405981 A. 

(200) 
(202) 
(~02) 

[ 
(302) 
(300) 
(102) 
(402) 
(202) 
p3) 
(204 
(302) 
(iO4) 
(404) 
(004) 
C!lO, 

[ 
(111) 
vJ11) 
WV 
(1041 
(402) 
(212) 
(111) 

L 
(312) 
(310) 
($04) 
(113) 
(204) 

[ 
(311) 
(4121 
p4 
(512) 

[ 
(314) 
(312) 

[ 
(i14) 
(304) 
(510) 
(114) 
(512) 

L 
(804) 
(114) 
($4 
(614) 
m6) 
(800) 
(106) 
(714) 
(416) 
(216) 
(814) 
(414) 
(708) 
(816) 

L 
017) 
(704) 
cw 
V.3 

[ 
W) 
(021) 
(121) 
cw 

10.863 
13.424 
13.678 
16.305 

16.732 
20.282 
20.807 
21.819 
24.958 
25.453 
25.678 
26.993 
27.531 
27.901 

28.210 
29.574 
30.347 
30.478 
30.582 
31.351 

32.003 
32.934 
33.413 
33.811 

34.269 
36.857 
31.296 

37.685 

37.869 
39.061 
40.721 
40.901 

41.274 
42.332 
43.308 
43.534 
44.488 
44.600 
46.498 
47.505 
47.761 
50.147 
51.124 
53.630 
54.913 
56.347 

56.726 
56.851 

57.507 
57.615 

0.004 
0.014 
0.008 
0.012 

-0.015 
0.009 

-0.001 
0.001 
0.001 
0.015 
0.003 

-0.008 
-0.014 
-0.011 

0.002 
0.036 
0.004 

-0.010 
0.029 
0.031 
0.019 

-0.015 
0.017 
0.003 
0.007 

-0.039 
-0.005 

0.033 
-0.008 

0.000 
0.000 
0.025 

-0.012 
0.009 
0.004 

-0.006 
0.006 

-0.007 
0.034 
0.000 

-0.008 
0.002 

-0.006 
0.007 
0.006 
0.007 
0.005 
0.013 

-0.039 
-0.010 
-0.000 
-0.019 

0.014 
-0.032 

0.015 
-0.006 
-0.020 
-0.038 
-0.011 
-0.012 

8.138 541 
6.591 669 
6.469 391 
5.432 348 

5.294 225 
4.37s 116 
4.266 101 
4.070 139 
3.5649 594 
3.4967 111 
3.4664 40 
3.3005 40 
3.2372 40 
3.1952 272 

3.1608 231 
3.0181 210 
2.9429 142 
2.9306 90 
2.9209 228 
2.8510 273 

2.7944 
2.7175 
2.6796 
2.6490 

40 
40 
87 

2.6146 215 
2.4368 204 
2.4091 388 

2.3850 88 

2.3739 244 
2.3042 294 
2.2140 238 
2.2046 83 

2.1856 241 
2.1334 106 
2.0875 77 
2.0772 330 
2.0349 160 
2.0300 293 
I .9515 128 
1.9124 151 
1.9028 163 
1.8177 121 
1.7852 78 
1.7076 92 
1.6707 70 
1.6315 80 

1.6215 453 
1.6182 265 

1.6013 138 
1.5986 208 

Ii10 

167 

201 

145 

an incident-beam curved-crystal germa- 
nium monochromator with asymmetric fo- 
cusing (short focal distance 124 mm, long 
focal distance 216 mm). The divergence 
slits located in the incident beam were se- 
lected to ensure complete illumination of 
the specimen surface at 12” (28). With these 
experimental conditions, the instrumental 
resolution curve, obtained from a standard 
material (BaF2) reaches a minimum full 
width at half-maximum (FWHM) value 
(0.065” (28)) at about 30” (28) which rises to 
twice that value at about 125” (28). 

The powder diffraction pattern was 
scanned in steps of 0.02” (28), and fixed- 
time counting (20 set) was employed. At 
the end of the data collection the stability of 
the intensity of the incident beam was 
checked by recording the first lines of the 
pattern. To minimize preferred orientation 
effects due to the fibrous morphology of the 
crystallites, the zinc hydroxide nitrate was 
ground for t hr, and a side-loading method 
was used to prepare the sample for the dif- 
fractometer. 

Structure Determination 

From the systematically absent reflec- 
tions (h01) with 1 = 2 n + 1 and (OkO) with k 
= 2 n + 1 the space group P2,/c proposed 
by Lou&r et al. (7) was confirmed. The Zn 
positions were derived from a three-dimen- 
sional Patterson function using the STOE 
data set. Since the b-axis is as short as 3.26 
A (Table I), we decided to determine the X- 
and z-coordinates from the (h01) reflections 



12 ERIKSSON, LOUl?R, AND WERNER 

FIG. 1. Electron density projections (x, z) calculated from (a) a STOE data set obtained from a small 
group of fibrous microcrystals of relatively parallel orientation; (b) a CrKa, Guinier powder data set; 
and (c) a CrKq Guinier powder data set using a definition range of one FWHM in refinements of the 
zinc atom positions. No other atoms were included in this calculation. For maps (a) and (b) all atomic 
positions were used. In maps (a), (b), and (c) the final atomic positions as obtained from the CrKo, data 
set are marked. 

and to derive the y-coordinates from the 
general reflections. 

Although it was possible to determine all 
oxygen and nitrogen positions by Fourier 
methods and to refine them by least- 
squares calculations to a conventional 
structure factor RF-value = 0.144 (RF = Cl 
IFJobs -IFlc&X/Flot,~) from the @Of) reflec- 
tions, two relatively strong extra peaks at 
(xz) = (0.07, 0.43) and (0.07,0.25) were ob- 
tained in the final electron density projec- 
tion map (see Fig. la). In the corresponding 
Fourier map, calculated with structure fac- 
tors from the Cr&xi Guinier data set by the 
profile program (Id), no extra peaks were 
found (Fig. lb). The positional parameters 
were identical within two SDS in the two 
calculations. The RF-value obtained for the 
CrKa, Guinier data set was 0.138, although 
the profile R-values R, and R,, were 0.40 
and 0.41, respectively. The y-coordinates 
were determined and refined from the 
three-dimensional STOE data set. Since the 

final RF-value was as high as 0.24, we de- 
cided to check this result by means of the 
CuKc~i Guinier powder data. Using identi- 
cal positional parameters, the RF-value ob- 
tained for 456 reflections derived by the 
profile program was 0.183. The profile R- 
values, however, were R, = R,, = 0.42. 

Although it was not necessary to derive 
the structure completely from the powder 
data sets, it may be of interest in principle 
to discuss the possibilities of solving the 
structure solely from powder diffraction 
data. Therefore, the zinc atom positions 
and the profile parameters were refined 
with the CrKai data set. The Cr data set 
was chosen in order to minimize the num- 
ber of overlaps. 

The definition range of the profile func- 
tion for a single profile in the refinements of 
a complete structure may be set equal to 
three times the FWHM. As stated by To- 
raya (15) the definition range should be ex- 
tended for the strong reflections to include 
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FIG. I-Continued 

>99% of the profile area in order to sup- 
press large truncation errors in overlapping 
weak reflections. 

In the preliminary stage of a structure de- 
termination, however, when only a small 
part of the structure is included, it may be 
preferable to decrease the definition range 
to one FWHM in order to suppress the in- 
fluence of erroneous distribution of the ob- 
served intensities. This may be regarded as 
an intermediate step between the uses of 
peak intensities and integrated profiles. The 
Fourier map in Fig. lc was calculated from 

the Cr data set using only the zinc positions 
and one FWHM in the profile refinement. 
Although the deviations of the final atom 
positions from the Fourier peak positions 
are sometimes large, the basic structure 
may be recognized. A corresponding 
Fourier map using three FWHM in the pro- 
file refinements was somewhat less accu- 
rate. 

A comparison of the observed and calcu- 
lated Guinier patterns showed a general 
tendency for the peaks to be higher for the 
observed than for the calculated intensities. 
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This is partly compensated by broader pro- 
files in the calculated patterns. This may 
also explain the large differences between 
the structure factor R-values and the profile 
R-values. The RF-values obtained from the 
powder data sets and the STOE data are 
similar, however, and the positional param- 
eters showed no significant differences. 

Several runs were also made using fixed 
half-width parameters determined from ob- 
served individual peaks. Although in this 
way better agreement was found between 
observed and calculated peak widths, the 
R-values were never improved and the po- 
sitional coordinates did not change signifi- 
cantly. Preferred orientation errors may oc- 
cur, but since this peak width problem has 
been observed in the output from several 
profile refinements of Guinier patterns, it 
may be concluded that the main explana- 
tion must be found in a strong B-depen- 
dency of the profile shapes. In the determi- 
nation of structures from powder dif- 
fraction data, the high resolution in Guinier 
patterns is favorable. For more accurate re- 
finements, powder diffractometer data 
showing more mathematically well-defined 
profile function should be preferable. 

From the present investigation, as well as 
from earlier experience with Guinier pow- 
der data refinements, however, we con- 
clude that the quality of a structure deter- 
mination is usually better illustrated by the 
structure factor R-value, RF, than by the 
profile R-values, R, and R,, . This conclu- 
sion is not rigorous and may be violated if 
the structural constraints are too lenient. 

Refinement 

Final refinements of the structure were 
made with the Siemens D500 powder dif- 
fractometer data set. The consistency of 
the previous refinements was checked with 
the program DBW3.2S (16) which is a suc- 
cessor to the program described in Ref. 
(17). A modified Lorentzian function (Mod. 

2 Lorentzian) was used for representation 
of the individual reflection profiles. The 
angular dependence of the peak FWHM 
was described by the usual quadratic form 
in tan (0) 

FWHM2 = U * tan2 (0) + V* tan (0) + W, 

where U, V, and W are parameters whose 
values were refined. The background inten- 
sity was evaluated in regions without con- 
tribution from Bragg reflections, and linear 
interpolation of these values led to the 
background correction. Due to the high 
density of diffraction lines, the upper limit 
for background estimation was fixed at 
64.5” (28). Thus the refinement was carried 
out using the angular range 12” < 28 < 
64.5”. Integral intensities were distributed 
over three FWHM on either side of a dif- 
fraction line profile. The profile analysis re- 
finement involved the following parame- 
ters: 42 atomic coordinates, 14 isotropic 
temperature factors, one scale factor, one 
zero-point parameter, four cell parameters, 
one asymmetry parameter, and three half- 
width parameters. In order to adjust the 
peak position and the fit between the ana- 
lytical profile shape and the observed line 
profiles, the cell and profile parameters 
were allowed to vary from time to time dur- 
ing the refinement process. The nitrate 
groups, which are linked to Zn atoms by 
only one oxygen atom, suffered significant 
coordinate shifts, leading to unsatisfactory 
distances and angles. Consequently, a pro- 
gressive refinement of their coordinates 
was performed by allowing a maximum 
variation of 20% in each cycle. The last 
variable to be refined was the preferred-ori- 
entation factor (Gl = 0.15). The final R- 
values, R, = 0.137, R, = 0.184, RB = 
0.103, and RF = 0.071, were obtained for 
the parameters listed in Table III. Figure 
2 shows the fit obtained between the calcu- 
lated and the observed patterns. 

A comparison between the 42 coordi- 
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nates in Table III and the corresponding co- 
ordinates obtained from the Guinier data 
sets showed that 30 values agreed within 
one SD, six within two SDS, and six (of 
which five are y-coordinates) within three 
SDS. Bond lengths and bond angles as ob- 
tained from the final refinement are listed in 
Table IV. 

Discrepancy Indices 

The quantities used to estimate the agree- 
ment between the observations and the 
model during the course of a Rietveld re- 
finement can be written as 

The profile R, 
= C lyi(obs) - (l/c)yi(calc)l 

- 
zYi(obs) 

The weighted profile R,, 

= C wi[Yi(obs) - (l/c)Yi(calc)l* 
C wi[Yi(ObS)l* 

TABLE III 
POSITIONAL AND THERMAL PARAMETERS OF 

Zn(OH)(N03). HZ0 

Atom Site x Y  z B (‘9 

ml) 
zm 
O,(U 
O(l) 
O(2) 
O(3) 
N(I) 
OH(l) 
O,(2) 
O(4) 
O(5) 
065) 
N(2) 
OW2) 

4(e) 
4w 
4w 
4(e) 
4(e) 
4w 
4(e) 
4(e) 
4(e) 
4(e) 
4w 
4(e) 
4(e) 
4(e) 

0.0716(3) 0.248(2) 
0.4284(4) 0.376(2) 
0.162(l) 0.828(9) 
0.168(l) 0.177(S) 
0.070(2) 0.293(9) 
0.191(Z) O.OOOc7) 
0.136(2) 0.16(l) 
0.001(l) 0.769(9) 
0.348(2) 0.966(9) 
0.335(2) 0.493(9) 
0.424(2) 0.274(10) 
0.335(2) 0.675(1 I) 
0.362(3) 0.441(16) 
0.497(l) 0.857(8) 

0.3281(4) 0.6(2) 
0.2531(5) 1.7(2) 
0.303(2) 0.4(8) 

-0.021(2) 0.1(8) 
0.036(2) 0.0(8) 
0.134(2) 0.2(8) 
0.048(2) 0.0(E) 
0.336(l) 0.7(7) 
0.143(2) 4.1(9) 
0.308(2) 4.4(1.1) 
0.455(Z) 2.3C1.1) 
0.457(3) 7.00.2) 
0.415(4) 7.4C1.9) 
0.330(2) I .5(S) 

The Bragg RB = RI 
= 2 IZ(“obs”) - Z(calc)l 

c Z(“obs”) 

l/2 
The structure factor RF 

= 2 IZ(“obs”)i’* - Z(calc)“*l 

2 Z(“obs”)“* 

xxx ZN OH NO3 H20 *mm 
1.0 

I.,“:““!““(““I”“I”“:““!““:““:““!”’,’ 
10 15 20 25 30 35 40 45 50 55 60 

TWO THETA 

FIG. 2. The final Rietveld difference plot of Zn(OH)(NO,) . Hz0 from the Siemens DSOO data set. The 
upper trace shows the observed data as dots, and the calculated pattern is shown by the solid line. The 
lower trace is a plot of the difference: observed minus calculated. The vertical markers show positions 
calculated for Bragg retlections. 
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TABLE IV 

SELECTED INTERATOMIC DISTANCES (A) AND 
ANGLES (“), WITH ESTIMATED STANDARD 

DEVIATIONS IN PARENTHESES 

Zn(l)-OH(l)i 2.05(3) A Zn(2)-OH(2) 2.01(3) w 
-O(l)ii 2.14(2) -O,(2)’ 2.10(3) 
-OH(l)“’ 2.15(3) -OH(2)’ 2.1 l(3) 
-OH(l) 2.16(2) -OH(2)iv 2.13(2) 
-O,(l)l 2.27(3) -O(4) 2.16(3) 
-O,(l) 2.62(3) -0aq(2) 2.52(3) 

OH(l)-Zn(l)-O,(l)’ 165(6) 
OH( I)‘-Zn( 1)-O,( 1) 174.9(8) 

O(l~-Zn(l)-OH(l)clt 163.3(9) 

OH(2)-Zn(2)-Oaq(2)’ 167( 1) 
OH(2)‘-Zn(2)-O,(2) 173.2(9) 

O(4)-Zn(2)-OH(2)” 166(l) 

N(l)-O(2) 1.22(4) i% N(2)-O(5) 1.16(6) ii 
-O(3) 1.31(4) -O(6) 1.20(6) 
-O(l) 1.33(4) -O(4) 1.41(5) 

O(l)-N(l)-O(2) 125(3)” O(4)-N(2)-O(5) 112(4) 
O(l)-N(l)-O(3) 109(3) O(4)-N(2)-O(6) 115(4) 
O(2)-N(l)-O(3) 126(3) O(5)-N(2)-O(6) 127(4) 

Possible hydrogen bonds 

Oaq(lbO(3)’ 2.73(3) A Oaq(2)-O(6)” 2.60(4) A 
-O(6) 2.99(4) -O(3)” 2.78(4) 

O(3)‘-O&1)-0(6) 99(l) 
O(3)‘-O,,(2)-O(6)” 107(l) 

Note. Codes: i (x, y  - 1, z), ii (x, 4 - y, z + +), iii 
C-x, Y - f, 4 - z), iv (1 - x, Y - :, 4 - z), v  (x, 1 + y, z), 
vi (x, 3 - y, z - $1. 

The expected Rexp 

1 
l/2 

= RE = 
N-P 

2 ~i[Ydobs)l* 

2 

The goodness of fit GF = 2 . [ 1 =P 

The quantity c is a refinable scale factor. 
The values yi (obs) and yi (talc) are the ob- 
served and calculated intensities at point i 
in the pattern. From a statistical point of 
view they should also contain the back- 
ground intensities. Because of technical 
restrictions this is not always possible, 

however. Intensity data from a Guinier 
photograph may be obtained from optical 
densities above the local background and 
therefore the true background may not be 
included in the measurement. The back- 
ground intensity will also affect the weight 
wi which is normally set to l/yi (obs), from 
counting statistics. In the case of photo- 
graphic data the lack of background infor- 
mation may be compensated for by using a 
constant weight for all intensities below a 
threshold value. 

The observed and calculated integrated 
Bragg intensities are denoted Z(“obs”) and 
Z(calc). The reason for the quotation marks 
is the fact that the observed intensities are 
calculated by partitioning the raw data in 
accordance with the calculated intensities 
of the component peaks. The number of 
step intensities and parameters refined are 
denoted N and P, respectively, in the fac- 
tors listed above. N is normally the number 
of step intensities within the integration 
range of the Bragg reflections. One may ar- 
gue, however, that if the background is in- 
cluded in the refinement, it should preferen- 
tially be refined from areas outside the 
Bragg reflections. 

The quantity minimized in a Rietveld re- 
finement is the weighted profile R-value, 
R WP. Its numerical value may be somewhat 
misleading, however (18). This is because it 
is more dependent on the background, the 
length of the reflection tails, the applied 
weights, and the profile function than on 
the integrated intensities. The main ques- 
tion is: How well are the integrated intensi- 
ties distributed between the reflections 
when the weighted profile R-value reaches 
its minimum? There is an obvious risk of 
obtaining false minima. The risk is reduced, 
however, if the resolution of the pattern is 
increased and if the most accurate profile 
function is used. It should also be noted 
that the weighted profile R-value cannot be 
used to compare structure refinements from 
different types of powder diffraction data. 
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TABLE V 

COMPARISON OF DISCREPANCY INDICES BETWEEN 
ORIGINAL SIEMENS D500 DATAANDDATAWITH 

SIMULATEDHIGH BACKGROUND 

Discrepancy Original 
index type data 

Simulated 
data” 

4 0.137 0.026 
R w 0.184 0.038 
R =P 0.043 0.020 
GF 18.3 3.6 
RB 0.103 0.092 
RF 0.071 0.067 

0 Two thousand added to all step intensities. 

Comparisons are possible only by using the 
Bragg and the structure factor R-values. 
They can be used to judge not only the 
quality of the fitted profile but also the qual- 
ity of the structure determination. The most 
obvious way to illustrate this statement is 
to add a high artificial constant background 
intensity to all step intensities and repeat 
the refinement. In an experiment a high 
background may be obtained by using badly 
monochromatized radiation and therefore 
the simulated data will correspond to lower 
quality data. 

In the present case the background ob- 
tained for the Siemens D500 data set varied 
in the range 98-160. After addition of 2000 
to all step intensities the Rietveld refine- 
ment of the structure was repeated. The R- 
factors from the original and simulated data 
are listed in Table V. 

Only one of the nitrate oxygen atoms, 

O(6), that in both refinements suffered from 
significant coordinate shifts showed devia- 
tions between the final positions by more 
than one estimated standard deviation. 
There were no appreciable differences be- 
tween the estimated standard deviations of 
the coordinates in the two refinements. The 
small differences between the Bragg and 
the structure factor R-values may be ex- 
plained by the fact that the weights in the 
simulated data set became more equal. The 
large differences between the remaining 
factors in the table illustrate clearly why 
these factors are only of internal interest for 
a refinement. This is obvious from the fact 
that the simulated lower quality data set 
shows much smaller profile and weighted 
profile R-factors than the original data set. 
Thus it is not the value of the minimum 
reached in the weighted profile R-factor but 
the structure parameter set obtained from 
the minimum that is of importance. 

Discussion 

The crystal structure of Zn(OH) 
(N03) * Hz0 is built up from infinite dou- 
ble chains of edge-sharing octahedra 
Zn(OH)3,3(N0&(H20)~~ parallel to [OlO], as 
shown by the stereoscopic view in Fig. 3. 
The sixfold coordination of Zn atoms arises 
from three hydroxyl ions, two water mole- 
cules, and one oxygen atom belonging to a 
nitrate group (see Table IV). The distances 
from the two water molecules to the O(3) 
and O(6) atoms of the nitrate groups are 
consistent with the criteria valid for hydro- 

FIG. 3. Stereoscopic view of Zn(OH)(N09). HzO. 
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FIG. 4. Projection of the structure of Zn(OH)(NO,) . Hz0 along [OlO]. 

gen bonds (29). Therefore, the chains are 
linked together by hydrogen bonds from 
water molecules to the terminal nitrate 
groups in neighboring chains. Figure 4 
shows the structure projected along the fi- 
ber axis, with the hydrogen bonds indicated 
by dotted lines. Two distinct orientations of 
the double chains exist in the plane perpen- 
dicular to the b-axis (the angle between the 
two orientations is approximately SO”). The 
corners shared by three octahedra in a 
chain are occupied by hydroxyl ions; all 
corners shared by only two octahedra are 
occupied by water molecules, and the ter- 
minal unshared corners are occupied by ni- 
trate oxygen atoms (Fig. 5). This structure 

FIG. 5. Double chain of the Zn(OH)313(N03)I(H,0),,2 
octahedra. Zn (large circles), Hz0 (solid circles), and 
NO, (small circles). (For clarity, the complete NO1 
groups, approximately perpendicular to the chain, are 
omitted. 

model satisfactorily explains the fibrous 
character of the crystals. It does not belong 
to the structural classification proposed for 
zinc hydroxide nitrates (3). However, it is 
interesting to note that these MX3 double 
chains suggest new approaches to the inter- 
pretation of the transformation of Zn(OH) 
(N03). Hz0 into Zn)(OH)&NO& by ther- 
mal decomposition. As described previ- 
ously (8), calorimetric measurements have 
shown that gaseous HN03 and Hz0 are 
formed during the decomposition reaction 

60-l WC 
3Zn(OH)(N03)H20 - 

Zn3(OH)4(N03)2 + HNOj + 2H20. 

The zinc hydroxide nitrate Zn3(OH)d 
(NO& has a layer structure derived from 
the brucite type, in which some OH- ions 
are replaced by 0 atoms of NO3 groups 
(monoclinic structure with a = 7.038 A, b = 
9.658 A, c = 11.182 A, and /3 = 100.96”). An 
examination of Fig. 4 shows that some gen- 
eral features of the Zn(OH)(NOJ * Hz0 
structure (a set of parallel double chains, 
whose interchain distance is imposed by 
the nitrate groups) have a striking similarity 
with the Zn3(OH)4(N03)2 layer structure. In 
order to support this observation, the de- 
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composition of a fibrous crystal of Zn(OH) 
(NOJ * Hz0 was studied by means of a sin- 
gle-crystal rotation technique. The b-axis 
was adjusted to be perpendicular to the X- 
ray beam (CuKa). The decomposition of 
the crystal of Zn(OH)(N03) * Hz0 was in- 
duced by slow heating to 120°C of the ori- 
ented crystal on its goniometer support 
without changing its orientation. The pho- 
tograph obtained from this pseudomorph 
showed the oriented structural character of 
the transformation, with the relation 

[010]Zn(OH)(N03) 

. Hz0 // [010]Zn~(OH)~(N03)2. 

During the transformation, the infinite 
MX3 double chains lose, per three formula 
units, two molecules of water, one HN03 
molecule formed by a nitrate group, and a 
proton from a water molecule located in an 
adjoining chain. At this stage of the analysis 
the OH- ions remain unchanged. This 
leaves a hypothetical incomplete structure 
with empty sites on each side of the chains. 
The formation of the Zn4(OH)3(N03)2 layer 
structure can then be explained by a rota- 
tion of 50” of one family of proposed incom- 
plete chains into a suitable orientation, and 
then a condensation of them in order to fill 
the active empty sites. In the systematic 
classification scheme of topotactic reac- 
tions proposed by Gtinter and Oswald (20), 
the chemical reaction given above is char- 
acterized by the conservation of one-di- 
mensional structural elements during the 
transformation. 

Final Remarks 

To conclude, despite the fibrous character 
of the crystals of the zinc hydroxide nitrate 
Zn(OH)(N03) . H20, its crystal structure 
has been solved and refined by combining 
single-crystal and powder diffraction tech- 
niques . The application of the Rietveld 
method to powder data has fully revealed 

the details of the structure. This example, 
in which the crystals exhibit specific tex- 
tural properties, illustrates the power of the 
Rietveld refinement procedure for complete 
structure analysis. From the chemical point 
of view, the structure solution described in 
this paper contributes to a better under- 
standing of the physicochemical properties 
of the zinc hydroxide nitrates, as shown by 
the proposed interpretation of the topotac- 
tic transformation of Zn(OH)(N03) . Hz0 
into Zn3(OH)4(N03)2. Moreover, the Riet- 
veld refinements of several sets of powder 
diffraction data, obtained under different 
experimental conditions, and including one 
set with a high simulated background, have 
shown that the intercomparison is better 
made using the structural indicators RF and 
RB . Clearly, the R, and R,, factors are the 
meaningful indicators to follow the refine- 
ment process with one specific data set. 
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