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High-temperature sequential powder diffractometry has re-
vealed a phase transformation in monoclinic copper hydroxide
nitrate Cu,(OH){(NQO;) occurring at 158°C. It is connected with a
smal! endothermic effect of 0.5 KJ mole”'. The high-temperature
phase is monoclinic with the unit cell dimensions @ = 5.6132(7),
b = 6.0986(8), c = 6.9560(9) A, and B = 92.35(1)"; the space
group is P2, with Z = 2. The crystal structure of this new phase
has been determined from X-ray and neutron powder diffraction
data collected at 160°C. The structure is built from wavy layers
of brucite type, linked together by hydrogen bonds, as in the room-
temperature phase. The main differences between the two phases
are a slight reorientation of the nitrate group and some changes

occurring in hydrogen bonds. @ 1994 Academic Press, Tne.

INTRODUCTION

Two varieties of copper (II) hydroxide nitrate
Cu{OH)(NQO;) are known: the orthorhombic mineral ger-
hardite and the synthetic monoclinic phases. Thermal
analyses of the monoclinic form, by means of thermogra-
vimetry and differential scanning calorimetry, have been
reported by several authors (1-3). Only the effect of the
decomposition reaction was observed and carefully inter-
preted. This reaction in vacuum takes place in the range
170-190°C and gives copper oxide through a mechanism
involving the formation, inside the crystals, of nitric acid
and water molecules with a heat of reaction AH = 172.4
KJI mole~! (2). The oxide obtained from this thermal de-
composition was at the origin of the detection of anoma-
lous X-ray diffraction line shapes in annealed copper (1I)
oxide reported recently (4). The structure of the mono-
clinic phase was solved first by Nowacki and Scheidegger
(5) in the space group P2,/m, and revised by Effenberger
(6) in the noncentrosymmetric space group P2,. An
order—disorder phase transformation was identified at a
low temperature (150 K) (7). The structure of the ortho-
rhombic phase was studied by Bovio and Locchi (8), in
the space group 2,2,2,. The structure of the two phases
consists of layers with composition [Cu,(OH);0] linked
together by hydrogen bonds through NQ; ions, The main

difference between the two phases is a shift of one layer
out of two in the orthorhombic phase; this causes the
b axis to be doubled. The present study deals with a
reinvestigation of the thermal behavior of the monoclinic
variety of means of high-temperature sequential thermo-
diffractometry. The power of this technique to elucidate
reaction mechanisms has been demonstrated in various
studies (see, for example, Refs, 9and 10). A new polymor-
phic phase of copper hydroxide nitrate has been identified
and its structure has been studied by means of conven-
tional X-ray powder diffraction and neutron powder dif-
fraction data collected at the Laboratoire Léon Brillouin.'

EXPERIMENTAL

Copper hydroxide nitrate Cu,(OH);NO; was prepared
by reaction, at 170°C, of a concentrated aqueous solution
of copper nitrate with cupric oxide. A green polycrystal-
line solid was obtained after a few days and identified
as the monoclinic phase by X-ray powder diffraction,
although a small propertion of the orthorhombic phase
could also be detected. For the neutron diffraction study,
deuterated copper hydroxide nitrate was prepared using
D,0 instead of H,0.

High-temperature sequential power diffractometry was
carried out by means of a INEL (CPS120) curved position-
sensitive detector, which allows for simultaneous re-
cording of powder diffraction pattern over a range of 120°.
The detector was used in a semifocusing arrangement by
reflection, described elsewhere (9). The X-ray generator
operated at 40 kV and 36 mA, and a monochromatic
CuKa, radiation (A = 1.54059 A) was selected with an
incident beam curved-crystal quartz monochromator with
asymmetric focusing (short focal distance = 130 mm, long
focal distance = 510 mm). A fixed angle of 7° was selected
between the incident beam and the surface of the station-
ary sample. The sample was located in a monitored high-
temperature X-ray diffractometer attachment (Rigaku)

! Laboratoire commun CEA-CNRS.
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FIG. 1.

3D plot of the powder diffraction patterns vs temperature for monoclinic copper hydroxide nitrate Cu,(QH),(NQ,) in a vacuum (heating

rate = 100°C hr™' between room temperature and 150°C, 10°C hr" in the range 150-200°C, and 15°C hr~! at higher temperatures; counting time
for each pattern = 1000 sec). *Spurious diffraction lines from sample holder.

designed to maintain the specimen in a vacuum, inert gas,
or ambient atmosphere (10). The experiment was carried
out in a vacuum with heating rates of 100°C hr™! between
room temperature and 150°C, 10°C hr~! in the range
150-200°C, and 15°C hr~! at higher temperatures. Time
for data acquisition for each pattern was 1000 sec. Data
were stored in a DEC PDP 11-73 computer, and the 3D
plot of collected data was performed by means of a pro-
gram written locally for a HP 7475 A plotter. For structure
analyses, precise X-ray powder diffraction data were col-
lected at room temperature with a Siemens D500 powder
diffractometer (CuKe, radiation) described elsewhere
(11) and at 160°C, in air, on a CGR (Compagnie Générale
de Radiologie) instrument (CuKe, radiation) equipped
with a high-temperature attachment (12). Powder neutron
diffraction data were collected in argon atmosphere, at
the same temperatures, with the High Resolution Powder
Diffractometer 3T2 (A = 1.2266 A) of the Laboratoire
Léon Brillouin. Differential scanning calorimetry was per-
formed with a Perkin—Elmer DSC7 instrument at a heating
rate of 10°C min~! in a sealed container.

HIGH TEMPERATURE X-RAY POWDER DIFFRACTION

The three-dimensional representation of the powder dif-
fraction patterns with temperature (Fig. 1) shows that a
sudden shift of several reflections of the monoclinic phase
occurs at about 158°C, mainly for the lines with » and
I # 0, without significant changes in diffraction line inten-
sitics, This phase transformation is reversible and is con-
nected with an endothermic energy effect of 0.5 KJ mole ™
and an onset temperature of 158.3°C (Fig. 2). This value
is very weak compared with the decomposition heat given
above. It explains why this effect was not observed in
previous studies {1-3).

The X-ray diffraction powder pattern of the high-tem-
perature phase (HT) obtained in air at 160°C was indexed

by the computer program DICVOL91 (13). The first
twenty lines were used with an absolute error on observed
lines of 0.03° (26), after low angle correction for axial
divergence effect, from 00/ orders identified in the pattern.
A monoclinic cell was obtained with satisfactory figures
of merit [M,, = 31, F,;, = 26(0.0132, 58)]. The complete
dataset was reviewed by means of the computer program
NBS*AIDSS83 (14). From this evaluation and refinement
the cell dimensions are a = 5.6132(7), & = 6.0986(8), ¢ =
6.9560(9) A, B8 = 92.35(1)°, V = 237.92(4) A3 with M,y =
37 and F;, = 25 (0.0140, 85). The list of calculated and
observed peak positions is given in Table 1. Because the
reported powder data of the room-temperature phase (RT)
(PDF 15-14) are of low precision [Fy = 23(0.025, 52)],
new X-ray powder diffraction data were collected and
reviewed, giving the final cell parameters a = 5.5985(7),
b = 6.0804(7), c = 6.9312(8)A, 8 = 94.64(1)°, and V =
235.17(4) A3 (M, = 72 and F5, = 71 (0.0082,52)). The
powder diffraction data are given in Table 2. The lower
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FIG. 2. DSC curve obtained at the heating rate of 10°C min~! for
the monoclinic form of Cuy{OH);(NO,).
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TABLE 1

X-Ray Powder Diffraction Pattern of Cu,(OH),(NO,) at 160°C
hkl zgobs(o] 2at:a]c(n) dobs(A) Iubs
001 12.728 12.727 6.95 100
100 15.765 15.789 5.62 IL
011 19.298 19.348 4.596 1L
101 20.707 20.739 4.286 L
T10 21.480 21.508 4.134 2
i1 24.691 24.729 3.603 1
002 25.614 25.614 3.475 37
020 29276 29.264 3.048 1L
012 29,565 29.562 3.019 2
102 30.789 30.795 2.902 1L
200 “31.886 31,888 2.804 4
120 33.433 33.421 2,678 6
301 33.953 33.95] 2.638 7
201 34.963 34,963 2.564 1
121 35.641 35.652 2.517 1
121 36.134 36.140 2.4838 12
003 38.850 38.841 2.3162 2
302 40,456 40.464 2.2279 6
122 42,129 42.152 2.1432 3
122 42 988 42.998 2.1023 8
301 49.948 49,956 1.8245 2
310 51.034 51.058 1.7882 1L
123 51.580 51.608 1.7705 2
m 52.163 52.179 1.7521 1
004 52.637 52.633 1.7374 3
320 57.795 57.804 1.5940 3
321 $8.936 58.953 1.5658 2
321 59.929 59.950 1.5423 1
040 60.686 60.693 1.5248 1
204 61.585 61.576 1.5047 1
041 62,294 62.295 1.4893 2
124 63.171 63.156 1.4707 2
204 64.155 64.150 1.4505 ]
124 64.446 64.433 1.4446 1
322 65.202 65.194 1.4297 1
400 66.664 66.650 1.4018 IL
042 66.987 66.970 1.3959 1
005 67.327 67.306 1.3896 1
a01 67.564 67.556 1.3853 1L
401 68.820 68.790 1.3631 1L
015 69.271 69.274 1.3553 1L
240 70.225 70.210 1.3392 1L
323 70.484 70.476 1.3349 1L
241 71.420 71.397 1.3197 1

accuracy of the HT powder data (<A(28y> = 0.0140%)
compared to those obtained for the RT phase (<A(26)>
= 0.0082°) is explained by the less favorable experimental
conditions. For the HT phase, a, b, and ¢ parameters are
slightly elongated by 0.26, 0.30, and 0.36%, respectively,
and a more significant change is observed for the 8 angle,
which decreases from 94.64 to 92.35°. Although this is
the consequence of a small change in the crystal structure
in the RT phase, a complete ab initio structure determina-
tion of the HT phase was undertaken.
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TABLE 2
X-Ray Powder Diffraction Pattern of Cux(OH),(NO;) at
Room Temperature

hk! zenhs(n) 2ecalc(u) dobs(A) 1 abs
001 12.810 12.804 6.91 100
011 19.426 19.432 4.566 L
101 21.259 21.245 4176 1L
110 21.596 21.598 4.112 2
111 24,512 24.507 3.629 1
002 25.774 25.771 3.454 47
T02 29,259 29.262 3.050 1
020 29.352 29.354 3.040 IL
012 29.723 29722 3.003 2
102 31.519 31.520 2.836 1L
200 32.052 32.054 2.790 3
021 32.160 32.141 2.781 1L
120 13.549 33.541 2.669 7
201 33.631 33.628 2.661 3
210 35.363 35.368 2.536 1L
121 35.558 35.550 2.523 2
201 35.650 35.638 2.516 1
121 36.523 36.521 2.4582 11
711 36.824 36.817 2.4388 1L
211 38.710 38.683 2.3242 1
003 39.089 39.085 2.3026 2
202 19.817 39.823 2.2621 6
013 41.917

122 41.923 41.927 2.1532 3
202 43.265 43.268 2.0895 2
122 43.609 43.609 2.0738 8
321 45211 45230 2.0040 1L
212 45.895 45 889 1.9757 IL
113 46.256 46.287 1.9611 1L
203 49.150 49.181 1.8522 4
310 51.330 51.326 1.7785 3
23 51.343

004 52.973 52.975 1.7272 4
123 53.509 53.505 1.7111 ]
104 57.039 57.036 1.6133 L
231 57.060

320 58.080 58.090 1.5869 4
223 58.359 58.313 1.5799 1L
231 58.411

321 58.745 58.756 1.5703 3
204 60.706 60.686 1.5244 2
040 60.895 60.895 1.5201 2
041 62.504 62.513 1.4848 2
3n 62.658 62.675 1.4815 1
124 62.884 62.897 1.4767 3

STRUCTURE INVESTIGATION

The crystal structure determination of the HT phase
has been carried out from the X-ray powder diffraction
data. Integrated intensity data were extracted by means
of an iterative pattern decomposition procedure imple-
mented in the Rietveld program FULLPROF (15), which
is a derived version of the DBW3.25(8804) program (16).
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A list of 181 values of F,,, was obtained and used for
solving the structure. The use of direct methods allowed
for the location of the two independent copper atoms
and their environment, which form [Cu,(OH),0] layers
of brucite type. The refinement, carried out with these
initial positions, converged to a crystal-structure model
indicator R = 0.2. Fourier syntheses alternating with
cycles of refinement allowed for the location of the nitro-
genatom but gave no significant peaks for the two terminal
oxygens of the nitrate group. Consequently, neutron dif-
fraction data were used to locate the two terminal oxygen
atoms and to refine the final structure model. The first
stage of the study was performed with the WYRIET soft-
ware {17), used on a PC computer, allowing Rietveld re-
finement and Fourier synthesis using neutron diffraction
data. The two independent copper atoms and their envi-
ronment, previously found from the X-ray diffraction
analysis, and the deuterium atoms at the positions esti-
mated from Effenberger’s results (6), were used for the
first refinement, which converged to the structure model
factor R = 0.38. A Fourier synthesis gave a significant
peak corresponding to the position of the nitrogen atom.
This caused R to decrease to 0.20. A new Fourier synthe-
sis gave two diffuse peaks, close to the positions of the
two terminal oxygen atoms of the nitrate group in the
RT phase. These initial positions were refined with the
program FULLPROF. A pseudo-Voigt function was se-
lected to fit individual line profiles. In order to describe
the angular dependence of the peak full-width at half-
maximum, the usual quadratic form in tan ¢ was used
with initial values of the constants, U/, V, and W derived
from Bragg components obtained by pattern decomposi-
tion. Unit cell and instrument parameters were allowed
to vary from time to time during the refinement process.
The final Rietveld refinement involved the following pa-
rameters: 35 atomic coordinates, 6 isotropic temperature
factors, | scale factor, | zero point parameter, 4 cell pa-
rameters, 3 half-width and I asymmetry parameters, 6
coefficients used to define the functional dependence of
the background, the line-shape factor 0, and the preferred-
orientation parameter, For comparison, the refinement of
the RT phase from the neutron diffraction data was also
carried out, starting with Effenberger’s model, From this
study it was found that the substitution of H by D atoms
was not compiete. The refined occupation parameter im-
plied a value of 0.767 for the deuterium atom. This value
was then used for the study of the HT phase. In the final
stage of the refinement of the RT phase, the scale factor of
the orthorhombic phase was also refined. Its magnitude,
0.0007, compared with the value 0.0951 found for the
monoclinic phase, gives an indication about the amount
of the additional phase. The details of the finat refinements
are given in Table 3. Figures 3 and 4 show the final fit
obtained between calculated and observed patterns, re-
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TABLE 3
Details of Rietveld Full-Profile Refinement for the Two Phases
from Neutron Diffraction Data

RT phase HT phase
a (A) 5.6005(2) 5.6137(3)
b (A) 6.0797(2) 6.0982(3)
c (A) 6.9317(3) 6.9575(4)
B 94.619(3) 92.375(4)
Space group P2, P2,
zZ 2 2
Wavelength (A) 1.2266 1.2266
26 range (°) 8-125 8-110
Step scan increment (°29) 0.05 0.05
No. of reflections 866 698
No. of structural parameters 42 42
No. of atoms i2 12
Ry 0.044 0.063
Ry 0.057 0.078
Rp 0.021 0.023
Ryp 0.028 0.029

spectively, for the RT and HT phases. These fits corre-
spond to satisfactory crystal-structure model indicators
(Rp = 0.044, Ry = 0.057) and (Ry = 0.063, Ry = 0.078),
and profile factors (Rp = 0.021, Ryp = 0.028) and (R, =
0.023 and Ry, = 0.029), respectively, for the RT and HT
phases. Final atomic parameters of the two phases are
given in Table 4, where they are compared to the results
obtained for the RT phase by Effenberger (6). Table 5
gives selected bonds and angles determined by neutron
diffraction for the two phases.

DISCUSSION

The structural analysis carried out at room and high
temperatures shows that small structural changes occur
in monoclinic copper hydroxide nitrate at 158°C. It can
be noted that the atomic positions obtained from neutron
powder diffraction for the RT phase are generally in
agreement with Effenberger’s results within 3o (see Table
4), although the results from neutron powder diffraction
data are less precise for copper atom positions. Conse-
quently, the structural differences observed between the
RT and HT phases may be regarded as significant. As for
the RT phase, the structure of the HT phase consists of
slightly wavy layers of copper atoms approximately in
the (001) plane, linked together by hydrogen bonds
through the nitrate groups. Each copper atom is octahe-
drally coordinated: Cu(l) atoms are surrounded by four
OH™ and two oxygen atoms of the NOj groups; Cu(2)
atoms are coordinated by four OH™, a fifth OH™ at a
greater distance, and one oxygen atom of the NOj. For
the Cu(1)O, polyhedron, four equatorial distances range



1200>

INTENSITY

POLYMORPHIC COPPER HYDROXIDE NITRATE 3l

ILIIIIIII!IIIIIAI.J.ILI|||]lIIIII111IIII!IIIIII[IIIIlIIlllLllj
< B.000 TWO-THETA 124. 000>
{ U0 FERU DI T8 DN T8 6 0T K19 R T ST O O DT PO P A A (R
[ I I N7 T R P TN T T IIIIIIIIHEIWIIIIIIIIII”IIIIIII-IIIIII\IIIIIIIII..I||||Il||1'llm

T e e L

FIG. 3. The final Rietveld difference plot for the room-temperature phase of copper hydroxide nitrate. In the upper portion, the observed

data are shown by

the dots; the calculated pattern is displayed by the solid line: the lower curve is a plot of the difference, observed minus

calculated. The vertical markers below the profile indicate the positions calculated for Bragg reflections, for the monoclinic phase (bottom), and
for the spurious orthorhombic phase.
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FIG. 4. The final Rietveld difference plot for the high-temperature phase of copper hydroxide nitrate.
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TABLE 4
Final Atomic Parameters Obtained by Powder Neutron Diffraction for the Room-
Temperature (NRT) and High-Temperature (NHT) Phases Compared with the Results
Obtained by Effenberger (6) from Single Crystal X-Ray Diffraction Data (RX).

Atom X ¥ z B, (A}
RX —-0.0015(3) 0.0000 0.9945(2) 0.87
Cu(l) NRT —0.003(2) 0.0000 (.989(1) 0.69{(4)*
NHT —0.001(2) 0.0000 0.975(1} 1.02(n~
RX 0.509K(1) 0.2483(4) —0.0024(2) 0.83
Cuf2) NRT 0.5086(7) 0.248(3) —0.0027(8) 0.69(4)
NHT 0.509(1) 0.253(3) —=0.005(1) 1.02(7)"
RX 0.869(1) 0.252(2) 0.857(1) 1.06
OH(1) NRT 0.8684(9) 0.260(3) 0.8567(9) 0.80(5)”
NHT 0.873(1) 0.254(3) 0.859(1) 1.31(8)
RX 0.313¢1) 0.013(2) 0.879(1) 0.83
OH2L) NRT 0.306(2) 0.002(3) 0.87902) 0.80(5)
NHT 0.316(3) —0.002(3) 0.880(2) 1.31{8)"’
RX —0.313(1) 0.002(2) —0.881(1) 0.89
QH(22) NRT —0.318(2) —{.002(3) —0.876(2) 0. 80(5)”
NHT —0.324(3) —0.005(3) —0.878(2) 1.31(8)*
H(l) RX 0.89(2) 0.29(4) 0.76(2) 1.00
Dcl)y NRT 0.900(2) 0.259(4) 0.724(2) 2.7(1)¢
NHT 0.912(3) 0.231(5) 0.724(3) 4.503)°
HQ2I) RX 0.31(2) 0.03(4) 0.78(2) 1.00
D(21) NRT 0.293(3) 0.024(4) 0.738(3) 2.7(1)F
NHT 0.290(4) 0.016(5) 0.744(4) 4.53)
HE2) RX —0.28(2) 0.01(4) —0.77(2) 1.00
D(22) NRT —0.290(3) —0.008(4) —0.739(3) 2,701
NHT —0.323(4) 0.005(6) —(.748(5) 4,5(3)¢
RX 0.231(1) 0.259(3) 0.408(1) 2,00
N NRT 0.2330(7) 0.261(2) 0.4069(7) 2.18(8)
NHT 0.207(1) 0.264(4) 0.404(1) 4.8(2)
RX 0.207(1} 0.251(2) 0.223(1) 1.40
o NRT 0.204(1} 0,248(3) 0.225(1) 1.2(1)
NHT 0.198(2) 0,245(4) 0.229(2) 2.3(2)
RX 0.387(1) 0.157(2) 0.496(1) 4,01
o2 NRT 0.391(2) 0.156(2) 0.494(2) 3.2
NHT 0.372(3) 0.198(3) 0.498(3) 7.203)¢
RX —-0.097(2) —0.112¢2) —0.492(1) 378
O(22) NRT —0.096(2) —0,122(2) —0.491(2) 3.2(1)"
NHT -0.027(3) —0.156(3) —0.478(3) 7.2(3

@bcd Some thermal parameters are allowed to vary in the same manner.

from 1.87(2) to 2.11(2) A (mean value : 1.98 A) and apical
distances are equivalent to 2.54(2) and 2.35(2) A. For the
Cu(2)OQ, polyhedron, the dispersion of distances is lower.
Indeed, four equatorial distances range from 1.96(2) to
2.04(2) A (mean value:2.00 A) and axial distances are
equivalent to 2.44(1) and 2.29(1) A. It can be noted that
these results are in good agreement with the statistical
results recently reported by Eby and Hawthorne (18). In
this study a hicrarchical structural classification for cop-

per oxysalt minerals is described, from which it is ob-
served that, in an octahedral environment, there is a very
strong bimodal distribution of Cu-O distances with max-
ima at 1.97 and 2.44 A (see Fig. 34 in Ref. 18), which
corresponds to a [4 + 2]-coordination. In the structure of
the HT phase, the Cu(1)O,4 polyhedron seems to be more
affected by the phase transformation, as shown by the
higher dispersion of equatorial and axial distances, than
those found in the RT phase. On the contrary, Cu(2)Q,
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TABLE 3

Selected Bond Distances (A) and Angles (°) with Their Standard Deviations for the RT and HT Phases

RT HT - RT HT

Within the CuOg polyhedra
Cu(1)-OH(1) 1.94(2) 1.87(2) Cu(2)-0OH(21) 2.01(2) 2.04(2)
Cu(1)-OH(1) 1.92(2) 2.01(2) Cu(2)-OH(21} 2.0102) 1.97(2)
Cu(1)-OH(21) 1.94(1) 1.93(2) Cu(2)-OH(22) 1.97(2) 2.02(2)
Cu{1)-OH(22) 2.06(1) 2.11(2) Cu(2)-OH{22) 2.00(2) 1.96(2)
Cu(1)-0(1) 2.45(2) 2.54(2) Cu(2)-0(1) 2.413(8) 2.44(1)
Cu(1)-0(1} 2.36(2) 2.35(2) Cu(2)-0H(1) 2.309(7) 2.29%(1)
Within the NO; group
N-O(1) 1.262(9) 1.22(2) O(1)-N-021) 119(1) 122(2)
N-OQ21) 1.22(2) 1.18(2) O(1-N-0(22) 19 116(2)
N-0O(22) L2101 1.26(2) 0Q2H-N-0(22) 121.8(9) 122(2)
Within the hydroxyl groups
D(1-0OH(1) 0.95(1) 0.98(2)
D(21)-0HZ21) 0.99(3) 0.96(3)
D(22)-0H(22)} 0.95(3) 0.91(4)
Possible hydrogen bonds

OH(l)---022) 3.01(1) 2.87(2) D(1}-- - 0(22) 2.15(2) 1.98(3)
OH{21)---021) 2.90(2) 2.95(2) D(21)--- 0O(21) 1.99(3) 2.10(4)
OH{22)- - - 0(22) 2.95(2) D(22)--- 0(22) 2.08(3)
OH(1)-D(1)- - - 0(22) 151(2) 151(3)
OH(21)--D{21) - - - O(21) 154(2) 147(3)

OH(22)-D(22) - - - O(22) 151(2)

is less perturbed by the transformation. The slight modifi-
cation of the structure mainly concerns the nitrate group
position, especially the positions of the nitrogen and the
two terminal oxygen atoms, This reorientation takes place
in a plane almost parallel to (001), since the z coordinates
of N and terminail O atoms are quite similar in the two
phases. The angle between the directions O(21)—0(22) in
the two phases is approximately 20°. Also, some changes
in hydrogen bond strength are observed. First, O-D dis-
tances at room and high temperature are larger than the
corresponding O-H distances evaluated by Effenberger,
owing to the lack of precision on hydrogen atoms positions
determined by X-ray diffraction. Second, the
OH(1)- - -O(22) distance decreases from 3.01(2) to 2.87(2)
A between room and high temperature phases. Concern-
ing D(22), no possible hydrogen bond occurs at high tem-
perature.

It is interesting to note that this kind of small structural
change is not unusual in copper compounds. Indeed, a
similar effect has been observed for the related compound
Cu(OH), (19), in which a sudden shift of all reflections
with / # 0, without significant changes in line intensities,
occurs at about 60°C, which corresponds to an elongation
of the ¢ axis of 19 and a shortening of the b axis of 0.2%.

To conclude, this study has demonstrated again the

power of sequential X-ray powder diffractometry for the
study of the thermal behavior of solids. Indeed, it was
possible to reveal the existence of small structural change
in monoclinic copper hydroxide nitrate, when the con-
nected energy effect, not detected in the previous studies,
was masqueraded by the strong endothermic effect of the
decomposition reaction occurring at a few degrees above
the phase transition temperature. The reversible phase
transition observed in monoclinic copper hydroxide ni-
trate is characterized by an elongation of about 0.3% of
the linear unit cell parameters and a reduction of 2.4% of
the angular parameter 8. As shown by thermodiffractome-
try and precise DSC measurement, these changes be-
tween room temperature and 160°C do not result from a
continuous deformation of the unit cell due to thermal
expansion but from a phase transformation occurring at
158°C, The structural investigation from neutron powder
diffraction data has shown that the main modification in
the structure was a slight change in the orientation of the
nitrate group just before the decomposition reaction.
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