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The compound bis(2,2-dimethylpropane-l,3-diamine)copper(ii) dinitrate, Cu(dmpd),( NO3),, under- 
goes a first-order thermochromic phase transition at 142 "C, changing colour from blue-violet to blue 
upon heating. The crystal structure determination of the low-temperature phase demonstrates that the 
copper ion has a distorted (4 + 2) octahedral geometry, with the two six-membered chelate rings 
forming the basal plane (CU-N = 2.020, 2.029 A), and oxygens from the two nitrate groups weakly 
co-ordinated in the fifth and sixth co-ordination sites (Cu-0 = 2.566 A). The i.r. data have been 
interpreted in terms of the presence of semi-co-ordinated nitrate ions in the low-temperature phase 
and of unco-ordinated nitrate ions in the high-temperature phase. The electronic spectra reveal a 
weakening of the ligand field in the high-temperature phase. The broadline n.m.r. indicates the onset 
of a dynamic disorder of the chelate rings upon heating through the phase transition. The weakening 
of the crystal field may be due to this dynamic disorder and/or the presence of a small tetrahedral 
distortion. Electrical conductivity measurements show interesting relaxation processes associated with 
the phase transition. 

The phenomenon of thermochromism in inorganic materials 
is a subject of interest among co-ordination chemists. Two 
types of thermochromism have been identified in solids: a 
continuous thermochromism where the colour change is due 
t o  a gradual shift and/or broadening of the visible absorption 
bands upon thermal stress with an increased population of the 
ground-state vibrational levels, and a discontinuous therino- 
chromism where the colour change is associated with a first- 
order structural phase transition. Studies of the latter type 
have recently been reviewed.' In many instances, the phase 
transition is triggered by the onset of a dynamic disorder of 
the organic constituents in the material, e.g., of the ligand or  
counter ion. Recently a continuous thermochromism was 
reported2 for a series of salts of the type [ C ~ ( d m p d ) ~ X ~ ]  
(X = C1, Br, or CIO,; dmpd = 2,2-dimethylpropane-1,3- 
diamine). In this paper we report the preparation and charac- 
terization of the corresponding nitrate salt, Cu(dmpd)r(N03)2, 
which displays discontinuous thermochromism. 

Experimental 
The compound was prepared as described by Battaglia ef aL2 
(Found: C, 30.60; H, 7.20; N, 21.40. Calc. for CloHzsCuN606: 
C, 30.65; N, 7.20; N, 21.45%). 

Physical Measurements.-The electronic spectra of the solid 
compounds were recorded as Nujol-mull transmission spectra 
with a Beckman D K  2A spectrophotometer in the 2 9 3 4 4 0  K 
temperature range. The temperature of the sample was de- 
termined with a thermocouple. Infrared spectra were recorded 

* Supplementary data available (No. SUP 23979, 12 pp.): thermal 
parameters, structure factors. See Instructions for Authors, J .  
Chem. SOC., Dalton Trans., 1984, Issue 1 ,  pp. xvii-xix. 
Non-S.I. unit employed: G = T. 

on a Perkin-Elmer 180 spectrophotometer as Nujol mulls on 
KBr discs in the range 2 5 0 - 4  OOO cm-' and in Nujol mulls on 
polyethylene, as support, in the range 60-500 cm-'. The i.r. 
spectra of the compound Cu(dmpd)2(N03)r in the range 
2 9 3 4 0  K were recorded between 500 and 1 300 cm-' as a 
powder on KBr discs using a Perkin-Elmer 457 spectrophoto- 
meter. The room-temperature e.s.r. spectra were recorded on 
a JEOL PE-3X spectrometer. Quartz sample tubes were used 
for polycrystalline samples. Spectra were calibrated with 
diphenylpicrylhydrazyl ( g  = 2.0036) as field marker. Dif- 
ferential scanning calorimetric (d.s.c.) analysis was performed 
with a Perkin-Elmer DSC-1 instrument. The broadline 'H 
n.m.r. spectra were recorded on undeuteriated solid samples 
at 50 MHz using intrumentation previously de~cr ibed .~  
Powder X-ray diffraction patterns were run at 23, 138, and 
145 "C. 

Electrical Measurements.-Discs 28 mm in diameter and 
various thicknesses (up to 2 mm) suitable for the electrical 
measurements were prepared in vacuo under a pressure of 0.2 
k N  mm-2. The samples were then sintered at 200 "C in vucuo 
in order to  minimize intergranular effects and stabilize the 
material for the subsequent electrical measurements. Since 
preliminary measurements pointed out insulating properties 
of the materials at room temperature, a three-terminal tech- 
nique was used for the electrical measurements. The volt- 
meter-ammeter method in d.c. (direct current) and bridge 
method in a.c. (alternating current) measurements were 
therefore used with the cell and instrumentation described 
elsewhere.,-' The samples were first coated with gold by 
vacuum evaporation and then measured from 190 "C to 
room temperature to avoid effects due to casual gas or  vapour 
adsorption on the sample surface. D.c. measurements were 
made at a constant electrical field of 100 V cm-'. Both charging 
and discharging currents were measured in order to observe 
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Table 1. Final fractional co-ordinates ( x  lo4 for Cu, 0, N, and C; 
x lo3 for H )  with e.s.d.s in parentheses for Cu(dmpd)2(NOJ)2 

X / a  
0 

- 3 589(5) 
- 5 066(5) 
- 1 474(5) 

1741(6) 
- 1 668(6) 
- 3 378(5) 

- 47(6) 
- 2 I24(6) 

1 7437) 
- 770(9) 

3 W W  
202(7) 
- 60(7) 
2 16(7) 

- 333(7) 
- 294( 7) 

3 12(7) 
107(7) 
225(7) 

- 209(8) 
54(7) 

- 143(7) 
- 89(8) 
- 289( 8) 

867(8) 

Ylb 
0 

246(2) 
763(2) 
632(2) 
874(2) 
482(2) 
55 l(2) 

I 575(2) 
1 683(2) 
1 231(2) 
I 553(2) 
2 445(2) 

79m 
8 I(2) 

163(2) 
192(2) 
126(2) 
137(2) 
1 86( 2) 
1 W 2 )  
1 W 2 )  
254(2) 
284(2) 
259(2) 

36(2) 
26(2) 

z / c  
0 

- 1 781(4) 
- 4 045(5) 
- 3  91 l(4) 

-671(5) 
1987(5) 

- 3  262(4) 
- 339(6) 
1 548(5) 
I878(6) 
2 974(6) 
I668(7) 
- 4(6) 

- 181(7) 
- 129(6) 
- 60(6) 

97(6) 
3 12(6) 
279(6) 
427(6) 
3W6) 
95(6) 

137(6) 
3 W 7 )  
288(7) 
214(7) 

possible relaxation processes in the ultra-low frequency 
range,’-l0 usually due to structural effects in materials. 

Crystallographic Data Collection.- Crystal data. C OH28- 
CLIN606, M = 391.92, monoclinic, a = 5.951(1), h = 

D, = 1.55 g cm-3 (by flotation), 2 = 2, D, = 1.52, F(OO0) = 
410, ~(CU-K,) = 19.8 cm-’, space group P2Jn (from syste- 
matic absences). * 

Cell dimensions were initially obtained from rotation and 
Weissenberg photographs and later by least-squares refine- 
ment of the 20 values of 15 reflections accurately measured on 
the diffractometer. The intensity data were collected using a 
crystal of dimensions 0.163 x 0.490 x 0.490 mm mounted 
with the [OOl] axis along the <p axis of an automated Siemens 
AED ‘on line’ single-crystal diffractometer using nickel-filtered 
Cu-K, radiation (h = 1 541 78 A) and the 0-20 scan technique 
in the range 6 d 20 < 140”. In this way a total of I 818 
reflections were measured, 1 542 of these, having Z > 20(Z), 
were used in the structural analysis. The structure amplitudes 
were obtained from the intensity data after correction for 
Lorentz and polarization factors and for absorption. The 
transmission factor ranged from 0.41 to 0.72. The absolute 
scale factor was determined first by Wilson’s method, then as 
a variable parameter in the least-squares refinement. 

Structure determination and refinement. The structure was 
solved by the heavy-atom technique fixing the copper atom at 
the origin of the cell. The successive Fourier synthesis gave all 
the non-hydrogen atoms. The refinements were carried out by 
full-matrix least squares by isotropic and anisotropic thermal 
parameters; the hydrogen atoms, located from a A F  syn- 
thesis, were introduced in the final refinement with isotropic 
thermal parameters. The final R index was 0.0348. The effects 
of the anomalous dispersion for Cu were included in all 

19.333(3), c = 7.457(2) A, y = 91.00(1)O, U = 857.8 A3, 

* The conventional orientation can be obtained by applying the 
transformation matrix: 100/001/010. 

Figure 1. Projection of the structure of’ Cu(dmpd)z(NO,), parallel 
to the [lo01 axis 

structure factor calculations. The function minimized in the 
least-squares refinement was XlAF/* ,  in which unit weights were 
adopted. 21 Reflections, probably affected by extinction or 
counting errors, were excluded from the final refinement. The 
atomic scattering factors were those of Cromer and Mann l 1  
for Cu, 0, N, and C and those of Stewart et a1.I2 for H. The 
final atomic co-ordinates are listed in Table I .  All calculations 
were performed on the Cyber 76 computer of the Centro di 
Calcolo Interuniversitario dell’Italia Nord Orientale, Bologna, 
using the SHELX ~ystem.’~ 

Results and Discussion 
Dcscriptioii of the Structure.-The copper atom, located on 

the symmetry centre at the origin of the cell (Figure I), co- 
ordinates four nitrogen atoms of two ligand molecules in a 
square-planar arrangement. Two oxygens from two centro- 
symmetrically related nitrate groups occupy further co-ordin- 
ation sites forming an elongated tetragonal bipyramid. The 
angle of 8.9” formed between the line through the Cu-O(1) 
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Table 2. Bond distances (A) and angles (") 

N( 1 )-Cu-N(2) 
N(I)-Cu-O(I) 
N(2)-Cu-O( I ) 
CU-N( 1 )-C( I ) 
Cu-N(2)-C( 3) 
N(I)-c(l)-C(2) 
C( 1 )-C(2)-C(3) 
C( 1 )-C(2)-C(4) 

2.566( 3) 
2.029(4) 
2.020(3) 
1.480(5) 
I .524( 7) 
I .529(5) 
I .544(5) 
1.521(5) 
1.480(5) 
0.90(4) 
0.87(5) 
0.85(5) 
0.84(5) 

92.56(2) 
97.62(2) 
82.93(2) 

1 22.5 8( 5) 
120.73(4) 
114.30(6) 
1 1 1.04(6) 
1 1 1.57(7) 

C( I)-C(2)-C(5) 
C(4)-C(2)-C(5) 
C(4)-C(2)-C(3) 
C(3)-C(2)-C(5) 
C(2)-C(3)-N(2) 
O( 1 )-N (3)-O( 2) 
O(I k " ) - 0 ( 3 )  
0(2)-N( 3)-0(3) 

I .  I7(4) 
1.02(4) 
0.99(4) 
1.13(4) 
I .02(4) 
I .06(4) 
1.09(3) 
0.97(4) 
l.Io(4) 
1.10(5) 
1.257(4) 
1.237(4) 
1.239(4) 

106.87(6) 
l08.85(5) 
110.79(5) 
1 07.54( 5) 
I14.19(5) 
1 I9.65(7) 
1 I9.07(6) 
121.29(6) 

atoms and the normal to the Cu-N(I)-N(2) equatorial plane, 
and the angles on the copper indicate some further distortion 
of the co-ordination polyhedron. The Cu-N distances 
[2.029(4) and 2.020(3) A, Table 21 are comparable with 
other values found in several copper(I1)-amine complexes : 
bis(2,2-dimethylpropane-l,3-diamine)diperchloratocopper(rr), 
2.028(3) and 2.021(3) 8,; p-carbonato-dichlorobis(N,N,N',N'- 
tetramethylpropane-l,3-diamine)dicopper(11), 2.047(2)-- 
2.043(2) A; l4 and bis(N-methylpropane-1,3-diamine)nitrato- 
copper(l1) nitrate, 2.061(2)-2.009(2) The ligand molecules 
are arranged in a way quite similar to the previously cited 
perchlorate derivative, forming two six-membered chelate 
rings with the 'chair' conformation, the puckering par- 
ameters l6 being: 92 = 0.225 , q3 = -0.480 A, cp2 = 351.9", 
and Q = 0.530 8, (q2 = 0.219, q3 = -0.502 A, cp2 = 349.6", 
and Q = 0.53 A in the perchlorate derivative). The chair con- 
formation is also found in other complexes containing six- 
membered chelate rings formed by aliphatic diamine~.' '*~~ The 
angles around the C(2) atom range from 106.87 to 111.57" 
(107.0-1 11.7" in the perchlorate complex). Bond distances 
and angles in the diamine (Table 2) agree very well with those 
found in these types of l i g a n d ~ . ~ * ' ~ * ' ~  The Cu-O(1) apical dis- 
tance of 2.566(3) 8, is typical of semi-co-ordination and is 
comparable with the value (2.602 8,) found in the perchlorate 
and in other nitrato-complexes, e.g., in dinitrato(N,N,N',N'- 
tetramethylethylenediamine)copper(~~),'~ Cu-0 = 2.61 2(6) 8,. 

The nitrate groups, which show the regular trigonal-planar 
geometry, are involved in the hydrogen-bond system and intra- 
molecular contacts [Table 3(a) and (b), respectively], which 
are responsible for the packing in the crystal. Some systematic 
distortion exists, due to the interaction of the NO3- group 
with the Cut+ ion. 

D.S.C., Thermogravimetric (T.g.), E.S. R., and Spectroscopic 
Results.-The d.s.c. analysis shows a sharp endothermic peak 
in the temperature range 142-152 "C corresponding to a 
thermochromic phase transition. The transition is reversible. 
T.g. analysis further shows no weight change in this temper- 
ature range. The AH value of ca. 10.6 kJ mol-' (averaged 
value) is in good agreement with those previously found for 
some fluoroborate and perchlorate copper(I1) complexes of 
substituted ethylenediamines, but lower than that reported for 
the analogous nitrate.20 

- 
NH2 rocking 

+CN stretching 

NO3- 
"3 

1 i 1 1 t f 1 , 1 , , , . 1  

1500 1000 500 
v/c m-' 

Figure 2. Coniparison of the i.r. spectra of Cu(dmpd),(N03), 
[20-I20 "C (A) and 160 "C (C)] and of Zn(dmpd),(NO,), [20 "C 
(R)]. All spectra were run as powder on KBr pellets as support 

The role of the anion in determining the phase transition 
is well established by the study of the i.r. spectrum of the 
compound at variable temperatures. In fact, in the 20-1 35 "C 
temperature range the position and number of fundamental 
modes of nitrate groups are characteristic of monodentate- 
bound nitrate groups. Furthermore the splittings of the bands 
assignable to NH2 vibrations 21 are consistent with the pres- 
ence of substantial interactions between the nitrate and the 
amino-groups. This agrees with the structural data. To sup- 
port our assignments in Figure 2 we have also reported the 
i.r. spectrum of the analogous Zn" and Pd" complexes.22 For 
the latter two, unco-ordinated nitrate ions may be certainly 
suggested . 

The i.r. spectrum of the copper(r1) complex shows a dram- 
atic change at the same temperature as the phase transition 
determined by d.s.c. measurements. At temperatures greater 
than 155 "C the spectrum is very similar to that of the zinc(r1) 
salt, indicating a decrease of the interactions between the 
nitrate groups and the copper(I1) ion (Figure 2). 

The corresponding Pd compound has been prepared, and 
its i.r. spectrum has been recorded. The spectrum of the low- 
temperature phase of the Cu complex most closely resembles 
that of the Pd compound (trace A, Figure 2), while the high- 
temperature phase (trace C) has many features common with 
the tetrahedral Zn complex (trace B). This lends supporting 
evidence for the supposition that a tetrahedral distortion 
occurs in the high-temperature phase of the copper compound. 

The powder X-ray diffraction pattern has been recorded 
immediately below and above the phase transition tempera- 
ture. The patterns of the two phases are significantly different. 
However, many of the diffraction lines of the low-temperature 
phases are reproduced in the high-temperature pattern with a 
small shift to lower Bragg angles (larger d spacings). Thus, a 
major change in unit-cell shape does not appear to take place. 
Nevertheless, major intensity changes occur, for a few dif- 
fraction lines, indicating a substantial change in internal 
structure, The above data, although inconclusive, are not in- 
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Table 3. Hydrogen bond system and some contacts less than 3.50 8, 

(a) Hydrogen bonds 
N(1) * O(2") 
N( 1 ) - W )  0.87(5) H(2) * * * O(2") 2.40(5) N(I)-H(2) * * * O(2") 145(5) 
N(2) O(3'") 

3.162(5) 

3.074(4) 
N(2)-H( 13) 0.8 5( 5 )  H(13) * * - O(3"') 2.46(5) N(2)-H(13) * . O(3"') 128(6) 
N(2) * O(1'") 3.136(5) 
N(2)-H ( 14) 0.84(4) H(14) * - O( 1 I v )  2.3 I(4) N(2)-H( 14) * * * O( I I") I64(4) 

(b) Contacts 
N(1) * * 0(1) 
N(1) O(3) 
N(2) - 0(1) 
O(1) ' * * C(3) 
O(3) - C(l) 
O(2) ' * C(4") 
O(2) * N(3V') 
O(2) O(2V') 
O(3) C(3"") 

3.476(4) 
3.112(5) 
3.064( 5) 
3.431(5) 
3.5 03 (6) 
3.3 1 3( 5) 

3.278(5) 
3.37 1 (5) 

3.3 5 5( 5) 

O(3) - * * C(4"") 
O(3) * * - 0(3v"1) 
N(2) * * * O(3') 
N(1) * - - O(1') 

O(2) - * * N(2") 
0 ( 1 )  * * N(2') 

O(3) - * * N(2'") 

0(1)..'0(l'V) 

O(2) * * * C(4V') 

3.480(5) 
3.440(5) 
3.2 I 4( 5) 
3.05 3( 5) 
3.274(4) 
3.429(5) 
3.456( 5) 
3.3 13(5) 
3.074( 5) 

Symmetryoperators:I=~,y',i;II=1+x,y,z;IIIx,y,1 + z ; I V = R -  I , j j , i ; V = x -  l , y , z -  I ; V I = i - -  1,?,2- l ; V I I =  
x, y ,  z - 1; VIII = 1, y ,  z - 1 .  

h UI 5t 
= 4  

/ 

I 
1 / I  I 1 I 1 I 

h l n m  
500 700 900 

Figure 3. Electronic spectra of Cu(drnpd)z(N03)z below [20-120 "C 
(-) J and above [ 160 "C (- - - -)] the phase transition 

consistent with a tetrahedral distortion and a weakening of 
the Cu-N03 interactions in the high-temperature phase. 

The room-temperature e.s.r. parameters (811 = 2.176 and 
gl = 2.055), typical of tetragonal bipyramidal complexes with 
a dXz-,,2 ground state and a CuN,02 chromophore are con- 
sistent with the structural results. The only change observed in 
the e.s.r. spectrum of the high-temperature phase was a 
broadening of the linewidths, which washed out the gll 
region. An increase in tetragonality (e.g., weakening of the 
semi-co-ordination) should lead to a decrease in the g values, 
while a tetrahedral distortion has the opposite effect. Thus, 
the lack of shift in the position of gl is consistent with the 
existence of both of these two competing factors. 

These results, combined with the lowering and splitting of 
the d-d bands in the high-temperature phase (Figure 3), 
imply a tetrahedrally distorted four-co-ordinated geometry at 

high temperatures. Similar results were previously suggested 
for the analogous copper(I1) perchlorate complex, which dis- 
played a continuous thermochromism.2 

Electrical Results.-The electrical conductivity derived from 
the charging currents at 1 and 10 min after the application of 
the voltage exhibits two distinct conduction regions with 
different apparent activation energy, with the higher activation 
energy present in the high-temperature range (Figure 4). 

The behaviour exhibited in the isochronal discharging 
currents as a function of temperature is shown in Figure 5. A 
peak can be seen, at 140 "C, which must be related to a relax- 
ation process occurring below Hz at such a temperature. 
The same transition is observed in the isothermal discharging 
currents as functions of time (not shown for the sake of 
brevity). 

Dielectric measurements in the range 2 x 10-2-6 x lo5 
Hz do not show remarkable effects in the temperature range 
investigated. The relative dielectric constant and loss factor 
regularly decrease with frequency up to a constant value of 
3.93 and 0.005, respectively, at room temperature. At higher 
temperatures the behaviour does not change although the 
curves are shifted to higher frequency. 

The close resemblance of the behaviour of electrical con- 
ductivity with that typically shown from semiconducting 
compounds suggests that the conduction mechanism is basic- 
ally electronic. This is confirmed by the low value of dielectric 
constant (except for the ultra-low frequency range) and the 
absence of any ionic effect in the loss factor as a function of 
frequency. The peak observed in the isochronal discharging 
currents curves at 140 "C (Figure 5) discloses, on the other 
hand, a typical dielectric relaxation process well below the low 
frequencies investigated with the instrumentation used.6*8-'0 
It may be due, therefore, to neither electronic nor atomic 
polarization processes, but to processes involving larger 
structural units or some polarization of the Maxwell-Wagner- 
Sillars type. It can be therefore related to the above discussed 
structural changes occurring near 140 "C, which perturb the 
transport of the charge carriers. Moreover, it may be inferred 
that the study of the electrical properties is of substantial aid 
in evaluating structural transitions in these materials. Further 
investigations would be needed to determine the type of 
majority charge carrier and the other semiconducting prop- 
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Figure 4. Electrical conductivity (log scale) of C~(drnpd)~(NOJ~ 
after 10 min of voltage application us. 1O’T-l 

erties of the material, as well as the exact nature of the dielec- 
tric processes occurring at the transition temperature (Tc). 

Broadline N.M. R. Results.-A ‘H broadline n.m.r. study of 
the behaviour of the compound in the vicinity of the struc- 
tural phase transition was made. The second moment ( M z )  
of the resonance line was obtained by integration of the obser- 
ved spectrum as given in equation (l), where H ,  is the field at 
the centre of the resonance signal and Z(H-H,) is the intensity 
at a given field, H. The results are shown in Figure 6. As can 

10-4 

10-5 

10-6 

10-7 

10-8 

4 * 

10 

10 

10-13 1 
A I  I I I f I  1 

0 50 100 150 2 00 
T 1°C 

Figure 5. Charging (0) and discharging (A) [upper curve: 1 min 
after voltage application; lower curve: 10 min after voltage applic- 
ation] currents 0s. temperature for Cu(dmpd)z(N03)2 

II(H-H,)(H-H,J2 d H  
$I(H-H,,) d H  Mz = 

be seen, a sharp drop in the second moment from 22 G2 to 
15 G2 occurs at 142 “C. This transition temperature agrees 
well with the d.s.c. results. The pronounced decrease in second 
moment clearly indicates the onset of some dynamic disorder. 
We will seek to make a deduction concerning the type of 
disorder from the magnitude of the reduction factor, R [R = 
Mz(T > T,)/MZ(T < f,) - 0.71. 

Theoretically, we can calculate the reduction factors for 
powder samples for several possible types of motion using 
equations (2) and (3),23 where r fJ is the vector between the 
ith andjth proton, el, is the angle between the magnetic field 
and rlJ,  and the integrals are over all possible orientations of 
the r r j  vector. The thermal average [ { ( ~ C O S ~ ~ , ~  - 1)2>,y.] 
in M2(dynamic) is obtained by taking a sum over the N 
configurations assumed by the molecule. The reduction 
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factor is then given by equation (5) .  For simplicity, only 

Mz(dynamic) 
Mz( st at ic) 

R = -  

contributions from proton-proton interactions on a single 
carbon atom are included. 

The X-ray diffraction results show that the stable con- 
figuration for each six-membered metal-chelate ring is the 
chair configuration. One possible type of motion to consider 
is that the ring interchanges between two equivalent chair 
configurations. This seems unlikely because the interchange 
cannot occur in one simple motion and because it causes large 
displacement of C(3), C(4), and C(5). The latter would imply 
major rearrangement of other portions of the crystal structure 
during the interchange, which does not seem plausible. The 
calculation of the reduction factors confirms this, with R- 
(calc.) = 0.5 compared to the experimental value of 0.7. A 
second type of motion is the interchange between the chair 
configuration and a boat configuration by displacement of 
C(2). However, this places one of the methyl groups within 
-2 A of the position of the nitrate ion. The most probable 
rearrangement involves a twist about the normal to one of the 
C-N bonds, changing the chair configuration into a boat 
configuration. This motion involves very little displacement 
of C(2) or the methyl groups. The summation in equation (4) 
is now over three configurations; two equivalent boat forms 
and the original chair form. The reduction factor estimated for 
this motion is in satisfactory agreement with the experimental 
result. Thus, we conclude that the higher temperature phase 

involves a dynamic equilibrium between these three con- 
figurations of the metal-chelate rings. 

Conclusions 
The thermochromism of bis(2,2-dimethylpropane-1,3-di- 
amine)copper(ir) dinitrate must be ascribed to the weakening 
of the in-plane ligand-field strength, as the temperature is 
raised, due to a dynamic disorder of the chelate rings of the 
ligand and the presence of a small tetrahedral distortion. As 
a consequence, the nitrate anions are not as strongly co- 
ordinated in the high-temperature form. This is in contra- 
distinction to the behaviour of bis(N,N-diethylethylene- 
diamine)copper(II) dinitrate. 

The investigated salt exhibits interesting semiconducting 
properties and the electrical measurements seem to be very 
useful in investigating the thermochromic behaviour of these 
compounds : dielectric relaxation processes related to the 
structural changes indeed do occur at the phase transition. 
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