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The compound bis(2-am ino-4-oxo-6-methylpyrimidinium) tetrachlorocuprate(II) 1 contains
CuCU2- square-planar anions, and bis(2-am ino-4-chloro-6-m ethylpyrim idinium ) hexachlorodicuprate(II) 2 quasi-planar CU2 CI6 2- anions. Both compounds show thermochromic behaviour.
This phenomenon has been studied by X-ray crystallography at variable temperature, with the
result that no major change is observed in the geometry o f the copper atom. Thus it is possible
to assume som e influence o f the hydrogen bonds and o f the different geometries o f interme
diate states on the color o f the compounds due to the modifications provoked in the L —>M
charge transfer and in the energy o f the metal d-d transitions. Magnetic measurements o f the
compounds give information on magneto-structural correlations. Compound 1 is ferromagnetic
(Tc = 20 K) due to the perpendicular arrangement o f the square anions that allows exchange
pathways only via Cu-Cl -Cu , H-bonding or cationic n electron interactions. Compound 2
shows a very complicated behavior at low temperature with local antiferromagnetic fluctua
tions. Crystal data: 1 CioHioNftC^CUCu, triclinic, P i; 393(2) K: a = 11.053(2), b = 11.334(2),
c = 14.038(3) (Ä), a = 95.76(3), ß = 101.35(3), 7 = 9 0 .1 5 ( 3 ) 0 ; 293(2) K: a = 11.022(2),
b = 11.289(2), c = 14.001(3) (A), a = 95.86(2), ß = 101.34(2), 7 = 9 0 .0 9 ( 3 ) 0 ; 155(2) K: a =
11.008(2), b = 11.231 (2), c = 13.967(3) (A), a = 95.86(2), ß = 101.37(2), 7 = 8 9 .9 9 ( 2 ) 0 ; Z = 4.
2 (C5H 7 N 3 Cl3Cu) 2 , monoclinic, P 2,/c; 293(2) K: a = 5.998(1), b =18.669(4), c = 9.466(2) (A ),
ß = 1 0 0 .9 3 (3 )0 ; 150(2) K: a = 5.971(1), b = 18.655(4), c = 9.3 8 3 (2 ) (Ä ), ß = 1 0 1 .6 4 (1 ) 0 ;
Z = 4.

Introduction
Halocuprate(II) compounds can have different
structures, depending on the cation, and also differ
ent colours which change frequently with the tem
perature leading to thermochromic properties [1].
The most abundant coordination polyhedra around
the copper atom are the flattened tetrahedron with
two big bond angles X-Cu-X of 130°, the squareplanar structure and the elongated octahedron. The
latter often occurs in polymeric chains. For this rea
son there are many possibilities for electronic cou
pling in the large number of known halocuprate. For
flattened tetrahedral tetrachlorocuprates, an empir
ical correlation between bond angles and absortion
spectra has been described [2], which allows the
calculation of the variation of the bond angle with
the temperature for thermochromic compounds.

In the course of our research on thermochromic
halocuprate(II) with different cations [3] we have
prepared and characterized the thermochromic title
compounds.
Results and Discussion
Structure description

1
[CsNsHsO] 2 [CuCl 4 ]: The compound has
been prepared from 2-amino-4-chloro-6-methylpyrimidine and C u C ^ ^ F L O in FLC^EtOH with
HC1. The structure contains two independent
CuCU2~ units and four non equivalent protonated
ligand molecules. The ligand 2-amino-4-oxo-6-methylpyrimidine results from a nucleophilic sub
stitution reaction of the initial ligand 2-amino-4chloro-6-methylpyrimidine with the solvent (mix
ture FLC^EtOH). Four chlorine atoms Cl(3), Cl(4),
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Fig. 1. a) Anion framework with 80% probability for
compound 1; b) anion framework with 20% probability
for compound 1; c) H-bonds between anions and cations
o f 1.
Table I. Selected bond lengths (A) and angles (°) for 1.
393 K

293 K

155 K

2.280(3)
2.283(3)
2.295(3)
2.284(3)
2.155(4)
2.387(1)
2.277(3)
2.276(3)
2.307(3)
2.257(3)
2.312(4)
2.310(2)
3.360
3.382

2.281(2)
2.279(2)
2.288(3)
2.294(3)
2.124(8)
2.398(7)
2.277(2)
2.276(2)
2.302(2)
2.272(2)
2.298(9)
2.295(9)
3.356
3.353

2.281(3)
2.283(4)
2.293(2)
2.286(2)
2.174(9)
2.395(8)
2.279(3)
2.278(3)
2.320(2)
2.260(2)
2.313(9)
2.311(9)
3.307
3.331

90.19(10)
90.04(10)
89.98(10)
89.84(11)
178.85(7)
177.9(7)
90.9(4)
90.3(4)
89.2(3)
89.7(2)
90.0(5)
87.4(5)
92.2(3)
90.4(3)
178.90(7)
179.4(2)
89.31(10)
89.60(10)
90.52(10)
90.57(10)
173.4(3)
89.5(3)
90.3(3)
90.0(3)
90.1(3)
87.0(2)
93.6(2)
86.4(2)
93.0(2)

90.08(7)
89.79(7)
89.94(7)
90.27(7)
178.10(5)
179.7(4)
91.2(2)
90.7(2)
88.7(2)
89.4(2)
88.5(3)
89.0(3)
91.3(2)
91.2(2)
178.82(4)
179.9(2)
89.37(8)
89.44(8)
90.59(8)
90.59(7)
172.1(2)
90.4(2)
89.6(2)
90.0(2)
89.8(2)
86.04(14)
93.83(14)
86.04(14)
94.1(2)

90.24(6)
89.98(6)
89.82(6)
90.08(6)
177.88(4)
179.5(3)
90.9(2)
91.2(2)
88.9(2)
89.0(2)
88.5(2)
88.2(2)
91.9(2)
91.4(2)
179.30(4)
179.7(7)
89.57(5)
89.74(6)
90.25(5)
90.45(5)
172.1(2)
90.0(2)
89.9(2)
90.4(2)
89.6(2)
85.9(2)
94.4(2)
86.30(14)
93.48(14)

Distances:
C u(l)-C 1(D
C u (l)-C l(2 )
C u (l)-C l(3 )
C u (l)-C l(4 )
C u (l)-C l(7')
C u (l)-C l(8')#1
C u(2)-C l(5)
C u(2)-C l(6)
Cu(2)-C l(7)
Cu(2)-C l(8)
Cu(2)-Cl(3')
Cu(2)-Cl(4')
C u (l) -C l(4 ')
C u (2 )-C l(4 )

Angles:
C l(l)-C u (l)-C l(4 )
C l(2)-C u (l)-C l(4)
C l(l)-C u (l )-Cl(3)
C l(2)-C u (l)-C l(3)
C l(l)-C u (l)-C l(2 )
C l(7')-C u (l)-C l(8’)#1
C l(7 ')-C u (l)-C l(l)
C l(7')-C u (l)-C l(2)
C l(l)-C u (l)-C l(8 ’)#l
C l(2)-C u (l)-C l(8')#1
C l(7')-C u (l)-C l(4)
C l(7')-C u (l)-C l(3)
C l(4)-C u (l)-C l(8')#1
C l(3)-C u (l)-C l(8')#1
C l(6)-C u(2)-C l(5)
C l(8)-C u(2)-C l(7)
C l(8)-C u(2)-C l(6)
C l(8)-C u(2)-C l(5)
C l(6)-C u(2)-C l(7)
C l(5)-C u(2)-C l(7)
Cl(4')-Cu(2)-Cl(3')
C l(6)-Cu(2)-C l(4')
C l(5)-Cu(2)-C l(4')
C l(6)-Cu(2)-C l(3')
C l(5)-Cu(2)-C l(3')
C l(8)-Cu(2)-C l(3')
C l(7)-Cu(2)-C l(3')
C l(8)-Cu(2)-C l(4')
C l(7)-C u(2)-C l(4’)

Symmetry transformations for equivalent atoms:
#1 x - l , y, z.

720

I. Dfaz et al. • The T herm ochrom ic C om pounds [Q N ^ H g O h fC u C U ] and [C .^ N jH y C lb fC ^ C ^ ]
Table II. Selected bond lengths (A) and angles (°) for 2.
293 K

150 K

2.2508(8)
2.2691(8)
2.2812(7)
2.3333(7)
2.7911(7)
2.3333(8)
3.439(1)
3.511(1)

2.2548(7)
2.2716(7)
2.2807(7)
2.3353(7)
2.7468(8)
2.3353(7)
3.439(1)
3.463(1)

94.76(3)
169.29(3)
90.99(3)
89.17(3)
169.29(3)
83.64(3)
92.40(3)
97.11(3)
95.79(3)
92.60(3)
87.61(3)
96.36(3)

94.76(3)
168.51(3)
91.03(3)
88.94(3)
169.35(3)
83.69(3)
92.94(2)
97.08(2)
96.18(3)
92.68(2)
87.06(2)
96.31(3)

Distances:
C u -C l(l)
Cu-Cl(3)
Cu-Cl(2)
C u-Cl(2)#1
C u -C l(l)#2
C l(2)-Cu#1
C u - C u #l
Cu -Cu#2

Angles:
C l(l)-C u -C l(3)
C l(l)-C u -C l(2)
C l(3)-Cu-Cl(2)
C l(l)-C u -C l(2 )#l
C l(3)-C u-C l(2)#1
C l(2)-C u-C l(2)#l
C l(l)-C u -C l(l)#2
C l(3 )-C u -C l(l)#2
C l(2 )-C u -C l(l)#2
C l(2 )# l-C u -C l(l)#2
C u-C l(l)-C u #2
Cu-Cl(2)-Cu#1

Symmetry transformations: #1 -x, -y + 1, —
z + 1;

*2 -x + ! ,- > ’ + 1, - z + 1.

Fig. 2. a) Anion framework for compound 2; b) H-bonds
between anions and cations o f 2.

Cl(7) and Cl(8) occupy statistically two positions
with ratio 80:20 (the atoms of the second setting
with lower probability are “primed”). The cop
per/chlorine framework is organized in such a way
that mutually perpendicular CuCU squares form a
cage, where chlorine atoms at C u(l) supplement
those at Cu(2) to form elongated octahedra (“4+2”
coordination) and vice versa, with average distances
of Cu-Cl 3.35 A (see Fig. 1). Figs. la) and b) show
the difference between “non-primed” and “primed”
settings. The ligand molecules are placed inside a

cage and form numerous intermolecular hydrogen
bonds of N-H- -0 and N -H -C l types (Fig. lb)).
The anomalous crystal packing is obvious from the
irregularity of the Cu-Cl bond distances (Table I).
The trans Cl-Cu-Cl angles are very close to 180°.
This geometry is favored by the axial interactions
between neighbouring CuCU squares and the pres
ence of numerous and strong hydrogen bonds.
2
[C 5 N 3 H 7 Cl]2 [Cii2 Cl(,]: Driving the reaction in
acetonitrile, the ligand 2-amino-4-chloro-6-methylpyrimidine remains unaltered. The structure of the
product consists of two separate organic cations and
stacks of quasi-planar Cu 2 Cl6 2~ anions. This situa
tion is unusual in this kind of compounds, for which
a distorted tetrahedron geometry, with trans Cl-CuCl angles of 146°, is favoured [4] to overcome steric
impediments and electrostatic repulsions between
halogen atoms. The stacking arrangement is such
that each copper ion assumes a “4+1” coordina
tion geometry due to additional Cu - Cl interactions
making the copper atom coordination polyhedron to
be a pentagonal pyramid (Fig. 2). This additional in
teraction leads to a layer arrangement of the anions
(Fig. 2a)) and energetically compensates the strain
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involved in quasi-planar Cm Clö2- anions. Within
the dimer, terminal Cu-Cl distances average 2.259 A
and bridging distances average 2.307 A while the in
terdimer semicoordinate C u - C l distance is 2.79 A,
these values being close to those reported in the lit
erature [5]. The framework of anions is supported by
N-H Cl and N-H - N hydrogen bonds (Fig. 2b)).
Thermochromic behavior
Both compounds show thermochromism, but nei
ther 1 nor 2 present crystallographic or strong geom 
etry transitions [6]. In order to explain these prop
erties, we carried out UV/V spectroscopic studies
of 1 in the solid state, but the poor optical quality
of the crystals led to poor resolution of the spec
trum. At 298 K a very broad maximum centered at
approximately 700 nm appears, that resolves into
three broad shoulders at 77 K. The data gave in
formation about the geometry [7], but do not permit
any conclusion about the displacement of the bands.
Compound 1 forms dark green crystals at room
temperature which change to brown at 393 K and
to pale green at 155 K. The comparison of the crys
tal structures at those temperatures reveals a sig
nificant variation in the Cu-Cl bond distances (Ta
ble I). The most notable of them involved chlorine
atoms that occupy disorder positions. For exam 
ple Cu-Cl(7') is 0.05 and 0.03 A longer at low and
high temperature, respectively. However, because
of the irregularity observed in these distances and
the stacking disorder, we hold it quite inappropiate to discuss them. We consider the modification
of the axial interactions [Cu(l)-Cl(4') and Cu(2)Cl(4)] more important because they are involved
in a different geometry at the copper atom due to
the Jahn-Teller effect. At high temperature, these
axial distances are longer, so the copper ion is in
a square planar environment, but when the tem 
perature decreases they assume the typical “4+2”
distorted octahedral geometry found in other copper(II) halides [8], A difference in the trans angles
is also observed due to the structural modifications
previously described. Using ligand field theory we
can explain the colour change in the compound
based on these structural modifications as a correla
tion of intermediate states between regular squareplanar and octahedral geometries. Furthermore, we
have noticed certain differences when comparing
the hydrogen bond lengths at three temperatures.
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Therefore, it is possible to consider another influ
ence on the colour change due to these differences.
It is known that hydrogen bonds withdraw effec
tive charge from chlorine atoms, so that the charge
transitions ligand—»metal (C l^ C u ) will be lowered.
Finally, we think that these two effects (geometry
variation and H bond differences) together could
explain the colour change in this case.
Compound 2 crystallized forming brown plate
shaped crystals at room temperature which turn to
red at 150 K. It must be noted that in this com
pound the variation in the axial interaction involves
CmClö2- groups of adyacent layers. C u-C l(la) and
Cu-Cu(a) are 0.05 Ä shorter at 150 K, the latter hav
ing even smaller values than the sum of the van der
Waals radii (3.30 A). This shortening means that
the pentagonal pyramidal-geometry is much more
stable at low temperature. Thus we can explain the
colour change through these variations as well as
we did for compound 1. The dz2 orbital modifies
its energy giving different d-d transitions for both
geometries. This could explain the colour change
(brown to red) observed.
Magnetic properties
In the structure of compound 1 we can consider
mainly one type of exchange pathway: the interac
tions within the ribbons of the copper atoms with
distorted octahedral coordination via their semico
ordinate bonds. This involves C u(l) and Cu(2), both
of which assume the elongated octahedral geome
try previously commented. On this kind of exchange
pathway, through the semicoordinate linkages, can
be assumed to be ferromagnetic (FM) [8a], We can
consider also two other weak exchange pathways:
an interaction due to the presence of numerous and
strong hydrogen bonds, and a second one due to
the 7r electron density of the pyrimidinium cations.
Both lead to a ferromagnetic coupling, but they will
contribute very little because, in the first case, the
geometry of the H bonds involving chlorine
or
bitals deviates from linearity, and in the second case,
the delocalized 7r electronic density does not coin
cide with the coordination edge of the ligands.
The magnetic susceptibility data (Fig. 3a)) show
evidence of an FM component at low temperature
(20 K), in contrast with other square planar tetrahalocuprates described in the literature [3b, 8b] that
show AFM coupling. The paramagnetic moment
at high temperature (T
Tc) is close to 1.2 /.iB .
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Fig. 3b) shows the isothermal magnetization at dif
ferent temperatures (below and close to Tc = 20 K).
The low temperature data show a saturation magne
tization close to 0.65 pB/C u atom, as expected for
ordered Cu2+ ions. Due to the alternating disposi
tion of the square planar CuCU2- anions, we can
not assume halide-halide contacts between adjacent
anions which would lead to predominantly antifer
romagnetic coupling. This peculiar network makes
1 a magnetic paradox.
Compound 2 with the hexachlorodicuprate an
ion presents an effective paramagnetic moment of
1.96 //B, in agreement with other related com
pounds described in the literature [4a]. A very small,
but broad maximun is observed in the plot of \ vs.

Fig. 3. a) Plot o f x ar>d l / \ vs. T for
compound 1; b) plot o f M vs. magnetic
field 1.

T (Fig. 4), corresponding to a weak and local anti
ferromagnetic coupling. This behaviour and the low
value of the magnetic susceptibility (two orders of
magnitude lower than compound 1) suggest that the
geometry of the Cu-Cl bonds is not suitable to give
magnetic interaction, in spite of the proximity of
the paramagnetic centers. However at 12 K, there
is clearly a weak increase in the magnetic suscepti
bility, probably due to the paramagnetic divergency
at OK.
Experimental Section

Synthesis: All the manipulations were carried out in
air. All reagents were provided by Aldrich and were used
without further purification.
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Fig. 4. Plot o f \ and \ / \ vs. T for com 
pound 2.

Temperature (K)
Table III. Crystal data for 1 and 2.
Empirical formula
Formular weight
Crystal system
Space group
Z
A (A)
T (K)
Colour

a (A)
b (A)
c (A)
a (°)

ßO
7 O
V (A 3)
Pcalc (g Cm“ 3)
p (mm ')
R ( = R 1)
wR (= wR2)

— C ,oH 16N 60 2C l4 C u (l) —
— 457.63 —
— triclinic —
— Pi —
— 4—
— 0.71073 —
393(2)
293(2)
155(2)
brown
dark green
pale green
11.053(2)
11.022(2)
11.008(2)
11.334(2)
11.289(2)
11.231(2)
14.038(3)
14.001(3)
13.967(3)
95.76(3)
95.86(2)
95.86(2)
101.35(3)
101.34(2)
101.37(2)
90.15(3)
90.09(3)
89.99(2)
1715(6)
1698.8(6)
1683.7(6)
1.772
1.789
1.805
1.912
1.931
1.948
0.037
0.021
0.037
0.106
0.061
0.101

1 [C5 NjH 8 0 ] 2 [CuCU]: A solution o f 2-am ino-4-chloro-6-methylpyrimidine (6.69 mm ol) in 15 ml o f a m ix
ture o f HaOiEtOH (70/30) was added to a solution o f
CUCI2 2 H 2 O (3.46 mmol) in 10 ml o f the same solvent.
Dropwise and under continuous stirring, approximately
15 ml o f HC1 12 M were added. After stirring for 1 h,
the green final solution was filtered o ff and allowed to
crystallize at room temperature. After three weeks regu
lar dark green crystals were collected and washed with
n-pentane. Yield: 80% approx.
CioHiöNöCbCUCu (457.63)
Calcd C 26.22 H 3.49 N 18.35%,
Found C 26.48 H 3.40 N 18.61%.
2 [CsNiH 7 Cl]2 [Cu 2 CU]: The same reaction in ace
tonitrile resulted in an orange solution where, after two

— (C5H7N3Cl3Cu)2 (2) —
— 3 1 4 .4 8 — monoclinic —
— P 2,/c —
— 4—
- 0 .7 1 0 7 3 150(2)
293(2)
brown
red
5.971(1)
5.998(1)
18.655(4)
18.669(4)
9.466(2)
9.383(2)
-

100.93(3)

-

101.64(1)

-

-

1040.7(4)
2.007
3.080
0.0260
0.0691

1023.7(3)
2.041
3.131
0.037
0.0631

w eeks evaporating at room temperature, brown crystals
were formed and washed with /j-pentane. Yield: 85% ap
prox.
C ,o H ,4 N 6 C 1 6Cu2 (314.48)

Calcd C 19.08 H 2.22 N 13.35%,
Found C 19.42 H 2.23 N 14.05%.

X-ray crystallography*: The crystal structures o f the
title compounds were determined. A green crystal o f size
0 .6 5 x 0 .6 5 x 0 .1 0 mm o f 1 was selected for data co llec
tion on a Nonius C A D -4 single crystal diffractometer
*
Further crystallographic data for the structures 1 and 2 have
been deposited in files o f CIF format with the Cambridge Crystal
lographic Data Center as supplementary publication n° CCDC-

101203.
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using /3-filtered molybdenum radiation (A = 0.71073 A)
at variable temperature and oj/20 scan mode (1.89 < 9 <
22.55°). After data collection the reflection set was treated
by the PROFIT procedure [9], The structures were solved
using the heavy atom technique and the SHELXTL-81
[ 10] package. All reflections with I < 2cr(I) were excluded
from calculations. Refinement was carried out by full ma
trix least squares based on F2 using the SHELXL-93 [11]
package. The crystallographic data and refinement results
are presented in Table III. Hydrogen atoms were found
from difference syntheses and were refined isotropically.
Crystallographic data for a brown crystal o f size
0 .4 0 x 0 .2 5 x 0 .1 5 mm o f 2 are summarized in Table III.
The reflection intensities were collected on a Syntex PI
diffractometer using the same conditions previously de
scribed.
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