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Abstract. A new thermochromic material formed by doping Zuinto the ferroelectric
(TMA)HgBr3 (TMA = (CHs)4N) crystal is presented. The change of colour from green (room
temperature) to red (low temperature) under polarized light observation is accompanied by a strong
temperature-induced dichroism at low temperature. The origin of these phenomena is investigated
through the polarized charge transfer spectra associated withd@mplexes formed in the title
compound, and their dependence on temperature in the 10-300 K range. Attention is paid to
correlating the optical spectra with the local structure arourftt CThe results are compared with
those obtained in the tribromide (TMA)Cd[Cu}Band (TMA)Mn[Cu]Brs, and the tetrabromide
(TMA) 2Hg[Cu]Br4 and (TMA),Cd[Cu]Br, crystals, where Gl forms CuBéf complexes of

nearly Dy, sSymmetry, and tetrahedral distorted C@Bcomplexes of Ry symmetry, respectively.

An interesting feature is the presence of a strongly polarized absorption band at 158bthcm
(TMA)Hg[Cu]Br3, which is responsible for the observed dichroism and thermochromism. The
existence of this band is associated with the formation of highly distortediCuBmpIexes inthe
monoclinic (TMA)HgB# host crystal. The enhancement of dichroism exhibited by this crystal with
decreasing temperature is noteworthy. The analysis of the spectra reveals that this unusual thermal
behaviour can be explained in terms of thermally activated reorientations rather than structural
changes of the Gii complex.

1. Introduction

The optical properties such as colour or dichroism of copper halide compounds are in many
cases due to Jahn-Teller (JT) distorted complexes,QuCuXs (X = CI, Br) formed by
CW?* and their ligands X. In chlorides like in oxides, the colour is governed by the optical
window defined by the first ligand-to-metal-X— Cu?* charge transfer (CT) band placed
at 26 000 cm?, and the high-energy crystal field (CF) band around 10 000-16 006,cm
depending on the type of ligand and the degree of the JT distortion [1-5]. In particular,
this optical window is defined by the energy, the intensity and the width of these two bands.
For copper complexes, these spectroscopic parameters strongly depend on the local geometry
around Cd* (symmetry and bond distances) and, therefore, structural transformations of the
complexinduced either by temperature or by pressure may induce significant changes of colour
of the material (thermochromism or piezochromism, respectively), making copper systems
attractive for using asensors The pure copper compounds Kds).NH,],CuCl, [6] and
(CH3NH3),CuCl, [7] are examples of this behaviour.

In bromides, however, the colour is mainly determined by the intense Br Cu?*
CT bands, since, at variance with chlorides, the CT spectra spread over the whole visible
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range due to the overall redshift of about 5000—10 000 ‘cexperienced by CT bands

of copper complexes when Clis replaced by Br [8,9]. This redshift is in agreement
with the 6000 cm' predicted from the optical electronegativity difference of these two
ligands Ay = x(CI7) — x(Br7) = 0.2) [10]. In addition, copper bromide systems can
exhibit a marked dichroism given that the electric-dipole allowed CT transitions are, in first
approximation, completely polarized either along the JT distortion axmlarized) of the
complex or in the perpendicular plane ¢ polarized). This aspect is noteworthy since it can
be exploited in the search of optical materials, particularly,*@loped anisotropic bromide
systems, which can accommodate CiTBDr CuBl‘g‘ units along preferential symmetry
directions.

The aim of this paper is to investigate the optical properties of the ferroelectric
(TMA)HgBr3 (TMA = (CHz)4N) crystal [11] doped with Cif, through the polarized optical
absorption (OA) spectra. Attention is paid to correlate the absorption spectra with the local
structure around Cii. This crystal (monoclinia?2; space group) [12] is an attractive system
for exploring new optical phenomena. In fact, the coordination geometry around the mercury
cation (figure 1) is intermediate between the tetrahedral symmetry displayed by this cation
in (TMA) >HgBr4 (orthorhombicPmcn space group) [13], and the trigonal symmetry (D
displayed by Cd or Mn in (TMA)CdBy and (TMA)MnBr; (hexagonalP63/m) [14, 15],
whose MB@‘ units form infinite chains of face sharing octahedra. Furthermore, the crystal
provides a low symmetry Hg site for accommodating Cti lIts ferroelectric properties
seem to be associated with non-centrosymmetric distortions of the inorganicyigBnits
rather than with the tetramethylammonium ions [12]. Interestingly, this work exploits the
structural properties of a transparent anisotropic material like (TMA)BlgBind new optical
phenomena using Gtiimpurities as chromophore. Alternatively to pure copper compound
research, this doping procedure extends the range of materials with potential applications as
Sensors.

(TMA)Hg[Cu]Br3 is green at room temperature. This colour, which is different to those
shown by other C&i-doped bromide crystals containing either CﬁJBq'purple) [9] or CuBg~
(red) [8] complexes, is due to the presence of an unusuaHBrCu?* CT band at 15 800 crit.

This band appears shifted to lower energy with respect to the first CT transition irﬁCuBr
and CuBg‘ (16800 and 19300 cmi, respectively). The band intensity exhibits different
variations with temperature depending on the light polarization. The crystal shows a marked
thermochromism below 100 K, and a strong dichroism at low temperature.

In this work, we report polarized CT spectra of (TMA)Hg[Cu}Biand their
dependence on temperature. The results are compared with those obtained in orthorhombic
(TMA),Hg[Cu]Brs; and (TMA)RCd[Cu]Br;, and in hexagonal (TMA)Cd[Cu]Br and
(TMA)Mn[Cu]Br 3, where the C& coordination is CuBy™ (Dg symmetry) [9] and CuBy
(elongated Ry, symmetry) [8], respectively.

2. Experimental section

High optical-quality single crystals of (TMA)Hg[CulBr (TMA)Mn[Cu]Br; and
(TMA) 2Hg[Cu]Br4 were grown by slow evaporation from solution at°4Q Suitable green
b-plates of (TMA)Hg[Cu]Bg were obtained from HBr (10%) acidic ethanol-water (1:1)
solutions containing 1:2 and 1:3 stoichiometric ratios of (TMA)Br and Hg®r MnBr,),
respectively. The mercurate bromide concentration was intentionally duplicate or triplicate
with respect to the expected 1:1 stoichiometry to avoid (TM#G[Cu]Br, formation, favoured

in highly acidic solutions [11]. 1-10 mol% of CuBwas added to the solutions. Purple
plates with rectangular or pseudohexagonal shapes of (FNG{Cu]Br; were grown from
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solutions containing a 2:1 stoichiometric ratio of (TMA)Br and HgBising the previous
solvent. Needle-like single crystals of (TMA)Mn[CulBrere grown with the same procedure

as employed for (TMA)Hg[Cu]By. Crystal growing details for (TMA)Cd[Cu]Brand
(TMA),Cd[Cu]Br,4 are given elsewhere [8,9]. The real Cu concentration in the crystal
determined from atomic absorption spectroscopy is about 10% of the nominal Cu concentration.

The room temperature crystallographic structure of each compound was checked by x-ray
diffraction using a Philips PW 1710 diffractometer. The x-ray diagrams of the investigated
crystals were indexed according to structural data given in the literature. The lattice parameters
obtained by fitting the observed Bragg peaks are the following: (TMA)Hg[CGU[BY2;
monoclinic space group; = 9.07(3) A, b = 15.95(5) A, ¢ = 7.88(1) A, B = 93.65)

[12], (TMA),Hg[Cu]Br4 (Pmcn orthorhombic space group;= 9.31(2) A, b = 16.12(4) A
andc = 1278(2) A) [13] and (TMA)Cd[Cu]Br (P6s/m hexagonal space group; =
9.434(15) A, ¢ = 7.034(3) A) [14].

Several crystal plates for optical studies were selected and oriented with a polarizing
microscope. The crystal plate orientation was checked by x-ray diffraction. The absorption
spectra of single crystals were recorded with a Lambda 9 Perkin Elmer spectrophotometer
equipped with Glan Taylor polarizing prisms and operating with a fixed bandwidth of 1 nm.
Sample thicknesses for absorption were about 0.2—0.5 mm. The crystals were mounted on an
OFHC copper plate ovea 1 mmhole. A proper thermal contact was attained using crycon
grease along two orthogonal crystal edges in order to minimize strains, and covered with
a 1 mm drilled aluminium sheet as radiation shield. Crystals were oriented with the light
polarization along the extinction directions, except for (TMA)Hg[Cuy]Bhat was oriented
alonga due to domain formation, with a polarizing microscope. The temperature was varied
in the 10—-300 K range with a Scientific Instruments 202 closed-circuit cryostat and an APD-K
controller providing a temperature accuracy of 1 K.

Specific heat measurements were carried out on the (TMA)Hg[GW@&npound in the
2-300 K range in order to explore the existence of phase transitions below room temperature.
The experiments were performed on a Physical Properties Measurement System (PPMS) from
Quantum Design equipped with heat capacity option. The experimép¢al) curve follows
a typical Debye-type behaviour. Neither structural transition peak nor pretransitional effect
associated with the ferroelectric phase transition is observed in the explored temperature range.

3. Results and discussion

3.1. Crystal structure

Figure 1 shows the unit cell of the (TMA)HgBrcrystal together with the coordination
polyhedra around Hg. The structure can be regarded as built up from infinite chains of
interconnected HgBr units along thec direction [12]. The resulting HJ polyhedra are
either distorted corner-shared tetrahedra or face-shared octahedra depending on whether the
Hg-Br bond length defining the coordination polyhedron is limited to 3.0 A or to 5.5 A,
respectively. A regular hexahedrak{coordination for Hg, resembling the latter situation,
would be expected for (TMA)HgRIin the high-temperature paraelectric phase (TMMC-type
structure) [11-13]. Due to the low symmetry of the¥gite, the substitution of Hg by
Cuw?*in (TMA)HgBr; leads to a highly distorted local geometry beyond the usual Jahn-Teller
distortion of Dyy (CuBr2~) or Dy, (CuBré‘) symmetry. This situation gives rise to new features

in the CT spectra, not observed previously in Cu-doped systems containing eithér@uBr
CuB3™ [8,9].



2598 R Valiente and F Rodguez

cT )

Figure 1. Crystallographic unit cell of (TMA)HgBy (TMA = (CH3)4N) in the room-temperature
monoclinic P2 ferroelectric phase. Lattice parametesis= 9.07 A, b = 1595 A, c = 7.88 A,

B = 93.6°. Below, the cell is duplicated along tleandc monoclinic directions (The, b andc
directions are the same in both figures). The Br coordination polyhedra around the mercury ions
are shown (left) limiting the maximum Br—Hg bond distance to 3.0 A and (right) to 5.5 A. Note
that the polyhedra form linear chains of corner-shared tetrahedra or face-shared octahedra along
¢, respectively. The latter structure resembles the TMMC-type structure of the high-temperature
isomorphous (TMA)(M)Bg (M = Mn, Cd) crystals [14, 15].

3.2. Polarized optical absorption spectroscopy

Figure 2 shows the OA spectra of (TMA)Hg[CuBwith light polarized along the monoclinic

a direction and perpendicular to(nearly parallel taz) at 7 = 300 and 10 K. A first account

of these spectra was given elsewhere [16]. The 300 K spectra show two intense CT bands

at 15800 and 26 500 cm which are similar to those observed in the optical spectra of the
pure [Cu(PBAsO,)][CuBr,] crystal (olive green phase) [17]. The present work clarifies the
ligand-to-metal CT origin of those bands, in particular, of the low lying band at 15 806 cm
whose intensity is two and one orders of magnitude higher than the corresponding CF (d—d)
bands at 6400 and 7400 cty respectively (figure 3). These two near-IR bands are similar
to those observed in JT distorted CgBrcomplexes (Bg) [18]. According to the energy

level diagram shown in the inset of figure 3, these bands are tentatively assigned to electronic
transitions from the filled afz, yz) and a(z?) orbitals to the half-filled p(x?> — y?) orbital,
respectively, since these are the only electric-dipole (ED) transitions allowed syBmetry.
However, aside from the low symmetry ligand field of the?*Caomplex, the intensity of
these d—d bands is also activated by the vibronic mechanism, making difficult the analysis of
the polarization behaviour of these nearly isotropic CF bands. The asymmetry displayed by
the high energy band probably reflects the presence ofithe b, band partially allowed in
theactuallow-symmetry ligand-field in (TMA)Hg[Cu]Bs and by vibronic assistance.
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Figure 2. Polarized optical absorption spectra of the (TMA)Hg[Cu]Bingle crystal ai’ = 300K
and7 = 10 K in the charge transfer region. Spectra were recorded witharallel toa and
perpendicular taz within the b plane. Sample thickness: 0.3 mm. The absorption bands are
labelled according to the Cuﬁ‘r state diagram of figure 6.

CT bands appear resolved in the= 10 K polarized spectra (figure 2). Three components,
labelled A, A, and Ag, are observed in the first band at 15800, 17400 and 18 708,cm
respectively, and three components at 21 809, @3 900 (B, B,) and 26 700 cm* (B3) are
observed in the second band. Note that the first CT band responsible for the green colour,
A, is strongly polarized ai’ = 10 K, whereas it shows an almost isotropic behaviour at
room temperature. This explains the weak and strong dichroism observed with a polarizing
microscope at room temperature and 10 K, respectively. The colour at low temperature is
either green or garnet depending on whether the light electric #i¢lds directed along the
monoclinica direction or perpendicular to it in thieplane.

The relative intensity of the CT bands indicates that while bands at 15 8{()0af#
23900 cm! (B;) display a similar polarization behaviour with the distortion axis of the
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Figure 3. Polarized optical absorption spectra of the (TMA)Hg[Cu]Bingle crystal af’ = 10K

in the near-IR crystal field region. Bands at 6400 and 7400%coorrespond to d—d transitions

of Cl?*. The inset shows an schematic energy level diagram showing the electric-dipole allowed
crystal-field transitions in Hfor a Dyq symmetry CuBi‘ complex. The sharp peak structures
observed around 8600 and 6000 chrare overtones of the tetramethylammonium ions. The
absorbance scale is the same as used in figure 2.
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Figure 4. Polarized optical absorption spectra of the (TMA)Cd[Cu]Bnd (TMA)Mn[Cu]Br3
crystals at7” = 10 K with E perpendicular to the hexagonatirection (i.e. perpendicular to the
chain).

complex oriented neat (chain direction), bands at 17 400 /A 187 00 (A), 21 800 cntt
(C), 24500 (B) and 26 700 cm® (B3) show a different polarization behaviour.

For comparison purposes, figures 4 and 5 show the OA spectra of (TMA)(M)[gu]Br

(M = Cd, Mn) and (TMA}(M)[Cu]Br4 (M = Cd, Hg). The spectra can be explained in
terms of the Cu%* (D4p) and CuBﬁ* (D2g) complexes, respectively [8, 9]. The comparison
of these spectra with those of figure 2 indicates that the CT spectra of (TMA)Hg[Cai8r
somewhat in between those CgBrand CuBg™, but closer to CuBy . The two groups of
bands around 18000 and 28 000 ¢nobserved in (TMA)(Cd, Hg)[Cu]Bu (figure 5) are



Ferroelectric Cd*-doped (TMA)HgBy 2601

T T T
By
o | (TMA),Hg[Cu]Br,
= B,
=
5 \
=
5
S’
I A,
% (TMA),Cd[Cu]Br, B, A;
)
8 C | . Ay
8 C
<
n L L L L 5 . { . b, . 1 L
40000 35000 30000 25000 20000 15000

Wavenumber (cm™1)

Figure 5. Polarized optical absorption spectra of (TM&[Cu]Br; and (TMA)Hg[Cu]Br,4
crystals at’ = 10 K along the orthorhombib direction. Bands are labelled according to the
assignment given in figure 6 for a C@rcomplex of By symmetry [9, 18].
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Figure 6. Approximate state diagram of a Jahn—Teller distorted (,Z,TJBompIex of g symmetry.

The effect of the spin—orbit interaction of the Br ligands has been included. The electric-dipole
transitions allowed in by are B — A1 (z polarized) and B — E (x, y polarized). Transitions

'y - I'yandI'y — T'e are (, y, z) and (, y) polarized, respectively, when the spin—orbit
interaction is considered. Some of the observed CT transitions are identified by the commonly
used labels [9, 18].

assigned within a Cu%? complex of Dq symmetry [9, 18] to Br — Cu?* CT transitions
involving electronic jumps from the - andsr-bonding mainly Br molecular orbitals (MOs)
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of e and a symmetry to the antibonding mainly &ub,(x? — y?) MO (figure 6). In terms of
electronic states, the Cuﬁrbands A, A, and Ag at 16 800, 17 900 and 19 200 ci(figure 5)
correspond to transitions from tR&, ground state to the parent tetrahedrabonding®T;

CT state split into three components by ligand field distortions gf §ymmetry, and the
spin—orbit interaction of Br ligands (2'7 + I'e double group By irreps) [18]. The CT band

C’ at 23500 cm® corresponds to théA; (I'g) state of the parent tetrahedfd state, and

the CT band with components; BB, and B at 25270, 27 250 and 28 800 cfnshows the
highest intensity, and analogously corresponds to the three split components didineling

2T, state. The CT bands of (TMA)Hg[Cu]B1(figure 2) have been labelled as in figure 5
for CuBrﬁ‘ taking into account the similitude of both spectra. Therefore the present analysis
strongly suggest that Cuienters the (TMA)Hg[Cu]By crystal as a substitutional impurity
replacing Hg*. The redshift of 1200 cmt (A1) and 500 crmi* (A, and Ag) shown by the first

CT band on passing from (TMAHg[Cu]Br, to (TMA)Hg[Cu]Br3 must be associated with
higher distortions of the Cu%? complex in the ferroelectric crystal according to expectations
on the basis of the Hg local structure (figure 1) [12]. The strong polarization shown by
A1 in comparison to the other CT bands observed in the OA spectrum is noteworthy. This
behaviour contrasts with the similar nearly isotropic polarization exhibitedibpAand Ag in

the undistorted By CuBr2~ complex in (TMA)Hg[Cu]Br, (figure 5). The polarization of A

in the thermochromic (TMA)Hg[Cu]Bycrystal is probably associated with the lengthening of
one Cu-Br bond along the chaia direction) imposed by crystal anisotropy. Such distortion
must give rise to a Br - Cu?* CT transition strongly polarized along the elongated Cu—Br
bond, with an energy shifted to lower energies in comparison to the undistog&e!mﬂsﬁ*
complex formed in (TMA)JHg[Cu]Br,4. This interpretation is supported by the Aedshift of

1200 cnt? observed on passing from (TMA)g[Cu]Br4 to (TMA)Hg[Cu]Brs. Note that this
redshiftis notobservedin Cuﬁralongthe (TMA}(M)[Cu]Br,4 series M= Mn — Cd — Hg
(figure 5 and [9]). In contrast to (TMA)Hg[Cu]Br the MB;~ complexes are independent
units in (TMA),MBr4 and, therefore, the formed Cﬁrimpurities can adopt a similar
coordination geometry independent of M, making the first CT band insensitive to chemical
pressure effects [19].

4. Variation of the CT spectra with temperature

Figure 7 depicts the variation of the integrated band a4€&), corresponding to the first CT

band (A) of (TMA)Hg[Cu]Br3; with E alonga and in the perpendicular direction within the

plane. The observed variation4fT) reflects the progressive enhancement of dichroism upon
decreasing temperature below 100 K and is repetitive for different heating—cooling runs. This
thermal-induced dichroism is also accompanied by a change of colour (thermochromism) when
the crystal is observed with polarized light alomgThe analysis of these variations suggests
that the change of the polarized intensity with temperature is presumably related to thermally
activated reorientations of the highly distorted Cﬁﬂ&nnits, rather than to continuous rotations

of the complex induced by temperature. The latter effect is unlikely to be due to constraints
imposed by crystal anisotropy. The possibility of structural distortions of the complex, as
responsible for the observed temperature variations, must be ruled out. In fact, neither the
CT energy nor the band structure, strongly dependent on structural distortions, changes in the
10-300 K temperature range. In addition, we have detected no evidence of phase transition
in (TMA)HgBr3 between 2 and 300 K from specific heat measurements shown in figure 8(a).
Finally, exchange effects between®ions, analogous to those proposed in KGu@i in
LiCuCl3.2H,0 [20] to explain the strong temperature variation of intensity, must be also ruled
out in the present compound given that we are dealing diltited systemsMoreover, the
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Figure 7. Temperature dependence of (a) the integrated intensi), of the A band at
15800 cnt! alonga and perpendicular ta and (b) the polarization factoP (7). Lines in (a)
represent the least-squares fitting of the experiméptal data to equation (1). The superscripts
1 and 2 denote polarization wit#i parallel and perpendicular tg respectively. The fit parameters
arel}" = 10,18 = 430,13" = 80, I$* = 115 (relative units) and E = 130 cnL. The curve in
(b) is the fit of dataP (T) to equation (2) witht = 0.78,h = 4.6,d = 6.2 andAE = 130 cnTL.

OA spectrum does not depend on the Cu concentration in the investigated 1-0.1 mol% range.
Preliminary EPR measurements support this view. Actualf¥;) can be explained in terms of
orientational hopping of the Gticomplexes among four potential wells associated with each
possible Cu-Br elongation. A similar model based on three non-equivalent potential wells
related to the different distortions of a CL@BrcompIex in a pseudo-trigonal site was proposed
elsewhere [16]. At low temperature, only the minimum energy configuration is populated
and, according to spectra of figure 2, it must correspond to the fpuBT'entation having

the Cu—Br distortion near alongon theac plane. Upon increasing temperature, orientations
associated with higher energy potential wells become populated, thus leading to a reduction

of dichroism.

In order to justify the proposed model, note that there are four equivalent configurations
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Figure 8. Temperature dependence of (a) the specific @at7), of (TMA)Hg[Cu]Br3 in the
2-300 K range, and (b) the relative transmittanEgT"), in a polarization. TheT, parameter
indicates the relevant crystal colour between the two extreme valfles: 0.15 (green) and

T, = —0.1 (red). Thermochromism is revealed by the strong variatioff,dbetween 50 and
100 K.

related to the elongated Cu-Br bond in a tetrahedral ﬁulﬁnmplex. However, this
orientational degeneracy is lifted in (TMA)HgBby crystal anisotropy and, therefore,
preferential orientations are expected for Ciﬂ%in this crystal. In fact, the Cu—Br distortion
along the chain direction is greatly favoured with respect to the other three orientations in the
(TMA)Hg[Cu]Br3 host crystal (figure 1). The intensity variations of figure 7 can be accounted
for within this model taking into account that the minimum energy configuration for ﬁ:wiir

low temperature corresponds to that orientation with the Cu—Br elongation neakaldpgn
increasing temperature, the other three configurations are thermally populated, thus leading
to a change of the polarized spectrum. Thus this explains why the maximuimteksity

is observed along (figures 3 and 7). On the assumption that there is one stable complex
and three degenerated excited configurations with an effective mean energy sep&amtion
then the integrated polarized intensityT"), of the A, CT band along thé polarization as a
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function of temperature is given by
I+ I exp(—AE/kT)
1+3exg—AE/kT)

I,.gr and/® represent thé-polarized absorption intensity for the stable complex configuration
(gr) and the three excited configurations (ex), respectively. The curves of figure 7(a) have been
calculated within this model by fitting the experimenialT’) values to equation (1). The fit
parameters arg) = 10 andI{* = 430 for E parallel toa, and/y" = 80 andi$* = 115 for E
perpendicular ta. The activation energy\ E, was firstly determined through the analysis of
the temperature dependence of the polarization factor definBd?s= [I, — I1]/[1> + L1].
The use ofP (T') is advantageous since it provides precise information on the thermal behaviour
of the CT band in order to obtain suitable valuesAdf. In fact, P(T) does not depend on
the possible change of the CT oscillator strength with temperature but on their relative values.
Figure 7(b) depicts the polarization factB(T) as a function of temperature. This parameter
illustrates the degree of dichroism of the crystal. The solid curve was obtained by fitting data to
P(T) = a[i-‘-db exp( AE/kT)]. @
exp(—AE/kT)

These parameters are related to equation (1 by (13" — 12)/(13" + 1}); b = (I —
19/ — 12, d = (I + 12 /(13" + 1})'). The fit values are = 0.78,b = 4.6,d = 6.2
andAE =130 cntl.

Note that the strongest dichroism exhibited by this crystal at 10 K corresponds to
the highest value? = 0.78. The progressive loss of dichroism upon heating is reflected
by the decrease af(T') tending to a constant value & = —0.38 in the high temperature
limit. Within the proposed model, the decreaseP@f’) is related to the orientational disorder
associated with the thermal activation of different excited configurations of the copper complex.

I,(T) = 1)

5. Thermochromism

An useful parameter for exploring the thermochromic properties of the present crystal is the
relative transmittancd,,, which relates the difference between the transmitted light at 500 nm
(green) and 630 nm (red)l, = [Ts00 — Ts30]/ Ts00. These wavelengths correspond to the
maximum crystal transmittance in the visible range and the absorption maximum of the A
CT band, respectively. The parameter is normalized to the 500 nm transmittance. As shown
in figure 8(b), the variation of, (7)) indicates that the change of colour takes place between
50 and 100 K. Interestingly, the thermochromism is not related to any phase transition of the
host (TMA)HgB#; crystal as is shown in the specific heat curve of figure 8(a), but it varies
continuously over a wide temperature range, supporting the existence of thermal activated
processes in the Guchromophores.

6. Conclusions

We have formed a new thermochromic material, (TMA)Hg[Cy]Bm the basis of the low
symmetry structure of the host crystal and the properties of the JTﬁCuBrmplexes as
chromophore. In addition to the thermochromism, the crystal exhibits a temperature-induced
dichroismthat is associated with non-equivalent orientations of the copper complexes. Both the
green to red change of colour and the dichroism are explained in terms of intensity variations of
the low energy Br — Cu?* CT band at 15 800 crit. The presence of this intense CT band is
noteworthy since it has never been observed in the optical spetsmaIédCuBlﬁ‘ complexes
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of Dog Symmetry. Its origin seems to be related to additional low-symmetry distortions of the
copper complex due to the crystal anisotropy of (TMA)HgBFhis conclusion is supported by
the comparative analysis carried out between the CT spectra of the present (TMA)Hg{Cu]Br
crystal and other similar Ct-doped bromides containing Cﬁrand CuBg‘ of Dyg and Duyy
symmetry, respectively.
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