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transition at TCz = 20 K 

R Valiente, M C Marco de Lucas and F Rodriguez 
DCITTYM (Seccidn Ciencia de Materiaies), Facultad de Ciencias, Universidad de Cantabria, 
39005 - Santander. Spain 

Received 1 December 1995 

Abstract The charge-transfer electronic structure of CuBri- in [N(CH,).,]2CdBrd crystals 
is mvestxgated through polarized optical absorption spectroscopy. The transition energy and 
the band polarization are explained in terms of the Jahn-Teller distortions of DM symmtly 
of the CUB$ complex. Some bands are split in the low-temperature spectra by the spin- 
orbit interaction of the Br ligands. The results are compared with those available for other 
CUB$ system. We also investigate the dynamics of the inorganic CUB$ units in the 9.5- 
300 K temperamre range through the intensity of the charge-transfer bands. Analogously to the 
WBe- tetrahedra in the pure crystal. CUB<- experiences reorientational motions upon varying 
the temperature which are correlated with the temperature dependence of the monoclinic @ 
parameter below the Pmcn - PZl/c phase transition temperature T,I = 212 K. An important 
finding of the present work is the observation of anomalies in the CUB<- dynamics which are 
associated with the existence of a new first-order phase transition at Tc2 = 20 K with a thermal 
hysteresis A T  = 10 K. This new phase transition, which had not previously been deteefed in 
the [(CHj)rN]2MBrr (M = Zn. Mn, CO or Cd) series, would correspond to the monoclinic 
P211c to orthorhombic P212121 transition, confirming the predictions of the universal p-T 
phase diagrams of the title compounds. 

1. Introduction 

Copper bromide crystals are attractive systems as potential candidates for thermochroic 
and piezochroic materials. In the case of tetrabromide CUB$ complexes, the optical 
absorption (OA) spectrum is dominated by the highly polarized Br- +CuZc charge transfer 
(CT) bands, whose intensity and transition energy strongly depend on the orientation as well 
as on the degree of the Jahn-Teller (IT) distortion displayed by such CUB<- complexes 
[1-4]. Thus structural modifications induced either by temperature or by pressure can lead 
to significant changes in the optical properties of such systems. Furthermore, it must be 
remarked that CT transitions of Cuz+ complexes are in general much more sensitive than the 
intraconfigurational d9 transitions to changes in the Cu-ligand distance or the IT distortion 
angle, as has been shown for CuC1:- [5,6]. A simiIar behaviour is expected for the much 
less studied CUB$ [ I ,  2,4]. In fact, the CT spectrum of CUB<- deserves for more detailed 
investigation in order to clarify the nature of the intense polarized CT bands of these JT 
distorted complexes. 

The aim of this paper is to investigate the CT spectrum of Cu*+-doped TMAzCdBrd 
(TMA = N(CH3)d) crystals and their temperature dependence in order to establish 
correlations with the local symmetry and the orientation of the tetrahedral distorted CUB$ 
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complex. This work follows a previous study upon the optical properties of CuBri- formed 
in TMAzMnBr4:Cuzf [4]. In this system, the overlapping between the CuBri- CT bands and 
the crystal-field bands of MnB$ prevented a complete study of the cp spectra, particularly 
at low temperatures. This limitation has been overcome using the isomorphous cadmium 
crystal which is transparent in the Br- +Cuzt c'r region and allows easy replacement of 
Cd by Cu. A similar procedure was recently employed to obtain the polarized CT spectra 
of hexacoordinated CuXz- complexes in TMACdX, (X = CI or Br) 171. 

An interesting feature is the structural phase transition (m) sequence displayed by the 
TMA~MX,, crystal family. In particular, the ThlAZCdBrd crystal (p-KXSO4-type structure) 
undergoes an orthorhombic to monoclinic (Pmcn -+ P121/cl) structural PT at T,I = 272 K 
[8-10] which is mainly associated with rotations and displacements of both the organic and 
the inorganic tetrahedra [ 111. This aspect is of interest for the present study since CT bands 
may exhibit significant intensity changes as a consequence of the CuBri- reorientations 
induced either by temperature in the monoclinic phase or around the phase transition 
temperature. The influence of this PT upon the optical properties will be analysed in this 
work in order to explore the dynamics of the inorganic CuBr:- tetrahedra. Evidence for 
the existence of a new first-order PT at cz = 20 K with a thermal hysteresjs AT = IO K, 
is given in this work. Although unusual, the existence of such a PT at a low temperature 
confirms the expectations on the basis of the universal p-T phase diagram available for the 
family of T M A ~ M X ~  crystals which foresees another monoclinic P21/c -+ orthorhombic 
P2,212, PT for bromides at lower temperatures [12-15]. To our knowledge, this finding 
would be the first case where a second PT has been detected among the TMAzMBrd (M = Mn, 
Cd, Zn or CO) family, indicating the usefulness of the cr spectra of Cuz* as probes for 
detecting structural ITS. Previous work on Cuz+-doped TMA2MnC14 (6, 161, TMACdXj [7] 
and the mixed NI&CI,Brl, ( x  = & I )  crystals [17-221 confirm this view. 

Apart from the influence of the PTS, the thermochroism exhibited by this crystal is 
noteworthy. Its colour progressively changes from violet at room temperature to slightly 
reddish at low temperatures as a consequence of the sharpening of the first CT triplet. 

2. Experimental details 

Single crystals of TMA2CdBr4:cu2+ were grown by slow evaporation as described elsewhere 
[B]. 0.5 mol% of copper halide was added to the solutions. The real Cu2+ concentration, 
[Cuzcl = 700 ppm was measured by atomic absorption spectroscopy, 

The orthorhombic (Pmcn)  crystallo,gaphic structure at room temperature was checked 
by x-ray diffraction. Several c and q plates were selected and polished for optical studies. 
The crystals were oriented by means of a polarizing microscope according to the structural 
data of 1231. 

Spectra were recorded with a Lambda 9 Perkin-Elmer spectrophotometer equipped with 
Clan Taylor polarizing prisms. Sample path lengths for absorption varied from about 0.5 
to 1 mm. The temperature was stabilized to within 0.05 K in the 9.5-300 K range with a 
Scientific Instruments 202 closed-circuit cryostat and an APD-K controller. 

3. Results 

Figures 1 and 2 depict the polarized OA spectra of the Cu doped TMA2CdBq along the a, 
b and c orthorhombic directions at 300 and 9.5 K. The room-temperature spectra consist 
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of four groups of highly polarized bands denoted A, B, C and C' which are located at 
17900 cm-l, 28200 cm-', 36000 cm-' and 23450 cm-l, respectively. Note that the 
maximum and minimum intensities for C and the shoulder C' are found when E is parallel 
to a and b, respectively, while the opposite occurs for bands A and B. Their relative 
intensity, defined as 

where 1; is the integrated intensity of band j = A, B and C in the polarized i = a, b and 
c specbum, is given in table 1. At T = 9.5 K. the spectra show a rich band structure which 
is hidden at room temperature. While C remains a single band, bands A and B exhibit a 
triplet structure, each component Ar or Bx (k = 1,2,3) having nearly the same polarization 
behaviour. The weak band C', at 23450 cm-I, is well-resolved at low temperatures. The 
transition energy of each component, the polarization and the total oscillator strength are 
collected in table 2. The oscillator strength is obtained through 

f = 3.89 x / s d E  
(nZ + 2)2 

where E is the molar extinction coefficient, E (cm-') is the transition energy and n = 1.57 
is the refractive index 1231. It should be noted that the relative band intensities in the 
low-temperature spectra change from sample to sample depending on the crystal face and 
its thermal history. By contrast, the spectrum along a given a, b or c polarization above the 
PT temperature Tcl = 272 K is always the same irrespective of the sample employed. The 
different relative intensity variations found in the OA spectra at T = 9.5 K, as we shall see 
later, seem to be associated with the monoclinic domain structure exhibited by the crystal 
below Tel. 

Table 1. Square components el. e2 and n of the unitary vectors el, e2 and e) pointing dong 
the S4 axes of the MBZ- tetrahedra in the pure TMAZMBC~ (M = Cu or Cd) clystals with 
respect to the orthorhombic a, b and c directions, respectively [ I  I ,  321. 1;; with i = a, b and 
c. =e the relative intensities of bands j = A, B and C, defined in equation (I). The 1st two 
columns show the polarization type of the bands: x ,  y pola~ization, for bands A and B. and 
E polarization for band C /f = cos2 0, and 1; Or = (sin' 8,)/2, where 0, is the angle that the 
distortion axis makes with i =a. b or c 

CUB$ CdB$ 

i direction el e2 q er ez q 1: I: /: /: +21: / f+21:  

a 0.02 0.52 0.46 0.01 0.61 0.38 0.49 0.25 0.23 0.99 0.95 
b 0.62 0.14 0.24 0.63 0.12 0.25 0.16 0.44 0.45 1.04 1.06 
C 0.36 0.34 0.30 0.36 0.27 0.37 0.35 0.31 0.32 0.97 0.99 

The temperature dependences of different spectroscopic parameters in the 9.5-300 K 
range are shown in figures 3-5. It is interesting to observe that, while band C experiences 
a typical blue shift of about 400 cm-l from 300 to 9.5 K, its intensity displays enormous 
variations in the same temperature range (figure 4). In particular, this intensity in b 
polarization at T = 225 K becomes almost twice the room-temperature intensity at 
the expense of the corresponding decrease undergone by the intensity in polarization a. 
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Figure 1. Polarized OA spectra of TMA2CdB4:CU2* at T = 300 K. Suitable c and b single- 
crystal plates were used for obtaining ule spectra along the a and b, and a and c orthorhombic 
directions. respectively. 

Opposite behaviours are also found for bands A and B. Nevertheless, the I ( T )  curves 
depicted in figure 4 correspond to the highest variations observed among different c and 
b plates investigated. Although in all cases the intensities in a and b polarization exhibit 
similar behaviours with temperature, their variations are usually much smaller than those 
shown in figure 4. The weakest variation for the C intensity along a is found in the 
b plates where a dense structure of the two types of monoclinic domain is present at low 
temperatures. 

The occurrence of the Pmcn + P 1 2 , / c l  structural PT is evidenced by the progressive 
change in the aI /aT slope, below T,, = 272 K. The weak temperature dependence of the 
intensity just around Tc, is probably due to the second-order character of the PT [9. IO]. The 
abrupt jump experienced by the intensity at T = 20 K upon heating is noteworthy. Such a 
jump, observed at 10 K in the cooling run, has been associated with the existence of a new PT 
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Figure 2. Polarized OA spectra of Tha*CdBrd:Cu2+ at T = 9.5 K. The polarization is that given 
in figure 1 .  

in the host crystal. Figure 5 shows a magnification of this variation along the a polarization 
(c plate) in the 9.5-30 K range. Although the sign and the magnitude of this jump are 
sample dependent. as is pointed out by comparing the I(T) curves (c plate) and OA spectra 
(b  plate) given in the inset, the measured transition temperature and the corresponding 
thermal hysteresis AT = 10 K, are identical in every case. Note that the increase in 
the bandC intensity above 20 K shown in the inset contrasts with the observations on 
the Z(T) curves for the c plate. This increase, which is accompanied by an analogous 
decrease in the A and B intensities for the spectrum polarized along a, is not observed in 
the c spectrum which remains almost unaffected by this new m. It must also be pointed 
out that this anomaly at Tc2 is not only a local effect. In fact, although the m was explored 
using Cu impurities as optical probes, we have analogously ObServed small jumps in the 
background absorption of the host crystal at the same temperature. Finally, the maxima and 
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Figure 3. Variation in (a) Lhe transition energy and (b)  the band width of band C obtained from 
the OA specwm polarized along a by momenl analysis in the 9.5-300 K tempemlure range. 

minima observed in the I(T) curves of figure 4 in both the heating and the cooling runs, as 
discussed later, seem to be associated with no PT, given that the corresponding OA spectra 
taken around these temperatures show neither abrupt jumps nor hysteresis in the variation 
of the band intensity and transition energy. 

4. Analysis and discussion 

4.1. Electronic structure of CuB4-  

The OA spectra of TMAZCdBr&CuZ+ shown in figures 1 and 2 are very similar to those 
previously found for the isomorphous TMA&nBr4:CuZ* [4]. but two significant differences 
must be pointed out. Firstly, at variance with the Mn crystal, the OA spectra in the present 
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Figure 4. Continuous plot of the bandC absorption intensity versus temperature for the a 
and b polarizations (c plate). for two different heating-cooling cycles. A constant-absorption 
background has been subtracted in order to obtam the relative intensity given in table 1. The 
heating and cooling rates were 3 K min-’. The inset shows the variation in the rotation angle 
A@ of CUB$ with temperature (see text for explanation). The vertical arrows indicate the m 
temperatures. 

case aTe only due to the CuBri- complex. Secondly, while band C shows the maximum 
and minimum intensities along the b and a directions, respectively, in the Mn crystal, 
the opposite occurs for the present system. An inverse behaviour is also observed for 
bands A and B. The first difference is relevant because it allows us to reveal the splitting 
of band B by the spin-rbit interaction of the Br ligands in the low-temperature spectra. 
Such splitting could not be observed in band B in ~ 2 M n B r 4 : C u ’ +  owing to the sharp 
peak structure of the overlapping Mn2+ peaks [4]. The second point could probably reflect 
a distinct Car:- orientation within the TMAzCdBr4 crystal. The higher volume of the 
CdB$ tetrahedron with respect to the Mn and Cu tetrahedra in their corresponding crystals 
could favour this different orientation. 

The bands observed in figures 1 and 2 correspond to Br- +Cu*+cT transitions whose 
energy and polarization can be explained within a Da molecular orbital (MO) framework. 
This symmetry, which is associated with the flattening of the coordination tetrahedra along 
one of the tetrahedral Sq axes (figure 6 ) ,  is usually found for C u X -  (X = Cl or Br) in 
either pure [24-321 or Cu-doped [4,6] compounds, thus indicating the relevance of the 
vibrational e (bending) mode in the electron-phonon coupling, leading to the JT distortion 
of the Cu tetrahedron. 

The electric dipole cT transitions allowed in Dx involve electronic jumps from U and 
k bonding (mainly Br-MO levels of e and a ,  symmetry) to the unfilled antibonding (mainly 
Cu2+ b ( x z  - y Z ) ~ o )  as indicated in the state energy diagram in figure 6. These transitions 
are z polarized or ( x ,  y) polarized depending on whether the ligand MO transforms as a, 
or e, respectively. Apart from the transition energies, the assignment given in table 2 is 
based on the polarization of these bands. The analysis of the relative band intensity along 
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Figure 5. Magnification of the band-C intensity vems tempemre plot in the 9.5-30 K range 
along the a direction in the heating and cooling runs. The inset shows lhc variation in thc 
polarized OA specw along lhe a and c directions ( b  plate) at 10 and 25 K. The variation in 
the band intensities ref lea an abrupt rotation of the CUB$ complex m u n d  the c direction at 
Tc2 = U )  K. Note lhe different sign of the C intensity change along a in the b and c plates. 

each polarization (table 1) clearly indicates that the corresponding CT transitions are either 
( x ,  y )  polarized (bands A and B) or z polarized (bands C and C'), in agreement with the 
proposed D:d symmetry. Here z is taken along the Sp distortion axis, and (x, y )  are two 
orthogonal directions (figure 6). Furthermore, we can extract valuable information about 
the CuBr:- orientation as well as on the S4 axis, together with the JT distortion which 
takes place from Iri, following the procedure employed in [4,6]. In particular, the lrj- 
values (i = a, b and c) for the z-polarized band C give directly the square components 
of the unitary vector along the S4 distortion axis. These values are similar to those of 
the S4 axis of the CdBr:- tetrahedra pointing along e? = 0.7% + 0.35j + 0.52k and 
e3 = 0.6% - 0.50j - 0.61k, thus indicating that the distortion axis in CuBr:- does not 
correspond to the e,  direction of the CdBr:- tetrahedron [ l l ] .  As previously discussed, this 
result contrasts with that found for TMA2MnBr+:Cu2+ [4] and TMAzMnC14:Cu2+ [6] whose 
distortion axes, as in the Cu isomorphous crystals, correspond to e, .  The reason for this 
different behaviour is probably associated with the higher volume of the CdB$ tetrahedron 
whose Cd-Br distance (2.57 8,) [ I  I ]  is longer than the Mn-Br and Cu-Br distances (2.45 8, 
[33] and 2.37 8, (321, respectively), and therefore the equilibrium conditions for CUB<- 
can be substantially modified in the present TMAZCdBrp crystal. The measured f,i-values in 
table 1 can be correlated with the s,puctural data if we consider that the CuBr:- complexes 
distort along the e3 S4 axis and rotate 10" around the orthorhombic c axis. Although other 
alternatives can be used to explain the observed room-temperature intensities such as equal 
distortions along e3 and e2 or only along ez followed by small rotations around an axis 
on the a plane, the proposed interpretation is the most lilely according to the C intensity 



Charge-tranJfer spectra of CUB$ complex 3889 

Figure 6. Energy level diagram of the CUB<' electronic states in Td symmeVy and under 
the influence of a Da distortion and the spinarbit interaction of the Br- ligands [41. The 
assignment of the observed CT bands as well as heir polarizations are included. The X .  y.  
I coordinates are indicated in the figure. 

thermal dependence depicted in figure 4. 
The comparison between the CT transition energies of the present system and Mn which 

is isomorphous at 300 K strongly suggests that the local structure around the Cu2+ impurity 
is essentially the same in both systems in spite of the large difference between the volumes 
of the Mn and Cd tetrahedra. It can therefore be concluded that the chemical pressure effect 
in CUB<- does not seem to influence the Cu-Br distance very much as could be expected 
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for a covalent complex with terminal ligands whose equilibrium bond distances are mainly 
determined by the CuBr:- molecular unit. 

A salient feature of the present work is the presence of additional bands (Bl, B2 and 
B3) at 25250 cm-I, 27000 cm-I and 28900 cm-', respectively, in the low-temperature 
spectra, showing a predominant ( x .  y )  polarization. While bands B2 and B3 correspond to 
the mainly a-bonded 'E (ra+T,) state, B1 must be associated either with the 'Bz (r7) state 
from the splitting of the parent tetrahedral 'Tz state by the spin-orbit interaction or with 
the mainly rr-bonded 'E state. The proposed CT band assignment is given in figure 6. Note 
that the presence of transitions from the 'Bz ground state to the ZA2 and 'Bz CT excited 
states (bands AI and B1, respectively), which are forbidden in Du, is a consequence of 
the strong mixing with states of E symmetry by spin-rbit interaction of the Br ligands. 
This effect is clearly illustrated in the first triplet whose B1 component, corresponding 
to the 'Bz + 'A2 transition, should be absent on the basis of only D z ~  symmetry as 
has been observed for the corresponding CuC1:- complex [6]. Although the spin-orbit 
interaction allows c~transitions to be either ( x .  y )  polarized (r7 + r7) or ( x ,  y. z )  polarized 
(r7 + r6), the bands in figures 1 and 2 show dominant ( x ,  y )  or z polarizations. The 
oscillator strength values (table 2) obtained from equation (2) indicate the more important 
contribution from the po orbitals than the pn orbitals of the Br ligands as expected by the 
larger overlap of the former orbitals with the mainly CuZ+bz ( x 2  - y 2 )  orbital. It must be 
noted, however, that the oscillator strengths for Tw2CdBr4:Cu2+ are somewhat different 
from those measured for TMA2MnBr4:CuZ+. These deviations are probably due to the 
presence of Mn2+ peaks which had to be extracted from the OA spectra of TMA1MnBr4:Cu2+ 
in order to measure the integrated intensity of bands B and C [4] as well as uncertainties 
of about 20% in the Cu'+ concentration. Anyway, the presence of Mn2+ seems to be 
responsible for the large difference found between the oscillator strength of bands B and C 
in these systems. 

4.2. Temperature dependences of the spectroscopic parameters: the in$uence of the 
structural phase transitions 

The study of the temperature dependence of the CuBr2- spectra has mainly been focused on 
band C since its z-polarized singlet character allows direct correlation between the intensity 
and the orientation of the CUB$ tetrahedra. As regards the variation in the transition 
energy, the band width and the intensity of band C with temperature, the following facts 
must be emphasized. 

(1) The local structure around Cuz+ does not significantly change in the 9.5-300 K 
temperature range. This is suggested by the blue shift of 400 cm-' experienced by band C 
in this temperature range which mainly reflects slight variations in the Cu-Br distance due 
to thermal expansion effects. If we assume variations AR of about -0.005 A from 300 
to 100 K, a blue shift of 500 cm-I should be expected for these CT bands provided that 
a E / a R  N -10s cm-I A-!. This aE/aR-value typically corresponds to those obtained from 
MS-X, calculations for CT transitions in square planar CuXi- (X = Cl or Br) complexes [5]. 
Furthermore, the reduction in the Cu-Br distance with increasing temperature could also 
account for the increase in the CT band intensity (about 20%) observed at low temperatures. 

(2) The variation in the band width derived from moment analysis follows hyperbolic 
cotangent functions of the type H ( T )  = H(O)[coth(ho,f/2kT)]"'. The fitted effective 
vibrational energy from the experimental data of figure 3(b) is h o , ~  = 148 cm-I. Since the 
vibrational energy of the stretching tetrahedral at mode measured by Raman spectroscopy 
for CUB<- is Eos = 173 cm-' [3], the present analysis indicates that the bending IT active 
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eo mode (a1 in D u )  must be involved in the thermal broadening of band C. In fact, only 
these two a1 vibrational modes can be linearly coupled to this singlet-singlet *Bz -+z AI 
transition within Du. We have estimated the participation of each mode in the thermal 
broadening of band C by fitting the experimental H(T)-values to the following equation (3) 
keeping Rw, = 173 cm-' and hy = 70 cm-' as fixed parameters: 

S, and Sb are the Huang-Rhys factors associated with the stretching and bending a1 modes, 
respectively. The vibrational energy. A w ~  = 70 cm-I actually corresponds to the bending 
vz(e) mode of tetrahedral MB$ (M = Zn or Cd) measured by Raman spectroscopy for 
Cs2CdBr4 [34] and CszZnBr4 [35]. The fitted parameters are S, = 17 and Sb = 13. Note 
that, although the Huang-Rhys factors are similar for both modes, the electron-phonon 
coupling for the stretching mode S&w, is dominant, in agreement with findings for CuXt- 
(X = CI and Br) [7] and square planar CuCI:- complexes [7,36]. 

(3) The variation on the bandC intensity with temperature, depicted in figure 4, reflects 
the reorientational motions of the CuBr:- complexes. This behaviour resembles the lattice 
dynamic of the pure TMA2CdBr+ crystal. Structural studies by x-ray diffraction performed 
at different temperatures show that the inorganic tetrahedron rotates 9.4" from 272 to 158 K 
around an axis lying on the a plane. The variation undergone by the z-polarized band C 
along a and b can be analogously explained on the basis of CuBr:- rotations but around the 
orthorhombic c axis. This interpretation is supported by the opposite behaviours shown by 
the intensity in each polarization. In fact, the loss of intensity I. in polarization a is gained 
by the b intensity Ib and vice versa in the 30CL100 K range. Below 100 K, however, Ib and 
I ,  are not correlated. The broad variation experienced by I b  at around 60 K is not observed 
for Io which remains almost constant down to 9.5 K and, consequently, the corresponding 
opposite Variation must be ascribed to 2,. The rotation axis in this temperature range would 
be near the a direction. The difficulty in obtaining OA spectra along the three orthorhombic 
directions in a given crystal plate during the same cooling cycle prevents us from confirming 
this statement. It must be noted, however, that the I ( T )  curves in figure 4 correspond to 
the highest variations found among all the investigated crystal plates. Different variations 
observed in other b and c plates are weaker and smoother than that in figure 4. This 
behaviour is probably due to the distinct domain structure displayed by each crystal in the 
monoclinic phase. The weakest intensity variation should be expected for crystals having 
the two types of monoclinic domain equally distributed. The results in figure 4 can be well 
explained on the assumption that one of the domains is preponderant. In such case, the 
relative band C intensity IC = Za/(I,, + r b )  gives directly cos2 @, where @ = 40" -I- Aq5 
is the angle that the projection of the distortion e3 axis makes with the a direction. The 
inset of figure 4 shows the temperature dependence of the rotation angle Aq5 derived from 
the measured intensities. Analogously with the findings for CdBri- in the pure TMAZCdBr4 
crystal [I I], CUB$ also experiences rotational motions with increasing temperature. The 
rotation angle is almost zero in the orthorhombic phase and progressively decreases just 
below the PT temperature T,, = 272 K, reaching a minimum Alp = -14" at 230 K. Below 
this temperature, the sense of rotation changes and A@ rapidly increases to -3" at 150 K, 
where it  remains almost constant, Note that no structural information can be obtained below 
150 K since the rotation axis could itself rotate. According to the conclusions of [ I  11, this 
change in Aq5 at around 230 K does not seem to be associated with a new vr, but the shape 
of the variation resembles that followed by the monoclinic ,9 parameter in the 70-300 K 
range. 
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An interesting aspect connected with these variations is the abrupt changes observed 
at 20 K (heating cycle) and at 10 K (cooling cycle) (figure 5). The inset shows the CT 
spectra at 15 and 25 K but obtained for a b plate. Note that the sign and magnitude of 
the variation of the a intensity are sample dependent and can change in the same sample 
for different heating-cooling runs. In particular, the specba of the b plate clearly indicate 
that an abrupt rotation around the c axis takes place at T = 20 K. This dynamic, however, 
is not observed for the c plate where the intensities in both a and b polarizations sharply 
decrease above 20 K. Although this behaviour cannot be explained in terms of rotations 
around the c axis, the OA spectra obtained at around 20 K for several plates indicate that 
these variations correspond to rotations of the CuBri- complex. Structural investigations to 
clarify the dynamics of the inorganic CdB$ at low temperatures would be useful. In any 
case, the fact that we detect intensity jumps at the same temperature with the same thermal 
hysteresis permits us to conclude that such variations are induced by a new structural PT in 
TMA2CdBr4. In no case can these changes be ascribed to local effects since small abrupt 
changes in the crystal transmittance out of the cr absorption region (800 nm) are also 
observed at these temperatures. The existence of a new PT in the present system is also 
supported by the universal p T  phase diagram of the TMA2MBrs (M = Zn, CO, Mn or Cd) 
crystal family, where a monoclinic-to-orthorhombic (P2ljc + P212121) PI should exist 
below the high Pmcn -+ P2i/c PT temperature at atmospheric pressure. Previous attempts 
to detect this PT in different bromides were unsuccessful probably because the unexpected 
low transition temperature was not explored [37]. Evidence of a low-temperature PT was 
given by Gesi 1381 for T M A ~ C U C ~  through dielectric measurements. Nevertheless, the 
anomaly detected at 10 K was explained in terms of a possible antiferromagnetic PT but 
further work to clarify the nature of such an anomaly is required. 

The observation of a new PT in TMAzCdBrd at Tc2 = 20 K through the CT spectra 
indicates the good sensitivity of optical spectroscopy for detecting PTs. In the present case, 
the band polarization proves to be useful for detecting PTs involving reorientations rather 
than geometrical distortions of the inorganic tetrahedra. 
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