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ABSTRACT

The [TMA],Cu, Zn, Cl, compound was obtained by slow evaporation at room temperature. The sample was
characterized by differential scanning calorimetry, electron paramagnetic resonance (EPR) and *C NM R spectros-
copy at different temperatures. The calorimetric study showed five endothermic peaks at 248, 271.7, 278, 286, and
293.7K. The phase transitions at 248 and 271 were detected by EPR analyses and that at 286 was observed by *C

NMR study. © 2012 TradeSciencelnc. - INDIA

INTRODUCTION

Organic-inorganic hybrid materials represent a new
classof materia sthat may combinedesirable physica
propertiescharacteristic of both organic andinorganic
componentswithinas nglemol ecular-scale composte.
Inorganic materia soffer the potentia for awiderange
of eectronic properties (enabling thedesign of insula
tors, semiconductors, and metals), magneticand dielec-
trictrangtions, substantiad mechanica hardnessand ther-
mal stability. Organic molecules, ontheother hand, can
provide high fluorescenceefficiency, large polari zabil -
ity, plastic mechanical properties, ease of processing
and gructurd diversity. The phasetrangitionsintetram-
ethylammonium tetrahal ogenometal lic compounds
[TMALMX  whereM representsdivaent metas(TMA
=N(CH),) (M =Zn, Co, Cu, Mn...) and X halogens
(X =Cl,Br, orl), have been well investigated. Their
highest-temperature phase (the normal phase) com-
monly belongsto the K, SO,-II typestructure. Astem-
perature decreases, they undergo various seriesof phase
trangtions. Interest inthese compounds has been grow-
ing assome of them exhibit interesting structural and

physica propertieslikeferro-dectricity, ferro-elagticity
and low dimensiona magnetism*9, At roomtempera-
ture, the[TMA],Zn, Cu, .Cl, compound crystallizesin
an orthorhombic system (P21cn space group) with Z
=4 andthefollowing unit cell dimensions. a=38.988
(3), b=15.527 (2) and c = 12.269 (4) A. The crystal
structure consists of aternating organic—inorganic
[(TMA)*/(Cu)Zn ZnCl 7] layers and organic sheets
(TMA)=11, All Organic groupsand (Cu)ZnCl > are
not disordered. Their maingeometrica festuresarethose
commonly observed in the atomic arrangements of
(TMA),ZnCl, and (TMA),CuCl [*>*3, Thedi€lectric
permittivity study inthetemperatureinterva from 200K
to 305K showsthat this compound exhibitsaferro-
€lectric—paraelectric phase transition at 293K,

Indeed, inthiswork, wereport thedifferentid ther-
mal analysis, EPR, ®*C NMR spectroscopy and
dielectrical proprietiesat different temperaturesfor
[TMA],Zn, .Cu,.Cl,compound.

EXPERIMENTAL

The synthesis of the title compound,
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[TMA],Zn, .Cu,.Cl,, was performed by amixture of
(CH,),NCI, CuCl,and ZnCl,, (molarratio4:1: 1) in
distilled water. The mixture was stored at room tem-
perature. After afew days, squareyellow crystalsap-
peared.

Schemati cally, thereaction can bewritten:

4TMA)Cl+CuCl, +ZnCl, —22
2ATMA],Cu,,Zn,, Cl,

Differential scanning calorimetry measurements
were performed by heating the samplefrom 200to 400
K usingaNetzsch-DSC 204 ca orimeter. EPR experi-
mentswere carried out using Brukerspectrometer work-
ing at the X-band frequency. Typica microwave pow-
ersintherange20-200 mW and a modulation mag-
neticfield about 5 G were commonly used for all the
reported experiments. An Oxford instrument cryostat
wasused for variabletemperature measurementsinthe
110-300 K range. The NMR experiments were per-
formed on powdered samplesat different temperatures
(233=T =323 K) on aBruker MSL 300 spectrom-
eter working at 5SKHz.

¢’ and £” dielectric measurement were performed
over abroad frequency window, 10*<f (Hz) < 10°in
a temperature range 220< T (K) <320 using a
NOVOCONTROL systemintegrating ALFA dielec-
tricinterface.

CALORIMETRIC STUDY

Cd orimetric study showed five endothermic peaks
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Figure 1 : differential scanning calorimetry of

[TMA]Zn,.Cu, Cl, compound
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at 248, 271.7, 279, 286, and 293.7 K, indicating the
availability of 9x phases(Figurel). Thederivativecom-
pounds[TMA],CuCl, and[TMA],ZnCl, singlecrys-
talsunderwent phasetransitions at 265, 293, and 298
K, and at 161, 181, 276.3, 278, and 293 K, respec-
tively*213,

EPRSTUDY

3d°-Cu?*ionsare characterized by an electronic S
=1/2 and nuclear spin| = 3/2. The EPR spectraof the
[TMA],Zn,.Cu,.Cl, samplesexhibit commonfeatures
and cons st intwo moreor lessanisotropic sgnaswhat-
ever thelocation of themeta ionsinsideinthematrix
pores. Typica EPR spectraaresummarizedin Figure2
for thecompound at different temperatures. The EPR
spectraare generaly composed of two signals.
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Figure2: EPR spectraof copper at varioustemperatur esfor
[TMA],Zn,.Cu, Cl, samples.
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Figure3: Temperaturedependenceof In(LIC0C) vs 1000/T of
P1
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Figure4: Temper aturedependenceof In(CIT17) vs1000/T of
P2

TABLE 1: Experimental energy gapsfor thetwo peaksat
different phases.

Temperature (K) 248 271
Phase Phase(l) Phase(ll) Phase(lll)

Energy Peak 1 41,70 551 365

gap (cm™)  Pesk2 41,39  --eeeee- 347

Thethermd variationof theEPR linewidthissatis-
factory accounted by an activated rel axation by phonons
followingthesmplelaw toomm exp(-27/T)™,

In this expression, [ H, represents a background
linewidth and the exponential factor isrelated to the
occurrenceof an Orbach rel axation mechanism®®. The
above EPR linefeaturesare currently involved inthe
case of adynamic Jahn Teller effect!*d asreported also

in copper based compounds. Within thisframework,
thereaxation law ismonitored by phononswhosefre-
guency definestheA parameter and (1 representsthe
energy gap between the vibronic states of the metal
ligandsfield.

Figures3and 4 show thevariation of In(7) with
theinverse of absolutetemperature (10°%T) of P1 and
P2 peaks. Thechangeof the EPR linewidth with abso-
lute temperature showsthreesregions associated with
three activation energies separated by two tempera-
tures248 and 271 K. Theseexperimental energy gaps
for thetwo pesksaregroupedin TABLE 1.
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Figure5: Temperature dependenceof the positionsx1
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Figure6: Temperature dependence of the positionsx2
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ThechangesinthewidthlineH and the positions
x1and x2 (Figures 5 and 6) of the two peaks P1 and
P2 versus temperature confirm the presence of two
phasetransitions at 248 and 271K detected by DSC
which arerelated to thedistortion of the CuCl, groups.

NMR STUDY

The*C NMR spectraof the[TMA] Zn,.Cu,.Cl,
compound are showed in Figure 7. At high tempera-
turesthereisonly onetetramethylammoniumsignd at
the expected position, about 58 ppm. Below 386K,
thesignal splitsinto two with not completely equd in-
tensities. Thevariation of the **C chemical shift dis-
placement at varioustemperatures (Figure8) confirms
the occurrenceof the phasetransition at 383K detected
by differentid scanning calorimetry and RX measure-
mentgy.
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Figure7: Temperaturevariation of the®*C NM R spectrum of
[TMA]Zn,.Cu,.Cl,compound.

When thetemperature decreases, theunit cell (the
asymmetry unit so) ismultiplied dongbdirection. A
polytipismecomportment isobserved. Inthiscase, Cu?*
and Zn?* donot occupy the same site and we can dif-
ferentiate two types of inorganic tetrahedra CuCl, and
ZnCl,. Inthe organi c-inorganic sheets, wededuce the
sequence: CuCl -TMA*-ZnCl,. Each organiclayer is
rounded by three CuCl, and three ZnCl,, anions. An-
ion-cation distancein thefirst type (intheinorganic-
organic layer) isshorter than the second type (between
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Figure8: Temperaturevariation of *C chemical shift dis-
placement.
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thelayers). Indeed, when comparing of CuCl -TMA*
distances, one deducestwo typesof cations:

- TMA*intheorganic-inorganiclayer

- TMA*intheorganiclayer

CONCLUSION

The Organic-inorganic Compound [TMA],
Zn,.Cu, Cl, ischaracterized by many phasetranstion.
DSC measurements between 200 and 400K for this
mixed matrix system reveal ed five phasetransitionsat
248, 271.7, 278, 286, and 293.7K. Thevariation of &
ande” versus temperature at different frequencies shows
that the presence of a peak at 293K corresponds to
theferroel ectric-parag ectric phasetransitionwhichis
second order type'¥. Thetransitionsat 248 and 271
aredetected by EPR analyseswhich arerelated to the
distortion of the CuCl, group. The phasetransition at
286 isobserved by *C NMR study whichisrelated to
themotion of theorganic group (TMA).
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