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Dielectric relaxation of calcite-type carbonate salts: Defect structure and defect dipole dynamics
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The low-temperature thermal depolarization spectrum of polycrystalline magnesite Mg@ls a unique
broad dipolar relaxation peak, which reaches a maximum around 140 K. The relaxation mechanism is probably
related to a defect dipole population, with distribution in the relaxation time. By employing the partial heating
scheme, we found the activation energy values distributing from 0.19 to 0.30 eV. Assuming a Gaussian
distribution in the activation energy values, the full curve fitting led to the evaluation of the relaxation
parametersE,=0.220 eV, 0=0.023 eV, andr,=4.787<10 % s. Our results are extensively discussed in
relation to those reported for the other calcite-type carbonate members; i.e., calcite 5jGa@iQlolomite
[CaMgCO;),]. The overall view of the dielectric relaxation in the calcite family materials show that each
sublattice typdthe calcium and the magnesium onfessors a certain defect structure. There is strong evidence
that Mr?* and SF' impurities as well as the water molecules or the hydroxyl ions are the most probable
participants to the defect dipole configuratiof80163-182@7)06638-1

. INTRODUCTION and CQ on the anion site. Although the real unit cell is an
acute rhombohedron, the vast majority of researchers prefer
The study of the defect dipole relaxation in mixed ionic a hexagonal representatidin both magnesite and calcite,
crystals, in relation to the dielectric relaxation of the endthe carbonate group consists of three oxygens located at the
components, can provide valuable information about: corners of an equilateral triangle and a carbon in the center.
(i) The defect structure establishmene., the kind of the  The bonding inside the carbonate group is covalent. The
impurities which are favored to enter into the matrix and theponding between the magnesium cation and the carbonate
type of defect dipoles, which are formed, in the mixed sys-unit is mainly ionic, although recent calculations showed a
tem) in relation to the specific sublattice properties; the con-small but significant covalent contributidh Apart from the
dition for the establishment of a certain defect structure is th@forementioned specific features of the rhombohedral struc-
minimization of the Gibbs free energy of the crystal. ture, we also note that the mixed crystal of the calcite family
(i) The effect of the variation of the matrix to the relax- (j.e., dolomite, consists of alternate calcium and magnesium
ation of a certain type of defect dipolésquivalently, to the |ayers and the carbon is shifted in relation to the three oxy-
migration process of the defects forming the dipdlén the  gens’ plane. The combined variation of the length of the
latter case, the substitution of the ions of a pure ionic crystalcation-oxygen bonds and the slight rotation of the carbonate
which gradually leads to the creation of the mixed crystal,unit in dolomite, results in small distortions of the cation-
results in the change of the lattice constant. The rotation of @xygen octahedra from the structure of pure magnesite and
defect dipole in a mixed ionic compound is, therefore, influ-calcite.
enced by the lattice constant modificatidong-range ef- The defect dipole relaxation in calcite and dolomite has
fect). The rotation might also be affected by local short-rangebeen considered in our previously published wtri*while
perturbation, caused by the spatial distribution of the substithe relaxation in magnesite is studied in the present work.
tuting ions in the immediate neighborhood of the defect. ThewVe intend to relate the defect dipole relaxation to the spe-
activation energy(which is identical to the migration en- cific type of Ca or Mg sublattice and to study the relaxation
thalpy of the bound defet?) and the vibrating frequency of dynamics of each kind of relaxation mechanism. As an ex-
the moving entity, are functioned to the long-range phenomperimental tool, we employ the thermally stimulated depo-
ena, while, the short-range ones probably stimulate rotationadarization current (TSDC) technique, which is a high-
modes involving new additional migration paths of the mov-resolution dielectric relaxation spectroscopy methbd@he
ing defect. relaxation mechanismgdipole rotation, interfacial, and
Recent work on the dielectric relaxation of mixed crystalsspace-charge polarizatipean, in principle, be recorded as
is rather small in quantity and limited to simple crystal struc-distinct depolarization peaks in a TSDC spectra, even if the
ture material$;*~" such as the alkali halides and alkaline- defect concentration is small. The origin of each mechanism
earth fluorides. Recently, we have focused on the ionic reean be identified by employing standard experimental TSDC
laxation of the so-called calcite group crystals, consisting o6chemes and the energy parameters can be evaluated accu-
calcite CaCQ@ magnesite MgCg and dolomite rately. Thus, the TSDC method can detect the defect struc-
CaMgCOy),, which all crystallize in the rhombohedral ture indeed and probe any possible variation of the defect
systenf1°The crystal structure of magnesite can be roughlystructure, which is related to any polarizable configuration,
approximated by that of NaCl, with Mg on the cation site as a peak characterized by its location in the spectra, its
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height and its energy parameters. It is the scope of the 1
present paper to provide experimental TSDC results for mag- 7(T)= bI(T) f
nesite (MgCQ) and, by reviewing the results for calcite
(CaCQ) and dolomite[ CaMg(COy),],**!* to propose ex- whereT; is the final temperature of the peak where the cur-
planations for the relaxation observed in the calcite family.rent becomes null. For the initial part of the curve, B?).is

As will be discussed below, it seems that the models pubapproximated by

lished up to datk*~®do not fit the calcite family membefs.
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For a linear heating rath, the temperaturd ., where the

The rotation of dipoles and the motion of free charge . o :
ceurrent has the maximum is given by the equation

carriers under certain boundary conditions are responsibl
for the dielectric relaxation of an insulatbt The relaxation

of dipoles in ionic materials involves the rotation of defect T Eb

dipoles. On the other hand, the migration of free charges X = . (5)
(under the action of an external electric fietdn be impeded T(Tmad  KTmax

by obstacles existing in the bullce., dislocations or grain Equations(1) and(3) can lead to the evaluation of the acti-

bOUndar|e§6 resultlng in the interfacial polarlzatlon or by vation energ)E and the facton-O' through a |n7-(1/T) p|ot

the non-Ohmic sample electrode interface leading to therhe initial rise data fitted to a I{1/T) straight line, also

space-charge formation. The temperature dependence of tpﬁgms the evaluation oF, via Eq. (4).

relaxation timer, which governs the relaxation process, iS |f the activation energy is not single valued but has a

usually assumed to obey the exponential Arrhenius law:  Gaussian distribution aroundE,, with distribution
function'81°

E
(T)= exp(—), () 1 E—Eg)?
T 70 kKT f(E)= \/Eo' ex;{_ % , (6)

where E denotes the activation energy, is the pre-
exponential factor and is the Boltzmann’s constant.

In the thermally stimulated depolarization curr€A8DC)
method the depolarization current emitted by a previously
polarized dielectric, is recorded as a function of the increas- s fm

whereg is the broadening parameter, the total depolarization
current can be written

ing temperature of the sampléThe specimen is polarized at f(E)I(T,E)dE, (7)
the temperatur@ , for a time intervalt,> 7(T,) and, subse- -
quently, by keeping the external polarizing field on, wewhere the termi(T,E) is the monoenergetic TSDC equation
freeze to the liquid-nitrogen temperatuleNT), where the [see Eq(2)].
relaxation time is practically infinite. As a result, on remov-  The integral of Eq(2) can be approximated by the fol-
ing the electric field, the dielectric remains polarized. Thelowing analytical expression:
depolarization current is recorded via a sensitive electrom-
eter, as the sample is heated at a constant heatindp rate
the temperature range where the thermal energy competeg ™ E T exp(—E/KT)(E/kT+3.0396 ‘T
with the energyE needed for the reorientation of the polar- f exp — KT dT:(E/kT)2+5 0364E/kT)+4 1916 '
. . . L To : : T
ized dipoles, we get a transient electric signal called the ther- 08
mogram. Different types of dipoles, or the dispersion of the (8)
frozen space-charge polarization, stimulate additional peaksvhile the integration of Eq(7) can be performed from 0 to
The depolarization current originating by the reorientation3g, .18
of noninteracting dipoles is The distribution of the relaxation time may result from the
distribution of the activation energl, the preexponential
factor 7y, or both. The distribution can be prescribed and a
SI1, E 1 (T E modified TSDC equation can be constructed, in the way
(T)=— exp{ - f exp( — —) dT}, (2)  mentioned above, in order to analyze the data. The choice of
To KT b7 J1, kT the distribution function is rather arbitrary, so it is more ad-
vantageous to derive the distribution from the experimental
wherell, is the initial polarization of the dielectri§ is the  data, if possiblé® The initial rise edge of a distributed peak
sample’s surface area which is in contact to the electrode anaierely gives an estimate of the activation energy for the fast
T, coincides with the LNT. The activation energyis iden-  relaxation mechanisms. In order to evaluate the activation
tical to the migration enthalpp™. 23 energy, except for the fagtow-temperature mechanisms,
The relaxation timer is given by the following relation but for the entire temperature region, we can carry out suc-
(area methoyd cessive partial discharges of the mechanisms. Each initial
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FIG. 1. Thermograms of polycrystalline magnesite obtained by varying the polarization temp@&iatiiée used platinum electrodes.
In all experiments the polarization conditions wekg;=13.64 kV/cm and,=2 min. It is obvious that the polarization state of the HT
mechanism strongly affects the LT1 mechanism.

rise can lead approximately to the evaluation of the activacharge, provided that free charge carriers exist in the matrix.
tion energy for the mechanisms activating in the temperatur@he space-charge polarization, which is formed during the
region, where the current is recorded. The accuracy of thipolarization stage, results in an internal electric field, which
method is better for the temperature region close to the maxippposes the external polarizing field. The total electric-field
mum of the initial peak® The alternative experimental intensity can probably get a null value. Subsequently, the
scheme is known as partial heaffigand is presented in dipoles can either remain randomly oriented or the dipole
detail in Sec. IV. polarization may be much weaker than that achieved in a
sample which is free of space chard@é!It is also probable
Il. EXPERIMENTAL DETAILS that the dipole population undergoes a polarization process

The cryostat operates from the liquid-nitrogen temperaduring the TSDC heating stage, because of the nonuniform
ture (LNT) up to 400 K. A vacuum better than 16 mbars, spatial dlstr_|but|on of the space chgl?éeSo, the_ TSDC ther—_
was created by an Alcatel molecular vacuum pump. Thénogram mlght not b_e representative of the ionic relaxation
crystals were placed between platinum electrodes and wefcurring in the matrix; the location and the amplitude of the
polarized by using a Keithley 246 dc power supply. ThePeaks would be, in principle, strongly changed or completely
temperature was measured by means of a gold-chromel thefPsent from the spectrum. _
mocouple connected to an Air-Products temperature control- 1he vast majority of TSDC studies reported up to date
ler. The temperature rise was monitored by the controller an§MpIoy the usual mode, which involves the polarization of
the desired constant heating rdtound 3 K/min was at- the crystal at room temperatu@®T). Recalling that the
tained throughout each TSDC scan. The depolarization cuSPace charge mechanisms are activated at the RT region, it is
rent was measured with a Cary 401 electrometer. The outpl{{iS€ to prohibit its formation by polarizing at temperatures
signals from the controller and the electrometer were digi-Tp lower than RT, whereas the relaxation tirT,) of the
tized via a Keithley DAS 8 PGA card installed into a com- SPace-charge mechanism is significantly longer than the po-
puter. Afterwards the data were analyzed with the approprilarization timet,.. In this way, we may get a reliable picture
ate software we have developed. of the low-temperature dipole relaxa}tlb‘hln Fig. 1 we dis-

Magnesite is the name of both single-crystal and poly-Play & set of the thermograms obtained on a polycrystalline
crystalline MgCQ salts. The samples we studied come fromMmagnesite sample, which was polarized at various polariza-
the large deposits of compact polycrystalline magnesite lotion temperaturesT, and keeping both the polarizing
cated at the island of Euboé&reece® and their exhibiting ~ electric-field intensitye, and the polarization time, con-
feature is the white(snowlike color. For this reason the Stant. Starting from low-temperature polarization, we detect
common name of the material is leukolite. The analysis per2 unique low-temperature mechanism, labeled as LT1. As
formed by the Institute of Geological and Mining Researchthe polarization temperature augments, we record an addi-

(Greece gave the fo”owing results: 47.90 wt % Mgoy tional intense peak labeled HT. The polarization of the HT
2.80 Wt % Si, 0.02wt% Al, 0.13 wt % Fe, 0.41 wt % Ca, Mmechanism leads obviously to the drastic alteration of the

0.02wWt% Mn, 0.02wt% Sr, less than 0.01wt% K, LT1 band. Detailed TSDC studigproved that the HT band

0.04 wt % Na, and 0.31 wt % humidity. is related to the space-charge relaxation, so, the phenomenon
is well interpreted by the aspects mentioned above. Hence, it
IV. RESULTS AND DISCUSSION is firmly established that the LT1 is actually the only relax-

ation mechanism appearing in the low-temperature spectrum.
The proposal stemming from the latter results is that the
appropriate selection df, is of great importance. In order to

During a TSDC experiment, in general, the relaxation ofavoid frustrating conclusions, we have to select a low polar-
dipoles can be affected strongly by the formation of spaceézation temperature, instead of polarizing at RT.

Detection of the relaxation mechanisms activating
at the low-temperature region
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FIG. 2. Low-temperature spectra of polycrystalline magnesite
obtained by changing the polarization temperaflige The polar-
ization conditions wereE,=62.50 kV/cm and,= 2 min, while the
electrode material was platinuif®) T,=100 K, (b) T,=115K, (c) 0.05 -
T,=125K, (d) T,=135K, (¢) T,=150K, (f) T,=170K, (g) T, :
=180 K.
Low-temperature dielectric characterization 0 1 1 1
We chose different polarization temperatures, in the tem- 0 zoE (kV/‘mcm) g0
perature territory where the LT1 activates. We started from P

T,=100 K up to 180 K, by using platinum electrodes, while . )
the other polarization parameters were kept constapt FIG. 3. Dependence of the LT1 signal amplitude upon the po-
-8.33 kV/cm,tp=2 min) (Fig. 2. A plateaulike maximum Iar!zat!on field _|r_1ten5|tyEp by using platinum ele_ctrodes. The po-
of the thermocurrent, which is located aroufig,=140 K,  'anization conditions wereT,=150 K andt,=2 min.
is exhibited and does not shift, whér, is higher than ap-
proximately 140 K. In the latter case, although there are ap-
parent contributions of the HT mechanism to the end tail ofenced, supporting the aforementioned result that the LT1
LT1, the peak amplitude does not change. By polarizing aPand is a dipolar one. This conclusion was also supported
temperatures lower than 140 K, the maximum temperature i9hen we varied the thickness of the specimen: Under the
gradually lowered, with simultaneous gradual reduction ofsame polarization conditiort$ ;=150 K, E;=26.31 kV/cm,
the total charge released. These results can be interptated: andt,=2 min) we performed experiments for two different
as the overlap of two or more distinct simple peaks(loras ~ sample thicknesses: 1.14 and 0.65 mm. The invariance of the
a unique relaxation mechanism characterized by distributiohT1 signal indicates that the polarization of the LT1 is ho-
of the relaxation time values. Since the variation of the po-mogeneous and typical of dipole polarization.
larization conditions do not lead to distinct separate peak In order to have more information about the nature of the
maxima, we would consider hypothesis as the most prob- dipoles which stimulate the LT1 band, we have thermally
able to occur. This aspect will be justified later on by thetreated a sample. In Fig. 4 we present the thermogram re-
results of the partial heating technique and the fitting analycorded in an as-received specimen, together with the spec-
ses. trum recorded after the annealing at 400 °C for the time in-
By polarizing atT,=150 K, we applied a field intensity terval of 30 min and subsequent quench to RT. In both
of E,=62.50 kV/cm, for different polarization timeg =2,
4, and 8 min, by using platinum electrodes. The subsequent .3
thermograms verified the polarization of the mechanism to
saturation. This feature is typical of dipole relaxation mecha-
nisms. In Fig. 3 we have plotted the peak amplitliglg, vs
the polarizing field intensit§,. The relation is linear and it
seems that no saturation is achieved in the field range we
used. Although dipole peaks provide linelag.(E,) plots,
the linearity does not imply the dipolar character of the
mechanisnt®
In our experiments, we employed platinum and bronze
electrodes. For each kind of metal electrodes, we performed 0.0 47—+ T T+ T T T T 1T
four successive scans, under exactly the same polarizatior 90 130 170
conditions(T,= 150 K, E,=62.50 kV/cm, and,=2 min). )
The LT1 band was recorded adequately reproducible. The FiG. 4. The effect of the thermal treatment on the LT1 band of
LT1 peak is not sensitive to the electrode material, implyingthe polycrystalline magnesite. The solid line comes from a received
the dipolar feature of the peak. We placed two thin teflon(virgin) sample, while the dashed line was recorded after annealing
(insulating foils between the sample surfaces and the elecat 400 °C for 30 min and subsequent quench to RT. In both cases
trodes, constructing the metal-insulator-sample-insulatorthe polarization conditions wefg,=150 K, E,=46.15 kV/cm and
metal configuratiod® The peak maximum was not influ- t,=2 min.
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FIG. 6. Theoretical curve with Gaussian distribution in the ac-
0.50 tivation energy (solid ling) fitted to the experimental points
] (b) (circles. The dispersion was fully polarized by polarizing at the
_ maximum (T,=140K) for a short time intervalt{~2-3s) in
~ 4 e @ ® order to minimize the space-charge contribution. The energy pa-
L 0.25 ® ® ® rameters of the theoretical curve areE;=0.220eV, o
&= o ® =0.023 eV, andry=4.787x10 % s.
0.00 ] e —— polarization temperaturé,, for T,<140 K. This implies
120 140 160 that the mechanism is characterized by the distribution in the

T, (K) relaxation time. However, it is not possible to state if the
o ] distribution in the relaxation time arises from the distribution
FIG._ 5. (@ Initial rise thermocurren_t curves record_ed in pol_y- in the activation energ§, in the pre-exponential factar,,
crystalline magnesite by employing the partial heating,. poi \We estimated the activation energy values by the

scheme. (b) Temperature distribution of the activation energy direct experimental technique of the partial heaﬁﬁg’.his

of the LT1 band appearing in the magnesite’s spectra obtained b?;(lternative experimental scheme consists of polarizing the
the partial heating scheme.

relaxation mechanism to saturation and cooling down to the
LNT. In the heating depolarization procedure, as soon as we
experiments, the polarization conditions weFg= 150 K, rﬁcorr]d the initial part of the depczjlarlzaltl((j)n currenrt{ we stop
E,=46.15 kV/cm, and,=2 min. The band is shifted about the heating at a temperatufe and cool down to the LNT

P ' ’ P ) .immediately afterwards. A second successive heating to a

8 K towards higher temperature and the signal amplitude I%emperatureTC higher than the previous one, will give an-

augmented. The area under the current curve, which is PISther initial depolarization curve. The procedure is repeated

portional to the total number of dipoles, increases to approxi- .. : . D
mately 16%. The sensitivity to the thermal perturbation indi—g??r:i:ir;? rll‘;r: Cbua:cgsl[iicoraz‘lﬁteéy S;icohna&?ecinpézvﬁégg %set
cates that the band is related to defect dipoles. Th 9: - =

augmentation of the band area indicates thathe equilib- Tr?elr;g?cl)lﬂtsigndgﬁ datr;]% ggg&?gcano?ﬁﬁ?ﬁn;?;g dv?ll;\iogeen
rium state(virgin statg of the defect structure is related to Y

, ) . iscussed in Sec. Il. In @ vs T diagram[Fig. 5(b)] we see
large agglomerate configurations, which decompose t C L
smaller units, or{ii) the thermal modification of the virgin at the values range from 0.19 to 0.30 eV. The distribution

dipole structure involves slight changes of their configura-IS rather narrow. We can hardly say that the activation en-

tion. If speculation(i) was true, we should detect the reduc- ergy values accumulate around two distinct values. In com-

tion of LT1 and the simultaneous appearance of a neV\pination with the fact that two different maxima were not
bp obtained when we varied the polarization conditions, we can

mechanism, which corresponds to the liberated dipole popu- o .
lation; the new dispersion should activate far from the tem_probably .e.xclude the pos_S|b|I|ty .Of two overlapping pegk_s.
' In addition to the partial heating, we performed a fitting

perature region where the virgin spectrum is recorded be_rocedure on the thermograms obtained in the usual manner
cause the new dipole configuration would be radicallyp 9 '

different. The observation that the LT1 band is itself In order to obtain the' complete energy spectrum of the
changed, is rather interpreted via assumption _mechanlsm, the relaxatlo_n ”?echa”'sm_ has to be fuII_y _polar-
ized. The complete polarization is achieved by polarizing at
the temperaturd , higher or equal to the maximum of the
peak. As can be seen in Fig. 2, by selecting such a polariza-
The shape of the LT1 band deviates from the shape of ation temperature the end tail of the LT1 band suffers from
asymmetric signal, which a population of noninteracting di-space-charge contributions. The peak depicted in Fig. 6 was
poles stimulates. The deviation is somehow expected fronobtained by polarizing at the maximum of the peak; (
the experimental result mentioned in the preceding subsec= 140 K) for a short time intervalt{~2-3 s). Although the
tion: the band shifts to lower temperatures on reducing thérue polarization time is not actually controllgthe time

Evaluation of the energy parameters of the LT1 band
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FIG. 8. Theoretical curve with Gaussian distribution in the ac-
FIG. 7. Theoretical curvésolid line) which best matches the tjvation energy (solid line) fitted to the experimental points
experimental datécircles assuming that the LT1 band is composed (circles. The band was recorded by polarizingTaj=100 K. The
by two single overlapping peaks. The two components are alsparameters of the theoretical curve af€,=0.200eV, &
depicted (dashed ling The energy parameters, for the low- = 007 eV, andry=28.960x 107 % s.
temperature component, afe=0.121 eV, 7,=1.719X 1072s, and
E=0.269 eV, 7,=1.540x 10 ® s, for the high-temperature one.
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Fig. 5a@]. The high-temperature region suffers from the
space-charge contributigid T peak), so, the 0.30 eV signal

needed to cool the sample with the electric field on, is comincludes a spurious current contribution. For this reason the
parable to the time intervd},), the result is a cleaned peak, signal is not dramatically weak and the energy value ob-
with well-defined maximum and smother than the dispertained should be higher than the real value for the slow di-
sions presented in Fig. 2. We adopted the most usual apole components. We assert that the partial heating and the
sumption that the activation energy values obey a GaussiaBaussian fit provide comparable energy spectra.
distribution around a mean vall®,, while 7, remains con- Alternatively, the broad LT1 relaxation can be considered
stant. The experimental curves were fitted to &jand a set as being the overlap of two single relaxations. The experi-
of Eg, o, and 7, was obtained through a nonlinear least- mental evidence opposes this aspect; the variation of the po-
squares procedure. The results of the computational procefwization conditions did not reveal two distinct maxima and
were visually examined so as to check if there exists a goothe partial heating energies did not indicate the existence of
match in the low-temperature part of the curve. In Fig. 6 wetwo single peaks. However, we also tried a least-squares fit
present the experimental data of the LT1 peak together witlwith the model of two overlapping single mechanisms. The
a theoretical curve with relaxation parametef§, result was a set of different peaks, which could hardly ac-
=0.220 eV,0=0.023 eV, andr,=4.787x10 © s. count for the broad experimental dispersion. A visual inspec-

It is now worth comparing the Gaussian fit results to thetion showed that the theoretical curves could not match the
partial heating ones. The low intensity of the depolarizationdata points well. In Fig. 7 we show one of the best theoret-
current urged us to record only eight partial heating disdcal curves. The two overlapping single peaks are also de-
charges and sample a few energy values. Thus, it is difficulpicted. We see that the rising part of the two-peak theoretical
to determine whether the partial heating energy span is cergurve does not match the data points. There is also deviation
tered around a mean value. We also note that the width of that the high-temperature region. The parameters for the first
energy distribution obtained from the partial heating is aboupeak, which reaches a maximum at 144 K, &Ee
five 0. The gap between 0.19 eV ark}, is about 1.50, =0.121eV, 7,=1.719x10?s, and E=0.269eV, 7,
while the difference between the 0.30 eV dfglis about 3.5 =1.540< 10 ° s, for the second one, which reaches a maxi-
o. The question that arises is whether there is a discrepanaypum at 168 K. The relative intensiti¢in comparison to the
between the results of the partial heating and those of themplitude of the LT1 bandare 0.96 and 0.27, respectively.
Gaussian fit. First, the 0.19 eV value is well sited within theThe energy for the first mechanism is low and the pre-
energy band determined by the Gaussian fit. The mechanisexponential factor is so unreasonably large that it is rather
related to the 0.19 eV value is not as strong as that corrgphysically unacceptable. By comparing Fig. 6 to Fig. 7, we
sponding toE,. Subsequently, the 0.19 eV signal should beconclude that the LT1 band is best described by the unique
weaker than those from the intermediate region. In fact, theéelaxation with distribution in the activation energy. We note
0.19 eV depolarization curve does not correspond to dhat a series of additional iterations, by employing the two-
unigue mechanism. The signal is strongly assisted by thpeak model, did not reduce the discrepancy between the the-
neighboring high-temperature mechanisms. As stated in Seoretical and experimental curves.
I, this is exactly a reason why the partial heating directs to In Fig. 8, a curve obtained by polarizing &= 100 K is
approximate energy values. Consequently, the 0.19 eV signadlepicted, together with the theoretical curve that best
should be relatively strong, in agreement with the situatiormatches the experimental data. The energy parameters of the
presented by Fig.(®). The end signal of the partial heating theoretical curve ard,=0.200 eV, 0=0.007 eV, andrg
corresponding to the high-temperature mechanisms is=8.960<10 8s. The energy spectrum is a low energies’
weaker than the signals from the intermediate redis®e  subset of the energy spectrum that we got from the analysis
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of the fully polarized peakFig. 6). This result was expected,
since the selection of the polarization temperature prohibited
the polarization of the high-energy mechanisms. For the

CaMg{CO0s),

same reason, the broadening parameter suppressed. It is S S
worth examining the validity of the Gaussian fitting by point- 3 2
ing out the following:(i) Even though the polarization tem- = o
peratureT,=100 K is low enough to warrant an efficient

LT1 band ©

peak cleaning, the end tail of the theoretical curve can hardly
match the experimental curve, afid) The pre-exponential LT2 band e @
factor 74 is about two orders of magnitude smaller than the
value obtained from the analysis of the fully polarized peak.

Itis probable that the pre-exponential factgris not single FIG. 9. Schematic representation which depicts the presence of

valued but it is distributed. This aspect may explain thewe | T1 and LT2 bands in the TSDC spectra of the calcite group
broadening of the bands, which are depicted in Fig. 2. On thg,embers.

other hand, let us suppose that the broadening of the TSDC

curves and the difficulty in achieving an adequate match of () The thermal treatment exerted on dolomite was the
the theoretical curve to the end tail data, is caused by thgame as that mentioned above, but the result was a shift to
overlap of two different peaks. Then, the selection of theoyer temperature¥: The discrepancy with the situation ob-
extreme polarization temperatufig=100 K should lead to  served in magnesite shows that the LT1 population drives the

the isolation(cleaning of the first component mechanism system to two different perturbed states, each one influenced
and, subsequently, the end tail data of the peak depicted iy the specific lattice type.

Fig. 8, should match well to the theoretical curve. This does * another intense peaklabeled LT2, which reaches a
not occur and the aspect that thg values are also distrib-  maximum at about 188 K has been found in the thermograms

uted, seems quite probable. of dolomite and calcite. In the present work, we tried many
different polarization temperatures, so as to ensure that no
V. COMPARATIVE STUDIES OF THE DEFECT DIPOLES other peak(apart from LTJ is activated in the vicinity of
IN THE CALCITE FAMILY SALTS 188 K. According to the experimental results, the LT2 band

is definitely absolutely absent in the magnesite’s spectra.
Figure 9 denotes the LT1 and LT2 mechanisms appearing in
The results for polycrystalline magnesite, which are prethe relaxation spectra of the calcite group members. We
sented in this paper, can critically be discussed by reviewingoint out that the LT1 mechanism is related to the MgCO
the recent results of calcite (CaCQ) and dolomite lattice and the LT2 to the CaGQattice. In dolomite, where
[ (CaMg(CQy),] (both single crystal and polycrystallin&'*  the CaCQ and MgCQ sublattices constitute the matrix ma-
In this way, we may obtain an overall view of the defectterial, both LT1 and LT2 appear in the relaxation spectra.
dipole formation and the dipole dynamics in the rhombohe- It is now important to examine two hypotheséa) LT1
dral crystal structures. The temperatdrg,, where a peak and LT2 are the result of two different modes of relaxation
reaches a maximum, the values of the energy param@ers of the same defect dipole configuratibrip) LT1 and LT2
andr,) and the relaxation featuréise., the dependence upon correspond to the relaxation of two different types of dipoles.
the sample thicknessare specific exhibiting characteristics Speculation(@ assumes that the lattice variatitthe lattice
of a relaxation mechanism. In this sense, the relaxation speconstant change and the local effect produced by the mixing
tra for a family of materials can be attributed to their specificof Mg and Ca cationsassists the dipole rotation via different
structural features. Additionally, the thermograms can monimigration paths, with different energy parametésand 7).
tor the changes in the defect structure induced by some kinds a result, a different peak maximum should appear, in
of perturbation(thermal anneal, irradiation, or mechanical accordance with Eq5). However, the exhibiting difference
treatmenk between the two mechanisr(epart from the large difference
Following the above-mentioned criteria for identifying in the activation energy valugs that the LT1 mechanism is
and relating the relaxation mechanisms in a certain set ofletermined by the distribution in the relaxation time. This
materials, we can point out that the LT1 band has also beeimdicates that the nature of the relaxation procedure drasti-
detected in dolomité***while it is absent in the spectra of cally diverges from the simple relaxation of noninteracting
single-crystal calcité® Especially, by comparing the results dipoles (unique relaxation time mechanignwhich charac-
for dolomite to those reported in this paper, we note theterizes LT2, as reported in Ref. 14. We can therefore direct
following for the LT1 band: to hypothesigh); i.e., that the LT1 and LT2 peaks stimulate
(a) The temperature where the current has a maximum ifrom the reorientation of two distinct types of dipoles.
practically the same, although the maximum is plateaulike in Our proposal is different from the usual interpretation that
magnesite. the lattice variation perturbs the rotational dynamics of the
(b) The relaxation energy values, which were obtained bydefect dipole' we speculate that the CaG6ublattice favors
the partial heating, are distributed from 0.24 to 0.40 eV forthe formation of LT2 dipoles and the MgGQ@ublattice, the
dolomite** and 0.19 to 0.30 eV for magnesite. The differenceLT1 ones. The formation of the specific type of defect struc-
in the activation energy values is attributed to the fact thature is determined by the necessity for minimization of the
the environment around the LT1 entities, is modified by theGibbs free energy of the crystaquilibrium state This as-
presence of the additional Ca ions in dolomite. pect is justified by the thermal perturbation results: The vir-

The LT1 and LT2 dispersions in the calcite-type crystals
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gin state is an equilibrium one, characterized by its highone, while the states achieved after the perturbation, are
stability. So, it is very difficult to drive the system to a meta- rather metastable, an aspect especially exhibited in dolomite
stable position, since both LT1 and LT8ee Refs. 12-24 (See Ref. 14

survive the thermal anneal, although they are modified in the We now proceed with the understanding of the item that
shape, while, no other additional aggregate is recorded in th&e LT2 band is absent from the magnesite spectrum, while it
TSDC spectra of the annealed samples. If the equilibriunPpears in the spectra of the materials where the Ca sublat-
was a near one, then the thermal treatment would decompo&€ exists. Strontium (St) is a widespread impurity found

the LT1 dipoles, and, subsequently, new peaks would apped? the alkaline-earth carbonate safist is reasonable to as-
in the spectrum. sume that strontium is hosted up interstitially by the calcite

and dolomite matrices. For each impurity cation, the total
excess charge is-2|e|, where e denotes the electron’s
charge, which is compensated by the creation of one cation
In the present paragraph we shall try to trace the identitywacancy(either calcium or magnesium vacafncfor reasons
of the defects participating in the dipoles, by taking intoof total charge neutrality of the crystal, with2|e| effective
account the impurity content of the materials, starting fromelectric charge. The electrostatic attraction betweéh Snd
the LT1 band. It is well known that Ml is a widespread the cation vacancy can lead to the formation of a defect
impurity in the carbonate safs?® and is incorporated by dipole, with length equal to one interatomic spacing. These
preferential substitution of the M§ ions, rather than the Impurity-vacancy dipoles, or, some larger clusters may be
C&" ones?® Thus, the LT1 band might be related to the responsible for the stimulus of the LT2 banc_i, in the calcite
appearance of Mi in the MgCQ, lattice. It is difficult to and the _dol_omlte spectra. The hexagonal unlt—ceII_vqume of
speculate about the dipole configuration, in the frame of lo/Magnesite is the smallest one (279.09 An comparison to
cal charge compensation: by accepting that thé M in- dolomite (321.60 &) and calcite (367.85 A, indicating

corporated into the matrix substitutionally, no electrical that the available “interstitial volume™ in magnesite is rela-

charge compensation is needed. Consequently, tHe im tively the smaller one. Nevertheless, it would be energeti-

purity does not act as a center for impurity-vacancy dipoleca"y favorable for the magnesite matrix, to host up th&"Sr

formation. Furthermore, we may assume that the*Mion impurity into a cation lattice site, because this defect location
serves as the linking défect between the dipole agglomerat ould probably minimize the lattice distortion caused by the

and the Mg sublattice. It is also probable that charge comd©Ping. Since strontium and magnesium cations are of the

pensation occurs by nonlocal charge compensation of stati%—ame _valence, there is no necessity for charge compensation
tical nature?® y cation vacancy creation and, subsequently, the LT2 cen-

A more sophisticated explanation can be proposed, recalf€’s would not exist.

ing that the temperature region where LT1 activdtesund
140 K) is characteristic for materials containing water in
their structuré’ Recent infrared experiments performed on A unigue low-temperature relaxation mechanigabeled
magnesium carbonate compounds, indicated the presence[0f1) of polycrystalline magnesite has its maximum around
OH bonds, either from hydroxyl ions or water molecules and140 K in the thermal depolarization spectrum. Extensive ex-
proved that the magnesium sublattice can host hydréxyl. perimental schemes indicated that the mechanism is related
So, it is probable that the LT1 is related to the rotation ofto a defect dipole population, with distribution in the relax-
defect dipoles, with hydroxyl or water molecules as the ma-ation time, while no other dipolar mechanism operates. Es-
jor participant. The situation that the relaxation is caused byecially, a bandlabeled LT2, which was recorded in the
the rotation of water molecules, probably located at the inthermograms of both calcite and dolomite, is definitely ab-
terfaces of the crystallites or grains, seems rather weak. Igent in the spectrum of magnesite. By reviewing our previ-
this case, the LT1 band would also appearpolycrystal-  ous results for calcite and dolomite, we stated that the LT1
line) calcite, but this does not occlit The defect dipoles of mechanism corresponds to the specific defect structure fa
this type must actually be bulk ones and are strongly boundored by the Mg sublattice and the LT2 one, to the Ca sub-
to the lattice, because the total numidexpressed by the lattice. The common interpretation that the same dipole re-
charge released during the depolarization stagenot re-  laxes through different modes, which are induced by the
duced after the thermal anneal. The latter situaftbe sta- mixed crystal-lattice changes, does not apply to the calcite
bility of the total amount of dipole populatiorwvas also ob- group salts. The defect dipoles which stimulate the LT1
served in dolomité? indicating that the hydroxyl complexes mechanism, might be composed of Mn ions or, most prob-
settle into the MgCQ@ lattice firmly. The changes of the ably, by water molecules or hydroxyl ions. The LT2 band,
band’'s shape and position, which accompany the thermathich is absent in magnesite even though it is detected in
anneal, can be explained by the structural configuratioralcite and dolomite, might be related to two different ways
changes induced by the thermal perturbation. It is worth noef divalent Sr incorporation, depending on the host environ-
ticing that the observation of the LT1 band, both in magne-ment; the substitution of a host cation needs no charge com-
site and dolomitéwhich are materials coming from different pensation and, therefore, no defect dipole should be formed.
localities and developed under different forming conditipns On the contrary, the interstitial one demands the creation of a
denotes that the virgin defect structure is a stable equilibriuntation vacancy.

Attribution of the relaxation mechanisms

VI. CONCLUSION
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