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The recently reported ability to induce and tune a sign of the magnetoelectric (ME) interactions in 
NH2(CH3)2Al1–xCrx(SO4)2·6H2O crystals as a function of Cr content is further investigated here. The ME coupl-
ing and its larger absolute value for the sample with larger Cr content agrees qualitatively with thermodynamic 
Landau analysis. However, quantitative estimation implies other contributions as well. The observed nontrivial 
magnetic field dependence of ferroelectric transition can be explained within the model that takes into account 
influence of the arising local deformation of the lattice on the two types of DMA group responsible respectively 
for the ferroelectric and antiferroelectric ordering. 
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Introduction 

Motivated by ever increasing miniaturization needs the 
magnetoelectric (ME) effects in solids are intensively studi-
ed in the last decades challenging modern solid state phy-
sics [1,2] and spin electronics [3–6]. In the latter case es-
tablishing low-power electric control over magnetic pillars 
would be highly beneficial for magnetic memory structures 
reducing power dissipation. Although large values of mag-
netization and electric polarization are often motivating fac-
tors for ME materials research [7–9], ferromagnetism and 
ferroelectricity tend to be mutually exclusive in a single 
phase [10] and the largest ME coupling is mostly seen in in-
organic antiferromagnets at symmetry-breaking spin reori-
entation transitions [11]. While the number of known com-
pounds of this type is constantly increasing the ME coupling 
generally occurs at very low temperatures. In that respect, 
the possible solution is to focus on ME coupling of higher 
orders that is known to be symmetry independent [12,13] 
and can involve elastic interactions as a common fulcrum 
property. In the latter case materials with low values of the 
Young’s modulus may be advantageous due to larger pres-
sure dependence of their physical properties. In that respect 
hybrid organic-inorganic structures offer an important al-
ternative. Moreover, ME coupling in materials with mag-
netic ordering other than anti-ferro-ferrimagnetic becomes 
important. For example, a large ME effect was reported to 

exist in the paramagnetic [(CH3)2NH2]Mn(HCOO)3 [14]. 
Accompanied by other effective examples [15–20], this re-
sult reveals a large prospective of organic-inorganic mate-
rials [21] in the research of ME compounds and beyond 
[22,23]. 

Using the fact that electric order in the lattice is generally 
more fragile than a magnetic one, the ion metal substitution 
can be used to introduce magnetic ordering and possibly ME 
coupling to already known electrically polar materials. In 
this regard the organic-inorganic hybrid frameworks really 
offer a richness of possibilities [24–38]. Indeed, in our re-
cent study [38] as the initially diamagnetic and ferroelectric 
crystals of NH2(CH3)2Al(SO4)2·6H2O (DMAAlS) known 
to be electrically polar below 152 K [33,34] became pa-
ramagnetic. The crystal structure of these crystals is con-
structed with Al cations coordinated by six water mole-
cules (i.e., water octahedral), regular (SO4)2– tetrahedral
and [NH2(CH3)2]+ (DMA) cations, all hydrogen bonded
to a three dimensional framework (Fig. 1). Thus, Al can 
be easily substituted with magnetic Cr resulting in 
[NH2(CH3)2]Al1–xCrx(SO4)2·6H2O formula. For the cho-
sen amount of Cr (x = 0.065 and 0.2) the octahedra become 
occupied by statistical mixtures of magnetic Cr- and non-
magnetic Al-atoms. 

Upon cooling these crystals exhibit a second order phase 
transition at Tc = 152 K from paraelectric but ferroelastic 
(T > Tc) to ferroelectric (T < Tc) phases. The phase transi-
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tion is of the order-disorder type with a symmetry change 
2/m → m. It is connected with ordering of the polar DMA 
cations which execute hindered rotations around their C–C 
direction in the paraelectric phase and order only in the 
spatio-temporal average in the ferroelectric phase [35]. 
Metal ion isomorphous substitution in the above mentioned 
family of compounds can be an additional degree of free-
dom in the composition-property engineering [36,37]. Be-
sides creation of the paramagnetic with Cr increment [38] 
the large ME coupling was successfully generated [38]. 
Moreover, the possibility to tune its sign changing the Cr 
content was demonstrated. Unfortunately, a brief format of 
the paper in the corresponding journal did not allow de-
scribing the above mentioned effect in detail. Here we report 
the detailed analysis of electric, magnetic properties and 
ME interactions in the [NH2(CH3)2]Al1–xCrx(SO4)2·6H2O 
(x = 0.065; 0.20) crystals including the phenomenological 
approach for evaluation of the ME coupling strength. 

Experimental 

Single crystals of [NH2(CH3)2]Al1–xCrx(SO4)2·6H2O 
(DMAAl1–xCrxS) were grown from an aqueous solution 
containing the metal sulphates in a stoichiometric ratio and 
dimethylammonium sulfate at a constant temperature of 
303 K by slow evaporation method. The molar ratio of 

Al3+: Cr3+ in the solution was equal to 1: 0.065 and 1: 0.2,
respectively. This ratio in the samples was controlled by 
SEM using a REММA-102–02 (SELMI, Ukraine) scann-
ing electron microscope. Quantitative electron probe mi-
croanalysis (EPMA) of the phases was carried out using an 
energy-dispersive x-ray (EDX) analyzer with the pure ele-
ments as standards (the acceleration voltage was 20 kV; K- 
and L-lines were used). The obtained values of Al3+: Cr3+

molar ratio were found to be 0.065±0.006 and 0.2 ± 0.02 
(for a single domain sample) and correspond to those in the 
reacting solution. 

The measurements of the real part of dielectric permit-
tivity and conductivity were carried out using the traditional 
method of capacitance measurement. The capacitance was 
measured using an automated setup based on a LCR-meter 
HIOKI 3522–50 LCF HiTester. The spontaneous polari-
zation was measured using Keithley 6517A electrometer. 
The magnetic susceptibility was measured using a com-
mercial magnetometer Quantum Design MPMS-3 in the 
temperature range of 1.6–300 K and magnetic fields up to 
µ0H = 7 T. For both polarization and magnetic measure-
ments electric and magnetic fields were applied perpendi-
cular to the crystallographic plane in the monoclinic crystal 
structure (parallel to the polar axis). 

Results and discussion 

The temperature dependences of the dielectric permit-
tivity ε′ for DMAAl1–xCrxS (x = 0; 0.065; 0.2) crystals 
obtained at comparatively low frequencies of measuring 
field (Fig. 2(a)) can be used for the precise determination 
of the phase transition temperatures in the samples with 
different chromium concentration. Indeed, dielectric per-
mittivity manifests sharp anomalies at Tc temperature cha-
racteristic of the proper ferroelectric phase transition for all 
investigated DMAAl1–xCrxS crystals. The temperatures of 
the phase transition for the samples with a different chro-
mium concentration are presented in Table 1. 

Table 1. Curie temperatures for DMAAl1–xCrxS crystals 

DMAAlS DMAAl0.935Cr0.065S DMAAl0.8Cr0.2S 

Tc, K 152.5 154.9 153.1 

Similarly to the initial compound the value of the die-
lectric permittivity for DMAAl0.8Cr0.2S samples is almost 
three orders of magnitude larger for an AC electric field 
applied along the a axis confirming the spontaneous polar-
ization direction (Fig. 2(a)). The pyroelectric measure-
ments for DMAAl0.8Cr0.2S confirm and compliment the 
electrically polar character of the transition. A distinct 
clear peak in the current is observed at the same tempera-
ture (Fig. 2(b)) where both dielectric permittivity and 
thermal expansion also show anomalies. A dc electric field 
of 7.9 kV/m applied during cooling reveals peaks in the 
pyroelectric currents for both samples and demonstrates Cr 
dependent Tc evolution. 

Fig. 1. (Color online) Crystal structure of non-centrosymmetric 
monoclinic DMAAl1–xCrxS at 135 K. The Me-ions are in the 
centers of yellow [H2O]6-octahedra. In the crystal structures of 
[NH2(CH3)2]Al1–xCrx(SO4)2·6H2O with x = 0.2 and 0.065 octa-
hedra are occupied by statistical mixtures of magnetic Cr- and 
weakly magnetic Al-atoms. [SO4]2–-tetrahedra are depicted in 
grey color. 
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The phase transition temperature Tc in the sample with 
x = 0.065 was shifted toward higher temperatures in com-
parison with the pure DMAAlS by 2.4 K. Otherwise, in-
crease of chromium concentration to x = 0.2 leads to the 
shift of this temperature less pronounced. The temperature 
of phase transition in DMAAl0.8Cr0.2S is very close to 
those for the initial crystal. 

The temperature dependences of the dielectric proper-
ties for both investigated crystals fairly well correlate with 
the data of previous investigations [37] and obey the Cu-
rie–Weiss law both in the paraelectric and ferroelectric 
phases in the vicinity of the ferroelectric phase transition. 
Together with the data of DSC study [37] this clearly con-
firms a second order of the phase transition. No other ano-
malies were observed in the pyrocurrent temperature de-
pendences at cooling of both samples down to 1.6 K. 
Therefore, one can conclude that the ferroelectric phase 
exists in DMAAl1–xCrxS crystals in the temperature range 
from Tc down to 1.6 K. This conclusion is also confirmed 
by the temperature dependences of the electric polarization 
(Fig. 3(a)) measured after ferroelectric saturation occurring 
above 250 kV/m [39]. It is necessary to note that both pa-
rameters — the temperature of phase transition and spon-
taneous polarization — manifest a nonlinear dependence 
on chromium content and explanation of this fact is not 
straightforward. 

The temperature dependences of magnetic susceptibili-
ties of DMAAl1–xCrxS complexes are depicted in the 
Fig. 3(b). The magnetic parameters are determined via CW 
fit of magnetic susceptibility (Table 2). The pure complex 
without Cr (x = 0) is diamagnetic in the whole studied 
temperature range with residual susceptibility χ0 given in 
Table 2. 

Table 2. Magnetic parameters for DMAAl1–xCrxS complexes 

Cr-content, x χ0 (10–4 emu·mol–1) µeff (µB) 

0 –2.26(7)
0.06 –2.40(5) 1.47(1) 
0.2 –2.49(8) 1.91(1) 

Isomorphous substitution of Al with Cr leads to the ap-
pearance of a paramagnetic fraction below 100 K for x = 
= 0.065 and to a paramagnetic behavior and, thus positive, 
χ(T) for x = 0.2 (Fig. 3(b)). Both these susceptibilities fit 
excellently to modified Curie–Weiss (CW) law (χ = C/T + 
+ χ0) in the temperature range 50–300 K (Fig. 3(b)). As 
one can see from Table 2, the χ0 values obtained from the 
fit agree well with those of initial DMAAlS crystal. This 
confirms that Cr-atoms are embedded into a diamagnetic 
matrix. Effective magnetic moments µeff deduced from the 
fit depend on the chromium content, indicating noticeable 
Cr–Cr interactions in the studied compounds. As it is 
known, Cr3+ usually forms octahedral complexes [40]. The
Al3+ ions (in this crystallographic position the Cr substitu-
tion is expected) center octahedral voids in the studied 
structures (Fig. 1). Both these facts hint toward +3 oxida-
tion state for Cr (i.e., 3d3 electronic configuration) and
thus, a low spin type of complex in agreement with earlier 
studies [36]. Interestingly, no anomalies are seen in the 
magnetic susceptibilities at ferroelectric Tc as it would be 
expected from [14]. However, careful examination of the 
derivatives dχ/dT performed in [38] revealed a clear devia-
tion from linearity near Tc for the DMAAl1–xCrxS crystals 

Fig. 2. (Color online) Temperature dependences of the structural-
ly correlated electric properties. (a) The real part of the dielectric 
permittivity a′ε  and c′ε  for DMAAl0.8Cr0.2S crystals measured at 
5 kHz. Inset: Temperature dependences of the real part of the di-
electric permittivity a′ε  of DMAAl1–xCrxS crystals with different 
concentration of chromium at 100 kHz. (b) Pyroelectric currents 
for samples with x = 0.2 and 0.065 Cr content.  

Fig. 3. (Color online) Temperature dependences of magnetic and 
electric properties. (a) Electric polarization. (b) Magnetic suscep-
tibilities for DMAAl1–xCrxS crystals with different Cr content.  

Low Temperature Physics/Fizika Nizkikh Temperatur, 2019, v. 45, No. 8 1047 



V. Kapustianyk, N. Loboda, Yu. Eliyashevskyy, and S. Semak 

and temperature independent linear behavior for the initial 
sample. Even more, the magnetic susceptibility derivative 
for the crystal with x = 0.065 showed an upturn towards 
low temperatures while for x = 0.2 an upturn occured to-
wards high temperatures [38]. 

Such a different behavior correlates well with the dif-
ferent magnetic field dependence of the pyroelectric cur-
rent magnitude and its peak temperature position for both 
samples (Fig. 4). With increasing of magnetic field the 
intensity of the peak in pyrocurrent increases and shifts 
towards higher temperatures for the compound with x = 
= 0.065, while for x = 0.2 the opposite effects are ob-
served. The temperature dependences of the spontaneous 
polarization (Fig. 5) calculated on the basis of the depend-
ences shown in Fig. 4 also manifest considerable depend-
ence on the applied magnetic field. The latter suppresses 
the polarization for the sample with a lower content of 
chromium and enlarges it for the crystal with x = 0.2. One 
can conclude that the applied magnetic field causes the 
shift of the phase transition point to the higher tempera-
tures for the sample with x = 0.065 and in the opposite 
direction for the case x = 0.2. The ME coupling coefficient 
αME in the units of [s/m] is defined here as: 

0
1

ME H= Hα = (I I )dt
ΔH

−∫ , (1) 

where I is the pyroelectric current density and H is the 
magnetic field applied (µ0H = 6 T) during the measure-
ments (Fig. 6). As one can see from the ME coupling coef-
ficient presented in Fig. 6, the effect of coupling is stronger 
for the crystal with Cr content x = 0.2. As expected the 
absolute value of αME decreases monotonically till the FE 
Curie temperature is reached. 

However, both crystals also show a discontinuity in ME 
coupling near Tc (inset to Fig. 6) implying the existence of 
a small coupling even in the paraelectric and paramagnetic 
region. The fact that the ME coupling coefficient changes 

Fig. 5. (Color online) Temperature dependences of the sponta-
neous polarization calculated on the basis of the dependences 
depicted in Fig. 4. 

Fig. 6. (Color online) Temperature dependence of the ME cou-
pling coefficients for parallel orientation of magnetic field and 
spontaneous polarization. Inset shows a zoomed region near Tc. 

Fig. 4. (Color online) Magnetic field influence on the pyroelec-
tricity. (a) The sample with the Cr content of x = 0.065; (b) The 
sample with the Cr content of x = 0.2. An opposite behavior in 
both magnitude and temperature position of the pyroelectric peak 
is observed. 
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its sign as a function of Cr content as well as the large level 
of the coupling itself points towards the possibility to tune 
the ME response in such compounds. On the other hand, 
such a nontrivial behavior of the ME response demands a 
more detailed consideration. 

The magnetoelectric effect in a single-phase crystal is 
traditionally described [41,42] in Landau theory by writing 
the free energy F of the system in terms of an applied 
magnetic field H whose i-th component is denoted Hi, and 
an applied electric field E whose i-th component is denoted 
Ei. Note that this convention is unambiguous in free space, 
but that Ei within a material encodes the resultant field that 
a test particle would experience. In the beginning let us 
consider a non-ferroic phase in respect to the magnetic or 
ferroelectric type of ordering, where both the temperature-
dependent electrical polarization Pi(T) (µC·cm–2) and the
magnetization Mi(T) (µB per formula unit, where µB is the 
Bohr magneton) are zero in the absence of applied fields 
and there is no hysteresis. It may be represented as an infi-
nite and homogeneous medium by writing F under the Ein-
stein summation convention in SI units as [41]: 

0 0
1 1( , )
2 2ij i j ij i j ij i jF E H E E H H E H− = ε ε + µ µ + α +

...
2 2
ijk ijk

i j k i j kE H H H E E
β γ

+ + + . (2) 

The first term on the right hand side describes the con-
tribution resulting from the electrical response to an elec-
tric field, where the permittivity of free space is denoted 
ε0, and the relative permittivity εij(T) is a second-rank ten-
sor that is typically independent of Ei in a non-ferroic 
phase. The second term is the magnetic equivalent of the 
first term, where µij(T) is the relative permeability and µ0 
is the permeability of free space. The third term describes 
linear magnetoelectric coupling via αij(T); the third-rank 
tensors βijk(T) and γijk(T) represent higher-order (quadrat-
ic) magnetoelectric coefficients. 

In the present scheme, all magnetoelectric coefficients 
incorporate the field independent material response func-
tions εij(T) and µij(T). The magnetoelectric effects can then 
easily be established in the form Pi(Hj) or Mi(Ej). The for-
mer is obtained by differentiating F with respect to Ei, and 
then setting Ei = 0. A complementary operation involving 
Hi establishes the latter. One obtains: 

...
2
ijk

i ij j j kP H H H
β

= α + +  (3) 

and 

0 ...
2
ijk

i ij j j kM E E E
γ

µ = α + + .  (4) 

In the ferroic phases, the above analysis is less rigorous 
because εij(T) and µij(T) display field hysteresis. Moreover, 
ferroics are better parameterized in terms of resultant ra-
ther than applied fields [43]. This is because it is then pos-

sible to account for the potentially significant depolariz-
ing/demagnetizing factors in finite media, and also because 
the coupling constants would then be functions of tempera-
ture alone, as in standard Landau theory. In practice, resultant 
electric and magnetic fields may sometimes be approxi-
mated [44] by the polarization and magnetization respec-
tively. 

A multiferroic that is ferromagnetic and ferroelectric is 
liable to display large linear magnetoelectric effects. This 
follows because ferroelectric and ferromagnetic materials 
often (but not always) possess a large permittivity and per-
meability respectively, and αij is bounded by the geometric 
mean of the diagonalized tensors εii and µjj such that [44]: 

2
0 0ij ii jjα ≤ ε µ ε µ . (5) 

Equation (5) is obtained from Eq. (2) by forcing the 
sum of the first three terms to be greater than zero, that is, 
ignoring higher-order coupling terms. It represents a stabil-
ity condition on εij and µij, but if the coupling becomes so 
strong that it drives a phase transition to a more stable 
state, then αij, εij and µij take on new values in the new 
phase. Note that a large εij is not a prerequisite for a mate-
rial to be ferroelectric (or vice versa); and similarly ferro-
magnets do not necessarily possess large µij [41]. 

Investigated DMAAl1–xCrxS crystals undergo the phase 
transition into the ferroelectric phase at Tc and within this 
phase they hardly would be described by relations (2)–(5) 
taking into account the reasons mentioned above. On the 
other hand, one can use such an approach for description of 
the narrow temperature range in vicinity of Tc. Indeed, just 
below this point the crystal loses the centre of inversion, 
although the spontaneous polarization stays very small and 
it is possible to neglect its contribution into free energy (2). 
In this special case we could also neglect the term respon-
sible for the piezoelectric interaction in the relation (2) 
although it would be important at lower temperatures, when 
the spontaneous polarization increases considerably. Under 
such cautions one can use the estimation (5) for analysis of 
the temperature dependence of the magnetoelectric coeffi-
cients. First of all this concerns the narrow diapason be-
tween 150 and 155 K (shown by the dashed rectangle in 
Fig. 6) which is characterized by change of ME coefficient 
sign on its boundaries. We took the maximal values of die-
lectric permittivity at Tc for calculation of the product in 
the right side of the inequality (5). Moreover, we chose the 
values of this parameter measured at 1 kHz, when the con-
tribution of the fundamental dielectric dispersion as well as 
the dispersion caused by domain dynamics is negligible. 
These values of the dielectric permittivity were drawn from 
its temperature-frequency dependences and corresponding 
Cole–Cole diagrams [37,45]. They would be considered 
under certain conditions as the constants for the considered 
solid solutions. The obtained data of calculations according 
to the inequality (5) are presented in Table 3. One can con-
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clude that for DMAAl0.935Cr0.065S the above mentioned 
inequality is fulfilled confirming the proposed approach. 

For DMAAl0.8Cr0.2S the estimation (5) does not look 
valid but it is clear on the qualitative level that increase of 
chromium concentration leads to considerable increase of 
ME coupling coefficient first of all due to a much higher 
peak value of the dielectric permittivity. Above the phase 
transition (T > 155 K) the linear ME effect is prohibited by 
the center of inversion, although one can note that the ex-
perimentally measured αME coefficient stays nonzero even 
a little above the Curie point. Such a behavior as well as 
nonfulfilment of the inequality (5) are connected with the 
fact that our crystals hardly would be considered as a stress-
free medium. Indeed, the isomorphous substitution of the 
metal ion is followed by arising of the local lattice defor-
mations and their contribution cannot be neglected in free 
energy (2) especially in the case of DMAAl0.8Cr0.2S. The 
observed considerable increase of the ME coefficient abso-
lute value for both samples below Tc is connected with a 
considerable increase of the spontaneous polarization and 
analysis cannot be so straightforward. 

The nontrivial dependence of the spontaneous polariza-
tion and Curie temperature on the chromium content as 
well as ME properties of the considered material demand 
more detailed consideration. Moreover, the performed ana-
lysis testifies that the above mentioned phenomena are 
closely connected. 

ME properties can be tentatively explained by the two-
fold effect. Firstly, the introduction of larger and magnetic 
Cr (RiCr = 0.6115 Å; RiAl = 0.535 Å) into the lattice of 
initial DMAAlS crystal generates strains and secondly, 
makes the compound more sensitive to magnetic field. The 
magnetoelectric coupling here can arise via stress mediated 
contribution. 

All above experimental results support the existence of 
certain coupling between magnetism and ferroeletricity in 
the paramagnetic state of DMAAl1–xCrxS crystals. The ME 
coupling in the paramagnetic state is unusual and there 
have been only very limited reports so far. The first example 
was reported by Hou and Bloembergen in 1964 in a piezo-
electric paramagnetic crystal of NiSO4·6H2O [46]. They 
termed this kind of paramagnetic magnetoelectric coupling 
as paramagnetoelectric (PME) effects and proposed that it 
may appear in other piezoelectric paramagnetic crystal 

where the PME effect at low temperature is dominated by 
the variation of crystal field splitting D with electric field. 
The magnetic field influence on the electric polarization 
was also observed in the ferroelectric-ferroelastic paramag-
netic phase of rare-earth molybdates such as Tb2(MoO4)3 
and Gd2(MoO4)3 [47]. The authors ascribed this ME effect 
to the magnetostriction associated with Tb3+ and Gd3+ ions
along with the piezoelectric effect of the ferroelectric sub-
stance. 

Similarly, the ME effect in the so-called metal-organic 
frameworks (MOF) could be also related to the magneto-
striction (magnetoelastic) effect. Situation with ME coupl-
ing in DMAAl1–xCrxS crystals looks very similar to those 
in [(CH3)2NH2]Mn(HCOO)3 that also would be related to 
MOFs [14]. The ferroelectricity in this MOF is associated 
with hydrogen bond ordering [14]. In the high temperature 
paraelectric phase, the DMA cations in the cavities are 
dynamically disordered with nitrogen distributed over three 
equivalent positions, because the hydrogen bonding be-
tween the hydrogen atoms of the NH2 group and oxygen 
atoms from the formate frame-work is disordered. Below 
185 K, the ordering of nitrogen atoms due to the hydrogen 
bond ordering of the DMA cations leads to a lowering in 
symmetry. As a consequence, a structural transition from 
the rhombohedral to monoclinic symmetry and Cc space 
group (Cc belongs to one of the 10 polar point groups re-
quired for ferroelectricity) is accompanying with the hy-
drogen bond ordering and the ferroelectric phase transition. 
The magnetic susceptibility and ESR data suggested that 
the monoclinic crystalline structure favors the short-range 
superexchange interaction between Mn2+ ions than the
rhombohedral structure, possibly due to the modification in 
the Mn–Mn distance and angle. 

The correlation between exchange interaction and lat-
tice structure is known as the magnetostriction or magneto-
elastic effect. Especially, a recent study by Thomson et al. 
using resonant ultrasound spectroscopy reveals that there is 
certain magnetoelastic coupling in the MOF family [48]. 

It is worth to note that the phase transition in the initial 
DMAAlS and DMAAl1–xCrxS crystals with a symmetry 
change 2/m → m is connected with ordering of the polar 
DMA cations [35]. All DMA cations are hydrogen bonded 
to a three dimensional framework (Fig. 1). Therefore, or-
dering of DMA cations is connected with hydrogen bond 
ordering. According to the data of [49] DMA groups in 
DMAAlS belong to two different sublattices (an elementary 
cell consists of two translationally nonequivalent groups). 
The orientation of DMA groups was characterized by four 
spatial localizations of nitrogen atoms belonging to the 
groups in the projection of the structure on the XZ plane 
(denoted by the numbers 1–4). It has been found [49] that 
ferroelectric ordering of DMA groups between 1–2 posi-
tion axis is accompanied by the antiferroelectric one along 
the 3–4 axis and vice versa. It is expected that the similar 
nature of the ordering processes would be observed also 

Table 3. Parameters of ME effect for DMAAl1–xCrxS com-
plexes 

Parameters DMAAl0.935Cr0.065S DMAAl0.8Cr0.2S 

T, K 155.2 153.1 
ɛ 2508 10922 
µ 1 1.000313 

εµε0µ0 2.790·10–5 ns2/m2 1.215·10–4 ns2/m2

2
MEα 1.289·10–5 ns2/m2 15.88·10–4 ns2/m2
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for DMAAl1–xCrxS crystals. It is quite likely here that si-
milarly to the case of [(CH3)2NH2]Mn(HCOO)3 MOF the 
balance between superexchange and elastic energy leads to 
local distortion that modifies the hydrogen bond and DMA 
groups ordering and consequently the ferroelectricity. Com-
pared with the conventional magnetostriction effect in long-
range magnetic ordering phase, this local magnetoelastic 
interaction in the paramagnetic state would be much weak-
er, thus requiring high magnetic fields to amplify it. 

With Cr content increase the overall sample deforma-
tion goes via critical point modifying local magnetism and 
polarization. This assumption seems to be in agreement 
with the sensitive ferroelastic structure. This issue, howev-
er, deserves a further study including optimal Cr content 
determination. Nevertheless, some conclusions would be 
made on the basis of our experiment. One can suggest that 
the local deformation of the lattice affect ordering of both 
types of DMA group responsible respectively for the ferro-
electric and antiferroelectric ordering. In both cases there 
arise the additional local polarizations of a different sign 
that compete with each other. The sum of these polariza-
tions would nonlinearly depend on Cr content that mani-
fests itself in the corresponding nontrivial changes of the 
spontaneous polarization (Fig. 3(a)) and the temperature of 
phase transition (Table 1). Such an approach also explains 
the different sign of the magnetoelectric coefficients in the 
two investigated compounds. Moreover, one can also ex-
plain nonfulfilment of inequality (5) for DMAAl0.8Cr0.2S 
by more considerable contribution of the piezoelectric ef-
fect into the free energy (2) in comparison with the com-
pound with a lower chromium concentration. 

In conclusion, this study detailed on the ME coupling 
created in the initially diamagnetic DMAAS crystal by iso-
morphous substitution of Cr ion. The larger ME coupling 
for the sample with larger Cr content agrees well qualitati-
vely within the simplified thermodynamic Landau analysis 
in the vicinity of ferroelectric transition. However, quanti-
tative estimation implies other contributions as well. The 
observed nontrivial magnetic field dependence of ferro-
electric transition can be explained within the model that 
takes into account influence of the arising local deforma-
tion of the lattice on the two types of DMA group respon-
sible respectively for the ferroelectric and antiferroelectric 
ordering. Such a study should help in ME coupling ingen-
erating in similar compounds among the rich hybrid family 
of organic-inorganic compounds where ME interactions 
can be expected to exist closer to room temperature. 
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Про магнітоелектричний ефект у парамагнітних 
кристалах NH2(CH3)2Al1–xCrx(SO4)2·6H2O 

В. Капустяник, Н. Лобода, Ю. Еліяшевський, 
С. Семак 

Представлено результати вивчення нещодавно виявленої 
можливості індукування і зміни знаку магнітоелектричної 
(МЕ) взаємодії у кристалах NH2(CH3)2Al1–xCrx(SO4)2·6H2O 
у залежності від концентрації хрому. МЕ взаємодія, зокрема 
збільшення абсолютного значення МЕ коефіцієнта при збі-
льшенні концентрації хрому, добре узгоджується на якісному 
рівні з термодинамічною теорією Ландау. Проте кількісна 
оцінка передбачає також врахування й інших внесків. Нетри-
віальну залежність температури сегнетоелектричного фазо-
вого переходу від прикладеного магнітного поля може бути 
пояснено у моделі, яка враховує вплив результуючої локаль-
ної деформації ґратки на два типи груп DMA, що відповіда-
ють за сегнетоелектричне та антисегнетоелектричне впоряд-
кування. 

Ключові слова: магнітоелектрична взаємодія, парамагнетик, 
сегнетоелектричний перехід. 

О магнитоэлектрическом эффекте 
в парамагнитных кристаллах 

NH2(CH3)2Al1–xCrx(SO4)2·6H2O 

В. Капустянык, Н. Лобода, Ю. Элияшевский, 
С. Семак 

Представлены результаты изучения недавно обнару-
женной возможности индуцирования и изменения знака 
магнитоэлектрического (МЭ) взаимодействия в кристаллах 
NH2(CH3)2Al1–xCrx(SO4)2·6H2O в зависимости от концентра-
ции хрома. МЭ взаимодействие, в частности увеличение аб-
солютного значения МЭ коэффициента при увеличении кон-
центрации хрома, хорошо согласуется на качественном уровне 
с термодинамической теорией Ландау. Однако количествен-
ная оценка предполагает также учет и других вкладов. Не-
тривиальная зависимость температуры сегнетоэлектрического 
фазового перехода от приложенного магнитного поля может 
быть объяснена в модели, учитывающей влияние результи-
рующей локальной деформации решетки на два типа групп 
DMA, отвечающих за сегнетоэлектрическое и антисегнето-
электрическое упорядочение. 

Ключевые слова: магнитоэлектрическое взаимодействие, па-
рамагнетик, сегнетоэлектрический переход. 
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