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Memory effect in triglycine sulfate induced by a transverse electric field: specific heat

measurement
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The influence of a transverse electric field in the specific heat of triglycine sulphate (TGS) has
been studied. The specific heat of TGS has been measured heating the sample from ferroelectric
to paraelectric phase after prolonged transverse electric field (i.e. perpendicular to the ferroelectric
axis). It is shown that the specific heat of TGS can remember the temperature Ts at which the
transverse field was previously applied.

PACS numbers: 77.84.Fa KDP- TGS-type crystals;65.40.Ba Heat capacity of crystalline solids; 77.80.Dj

Domain structure, hysteresis in ferroelectricity; 77.77.+a Pyroelectric and electrocaloric effect

Triglycine sulfate [(NH2CH2COOH)3 ·H2SO4] (TGS)
has grown great importance for the development of in-
frared sensors[1, 2] and flat-panel displays[3] due to its
large pyroelectric coefficient[4] and large pyroelectric fig-
ure of merit[5]. The crystal exhibits a ferroelectric phase
(ferroelectric axis being parallel to axis b) below Tc =
322 K. At this temperature the substance shows a con-
tinuous phase transition to a paraelectric phase.

An electric field E‖ parallel to the ferroelectric axis
in TGS and its family has strong influence in the phys-
ical properties close to the critical point as revealed by
numerous studies[4, 6, 7, 8, 9, 10, 11] and causes a single-
domain (or almost single-domain) state. After field dis-
connection regions with opposite polarization randomly
grows and the system tends to its equilibrium state for
E = 0. The longitudinal field has then a non permanent
influence in the state of the system.

The scenario is quite different for transverse electric
field E⊥ whose influence is reported to persist long time
after switch-off although original properties can be eas-
ily restored after annealing the sample above the criti-
cal temperature. These properties are commonly named
transverse field effect. Among them, the following list:
reduced or even vanishing hysteresis loop[12] (the re-
duction depends on how much time the field acted);
the existence of temperature-dependent reversible trans-
verse polarization[13, 14] and domain wall structure par-
allel to c-axis[15]. Dielectric measurements also showed
a discontinuity in the slope of the inverse dielectric
susceptibility[16] at the maximum temperature of heat-
ing after transverse field application as well as a suppres-
sion of the low frequency dispersion[16] observed from
the temperature at which the transverse field was ap-
plied to the critical temperature. Such behaviour can be
considered as some kind of memory effect.
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The transverse field effect in TGS has always been re-
ported in directional properties but it would be of great
interest to ascertain if these effects can be observed in
bulk properties such as specific heat which would also be
significant from the energetic point of view. It is also of
interest for applications of this material since the specific
heat plays a major role in determining the pyroelectric
figure of merit.

In this letter, we present measurements of the specific
heat after prolonged transverse electric field and report
the existence of persistent memory effect in the specific
heat of TGS.

The specific heat measurements were performed using
conduction calorimeter previously described[17, 18]. We
should quote its main features: able to provide specific
heat absolute values, able to measure small changes of
enthalpy (some milli joules) by means of high resolution
differential thermal analysis (DTA) trace, able to mea-
sure in electric field, small rate of temperature change
(as low as few decikelvin per hour). These features have
been applied for observing ferroelectric phase transitions
specially in the influence of electric field and for measur-
ing latent heat even in the neighborhood of a tricritical
point where it is expected to be comparatively small.
[11, 19, 20]

The TGS crystal used in this experiment was pro-
duced by MolTech GmbH in Berlin. It was of the
form of a rectangular parallelepiped with dimensions
7.0 mm× 7.0 mm× 4.0 mm along b× c,b, c and 302 mg
in mass. The electric field (2 kV cm−1) was applied per-
pendicular to the ferroelectric axis b and parallel to c

(see figure 1). Sides perpendicular to c were previously
painted with a thin layer of a silver solution as an elec-
trode.

The following sequence was kept in our experiments:
the sample was cooled from the paraelectric phase down
to a given temperature Ts in the ferroelectric phase where
the transverse electric field (2 kV cm−1) was applied for a
time t (typically 100 h) and then disconnected; the sam-
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FIG. 1: Sample geometry relative to electric field action. A
silver solution (gray) was painted on faces perpendicular to c

axis.

ple was cooled below 298 K and then heated above crit-
ical temperature at a rate of 0.2 K h−1 while recording
specific heat data. As a reference we also recorded spe-
cific heat data in a heating run after annealing in the
paraelectric phase and without any kind of exposure to
transverse electric field.

Figure 2 shows data for the experiments. Light circles
always apply the reference experiment (heating run and
no exposure to electric field). Dark circles in figure 2(a)
show data for Ts = 310.2 K and t = 100 h. Specific heat
data in the ferroelectric phase differ from reference data
above Ts showing a memory effect. It is also shown that
critical temperature does not noticeably change but the
peak of the specific heat decreases. Figure 2(b) shows
data for Ts = 315.7 K and t = 100 h with analogous
behavior. Figure 2(c) shows data for Ts = 319.9 K and
t = 100 h, now somehow close to the critical point, also
with analogous behavior. The last experiment was also
run for t = 50 h and t = 10 h with same results, in
agreement with Ref [21]. It is also noteworthy to mention
the persistence of the phenomenon: the memory effect
is observed above Ts = 319.9 K, eleven days after field
disconnection.

It should be finally stressed that the memory effect dis-
appears in any case after rejuvenation in the paraelectric
phase. Figure 3 shows the reference data used in fig-
ure 2 and specific heat measurement after the sequence
of experiments in figure 2 and annealing in the paraelec-
tric phase. Both set of data now match to each other.
Incidentally, figure 2 also shows this phenomenon as, for
instance, the anomaly at T = 315.7 K (figure 2(b)) is not
observed again in figure 2(a) or figure 2(c). The chrono-
logical sequence of experiments in figure 2 was (b)-(a)-(c).

It was previously reported ([14] and references therein)
that E⊥ at T < Tc alters permanently the dielectric prop-
erties of a TGS crystal. We now show that it also alters
the thermal behavior of the sample. Having in mind all
the results illustrating the so called transverse field ef-
fect in TGS we should ponder which of the previously
reported experimental data obtained after the transverse
field disconnection at Ts differ from original data (i.e.
not influenced by E⊥ or rejuvenated) only for T > Ts

and may eventually have influence on the specific heat.
On the basis of previous investigations we know that
each temperature increase from 300 K up to Tc —after

FIG. 2: Memory effect in specific heat of TGS. Light circles
show the reference —no field— specific heat for a heating
run. Dark circles show the specific heat (heating run) after
(1) applying transverse field 2 kV cm−1 for 100 h at Ts —
vertical line—, (2) field disconnection and (3) cooling down
to 298 K.

the transverse field disconnection at Ts(< Tc)— is fol-
lowed by a special kind of electric charge excitation just
above Ts as revealed, for instance, after warming of a
short circuited (by electrometer) transversely polarized
sample[13]. In these experiments, for T < Ts, the trans-
verse electric current density J⊥ behaves as the pyroelec-
tric current density flowing along the polar direction in
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FIG. 3: Rejuvenation of specific heat after annealing. Light
points show the reference data in figure 2. Dark points were
taken after: (1) experiment in figure 2(c) (dark points) , (2)
annealing above Tc, (3) cooling to Ts = 319.9 K, (4) hold-
ing temperature at Ts for three days (no field applied), (5)
cooling the sample to 298 K and (6) heating the sample while
measuring specific heat (dark points).

conventional pyroelectric measurements resembling sym-
metry in cooling and heating. But above Ts a second
transverse electric current density is triggered. This com-
ponent is characterized by an irretrievable outflow of free
charge carriers from the sample and it is only observed
in heating experiment; on the contrary, the sample can
be cooled without observing any effect of this kind. It
should be also mentioned that the influence of dP‖/dT
on conventional specific heat measurements of TGS crys-
tals was previously reported (see for instance Ref. [22]
and references therein).

0

J⊥

∆J⊥

T

TsTr

FIG. 4: Transverse current density J⊥ (solid lines) in a TGS
crystal after a transverse electric field disconnection at Ts(<
Tc) drawn schematically on the basis of Ref.[13, 14]. The
sample is cooled from Ts down to Tr where the heating run
begins. On approaching Ts in heating an extra current is
observed. Solid arrows indicate temperature change.

So during the zero-field specific heat measurements
carried out after the transverse field action at Ts (fig-
ure 2) it is just while crossing Ts that the process of re-
leasing of depolarizing free charges begins. Such a process
is triggered by a gradual decomposition of transversely
polarized regions formerly frozen by the prolonged trans-
verse field applied at Ts[14]. Although we deal here with
an open electric circuit (a free-standing sample with elec-
trodes on the surfaces perpendicular to the c-axis), it is
just at the temperature Ts that the conditions of exper-
iments change radically and the specific heat starts be-
ing influenced by dP⊥/dT , more precisely by ∆J⊥ (see
figure 4). Although no electric current can flow during
the specific heat measurement, the crystal can be then
treated as a source of electric charges.

Lashley et al[22] analyzed specific heat on TGS crys-
tals whose surfaces were either non-electrically grounded
or short circuited (all of them) reporting strong influence
of the grounding. We should stress that in the case of our
data we are dealing with charges revealed from electrodes
parallel to the ferroelectric axis. The surface perpendic-
ular to the ferroelectric axis remains freestanding.

In summary, the existence of memory effect induced
by transverse field in TGS has been shown in experiment
concerning thermal (bulk) properties. The influence of
the transverse filed is noticed long after its disconnection
but only above the temperature Ts at which the field was
previously applied which is a memory effect.

This work has been supported by the Spanish Govern-
ment, project FIS-2006-04045.
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