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Spontaneous generation of voltage in Gd Si,Ge,_,) during a first-order phase transition induced
by temperature or magnetic field
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The spontaneous generation of voltage has been observed during the first-order magnetic-Martensitic phase
transition process in G(5i,Ge, _,) alloys regardless of whether the transformation is triggered by temperature
or magnetic field. Based on various experimental data we show that thermoelectric power is a major contribu-
tor to the observed voltage. The characteristics of the simultaneously recorded spontaneous voltage and the
signal from a differential thermocouple attached to the sample are quite complex, indicating that thermal
effects arising in this class of materials during the first-order phase transition are nontrivial. The unusual
dynamics of both the heat release and absorption during the phase transformatiog&Sip3e&gd_,) result in
the appearance of temperature gradients and, therefore, thermoelectricity.
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[. INTRODUCTION and then heat treated at 1270-1570 K for 1 to 3 h. Two to
four electrical connections using various samples with differ-
Complex intermetallic compounds of thd 4nd 5 ele- ent shapegparallelepiped, cube, plgtand dimensiong1
ments often exhibit intriguing electrical behavior, which canxX1x4 to 2X2x 6 mn?) were made using silver epoxy as
be particularly striking during first-order phase transitibrs.  described in Refs. 8, 10. The voltage measurements nuith
Among these are G(Bi,Ge,_,) intermetallics discovered in dc or ac current supplied to the sampieere taken between
1967(Ref. 4 and recently recognized as exceptionally com-various combinations of leads including simultaneous re-
plex systems where unusual physical properties are inticording of two signals between different pairs of contacts.
mately related with the chemical composition and uniquelyResistance of the samples ranged from 0.03 tQ,land
layered crystal structures of the materi&l&’ The tempera- ~ contact resistance was between 3 and.5The temperature
ture of the first order phase transition in 8i,Ge,_,), Of the samples and the magnetic field were controlled using a
when 0<x=2, strongly depends or®!"'* Ferromagnetic Lake Shore Model 7225 magnetometer. The rate of tempera-
(FM) and paramagnetid®®M) phases coexist during the tran- ture change(heating and coolingwas varied from 1 to 3
sition when 0.96:x<2, as do the FM and antiferromagnetic K/min. The rate of isothermal magnetic field change was
(AFM) phases when €x=<0.88'112 The crystallographic approximately 40 kOe/min. The temperature gradient along
transition occurs via the breaking/reforming of specificthe sample between the voltage measuring leads was mea-
Si(Ge)-Si(Ge) bonds and results in a larde-0.8 to 1.1 A sured using differential chromel-alumel thermocouples. The
movement of the subnanometer thick atomic sfgd$Both ~ thermocouple wire diameter was60 um and the two junc-
the magnetic and crystal structurexat const are easily ef- tions were attached in the proximity of the voltage measuring
fected by temperature and/or magnetic fi¢f*3indicating  leads enabling simultaneous recording of the two signals,
strong coupling between the magnetic and crystal latticed;€., the voltage across the sample and the thermal electro-
and dynamic changes of both the magnetic and crystallomotive force (EMF) of the differential thermocouple. At
graphic parameters of such system can bring to light novegquilibrium, i.e., both before and after the phase transition,
physical phenomena. the temperature gradient along the sample did not exceed
In this paper we report on an unusual electrical effect—a).1 K, while temperature gradients from 0.3 to 0.5 K were
spontaneous electromotive force, which is observed in thebserved during the transition.
Gds(Si,Ge ) alloys during a first-order phase transitim The dc voltages were measured parallel or perpendicular
gardless of whether this transition is triggered by tempera-to the magnetic field vector as a function of time using a
ture or by a magnetic fieldAlthough the phase transition is digital Keithley 181 voltmeter with 0—1 V analog output
induced by an external forgenagnetic field or temperature  coupled to a Fisher Y-time recorder. Signal changes of 0.05
the measured voltage is intrinsic to the phase transition prog\ and greater were clearly distinguished. The dc voltage
cess and, therefore, is generated spontaneously durigas recorded both with the background due to small tem-
the nonequilibrium phase change progressing through thgerature gradient and with the background subtracted after
specimen. the voltmeter was zeroed for compensation. The typical am-
plitude of the background voltage in the isothermal regime
Il EXPERIMENTAL DETAILS was~0.5 uV rising up to~1 uV in the isofield regime. The
Samples of polycrystalline G(Bi,Ge,_,) alloys withx  voltage arising from the Faraday effect due to the changing
=2,1.95, 1.5, 0.33, and 0 were prepared by arc méﬁih’g of the magnetic flux through the electrical contacts and the
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dom spikes observed on heating. We also note~-di8 K
temperature hysteresis between heating and cooling. Similar
voltages were observed in §8i,Ge,) and Gd(Si; Ge, 5) at

their first-order phase transition temperatures. When heating
is carried out at a faster rate,3 K/min, the amplitude of the
SGV peak in all samples is increased.

To the best of our knowledge, only few observations of
the spontaneous voltage were ever reported. Its history could
be traced to single crystalline FéSwhere voltage genera-
tion occurs during temperature induced crystallographic
phase transition between 413 and 428 K. Voltage pulses dur-
ing temperature induced transitions were also observed in
shape memory TiNiRef. 16 and FeNi(Ref. 17 alloys dur-
ing Martensitic transitions, and in Ce during the-« va-
lence phase transitidfi.Hence, in all cases, the SGV is the
result of dynamical changes in the material occurring during

FIG. 1. The spontaneously generated volté§6&V) during the  first order phase transitions induced by temperature. The na-
first-order magnetic-Martensitic phase transition inGi ¢=Ge, o) ture of materials where it was observed is quite different, and
triggered by a temperature change in zero magnetic field on coolingo are the explanations, suggested by the various authors. For
(@ and heatingb). The magnitude of 1.V is indicated in both  example, in FeS the thermoelectric power was excluded and
plots. a diffusion model was proposédThe voltage generation in
Ni was associated with the thermoelectric poWewhile
e experiment with TiN{Ref. 16 virtually eliminates ther-
moelectric power effects. Furthermore, in Ref. 16 it was sug-
gested that the voltage arises from the motion of twin bound-
aries in TiNi. A dc voltage was also observed during the

The four samples of G@Si,Ge,_,) alloys with x=2,  temperature-induced first-order phase transitions in Sn,
1.95, 1.5, and 0.33 used in this study undergo simultaneouSuBr, YBaCuw,0,, and watert® and the authors associate
magnetic-Martensitic transformations in zero magnetic fielcthis voltage with Seebeck effect, i.e., thermoelectric power.
on heating at-276, 266, 217, and 69 K, respectivéfiThe  The list of materials reported to display this unusual electri-
fifth sample, withx=0, has somewhat different behavior, cal phenomenon is short, but does include both metallic
and the first order magnetic-Martensitic transformation in(TiNi, FeNi, Ce, and Sh and nonmetallic(FeS, CuBr,
this material occurs only in magnetic fields of 20 kOe andYBa,Cu;0O;, and HO) substances. We note also that the
higher. The spontaneously generated volt&@V) has been phase transitions in these materials do not include a magnetic
observed in all five samples during either or both the temphase change.
perature and magnetic field induced first order phase trans- As was shown in Refs. 5-8,10,13, a magnetic field ap-
formations. Although, the observed signals depend on thelied just above the Curie temperature effects both the mag-
composition of the alloy, the major difference is in the tem-netic and crystallographic phases in 8,Ge,_,). There-
perature where the SGV is observed. Therefore, practicalljore, the voltage in this class of materials should be also
all experimental results shown below were collected usingyenerated isothermally by a magnetic field. The SGV of the
the Gd(Si; o=G& g5 composition. Gds(Siy 9556 o5 Sample afT=270K in a varying magnetic

The temperature dependencies of the spontaneously gefield is shown in Fig. 2. Increasing the magnetic field simul-
erated voltagéSGV) in Gds(Siy o=G& o5 during cooling and taneously triggers the magnetic PMFM and crystallo-
heating through the first order phase transition at a constamgjraphic monoclinie=orthorhombic phase transitions, and the
rate of ~1.5 K/min in zero magnetic field are shown in Fig. voltage[Fig. 2(@)] is similar to that observed on coolifhFig.

1. A nearly symmetrical peak reachingu8/ at ~249 Kis  1(a)]. When the magnetic field is removed, the signal
observed on coolingFig. 1(a)]. On heating, the signal has changes polarityFig. 2(b)]. Several random voltage spikes,
the opposite polarity and its behavior is much more complexand a main peak are detected. The behavior during field re-
[Fig. 1(b)]. First, several random spikes between 262 andluction closely resembles that observed during hedmg

266 K and then a large main peak reaching wV at ~267  1(b)], which is expected because the high magnetic fiedd,

K are clearly visible. When the measurements are carried olbw temperatureFM orthorhombic phase transforms into the
in a constant 20 kOe magnetic field, the signals are shiftetbw magnetic field(i.e., high temperatuyePM monoclinic

by ~12 K towards higher temperatures, which is expectechhase. The random spikes are broader due to the higher
because the magnetic field raises the phase transition tertransformation ratécompare time scales in Figs. 1 ang 2
perature of GgSiGe_,) materials by ~0.5-0.6 The SGV behavior is insensitive to a 180° change of the
K/kOe>#1The SGV behavior on both heating and cooling magnetic field vector direction and is dependent only on
shown in Fig. 1 is well reproducible during repeated meathe sign of the magnetic field changee., its increase or
surements except for the magnitude and the location of rarreduction.

Voitage
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sample is easily detected at the beginning and at the end E
the magnetic field sweeps and does not exceequV.5

IIl. EXPERIMENTAL RESULTS AND DISCUSSION
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FIG. 4. The magnetic phase diagram of 8], <G, o). The
FIG. 2. The spontaneously generated voltage during the firsgolid lines indicate the start and the end of P¥M transformation
order magnetic-Martensitic phase transition in 5@t osG& 059  (PF; andPF;) and the dashed lines represent the start and the end
triggered by a magnetic field change at 270 K on a field incré@se of FM—PM transformationF P, and FP), respectively. The po-
and reductior(b). The magnitude of LV is indicated in both plots.  sjtions of SGV peaks observed during isothermal increéied
squaresor reduction(open squaref the magnetic field between
The position of the main SGV peak is a function of both 0 and 40 kOe are shown. The filled and opened triangles indicate
magnetic field and temperature, which is shown in Fig. 3the values of the specific magnetic fields; and Hy where
The critical magnetic fields, taken as the SGV peaks, inGds(Siy 05 o5 is heterogeneous.e., consist of the FM ortho-
crease with temperature. Thus determined critical magnetighombic and PM monoclinic phasest 272.3-0.2K (also see
fields are in fair agreement with the phase diagram of 9. 9-

Gds(Siy 0656, 09 based on the magnetization ddtand are erogeneous regions where FM and PM phases coexist. We
shown in F|g.. 4, The posmo_ns of the main voltage peaks,ote that the phase diagraffrig. 4) is typical for other
observe_d (;iurlng isothermal increase and reduction of th%ds(SixGe4_x) alloys®1t is easy to see that the maximum
magnetic field are shown as solid and opened squares, regy js ohserved close to the lines indicating the end of the
spectively. The lines markellFs andF P indicate the start, ogpective phase transformation, and the position of the
and PF andFP; the finish of PM~FM phase transforma-  mayimum observed during nonequilibrium phase change
tion process when the magnetic field increases or decreasggely reflects the highest rate of the transformation process.
respectively, as established from isothermal magnetic mea- The character of the SGV behavior during a magnetic
surements carried out at equilibrium. The areas beti®e  fie|d increase at-264 K, i.e., the presence of a well defined
andPF;, andFPs andFP; delineate the magnetically het- heak indicates that the magnetic field change completes the
PM—FM transformation of GglSi; o=G&, o). The magnetic

o kOe 40100 "°i‘°° °'1°e field reduction at the same temperature, however, indicates a
| | 264 K much slower reverse transformation as is evident from the
NK 266 K presence of extended random spikes of the SGV. This con-
/\/\w'( W clusion correlates well with the equilibrium phase diagram

268 K (see Fig. 4 which shows that reduction of the magnetic field
o /MK o W to zero at~264 K retains the system just between the two-
g g 0K phase (FM-PM) and paramagnetic regions. Figure 3 also
S NK S V shows that the phase transformation process continues even
ﬂ,( K when the magnetic field was stopped at 40 k®ee the
Y isotherms at 272 and 274 K, Fig(a] or at zero[see the
MK 74K isotherms at 268 K and below, Fig(8]. The results pre-
W sented in Fig. 3 combined with the phase diagram shown in
5 30 60 9 120 6 30 80 90 120 Fig. 4, therefore, |nd|catg tha}t the .magnetlc-Mart(-.:‘n_smc.flrst-
Time (s) Time (s) ord_er phase transformation in €8i; o:Ge o5 has finite ki-
(a) (b) netics.

The ability of the magnetic field to effect the phase equi-
FIG. 3. The spontaneously generated voltage during first-ordelibrium isothermally provides an excellent tool for probing
magnetic-Martensitic phase transition in &8, o<Ge, o0 triggered  the behavior in the magnetically heterogeneous regions using
by a magnetic filed change at different temperatures on a field inthe SGV response. The magnetic field can be rapidly ad-
creasga) or reduction(b). The magnitude of 1QV is indicated on  justed and then fixed to “freeze” the system containing the
both plots. two phases in various ratios. The results obtainedT at
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FM phases indeed coexist in a certain temperature and mag-
Ha=constant ,i netic field intervals, and als@i) shows considerable differ-
f . ences between the kinetics and the mechanism of the
PM—FM and FM—PM phase transformations. Furthermore,

\/5 since the voltage disappears as phase equilibrium established
even in the two-phase regidifrig. 5), its presence and be-

e

OjOe

40 kOe Hq

T=272.3 K

11 uv

Hi H;

Hi=constant havior reflects the changes occurring in the system when the
0kOe ’ amount of one phase increases while the amount of the sec-
ond phase decreases.

/\«. As obvious from Figs. 2, 3, and 5, the voltage generation
may continue even when magnetic field is stopped, which
enables one to conclude that this electrical phenomenon is
the result of a nonequilibrium phase transformation process

(‘) 4‘0 slo 1é0 1(‘30 2(‘)0 2"‘0 (') 4‘0 alo 120 1éo 2(')0 2“10 developing spontaneously in the corresponding direction

) ) (PM—FM or FM—PM). The observed times required for
(a) Time (s) (b) Time (s) the SGV to relax from its maximum to zero at constant tem-
perature and magnetic field are on the order of 30 s to 3 min.

Taking into account that G@Si; 4:Ge, o5 is metallic, the re-

qaxation time is extremely long which further suggests that
the voltage is indeed spontaneous and is not purely electronic
in nature because electronic relaxation times in metals are

Volitage

40 kOe

T=2723 K

FIG. 5. The SGV signals observed during a rapid magnetic fiel
increase from 0 tdd; (whereH;=26 kOe for curve 1, 28 kOe for
curve 2, and 30 kOe for curve),3holding atH; long enough for
PM+FM phase equilibrium to be established, followed by a rapid P
magnetic field increase froM; to 40 kOe(a). The same is shown Usually on the order of 10%s. _ _
in (b) for a magnetic field decrease from 40 kOeHg (whereH The SGV was also observed in other studied polycrystal-
=20 kOe for curve 4, 18 kOe for curve 5, and 16 kOe for curye 6 line Gas(Si,Ge, ) samples at temperatures ranging from 30
then holding aH 4 long enough for FM-PM phase equilibrium to  t0 280 K where the magnetic field induces the reversible
be established, followed by a rapid magnetic field decreaseltgm PM—FM (x=2,1.5) or AFM—FM (x=0.33,0) first-order
to zero. The numbering of SGV curves corresponds to the numbephase transitions. Figure 6 illustrates the voltage recorded in
ing of filled and opened triangles in Fig. 4. The magnitude gL four different Gd(Si,Ge,_,) samples at temperatures where
is indicated in both plots. the alloys are either antiferromagnetic=0 and 0.33 or

paramagneti¢x=1.5 and 2 in zero magnetic field and are
=272.30.2K (the field values are shown as closed andcompletely transformed into the ferromagnetic state by the
opened triangles in Fig.)4are shown in Fig. 5. The two- application of 40 kOe magnetic field. Despite the fact that
phase region where PMFM transformation takes place was the SGV is somewhat different from one sample to another
probed by recording the SGV as follows. First, the magnetidi.e., its behavior as a function of magnetic field varies from
field was rapidly increased from zero to a specifi¢d[see a sharp peak to a broad péskand evenS-shape functions,
Figs. 4, %a)]. Second, the system was allowed to stabilize insee Fig. §, it is well reproducible for the same sample during
the two-phase region atl;=const. Finally, the magnetic repeated cycling through the first-order phase transition. Pre-
field was rapidly ramped frorhl; to 40 kOe to complete the liminary data obtained using a single crystal of
transformation. The two-phase region where-FMM tran-  Gds(Si; =G6, o5 indicate that SGV is anisotropic and the
sition occurdFigs. 4 and B)] was studied in a similar fash- effect is stronger when measured along thexis, i.e., per-
ion during magnetic field reduction from 40 kOe to zeropendicular to the slabs. The maximum observed absolute
holding the sample in different constant magnetic fields 0SGV value was-16 uV. In all cases, the SGV has the same
<H4<40kOe. polarity for both heating in a constant field and for an iso-

In the two-phase region during PMFM transformation, thermal magnetic field reduction. The polarity is reversed
the magnitude of the first SGV peak increases continuouslguring cooling in a constant field and for an isothermal mag-
in line with the rising transformation rate and the amount ofnetic field increase. All available experimental data suggest,
the formed FM phasgFig. 5@]. The magnitude of the sec- therefore, that the SGV has the same nature in all
ond peak(indicating the transformation of the remainder of Gds;(Si,Ge,_,) samples and depends on the direction in
the PM phase into the FM phasis accordingly reduced. In  which the system crosses the phase boundéres heating/
the two-phase region during FMPM transformation, the demagnetizing or cooling/magnetizing\s shown by Morel-
random SGV spikes continue for 1—2 min after the magnetidon et al.® the hydrostatic pressure also induces the
field was set aHy=20 and 18 kO¢Fig. 5b)]. The number magnetic-crystallographic transformation in &8i; Ge, ,)
and the duration of random voltage spikes decreases as tlaed, therefore, we predict that the SGV will be observed in
amount of FM phase transformed in the PM phase increasdke Gd(Si,Ge,_,) materials in response to pressure changes.
and a main peak becomes well definedlty=16 kOe[Fig. = No SGV was detected for second-order transitions, e.g., near
5(b)]. When the magnetic field is further reduced frétgto 130 K for both Gd(Siy 3456367 and GdGe,.
zero, the sample generates voltage again but the amplitude of Although more detailed experimental and theoretical stud-
the second peak decreases in line with the reduced amount i@s are required before the nature of the SGV is fully under-
the remaining nontransformed FM phase. Therefore, the olstood, the similarity of the processes occurring during the
served SGV behavidii) provides a direct proof that PM and first-order phase transition in the studied;®1,Ge,_,) ma-
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(both crystallographically and magneticallyhases, which is
a model similar to that proposed by Takahashi and Yamada
40 kOe [1 Y for FeS™® Conduction electron density gradients are feasible
in the Gd(Si,Ge,_,) alloys because phase transformations
in these systems are associated with drastic changes in
chemical bonding. The effect of varying the internal mag-
netic field flux through the samplghe internal Faraday ef-
31K fect) can also contribute to the SGV. None of the mecha-
nisms considered above, however, supports the possibility of
breaking the symmetry of the SGV in polycrystalline mate-
I1 nv rials, unless one assumes that the samples are slightly inho-
mogeneous, textured, or there is an intrinsic and constant
temperature gradient across the sample during measure-
ments. This brings about another possible explanation of the
l1o Y mechanism of the observed spontaneous voltage, i.e., the
thermoelectric power.
220K Thermoelectric power, despite an obvious possibility that
the varying temperature gradient may arise during the phase
[1uv transition due to enthalpy difference between the two phases
if the transition originates in a specific part of the sample and
then propagates in a specific direction through the entire
272 K specimer_l, was not our first chqice for an explanation of the
SGV. This was particularly difficult to assume because the
measured equilibrium temperature gradient was rather small
(i.e., about 0.1 K, see abovand because of distinct and
. 60 90 rapid SGV spikes observed during FMPM transitions
Time (s) [Figs. 1b), 2(b), 5(b)]. The spikes could be caused only by
extremely unusual transformation mechanism assuming a
FIG. 6. The spontaneously generated voltage during the firstrapid, almost explosive nucleation and growth of the PM
order magnetic-Martensitic phase transition in;Ge, (curve J, phase in the FM matrix lowering local temperature in a spe-
Gos(Sip3Ges67 (curve 3, Gdy(Si;sGe (curve 3, and  cific part of the sample followed by equally explosive disap-
Gds(Si,Gey) (curve 4 triggered by a magnetic field increase at dif- pearance of the PM nuclei causing rapid reversal of both the
ferent temperatures. The magnitudes of 10 anevlare indicated  |ocal temperature and the overall temperature gradient. It is
for the corresponding plots. clear that the amplitude of the enthalpy change and possible
local and long-range temperature gradients should be depen-
terials enables at least a qualitative understanding. First, dident on texture and local chemical homogeneity of the
ferent phases with higtFM) and low(PM or AFM) magne-  sample, while their signs depend on the direction of the
tization coexist in the same sample and the fraction of each iphase transition. Hence, we performed a series of measure-
easily controlled by varying temperature and/or magnetianents of the temperature gradients between the electrical
field. Second, the phases coexisting ins&iGe, ,) have connections simultaneously with the SGV.
different crystal structures, and the phase change is associ- Figure 7 shows the result of these measurements for the
ated with breaking/reforming of chemical bonds. Third, Gds(Si; ¢<G& o5 Sample where the generated voltage and the
based on the bonding differences between the coexistingignal from a differential thermocouple are plotted together
phases, the electronic structure and, therefore, the charge caluring magnetic filed reduction in the isothermal regime
rier concentration could be considerably different in the twofrom 40 kOe to O[Fig. 7(a)] and from 40 to 20 kO¢Fig.
phases. Fourth, discontinuous changes of the respective déh)] at ~270 and~272 K, respectively. The observed shape
rivatives of the Gibbs free energy and, therefore, the enef the SGV peaKFig. 7(a)], in general, is similar to that
thalpy and volume occur in all systems. observed for the sample without the attached thermocouple
Several possible mechanisms of the SGV effect can bgsee Fig. 2b)]. It is obvious that the peak of the SGV occurs
envisioned. The first one is the giant thermal fluctuations osimultaneously with the peak of the thermocouple voltage.
voltage, and the second one is the contact potential differHence, it is safe to conclude that the temperature gradient
ence. Both are unlikely to contribute significantly to the ef- consistent with the behavior of the SGV appears between the
fect because in all experiments the voltage is clearly deperelectrical connections to the specimen. Similar peaks in both
dent on the rate and the direction of the first-order phas&GV and thermocouple are also observed at 268 and 272 K
transition. Furthermore, according to our data, the currentduring both magnetic field increase and reduction and, there-
voltage dependenciésvo-probe measurementre linear in  fore, we can conclude that Seebeck effé., thermoelec-
the two-phase regions at equilibrium, i.e., there are ndrical response of the measured sampleys a major role in
Schottky barriers. Another possible phenomenon is conduahe appearance of the spontaneously generated voltage. To
tion electron density gradient occurring between differentverify whether the SGV spikes are due to the explosively

0 kOe

734K
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) T=270 K T=272 K trinsic equilibrium temperature gradient along the sample en-
N/\/_Impv ables an understanding of the breaking of the symmetry of
; 2 1 the SGV, since it determines the “colder” and the “hotter”
sides of the sample.
11 w Consider the two transformations triggered by an
e e isothermal change of the magnetic field. The sample is in
S £ the paramagnetic state above its Curie temperature and
<) <) 1 h . . . .
> b4 the magnetic field is increased beyond the critical field
T T 1V triggering PM—FM transition. Since the value of the critical
40 KOe 0 kOe magnetic field increases with temperatufgee Fig. 3,
mtoio ‘O then the PM=FM transformation will begin at the “colder”
. o side of the sample. After the equilibrium is restored,

o 30 60 90 120 150 0 30 60 90 120 150 the “hotter” andtrt]he “colder” si(ilﬁs of n?wtgerromagnetic .
. - specimen are the same as those of the paramagnetic
(a) Time (s) (b) Time (=) specimen. The magnetic field is then reduced triggering
the reverse FM-PM transition and this transformation will
FIG. 7. The spontaneously generated voltage during the firstbegin at the “hotter” side of the sample. Hence, the phase
order magnetic-Martensitic phase transition in & o<Ge, o9  transition begins in different locations in the specimen
triggered by a magnetic field changeurves ) and the voltage depending on the direction of the phase transition, thus re-
from a differential thermocouple measuring temperature gradienversing the polarity of the generated voltage. Also, different
between electrical connectigieurves 2 recorded simultaneously shapes of the SGV signals observed during our experiments
during magnetic field decrease from 40 to 0 kOe at 27@Kand  with different Gd(Si,Ge,_,) samples can be caused by both
from 40 to 20 kOe at 272 Kb). The magnitudes of 10 andadV are  the characteristics of the sample and by the slightly different
indicated for the corresponding plots. conditions of the experiments, i.e., by the different
equilibrium temperature gradients experienced by different
varying temperature gradient, we repeated the experimef@mples. In our experimental setup the sample is mounted on
with incomplete phase transformation, which is shown in@ Plastic sample holder and, therefore, some heat exchange
Fig. 5(b), but this time simultaneously with the SGV, the will always occur during the measurement betwegn the
signal from the differential thermocouple was also recordedS@mple and the holder. Hence the character of this heat
In Fig. 7(b) we show the behavior of both signals when the_exchange can also be one of the important factors determin-
magnetic field at-272 K was reduced from 40 to 20 kOe iNg the shape of the SGV. _ _
(see also Fig. 5, curve)4When the magnetic field was ~ The presence of the random spikes before the main
stopped in the two-phase region, both the SGV and the sign@€ak during the FM-PM and their absence during the
from the thermocouple indicate a sporadic behavior. It is"M—FM transitions reflects cons_|derable difference in their
quite surprising that the differential thermocouple enablegn€chanisms. Hence, the behavior of the SGV may be, in
detection of even the random spike structure similar to tharincipal, used for studying of the mechanism and kinetics of
observed for the spontaneously generated voltage. A|th0ugl}lflle magnetic field or temperature induced transformations in
in this case both signals, i.e., SGV and from the differentiaimaterials with first-order phase transitions similarly to the
thermocouple, do not fully coincide, the result supports the€cently suggested thermoelectric voltage spectroscopy,
conclusion that the main reason for the observed SGV phevhich was proposed for studying compensation in
nomena in the GgSi,Ge,_,) materials isthe unusual dy- Semi-insulating wide energy band gap semlcondu&oWe
namics of the heat release and absorption during the phas@lsS0 note that the anomalous voltage generation due to
transformation, which results in the appearance of the temSeebeck effect can be also induced by f&ser heat flux
perature gradients and, therefore, thermoelectricitye note ~ through  the sampfé in  YBa,Cu;O; materials. It is,
that the thermal phenomerige., local and long-range heat thergfore, feasible that regardless of its origin the effect of
release and absorption, the rate of the phase transformatior{ge induced thermoelectric voltage may be useful for power
distribution of heat flows, relationship between local thermaldeneration, cooling, heat pumping, heat flow measurements,
and electrical fields, etcare quite complex in these alloys, imaging detectors and sensgfs?
and more detailed studies are required for their understand-
ing.
The differential thermocouple attached to the sample also V. CONCLUSIONS
shows that even in the isothermal regime and away from the In summary we note that the spontaneously generated
phase transitiofi.e., at equilibriumy a small temperature gra- voltage observed during the first-order magnetic-martensitic
dient (less than 0.1 Kis present across the sample. Thisphase transitions in metallic G&i,Ge, ,) materials is a
constant gradient is most likely due to the presence of th@onequilibrium electrical effect which exist regardless of
temperature gradient across the sample holder rod, which ighether the transition is triggered by temperature or mag-
at~4.2 K near the middle of its length, approximately 50 cmnetic field. The shape of the electrical signal, in general,
above the sample. The later is unavoidable considering theoincides with the temperature gradient along the specimen,
design of the magnetometer. The presence of small but inndicating that the thermoelectricity is the main reason for
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