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Experimental method to detect phase transitions via the chemical potential
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We propose an experimental method to confirm theoretical predictions concerning the detection of phase
transitions in solids via the measurement of the chemical potential as a function of temperature. Here, as
experimental evidence of the validity of these predictions, we perform indirect measurements of the chemical
potential vs temperature for Gd, Cr, and TiNi samples by means of an electrochemical experiment. This made
it possible to easily localize all critical temperatures connected either with magnetic phase trafigiicas),

Ty (Cn] or structural phase transformations in the shape-memory alloy NiTi. The values of the critical
temperatures, obtained in this way remain in exceptionally good agreement with the results of the auxiliary
heat flow measurements and the existing literature data concerning critical temperatures. We hope that further
development of the experimental techniques, based on chemical potential measurements, can provide a new
experimental tool in the search for phase transitionduced by temperature, pressure, concentration) ietc.

real materials, regardless of the type of phase transitions and irrespective of the underlying mechanism.
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During the past decades many different methods hav&ef. 10 the difference between the chemical potentials of
been proposed to detect phase transitions in solids. Howeveglectrodes is proportional to the measured voltage
there exists a new possibility based on a single measurement
of the chemical potential predicted recently in a number of
theoretical paperssee Refs. 1-9, and references cited (samplel (re— | ( (reh) _ gp(sample) (1)
therein, where a broad class of temperature or concentration

driven phase transitions has been investigated. Numerical ) )
calculations performed for many microscopic models exhib\Wherel is a constant. Thus, by changing the temperature of

|t|ng magnetici Superconducting’ reentrant, and Structurdhe eleCtrOlyte bath, one can measure the VOItage as function
phase transitions have revealed that all critical temperature®f temperature and, accordingly, the relative chemical poten-

can be read off from the characteristic behavior of the chemitial temperature dependence. To demonstrate the effect such
cal potential at the critical point. It turned out that the criticala measurement has been performed for three different

temperatures of the system are associated with the Kotks

jumps in the temperature plot of the chemical potential.

These tiny kinks localize the critical temperatures connected

with various types of phase transitions sufficiently well. Gd »

Based on this observation we put forward a hypothésse 4260 . £ o

Refs. 2—9 that the measurement of the chemical potential 1.28} Tt . B

temperature dependence should also contain unambiguol g” t,

information about critical temperatures of the real system. It g= -1.30} wp e

can be accomplished under the assumption that the measur = P ey

ment accuracyas was predicted in Refs. 2)-8an reach W -1.32r Ear

10 4-10"2 eV. Moreover, we suggestddee, e.g., Ref.)6 E .34} Y T,

that such a measurement should also bring into the open a - T

the normally unnoticed transitions between the metastabli ~ -1.36f T T,

and “exotic” states. - .38. . A . :
Taking these observations into account we could not resis 10 15 20 25 30 35

the temptation to check the effect experimentally. For this Temperature [°C]

purpose we have adopted a simple experimental method ana

we utilized a galvanic cell where one of the electrodes is the FIG. 1. Plot of experimentally measured EMPultiplied by
investigated metallic sample while the other one is the refer¢—1)] vs temperature for Gd sample. The inset shows the heat flow
ence electrode. According to the Nernst's form(dee, e.g., dependence on temperaty@SQ).
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FIG. 2. The same as in Fig. 1 but for Cr sample.
FIG. 3. The same as in Fig. 1 but for TiNi alloy samg2SC,
here endothermic process

samples which were chosen intentionally to exhibit two

types of magnetic phase transitiot8d,Cn and structural  temperature for the third sampl@iNi alloy) was performed.

traﬁformatlloniﬂl\ltl)l. ¢ Gd (99.99% ral Due to the relatively narrow temperature range available in
€ singie crystais o (99. 9)’ @p‘?c ral pure, g experiment only the end of the Martensitic transforma-

Johnson Mattey and the poncrystaII!ne TiNi alloy with tion (Af), as well as the beginninRAs) and the endRAf)

nominal composition of 51 at. % of nickel and 49 at. % of ¢ he R transformation(see Refs. 15—17 for detailsould

titanium (made by Advanced Material Technology, Belglum e getectedsee Fig. 3. The values of the critical tempera-

were studied. TiNi sample was treated, prior to our experiyres corresponding to transitions As, RAs, RAf coincide
ment, at 850°C for one hour with deformation 10% andpretty well with the values measured in Ref. 17 and dis-

treated again at 400 °C also for 1 h. The electromotive forcglayed in the inset to Fig. theat flow measurement

(EMF) measurement has been performed similar to Refs. From the results of the present paper we have seen that
11,12. Two electrodes were dipped in one minor solution othe idea, initially proposed in Refs. 2-9, of finding phase
hydroxide of potassium. The Autold#21 instrument has transitions in real substances by means of a chemical poten-
been used where the first electrode was the investigateghl measurement as a function of temperature is not only
sample, the second one was the reference electrode—a satdalistic but also successful. The method has been demon-
rated calomel electrode. The EMF has been measured détrated for different types of phase transitigferromagnet-
rectly with the accuracy of 0.1 mV as a function of tempera-paramagnet, antiferromagnet-paramagnet, and structural
ture. phase transitionsThis fact, and our earlier theoretical inves-

In a complementary heat flow experiment the transformatigations, suggest that it can be extended over all phase
tion temperatures were determined by the differential scantransitions either of the first or the second order. At a
ning calorimetry(DSC) using a Perkin DSC 7 type equip- first glance the method possesses some noticeable advan-
ment operating at a cooling/heating rate of 0.25°C/s. Theages. It is sufficiently sensitive which can lead to the
first measured Gd sample undergoes the phase transitiefiditional information gain in comparison to other methods.
from ferromagnetic to paramagnetic stégee, e.g., Ref. 33 Also the curves obtained in this way are very sutjtiem-
at the Curie temperaturBc. In Fig. 1 this critical tempera- pared to the smeared out curves of the DSC experiment
ture can easily be identified by the pronounced discontinuousnd may report the local changes in a sample very often
jump in EMF (jump in the relative chemical potentjallhis  hidden for other methods. Moreover, the information about
result is also supported by the auxiliary plot of the heat flowthe values of critical temperatures for magnetic systems can
(see the inset in Fig.)1 be obtained without applying the magnetic field which may

In the case of the second measured sart@fgitis well  in turn influence the investigated system and hence—the
known that at the Neel temperatufg (see, e.g., Ref. 4he  measured value of the critical temperature. The obvious
phase transition from antiferromagnet to paramagnet takegrawbacks of the experiment we used to demonstrate the
place. Again, the transition poifity can be read off from the applicability of the chemical potential measuremgrere the
plot of the EMF in Fig. 2. However, in the plot of the heat galvanic cell are the relatively narrow temperature range
flow this critical temperature is hardly noticeable. This isavailable for the experiment and the restriction to the metal-
probably due to the fact that the critical temperatlifgis  lic samples only. These disadvantages hinder as yet the
relatively high and in this particular case an additional purelybroader popularization of the chemical potential measure-
paramagnetic reference sample should be measured and cafent as a method to detect all kinds of phase transitions
responding heat flows subtracted. In other words, the meawhich may appear in real solids by performing a single mea-
surement of the relative chemical potential is much moresurement. We expect, however, that these difficulties can be
sensitive in this case. overcome in the nearest future by adopting a suitable experi-

In exactly the same way the measurement of the EMF vsnental technique.
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