Glass-like arrested states across 1% order magnetic transitions

P. Chaddah UGC-DAE Consortium for Scientific Research, Indore.

We shall present our studies on various magnetic
glasses including CMR manganites and magnetic
shape-memory alloys. We have exploited the
magnetic field as a second control variable to create
and use new measurement protocols that may have
analogies for structural glasses [1].

[1] P. Chaddah and A. Banerjee, arXiv:1107.0125 ,
and references therein
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Real-space visualization of thermomagnetic irreversibility within supercooling and superheating
spinodals in Mn, 3sCo, ;sSb using scanning Hall probe microscopy

Pallavi Kushwaha, Archana Lakhani, R. Rawat, A. Banerjee, and P. Chaddah
UGC-DAE Consortium for Scientific Research University Campus, Khandwa Road, Indore-452001, India
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Study of 1%t Order transitions using magnetic field

larger variation of T with the experimentally available range of H
than with the experimentally available range of P.
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Across a 1%t Order transition, one can

Supercool the liquid (disordered state) or Superheat the
solid (ordered state) > Observe hysteresis, supercooling.

Form a Glass (arrest the Kinetics)

Glass is time held still = disorder can be other than structural

Magnetic Glass => a glass-like arrested state

A glass-like arrested state is formed when we
succeed in cooling across a 1%t order transition
while extracting the specific heat but without
extracting the latent heat.



PHYSICAL REVIEW B 73, 184435 (2006)

Relating supercooling and glass-like arrest of Kinetics for phase separated systems:
Doped CeFe, and (La,Pr,Ca)MnO;,

KUMAR et al.

"The metastable kinetically arrested (or glass) state is different
from the metastable supercooled state in that the latter (but not
the former) will undergo a metastable to stable transformation
on lowering of temperature. In other words, the relaxation time
decreases with the decrease in 7 for a supercooled state whereas
the relaxation time increases with the decrease in T for the
glassy state.
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Devitrification and recrystallization of magnetic glass LajsCaysMnO,

P. Chaddah, Kranti Kumar, and A. Banerjee
UGC-DAE Consortium for Sctentific Research (CSR), University Campus, Khandwa Road, Indore 452 017, India
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Vitrification of a monatomic metallic liquid

M. H. Bhat', V. Molinero'?, E. Soignard’, V. C. Solomon’, S. Sastry’, J. L. Yarger' & C. A. Angell’

These results suggested to us that another variable, pressure, might
be used to achieve the same conditions for a single-component metal
of the right initial properties. Pressure can only lower the melting
point if the melting is accompanied by a volume decrease, so the:
possibilities, starting at zero pressure, are limited to Bi, Ga, Ce, Si.
and Ge. Having used liquid Si as the starting point in our ‘potential
Giles Tarjus

— until Bhat and colleagues’ successtul vitriti-
cation of metallic liquid germanium'.

What is their magic ingredient? In a word,
pressure. The authors experience with com-




Studies on magnetic-field-induced FOPT
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Figure 2. The dotted curve shows the Tk line which falls below T™ at |
H (as in a metglass), but lies above it at high H (as in O-terphenyl).

Chaddah Pramana-J Phys 67 (2006)
CHUF (cooling & heating in unequal fields)

PHYSICAL REVIEW B 79, 212403 (2009)

Excess specific heat and evidence of zero-point entropy in magnetic glassy state of
half-doped manganites

A. Banerjee, R. Rawat, K. Mukherjee, and P. Chaddah
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First-order transition from antiferromagnetism to ferromagnetism in Ce(Fe oAl o4)»

M. A. Manekar, S. Chaudhary, M. K. Chattopadhyay, K. J. Singh, S. B. Roy.* and P. Chaddah
Low Temperature Physics Laboratory, Centre for Advanced Technology, Indore 452013, India

(Recetved 23 April 2001; published 22 August 2001)

Taking the pseudobinary C15 Laves phase compound Ce(FeyosAly04)- as a paradigm for studying a ferro-
magnetic to antiferromagnetic phase transition, we present interesting thermomagnetic history effects in mag-
netotransport as well as magnetization measurements across this phase transition. A comparison is made with
history effects observed across the ferromagnetic to antiferromagnetic transition in R sS1osMnO; crystals.

cussed similarities with earlier single-crystal data on
R 581, sMnO; across another first-order FM-AFM transition.

FM-AFM transitions can be used as paradigms to study
various interesting aspects of first-order transitions such as
nucleation and growth, supercooling and superheating,
hindered kinetics, etc. in a relatively easy and reproducible
manner.
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Relating supercooling and glass-like arrest of Kinetics for phase separated systems:
Doped CeFe, and (La,Pr,Ca)MnO;
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Evidence of a magnetic glass state in the magnetocaloric material Gd;Ge,

S. B. Roy.! M. K. Chattopadhyay.' P. Chaddah,”? J. D. Moore.® G. K. Perkins,® L. F. Cohen.® K. A. Gschneidner, Jr..* and
V. K. Pecharsky*
'"Magnetic and Superconducting Materials Section, Raja Ramanna Centre for Advanced Technology, Indore 452013, India
2UGC-DAE Consortium for Scientific Research, Indore 452017, India
3Blackett Laboratory, Imperial College of Science Technology and Medicine, London SW7 2BZ, United Kingdom
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Reentrant charge ordering transition in the manganites as experimental evidence
for a strain glass

P. A. Sharma, Sung Baek Kim, T. Y. Koo.* S. Guha, and S-W. Cheong

PHYSICAL REVIEW B 78, 134205 (2008)

Phase-segregated glass formation linked to freezing of structural interface motion

P. A. Sharr_na."* S. El-Khatib,? I. Mihut,? J. B. Betts,® A. Migliori,? S. B. Kim,* S. Guha,* and S.-W. Cheong*

named thermomagnetic irreversibility. For many years, these
observations were interpreted as evidence for a conventional
spin or cluster glass ground state in this and related perov-
skite manganites.

This “magnetic glass™® state is not a simple spin or cluster
glass because as the glass transition is crossed the ferromag-
netic volume fraction of the sample changes markedly and
contributes to the magnetic relaxation.**’ LPCMO is com-
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Low-temperature study of field-induced antiferromagnetic-ferromagnetic transition
in Pd-doped Fe-Rh

Pallavi Kushwaha, Archana Lakhani, R. Rawat, and P. Chaddah

100 -Fe‘g(Rhc sspdo.o?)m -
50 0 Tesla (iv)™ )] 1.2
g L1 Tesla . _'8 _;4 0 4 8
S o Co substituted Mn,Sb H (Tesia)
; Pallavi Kushwaha, R Rawat and P Chaddah
2 50 1 Phys: Condons. Mater 20 (2008) 022004+ Pt =
& £ Tesla N {120 IOP SeIeCt Seds . x“\ \
-100 F £ 080f
8 Tesla ' € o040t
A -
0 100 200 300 00| _
Temperature (K)

Temperature (K)



J. Phys.: Condens. Matter 19 (2007) 256211

PHYSICAL REVIEW B 80, 174413 (2009)

4F

[a]

Nd c,.E,Srn 5Mn03

Magnetoresistance (%)

KUSHWAHA et al.

f.:e“SRh? npldo ,9.7)51

T T

‘_:elﬁth? eapldo a_r)m

6 8 10 12 14
Magnetic field (Tesla)



PHYSICAL REVIEW B 84, 214420 (2011)

History-dependent nucleation and growth of the martensitic phase in the magnetic shape memory
3"0.\7 Ni_;_: (305 Mn.;sSnu

A. Banerjee, P. Chaddah, S. Dash, Kranti Kumar, and Archana Lakhani
UGC-DAE Consortium for Scientific Research, University Campus, Khandwa Road, Indore 452001, Madhya Pradesh, India

X. Chen and R. V. Ramanujan
School of Materials Science and Engineering, Nanyang Technological University, N4.1-01-18, 50 Nanvang Avenue, Singapore 639798

transformation kinetics in monatomic Ge can be inhibited
by the “magic ingredient” of pressure’’ and for magnetic
systems it is magnetic field H which can be used as the “magic
ingredient.” It is indeed found that H as a second control
variable has a decisive role both for the magnetic first-order
transition and on the kinetic arrest of such transtformation
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FAST TRACK COMMUNICATION

Field dependence of temperature induced
irreversible transformations of magnetic
phases in Pr¢.5Cao.5Mng.975Al0.02503
crystalline oxide

TR
Archana Lakhani, Pallavi Kushwaha, R Rawat, Kranti Kumar, IOP S( ! '( !Ct : : : :

A Banerjee and P Chaddah

Abstract. Glass-like arrest has recently been reported in various magnetic materials. As in
structural glasses, the kinetics of a first order transformation is arrested while retaining the
higher entropy phase as a non-ergodic state. We show visual mesoscopic evidence of the
irreversible transformation of the arrested antiferromagnetic-insulating phase in
Pro.sCag.sMng.e75Alg.0050;5 to its equilibrium ferromagnetic-metallic phase with an isothermal
increase of magnetic field, similar to its iso-field transformation on warming. The magnetic
field dependence of the non-equilibrium to equilibrium transformation temperature is shown to

be governed by Le Chatelier's principle.

J. Phys.: Condens. Matter 22 (2010) 032101
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Effect of simultaneous application of magnetic field and pressure on magnetic transitions in
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Magnetization Measurements on
Nis,Mn;5Sn,; Ribbon (prepared by Melt spinning)
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Intensity vs. Temperature plot for Austenite and Martensite
peak height in Ni,sCosMn35Sn,,
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Can measure thru structure = both
crystal & magnetic > Both X-ray and
neutron diffrcn.

Magnetic interactions in martensitic

Ni-Mn based Heusler systems

PHYSICAL REVIEW B 75, 184412 (2007) Baluinat: Sir Fhye
der Universitiat Duisburg-Essen
Cooling and heating by adiabatic magnetization in the NigyMnyyIn;s magnetic (Campus Duisburg)

shape-memory alloy

Xavier Moya, Lluis Maiosa,* and Antoni Planes ' _
Departament &' Estructura i Constituents de la Materia, Facultat de Fisica, Universitat de Barcelona, Diagonal 647, ~ zur Erlangung des akademischen Grades eines

E-08028 Barcelona, Catalonia Doktors der Naturwissenschaften (Dr. rer. nat.)

, renehmigte Dissertation von
Seda Aksoy, Mehmet Acet, Eberhardt F. Wassemann, and Thorsten Krenke' & =

Fachbereich Physik, Experimentalphysik, Universitdt Duisburg-Essen, D-47048 Duisburg, Germany
(Received 17 January 2007; published 14 May 2007)
Seda Aksoy, M. Sc.

Previous studies on NiggMngyInig have shown that in the presence of a cooling-field
greater than 4 T, the martensitic transformation from austenite to martensite 1s kinet-
ically arrested, and this effect depends on the thermal magnetic history of the sample
[62,94]. The coexistence of the martensite structure with the austenite structure at 5 K
displays the arrested austenite phase in NiggMngyIngg which is not found in NiggMno, Gags

and NiggMngsSnys.
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Magnetization Measurements on
Nis,Mn;5Sn,; Ribbon (prepared by Melt spinning)
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Fig. 3(b) shows arepresentative measurement following CHUF pro-
tocol where magnetization is measured in 4 T while warming after
cooling in different fields. While cooling in higher fields, larger frac-
tion of austenite is accrued which remains as a metastable arrested
phase at low T. If the measuring (warming) field is lower, then
this metastable austenite will dearrest to the stable martensitic
phase at low T while warming and the magnetization will show
a sharp fall. This will be followed by usual conversion of marten-
sitic to austenite phase at higher temperature showing a double
(re-entrant) transition. On the contrary, if the measuring (warm-
ing) field is higher than the cooling field then the sharp fall cor-
responding to dearrest will not occur. The smaller fraction of the
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History-dependent nucleation and growth of the martensitic phase in the magnetic shape memory
3“0.\’ Ni45C051\"ln‘\gsn|2

A. Banerjee, P. Chaddah, S. Dash, Kranti Kumar, and Archana Lakhani
UGC-DAE Consortium for Scientific Research, University Campus, Khandwa Road, Indore 452001, Madhya Pradesh, India

X. Chen and R. V. Ramanujan
School of Materials Science and Engineering, Nanyang Technological University, N4.1-01-18, 50 Nanyang Avenue, Singapore 639798

parameter H and allows us to nitiate nucleation at much lower
temperatures by traversing difterent H-T paths. Recently, it
has been shown for a CMR manganite that even for the same
degree of metastability or the same fraction of nonequilibrium
phase the rate of growth depend on the H-T history.’" This
Is attributed to the H-I path dependent critical radius of
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The Mpemba effect is the observation that, in
certain specific circumstances, warmer water
freezes faster than colder water.

Similar behavior was observed by ancient
scientists such as Aristotle,’*! and early modern
scientists such as Francis Bacon” and René
Descartes.?! Aristotle's explanation involved an
erroncous property he called antiperistasis,
defined as '"the supposed increase 1n the
intensity of a quality as a result of being
surrounded by 1ts contrary quality".

But, in fact, it does seem as though hot water
sometimes "overtakes" cold as it cools.

Water shows supercooling, superheating, glass state & Mpemba effect!!



Does hot water freeze first? - physicsworld.com

Does hot water freeze first?

Mar 29, 2006

Since the time of Aristotle, some scientists have
claimed that hot water freezes faster than cold.
Philip Ball looks at current attempts to shed light on
this puzzling phenomenon. It sounds like the kind of
question you would be dismayed to hear
schoolchildren getting wrong: which takes less time
to freeze, cold or hot water? Common sense and the
laws of thermodynamics appear to insist that cold
water must freeze first.
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Overtaking, while approaching equilibrium
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Overtaking, while approaching equilibrium

-\. “\;5‘
SR -7 S N
. - |
if "2 100 1000 10000
. t(sec)
= —®— Cooled in 6T
s —@  Cooledin 29T
o— 00000
Measured in 3T
1 1 L1 1111 I L1111 I 1 1
100 1000 10000

t(sec)
Chaddah et al arXiv.org:1011.3598



A second control variable , other than
temperature, will help understand glass
physics .

Magnetic field 1s a good control variable
(cf pressure).

CHUF, a new protocol to study glass-like
arrested States



Vision Statement

10 see what others have seen, but
To think what others have not thought.
To pursue those new thoughts, and then

To see what others have not seen.
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Formation of magnetic glass

Tapatu Sarkar,

in calcium-doped YBaCo0,05
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They used all 3 keywords (kinetic arrest, magnetic glass,
CHUF) multiple times each. Referred only once!!

Praised the CHUF protocol, which 1s based on a new
understanding of the physical process involved.

The CHUF experimental protocol, clearly showing the
devitrification of the arrested state, thus gives unambiguous
and rather visual evidence of the coexisting phases n the
magnetic glass state.

Erratum: Formation of magnetic glass in calcium-doped YBaCo,0s 5 cobaltites
[Phys. Rev. B 83, 214428 (2011)]
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The authors did not cite a relevant and important reference. The cooling and heating in unequal field (CHUF) protocol that
has been used and described in Sec. IIIB 2 of this paper was first published in Ref. 1. We apologize for this omission.
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Metastability in the ferrimagnetic—
antiferromagnetic phase transition in
Co substituted Mn,Sb
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Figure 3. Transformations in the supercooling or superheating
regime for different paths are demonstrated along with a
corresponding schematic of the free energy diagram. The state in



