Electronic Supplementary Material (ESI) for Materials Advances.
This journal is © The Royal Society of Chemistry 2021

Supporting Information

Exchange-spring mechanism and Griffiths-like phase in

room-temperature magnetoelectric Ni-BaTiO; composites
Ramany Revathy!, Nandakumar Kalarikkal?, Manoj Raama Varma'- 3 *, Kuzhichalil
Peethambharan Surendran!- 3~

I!Materials Science and Technology Division, CSIR- National Institute for Interdisciplinary
Science and Technology Division (NIIST), Research Centre, University of Kerala, Industrial
Estate P.O., Thiruvananthapuram -695019, India

2International & Inter University Centre for Nanoscience and Nanotechnology, Mahatma

Gandhi University, Kottayam, Kerala-686560, India
3Academy of Scientific and Innovative Research, Ghaziabad, Uttar Pradesh- 201002, India

E-mail: manoj@niist.res.in, kpsurendran(@niist.res.in

Fig. S1. Deconvolution of the XRD peaks of (a)-(b) BTO, (c) NP-BTO 1:1, (d) NW-BTO 1:1
Fig. S2. P-E loop of pelletized BTO (a) before sintering, (b) after sintering

Fig. S3. Comparison of M-H loop of ungrinded BTO and grinded BTO samples at room

temperature
Fig. S4. Deconvoluted XPS spectra of Ti in ((a) NP-BTO 1:1, (b) NW-BTO 1:1
Fig. S5. Linear fit of Curie-Weiss plot at 100 Oe for (a) NP-BTO 1:1 and (b) NW-BTO 1:1

Fig. S6. XPS survey spectra of (a) NP-BTO 1:1, (b) NW-BTO 1:1, High resolution XPS spectra
of elements in (c)-(f) NP-BTO 1:1, (g)-(j) NW-BTO 1:1

Fig. S7. FCC and FCW measurements from 100 K- 310 K at 50 Oe for sample BTO 60

Fig. S8. M? versus H and dM?/dH versus H plots at 300 K for (a) NP-BTO 1:1 and (b) NW-
BTO 1:1

Table. S1. Comparison of ME coefficient of Ni/BTO system:s.

Absolute field error correction
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Table. S1. Comparison of ME coefficient of Ni/BTO systems.

Magnetoelectric Ni/BTO system Max. oumg

(mV/cm.Oe) Reference
BaTiO3-Ni composite film - [1]
Ni-BaTiO3 nanocomposite -—-- [2]
BaTiO;-Ni nanocomposite -—-- [3]
Ni-BaTiOj; superlattices ---- [4]
BaTiO;-Ni thick film 0.007 [5]
BaTiO; thin films deposited on 90 [6]
polycrystalline Ni foils
BaTiO; nanotube surrounded by 95 [7]
electrodeposited Ni matrix
Ni, . (BaTi0O3);x composites 4.8 [8]
Ni nanowire decorated with BTO 0.517 [9]
nanoparticles
NP-BTO 1:1 18.5 This work
NP-BTO 1:2 14.5 This work
NP-BTO 1:5 0.08 This work
NW-BTO 1:1 0.07 This work
NW-BTO 1:2 9.51 This work
NW-BTO 1:5 10.91 This work
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Absolute field error correction

In the present manuscript, all the magnetic characterizations were carried out using a
physical property measurement system (PPMS-DynaCool, QD, USA) equipped with a 9 Tesla
(T) magnet. The origin of the remanent field and methods for its mitigation are outlined in the
website of QD (see the QD Application Note 1070-207, Using PPMS superconducting magnets
at low fields, https://www.qdusa.com/siteDocs/appNotes/1070-207.pdf, as viewed on 15" May

2021). It is possible to characterize these remnant fields using a standard paramagnetic test
sample (see the QD Application Note 1500-021, Correcting for the absolute field error using
the Pd standard, https://www.qdusa.com/siteDocs/appNotes/1500-021.pdf, as viewed on 15t

May 2021). For mitigating the magnetic field artifacts in measurements, the authors have
carried out the M(T) and M(H) measurements of the standard paramagnetic test sample,
Palladium (Pd), to directly calculate the susceptibility and true magnetic field. This procedure
is invariably conducted during every restart of the PPMS system after the shutdown.

Fig. R1 shows the M(T) measurements of Pd at 1T field in zero field cooled (ZFC)
and field cooled (FC) modes within a temperature range of 290 K to 302 K. From the figure, it
is clear that ZFC and FC data at £1T field produces almost same magnetization values for
paramagnetic Pd sample. The obtained y at 298 K is ~ 5.30x 10-° emu/g. Oe. Figs. R2(a) and
(b) depict the M(H) data of Pd taken at 298 K and its zoomed-in portion, respectively. From
Fig. R2(b), it is clear that at low fields, the moment is hysteretic. At zero reported field, the
moment is not zero as would be expected for a perfect paramagnet. Here, a remanent field of ~

20.33 Oe is obtained in the (-H) axis. From the M(H) data, we can calculate the true field of the

Pd standard using the equation, True field = L, where moment (M) is in emu/g.
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Fig. R1: M(T) measurements taken at a field of £1T
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Fig. R2: M(H) measurements at 298 K for standard paramagnetic Pd sample

In Fig. R2(c), M is plotted as a function of the calculated true field, and its zoomed-in
portion is shown in Fig. R2(d). Then, there is no hysteresis formation in the M(H) data (see
Fig.R2(d)). Hence the remanent field is avoided by considering the true field of the sample. So,
correcting the absolute field error using the Pd standard is an excellent option to mitigate the

remanent field.

Since the remanent properties of the magnet are reproducible, we can apply the obtained
field correction of ~20.33 Oe to our measured sample of interest. For that, magnetic field
oscillations were carried out between +1 T and -1 T. Then, slowly reduces the 1 T field with a
step size of 50 Oe and, finally brought to the field that can cancel out the remanent field. So,
we modified the magnetic field set points of the program sequence file as +20.33 Oe from
positive high fields so that the actual measured field is the true field, and that will produce a
remanent field of ~0 Oe (see the QD Application Note 1070-207, mentioned above). For
assuring the zero remanent field, we had measured all the samples using the above-mentioned
protocol. Hence, in the present study, the room temperature coercivities obtained for the
samples NP and NW are not in the error range of VSM. The slight increment in coercivity of
soft ferromagnetic Ni from 120 Oe to 140 Oe is attributed to the morphology change from zero-
dimensional NP to one dimensional NW due to the shape anisotropy of one dimensional Ni

nanowires.



