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ABSTRACT

Organic materials are area of interest for most research projects in recent times because of
their potential advantages like roll to roll production, intrinsically soft, high speed
operation, and low production cost etc. over inorganic compounds. In this class, Metal
Organic Framework abbreviated as MOF are the hybrid compounds in which metal ions
are connected through organic ligand chain to produce a 3D structure. These MOFs club
all the advantages of organic compounds with potential technicalities of inorganic
materials like ferroelectricity and magnetism. The multiferroic MOFs exhibiting
ferroelectric and magnetic ordering in single phase of compound have enormous
application in memory and logic devices. The multiferroic MOFs displaying electronic
phenomenon like negative differential resistance (NDR) can be a decent contenders for
multifunctional electronic device in order to cop up the requirement of today’s high
technology electronic world.

This thesis discusses the detailed magnetic and electrical studies of two specific MOF
systems namely Dimethyl-ammonium manganese Formate (DMnF) with chemical formula
(CH3)2NH2Mn[HCOO]z and Dimethyl-ammonium Iron Formate (DFeF) with formula
(CHs3)2NH2Fe[HCOO]s.

The multiferroic behavior of both DMnF and DFeF are very well esthablished in literature
and also confirmed in our work through magnetic and dielectric property measurements.
The electronic conduction mechanism for this class of materials is still to be explored. This
gap in literature need to be filled.

We explores the scope of an electronic phase transition alongwith the dielectric phase

transition by studying current-voltage charateritics for DMnF compound (chapter 3). NDR



behaviour is noticed first time in this type of hybrid compounds with multiferroic nature
having a peak to valley ratio (PVR) of 10.

Higher PVR value is estimated for DFeF MOF compound by comparing its electronic
configuration with DMnF and relating it with onsite coloumb intrations in Hubbard model.
NDR characteristics are observed for DFeF with a increased PVR value of 47 (chapter 4).
Finally we investigate DFeF crystals magnetically in detail as the presence of blocking
temperature Tg points toward the possibility of metastable phase existing near magnetic
phase transition temperature and requires a direct magnetic study to specify the magnetic
interactions for this MOF (chapter 5).

The research project has been divided into six sections with the formation given
below:

Chapter 1 (Introduction) includes the outline of onging research progress in this work
field, choice of material and the comprehensive goal of this thesis. Chapter 2 consists of
precise idea of synthesis methods used to prepare MOFs samples and different
characterization techniques utilized for the present work.

Chapter 3 (Temperature dependent negative differential resistance behavior in
multiferroic metal organic framework (CH3):NH2 Mn (HCOQO)s crystals): We confirm
the multiferroic nature of DMnF MOF system through temperature based magnetic and
dielectric characterizations. The electrical transport properties are investigated through
current-voltage 1(V) correspondance. A NDR behaviour is observed in the low bias region
(between -4 V to +4 V) for the temperature ranging from 100 K to 184 K with highest peak
to valley ratio (PVR) of 10 at 176 K.

A part of this research work is published in Organic Electronics 56 (2018) 5-10.



Chapter 4 (Negative differential resistance behaviour with high PVR value in
(CH3):NH:Fe(HCOO)3 — a multiferroic MOF): We present the NDR characteristic
behaviour for multiferroic MOF DFeF crystals in the low bias region from 0 to 3V. The
multiferroic character of DFeF MOF has been confirmed through a para-antiferromagnetic
transition observed at 19 K and a para-ferroelectric transition at 171 K. The largest PVR
value of 47 is observed at 140 K for DFeF where in it is 10 for DMnF MOF. This increase
in PVR value is explained on the basis of onsite coulomb interactions in 1D Hubbard
model.

e A part of this research work is published in Material Science & Engineering B 294

(2023) 116534).

Chapter 5 (Study of the nature of magnetic phase transition in multiferroic metal
organic framework [(CH3):NH:] Fe (HCOO)3): We investigate nature of magnetic phase
transition in DFeF MOF system using intense magnetic characteristic measurements. Here
we confirms the presence of metastable state using FCC-FCW magnetization
measurements at different applied field, Time based magnetic characterization at stable
temperature and magnetic field, KWW exponential equation fitting and by employing
different cooling rates for M-T curves at a constant magnetic field.

Chapter 6 summarizes the principal findings of the present study and also scope of further

works in this field.

Vi
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TIRIHAT B! T PR & O THRIAD SR URRIY (TTSISR) SR Saaei e el
Pl UGRid B dlel HecbIeRigc THAIUG Sgihargiiel sadciHe JubRul & fog
T 35 dER g 9&d g
Ig WMY-Ty < Ay wHeiuw yonferdt & faga et iR fagga srema W ==
Bl 8, AIAAAE I (CH3):NHMn[HCOO]; & Ty SRAUEd-smifas Hisr
BT (DMnF) 3R STRMHUTST-SHIATH SRT BIHC (DFeF), (CHs):NH2Fe[HCOO]s

T & Y|
DMnF 3fR DFeF GFI & HlRIg® AdER &I Wil H 9gd 3/t ke I 1fua
forar T § SR deab1g 3R WRIaggd AU & Wy ¥ §AR S § f 9@t gff &t 18
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