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Abstract

Crystal engineering focuses on the intentional design of functional solids with desired
physical and chemical properties. Crystal engineers commonly use supramolecular synthon
approach to simplify the difficult task of analyzing complex supramolecular architectures as
well as to construct the desired supermolecule. The supramolecular synthon concept can be
extended to discrete coordination complex based solids as well as extended ones like
coordination polymers (CPs) and metal-organic frameworks (MOFs). Crystallization of new
solids like CPs or MOFs with multidimensional networks is currently being explored with an
objective to isolate structures with predictable frameworks and ability to incorporate
functional properties. The conventional synthetic strategies for the construction of
CPs/MOFs involve coordination of one type of linker with a single metal. The other synthetic
strategy involves the addition of an auxiliary ligand, mostly a N-donor based along with a
multidentate linker which offer more structural diversity and functionality. CPs/MOFs have
been sought as potential materials for gas storage and separation but less attention has been

made to employ them in microelectronic devices. Recently, a few CPs/MOFs based on
group(Il) metals showed promising dielectric behavior such as low-K materials owing to

rigid metal-carboxylate interaction which provides less flexibility to the framework. Unlike,
transition metals, group(ll) metal based carboxylates have been less explored. In this work,
we plan to investigate supramolecular assemblies built of the reliable and chemically
reasonable building blocks. For this purpose, we opted two strategies: At first, we conducted
several crystallization reactions between different metals of group(ll) and one dicarboxylate
ligand to explore the structural landscape of alkaline-earth-carboxylate system. In the second

strategy, we examined the role of a single metal with different dicarboxylates to obtain novel



structures that are built through H-bonding (0D) and metal-carboxylate interaction (1D, 2D
and 3D). We intended to isolate new solids that exhibit interesting optical and dielectric
properties and hence we preferred alkaline-earth or Mn(ll) metal. In contrast to transition
metals, alkaline-earth metals showed a higher coordination number with more flexible
geometry; this makes crystal engineering more interesting but also difficult to predict.
Chapter | provides a brief account of our literature survey on the crystal engineering of
alkaline-earth and Mn(Il) based CPs/MOFs as well as motivation for the present work.
Chapter 11 explored the structural landscape of the system containing divalent alkaline-earth
metal ions (Mg, Ca and Sr) with 2,5-thiophenedicarboxylic acid (TDC) under varying
solvothermal condition in different aprotic solvents (DMF, DMA and DEF). Crystal
structures of resulted solids were characteristic of extended coordination interaction between
metal and carboxylate ions resulting in column based structures. All the solids showed a blue
emission arising from intra ligand charge transfer.

Chapter 111 is divided into two parts. In chapter 1A we explored the synthesis-structure
correlation where we systematically investigated the structural landscape of calcium and
strontium based dicarboxylates under solvothermal condition. Two rigid and two flexible
organic ligands were used in three aprotic polar solvents viz. DMF, DMA, and MF. A
significant structural feature of all the solids was the occurrence of rigid 1D columns made of
metal-carboxylate coordination. As to intrinsic properties, all the six solids showed
interesting dielectric behaviour at different temperatures and frequencies. All the solids
exhibited photoluminescence with blue or bluish-green emission. In chapter 111B, we have
explored the solvothermal crystallization of strontium ions with three different carboxylic

acids containing pyridine or amino group with an objective to rationalize the supramolecular

vi



organization of strontium ions with carboxylate groups. Use of multidentate linkers (2,5-
PDC) and (2-PZC) led to 3D CPs driven by 1D strontium carboxylate columns linked by
organic bridges. A flexible aminodicarboxylic acid such as IDA led to another interesting
solid wherein a rather rare discrete SrOs is linked to each other through the organic linker
forming a sheet. Frequency and temperature dependent dielectric behavior of four newly
prepared solids were investigated. In chapter IV, two V-shaped ligands were chosen to
prepare the different coordination polymers. Literature showed that, most of the MOFs/CPs
formed by these two V-shaped ligands have enough space to accommodate guest molecules
in the structure. So, our primary motive was to prepare alkaline-earth metals based
MOFs/CPs with or without guest molecules and investigate guest dependent dielectric
behavior of the solids. In chapter V, we extended our work with 4,4-sulfonyldibenzoic acid
and prepared a variety of coordination polymers with manganese salts and N-containing
auxiliary ligands. Auxiliary ligands, in particular N-donor based ones along with a
dicarboxylate ligand offered more structural diversity. In this chapter, we report
crystallization of nine new CPs based on Mn(ll) along with dielectric measurement and
magnetic properies. Chapter VI summarises the various results obtained in this study and

conclusions drawn from it. We also have suggested a few possible directions for future work.
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foneee gofarafier aifed #ifae 3R Tarfs ol & 1Y SRAcHS B & STl
fEamsst W g 81 frrcer SR smAd w0 Sfee gurateger nféce=R &t
faeIvoT itet o ATY-ATY ST oA T [AHTOT et oh hiSeT Tl Tl F=lled b
forT guaATegeR [HUleT TfSeahIor 1 3UANT d &1 FuiATeger fAle LR &I
YU HHA-aT GRET MR S & AIY-H1Y FH-aT i (drdh) 3R arg-sitae e
(TH3NTE) SF FEaRT 9 de Ferar ST GehdT ¢l - 3TATHY Aegsh arel AT 3t
THIUG S AT S Faril &1 fhecargaiers adaTe & qalfAad e 3R HrifcAs
IOTH 2T QAT el T GTHAT & WY AIATIT T HTT el & 32T § Troll ST T
AT / TA3NTH o fHTOT o forT IRaRen [fafesh oEhToat # Te 1 & @Y Ush YR &
Toleht &1 HAwa A §1 3= fEAfeen Wehfd & v Hgres forsls & 3ifaRerd anfde
€, AR TA-2IT Teh SEITATAT fihT & Ary-a1er HfWF Exaarcas fafaear 3R
FIIETHAAT Yaled Fam gl AT / TANTE & 9 HSRoT AR 3reeng & fow Femfad
AT & TG 7 AT 3T § Afhed ATSHISIFeifoleh 3UMIUI H 3o AT el b TolT
R €T T IAT & | el &1 A, THE (Gfac) erait & 3R R o @Y / vH3TS A
BN HT-PISFHISAE SEXFU & HRUT He-k HHA S el §31T TN fe@rar St
&I Sl A TTITIeT Tt hidm &1 fauda, Wingraﬁ THg (Gfacdh) arq menRa
FIEfFATSICH HI WIeT He g1 313 §| 5T P H, g7 A 3R Al &0 F 3Ra
TSTeSaT scileh o T FIRATCYER 3Tl Sl ST el T AloTell 11 @ 8| $H 38T
fore, gaet &Y TR faal o1 Tt foam: aard uge, gAe aTg-ged-shreferarse Jorel &
TLATCH GRERT T Il ol & folT HAE (SFaci) 3R Teh SgeialFarsele fodls &
faffesT a3t & e &S TohEcagaieeT TAfshay AT | gEr (0Nt &, g7
TE-dlieseT (0 31) 3R Urd-referargele Se¥arre (131, 2 21 3R 3 ) & ATRIH & T1C 7T
39T TXIAT3T T IToed e & foIT it ShpRIFaIScIcd & ATy Teh Uehol €T T
${TART T ST 1| §H AT SN YGTAT I 3ol el A6 T St ey Jifteeaher 3R
gIehclT E3T I[0T Y&RIT X & 3R FAfAT gae) eTRIT-g2d a1 TATS (Zfac) arg
AR & HhHAT U3 & faue, &Tig-gedy arg3it @ 31 oo sarfafa &
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Abbreviations
TDC =2, 5-thiophenedicarboxylic acid

DMF =N, N’-dimethyl formamide
DEF =N, N’-diethyl formamide

MF = N-methylformamide

DMA =N, N’-dimethyl acetamide

EG  =ethylene glycol

BDC =1, 4-benzenedicarboxylic acid
ABDC = 2-aminoterephthalic acid
OBA =4 4’-oxybis(benzoic acid)

. FBA =4 4’-(hexafluoroisopropylidene)bis(benzoic acid)
.IDA = iminodiacetate

. 2,5-PDC = 2,5-pyridinedicarboxylate

. 2-PZC = 2-pyrazinecarboxyate e

.SBA =4 4’-sulfonyldibenzoic

. 2-pic = 2-picolinic acid

.pyz = 2-pyrazinecarboxylic acid

.mpyz = 5-methyl-2-pyrazinecarboxylic acid
. phen = 1,10-phenanthroline

.Ace = acetate ion
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