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ABSTRACT

The current state of art in synthetic materials chemistry lacks mechanistic understanding in
terms of the formation of a crystal from soluble molecular species. This, thereby, creates a
bottleneck in terms of designing synthesis of novel functional materials with desirable
properties. The importance of retrosynthetic analysis via literature mining, in investigating the
structural landscape of a set of molecular building blocks is highlighted. This approach
facilitates the qualitative development of crystallization phase diagrams. Such techniques are
necessary in absence of actual phase boundaries and phase equilibria, unattainable due to
experimental limitations, to understand formation of a crystalline solid from soluble molecular
species under given experimental condition. To be able to rationalize changes in crystal
structures as a function of synthetic variables, a judicious choice of molecular building blocks
is eminent such that the variations in their atomic connectivity must provide the compositional
diversity to be able to assess the consequences of reaction variables on structure and in turn
property. Thus, Polyoxomolybdates (POMos), were used as the primary building blocks in the
study. These discrete anionic molecular analogues of bulk oxides were paired with lanthanide
cations. The choice was eminent not only because of the multitude of applications envisaged
for these multifunctional materials and the relative rarity such materials in the literature but
also to understand the changes in the final crystal structures owing to the decreasing size of the
lanthanide ions along the series. Among the POMo clusters, the Anderson-Evans cluster was
chosen as the primary polyoxometalate anion in this study owing to its robustness and structural
versatility as well as due to the fact that the hexamolybdo(VI)chromate(l1l) type of this cluster
(i.e. with Cr® as the heteroatom) is a molecular analogue of ruby. However, an earlier
investigation from our group had reported the absence of emission from Ln** cations when
coordinated with the Anderson-Evans cluster. To probe this further, we set out to investigate

the structural landscape of ‘Ln®*-Anderson-Evans-sol’ system. In Chapter Il, using a
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systematic synthetic protocol, modified via literature analysis as well as experimental
experience, we were able to isolate a series of solids where lanthanide-aquo complex was
coordinated to the Anderson-Evans cluster (with both optically active Cr®* and optically silent
A" as heteroatom). An interesting observation made during this study was that heavier
lanthanides (heavier than Ho®*), due to their smaller size, preferred a slightly different crystal
structure (Series 11b) wherein a pair of octa-coordinated lanthanide hydrate complexes with a
cluster and another anionic cluster balances the charge making the composition:
[Ln(H20)7{X(OH)sM0eO18}Ln(H20)7][X(OH)sM06O1s]-16H20 (X=Cr, Al). Whereas lighter
lanthanides that exhibited a nona-coordinated hydrated lanthanide cation coordinated to the
cluster, forming alD-chain of composition: [{Ln(H20)7{X(OH)sM0sO1s}}]-4H.0O (Series
I1a). The similarity in the intermolecular interaction patterns made clear that the changes
manifested in the structure of larger (La-Ho) and smaller (Er-Lu) lanthanides are due to the
decrease in the size of the lanthanide cations. Photoluminescence (PL) of single crystals of all
chromium molybdates including those with optically active Sm®*, Eu*, Th®" and Dy** ions was
dominated by a ruby-like emission in contrast to characteristic lanthanide emissions in
corresponding aluminium analogues. Our results suggested a possible energy transfer from 4f
levels of lanthanide ions to 3d levels of chromium(lll), causing the quenching of lanthanide
emission when it is coordinated with chromium molybdates. Chapter 111 describes the effect
of changing the solvent used to solubilize lanthanide precursor from water to DMSO. The
choice was dictated by its ligating nature, reasonable polarity, miscibility with water and a
higher affinity for Ln3* than water. Also, the number of Anderson-Evans based POMos with
DMSO as part of the solid were only a handful. Furthermore, there was a need to isolate Ln®*
containing Cr¥*-Anderson-Evans cluster-based solids wherein lanthanide was not coordinated
to the cluster. Our modified synthetic protocol resulted in the crystallization of two different

concomitant series from the supramolecular aggregation of {Ln(DMSO)s(H20)s} and



{Cr(OH)6MOgO1s}- (1 A 0D solid of the composition
{Ln(DMS0)4(H20)4}{Cr(OH)sM0sO18}.DMSO (Series Il1a) where Ln=La, Ce and Pr and (ii)
1D chain of the composition, [{Ln(DMSO)4}{Cr(OH)sMOsO18}].2DMS0O.2H,0 (Series I11b)
where Ln=La, Ce, Pr, Nd, Sm, Eu, Gd and Th. Interestingly, in Series Illa, the building block
is a discrete lanthanide solvated POMo complex of 1:1 stoichiometry whereas in Series 111b,
lanthanide solvate is coordinated to the chromium molybdate cluster forming 1D chain.
However, we succeeded in growing Series Illa only with chromium-based cluster. Chapter
IV reports the consequence of changing the solvent from DMSO to DMF along with the change
of molybdenum source from NazMo004.2H20 to K:MoOa, which led to the isolation of another
series of isostructural solids, {Ln(DMF)4(H20)4}{X(OH)sM0eO18}.yH-0O where X=Al, Cr
(Series 1'Vb). These 0D solids are significantly different from the 0D solids isolated in Series
I11a, where the complex {Ln(DMF)4(H20)4}** is not coordinated but interacts via H-bonding
to the POMo cluster,{X(OH)sM0s015}*, as desired. As expected, PL of Cr®* analogues showed
emission from both optically active lanthanides as well as the chromium containing cluster.
These results corroborated from our earlier observation and supported the hypothesis that
absence of lanthanide emission in Series Ila resulted as a consequence of its coordination with
the cluster providing a pathway for energy transfer from Ln3* to Cr3*. Chapter V reports the
observation of a competing phase containing [-octamolybdate of the composition
[{Ln(DMSO)x(H20)y}{NaMogO26}] (Series Va) when DMSO was used as a solvent (Chapter
I11). Here, we report various B-MogO2¢ containing solids isolated when the heteroatoms Cr3*
or AIP* were absent under our reaction condition. Appendix A details the effect of temperature
under hydrothermal/solvothermal conditions, which led to the isolation of a series of solids
with the composition [{Ln(H20)s.4}2{Cr(OH)sM0sO18}{LnM012042}].yH20 (Series A2). The
solid is built of two different POMo anions, namely, Anderson-Evans cluster,

{Cr(OH)sMo0s015}*> and Dexter-Silverton cluster, {Ln""Mo01204.}%. Solids of the Series A2
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represent a rare class of POM based solids where two different POMo architectures are
connected to each other through a pair of lanthanide complex via coordinate bonds, extending
into a 1D chain. Appendix B reports the structure and characterization of two concomitant
solids made of two different clusters, i.e., “extended octamolybdate”, {MogO27}%, and an
“isopoly-Keggin” {(M0"'125040}"", isolated in the presence of imidazole, a weak organic base.
The observation of these two solids supported the idea that certain clusters tend to form in
preference to the reaction medium —aqueous (reported in Inorganic Crystal Structure Database)
or non-aqueous media/in presence of organic acid/bases (Reported in Crystal Structure
Database), as evident in the databases.

Investigating the structural landscape of a set of molecular building blocks for correlation of
structure with property has been the modus-operandi in materials synthesis. However, only a
few studies focussed on the aspect of correlating synthesis with structure, which is vital in
being able to design synthesis for targeted materials with desired properties. Hence, deliberate
attempts were made such that there are minimal deviations in synthetic conditions among the
various series of solids reported. In-situ generation of the POMo clusters from a one-pot

synthesis was emphasized as it facilitated synthesis-structure-function correlation.
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