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Figure 1 (Color online) Various POM clusters with different structures and sizes. Copyright 2011 John Wiley & Sons""
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Figure 2 (Color online) Zimm plot of three ACq/THF solutions with

different concentrations (0.93, 0.65, and 0.20 mg/mL). Copyright 2015
American Chemical Society'™!
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Figure 3 The TEM image and Zimm plot on dilute aqueous solution of {Mo,ss}. (a) TEM image on dilute aqueous solution of {Mo;ss} macroions
showing the exitence of spherical, ~45 nm radius assemblies. (b) Zimm plot based on the SLS study of the {Mo,;s4} aqueous solutions at pH 3; inset:

CONTIN analysis on the DLS study of the same solution. Copyright 2003 Nature Publishing Group
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Figure 4 (Color online) Schematic plot showing the supramolecular
blackberry structure formed by {Mo;ss} macroions in aqueous solution.
Copyright 2003 Nature Publishing Group™”’
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Figure 6 (Color online) The effect of cationic surfactants on the assembly process of {Mo7,V3}. (a) Gradually introducing alkyl trimethylammonium
halide cationic surfactants into the dilute aqueous solution of {Mo7,V3y} clusters can gradually decrease the charge density of the {Mo7,V3,} macroions
and induce blackberry formation. The average blackberry size increases with increasing surfactant amount (i.e., decreasing charge density of
{Mo07,V39}). (b) Average hydrodynamic radius (Ry) of the {Mo07,V3o} blackberries in aqueous solution containing CTAB or CTAT, measured by DLS.

The concentration of {Mo7,V3} is 0.5 mg/mL, equivalent to a molar concentration of 2.6x10™> mol/L. Copyright 2009 American Chemical Society’
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Figure 7 (Color online) The assembly process in the mixed dilute
aqueous solution of {Mo7,Fes} (top) and {Mo7,Crs}. In mixed dilute
aqueous solutions, the clusters (polyhedral representation) {Mo7,Fes}
and {Mo7,Cr3} self-assemble into different (i.e., individual) blackberry
structures of the Crjy and Fesy type—with interfacial water between the
macroions—and do not form mixed species. Copyright 2011 AAAS™”!
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(Color online) SAXS curve of solution and fitted with core-shell model (a) and graphical representation of the micelle structure (b). Copy-
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Polyoxometalates(POMs), a large group of well-defined nanoclusters, are formed by linking early-transition-metal oxide
polyhedrons through shared corners, edges and planes. POMs are widely used in various fields, such as catalysis, single
molecular magnets, photoelectric materials, proton conductors, magnetic materials, and biomaterials, due to their abun-
dant compositions and structures. However, how to design and synthesize POMs with specific structure and function
remains a challenge for researchers. In-depth studies of POMs’ solution behavior are required to solve this problem.
Scattering techniques, using microwaves, (near)infrared, visible light, ultraviolet light, X-rays, and neutrons as probe, are
employed to investigate the structure and dynamics of materials. By detecting the interactions between the probe and the
particles, physical properties, such as particle size, shape and internal structure, can be determined. This article focuses
on the application of laser light scattering (LLS), small angle X-ray scattering (SAXS), and small angle neutron scatter-
ing (SANS) in the study of polyoxometalate solutions. By LLS, researchers discovered the self-assembly of POM
macroanions, for example, researchers find the supramolecular blackberry structure formed by {Mo;s4} macroions in
aqueous solution. Meanwhile the self-assembly processes and the self-recognition behaviors were determined, in mixed
dilute aqueous solutions, the clusters {Mo,Fe;p} and {Mo7,Cr3y} self-assemble into different “blackberry” structures of
the Crjy and Fes type. SAXS are employed to study POMs’ morphology and solution behavior, determine the counterion
distribution around POMs in solutions, and probe the interactions among POMs in solutions. The effect of Rb* on the
assembly process, and the effect of solvent polarity on the assembly process, all of these can determined by SAXS.
Moreover, the kinetic behaviors of confined hydrogen atoms in POMs and the morphology of POMs in hybrid materials
can be obtained through SANS. Researchers study the difference between the mean square displacement measured in
fully hydrogenated and partially deuterated {Mo7,V3,} by SANS. These studies are instructive to the design of POMs’
structure and function. However, there are still many basic problems of POM need to be solved. For example, the corre-
lation between structure and properties of POM. And in the preparation of POM, how do the reducing agent, pH and cat-
alyst work? Solving these basic issues requires numerous chemists’ effort. Scattering techniques play a key role in the
study of polyoxometalate solutions since the structure and morphology information of nanoscale molecules can be ob-
tained. With its unique advantages, scattering techniques will promote the development of POM.

polyoxometalate, solution, laser light scattering, small angle X-ray scattering, small angle neutron scattering
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