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Abstract

Recent progress in the synthetic chemistry and catalysis of polyoxometalates (POMs) is reviewed. The novel POMs and

their derivatives emerging in nearly three years (2002—2004) are introduced, including POMs with novel structures POM s-organic hy-

brid compounds and host guest com plexes. Our review is focused on the elaboration of POMS supramolecular chemistry.

Keywords:

Polyoxometalates (POMs) form a large class of
metal oxide cluster type compounds. Their wealthy
topology, physical and chemical properties have at-
tracted increasing interests. In this paper, based on
our group s research, we review the latest progress in
the synthetic chemistry and catalysis of POM s and in-
troduce some POMs with novel structure and their
derivatives that emerged in 2002—2004. Most of the
cited references come from those published in 2003.

Due to POMs’ superior redox properties, photo-
chemical response, conductivity, ionic charge, and
ionic weights, POMs have many applications in dif-
ferent fields such as catalysis, medicine, coatings,
analytical chemistry, processing radioactive w aste,
membranes sensors, electrodes, capacitors etc.
There have been a number of high-level chemical re-
views on POMd '3,

we focus on the synthetic chemistry and catalysis of

Compared with these papers,

POMs. The latest progress in such two fields in near-
ly three years are particularly introduced. Emphasis is
put on POM " host-guest chemistry and supermolecu-
lar chemistry.

1 Research progress in the synthetic chem-
istry of POMs

1.1 POM s with novel structures

POM s comprise a structurally diverse family of

polyoxometalates, hybrid host-guest structure supramolecue catalysis

metal-oxygen clusters. The number and the species of
POMs have been dramatically increasing. The dis-
crete POMs and POMs linked by metal bridges are
listed in Table 1. Waugh-type structure POM s usual-
ly refer to the heteropolyoxometalates with 19 ratio
of center atom to coordination atoms. Recently, we
have synthesized the first Waugh-type isopolyox-
ometalate NasMoio O32 °8H20!% .

crete; in which one molybdenum atom is center atom

The anion is dis-

and the other nine molybdenum atoms are coordinate
atoms; [ (HPO4)2Mo12S 12012 (OH iy (Hy0),] ¢ is do-
decameric ring POMs that onsist of twelve molybdenum
atoms and two sulphur atomd ™. [ &PMoy2 03 (OH )y-
{ La(H20 )4} 4] 5t s the first Keggin cation, and four
{La(H20)4)"
stabilize'® . In order to prevent the rapid aggregation
of metal oxide, [ H2Mo16052] o
“shrink wrapping”, which displays a low symmetry

capping groups make this structure
was synthesized by

and high negative charge. Due to its high nucle-
ophilicitys the anion can bind two divalent transition-

metal ions to its framework and form

[ Fe2(H20)sH2Mo160 5] © 17

Discrete POM s can be linked by metal bridges
for example, [ YbAssW 20 (H20)3] ™ is two lacu-
nary Keggin moities (AsW9033)”  connected by one
(H20) Yb[ OW (H20)] 2 fragment * . [ (NiOH »2Moto-
036 (PO4)Thy 2 is a chain built from pseudo-Keggin
clusters linked via Ti bridge (Fig. 1) .

* Supported by National Natural Science Foundation of China (Grant Nos 20331010, 20271007 and 90406002)
%% To whom correspandence should e addressed. 1E=maily cw hu @bitt eduy cn
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Table 1.  POMs with novel structures

POM s Structure Ref.
Discrete POM's
Na,Mo,,05°8H,0 The first Waugh-type isopolyoxometalate [4
[ (HPO )M 0125120 12(0H) 15(H20) 4] ¢~ A novel diphosphato anionic ring [ 3
Mn,y[ Zr(H,0) CoWoMo0,0 ] °21H,0 A poly coordination atomic POM s [ 10]
Hy Ga(H,0)ZrW 05 °14H,0 An undecatungstozircogallic POM s [1]]
K H,[ SiW-M 0,Co(H,0) 0,4 °22H,0 Tungstomolybdosilic complex with cobalt [12]
POMs linked by inorganic metal bridges
[ YbAs,W,0¢(H,0)4 27 Two lacunary Keggin structure linked by (H,0) Yhf OW (H,0)] , [§
af { K(H,0) 3 o{ K(H,0) 5} (Si,W 50401 *7 Two SiWgmoities bridged by K [ 13]
[ (TiP,W,050H),] ¥~ Two [ P,W,s05 2 linked by Ti center [ 14
oaoa-H,Nay,[ (NaOH, )2F¢32“l (M,W504),] Two[M,W 505 '>" moieties linked by Na,Fe, fragment [ 15)
(M=P or As)
[ P,W 15Cds(H20)20¢] 'O Two[ PW¢O3] ° moieties linked by Cd40 5 group [ 16]

[ (Ol-l, 2, 3’P2W15Ti3062)4
{5 TiCOH) 3} ,Cl) #~

encapsulated Cl™ ion

Tri-Ti'V- substituted- Daw son substructures bridged by four TiC(OH) 5 groups with one [17]

[ (NiOH) ,Mo0,(0 (PO ) Tiy 3" 1D chain built from pseudo- Keggin cluster linked via Ti bridge [9
[ HSi,Nb (Osd ™ 1D chain built from [SiNb;,0,0 ' Inked by [ Ti,0,] ** [ 18]
{[ Cu''C(OH, ] ;COM)} PV ,Mo,040} , 3D network built from mixed-addenda POM bridged by aquated Cu(ID) units [19

Fig. 1. Chainlike structure of [ (NiOH),Mo;0036(PO ) Tig >~

1.2  Inorganicorganic hybrid compounds based on
POM s

The design, synthesis and structural characteri-
zation of POM s-organic hybrid compounds have es-
tablished a new field of research in biology and m ate-
rial science. There are several strategies to obtain
POM s-organic hybrid compounds. First of all, organ-
ic ligands can replace some fragment of POMs, for
example, two tris (alkoxo) ligands can replace the six
hydroxo groups in  Anderson polyanions
[ HMMogO2%]" (M = Mn, Fe) and { MMosO s
[ (OCH2)3CNH;] )7 can be obtained (Table 2 and

Fig. 2, Recently, Peng et al. have synthesized a
series of covalently bonded inorganicorganic hybrid
compound of POMs. The novel material includes hy-
brid molecular dumbbells in which two identical or
different POM clusters are linked by a rigid conjugat-

ed organic rod, and the Mo-N 7 bond is delocalized
into the organic conjugated 7 system (Fig.3)! 2,

Fig. 2. Structure of { MMogO 5[ (OCH2)3CNH| 5} 3.
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Fig. 3. Hybrid dumbbells with two POMs linked though a conju-
gated organic rod.
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Table 2. POMs-based inorganic-organic hybrid compounds

Inorganic-organic hybrid com pounds Ref.

Some fragment in POMs rephced by organic ligands
[ MMogO g{ (OCH,)3CNH,} 513~ (M= Mn'", Fe'') [ 20]
[ MMogO gl (OCH2)3CR] 5] > (R=CH3 NO» CH0H) [22)

[ PaW17061{ Sn(CH2) ,CO,H} | 7 [23
[ MogO15( p-MeO CgHyN)] 2~ [24
[H,Cp "TiMosO g "9 (x=0,1,2) [ 25]

o[ RP(O)] 28iW, 0% (R=CeHy» PhCHa PhCH,CHy) [ 26
[ Mo,05(C,00 04 [27]

One or two types of organic multi-dentate ligand bonded into
norganic substructures

[ Mo30s(2, 2 bipy)s (bipy= bipy ridine) [ 28]
[ Cu(2 2 -bipy)] {Cu(IN),} { Mo,0,,(0H),}] (IN~ =isoni- [ 29]
cotinate ion)

[ V30 o(phen),] (phen= 1, 10-phenanthroline) [ 30]
[ VO,(phen),] *6H,0, [2. 2~ (bipy),VO,] (H,B0; °3H,0 [31]

[ { Cd(phen),},V,0,, °5H,0 [32
M (phen) V, TeO (M= Cu, N1 [ 33
[{V0,(22 bipy)},(tp)] tp=terephthakte) [ 34

Organic ligands acting as charge-compensation groups

[ C221H,) o HqV,,05(PO,)] *8H,0 (€221 is cryptand) [ 35
(Me-NCsHs) 4 MogOag) [ 36l
(enH2) 3. 5[ AsgV 140 0(PO4)] *2H,0 (en= ethylenediamine) [ 37

[ HPDA] [ H2PDA] 2 AssMosV 404 *3H20 (PDA= propane [ 38|
diamine)

If one or two types of organic bi- or multi-den-
tate ligands are introduced into the inorganic sub-
structures, one-dimensional (1D ), two-dimensional
(2D) or three-dimensional (3D ) assembly can be at-
tained, such as [ M 030g(2, 2l-bipy)2] (bipy= bipy ri-
dine), [Cu (2, 2 bipy)] {Cu(IN 22} {MosO12 (OH)2}]

(IN = isonicotinate ion), and so on (Figs. 4,
5)[28 29

Organic ligands can be used as charge-compensa-
tion groups, which is a well-known design strategy to
build up inorganicorganic hybrid compounds (Table
2). Co-crystallization of [ N, N, N-tris[ 2- (dimethy-
lamino)ethyl] -1, 3, 5-benzenetricarboxamide] " with
[ PW12040) *
porous structure with the aid of C-H ---O hydrogen
bonding!® . The [ Ln (NMP )4 (H20)4 ]3+/4jL cation
and [ H;GeMoOg] © (Ln=Ces Pr, x=0; Ln=
Nd, x=1; NMP= N-methyl-2-pyrrolidone) anion

can construct a porous structure by hydrogen-bonding
e

yields an insoluble channeled or micro-

interactions (Fig. 6

R
\

Fig. 4. A polyhedron representation of the 1D chain of [ Mo;0q
(2, 2 -bipy)] .

Fig. 5. Network of [ Cu(2, 2,*bipy)] { CuCIN)2} { M04O;2
(OH) ] (2 2'-bipy omitted for clarity).

GeMo,,0,,

Fig. 6. Porous stcture of [ Ce (NMP),(H,0), [ GeMo,,0 4]
*2NMP3H,0.

Organic amine is usually used as template or
structure-directing agent in the construction of
POMs-organic hybrid compounds. In the final struc-
ture, it is incorporated with metal cation and acts as
bridging block or charge-compensation groups. For

examples in NiCen)3{ V1) Vs 03sCI[ Ni(en)2] 3} °8.5
H>0, [ Ni (en)] 2 covalently honds [ V1603:Cl] ¥



388 www. tandf. co. uk/journals Progress in Natural Science

Vol. 15 No.5 2005

clusters to form a three-dimensional network, where-
as [ Ni(en)s] 2 groups are not bonded to POMs and

only act as charge-compensation groups *" .

M etal cation can also be bonded to the oxygen
atom from POMs, for example, in [ Cu(2, 2/*biby)
(H,0 ),A1 (OH )6 MogO1s] & » Cu?"
bridges two trans terminal oxygen atoms from two
different Anderson anions [ ALCOH )M 0s015] ° and
forms a spiral chain. The spiral-shape chain is due to

the intra- and inter-chain O-H ---O hydrogen-bonding
[42

covalently

interactions Recently, there is a novel building

block approach to constructing inorganic-organic com-

T TR

Cluster and points Dipodal
of attachment linker

— ) . —
Cluster and points Dipodal
of attachment linker

o SR—
Cluster and points Dipodal
of attachment linker

Fig. 7.
1.3  Host-guest complexes based on POMs

Nowadays, host-guest chemistry plays an impor-
tant role in molecular or ionic recognition, transporta-
tion and isolation. As a result, much effort has been
made on the encapsulation of guest into host. Recent-
ly, effective routes have been reported to construct
host-guest complex. Robust cluster skeleton { (Mo)
Mos} 12 { linker} 3 can build up a series of cages and

encapsulate some cations such as Na , NHZr (Fig.
). The size of the cage can be controlled by the
species of the linkers *¥ . Keggin ion can be encapsu-
lated into the {(Mo)Mos}i2 {linker}3 giant cluster
cage if the linkers are {Fe(H20),)*" and the Keggin
ion fits exactly into the cavity (Fig. 9" The in-
teractions between the cage (host) and Keggin ion
(guest) are noncovalent.

pound, which exploits decorated POM clusters with
some symmetrical directional bonding sites to deter-
mine the ultimate connectivity and dimensionality
(Fig. D' ™
pounds are synthesized, for example, [{Co (phen);
(H20 )} { Co (phen), (H,0)} { (MosO;5) [ O3P
(CH2)4P03] } °6H,0] is a new linear poly mer and in
its { (Mos015)[ 03P (CHa)4 PO}
the 1, 4-butylenediphosphonate groups bridge the ad-

) ) 43
jacent common { Mos021 }  cyclic [43

cluster
[{Cuz (tpyprz)} { MogO1g (03AsCeHs )z] ° 2H,0

(tpyprz= tetra-2-pyridinyl pyrazine) is a 2D materi-
al 4.

e

1D chain

. Based on this principle, a series of com-

anionic chain,

2-D network

3-D adamantold
framework

Decorated POM clusters with symmetrical directional bonding sites.

Fig. 8. Cluster skeleton of { (Mo)Mos} ,{ H0} 5.
Keggin POM s [ SiW12040] * and macro cations

[ Crs0(00CH )6 (H0)3] * can line up to construct a

straight channel by electrostatic attraction. This

channel can selectively bind alcohols and nitriles " .



Progress in Natural Science Vol 15 No. 5 2005 www. tandf. co. uk/journals 389

Fig. 9. Kegginion encapsulated in { (Mo)Mos} ,{ Fe(H,0),} 5,

cluster.

Host-guest complex can be always built up by
self-assembly. A novel compound, [H3;N (CH»)4NHj]
(H30 ) {[ Mn Cphen 2] 4 [ MnMo), O30 (HPO4 Jg
(H2PO4)9] } °4H,0, has been hydrothermally synthe-
sized, in which Mn (phen), fragments are covalently
bonded to the Mn (MoeP4)2 dimers to form a 1D
chain with rectangular cavities. Tetramethylene-di-
amine cations occupy the cavities by electrostatic at-
traction (Fig. 10)!* . Similarly, novel 3D solid ma-
terial H3z [ VVMOXIVIGVOQ[ Cu (en )2] 4[ MOO4] 2 °
14H>0 was assembled by hydrothermal technique, in
which porous structure is formed by [ Cu(en)?] 2t co-
valently bridging bicapped Keggin structure clusters
VVMO?;HV?OM. The MOOZ_ anions reside in the

cavities of the 3D network!*? .

Mn (phen),

Ma(MoPd: | i (o),
Mn (phen),
Fig. 10.  Polyhedral view of the cavity of [ Mn (phen),] 4 Mn-
Mo},0,,(HPO ) ((H,P0,),] .

[ Lnz (DNBA )4 (DMF)s] [ MosO19] (Ln= La,
Ce or Eus, DNBA = 3, 5-dinitrobenzoates DMF =
dimethylformamide) has been synthesized, in which
[ Lna(DNBA)4(DMF )g] 2" groups are joined together
to form a 3D “host” network by supramolecular forces
such as -t stacking, etc. Noncoordinating “guest”
[ MosO19) s encapsulated in it

[GerO3 (OHD2F3]° *Cl *2[ NiCdien)2] > (di-
en= diethylenetriamine) has been solvothermally syn-

thesized recently . The [ Ge70.13 (OH),F3] 37 Cclusters

can form a chain by sharing the bridging oxygen
atoms. [ Ni(dien)y] 2"
cavities between chains. Owing to the N-H ---O
(F, CD) hydrogen bonding interaction hetween host
([Ges013(0OH F3]* ) and guest ([ Ni (dien)y] 20,
each [Ge013(0H)2F3] ® chain is dhiral (Fig. 1DV,

cations as guests, occupy the

Crown ethers were introduced into the POM-based
supramolecule due to their multiple functions such as ion
selection and moleailar recognition. Alkali metal-crow n
ether complexes, [ {Na (DB18C6) (H,0)2}3 (H20)2]
XMo12040 °6DMF *MeCN (X=P or As), (DBI8C6=
dibenzo-18-crown-6) were synthesized, in which Na' is
encapsulated in the crown ether. They contain a novel
trimer cation [ { Na(DB18C6) (H20 )2 }3 (H20),] > and
in theirt-7 padking arrangement, a 2D “honeycomblike”
“host” network is formed and the [ XMo12040] T “guest”

resides in it (Fig. 12)°% .
@c,{),.(omzﬂ
‘]. :

Ni(dien),

o "

. | B .0
W

-

| 4

i

7 Ge,0,,(OH),F,

Fig. 11. [ Ni Cdien),]2" in the cavity between [ Ge,0
(OH) k5 3~ chains

(L) (Na (DBISCO)(H,0), 1,

< DMEF

Fig. 12.
and DMF.

POM:s reside in the network interw oven by crown ethers
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2 Research progress of POMs in catalysis

POM compounds can be used as catalysts owing
to their unique physicochemical properties. POMs are
strong Bronsted acid and most of them are stronger in
acidity than the usual inorganic acids (HCl, H2SO4,
HNO3, HBr),

CF3SO3H. This is of fundamental importance for

even stronger than HCIO4 and

POM application in acid catalysis. The differences in
the acid strength between heteropoly acids and ty pical

inorganic acids can be attributed to the fact that het-
eropoly anions are larger than inorganic acids, so the
strength of bonding between the proton and het-
eropoly anions should be lower, which implies that
the dissociation constants should be higher compared
to the usual acids. POM s show acidity as well as oxi-
dizing ability. POM s can be profitably used in homo-
geneous, biphasic, or heterogeneous systems. Several
industrial processes based on POM catalysis have been

developed and commercialized (Table 3)' ™

Table 3. Commercialized project catalyzed by POMs
No. Production Scale(kt/ n) System Year Catalyst Place
1 2-propanol 50 L 1972 H,SiW,,0,, Tokuyama Soda
2 M ethacrylic acid 220 G-L 1982 Mo-V-POM Mitsubishi
3 Tert-butyl alcohol 5.6 L 1984 H;PM o,,0,, A sahi Kasei
4 Butyl ketone 2 40 L 1985 H;PM o,,0,, Dehigary
5 PTMC 2—3 L 1987 H;PW 504 Asahi Kasei
6 Acetic acid 10 L 1997 Pd(Te)-SiW ;04 Showa Denkn (Oita)
7 Ethyl acetate L 1997 ibid
8 2, 6-di-tert bu tybp-methyl phenol 1-2 L 1996 H;PM o,,0,, Jilin, Liaoning, Hebei

The primary, secondary and tertiary structures
of solid heteropoly acid are important for the under-
standing of the heterogeneous POM catalysis process.
the structure of het-
eropolyanion itself, i.e. the metal oxide cluster. The

The primary structure is
secondary structure is the three-dimensional arrange-
ment consisting of polyanions, counter cations and
additional molecules. The tertiary structure repre-
sents the manner in which the secondary structure as-
sembles into solid particles and relates to properties
such as particle sizes surface area, and pore structure.
Based on this hierarchical structure, it can be demon-
strated that there are three completely different modes
of catalysis for solid POMs. surface-type catalysis,
pseudo-liquid bulk-type catalysis and bulk-ty pe cataly-
sis in the presence of electrons or protons (Fig.
13! | Surface-type catalysis (Fig. 13 (a)) is ordi-
nary heterogeneous catalysis which takes place on the
solid surface (two-dimensional reaction field on outer
surface). Figure 13 (b) and (c¢) represent bulk-ty pe
catalysis where the reaction fields are three-dimen-
sional in contrast to the surface-type catalysis. When
the diffusion of reactant molecules in the solid (diffu-
sion in the lattice rather than pores) is faster than the
reaction, the solid bulk forms a pseudo-liquid phase in
which catalytic reaction can proceed (Fig. 13 (b)).
In the pseudo-liquid phase such catalysts appear as
solids but behave like liquids (solvent). As the active
sites in the solid bulk, e. g. protons, take part in
catalysis very high catalytic activities are often ob-

served in the bulk phasd .

Reactant product Reactant product  Reactant product

W oo N WS
Sl surface of | _AEEERRl Pre o
s NG s s W e

{ SN particle  (IRCENSERSSE |

~ > 4 - . y

(h) Pseudo-liquid  (¢) Bulk type

Bulk type

(a) Surface type

Fig. 13.
(a) surface type; (b) pseudo-liquid bulk type; (¢) bulk type.

Three types of catalysis for solid heteropoly compounds:

On the other hand, POMs are efficient photocat-
alysts and their photochemical activities originate
from their unique structures. They have a number of
features in common with semiconductor metal oxide
clusters and can be considered to be the analogs of the
latter. Both classes of materials are composed of d°
transitionr-metals and oxide ions and exhibit similar
electronic attributes including well-defined HOM O-
LUMO gaps (semiconductor “ band gaps”). The
“gaps” inhibit the recombination of electrons and
holes that are generated by the irradiation of the sur-
face of the photocatalysts with the light energy higher
than the band gaps. The electrons and holes thus
formed are capable of initiating chemical reactions be-
cause of the formation of OH " radicals resulting from
the subsequent reaction of holes and OH  groups
coming from water. Their acid-base, redox, as well
aso photecatalyiticob s photechémical properties, cam he
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varied over a wide range by changing the chemical
composi tio ns.

Soluble POM catalysts can catalyze a large vari-
ety of reaction types but suffer from their inability to
be recycled. Moreover, the specific surface areas of
solid POMs are low (1—5m”/g), so there are very
few active sites on their surfaces. Thus, immobiliza-
tion of POM s onto solids to create hybrid catalysts is
necessary to recovery and possible recyclability. At
the same time, their catalytic activities are expected
to be improved. In general, the supports used for
supporting POM s include silica or titania, mesoporous
pure-silica molecular sieve MCM-41 or MCM-48, and
activated carbons. Other supported POMs include
layered double hydroxide (LDH) pillared by polyan-
ions. The POMs supported or intercalated on the sup-
ports are Keggin or Dawson units, or some isopoly
compounds, e.g. H3PWi2040, Hs+,PMoi—,V,04p0,
PWoV30% . HaWp 0% » SiWeV304y» Mo03, »

W,0% » and W100%, . Other important solid POMs
are acidic Cs salts, CsyHs—» PW 2040, which have

porous structures and exhibit relatively high surface
areas (100—200m?/ g) and strong acid sites.

Most recently, we have prepared a series of new
and water-tolerant porous POM-containing hybrid
catalysts with different pore sizes. These materials
were prepared by soft chemical synthesis techniques
including sol-gel chemistry, intercalation chemistry,
colloidal crystal templating, cluster chemistry, and
hy drothermal process, and the interaction between
the POM cluster and the porous support was acid-ba-
sic, covalent or coordination bond. The inorganic
precursors selected were free acids of saturated Keg-
gin units, Paratungstate A, decatungstate, mono-
and divacant Keggin-type units, and transition metal
substituted polyoxometalate clusters. We also report-
ed the heterogeneous photocataly tic behaviors of these
as-prepared materials, including activity, kinetics
and reaction mechanism. The model reactions select-
ed are photodegradation of aqueous pollutants such as
pesticides, organic acid, and dyes, which are rsistant

to biodegradation and direct photolysis (Table 4).

Table 4.  Photocatalysis based on the water-tokrant porous POM- containing hybrid catalysts
. )
Photocatalyst Model molecule Light Tm}e
source (min)
Microporous Na,W,,05,/ SiO, HOOC —CH,—CHOH—COOH HPM L” 60°%
(CaH5) 5N 0 N (C4H5),Cl
/|\/"\ /l\/l\\ :
Mesoporous NN\ s
Kd Ni(H>0)Si W, 1035 APS-Si05 coon HPML 180
g
PN
Macropomous HOOC —CH,— CHOH—COOH HPML 120%
[X"T Wi 036 7 "7/Si0,(TiOy) \—/ \—/
or NaOgS—> <—N =N—> <—N(CH3)2 HPML 240
Y-SiW 0%/ Si0,(Ti0y) — =
Micro- and mesoporous Na035_>\ </_N;\I_>\ </_N(CH3)2 Xe lamp 300
HsC OH SO3;Na
_ L
Y ()
H3PW 1,04/ TiO, — - Xe lamp 180

7\

S0,Na

To be continued
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Continued
i )
Photocatalyst Model molecule Light Tm}e
source (min)
\/\
(H3C)2NJ/\|// \ll/\LN(CH3)2 Xe lamp 60
Cl
\/\ avd
CH
J " | I: ’ HC] Xe lamp 60
(H,C),N /\/ \/\
S
Micro- and mesoporous Il u 57
HoPaW 150/ TiO- (OH3C)2—P—O—\ /—NOZ Xe lamp 30
- N =N / —N—N
PW ;0747 Ti0, film | || >/ <\ > < || | HPML 240%
NaO3S Na035
PW 11074/ SiO> film HCOOH HPML 260%
>/ <\—N=N/ SO;Na
. . HO—
Llsfw 1104/ 210, / \ HPAL -
KPW,,Ti,0 4/ 210, o
VRN
O,N —>/ <\—N =N SO;Na

a) irradiation time for the conversion of model molecule reaching 100%4;

b) high pressure mercury hmp;
c¢) reference.

3 Perspectives

The synthetic chemistry of POM s has seen great
progress in the past few years, and each year there
are a lot of published papers reporting new POMs.
But so far, the formation mechanism of new POMs is
not fully understood and usually is described as self-
assembly. So rational synthesis of novel POMs and
investigation on the mechanism of their formation is
still a challenge.

POMs with novel structures will be produced.

It is expected that more and more

Progress has been achieved recently in heterogeneous
cataly tic reactions of POMs. If the structure, compo-
sition and stability of polyanions are properly con-
trolled on supports, solid POMS catalysts will find

much, wider, practical applications. Green chemistry

will play an important role in the future society, and
the development of environmentally friendly process
cataly zed by POMs has practical significance. It is al-
so expected that there will be more great achieve-

ments in POMs’ catalytic chemistry.
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