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3 : POM[PMoV
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10O40]

3.1 

3.2 Keggin POM
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3.4
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4 : 

4.1 POM

4.1.1 {Mo154/152}

4.1.2 {S2Mo18}

4.1.3 {S4Mo6}

4.1.4 {P4S2Mo18}

4.1.5 Keggin POM

4.2 

4.3 

4.3.1 UV-vis-NIR

4.3.2 IR

4.3.3 NMR

4.4 X

4.4.1 X
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4.5 
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1



1.1 

(POM) Mo W

1~5 nm [XaMbOc]n-

1 X M

(POM)

1-1 Mo 12 POM

X

[PMoVI
12O40]3  ( = [(PO4)(MoVIO3)12]3 )

12 MoO3

Mo +6 MoO3

1-1 Mo 12 POM
:Mo, :O, : X (

)



1.2 

POM

POM

POM

POM

2 1-2-1 [PW12O40]3

12 POM

1-2-1 [PW12O40]3 POM :W, :O, : P



POM
3 POM HPA-23 

(NH4)17Na[NaSb9W21O86] 14H2O 1-2-2
3b

1-2-2 [NaSb9W21O86]18- 3d

POM

1-2-3

4

1-2-3 Keggin POM



POM
5

POM POM

[PMo12O40]3-

5

[PMoVI
12O40]3- Mo 6 4 [PMoIV

12O40]27-

24  ( 1-2-4)

1-2-4 Keggin POM 5



POM

1 2 2
6

POM
6

{PMo12O40} 2 V {PMo12O40(VO)2}

{PMo12O40} V

6 ( 1-2-5) STM

1-2-5 {PMo12O40(VO)2} {PMo12}

2
6

6



POM

7 W 18 POM [(SeO3)2W18O54]4-

SeO3 Se

W POM 4 6 7

(

1-2-6)

1-2-6 [(SeO3)2W18O54]4- W, :O, :Se

Se-Se POM
7



1.3 

1.3.1 

1-3-1-1



1-3-1-2

1-3-1-3

1-3-1-3



1

2

1-3-1-4 1 2

1-3-1-4



1.3.2 

1.3.1

1.3.2.1 LuFe2O4

LuFe2O4 Fe2+ Fe3+ 1 1
8 2 Lu

Fe2+ Fe3+

Fe2+

Fe3+ 1:2 Fe2+ Fe3+ 2:1

1-3-2-1



1-3-2-1 (a) LuFe2O4

P (b) 



1.3.2.2 

TTF CA (TTF-CA)

TTF CA

TTF CA

1-3-2-2 9

LuFe2O4

1-3-2-2 (a)TF-CA 9 (b) TTF-CA
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Mo W 6 368

POM

MoVI WVI

POM

POM

POM
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2 POM
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3

POM
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POM
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4
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2.1 

(POM) (VI)

MoO4  + a a/2·H2O··· 1 

pH POM

POM pH  1 0 < a < 2

POM

12MoO4 + 24H+ + PO4 12O40]  + 12H2O··· 2 

POM POM

2 a = 2 MoO3

MoO3 POM

 POM 

POM

POM

Mo 36  POM  154 

POM Na15[Mo154O462 (H2O)70]0.5[Mo152O457 (H2O)68]0.5({Mo154/152}) 

MoO4  + aH + S2O4
2- {Mo154/152}+ a/2·H2O + 2SO3

2-··· 3 



pH 1 Mo 0.07

POM 2-1 1 pH = 1 

4 36 POM POM

POM

MoO4  + a 36} + a/2·H2O ··· 4 

SO3 S2O4

36 POM

SO3 POM

5

MoO4  + aH + SO3
2- 

3)2Mo18} + a/2·H2O··· 5 

3 5

POM

pH

pH

2-1 POM 1



POM 

 POM 

 POM 

2  POM

 POM 

POM pH, 



2.2 

POM{Mo154/152} pH = 1 Na2S2O4

([Mo]: [Na2S2O4] = 1: 0.07) 3

153MoO4
2- + 266H+ + 14S2O4

2-

3)154H14(H2O)70]0.5[(MoO3)152OH14(H2O)68]0.5
15- + 28SO3

2- + 55.5H2O 

pH R

= [S2O4
2-]/[MoO4

2-] 20 pH(1, 2, 3, 4) R (0.07, 0.14, 0.23, 

0.56 ,0.90) 24 2-2-1 pH

R

2-2 pH R



24 (1, 0.07), (2, 0.07), (2, 0.14) 3 Na

2-2 (1, 0.07) Müller

X

POM Na Na15{Mo154/152} ca.400H2O

{Mo154/152} Mo

Na16[Mo176O528H16(H2O)80] ca.450H2O({Mo176}) 2

POM 2-2-1

Müller
4 pH = 2

X {Mo154/152} Mo 10

Na24{[Mo144O437H14(H2O)56]0.5[Mo144O437H14(H2O)60]0.5} 350H2O (={Mo144})

2-2-1

2-2-2 Na



2-2-1 Na

Na(1, 0.07)_1 Na(1, 0.07)_2 Na(2, 0.07) Na(2, 0.14) {Mo154/152} 
[3] 

{Mo176} 
[4] 

{Mo144} 
[5] 

Crystal system orthorhombic triclinic triclinic triclinic triclinic orthorhombic triclinic 

Space group - - - - P Cmcm P

a, Å 31.15 30.700 29.45 29.06 30.785 53.6031(18) 29.271(14) 

b, Å 53.51 33.270 33.90 33.37 32.958 31.2921(11) 33.604(12) 

c, Å 66.52 47.419 44.74 43.94 47.318 66.819(2) 44.781(18) 

deg 90 90.837 91.08 90.84 90.53 90 91.40(3) 

deg 90 90.178 91.35 91.44 89.86 90 91.44(4) 

deg 90 96.987 97.04 96.08 96.85 90 97.55(3) 

V (Å
3
) 110906 48069 44299 42350 47665 112080(7) 43634 



2.3 

20 3 POM

POM

POM
2

/4

2

24 2-3-1

2-3-1 {Mo154/152}



(1, 0.07)

POM 

{Mo154/152}

(1, 0.07 0.09), (2, 0.07

0.56), (3, 0.07 0.23) 13

POM (1, 0.07) pH R (2 4, 0.07)

(1 4, 0.14) (1 4, 0.23) (1 3, 0.56) (1 2, 0.90) 16

POM

POM

{Mo154/152} POM



2.4 

pH

POM

X IR

POM

POM

A

B

POM

2-4

2-4 POM



2.4.1 POM

2-4-1-1 NH4

2-4-1 NH4

NH4(3, 0.07) NH4(3, 0.14) {Mo138} 
[6] 

Crystal lattice monoclinic monoclinic monoclinic 
Space group - - C2/m

a, Å 30.65 30.78 30.3344(4) 
b, Å 49.84 50.09 49.5012(7) 
c, Å 29.34 29.46 29.0565(4) 

deg 90 90 90 
deg 97.04 96.94 96.785(1) 
deg 90 90 90 

V (Å
3
) 44469 45078 43325(1) 



TEAH+

2-4-1-2 {Mo154/152}

2-4-1-3 IR {Mo154/152}

R = 0.23 (1 3, 0.23) IR

 2-4-1-4 TEAH+

POM

 2-4-1-2



2-4-1-3 {Mo154/152}
a b I II a 2-3-1

2-4-1-4 POM IR



POM 2-4-1-5 POM

pH 4

{Mo36} pH

POM pH

Mo POM

pH {Mo2}

6

2-4-1-5 POM POM



2-4-2-1 



2-4-2-2 {Mo154/152}
a, b, c I II, III a b 2-4-1-3

X IR SO3
2-

2 POM:[(SO3)2MoV
2MoVI

16O54]6 ({S2Mo18})

2-4-2-3 Dawson-like Cronin

POM 7 POM 2-4-2-4



2-4-2-3 {S2Mo18} Mo :O :S

2-4-2-4 {S2Mo18}



TBA 2-4-2-2

(2 4, 0.56) (1 4, 0.9)

1 ~ 2 IR

[Na{(SO3)MoV
6O24(SO3)3}2]15- ({S4Mo6})

2-4-2-5 POM

MoV SO3

(NH4)2SO3 MoV

SO3
8 2-4-2-6 {S4Mo6}

{S2Mo18}

2-4-2-5 {S4Mo6} Mo :O :S



2-4-2-6 {S4Mo6}



2.4.3 

2.4.2 2 POM

POM POM 16

4 pH (1, 0.56) (2, 0.23) (3, 0.14) (4, 0.9)

2-4-3-1

2-4-3-1 POM



(3, 0.14) 3

[MoVI
4O13Na] , [MoV

4O14H7] , [MoVI
4O13H] 2-4-3-2

POM POM

9

POM

SO3
2- 2 POM

SO3
2-

2-4-3-2 (3, 0.14)



2-4-3-3 614.5 m/z
 [Mo4O13H] .



2-4-3-4 614.5 m/z
[Mo4O14H7]  [Mo4O13Na]



2-4-3-5 (1, 0.56)

2-4-3-6 (2, 0.23)

2-4-3-7 (4, 0.9)



2.5 

2-5 I



2.6 

SO3

2-6 POM

pKa POM

pKa Mo /

2-6  POM Sb pKa

anion 
pKa

[16] 
Sb Hetero-POM Reaction solvent Ref 

SiO4
4  ~10 0.33 [(SiO4)(MoO3)12]4  water 10 

PO4
3  12.3 0.25 [(PO4)(MoO3)12]3  water 11 

AsO4
3  11.5 0.25 [(AsO4)(MoO3)12]3 water 11 

P2O7
4  9.25 0.22 [(P2O7)(MoO3)18]4 water/acetonitrile 12 

SO3
2  7.00 0.22 

[(SO3)2(MoO3)18]4

[(SO3)2(MoVO3)2(MoVIO3)16]6
water/acetonitrile 

water 
7, 13 

SO4
2  1.9 0.17 

[(SO4)(MoO3)12]2

[(SO4)2(MoO3)18]4

[HxMoV/VI
368O1032(H2O)248(SO4)48]48

water/acetonitrile 
water/acetonitrile 

water 
14 

ClO4 10 0.08 [(ClO4)2(WVO3)(WVIO3)17]6 DMF/acetic 
anhydride 

15 



pKa

pKa = 14.3 ln(Sb/0.135) 

Mo

pKa

Sb

16 SO3

Mo S m

Sb 2-6 Sb

2-6 SO3



m Mo Sb 2 m/3

Mo m Mo6+ Mo5+ Sb 0 0.17

POM

Sb POM

(a)

(b)Mo

(c) /

POM

17



2.7 

POM pH

{Mo36}

Mo

SO3
2-

2-7 II



2.8 POM

SO3 PhPO3

Mo

Na2S2O4 SO3 PhPO3

10 mL

TBA·Br

4

2-8-1 X

2-8-1 [Na(SO3)2(PhPO3)4MoV
4MoVI

14O49]5-



Mo 18 SO3

{S2Mo18}

4 PhPO3 Mo-O-P {S2Mo18}

POM UV-vis-NIR

2-8-2 688 1050 nm

IVCT

2-8-2 (TBA)5[Na(SO3)2(PhPO3)4MoV
4MoVI

14O49]·nMeCN UV-vis-NIR
 (0.13 mM in MeCN)

18 Mo 4 Mo

2-8-3 (TBA)5[Na(SO3)2(PhPO3)4MoV
4MoVI

14O49]·nMeCN({P4S2Mo18})

2 POM

POM



2-8-3 (TBA)5[Na(SO3)2(PhPO3)4MoV
4MoVI

14O49]·nMeCN
(DMSO; 5 ml, 0.1 M H2SO4; 5 ml)



2.9

2 POM

 POM{Mo154/152}  pH 

(R) X

IR POM

{Mo36}

SO3

Sb POM

(a)

(b)Mo POM

(c) /

3

3 2 SO3

PhPO3 2 SO3

4 PhPO3 POM

(a)  (c) POM

POM

(a)  (c)



POM

POM

POM
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POM[PMoV

2MoVI
10O40]



3.1 

POM

1

LuFe2O4

Fe2.5+ Fe2+ Fe3+

2

POM

3

1 5 nm 4 POM

5

{PMo12O40(VO)2}

6



{W18O54(SeO3)2}

7

POM

Keggin POM

[XM12O40]n  (X=SVI, PV, SiIV, BIII, M= Mo, W, )

X

POM

POM POM

POM



3.2 Keggin POM

POM

Keggin POM [PVMoV
2MoVI

10O40]  [BIIIWVI
12O40]

BI

(BI)5[PMoV
2MoVI

10O40] 4DMF nH2O (1) 

(BI)5[BWVI
12O40] 4DMF nH2O (2) 

X CHN {PMo12}

31P NMR

2 8 1 2

triclinic

3-2-1



3-2-1 1 2

1 2 
Formula C47H63N14O45P1Mo12 C23H18N7O25.5B0.5W6

Crystal system Triclinic 
Space group P P

a, Å 11.9970(7) 12.0275(4) 
b, Å 12.9020(7) 12.9977(4) 
c, Å 14.6379(8) 14.4568(5) 

deg 114.6658(7) 114.8192(3) 
deg 106.7857(7) 106.1529(3) 
deg 95.9885(7) 95.9987(4) 

V (Å
3
) 1904.30(18) 1905.78(11) 

Z 1 2 
Temperature/K 117 

Reflections measured 22708 22063 
Independent reflections 16942 8655 

Rint 0.0285 0.0163 
R1  0.0498 0.0537 

wR2 0.1425 0.2378 

3-2-1 117 K 1

Keggin POM 5 BI A-D

2 BI POM

( 3-2-2, 3-2-4) POM (P or B)

POM

3-2-2, 3-2-3 POM 5

Keggin POM



3-2-1 1 5

BI A-E 2 A

BI

3-2-2 POM (P or B)

d
P-P 

[a axis] d
P-P 

[b axis] d
P-P 

[c axis] 

1 11.997 Å 12.902 Å 14.638 Å

d
B-B 

[a axis] d
B-B 

[b axis] d
B-B 

[c axis] 

2 12.028 Å 12.998 Å 14.457 Å



3-2-3  POM P or B N

1 P1

Flack parameter 0.07 Flack parameter

0

9 2 1 P1

Flack parameter 0.287

P-1

2 5 BI

BI A

B C D E

3-2-2 X

3-2-3 Keggin

POM:[PMoV
2MoVI

10O40] [BWVI
12O40] BI

3-2-4

d
P-N1

d
P-N4

d
P-N6

d
P-N8

d
P-N10

1 6.539 Å 6.705 Å 5.567 Å 5.612 Å 6.131 Å

d
B-N3

d
B-N3

d
B-N2

d
B-N2

d
B-N7

2 6.671 Å 6.671 Å 5.617 Å 5.617 Å 6.168 Å



3-2-2 1 2

3-2-3 X



3-2-4 1 2 2



3.3 

1, 2 20 300 K 1 kHz 1 MHz

3-3-1 ( 1) ( 2) ( 1)

( 2)

1 2
10 2

POM

1 1 100 K

2 3-3-1

10

3-3-2

2 POM



3-3-1 1 2 ( 1) ( 2)

3-3-2 1 ( 1) ( 2)



3.4 

BI POM

POM Ph4P

Ph4P X CHN

 (Ph4P)4H[PMoV
2MoVI

10O40] 4DMF (3) 

1 P21/c

3-4-2

3-4-1 [PMoV
2MoVI

10O40]5

BI  Ph4P
P1 P21/c 

POM C1 Ci



3-4-2 3

3

Formula C54H47N2O24P2.5Mo6

Crystal system Monoclinic 
Space group P21/c

a, Å 13.660(6)
b, Å 14.163(6)
c, Å 32.542(14)

deg 90
deg 96.619(2)
deg 90

V (Å
3
) 6254(5)

Z 4
Temperature/K 115 

Reflections measured 52013

Independent reflections 14007
Rint 0.0748
R1  0.0682

wR2 0.2243

3 POM 1 POM 2

3-4-1 1

3 1 1

POM

3 4

POM

3-4-1, 3-4-2



3-4-1 1 POM

3-4-2 3 POM



3 1 POM

3-4-3

3-4-3 3 ( 1) ( 2)

POM [PMoV
2MoVI

10O40] BI

POM POM

POM

POM



3.5 

1 POM

POM Mo BVS

Mo 11 Mo

1 Kegin POM MoV
2MoVI

10 5.83

BVS Mo

Mo1(5.74), Mo3 (5.76), 

Mo5(5.67), Mo6(5.60) 4

3-5-1 3

POM

POM 3-5-2 3

Kegin POM 1 POM

3-5-1 POM 4 BVS



3-5-2 POM 4 BVS

POM

POM

POM



3.6 

3

POM

Keggin POM:[PMoV
2MoVI

10O40] [BWVI
11O40]

POM

POM

POM

POM Mo BVS

1 POM

POM 1
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4.1 POM

4.1.1 {Mo154/152}

{Mo154/152} 1 Na2MoO4

3.04 g H2O 25 ml 2.7 ml Na2S2O4

 0.15 g 30

{Mo154/152} pH 1 4 R([Na2S2O4]/[Mo])

0.07 0.9 20

UV-vis-NIR

POM{Mo154/152} POM

600-1100 nm IVCT Inter valence charge transfer

Mo-blue

4-1-1-1 20 (pH(1 4), R(0.07, 0.14, 0.23, 0.56, 0.90))

UV-vis-NIR Mo-blue

MoV-MoV

400  500 nm Mo-brown

POM



4-1-1-1 POM{Mo154/152} UV-vis-NIR

4.1.1 pH R 24

UV-vis-NIR R = 0.07 (1 4, 0.07)

pH 700 nm IVCT

4-1-1-2 pH 1 3

pH = 4 Mo-blue

Mo-blue

Mo-blue

1.0

0.8

0.6

0.4

0.2

1000800600400
Wavelength / nm



(1 4, 0.07) UV-vis-NIR

(1 4, 0.07) R R = 0.14, 0.28 (1 4, 0.14) (1 4, 0.23)

pH 700 nm IVCT

4-1-1-3, 4-1-1-4 R = 0.07

pH R Mo-blue

MB-blue

(1 4, 0.14) UV-vis-NIR

1.5

1.0

0.5

0.0
1000800600400

Wavelength / nm

1.5

1.0

0.5

0.0
1000800600400

Wavelength / nm

 pH 1
 pH 2
 pH 3
 pH 4



(1 4, 0.23) UV-vis-NIR

R R = 0.56 (1 4, 0.56) pH = 1, 2

700 nm IVCT

4-1-1-5 pH = 3

700 nm IVCT 4-1-1-6 pH = 4

700 nm 500 nm

Mo-brown

(1 4, 0.56) UV-vis-NIR

1.5

1.0

0.5

0.0
1000800600400

Wavelength / nm

 pH 1
 pH 2
 pH 3 
 pH 4

1.5

1.0

0.5

0.0
1000800600400

Wavelength / nm

 pH 1
 pH 2
 pH 3 
 pH 4



(1 4, 0.56) UV-vis-NIR

R R = 0.90 (1 4, 0.9) pH = 2

700 nm 4-1-1-7

pH = 1 700 nm

IVCT 4-1-1-8 pH = 3, 4 500 nm

Mo-brown

(1 4, 0.9) UV-vis-NIR

0.01

0.1

1

10

1000800600400
Wavelength / nm

 pH 1
 pH 2
 pH 3 
 pH 4

1.5

1.0

0.5

0.0
1000800600400

Wavelength / nm

 pH 1
 pH 2
 pH 3
 pH 4



(1 4, 0.9) UV-vis-NIR

pH R UV-vis-NIR

Mo-blue

4-1-1-9

Mo-blue

0.001

0.01

0.1

1

10

1000800600400
Wavelength / nm

 pH 1
 pH 2
 pH 3
 pH 4



4.1.2 {S2Mo18}

POM 2 TBA

UV-vis-NIR

TBA5H[Mo2
VMoVI

16O54(SO3)2]·nMeCN

[(C4H9)4N]5H[S2Mo18O60] (C80H181N5Mo18O60S2) wt% ( ): 

C,24.48(24.24); H,4.64(4.60); N,1.95(1.77) 

UV vis NIR max
3 mol 1 cm 1 8032)  

4-1-2 X

4-1-2 {S2Mo18}

{S2Mo18} 

Formula C84.5H186Mo18N7.5NaO60S2

Crystal system Orthorhombic 
Space group P212121

a, Å 18.0117(2) 
b, Å 27.1840(5) 
c, Å 28.0044(5) 

deg 90 
deg 90 
deg 90 

V (Å
3
) 13762.2(4) 

Z 4 
Temperature / K 173 

Reflections measured 147665 
Independent reflections 31543 

Rint 0.0506 
R1  0.0666 

wR2 0.1923 



4.1.3 {S4Mo6}

POM NH4
3

X Na TBA

[(SO3)MoV
6O15(SO3)3]8 4-1-3-1

X 4-1-3-2

IR IR

POM

4-1-3-1 {S4Mo6}

{S4Mo6}

Formula C33H36Mo6N3NaO30S4

Crystal system Monoclinic
Space group P21/c

a, Å 13.098(6)

b, Å 23.079(10)

c, Å 20.112(9)

deg 90

deg 93.112

deg 90

V (Å
3
) 6071(5)

Z 4

Temperature/K 173 

Reflections measured 32171 

Independent reflections 3393 
Rint 0.1239 
R1  0.1418 

wR2 0.3643 



4-1-3-2 {S4Mo6} IR

4.1.4 {P4S2Mo18}

Na2MoO4 (12.6 mmol) H2O 25 mL (32 %) 3.0 mL

Na2S2O4 (2.30 mmol) Na3PhPO3 (3 mmol) pH =1

10 mL 30 3

3 TBA Br (0.7 g )

2 3

UV-vis-NIR

(TBA)5[Na(SO3)2(PhPO3)4MoV
4MoVI

14O49]·nMeCN ({P4S2Mo18})

[(C4H9)4N]5[NaS2P4Mo18O67] (C104H200N5Mo18O67S2P4) wt% ( ): 

C, 27.48(27.57); H,4.20(4.45); N,1.48(1.55). 

UV vis NIR max/nm 668, 1050 . 

4-1-4

Observed 
(cm 1) 

1630 1094 984 965 881 823 739 544 494 

Reported 
[3] (cm 1) 

1637 1088 981 963 889 865 809 546 487 



4-1-4 {P4S2Mo18}

{P4S2Mo18}

Formula C56H89Mo9N4.5Na0.5O33.5P2S

Crystal system Monoclinic
Space group C2/c

a, Å 33.20(2)

b, Å 17.635(10)

c, Å 32.189(20)

deg 90

deg 115.3192 (18)

deg 90

V (Å
3
) 17033(17)

Z 8
Temperature / K 173

Reflections measured 61365
Independent reflections 17768 

Rint 0.1516 
R1  0.0885 

wR2 0.2571 



4.1.5 Keggin POM

Keggin POM

[PMoV
2MoVI

10O40]

H3[PMo12O40] nH2O 1.4 g MeOH 15 ml 

 (PPh3) 0.15 g MeCN

POM A

1 : (Benzimidazolium)5[PMoV
2MoVI

10O40] 4DMF nH2O  

0.3 g DMF 5 mL 0.5 mL H2O 0.5 mL

A 5 mL

(Benzimidazolium)5[PMoV
2MoVI

10O40] 4DMF (C47H65N14Mo12O45P) wt% 

( ): C, 20.57 (20.69); H, 2.55 (2.38); N, 6.98 (7.18). 

IR (cm-1): 1647, 1618, 1448, 1383, 1263, 1238, 1055, 870 746.  

2 : (Benzimidazolium)5[BWVI
12O40] 4DMF nH2O 

1 Benzimidazole 0.3g (mol) DMF 5 mL

0.5 mL H2O 0.5 mL K5[BW12O40] 0.9 g  5 mL

2

(Benzimidazolium)5[BWVI
12O40] 4DMF (C47H65N14W12O45B) wt% (

): C, 15.04 (14.99); H, 2.00 (1.73); N, 5.10 (5.21).  

IR (cm-1): 1649, 1618, 1448, 1383, 1265, 1236, 1001, 956, 903, 822, 750. 



3 : (PPh4)4H[PMoV
2MoVI

10O40] 4DMF (3) 

PPh4 Cl  0.15 g  5 ml A 15 ml

DMF 5 ml 1

X 1 4

(PPh4)4H[PMoV
2MoVI

10O40] 4DMF (C108H109N4Mo12O44P5) wt% ( ): 

C, 37.23 (37.33); H, 3.40 (3.14); N, 1.59 (1.61).  

IR (cm-1): 1439, 1109, 1057, 947, 800, 723, 688, 528.  



NMR

1, 3 POM 31P NMR

20 mg DMSO 0.5 mL(DMSO-d6:DMSO = 1 : 4)

 = 0 ppm 85% H3PO4
31P NMR

5.9 ppm 2  [PMoV
2MoVI

10O40]5-

4-1-5 1, 3 NMR

(DMSO/[d6]DMSO)

[ppm] 
Reference 

[PMoVI
12O40]3- -2.9 [5] 

[PMoV
1MoVI

11O40]4- 0.8 [5] 

[PMoV
2MoVI

10O40]5- -5.8 [5] 

1 -5.9 This work 

3 -5.9 This work 



4.2 

pH = 5

100 V 10

4.3 

4.3.1 UV-vis-NIR

UV-vis-NIR JASCO UV-670

1 nm 1200 nm 200 nm

4.3.2 IR

 IR Thermo Electron NICOLET AUATAR 370 DTGS

4000 ~ 400 cm-1 4 cm-1 KBr

4.3.3 NMR

NMR Bruker Spectrospin Avance 400S

4.1.5



4.4 X

4.4.1 X

X Rigaku Mini Flex 600

2 5 20

4.4.2 X

Rigaku Mercury CCD K (Mo- Bruker SMART APEX 2 Ultra 

(Mo-

4.5 

Keysight E4980AL Precision LCR 2

20 K 300 K  1 kHz 1 MHz, 

1V LakeShore 335 Temperature Controller

1 K/min
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Ed. 2002, 41, 2801. 
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POM

pH 20

X

POM pH

pH

pH

POM

POM

(a)

(b)Mo

(c) /
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