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AXERMETHRALRARN 11 RABE FRLEE KH,[La(XMo,,04),] - nH,0(X=P,
Ln=La., Ce, Pr. Nd. Sm. Gd; X=S8i,Ln=Ce. Pr. Sm. Tb, Dy; X=Ge, Lo=Dy) B H &R )
B FE. FALTRSI. LRI, TR-S5kHE. &%, BRRE. BN HF. ESR.
P NMR. XPS Xfi=#5:if7 T RIEX T, SREN: REBFBRTENRZEFNRETER
B, RRBTFRA-CHEEE. ERRPREERERNNRER () REERNELES. B
BPZEZHEMEMLESN Ln-P (2) >Ln-Si (2). #BEH Ln-P (2) >Ln-Si (2). RRANZEE
BARFHHNmES.
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B P FHEAR KylLn (PMo,,0y);] + nH,0 i2 % [Lo-P(0)], K,,H, f[Ln
(SiMo,,04),] + nH,0 g H[Ln—-Si(0)}f1 K, H,[Dy(GeMo,,0,),] » 26H,0 i2 H[Dy—Ge(0)], LA
BN ZHEFERI 1 EZER BT S0ml 0.2mol - L™ 945 B RR SR 3L BR-50% B4
9, A PtlliREH A RAER, PREFEUESENFRE AECIHEREREE,
YAEFUABI IR REN, FILAG BREAREIEARENESTRETHES, K2
—REAR, HliRE2RE BELERFHR BRLAREERK V. AER1.

#£1 K, H,[La(PMo,,0,,),] - nH,0, K, H,[Ln(SIMo,,0,),] - aH,0
1 K, ;H [Dy(GeMo,,0,,);] - 15H,0 T KA T E
Table 1 Elemental Analysis of K, ,H,[Ln(PMo,,04),] * nH,0, K, ,;H [Ln(SiMo,,0y),] - nH,0
and K,,H [Dy(GeMo,,04,),] - 15H,0

component L% X% Mo% K% H,0%

compounds

K, H,[La(PMo,,0,9),] « 23H,0 3.13(3.15) 1.40(1.41) | 47.92(47.91) | 9.74(9.76) 9.38(9.37)
K H,[Ce(PMo,,0,5),] « 22H,0 3.15(3.19) 1.39(1.41) | 48.03(48.09) | 9.89(9.80) 9.12(9.02)
K,,H,[Pr(PMo,,0,.),] * 20H,0 3.21(3.24) 1.43(1.42) | 48.40(48.48) | 9.78(9.88) 8.25(8.27)
K,,;H,[Nd(PMo,,0,5),} * 21H,0 3.23(3.29) 1.44(1.42) | 48.29(48.24) | 9.81(9.83) 8.57(8.64)
K, H{Sm(PMo,,0,,),] * 23H,0 3.35(3.40) 1.41(1.40) | 47.70(47.48) | 9.7009.73) 9.27(9.37)
K, H,[Gd(PMo,,04),] * 22H,0 3.41(3.47) 1.38(1.41) | 47.81(47.90) | 9.795.74) 8.93(8.99)
X,,H [Ce(SiMo,,04),] - 18H,0 3.17(3.25) 1.25(1.30) | 48.99(48.94) | 9.89(9.97) 7.48(7.51)
K, H [Pr(SiMo,,0,5),] « 16H,0 3.27(3.29) 137(1.31) | 49.31(49.34) | 10.01(10.05) | 6.71(6.73)
K,;H [Sm(5iMo0,;,0,,),] * 19H,0 3.43(3.46) 1.40(1.29) | 48.69(48.62) | 9.87(9.91). | 7.84(7.88)
K, ;H [Tb(SiMo,,0,.),] * 18H,0 3.66(3.67) 1.38(1.30) | 48.67(48.72) | 9.87(9.93) 7.42(7.48)
K,,H[Dy(SiMo,,0,),] * 22H,0 3.64(3.67) 1.251.27) | 47.79(47.89) | 9.71(9.76) 8.96(8.98)
K,;H[Dy(GeMo,,0,,),] « 15H,0 3.71(3.76) 3.37(3.36) | 48.76(48.79) | 9.96(5.94) 6.31(6.24)

All 2e heteropoly blue are remarked to Ln—P(2), Ln=Si(2), Dy—Ge(2).

Note: Dala in parentheses are calculated values.
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2 Lo-P(0)78 Lo-PQ)BIRBMIR E, ,,(V)°
Table 2 Polarographic Data of Ln—P(0) and Ln—P(2)

compound E, (V) compound E, ;5(V)
La—P(0) 0.182,0.027, -0.232 La—P(2) 0.190, 0.010, ~0.240
Ce—P(0) 0.186,0.010,-0.239 Ce—P(2) 0.191, 0.010,-0.235
Pr—P(0) 0.187, 0.013, —0.237 Pr—P(2) 0.193,0.015,-0.236
Nd~P(0) 0.188, 0.015, —0.231 Nd-P(2) 0.199, 0.019,-0.233
Sm~P(0) 0.189,0.016, —0.235 Sm—P(2) 0.196, 0.017, -0.234
Gd-P(0) 0.185,0.012, -0.239 Gd-P(2) 0.193, 0.013, —0.241

* The pH of base solution, 0.02mo! « L™ potassium hydrogenphthalate~hydrogen chloride—dioxane, is 3.
%3 Lo-P0)#1 Lo~-PQHBEIHRRRMIE"
Table 3 Cyclic Voltammetric Data of La—P(0) and Ln—P(2)

compound E (V) E, (V) AE,(mV) compound E (V) E (V) AE(mV)
La~P(0) 0.210 0.179 30 La—P(2) 0.221 0.192 29
( 0.050 0.018 32 0.058 0.025 33
0.213 0.183 30 0.223 0.193 30
P(2
Ce=P(0) 0.060 0.027 33 Ce=PQ) 0.060 0.028 32
0.215 0.134 31 0.225 0.193 32
Pr— P 2
PO) 0054 0020 34 . PP 0061 002 35
0.217 0.186 31 0.227 0.196 31
= Nd-P(2
Nd-P©) 0.058 0.025 33 & 0.062 0.035 37
0.220 0.190 30 0.226 0.194 32
) —-P(2 .
Sm—P(0) 0.060 0.028 32 Sm-P(2) 0.063 0.027 36
0.215 0.183 32 0.222 0.191 31
—P Gd—-P(2
Gd-P(O) 0.053 0.019 34 @ 0.059 0.022 37

» Id. base solution

#: 4 Ln-Si(2), Dy-GeQ2)MIR B MIBR WA R LRI
Table4 Polarographic and Cyclic Voltammetric Data of Ln—S8i(2) and Dy—Ge(2)

compound E; V) E V) E V) AE(mV) | E, (V) E.(V) AE(mV)
Ce-Si(2) 0.163, 0004, -0.188 | 0.195, 0.164, 31 | 0020, —0.015 35
Pr—Si(2) 0.167, 0005, —0.181 | 0.193, 0.163, 30 | 0012, -0012 3
Sm-Si(2) 0.168, 0007, -0.180 | 0.194, 0.162, 32 | 0025, -0.011 36
To-Si(2) 0.165, 0003, -0.185 | 0152, 0.159, 33 | 002, -0.015 37
Dy-Si(2) 0.169, 0006, —0.185 | 0.194, 0.162, 32 | 0022, -0016 38
Dy-Ge(2) 0.143, 0.030, —0.170

« Id. base solution
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ty t42e 2H*4+2e
Ln—P(2) H,[Ln—P(2)] HJ[Ln-P(2)] HJLn-P(2)]
H*+2e 2H*+2e 2H +2e
Ln—Si(2) —H,[Ln—Si(2)] H [Ln-Si(2)] HLn-Si(2)]
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C HBEMRRGERRLL, E,,, BAEAABE omV. N T HAMER A S M AN, A
AHRAPOCHEFREZALEVERREFL ALK FHME, Lo—POMY E,,,: 0.186V. Lo—PQR)H
E, ,;: 0.194V, Ln~Si(0)#] E,,,: 0.162V, Ln-Si() E,,,: 0.166V. H1 LRZEREAH: (1)
FEREEFBRMZBEERAERARA, B Lo—PQ2)>Lo-P(0), Ln-Si(2)>Si(0). ()&
{488 Ln—P(2)>Ln-Si(2). X5 Ln—P(0)>Ln~Si(0)—%& .
=3

kB WS REN, REBEREFNRLR G FERNNGEEE © . XE2
Pl FRE G HENMORE. B, REENHREZIIFE Lo-P(2)>Lo-Si(2). Bn:
HIHRIEE Sm—P(2)(4087C)>Sm—Si(2)(385C).
PO.IR il

XF 2e HEK, v Mo—O, RIS REREN) L, FHRME. XEMTEFGHETF
OB T EE N, SO LB RAEEL, NMBUERM I FH, MK,
HEN-TT RAH

1.7E pH=3.5 MKW PG Z I EAR, P Lo-X@2)(X=P. Si. Ge) 7 240nm
0 310nm HHE 44— Wlwe, o0 R FAHIR 22 R B AL BAE. 240nm Z5 4 () R i
R 0,~Mo MFHHEKE, 310nm AR MR EIER O, O~Mo MIHEKIE, ERNX 11 &3
BRI . :

RAEXBESBFMRLBREMALLE, ZBBER T 10om LR, ERHTERARZHERE.
Mo-O Bl &4 TEMA. IR MEIHEIMESK.

3ME To-SiQWBRUHIE, RAEF pH=7FIERBVIRFLE, W To-Si(0)%E
pH=450, fFAEHBENRT. ZUNRZBESEFNREZREDMA L, HEANTIHEE
.

4.7£ pH=3.5 WP, 400—-900nm {EFE KN, METXURZEMATRAIE, A THE
ER B KT (IVCT ), KRJLEAERM—IEERE 7.
.ESR i#

£ 77K ME T Sm—=Si(2). Tb-Si(2). Sm—P(2). Dy-Ge(2)# ESR i, JLFHHELZHEHS
H Mo*'# ESR 85, g IRES. EMNHERALTHAIEE. HEFHARN, Sm-Si 2) &
KRB ARTHBEMER, XUHATIABEKRTFE, WFZRMESEESRERD, G118
FFEEEBMES A Mo BT 16, ¥, 3 Mo™ BHE (Mo f”Mo WAL %
I1=5/2) MEAEM, LT EKELHYE. ESRIEELE L.

B Sm-Si(2). Pr—P(2)iy ESR i%#E(77K)
Fig.1 ESR spectra of Sm—Si(2) and Pr—P(2)" (77K)
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Table 5 Value of g of ESR at 77K
compound Pr—P(2) Sm—P(2) Tb—Si(2) Sm-Si(2) Dy-Ge(2)
b4 1.955 1.953 1.946 1.948 1.945

£.X B L R FHEE (XPS) .

F6FIHT Ce—P(0). Ce—P(2). Sm—Si(0). Sm-SiQMARRTFTEEHEE, HEFH
REBBFBHKLESS Mo, Ln, O MPLIRFHRERTFESRYENEMR, SEHTH
FRHETFUHEEEANFH. RRENMETFRE—ESHERE, FREEE Mo [RF
k.

%6 HEBRTFERLEMIEEY)
Table 6 Data of Electron—Combining Energy of Inner Shell(eV
compound Ln3d;,, Mo3ds,, Ols P2p;,,
Ce—P(0) 886.3 233.0 531.0 134.0
Ce—P(2) 885.4 232.8 530.9 133.9
Sm—Si(0) 1084.3 236.6 5313
B Sm~Si(2) 1083.2 232.3 L5311
Ho3ds
Mo3d3
Sm-5i(0) Sm-5i(2)

M2 Mo3ld,, Ml Mo3d,,, KA
Fig.2 Enlarged XPS peaks of Mo3d;,, and Mo3d, ,,

B 2 & Sm—Si(2)8) Mo3d;,, #l Mo3d, ., BT AL, XB Mo(V)F Mo(VD)ik i
BEER, RIE Mo(V)H Mo(V)MEAL B RF, T4, 4 e e N T4 F 4
Mo* FI Mo* BI FHH 10 1, FH 2e 2B KA 24 Mo BF.

J\.'P NMR i}

Nd-P(0)fl Nd-PQ2)ft4*'P NMR Bl 85% BE MR Sy 4h4%. Nd-P(O)Yy 6 f: —2.9878
(ppm), NA-P(2){t3 6 ffi: —9.1113 (ppm). NA-P(0)F1 Nd-PQQ)%& W H—ik, EHSTFHE
ABERBERN, WAREZEES L EALR S RIXFRN.

Nd-PQ)M{b2AIH H Nd-P(0)k, B Nd-PQ)#) 6 MmESLBE s, XEHTF (—) BF
MBS THWEN ©, T —HEERE. () SIARFEBTFRE, WREKE
BiE, SIBRAFETHAREENON, GNP ETFLa FHEERMMN. ERNENIS I TR
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ISOLATION AND STUDIES ON PROPERTIES OF THE
HETEROPOLY BLUES WITH LANTHANIDE COMPLEXES OF
- DOUBLE-11 SERIES CONTAINING MOLYBDENUM

Wang Enbo . Ren Qunxiang Wang Zuoping  Lu Xinhong Zhang Suxia
(Department of Chemisiry, Northeast Normal University, Changchun 130024)
Zan Ruiyun Liu Guizhen
(Changchun Institute of Applied Chemistry, Academia Sinica, Changchun 130022)

Preparation and isolation of two—electron heteropoly blues of Lanthanide complexes of
double—11 series containing molybdenum K H,[Ln(XMo0,,0,9),] + nH,0(X=P, Ln=La, Ce,
Pr, Nd, Sm, Gd; X=S8i, Ln=Ce, Pr, Sm, Tb, Dy; X=Ge, Ln=Dy) were reported in the paper.
They were characterized by elemental analyses, infrared and ultraviolet visible spectra,
polarography, cyclic voltammetry, thermal analyses, ESR, 3P NMR, XPS and their properties
were studied. All results showed the structure of heteropoly anions had no change obviously but
there were slight disorder. Reductive electrons delocalized to some extent. The oxidative order
in solution was Ln—P(2) > Ln—8i(2).The heteropoly blues have a good anti—base decomposition

ability.

Keywords: lanthanide heteropoly blue

complexes of double—11 seriss containing molybdenum



