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Abstract

The pure inorganic POM framework structure based on transition metal connection has the ad-
vantages of high stability and good synergy, and has potential applications in catalysis and other
fields. In this paper, a new three-dimensional pure inorganic POM framework was synthesized in
situ at 80°C by hydrothermal method with Paradodecatungstate-B anion [H;W1204;]1%- as the
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building block, and its structure was characterized by single crystal X-ray diffraction (SC-XRD),
powder X-ray diffraction and Fourier transform infrared spectroscopy (FTIR).
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1. 5|15

% &R Eh i &) (Polyoxometalates, POMSs) & —2 HAT 25 M 4 by AUHT R AL~ 1k o 1) <6 S
BLEY, R[] REPE[2]. HRIBmPL[3]. P86 [4]. SARMRBR[S] [6]. BE2[7]s M4 RMRFASE40IE
ZENTZRVE. POM Wi ML Z hEe MR &S S, BB REIE 2 A EAL A TR,
POM k2% Hh e A R I 73 S 2 — e E e % 6 T R T A 2 ) 3R I 28 7 R SRR B2 i — 4 (1D) [8] [9]
T 4E(2D) [10] [11] [12]EEZ =4EBD) T EHEZL . —MOkUL, POM MG 2 4EAEZL 2l it &) - A LI
WP REESR LI . ML, (OB E SRS RS EN SR ARG &E R, A
IINFAN A NLECAR, 2T POM ¥ =44l ToAUAE S B2 AR e 05 WK T [ A bA b b4 v 1 A RS e 1 0 &5 gl
P, HIES ARG IRE. XAERKEE LA RFRER.

TESFR2EA ) POM b, N i ff) Keggin . Wells-dawson . Anderson %4, Silverton . Lindquist
RIBH S 1-4%, Paradodecatungstate-B [ 55 7 [H,W1,04]' " H T~ H B fif 25 B [ 13] [14], 51 T R,
[HaW1,045]"" HLAT 36 AN A1 S 1 R e v 1) Hh e 26, o 3 THT R0 TS, 0 R T i 4 R4 P 5

2006 4F, SIAP B BRI i) 25 HRAE T = FioB (1 e ik I 4 BH 251 R0 2R S IR R 4H R Y ¥ Jre 45 44
Nag[{Cd(H,0),}(H2W12042)]-32H,0 . Nag[{Co(H20)sH{ Co-(H20)4}(H2W12042)]-29H,0
(H30)3[{Na(H,0)4}{Co(H,0).}3(H,W1,04,)]-24.5H,0 [14]. i i 4 8 i AR [l 42 7 30 S 8O AN 5] I HE 42
ik FIFHKRGEE R, %A BOTERG RS IRERAE T HR0s%. WEY 1-3 KIRII&HREY, 1E
WA BT, MRS 2l &R A R 4 s, I H[HW,0,,]" 9 P @it A g
PR R B R - R R I R AR SR . LA 3 B RIFINA R IG R B R RE, X T4 KT
POM [FIA4 AL TE A 505 Ak 24 H 1) I FH A A5 A R o S A5 2 140 AN () 35 0 1 T BSR4 B
SR A

2008 4 S LHT R AL E K IE R ) 4% 7 =Fh LA Paradodecatungstate-B BH 251 A RE AL IS U & B &
Mo &RT =R AR 3 Nag[Cu(H,0),(HoWi5045)]-30H,0 « Nag[Cd(H,0)o(HoW1504,)]-20H50
Nay 4[Cd1 3(H20)2(HaW1204,)]-24H,0 [15]. H.4% X GFLRATH 9138 03, Bo &9 1 Flc &9 2 ¥ —4e 4544,
H4BI¥I 4 Paradodecatungstate-B [#%[H,W1,04,]', H1[Cu(H,0),]* B [Cd(H,0),1* # e, Milit &4 3
N YR LR . [FINTBEAE T ECEY) 1 AIRC &) 3 48 pH A 4.8 Gl b (I Fa Ak 2247 . LA 25 2R
R, TAEY 1 AECAYD 3 0 AR £h K B A A . BC A 1 SR I O SR A R 6 1) FL AL
Tk, RIS (SPS) AT HL 1717 S SPS (EFISPS) 45 R, Ea 1 MFIE Gl BT NE 2,
B &0 3 A n R SRR

BT UL EHE, ATl KA IETE 80°C N &K T — B L&Y, Jidid s X ST b
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(SC-XRD). A X GHERATH« (HIL AR 2 A6 1 (FTIR) MR FRALE F BT & AT T 40 # o
2. SCIGERSY
2.1, &R

Table 1. Experimental instruments
1 LI

fas HE R
B XU ERATAHY Bruker D8 VENTURE
KR X-5 2R AT % D8 Advance
AT STA449 F5
LLAMGTEA NEXUS 670

P it R 2RSS AR U 2% A PR LS 2 B0 SR T I VE A 4

Table 2. Experimental reagents
F 2. LR

%1 A% TR
Na,WO42H,0 AR E 25 £ PG 2R R A 7
Co(CH;C00),-H,0 AR ] 2454 A 25 R A TR A W)
WA AR E 2 ARG PR A A
B4tk (H0) AR Elix #4liKHl

TSI BT AR e R it — b 2l T EaRfE A .
2.2. MRAFE

2.2.1. B X 5T (SC-XRD)

Hdh X SFRATH R ZTE 150 K ', {fAE#% PHOTON 100 CMOS —4E#Rill#&f Bruker D8
VENTURE f75HMX (0 1 frzr), KH MoKa $745(4 = 0.71073 A), DL o 337 TSR 175 256
B BN 40 mA, HLHECA 50 KV, ARHE B K/ 285 AT S 0 B S A B 1R S N [R] AAT S
FOTa R, AT AT B U

2.2.2. K X 5178 (PXRD)

fifi i} D8 Advance %! X-SF 2ok RATHAL (1L 2 From)s b &AM, DASRAFHRE S IR X G2k
HTPHEE . SR TREFEA01S(U=40KkV, | =40 mA), 204 2°~60°, FIRHE BE G4l R LK 75
ERE LA AR 2

22.3. REF(TGA)

fHH STA449 F5 M Hr i (n s 2 Fim)st b 4t ariiR, DR RS A E s . R4 ATE
AT, LASC/min BFHEE R M 25°Cn#Z 800°C .
2.2.4. BAMTIRLTIPRIEFTIR)

] NEXUS 670 {837 A8 4T AMEIEAL (I3 2 B4k &9 A LR B A HLE B k470
iR, JEIT ATR BT I 4
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23. HWEVNEREZE

# Na,W0,2H,0 (5.02 g, 15.2 mmol)f1 Co(CH;COO),-H,0 (0.63 g, 4 mmol) (&% 2 ArzR)iE T 7K (43 5
7915 mL A1 10 mL)Hr, SR EINFAR] 80°C, ARJEH 80°C XM IR Hl KA MR Z2 12 I\ 2] 80°C (R4S B 47K
TR, @I NRASER (0% 1 Fom) ¥ IR pH T 2 3.42, BEAN NI FEIR B # Y 80°C . ¥
FRIEVEAE 80°C FHRHE b 4Bl AREA LIRSS &, EEIR NMIRES 2 H bR g .

24. WEMIME DR

L S5 R R AT 2 WAL A W{Na[Co(H20)4]a(HaW120.40) (H,0) 17} 2 Hi - paradodecatungstate-B [HoW1.0,,]"" #4)
PUW ZHEREZE S5 R (1] 1~3 FoR). AV S IR 2280 A R e 3 ISk 4 P
paradodecatungstate-B #4358k H U4~ = 44 FiL T ST e iy vh e s i), B R i 2 B DS A 3L i i =
FARHA R P W3Oz A W30 —ATE W30, =R 1 Hh i A BY) il i (1) WOg J\THIAAZH Y,
A W R T — AR5, 1 WO =R AR(E] 1 Wi B BY) 2 th =AM id 3t = WO 4R, B4~ W JEF
A AR i 4

Figure 1. Two trimers of [H,W1,04,]*°" building block
B 1. [HaW1,0,,]' M5 SR A F T = BR {4

WK 2 iR, BANHW104,]" " F ST HeE S PUAS Co? i i 4 @ 551 5 ARAB A [HoW1,04,] ' H %
R YEEE, SR Co™ il 4R B FIE A AR M SR A B = RAR (R B0 AT B B = AR (WU ),
JEH BABA:+-. ABAB-- XUBHELE . [FIN, 63 BT —4E8ER0 7 1 10 F1i b, SRS [HaW,040] " M s
HILPYAS Co* 1L 4 Ja B FIEREIU M AR I [H W 12040 O H5E, PO Co? 1k 4 15140 7 A BN
SHAI DI = RAR(FAS A BIPIAS B BDIEHH 2. B AHAR I —SEBEA LAH IE T IR = 4ERE SR 450,
[HoW12000) RIS Bl — A5 8, A ZHEHESR AT LA Ak — /S 821 peu $hAMSE (A0 E 3 FITR).

25. WEMIHIER X SHE&ATH 547

RSV R X SHEATH (PXRD) B 5 M X G2 ATH 0 MR As RO R 1 3R 4T EE . ALIA
4 HRTCUE Y, EATTREAL B ARF W), RTINS A . SRS TS A PR RS UL ) P 11
AT 9 AN R AT B 2 HH TSR 48 PXRD SESGHUHE I AHE f 00U T 8.
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Figure 2. One-dimensional chain structure formed by [H,W,04]'° building blocks in the
compound {Na,[Co(H,0)4]4(H2W1,04,)(H,0)17} and the connection mode of building blocks

B 2. E{Na[Co(H,0)ala(HoW12042)(H20)17} H [HoWi,0u2] D SRER L A B — 4 2544
B SERRR

Figure 3. Three-dimensional framework structure of the compound
{Na,[Co(H,0)4]4(H,W1,04,)(H,0):7} and six-connected pcu topology
3. {Naz[CO(HZO)4]4(H2W12042)(H20)17}E"]Eiﬁ*@%%m&/\_\ﬁﬁﬂ"] pcu *E:H‘ét*’@

—EN
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Figure 4. Powder X-ray diffraction pattern of compound {Na,[Co(H,0)4]4(H,W1,04,)(H,0)1,}

& 4. 1L E{Na[Co(H20)4]a(HaW12045) (H20)17 YU R X Sk 1757 Bl
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2.6. WEYINARED

SR EMZL Y, HF=AWHEMRENE, WK 5 . £ 0°C~150CHIREEE N, 1K
e H 9.35% % N T A A 45 M HR i BS (R /K 4, 7E 150°C~298°C (1) Y [l A o o7 T3 30 Hp Sk 7K 45 F- 11
2K:(4.35%). 7E 298°C~520°C R EVE R N, 25 =R E 3.07% & T2k 25 TEAL 1K T

100

—EW

Weight %

80

1 s 1 s 1 "
200 400 600 800
Temperature/°C
Figure 5. Thermogravimetric curve of compound {Na,[Co(H,0)4]4(H,W1,04,)(H,0).7}
5. L EH{Na,[Co(H,0)4la(HW1,04)(H,0),, } AU E i 2%
2.7. WEPIROINIEIEST I

AL S AN G T, £E 962 om ™t BT B B T & T vas(W-Oy), 840 cm™. 698 cm ™ [t ilr (i 19
J& T Vas(W-Op) FT vos(W-O ) F FH 45 4R 5 . 3440 em™ BT H I &% N F- 7K 431 -OH B8 4 1R 3 0 (G

6 7)o
—E
X
g
E
g
&
1 A 1 A 1 A 1 A 1 A 1 A
3500 3000 2500 2000 1500 1000 500
Wavenumber/cm !
Figure 6. Infrared spectrum of compound {Na,[Co(H;0),]4(H,W1,04,)(H,0):7}
6. L &EPI{Na,[Co(H20)4]a(H2W1,042)(H20)1, YU LT b e i
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Table 3. The crystallographic data sheet of the compound

=3 LAV SR FRIER

Empirical formula Co4Na,0g0W1,
Formula weight 3447.90
Temperature/K 150.0
Crystal system triclinic

Space group P-1
alA 12.100 (4)
b/A 12.147 (2)
clA 13.094 (4)
/° 111.753 (7)
B/ 95.213 (9)
y/° 105.490 (12)
Volume/A3 1683.4 (8)
VA 1
pealcg/enm® 3.401
w/mm? 21.470
F(000) 1498.0
20 range for data collection/* 4.96 to 55.12
Index ranges —-15<h<15,-15<k<13,-16<1<17
Reflections collected 16946
Independent reflections 7639 [Rin; = 0.0452, Ryjgma = 0.0671]
Data/restraints/parameters 7639/0/211
Goodness-of-fit on F2 1.088

Final R indexes [I >=2

o ()]

Final R indexes [all data]

R; =0.0838, wR, = 0.2105
R; =0.1010, wR;, = 0.2213

Largest diff. peak/hole / e A~ 8.83/-3.33

"R = Z||Fo| - [Fl/ZIFo|, "WR = (E[w( - F2 YVE[w( F,} )™,

Table 4. Table of bond length

4 LEVHBKITER
Atom Atom Length/A Atom Atom Length/A
Wo01 o1t 2.219 (19) WO006 022 1.75 (2)
WO001 06! 2.15(2) Co4 0172 2.052 (18)
WO001 09! 1.897 (17) Co4 017 2.052 (18)
w001 019 1.915 (18) Co4 028 2.10 (4)
Wo01 020 1.79 (2) Co4 028? 2.10 (4)
Wo01 021 1.69 (2) Co4 029? 2.04 (4)
WO002 o1! 2.223 (17) Co2 0223 2.03(2)
WO002 04! 2.052 (19) Co2 022 2.03 (2)
WO002 016 1.900 (17) Co2 023° 2.10 (3)
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Continued
W002 017 1.744 (18) Co2 023 2.10 (3)
W002 018 1.805 (18) Co2 0243 2.13(3)
W002 019 1.942 (18) Co2 024 2.13(3)
W003 01 2.251 (17) Co3 013* 2.128 (19)
W003 03 1.961 (17) Co3 020 2.095 (19)
W003 04 1.887 (18) Co3 025 2.10 (2)
W003 05 1.71(2) Co3 026 2.13(2)
W003 06 1.853 (18) Co3 027 2.04 (3)
W003 o7 1.966 (17) 01 wo! 2.33(2)
WO004 o7 1.883 (18) 06 wo! 2.02 (2)
W004 08 1.778 (18) 09 wo? 1.861 (17)
WO004 09 2.221 (17) 019 W0 1.973 (19)
WO004 010 1.74 (2) 020 W0 1.65 (2)
WO004 012 1.960 (17) 021 W0 1.86 (2)
WO004 018 2.148 (18) W005 016 2.213 (16)
W005 09 2.272 (17) W006 03 1.851 (17)
W005 012 1.897 (17) W006 011 1.73 (2)
W005 013 1.760 (18) W006 014 1.956 (17)
WO005 014 1.870 (17) WO006 016! 2.277 (17)
WO005 015 1.746 (19) WO006 021 2.215 (19)

N-X,1-Y,1-ZA-X,1-Y,-Z%1-X,2-Y,2-Z; 1+ X, +Y,+Z;°1-X,2-Y,1- Z.

3. &g

1E 80°C /K G T IRAL A B T — B3 ) = 448 To N L 2 FRAE B2 {Na,[Co(H,0)4]4(H.W1504,) (H-0)17},

B X BHRAT S T B H Ol Paradodecatungstate-B 9155 1 [Ho,W1,04,]'* M9 50 24 e i858 £ A i Co®
U 4 B IR AR AR A BT T R ) = 4R 2%, 33— 5 TR B REAN S5 M N /N R peu AR

SEEk

[1] Zeng, H.M,, Jiang, Z.G., Zhang, H., et al. (2021) An Extraordinary OER Electrocatalyst Based on the Co-Mo Syner-
gistic 2D Pure Inorganic Porous Framework. European Journal of Inorganic Chemistry, 2021, 2606-2610.
https://doi.org/10.1002/ejic.202100279

[2] Zhan, C., Busche, C., Long, D.L., et al. (2017) Encapsulation of a {Cus} Cluster Containing Four [Cu,0,4] Cubanes
within an Isopolyoxometalate {W,,} Cluster. Chemical Communications, 53, 7076-7079.
https://doi.org/10.1039/C7CC03544F

[3] Zeng, H.M., Wang, C., Wu, W.H., et al. (2021) Solvent-Driven Crystal-Crystal Transformation and Morphology
Change in a 2D Layered Inorganic POM-Based Framework. Nanoscale Advances, 3, 4680-4684.
https://doi.org/10.1039/D1NAQC0416F

[4] Zeng, H.M., Wu, W.H., Wang, C., et al. (2022) Controlled Assembly and Reversible Transformation of Tuneable Lu-
minescent Mog-R6G Hybrids. Inorganic Chemistry Frontiers, 9, 78-82. https://doi.org/10.1039/D1Q101014J

[5] Deng, L., Dong, X. and Zhou, Z.H. (2021) Intrinsic Molybdenum-Based POMOFs with Impressive Gas Adsorptions
and Photochromism. Chemistry, 27, 9643-9653. https://doi.org/10.1002/chem.202100745

[6] Zhang, Z., Sadakane, M., Noro, S.1., et al. (2015) Selective Carbon Dioxide Adsorption of g-Keggin-Type Zincomo-

lybdate-Based Purely Inorganic 3D Frameworks. Journal of Materials Chemistry A, 3, 746-755.

DOI: 10.12677/aac.2022.122017 139 it it e


https://doi.org/10.12677/aac.2022.122017
https://doi.org/10.1002/ejic.202100279
https://doi.org/10.1039/C7CC03544F
https://doi.org/10.1039/D1NA00416F
https://doi.org/10.1039/D1QI01014J
https://doi.org/10.1002/chem.202100745

B

(7]

(8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

https://doi.org/10.1039/C4ATA05496B

Zeng, H.M., Jin, B.X., Wu, W.H., et al. (2022) Controllable Assembly of Mo"'3-Based Polyoxometalate Porous
Frameworks with Silver lons and Lung Cancer Cell-Specific Cytotoxicity. Chemistry of Materials, 34, 2989-2997.
https://doi.org/10.1021/acs.chemmater.1c03837

Zhu, Z.K., Lin, Y.Y., Yu, H., et al. (2019) Inorganic-Organic Hybrid Polyoxoniobates: Polyoxoniobate Metal Complex
Cage and Cage Framework. Angewandte Chemie International Edition, 58, 16864-16868.
https://doi.org/10.1002/anie.201910477

Zhang, X., Yan, Y., Wu, L., et al. (2016) A Pure Inorganic 1D Chain Based on {MogO,} Clusters and Mn(ll)
lons:[Mn(H,0),Mo50,5],"". Solid State Sciences, 51, 18-23. https://doi.org/10.1016/j.solidstatesciences.2015.11.005

Li, X.X., Shen, F.C., Liu, J., et al. (2017) A Highly Stable Polyoxometalate-Based Metal-Organic Framework with an
ABW Zeolite-Like Structure. Chemical Communications, 53, 10054-10057. https://doi.org/10.1039/C7CC05552H

Gao, Q., Li, F., Sun, M., et al. (2014) Multidimensional All-Inorganic Frameworks Based on New Molybdovanadate
Cluster of [VM0;0,5]° with Cu(l1) Linker Showing Semiconducting Behavior. CrystEngComm, 16, 7681-7688.
https://doi.org/10.1039/C4ACE00831F

Chen, X., Wang, Z., Zhang, R., et al. (2017) A Novel Polyoxometalate-Based Hybrid Containing a 2D [CoM0gOy]..,
Structure as the Anode for Lithium-lon Batteries. Chemical Communications, 53, 10560-10563.
https://doi.org/10.1039/C7CC05741E

Ritchie, C., Streb, C., Thiel, J., et al. (2008) Reversible Redox Reactions in an Extended Polyoxometalate Framework
Solid. Angewandte Chemie International Edition, 47, 6881-6884. https://doi.org/10.1002/anie.200802594

Sun, C.Y., Liu, S.X., Xie, L.H., et al. (2006) Synthesis and Characterization of One- to Three-Dimensional Com-
pounds Composed of Paradodecatungstate-B Cluster and Transition Metals as Linkers. Journal of Solid State Chemi-
stry, 179, 2093-2100. https://doi.org/10.1016/j.jssc.2006.03.048

Li, B, Bi, L., Li, W., et al. (2008) Synthesis, Crystal Structure, and Property of One- and Two-Dimensional Complex-
es Based on Paradodecatungstate-B Cluster. Journal of Solid State Chemistry, 181, 3337-3343.
https://doi.org/10.1016/j.jssc.2008.09.009

DOI: 10.12677/aac.2022.122017 140 it it e


https://doi.org/10.12677/aac.2022.122017
https://doi.org/10.1039/C4TA05496B
https://doi.org/10.1021/acs.chemmater.1c03837
https://doi.org/10.1002/anie.201910477
https://doi.org/10.1016/j.solidstatesciences.2015.11.005
https://doi.org/10.1039/C7CC05552H
https://doi.org/10.1039/C4CE00831F
https://doi.org/10.1039/C7CC05741E
https://doi.org/10.1002/anie.200802594
https://doi.org/10.1016/j.jssc.2006.03.048
https://doi.org/10.1016/j.jssc.2008.09.009

	一种以{W12O42}多酸为构筑单元形成的纯无机三维pcu网络
	摘  要
	关键词
	A Pure Inorganic Three-Dimensional pcu Network Formed by {W12O42} POM as Building Unit
	Abstract
	Keywords
	1. 引言
	2. 实验部分
	2.1. 仪器和试剂
	2.2. 测试方法
	2.2.1. 单晶X射线衍射(SC-XRD)
	2.2.2. 粉末X射线衍射(PXRD)
	2.2.3. 热重分析(TGA)
	2.2.4. 傅立叶变换红外光谱(FTIR)

	2.3. 化合物的合成方法
	2.4. 化合物的结构分析
	2.5. 化合物的粉末X射线衍射分析
	2.6. 化合物的热重分析
	2.7. 化合物的红外光谱分析

	3. 结论
	参考文献

