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(1) AR IGAF]. e R 44l [Emim]-
Br?VHI Nag[ A-PW0s4] - TH,OP ARG SCHk & A%, I8
LM ETEEAT T RAE. JCE TR A Perkin-Elmer
2400LS BT ZE A 2 ; 2040 6 15% Rk Alpha
Centaurt FTIR (KBr JEHR, MK EGERIAE 400~
4000 cm™") M5E; #4FE R T Perkin-Elmer TGA7 A
ST E ;. LAMEIE R 752 PC BURAM e
T2 AL 2A S R CHI660 Hi AL 2R 25 &4 Fril
ARG E, MR = AR Ag-AgCl M
Wb 2 i, AR A A TR, 022 R X Ha A,
XRD i} % ] Rigaku D/max-IIB I & .

(i) eI, B2 0.0230 g FE4h 17T 200 mL
2x107° mol/L % F}] B (RhB) /KIEWH, RIS TERS
AbAiEFE 30 min, AR, SRSIHE R RTEAE 125 W
Hg AT HESF, AR R— 2 B R HORE, BEdhE L 752
PC AV AN MO EETHHEA T A2

R1 AW 1 mEEEEROMERC)

(i) BG4 RVY) Nag [A-0-PW¢Osy] -
7H,0(0.5014 g), NiCl, - 6H,0(0.2051 g), [Emim]Br (4 g),
H;PO, (0.2 mL)IR &1 3 30 min, 2% A 12 mL A R
VUSR M AT RS N R i 2, #E 170 fEE AL
5d. ZJE, ZEEFEEER, SEEAYRSEK 1L
R 40%(LL W i), TR {EH(%): H, 1.80; C,
10.89; N, 4.38; Ni, 4.11; P, 1.09; W, 57.68%; FRit{H
(%): H, 1.83; C, 10.88; N, 4.39; Ni, 4.09; P, 1.08; W,
57.65.

(iv) X Sk S RLE /M E . $EHL 0.28 mmx 0.26
mm x 0.22 mm B 25 A T BEES A A T8
FH Rigaku RAXISRAPID IP ¥ FL AT 5HAE 150 K R 2
mn A M S EO IR S 5. fi ] SHELX-97 #2738
T VA R 4 R I i /N ARV X A 5 R A T A AT
MRS & . A A 5 8%, Mo 46 R, 78
3.02°<20<24.41°, Vlw-20 A7 X304 39391 4~
firht s, Hop 10033 AN ATH S A SRR R T
AT T & S EEIE, BT H P EA R HEUT
J1, LVEATARRES M E k] B, ik, B
KM HIEFEEEMA S T8, (& 11k
SEBMON: BARNLAR, SSHBE: C2/c, a=135.584(7) A,
b = 14.5133) A, ¢ = 24.423(5) A; a=y= 90°, f=
101.38(3)°; V=12365(4) A®, Z=4, p=13.083 Mg/m’,
Goof = 1.076, HZW U2 H+ R, = 0.0739, wR, =
0.1593. fb&Y 1 EEMEKEMUFE 1, CCDC:
795854.

K (A)
P(1)-0(12) 1.520(14) Ni(1)-O(18) 1.999(16) Ni(2)-0(14)#1 2.107(14)
P(1)-0(21) 1.524(16) Ni(1)-O(34)#1 2.016(15) Ni(2)-N(1) 2.123(15)
W(1)-0(14) 1.815(14) W(2)-0(27) 1.719(15) W(3)-0(2) 1.877(15)
W(1)-0(8) 1.883(14) W(2)-0(34) 1.801(15) W(3)-0(15) 1.878(17)
W(4)-0(30) 1.974(16) W(5)-0(22) 1.677(18) W(6)-0(31) 2.026(16)
W(4)-0(33) 2.422(14) W(5)-0(9) 1.852(17) W(6)-0(21) 2.402(14)
W(7)-0(10) 1.699(17) W(8)-0(2) 2.015(16) W(9)-0(29) 1.712(16)
W(7)-0(18) 1.912(17) W(8)-0(21) 2.460(14) W(9)-0(30) 1.867(17)

()
0(12)-P(1)-0(21) 111.2(8) 0(18)-Ni(1)-0(13)#1 87.1(6) O(13)#1-Ni(2)-0(14)#1 84.9(6)
0(12)-P(1)-0O(11) 109.3(8) O(34)#1-Ni(1)-O(13)#1 97.8(6) O(1)-Ni(2)-N(1) 88.3(6)
0(20)-W(1)-0(14) 104.6(7) 0(27)-W(2)-0(34) 105.2(7) 03 1)-W(3)-0(15) 87.4(7)
0(20)-W(1)-0(8) 102.5(7) 0Q27)-W(2)-0(5) 101.4(7) 0(2)-W(3)-0(15) 155.3(7)
0(3)-W(4)-0(8) 156.4(7) 0(9)-W(5)-0(16) 86.0(7) 0(5)-W(6)-0(17) 156.5(7)
0(24)-W(4)-0(30) 97.3(8) 0(22)-W(5)-0(28) 103.2(8) O(4)-W(6)-0(31) 99.1(7)
0(18)-W(7)-0(26) 86.5(6) 0(17)-W(8)-0(21) 72.9(6) 0(25)-W(9)-0(16) 154.7(6)
0(10)-W(7)-0(23) 102.3(7) 0(2)-W(8)-0(21) 73.7(5) 0(15)-W(9)-0(16) 83.6(7)

a) TP SRR T I XS FRERAE: #1 —x—1/2, —y+5/2, —2
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&Y 18 IR Y6iE(E DIFJEAIF: 3452 cm™
(O—H)FHE I 1040 cm™ H (P-Oa)RRfiF I, 947 cm™!
S (W-Od-W)FHE I, 890 cm™ i (W-Ob-W)4#1iF I,
780 cm™ H(W-Oc-W)4FAE ™Y, 3070, 1568, 1470,
1451, 1330, 1167 cm™ 4b (1) W Wi i 47 2 A L
P [Emim]*F Mim 9 $RAF 162,

2.2 fe& 1SR

X SIS SRR, (LAY 1 AP
ZAb I e 0 BB F [Niy(Mim)o(PW034),1'"7, 7 AN
BN 1-55-3-F SL DR B A BH B 71 4 UK AT A
M, W 2R, e ORI E R H 2 A =8
(I S IC[PW 05, 3 2 — A FRL ST RR Y 22 T F B
{Ni,014N, } (B 2(b)HER L. = B0 I [PWo0s4]" F
BUREM 4 Ml Keggin BIE T [PW,040]° %25 3 N3t
AR A WOe N THHARTE LA ). ZE[PWo0s,]" B,
JIA 1 P(V) ST #R 2 DU AR A Horp P—O B 1
KK 1.520(14)~1.540(15) A, O—P—O 18 f Ji [F
A 107.0(8)~111.3(8)°. ZE I i Bt {Ni,OuN, )il i 14
MFEIEF 5 2 4N [PWoOs] HITHE. 14 D4R
TR ETF 2 N PWo0s,° B, Hi, 12-p,0 J&
Tk AT WO /\IfIA, 2-p,0 J5F2K [ T PO, MU I fA.
{NigO N} A B ) 24 N RT3 4 T 24 2 bk ms,
FERAB T, BrA B9 Ni JEF 2R A0 6/ AR g
PIFREE. Ni—O AT N 1.999(16)~2.306(14) A,

Ni-N B8R 2.123(15) A, FER A A A
CFEWRME, I LAAE R Nt FE A 1- 2,35 -3- F Lk g fH
BT R T oM, RETHEE XRUE &Y AR
FETR, OUE I 0 WK W8 WL L 43+ fiff oy PR Joe 56 18 R e, -]
LIS RE AR, HATEENE, ZHET1S
A% 435 114 4 TCAIL DY A2 2 0 BY (1) 22 R A A W) [Nig(H,0),-
(B-0-PW03,),]""" A7 X I ARBA ., 22T (NiyO6)
HITHY 2 > NiOg /N 2 D ECAIZK 53 FBA L
e i 2 FE Bk s B, BRI R T — A WL L2 1k
(B S F [Nig(Mim)2(PW034)2]""

B Ah, AR A A =B ) Keggin S+ 1
IR [A-0-PWoOs, )" 1E B IE B9, B, =Y
=AY Keggin BAICHIE [B-a-PWo0s4]"". X R IHTE
R FES, [A-a-PWoOs]" #4b A [B-0-PWy0s4]°"
AT, X R G A RO R K AR Rl & AR
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EAREEN R, 25T 0 R E R T 5
BB ES T 1-2 5L -3-F BEpkme 2> Al AR AR 12
f) C—H--O S HEVE ], MIMTBEA SR — 1 =4 i T
HEZL, W 3 iR, S KEEE 2.975~3.156 A
Z ).

2.3 BT

L&Y 1110 TG & nE 4 R, (k& TG
ML rE 48~431 AL 18.44% HiTH(H 18.14%
Wid. 7E 48~133 JulEN, K EERE 1.30% X T
SER LS K GTEMEN 1.25%). 78 133~431 {1
N, KEEE 171490500 TR 1-43E-3-H
FEDK IR CFER W GHAE N 16.89%).

2.4 X BHERATH BT
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B 5 A4 1 BiERl XRD #EE (@)FHR% XRD £ E (b)

FORT IO S(b) SR RTIIE AL ST G 84T
L2 SR 7= )l A,

2.5 Wb b

EW 1 PERMR L & E 6 Fios, xithZ2
7E pH 3(1 mol/L Na,SO, + H,S0,) Z& miaih, 14
P 50 mV s S TR, 7E-0.8~-0.4 V [1UH
S RPN AT LR 5 9 0k S A s i i 3o 74 S0 0 S 2
BHAL Eip = (Epe + Ep@)/2 73 5]5£-0.729 VA-T)Al
~0.536 VI-II'). W 1-I'F T-1050 5% R F 2 BB 1
W I 2 A~ 25 14 T F T L i i B,

2.6 OBHEILTETERFSE

AFTJRAL, ZRRAE I AT LR T, 1
YR RN AR YA AR FR R, AT AR A PR RE PG S 0 A
RB2P AR, BATEE TIAEY 1 480 WL
IR, X2 P B(RhB)HJEREfERE 1. WIE 7 FiR,
Fifi 25 %% BRI R] BY ZE K, 550 nm AL A RhB 47 AE W i 04
S I R R, [RIIE RhB VWA (02 78 1. I

10 -08 -06 -04 -02 00 02
BE (V)

B 6 A4 17 1 mol/L Na,SO,+H,SO, &l
(PH )3 E R 50 mV s BB EATH



1.54 0 min
124 20 min
i 0.94 40 min
»
= .
0.6 60 min
80 min
0.3
100 min
0.0
450 500 550 600 650
F (nm)

Bl 7 LAY 15 RhB 15 BEAR R 2 Fh- 7T IR ok &

ZEREW LAY 1 X% RhB A BB AL R e
AP e 1A AR, RhB R ER (k) 5
JEHARTE () BYSE R WK 8 iR, RhB FLER (K)
W LARINA K=o~ )/, Ferb, Iy R B IR O,
RhB {4 ST LI SO GSR B, 1, e R4 AT 0L
WG ¢ BFRIES, RhB A9 240 nT W o BE . 315
gEHLRIA, 7E 100 min A9BSR, fHMLAY 1
VE R AL, H RhB #AL3 K 86.18%.
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AT 508 B v TR TS 7 807 ik B LT R Y 22 R
APLIHLAAERRE, DS BIZ5H 0T 1k B
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Ionothermally synthesized sandwich-type phosphotungstate

CHEN BaoWang, CHEN WeiLin, MENG JingXin, FU Hai, LI YangGuang & WANG EnBo

Key Laboratory of Polyoxometalate Science of Ministry of Education, Department of Chemistry, Northeast Normal University, Jilin 130024, China

A new sandwich-type phosphotungstate compound, H3(Emim);[Niy(Mim),(PW¢O34),] - 4H,0, was successfully synthesized. We used
the ionothermal method with 1-ethyl-3-methyl imidazolium bromide ([Emim]Br) ionic liquids (ILs) to synthesize the compound. We
characterized the material using X-ray diffraction, elemental analysis, infrared spectroscopy, thermogravimetric analyses,
electrochemistry and photocatalysis. The crystal state of the sandwich-type phosphotungstate was: Monoclinic; space group C2/c; a=
35.584(7) A; b=14.513(3) A; c=24.423(5) A; @=90.000°; B=101.38(3)°; »=90.000°; V=12365(4) A*; and Z=4. The polyoxoanion
of the sandwich-type phosphotungstate is two methylimidazole molecules and a modified sandwich-type hybrid tungstophosphate
[Niys(Mim),(PWO34),]'". In the packing arrangement, the adjacent hybrid polyoxoanions of the compound are connected through
C—-H-O hydrogen bonds between the dissociative [Emim]+ cations and the surface oxygen atoms of the polyoxoanions. This structure
forms a three-dimensional open-framework.

ionothermal synthesis, sandwich-type polyoxometalates, supermolecule, electrochemistry, photocatalysis
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