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Bruker Smart APEX IT % X 52k A 5475 S (£ [E Bruker 24 5] ) , MoKa (A =0. 071073 nm) A £ 5
5 ; Bruker AXS TENSOR-27 FT-IR B 21 4} 535 ({8 [E Bruker /A w]) , KBr J& F, Il 22 i [l >& 4000 ~
400 cm ™' ;Bruker AXS D8 %Ay AR A7 91X (7% [E Bruker A 7]) , CuKa (A =0. 15418 nm) A 15 5 K ; Vario
Elcube BITCE 431X (72 [E Elementar 23 F]) |, Prodigy XP 25251 & S 1AL ( 6 [E LEEMAN 24 7] ) ; CHI
604B # B fb~4 TAESS (R R A R A A, AR R AL S 1 1845 B B H il (1-MCPE)
TAERM, X FK-1 P, W g | FI[ Cu(H,biim), |CL, , DAYk A TAE LK, Ag/AgCl(3 mol/L) HiiK S
FLHLAR , 47142 J % ; AutoChem 1 2910 Ak 2% 1% [t ( 26 [E Micromeritics 4% 7] ) 3 JK-GC112A TS 4 {8,
A (ISR AT PR D) 2 A5 R AEAR 100 °C, #iU3th 130 °C L, iEAERS 130 °C H, R #;
A, PEG20M ANEFMIHFTAE .

Ko [P, WO, | - 14H, 0 (BHAALEW), 615 K-{ P,W | ) S BESCHIR[ 19 ] 05 5 BT RAE . He il
1.2 [Cu(H,biim),]CLEIE K

ZRCHR[ 20 1 974 [ Cu( H,biim ), ] Cl, o F#RELCuCL, -2H,0(0. 85 g,5.0 mmol) , I A 40 mL 7£/%
KA 22 SE AR, 90 COKT B, 7E AW FE A 1. 34 ¢(10.0 mmol) H,biim, £ [ 4% it J5 4k 25 I
N2 h VAR BAT AR IS R AN R = AT IR AR, R AR TR
1.3 LEWIHNER

FREL 2. 260 g(0.7 mmol) K-{P,W | JIA 20 mL ZE{ KAl 2 58 40,90 C /KB I, ZEAS Wi
FETMA0.269 g(1.0 mmol) [ Cu(H,biim), |CL,, 37 BI A= OBy AR DTVE , BIZUHEHE 15 min J5  BHRG
#: A 30 mL AT BRI 2 AN I 48,160 °C FIE IR 72 h, BB HI B =515 8] K 4k Hutk
A [ Cu(H,biim), (H,0) ][ { Cu(H,biim), |, (P,W304) ] - 1TH,0(1) , Hlig&, /= #2y 70% (LA Cu 1),
TCER T4 R CigHygNy, 053 Cu Py W SEINE (1153 {E ) /% : C 7.68 (7.78) ,H 1.08 (1.05) ,N 6. 14
(6.05),Cu3.45(3.43) , P 1.14(1.11) ,W 59.50(59.55) . IR,0/cm " ;3748 (w) 3462 (s) 3132(m) .
2930(m) 2856 (w) .2356(m) .1730(w) 1633 (m) 1533 (m) .1399(s) .1240(w) .1091(s) .948(s) .810
(5).682(w)F525(w),
1.4 &YW HNREEHNE

A1 BER 180,11 mm x0. 07 mm x0. 03 mm, #) ] Bruker Smart APEX II CCD BA /547 5+
IUAE 1.72° <0<25. 23°JE I N WCAE AT 5 Bdis . G A B fb ) MoKa (A =0. 071073 nm) K774}
VR AT EE 2 LP AT R 56 WOR E , F BB AR BT A AR SR T A6 bR It S fi b ek fg 1, C AT N

®1 HEW1HRELIE

Table 1 Crystal and refinement data for compound 1

Formula C36HsgNyy O73Cus P, Wig A 4
Formula mass/ (g-mol ') 5556.717 D./(g-em™?) 3.683
Crystal system monoclinic Abs. coeff. /mm ! 21.334
Space group P2, /c Wavelength/nm 0.071 073
a/nm 1.6807(2) Temperature/K 298(2)
b/nm 2.1183(3) Reflections collected 49 509
o/nm 2.864 4(4) Unique data, R,, 17581, 0.126 0
o/ (°) 90.00 Goodness-of-fit on F 20.990
B/(°) 100.703(2) 0 Range/(°) 1.72 t0 25.00
v/ (°) 90. 00 Ry (I>20(1)) 0.067 2

V/nm® 10.021(2) wR, (all data) 0.1815
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1.5 fELKE

L5 1 smemaliE 450.035 g b1 50.5 ¢ ARG G TR hUHE 30 min, £ [ {4
WOk Y S MBS 18 TSR AW RN 0. 30 mL A7, FHB B FEY S5 A 1T AN 3 mm ()
ABEE I T A IR B PO 2/3 Ab o feJE PG PR AR DA )RR R R S, F AR B R A B 4R
JE- o AT AR ED Sy 1-MCPE . ARIRE 5 il , A ik &9 1 il Ry # A% (bare MCPE)

1.5.2 wi#Eis2s 432 1-MCPE il bare MCPE & T /EHL#%,2 mol/L H,SO0, K H i i 7 i, 1
0.4~ —0.7 VIEIEJEE N, B IRAMET , HH RIS A R B H, 0,/ NaNO, ¥ J806F L Y A, 3t i H Hs 722 £k it
2 BVEERMA 2 (CV) 2k, @it CV il 2 v B4R e R BH AR e rL 3 BB VA B2 1Y) A8 Ak R PR fB &4 1 Fa i ik
& JH, 0, FINaNO, i PERE. 73 4k, LABE AR LA o TAE AR, 7E 2 mol/L H, SO, ¥ W H 43 il il i vk B2
1.0 x 10 ™ mol/ LEFAAL A H Al Cu-BEIBKI L & 414 H, O, i fEAL M R

1.5.3 Bk DIME S I C I & Z R4 T A e R PE AL & 9 1 FsRME & P i ik
PERE . FUARBAEUT #E 50 mL =0 In A —E =IO 2, 10 mL 3 C e K5, —E ' i
G 1/ J5RMEE PIVE AL, e EYREETT o3 /K25 Al v BEAE, Al . 78 N2000 6 44 T
YESS EREATEER AT, BERE RN 1 L, T RUA — 35 =3 IO N4 R B OB A 0, A A 57 BE
FE SN 254 ISR, SR FEMBIER0 2 43 5 A A 700 P P T 1) B i o

2 R 5iHE

2.1 ERAERERE

Cu-H, biim it 5 FIK-{ P, W | 35 7R RAF A RRAEAL G P (HERIAK-{ P, W g | ¥ T RN 2R A AL
SELA I HE 7544 Cu-H, biim it 7 35 A B 425 | A POM 48 rf | BE(E T [A1ic g4 & POM [ RYE? 2t
K BRI, SOV R AW e B iR AR T2 . R K I BT TR AR MERS 3 14
RE, KA AT AR AR R JFURHE 5 4 28 7 S M- WU -4 7, B e A B b AR M BL 3l i oK BB T
1, L Dawson Z5K-{ P, W o | R TCHLAN S EATT , LA Cu-H, biim it 44 J 3 AE M BTG, 2551 — 2 IE L AL
B RIS 3 4128 1 R R A 228 IRE &4, H POM il Cu FCA 0 B 2R BEER IR, — 38 Z [RDJE 1
FoE BECAL S . BRI, K EREE AT, DL POM Fil: J@ L5 9 o i S Btk A T F 2 2 i T POM TEHL-f
BLAAL SRR L E T 1% o
2.2 LEW1 MR
2.2.1 @A EH XHEHEAMAKSEHSTER, EGP 1 ZH 1 DBSCHER Dawson B[] 8+
[ 1 Cu(H,biim), |,(P,W304) 177 1 A~ [ Cu(H,biim), (H,0) ]** Bt BHE 7R 11 A4 KA (& 1) .
ME T FIE 24 7] LIE 0 3 A Cu (D) BefzHrcy, B4 Ca (1) ¥y4b T ToBCAL 0 DU 5 #E PR 455
Hrp, Cul F1 Cu2 WELA T A o Cul 5 2 AH,biim 5319 4 4~ N Jii (N1 N2 N3 N4 ) 1 1 2[R
FIES 719 O J5+ (029) BLfii, 029 2 {P,W o f BB+ 75 iH b WO, /\ T 4 119 3 4, Cul —029 Ky
0.229(2) nm,Cul —N [FEEKTEREI K 0. 195(3) ~0.210(3) nm, Cu2 5 Cul 8%}, 7 T { P, W | BHES T
T3—M, SR8 _F 535 WO, /\TH A Y 3 45, ( 028 ) FiL iz, Cu2—028 §# K 0.231(2) nm, 4 4~ Cu2—N
(N9 N10 N11 ,N12) 54 A 0. 194(3) ~0.205(3) nm, Cu3 FLITHY | CuN, O Y75k ) b 30 25
PRA, HAELA, N JEF (N17  N18  N19 (N20) il O Jit + 43 71 >k I T 2 4~ H,biim 73 F F1 1 4~ /K 73 F
(O1W) , Cud3—N [ TEE 4 0.197(2) ~0.233(2) nm, Cu3—O1W £ J 0.233(2) nm, A 40, i
T2 mw-m HERURIEBEVE A R2IA , Cul 5 Cu3 FRITHY 2 /U5 HE RS AR XS o 2 A DU 5 A0 T~ 1T 1]
FEESZ 0. 373 nm, H R APFI(EZY 0. 005°, A #R AR Cu( 1) BT Hr IR DR e (19 422 3 1) 28 S, 5
XK s AP TR A AT . MBI 2B AT LLE H, POM B 128 85 HES , B Z2 4 T0 LR, K 93 F 3 d0 T
SEBRD, PHES - HE AT 7E L [, 4 1 N R o) A7 78 0 0 &SR ( N—H+--0/0W 0.265(3) ~
0.314(6) nm) FHLIEH, LANEAFAE Hybiim FLAR ISR m-m HERUE BEMIAA4E T 3D I 45H
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Fig.1 ORTEP view of the asymmetric unit of compound 1 with atom labeling (30% probability displacement

ellipsoids; Hydrogen atoms have been omitted for clarity)

K2 LGP 1 5 1E e B R T 5

Fig.2  Molecular structure and 3D space-filling mode of compound 1

A. combined polyhedral and ball-stick representation of compound 1; B. the 3D space-filling mode of compound 1 ( Hydrogen atoms

and free water molecules have been omitted for clarity)

2.2.2 IR k3% {b&W 1 78 1091,948 810 1 682 cm ™' b IH @ K v (P—O0a) . v (W—OL) |
v (W—0b—W) Fl v( W—0c—W) [HEPR 3N ; 76 1730 ~ 1399 em ™' 47 15 J& A H, biim [ » ( C—N) 454F
P 3h ;3462 ~ 2856 em ™' LB FE (43 A I R S 7K 11
v(O—H) JRFFELAR A »(N—H) 3

2.2.3 XRD hyRAEF G S5 R0 E F5 T A A S
SERFNALEE M T RSN XRD, B3 G 1
PR AL FIRE S S ) XRD % E . B 2 S gk
A S U 0y R U 57 AR 47 b W) 45, 00 B R AR it 5 L
JEARIFIZEAE , S5 A5 1, 9 4l .

2.2.4 MEFARE(CV) FE0.4~ 0.7 V HETE

experimental

simulated

I T 1-MCPE 1 s AL~ 47 0. dnfEl 4 Fioi, 10 20 29/(3:0) 40 0
1-MCPER) CV £k 7R th 3 X id -4 e, oI K3 (LAY 1 [ XRD K]

gy k. =0.172, =0.02 V( I-1"); -0.384, Fig.3 The simulated and experimental XRD patterns
-0.336 V(II-II"); -0.620, —0.561 V(II-M")., of compound 1
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PLE CV B B 43 1%t EL AT, 1-MCPE 1y CV i 4%
G 2 X0 SRR AL A P AH H A AR TR AR N, B
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WERLAH L AR R, X AT B2 T Cu( 1) A9 52 MR
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Fig.4  Cyclic voltammogram of 1-MCPE in 2 mol/L
H,S0, solution
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Fig.5 Cyclic voltammograms of K-{P,W } .[ Cu(H,biim), ]Cl, and compound 1 for electrocatalytic reduction of

H,0,/Na,NO,

A/B.1.0 x10 ~* mol/L of K-{P, W4 | /[ Cu( H,biim), ]Cl, in 2 mol/L H,S0, solution containing different concentration of H,0, ,

respectively; C/D. 1-MCPE and bare MCPE in 2 mol/L H,S0, solution containing different concentration of H,0,/NaNO, ,

respectively. Scan rate:50 mV/s
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bare MCPE fEJlI A 20 mmol H, O, I}, R i fik, B T 0, MLk 1-MCPE Sy T AR HUAR IS, £ A 7] v e 15
PN, B H, O, AR B98I, W (V) i Jt 06 ) FeL 30 i 2 PO S 094 R T 4 PO e £ L 0 0 D S8 i/ B 2 ik )
0, RWMLEY 1 2H, 0, L fkad I R i (AL TR o 18] SD i 7 9 1-MCPE #l bare MCPE Hi fi L8 J5
NaNO, () CV #iZk. #iZk c.d e 77~ NaNO, AR 7350 1.2 4 mmol, I a] LI i}, B# NaNO,
AR PRI, i T v 7 A 25 3K, SR AU L 3t/ o TR NaNO, iR AL 541 1 (2K o i
2 b s M B AN R WAL 54 1 I NaNO, H EARE I R AF O AiEAL TR o SEBR 2 SRR, LIAE &
Y 1B B BEOR FEL RS AN (ELARBE T POML RLAF ) R AL PR RE , ThT EL AT ri A A i 167 0 3 10 2y BEORT , T 7
Lia SRR

23.2 AL RITCIAC_Bs%iR HOWS5 o _FEMBATERT X E4% 6 XN

(Scheme 1) 77

(6} O
Catalyst
+ HOCHZCHZOH —_— + HO

Cyclohexane

Scheme 1 Ketalization of cyclohexanone and glycol to cyclohexanone ketal

(s CIRUN ARSNGBV 717313 U5 S AN | ST R P U8 T e A (N G s Al Pt 7/ P A
PR PR RN AR o B, LA IR A & B4R T o 15 58 T ARG 1 REEHARIL S
PR AR A R 1 o 3 3 ST 0T 2 7 1 T s L A £ 750 P e R 52 g s ) 46 DR 38 AR 7 00 Ak LB R e 1 B I 25 2 o
BT OB TK, 2 5750 8 R, 8 = 0 O B 4 AR BB Ol 0. 1 mol , & Z e i . 76
DL 10 mL BRC e Ak ), RN IR HRITE 95 ~ 100 C A 44T, 43 31 25 S At BE /K Lo A Ak 570 1
TS Fsf (R Xof 248 Pl 5 S 0L B4 52 00 o 68,335 53 A Sl s , 22 BR A AL 5 IR O T &0 — B 440 I 2 I 1) s P M

100f 100F
4 . . B .
.
95t — 95 — B
S / s —
£ 9of . 5 90f /
15} 4
o
% 85| n(cyclohexanone)/n(W)=200 z g5k n(cyclohexanone)/n(W)=200
© 120 min 3 n(glycol)/n(cyclohexanone)=1.4
10 mL cyclohexane 10 mL cyclohexane
80 80+
1.1 1.2 1.3 14 1.5 30 60 90 120 150 180
n(glycol)/n(cyclohexanone) Reaction time/min
1001 100
C . D ‘\
. L
951 . / A
g / = il \
E 5 .
90 RS F
2 . Z )
2 ,,/ i _ £ 80
S 851 n(glyc.ol)/n(cyclohexanone)—1.4 S n(cyclohexanone)/n( W)=200
120 min [ n(glycol)/n(cyclohexanone)=1.4
10 mL cyclohexane 120 min A
80r 70k i
500 400 300 200 100 5 10 15 20 25
n(cyclohexanone)/n(W) V(water carrier)/mL

FL6 S JEURHEE K L SN Ta] A A7) R 74 T P X5 FCER I £ — 52 4 i 2 L F) 5 i
Fig. 6  Effect of reaction parameters on the yield of cyclohexanone ethylene ketal
A. influence of glycol/cyclohexanone ratio on cyclohexanone conversion; B. influence of reaction time on cyclohexanone conversion;

C. effect of the n( cyclohexanone)/n( W) on cyclohexanone conversion; D. effect of the the water-carring agent on cyclohexanone

conversion
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100% ., & 6 Fir7s R BrURHEE IR Bb LI st ] A AR 500 S 7K 50 06 30 O i % AL R p s i il 26 . DUIA] 64
TLAE B £ R/ 0 OO EE ZR ELBE N, 3R IR 5 A R R &, M R SR OO EE R Lol 1. 4
I, AL ZaR i KAA 97 % 5 ] 6B (7 I [B) %o 2 7 11 5 i) T 28, 224 B 1w T 46 28 120 min B, 36 O il 440 %
Bz BB A, (2 5 WIAR AN L ZE ARG, 33K ] B2 Bl 2 A ) 2 306 s 7 A [ 4 5 BT 350, ML 6.C T
DAF M, AR 00 1 P et 2 5 i 2 Ak 23 0 T 8 IR 3%, Y AR P o 38 KT, e A 3 ] 4 v, i AR
(VAW i) 530 R /R L 2 1:200 B, 3R i, Z G 2 T 152 . B 6D 3R ety K5
R RN RS2 4k, Y bk 10 mL B e fb 3 e o 2R DA B A g 2R e (b 5 1 ik &
BRCER R £ W 45 i S g 1) B A 2R A e n (S ) /n (BRCBR) = 1.4, n (R ) /n (AL, DLW
11) =200, 52 hz B [A] 120 min, 77K FIFH 6 10 mL,

TE_EIRIEEE S T AMEA Y 1 S HARR A OB

oML BRI R b e 2, | compound
W 2 WL X T REF O 2 B
/AR AR I 12 B, UL A 1 R A 2O e
K-{P,W | 43S AL I B , 56 OO R6 (L0 ) 2
E 162

91 1% F81. 1% ; 41/ Tl BE /R LAk S K & 1. 4
B, 5 &S O LAk % i 81. 1% 217 %] 83.9% ,
R AL SOV A 3 5 3k 96. 8% 5 1Tl To Ak 7] to.1r

X R AR N 6. 6% o D 45 S 50 100 150 200 250
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Table 2 Catalytic activities of compound 1 and the parent raw materials*

Catalyst n( glycol) /n( Cyclohexanone ) Solubility Time/min Conversion/%
- 1.4 - 150 6.60
K-{P,Wg i 1.2 soluble 120 81.1
1.4 soluble 120 83.9
[ Cu(H,biim), ] Cl, Fresh 1.4 insoluble 120 93.1
Cycle 1 1.4 insoluble 120 93.8
Cycle 2 1.4 insoluble 120 92.7
Cycle 3 1.4 insoluble 120 93.2
Compound 1 Fresh 1.2 insoluble 120 91.1
1.4 insoluble 120 96.8
Cycle 1 1.4 insoluble 120 95.8
Cycle 2 1.4 insoluble 120 94.9
Cycle 3 1.4 insoluble 120 94.5

a. Reaction conditions ; the molar ratio of cyclohexanone(0.1 mol) to the catalyst( based on W) was 200, the water-carring agent is 10 mL of

cyclohexane; the reaction temperature is at 95 ~100 C.
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Synthesis, Crystal Structure and Catalytic Activity of a
Dawson-type Tungstophosphate Decorated
by Copper Complexes

ZHU Haotian, LI Xiaohui, BAI Jianping, LU Mingda, AN Yue” , YOU Wansheng "
(School of Chemistry and Chemical Engineering ,Liaoning Normal University ,Dalian ,Liaoning 116029 , China )

Abstract  An inorganic-organic hybrid compound [ Cu(H,biim),(H,0) ][ { Cu( H,biim),},(P,W, O )] -
11H,0(H,biim = 2,2 -biimidazole ) (1) has been hydrothermally constructed by the reaction of Cu (II)-
H,biim complexes and Dawson-type tungstophosphate, and characterized by single-crystal X-ray diffraction,
infrared spectroscopy(IR) , X-ray powder diffraction( XRD) , elemental analysis and electrochemical analysis.
Structural analysis shows that the polyanion [ P,W 0, ], as a bidentate ligand, coordinates with two Cu®*
ions to form a bi-Cu(Il) -supporting heteropolyanion [ { Cu( H,biim), },(P,WO,) ]*", which is surrounded by
an isolated [ Cu( H,biim),(H,0) ]** and eleven H,0 molecules. The presence of N—H---0/0W hydrogen
bonds between H,biim molecules and polyoxoanion or water molecules, in company with the synergistic effect
of electrostatic interactions and -m stack, leads to the formation of a crystal material with 3D framework
further. Compound 1 displays good electrocatalytic activity toward the reduction of H,0, and Na,NO,.
Meanwhile it is also a good acid-catalyst for the synthesis of cyclohexanone ethylene ketal and can be recycled.
Keywords copper complex ;dawson structure ; tungstophosphate ; biimidazole ; electrocatalytic activity ; catalytic

activity
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