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A Good Proton—conductive Polyoxometalate Complex
{[Co(H,0),I[H(H,0),I(HINO),(PW,,0,,)} ; Synthesis, Crystal Structure and
Properties
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(® State Key Laboratory of Coordination Chemistry, Nanjing University, Nanjing 210093, China)

Abstract One organic/inorganic hybrid complex {[Co(H,O)s][H(H,0);](HINO)4(PW,040)},, Was constructed by a
self-assembly of H'(H,0); clusters, [Co(H,0)s]*" clusters, [PW,04]’~ anions and isonicotinic acid N-oxide (HINO). It
was characterized by X-ray diffraction analysis, elemental analysis, IR, TG, UV, XRD, proton conductivity analysis. In the
synthetic procedure of title complex, a mixture of result heteropolyacid cobalt salts COHPW ,049°nH,0 (90 mg, 0.03 mmol)
and HINO (17 mg, 0.12 mmol) was dissolved in enough acetonitrile/water (1 : 1, V/V) to form a homogeneous solution. Fi-
nally, the solution was filtered and the solvent left to evaporate at room temperature. A week later, light red crystals appeared
and were collected and dried in air after quickly being washed with water. Single-crystal X-ray diffraction analysis at 293 K
showed that complex 1 crystallizes in orthorhombic crystal system, Pnnm, and there was exactly a three-dimensional (3D)
hydrogen-bonded network with large one-dimensional (1D) channels, in which [PW12040]37 anions just filled in the 1D
channels and self-assembled into poly-Keggin-anion chains. The result of the UV spectra indicates that the saturated aqueous
concentration of 1 is ca. 107> mol/L and it is insoluble in water. Thermogravimetric analysis shows no weight loss in the
temperature range of 20~100 C, indicating that all water molecules in the structure are not easily lost below 100 ‘C. The
powder X-ray diffraction data exhibits that although crystallized water molecules are lost at 200 C, the evacuated complex
has the same structure as the single-crystal of 1. Moreover, the powder sample after the proton-conductive measurement has
the same supramolecular framework as that of complex 1. Interestingly, the title complex was characterized by a satisfactory
ionic conductivity (1X10>~2X 10> Secm ') in the temperature range of 85 to 100 “C only. The mechanism of proton
conduction of the title complex is, expected to be similar to that of the vehicle mechanism, that is, the direct diffusion of ad-
ditional protons with water molecules (Grotthuss mechanism).

Keywords polyoxometalate; crystal structure; supramolecular complex; conducting materials; isonicotinic acid N-oxide
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(a)

B 1 (a) [Co(H,0)]" /K#%; (b) H'(H,0); K%, (O(IW), O2QW),
O(3W), O4W), OSW)FI O(6W)IIER A 7 skt 21¢a, Wifa, ¥
LN ARGV RNV IR N i L

Figure 1 Views of [Co(H,0)]*"(a) and H'(H,0); (b) clusters. O(1W),
O(2W), O(3W), O(4W), O(5W) and O(6W) are represented as green, red,
blue, yellow, purple and white, respectively. Hydrogen atoms are omitted
for clarity

B2 a1 s b s i —4E HINO B, & 15 AU T 32
s

Figure 2 View of the 1D HINOs chain along the b axis. Hydrogen
atoms are omitted for clarity

B3 HINO 431 [Co(H0)s] /KA H' (H0); KIEAA I = i
TP LE AR, hy T R SR B

Figure 3 The 3D hydrogen-bonded network constructed by HINO
molecules, [Co(H,0)s]*" and H'(H,0); clusters. Hydrogen atoms are
omitted for clarity
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Figure 4 The 3D hydrogen-bonded network showing the 1D channels
filled by poly-anion chains down the a axis (a), and view of the

poly-anion chain along the a axis (b). Hydrogen atoms are omitted for
clarity.
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Figure 5 The UV spectra of a-H;PW,04°6H,0, HINO, and complex 1 (a, b and c). (d) The standard curve of HINO at 273 nm. 4=0.01165+

31256.67022XC
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Figure 6 The curve of the thermogravimetry analysis of complex 1 in
the atmosphere of N,
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Figure 7 The powder X-ray diffraction data of the simulated powder
pattern (a), the powder X-ray diffraction data after the proton-conductive
measurement (b), and the powder of crystalline sample after heating
polycrystals at 473 K for 20 min and subsequently cooling to 293 K (the
whole process was performed in vacuum) (c).
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Figure 8 The Arrhenius plot of the proton conductivity of complex 1
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HIRBAERFIE S5 IR 1, (hED 1 IEL K A)
FEEA (O)F T3 2, SBEHRY T3 3. CCDC 821867.
1 G NGS5

Table 1 Crystallographic data and refinement parameters for complex 1

Empirical formula C24H43N4053C0PW12

M, 3684.55
Crystal system Orthorhombic
Space group Pnnm

alA 10.348(3)
b/A 15.892(5)
c/A 19.821(6)
N 3259.6(18)
VA 2
De/(geem™) 3.754
w/mm’" 21.478
F(000) 3284

Refl. measured 27055
Refl. unique 2967
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W F F R

| #REX

ES
Rint 0.1421
GOF on F* 1.090
Ri/wR, [IZ20(1)] 0.0489/0.1476
R\/wR, (all data) 0.0504/0.1490
AP maxy and Apminy, e*A > 2.719 and —2.359
Ri=2|[Fo | = [FlliE| Fo | s wRa= (EIw(F = FEPYEIw(FS ],
R2 WEW 1S B A
Table 2 Selected bond lengths (A) and angles (°) for complex 1
Bond Dist. |Angle Dist.
W(1)—0(12) 1.674(11) [O(5)—W(1)—O(5)#2 86.2(5)
W(1)—0(5) 1.887(8)  [O(5)—W(1)—O(6) 88.5(4)
W(1)—0(6) 1.904(9)  [O(6)#2—W(1)—0O(6) 86.7(5)
W(1)—0(3) 2.507(14) [O(6)—W(1)—0(3) 62.9(3)
Co(1)—0O(BW)  2.055(16) [O(2W)—Co(1)—O(1W) 89.6(5)
Co(1)—0(2W)  2.093(16) [O(3W)—Co(1)—O(1W) 93.4(5)
Co(1)—O(1W)  2.106(12) [O(5)—W(1)—0(3) 93.8(4)
W(1)—O0(2)#1 2.474(14) [O(5)—W(1)—0(2) #1 63.2(3)
P(1)—0(2) 1.553(6)  [O(6)—W(1)—O)#1 93.3(4)
P(1)—0(3) 1.555(7)  [O(3W)—Co(1)—0O(2W) 89.7(7)
P(1)—0O(1) 1.555(7)

¢ Symmetry transformations : #1: —x+2, —y, —z; #2:x,y, —z.

x®3 WEW 1 AT
Table 3 Hydrogen bond lengths (A) and bond angles (°) in 1

D—H---A(or D--A) ZDHA d(D++A) Symmetry
O(1W)—H(1WB)--0(16) 142.8 2.882(16) x+1/2, —y+1/2, —z+1/2
O(1W)—H(1WC)-+-0(16) 139.6 2.882(16) x+1/2, —y+1/2,z+1/2
O(@4W)—H(4WA)--0(14) 1424 3.103) x—1/2, —y+1/2,z+1/2
O(4W)—H(4WA)--0(13) 1512 3.18(3) x—1/2, —y+1/2,z+1/2
O(4W)—H(AWC)++0(12) 1373 2.86(3) x+1/2, —y+1/2,z+1/2
O(17)—H(17A)+0(15)  171.6 2.595(19) —x+3/2, y+1/2, —z—1/2
O(1W)-+-0(2W)
O(1W)-+-0(3W)
0(2W)--0(3W)
O(1W)-++0(12)
0(@2W)-+0(9)
0(@2W)-++0(15)
0BW)-++0(15)
O(4W)-+0(10)
O(4W)--0(3W)

2.960 (2)
2.855(3) —x42, —y,z+1
2.926(3) x+1/2, —y+1/2, —z+3/2
2.952(4) x+1,y+1, —z+1
2.725(2) —x+2, —y,z

2.668(2) —x+2, —y,z

2.906(3) x+172, —p+172, —z+172
2.987(2) —x+1, —y, —z

2.659(2)
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