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Butterfly-Shaped Monomers: Syntheses, Structures and Sensing
of Harmful Ions in Aqueous Solution

TANG Quan SHAN Gui-Qian WANG Xin-Yue WANG Shu-Tong
WANG Ju-Qi CHEN Bin LIANG Li-Li* CHEN Ming-Gong™
(Department of Pharmaceutical Engineering, Bengbu Medical College, Bengbu, Anhui 233030, China)

Abstract: Solvothermal syntheses of benzimidazyl ligand (H,L) with zinc and nickel ions resulted in two
monomeric complexes, [Ni(HL)(HCOO)(H,0)] (1) and [Zn(H,L)(H,0),|(NO3), (2). The two monomeric complexes are
butterfly-shaped, which are further connected into 2D or 3D networks through intermolecular hydrogen bonds.
The two monomers are stable in aqueous solution and slight soluble in water. Fluorescence measurements showed
that complex 2 had strong fluorescence properties in both solid state and aqueous solutions. A further study shows
that both metal ion Hg** and anion Cr,0;>~ have high fluorescence quenching effect on in aqueous solution of 2,
indicating that 2 could be used as a highly selective and sensitive detection probe for Hg** and Cr,07. CCDC:
1877741, 1; 1877742, 2.
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Table 1 Crystal data and refinement parameters for complexes 1 and 2

Complex 1 2
Empirical formula CosH sNgNiO; CyHxNsOgZn
Formula weight 509.16 613.87
Crystal system Triclinic Monoclinic
Space group Pl P2/c

a/ nm 0.713 52(17) 1.496 22(14)
b/ nm 0.114 88(3) 1.072 17(10)
¢/ nm 1.378 0(3) 1.533 12(14)
al (9 70.175(4)

B/ 81.373(3) 95.832(2)
v/ 82.357(4)

A 2 4

V / nm? 1.046 5(4) 2.446 7(4)
T/K 296(2) 100(2)

D./ (g-em?) 1.616 1.661

F(000) 524 1252

w/ mm™ 0.972 1.072
Reflection collected 6533 10 537
Independent reflection 4753 4 404
Observed reflection [/>20(1)] 4185 3554

Riu 0.017 2 0.052 2
GOF on F? 1.079 1.023

Ry, wR, [I520(1)]
R, wR, (all data)

0.032 9, 0.087 0
0.037 8, 0.090 0

0.074 8, 0.213 4
0.087 7, 0.229 9

F2 BEEW1IF2WEEREKNER

Table 2 Selected bond lengths (nm) and bond angles (°) of 1 and 2

1
Nil-01 0.207 80(14) Nil-04 0.208 10(14) Nil-NI 0.222 81(16)
Nil-N3 0.206 91(16) Nil-N4 0.203 76(16) Nil-N5 0.211 27(16))

N4-Nil-N3 76.05(6) N4-Nil-01 94.24(6) N3-Nil-01 87.86(6)

N4-Nil-04 92.70(6) N3-Nil-04 92.06(6) 01-Nil-04 172.82(5)

N4-Nil-N5 78.31(6) N3-Nil-N5 154.29(6) O1-Nil-N5 92.34(6)

04-Nil-N5 90.83(6) 04-Nil-N1 152.03(6)) N3-Nil-N1 76.14(6)

O1-Nil-N1 87.60(6) 04-Nil-N1 85.42(5) N5-Nil-N1 129.57(6)

2
Zn1-01 0.211 9(3) Zn1-02 0.215 73) Zn1-N5 0.213 23)
Zn1-N1 0.214 6(4) Zn1-N3 0.215 4(4) Zn1-N4 0.218 9(3)

01-Zn1-N5 90.59(13) 01-Zn1-N1 88.68(13) N5-Zn1-N1 136.83(15)

01-Zn1-N3 94.42(14) N5-Zn1-N3 146.46(14) N1-Zn1-N3 76.52(14)

01-Zn1-02 175.26(11) N5-Zn1-02 87.17(12) N1-Zn1-02 90.09(13)

N3-Zn1-02 89.74(13) 01-Zn1-N4 91.86(13) N5-Zn1-N4 75.49(14)

N1-Zn1-N4 147.68(14) N3-Zn1-N4 71.22(14) 02-Zn1-N4 91.63(13)
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Fig.1  Coordination environments of complexes 1 (A) and 2 (B)
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Fig.2 Two dimensional network of 1 formed through intermolecular hydrogen bonds (dotted line):

viewing along a axis (A) and b axis (B)
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Table 3 Parameters of hydrogen bonding interactions in 1 and 2
Complex D-H---A d(D-H) / nm d(H+--A) / nm d(D---A) / nm £LDHA / (°)

1 04-H4A'---N2 0.087 0.286 0.343 5(2) 125.6
04-H4B"--03 0.087 0.194 0.279 1(2) 168.9
N2-H2---01 0.086 0.209 0.285 1(2) 147.2
C5-H5---04 0.093 0.259 0.324 8(2) 128.5
C2-H2%---03 0.093 0.285 0.325 7(3) 108.1
C16-H16---03 0.093 0.260 0.343 1(3) 149.2
€25-H25---N5 0.101(3) 0.272(3) 0.316 2(3) 107.2(17)

2 O1-H1B"---07 0.088 0.192 0.278 3(5) 167.8
02-H2A"---04 0.087 0.203 0.282 6(5) 150.7
02-H2B":--03 0.089 0.199 0.283 0(4) 158.2
N2-H2---06 0.088 0.198 0.284 2(5) 166.6
N8-HS8---04 0.088 0.212 0.293 5(5) 153.3
(C22-H22---05 0.095 0.275 0.349 9(6) 136.1
C20-H20---04 0.095 0.232 0.317 4(5) 150.1
(C25-H25---06 0.095 0.238 0.325 5(5) 152.7
(C24-H24---N5 0.095 0.297 0.335 2(6) 105.9
C16-H16---05 0.095 0.246 0.314 7(5) 129.6
C7-H7---07 0.095 0.256 0.330 4(6) 135.3
C6-H6---08 0.095 0.290 0.347 4(6) 119.6
C17-H17---05 0.095 0.284 0.336 0(6) 115.2

Symmetry codes: ' 14, y, z; ' —x, =y, 2—z; " —x, —y, 1=z; ¥ —x, =0.5+y, 0.5-z; ¥ 1-x, 0.5+y, 0.5-z; " +x, 14y, +z.
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AXEFRETCE AR 1 A EIDE T, 2 AN B
IKArF R 2 AN ES S TR AR B 7 BRI B T FoAi A
RUR 7S BE AL AT NN 3 TR A 2 A ECAAR Y
2 AN RE R A 2 AN BRI R F B 2 AN KA
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Fig.3 Three-dimensional network of 2 formed through

intermolecular hydrogen bonds (dotted line)
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spectra of the free ligand H,L. and complex 2

(A) UV-Vis absorption spectra of the free ligand H,L. and complexes 1~2 in DMSO; (B) Fluorescent emission
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(A) Fluorescence spectra of 2 in different metal ions solutions; (B) Relative fluorescence intensities (460 nm)
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Fig.8 (A) Fluorescence spectra of 2 in aqueous solutions of different anions; (B) Relative fluorescence

intensities (460 nm) of 2 in aqueous solutions of different anions

1000 1000
(a)
800 800
2 iy
g 600 - g 600 - (2
g g
2 2
}_g 400 4 ks 400 4
& &
200 200 4
0 T L T T 0 X T L T T L T x
400 450 500 550 600 400 450 500 550 600
Wavelength / nm Wavelength / nm

(A) (a)~(g): 0, 2, 6, 10, 16, 24, 32 L, respectively; (B) (a)~(g): 0, 2, 5, 10, 15, 20, 30 pL, respectively; initial concentration: 1 mmol - L
K9 BLAEY 2 MK RAEMA AR He? (A)F Cr,07 (B)F Y560
Fig.9 Fluorescence spectra of 2 upon the incremental addition of Hg* (A) and Cr,0;* (B) solution
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