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Hydrothermal Syntheses, Crystal Structures and Photoluminescence Property of
Complexes [M(C,;;H\\Ny),- HPO,]-0.25H,0 (M=Cd, Mn)

QIU Dong-Fang GUO Ying-Chen® FENG Yu-Quan CHEN Shu-Yang SAI Ming-Ze
(College of Chemistry and Pharmacy Engineering, Nanyang Normal University, Nanyang, Henan 473061)

Abstract: Two new supermolecular complexes, [M (2,2’ -dibenzimidazole), - HPO,4] -0.25H,0 (complex 1: M=Cd,
complex 2: M=Mn) were synthesized by the hydrothermal reaction of o-diaminobenzene, oxalic acid with CdSO, or
MnSO, in 10% H;PO, solution, and were characterized by elemental analysis, IR spectral analysis and
thermogravimetric analysis. Their crystal structures were determined by the X-ray single crystal diffraction, which
show that both of them belong to triclinic system and space group Pl with similar crystal parameters. Each of them
consists of a M(II) ion, two 2,2’ -dibenzimidazole units, a hydrogen phosphate ion and 0.25 crystal water molecule in
the single cell. The coordinated geometry of the centre metal atom with four nitrogen atoms and two oxygen atoms is
the distorted octahedral configuration. Two 2D layer supermolecular complex systems are formed by the hydrogen
bonds N-H --- O and -7 stacking interactions between neighboring single cells. Complex 1 shows a strong
fluorescent emission (A,,,=491.0 nm) at solid state. CCDC: 750512, 1; 756314, 2.
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Elementar Vario El JC 3 73 H71¥ (Germany) ; £L 4
Jt % Bl NICOLET 5700 % 8 37 i 21 4b )6 3% 4%
(Thermo Electron), KBr J& i, Ml{b 4 43 2% | H 41
Fil 225~4 000 ecm™, 53 #E% 1 em™; Perkin-Elmer TGA
-7 Fl Perkin-Elmer DSC-7 % %1 # 43 #7 { (Perkin-
Elmer), Z A5, ALO, fEZ 1E, WE IR 3 820 C,
T % R 10 °C »min™'; Bruker SMART APEX 11
CCD A5 5 777 31 (Germany Bruker); CARY Eclipse
R4 O BETH(VARIAN),
1.2 mEHMHE R

# 0.513 g (2 mmol) CdSO,-8/3H,0 i# T 15 mL
10% H,PO, "', 2R J5 A 0.504 g (4 mmol) H,C,0,-
2H,0 F1 0.865 g (8 mmol)&P & & i+ )5 3 A 25
ml, W R DU 6 AN B AN R 2 N ISR E 75%
¥ THE , 150 CF étfl 72 h, L 0.3 C-min™ AYFE
TR R R S, T 2R ke a0 &R
T, 1 109%85 8 . JoK CBERE)S 40 CH R H 4

T4 h, =% 455%(F c> R E ), AP 1
(CosHy sCANgO,,sP) WITCER T 45 R (565 Wit
{H,%):C 49.09 (49.35),H 3.01(3.18),N 16.66(16.45);
IR (KBr,cm™):3392.0,3 156.0,3 064.7(s),2 956.3(s),
2879.8(s),1624.0,1591.4(s),1426.0,1 154.0,1 120.2
(vs),1024.4(s),739.7(vs),602.3,429.1,276.9.
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[Mn(C,H,(N,),- HPO,]-0.25H,0 , 4 # €8 iR S 4
J7 3 56.1% ., BLE ) 2(CosHay sMnNgO,,sP) I TC 2 434
2R (FE 5 N A IHEAE ,%).C 53.79 (53.90),H 3.31
(3.48),N 17.66(17.96);IR (KBr,cm™):3 389.0,3 157.0,
3067.2(s),2 958.9(s),2 880.1(s),1 627.4,1 591.3(s),
1423.7,1152.2,1 106.5 (vs),1 024.9 (s),740.6(vs),
599.9,429.6,282.6,
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Table 1 Crystal data and crystal structure parameters
Complex 1 2
Empirical formula CogHa sCANgO,05P CogHo sMnNgO, 5P
Formula weight 681.40 623.94
Temperature / K 296(2) 296(2)
Wavelength / nm 0.071 073 0.071 073
Crystal system Triclinic Triclinic
Space group Pl Pl
a/ nm 0.911 21(16) 0.902 7(8)
b/ nm 1.274 0(2) 1.290 3(9)




Limiting indices

Transmission factors

Reflections collected / unique (R;,)
Refinement method

Completeness to 6=25.00° / %
Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>20(])]

R indices (all data)

Largest diff. peak and hole / (e-nm™)

-10<h<10, -15<k<14, -15<I[<10
0.874 2 and 0.816 1

6 891 /4 561 (0.025 1)

Full-matrix least-squares on F?

96.1

4651 /37407

1.022

R=0.040 1, wR,=0.109 3

R=0.042 1, wR,=0.110 5

1 741 and -473
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¢/ nm 1.335 0(2) 1.342 9(9)
al (%) 66.396(2) 66.589(17)
B1(° 72.339(3) 72.643(18)
v /(% 80.152(2) 80.51(2)
Volume / nm’ 1.350 9 (4) 1.368 0(17)
A 2 2
D./ (g-em™) 1.675 1.515
Absorption coefficient / mm™ 0.921 0.594
F(000) 685 639
Crystal size / mm 0.23x0.19x0.15 0.17x0.13x0.11
6 range for data collection / (°) 2.53 to 25.00 2.61 to 25.00

-10<h=<9, -9<k <15, -15=<I<15
0.937 6 and 0.905 8

6 982 / 4 763 (0.046 6)

Full-matrix least-squares on F?

98.9

4763 /10 / 404

1.039

R=0.062 3, wR»=0.113 8

R=0.113 7, wR,=0.127 2
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Table 2 Selected bond lengths (nm) and bond angles (°) of complexes 1 and 2

Complex 1
Cd(1-02) 0.229 7(3) Cd(1)-N(1) 0.2311(3) Cd(1)-N@3) 0.2299(3)
Cd(1)-N(6) 0.230 4(3) Cd(1)-N(8) 0.2336(3) Cd(1-03) 0.2521(3)
P(1)-0(1) 0.145 4(3) P(1)-0(4) 0.1461(3) P(1)-0(2) 0.1480(4)
P(1)-0(3) 0.149 0(3)
0(2)-Cd(1)-N(3) 103.28(13) 0(2)-Cd(1)-N(6 91.23(13) N(3)-Cd(1)-N(6) 165.48(12)
0(2)-Cd(1)-N(1) 108.02(12) N(3)-Cd(1)-N(1 73.76(12) N(6)-Cd(1)-N(1) 101.64(12)
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0(2)-Cd(1)-N(8) 147.48(12) N(3)-Cd(1)-N(8) 94.20(12) N(6)-Cd(1)-N(8) 73.18(12)
N(1)-Cd(1)-N(8) 103.08(12) 0(2)-Cd(1)-0(3) 58.55(12) N(3)-Cd(1)-0(3) 91.73(12)
N(6)-Cd(1)-0(3) 96.25(12) N(1)-Cd(1)-0(3) 158.03(12) N(8)-Cd(1)-0(3) 94.19(11)
0(1)-P(1)-0(4) 110.88(19) 0(1)-P(1)-0(2) 111.42) 0(4)-P(1)-0(2) 108.3(2)
0(1)-P(1)-0(3) 110.02(19) 0(4)-P(1)-0(3) 110.7(2) 0(2)-P(1)-0(3) 105.48(19)
P(1)-0(4)-H(4A) 109.5
Complex 2
Mn(1)-0(2) 0.221 0(3) Mn(1)-N(1) 0.227 4(4) Mn(1)-N(3) 0.224 7(4)
Mn(1)-N(6) 0.223 9(4) Mn(1)-N(8) 0.226 0(4) Mn(1)-0(3) 0.236 5(4)
P(1)-0(1) 0.146 1(3) P(1)-0(4) 0.147 0(3) P(1)-0(2) 0.149 6(3)
P(1)-0(3) 0.150 2(3)
0(2)-Mn(1)-N(3) 91.17(14) 0(2)-Mn(1)-N(6) 102.65(14) N(3)-Mn(1)-N(6) 166.07(13)
0(2)-Mn(1)-N(1) 151.73(13) N(3)-Mn(1)-N(1) 75.13(14) N(6)-Mn(1)-N(1) 92.99(14)
0(2)-Mn(1)-N(8) 104.41(13) N(3)-Mn(1)-N(8) 99.42(15) N(6)-Mn(1)-N(8) 75.67(15)
N(1)-Mn(1)-N(8) 102.19(14) 0(2)-Mn(1)-03) 62.11(12) N(3)-Mn(1)-0(3) 96.09(13)
N(6)-Mn(1)-0(3) 91.98(14) N(1)-Mn(1)-0(3) 94.34(12) N(8)-Mn(1)-0(3) 159.72(12)
O(1)-P(1)-0(4) 110.5(2) O(1)-P(1)-0(2) 112.02) 0(4)-P(1)-0(2) 108.8(2)
0(1)-P(1)-0(3) 109.90(19) 0(4)-P(1)-0(3) 111.5(2) 0(2)-P(1)-03) 104.1(2)
P(1)-0(4)-H(4B) 109.5
*3 BEEW1F2MEE
Table 3 Hydrogen bonding of complexes 1 and 2
D-H--A d(D-H) / nm d(H-+-A) / nm d(D-+-A) / nm ZDHA / (%)
Complex 1
N(2)-H(6)---0(4)" 0.084(5) 0.197(5) 0.274 3(5) 152(5)
N(4)-H(8)---0(4)" 0.086 0.215 0.281 7(5) 134.4
N(5)-H(1)---0(3)" 0.087(6) 0.193(7) 0.274 8(5) 157(6)
N(7)-H(7)---0(1)" 0.086(5) 0.188(5) 0.271 1(5) 162(5)
Complex 2
N(5)-H(5A)--- O(4)" 0.086 0.223 0.289 1(5) 134.0
N@)-H(7A)---0(3)" 0.086 0.197 0.277 6(5) 156.1
N(2)-H(2)---0(1)" 0.087(4) 0.190(4) 0.275 5(6) 168(4)
N(7)-H(3)---0(4)? 0.077(5) 0.205(5) 0.279 8(6) 164(5)

Symmetry code: 1: # —x—1, —y—1, —z+1; ® x-1, v, z;

By, —y+1 —z+2.
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Fig.1  Molecular structure of complex 1
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PO 0(2).03)Z S BLAL,0(4) 5+ ¥ 5T 1
&, L 0@)-HEA)EXAFTE . 78 HPO B8+ & 42
H,P-O B A0 A E 0.145 4(3)~0.149 0(3) nm i [Fl
WY EER S 0.147 12(3) nm, 0-P-O 5 f 43 1 78

10548(19)°~1 1 14(2)07*@[%] W,E'Zi/gégﬁ j\] 10946(5)00 Symmetry code: (a): #1: —x—1, —y—1, —z+1; #2: x—1, y, z; #3: —«,
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il ok ZUHE N(Q2)-H(6)--- O4)" N(4)-H(8)---0(2)" N(7)
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0.35790 nm, ¥ ¢ Hli77 1] - 1 A1 0 5.438(159)°, Fit B3 FOAY 10 o HEEUE L 25
L 0.350 19 nm, 7 qe P 1AL, 35 [) i i S Fig3 - stacking action illustration of complex 1
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Fig.4 Emission spectra of ligand L and complex 1 in

solid state at ambient temperature
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