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Syntheses, Crystal Structures and Photoluminescence Property of Zinc(I) and
Nickel() Complexes with 2,6-Bis(2-benzimidazolyl)pyridine
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(College of Chemistry and Pharmacy Engineering, Nanyang Normal University, Nanyang, Henan 473061, China)

Abstract: Two new supermolecular complexes, [Zn(BBPY)(DPA)]-H,O (1) and [Ni(BBPY]SO, (2) were synthesized
by the hydrothermal reaction of o-phenylenediamine, 2,6-dipicolinic acid (DPA) with Zn(O,CCH;),*H,0O or NiSO,-
6H,0 in 10% H;PO, solution. Their structures were characterized by elemental analysis, IR spectral analysis and
thermogravimetric analysis. The single crystal structures were determined by the X-ray single crystal diffraction.
Complex (1) belongs to monoclinic system and the space group is Ce, the parameters of the crystal cell for the
compound are a=1.694 5(12) nm, b=1.272 1(9) nm, ¢=1.065 8(7) nm, $=92.506(12)°. The zinc (II) is coordinated
with three nitrogen atoms of one 2,6-bis(2-benzimidazolyl)pyridine (BBPY) molecule, one nitrogen atom and two
oxygen atoms of one DPA molecule, generating a distorted octahedral coordination geometry. Complex (2) belongs
to monoclinic system and the space group is P2//c, the parameters of the crystal cell for the compound are a=
1.373 5(8) nm, b=1.383 8(8) nm, ¢=2.027 0(11) nm, B=106.133(10)°. The nickel (I) is coordinated with six nitrogen
atoms of two BBPY molecule, forming a distorted octahedral coordination geometry, too. Complex (1) shows a
strong fluorescence-emission (A,,,=428.9 nm) at solid state. CCDC: 787387, 1; 787388, 2.

Key words: 2,6-bis(2-benzimidazolyl)pyridine; zinc(Il); nickel(Il); crystal structure; photoluminescence

Wk B 41.2010-10-09,, Wt ki H 41.2011-03-30,
B A4 BT RHEROCTH (No.092102310309) % 1
FEIRIE R A, E-mail ; gyeguo@yahoo.com.cn



1518 koMl e

A %27 %

0 35l

HIF KA G Wt —Fh A A 2 DA T
FIZ G TR 25 b A 4 N 5
UK 2555 ORI KR AT A ) e He A TR A W B A
R B AR 06 P2 A B 2 D T H T AR T DK e i
R DK e R AR O R e PR B A A L BT
PUR PO SRR R IR A 25 W3 M 0 Bip O AR B P
i LA EE G S, AR B R I G O A
S PR AT S S ) b A EE RN, T
FACE Y HA R IR B S5 | AR PR R S T
SR AP

UTAER | T A AT KR I RE R B A HLAL B W
HLA i i C 6 e g B e 4o 4 TR 2 R A 2R OF:
WK A T A 178 TS A 27 J8 O 430 BRI AE R DR,
Sl AR 3 U 3 R Y R O B R S W BT, H T
T2 [ B i 2 6] P 8 22 R o R 1 R R e e )
W T ORI KRR B AT e HERRE T 175
X A 1Y 4 J& TC &k OT =22 (8] R AT LA GE o S
K qr-ar MERRAE TR 0T 22 465 4 7 30 1) 3 11k
B Sy T BRI R3S 2RI bR e K AT A=
YTV 1 A5 400 (R 5 R R B, FRAT TR 41 2 e
2,6-MEIE ZFR IR 55 I 1R B SCAR IR B 1) Wt 1R v YR AR
FH, ZK I, A BT T ol (0 28 5 K e 218 58 43
T B A P [Zn(BBPY)(DPA)]- H,0 (1)F1[Ni(BBPY),]SO,
(2), I TTR T LD GIE A XS W AT
TERAE X SFL ST SINE TS W S R A
RS T e ZEETERE

1 SEE#ES

1.1 XA 5EE

WA T 2, 6-MLIE T IRTR IR B B R B A
BERR 14 hy 3 b2l

Elementar Vario El J& & 43 #1 {¥ (Germany
Elementar); £L4F%i% A NICOLET 5700 FTIR %! {d
S 2140 1% A (Thermo Electron), KBr J& f |, 4k
By s A 225~4000 em™, 7P HER 1 em™;
Perkin-Elmer TGA-7 7 #4443 B AL (Perkin-Elmer), A
R ALO, RS WE TR E] 1 000 °C, THili 3 R
710 °C+min~'; Bruker SMART APEX I CCD & #
i T 94 (Germany Bruker); CARY Eclipse %% 643
JEIEIETH(VARIAN),

][/

1.2 BEWMERMY

# 0.439 g (2 mmol)Zn (CH;COO0),-H,0 & T 15
mL 10% HPO, ', il A 0.670 g(4 mmol) 2,6-Nk K&
TIRIR TN 0.825 ¢(8 mmol)SB AR e Bk A 25
mL A SR DU 3 2 AN 85 5N R 28 N LA BE 75%
P T, 150 CF fafk 72 h, LA 0.3 °C-min™ 1[5
T R I R, TR AT I ek Rk, M
10% H;PO, Jo/K S BEDE VG ,40 CHHIR FH.25 T4 4
h, 773 43.2%(#% Zo* W EEIT), BG4 1(CyH sNe
OsZn) I TCER W 45 R (5 5 WA THEAE , %) . C 55.59
(55.78),H 3.11(3.24),N 15.16(15.01);IR (KBr,cm™):
3428.4,3196.0,3057.9,2889.7,1644.6 (vs),1599.1
(vs),1473.5,1416.3,1362.9,1274.6,1 170.4(s),742.5
(s),625.6,433.5,346.3,

[F] 32 45 2, 6- . (2- A8 I DK s 5y bt g 8 (D E 45
YI[Ni(BBPY),|SO,, 4 B 21 L HUIR Ak | 7= K 34.6% .,
BL AW 2(CssHagN 1O, SNI) I TCE 3 BT 45 R (FE5 N
1518 ,%).C 58.89 (58.70),H 3.20 (3.37),N 17.86
(18.02); IR(KBr,cm™):3 160.7,3 062.6,2 874.5,2747.6,
1 605.2,1 590.3,1 494.0,1 462.2(vs),1 319.4(s),1 270.2,
1097.7(s),997.0,745.7(s),613.0,425.9,297.0,

1.3 RBIEEHHNE

53 ) A & I IE 5 1(0.23 mmx0.17 mmx
0.14 mm) M54 2(0.27 mmx0.24 mmx0.21 mm)ih
R FE S, B F Bruker SMART APEX I CCD . /%
g L 2t A S R s b 9 Mo Ka(A=
0.071 073 nm)¥F £k | 7€ 296(2) K ifik & #E 47471 550
FE L, VL -0 3 T A5 BITE 2.00° <6 <25.00° F1
1.81° <0 <25.00°3u [l 4 2 e 4 5363 1 17 697 4
A 568 s, Hrb it ST A I 43 5 R 2 550(R,,=0.020 1)
M 6 347(R,,=0.052 0)1> , 5351 5% FH 2 406 F1 4 602 4>
AU A5 (1> 200 (D) FH TS5 A0 ff b7, A BB A0 28 Lp 1
IEFNZ B WA IE | AR S5 40 i B ki il R A
JE T AL bR FH 2 R 22 1H Fourier & B, &HRIES
JE - A6 s B 45 1) S PR P S B0 4 W e /D e Tk
BIE(F?), APLECAR iy & Be na K+ B
S B W S O, B A R TR R A
SHELXTL-97"2F2 /¥ 7E PC ML E5E i, A ¢ M
R ILER 1,

CCDC: 787387,1;787388,2.
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Table 1 Crystal data and crystal structure parameters
Complex 1 2
Empirical formula CyHsN¢OsZn CagHaN10O,SNi
Formula weight 559.83 777.46
Temperature / K 296(2) 296(2)
Wavelength / nm 0.071 073 0.071 073

Crystal system

Monoclinic

Monoclinic

Space group Ce P2//c

a/ nm 1.694 5(12) 1.373 5(8)
b/ nm 1.272 1(9) 1.383 8(8)
¢/ nm 1.065 8(7) 2.027 0(11)
B1(° 92.506(12) 106.133(10)
Volume / nm’ 2.295(3) 3.701(4)

A 4 4

D,/ (g-cm™) 1.620 1.395
Absorption coefficient / mm™ 1.124 0.636

F(000) 1144 1 600
Crystal size / mm 0.23x0.17x0.14 0.27x0.24x0.21
0 range for data collection / (°) 2.00 to 25.00 1.81 to 25.00

Limiting indices

Transmission factors

Reflections collected / unique (R;,)

Refinement method

20shs13,-15<sk=<l15-12<[<12
0.858 5 and 0.782 0
5363 /2 550 (0.020 1)

Full-matrix least-squares on F?

-l6sh<13,-16<k=<16,-24<[<23
0.878 1 and 0.847 1
17 697 / 6 347 (0.052 0)

Full-matrix least-squares on F?

Completeness to 6=25.00° / % 96.2
Data / restraints / parameters 2550/ 117350
Goodness-of-fit on F? 1.070

Final R indices [[>20(])]
R indices (all data)

Largest diff. peak and hole / (e-nm™) 694 and -720

R=0.041 9, wR,=0.112 0
R=0.049 9, wR,=0.147 4

97.3

6347 /0 /487

1.082

R=0.085 0, wR,=0.185 6
R=0.106 5, wR,=0.193 3
1 825 and -1 222

2 SRS

2.1 L5k

FERER 7/ WIVEAW /] 5oy 3L I o 5 3N L5 i
N-H % fi 45 9% 20 1 BLAE 3 196.0,2 889.7 (m) ¢m™';
3057.9 cm™ Ab Y W WU Sl SR ER C-H 1 1 46 4R 3 5
1644.6 i1 1362.9 cm™ Al HJE T »(C=0)Fl v(C-0)fH#
AR B | Av(v,.(COO)—v,(CO07))>200 cm™, AT 4 B
Be& Y R B DL B 2 5L, 433.5 Fil 346.3
(w) em™ Qb H B B N vy, o BT vy, B 4 R
o FW] 2, 6-kIE IR IR IR L 0(1),03) )5 T F1
2,6-—(2- A I BRI EE) AL BE  N(1) N3) N@) 1=
H5BAL, 742.5 em™ NARIE b4 ASABAL AR AN
4R s 7E 3 428.4 em™ AL T FEAI K53+ O-H
FREfR A IR 305, 7E 625.6 cm™ b 3L T /K 73511

T MR AR sh e | FIELA b A A oK
X5 IR & A A

TERL AW 2 ML AMEIE b 2R IF DR 3R |- N-
H W 4a 3= 30 IR AE 3160.7,2 874.5,2 747.6(w) cm™;
3062.6 cm™ AR C-H M4 9= 3011 605.2,1 462.2
12702 em™ &b 53501 H 3 »(C=N),»(C=C)F v(C-N)
A 4 % 21104 5297.0° (w) e Ak HH 30 19 387 1 WA 0y
van WA IR BN 04 RW] 2, 6-(2-28 I K i i it g
1 N(1) .N(3).N(4).N(6) N8) N9 it = 5B 4
T45.7 em™ KRR I 4 A SRS T AR iR AR 3
B B2 AR -0 X FR A 45 Ik 3 1 R AE 1 .097.7 F
997.0 em™, & M4k 3 1 BLAE 613.0 em™ 1, X 5 4544
ff AT 45 S A A
22 BIEEHSH

BCE9 1 2 B s BB S TR 2,
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Table 2 Selected bond lengths (nm) and bond angles (°) of complexes 1 and 2

Complex 1
Zn(1)-N(6) 0.202 0(6) Zn(1)-N(3) 0.209 5(6) Zn(1)-0(3) 0.210 7(6)
Zn(1)-N(4) 0.212 5(7) Zn(1)-N(1) 0.220 6(8) Zn(1)-0(1) 0.225 6(7)
O(1W)-H(1WB) 0.085(2) O(1W)-H(1WA) 0.084(2)
N(6)-Zn(1)-N(3) 170.7(3) N(6)-Zn(1)-0(3) 78.3(3) N(3)-Zn(1)-0(3) 109.5(3)
N(6)-Zn(1)-N(4) 110.1(2) N(3)-Zn(1)-N(4) 74.9(3) 0(3)-Zn(1)-N(4) 95.3(3)
N(6)-Zn(1)-N(1) 99.5(2) N(3)-Zn(1)-N(1) 75.1(3) 0(3)-Zn(1)-N(1) 95.1(3)
N(4)-Zn(1)-N(1) 150.0(3) N(6)-Zn(1)-0(1) 73.6(2) N(3)-Zn(1)-0(1) 98.9(3)
0(3)-Zn(1)-0(1) 151.5(2) N(4)-Zn(1)-0(1) 90.3(3) N(1)-Zn(1)-0(1) 93.8(3)
H(1WB)-O(1W)-H(1WA)  130.0(10)
Complex 2
Ni(1)-N(8) 0.199 8(5) Ni(1)-N(3) 0.202 2(5) Ni(1)-N(6) 0.2101(6)
Ni(1)-N(9) 0.210 1(6) Ni(1)-N(1) 0.211 6(6) Ni(1)-N(4) 0.212 7(6)
S(1)-0(1) 0.146 4(6) S(1)-0(2) 0.145 5(7) S(1)-0(3) 0.1460(7)
S(1)-0(4) 0.144 5(6)
N(8)-Ni(1)-N(3) 175.6(2) N(8)-Ni(1)-N(6) 79.3(2) N(3)-Ni(1)-N(6) 104.7(2)
N(8)-Ni(1)-N(9) 76.9(2) N(3)-Ni(1)-N(9) 99.0(2) N(6)-N(1)-N(9) 156.2(2)
N(8)-Ni(1)-N(1) 99.6(2) N(3)-Ni(1)-N(1) 78.4(2) N(6)-Ni(1)-N(1) 91.3(2)
N(9)-Ni(1)-N(1) 91.0(2) N(8)-Ni(1)-N(4) 104.2(2) N(3)-Ni(1)-N(4) 77.6(2)
N(6)-Ni(1)-N(4) 95.7(2) N(9)-Ni(1)-N(4) 91.8(2) N(1)-Ni(1)-N(4) 156.0(2)
0(4)-S(1)-0(2) 111.3(5) 0(4)-S(1)-0(3) 108.1(4) 0(2)-S(1)-0(3) 106.5(5)
0(4)-S(1)-0(1) 108.4(4) 0(2)-S(1)-0(1) 108.3(4) 0(3)-S(1)-0(1) 114.3(4)
®3 BEW1M2HEE
Table 3 Hydrogen bonds of complexes 1 and 2
D-H---A d(D-H) / nm d(H-+A) / nm d(D--A) / nm 2 (DHA) / (%)
Complex 1
N(@2)- H(2A) -0(1)" 0.086 0 0.1859 0.264 9 151.90
N(5)-H(5A)---O(1W)* 0.086 0 0.181 6 0.267 6 176.80
oaw H(IWB -0(3)" 0.084 9 0.197 7 0.267 9 139.42
O(1W)-H(1WA)---0(2)* 0.083 8 0.188 3 0.269 1 161.60
Complex 2
N(2)-H(2A)---0(2)" 0.086 0 0.203 9 0274 1 138.31
N(5)-H(5A)---0(3) 0.086 0 0.193 7 0.279 6 176.08
N(7)-H(7)---O(1)? 0.086 0 0.182 0 0.268 0 178.71
N(10)=H(10A)---O(4)* 0.086 0 0.210 6 0.283 5 142.26

Symmetry code: 1: ™ x, —y+1, z=1/2; ® x+1, y, z+1; ® a=1, —y+1, 2-1/2; ®

#
=1, y, 2"

—x+1, y+1/2, —z+1/2.

=112, y=1/2, z=1; 2: ™ —x+1, y-1/2, —z+1/2;
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Fig.1 Molecular structures of complexes 1 (a) and 2 (b)
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ghimoK, IHEAER 3.22%, X5 A IARZEF AT A )
A R E N 120 3 336 CHR X 4.85% 424
For PR 1 T CO,THRAE R 5.0% ;5 =25 N
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MI5% BB Y NiSO, T 5H 19.9%, —J7 X 2l T
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Fig.2 Emission spectra of ligand and complex 1 in solid

state at ambient temperature
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