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Hydrothermal Syntheses , Crystal Structures and Fluorescence Properties of Copper/Zinc
Complexes Based on Methoxybenzoic Acid and Nitrogen-Containing Heterocyclic Compound

CHEN Zhi-Min*  YANG Ying-Qun MAO Fang-Fang KUANG Dai-Zhi WANG Jian-Qiu ZHANG Fu-Xing
(Key Laboratory of Functional Organometallic Materials of Hunan Province College ,Department of Chemistry and Materials Science,
Hengyang Normal University, Hengyang ,Hunan 421008, China)

Abstract: The complexes [Zn(mba)(bipy)(HCOO)],(1) and [Cu(mba)(bipy),]-2Hmba (2) have been hydrothermally
synthesized by Hmba and bipy (Hmba=methoxybenzoic acid ,bipy=2,2" -bipyridine, HCOOH =fomic acid). The
complexes were characterized by IR spectrum, thermal gravimetric analysis, single crystal X-ray diffraction and
fluorescence analysis. The crystal of complex 1 belongs to monoclinic system, space group P2/c. In complex 1, Zn
(I) ion is five-coordinated with a distorted trigonal bipyramidal coordination geometry. Each HCOO - ligand
bridges two Zn(Il) ions, forming a 1D chain. The chains are connected by hydrogen bonds, 77-7r packing between
aromatic rings, forming a 3D supramolecular network. The crystal of complex 2 belongs to triclinic system, space
group P1. In complex 2, Cu(ll) ion is five-coordinated with a distorted trigonal bipyramidal coordination geometry.
In 2, the coordination units are connected by the 77-7 packing between aromatic rings to form 1D supramolecular
chain. These chains are connected to form 3D supramolecular network through hydrogen boding, 77 packing

between aromatic rings and C-H---7r interaction. Complex 1 shows a strong fluorescent emission (A,,=327 nm ).
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PR ECAR I 25 BT 1Ak, AT SR U Y 25 AR B2 A 5 L
PEIF A AE , AT LUB IR 7r-r HERRRT C-H -7 AL
YEFS 3 2653 [a] AH B AR AT LA B3 [) 7E A5 2 0 463 g
S S S > H L% NSRS H M RS o A7
FRBCAR G, [RB X4 T 00 AR e e 4 2 i 4
., SRR EA RIPE S mE R & DA
SR P TG A i 7 AR A, T LG AR 19 55 3R SCH R T
- WERUWE R AIE B, o] DAARGF (8 F 150 & W 1 45
FFIPERE BRI 07 7 R R FEU 2 L & 0 W oY
AR SUBC AL 2R G Wy 10 B 2P AR

T C A 0 0 P TR 5 T e A b B AR
(] B AR ELAE T, DA K G5 T AR EAE D R FRAT T 38
FEIA I 3z K H IR (Hmba ,4- T 480 5E 4 TR ) Fl
2,2 -HRMEBE (bipy)VE N BCAK , RITAHE T 2 MG
Y . [Zn (mba) (bipy) (HCOO)] , (1) F1 [Cu (mba) (bipy),] -
2Hmba (2), X EL& W4T T L0861 A 34T
BAh X AT S AP T

1 £ I

1.1 RF 5

Hmba, 73-Hr4l, v B 248 A 20 A Al
bipy, 74l Ak s — e T Hwalin sy
Brafi, HA 5 H FTIR-8700 4141 % 1 (4 000~
400 cm™);Bruker SMART APEX-II CCD X #f £
mn AT S AN R AR B & e A | WGY-10 2643
JOGEE T Bl RS RS B AL A IR A | UV-2501PC
AN WA T,
1.2 BEEYHEK
1.2.1 a1 HE L

¥ B & Hmba (0.3 mmol) bipy (0.2 mmol) .
7ZnS0, - 7H,0 (0.15 mmol) HCOOH (0.6 mmol) NaOH

(0.6 mmol) F1 10 mLH,0 Ml A 20 mL R IU# &4 N
W AEE B B 42 T 140 C T EIR AL 3 d, 1%
HEER, S aER K, 08 CoHN,07Zn,
JCE W AR T HAE (%) C 54.63,H 3.86,N 6.71;
S (%) . C 54.65,H 3.89,N 6.74, IR = ZLM 04
(KBr JE i ,em™):3 398 (m),1 597 (vs), 1 562 (vs),
1 512 (m), 1 474(mv), 1 446 (mv),1 389(vs), 1 362
(ms),1 259 (s),1 178 (m),1 026 (m),860 (m),779 (s),
623 (m), 517(w),418 (w),
122 EHEY2 MG

4 BC A& Hmba(0.3 mmol) \bipy(0.3 mmol) ,CuCl,-
2H,0(0.3 mmol) .8 mL DMF .2 mL H,0 fill A 20 mL %
VIS ORI A E N 22T T 140 C T 1HIR
mft3d, WA EER, F#EA MK, L¥ELh
CyH3CuNsOy,, JTCERHIER IHHHAA(%) . C 59.15,H
4.40,N 7.84; 9 5:{E (%) :C 59.17 ,H4.44 N7.93 IR ¥
B (KBr FER,em™):3 448 (m), 1689 (s),1 606
(vs),1 515 (ms),1 474 (ms), 1 441 (ms), 1 366(s), 1 255
(vs),1 171(m),1 104 (m), 1 026 (ms),851 (m),784 (ms),
697 (m),636(m),536(m),520(m), 479 (w),419(w).
1.3 mEWHREERNE

7£ Bruker SMART APEX-1I CCD %Y B 177 5
I A SRR Mo Ka(A=0.071 073 nm)f 4T
SGUR, 53 I E T S ) 1(0.28 nmx0.20 nmx0.18
nm) AL A4 2(0.18 nmx0.17 nmx0.15 nm) 1Y i 45
o LA o~o HITEBEEY 1T 296K, 15 2.11°
<O<25.01°uFE LI 17 015 A7 59 5 B2 AU
Forbr 6 052 AT AT A (R,=0.034 2) , AT WLEEATT I
H(I>20(1)5 448 1>, LAY 2 T 173K, 7E 1.71°
<O<25.01°7uFE NI 11 520 1T 5 5 B2 £ A
Horp 7 055 AN PSEAG S A(R,=0.031 1), 1] WLEATT 5
K (I>20(1)5 604 1>, R H SHELXS-97 2 /¥ "I
SHELXL-97"F2 ¥ | B 1k M 45 40 | FH 40 B de
AN TRk A AR U T A bR B A 1) SR
FINCAAEE, DABR IS N &1 S5 76 b i Y
fLE ., WAY 1.2 Wik TR 1, FEE
K M TE?2,

CCDC:907892, 1; 1038033, 2,
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Table 1 Crystallographic data of complexes 1 and 2

Complex 1

2

Formula

CioH16N>OsZn

CasH3CuN;sO




WS Al R A R 5 A

ZRFRIC M SR BE R C A B K B A

%510 9 A AR 45 ) 5 52 e B 1715
gkl
Formula weight 417.7 893.34
Crystal system Monoclinic Triclinic
Space group P2/c Pl
a/ nm 3.891 3(5) 1.209 56(1)
b/ nm 0.871 69(1) 1.260 40(1)
¢/ nm 1.027 47(1) 1.455 87(1)
V / nm® 3.455 2(8) 2.010 0(3)
al(°) 90 98.167(2)
B/ 97.523(2) 106.974(2)
Y/ () 90 103.564(2)
Z 8 2
m/ mm™ 1.456 0.617
F(000) 1712 926
Goodness-of-fit on F* 1.098 1.049
Reflections collected 17 015 11 520
Reflections collected(R;,) 6 052(0.034 2) 7 055(0.031 1)
Ry, wRA1>20(1)) 0.055 2, 0.125 5 0.055 9, 0.149 9
Ri, wRA(all data) 0.060 2, 0.127 9 0.072 8, 0.163 3
(AD) s (AP)in / (€-1m™) 538, =702 880, -1 507
®2 WEWIM2MEZRRNER
Table 2 Selected bond lengths(nm) and angles(°) of complexes 1 and 2
1
Zn(1)-0(1) 0.201 5(3) Zn(1)-0(5)1 0.202 1(3) Zn(1)-0(4) 0.205 7(3)
Zn(1)-N(1) 0.213 1(4) Zn(1)-N(2) 0.215 5(4) Zn(2)-0(6) 0.201 2(3)
Zn(2)-0(10)" 0.202 1(3) Zn(2)-0(9) 0.206 3(3) Zn(2)-N(4) 0.212 9(4)
Zn(2)-N(3) 0.216 6(4)
O(1)-Zn(1)-0(5)" 96.88(1) 0(1)-Zn(1)-0(4) 96.20(1) 0(4)-Zn(1)-0(5)" 99.59(1)
O(1)-Zn(1)-N(1) 154.88(2) N(1)-Zn(1)-0(5) 105.95(1) 0(4)-Zn(1)-N(1) 90.28(1)
0(1)-Zn(1)-N(2) 92.70(1) N(2)-Zn(1)-0(5) 93.56(1) 0(4)-Zn(1)-N(2) 163.09(1)
N(1)-Zn(1)-N(2) 75.83(2) 0(6)-Zn(2)-0(10)" 97.89(1) 0(6)-Zn(2)-0(9) 96.14(1)
0(9)-Zn(2)-0(10)" 99.38(1) 0(6)-Zn(2)-N(4) 154.86(2) N(4)-Zn(2)-0(10)" 104.97(1)
0(9)-Zn(2)-N(4) 90.39(2) 0(6)-Zn(2)-N(3) 93.07(2) N(3)-Zn(2)-0(10)" 92.96(1)
0(9)-Zn(2)-N(3) 163.40(1) N(4)-Zn(2)-N(3) 75.65(2)
2
Cu(1)-N(4) 0.198 6(3) Cu(1)-N(2) 0.199 8(3) Cu(1)-0(1) 0.201 0(3)
Cu(1)-N(3) 0.204 9(3) Cu(1)-N(1) 0.217 9(3)
N(4)-Cu(1)-N(2) 176.85(1) N(4)-Cu(1)-O(1) 90.31(1) N(2)-Cu(1)-O(1) 92.80(1)
N(4)-Cu(1)-N(3) 80.54(1) N(2)-Cu(1)-N(3) 96.91(1) 0O(1)-Cu(1)-N(3) 150.43(1)
N(4)-Cu(1)-N(1) 100.01(1) N(2)-Cu(1)-N(1) 78.79(1) . O(1)-Cu(1)-N(1) 104.45(1)
N(3)-Cu(1)-N(1) 104.81(1)
Symmetry codes: ' x, -y, 0.5+z; T x, -y, =0.54z; 1 x, 1=y, 0.54z; V x, 1=y, —0.5+z
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Table 3 Hydrogen-Bonds and angles for complex 1 and 2

D-H--A d(D-H) / nm d(H--A) / nm d(D-++A) / nm ZDHA /()
Complex 1
C(19)-H(19)---0(4) 0.093 0 0.255 6 0.346 9 167.29
C(3)-H3)--0(9)’ 0.092 9 0.256 2 0.347 0 165.94
Complex 2
C(3)-H3)--0(5) 0.095 0 0.265 4 0.309 2 108.68
C(12)-H(12)--0(6) 0.095 1 0.264 0 0331 4 128.36
C(14)-H(14)---0(3)Ti 0.095 0 0.248 8 0.338 3 157.09
C(22)-H(22)---O(10)V 0.095 0 0.268 5 0.330 8 123.76
0(8)-H(8)A-+-0(12)" 0.084 0 0.162 7 0.245 5 168.03
0(4)¥-H@)A---0(11) 0.084 0 0.173 8 0.257 7 175.66
C(36)"-H(36)A---0(10) 0.098 0 0.262 0 0.358 1 166.81
C(2)"-H(2)--0(9) 0.095 0 0.246 5 0.329 0 145.18
CEL¥-H31)--0(7) 0.095 1 0.254 6 0.345 4 159.83

Symmetry codes: | x, y, 1+z; |

2 BRSUE

2.1 RiEEHREE
2.1.1 FAW 10 RS AT

K1 RBCE Y 1 St i BT RS 1
H/NAKTFRAICE 2 4 2o BT, 2 A Zn> HA M
R BC S PR | S RO AR T — A SUHER 7Y 40 Zn(1) 25
T5 mba ) 1 MRIEEL T (Zn-0 #1.0.201 5(3)
nm) ., 1 1 bipy B 2 P EJE T (Zn-N ## 1 .0.213 1(4)~
0.215 5(4) nm) LAk 2 4~ HCOO#Y 2 MR I A A 1

i—x, -y, 2-z; ii —l+x, =14y, z; iv 1-x, 1=y, 1=z; ¥V 2—x, 1-y, 1-z;

iy, —y, 1=z

(Zn-0 ##4 :0.202 1(3)~0.205 7(3) nm), ¥4 A% T F L
AL A IR AE = XUHER Y o O(5) T O(1) R N(1) iz
T = BUE () AR B T, Zn(1)62 T 2R 8PN, 0(4) N
(2) V55 T = A RUHE A Al 1] 132, O(4)-Zin(1)-N(2) 5
fN 163.09(4)°, LA mba Y3 A LG 5
Zn> AL, TECAR HCOOT LI X 145 45 B¢ A = 342
HeARAR Zn> B (B 2), HEAh, FCAR mba B HE 4R O
(2)5 Zn(1)EE A 0.270 45(3) nm, B/ T Z & 11
T AE AL AR Z F1(0.29~0.30 nm), J& —Fl 55 1 — 94k
g AR BAE A AEAE X T3 = A U g 78 )

Hydrogen atoms have been omitted for clarity; Thermal ellipsoids are drawn at the 35% probability level ; Symmetry codes :

—0.5+z; W x, 1—y, 0.542; ¥ x, 1-y, —-0.5+z

bx, -y, 0.5+z; ", -y,

M1 AW 1N
Fig.1 = Structure of the complex 1
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B AR N 1 T AR 4.022°, BTG AR 0.378 23(3 ) nm,, B

B 1 SR AR SR B /N XS FR LTl
HCOO M - AH AR Zn() Akl — dE R 54 (B 2) , #H
&F Zn>Z M #E k0556 12(1) nm, FHERHEM] | BCiR
mbaJ7 b 22 [B] 45 A3 T8 % 1 8 & (& 3) . C(21),C(22),C
(23),C(24),C(25),C(26) 7 It F 4 ) 7 ~F- 18T, 5T 0>
Cgl(0.456 12, —0.155 40, 0.957 22), AH4F 7 “F i (C
(21),C(22),C (23),C (24),C (25),C (26) , Symmetry codes:
1 —x, -y, 2-2) L A Cg2(0.543 88,0.155 40,
1.042 78), Pi iz [B] BE N 0.435 77(4) nm, P9 F- I (1)
AN 0.0000 ; BLAR bipy (957 38 22 18145 437 1fi X4 T
HHE S J5 R (N(1),C(1),C(5),C(4),C(3),C(2) BT L
Cg3(0.297 16,0.490 25,0.951 60), 4B 35 ¥ (N (2),C
(6),C(10),C(9),C(8),C(7), Symmetry codes: x, 1-y, 0.5+
2)I0 A Cgd(0.373 88,0.574 80,1.207 32), M 7 “F- i

$E (8] A7 76 07 8 Z (0 r-ar HERULE A 3K 44
HCOO R 3L 5 M 4R BE L A& bipy Z 1A1JE 1 U5 .
C(19)-H(19) - 0(4) 0.346 9 nm, C(3)-H(3)---0(9) !
0.347 0 nm,, 38 B AR TT 3R] 0 7o HERRUR U5 A
F K BE A W — 2B 40 o = 4 R 437 45 44 (R
4), MeAh, B EEH] mba 5 B Z H 0 - HERUS AR T
K/ANA 1.424 1 nmx0.4020 nm (%5 1 (B 4)
2,12 AW 2 WIS 5T

K5 HECAY 2 MZ I i BT A 2
/N FREICE 14 Co* B 1,1 ZE 15 21 bipy
1) 4 > N J5F(Cu-N ##1<.0.198 6(3)~0.217 9(3) nm),
1 ™ mba 9 1 /2 4 5 (Cu-0 5  .0.2010(3)
nm) , K4 J8 0 TC 57 B A5 = A SCHERG B UGS 1 1
ASE R/ o O(1) N(1) NGO F AR IE T, Cu(1)

Symmetry codes: | x, -y, 0.5+z; 1 x, -y, =0.5+z; i x, y, 142
K2 AW 10— 4EFoR
Fig.2  Views of 1D chain structure of the complex 1

K3 BaY 1 7 FEREH

Fig.3 -7 interactions in the complex 1



1718 kMl otk

%328

I TR R/ WSR3 R

Fig.4 View of 3D supramolecular structure of the complex 1

Hydrogen atoms have been omitted for clarity ; Thermal ellipsoids are drawn at the 35% probability level

K5 BaY2EHl
Fig.5 Structure of the complex 2

AL T IR TE P11 A, N(4) N(2) B2 T = A BUHE 1) il 16] o2
' ,N(2)-Cu(1)-N4)# A 0 176.85°, BLIAR mba iR 5k
AIREFONHREIES Co Fif, SREY 1 3K
1,002)5 Co>*ZMAFAAE 55 19 — Ak 24 5 (Cu-0(2) BE
25 0.267 72(3) nm) , LG Y 2 B9 = FAHETE #4 R
AR ) H SR R 2R

s A AR S8 B0 Z A AE ar-r HERRURT C-H--- 77
MEAERE 6), T ME T FEE NOs-F A i
Hmba, T2 2R 5 (2 A 50 W3k 3)
RIS AW T bipy R ZEFAAE 7o MR .7 (N
(1),C(1),C(5),C(4),C(3),C(2), Symmetry codes :1-x,1-y,

1—z; 010> (1.240 33,1.022 13,0.484 50)) 5 HH4E 7 °F
T1(N(2),C(7),C(8),C(9),C(10),C(6) , Symmetry codes:1+x,
14y.,z; B0 (=0.240 33,-0.022 13,-0.484 50)) 1 1
AR 4.034°, 0 [HTFE A 0.355 43(2) nm (& 6 JK {4
HEZR), X AR I ar-ar HEBUE ALK BC & FROT I8 35 —
Y8 5y 4 (B 7) 5 85 AR mba (19 Yk 55 4 41 4
BCAR mba 5 ¥ Z [AIAE4E C-H---7 tHEAEM, {EFBE
B 0371 3 nm(& 6 #E AR L), HAH B AE K —
AEHE AT Sy ARy 1 2 ARG Z R AR bipy 5
F H BC A& Hmba 75 FF 22 [8] £ 57 1800 % T S . bipy 26
o P CHON(1),C(1),C (5),C 4),C (3),C (2) 14 A
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K6 AW 2W mm R C-H-- 7 AHEAEH

Fig.6 - stacking and C-H---7r interactions in the complex 2

7 WA 20— 4EE T

Fig.7 View of 1D supramolecular chain of the complex 2
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Fig.7  View of 3D supramolecular structure of the complex 2

(Symmetry codes:x,y,—l+z;E\%'D(—O.24O 33,-0.022 13, —0.539 53)), P11 A R 25.02°, B (A1 FE R
—0.484 50)),Hmba 75 ¥ 7 *F- i B C(29),C(30),C(31),  0.430 41(3 ) nm(&l 6 £t 4k ) ; A M BCAK Hmba J5
C(32),C(33),C (34) 1 B (T 0> (-0.433 17,-0.371 12,  PRZ (8] 1 4 1 8 & . r “F-1H (C(29),C(30),C(31),C(32),
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C(33),C(34), Symmetry codes:—x,—y,—z; it 0»(-0.433 17,
-0.371 12,-0.539 53)) 5 M 4B 7 “F Ifi (C(29),C (30),C
(31),€ (32),C(33),C (34), Symmetry codes: —1 +x, —1 +y,
—14z; [T 0> (-0.566 83,-0.628 88,-0.460 47)) ) — Tl
£ 0.000°, BTL A1 FE 2 0.376 56(2) nm (& 6 4% {4
L), MWITIMEM - AL, LK NOy-, HH
Hmba BC A FLC 2 0] 19 SUEEVE D (6 45 2 2R 45
P S R = HE DR o T A5 (B 7). AR - HE
I C-H--ar M EAE R, DA B SR T B A7 AE 38 m
T AR RS E

M ER e A S Y 1.2 fiR T A — 4k
BER = AE oy M S50 (HARFE R R SY 11
— YRR R A EE, MECA Y 2 WE— 4 T
5
22 WAV RERR

A 1T, AT 1562 F1 1362 em™
W e % 53 591 48 I R LA mba Y v, (COO)FI v(CO0),
KR AR - 5B FEAN, 1597 1 447
em™ 1YWL IS 43 7 48 A R C AR HCOO /Y v, (COO)
v, (CO0), RUIHREA FHEE FIA, H
Av=r,-v.=150 cm™, #— U0 B FL A DL XU B B
S LB R, WO 1 474 em™ BEARIA
AR bipy B »(C=N), RIZBECAAM N Ji+Z 500
I BRSBTS R S SRS AV

ERAY 2 T, W 1 606 Al 1 362 em™ #E
53 R WA B mba ) v, (COO)FI v (COO0), & WK
A5 E A, H Av=r,—v=244 cm™, I
— Ut B R B DL B S0 rhul B A0,
WU 1 474 em™ B A BLE bipy B9 v(C=N), &1
ZEAR N P2 5B, BLAYTE 479 419 em™
Aib B T WS U BT 43 304 A R v (Cu-0) Fl »(Cu-N), 2% B
(LR NG R W | RS R =S LT VA LN 7
iR ARG AV A
23 EAEYHTEKERS

FEE MR T 20 I T RO R G 1,2 76 F B
KW (9 5 S R 1 (M B R 1.0x1075 mol - L7,
K 8), MIE 8 Il & H | BLAK bipy B9 & 5§ 06 H BLAE
328 nm #b(A,=309 nm), Bt & Hmba Y % 5 i i 28
7E 292nm A (A.=275 nm), & W & G i 25 ) )9 45
NP 7 TR, B 1 7E 327 nm 44
(Aa=310 nm) H BT 58RI K 56505 | 06 119 457 ¥ A X T 1
bipy .Hmba F) & ST R ET 208 | RU 2 A EAK
5 Zo(DE KA T BRCAAER  ZEARBLT FAK bipy
G IE Y RWTIC G W) 1 9 R LTS 22k
F T B bipy (9 HLff BRIE | 2 —Fp 4 )8 B 7 b i
Be &G0 BhA S ECARM B O A 1 128t
KSR i | PRI 2R G W TR B, 358 T 3 T4
P I | B AR T i S BRAE 1) i i 01 2k R F g

1000
Complex 1
800 [
3
o 600 |-
2
& 400 +
e
|
200 Hmba /
o= Z ;
280 300 320 340 360 380
Wavelength / nm
500 - bipy
400 -
=3
< 300t
2
172
g 200
g Hmba
100 +
Complex 2
0

280 300 32

0 340 360 380

Wavelength / nm

8 TARFELS Y 1,2 Motk S ek K
Fig.8 Emission spectra of ligands and the complex 1, 2
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RS AR LA W) I DG 0R 3 W] g s A
Y12 (& T TE 329 nm Ab(A,=285 nm) , It
AHXS T HCAR Hmba F1 bipy , W9 007 & & AR 21 R R W
2 ANBLAR S CuBLAL, AR LT BCAK Hmba B2
Wl AL RWIEC A W PO R 6 RE EEOR A T
& Hmba W HLATERIE , 2 —Fh 4 8 & 7 i iy i i
KICIMG,
24 BEVHHRESN

XFECE Y 1A 2 #EAT T RERE RS, &9
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