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Hydrothermal Synthesis, Crystal Structure and Quantum Chemistry
of a Binuclear Copper Complex with 2,2’-bipy and o-CBA
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Abstract: A new binuclear copper(ll) complex [Cu(o-CBA),(2,2'-bipy)], (0-CBA=0-chlorobenzoic acid, 2,2"-bipy=
2,2" -bipyridine) was hydrothermally synthesized by the reaction of cupric acetate monohydrate with o-CBA and
2,2" -bipy in the solvent mixture of methanol and water. The tiltle complex was characterized by elemental
analysis, IR spectra and TG. Its crystal structure was determined by X-ray single crystal diffraction study. The
crystal belongs to orthorhombic with space group Pbca, a=2.046 0(4) nm, b=1.006 5(2) nm, ¢=2.160 1(4) nm, V=
4.448 3(15) nm?®, Z=4, D,=1.585 g-cm™, R,(I>20(1))=0.038 6 and wR,(I>20(I))=0.080 2. The crystal structure
shows that two neighboring copper(Il) ions are linked together by two bridging o-chlorobenzoic acid, forming a
binuclear structure. The Cu(1)---Cu(1A) bond distance is 0.343 27(8) nm. Each copper(Il) ion is coordinated with
two nitrogen atoms from one 2,2’ -bipy and three oxygen atoms from three o-CBA, forming a distorted square-
pyramidal configuration. Weak intermolecular C-H --- O hydrogen bonds and C—H --- 7 interactions link the

complex into one-dimensional chain. The quantum chemistry calculation on the [Cu(o-CBA),(2,2'-bipy)| has been

performed by means of GO3W package and taking 6-31G basis set. CCDC: 803847.
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1.1 X5 F

JCE S HTH PE-2400 11 %450 2 43 A7 {300 & 5 41
A% H Nicolet 6700 #I£TAMGTEAL (KBr Ji F)
FE; HE ST METTLER TGA/DSC 1100 % 4
BT A 5, AR 25 #9 FH Bruker Smart APEX 11
CCD B G 3 A 2

Jr 3R 38 A 3t )

1.2 BEEWHERKR

Je% 1.0 mmol Cu(OAc),H,0.2.0 mmol 45
H R FI1 1.0 mmol 2,2 -BX AL BE VA T 15 mL H B2 K
(V et Voe=2: D) W, IF I Hi NaOH 34 19 5 W &2
pH=5.0~6.0, % il& N FE IR W 0.5 h 5, ¥ %2
NRA YR H] 25 mL AN E T, F 120 C
RN 72 h, HAARRZEZIRG  JFEEMH 28680
B, 75 40%((LAIGER Cu i), TCERIIMIHE CeHnCl,
Cu,N,Og, THHAE (%) : C 54.30,H 3.04,N 5.28 ; LM
(%):C 54.15,H 3.16,N 5.36, IR EZMRILIE (cm™)
M :1646,1475,1447,1372,1048,765,731,656,417,
1.3 BRI HE

HEHOR ST 0.12 mmx0.10 mmx0.10 mm 4 &
A& F Bruker Smart APEX 1T CCD %Y X 54k % i
FTHHL L LU 5 B8 AR Mo Ka(A=0.071073 nm)
B RO E %R (295+2) K T, P g-0 I TT
SEH, A 1.89°<9<25.05°70 Bl 9 2L gk 21782
AT AL, ST AT 4T A 3940 4~ (R,,=0.054 7)
1520 (D) AT UL AT 565 R 2 837 4>, ARARSS 9 i B
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{8 Fourier & B R 228 19, 2T F? H SHELXL-
Q7R P A fie /N 3 vk X 4 R AR AU 1 AR AR B A%
] S Pk S HGH TR T A SR T X AR 48 B
A5, RN E T R=0.038 6,wR,=0.080 2 ;0=
V[oX(F)+(0.029 3P)*+3.443 1P|, Hoth P=(F2+2F2/3;
(Ap),=458 e-nm>,(Ap),;,==311 e-nm>, BLE Y i
R TR 1,

CCDC:803847,
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Table 1 Crystal data and structure refinements of the title complex

Empirical formula C4sH:CLCu,N,O5
Formula weight 1061.66

Size / mm 0.12x0.10x0.10
0 range for data collection / (°) 1.89 to 25.05
Crystal system Orthorhombic
Space group Pbca

a/nm 2.046 0(4)

b/ nm 1.006 5(2)

¢/ nm 2.1601(4)
V/nm? 4.448 3(15)

Z 4
o/ mm™ 1.257
D,/ (g-cm™) 1.585
F(000) 2152
Reflections collected 21782

Independent reflections (R;,) 3940 (0.054 7)
Goodness of fit on F* 1.037

Ry, wR, [I520(1)] 0.038 6, 0.080 2
Ry, wR; (all data) 0.062 3, 0.090 3
(8p) s (Ap)uin / (e =nm~) 458, 311

2 GRS

21 EEWHILIKIE
PA KBr JEF, 7E 4000~400 em™ Y8 A E T

Be &0 IR 35, BC A& 9 B 5 09 A X R il 4
v (COO) B XS FR A 457 v (COO) IR Bl 1 R 1 W i 0 53
S HBLAE 1646 A1 1372 em™ Ak, H Av(p,(COO7)-



AR SR AR L LA SR P TR TR Ik I I A T S 1) UK 5 T 0 1
%8 M IR I ARG R Bt AR 2 E AT 5T

v,(C00))=274 em™, KF 200 em™, B EL A P Bic
A ERKH R REE U AL IE S cuid
fr2o FE AP AR 2,27 IR Atk E R AR I A0 o (C=
N) 2(C=C)Hl §(C-H)M 14191457 F1 758 em™ i /
Ab5r BIRS S E T 1447 1475 #1765 em™ 4b, BiW /1 N\ N
2,2 BRI (0 55T 5 Cull) &2 T AL, £04h 5 OI%K U O
BF 5 S AL H 4T 25 T — ;

22 BEEWH N1 7

BEE W T 25 UL IR 1, B R B AL 4 =
P DL 2, AR 4823 1 10] f) U B 1T UL & 3, 2 B I A

Symmetry code: A: —x, —y+1, -z
K2 Co* AL 2 A 1E
Fig.2 Coordination polyhedron of Cu*

Symmetry code: A: —x, —y+1, —z; Hydrogen atoms are omitted for

clarity Symmetry code: A: —x, —y+1, —z; B: —x, —y, —z; Hydrogen atoms
B kR AW 4 T 25 (%}*ILK 30%) not included in hydrogen bonding are omitted for clarity
Y VA N S = Y, oL i) (s
Fig.1 Molecular structure of the title complex, showing B3 AR 71 i U P
the atom-labing scheme and 30% thermal Fig.3 Hydrogen bond linking of the neighboring
ellipsoids molecules

k2 BEYNEZEKIER
Table 2 Selected bond lengths (nm) and angles(°)for the title complex

Cu(1)-0(1) 0.196 8(2) Cu(1)-0(3) 0.193 2(2) Cu(1)-N(1) 0.199 3(3)
Cu(1)-N(2) 0.200 0(3) Cu(1)-0(1A) 0.235 5(2)
0(1)-Cu(1)-N(1) 95.52(10) N(1)-Cu(1)-N(2) 80.52(11) N(2)-Cu(1)-0(3) 94.37(10)
0(1)-Cu(1)-0(3) 89.42(9) 0(1A)-Cu(1)-0(1) 75.22(8) 0(1A)-Cu(1)-N(1) 93.05(9
0(1A)-Cu(1)-N(2) 107.08(9) 0(1A)-Cu(1)-0(3) 92.14(9) Cu(1)-0(1A)-Cu(1A) 104.78(8
0(3)-Cu(1)-N(1) 173.60(10) 0(1)-Cu(1)-N(2) 175.46(10) 0(1)-C(1)-0(2) 124.4(3)
*3 EEYNESEBEKMNER
Table 3 Hydrogen bond lengths (nm) and angles(°)for the title complex
D-H--A d(D-H) / nm d(H-+-A) / nm d(D---A) / nm £DHA / (°)
C(18)=H(18)---O(4)" 0.093 0.254 0.336 9(5) 149.2
C(21)-H21)---0(4)" 0.093 0.256 0.343 2(5) 156.7
C(22)-H(22)---0(2)" 0.093 0.237 0.310 2(5) 1357

Symmetry transformations used to generate equivalent atoms: ® —X, =Y, —Z.
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nm, A FIZLL Cuy0, PUTTIR A ot X FR 1 3 F
T 4548, 0(1) .Cu(1) O A)FI Cu(1A)A K18, FLA
Yoty — 75 14 2,2/ -8RI E R 2 A
JR AT 3 AN SRR RAR 1 3 AN AR B TP A
FECA AR TE DU J5 #E S5 A (WL 2),, #E CuN,O5 2514
TN N(2) .0 (1) F1 O(3) 44 A% Y 77 4 B i 1T, P4
T HETUR AL & O(1A) S 4 . O(1)-Cu(1)-N(1) N(1)-
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B, B & W SRR | X 5 2 R
E—H,

SRR R LA YR BT 4540 5 s RRAE | X i
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JEJF U R B R R R HAE S FE
sk, IFAH A, BEAWIEF 58 L ()
Cu JEF;(b) N (c) O J&F;(d) Cl1 BT 5(e) 2,2'-
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Fig.4 Schematic diagram of the frontier MO for the

title complex

t 2 4 FIE 4 750 BL A YA R T RE X 0 T
BB M DTER, ERRM LA TR AR R
e BB AR o T E0E AR N AR R L K
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Table 4 Some calculated frontier molecular orbital composition (%) of the title complex
MO & / Hartree Cu N 0 Cl () (I H
131 -0.239 0 6.11 0.73 51.19 4.80 0.72 36.23 0.22
132 -0.234 8 17.84 0.70 62.81 0.90 2.48 14.8 0.45
133 -0.230 1 1.41 0.52 7.87 31.71 1.22 57.14 0.14
134 -0.227 3 19.06 7.32 41.24 4.08 14.00 13.42 0.88
135HOMO -0.217 7 3.94 1.61 67.56 4.03 5.86 16.48 0.52
136LUMO -0.101 5 1.49 27.21 0.54 0.01 70.43 0.31 0.01
137 -0.067 1 0.58 8.29 0.14 0.04 90.64 0.29 0.02
138 -0.056 9 0.42 21.00 0.05 0.01 78.37 0.14 0.01
139 -0.036 3 1.02 0.36 14.85 1.29 1.4 80.94 0.15
140 -0.016 1 0.99 0.07 13.38 1.21 2.81 81.07 0.47

HOMO [ 5T k¥ 35> Cu IR0 3.94% ,Cl IR T2
4.03% ,N TN 1.61% ,H J&F 1 0.52% ; ifil 75 e 1%
K EGE AR LUMO stk AS fk FL A 2 C
(DI Foimkie K, 5 70.43% N JRF i 27.21% , H
BT STER N Cu TR 1.49% ,0 BT R
0.54% ,C(DJE T4 0.31%,Cl 54 0.01% ,H J5iF
1 0.01%, HH HOMO 5 LUMO W#LE B, &3
B & ) I 1] B 25 il PG RS I ) 32 B T AR 408
SRR LRI L 1) 2,27 -1 il E 3 1 SR
HUBH E BB R RS A Y,

24 BFEMHEIN

1 Mulliken 7 J& 43 H7 75 21 (1) 25 44 BT 14 J5L 7 ¢
HIfF e 5 s, SRR R AR AR T
LA RS 2 SR S 359707 TE L er O T T
REBZ A 0.926859 MY IEH i B +2; 5 &
FE A B e 7 BRI 73 T, 5
B D R A A R T R AR T Y v s 0 o
N(1): =0.666 649,N(2): —0.657 463,0(1): —0.627 004,
0(3):-0.569 092 , 3% KW H faf i it Cu-N 1 Cu-O HA%
BT NIRT5 0 JFT, PRt Se g PR |

*k5 BESYWHERETFBEESHBILYP/6-31G)
Table 5 Atomic charge populations at B3LYP/6-31G level

Cu(1) 0.926 859 C©2) 0.082 885 C(12) -0.107 588 C(22) -0.120 451 H(14) 0.182 319
o(1) -0.627 004 C(3) -0.252 962 C(13) -0.127 901 C(23) -0.118 822 H(15) 0.275 194
0(2) -0.479 985 C(4) -0.109 814 C(14) -0.130 95 C(24) 0.091 311 H(16) 0.171 798
0(3) -0.569 092 C(5) -0.110 981 C(15) 0.090 263 H(4) 0.149 209 H(17) 0.160 305
0(4) -0.497 852 C(6) -0.128 975 C(16) -0.125 525 H(5) 0.130 114 H(18) 0.155 794
N(1) -0.666 649 C(7) -0.139 069 c(17) -0.119 828 H(6) 0.130 585 H(21) 0.160 536
N() -0.657 463 C(8) 0.430 363 C(18) -0.093 295 H(7) 0.194 674 H(22) 0.162 547
Cl(1) 0.086 210 C9) 0.095 035 C(19) 0.275 239 H(11) 0.154 615 H(23) 0.168 543
Cl) 0.087 634 C(10) -0.247 279 C(20) 0.268 274 H(12) 0.137 641 H(24) 0.248 158
C(1) 0.477 267 C(11) -0.110 908 C(21) -0.089 176 H(13) 0.138 200

3 & i (2,2 -bipy) i B ALRE 43 B0 20 RN T T i H A

I 3L K RN A BT B B [Cu(o-CBA),
(2,2'-bipy)], Be &, 38 3 ST ER 431 (IR TG A1 X-5¢
2R PR AT ST AT T o A A | 25 R AR B R A Y v
O () S22 A8 T DU 5 ik 25 4 T 45 4903 2ot 43 ) 55 11
C-H---O SSEAEFIE L T —4EBE RS540 4R 2,2'-
R M E 3R 8] C—H - /50 F A B 09 B PR
— s, B & A T T Cu(o-CBA),

# Mulliken /1 & B4 Bl T RCE P R EES
CERRAE | 5 S 25 SRS T ARG — 2L,

SE k.
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