52665 oM Ml 1k 2 2% il Vol.26 No.9
2010 4£ 9 CHINESE JOURNAL OF INORGANIC CHEMISTRY 1669-1674

BE & HI[Co(p-MBA),(phen)(H,0)]- (p-MBA)HI 7K IR E B |
RIEENRETFHERAR

MiE ! BEEY FTT EEH
(L FRMAMAELFIEL K& 271021)
CRLFREFEIREAFZ KE  271021)
FEE . Gl KRBT A B A (DEC A Y[ Co( p-MBA),(phen)(H,0)] - (p-MBA) , HI JC 2 43t FLEL A1 6 3% % Bic 4 4
17T 3RAE , X-HHE PR aAT R B AW e =& R S B P, S50, a=1.065 88(8) nm,b=1.128 73(8) nm,c=16.118 1(13)
nm,@=76.989 0(10)°,3=71.228 0(10)° ,y=63.683 0(10)°, V=1.637 9(2) nm*,Z=2,D,=1.443 g-cm™,R|[[>20(I)]=0.044 4 ,wR,[I>20(I)|=
0.088 1, (5552 1 1 A 4BAERS Bk 2 A EUEF 2 A% H LR AR (1 3 AN R 1 A K3 F il 1 A SR A7
TE AR I 1 N THUA S5 K BC & 3l o 58 Y O—H--- O ZUBEAE IR L 1T AR5 4 1% — B SGE 5 3 7 I 55 19 C—H--- O U5 1E

BT — e R A5 K . X B G ) [ Co( p-MBA)(phen)(H,0),| 25 4 ST HEAT T A5 MK TH8

KGR . b RO IR SBIAENE O BR(DEC &9 5 R IRZEA ; S5
HESES . 0614.812 CERARIRAS . A X EHS: 1001-4861(2010)09-1669-06

Hydrothermal Synthesis, Crystal Structure and Quantum Chemistry of the
Complex [Co(p-MBA),(phen)(H,0)]-(p-MBA)

ZHAO Ren-Gao' SHI Zhi-Qiang™' JI Ning-Ning® LI Ji-Kun'
(‘Department of Materials Science and Chemical Engineering, Taishan University, Taian, Shandong 271021)
(*Department of Chemistry and Environment Science, Taishan University, Taian, Shandong 271021)

Abstract: The tiltle complex [Co( p-MBA),(phen)(H,0)]-(p-MBA) ( p-MBA=p-methoxybenzoic acid, phen=1,10-
phenanthroline) was hydrothermally synthesized and characterized by elemental analysis and IR spectra. Its
crystal structure was determined by X-ray single crystal diffraction study. The crystal belongs to triclinic with
space group Pl, a=1.06588(8) nm, b=1.128 73(8) nm, ¢=16.118 1(13) nm, «=76.989 0(10)°, B=71.228 0(10)°, y=
63.6830(10)°, V=1.6379(2) nm?, Z=2, D,=1.443 g-cm>, R|[[>20(1)]=0.044 4, wR,[[>20(1)]=0.088 1. The cobalt(l)
ion is six-coordinated with two nitrogen atoms from one phen, three oxygen atoms from two p-MBA and one water
oxygen atom, forming a distorted octahedral configuration. A dimer structure was formed by strong O-H--- O
hydrogen bonds. Weak intermolecular C—=H--- O hydrogen bonds link the molecules into one-dimensional chain. The
quantum chemistry calculation on the [Co(p-MBA),(phen)(H,0)] has been performed by means of G98W package
and taking Lanl2dz basis set. CCDC: 708675.
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# 1.0 mmol CoCl,-6H,0.2.0 mmol X} HI % %
25 B R A1 1.0 mmol 4B JE 1 K T 15 mL H B 7K
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SROGUR  EE R (295+2) K T, Lh oo HH 77 U4
i, TE 1.34°<0<25.05°u [ WAL 8 8757 AT it
A H Rl ST AT A 5772 N (R,,=0.026 5), 15207 () 1)
AU S 20 4004 A FRIRZEH By 1 Hz i
SR T 09 Ak b JE 7E DL B985 218 Fourier & A%
THBGZERfE Y, BT F? ] SHELXL-97MSFE P DL /)y
IR A AR SR T AR bR B 4% 1) S S B A T
Kifs, B SR PRGBS I AR AT, R m B
T R,=0.044 4,wR,=0.088 1;w=1/[c>*(F,})+(0.039 4P)
+0.1356P], HH P=(F+2F2/3; (Ap),m=255 € +nm™,
(Ap),i,=—284 e-nm=, e ) S AR 22 B R 5 T8 1

CCDC:708675,

®1 EAYHRESEHEE

Table 1 Crystal data and structure refinements of the title complex

Empirical formula CasHzCoNOyg
Formula weight 711.57

Size / mm 0.12x0.10x0.06
0 range for data collection / (°) 1.34~25.05
Crystal system Triclinic

Space group P1

a/ nm 1.065 88(8)

b/ nm 1.128 73(8)

¢/ nm 1.611 81(13)
V[ nm® 1.637 9(2)

A 2

w/ mm™ 0.587
D./ (g-cm™) 1.433
F(000) 738
Reflections collected 8 757

Independent reflections (R;,) 5772 (0.026 5)
Goodness of fit on F? 1.038

Ry, wR, [I>20(1)) 0.044 4, 0.088 1
R, wR, (all data) 0.071 3, 0.101 5

(AP)ns (AP)uin / (€nm™) 255, —284

2 HRSIE

2.1 BEEWHILIIN i
P KBr JE R, 7E 4000~400 cm™ Y15 B P2 T

A9 IR 3% KL S 7E 3360 em™ Mt T4 — 5
oS | B RS A H K A T B R U A0
TE 1598 F1 1413 em™ AL HILAT COOAS K F 1 4 2
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Hydrogen atoms are omitted for clarity

L1 bR ASEIC A 1 1 AN 0 R P TT R R 141 (R 2R L% 30%)

Fig.1 A view of the asymmetric unit of the title complex,

showing the atom-labing scheme and 30% thermal

ellipsoids
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Symmetry code: A: —x+1, —y, —z, Hydrogen atoms attached to the

carbon atoms are omitted for clarity
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Fig.2 Dimer structure formed by hydrogen bonds of the

title complex

FAEH] . Co( B EC 6, N8I TR S H
T N(2).0(1) . 0Q2)F1 O3)hz T4k T 2 38 - 1, N(1) Fl
OB FHh AL E | O(1)-Co(1)-0(2) .O(1)-Co(1)-N(2)
0(3)-Co(1)-N(2)F1 0(2)-Co(1)-0(3)5 1 4351 4 :60.17
(7)°.99.32 (8)°.105.18 (8)° Fll 96.68 (8)°, %tk ffi
361.35° (4% it 360°), % i N(2).0(1).0(2) 1 0(3)
M Co()JLF-FE R — A1 b, HAFm oI5 f2 8 .
9.745 4x+1.265 0y +7.882 92=2.726 9, 'E fi1 2% ¥
I #E B 43 5 g2 0.011 87.0.018 76, —0.020 33,
0.013 44 F10.058 4 nm; T ATEIF 1 #9134 85 &5 K
0.005 84 nm; P X 4b F X A 47 B R 0 5 A
51 k20 (1)-Co (1)-0 (3) 155.27 (7)° ,0 (2)-Co (1)-N (2)
155.36(9)°, — & ¥ B 180° , Ut BH &4 I 25 th N(2).
O(1) .OQ2)F1 O(3)F4 A i) 2% 38 - 18 1 oo o7 2 1 il
] B2 A N(1)-Co(1)-0(10) 4 173.52(9)°, ¥t B N (1),
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Symmetry code: A: —x+1, -y, —z; B: —x+1, —y+1, —z, Carbon atoms of phen rings,

methoxy groups and some hydrogen atoms are omitted for clarity
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Fig.3 1D chain structure of the title complex
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Table 2 Selected bond lengths (nm) and angles (°) for the title complex
Co(1)-0(1) 0.228 0(2) Co(1)-0(3) 0.206 55(19) Co(1)-N(1) 0.214 7(2)
Co(1)-0(2) 0.207 6(2) Co(1)-0(10) 0.210 34(19) Co(1)-N(2) 0.211 4(2)
0(1)-Co(1)-0(2) 60.17(7) 0(2)-Co(1)-N(2) 155.36(9) N(1)-Co(1)-0(3) 90.01(8)
0(1)-Co(1)-N(2) 99.32(8) 0(10)-Co(1)-N(1) 173.52(9) 0(10)-Co(1)-0(1) 83.07(8)
0(3)-Co(1)-N(2) 105.18(8) N(1)-Co(1)-N(2) 77.73(8) 0(10)-Co(1)-0(2) 94.97(8)
0(2)-Co(1)-0(3) 96.68(8) N(1)-Co(1)-0(1) 98.51(8) 0(10)-Co(1)-0(3) 91.07(8)
0(1)-Co(1)-0(3) 155.27(7) N(1)-Co(1)-0(2) 91.25(8) 0(10)-Co(1)-N(2) 95.82(8)
*3 EEVHNSEBEKNER
Table 3 Hydrogen bond lengths and angles for the title complex
D-H---A d(D-H) / nm d(H--A) / nm d(D---A) / nm £DHA /(%)
0(5)-H(5)---0(4)A 0.082 0.185 0.263 3(3) 159.7
0(10)-H(37)---O(4)A 0.085 0.180 0.261 6(3) 159.8
0(10)-H(38)---O(1)B 0.085 0.199 0.280 4(3) 161.5
C(4)-H4)---0(5)C 0.093 0.254 0.335 4(4) 145.7

Symmetry transformations used to generate equivalent atoms: A: x, v, z; B: —x+1, -y, —z; C: —x+1, —y+1, —z.

AHBRRP W4 AR TFA3IANSE TRA, H
BEA Y 3 A48 7 H A WAFFE 22 57, Co(1)-0(1)
Co (1)-0 (2) F1 Co (1)-0 (3) & £ 43 %1 2 0.228 0(2).
0.207 6(2)F1 0.206 55(19) nm, Hi 1 KB 8K T
Jo 2 AN TGS AU DR TR R 43 ol LA AT AR
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0(10)-H(37)---0(4) (0.261 6(3) nm  159.8°)Fl1 5} T[]
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5591 C(4)-H(4)-+-0(5)(0.335 3(4) nm, 145.7° ,symm-
etry code:—x+1,—y+1,—z) SHAEHIE L T —4EE5AR
4itly,
23 EEPMEEMS FHEAK

HR A8 TC 5 W) it AR S5 48 1) 25 J5t - Al bR | S
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Table 4 Some calculated frontier molecular orbital composition (%) of the title complex

MO & / Hartree Co N o) o(mn o(m (1) c(In H
136 -02325 46.133 7 1.0288  34.1677 7.923 9 0.037 7 4390 1 6.041 2 0.276 8
137 -02310 520616 1.6312 36747 2 0.513 2 0.952 9 2.800 5 4.869 8 0.423 6
138 -0218 1 2.017 2 0.093 5 6.929 0 02614 26274 03005  60.614 6 3.509 8
139 -0213 5 3.637 6 0.259 0 7.520 1 0.0636 249637 02674 599146 33740
140HOMO -02052 403930 20123 405470 2.070 6 0.403 2 33980  10.749 7 0.426 3
141LUMO -0.094 4 27172 262628 0.650 6 0.024 8 0.0010  69.950 7 0.347 7 0.045 2
142 -0.091 9 0.5217 94153 0.025 2 0.014 1 0.0003  89.929 3 0.082 6 0.0115
143 -0.045 6 1.003 8 5.467 8 0.248 9 0.007 1 00105  92.8281 0.409 1 0.024 6
144 -0.035 3 54790 6  14.696 8 6.597 7 6.058 6 0.0094 127753 3.789 1 12825
145 -0.024 8 1.681 7 02108  13.568 4 0.224 1 3.5370 41274 751194 15312

K4 BSYRETHD TRERER
Fig4 Schematic diagram of the frontier MO for the title complex

0.001 0% ,C(DJ T4 0.347 7%, H I T4 0.0452% ., B EASEREGY .,
[b# HOMO 5 LUMO M#LE s, KGN 24 BFEHRTED R
BB MPMESBRTHBN, EEIE Co JA T B F Mulliken 7 J& 23 7 45 2] (4 25 44 550 19 i
X GERHR LR T L ER AT AN S ion , S5 R A R AR T LA
SRAERS IR S AR T35 HF IR FHOE R B AREEWRE T B PO R TR R X
x5 BEYHIEFBEESHBILYP/Lanl2dz)
Table 5 Atomic charge populations at B3LYP/Lanl2dz level

Co(l) 0425282 C@2) 0247323 || c13) 0333239 || C(24) -0332668 | H(8C)  0.207 138 || HQ21)  0.236 712
0(l)  -0381585| C(3)  -0317337 | C(14) -0338054 | C(25) -0.164281 | H(11) 0273972 || H22)  0.237 041
0@2)  -0435029 | C@)  -0340976 || C(15) -0.342129 || C(26) -0.217 704 || H(12) 0242355 || H(24)  0.249 764
03)  -0415165 | C(5) 0333534 || C(16)  -0.481 556 || C27)  0.076310 | H(14) 0226218 | H25) 0236215
0(4)  -0489859 | C(6)  -0339757 | C(17) -0.208384 || C(28)  0.069 256 | H(15)  0.255680 | H(26)  0.304 599
0(7)  -0308040 | C(7)  -0.349 833 || C(18)  -0.166 925 || H(3) 0271 245 || H(16A) 0207383 || H(37)  0.449 823
0@8)  -0308534 | C@8)  -0481547 || C(19) -0.331 107 || H(4) 0.244 539 || H(I6B) 0232399 || H(38)  0.400 896
0(10)  -0.735 509 | C(9) 0279329 || C20)  0.476 033 || H(6) 0.230 145 | H(16C)  0.205 673
N(I)  -0204420 | C(10) 0261490 || C21)  -0.419 021 || H(7) 0265 691 || H(17)  0.294 269
N@)  -0210687 | C(11) -0315948 | C(22) -0418517 | H(8A) 0209327 | H(18)  0.236 693
c) 0215996 || C(12) -033594 | C(23) 0472202 || H(SB) 0233332 | H(19)  0.249 407
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