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Synthesis, Structure and Comparison of Photo-electric Properties of
Co(l) Complexes with Benzoic Derivatives Ligand

JIN Jing LIU Yong-Hua LIU Jia-Cao NIU Shu-Yun™
(School of Chemistry and Chemical Engineering, Liaoning Normal University, Dalian, Liaoning 116029, China)

Abstract: Four Co(Il) complexes [Co(btec)os(pz).], (1), [Co(btec)os(pz)s]. (2), [Co(phen)(Hbtc)(Hsbte) (H,0),] - 3H,0
(3), [Co(Imh),(anis),(H,0)] (4), (Hibtec=1,2,4,5-benzenetetracarboxylic acid, pz=pyrazole, Hibtc=1,3,5-benzene-
tricarboxylic acid, phen =1,10-phenanthroline, Imh =imidazole, Hanis =p-anisic acid) were synthesized by
hydrothermal method. They were characterized by X-ray single crystal diffraction, IR, elemental analysis, UV-Vis-
NIR diffuse reflection spectrum and surface photovoltage spectroscopy (SPS). The structural analyses indicate that
1 is a Co(Il) polymer with 2D structure. The Co(ll) ion is four-coordinate in 1; the ones in 2~4 are both six-
coordinate. 2 possesses 1D structure, connected by hydrogen bonds into 2D layer. 3 and 4 are molecular
complexes, which are networked into 3D and 2D structures by hydrogen bonds, respectively. Four complexes all
exhibit obvious surface photovoltage responses within 300~600 nm in SPS, which indicates that they possess
certain photo-electric conversion properties. The influences of structure, dimension of complex and coordination
micro-environment of center metal ion on the SPS were discussed emphatically. The energy band theory of

semiconductor and crystal field theory are combined to analyze and assign SPS response bands. CCDC: 883535,
1; 883536, 2; 883537, 3; 883538, 4.
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RO I RERZ T2 SN 2 = Pral a1 B 7y
A 26 PE 't 2% P T ; Miodragovie 554 1 1Y BT 5 4
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SCHSRARPERE DN, W R T IRATT B R GBS
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J& Co(I)ES T M BC o7 &, P AU AR bg >R H
SPS F AN L AFFEAR R 254 | DL Kb 42 J& Co(l) 25
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SRUEE AR R S5 (0 ) RS LA R 5228 4 A
FH—Fh BT A WL SR T AR A )
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1.1 KF AR

Co (NO3), -6H,0, Co (CH,CO,), -4H,0, ¥4 2 U H
iz, M 0K = HR 1, 10-28 S M ek | X AR SR
FE R L R Al e R 00 389 R A &, LB i 2140
JEik R H H A< JASCO FT/IR-480 1Y 21 4 1% A LA
KBr JE /i 7F 4 000~220 em™ Y5 FE N IE . BLA P10
UV-Vis-NIR & S 6 2k H H 4% JASCO V-570 #!
AL AE 200~2 500 nm 5 FE N SE L, BG4 IT
R W #E PE-240C JC & 40 B X F1 36 E LEEMAN 2
A PLASMA-II ICP 4% L #4T , B & 90 3% 16
HLR 3 (SPS) SR A 20 %€ 11 2 1h ' i b i U FE
300~600 nm 35 [ P I o (L AR 52 565 o0 7 LB A2F)
1.2 mEHMHEN
1.2.1  FELAI[Co(btec)os(pz)a). (1) G K

FREL Co(NOy), -6H,0 (0.12 g,0.4 mmol) % 7£ 5

mL 7K H ¥ Hobtec(0.20 g,0.8 mmol)# T 2.5 mL &
B 2.5 mL N,N-ZH BRI BEE AT 5 mL K I9TR &
W A58 W B p2(0.07 g, 1 mmol)i&E T 10
ml, K JETESRE R AR ERIR G
BRI, IR pH~2, IR AW
BN A 130 CFHIR 3 d G, ARRINE=E
VR IR TR AL ERE 3 A R B 204
RIS 1, JTER (%, 1% C,HCoN,O, TT5
5 W R AE).C 41.27 (41.05),H 2.83(2.81),N
17.50(17.37),Co 18.41(18.32),
122 BLAPI[Co(btec)os(pz)s]. (2)FI A B

FREL Co(CH,CO,),-4H,0(0.05 g,0.2 mmol) i T
10 mL 7K | ¥ H,btec(0.10 g,0.4 mmol) % T 2.5 mL
CWEA 7.5 mL KRG W, TEBERE T W IR
G, WA B A 55 pz(0.07 g, 1 mmol) ¥
T 10 mL kK H SRE R A S ERIR S
JEIAIE & 1 mol-L™ NaOH ¥ W, pH=5, #iR
AW BB D HE170 C) 5 d, AR A
FEE R IR W TR RS 8 M A RMRRaa
mlA, BIECG 9 2, JCE 3 T1(% , % CuH;CoNgO, T
RS NI SE) . C 43.31(43.07),H 3.38(3.36),
N 21.65(21.52),Co 15.18(15.10).,
123 FL AP Co(phen)(Hbte)(Hsbte)(H,0),]- 3H,0 (3)

IRE Y

H¥ A phen(0.04 g,0.2 mmol)l¥ 10 mL 95% <.
BEV WM A B A Co(CHLCO,),-4H,0 (0.12 g,0.5
mmol) Y 14 mL 7K % W&, 158 €% W (1) ; # Hibte
(0.21 g,1 mmol)¥ T 10 mL 7K1 10 mL ZEEMITR G
WD I I NaOH ¥ W W 5 pH =5, I8 H &8
TMAFN (D 158 M, K E R (60
C)FHFE3 d 5, ik, Bl TR AL #E S N H G
Rk ERE NREY 3, TR (%, %
C3HyiCoN,Op, TH5, $655 W h it 5 (H).C 48.21
(47.95),H 3.78(3.76),N 3.75(3.73),Co 7.88(7.83).,
1.2.4 BB Y[ Co(Imh)y(anis),(H,0)] ()5 A

PRI Hanis(0.15 g, 1 mmol), % T 10 mL 95% <&
frh AR 60 °C, % AR JE A Tmh(0.07 g, 1
mmol)[¥) 10 mL 7KW, AR LR W 18
W ; T34 Co(NOs),-6H,0(0.29 g, 1 mmol)¥ 10 mL
VI3 MR ST ) NG W o6 VA VA7 A & SN R 3
KB AE IR (60 C B+, 4 d J5 , ik U8, U W T s Ak
B2 D HERBIRLA A RK, IS 4, 0% 50
Bt (%, F%& C,HuCoN,0, 35, 55 N AR AH).C
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51.27(51.00),H 4.69(4.66),N 10.87(10.80),Co 11.43
(11.37),
1.3 BREMREEHNE
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Lo/ NGB R SHELXTL #2358 i, &R T
K FHHLIS AR FI N 22 Fourier B W FR 77 16 #2321 | IF
HEAT 2% [ [ PR O, BC& W) 32 8 AR B s 41 1
1,

CCDC:883535,1;883536,2;883537,3;883538,4,

2 HRSWR

2.1 REEHERSITE

2.1.1 BB W[ Co(btec)os(pz)a], (1)1 b A 45 ka4 i
A TR, BAW 121 R 2D

TCBRE5H 1 Co(DFECA A9, B A AN X FR 27T L ]

1, AXFREITHALE 14 CoDET,0.5 1 btec*™, 2
A pz 3, CollDES T A UBLAL,2 A4~ O 7 +-(0(1) Al
O(3A)K H 2 MAFH btec™ 8 T ,2 4~ N JFEF(N(1)
FN 3) KH2DAFEM pz /3 F, TR T
DU T A T AR L Co-O B K 4351 S 0.194 2(3) il

Thermal ellipsoid at 30% probability; Symmetry code: A, x+1/2,
—y+1/2, z+1/2

B 1 FAY1HAITFREIT

Fig.1  Asymmetric unit of complex 1
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Table 1 Crystallographic data for the complexes

Complexes 1
Empirical formula CiH,CoNO,
Formula weight 320.15

Crystal system Monoclinic
Space group P2i/n

a/nm 0.883 81(12)
b/ nm 1,526 2(2)
¢/nm 1.031 68(13)
al () 90

BI() 106.170(2)
v/ 90

V / nm® 1336 6(3)

D./ (grem™) 1.591

A 4

F1000) 648

©/ mm™ 1.302

GOOF 1.076
Reflections collected 6 546
Reflections unique (Ry) 2345 (0.041 7)
Observed reflections (I=20(1)) 1776

Ry, wR, (I=20(]))
R, wR, (all ata)
Apus Apuin / (€-nm™)

0.046 4, 0.1150
0.066 8, 0.127 2
394, -557

2 3 4
CuH3CoNGO4 CyoHaCoN,O 7 CHCoN,0,
388.23 747.47 515.38
Triclinic Triclinic Monoclinic

Pl Pl P2i/n

0.937 60(10) 0.768 7(8) 1.572 0(4)
0.945 12(11) 1.330 9(14) 0.579 29(14)
1.071 68(12) 1.558 9(16) 2.550 2(6)
66.045(2) 73.035(13) 90

67.047(2) 86.780(14) 91.952(3)
88.791(2) 86.106(16) 90

0.788 45(15) 1.521(3) 2.321 0(10)
1.635 1.632 1.475

2 2 4

396 770 1068

1.123 0.653 0.79

1.041 1.023 1.081

3990 7614 11 063

2 753 (0.008 5) 5241 (0.033 0) 4 057(0.038 7)
2578 3722 3370

0.022 6, 0.055 6
0.024 6, 0.056 4
248, -227

0.054 4, 0.124 4
0.0851,0.142 8
355, =590

0.035 3, 0.085 3
0.045 2, 0.089 9
354, -436
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0.196 4(3) nm, Co-N % & 43 5 & 0.198 4 (5) fil
0.199 2(5) nm,, BLAK btec* 9 4 N3 O JR LI
WL E Co(DE T BLAL . Colll) RS 5~ Y IE A7 PRI I
BRI ST, T RCAA brec* A e o7 45520 UL T S2,

TE AR T BCAR brec* 1 ¥K [ Co(pz), 5 JT , 1Y ¢
J5 A AE T B 1D JCRRAE (B 2), AH SRS 8] P58 i
B4R btec* W b 7 iE4E, IWIFE be T LI B 2D
JEAREE (A 3),

Thermal ellipsoid at 30% probability

K4 WA 2 AR FR
Fig.4 Asymmetric unit of complex 2

Symmetry code: B: —x+1, —y+1, —242; C: —x+2, -y, —z+3
K2 BA® 1 e IRy 1D B
Fig.2 1D chain of complex 1 along ¢ axis

Symmetry code: D: —x+1, —y+1, —z+1; E: x, y—1, z

K5 WCAY 20 b A 1D
Fig.5 1D chain of complex 2 along b axis

B3 AW 1AE be KT 2D 2
Fig.3 2D layer structure of complex 1 on be plane
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B 2 MASKEFR LI WL 4, R XS FR BT
5 14 CoDEF,0.5 4 btec™ #l 34> pz 43,
D4 JE Co(lDE AL, 0(1),0(2A),0(3A)k H
2 MARTE Y bteet,N(1),N(3),N(5)K A 3 AN [R] 1) i
BLtA& pz 53 F, Co-0 HHKAE 0.208 8(2)~0.213 8(2) nm
1 Fl N, Co-N K 7E 0.210 5(2)~0.214 9(2) nm Z
], BCAR brec* MY 2 5 8 2 B 14 AR XL 14 19 A A =X
5 CoEFBLAL , Co(IIy BL A FREE LI &l S3, 1
HAECAA brect iy BC A7 A2 UL B - & S4.

TE AR FLAK btec™ B T BE[ Co(pz)s P FRIC TR
b I7 1A AE B¢ 1D 85 (& 5), 5 b brec* 31K BC A7 1Y

Bl6 MCa¥ 2 AE be M 1HY 2D SUGEZ
Fig.6 2D hydrogen-bonded layer of complex 2

on be plane
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BRI OEF (0 (4) SAHBEE I pz 40 71 N BT
(N@)E K T N=H---0 A+ A Z 5 (N4)-H---0(4),
0.273 4(2) nm), TR 1D BEHY ¢ 75 ) IR 2D &
2 (E 6),
2.1.3  EA Y[ Co(phen)(Hbte)(Hsbte)(H,0),] - 3H,0
(3) 1 Al A 25 A i A

S5k AR A 3 2 1 N T RIS Y,
S FESR UL 7, Hb 4 E Col)E T 43515 Hibte
H1 Hbte> 3 A R B 0 I 7 (0(1)F1 0(7)),2 Bz
KA O B (0(13)F1 O(14) LA Bk A 7] 14>
phen 73 F 114 2 > N JE 5 (N(1)FI NQ)BC AL, T B 22
AN R AL A 28 F- T B O(7),0(14),N(1) Fl
NQ)ZHL I, il & i O(1)F1 O(13) i 4, Co-0 FEK
£ 0.203 0 (3)~0.240 2 (4) nm 78 Bl Y, Co-N HE KN
0.210 7(4)F1 0.211 2(4) nm, 431 2 DEE =R
B L 2 P FE B XS Co(DE F L, —FiE A
2 ARIELT T, B Hbte? JE 20 (1 S5a), X 0l N E Y
6 1> C-0 R RIERT . KRBT 71 C-0 B (C
(29)-0(11),0.129 0(5) nm)BHE 54~ C-0 #(0.123
4(5)~0.126 1(5) nm)fH K, B =R B I —Fh
WIS 3 MRFEL AR, B Hybte JE X (# S5h),
FFEEm 6 ™ C-OBMKATTHINLE:, A3
A~ C-0 K (C(19)-0(2),0.129 0(5) nm;C(20)-0(5),
0.129 3(5) n m;C(21)-0(4),0.129 6(5) nm)%FH At C-O
1 (€(19)-0(1),0.122 5(5) nm;C(20)-06,0.123 8(5)
nm;C(21)-0(3),0.122 0(5) nm)Fi ¥, i it AT H] Hrix 3
ANRFEARARNE 0, B A e R AR
H O BF(0(1) 5 ColDE FRLAL, ¥ =W R AYX
T e A7 T2 2R AR B AR A2 A D DAY 35K 1
BTN ST ER

fEfmiRT AR FEER O-H---0 B A5 oy
TR B K A3 F | BB K 2 Hbie? Ml Hibte &

Thermal ellipsoid at 30% probability
K7 Maw3rnTail

Fig.7 Molecular structure of complex 3
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i Hbte? F1 Hibte 4 M1 H R BE AL 8938 JE 2 8] B 1

0(5)-H---0(12) (0.257 2 nm),0(11)=H---0(6) (0.264 6
nm) M O(4)-H---0(10) (0.254 3 nm) =8, ¥ 5 1 i%
FK I ¢ T HE R 1D SR (R 8), K,
AHAB Y 1D B fa) | 38 5 B A7 7K 5 F-(0(14)) Al Hbte> 52
50 JET(09)E L O(14)-H---0(9) (0.272 8 nm)
R KRN b Ty R 1 2D EHEE (K 9),

—c

K8 WY 3 e Ty 1D S BE
Fig.8 1D hydrogen-bonded chain of complex 3

along ¢ axis

9 WA 3AE be MRY 2D FHER
Fig.9 2D hydrogen-bonded layer of complex 3 in

the be plane

T8 o J5 1) b U7 B K535 O 57 (0(15) 41
ST Y -0 B (18 S6), 4300 S5 AR 2 LR Ak
0 JF(0(3).0Q2)F1 O(8))FIEL A2 /K 43 F i i O Jit
(O(13))JZ B O(15)-H---0(3) (0.275 2 nm),0(15)-H---
0(8) (0.277 8 nm),0(2)-H - 0(15) (0.264 3 nm),
0(13)-H---0(15) (0.288 4 nm)% & X 4L F 5 1R
S i ZORETC G W (3)3% 2 B 3D &SN 4% (] S7), AR
T O-H---0 B A (AT Y 2 DKo 7 Hil
HERIIE R A ) Wil s R4 3D A
W2 AT
2.1.4 BB YI[Co(Imh)y(anis),(H,0)] (4)1 b AR Z5 14

ik

BG4 & —A0r F RIS, 0 F 4540 DL 5]
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B0 B4 (05 T45H
Fig.10  Molecular structure of complex 4

10, 23 FH 14 Co(IDESF,2 % FHA R IR AR,
24~ Imh 40, 1 ANBELALK 5 FAE L, Co(lD B 4351
524 Imh 73 579 2 4 N JEF(N(D)FTNG)), 14
BEALK 5T i O BT (0(5) LA KR A 2 AR TR
X FAECEE R AR TR Y 3 > 0 JEF-(0(1),0) 1 O
() LA, T 1l W A2 1) /\ T A AR Y JFG v 2 3 P T
0(1),0(2),0(4),0(5) 4 1, flr 1o A2 ¥ H N(1),N3)
i, Co-0 $KAE 0.205 2(2)~0.228 0(2) nm & [F P,
Co-N #EH:4 0.210 2(2)F1 0.211 6(2) nm.,,

Bl11 BC& 40 ¢ T 1D SR A
Fig.11 1D hydrogen-bonded chain of complex 4

along ¢ axis

K12 BCEY 4 18 be HIHT 2D SUHEZ
Fig.12 2D hydrogen-bonded layer of complex 4

in the be plane

FE bR B S AR 48 43 1138 2 % Y A LR
TRAR AR AL O J5L T FIBK IR ER B A N 5598 iy
ZHE N(2)-H---0(3) (0.277 6(3) nm)Fl N(4)-H---0(1)
(0.281 7(3) nm)#E ALK WY ¢ T 1n) JCFRAE i JE 1
T 1D AEEE(E 11),

BN/ SR [ N e e T VA 5 e O Sy
A IE 3K 5 A AR 4 T o AR R R AR Y
RE O JRTFIE E 5 0(5)-H-+-0(2) (0.275 0(2)
nm),0(5)-H---0(3) (0.271 0(2) nm), F AHEB 53 F 4 b
TR T 1D (18 S8), S5 RAE be W HIERL T
2D FHEE(E 12).

22 EESYHRLBMEREMR

M4 ABEA P ER UV-Vis-NIR 18 5t 3%
(E 13b~16b, &l S9~S12)7] LLE Hi | 76 5 Faf UL IX
oy ny 2 B L G 0 WA, LR Al () R 3 R AR
AR SRR AT R BR(Eg)E BN, BRI, AT LAIA X
ANTEYEA —ERN)T SR, AmFRAT
A 2% 3 R FH 2 S AR 1 BE A LS FEL B 0 1 IR b
PR A SS G R M AR N E AT SPS, B K B4 RC AL
JRF O 5% N 19 252p FUE R fhoaly | [R)B A v 2R
LHLH 7 BB B T O 4R BT
Asdp BB (B HE 25 1Y 3d BUE) L AR Y
B — I Al TR O B R B T 3d BLiE
WA ZERRE R, XFERCRN) o FIRCIR S 48
B[] LMCT BRAE s 5 2 S0 08 7 7 BRI (550 A
B BR A ) AH DG I | T P 42 )8 B T d-dx BRIENS S
A T BR AT 5 | A2 1) D' AR e 1 DGR
2.2.1 FLA W[ Co(btec)ys(pz)]., (1)HY SPS

BC& 40 1 19 SPS (I8 13a), 7E 300~600 nm U
B, A 1 AR HSE /R ma By, AR IX 22
AN B Y H Sl | 48 Origin7.0 AR S 155 4 DA
[ 5t B9 DG AR e ity e A,,=345 1 376 nm 4k
£ ) SO T U S Ay T A B ol B2 TR ColID B Y
o 7 7 BRAE (LMCT) 5 | S 19 4 — 5 BRAE =403 FI
458 nm A (14w B AT A JE Syt A28 Co(DES T 19
d-d* BRIT (A ;=T\ (P), A —*T(F)) 5 | 2 19 4% Bt BR 1T D'
R R, Co(IDES 19 53 —A> d-d* BRIT(*A TN
TR T 2T A X (] S9), B H IR AT SPS i 4
WS L B OWEEANF . AR B B, A=458 nm &b 1)
Z 0T R AT i 1 4 S TR R N e B 4 | = A
NTEMEY 11, Co(D)E ¥4 TU L A7 (CoO,N,) , JE B
WA AR () T, R 7Y EH X B S LG T, KRB, T LA
23 I I 137 A7 0 o A
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B 13 FCAY 11 SPS (a)fl UV-Vis i (b)
Fig.13  SPS (a) and UV-Vis spectra (b) of complex 1

FERL A4 1 ) UV-Vis-NIR 18 5 555638 (K 13D
FIE Sy, e B S LA 5] 3 ANH5 5 1 W Wy | A1 4
HEIN, AT UL X,.=275 nm Ab A W AL UG TT N Ok 2 T A4
1) r—ars BRE 5 A,.=338 Hl 366 nm 4 119 1 i U Sy
Bi 5 e &8 Co(IDES 7B LMCT BRIE Wi
M A,=449,512 F1 1104 nm &b (74 W W04 R 43 51 13
J& J b &2 I8 Co(l) B F B d-d* BRIT (A, —T(P),
AT A AT RCH | A & d-d* BRAEWIR
WESHELT B R AN B A | X 5 H SPS MR B A A
U — 3k, AR RN 1 Co(lDE (AR
() T, Xk R ) Xof R e R AR 114 245
222 FEEAWI[Co(biec)s(pz)s). (2)f SPS

B A 2 19 SPS(E 14a)h | #£ 300~600 nm &
Bl AAT 1 AN 1 SEAR W R 28 Origin 7.0 &b
PRIS, nIAS B 4 AR [A SR E A R R Ay o
A=345 Fl1 366 nm A 19 1w 37 4 AT I & F Fe AR 2] b
D4 JE CoA LMCT 51 & iy - BR 1T ;A,.,=391

Photovoltage / pV

500

600

1469 nm Kb 19 Y6 AR Wi B HE 0T 78N M 2 ot Co(lD)ES
T d-d* BRIE (T (F)—*A o, Ty () =T\ (P) 7 1)
e KA SRR B A, AR B, I 14a A=
469 nm b1 d-d* 2% 53 BRIE 5 | kS i S AR e Rz A B 4K
AR 55, 4H 5 A0 B 244 5 B L (FE 450~600 nm [A] £
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Fig.15 SPS (a) and UV-Vis spectra (b) of complex 3
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