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Nickel Complex Constructed by Biphenyldicarboxylic Acid:
Synthesis, Crystal Structure and Photocatalytic Activity of Rhodamine B

LI Shan-Shan ZHANG Mei-Na LI Zheng LI Xia*
(Department of Chemistry, Capital Normal University, Beijing 100048, China)

Abstract: Two complexes [Ni(3,3" -dpdc) (dpp)], (1) and [Ni(2,2" -dpdc) (phen) (H,0O),], (2) were obtained under
different reaction conditions (2,2'-H,dpdc=2,2"-biphenyldicarboxylic acid, 3,3'-H,dpde=3,3"-biphenyldicarboxylic
acid, phen=1,10-phenanthroline, dpp=1,3-bis(4-pyridyl)propane), and their structures were characterized by X-ray
single crystal diffraction. Complex 1 belongs to monoclinic system, space group P2/c. It has two-dimensional grid
structure and the coordination environment of Ni(Il) ion is [NiO,N,]. The two carboxyl groups of the 3,3’-dpdc
ligand coordinate to the Ni(ll) ion by a bidentate chelate coordination mode to form a Ni-(3,3" -dpdc) one-
dimensional chain structure, and the dpp ligand adopts a single nitrogen atom bridged coordination mode to
connect two Ni(Il)) ions to form a Ni-dpp one-dimensional chain. The two chains penetrate each other to form a
two-dimensional grid structure. The two-dimensional grid structure is stacked into a three-dimensional structure
by C15D-H15--- 02, C21-H21A --- O1 hydrogen bonding. Complex 2 belongs to orthorhombic crystal system,
space group P2,2,2,. The complex shows a one-dimensional zigzag structure. The coordination envrionment of Ni
(I) ion is [NiO4N,]. The two carboxyl groups of 2,2"-dpdc adopt a single-tooth bridged coordination mode. The
adjacent Ni(ll) ions are linked by 2,2’-dpdc ligand to form the Ni-2,2’-dpdc zigzag chain structure, and the chains

are connected to form a three-dimensional supramolecular structure by O—H---O and C—H---7. The photocatalytic
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degradation of the organic dye rhodamine B by two complexes was investigated. The results show that complexes
can degrade rhodamine B efficiently. CCDC: 1553824, 1; 1553821, 2.

Keywords: transition metal complex; 2,2'-biphenyldicarboxylic acid; 3,3'-biphenyldicarboxylic acid; rhodamine B; crystal structure;

photocatalysis
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REIRE BT , AR VF 2 Dhad P 4 Jm 1ol 42
TLOREEAILERE 8205, il E R
N7y vt 4 T 1Y) 463 J A AILIC & 9 © IR S5 ] LAAE
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TEPO AT R IR R AR R 0 & AU
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1.1 ZWRHREEE
NiSO,+6H,0,2,2 - B K iR 3,3/ Bk K

TR, AEME I, 1, 3- 2 (4-MHk BE ) PN e 349 R 3 23]
L4 W) K T (] 24 4 A A 2 ) A B 2w AR B
Bl R R —$ 4tk R TSR Elementar 2
H) Vario EL T ICE 70 Hr A0 & L 5 P10 &= & i
(C.H.N), [ EQUINOXS55 HIZr 4 il (R H
KBr JE F) U5 Bt & W0 20 7 6, SR H A 3
2550 5 4h— AT WL A 6O BE v i 2 B B By e ot
FEAR AR SR R b5 b 04 VR R A BR A R I SE Y

1.2 MEVYHEN
BE A WI[Ni(3,3"-dpde)(dpp)], (1):53 A FRHL NiSO,-
6H,0(0.1 mmol),3,3"-dpde(0.1 mmol),dpp(0.1 mmol),
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5 10 mL ZEIE7K A1 0.15 mL B 1 mol - L' B & 1k
B WROTR A T TR 3R T 96 2 0 A B4 AS 5 4 s
2 1E 160 C RN 3 d [FR 303 %0, 1 U8
el g a ok Mk, 2= CHLNNIO, (M, =
497.16), JC & 7 Hr LB {H (%):C 65.17;N 5.63;H
4.43 ;A (%) . C 65.14;N 5.60;H 4.47, ZL5MGE
(KBr,em™):3 647 (w),2 917 (w),2 310(w),1 636(s),
1 616(m),1 597 (m),1 572(m),1 502 (w),1 428 (w),
1403(s), 1 385(s), 1 259(m), 1 222(m), 1 164(w),1 050
(w),1 021(w),829(m),810(m), 754(m),684(m),621(w),
510(w),449(w).,

B A PI[Ni (2,2 -dpde) (phen) (H,0),], (2): 73 5l #
B NiSO,-6H,0 (0.2 mmol),2,2’-H,dpde (0.1 mmol),
phen (0.1 mmol),5 10 mL ZE1H/KF1 0.2 mL # 1 mol
L AR AR OR A R A 25 mL R L
I AT ORGSR RV 48 v #E 90 °C T RFLmak 3 d
R et R A - Xk SR SN L N 2 2 W 5]
CasHyNoNiOg(M,=515.13), JC & 47t B8 {H (%) : C

60.57;N 5.44;H 3.88; L MI{H (%) :C 60.60;N 5.42;H
3.84, ZLAMGIE(KBr,em™):3 556(s),2 973(m), 1 600
(s),1 554(s),1 516(m),1 380(s),1 143(w),1 049(w),
916(w),852(m),727(s),552(w) , 428(w).,
1.3 BEYRESEHENE

PR R/INE S EW | TTRETLSY 1(0.38
mmx0.21 mmx0.12 mm)H1 2(0.39 mmx0.32 mmx0.20
mm) Y L5 B T Bruker Smart Apex CCD X T4 5
i T AT b 28 A0 A B g B A K Mo Ka(A
0.071 073 nm)$&5HE AT FOCHERBCEN S 5, #
PG5 KR A SHELXS 97WRE 7 iy B4 vA it B
[LTVR v 77 il SR 25 (N vty ol S B e s 2 P
oA A S T 3 H 3R STk B R T Ak
Fr, 3 H SHELXL 97392 7 X 9F &R - A s S Hi 4%
I S P 3 PR AT A P e /N R IL B IE , TS
Yoy AR =R S TR 1, KR 5 T
2,

CCDC:1553824,1;1553821,2,

ol

>

x1 BEY1-2WREHE

Table 1 Crystallographic data of complexes 1 and 2

1 2
Empirical formula CyHuN-NiO, CosHaN>NiOg
Formula weight 497.18 515.15
Temperature / K 293(2) 293(2)
Crystal system Monoclinic Orthorhombic
Space group P2/c P22.2,
a/nm 1.193 8(10) 1.063 7(5)
b/ nm 1.172 8(9) 1.131 9(5)
¢/ nm 1.781 7(15) 1.859 3(8)
B/(° 90.653(3)
Volume / nm? 2.494 2(4) 2.238 6(2)
A 4 4
D./ (Mg-m™) 1.324 1.528
Absorption coefficient / mm™ 0.812 0914
F(000) 1 032 1 064
6 range for data collection / (°) 3.33 ~ 25.00 3.42~25.01
Limiting indices -d=sh<13,-13<k=<13,-21<[<2] “2=<h<12,-13<k=<13,-22<[<22
Reflection collected, unique 31 524, 4 362 29 708, 3 948
R 0.092 1 0.087 1
Completeness / % 99.4 99.7
Data, restraint, parameter 4 362, 24, 307 3948, 8, 323
Goodness-of-fit on F? 1.080 1.022

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

Largest diffraction peak and hole / (e-nm™)

R=0.097 2, wR,=0.268 6
R=0.118 1, wR,=0.287 5
940 and -571

R=0.037 6, wR,=0.087 3
R=0.045 2, wR,=0.091 1
330 and -368
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K2 BmMEWIM2HWEEZKOmMER(C)
Table 2 Selected bond lengths (nm) and angles (°) for complexes 1 and 2

Ni(1)-N(1 0.204 1(6) Ni(1)-N(2)A 0.205 7(7) Ni(1)-0(2) 0.207 8(5)
Ni(1)-0(4)B 0.208 0(6) Ni(1)-0(3)B 0.212 3(6) Ni(1)-0(1) 0.217 9(6)
N(1)-Ni(1)-N(2)A 96.4(3) N(1)-Ni(1)-0(2) 97.5(3) N(2)A-Ni(1)-0(2) 96.6(3)
N(1)-Ni(1)-0(4)B 96.5(2) N(2)A-Ni(1)-0(4)B 102.0(3) 0(2)-Ni(1)-0(4)B 155.2(2)
N(1)-Ni(1)-0(3)B 158.7(2) N(2)A-Ni(1)-0(3)B 90.8(3) 0(2)-Ni(1)-0(3)B 101.6(2)
O(4)B-Ni(1)-0(3)B 62.3(2) N(1)-Ni(1)-0(1) 89.1(3) N(2)A-Ni(1)-0(1) 157.9(3)
0(2)-Ni(1)-0(1) 61.4(2) 0(4)B-Ni(1)-0(1) 98.6(2) 0(3)B-Ni(1)-0(1) 91.7(2)
Ni(1)-0(2) 0.205 4(2) Ni(1)-0(3)A 0.205 8(2) Ni(1)-N(2) 0.207 7(2)
Ni(1)-0(5) 0.208 1(2) Ni(1)-N(1) 0.209 7(3) Ni(1)-0(6) 0211 7(2)
0(2)-Ni(1)-0(3)A 94.08(09) 0(2)-Ni(1)-N(2) 169.18(10) 0(3)A-Ni(1)-N(2) 93.02(10)
0(2)-Ni(1)-0(5) 92.96(09) 0(3)A-Ni(1)-0(5) 92.31(09) N()-Ni(1)-0(5) 94.89(10)
0(2)-Ni(1)-N(1) 92.64(10) 0(3)A-Ni(1)-N(1) 171.27(10) N(2)-Ni(1)-N(1) 79.55(11)
0(5)-Ni(1)-N(1) 92.88(10) 0(2)-Ni(1)-0(6) 83.20(08) 0(3)A-Ni(1)-0(6) 90.13(08)
N(2)-Ni(1)-0(6) 88.64(10) 0(5)-Ni(1)-0(6) 175.59(09) N(1)-Ni(1)-0(6) 85.15(09)

Symmetry codes: A: x, y+1, z; B: x—1, y, z for 1; A: x-1/2, —=y=3/2, —z—1 for 2.

1.4 FELEERMNIE

PL 300 W I Xe ATHE OGBS 10
mg - L Y2 FHB] B R R A R P4l G W0 RE i O
fEALTERE , SEg BRI T S A 1.2 B
BB AR, 43508 T 200 mL BERRH, mrBedR A
100 mL % FFH B W (10 mg- L), IR & 157 | 7 ik
AT HRE I BEPERS B 2 h, (44 52 35 21 0 B -
S TP 1N 5 mlL BUCEK IR G RE T
Xe %1 T RESGE [RIBF$EAT 50 R 6 & B RS PHI] B
Feor K, K ﬁﬂﬂ BB 10 min FH%EA 13 38 3k
AOTE S 2RI 3 mL IR AW, DAIB R & W) i
WO WG LSS P B OB AR, B
W] B 19 B A% 23 (D)1 5 X0 . D=(A -4 )/A x100% , H
T A, IR R AR B B B B TR B A,
Ry S B T] ¢ B5F 2 PRI BB OGBE

2 HR5WR

2.1 BAEMMNENY

BE A W Ni(3,3" -dpde) (dpp)]. (1) A = 4k Wk 25
¥ R R P2 e ZERE, TEREW 1, —
XFFREITAL S 1A NiDE T, 1 4 3,3"-dpde FLIA,
1> dpp BLAA, WA 1(a) B, B Ni(lD) &+ e 47

AR 6, 5K H 24> 3,3 -dpde FLRM 4 A4 £
(01.,02.03B.04B).2 1> dpp BC &1 2 > A 5+
(N1, N2A)ZEATECAL I WA i B [N1O N,/ T 44 JL AT
FAY  Ni-O Y EEC TS LA 0.207 8(5)~0.217 9(6) nm,
Ni-N 18 EFE R 0.204 1(6)~0.205 7(7) nm, O-Ni-
O AU [l 4 61.4(2)°~155.2(2)° ,N-Ni-N 5 i 4
96.4(3)°,N-Ni-O 5 1 1 [l 89.1(3)°~158.7(2)°,3,3’
-dpde BRI 2 AR R — 1 /1 R 68.08°,3,3' -
dpde BCAR Y 2 > FR H 1 2R BOBUIA 25 45 1) TE o7 A =X
WY a BlEE Ni(IDE 7B 8 Ni-(3,3"-dpde) — ZERE S,
¥4, dpp FC P R B R0 475 3% 1 E (L8 =X o il
4 Ni() B FIE i Ni-dpp —4E5E, PR &EAH 5 51
T B Y I R G548 (1] 1h), — 4 4 25 4 22 1)
i E U C15D-H15---02 (C15D---02 0.277 2 nm),
C21-H21A---01(C21---01 0.269 9 nm)JE & — 4k it
7 FER(E 1e),

BL A WIINi(2, 2" -dpdc)(phen)(H,0),], ()0 —4EZ
FHEGEH, IEZ MR P222, FEHIRE, RGP 2
o AAXREAICE S 1A NIDEF,1 4> 2,2'-
dpdc 73,1 1> phen 7311 2 PNECALK ST, WE
2(3)@?/T B Ni(IDE T LA BUER 2 6, 5k H 2

A~ 2,2 -dpde FE A& 1 2 A % 5+ (02.03A) .1 1
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Ellipsoid probability: 50%; Symmetry codes: A: x, y+1, z; B: x=1, y, z; C: x+1, y, z; D: x, =1-y, 2z
B R 1 R0%H: (a) NGBS TRCGCER B, (b) — 4R RORS IR S5 () = 48 4 T4 Ko A i P
Fig.1 ~Structure of complex 1: (a) Ni(Il) coordination environment; (b) 2D grid structure; (¢) 3D supramolecular

structure and hydrogen bond diagram

Ellipsoid probability: 50%; Symmetry codes: A: x—1/2, —y-3/2, —z—1; B: x+1/2, —=y-3/2, —z—1
B2 R 2 W% (a) NGBS T-00 B0 SR B (b) — e 5T s (o) — HERE PO 0 0B, (d) =4 M A

Fig.2  Structure of complex 2: (a) Ni(ll) coordination environment; (b) 1D structure; (c) Hydrogen bond in one-dimensional chain;

(d) 3D structure and hydrogen bond diagram
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phen 7371 2 DR JEF(N1,N2)Fl 2 4> FL ALK 53 F
1y 2 A% R (05.06) 34T BC AL, B BCH th 1Y
[NiO,N,] /\ I & JLAuf 45 78 O-Ni1-O % ff 3 [
83.20(8)°~175.59(9)° ,N-Nil-N i & 79.55(11)°,Ni-
O $ KA HE 2 0.205 4(3)~0.207 8(4) nm,N-Ni # K
T 0.207 7(2)~0.209 7(3) nm, 2,2'-dpde FLAARIT)
2 AR AL 34 SR BRI TEC 67 B 2B AR AR Y 2 A
Ni(IDE T, 7E o f 7 A 0 — 4 2 IR 4E (B 2(b)),
Ni--Ni B#E 54 0.653 6 nm, Ni---Ni---Ni J& 51 £
9 108.92°,2,2"-dpde BLAR M) 2 AT 0 A
92.82°, phen Mt 4 R B XL 2 45 Fie A7 455 =X e 4 1
Ni()E -+, 534, phen 1 A i 5 Be A4 57 T4 i 79 A
BELAG 1 e & 90 ) e 4E BE S A 4T e, —ZERE N 7 AR
A, W 2(e) TR 2,2 -dpde BLAARRFE I AR B A7
10 5HH NiDE F LR ALK F LM H
Ji % BB, 05-HS5A -+ 01 MK (05--01)H
0.271 4 nm, 54 113.49°,05-H5B---O4A B H#E K
(05---04A) 4 0.263 6 nm, AN 111.48°,06B-
H6A---01 5K (06B-+-01)4 0.271 5 nm, i
162.76°, [l — 44 2 [A] 3 o 55 76 H ) C3B-H3B
cooqr (C3B-+-77 0.262 3 nm).C19-H19---7 (C19---7
0.271 6 nm)i%E I8 il — 2 98 5 745849 (B 2(d)).

1.8

22 EEYKHEMLERE

FATIEFER AW 1.2 1E AR, & g s 2
FHI B MIEH ,300 W 9 Xe AT A6 IR  BIEDGHE 1L
AR AT T S A5 ORI LA 1.2 1E
HEAG R AL R i & AL R e

WE 3 s &P A BCA YR 1,0, A7
TR RS WS T B 1) 14 W ' 2 I B 1) 7 428 4 1
FEAK . 10 min JEECEY) 1.2 X2 PHI] B (0 A 52 55
K] 24.98% ,52.39%, BCAEH 1 7E 110 min J5XF
% FHU B B A %255 5] 98.22% , LA 2 #E 80
min J&7 B R A 2R 35 2] 99.33%(181 4), XT L 2 FlBC &
Yy BT FH 0 B f B T S R ZEARTR S50 F LB 2
PP B AL RE B AR | X R BB AL RE T 1
AT AR S R R s 4 Jd AR HLBCAR 9 AR TR 5 1R 1
A B PR BE A P 45 R R TR) n SCikeoeh fir ik 4k
Rt 2 FFO B RO AT REHLEE N . FE 0T WG H BEET T |
AHLEAR T LU O 30 N-4 @ i far 55 8 | Rtk r
T M o 4 4 LIE (HOMO) BR A 21 A% 5 45 43
FHE@LUMO), H i, HOMO 75 % —>HL iR [a]
FROERE, XREIL SN KRS F ik —"1 "
T KT8 A AR RS B 3 (-OH), 1 -OH 1]
DLA B o i % PRI B DL SE G A R

= 0 min
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~——— 20 min
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——— 100 min
~——— 110 min

@)

Absorbance

= 0 min
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——— 70 min
= 80 min

! !
540 570 600
Wavelength / nm

L
510

! !
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Wavelength / nm

1
480 510 600

B3 LAY T (a1 2 (b)EREALRE R PHI B S B 25 1
Fig.3 Changes in absorbance caused by photocatalytic degradation of rhodamine B by complexes 1 (a) and 2 (b)

L L L
60 80 100 120
Time / min

4 AW 1R 2 SCHEALRE AR Z P B A R R
Fig.4  Photocatalytic degradation rate of rhodamine B by

L L L
0 20 40

complexes 1 and 2

3 & it

DL NI A s 4 Ja B 7 R OR — F R ol 5 — id
A FEME B (phen) |1, 3- - (4-FHBE ) P 58 (dpp) 4 4l B
BofA, HIKG BIEEE T 2 MECAY [N (3,3'-
dpde)(dpp)], ()FI[Ni(2,2"-dpde)(phen)(H;0),], (2). L
B R ARG BB 2 Y 2 A
AREER , BWFFE T 2 L& P 2 P B Yk ot
AL A PR AR B A 9) 1 6E 2 FHI B A 1k B i
Ok 98.22%, BLAW) 2 X FHE B 1'% i 1k k% it
BORN 99.33%, iX 2 LG WX FF B ¥ R
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