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Syntheses, Crystal Structures and Fluorescence Sensing of Lanthanide
Complexes with 3,4’-Biphenyldicarboxylic Acid and N-donor Ligands
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(Department of Chemistry, Capital Normal University, Beijing 100048, China)

Abstract: Two lanthanide complexes, [Gd(3,4"-dpdc),(HDPP)], (1) and {[Dy(3,4’-Hdpdc)s(H,0)]-0.5BTB}, (2) (3,4’
-H,dpde=3,4"-biphenyldicarboxylic acid, DPP=1,3-bis(4-pyridyl)propane, BTB=1,4-bis(1,2,4-triazol-1-yl)butane)
were successfully synthesized under hydrothermal reactions, and their structures were characterized by single
crystal X-ray diffraction. Complex 1 belongs to monoclinic system, space group P2/c. It is two-dimensional
layered structure and consists of [GdO,N] unit. 3,4’-dpdc ligands are connected to the Gd(Il) ions by w;:n'n'/u,:
n'm' and w;m'nYu;m'n° coordination modes. DPP ligands are end-coordinated to Gd(l) ions. Complex 2 is a
triclinic system, space group Pl. The complex shows a one-dimensional chain structure. The coordination
environment of Dy(ll) ion is [DyO,]. The 3,4’-Hdpdc ligands link Dy (I ions in a un'y' coordination mode. The
BTB molecules are connected to the one-dimensional chains by hydrogen bonds and thus form a three-
dimensional supramolecular structure. Solid state photoluminescence measurements show that compounds 1 and 2
display broad band in the range of 350~650 nm due to the 7* — transition of the ligands. The effect of
different floxacins on the luminescence of complex 1 in aqueous solution was studied. The results showed that the
complex could identify pefloxacin. CCDC:1814250, 1; 1814251, 2.
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Table 1 Crystallographic data of complexes 1 and 2

1 2
Empirical formula CyH3N,05Gd CuH3sN;O3Dy
Formula weight 836.93 1 000.27
Temperature / K 293(2) 293(2)
Crystal system Monoclinic Triclinic
Space group P2/ec Pl
a/nm 1.273 45(9) 0.979 72(5)
b/ nm 1.947 12(13) 1.076 47(5)
¢/ nm 1.606 49(9) 2.028 30(10)
al(°) 102.090(2)
B/ 117.765(4) 102.357 0(10)
v /(%) 93.301(2)
Volume / nm’ 3.524 8(4) 2.031 44(17)
A 4 2
D./ (Mg-m?) 1.577 1.635
Absorption coefficient / mm™ 1.939 1.913
F(000) 1676 1004
Crystal size/ mm 0.397x0.192x0.073 0.254x0.104x0.054
0 range for data collection / (°) 2.97~27.57 2.91~25.01
Limiting indices 16 h<16,-24<k<25-20<1<20 -lls<hs<l1l,-12<k<12,-24<1<24
Reflection collected, unique 54 784 36 378
Independent reflection 8117 7 155
R, 0.074 4 0.085 4
Completeness / % 99.6 99.8
Data, restraint, parameter 8 117, 24, 492 7155, 0, 572
Goodness-of-fit on F 1.027 1.056

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

R=0.037 1, wR,=0.085 2
R=0.059 8, wR,=0.097 5

R=0.040 1, wR,=0.073 9
R=0.056 7, wR,=0.079 7

Largest diff. peak and hole / (e-nm™) 1581 and -1 169 929 and -760
x2 BREYIM2HEERERK@mFER(C)
Table 2 Selected bond lengths (nm) and angles (°) for complexes 1 and 2
1

Gd(1)-0(10) 0.228 2(3) Gd(1)-0(6)C 0.242 4(3) Gd(1)-0(3)A 0.229 7(3)

Gd(1)-0@4)C 0.242 5(3) Gd(1)-0(5) 0.232 4(3) Gd(1)-009)B 0.246 0(3)

Gd(1)-0(8)B 0.239 6(3) Gd(1)-N(7) 0.253 1(3)
0(10)-Gd(1)-0(3)A 85.26(11) 0(6)C-Gd(1)-0(4)C 53.63(10) 0(10)-Gd(1)-0(5) 80.01(10)
0(10)-Gd(1)-0(9)B 110.96(11) 0(3)A-Gd(1)-0(5) 82.29(9) 0(3)A-Gd(1)-0(9)B 152.88(10)
0(10)-Gd(1)-0(8)B 74.64(12) 0(5)-Gd(1)-0(9)B 79.52(10) 0(3)A-Gd(1)-0(3)B 153.13(10)
0(8)-Gd(1)-0(9)B 53.77(10) 0(5)-Gd(1)-0(8)B 110.84(11) 0(6)C-Gd(1)-0(9)B 122.86(10)
0(10)-Gd(1)-0(6)C 83.07(11) 0(4)C-Gd(1)-0(9)B 81.56(11) 0(3)A-Gd(1)-0(6)C 79.32(10)
0(10)-Gd(1)-N(7) 154.47(11) 0(5)-Gd(1)-0(6)C 155.91(11) 0(3)A-Gd(1)-N(7) 79.75(10)
0(8)B-Gd(1)-0(6)C 80.68(11) 0(5)-Gd(1)-N(7) 77.60(10) 0(10)-Gd(1)-0(4)C 131.49(11)
0(8)B-Gd(1)-N(7) 125.12(11) 0(3)A-Gd(1)-0(4)C 104.34(12) 0(6)C-Gd(1)-N(7) 113.89(11)
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0(5)-Gd(1)-0(4)C 147.73(10) 0(4)C-Gd(1)-N(7) 72.76(11) 0(8)B-Gd(1)-0(4)C 77.42(14)
0(9)B-Gd(1)-N(7) 76.82(10)

2

Dy(1)-0(3)A 0.224 7(3) Dy(1)-0(7)B 0.230 3(3) Dy(1)-0(4) 0.227 2(3)

Dy(1)-0(12) 0.234 0(3) Dy(1)-0(11)B 0.227 3(3) Dy(1)-0(13) 0.237 9(3)

Dy(1)-0(8) 0.230 2(3)
0(3)A-Dy(1)-0(4) 81.18(11) 0(3)A-Dy(1)-0(12) 73.52(12) 0(3)A-Dy(1)-0(11)B 160.14(12)
0(4)-Dy(1)-0(12) 134.74(13) 0(4)-Dy(1)-0(11)B 85.09(12) 0(11)B-Dy(1)-0(12) 126.06(12)
0(3)A-Dy(1)-0(8) 101.32(11) 0(8)-Dy(1)-0(12) 74.45(13) 0(4)-Dy(1)-0(8) 148.48(14)
0(7)B-Dy(1)-0(12) 75.75(12) 0(11)B-Dy(1)-0(8) 83.13(12) 0(3)A-Dy(1)-0(13) 81.60(13)
0(3)A-Dy(1)-0(7)B 112.95(13) 0(4)-Dy(1)-0(13) 77.03(14) 0(4)-Dy(1)-0(7)B 80.69(12)
0(11)B-Dy(1)-0(13) 81.37(14) 0(11)B-Dy(1)-0(7)B 78.60(13) 0(8)-Dy(1)-0(13) 72.35(13)
0(8)-Dy(1)-0(7)B 124.97(12) 0(7)B-Dy(1)-0(13) 151.11(14) 0(12)-Dy(1)-0(13) 133.14(13)

Symmetry codes: A:—x+1, —y+1, —z+2; B: x—1, y, z; C: a+1, y, z+1 for 1; A: —x+1, —y+2, —z+1; B: —x, —y+2, —z+1 for 2.

Symmetry codes: A: —x+1, —y+1, —z+2; B: x—1, y, z; C: x+1, y, z+1
Bl 1 MEY 1M (a) GAIDE F B A A5, (b) 4454 (¢) 3D W4T 45t

Fig.1 Structure of complex 1: (a) Gd(ll) coordination environment; (b) 2D structure; (¢) 3D supramolecular structure
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Symmetry codes: A: —x+1, —y+2, —z+1; B: —x, —=y+2, —z+1
K2 a2 MEH: (a) Dy(IDE FEALIREE, (b) —4E45H4; (¢) 3D B4 F 4514

Fig.2 Structure of complex 2: (a) Dy(ll) coordination environment; (b) 1D structure; (c) 3D supramolecular structure

O-Cd1-N7 #E A3 B R 72.76(1)°~154.47(1)°, Gd-N
B R 0.253 1(3) nm,Gd-0 # 3E F 0.228 2(3)~
0.246 0(3) nm, 3,4’-dpdc FLiRH IR ILA 2 FhFELA
B i wan'n' 1 i uim'n®. 2 NSRS Gd
(8% 3,47 -dpde BCAARE 77 —4EdE |, Gd---Gd
IR BN 0.569 8(4) nm, 4 ¢ fliJ711],3,4"-dpde 4
XS — Y R R B R 4R 25 4 (& 1b), HDPP
TR TT 2B R Jr Frp b BERR EAY 14 N &
FHREAL T PO &8 GdE ¥, 5+ FHh 21N
JiL - 18] /9 #E B O 0.976 17(60) nm, HDPP B {4t 2
ASIEBE PR 1) T fA O 66.007°, HDPP E ) H 515
3,4'-dpde FeiE ERRIIE L C-H--- 7 HE, HEKH
0.284 9(2) nm, Hi T 2D 2 C-H---7 B fETE , &
FOE 3D HAr 745K 1c).

BLE Y 2 h— 4R a5 B = Rhin & | 25 B
Pl, BeAY 2 F— AR RAITTHE A 1A Dy E
T .34 3,4'-Hdpde FLA 1 AELAIK ST, DL R
B BTB 43, W& 2a Fios |, B4 Dy 2 L
fify, kA 64 3,4'-Hdpde BLiR K 6 AR T
(03A,04,07B,08,011B Fil O12)F1 1 4Bl K5+

9 1 48U 5(013), Dy(IDES 1 R B2 3145 [ Dy O, ],
T WAL iy FBE = ff b AR A LAY B 0-Dy1-0
HEA U 72.35(1)°~160.14(1)° , Dy-0O 4 1 Fl
0.224 7(3)~0.237 9(3) nm, TEZIE & ¥ ,3,4'-
Hdpde FCAAR SECA P 1 T A BCARA \ 3,4 -Hdpde
B 1 AR B LT LA wym'n' 5 Dy
(&S FBCfL; 75— MRIEEA B LTT LA S 5
£, Dy T8 3,4'-Hdpde Be MR ILAFEL  7E o
BT R TR — i B Dy--- Dy MR B R
0.557 1(4) nm,Dy---Dy---Dy #ffi "} 166.61(6)°, BTB
B A Z SEAL, DL TTT 25 A BUAE 78 T A%
BTB BC A i) = S0 28 E 1 N 5 B A7 K
H 5 FIE A8, 013-H13B---N2 1948 (013-+-N2)
9 0.292 5(7) nm, B4 135.02(2)°, 3,4'-Hdpde F
Rk S 5l R R B L T &5, 09-H9
06 B 51 (09 - 06) 4 0.266 6(6) nm, A
162.62(2)°, S 15— 455 IIMTE W = 4 /4> 7
45,
22 EEWHIT MR

T, S BIAE R DK 366,368 1 325 nm
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I3 AAE 416 1 407 nm A WLEE R A9 1 ML A9
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AR VL L AR, BT LA 2 AN A 038 8o e id i
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PR A G5 EE 3G K A I WS A L A% | X AT fE B TG A
Be AL 2 S B C 5 ) B SR A5 M A T U
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Aot 357 nm for 1 (a), 342 nm for 2 (b), 368 nm for BTB (c), 366
nm for DPP (e), 325 nm for 3,4'-H,dpdc(d)
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Fig.3 Emission spectra of the ligands and complexes
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T 17 A5 BRI AR Y B2 R I 25 R A B R
WEXTECA Y 1 26 s AE A, vl BB 2 i F 1-PX
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MR R EA, BB 1 7E 410 nm 40056 K 5
WG MR S LA A K RO R 2R T
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(a) pefloxacin (PX), (b) levofloxacin (LX), (c) fleroxacin (FX), (d)
enoxacin(EX), (e) blank; Inset: comparison of luminescent intensity
a4 &AUEEAY(10 mmol - LYWIBL S 1 KIEH
Y 5 55 O 1
Fig.4 Luminescent spectra of complex 1 in aqueous

solutions upon the addition of different floxacins
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(a~g) cn=0.01, 0.05, 0.1, 0.5, 1, 5, 10 mmol-L"; (h) blank; Inset:
comparison of luminescent intensity
5 TEARIRMR L B35 R BOKIEBOPECA ) 1
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Fig.5 Luminescent spectra of complex 1 in aqueous
solutions with different concentrations of

pefloxacin
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R RPN B E TG G e S 0 1 B VD B B R 0
o MR R R ERTRE 0.5 mmol - L7 B, 1-PX
B P & PP SRR B A B R S
SEAEA, M 0.5 2 10 mmol - L, %0 K& H A7
ANFRRAR R UL EEA Y 1 T AR RS SR B 2
AT,
24 HREHH

FEAS AR, BA 10 °C - min™ 10 ARGH R X6 A
an HEAT A ST (TGA), W&l 6 Fim . 1 450 CLLF
AP 11 TG IR IEA TR, KRB EY 1 X
AR TR R E 1 IR E T A 450 °C, LA 1 HESR
THR A, TR 450~600 CYE N, TG il £k i 7s St
KA T1.66% ,EMEC S 1 A5 % J5 i B A 5 R W)
K G0 ((HAAH . 78.34%), BL&H 2 19 TG MhZrE
100 ~400 °C 38 Fl P9 W 7 5% — Wil T (55 56 .
12.50%), N F i 25 1% BTB 43 FIBC A 7K 43 F 11
PR OHHAE . 11.40%), SR ETHE 3] 450 °C, &k
SR E K, X RWAR A 2 ML e &Y}
B, DAY 2 B35 I A R AR YN Dy,05
(LY AE . 77.46% , 115314 .81.35%),,

100 4

@
(b)

80+

60+

Weight / %

40

20 ) T T T T
0 200 400 600 800
Temperature / ‘C

6 BCAW 1 (a)fl 2 (b)M T 4347 i £&
Fig.6 TGA curves of complexes 1 (a) and 2 (b)
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