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Structures and Luminescent Properties of Eu(l) and Th(l)
Complexes with a Pentacarboxylic Acid

WANG Lei HE Pan-Pan  WANG Hong-Sheng™
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Abstract: Two 2D coordination polymers {[Eu,(HL),(ox),(H,0),,] -3H,0}, (1) and {[Th,(HL) (ox)(H,0);] -2H,0}, (2)
(H;L=4-(4-carboxyphenyl)-pyridine-2,3,5,6-tetracarboxylic acid; ox=oxalate) were synthesized by using europium or
terbium perchlorate to react with a new organic penta-carboxylic acids under hydrothermal condition. Single crystal
X-ray diffraction structure analyses show that the two complexes are isomorphic and crystallize in monoclinic crystal
system, P2,/c space group. The oxalate anions were formed perhaps by the decomposition of part of the ligands. A
2D layer is constructed by europium or terbium ions, oxalate anions and HL ligands. Both the complexes emitted the
characteristic fluorescence of Eu(ll) or Th(Il). The absolute quantum yields of the luminescence for 1 and 2 were

45% and 38%, respectively. The fluorescence lifetimes of *D, excited state for 1 and °D, excited state for 2 were also

tested and the values were 1.83 and 1.07 ms, respectively. CCDC: 1949202, 1; 1949204, 2.

Keywords: 4-(4-carboxyphenyl)pyridine-2,3,5,6-tetracarboxylic acid; europium; terbium; coordination polymer; quantum yield;

fluorescence lifetime
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Scheme 1 Structure of ligand H,L
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1.1 R 5EE

Eu(Cl0,), i ¥ 38 1 5 S 2 (3 mol- L") Fl Eu,0,
(299.99%) 5 ¥ il # . Th(C1O,), 1 ¥ 18 1t 785 SR (3
mol - L"), Th,0,(>99.95%) & H,0,(30%) 11 )z I il % -
2,6- " -4-(4- 1 ) R L -3, 5-nk e — H iR —. 2T
FRAE SCHR vk A ™, SEs K b 8 7oK, e
S0l b R L

SEI A W B e e E AR R R Ok
T T RO, M T SRR A F Y
FLS980 o A/ A2 N E 1A T A . 20461
JH FTIR-650 Y21 A S35 AL (KBr J& 76 #E 47 It
I 0 X4 RO S e o AR IR A

T8 H] AV-400 #1E Fe P AGik
1.2 EEHLHBAERK

1 100 mL [BJEE BE i H in A 5.8 ¢(17 mmol) 2, 6-
TR L A-(4-H I FERL -3, 5ok E R — Z1E 1.7
g A AL 30 mL 7K B A K .20 mL Tk &
P FERE I HERE R BURRN 12 he EZERRZ: LB, b
J120 mLK 234N A 12 o B R FRER , 90 °CF HHT4R
RN o FE AR 5, W ER R JE Y pH E # 1~2,
BB R A A 20, Hhik, T . AR T
g5 b, 15 8 [0 K 2.7 ¢(7F F 42.1%). 'H NMR
(400 MHz,DMSO-d,):8 8.04(s,2H),7.97~7.95(m, 2H),
7.38~7.36(m, 2H), “C NMR(101 MHz, DMSO-d,): 6
167.4,167.1,166.0,147.1,145.7,139.8,135.0,133.6,
131.4,129.9,129.4,129.1.
1.3 BEEW1F209E8 /K

FREL0.038 0 g FLIGHR(0.1 mmol)FL A S I 48 N iH
HL A 2.5 mL & R 0.040 mol - 17 6 1R S8 R 46 7K
W, A 10 mL 2585 17K, ] NaOH ¥ 4 9 pH EL
N5 PR A AR AR 170 CROV 72 h )=
R Il 28 2 L AR B RS W R JE A, 77 2R 58% (i
F EulDE FIH5). B 2mfl& ik SRaW1
(AR TR] , SR o TR A A A TR A A v S TR Sl /K
W, Ho= 20 529 T ThD & 738, XS
HEATIE SRR I, 38 A0 s A0 7E 300 C LA L.
14 BEEYHNEHRIE

PEBUR SF 2/ 0.20 mmX0.15 mmX0.11 mm BB
Y51 10.26 mmx0.21 mmx0.15 mm B9 e 497 2 (14 5
i, 7E Bruker APEX- 1T CCD % X 5 2% B8 5 47 51
oSG A B a R El i Mo Ka SF (A =
0.071 073 nm), L) g-o $94 77 2XAE— 2 19 0 5 I Uk
EETFETECE . FFH SADABS F2 5 W BICHE HE4 T W e
iE, AR 25 4 38 i 1 75 FH SHELXS-97 & ¥ i#E 47
W1 AT, I ] SHELXL-97P2 % )5 % HL 45 44 147 kS
B NGBS TR 1, Mok SR 1t 218
Fourier 5 i 22 , X A ZUB F 1) AL BR S 45 ) S PR
ST T &M MR/ D R IBE I s AEK T B
AR FESHES A . 2 RS Y ARG
(R 7K 53 F A7 A6 B B B TE T, BGX B 7K 43 F 1)
[T AR A BERG B S , DX A 25 A8 i Ay v K 4
T L EJETF A RIS, 2 Fhid &9 4 A EuA
Th(I) 5 5 48U 35 U - 19 B R (B 56 43 B A
43 5 F 3 S1(Supporting information) F13¢ S2 H1

CCDC:1949202,1;1949204,2,
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Table 1 Crystallographic data for complexes 1 and 2

Complex

1

Empirical formula

Formula weight
Temperature / K

Crystal system

Space group

a/nm

b/ nm

¢/nm

BIC)

Volume / nm?

Z

D,/ (Mg-m™)

Absorption coefficient / mm™!
F(000)

0 range / (°)

Limiting indices

Reflection collected, unique
Data, restraint, parameter
Goodness-of-fit on F'?

Final R indices [I>20(])]

R indices (all data)

Ci6HseEu,N,0,,

1 760.52

296(2)

Monoclinic

P2,/c

1.314 5(4)

1.301 4(4)

1.635 8(4)

97.172(14)

2.776 5(14)

2

2.074

4.566

1 640

2.01~25.00
—15<h<15-14<k<15,-17<1<19
12 884, 4 817 (R,,=0.093 2)
4817,42,380

1.080

R,=0.062 5, wR,=0.142 9
R,=0.094 8, wR,=0.158 8

C,sH,,NO,,Tb,

903.19

296(2)

Monoclinic

P2\/c

1.310 98(18)

1.293 36(15)

1.636 09(19)

96.312(9)

2757 3(6)

4

2.142

5.181

1672

2.46~25.00
-15<h<15-14<k<15,-19<1<17
13739, 4 849 (R,,=0.097 5)
4849, 30, 380

1.107

R,=0.059 2, wR,=0.133 5
R,=0.103 5, wR,=0.149 0

Largest diff. peak and hole / (e-nm™) 2777 and -2 401

1938 and -1 272

2 GRSt

2.1 EEWMHEN
H1 28 1 A0, BE & 9 1R 2 19 1k 27 =00 30l
{[Eu,(HL),(0x),(H,0),,] +3H,0}, # {[Th,(HL) (ox) (H,0);] *
2H,0), , SARFEA A ]  (E2 AT LU X b 22 5702 th
T AR K B ECH AR S B AR . R &R S 1]
fEsg A, Bl X2 E YR TR EY) .
TEA G R, A A RERR SR 26 A6 5 ), i
P4 T ) R R AR B T R RE R A K IR GR AR T FR o
FCAR R AR i e o IR 3 Y L0AE , ol AR
AR AR L, R o HA RIS, X S
s 2 AR I A 45 R AR — 250, 2 PP ISC 5 WD B0 2151
TEEIULE ST, DLEC G 18 R AR X 2 R & 4
gt . B 1IhE A 2 MEAIE, —F
AR C A AR 2 8(1&1 1), Hert Eul 55 14 N A1 7 4
SR TRCAL, R TR A 20k A R E T, R
54K B 4N TOURIREC A . 8 ANBCALIE T IE A T
AR WUIE = A Z AR ESHY , Eul 3 T 2 T AN,

W 2a fir7R o Eu2 1Y 8 ANHEC A7 i #B 2 U+,
th 2Nl RER A AR, R 6 s Ak AT
KA T, 1Ak A FTRRBCIAR R L . X 8 /ML
B EFIE R ECAL 2 A 5 Eal M ECALER T2 LY
Z R[], FLEE T AR T8 1 DU 5 B AR 254, dn
Bl 2b TR o 5 Eal FC A7 I B A 8 A4 e 157 58 43 ) A
Eu-01.Eu-03.Eu-05.Eu-08.Eu-09.Eu-011.Eu-
013 Fl Eu-N1, H X5 W B9 #8430l o 0.235 2(7).
0.234 7(9) .0.233 8(7).0.230 6(10).0.238 7(9).0.245 7(9) .
0.243 4(10)A10.251 2(10) nm. 5 Eu2 EC 7T KLY 8
AL A7 88 43 1) A Eu-0l1w, Eu-02w ., Eu- 03w, Eu-
04w .Eu-05w.Eu-02.Eu-012 & Eu-014, H X} i )
HER 3514 0.236 8(16).0.24 1(3).0.237(2).0.244(2) .
0.243 8(15).0.246 9(8).0.239 5(9) 1 0.240 4(10) nm.
LA Eul AT A5 ) O-Eu-0 $EA i K 148.7(3)°, e/l
S 65.9(3)°; O-Eu-N £ 1 17 55 K AH R 141.5(3)°, e/l
H4 63.6(3)°. LA Eu2 AT i O-Eu-0 5 £ 5 KAH
9 147.6(6)° , 5/ ME M 65.1(9)°,
FICRRIEALER AW h R L4 EEF, L
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5 36%:

Probability of thermal ellipsoids: 30%; Symmetry codes: #1: 2—x, 0.5+y, 0.5—z; #2: 2—x, —y, 1-z; #3: x, 0.5-y, 0.5+z
F1 FAY 1 H EaE 0 2 FhECA RS

Fig.1 ORTEP representation of 1 showing two coordination environments of Eu(lll)

K2 Eul FlEu2 735045 8 MBI T AU AT RUIE AL (a) FIIH 7 SAE 2 1T AR (b)

Fig.2 Distorted bicapped trigonal prism (a) and square antiprism (b) formed by eight coordination atoms

with Eul and Eu2, respectively

DU B S 5 B S BC A, P BEBA A 4 R
YR LS E T LORBRAIE S Eu(DE 1 BCAz, 1M

K3 ECAY b i TR KRR S EuDEg 1
2230
Fig.3 Two-dimensional structure formed by penta-

carboxylate, oxalate ligands and Eu(lll) for 1

R LW RIIFEAREEAE T, 2R L
(B R 09 5 EuDE FFEl 7 (B 1) B4~ HoT
RIRBCIAERE T 54 BB 1, Horb, mE ek i
2- 6-TFRFE 5 N JEF LU =8 A 5 14 Eul)
BITECAL ; R, 207 BRI 1Y) 55 — AN SR T DA LA i
P B HERE T 14 EuD B 15 3- . 5-07 [ iR 3L
D R A A W= S 2 I N OO =S e 52 N ;OB
ANFR AR DL LA 22 11 Bu(D B T

BT LA A B 2GE B T 24 Eu(l)
B, R A Oy 25 SOk i E 9 R A 7 X —
o, i AR B R AT R R A S Eu(DES
TBY WAL, A2 T — A4S 46 1 450 B A R A
Yy, i 3R
22 BEVKXBENMER

DL S 611 nm AR W5 % K, 78 200~450
nm Y 4 [ AC S 9 1R AR il A B 6T
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75 2 19 25 a1 4a IR, He s R BOR B K R 300
nmo AU M BOR A LA 10 & 5
Tk 25 B & 4b TR, 7E 580,591, 611,650 1 699
nm &b LTS AN K G 43 516 R T Ea () B
9D, —F(J=0,1,2,3, 4 ERIT . H D —F,
(14 BRAE Ky Ea(l) B F LR A 2R AT, °D—F, I BRAE Ry
Eull) &5 0 R AR AR BR AT, F A AR R 58 38y i (R A
BRI 5 10 4 4% 22 , 2 W] Eu(D B T 1E RS b A4k
TR LR E B,

8% 10°4 w00 @ 611 (b)
'g 6% 10°
=}
o
)
2 4%10°1
5
E

2X10° 591
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Wavelength / nm

4 ELEY IR (FEFHERE (b)
Fig.4 Excitation spectra (a) and emission spectra (b) of
complex 1
DL B K 545 nm A R WD 4, 78 200~425
nm I 0 B 3 DU 5 40 2 04 R R A it R Ol
Tk, A5 AN K] Sa TR 105 58 1 TR W, Hoie R OR
WK H 338 nmo AR MU B, IE L &9
2 1 & 6 TE S5 AN sb TR, T LU B 7E 489
545,584 1620 nm A A 4 AR 5 (1) & 5306, 43591 X
13 T Th & T4 °D,—"F (J=6,5,4, 3)KiT . BRILZ
Ai, FEE ] LLF 2 FE 650,667 Fi1 680 nm Ab AT 3
AN 585 1 A Bt 0, Lo B ) LU 4 ISR £ X
3 AU G353 XE BT Th(ID S F 19 °D,—F(J=2, 1, 0)EK

8% 10° (a) 545 (b)
338
2 6X10°-
=4
=
3
2 4%10°
g 489
= 584
2X10° 620
0- T T T T
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Wavelength / nm
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Fig.5 Excitation spectra (a) and emission spectra (b) of

complex 2

i BB G W kSIS T, AT LA B Th(m)
B0, BB G 1 FE S BR AT I 72 2k B 4 7 A i
[F] Bt R & ) B B i ol fg

TR PR A AR JHE K348 300 nm, AR 43
BRI T BC AP0 1B AR i 04 & 63 AR K
PFHEAT A A0 FRAS H BE & ) 1 B4 X 7 Rl
45% . FHIFIARER 75 B OR KRR S K 3
h 338 nm, A5 e A Wy 2 1 26 % 77 ER N 38%
X 2 AL A B L i T R LB,
HBEA BP0 RO RE
23 EEYWHRELESR

T R W I R B DK 4 il S 300 FT 611
nm, DURCFD K o Rk o G I8, S 538 Uk
F Bt pe s g Be A 90 1P Bu™ 59D, 30k 25 1 52
IR 2 I REAT AR LRI, ekl £ AL il £
TLE 6, LA AN y=A exp(-x/t,)+y,, L& J5 15 3]
BL G 1 09°D kA& 77454 1.83 ms, R*24 0.998, 4,
12 870.14,y, 0 15.71, [RIFE, 35 & A R &k 5
PR3 3R 338 1545 nm, MBS 2 19°D, 1 K&
A0 FF A, Hoa e i LA & 7 iR o B
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Fig.6 Decay curve and fitting curve of complex 1
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Fig.7 Decay curve and fitting curve of complex 2
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KR A AR E L H R AE N 0.997,4, 4 2
648.35,y, 4 22.82, M W FL A9 2 19 °D, B k1Y
FHfrh 1.07 mso

3 &

KK G B 5, F e R B F v S R 5l 4
5 —Fp TR IR (4-(4-FR LRIk IE-2, 3,5, 6-11
FRIR) RV, A 8 T W AR LA . RN A
I TR R K AR A A T R, BT LAJE AR
IECE Y& A R AR B TR . X 2 MR 4
FRATA], A 2D J2AREE M) . B ERAMDEEE T,
Byn] K G AR 05 Hoh B LA W 4 % RO
TN 45% , BRBC A W0 ) 4 X RO T R
38%.

Supporting information is available at http://www.wjhxxb.cn
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