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Synthesis, Crystal Structure and Photophysical Property of
Series of Binuclear Rare Earth Complexes

LI Ye  WANG Ru NIU Shu-Yun®™ JIN Jing WANG Zhao-Long
(College of Chemistry and Chemical Engineering, Liaoning Normal University, Dalian, Liaoning 116029)

Abstract: Four binuclear rare earth complexes [Y,(p-MBA)g(Phen),] (1), [Ya(p-CIBA)s(Phen),] (2), [Pra(BA)s(Phen),]
(3) and [Pry(p-CIBA)s(H,0),(Phen),] (4) [Phen=0-Phenanthroline, p-MBA=4-Methylbenzoic acid, BA=Benzoic acid,
p-CIBA =p-Chlorobenzoic acid] were synthesized with hydrothermal reaction. The structures of four complexes
were determined by X-ray diffraction single crystal structure analyses. Four complexes are similar in the structure
and coordination modes. For example, their structures all belong to the triclinic system, space group P1. Each
rare earth ion is chelated by a Phen molecule, two rare earth ions are bridged by benzoic acid ligands or their
derivatives in complex molecules. But, it is different in the number of bridged ligands and coordination modes.
Besides that, in complex 4, hydrogen bonds are formed between coordinated water molecules and p-CIBA ligands,
and the 2D layer net structure is formed by the hydrogen bonds. In addition, the UV-Vis-NIR, IR and
fluorescence spectra of four complexes were measured and analyzed. Fluorescence spectra of complex 1 and 2 are
assigned to LLCT and LMCT. The emissions of complex 3 and 4 have a mixed LMCT and LLCT character and a
ffCT character of Pr**. CCDC: 680944, 1; 680945, 2; 680946, 3; 6380947, 4.
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Wi 185 T B0E B E I RE N Z A
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AR, A 1 B AT 5 05 A PR TR A A ATLIC 1A Y R
DA 5 XA B 0 B 22 D 5 55 22 Rl G
07 2 BUEEAR | AR 3D 45 SRR IR s R 1 2
BELEY, XSERC G W) A KOG R 15 A2
WEREMELF R AL, AT PRI B R AL
B SRR R S AT R R 4 35 R R
B & W 1 A B 0 & MR 5% H 25 32 2 AT
Kk, HXEZ M B B TE N L X R R £
TE 5 W) 4 BIF 5 P8 DL AN e -7 B o B2 A R TC A
Yy A | HLABE 4R 2SR RO R T
PRI Jii 20510 A SCLAE H R (BA) % FE LR R (-
MBA)  Xf 58 2% F 2 (p-CIBA) , 2K 3E 1% Uk (Phen) 47 it
TR, AT 2 R SUZE & P F0 2 s 9 U T
EW I FRERE HEAT T X LAY

1 SLIEES

11 BEEYHNERRERNESR
1.1.1  FCAI[Y(p-MBA)(Phen),] (1) 5 i
FRUL 0.20 g(£9 0.5 mmol) Y(NOs);-6H,0 ¥ T 10
mL K H A3 B IE A (1) B 0.07 ¢(£9 0.5 mmol)X
HI R IR I % 31 10 mL ZB£(95%) 1 1 mol - L
NaOH /K% W5 & pH=6, 1547 (D), H 0.18 ¢ (&Y
1 mmol) Phen %% %] 10 mL LBEP SN, M
V(D)W AW, A EIiiE, BRI £
pH=4 JCHI AR | PRV v (I Jn 3] | 34 VR 5
T TR MR, IR A R B B R G R
N A8 TE 90 °C, RN 150 h Jaf5 1k e e 4 &
i, U B H RSB EAESE, IRem™);
3428,3061,3032,2917,1927,1636,1608,1 520,
1417,1289,1177,1105,858,766,730,622,559,,
1.1.2 FCAI[Y(p-CIBA)((Phen),] (2)1 4 1k
FRHL 0.20 g(£9 0.5 mmol) Y(NO,);-6H,0 T 10
mL K ARG R(D), B 0.07 g (29 0.5 mmol)
X R H R E A E] 10 mL SFE(95%) %, 1 mol - L
NaOH 7K W15 & pH=6, 14 (D), HL 0.18 g(Zy
1 mmol) Phen #f# %] 10 mL LEETP SN, M7
WD A, A ayiiE, HESmREYE
pH=3.5 JoW] i A8 Ak | PR W (T Jn 2 T3R8 5 )
o TR MR, KR RO S B TR IS R
Z f5IR 90 °C, I 150 h 5 #E k kB3 2=

i, uE 4 d JEA R AE W SR TR(em™) 3436,
3079,2927,2854,2359,2338,1636,1589,1 536,
1415,1227,1169,1141,1093,1009,854,794,726,
526,

1.1.3 LA HI[PryBA)y(Phen),] (3)H A K

FREL 0.16 g(£9 0.4 mmol) Pr(NOs);-6H,0 i T 5
ml K IS SR (T, PRI 0.10 g(2Y 0.8 mmol) 4
FRRE T 10 mL ZEE(95%)H 45 %W (), PRI 0.04
2(#7 0.2 mmol)Phen ¥ fi# %] 10 mL £ BE95%) | 15
TCEEWD ,, A6 R AT B (D A%
WD, A 1 mol - L™ NaOH 7K¥& W 45 & pH=6, 1
AT W), A /D = DT ™ A A 2 T HAc fif
UUVENIAF 7, FHIR B WO B B G iR I 48
o EIR 90 C RN 3 d JE R EN 1 d, B RN 2B AR
e PRiniA . IR (em™):3427,3062,2923,2852,
1609,1565,1530,1402,1303,1172,1140,1 107,
1065,1021,842,715,679,548,418,

1.1.4 LA [Pryp-CIBA)((H,0),(Phen),] (4)H)

B

FRUL 0.45 g(#9 1.1 mmol) Pr(NO5);-6H,0 & T 10
mlL K W), FREL0.05 g(2 0.2 mmol)Phen
T 10 mL LE(95%) , A, FREL 10 mL(95%)
CEEF 5 mL K BIR B W% 0.07 ¢ (29 0.5 mmol)
XA IR A 1 mol- L™ NaOH 7KW AT & pH=
6, M ), A3 W (DAE R DIR A, T A 2%
W, P T A5 VR B B R A G LR N 48
PR 110 °C, [ 145 h, Rk 4 d 5 H R
N 28 A B A PO A, TR (em™):3463,2966,
2923,1617,1589,1541,1406,1 168,1 140,1 093,
1013,850,775,727,688,525,
1.2 BE® IR, UV-Vis-NIR R R 52 ¢ S i 7Y

E

K H JASCO FT/IR480 AULT AN G 1S, LA KBr
JE R 7E 4000~220 em™ 8 FEIN I E T BC& P01 4
JEiE . SR JASCO V570 A28 4h -] U3 21 4 i
%, 7E 200~2 500 nm ¥ FE P01 LA 0 T8 R 5T
JEi% , E R &R OR R B Y 5O O % R H
JASCO FP6500 4563 {3 5
1.3 BREYRELEHNE

FE 203 K, #EHUA AL AW R A3 19 5 f
&, 7€ Bruker SMART APEX II & A7 411X I LA
Mo Ka 54(1=0.071073 nm) WG R o FHHET7
2 FEAR RS (LR 1) SO S B, 4 i
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Table 1

Crystal data of four complexes

Complex
Empirical formula
Formula weight
Crystal systerm
Temperature / K
Space group

A/ nm

a/ nm

b/ nm

¢/ nm

al (%)

B1(°)

v/ ()

V/ nm®

D,/ (g-em)

A

0 range for data collection / (°)
©/ mm™

F(000)

Limiting indices

Reflection collected
Independent reflections (R;,)
Refection observed [[>20(])]
Completeness to 6 / (°)

Data / restraints / parameters
GOOF

Final R indices [[>20(])]

R indices (all data)

Apus Apin | (€2nm™)

1
YCrHssO 1Ny
1 .349.04
Triclinic
293(2)

Pl

0.071 073
1.067 67(6)
1.230 67(7)
1.394 05(8)
70.254 0(10)
82.396 0(10)
68.716 0(10)
1.60632(16)
1.395

1

1.87~25.37
1.863

692
-12
-14
-16

12
12
9

NN N

h
k
l

A

8719
5798 (0.024 1)

4514

98.3% (25.37)

5798 /0 / 406

0.923

R=0.044 2, wR:=0.103 0
R=0.064 3, wR:=0.114 0
440, -264

2 3 4
Y2CesHa01NLClg PryCeHis01Ns PryCeHu01,N.,Clg
147154 1 368.89 1611.57
Triclinic Triclinic Triclinic
293(2) 293(2) 293(2)

P1 Pl Il

0.071 073 0.071 073 0.071 073
1.006 45(7) 1.086 54(11) 0.844 5(3)
1.182 01(9) 1.197 02(13) 1.289 3(4)
1.424 93(13) 1.245 6(2) 1.54 02(7)
111.280(2) 104.948(2) 98.924(15)
96.359(3) 93.464(2) 100.740(18)
101.517(4) 113.316(10) 100.652(14)
1.5163(2) 1.4131(3) 1.5876(11)
1.612 1.609 1.686

1 1 1

1.57~27.47 1.95~29.23 3.12~27.48
2.237 1.773 1.838

740 684 800
0<h<13 -3<h<13 9<h<10
-15<k<15 -l4<k<14 -l6 <k <16
-8 =</<18 -15=<[1<38 -9=<1<19
14 150 71710 15712

6 789 (0.040 1) 5425 (0.017 9) 7 203 (0.027 0)
4472 4741 6 547

97.9% (27.47)
6789 /0 / 406

0.972

R=0.048 3, wR:=0.109 3
R=0.091 8, wR=0.128 2
583, -609

97.6% (26.00)
5425/ 0/ 467

1.016

R1=0.030 2, wR=0.063 3
R1=0.037 5, wR=0.066 1
456, ~291

99.3% (27.48)

7203 /07487

1.127

R=0.026 8, wR,=0.068 4
R.=0.031 6, wR:=0.075 9
604, ~711

2 HRSUE

2.1 RIEEHaRER

4 PSP ) B R 8 T3 2,
GRS/ WS R AN ALY

iR ATR ) BLAY 12— AU YRS
Y& 1), BT HEE 24 YT 6 X H
ARHFRAA 2 4 Phen 77, B YEFH 6410

2.1.1

JE5H 2 A N R EAL, Heh 6 4> 0 T ook A
T4 DX HIEZEHRAR 2 4~ NIJEFRAR 14
Phen 73F . 2 /1> Y»E 1 2 M OB00 X B 3628
R AR AR IE 55 A 4 A % AR R 2 B TR AR AR O ity
Be, o3BG 3 2 A Y1 B B IR ECH 8 1
AN Z AR, Y-N FEE R 0.249 8(3)F1 0.254 0(3)
nm, Y-0 & 7F 0.224 3(2)~0.241 7(3) nm Z [A] ,2 /4
YHE R FE B 0.5409 nm,
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Table 2 Selected bond lengths (nm) and angles (°) for four complexes
Complex 1
Y1-06A 0.224 3(2) Y1-05 0.226 4(2) Y1-04 0.237 3(2) Y1-02 0.238 3(3)
Y1-03 0.239 3(2) Y1-01 0.241 7(3) Y1-NI 0.249 8(3) Y1-N2 0.254 0(3)
06A-Y1-05 89.37(9) 06A-Y1-04 138.26(8) 05-Y1-04 79.88(8) 06A-Y1-02 100.94(9)
05-Y1-02 157.38(9) 04-Y1-02 79.06(9) 06A-Y1-03 83.87(8) 05-Y1-03 82.51(9)
03-Y1-04 54.91(8) 02-Y1-03 78.69(9) 06A-Y1-01 81.009) 05-Y1-01 148.57(8)
04-Y1-01 126.17(8) 02-Y1-01 53.86(8) 03-Y1-01 125.53(9) 06A-Y1-N1 145.08(9)
05-Y1-N1 98.23(9) 04-Y1-N1 76.64(8) 02-Y1-N1 84.85(9) 03-Y1-N1 130.81(9)
O1-Y1-N1 74.84(9) 06A-Y1-N2 83.30(8) 05-Y1-N2 77.42(9) 04-Y1-N2 131.86(8)
02-Y1-N2 123.46(9) 03-Y1-N2 156.22(9) 01-Y1-N2 71.81(9) NI-Y1-N2 65.50(8)
Complex 2
Y1-02B 0.226 5(3) Y1-04 0.230 1(3) Y1-03B 0.230 2(3) Y1-01 0.230 3(3)
Y1-06 0.233 7(3) Y1-05 0.246 8(3) YI-N2 0.254 13) YI-NI 0.261 6(3)
02B-Y1-04 75.86(12) 04-Y1-06 81.02(10) 06-Y1-05 54.20(11) 02B-Y1-N1 139.88(11)
02B-Y1-03B 79.20(11) 03B-Y1-06 146.33(11) 02B-Y1-N2 85.16(12) 04-Y1-N1 143.95(12)
04-Y1-03B 124.91(10) 01-Y1-06 89.42(11) 04-Y1-N2 143.36(12) 03B-YI-N1 71.67(10)
02B-Y1-01 123.95(11) 02B-Y1-05 79.47(11) 03B-Y1-N2 80.41(10) O1-Y1-N1 76.55(10)
04-Y1-01 76.64(11) 04-Y1-05 75.35(10) O1-Y1-N2 138.94(11) 06-Y1-N1 75.06(10)
03B-Y1-01 78.15(12) 03B-Y1-05 145.05(11) 06-Y1-N2 89.45(10) 05-Y1-N1 109.91(10)
02B-Y1-06 132.16(11) 01-Y1-05 136.78(11) 05-Y1-N2 70.48(10) N2-YI-N1 63.57(11)
Complex 3
Pr-06C 0.240 2(2) Pr-03 0.242 7(2) Pr-04C 0.243 8(2) Pr-01 0.247 7(2)
Pr-05 0.249 6(2) Pr-02 0.256 5(2) Pr-06 0.284 2(3) Pr-N2 0.265 9(3)
Pr-N1 0.271 13)
06C-Pr-03 73.10(8) 01-Pr-05 138.96(3) 01-Pr-N2 84.83(9) N2-Pr-N1 60.96(8)
06C-Pr-04C 79.05(8) 06C-Pr-02 79.12(8) 05-Pr-N2 72.86(9) 06C-Pr-06 78.44(8)
03-Pr-04C 134.69(8) 03-Pr-02 129.26(8) 02-Pr-N2 72.4909) 03-Pr-06 73.29(8)
06C-Pr-01 90.55(8) 04C-Pr-02 77.42(8) 06C-Pr-N1 148.13(8) 04C-Pr-06 66.52(7)
03-Pr-01 86.64(8) 01-Pr-02 51.70(7) 03-Pr-N1 77.86(8) 01-Pr-06 159.14(8)
04C-Pr-01 129.11(8) 05-Pr-02 141.73(8) 04C-Pr-N1 132.08(8) 05-Pr-06 48.02(7)
06C-Pr-05 126.44(9) 06C-Pr-N2 147.08(8) O1-Pr-N1 74.74(8) 02-Pr-06 140.36(7)
03-Pr-05 88.14(9) 03-Pr-N2 138.75(8) 05-Pr-N1 64.37(8) N2-Pr-06 113.95(8)
04C-Pr-05 80.41(9) 04C-Pr-N2 78.82(9) 02-Pr-N1 110.69(8) N1-Pr-06 105.62(7)
Complex 4
Pr1-03 0.242 4(2) Pr1-01 0.242 8(2) Pr1-05 0.243 5(2) Pr1-07 0.245 0(2)
Pr1-04 0.247 1(2) Pr1-06 0.249 7(2) Pr1-N1 0.266 8(3) Pri-N2 0.268 9(2)
03-Pr1-01 91.39(8) 01-Pr1-04 140.64(3) 04-Pr1-06 69.80(8) 03-Prl-N2 79.51(8)
03-Pr1-05 76.65(8) 05-Pr1-04 74.23(8) 03-Pr1-N1 138.18(7) O1-Pr1-N2 68.05(8)
01-Pr1-05 136.63(7) 07-Pr1-04 92.92(8) O1-Pr1-N1 88.12(9) 05-Pr1-N2 68.82(8)
03-Pr1-07 72.04(7) 03-Pr1-06 143.37(7) 05-Pr1-N1 75.37(8) 07-Pr1-N2 137.73(8)
01-Pr1-07 81.85(8) 01-Pr1-06 71.32(8) 07-Pr1-N1 148.63(7) 04-Pr1-N2 129.17(8)
05-Pr1-07 130.53(7) 05-Pr1-06 137.62(8) 04-Pr1-N1 76.2909) 06-Pr1-N2 119.99(8)
03-Pr1-04 124.17(8) 07-Pr1-06 73.64(7) 06-Pr1-N1 74.99(8) N1-Pr1-N2 61.65(8)

Symmetry transformations used to generate equivalent atoms: A: —x+1, —y+2, —z+1; B: —x, —y+2, —z+2; C: —x+1, —y+1, —z+1.
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Symmetry code: A: —x+1, —y+2, —z+1
F 1 EAY 15T 450 (BRI 309%)
Fig.1 Molecular structure of complex 1 (Thermal
ellipsoids is of 30% probability)
2,12 FAY 2 0 SRS F A
SRR, AW 2 o — AR YD
HWE 2), BaTHEE 24 YETF .6 M
ARHPRARA 2 4> Phen 707, B Y*ETH 610
JE 02 A N SR, Herd 6 4> 0 40k A
F 5 A EEHBRR M2 A NJEFRA TR 1A
Phen 73¥ . 2 1 Y*& il it 4 A0 000 % AR

Symmetry code: B: —x, —y+2, —z+2
K2 FAaY 2 85T 8 (IR 30%)
Fig.2  Molecular structure of complex 2 (Thermal
ellipsoids is of 30% probability)

AR BRI 53 A 2 A XeF G R AR R Ay o i
SIMNEAR 2 YE T L R EAL N 8 A
L Z2 K Y-N BB &5k 0.254 1(3)F11 0.261 6(3) nm,
Y-0 #E B 7E 0.226 5(3)~0.246 8(3) nm Z ] )2 4> Y**
B RIMPEES R 04323 nm, BLE Y 2 76 5 M e
LI 3,

3 AW 2 7 T R HER
Fig.3 Packing of complex 2 in a cell (Hydrogen atoms

were omitted for clarity)

2,13 EAY 3 WIS A

SRR, AW 3 & — M PriEL A
Y 4), BT 24 PO+ 6 AR R
RN 2 A~ Phen 43 F B4 PP ET5 74 0 JE T M
2 N JEFEAL, Hd 74 0 T4k B F 54
KRR M 2 4 N JEFK A T 14 Phen 77
2 P i A 2 A 2OBUA R R AR AT 2 A
KEW R PRI, 55010 2 DR RARIE N
w4 A B 2 A4 P T b R AL 9
ML Z mi ik (B 4), Pr-N BB & 0.266 0(3) Fl

Symmetry code: C: —x+1, —y+1, —z+1
K4 B3 80T 8RR 30%)
Fig.4 Molecular structure of complex 3 (Thermal
ellipsoids is of 30% probability)
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0.271 1(3) nm,Pr-O ¥ B 7 0.240 2(3)~0.284 2(3) nm
Z 08,2 A PrEs FmEE B 0.407 2 nm,

2.1.4 FECEY 4 0 RAIRE A

S5 HT R LAY 4 AU P e A (B
5), BASFHEE 24P E T 24 H0 55T .6
ASXHEIEH FRAR AN 2 4 Phen 20 F . 2 1~ P& 1
4 R 2T X G R R AR AR B, 53 AR P
T 1 4 Phen 43 F 2 4 N JEFEAL, LK1
A H0 0 O JEFRECAL, [R5 A — 4 X R

Symmetry code: D: —x+1, -y, —z

K5 A 405 F 45K (I ERIE % 30%)
Fig.5 Molecular structure of complex 4 (Thermal
ellipsoid is 30% probability)

MR AR R FE LV IE X S P, T I AL
8 HYA B Z A (& 5), Pr-N ] /& 0.266 8(3) Al
0.268 9(2) nm,Pr-O FEES7E 0.242 4(2)~0.249 7(2) nm
Z M), 2 A4 P F PR B 0.4253 nm,

TE A b WA 2 B 53 ) U5 Ok A BLAL HL0
S0 T 5RARS SEAAKRIET R O 5
T Z A 06-H6---07 (—x+2,-y,-2),0.283 0
nm, 135.8°H1R A A [a] 731 1 X Sl 4% FH R AR =22 [ £
A C4AD-H4A---CI1H 0.366 0 nm,139.2°)¥f 4 i%
el 2D RAREE G (E 6).,

Hydrogen atoms were omitted for clarity

Ko MW ahhEMMH 2D ZREH
Fig.6 2D layer formed by hydrogen bonds of complex 4

X LA L 4 RS HS BE & Y e it al LA
BN —E B Z AL o5 i 2 D L
TR AR s AT A A, (ER | B B DA
f K H LR AR g e 07 A5 TRk (R 3), T HL,
BC W 4 Hh o T Tl B A A — L S

R3 AMESWHEMER

Table 3 Coordination modes of four complexes

Coordination mode 1 2 3 4
Unidentate — — — 2
Chelating-type bidentate 4 2 2 —
Bridging bidentate 2 4 2 4
Bridging tridentate — — 2 —
Coordination number of central atom 8 8 9 8
Separation between central atoms / nm 0.540 9 04323 0.407 2 04253

22 WIEMRHR

2.2.1 UV-Vis-NIR WG 7 By

4B T 4 FECE Y S I E AR UV-
Vis-NIR L5 W O 3% 298t & 55 13k 5 246N
MBLA Y 1.2 19 UV-Vis-NIR it 84 (% 4), T B
WHEBE A Y 1 7E 264 338 nm &b A7 2 AW
M A4 2 78 270 336 nm 44 2 AW i, &R nT

)& BRI 7w BRIE, MWELG Y 3.4 19 UV-
Vis-NIR Y635 84 (% 4] LB M B AP 3.4 500
£ 260,326 nm Fl 258 332 nm 4 W %8 F 77—
¥ BRAE 4 FPEC A W0 s TR0 () AR O 11
BeARSEA —3 ) ILAh  BA ) 3 BRI PR A
W e 3 O FRAE SO 1954 115761458 nm
BV & A H,—F(J=2,3,4);1 014 nm B H &
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Table 4 Data of spectra and assignment for 4 complexes and the ligands

Complex UV-Vis=NIR absorption /nm (assignment) Fluorescent emission /nm (assignment)
1 264, 338 (m — %) 375, 393, 413 (LLCT)
2 270, 336 (m — a* ) 367, 385, 407 (LLCT)
3 260, 326 (m — %) 420, 434 (LLCT)
1954, 1 576, 1 458 (CH, — °F, (J=2, 3, 4)) 462 (P, — °H.)
1014 (CH, — 'Gy) 484 (P, — H4)
594 (H, — 'D,) 535 (Py— *Hs)
470, 448 (°*H, — °P; (J=1, 2)) 612 (P — *Hy)
4 258, 332 (m — 7*) 416, 433 (LLCT)
1942, 1 556, 1 444 (CH, — °F, (J=2, 3, 4)) 458 (°P, — °H,)
1010 CH, — 'Gy) 484 (P, — °H,)
592 (H, — 'D,) 532 (Py — *Hs)
468, 448 (°*H, — °P; (J=1, 2)) 612 (*Py — *Hy)
Phen 254, 338 (m — 7*) 363, 381 (LLCT)
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Fig.7  Fluorescence spectra of complex 1
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Fig.8 Fluorescence spectra of complex 2
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Fig.9 Fluorescence spectra of complex 3
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