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Syntheses, structures and characterizations of rare earth metal center
coordination polymers based on bifunctional ligands

WANG Xiao-Fang, JIANG Zhi-Qiang , TIAN Cong-Xue
(State Key Laboratory of Titanium and Vanadium Testing, Panzhihua University, Panzhihua 617000, China)

Abstract: The coordination polymers ([ Dy(TZD (H, ), ] » 4H,O (1) and [ La(HTZPD (HC,O,) (H,
0); ]« H,C,0,(2)) have been synthesized by involving the bifunctional ligands (5-tetrazolylisophthalic
acid (H;TZI) and 5-(4-(1H-tetrazolyl) phen) isophthalic acid (H; TZPI)) as linkers coordinating with
rare earth metal ions (Dy*" /La*" ). The using synthesis methods are based on solvothermal synthesis
and slow solvent evaporation. Crystal structures are characterized by X-ray single crystal diffraction,
which show that the two compounds correspond to one-dimensional double-stranded chain and two-di-
mensional layer structure, respectively. It is notable that for this bifunctional ligand the tetrazolyl group
is invalid when it coordinates with rare earth metal centers. Meanwhile, the thermal stabilities and the
luminescent properties of them are investigated.
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Tab. 1 Instruments
{4 B A7 EA
B ATEHY Bruker Smart Apex 1T & & i & 7%
TER ML Perkin-Elmer 2400 J&[EHI4 BRI
XS ARATHAL - Siemens Dmax 2000 [ PH[ ] ¥
A TE G Perkin-Elmer TGA7 S [EF14H/REK
2LAMEIEAYL IR Prestige-21 H A e
POES I Cary Eclipse %[ VARIAN 237

2.2 BMAUAREWHER

2.2.1 BAEREGH 1 MER HIERE (Dy
(NO; )5, 0.08 mmol, 0.03 g), H;TZI (0.04
mmol, 0.01 g),H,O 6 mL, Z 2 mL,JR&)5H
2 mol/L HNO, #H45 pH~5, 48535 A 25 mL 4
RV SN A A S 42 78 150 “Clmi
TR 72 b A B PR AR 1 g TR K G
HAEZE I T T4 X T Dy(TZD (H.0), + 3H, O,
FEERH 56 % (LA Dy i1). JCE A BIS L (%) .
GCyHiyN, O, Dy C, 22.82; H, 2. 75; N, 11. 83.
Sy fE: C, 23. 005 H, 2. 50; N, 11. 33. IR
(KBr, em '): 3398 (w), 1634 (s), 1542 (s),
1493 (s), 1 458 (s), 1394 (s), 1 110 (m),
1046 (m), 790 (m), 755 (s), 714 (m).

2.2.2 BALRAMH 206 KASIRE (La
(NO; )3, 0.09 mmol, 0.03 g), Hy;TZPI (0. 03
mmol, 0. 01 g), % (0. 03 mmol, 0. 003 g) , i
TRAER (N, N-Z SR B 4 mL, 2
1 m)H, EEEGEEA 15 mL /N W RS, 2%
AR N2 60 d, 153 To A JUR AR, ik ik, H
KK PRI E IR T T %8 50% (L La
). IR (KBr, cm '): 3 299 (w), 1 557 (s),
1443 (m), 1 408 (m), 1 373 (s), 1 315 (wk),
1294 (wk), 1 259 (m), 1 187 (wk), 1 160
(wk), 1011 (m), 925 (m), 854 (s), 784 (m).
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Tab. 2 Crystal data and structure refinement parameters
for complexes 1 and 2*"

L&Y 1 2

Formula CoH17N4 Oy Dy CioHi7N4Op5La
Formula weight 519. 65 680. 28
Crystal system Triclinic Or

Space group Pi Pbca

a/A 7.484 4(7) 13.371(3)

b /A 10. 885 4(10) 17. 080(3)
/A 11,452 4(11) 25. 541(5)
a/ 111. 791 0(10) 90

B/ 99. 450(2) 90

v/° 100. 534(2) 90

v/As 823.78(13) 5 833(2)

A 2 8

Deiea/ (g/cm?) 2.039 1. 536
p/mm! 4. 599 1. 535
F(000) 477.9 2 640.0
Observed 4 319/2 812 16 540/6 754
Rin 0.090 3 0.048 8
Goodness-of-fit on F? 1. 249 1. 046

0.038 7, 0.107 1
0.052 2, 0.112 4

R, UL’RZIJ[I>26(DJ
R] N 'ng (all data)

0.046 4,0.117 9
0.053 6,0.163 8

AR =2[|Fo| = [Fc||/Z|Fol|; P wRe=|Xw(|Fo|2—|Fc|®)|/2|w
(Fo2)2|1/2
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Fig.1 (a) The coordination modes of Dy*" and

TZP ; (b) the tricapped double prismatic
geometry of Dy*™; (c¢) the binuclear unit;
(d) the double-stand 1D chain in complex 1
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Bk G, BRE R =& s B
ﬁﬁﬁﬂbﬂﬁﬁ?@ /13_711 : 711 : 7)1 :T]Z: T]O: T]O: T]O:
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TATMETIEY 1M 2 1) TGA gl £
HEAL B Wi EE E M (B 3). MR SR 2 R
SR FHEE A 10 °C/min. 43Hr 25 R R

& 1 4E 120 CZHTRTE 12, 93% X F
PUANEARIK 4> T2k 25 (Caled. 12.17%),120~
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Fig.2 (a) The coordination modes of HTZPI*™ ;
(b) the tricapped double prismatic geometry
of La®"; (¢) the binuclear unit; (d) the 2D
layer in complex 2
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Fig. 3 Thermogravimetric analysis of complexes 1

and 2
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Fig. 4 The PXRD patterns of complexes 1 and 2 (black: simulated patterns; red: experimental patterns)
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Tab. 3  Selected bond lengths(/c\) and selected bond angles(®) for complexes 1 and 2
a1
Dy(1)-0O(2) #1 2.217(8) Dy(1)-O(2W) 2.34209) Dy(1H-O(1W) 2.376(7)
Dy(1)-O(1) 2.310(6) Dy(1)-O(4W) 2.352(8) Dy(1)-O(3W) 2.412(9)
Dy(1)-O(4) #2 2.445(7) Dy(1)-O(3) #£2 2.500(8) OUW)-Dy(1)-O(4) £#2 76.0(3)
0O(2) #1-Dy(1)-O(1) 91. 6(3) OWUW)-Dy(1)-O(1W) 87.9(3) O(W)-Dy(1)-O(4) £#2 73.3(3)
O(2) # 1-Dy(1)-O(2W) 94, 1(4) O(2) #1-Dy(1)-O(3W) 81.2(3) OW)-Dy(1)-O(4) £#£2 133.2(3)
O(1)-Dy(1)-O(2W) 70.6(3) O(H)-Dy(1)-O(3W) 76.1(3) O(2) #1-Dy(1)-O(3) #£2 79.7(3)
0O(2) # 1-Dy(1)-O(4W) 89. 3(3) O2W)-Dy(1)-O(3W) 146. 3(3) O()-Dy(1)-O(3) £2 141. 1(3)
O(1)-Dy(1)-O(4W) 148. 2(3) OWUW)-Dy(1)-O(3W) 72.6(3) OC2W)-Dy(1)-O(3) #£2 72.3(3)
OC2W)-Dy(1)-O(4W) 141. 0(3) O(IW)-Dy(1)-O(3W) 71.7(3) OWUW)-Dy(1)-O(3) #2 70.1(3)
0O(2) #1-Dy(1)-O(1W) 152, 4(3) O2) #1-Dy(1)-O4) £2 132, 4(3) O(W)-Dy(1)-O(3) #2 124.7(3)
O(1)-Dy(1)-O(1W) 76.9(3) O(H)-Dy(1)-O(4) #2 124.1(3) OGBW)-Dy(1)-O(3) #2 138.0(3)
OCW)-Dy(1)-O(1W) 105. 2(4) OCW)-Dy(1)-O(4) #2 73.2(3) OWUW)-Dy(1)-O4) #2 76.0(3)
OW) #2-Dy(1)-O(3) #£2 52.7(2)
L&Y 2
La(1)-O(8) 2.464(4) La(1)-O(5) 2.551(5) La(1)-O(6) 2.591(5)
La(1)-O(2) #1 2.512(4) La(1)-O(3) 2.554(4) La(1)-O(4) 2.604(4)
La(1)-O(7) 2.540(5) La(1)-O(1) #2 2.560(4) La(1)-O(1) #1 2.768(4)
O(8)-La(1)-0(2) #1 150. 05(13) O(7)-La(1)-O(1) £2 73.15(13) O(5)-La(1)-O4) 80. 13(13)
O(8)-La(1)-O(7) 74.69(15) OG)-La(1)-O(1) £2 144.93(13) O(3)-La(1)-O4) 50. 35(11)
O2) #1-La(1)-O(7) 96. 77(14) O3)-La(1)-O(1) £2 76.35(12) O1) #2-La(1)-O(4) 74.70(11)
O(8)-La(1)-O(5) 85.52(15) O(8)-La(1)-O(6) 76.49(15) O6)-La(1)-O4) 137.24(12)
O2) #1-La(1)-0O(5) 82.39(14) O2) #1-La(1)-0O(6) 73.56(14) O8)-La(1)-O(D) £1 145. 20(12)
O(7)-La(1)-O(5) 138. 34(15) O(7)-La(1)-O(6) 72.68(14) O2) #1-La(1))-O(1) #£1 49.05(11)
O(8)-La(1)-O(3) 78.82(13) O(5)-La(1)-0O06) 67.15(14) O(7)-La(1)-O(1) #£1 73.53(13)
0O(2) #1-La(1)-0(3) 121.17(13) O(3)-La(1)-0O(6) 130. 55(13) OG)-La(1)-O() #£1 128. 31(13)
O(7)-La(1)-O(3) 138.52(13) O(1) #2-La(1)-0O(6) 145, 69(12) O@3)-La(1)-O() #£1 117.71(11)
O5)-La(1)-0O03) 68. 80(14) O(8)-La(1)-O4) 129.02(13) O #2-La(1)-O(1) #1 65.80(13)
O8)-La(1)-O(1) #2 91. 64(13) O(2) #1-La(1)-O4) 75.55(12) O6)-La(1)-O(1) #£1 106. 80(13)
O2) #1-La(1)-O(1) #2 113.69(12) O(7)-La(1)-O4) 140. 28(13) O)-La(1)-O() #£1 72.38(11)
wEY 1. #1—2+1, —y, —=+1; #22x, y—1, 25 #3x, y+1, =

EY 2 WS #1 —2+1/2, y—1/2, 25 2 2—1/2, —y+1/2, —=2+1; #3 2+1/2, —y+1/2, —=+1; #4 —2+1/2, y+1/2, =
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280 nm) , AHEF % — x B n* — n KiF. 4iQ
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377, 578 nm Lb2ky Dy*" I HEAEIE, AT 4351 I J& T
His o—>* M, VFo 0 His o 19 HL T BRAE. BT

B Dy’ BYHFFIE & U881, 550 nm Ab I RFIEIE Ny
e MCATE U EHE IR R O RRIEDE T % s STk
BCAZEE I 1R R LB B, B R ST AR XS
THEME LR, X TAEY 2, K40EH 404 nm
Qex= 288 nm). AHXF TELR LG 2 (B K& 5T
WAL LA 11 nm. ARSI R, La # PO A7 &
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Fig. 5 The solid state luminescent spectra of 1 and 2 and ligands at room temperature
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