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Synthesis, Crystal Structure and Magnetic Properties of a Nd() Coordination
Polymer Constructed by 3-Carboxyphenoxyacetate and 1,10-Phenanthroline

GU Jin-Zhong® SHAO Yong-Liang ZHU Kong-Yang
(Key Laboratory of Nonferrous Metal Chemistry and Resources Utilization of Gansu Provinc,
College of Chemistry and Chemical Engineering, Lanzhou University, Lanzhou 730000, China)

Abstract: Under hydrothermal conditions, NdCl;-6H,0 reacts with 3-H,CPOA (3-H,CPOA=3-carboxyphenoxyace-
tatic acid) and phen (phen=1,10-phenanthroline), producing a novel coordination polymer [Nd(3-CPOA),s(phen)],
(1). Complex 1 crystallizes in monoclinic space group P2,/c, with a=0.982 7(8), b=1.140 6(10), ¢=2.115 8(19) nm,
B=90.574(9)°, V=2.371(4) nm*, and Z=4. X-ray diffraction studies show that complex 1 possesses a three-
dimensional framework structure based on a binuclear unit. Magnetic studies for complex 1 indicate the presence

of stronger antiferromagnetic coupling between the adjacent Nd(Ill) ions. CCDC: 888765.
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0 Introduction luminescence™", and magnetism!™". However, it is a

great challenge to control structures with desired

The rational design and syntheses of lanthanide properties because many factors affect the result, such
coordination polymers have attracted great interests as central metal ions, organic ligands, solvents, pH
not only for their intriguing architectures and value, and so on. The most effective approach to
topologies'™ but also for their potential applications in  overcome this problem is the appropriate choice of the
areas of catalysis®, sorption and separation™,  well-designed organic bridging ligands. Many mulii-
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carboxylate or heterocylic carboxylic acids are used
for this purpose " In order to extend our investiga-
tion in this field, we chose 3-H,CPOA (3-carboxy-
phenoxyacetatic acid) as a functional ligand, which
(1) 3-H,CPOA
is a flexible ligand that not only includes rigid

based on the following considerations:

carboxylate groups but also bearing a flexible -OCH,-
spacer, which allows more flexibility and may result
in rich topologies, including coordination modes,
packing fashions, and dimensionalities of supramol-
ecular coordination compounds!®"!. (2) Tt can act not
only as hydrogen-bond acceptor but also as hydrogen-
bond donor which depend upon the number of
deprotonated carboxy group, which is beneficial for
(3) To our

not been adequately

the construction of coordination polymers.
3-H,CPOA has

explored in the construction of lanthanide coordination

knowledge,

polymers.
Taking into account these factors, we herein report

the synthesis, crystal structure, magnetic properties of

Nd() compound with 3-CPOA ligands.
1 Experimental

1.1 Reagents and physical measurements

The 3-carboxyphenoxyacetic acid was prepared
by the reaction of chloroacetic acid with 3-hydroxybe-
nzoic acid"™, and all other chemicals were of analytical
reagent grade and used without further purification.
Carbon, hydrogen and nitrogen were determined using

an Elementar Vario EL elemental analyzer. IR spectra

were recorded using KBr pellets and a Bruker
EQUINOX 55 spectrometer. Thermogravimetric analysis
(TG) data were collected on a LINSEIS STA PT1600

thermal analyzer with a heating rate of 10 °C -min™.

(PXRD) were
determined with a Rigaku-Dmax 2400 diffractometer

Powder X-ray diffraction patterns

using Cu Ko radiation. Magnetic susceptibility data
were collected in the 2~300 K temperature range with
a Quantum Design SQUID Magnetometer MPMS XL-7
with a field of 0.1 T. A correction was made for the
diamagnetic contribution prior to data analysis.
1.2 Synthesis of [Nd(3-CPOA),s(phen)], (1)

A mixture of NdCl;-6H,0 (0.112 g, 0.3 mmol), 3-
H,CPOA (0.088 g, 0.45 mmol), phen (0.060 g, 0.3
mmol), NaOH (0.024 ¢, 0.6 mmol) and H,0 (10 mL)
was stirred at room temperature for 15 min, and then
sealed in a 25 mL Teflon-lined stainless steel vessel,
and heated at 160 °C for 3 d, followed by cooling to
room temperature at a rate of 10 C-h™. Purple block-
shaped crystals of 1 were isolated manually, and
washed with distilled water. Yield: 70% (based on
Nd). Anal. Caled for CyssH;NdN,O,5 (%): C 49.75, H
2.78, N 4.55; Found(%): C 50.06, H 2.47, N 4.28. IR
(KBr, ecm™): 3 423m, 1 634s, 1 586m, 1 540s, 1 406s,
1339m, 1 278m, 1 233m, 1 071m, 848s, 769m, 726m,
670m. The compound is insoluble in water and common
organic solvents, such as methanol, ethanol, acetone,
and DMF.

1.3 Structure determinations
Single-crystal data of 1 were collected at 296(2)

Table 1 Crystal data for complex 1

Complex 1 Crystal size / mm 0.28x0.26x0.25
Chemical formula CossHizNoNdO- 5 0 range for data collection 2.63~25.5

Molecular weight 615.65 Limiting indices -11=sh<10,-13<k<10,-22<[<25
Crystal system Monoclinic Reflections collected / unique (R;,) 10 341 /4 315 (0.047 5)
Space group P2/c D,/ (g-em™) 1.724

a/nm 0.982 7(8) m/ mm™ 2.241

b/ nm 1.140 6(10) Data / restraints / parameters 4315/24/376

¢/ nm 2.1158(19) Goodness-of-fit on F* 1.046

B/ 90.574(9) Final R indices (I=20(l)) R\, wR» 0.058 3, 0.111 5

V / nm? 2.371(4) R indices (all data) R, wR, 0.103 3, 0.139 4

7 4 Largest diff. peak and hole / (e*nm™) 1993 and -2 164
F(000) 1216
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Table 2 Selected bond distances (nm) and bond angles (°) for compound 1

Nd(1)-0(1) 0.251 0(6) Nd(1)-0(2) 0.248 1(7) Nd(1)-0(4)#3 0.241 3(7)
Nd(1)-0(5)#2 0.241 1(6) Nd(1)-0(6) 0.226 4(12) Nd(1)-0(6)#4 0.288 0(16)
Nd(1)-0(7)#4 0.269 3(12) Nd(1)-0(9)45 0.270 4(12) Nd(1)-0(10)#1 0.223 6(16)
Nd(1)-N(1) 0.265 4(8) Nd(1)-N(2) 0.263 4(8)

0(10)#1-Nd(1)-0(6) 88.6(4) O(10)#1-Nd(1)-0(5)45 71.7(5) 0(6)-Nd(1)-0(5)#2 74.4(4)

O(10)#1-Nd(1)-0(4)#6 7715 0(6)-Nd(1)-0(4)#3 70.6(4) 0(5)#2-Nd(1)-0(4)#3 133.5(2)

0(10)#1-Nd(1)-0(2) 93.5(6) 0(6)-Nd(1)-0(2) 155.3(4) 0(5)#2-Nd(1)-0(2) 129.4(2)

OA)#3-Nd(1)-0(2) 85.8(2) O(10)#1-Nd(1)-0(1) 91.5(5) 0(6)-Nd(1)-0(1) 152.7(4)

0(5)#2-Nd(1)-0(1) 79.7(2) O(@)#3-Nd(1)-0(1) 135.9(2) 0(2)-Nd(1)-0(1) 51.92)

O(10)#1-Nd(1)-N(2) 146.4(5) 0(6)-Nd(1)-N(2) 92.4(4) 0(5)#2-Nd(1)-N(2) 76.3(2)

O(A)#3-Nd(1)-N(2) 133.9(2) 0(2)-Nd(1)-N(2) 99.2(2) 0(1)-Nd(1)-N(2) 72.9(2)

O(10)#1-Nd(1)-N(1) 151.1(5) 0(6)-Nd(1)-N(1) 94.9(4) 0(5)#2-Nd(1)-N(1) 136.8(3)

OA)#3-Nd(1)-N(1) 76.5(3) 0(2)-Nd(1)-N(1) 71.92) 0(1)-Nd(1)-N(1) 98.1(2)

N(2)-Nd(1)-N(1) 62.3(3) O(10)#1-Nd(1)-O(7)#4 33.1(6) 0(6)-Nd(1)-0(7)#4 118.5(5)

O(5)#2-Nd(1)-O(7)#4 94.0(4) O(@)#3-Nd(1)-0(7)#4 77.2(4) 0(2)-Nd(1)-0(7)#4 60.4(3)

0(1)-Nd(1)-O(7)#4 71.5(3) N(2)-Nd(1)-0(7)#4 144.2(3) N(1)-Nd(1)-O(7)#4 126.5(4)

O(10)#1-Nd(1)-0(9)#5 122.1(6) 0(6)-Nd(1)-0(9)#5 34.3(5) 0(5)#2-Nd(1)-0(9)#5 81.14)

O(A)#3-Nd(1)-0(9)#5 86.8(4) 0(2)-Nd(1)-0(9)#5 141.003) 0(1)-Nd(1)-0(9)#5 132.8(4)

N(2)-Nd(1)-0(9)#5 60.8(4) N(1)-Nd(1)-0(9)#5 69.1(3) O(7)#4-Nd(1)-0(9)#5 152.7(4)

O(10)#1-Nd(1)-0(6)#4 13.6(6) 0(6)-Nd(1)-0(6)#4 75.0(5) O(5)#2-Nd(1)-0(6)#4 68.2(3)

O@)#3-Nd(1)-0(6)#4 73.803) 0(2)-Nd(1)-0(6)#4 105.9(3) O(1)-Nd(1)-0(6)#4 103.4(3)

N(2)-Nd(1)-0(6)#4 144.3(3) N(1)-Nd(1)- ()(6)#4 150.3(3) O(7)#4-Nd(1)-O(6)#4 45.903)

0(9)#5-Nd(1)-0(6)#4 108.6(4) Nd(1)-0(6)- 105.0(5)

Symmetry transformations used to generate equivalent atoms: #1: x, y+1, z; #2: x, —y+3/2, z2=1/2; #3: —x+2, y=1/2, —z+3/2;
#4: —x+2, —y+1, —z+1; #5: —x+2, —y, —z+1; #6: —x+2, y+1/2, —z+3/2.

K on a Bruker Smart Apex 1000 CCD diffractometer cell of compound 1 contains one crystallographically
with Mo Ka radiation (A=0.071 073 nm). A summary unique Nd(Il) atom, one and a half 3-CPOA>" ligands,
of the crystallography data and structure refinement is one phen ligand. The 3-CPOA* ligand takes two cent-
given in Table 1, and selected bond lengths and angles rosymmelric orientations, which results in disordered
of the complex 1 are listed in Table 2. The structure positions.

was solved using direct methods, which yielded the
positions of all non-hydrogen atoms. These were refined
first isotropically and then anisotropically. All the
hydrogen atoms were placed in calculated positions
with fixed isotropic thermal parameters and included
in structure factor calculations in the final stage of
full-matrix least-squares refinement. All calculations
were performed using the SHELXTL-97 system™.,

CCDC: 888765.

H atoms were omitted for clarity

2 Results and discussion Fig.1 Drawing of the asymmetric unit of complex 1

2.1 Description of the structure The Nd() center is eleven-coordinated by two N

As shown in Fig.1, the asymmetrical unit of the atoms of one phen ligand, nine carboxylate O atoms
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from seven different 3-CPOA?" ligands. The distances
of Nd-O and Nd-N bonds span the range of 0.223 6(16)
~0.288 0(16) and 0.263 4(8)~0.265 4(7) nm, which
are in good with the bond lengths observed in other
eleven-coordinated Nd(l) complexes®?!,

The two carboxylate groups of the 3-CPOA?-
ligand adopt two different coordination modes: u-n"n'
didentate mode and u,-n':n' didentate mode. Two
crystallographically equal Nd(Il) centers are bridged
by two O atoms of carboxylate groups from two
different 3-CPOA?" ligands and two carboxyl groups
from two individual 3-CPOA?~ ligands in bidentate
(Fig.2) with a Nd-Nd
distance of 0.409 7(3) nm, which is further joined by
3-CPOA*" ligands to form a 3D metal-organic supra-

mode into a binuclear unit

molecular framework (Fig.3).

H atoms were omitted for clarity

Fig.2 Dinuclear unit in compound 1

Fig.3  View of 3D network for compound 1 along a axis

2.2 TG analysis and PXRD results

Powder X-ray diffraction experiment was carried

out for compound 1. The pattern for the as-synthesized
bulk material closely matches the simulated one from
the single-crystal structure analysis, which is indicative
(Fig.4). In order to

examine the thermal stability of the network, thermal

of the pure solid-state phase
gravimertric analyses  (TG) were carried out for
crystalline samples of compound 1 in the temperature
range 20~800 °C. As shown in Fig.5, complex 1 was
stable up to 370 °C, and then began to decompose.

Compound 1
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Fig.4 PXRD pattern of compound 1 at room temperature
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Fig.5 TG curve of compound 1

2.3 Magneic properties

The magnetic behaviors of compound 1 are
shown in Fig.6. The yyT value at room temperature is
1.72 c¢m® *mol ' <K, which is close to the value
expected (1.64 ¢cm’-mol™-K) for one insulated Nd(Ill)
ion  (S=3/2, L=6, *Iy,, g=8/11). yyT value decreases
continuously to a value of 0.72 ¢cm®+mol™ K at 2 K.
Between 100 and 300 K, the magnetic susceptibilities
can be fitted to the Curie-Weiss law, yu=Cy/(T -0),
with Cy=1.94 cm®-mol™-K, §=-31.6 K. These results
demonstrate a strong antiferromagnetic interactions
between the adjacent Nd(Il) centers.

According to the chain topology of compound 1,
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Fig.6  Temperature dependence of yyI' (open circle) and

1/xn (open square) vs T for compound 1

because of the long metal-metal distance between the
metal centers of dinuclear units, only the coupling
interactions between the metal centers within them are
considered. There are two set of magnetic exchange
pathways within the dinuclear units, which consist of
two carboxylate groups in syn-syn fashion and two 1>
O bridges from the w,-carboxylate groups, cooperatively
contributed by the antiferromagnetic  coupling
transported by mixed bridges, with large Nd-O-Nd
(105.0(5)°) angle. The larger antiferromagnetic coupl-
ing observed in compound 1 can be attributed to

the small Nd---Nd separation (0.409 7(5) nm) in the
diametric Nd(I) ions.

References:

[1] Yan X H, Li Y F, Wang Q, et al. Cryst. Growth Des., 2011,
11:4205-4212

[2] Lu W G, Jiang L, Lu T B. Cryst. Growth Des., 2010,10:4310
-4318

[3] Zhou R S, Cui X B, Song J F, et al. J. Solid State Chem.,
2008,181:2099-2107

[4] Gu ] Z, Gao, Z Q, Tang Y. Cryst. Growth Des., 2012,12:

[9] Chandler B D, Cramb D T, Shimizu G K H. J. Am. Chem.
Soc., 2006,128:10403-10412

[10]Ramya A R, Reddy M L P, Cowley A H, et al. Inorg. Chem.,
2010,49:2407-2415

[11]Su S Q, Chen W, Qin C, et al. Cryst. Growth Des., 2012,12:
1808-1815

[12]Chen B L, Wang L B, Xiao Y Q, et al. Angew. Chem., Int.
Ed., 2009,48:500-503

[13]Yu L Q, Huang R D, Xu Y Q, et al. Inorg. Chem. Acta,
2008,361:2115-2122

[14]Bao S S, Ma L F, Wang Y, et al. Chem. Eur. J., 2007.,13:
2333-2343

[15]Li Z Y, Zhu G S, Guo X D, et al. Inorg. Chem., 2007.46:
5174-5178

[16]Deng Z P, Huo L H, Gao S, et al. Z. Anorg. Allg. Chem.,
2010,636:835-839

[17]GAO Shan(# 1), GU Chang-Sheng (% & /£), ZHAO Hhui
(B HE), et al. Chinese J. Inorg. Chem.(Wuji Huaxue Xuebao),
2004,20(12):1437-1440

[18]Gu C S, Liu J] W, Huo L H, et al. Acta Cryst., 2004,E60:
0760-0761

[19]Sheldrick G M. SHELXL NT Version 5.1, Program for
Solution and Refinement of Crystal Structures, University of
Gottingen, Germany, 1997.

[20]Lu T B, Ji L N, Tan M Y, et al. Polyhedron, 1997,16:1149-
1156

[21]LIN Xiu-Yun(#75 =), HUANG Ling(# %), HUANG Chun-
Hun(# #%), et al. Chinese J. Struct. Chem.(Jiegou Huaxue),
1997.16(2):133-136





