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Synthesis, Crystal Structure, Luminescence Spectrum and Thermal Analysis of Light
Rare Earth Complexes from 3,4-Dimethoxyphenylacetic Acid and 1,10-Phenanthroline

YU Yu-Ye"? LI Hua-Qiong” LIU Jian-Feng? ZHAO Guo-Liang™"*
(‘College of Chemistry and Life Sciences, Zhejiang Normal University, Jinhua, Zhejiang 321004)
(*Zhejiang Normal University Xingzhi College, Jinhua, Zhejiang 321004)

(Jinhua College of Occupation and Technology, Jinhua, Zhejiang 321007)

Abstract: Four light rare earth coordination polymers [RE,(DMPA);(phen),| (RE=Ce (1), Pr (2), Nd (3), Eu (4);
HDMPA=3,4-dimethoxyphenylacetic acid, C;;H,0,; phen=1,10-phenanthroline) were synthesized and characterized
by elemental analysis, IR, TG-DTG and X-ray crystallographically. The single-crystal X-ray diffraction studies
demonstrated that complex 3 is crystallize in triclinic space group P1 with a=1.242 06(9) nm, b=1.244 56(9) nm, c=
1.477 88(11) nm, «=90.617(4)°, B=103.486(4)°, y=116.870(3)°, V=1.963 8(2) nm’, Z=1, M,=1 820.02, F(000)=926,
D.=1.539 g-em™, w(Mo Ka)=1.389 mm™ and formed 3D supramolecular architectures by hydrogen bonds and -7
stacking interactions. In all these complexes, the coordination number around RE(Il) center is nine. The fluorescence
spectrum of complex 4 is investigated. It is indicated that the luminescence behavior of complex results from metal-
centered emission, ligand can transfer the energy to the central metal efficiently and can sensitize the central metal.

The thermal decomposition of complex 4 and its kinetic mechanisms and equations are studied under the non-

isothermal integral and differential methods in air by TG-DTG curves. CCDC: 732322, 3.
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0 Introduction

Much atten tion has been focused on the design
and synthesis of coordination polymers in supramole-
cular and materials chemistry, dues to their intriguing
network topologies and promising applications in fields
such as catalysis, ion exchange, gas storage, molecular
magnets, optoelectronic devices, sensors, non-linear
optics, Inminescence and so on"’. The supramolecular
architectures can be formed by non-covalent forces of
their components, including coordination bonding,
hydrogen bonding, aromatic 7-7 stacking interactions,
electrostatic and charge-transfer attractions®. From the
point of view of coordination chemistry, the interactions
of ligands in a mixed-ligand complex can lead to a
supramolecular formation"”.

It is well known that the coordination ability of
aromatic carboxylic acids towards rare earth complexes
has received considerable attention, dues to the strong
coordination ability and varieties of the bridging modes
of the carboxylate group with regard to the formation of
extended frameworks!""'?. Considering the high coordin-
ation number of lanthanide ions, ancillary ligands can
be employed to occupy some coordination sites and
1,10-

Phenanthroline (phen), which has a rigid framework and

prevent the interpenetration of frameworks.

two chelate positions is an appropriate ligand for
lanthanide ions and can help construct stable supramo-
lecular structures via C=H---O or C—H---N hydrogen
bonds and 77-7 stacks"™*". Tn addition, phen can enha-
nce the luminescent properties of lanthanide complexes
due to the antenna effect. In this paper, we represent
the syntheses and structure of four new three-dimensio-
nal coordination polymers [RE,(DMPA)s(phen),] (RE=
Ce, 1; Pr, 2; Nd, 3; Eu 4; HDMPA =3,4-dimethoxy-
phenylacetic acid). The luminescence and thermal

properties of complex 4 are discussed.
1 Experimental

1.1 Materials and physical measurements
All reagents were of analytical grade and used
without further purification. Elemental analysis was

performed on C, H, N elemental analyzer, Elementar

Vario EL Ill. FTIR spectra were recorded on a Nicolet
NEXUS 670 FTIR spectrophotometer using KBr discs
in the range of 4 000 ~400 cm . A Mettler Toledo
thermal analyzer TGA/SDTA 851° was used to carry out
the thermoanalytical analysis with a heating rate of 10
C +min~ from 30 to 900 °C in air atomsphere. The
kinetic paramenters were obtained from the analysis of
TG-DTG cures by integral and differential methods.
Luminescence spectra in the solid state were recorded
on an Edinburgh Instruments FS920 Steady State
Fluorimeter.

1.2 Synthesis of the complexes

RE(NO3);-6H,0 (1 mmol) in 10 mL ethanol was
added dropwise into the solution of 3,4-dimet hoxyph-
enylacetic acid (3 mmol) and 1,10-phenanthroline (1
mmol) in absolute ethanol (20 mL) with continuous
stirring. Solid power was precipitated when pH value of
mixture solution was rose to 5~6 by adding NaOH (0.5
mol - ™). The products was filtered, washed by ethanol
and dried.

[Ce (DMPA);phen],(1): yellow,in yield 70% (based
on Ce(NOs);+6H,0). Elemental anal. caled. for CgHg,
CeaNyOn(%): C, 55.69; H, 3.09; N, 4.56; Found(%):
C, 55.54; H, 3.15; N, 4.48. IR (KBr, em™): 1 515
(85 Veoxghen)s 1392 (5,00 )s 1421 (5, v, )> 850 (m,
8C-C(phen))7725 (W, 8C-H(phen) )

[Pr(DMPA);phen], (2): light green, in yield 65%
(based on Pr(NO;);-6H,0). Elemental anal. caled. for
CaHgoProN,O0,4(%): C, 55.64; H, 3.08; N, 4.55; Found
(%): C, 55.17; H,3.16 ; N, 4.45. IR (KBr, em™): 1515
(85 Vengphen)s 1600 (s, v oo)s 1424 (s, v, ,)» 849 (m,
5(1.C(ph.~,n)), 725 (W, 8C-H(ph(:n) )

[Nd (DMPA);phen], (3): white, in yield 67%(based
on Nd(NO,);+6H,0). Elemental anal. calcd. for CgHg,
Nd,N,04(%): C, 55.43; H, 3.08; N, 4.54; Found(%):
C, 55.56; H, 3.12; N, 4.47. IR (KBr, cm™): 1515
(S5 Vexghen)s 1601 (s, v, L1424 (s, v )> 848 (m,

s COO COO

COO

s coo') €00
8C-C(phen))7 726 (W, 8C-H(phen) )

[Eu(DMPA);phen], (4): white, in yield 67% (based
on Eu(NO;);6H,0). Elemental anal. caled. for CgHgEu,

N, Oxu(%): C, 54.97; H, 3.05; N, 4.48; Found(%):
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C, 54.78; H, 3.03 ; N, 4.42. IR (KBr, cm™): 1515 (s,
1605 (s,v_0y)» 1422 (s, v 847 (m,

5(1.C@hm)), 725 (W, 8C-H(phcn))'
Single crystals of complex 3 suitable for X-ray

VeN (pllen))7 aCo0’ ) ’

diffraction were obtained from above filter solutions by
slow evaporation of the solvent at room temperature
after 3 weeks.
1.3 Single-crystal struture determination

Intensity data of the complex 3 were measured at
296 K on a Bruker Smart APEX Il CCD diffractometer
(=

using graphite-monochromated Mo Ko radiation

0.071 073 nm ). Structure was solved by direct methods
using SHELXS-97" and refined on the F?* by full-
matrix least-square method with SHELXL-97!". All
non-hydrogen atoms were refined anisotropically.
Hydrogen atoms were placed in geometrically calcul-
ated positions and refined by using a riding mode.
Experimental details for X-ray data collection are
presented in Table 1, and the selected bond lengths and

angles are listed in Table 2.
CCDC: 732322, 3.

Table 1 Crystal data and details of the structure determination for complex 3

Empirical formula CaiHpNyNdy054 D./ (g-em™) 1.539
Formula weight 1 820.02 Absorption coefficient / mm™ 1.389
Temperature / K 296(2) Crystal size/mm 0.474x0.173x0.091
Crystal system Triclinic Crystal color Colorless
Space group Pl F(000) 926
a/ nm 1.242 06(9) Reflections collected 26 694
b/ nm 1.244 56(9) Unique reflections 6916
¢/ nm 1.477 88(11) Reflections observed (I>207(1)) 6 528
al () 90.617(4) Ouins O / (%) 1.94, 25.00
B/ 103.486(4) Ry, wR, (I>20(1)) 0.027 1, 0.068 3
v /(%) 116.870(3) Ry, wR; (all data) 0.031 6, 0.070 6
V/nm? 1.963 8(2) Goodness-of-fit (on F?) 1.091
Z 1 AP s Apin | (€M) 724, -459
Table 2 Selected bond distances (nm) and angles (°) for complex 3
Nd1-07 0.240 33(19) Nd1-03 0.252 2(2) Nd1-N2 0.262 4(2)
Nd1-011 0.243 2(2) Nd1-O8A 0.256 27(19) Nd1-N1 0.268 6(2)
Nd1-O12A 0.243 4(2) Nd1-07A 0.259 6(2) Nd1-Nd1A 0.399 32(4)
Nd1-04 0.246 5(2)
07-Nd1-012A 75.92(7) 011-Nd1-O8A 77.96(7) 04-Nd1-N2 86.02(8)
07-Nd1-011 74.69(7) 04-Nd1-0O8A 145.24(7) 03-Nd1-N2 71.61(8)
012A-Nd1-011 137.12(7) 03-Nd1-08A 142.02(7) 08A-NdI1-N2 76.52(7)
07-Nd1-04 88.42(8) 07-Nd1-07A 74.05(7) O7A-Nd1-N2 123.17(7)
012A-Nd1-04 80.25(8) 012A-Nd1-07A 71.04(7) 07-Nd1-N1 151.81(7)
011-Nd1-04 128.92(7) O11-Nd1-07A 71.31(7) O12A-Nd1-N1 77.06(7)
07-Nd1-03 76.17(7) 04-Nd1-07A 149.13(7) O11-Nd1-N1 132.35(7)
012A-Nd1-03 124.52(7) 03-Nd1-07A 140.99(7) 04-Nd1-N1 79.20(7)
011-Nd1-03 76.97(7) 08A-Nd1-07A 50.21(6) 03-Nd1-N1 113.68(7)
04-Nd1-03 52.08(7) 07-Nd1-N2 142.96(8) O8A-Nd1-N1 66.09(7)
07-Nd1-O8A 123.26(7) 012A-Nd1-N2 138.47(8) O7A-Nd1-N1 104.44(7)
012A-Nd1-08A 93.12(7) O11-Nd1-N2 80.62(8) N2-Nd1-N1 61.87(8)

Symmetry code: A: 1-x, 1-y, —z.
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2 Results and discussion

2.1 IR spectra

The broad absorption band at 3451 em™ due to the
hydroxy group and 1718 em™ (Ve—orcoom) in the IR
spectra of the free ligand (HDMPA) disappears in the

corresponding complexes. Two absorbption peaks at

1592~1607 (v_,,) and 1421~1428 cm™ (v . )

as COO
appears, showing coordination of the carboxylate
oxygen atoms with the central RE() ion"®. However,
three bands in the free phen ligand occurring at 1 560
cm™ due to C=N stretching, 853 (6c¢) and 739 cm™
(Ocn) are found shifted to lower frequency, viz., 1 516,
847~850, and 725~726 cm™, supports the coordination
of nitrogen atoms of phen in complexes!™.
2.2 Structure of complex 3

The structure of complex 3 is described in detail.
As shown in Fig.1, [Ndy(DMPA)s(phen),] is a binuclear
complex with Nd1---Nd1A separation of 0.399 32(4) nm
and a center of symmetry. Its molecular structure
consists of two Nd(Il) ions, six DMPA - anions and two
phen ligands. Nd(Ill) is nine-coordinated and surrounded
by two nitrogen atoms from a phen molecule, seven
carboxylate oxygen atoms from four 3,4-dimethoxyphen-
ylacetic ligands (DMPA~). The Nd-O bond distances
range from 0.240 33(19)~0.259 6(2) nm, all of which
are within the range of those observed for other nine-
coordinated Nd () complexes with oxygen donor
ligands™?, The Nd-N bond distances are 0.268 6(2)

Symmetriy code: A: 1-v, 1-y, —z

Fig.1 ORTEP view of the complex 3 with thermal
ellipsoids shown at the 30% level

and 0.262 4(2) nm, which are similar to those in nine-
coordinate complex.

The coordination geometry of Nd(I) atom can be
described as a distorted monocapped square antiprism
(Fig.2). And the two symmetric Nd(ll) square antiprisms
share a common edge, which is the band between O7
and O7A The coordinated atoms N2, O4, O7 and O11
form a similar square plane with a mean deviation of
0.014 46 nm. N1, O7A, O8A and O12A determined
another square plane and its mean deviation from plane
is 0.007 51 nm. The two plan possesse a dihedral angle
of 2.659(43)°. To complete the coordination environ-

ment of the Nd center, atom O3 is located as the cap.

Symmetriy code: A: 1-x, 1-y, -z

Fig.2 Environment of Nd(l) in complex 3

It should be noteworthy that there exist three types
of coordination modes of 3,4-dimethoxyphenylacetic
ligand in this complex: (i) Chelating bidentate (Fig.3a):
around each Nd (I, there is one DMPA ~ ligand takes

this mode through two O atoms from the carboxyl group.

/ /

6} 6}
¢} 0
/ / o / Nd
\o b \0
() / (b) \Nd
6}
o}
/ . /Nd
\ \Nd
0/

(©
Fig.3  Coordination modes of DMPA~ ligand in complex 3
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The Nd-O distances are 0.246 5(2) and 0.252 2(2) nm,
respectively. (ii) Bridging bidentate (Fig.3b): there are
two symmetric DMPA~ ligands bridging the two Nd
centers though O11 and 012 with distances of
0.243 4(2) and 0.243 2(2) nm. (iii) Bridging tridentate
(Fig.3¢c): a DMPA - ligand bidentates with one Nd ion
with O7 and O8 from carboxyl group and simultane-
ously bands to the other Nd ion with O7. The distances
are 0.256 27(19), 0.259 6(2) and 0.240 33(19) nm for
Nd1-0O8A, Nd1-O7A and Nd1-O7, respectively. These
are apparently important for rational design and
constitution of new framework structures™.

In addition, there are no classical hydrogen bonds
in the crystal structure, presumably because good
hydrogen bond donors are absent. In complex 3, the
most significant intermolecular interactions are C—H---
O hydrogen bonds and weak 7r-7r aromatic interactions
along the ¢ axis exist between the 1,10-phenanthroline
molecules of neighboring sheets.

2.3 Thermogravimetric analysis

The processes of thermal decomposition of the title
complexes are very similar and three stages of
decomposition are observed, the residue are rare earth
oxides. No weight loss was observed of complexes
before 200 °C, indicating that there are not any small
molecular of solvent. Complex 4 was discussed as an
example, its TG-DTG curves were shown in Fig.4. The
TG degradation of the compound reveals three decom-
position stages, as predicted by the DTG curve. The
first stage stars from 206 °C to 312 °C with a mass loss
30.92% which corresponds to the loss of 3 mol DMPA-
of permole complex (theoretical loss is 30.73%). The

second stage decomposition temperature is in the range

100 0.0
g0} |lsa =
< 04 =
z %
5 60 los &
B =
20 Ja2 3
20} 6

100 200 300 400 500 600 700 800
Temperature / 'C

Fig4 TG-DTG curves of complex 4

of 312~408 °C with a mass loss 30.99% which corres-
ponds to the loss of another 3 mol DMPA~ (theoretical
loss is 30.73%). The third stage of decomposition in the
408 ~586 C temperature range, in which 2 mol phen
was removed with a mass loss of 19.51% (theore-tical
loss is 19.61%). The residue weights 18.58% corres-
ponds to values calculated for Eu,0; 18.93% . This
result is in good accordance with the composition of the
complex.

The kinetic mechanisms of thermal decomposi-
tion of three stages of the complex 4 were discussed
by integral and differential methods. The kinetic
equations were confirmed by methods of non-

isothermal ACHAR #!

g(a) AR E
In€>2 =In BE T RT @
and non-isothermal COATS-REDFERN?2:
da 1 A E

lndT f@) lnﬁ_ﬁ (2)

The basic parameters of o, T and do/dT are
obtained by the TG-DTG curves. Substitute the differ-
ent mechanism functions g() and f{@) into equation (1)

da 1

and In—,+ - ——

dT  flo)

respectively and using a linear least squares

and (2) respectively. Plotting lnﬂ—l
\& L
T
method, the linear regression of the data in each
thermal decomposition process is carried out. Kinetic
parameters E, A and linear correlation coefficients r®
are calculated. When the values of E and A obtained by
the two methods are approximately equal, the linear
correlation coefficient is better and the values of E and
InA accord with the universal law, it can be concluded
that the relevant function is the probable thermal
decomposition mechanism of the complex. For the first
stage of decomposition of the complex, it can be

suggested that the functions of the possible mechanism

3

are g (@=(1-3T-a P and [ (@=3-V(1-a) -
1 .. )

—————. The decomposition reaction was governed

1_3 Too P g

by three-dimensional  diffusion 2D3

The kinetic equations of this process

(spherical
symmetry).
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2 da  1-V1-a E
are ln[?-dT- W ]=InA - and

RT
1 (=1 ) AR _E
" T? “UBE TRT

values are much close to the value given by the integral

We found that the r

and differential methods of the both stages. By using the
expiatory effect expression InA =aE+b (a, b are expia-
tory parameters) and integral kinetic parameters and
dealing InA -E with linearity fitting by least squares fit,
we can get @;=4.595 9, ,=3.830 1; 0,=4.609 6, b,=
24.831. So the expiatory effect expression of integral
kinetics and differential kinetics are InA,=4.595 9F, +
3.830 1; InA4 ,=4.609 6F,+24.831.

Similiarly, the functions of the possible mechanism

ae g@)=(VTra -1, fl)=3 - /(T+a) -

1
V1+a -1

1 3 3 1 ¥ 4
Hﬁ_l ,J‘(a):?-‘\/(l—a) ‘[(1-a) ~ -1]" for

the third stage. The decomposi-tion reaction was

for the second stage and g(a)=

governed by three-dimensional diffusion 3D3 for the
second stage and 4D3 for the third stage. The kinetic

2 da NM-a-l_ . E_
30d /(1-ap

equations are In|

RT

3 2
In (@ 1) =In Iég RET for the second
N
2 do ”@—lm‘l E
37 d R o A=
(1-a)

stage  and

1
—
V- AR E .
In sza =In BE " RT for the  third
stage. The expiatory effect expression of integral

kinetics and differential kinetics are InA,=5.282 9F, +
2.875 2, InA,=5.298 3E, +30.55 for the second stage;
InA,=6.020 7E,+9.736 8, 1nA,=6.096 1F£,+37.505 for
the third stage respectively.
2.5 Fluorescence spectrum of complex 4

The fluorescence spectrum of complex 4 at room
temperature was studied using an excitation wavelength
of 395 nm. Its photoluminescence spectra is given in

Fig.5. As can be seen, the main emission band is

suppressed followed by the strong red luminescence,
characteristics of the *Dy—"F; (J=0, 1, 2, 3, 4 ) emission
bands of the Eu** ion™. The emission at 580, 593, 620,
688 and 697 nm corresponds to *Dy—'F,, °D,—'F,,
Dy—"F,,’Dy—"F; and *Dy—"F} transitions, respectively.
It has been observed that the emission band of the
*Dy—7F,; peaks also give an idea about the coordination
environment. For example, a (2/+1) splitting is observed
in the emission band for a single type of environment
(coordination environment and site symmetry ) around
the metal ion. In the present case, only one emission
band has been observed in the D, —'F, degenerate
transition around 580 nm. This indicates that the Eu®*
ion occupies only one of the three crystallographic sites.
The emission at 593 nm corresponds to Dy —'F,
transition, which is induced by magnetic dipole moment
and is fairly insensitive to the coordination environ-
ment™. The emission at 620 nm corresponds to the
D, —"F, transition, which is induced by the electric
dipole moment and also sensitive to the environment.
The intensity of I (*Dy,—’F,) is much stronger than 1
(°Dy —'F)), indicates a lower symmetry level of the

coordination environment of the Eu* occupied site!.

10 -
*D~'F,

8 -
5 01
<
-
£,
% .
E *D—'F,

2 -

DE|| |\ DE, D,
04

450 500 550 600 650 700 750 800
Wavelength / nm

Fig.5 Luminescence spectra of complex 4
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