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Synthesis, crystal structure, solid-state fluorescence, and
interaction with DNA of mononuclear La(III) complex: La
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A mononuclear complex, La(Phen)2L2(NO3) (Phen = 1,10-phenanthroline, L = 2-ethylphenylacetic
acid), was synthesized by the reaction of La(NO3)3·H2O, Phen and L at room temperature. The cen-
tral ion shows 10-coordination with two Phen and two L molecules. Elemental analysis, IR spectra,
and X-ray single-crystal diffraction were carried out to determine the composition and crystal struc-
ture. Solid fluorescence shows the luminescent properties of the complex. DNA-binding properties
of the complex were examined by fluorescence spectra. The capability of cleavage of pBR322 DNA
by the complex was investigated by agarose gel electrophoresis, showing cleaving efficiency.
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La atom allows the formation of a 10-coordinate distorted-triangle tetrakaidecahedron geometry in
the complex.
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1. Introduction

Construction of organic–inorganic hybrid materials and/or transition metal coordination
polymers have received much attention [1–4]. Coordination architectures, such as polyca-
tenane, polyrotaxane, polythreading, polyknotting, molecular braid, borromean ring, and
other unusual structural patterns, with d10 and lanthanide metals have been investigated for
fluorescence and DNA-cleaving properties for applications in chemical sensors, photochem-
istry, light emitting diodes, and medicine [5–11].

Recently, a two-ligand assembly system has been used for the construction of new
complexes for its tunability of structural frameworks [12, 13]. However, the complexity of
the resulting structures caused difficult prediction, and the influential principles in the two-
ligand system are still inconclusive. In this work, we choose L(2-ethyl-phenylacetic acid) as
the main ligand and Phen as the secondary ligand. La(Phen)2L2(NO3) (1) is structurally
characterized by elemental analysis, IR, and X-ray crystallography. Crystal structures and
systematic investigation of the effect factors in the synthetic process are represented and
discussed. The fluorescent and DNA-cleavage properties of the complexes are also
discussed.

2. Experimental

2.1. Chemical reagents and methods

La(NO3)3·H2O, Phen, and 2-ethyl-phenylacetic acid were purchased as reagent grade and
used without purification. Elemental analyses (C, H, and N) were performed on a Finnigan
EA 1112 instrument. IR spectra were recorded on a Nicolet IR-470 spectrophotometer using
KBr pellets. Fluorescence was performed on a Perkin–Elmer LS55 fluorescence spectrofluo-
rometer.

2.2. Synthesis of 1

Phen and 2-ethyl-phenylacetic acid (0.15 mM) were dissolved in ethanol (10 mL), respec-
tively. A dark pink precipitate appeared when mixing the above-mentioned solution and La
(NO3)3·H2O, with stirring. A KOH solution (0.5 M) was added to adjust the pH until the
turbid solution became clear. About 30 mL of the clear solution was kept at room tempera-
ture (about 20 °C) and dark pink single crystals were collected two months later. Yield:
61%. Anal. Calcd (%) for the complex C44H40N5O7La: C, 59.40; H, 4.53; N, 7.87. Found
(%): C, 59.48; H, 4.47; N, 7.82. IR (cm−1): 3382m, 3067m, 2933w, 2627s, 2360w, 1822w,
1628s, 1576s, 1453s, 1397s, 1269m,1158s, 933w, 843w, 717s, 685m cm−1.

2.3. X-ray diffraction analysis

The crystal structure of 1 was determined by X-ray single-crystal diffraction. The suitable
single crystal was mounted in a glass fiber capillary. Data were collected on a Bruker Smart
100 CCD X-ray single-crystal diffractometer with MoKα radiation (λ = 0.71073 Å) at 293
(2) K in the ω-scan mode. The structure was solved by direct methods using the SHELXL-
97 programs [14, 15] and refined by full-matrix least-squares on F2. All non-hydrogen
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atoms were refined anisotropically. Hydrogens were located from difference Fourier maps.
Crystal data and structure refinement are summarized in table 1; selected bond distances
and angles are provided in table 2.

2.4. Fluorescence spectroscopic studies

Ethidium bromide (EtBr) is a planar molecule and it was shown to emit intense fluores-
cence in the presence of DNA due to its strong intercalation between adjacent DNA base
pairs and EtBr. It was previously reported that quenching of DNA–EtBr fluorescence by the
addition of complexes causes a reduction in the emission intensity, indicating competition
between the complex and EtBr in binding to DNA [16–18]. The quenching extent of fluo-
rescence of EtBr–DNA is used to determine the extent of binding between the complex and
the DNA [19].

2.5. Agarose gel electrophoresis

The complex as a DNA cleavage agent was examined using supercoiled pBR322 plasmid
DNA as the target. The efficiency of cleavage was probed using agarose gel electrophoresis
[20–22]. For the gel electrophoresis experiment, pBR322 plasmid DNA (0.5 mg/mL) was
treated with 1 dissolved in DMF in Tris buffer (50 mM Tris-acetate, 18 mM NaCl buffer,
pH 7.2) and the content was incubated for 1 h at room temperature. The sample was
electrophoresed for 1 h at 120 V on 0.8% agarose gel in Tris-acetate buffer. After
electrophoresis, the gel was stained with 1 mg/mL EtBr and photographed under UV light
[23, 24].

Table 1. Crystallographic data and details of the experiment and refinement of 1.

Parameter Value

Empirical formula C44H40N5O7La
Formula weight (gM−1) 889.72
Crystal system Monoclinic
Space group Cc
Unit cell dimensions
a (Å) 13.6303(18)
b (Å) 17.049(2)
c (Å) 16.966(2)
β (°) 97.285(2)
V (Å3) 3910.78(83)
Z 4
ρCalcd (g cm

−3) 3.55341
F (0 0 0) 1808
θ Range for data collection (°) 1.92 < θ < 26.05
Limiting indices −13 ≤ h ≤ 16, −20 ≤ k ≤ 21, −20 ≤ l ≤20
Reflections collected/unique 12,353/6898 (Rint = 0.0339)
Number of refined parameters 237
Completeness (%) 99.8
Goodness-of-fit on F2 1.025
Final R indices [I > 2σ(I)] R1 = 0.0493, wR2 = 0.0962
R indices (all data) R1 = 0.0706, wR2 = 0.1051
Largest diffraction peak and hole, e−3 1.287 and −0.328

2088 E.-J. Gao et al.

D
ow

nl
oa

de
d 

by
 [

In
st

itu
te

 O
f 

A
tm

os
ph

er
ic

 P
hy

si
cs

] 
at

 1
5:

15
 0

9 
D

ec
em

be
r 

20
14

 



3. Results and discussion

3.1. X-ray diffraction analysis

The crystal belongs to the monoclinic system, space group Cc, cell parameters: a = 13.6303
(18)°, b = 17.049(2)°, c = 16.966(2)°, and β = 97.285(2)°. In the crystal structure of the lan-
thanum complex, La forms a ten-coordinate distorted-triangle tetrakaidecahedron geometry
with two nitrogens N(1), N(2) from Phen; six carboxylate oxygens O(1), O(2), O(3), O(4),
O(5), and O(6) from two 2-ethyl-phenylacetic acid ligands; and a nitrate (figure 1) [25].
The 1-D chain in figure 2 was interconnected by hydrogen bonding between subchains. The
2-D chain structure was interconnected by hydrogen-bonding associations between sub-
chains, which include O(4)⋯H(56B) and O(3)⋯H(59B) with bond lengths of 2.686 and
2.673 Å (in the normal ranges), respectively [26–28]. From the depiction in figure 3, the
hydrogen bonding plays an important role in the construction of the 2-D structure. Two
adjacent 2-D chains interact with each other through π–π stacking interactions between two
parallel aromatic rings of Phen, which is further fabricated into the 3-D supramolecular
architecture (figure 4). The complex has a polar plane; the nitrate groups clearly align in
one direction showing the polarity.

Table 2. Selected bond distances (Å) and angles (°) for 1.

Bond d (Å) Bond d (Å)

La(1)–O(5) 2.510 (15) La(1)–O(1) 2.551 (15)
La(1)–O(2) 2.560 (12) La(1)–O(6) 2.613 (15)
La(1)–O(3) 2.655 (14) La(1)–O(4) 2.676 (11)
La(1)–N(1) 2.692 (14) La(1)–N(4) 2.714 (17)
La(1)–N(3) 2.715 (11) La(1)–N(2) 2.770 (17)

Angle ω (°) Angle ω (°)
O(2)–La(1)–O(5) 120.12 (0.17) O(1)–La(1)–O(5) 82.76 (0.49)
O(6)–La(1)–O(5) 53.13 O(3)–La(1)–O(5) 137.56 (0.46)
O(4)–La(1)–O(5) 99.80 (0.53) N(1)–La(1)–O(5) 133.76 (0.47)
N(4)–La(1)–O(5) 113.03 (0.49) N(3)–La(1)–O(5) 72.95 (0.44)
N(2)–La(1)–O(5) 74.18 (0.53) C(41)–La(1)–O(5) 28.11 (0.48)
C(33)–La(1)–O(5) 103.21 (0.55) O(1)–La(1)–O(2) 48.75 (0.44)
O(6)–La(1)–O(2) 79.66 (0.45) O(3)–La(1)–O(2) 100.23 (0.43)
O(4)–La(1)–O(2) 137.79 (0.45) N(1)–La(1)–O(2) 72.50 (0.42)
N(4)–La(1)–O(2) 74.69 (0.45) N(3)–La(1)–O(2) 133.04 (0.45)
N(2)–La(1)–O(2) 111.57 (0.47) C(41)–La(1)–O(2) 97.87 (0.42)
C(33)–La(1)–O(2) 22.83 (0.51) O(6)–La(1)–O(1) 76.59 (0.16)
O(3)–La(1)–O(1) 138.30 (0.43) O(4)–La(1)–O(1) 133.58 (0.41)
N(1)–La(1)–O(1) 75.32 (0.47) N(4)–La(1)–O(1) 118.33 (0.47)
N(3)–La(1)–O(1) 150.45 (0.46) N(2)–La(1)–O(1) 72.18 (0.49)
C(41)–La(1)–O(1) 76.15 (0.48) C(33)–La(1)–O(1) 25.92 (0.52)
O(3)–La(1)–O(6) 131.38 (0.40) O(4)–La(1)–O(6) 140.59 (0.43)
N(1)–La(1)–O(6) 149.24 (0.47) N(4)–La(1)–O(6) 70.34 (0.48)
N(3)–La(1)–O(6) 75.43 (0.48) N(2)–La(1)–O(6) 121.11 (0.51)
C(41)–La(1)–O(6) 25.18 (0.41) C(33)–La(1)–O(6) 77.23 (0.48)
O(4)–La(1)–O(3) 47.61 (0.17) N(1)–La(1)–O(3) 67.86 (0.39)
N(4)–La(1)–O(3) 63.11 (0.43) N(3)–La(1)–O(3) 69.82 (0.40)
N(2)–La(1)–O(3) 104.30 (0.46) C(41)–La(1)–O(3) 143.34 (0.41)
C(33)–La(1)–O(3) 119.14 (0.55) N(1)–La(1)–O(4) 69.89 (0.40)
N(4)–La(1)–O(4) 103.35 (0.46) N(3)–La(1)–O(4) 68.65 (0.40)
N(2)–La(1)–O(4) 64.35 (0.48) C(41)–La(1)–O(4) 124.28 (0.45)
C(33)–La(1)–O(4) 141.66 (0.40) N(4)–La(1)–N(1) 113.21 (0.46)
N(3)–La(1)–N(1) 133.99 (0.13) N(2)–La(1)–N(1) 60.56 (0.47)
C(41)–La(1)–N(1) 148.61 (0.47) C(33)–La(1)–N(1) 72.02 (0.44)
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3.2. Fluorescence spectroscopic studies

The emission spectrum of EtBr bound to DNA in the absence and presence of 1 is given in
figure 5. Addition of the title complex to DNA, pretreated with EtBr, causes reduction in
the emission intensity, indicating the replacement of EtBr by 1 [29, 30], consistent with
electronic absorption–titration results which indicate that 1 binds to DNA by intercalation,
the binding of La(III) complex with DNA linked by four N atoms from two Phen, four O
atoms from two 2-ethyl-phenylacetic acid of adjacent purine bases of DNA and form
intrastrand cross-links.

Figure 1. Structure of 1.

Figure 2. The 1-D structure of 1 formed by hydrogen bonding.

2090 E.-J. Gao et al.
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Figure 3. The 2-D structure of 1 formed by two kinds of hydrogen bonding.

Figure 4. The 3-D structure of 1 by hydrogen bonding and π–π stacking.
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According to the classical Stern–Volmer equation [31]: I0/I = 1 + Ksqr, where I0 and I
represent the fluorescence intensities in the absence and presence of 1, respectively, r is the
concentration ratio of the complex to DNA and Ksq is a linear Stern–Volmer quenching
constant dependent on the ratio of the bound concentration of EtBr to the concentration of
DNA. The Ksq value is obtained as the slope of I0/I versus r linear plot. The fluorescence
quenching curve of DNA-bound EtBr by 1 is given in figure 6. This complex can be used
in molecular fluorescence probe applications.

3.3. Solid-state fluorescence emission studies

La(III) complexes exhibit a significant luminous intensity effect [32, 33]. The photolumi-
nescent properties of the complex in the solid state were investigated at room temperature
and relevant emission spectra are shown in figure 7. The complex shows an emission
centered at 435 nm, upon excitation at 217 nm, which can be assigned to the π→π*

550 600 650 700 750
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Figure 5. Fluorescence spectra of the binding of EtBr to DNA in the absence (line 1) and presence (lines 2–5) of
increasing amount of 1; λex = 617.5 nm, CEtBr = 1.0 μM, and CDNA = 5.0 μM.
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Figure 6. Stern–Volmer quenching plot of 1.
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transitions. Ligand with a rigid aromatic ring and nitrogen containing oxygen atom shuttle
aromatic acids, with a large reel of Wu electronic system, and deprotonated carboxyl group,
further enhancing the system of reel extent, has maximum absorbance with an absorption
coefficient greater than 104. Therefore, the fluorescence emission peak of 1 is from π–π*
transitions (figure 8).

3.4. Agarose gel electrophoresis

Under the effect of external electric field, charged particles move toward its opposite charge
on the electrode. In electrophoresis, the sample in the electric field moves with super spiral
band (Form I) having low molecular weight and migrates quickly; open-loop tape (Form II)
having relatively high molecular weight migrates slowly. 1 has an effect on DNA cutting
with greater the concentration, better the cutting results.

4. Conclusion

A mononuclear complex, La(Phen)2L2(NO3) (Phen = 1,10-phenanthroline, L = 2-ethylphe-
nylacetic acid), was synthesized and characterized. The crystal structure of the complex was

Figure 7. Solid-state fluorescence emission spectra of 1.

Figure 8. Cleavage of pBR322 DNA (0.5 mg/mL) in the presence of 1: Lane 0, DNA alone; (lanes 1–5) at differ-
ent concentrations of complex: (1) 10 mM; (2) 5 mM; (3) 2.5 mM; (4) 1.25 mM; and (5) 0.625 mM.
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determined by single-crystal X-ray diffraction. The DNA binding properties of the complex
were examined by fluorescence spectra. The results support the complex binding to DNA
by intercalation. Many rare earth complexes also bind to DNA in an intercalative mode,
exhibiting strong binding affinity to DNA [34–36]. Solid fluorescence experiments showed
that a main emission peak is at 435 nm using an excitation wavelength of 217 nm uv light.
The capability of cleavage of pBR322 DNA by 1 was investigated by agarose gel electro-
phoresis. The results indicate that rare earth-based complexes have practical applications,
such as understanding the mechanisms of interaction between small molecules and DNA.
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