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A series of lanthanide complexes, namely [Ln(IBA)3(phen)]·(Hphen)·NO3·xH2O·yEtOH (1-6) (Ln=La(1), x=1, y=0.5; Pr(2), x=2, 

y=0; Eu(3), x=2, y=0; Gd(4), x=2, y=0; Tb(5), x=1.5, y=0; Yb(6), x=2, y=0.  IBA= indole-3-butyric acid, phen= 1,10-

phenanthroline), [Sm(IBA)2(phen)2]·NO3 (7) and Ln(IBA)3(phen) (8-10) (Ln=Eu(8); Tb(9); Yb(10)), have been successfully 

synthesized.  All complexes were characterized by elemental analysis, IR spectroscopy, UV-vis spectroscopy, thermal 

gravimetric technology, powder X−ray diffrac)on and single-crystal X-ray diffraction.  Structural analyses reveal that each 

lanthanide atom held distorted tricapped trigonal prism geometry with a nine-coordinate mode in complexes 1-9 and held 

bicapped trigonal prism geometry with an eight-coordinate mode in complex 10.  There are three kinds of coordination 

modes of IBA ligands in complexes 1-6 and 8-9: a μ1-η1:η1 bidentate chelating mode, a μ2-η1:η1 double monodentate 

bridging mode and a μ2-η1:η2 bridging mode.  For complex 7, there are two kinds of coordination mode of IBA ligands: a μ2-

η1:η1 and a μ2-η1:η2 bridging modes.  For complex 10, there are also two kinds of coordination mode of IBA ligands, a μ2-

η1:η1 double monodentate bridging mode and a μ1-η1:η1 bidentate chelating mode.  Adjacent lanthanide atoms were 

linked via the μ2-bridging carboxylate groups of the IBA ligands to generate a binuclear building unit.  In addition, their 

photoluminescent characterization and antimicrobial activity against the fungi Golden Staph (G.S), Pseudomonas 

Aeruginosa (P.A), Escherichia Coli (E.C), Bacillus Subtillis (B.S) and Candida Albicans (C.A) were studied firstly. 

Introduction 

Lanthanide complexes have attracted intense interest due to 

the potential application in luminescence, sensors, magnetism, 

catalysis activity, gas storage, ion exchange and biologic 

activity 1.  The combination of lanthanide atoms and the 

different organic ligands can produce various crystal 

architectures.  It is worth to mention that the characteristic of 

the organic ligands play a key role in the construction of 

complexes.  Among the complexes with the ligands of aromatic 

carboxylic acid reported by predecessors, such as 

[Tb(BTB)(H2O)]·2(C6H12O) (BTB=1,3,5-benzenetrisbenzoate) 2, 

Ce(SSA)(H2O)2 (SSA=sulfonic salicylic acid) 3, 

[Tb(btc)(H2O)]·(H2O)0.5DMF (btc=1,3,5-benzenetricarboxylates) 
4, [Dy(btc)(H2O)]·DMF 5, [Eu(btc)(H2O)]·(H2O)1.5 6 and the 

ligands of aliphatic carboxylic acid such as 

[Nd(C10H16O4)(C10H17O4)(H2O)]n 7, Yb(H2hedp)·H2O 

(H5hedp=etidronic acid) 8 have been synthesized. In particular, 

indole-3-butyric acid (IBA) is an endogenous auxin substance 

found in plants, it is well documented that the biological 

activities of IBA as substantially enhanced when it is combined 

with the metal ions 9.  Such complexes Zn(IBA)2·H2O and 

Cu(IBA)(C2H5OH)2 have been reported earlier 10, the lanthanide 

complexes with indole-3-butyric acid were less reported.  

In addition, it has been observed for a long time that 

lanthanide elements are beneficial to plant growth 11.  In this 

context, the antimicrobial activity of lanthanide complexes 

with IBA ligand may be promising in the treatment of plant 

infectious disease caused by fungi and bacteria.  Here, a series 

of lanthanide complexes with IBA, namely, 

[Ln(IBA)3(phen)]·(Hphen)·NO3·xH2O·yEtOH (1-6) (Ln=La(1), x=1, 

y=0.5; Pr(2), x=2, y=0; Eu(3), x=2, y=0; Gd(4), x=2, y=0; Tb(5), 

x=1.5, y=0; Yb(6), x=2, y=0). IBA= indole-3-butyric acid, phen= 

1,10-phenanthroline), [Sm(IBA)2(phen)2]·NO3 (7), 

Ln(IBA)3(phen) (8-10) (Ln=Eu(8); Tb(9); Yb(10)) were designed 

and synthesized.  And all complexes were characterized by 

signal-crystal X-ray diffraction, IR spectra, UV-vis spectra, PXRD 

analysis, and the thermal properties and luminescence of them 

were also studied.  In order to illustrate their antimicrobial 
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activities of a series of lanthanide complexes with IBA and 

phen ligand, the antimicrobial activity against the fungi Golden 

Staph (G.S), Pseudomonas Aeruginosa (P.A), Escherichia Coli 

(E.C), Bacillus Subtillis (B.S) and Candida Albicans (C.A) were 

investigated in detail also. 

Experimental 

Materials and methods 

All other chemicals purchased were of reagent grade or better 

and used without further purification.  IR spectra were 

recorded on a JASCO FT/IR-480 PLUS Fourier Transform 

spectrometer with pressed KBr pellets in the range of 200-

4000 cm–1.  The elemental analyses for C, H, and N were 

carried out on a Perkin Elmer 240C automatic analyzer.  

Thermogravimetric analyses (TG) were performed under the 

condition of N2 atmosphere with a heating rate of 10 ºC/min 

on a Perkin Elmer Diamond TG/DTA.  The luminescence 

spectra were recorded on a JASCO F-6500 spectrofluorimeter 

(solid).  UV-vis spectra were recorded on JASCO V-570 

spectrometer (200-2500 nm, in form of solid sample).  Powder 

X-ray diffraction (PXRD) patterns were obtained on a Bruker 

Advance-D8.  

Antimicrobial activity-materials and methods  

All the synthesized complexes were tested for their 

antimicrobial activities against a large number of standard 

microorganism of Golden Staph (G.S), Pseudomonas 

Aeruginosa (P.A), Escherichia Coli (E.C), Bacillus Subtillis (B.S) 

and Candida Albicans (C.A) in vitro, representatively.  The 

starting ligands (IBA and 1,10-phen) and metal salts 

Ln(NO3)3·6H2O and LnCl3·6H2O were also included for a 

comparison.  All the compounds were dissolved in 

dimethylsulfoxide (DMSO) to prepare four different 

concentrations (20, 10, 5, 2.5 mg/ml) for evaluation of dose 

response.  The bacterial strains were grown on nutrient agar at 

37 °C for 17 h.  The bacterial suspensions were measured the 

absorbance at 600 nm and diluted to OD600 = 0.1 (8.5 × 109 

CFU/L).  The suspension was used to inoculate sterile Petri 

plates of 9.0 cm diameter in which the test organisms were 

grown.  After solidification, a hole of diameter of 0.6 cm was 

pierced by a sterile cork borer.  Antibacterial activities of the 

complexes and ligands were evaluated by measuring the 

inhibition zone diameters (IZD).  Each of the above 

experiments was repeated thrice along with a control set using 

DMSO and the mean value was taken for comparison. 

Treatment the DNA of the E.C with the samples 

The DNA of E.C (3.5 µL) was added into the solution of 

complex 2 with three different concentrations (6, 8, 10 

mg/ml), the DNA maker and DMSO were tested for 

comparison.  The sample was taken at 37 °C for 2 h, and after 

the agarose gel electrophoresis, the DNA cleavage of E.C was 

observed under UV transilluminator. 

Preparation of the complexes 

Complexes [Ln(IBA)3(phen)]·(Hphen)·NO3·xH2O·yEtOH (1-6) 

(Ln=La(1), x=1, y=0.5; Pr(2), x=2, y=0; Eu(3), x=2, y=0; Gd(4), x=2, 

y=0; Tb(5), x=1.5, y=0; Yb(6), x=2, y=0)  A solution containing IBA 

(0.15 g, 0.75 mmol) and phen (0.10 g, 0.50 mmol) in ethanol 

(95%, 10 mL) was added drop-wise to a solution of 

Ln(NO3)3·6H2O (0.11 g, 0.25 mmol) in deionized water (10 mL).  

The reaction mixture was stirred for 4 h and the solution was 

then left for several days at room temperature.  Complexes 1-6 

were obtained and also difficult to dissolve in water and 

common organic solvents except for DMSO and DMF. 

C61H58N8O10.5La (1): Yield: (based on La3+): 49.5%. Analysis: 

(Anal. Calc. for C61H58N8O10.5La: C, 60.49; H, 4.79; N, 9.25%; 

Found: C, 60.40; H, 4.75; N, 9.24%). IR spectrum (KBr, ν, cm−1): 

3406(νN-H); 3211(νO-H); 3057(Ar-H); 2929, 2869(ν-(CH2)-); 1588 

(νasCOO-); 1428(νsCOO-); 1519(νC=N); 1496(νC=C); 1385(νNO3
-); 1190 

(νC-C); 1102(νC-N); 1048(νC-O); 845, 746, 731(δAr-H); 429(νLa-O). 

C60H57N8O11Pr (2): Yield: (based on Pr3+): 61.7%.  Analysis: 

(Anal. Calc. for C60H57N8O11Pr: C, 59.65; H, 4.72; N, 9.28%; 

Found: C, 59.60; H, 4.77; N, 9.32%).  IR spectrum (KBr, ν, cm−1): 

3407(νN-H); 3212(O-H); 3056(Ar-H); 2929, 2868(ν-(CH2)-); 1583 

(νasCOO
-); 1429(νsCOO

-); 1514(νC=N); 1496(νC=C); 1385(νNO3
-); 1190 

(νC-C); 1101(νC-N); 1028(νC-O); 845, 746, 731(δAr-H); 429(νPr-O). 

C60H57N8O11Eu(3): Yield: (based on Eu3+): 53.9%. Analysis: 

(Anal. Calc. for C60H57N8O11Eu: C, 59.11; H, 4.68; N, 9.19%; 

Found: C, 59.15; H, 4.75; N, 9.22%). IR spectrum (KBr, ν, cm−1): 

3406(νN-H); 3212(O-H); 3056(Ar-H); 2929, 2869(ν-(CH2)-); 1584 

(νasCOO-); 1429 (νsCOO
-); 1515(C=N); 1496(νC=C); 1385(νNO3

-); 1190 

(νC-C); 1101 (νC-N); 1028(νC-O); 845, 746, 731(δAr-H); 429 (νEu-O). 

C60H57N8O11Gd (4): Yield: (based on Gd3+): 46.7%. Analysis: 

(Anal. Calc. for C60H57N8O11Gd: C, 58.85; H, 4.66; N, 9.15%; 

Found: C, 58.80; H, 4.72; N, 9.12%).  IR spectrum (KBr, ν, cm−1): 

3407(νN-H); 3212(O-H); 3057(Ar-H); 2930, 2869(ν-(CH2)-); 1587 

(νasCOO-); 1429(νsCOO-); 1518(νC=N); 1496(νC=C); 1385(νNO3
-); 1191 

(νC-C); 1102(νC-N); 1038(νC-O); 845, 746, 731(δAr-H); 429(νGd-O). 

C60H56N8O10.5Tb(5): Yield: (based on Tb3+): 55.8%. Analysis: 

(Anal. Calc. for C60H56N8O10.5Tb: C, 58.21; H, 4.61; N, 9.21%; 

Found: C, 58.27; H, 4.65; N, 9.24%). IR spectrum (KBr, ν, cm−1): 

3406(νN-H); 3215(νO-H); 3057(Ar-H); 2930, 2869(ν-(CH2)-); 1587 

(νasCOO-); 1427(νscoo-); 1519νC=N); 1496(νC=C); 1385(νNO3
-); 1190 

(νC-C); 1102(νC-N); 1028(νC-O); 844, 746, 731(δAr-H); 429(νTb-O). 

C60H57N8O11Yb(6): Yield: (based on Yb3+): 57.3%. Analysis: 

(Anal. Calc. for C60H57N8O11Yb: C, 58.10; H, 4.60; N, 9.04%; 

Found: C, 58.06; H, 4.52; N, 9.07%).  IR spectrum (KBr, ν, cm−1): 

3407(νN-H); 3213(O-H); 3057(Ar-H); 2930, 2869(ν-(CH2)-); 1586 

(νasCOO-); 1429(νsCOO-); 1516(νC=N); 1496(νC=C); 1385(νNO3
-); 1190 

(νC-C); 1102(νC-N); 1029(νC-O); 845, 746, 731(δAr-H); 429 (νYb-O). 
Complex [Sm(IBA)2(phen)2]·NO3 (7)  A solution containing IBA 

(0.09 g, 0.50 mmol) and phen (0.10 g, 0.50 mmol) in ethanol 

(95%, 10 mL) was added drop-wise to a solution of 

Sm(NO3)3·6H2O (0.11 g, 0.25 mmol) in deionized water (5 mL).  

The pH was adjusted to 6 using a solution of NaOH (1 M) and 

the reaction mixture was stirred for 4 h.  After the solution was 

left for 5 days at room temperature, light yellow needle-like 

crystals of complex 7 were obtained.  The crystals were 

difficult to dissolve in water and common organic solvents 

except for DMSO and DMF.  Yield: (based on Sm3+): 50.3%. 

Analysis: (Anal. Calc. for C48H40N7O7Sm: C, 58.91; H, 4.05; N, 

10.01%; Found: C, 58.94; H, 4.09; N, 10.03%). IR (KBr, ν, cm−1): 
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3406(νN-H); 3057(δAr-H); 2929, 2869(ν-(CH2)-); 1586(νasCOO-); 

1425(νsCOO-); 1518(νC=N); 1496 (νC=C); 1385(νNO3-); 1190 (νC-C); 

1102(νC-N); 1030(νC-O); 843, 746, 727(δAr-H); 429(νSm-O). 

Complex Ln(IBA)3(phen) (8-10) (Ln=Eu, Tb, Yb)  A solution 

containing IBA (0.15 g, 0.75 mmol) and phen (0.05 g, 0.25 mmol) in 

ethanol (95%, 10 mL) was added drop-wise to a solution of 

LnCl3·6H2O (0.093 g, 0.25 mmol) in deionized water (10 mL).  After 

the solution was left for 7 days at room temperature, light yellow 

needle-like crystals of complex 8-10 were obtained.  The crystals 

were difficult to dissolve in water and common organic solvents 

except for DMSO and DMF.  

C48H44N5O6Eu (8): Yield: (based on Eu3+): 56.9%.  Analysis: 

(Anal. Calc. for C48H44N5O6Eu: C, 61.40; H, 4.61; N, 7.51%; 

Found: C, 61.35; H, 4.69; N, 7.46%).  IR (KBr, ν, cm−1): 3416(νN-

H); 3048(Ar-H); 2947,2826(ν-(CH2)-); 1579(νasCOO-); 1426(νsCOO-); 

1516(νC=N); 1492(νC=C); 1195(νC-C); 1099(νC-N); 1031(νC-O); 864, 

773, 746(δAr-H); 421(νEu-O). 

C48H44N5O6Tb (9): Yield: (based on Tb3+): 53.1%.  Analysis: 

(Anal. Calc. for C48H44N5O6Tb: C, 61.51; H, 4.58; N, 7.35%; 

Found: C, 60.90; H, 4.65; N, 7.40%).  IR (KBr, ν, cm−1): 3417(νN-

H); 3045(Ar-H); 2947,2828(ν-(CH2)-); 1580(νasCOO-); 1426(νsCOO-); 

1517(νC=N); 1493(νC=C); 1193(νC-C); 1100(νC-N); 1034(νC-O); 870, 

774 (δAr-H); 424(νTb-O). 

C48H44N5O6Yb (10): Yield: (based on Yb3+): 49.6%.  Analysis: 

(Anal. Calc. for C48H44N5O6Yb: C, 60.07; H, 4.62; N, 7.33%; 

Found: C, 60.00; H, 4.58; N, 7.29%).  IR (KBr, ν, cm−1): 3417(νN-

H); 3050(Ar-H); 2945,2826(ν-(CH2)-); 1579(νasCOO-); 1423(νsCOO-); 

1515(νC=N); 1492(νC=C); 1199(νC-C); 1097(νC-N); 1033(νC-O); 862, 

774, 746(δAr-H); 419(νYb-O). 
X-ray crystallographic determination 

Suitable single crystals of the ten complexes were mounted on 

glass fibers for X-ray measurement.  Reflection data was 

collected at room temperature with a Bruker AXS SMART APEX 

II CCD diffractometer (Bruker AXS, Karlsruhe, Germany) with 

graphite-monochromated Mo-Ka radiation (λ = 0.71073 Å) and 

a ω scan mode.  All measured independent reflections (I > 2σ 

(I)) were used in the structural analysis and semi-empirical 

absorption corrections were applied using the SADABS 

program 12.  The structures were solved by the direct method 

using SHELXL-97 13.  Crystal data and structure refinements are 

shown in Table 1-3.  All non-hydrogen atoms were refined 

anisotropically and by temperature factor with the full-matrix 

least squares method.  Hydrogen atoms of the organic 

frameworks were fixed at calculated positions with isotropic 

thermal parameters and refined using a riding model, whereas 

hydrogen atoms of the lattice water molecules were found in 

the Fourier different maps. 

Result and discussion 

Synthesis  

By the solution preparation method, a series of Ln-IBA-phen 

complexes were successfully obtained for the first time.  In the 

process, many factors may affect the crystallization and 

structure of the products, such as the starting reactants, pH  

value, solvent and temperature, etc.  In our first attempt, we 

adopted the mixed solvent of methanol and H2O with volume 

ratio 1: 1 in the system.  Unfortunately, we only obtained 

some solid powder.  Later, we replaced the solvent with the 

mixed ethanol and H2O (1:1)/ (2:1) in the system, the products 

were all obtained. Moreover, the molar ratio of starting 

reactants was also play a key role in forming different 

structures of complexes.  We attempted the molar ratio of 

Ln(NO3)3·6H2O, IBA and phen with 1: 3: 2 in the system, the 

complexes 1-6 were successfully obtained.  After this, we 

replaced Ln(NO3)3·6H2O with LnCl3·6H2O and adjusted the 

molar ratio (mLnCl3·6H2O:mIBA: mphen= 1: 3: 1) in the process of 

reaction, we gained the complex 8-10, which was no free 

molecules in the structure (the binuclear building structure of 

complexes 6, 7 and 10 shown in Fig.1).  Following this, we 

wanted to know if it is possible to obtain some different 

structure from those complexes, so we adjusted various molar 

ratios and pH values.  Fortunately, by using 1M NaOH to 

adjusting the pH value to 6 and with the molar ratio 

(mLn(NO3)3·6H2O:mIBA: mphen= 1: 2: 2) in the reaction, complex 7 

was successfully obtained.  Additionally, the complexes were 

difficult to dissolve in water and common organic solvents 

except for DMSO and DMF. 

Crystal structure 

The structure of [Yb(IBA)3(phen)]·(Hphen)·NO3·2H2O (6)  Single-

crystal X-ray structure analyses reveal that the frameworks of 1−−−−6 

are isomorphous, therefore, complex 6 is taken as an example to 

present and discuss the structure in detail. Structural analysis shows 

that the complex 6 was crystallized in the triclinic system with P-1 

space group.  The asymmetric unit of complex 6 consisted of one Yb 

atom, three IBA ligands, one coordinated phen ligand, one free 

phen molecule, one free NO3 ion and two lattice H2O molecules.  

The coordination environment of the central Yb(III) atom in 

complex 6 is shown in Fig. 2a with atom numbering.  The Yb(III) 

atom is nine-coordinated by seven oxygen atoms (O1, O2, O3, O4, 

O5, O4#1 and O6#1, #1: 1-x, 1-y, 1-z) from five IBA ligands with Yb-O 

bond distances in the range of 2.253(2)-2.573(2) Å and two nitrogen 

atoms (N1 and N2) from one phen ligand with Yb-N distances in the 

range of 2.507(3)-2.562(3) Å to form a distorted tricapped trigonal 

prism geometry.  In the structure of complex 6, there are three 

types of coordination mode for the IBA ligands: a μ2-η1:η1 double 

monodentate bridging mode (Scheme 1A), a μ1-η1:η1 bidentate 

chelating mode (Scheme 1B) and a μ2-η1:η2 bridging mode linking 

two lanthanide atoms (Scheme 1C).  
   

     (a)                                             (b)                                             (c) 

 

Fig 1. The molecular structure of complex 6 (a), 7 (b) and 10 (c).
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Tab le 1 Summary of crystal data and refinement results for complexes 1-3* 

Complexes 1 2 3 

Formula C122H116N16O21La2 C120H114N16O22Pr2 C120H114N16O22Eu2 

M (g﹒mol–1) 2420.13 2414.09 2436.19 

Crystal system Triclinic Triclinic Triclinic 

Space group P-1 P-1 P-1 

a (Å) 13.729(3) 13.642(3) 13.549(4) 

b (Å) 14.267(3) 14.294(3) 14.302(4) 

c (Å) 16.791(3) 16.721(3) 16.740(5) 

α (°) 79.44(3) 79.49(3) 79.802(4) 

β (°) 71.27(3) 71.27(3) 71.163(4) 

γ (°) 64.18(3) 64.01(3) 64.190(4) 

V (Å3) 2800.1(10) 2772.3(10) 2761.3(13) 

Z 1 1 1 

Dcalc (g﹒cm-3) 1.435 1.446 1.465 

Crystal size (mm) 0.42× 0.26 × 0.14 0.28× 0.20 × 0.16 0.32 × 0.18 × 0.15 

F(000) 1242 1240 1248 

µ(Mo-Kα)/ mm–1 0.831 0.948 1.205 

Reflections collected 22275 27020 15532 

Independent reflections (I > 2σ(I) ) 9856 (6605) 12540(10574) 11015(7949) 

Parameters 737 721 731 

∆(ρ) (e Å–3) 1.224 and -1.396 1.232 and -2.995 0.857 and -1.114 

Goodness of fit 1.051 1.064 0.997 

R1
a 0.0726 (0.1198)b 0.0534 (0.0653)b 0.0562 (0.0860)b 

wR2
a 0.1265 (0.1525)b 0.1363 (0.1458)b 0.1080 (0.1232)b 

aR = ΣFo – Fc / Σ Fo , wR2 = [Σw(Fo
2–Fc

2)2 / [Σw(Fo
2)2]1/2; [Fo > 4σ(Fo)]. 

bBased on all data. 
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Table 2 Summary of crystal data and refinement results for complexes 4-6* 

Complex 4 5 6 

Formula C120H114N16O22Gd2 C120H112N16O21Tb2 C120H114N16O22Yb2 

M (g﹒mol–1) 2446.77 2432.12 2478.35 

Crystal system Triclinic Triclinic Triclinic 

Space group P-1 P-1 P-1 

a (Å) 13.556(3) 13.519(5) 13.414(3) 

b (Å) 14.326(3) 14.322(5) 14.310(3) 

c (Å) 16.725(3) 16.732(6) 16.704(3) 

α (°) 79.75(3) 79.854(6) 80.06(3) 

β (°) 71.18(3) 71.098(6) 71.24(3) 

γ (°) 64.16(3) 64.197(6) 64.17(3) 

V (Å3) 2764.3(10) 2757.0(17) 2730.7(10) 

Z 1 1 1 

Dcalc (g﹒cm-3) 1.470 1.465 1.507 

Crystal size (mm) 0.35× 0.20 × 0.17 0.35 × 0.18 × 0.12 0.32× 0.26 × 0.13 

F(000) 1250 1242 1262 

µ(Mo-Kα)/ mm–1 1.269 1.351 1.783 

Reflections collected 20994 8882 26539 

Independent reflections (I > 2σ(I) ) 10885(8051) 5336(3737) 12194(11252) 

Parameters 721 721 721 

∆(ρ) (e Å–3) 1.791 and -1.578 1.579 and -1.099 1.091and -0.690 

Goodness of fit 1.030 1.000 1.070 

R1
a 0.0760 (0.1055)b 0.0716 (0.1103)b 0.0264(0.0305)b 

wR2
a 0.1748 (0.1965)b 0.1645 (0.1818)b 0.0808 (0.0893)b 

aR = ΣFo – Fc / Σ Fo , wR2 = [Σw(Fo
2–Fc

2)2 / [Σw(Fo
2)2]1/2; [Fo > 4σ(Fo)]. 

bBased on all data. 
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Table 3 Summary of crystal data and refinement results for complexes 7-10* 

Complex 7 8 9 10 

Formula C96H80N14O14Sm2 C96H88N10O12Eu2 C96H88N10O12Tb2 C96H88N10O12Yb2 

M (g﹒mol–1) 1954.44 1877.68 1891.60 1919.84 

Crystal system Triclinic Monoclinic Monoclinic Triclinic 

Space group P-1 P2(1)/n P2(1)/n P-1 

a (Å) 11.7356(10) 13.811(3) 13.766(3) 10.887(2) 

b (Å) 13.5161(11) 18.430(4) 18.430(4) 12.286(3) 

c (Å) 13.8113(11) 17.214(3) 17.190(3) 16.566(3) 

α (°) 101.229(2) 90 90 78.38(3) 

β (°) 98.590(2) 106.47(3) 106.34(3) 86.60(3) 

γ (°) 100.386(2) 90 90 71.74(3) 

V (Å3) 2074.6(3) 4201.7(15) 4185.2(15) 2061.1(7) 

Z 1 2 2 1 

Dcalc (g﹒cm-3) 1.564 1.484 1.501 1.547 

Crystal size (mm) 0.18 × 0.11 × 0.06 0.43 × 0.32 × 0.30 0.24× 0.16 × 0.09 0.20× 0.14 × 0.06 

F(000) 990 1912 1920 970 

µ(Mo-Kα)/ mm–1 1.479 1.549 1.746 2.326 

Reflections collected 11109 39507 37765 16326 

Independent reflections (I > 2σ(I) ) 7226(6059) 9560(6495) 9467(6445) 7236(5152) 

Parameters 587 541 541 541 

∆(ρ) (e Å–3) 1.197 and -0.694 0.664 and -1.157 0.978 and -1.479 3.325 and -2.615 

Goodness of fit 1.035 1.013 1.038 1.051 

R1
a 0.0498 (0.0625)b 0.0485 (0.0890)b 0.0613 (0.1035)b 0.0951 (0.1328)b 

wR2
a 0.1060 (0.1247)b 0.0745 (0.0833)b 0.0912 (0.1056)b 0.19.58 (0.2213)b 

aR = ΣFo – Fc / Σ Fo , wR2 = [Σw(Fo
2–Fc

2)2 / [Σw(Fo
2)2]1/2; [Fo > 4σ(Fo)]. 

bBased on all data. 
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Scheme 1 Coordination modes of IBA ligand 

 

(a) 

 

(b) 

Fig. 2. (a) The unit structure of complex 6 (symmetric code: #1: 1-x, 1-y, 1-z); (b) A view 

of 1D chain structure via hydrogen bonds along the c-axis (#2: -1+x, 1+y, 1+z; #3: x, 1+y, 

z; #4: 1-x, -y, 1-z). 

Adjacent Yb atoms are linked via the μ2-bridging carboxylate 

groups of the IBA ligands to generate a binuclear building unit.  

There are two types of hydrogen bonds in complex 6: (i) N-H…

O (N7-H7…O2, N3-H3A…O9#2, N5-H5A…O1W#3, #2: -1+x, 

1+y, 1+z; #3: x, 1+y, z); (ii) C-H…O (C56-H56A…O7#4, #4: 1-x, -

y, 1-z).  The binuclear building unit were connected by the 

hydrogen of N3-H3A…O9#2 between the nitrogen atom from 

IBA ligand and the oxygen atom from free NO3
- ion, C56-H56A

…O7#3 between the carbon atom from free Hphen and the 

oxygen atom from free NO3
- ion and N7-H7…O2 between 

nitrogen atom from free Hphen and the oxygen atom from IBA 

ligand to form a 1D chain structure along the c-axis (Fig. 

2b)Additionally, the molecules were furthermore stabilized by 

the hydrogen bonding interactions of N5-H5A…O1W#3. 
The structure of [Sm(IBA)2(phen)2]·NO3 (7)  X-ray diffraction 

analysis revealed that the asymmetric unit of complex 7 consisted 

of one Sm atom, two IBA ligands, two phen ligands and one free 

NO3− ion.  The coordination environment of the central Sm(III) atom 

is shown in Fig. 3a with atom numbering.  The Sm(III) atom is nine-

coordinated by five oxygen atoms (O1, O3, O4, O2#1 and O4#1, #1: -

x, -y, 1-z.) from four IBA ligands with Sm-O bond distances in the 

range of 2.350(4)-2.588(4) Å and four nitrogen atoms (N1, N2, N3 

and N4) from two phen ligands with Sm-N distances in the range of 

2.621(4)-2.666(5) Å to form a distorted tricapped trigonal prism 

geometry.  In the structure of complex 7, there are two types of 

coordination mode for the IBA ligand: a μ2-η1:η2 bridging mode 

linking two lanthanide atoms (Scheme 1C) and a μ2-η1:η1 double 

monodentate bridging mode (Scheme 1A).  Adjacent Sm atoms are 

linked via the μ2-bridging carboxylate groups of the IBA ligands to 

generate a binuclear building unit.  The binuclear units are further 

connected through hydrogen bonds of C17#4-H17A…O3 (#4: 1-x, 1-

y, 1-z) between the carbon atom from the phen ligand and oxygen 

atom from the IBA ligand to form a 1D hydrogen-bonding chain 

along the b-axis (Fig. 3b). Furthermore, by the hydrogen bonds of 

N5#2-H5A…O6 (#2: x+1, y, z+1) and N6#3-H6A…O6 (#3: x, y, z+1) 

between the nitrogen atom from IBA ligand and oxygen atom from 

free NO3
- ion to form a 2D supramolecular network structure (Fig. 

3c). 

 

(a) 

 

(b) 

 

(c) 

Fig 3. (a) The unit structure of complex 7 (symmetric code: #1: -x, -y, 1-z); (b) A view of 

1D chain via hydrogen bonds along the b-axis (symmetry code:#4: 1-x, 1-y, 1-z); (c) A 

view of 2D network structure via hydrogen bonds along the ab plane(symmetry code: 

#2: x+1, y, z+1; #3: x, y, z+1). 

Page 7 of 14 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

8 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

The structure of Eu(IBA)3(phen)  (8)  Single-crystal X-ray structure 

analyses reveal that the frameworks of 8−−−−10 are isomorphous, 

therefore, complex 8 is taken as an example to present and discuss 

the structure in detail.  X-ray diffraction analysis revealed that the 

asymmetric unit of complex 8 consisted of one Eu atom, three IBA 

ligands and one phen ligand.  The coordination environment of the 

central Eu(III) atom in complex 8 is shown in Fig. 4a with atom 

numbering.  The Eu(III) atom is nine-coordinated by seven oxygen 

atoms (O1, O2, O3, O4, O5, O4#1 and O6#1, #1: -x, -y, 1-z) from five 

IBA ligands with Eu-O bond distances in the range of 2.355 (3)-2.618 

(3) Å and two nitrogen atoms (N1 and N2) from one phen ligand 

with Eu-N distances in the range of 2.618 (4)-2.621 (3) Å, to form a 

distorted tricapped trigonal prism geometry.  In the structure of 

complex 8, there are three types of coordination mode for the IBA 

ligand: a μ2-η1:η1 double monodentate bridging mode (Scheme 1A), 

a μ1-η1:η1 bidentate chelating mode (Scheme 1B) and a μ2-η1:η2 

bridging mode linking two lanthanide atoms (Scheme 1C).  Adjacent 

Eu atoms are linked via the μ2-bridging carboxylate groups of the 

IBA ligands to generate a binuclear building unit.  The binuclear 

units are further connected through hydrogen bonds of N3#2-H3A…

O3 (#2: 1/2-x, y-1/2, 1/2-z) between the nitrogen atom and 

coordinated oxygen atom from IBA ligand to form a 2D network 

structure along ab plane (Fig. 4b). Furthermore, by the hydrogen 

bonds of N4#3-H4A…O2 (#3: 1/2-x, y+1/2, 3/2-z) between the 

nitrogen atom and coordinated oxygen atom from the IBA ligand to 

form a 3D supramolecular structure (Fig. 4c).  

 

(a) 

 

(b) 

 

(c) 

Fig. 4. (a) The unit structure of complex 8 (symmetric code: #1: -x, -y, 1-z); (b) A 
view of 2D network structure via hydrogen bonds along the ab plane (symmetry 
code: #2: 1/2-x, y-1/2, 1/2-z); (c) A view of 3D supramolecular structure via 
hydrogen bonds (symmetry code: #3: 1/2-x, y+1/2, 3/2-z). 

By comparison, the lanthanide atom in complex 6, 7 and 8 

were all nine-coordinated to form distorted tricapped trigonal 

prism geometry.  As for those complexes, they contain the 

same IBA ligand, but the coordination mode of IBA ligand is 

different.  In complexes 6 and 8, there are three kinds of 

coordination mode of IBA ligand: a μ2-η1:η1 double 

monodentate bridging mode (Scheme 1A), a μ1-η1:η1 bidentate 

chelating mode (Scheme 1B) and a μ2-η1:η2 bridging mode 

linking two lanthanide atoms (Scheme 1C).  However in 

complex 7, two kinds of coordination mode of IBA ligand: a μ2-

η1:η2 bridging mode linking two lanthanide atoms (Scheme 1C) 

and a μ2-η1:η1 double monodentate bridging mode (Scheme 

1A) was observed.  Additionally, by the hydrogen bonding 

interactions, complexes 6, 7 and 8 were connected by the 

hydrogen bond to form 1D, 2D and 3D supramolecular 

network structures, respectively. 

IR spectra 

For complex 6, the absorption bands appearing at 1586 cm−1 

and 1429 cm−1 are assigned to the asymmetric stretching 

vibrations and symmetric stretching vibrations of the 

carboxylate groups, while the characteristic bands of 

asymmetric and symmetric stretching vibrations of the 

carboxylate groups in free IBA are 1696 cm−1 and 1456 cm−1, 

respectively.  The analysis shows that oxygen atoms on the 

carboxylate groups of the ligand are involved in coordination 

with the metal atom.  The absorption band appearing at 1516 

cm−1 is assigned to the stretching vibrations of νC=N in the 

complex, in contrast to the characteristic band of free phen 

(1586 cm−1), showing that phen participates to the 

coordination with the metal atom.  The absorption band at 

3407 cm−1 may be assigned to the stretching vibrations of N-H 

in the IBA ligand.  The absorption band at 1385 cm−1 

represents the stretching vibration of N-O from the NO3
- ion 

lattice.  The detailed IR spectra data for complexes 6, 7 and 8 

are shown in Table S5. The IR spectra of all complexes are 

listed in Fig. S1-S10. 

UV-vis spectra 

The UV-visible absorption spectra of complexes 1-10 are 

shown in Fig. S11-S20.  The detailed assignments of these 
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complexes were listed in Table S6.  The peaks appearing at 

about 214 and 260 nm are attributed to π→π* transition of 

the ligand.  For the lanthanide atoms of complexes 2, 6, 7 and 

10, f→f* transitions peaks are present in the visible light, 

infrared and far-infrared region.  But for other complexes, the 

f→f* transitions peaks were not observed in the spectra. 

Photoluminescence spectra 

Lanthanide complexes have attracted considerable attention 

as promising sensory materials due to their intense 

luminescence 14. The luminescent behaviours of complexes 3, 

5 and 8 were investigated in the solid state at room 

temperature (Fig. S21-S23).  When excited at 397 nm for 3 and 

365 nm for 8, they emitted red light at room temperature.  The 

emission peaks of complexes correspond to the transitions 

from 5D0 → 7Fn (n = 1, 2, 3 and 4) transitions at 592, 596, 615, 

650 and 685 nm for Eu (III) ion in complex 3 and at 593, 617, 

654, 689 and 699 nm for Eu (III) in complex 8, respectively.  

Among these transitions, 5D0 → 7F2 is the strongest 15.  For 

complex 5, upon excitation at 349 nm, the relatively emissions 

were observed, which corresponds to the 5D4 → 7Fn transitions 

at 489, 546, 585 and 621 nm for n=6, 5, 4 and 3, respectively.  

The most prominent line was observed at 546 nm. 

Thermal Properties 

To examine the thermal stability of the complexes, thermal 

gravimetric analysis (TG) were carried out at a heating rate of 

10 oC/min under the condition of N2 atmosphere with the 

temperature ranging from 20 to 1000 oC (Fig. S24-S33).  TG 

curve of complex 6 showed the thermal decomposition 

process can be divided into two stages.  The first weight loss of 

2.70% between 20 and 120 oC corresponds to the loss of two 

lattice H2O molecules (calc. 2.99%). The second weight loss 

occurring in the temperature range of 120-1000 °C should be 

ascribed to the release of one free NO3
- molecule, one free 

Hphen group, one coordinated phen molecule and three 

coordinated IBA ligands (obsd. 81.18%, calc. 81.11%).  Finally 

the remaining weight corresponds to the formation of Yb2O3 

(obsd. 16.12%, calc. 15.90%).  For complex 7, the TG curve is 

divided into three steps.  The first weight loss of 6.40% in the 

range of 88 to 233°C should be attributed to one free NO3
- 

(calc. 6.34%).  The second weight loss occurs in the range of 

234-315°C, with a percentage weight loss of 41.15% (calc. 

40.50%), which is ascribed to the release of two phen ligands.  

The last step of decomposition occurred within the range of 

320 to 1000°C, which is considered the loss of one and a half 

IBA ligand, and the final residue is corresponding to Sm2O3 

(obsd. 18.00%, calc. 17.84%).  The TG curve of complex 8 

shows only one stage.  the weight loss of 81.44% (calc. 81.26%) 

in the range of 243-1000°C should be attributed to the release 

of one phen ligand and three IBA ligands, the final residue is 

corresponding to Eu2O3 (obsd. 18.56%, calc. 18.74%). 

PXRD analysis 

The powder X-ray diffraction data of the complexes 1-10 were 

obtained and compared with the corresponding simulated 

single-crystal diffraction data (Fig.S34-S43). The phase of the 

corresponding complex is considered as purities owning to the 

agreement of the peak positions. The different intensity may 

be due to the preferred orientation of the powder samples. 

Antimicrobial activity 

The antimicrobial activities of all the tested complexes are 

presented in Table 4.  To investigate the antimicrobial 

activated component of the complexes, we have used the 

Ln(NO3)3·6H2O, IBA and phen as antibacterial agent, 

respectively, and the results shown that neither the 

Ln(NO3)3·6H2O nor the IBA exhibited the antibacterial activity 

(the antibacterial effects of La(NO3)3 and IBA against the C.A 

were shown in Fig.5, and those of Pr(NO3)3 and IBA against the 

B.S were shown in Fig.6).  However, the 1,10-phen ligand and 

the complexes exhibit broad spectrum antimicrobial activity 

against all the five chosen reference bacteria 16.  And the 

antimicrobial activities of 1,10-phen ligand was much better 

than the metal complexes under the same concentration 

(Fig.7).  It is known that the amount of the 1, 10-phen ligand is 

much higher than those in complexes.  For complexes 1-6, the 

amount of the 1, 10-phen is 6.15-0.75 mg/ml, so we selected 

four different concentrations (6.15, 3.1, 1.6 and 0.8 mg/ml) of 

1,10-phen to test the antimicrobial activities of the five 

bacteria(Table 4 for phen 1).  Similarly, for complex 7 and 

complexes 8-10, we also selected the four different 

concentrations 7.34, 3.67, 1.8, 0.92 mg/ml and 3.83, 1.92, 

0.96, 0.48 mg/ml of 1,10-phen to test the antimicrobial 

activities of the five bacteria, respectively (Table 4 for phen 2 

and phen 3).  

 

Page 9 of 14 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

10 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

Table 4 Antimicrobial activity of complexes 1-10 and ligand 

No. Dose 

(µg/ml) 

nphen 

(mol) 

Diameter of zone (mm) 

G.S E.C P.A C.A B.S 

 

 

phen 

 

 

200 1.11E-06 22.2 25.7 27.4 27 29.5 

100 5.55E-07 18.7 22.5 23.2 23.5 27.0 

50 2.77E-07 16.3 19.4 20.5 19.8 22.2 

25 1.39E-07 13.0 15.0 16.2 15.0 16.8 

12.5 6.95E-08 8 8.8 11.1 10.2 11.3 

6.25 3.48E-08 0 0 0 0 0 

R2 0.9513 0.9546 0.9371 0.9503 0.9511 

 

 

1 

 

200 3.42E-07 18.6 21.5 21.3 20.8 22.6 

100 1.71E-07 14.2 18.6 18.1 18.0 18.3 

50 8.6 E-08 8.8 14.3 13.8 14.9 13.8 

25 4.3 E-08 6.0 10.3 9.6 8.8 8.8 

R2 0.9720 0.9980 0.9990 0.9612 0.9991 

 

 

2 

 

200 3.42E-07 16.8 21.5 20.8 22.0 23.7 

100 1.71E-07 14.8 18.6 17.8 18.9 19.3 

50 8.6 E-08 8.8 15.7 15.3 16 15.8 

25 4.3 E-08 6.7 12.3 10.4 11.3 11.7 

R2 0.9516 0.9990 0.9890 0.9865 0.9921 

 

 

3 

 

200 3.38E-07 16.7 22.5 22.0 22.4 21.3 

100 1.69E-07 12.5 19.0 16.7 21.0 16.5 

50 8.45E-08 7.4 15.0 11.5 16.8 10.4 

25 4.22E-08 6.5 8.0 7.7 10.9 6.0 

R2 0.9122 0.9875 0.9816 0.936 0.9902 

 

 

4 

 

200 3.37E-07 16.7 21.0 20.5 20.7 19.8 

100 1.69E-07 14.1 17.9 17.1 16.5 14.2 

50 8.45E-08 6.8 13.9 12.7 12.8 10.6 

25 4.22E-08 6.3 9.4 8.7 9.0 6.9 

R2 0.9355 0.9996 0.9979 0.9999 0.9710 

 

 

5 

 

200 3.36E-07 16.8 21.0 22.3 21.4 23.6 

100 1.68E-07 12.1 18.6 18.4 17.3 17.3 

50 8.40E-08 7.2 14.2 14.5 13.3 14.2 

25 4.20E-08 6.0 8.5 10.0 9.1 8.9 

R2 0.9189 0.9876 0.9988 0.9930 0.9750 

 

 

6 

 

200 3.32E-07 15.2 17.4 18.0 15.3 18.3 

100 1.66E-07 11.5 12.7 13.9 12.8 12.3 

50 8.30E-08 6.8 9.2 9.7 8.9 7.7 

25 4.15E-08 6.0 6.9 6.8 6.0 6.6 

R2 0.9128 0.9541 0.9806 0.9936 0.8908 

 

 

7 

 

200 4.05E-07 23.3 24.0 24.0 25.3 29.3 

100 2.03E-07 17.0 20.0 21.3 21.0 21.7 

50 1.01E-07 12.8 15.0 17.8 17.3 15.7 

25 5.06E-08 6.0 11.0 11.8 13.0 13.8 

R2 0.9930 0.9978 0.9811 0.9992 0.9407 

 

 

8 

 

200 2.13E-07 16.1 20.0 19.0 20.0 20.0 

100 1.07E-07 13.0 15.3 15.0 14.3 14.0 

50 5.33E-08 6.7 8.8 7.0 7.9 9.0 

25 2.66E-08 6.0 7.0 6.0 6.0 6.0 

R2 0.9135 0.9617 0.9314 0.9599 0.9797 

 

 

9 

 

200 2.11E-07 16.0 19.0 20.0 18.0 21.0 

100 1.06E-07 14.0 15.3 14.7 14.7 13.7 

50 5.28E-08 6.7 10.7 10.3 7.9 9.7 

25 2.64E-08 6.0 6.0 6.0 6.0 6.3 

R2 0.9269 0.9971 0.9973 0.9591 0.9647 

 

 

10 

 

200 2.08E-07 15.3 17.7 19.0 18.3 18.3 

100 1.04E-07 12 13.7 14.7 13.7 12.7 

50 5.20E-08 6.7 7.7 8.0 10.0 8.0 

25 2.60E-08 6 6.0 6.0 6.0 6.0 

R2 0.9355 0.9632 0.9654 0.9979 0.9624 
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phen 1 

 

61.5 3.41E-07 16.8 19.9 21.5 20.4 22.5 

30.8 1.71E-07 13.2 15.2 16.4 15.8 17.9 

15.4 8.53E-08 8.8 10 11.6 10.5 11.2 

7.70 4.27E-08 6.0 6 6.1 6 6 

 

phen 2 

 

73.4 4.07E-07 18.2 21.1 22.9 21.7 23.9 

36.7 2.04E-07 13.8 16.2 17.7 16.7 18.2 

18.4 1.02E-07 9.2 11.3 12.6 11.8 12.6 

9.18 5.09E-08 6.7 6.0 7.4 6.9 7.0 

 

phen 3 

 

 

38.3 2.13E-07 14.3 16.6 18.1 17.0 18.7 

19.2 1.06E-07 10.2 11.6 12.9 12.1 13.0 

9.58 5.31E-08 6 6.7 7.7 7.2 7.5 

4.79 2.66E-08 0 0 0 0 0 

 

IBA 

 

200  0 0 0 0 5.2 

100  0 0 0 0 5.2 

50  0 0 0 0 5.2 

25  0 0 0 0 0 

 

 

Fig. 5 Antibacterial effects of complexes 1, La(NO3)3 and ligand on C.A (1) 20 mg/ml (2) 

10 mg/ml (3) 5 mg/ml (4) 2.5 mg/ml 

 

 

Fig. 6 Antibacterial effects of complexes 2, Pr(NO3)3 and ligand on B.S (1) 20 mg/ml (2) 

10 mg/ml (3) 5 mg/ml (4) 2.5 mg/ml 

 

 

 

Fig. 7 Antimicrobial activity against C.A of complexes 1-10 and phen (phen 1: 6.15 

mg/ml, 3.08 mg/ml, 1.54 mg/ml, 0.77 mg/ml; phen 2: 7.34 mg/ml, 3.67 mg/ml, 1.84 

mg/ml, 0.92 mg/ml; phen 3: 3.83 mg/ml, 1.92 mg/ml, 0.96 mg/ml, 0.48 mg/ml) 

 

From the results given in Table 4, it has been observed that all 

selected complexes show antimicrobial activities against the 

five bacteria, and their antimicrobial activities was ordered as: 

complex 7 > complexes 1-5 > complex 6 > complexes 8-10. This 

would imply that the higher amount of 1, 10-phen in complex 

could enhance the antimicrobial activities.  Moreover, against 

the bacteria B. S, the complexes 1, 2, 5, 6 and 9 are more 

active than other complexes.  Complexes 4 and 5 exhibit 

antimicrobial activity against the bacteria E.C.  In addition, 

against the bacteria P.A, complex 10 are more active than 

other complexes (Table 5).  From the results given in Table 4, it 

has been observed that the diameters of the inhibition zones 

with the relative amounts of phen existing linear relationship 

(Fig8-10), and the R2 are all above 0.9.  Additionally, the 

straight lines which are above the dotted lines indicating that 

those complexes exhibit more active antimicrobial activities 

than 1,10-phen under the same amount of 1,10-phen. While 

the antimicrobial activity of these light lanthanide complexes 

(La, Pr, Sm, Eu) are more effective than that of heavy 

lanthanide complexes (Gd, Tb, Yb) 17. 

In order to explore the antimicrobial mechanism of such 

complexes, we chose the complex 2 as the research object 
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with the Agarose gel electrophoresis method to determine and 

quantify the products cleavaged from E. Coli DNA.  Gel 

electrophoresis pictures (Fig 11) are shown in control 

experiments clearly revealed that complex 2 cleaves E. Coli 

DNA with dose-response relationship.  When the sample is 6 

mg/ml, the DNA show slightly cleavage (Fig 11, Lane 3), 

however, the DNA was complete cleavage when the sample is 

10 mg/ml (Fig 11, Lane 5). So further experiment results 

indicated that complexes might potentially inhibit the growth 

of bacteria by braking the DNA of bacteria 18. 

 

Table 5 The comparisons of antimicrobial activities of complexes 1-10 against different 

bacterium 

Complexes The order of the antimicrobial activities 

1 B.S ＞ C.A ＞ E.C ＞ P.A ＞ G.S 

2 B.S ＞ E.C ＞ P.A ＞ C.A ＞ G.S 

3 E.C ＞ C.A ＞ P.A ＞ B.S ＞ G.S 

4 E.C ＞ P.A ＞ C.A ＞ B.S ＞ G.S 

5 B.S ＞ P.A ＞ C.A ＞ E.C ＞ G.S 

6 B.S ＞ P.A ＞ E.C ＞ C.A ＞ G.S 

7 B.S ＞ C.A ＞ P.A ＞ E.C ＞ G.S 

8 E.C ＞ C.A ＞ B.S ＞ P.A ＞ G.S 

9 B.S ＞ P.A ＞ E.C ＞ G.S ＞ C.A   

10 P.A ＞ C.A ＞ B.S ＞ E.C ＞ G.S 

 

 

Fig. 8 The associations of the diameters of the inhibition zones with relative amounts of 

phen in complexes 1-6 against C.A 

 

Fig. 9 The associations of the diameters of the inhibition zones with relative amounts of 

phen in complex 7 against C.A 

 

Fig. 10 The associations of the diameters of the inhibition zones with relative amounts 

of phen in complex 8-10 against C.A 

 

 

Fig. 11 Agarosegel eletrophoresis of Escherichia coli DNA cleaved by complex 2 Lane 1: 

Marker; Lane 2: Normal DNA; Lane 3: Incutated with complex 2 (6mg/ml); Lane 4: 

Incubated with complex 2 (8mg/ml); Lane 5: Incubated with complex 2 (10mg/ml) 

Conclusions 

In summary, by using IBA and 1,10-phen mixed organic ligands, 

a series of novel lanthanide complexes have been synthesized 

and characterized.  All complexes were characterized by 

elemental analysis, IR spectroscopy, and single-crystal X-ray 

diffraction.  The complexes exhibit broad spectrum 

antimicrobial activity against all the five chosen reference 

bacteria, and the antimicrobial activity of light lanthanide 

complexes (La, Pr, Sm, Eu) are more effective than that of 

heavy lanthanide complexes (Gd, Tb, Yb).  Agarose gel 

electrophoresis was performed to determine that complexes 

might potentially inhibit the growth of bacteria by braking the 

DNA of bacteria.  So those complexes exhibiting antimicrobial 

activity, may be developed as new antimicrobial agents. 
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Antimicrobial activity of a series of rare earth complexes were investigated in detail. 
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