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Abstract

Rare earth complexes can exhibit higher coordination numbers.  The rare earth metal has the ability to form a multitude of geometries and stereochemistries. Studies on rare earth complexes with organic ligands have received considerable attention. Nd(Is2MeTSC)3 [Is2MeTSC= isatin 2-methyl-3-thiosemicarbazone] was synthesized by condensation method. The compounds were structurally characterized by elemental analysis CHNS, FT-IR, NMR and thermo-gravimetric analyses.  The elemental analyses for the compounds were in good agreement with the theoretical values.  The melting point of the complex was higher than the ligand, as expected.  The X-ray crystallographic structures for Is2MTSC showed that in the solid state, the compound existed in the thione form where the C=S bond length was shorter than a single bond C-S, which was 1.82 Å.  Is2MTSC adopted an orthorhombic system, a = 14.3434(9), b = 8.4242(5), c = 17.8518(11) Å and Z = 8.  The FT-IR spectral data impled a bidentate bonding of Is2MeTSC to Nd(III) ion through carbonyl oxygen and azomethine nitrogen.  Thermal analyses (TGA) of the complex was carried out to confirm the final molecular structure of the complex and to study its thermal stability.  This study proves that the complex was formed by the coordination of ligand to metal ion and that there was no coordinated water.
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Abstrak

Sebatian kompleks nadir bumi boleh mempunyai nombor koordinatan yang lebih tinggi. Logam nadir bumi berkeupayaan untuk membentuk pelbagai geometri, stereokimia. Kajian terhadap sebatian kompleks nadir bumi dengan ligan organik telah mendapat perhatian. Nd(Is2MeTSC)3 [Is2MeTSC= isatin 2-metil-3-tiosemiarbazon] telah disintesis dengan kaedah kondensasi.  Kesemua sebatian telah dicirikan dengan analisis unsur CHNS, FT-IT, NMR dan analisis termogravimetrik. Data analisis unsur bagi sebatian adalah hampir sama dengan nilai teori.  Takat lebur sebatian kompleks adalah lebih tinggi daripada ligan seperti yang dijangkakan.  Struktur kristalografi sinar-X bagi Is2MTSC menunjukkan bahawa dalam keadaan pepejal ligan wujud dalam bentuk tion di mana panjang ikatan C=S adalah lebih pendek daripada ikatan tunggal C-S iaitu 1.82 Å.  Is2MTSC menghablur dalam sistem ortorombik, a = 14.3434(9), b = 8.4242(5), c = 17.8518(11) Å dan Z = 8. Data inframerah menunjukkan Is2MTSC bertindak sebagai ikatan bidentat dengan ion Nd(III) melalui oksigen karbonil dan nitrogen azometin.  Analisis terma (TGA) bagi kompleks telah dilakukan untuk mengesahkan struktur akhir kompleks dan mengkaji kestabilan haba.  Kajian membuktikan bahawa terdapatnya pengkoordinatan sebatian ligan dengan ion logam dan mengesahkan bahawa tiada air yang terkoordinat.

Kata kunci: Nd(III), tiosemikarbazon, isatin, termogravimetrik analisis
Introduction
Isatin, also known as 1H-indole-2,3-dione, is a versatile moiety which is able to form a large number of heterocyclic molecules [1] and is biologically active [2]. The ligand has an indole ring structure, as shown in Figure 1, which has been reported to show anticancer activity.    Recently, lanthanide complexes have drawn attention because of their properties and great potential in various applications such as in catalysis, magnetism, optoelectronic devices, medicine, separation and ions recognition [3]. Lanthanide complexes have great interesting bioinorganic and coordination chemistry [4].  Lanthanide complexes have been used in optical field because the lanthanide metals have the configuration of 4f electrons, which show sharp f-f transitions and luminescence properties.  The lanthanide complexes have unique photophysical properties such as narrow emission bands, large strokes shift and long decay time [5]. Besides that, lanthanide ions have high potential to coordinate with hard bases such as oxygen or nitrogen atoms [6].  The lanthanide ions have higher coordination numbers, which give various coordination modes of complexes [7].  Suitable ligands can be used as light- harvesting antennas for luminescence applications [8].  Besides that, lanthanide ions have high magnetic moment and huge anisotropy [9].
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Figure 1.
Structure of isatin and indole ring

Materials and Methods
Material and Measurements
All reagents and reactants were of analytical grade and used without further purification.  The melting points of the synthesized compound were determined using the Electrothermal IA 9100.  The elemental analysis was performed on the CHNS/O Model Fision EA 1180 and Thermo Finnigan Flash EA 1112 Series. The infrared spectra of the ligands were recorded as KBr discs on FTIR Perkin Elmer model GX spectrophotometer in the 4000-400cm-1 range.  Thermogravimetric analysis (TGA) of the complex was recorded on Mettler Toledo model TGA.SDTA 851e. The electronic absorption spectra were recorded on a Shimadzu UV-1650 PC and were measured in the range 200-800 nm in DMF.
General Procedure for Obtaining The Ligand and The Complex
Synthesis of isatin 2-methyl-3-thiosemicarbazone [Is2MTSC]: An ethanolic solution (10 mL) of 2-methyl-3-thiosemicarbazide (0.105 g, 10 mmol) was added to an ethanolic solution (10 mL) of isatin (0.147 g, 10 mmol) followed by the addition of five drops of acetic acid (M).  The mixture was heated under reflux for 2 hours.  The mixture was filtered to remove unreacted solid material and the filtrate was left standing at room temperature to afford single orange crystals. Yield: 90%. Melting point: 208.4-210.4 ºC. Analysis: Calcd (%): C 51.28, H 4.30, N 23.93, S 13.66. Found (%):  C 51.57, H 6.34, N 25.97, S 11.70. IR (cm-1): 1601 ν(C=N), 1726 ν(C=O), 1097 ν(C=S), 1182 ν(C-N).
Synthesis of Nd(III) 2-methyl-3-thiosemicarbazone [Nd(Is2MTSC)3].  An ethanolic solution (10 mL) of Nd(III) nitrate hexahydrate was added to an ethanolic solution (30 mL) of isatin 2-methyl-3-thiosemicarbazone (0.0717 g, 0.1 mmol) followed by the addition of excess NaOH solution.  The precipitate was filtered and rinsed with hot ethanol.  Yield: 72 %. Melting point: > 350ºC.  Analysis: Calcd (%): C 42.70, H 3.23, N 19.92, S 11.38. Found (%): C 41.72, H 2.83, N 19.38, S 11.93. IR (cm-1): 1604 ν(C=N), 1636 ν(C-O), 1097 ν(C=S), 1155 ν(C-N), 2774.52, 417 ν(Nd-O), 451 ν(Nd-N).
X-ray Crystallography
Crystals structures determination were carried out on a Bruker Smart APEX CCD area detector diffractometer equipped with graphite mono-chromatised Mo-Kα (λ=0.71073Å) [10]. All data collection were carried out at 296K. Data collection: SMART [11]; cell refinement: SAINT [12]; data reduction: SAINT; program(s) used to solve structure: SHELXTL [13]; program(s) used to refine structure: SHELXTL [13], molecular graphics: SHELXTL [13]; software used to prepare material for publication: SHELXTL and PLATON [13].
Result and Discussion
Electronic Spectra

The UV-visible absorption spectra of Is2MTSC and its complex were measured in DMF solution (c = 1 x 10-4 M) are shown in Figure 2.  Is2MTSC spectrum displayed absorption at the shortest wavelength, 277 nm, which was attributed to the π→π* absorption of the aromatic ring [14].  The absorption at 366 nm was attributed to n→π* absorption of the lone pairs existing on oxygen and nitrogen in the ligand. Both absorptions underwent a bathochromic shift resulting from the coordination of the ligand [15]. In the complex spectrum, the number of absorptions were very weak, which are characteristics of the Laporte forbidden f-f transitions of Nd(III) ion observed in the visible region [16].  Cotton et al. 2006 suggested that the absorption bands appearing in the visible region for Nd(III) ion are due to the transition from the ground levels 3H4, 4I9/2 and 6H5/2 respectively to the excited J level of the 4f configuration [17].
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Figure 2. Electronic spectra of the compound

Infrared Spectra

A comparison was made between vibrational bands of specific functional groups in the spectra of the ligand and the complexes as shown in Figure 3. The IR spectrum of Is2MTSC showed a sharp stretching band at 1726 cm-1 due to the stretching frequency of C=O group.  The stretching frequency was absent in the spectra of complexes showing that the oxygen from carbonyl group was coordinated to the Nd(III) ion after deprotonation [18].  The absorption of nitrate ion was not exhibited in the Nd(Is2MTSC)3 spectrum, indicating that the nitrate ion was not coordinated with Nd(III) ion.  The strong intensity band at 1601 cm-1 in the ligand spectrum was ascribed to ν(C=N) absorption of the azomethine moiety, which underwent a hypsochromic shift in the complexes spectra, proposing an interaction between the imino nitrogen and metal ion [19].  No changes value of the ν(C=S) stretching band between the ligand and the complex at 1097 cm-1 indicating that the ligand remained as the thione tautomer. The band at 451 cm-1 in the complexes was attributed to ν(Nd-N).  While, the band at 417 cm-1 was attributed to ν(Nd-O) [20].
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Figure 3. Comparison of the IR spectra between the ligand and complex
Thermogravimetric Analysis (TGA)

The TGA curves of Nd(III) complex was carried out within a temperature up to 800ºC is shown in Figure 4.  The complex showed no decomposition peak below 300ºC in the thermogravimetric plot indicating that the complex had been formed by the coordination between Is2MTSC with Nd(III) ion [21].  The thermogravimetric plot distinctly showed that the decomposition of the complex proceeded only in one step.  The metal oxides of Nd(III) complex was formed at above 350ºC.  The decomposition peak appeared at 350ºC with a percentage weight loss of 40.48 and 59.88% are ascribed complete decomposition giving Nd2O3 residue.  The percentage residue of Nd2O3 was 39.86%, as expected. The expected structure of the complex due to elemental analysis, thermogravimetric analyses and UV-Vis are shown in Figure 5.
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Figure 4. TGA graph with thermal degradation plot
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Figure 5. Structure of Nd(Is2MTSC)3
Crystal Structure Analysis

The single crystal data and structure refinement for the ligand is presented in Table 1.  While the molecular structure of the ligand along with the atomic numbering scheme is shown in Figure 5.  The non-hydrogen atoms of the ligand were planar.  The indole ring N4/C2/C3/C4/C5/C6/C7/C8/C9[Is2MTSC] fragment was planar with maximum deviations of 0.048(2) for C(3) atom from the least square plane, respectively.  In the crystal structure of Is2MTSC, the molecules were linked by intermolecular hydrogen bonds, N1—H1A..S1, N1—H1B..O1, N4—H4..S1, C10—H01B..O1 and C6—H6..S1 (symmetry codes as shown in Table 2).
Table 1. Crystal data and structure refinement for the ligand

	
	Is2MTSC

	Formula
	C10H10N4OS

	Formula weight
	234.28 

	Wavelength, Mo Kα (Å)
	0.71073

	Crystal system
	Orthorhombic

	Space group
	Pbca

	a (Å)
	14.3434(9)

	b (Å)
	8.4242(5)

	c (Å)
	17.8518(11)

	α (°)
	90

	β (°)
	90

	γ (°)
	90

	Volume (V) (Å3)
	2157.1(2)

	Z
	8

	Crystal size (mm)
	0.35x0.60x0.33

	F(000)
	976

	Goodness-of-fit on F2
Rint
Theta min
	1.185
0.0415

2.84

	Theta max
	28.37


Table 2. H-bonding parameters of the ligand

	No
	D---H...A
	Type
	D – H (Å)
	H...A (Å)
	D...A (Å)
	D – H...A (°)

	1
	Is2MTSC

N1—H1A..N3
	Intra
	0.86
	2.25
	2.612(2)
	105

	2
	N1—H1A..S1
	Inter
	0.86
	2.69
	3.5115(19)
	160

	3
	N1—H1B..O1
	Inter
	0.86
	2.13
	2.973(2)
	167

	4
	N4—H4..S1
	Inter
	0.86
	2.56
	3.3979(17)
	166

	5
	C10—H01A..S1
	Intra
	0.96
	2.67
	3.030(3)
	103

	6
	C10—H01B..O1
	Inter
	0.96
	2.52
	3.260(3)
	134

	7
	C6—H6..S1
	Inter
	0.93
	2.80
	3.552(3)
	138


                   Symmetry codes: No 2: 1-x, -½+y, ½-z, No 3 : 1-x, ½+y, ½-z, No 4 : x, ½-y, ½+z, No 6 : ½-x, ½+y, z, No 7 : x, 3/2-y, ½+z
[image: image6.jpg]



Figure 6. The molecular structure of (Is2MTSC) with the atom labeling scheme. Displacement ellipsods are drawn at the 50% probability level
Conclusion

Nd(Is2MTSC)3 complex with isatin 2-methyl-3-thiosemicarbazone is synthesized and characterized by elemental analyses, infrared, electronic spectra, TGA and Nuclear Magnetic Resonance. The single crystal X-ray diffraction studies supported the spectral characterization, which proved that the ligands exist as the thione tautomer.  From the elemental, infrared and thermogravimetric analyses of the complex, it was found that the ligand acted as a bidentate ligand to coordinate with the metal ion.
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