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Abstract
Dy(Is2MeTSC)3 [Is2MeTSC= isatin 2-methyl-3-thiosemicarbazone] was synthesized by condensation method. The compounds were structurally characterized by elemental analysis, FT-IR, UV-Vis, TGA and X-ray crystallographic study.  The results of the elemental analyses for the compounds were in good agreement with the theoretical values.  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 implied a tri-dentate bonding of Is2MeTSC to Dy(III) ion through carbonyl oxygen, azomethine nitrogen and thiocarbonyl sulfur.
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Abstrak
Dy(Is2MeTSC)3 [Is2MeTSC= isatin 2-metil-3-tiosemikarbazon] telah disintesis dengan kaedah pemeluwapan. Struktur sebatian telah dilakukan penciriaan melalui analisis unsur, FT-IR, UV-Vis, TGA dan kajian kristalografi sinar-X . Keputusan analisis unsur bagi sebatian yang diperoleh adalah sepadan dengan  nilai teori. Struktur kristalografi sinar X  untuk sebatian Is2MTSC menunjukkan bahawa dalam  keadaan pepejal, sebatian wujud dalam bentuk tion, di mana panjang ikatan C=S adalah lebih pendek daripada ikatan tunggal C-S, iaitu 1.82 Å. Is2MTSC mempunyai sistem ortorombik, a = 14.3434(9), b = 8.4242(5), c = 17.8518(11) Å dan Z = 8. Data spektrum FT-IR mencadangkan ikatan tri-dentat Is2MeTSC kepada ion Dy (III) melalui karbonil oksigen, azometina nitrogen dan tiokarbonil sulfur.

Kata kunci: Disprosium(III), tiosemikarbazon, isatin

Introduction
Isatin, also known as 1H-indole-2,3-dione, is one of the thiosemicarbazone derivatives with a versatile chemical building block and is able to form a large number of heterocyclic molecules [1]. The compound possesses an indole ring structure as shown in Figure 1, which is common to many pharmaceuticals [2, 3].
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Figure 1. Structures of isatin and indole ring.

Thiosemicarbazone derivatives usually coordinate to metal ions through bidentate (N, S) coordination that results from the dissociation of hydrazinic proton, giving thiolate, S and forming a five-membered chelate ring [4]. The specialty of thiosemicarbazone is that it is not only related to the presence of electron donor, but also regarding the bonding scheme with a metal ion.  As a bidentate ligand, it can coordinate anionically, either bonding to metal ions through imine nitrogen and sulfur atoms (II), or via hydrazinic nitrogen and sulfur atoms (III), forming five- and four-membered chelate rings, respectively [5]. Lanthanide ions have a special configuration 4f electrons and variable coordination environments.  Based on the sharp f-f transitions and high quantum yields, lanthanide compounds are the most important components for luminescence materials [6]. Lanthanide ions have high affinity with hard bases such as oxygen or nitrogen atoms from organic ligands.
Materials and Methods
All reagents and reactants were of analytical grade and used without further purification.  The melting points of the synthesized compounds 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. 13C and 1H NMR (Nuclear Magnetic Resonance) spectra were recorded on a 600 MHz FT-NMR Cryoprobe using DMSO-d6 (deuterated dimethyl sulfoxide) as a solvent and tetramethylsilane as an internal reference.  Chemical shifts were recorded in parts per million (δ). The infrared spectra of the ligands were recorded as KBr discs on FTIR Perkin Elmer model GX spectrophotometer in the 4000-400 cm-1 range. The electronic absorption spectra were recorded on a Shimadzu UV-1650 PC and were measured in the range 200-800 nm in DMF.

X-ray crystallography
Determination of the crystals structure of ligand determination was carried out on a Bruker Smart APEX CCD area detector diffractometer equipped with graphite mono-chromatised Mo-Kα (λ=0.71073Å) [7]. All data collection was carried out at 296K. Data collection: SMART [8]; cell refinement: SAINT [9]; data reduction: SAINT; program(s) used to solve structure: SHELXTL [10]; program(s) used to refine structure: SHELXTL [10] molecular graphics: SHELXTL [10]; software used to prepare material for publication: SHELXTL and PLATON [11]. Crystallographic data for the compounds Is2MTSC have been deposited with the Cambridge Crystallographic Data Centre, CCDC reference numbers (1007736). This information may be obtained free of charge from The Director, CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK.

Synthesis of the isatin 2-methyl-3-thiosemicarbazone
The reaction steps involved in the synthesis of isatin 2-methyl-3-thiosemicarbazone and the complex are shown in Figure 2.	


Figure 2. Reaction steps involved in the synthesis of isatin 2-methyl-3-thiosemicarbazone and the complex.

Synthesis of isatin 2-methyl-3-thiosemicarbazone [Is2MTSC]: An ethanolic solution (10 mL) of 2-methyl-3-thiosemicarbazide (0.105 g,s 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 obtain single orange crystals. Yield: 90%. Melting point: 208.4-210.4°C. Analysis: Calculated (%): 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. 

Synthesis of Dy(III) 2-methyl-3-thiosemicarbazone [Dy(Is2MTSC)3].  An ethanolic solution (5 mL) of NaOH (0.012 g, 0.3 mmol) was added to an ethanolic solution (30 mL) of isatin 2-methyl-3-thiosemicarbazone (0.0717 g, 0.3 mmol) followed by the addition of an ethanolic solution (10 mL) of Dy(III) nitrate hexahydrate (0.046 g, 0.1 mmol).  The precipitate was filtered and rinsed with hot ethanol.  Yield: 72 %. Melting point: > 350°C.  Analysis: Calculated (%): C 41.79, H 3.16, N 19.50, S 11.14. Found (%): C 44.13, H 2.77, N 19.99, S 8.31. 
Results and Discussion

Physical Properties
The ligand and complex exist in red crystal and yellowish powder form.  The compounds are stable in air.  The ligand is soluble in organic solvents, whereas the complex is only soluble in DMF and DMSO.  The molar conductivity value of the complex in DMF is 16.63 ohm-1cm2mol-1 in range, which indicates the non-electrolyte characteristic and non-ionic structure with general composition Dy(Is2MTSC)3 [12-14].  The elemental analysis data shows that the complex is formed in the ratio of 1:3 (metal:ligand).  Magnetic susceptibilities of the complex have been measured by the Gouy’s method at room temperature (37°C) [15]. The complex is paramagnetic due to the existence of 4f electrons, which are effectively shielded by 5s2 and 5p6 electrons [16].

Infared Spectroscopy
A comparability test of stretching bands of specific functional group was made among the ligand and complex spectra as shown in Figure 3.  In principle, the ligands can exhibit thione-thiol tautomerism since it contains a thioamide –NH-C=S functional group [17,18].  The stretching band of ν(S-H) is absent in the 2550-2600 cm-1 region but the ν(N(2)-H) band is present, thereby indicating that the ligands remain as the thione tautomer in the solid state [19].  The absence of a sharp stretching band at 1726 cm-1 owing to the stretching band of C=O group and the stretching band shifted to a lower wavenumber showing that the oxygen from carbonyl group has coordinated to Dy(III) ion after deprotonation [20].  The stretching band of nitrate ion, NO3- is absent in the Dy(Is2MTSC)3 spectrum, which indicates that the nitrate ion, NO3- ion did not coordinate with Dy(III) ion [21].  The strong intensity stretching band at 1601 cm-1 in the ligand spectrum is attributed to ν(C=N) absorption, which shifted to a lower wavenumber and suggests an interaction between the imino nitrogen and metal ion [22,23].  The value of the ν(C=S) stretching band for the complex decreased slightly by 2 cm-1 [Is2MTSC=1097 cm-1], which presumes that the ligand remained as the thione form. The band at 451 cm-1 in the complexes is attributed to ν(Dy-N).  Meanwhile, the band at 416 cm-1 is attributed to ν(Dy-O).
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Figure 3. IR s pectra (KBr) of Is2MTSC and Dy(Is2MTSC)3

Electronic spectra
The UV-Vis spectra of Is2MTSC and its complex were recorded in the range 300-800 nm (c = 10-5 M) as shown in Figure 4 .  The ligand has two absorption bands at 302 and 405 nm, which are ascribed to the π-π* and n-π* intraligand transitions and usually refer to transitions in the azomethine unit and aromatic ring [24,25]. Sreekanth et al [26] suggested that the n-π* transition regarding N and S atoms usually occur at a lower energy than π-π*. The complex spectrum has little effect on these transitions, in which n-π* absorption shifted to higher energy.  Agarwal et al [27] suggested the transition is related to the covalent character of the metal-ligand bond. Besides that, the n-π* absorption is expected to overlap with π-π* absorption due to the formation of complex.  Dy(III) ions did not involve in the absorption of the complex because of the f-f transitions are Laporte forbidden, where they are assumed as too weak to be visible.
[image: Graph3]
Figure 4	Electronic spectra (DMSO) of Is2MTSC and Dy(Is2MTSC)3

Thermogravimetric analysis (TGA)
The thermal stability of Dy(Is2MTSC)3 was determined by the TGA technique.  The TGA curve of the complex as shown in Figure 5 was produced within the temperature up to 800ºC.  The complex showed thermal stability up to 360°C, indicating the absence of coordinated water and solvent molecules. Besides that, it is indicated that the complex has been formed by the coordination between Is2MTSC with Dy(III) ion.  The complex decomposes only in one step, and the loss of all substances is expected for the final residue of metal oxides.  The remaining product with residue percentage of 39.85% could be due to the formation of Dy2O3 [28,29].

[image: Graph1]
Figure 5. TGA curve of Dy(Is2MTSC)3
Nuclear magnetic resonance (NMR)
The complex is not suitable to be characterized using NMR because it exhibits paramagnetic properties. The bonding arrangement of the ligand, Is2MTSC was further confirmed by NMR spectra. Multiplet peaks were observed at δ=6.8-7.6 ppm due to aromatic protons. CH3 protons of azomethine moiety appeared as a singlet at δ=3.5 ppm.  A doublet peak at δ=10.98 ppm was assigned to NH2 protons.  The 13C NMR spectrum for Is2MTSC showed downfield peaks at 183.0 and 182.1 ppm, which were referred to C=O and C=S.   The peak was observed at 158.0 ppm due to azomethine moiety.

Crystal structure
The molecular structure of the ligand along with the atomic numbering scheme is shown in Figure 6. The crystal data and structure refinement and H-bonding parameters of the ligand are shown in Table 1 and 2.
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Figure 6. Isatin 2-methyl-3-thiosemicarbazone, (Is2MTSC).

Table 1. Crystal data and structure refinement for the complexes
	
	Is2MTSC

	Gross formula
	C10H10N4OS

	M (g/mol)
	234.28

	Wavelength, Mo Kα (Å)
	0.71073

	Crystal system
	Orthorhombic

	Space group
Crystal shape
Color
	Pbca
Block
Orange

	a, Å
	14.3434(9)

	b, Å
	8.4242(5)

	c, Å
	17.8518(11)

	α, degree
	90.00

	β, degree
	90.00

	γ, degree
	90.00

	V, Å3s
	2157.1(2)

	Z
T, K
Theta (max)
Theta (min)
	8
293(2)
28.37
2.84

	Crystal size, mm
h
k
l
	0.35,0.60,0.33
-19 19
-11 11
-23 23

	F(000)
Reflections
Parameters
Restraints
	976
2691
147
0

	Goodness-of-fit on F2
	1.185




Table 2. Crystal data and structure refinement for the ligand
	
	D---H...A
	Type
	D – H (Å)
	H...A (Å)
	D...A (Å)
	D – H...A (°)

	1
	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
	



The non-hydrogen atoms of the ligand are planar.  The indole ring N4/C2/C3/C4/C5/C6/C7/C8/C9[Is2MTSC] fragment is planar with maximum deviations of 0.048(2) for C(3) atom from the least square plane, respectively.  For the crystal structure of Is2MTSC, the molecules are 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) and forms a one-dimensional chain along the c axis (Figure 7).
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Figure 7. Packing diagram of Is2MTSC with intermolecular hydrogen bonds along c axis.

Conclusion
The present study has provided structurally interesting of Dy(Is2MTSC)3 complex was synthesized with the molar ratio 3:1 (ligand:metal) and characterized by elemental analyses, infrared, electronic spectra, TGA and nuclear magnetic resonance. The single crystal X-ray diffraction study has proved that the ligands exist as the thione tautomer.  From the physicochemical characterization of the complex, it has been determined that the ligand acts as a bidentate to metal ions.  
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