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I ABSTRACT 

This thesis reports the study on the complexation of the indium(III) complexes towards 

two series of compounds namely chalcone and Schiff base. There are two chalcones, 

three Schiff bases, and five indium(III) complexes from both respective compounds 

were synthesized and characterized through the analysis methods such as FT-IR, NMR 

I 
and CHN. For the conjugate structure in chalcone, -C=C-CO-, a peak of C=O appeared 

and shifted to right side which is 1640 cm- l in the spectra of FT-IR. .Whereas for the 

Schiff base compounds, the appearance of peak at 1600 em-I in the spectra of FT-IR 

shows that the fonnation of C=N in their structure. For all the indium complexes that 

synthesized through the reaction with chalcone and Schiff base, respectively, the new 

mode coordination are In-O and In-N. Tautomerization happened for the chalcone 

ligand during the complexation of indium(III) bromide. 
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ABSTRAK 

Tesis ini melaporkan kajian ke atas pengkompleksan indium(III) terhadap dua siri 

sebatian iaitu kalkon dan bes Schiff. Sebanyak dua kalkon, tiga bes Schiff serta lima 

indium kompleks dari kedua-dua sebatian berkenaan telah disintesiskan dan dicirikan 

melalui kaedah analisis seperti FT-IR, NMR dan CHN. Bagi struktur yang berkonjugat 

di dalam kalkon, -C=C-CO-, satu puncak C=O telah muncul dan dianjarkan ke kanan 

iaitu 1640 em-I dalam spektrum FT-IR. Manakala bagi sebatian bes Schiff, kemunculan 

puneak pada 1600 cm-l di dalam spektrum FT-IR menunjukkan penbentukan C=N 

dalam struktllr mereka. Bagi semua indium kompleks yang disintesiskan melalui tindak 

balas dengan kalkon dan bes Schiff masing-masing, mod koordinatan yang baru ialah 

In-O atau In-N. Pentautomeran berlaku bagi ligan kalkon apabiJa mengalami 

pengkomp/eksan dengan indium(III) bromida. 
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CHAPTER ONE: INTRODUCTION 

1.1 Indium Element 

Indium, the element having the atomic number as 49 and atomic mass 114.82 with the 

conjugation electron as [Kr]4d ID5s25pl [1]. Indium has the oxidation number +3 and can 

usually form the types of complexes as InX3L, InX3Lz and InX3L3 where the X can be the 

elements as chlOIine(Cl), bromine(Br) or Iodine(I) [2]. The main usage of indium element is 

in the field of making alloy or germanium transistor in semiconductor, which also been used 

in the electroplating field [3, 4]. 

1.2 Chalcone 

Chalcone is generally defined as a type of pigment formed by the chemical compound called 

benzylidene acetophenone [5]. Chalcone is usually used as the inhibitor on some specific 

enzyme, stabilization agent for heating process and make use as the pigment in color 

photography field [6]. Figure 1.1 is the examples of chalcone compound that have been 

synthesized: 

o 


Figure1.1: Example of chalcones. 

Due to the main functional group of chalcone is -C=C-C=O, which it will be the main part 

that usually reacts with other chemical compound such as metallic element to form a complex. 

For example, in a tin(IV) complexation study, C=O from chalcone was attached to 

dibut. ltin(IV) chloride, which has shown in Figure 1.2 [7]. 
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Figure1.2: The transition of the electron in the structure of the chalcone ligand to form the 

dibutyltin(IV) chloride complex. 

From Figure 1.2, the double bond of the C7 and Cs has transferred to the Cs and C9 position to 

make the 0 atom form the C=O functional becomes more reactive, and this process is named 

as tautomerization [7]. 

1.3 Schiff Base Chemical 

Schiff base, a type of chemical compound that having C=N as the functional group in its 

structure. This compound usually formed by the reaction of primer amine with carbonyl group 

from ketone or aldehyde. Schiff base having the general formula as RC=NR' in which the R 

an R' can be hydrogen, alkyl, ally and aryl. Schiff base can appear as monodentate, 
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bidentate, tridentate and quadridentate in usual [8]. Easton has reported that Schiff bases can 

react with the cobalt to synthesis the cobalt complexes, which as depicted in Figure 1.3 [9] . 

O-H-O 

I I
R 

X)J(:( 

I 1r 

O-H---0 

Figure 1.3: Cobalt complexes coordinate with Schiff base compounds. 

GaIl B. L. et aI., had studied on the unprecedented reactivity of a Schiff base ligand in the co

ordination sphere of cuprum(I) complex towards ~-diketones. They reported that the reaction 

of ~-diketones with a di-imine/pyridine ligand co-ordinated to a Cu(I) centre affords the first 

example of transformation of such a Schiff base with in the inner sphere of this centre, which 

as shown in Figure 1.4 [10]. 

[Cu] 

acacH 

acacH = 2,4-pentanedione (crystallisation solvent) 

R 

o 

Figure 1.4: The Coordination of Schiff base with center Cu. 
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Schiff base seems having much widely usage compare to chalcone, which usually used as the 

flourimertric agent for aluminum, magnesium and metallic ion in industrial field. Schiff base 

also can act as the antibacterial or anti-fungi in metallic platting and also additional compound 

to the electrolyte [11, 12]. 

1.4 Indium Complexes 

Sonja Abram et al. had studied the synthesis and characterization of indium(III) complexes 

with tri- and pentadentate thiosemicarbazones. This study also discussed the crystal structure 

of indium(III) complexes. In their studies, the indium compounds, InX3 (X=Cl or Br), has 

been prepared by pentadentate thiosemicarbazone 2,6-diacety lpyridine

bis(thiosemicarbazone) (H2DAPTSC) and tridentate thiosemicarbazone 2-acetylpyridine

thiosemicarbazone (HAPTSC), which as depicted in Figure 1.5, and subsequently gone 

through the ligand exchange reactions to produced different types of indium complexes. 

(b) ~ 

t~ /CH,
N C 

II 
N 
I 
NH 
I 

~C ........... 

S/ NH

2 

Figure 1.5: Molecular structure of (a) H2DAPTSC and (b) HAPTSC. 

The product such as [lnXz(HDAPTSC)], {O[In(HDAPTSC)(OH)]z}, [InX2(APTSC)(MeOH)] 

and [In(APTSCnJPF6 were synthesized and had been characterized through crystallography. 

Halide ligands remain in the coordination sphere of the metal, whereas the reaction from 

indi nitrate yields cationic bis-chelates with tridentate ligands and neutral fl-oxobridged 

hydroxo species when pentadentate bis(thiosemicarbazones) were used [13]. 
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Wong et aI., reported the reactivity of indium(III) with the cross-bridge cyclen and cyclam 


tetraaza macrocyclic ligands and also determined their structure using x-ray crystallography. 


Both hexacoordinate metal centers exhibit significant distortions from idealized octahedral 


geometry [14]. 


Krik-Othener described that in electronic industrial, the arsenide and phoshide complexes of 


indium are widely used in rectifiers and transistors as semiconductors and in lasers, light


emitting transistors, photocells and electronic refrigeration. For example, indium phosphide in 


diod laser has been used in fiber optics in the communication system [3]. 


1.5 Objective 

The purposes for this study are to synthesis the two series of ligands namely chalcone and 

Schiff base and their indium complexes. The synthesized chalcones, Schiff base and their 

complexes will be characterized using Ff-IR, CHN and IH NMR. 
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CHAYfER TWO: MATERIAL AND METHODS 

2.1 Chemical and reagents 

All the chemicals were upplied from Fluka, Aldrich and BDH. Solvents namely ethanol 99 

% (A. R gred) and acetone (A. R gred) were obtained from R & M Chemicals. 

2.2~easurement 

Infrared spectra were recorded as KBr disc using Perkin Elmer 1800 Fourrier-Transform 

Spectrometer with wavelength range between 4000 and 400 em-I. IH NMR spectra were 

recorded in acetone-dand CDCh solution using Advance 300 Bruker FT-NMR Spectrometer. 

CHN data were recorded using Perkin Elmer CHN Series II 2400. 

2.3 Preparation of 2-[(2-chloro-phenylimino)-methyl]-phenol (S3) 


2-hydroxybenzaldebyde (1 mL, 9.5 X 10-3 moles) and 2-chloroaniline (1 mL, 9.5 X 10-3 


moles) were added into a beaker containing 24 mL of 99.9 % ethanol. The mixture was stirred 


for 2 hr. The yellow solid obtained was filtered and dried in a beaker under open air condition. 


(Yield: 2.0 g, 90.87 %) 


2.4 Preparation of 2-[( 4-chloro-phenylimino )-methyl]-phenol (S4) 


The synthesis procedures of S4 is similar to the procedures in preparing S3 as described in 


Section 2.3, except 2-bydroxybenzaldehyde was replaced by 4-hydroxybenzaldehyde (1.160 


g, 9.5 X 10-3 moles). (yield: 1.93 g, 87.69 %) 
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25 Preparation of 4-[(4-chJoro-phenylimino)-methyl]-phenol (S6) 


The synthesis procedures of S4 is similar to the procedures in preparing S3 as described in 


Section 2.3, but 2-hydroxybenzaldehyde was replaced by 4-hydroxybenzaldehyde (1.0 g, 8.19 


X 10-3 moles) and 2-chloroaniline was replaced by 4-chloroaniline (1.0 g, 8.19 X 10-3 moles). 


(yield: 1.77 g, 93.28 %) 


2.6 Preparation of 1-phenyl-3-(4-hydroxy-phenyl)-propanone (C5) 


4-hydroxybenzaldehyde (5.22 g, 4.274 X 10-2 moles) was dissolved in ethanol and 


aceptophenone (5 mL, 4.274 X 10-2 moles) was added in. The mixture solution was stirred for 


5 hr. 8 M HCI was added drop by drop to the mixture solution. The brown solid obtained was 


filtered and purified through crystallization in ethanol (40 mL) and dried in a beaker under 


open air condition. (yield: 6.72 g, 70.11 %) 


2.7 Preparation of 1-( 4-chloro-phenyl)-3-( 4-hydroxy-phenyl)-propanone (C6) 


The procedures in preparation of C6 is similar to the procedures as described in Section 2.6, 


except aceptophenone was replaced by 4'-chloroaceptophenone (5 mL, 3.85 X 10-2 moles). 


(Yield: 6.23g, 62.55 %) 


2.8 Preparation of Indium Complexes with S3 OnBr3-S3) 


S3 (0.653 g, 2.821 X 10-3 moles) and indium(111) bromide (1.00 g, 2.821 X 10-3 moles) were 


dissolved in ethanol (15 mL). The mixture solution was stirred for 5 hr and refluxed with a 


temperature of 940 C under nitrogen atmosphere. The solid precipitate formed was filtered, 


pu d using ethanol and dried in a desiccator. (Yield: 0.71g, 42.93 %) 
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2.9 Preparation ofIndium Complexes with S4 (InBr3-S4) 


The procedures in preparing indium complex with S4 is similar to the procedures in preparing 


indium complex with S3 as described in Section 2.8, but S3 was replaced by S4 (0. 653 g, 


2.821 X 10.3moles). (yield: 0.49 g, 29.63 %) 


2.10 Preparation of Indium Complexes with S6 (InBr3-S6) 


The procedures in preparing indium complex with S6 is similar to the procedures in preparing 


indium complex with S3 as described in Section 2.8, except S3 was replaced by S6 (0. 653 g, 


2.821 X 10.3moles). (Yield: 1.00 g, 59.35 %) 


2.11 Preparation of Indium Complexes with C5 OnBr3-C5) 


C5 (0.644 g, 2.874 X 10.3 moles) and indium(III) bromide (1.00 g, 2.874 X 10,3 moles) were 


dissolved in ethanol, 0.4 mL triethyamine (2.874 X 10'3 moles) was added into the mixture 


solution. The solution was stirred and refluxed for 5 hr with temperature of 94° C under 


nitrogen atmosphere condition. The solid precipitate fonned was filtered, purified using 


ethanol and dried in a desiccator. (Yield: 0.81 g, 48.70 %) 


2.12 Preparation of Indium Complexes with C6 (InBr3-C6) 


The procedure in synthesizing InBr3-C6 is similar to the procedures in preparing InBr3-C5, 


which as described in Section 2.11 except C5 was replaced by C6 (0.743 g, 2.874 X 10,3 


moles). (yield: 1.31g, 7433 %) 
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I' CBAYfER THREE: DATA AND RESULT 

Table 3.1: Physical and Analytical Data of Synthesized Schiff base and Chaleone. 

Compounds Color M·p·eC) Found (Caled.) % 
C H N 

IS3: Yellow 80- 67.30 I 3.97 6.44 
C13HIOCINO 82 (67.40) (4.35) (6.05) 
54: Dark 103 - 66.97 3.89 6.23 
C13HlOClNO Brown 104 (67.40) (4.35) (6.05) 
S6: Grey 182- 67.01 3.96 6.20 
C13H1oCINO 183 (67.40) (4.35) (6.05) 
C5: Light 140- 80.77 4.79 
C1sH12Ch Brown 145 (80.34) (5.39) -
C6: Brown 182- 65.28 4.22 
C1sHllC1Ch 184 (69.64) (4.29) -

..., 

Table 3.2: Physical and Analytical Data of Synthesized Indium Complexes 

. Indium Complexes Color M·p·eC) Found (Caled.) % 
C H N 

InBr3-S3 Light 86- 19.72 2.10 1.67 
InBr3C13HIOClNO Orange 86 (26.64) (1.72) (2.39) 

InBr3-S4 Orange 114- 37.25 2.27 3.17 
InBr3(C13H1OClNO)2 116 (38.15) (2.44) (1.77) 

InBr3 - S6 Dark 99- 28.19 2.33 2.36 
InBr3 C13HlOClNO Green 105 (26.64) (1.72) (2.39) 

InBr3 -C5 Yellow 172- 57.75 4.61 
InBr(C1SH12 Chh 173 (55.98) (3.73) -

InBr3-C6 Dark 152- 54.60 4.06 
InBr(C)sHllCIChh Brown 153 (50.57) (3.09) -

Table 3.3: The Main IR Data of Synthesized Schiff base and Chaleone 

Compounds VOH VC=N Vc=c Vc=o. 
S3: 3200- 1614.3 1566.0 Aro 

I -

C13H1oCINO 3800 (w) 
S4: 2600- 1614.3 1568.0 Aro -

II C13HIOCINO 3300 (w) 
S6: 3300- 1600.2 1571.0 Aro -
C13HIOCINO 3600 (w) 
C5: C1sH)2Ch 3000- - 1595.0 1649.0 

3400 (w) 
C6: 3000- - 1583.4 1647.0 
C1sHIIClCh 3600 (w) 

• w = wide 
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• w = wide 

Table 3.5: The IH NMR Data of Synthesized Schiff base and Chalcone 

,....-

~able 3.4: The Main IR Data of Synthesized Indium Complexes 

Indium Complexes VCH2 VCH2VOH VC=N VC=C Vln-O 

Stretch Bend 
InBr3-S3 - -1637.53000 1521.7 Aro 572.8 

InBr'lC''3HIOONO 3700Jw) 

InBr3- S4 
 3200 1635.5 - -1537.2 Aro 574.7 

InBr3(C13HIOCINOh 3500 (w) 

InBr3- S6 
 -1652.0 -3000 493.7 

InBr3 C13HIOCINO 
1573.8 Aro 

3600 (w) 

InBr3- C5 
 2954.73100 - 1598.9 1473.5 505.3 

InBr3(C1sH12 02b 3500 (w) 

InBr3- C6 
 - 1593.13100 2950.0 1487.0 750.3 

3400 (w)(nB~..rlsHl1 Cl~ 

Compounds t5Hc=c t5CH-C=O t5HC=N t5CHarom 

S3: 

t50H 

-13.25 8.65 (s) 6.95 -7.52 
CoHlOONO 

-
(m)hl 

- 8.60 (s) 6.90 -7.40 
C13H1oCINO 

13.05 -84: 
(m) 

S6: 
(s) 

-- 7.00-7.90 
.CoHIOCINO 

n.o. 8.50 (s) 
(ml 

-8.10 (d) 7.70 6.80-7.8010.0C5: 
(s) (m) 

C6: 
ClsH12~ 

7.90 - 6.80-7.8010.05 8.15 (d) 
(s) (m)ClsHllCI~ 

• s = singlet, d =doublet, m = multiplet, n.o. = not observed 

Table 3.6: The IH NMR Data of Synthesized Indium Complexes 

. Indium Complexes t5HC=C • t5CH-C=C t5HC=N t5CHarom 

InBr3-S3 

t50H 

- -10.25 (s) 9.00 (s) 6.80
7.90 (m) 

InBr3 -S4 
J!JBr3~lo0NO 

--12.65 (s) 8.80 (s) 6.80
7.60 (m) 

InBr3-S6 
InBr3(C13HIOC)NO~ 

--10.60 (s) 8.65 (s) 6.80
InBr3 C13HIOONO 7.70 (m) 

InBr3-C5 7.70 (t) 3.10 (s) -10.10 (s) 7.50
IIIBr3(ClSH12 ~b 7.80 (m) 

IDBr3- C6 7.90 (t) 3.10 (s) - 7.50-
InBr1C,sHll Cl~ 

10.10 (s) 
7.80 (m) 

II • s =singlet, d =doublet, t = triplet, m = multiplet 

10 
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FOUR: DISCUSSION 


wide absorption band found at 3200 - 3800 cm-l in IR spectra is assigned to the OH 

in S3 (Appendix i). This can be supported by lH NMR spectra in which a singlet found 

3 13.25. Based on IH NMR spectra, this OH group is located in ortho substitution because 

presence of the peaks at 07.00 (t, IH), 0 7.08 (d, 1H) and 7.25 (t, 2H) (Appendix xi), since 

OH group is represented by a wide absorption band in IR spectra, which means that it 

forms a intramolecule hydrogen bond between the hydrogen atom from OH group with 

'trogen atom from C=N group[15]. An absorption band found at 3066.0 cm-1 which is 

assignable to N-H bond can further confirm the intramolecule hydrogen bond presence in S3. 

A stretch peak located at 1614 em-I IR spectra is because of C=N group presence in S3. A 

singlet found at 0 8.65 in IH NMR spectra can confirm the appearance of H-C=N in S3. 

Beside that, a peak found at 694.3 cm-1 in IR spectra is assigned to the C-Cl from another 

aromatic ring in S3. This aromatic ring is come from 2-chloroaniline when reacted with 2

bydroxybenzaldeybde in formation of S3. This can be further supported by 1H NMR, where 

the peaks present at 0 7.35 (d, IH), 0 7.42 (t, 2H) and 7.50 (d, lH) showed that the Cl is 

placed at ortho position. Based on the data of IR and lH NMR, the structure of S3 can be 

represented as sbown Figure 4.1. 

= Intramolecule hydrogen bond. 

Figure 4.1 : The structure of S3 
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IR and IH NMR spectra of InBr3-S3 is almost similar to those for S3. In IR spectra, an 

IIkllitiClnaJ absorption peak appeared at 572.8 cm· l (Appendix vi) is assignable to In-O [16, 17, 

. From the data of CHN in Table 3.2, the ratio of In:ligand can be calculated that as 1:1. 

the basis of IR and CHN data the structure of complex can be postulated as shown in 

Figure 4.2 and its geometrical is tetrahedron. 

Sr 

I 
In 

Br~/~8r 


CI ~:oo-:;:/"
N ~ I 
": 

= Intramolecule hydrogen bond. 

Figure 4.2: The postulated structure of InBr3-S3 complex. 

4.2 a Spectroscopic study on S4 

Based on the IR spectra (Appendix ii), the 6ccurrences of OH group, Cl group and C=N group 

r S4 are almost similar to S3. The only difference between S3 and S4 is the position of Cl 

atom that attached to the second aromatic ring, which can be observed from the IH NMR 

spectra result (Appendix xii). The presences of the two symmetry doublets at 0 7.40 (2H) 

tm:>we:d the Cl is located at para position, this can also be confirmed by the IR spectra, which 

.. .. ~II' of peaks appeared at the region around 1800 - 1900 cm-t, showed the occurrence of 

a at para position in second aromatic ring. The structure of S4 is represented as in Figure 4.3. 
12 



= Intramolecule hydrogen bond. 

Figure 4.3: The structure of S4. 

IR and the IH NMR result for InBr3-S4 complex are almost same with S4. Based on the 

result from Table 3.1, the new additional In-O peak appears at the position of 574.7 cm- I 
. 

InBr3-S4 complex. From the CHN result, the ratio of In:ligand is 1:2. On the basis of 

spectral result, the structure of InBr3-S4 complex can be postulated as shown in 

4.4. The geometry structure of this complex is trigonal bipyramidal. 

= Intramolecule hydrogen bond. 


Figure 4.4: The postulated structure of InBr3-S4 complex. 
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cture of S6 is almost same with S4, the only difference is the position of OH group, 

attached to the first aromatic ring. For S6, the OH group is attached to the para 

_ltihltiOn, whereas in S4, this OR group is attached to the ortho substitution. This different 

be observed from the 1H NMR spectra (Appendix xiii), there are four symmetry doublets 

MlC8I'at the position 0 7.0 (d, 2H) 7.2 (d, 2H), 7.4 (d, 2H), and 7.8 (d, 2H), which are due to 

different types of hydrogen appeared in S6. From the IR spectra, it can be seen that the 

iDtram[)lec:ule hydrogen bond does not exist in S6 since the OH group is placed at para 

,PDfiiitie,n and it is far away from nitrogen atom from C=N group. Based on the IR and 1H NMR 

lbe structure of S6 is shown as Figure 4.5. 

fr
CI 

I~ 

ff 
~ ~ 

I N 
~ 

HO 

Figure 4.5: The structure for S6. 

18 NMR spectra of InBr3-S6 complex, two additional symmetry doublets existed at 0 7.50 

~l'Ied that there were one more para substitution aromatic present in InBr3-S6 complex [19]. 

ligand may form a dimmer before coordinated with InBr3. From IR spectra (Appendix 

•. a wide absorption band appeared at 3100 - 3400 cm1, which is assigned to O-H group 

hydrogen bond. In Section 4.3 a, it already mentioned that the intramolecule hydrogen 

not occur in S6, therefore, the new hydrogen bond exist most properly is intermolecule 

beI._ bond. From IR spectra also, the N-H peak 3120.6 cm1become stronger if compared 

of S3, S4 and their complexes. This brings the meaning that there may have two N-H 
14 



present in InBr3-S6 complex. This hydrogen bond is expected formed in between H 

from O-H group with N atom from C=N group from another molecule. The dimmer 

IrUetare ofS6 before coordinated with InBr3 is shown as Figure 4.6. 

0" 
H

ij)C'
~l I h

N 

= Intermolecule hydrogen bond . 

Figure 4.6: The dimmer structure of S6. 

oxygen atom, where it's hydrogen atom formed the hydrogen bond with N, will become 

electronegative in this condition and it will attack to the In atom, which is more 

~m~sim,e and form In-O bond. This can be further supported when an additional peak 

at 493.7 em-I in IR spectra which is assigned to In-O [16, 17, 18]. Based on the CHN 

in Table 3.2, the ratio ofIn:O is 1:1. Therefore, on the basis of CHN and spectral result, 

postulated structure of InBr3-S6 is depicted in Figure 4.7. 

Br 

I 
Br--In--Br 

I 
O'H 

. I: 
 CI 

N~~ ~~ l(y 
~ ':ff~:~I M

CI 	 : 
I 


H, ~ 

o 
I 

Br--In--Br 

I 
Br 	 = Intermolecule hydrogen bond. 

Figure 4.7: Postulated structure of InBr3-S6. 
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