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Intoduction 

The present thesis entitled ―Copper (II), nickel (II) and palladium (II) complexes with 

ligands derived from 4-phenylthiosemicarbazide and thiocarbohydrazide‖ aims to bring 

original contributions to the field of divalent transition metal ions complexes with ligands 

having NS, NSO, NNS or NNNS donor atoms. 

This paper is divided into two parts; relevant literature data (Chapters 1 and 2) 

followed by the original contributions (Chapters 3 and 4), conclusions (Chapter 5) and 

supplementary data (Annexes). 

In Chapter 1 “Cu(II), Ni(II) and Pd(II) complexes with thiosemicarbazone” are 

discussed structural aspects of the thiosemicarbazone ligands focusing on the coordinating 

possibilities at different metal ions. Also, this chapter describes the characterization of Cu(II), 

Ni(II) and Pd(II) complexes with thiosemicarbazone based on the metal ion stereochemistry 

and nuclearity of the complexes. Important aspects sought in this chapter refers to the ligand 

coordination mode, the conformation of the free and coordinated ligand, the metal ion 

geometry, the presence of the metal salt anion or a co-ligand in the coordination sphere, and 

the substituents nature on the carbon atom C
2
 and nitrogen atom N

1
. 

Thiosemicarbazones and metal complexes show a considerable interest for the fields 

chemistry and biology. The structural characteristics of these compounds have enabled them to 

be used in a large number of analytical applications. The thiosemicarbazones ligands are used 

for metal ions analysis, for manufacturing colorimetric chemosensors for anions, in devices 

intended for communications, processing of optical calculations, storage and processing of 

information. The interest in thiosemicarbazones and metal complexes is revealed by the great 

variety of biological properties exhibited by these compounds, such as antibacterial activity, 

antifungal, antimicrobial, antioxidant, antituberculostatică, anti-HIV and anti-tumor [1-3]. 

Thiosemicarbazones are Schiff bases obtained by condensation reaction of an aldehyde 

or ketone with a thiosemicarbazide. They are classified as mono-thiosemicarbazones (Fig. 1.1), 

and bis-thiosemicarbazones. The basic skeleton of a mono-thiosemicarbazone has different R
1
-

R
4
 substituents and, depending on their nature, are obtained various sub-classes of ligands. 

 

R
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C
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N
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N
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1 N
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R
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R
3

H

 
Figure 1.1. The general formula of mono-thiosemicarbazones, 

R
1
, R

2
, R

3
, R

4
 = H or organic radical. 

 

Thiosemicarbazones, obtained from aldehydes, present as substituents on the C
2
 carbon 

atom a hydrogen atom, and the second substituent may be an alkyl or aryl radical or a 

heterocycle. Similarly, the substituents on the N
1
 nitrogen atom may be the same or different, 

hydrogen, alkyl or aryl radicals. Also, the N
1
 nitrogen atom can be included in a heterocyclic 
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ring [1]. If the condensation is carried out starting from a ketone, both substituents at the C
2
 

carbon atom may be the same or different alkyl or aryl radicals. Like the N
1
 nitrogen atom and 

the C
2
 carbon atom can be part of a ring. 

Thiosemicarbazones may exist in two tautomeric forms and the thiol-thione 

tautomerism is manifested in solution (Fig. 1.5). The thiol form is generated by the shift of the 

hydrogen atom from the group -N
2
H to the sulfur atom and following its loss from the -SH 

group the anionic form of the thiosemicarbazone is obtained. The thiosemicarbazones can 

coordinate to the metal centre in either a neutral or anionic form. 
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Figure 1.5. The thiol-thione tautomerism of thiosemicarbazones. 

 

(i) Coordination modes of thiosemicarbazones in neutral form 

In neutral form, the binding occurs via only S atom in η
1 

– S (A); μ2 – S (B); η
2 

– N
3
, S 

– chelation (C); η
3 

– N
3
, S – chelation and S – bridging (D) (Fig. 1.6). However, if the 

substituent at C
2
 has a donor atom, and engages in bonding, the additional binding modes 

observed are η
3 

– X, N
3
, S – chelation (E); η

4 
– X, N

3
, S – chelation and S – bridging (F),        

η
4 

– X; N
3
, S – chelation and X – bridging (G) (X= O, N) [1,4-10] (Fig. 1.6). 
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Figure 1.6. Coordination modes of thiosemicarbazones in neutral form [1]. 

 

(ii) Coordination modes of thiosemicarbazones in anionic form 

The modes A – G shown by the neutral ligands are also exhibited by the anionic 

ligands [1,11,12]. In addition, η
2 

– N
2
, S (H) and N

2
, S – bridging and S – bridging  modes (I) 

(Fig. 1.7) are identified [13,14]. A rare example of pentacoordination (J, Fig. 1.7) by a 

thiosemicarbazone ligand has also been reported by Pal [15]. 
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Figure 1.7. Coordination modes of thiosemicarbazones in anionic form [1]. 

  

Also, in the literature, it is stated that thiosemicarbazones assume E or Z form         

(Fig. 1.8). Thus, in neutral, they coordinate to the metal ion via sulfur donor atom by adopting 

the E form, in the case of deprotonation of the hydrazine group NH, thiosemicarbazones 

coordinate through the nitrogen and sulfur atoms, adopting the Z form [1,5,10,14,16 17]. 

 

N
NH S

N
R

3
R

4
R

2

R
1

M N
N N

SR
2

R
1

R
4

R
3

M

- H
+

 E                                                             Z  
Figure 1.8. E and Z forms of thiosemicarbazones,  

R
1
, R

2
, R

3
, R

4
 = H or organic radical. 

 

Due to the their excellent ability of complexing, thiosemicarbazones react with a large 

number of transition metal ions, and p block elements, forming complexes which have various 

physical and chemical properties, and therefore, applications. 

Highly studied, copper is the most important metal ion for the complexation reactions 

with thiosemicarbazones. In terms of biological storage and transport, in order of decreasing 

abundance in living organisms, copper ranks third after iron and zinc [45]. Along with iron, 

copper participates in many biological reactions. For example, the copper in the enzyme 

cytochrome c oxidase catalyzes the four-electron transfer to molecular oxygen to form water 

during respiration. 

The interest in Cu(II), Ni(II) and Pd(II) complexes with thiosemicarbazones are due to 

the structural features of these compounds, and their properties. The Cu(II) ion forms, in 

general, mononuclear, dinuclear, tetranuclear, hexanuclear, and polymeric complexes. Ni(II) 

and Pd(II) ions form mononuclear, dinuclear and trinuclear complexes. In addition, the Pd(II) 

ion forms tetranuclear complexes. For the copper complexes with thiosemicarbazones, the 

coordination number ranges from three to six, and among geometries encountered are distorted 

plan-trigonal, tetrahedral, square-planar, and octahedral. Geometries encountered for the nickel 

complexes are square-planar and octahedral, and for the palladium complexes is a square-

planar geometry. 
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Chapter 2 “Cu(II) complexes with thiocarbohydrazones” presents structural 

characteristics of Cu(II) complexes with thiocarbohydrazone. 

Thiocarbohydrazones are condensation products of thiocarbohydrazide with various 

carbonyl compounds. Because of the symmetry of the molecule, both hydrazine groups are 

highly reactive. The condensation reactions involving thiocarbohydrazide occupy an important 

place due to various classes of compounds that can be obtained: thiocarbohydrazones, 

thiosemicarbazides, pyrazoles, thiazoles, thiadiazines, thiazolidines, thiadiazoles, triazines etc. 

[2]. Thiocarbohydrazone are studied because they have a broad spectrum of chemical and 

biological properties, and applications in various fields.  

Regarding the biological properties of thiocarbohydrazone, these compounds exhibited 

anti-tumor activity, which has been highlighted since 1956 [4], antituberculostatic, 

antibacterial, antihelmintic [3] and antiviral activity [5]. 

 

C
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S

NH2NH2

H H

+ R-N=C=S NH
N

N

S R

NH

NH
NH2

S

+ R-CH2-CO-ClN
N

S NH

NH2

R

+ 2R2C=O 

C
NN

S

NN

H H

C C
R

R

R

R

+ R2C=O 

C
NN

S

NH2N

H H

C
R

R

thiosemicarbazides

bis-thiocarbohydrazonesmono-thiocarbohydrazones

tiadiazines

 
Figure 2.2. Examples of classes of compounds obtained from thiocarbohydrazide [3]. 

 

Thiocarbohydrazones are Schiff bases obtained by condensation reaction of 

tiocarbohydrazide with a carbonyl compound. Thiocarbohydrazide reacts easily in a molar 

ratio of 1: 2 with an aldehyde or a ketone to form 1,5-bisthiocarbohydrazones [1] (Fig. 2.3, a). 

At a molar ratio of 1: 1 are obtained mono-thiocarbohydrazones [1] (Fig. 2.3, b). 

 

C
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4
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S

N
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N
1C C

R
2

R
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R
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R
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C
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4
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2

S

NH2

5
N
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R
2

R
1

 
(a) (b) 

Figure 2.3. The general formulas for (a) bis- and (b) mono-thiocarbohydrazones, 

R
1
, R

2
, R

3
, R

4
 = H or organic radical. 

 

Similar to thiosemicarbazones, thiocarbohydrazones may exist in two tautomeric forms, 

thio-enol and thio-ketone tautomers, manifested especially in solution (Fig. 2.4). The thio-enol 

form is generated by the shift of the hydrogen atom from one of the two NH groups to the sulfur 

atom, and the loss from the group -SH leads to the anionic form of the thiocarbohydrazone.  
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The thiocarbohydrazones can coordinate to the metal center in either a neutral or anionic form. 

 

NHNH

S

N NR
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R
1

R
4
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N N
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R
2
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R
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R
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1
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4

R
3

thione                                                                  thiol                                                                 anion 
Figure 2.4. The thiol-thione tautomerism of thiocarbohydrazones,  

 R
1
, R

2
, R

3
, R

4
 = H or organic radical. 

 

Like any other compounds possessing sulfur and nitrogen donor atoms, 

thiocarbohydrazones can coordinate through these atoms, allowing the formation of complexes 

with different geometries from tetrahedral to octahedral or square-planar, thus presenting 

various structural particularities [6-8]. Due to the large number of nitrogen atoms in the 

structure of thiocarbohydrazones, complexes with one and two metal centers can be obtained, 

and depending on the nature of the thiocarbohydrazones substituents these ligands can 

coordinate in a mono-, bi-, or trideprotonated or in neutral form. 

Two dinuclear complexes [Cu2(HL
Me,Et

)(HSO4)(CH3OH)2] · CH3OH                  

(HL
Me,Et

 = bis(3-methoxysalicylaldehyde)thiocarbohydrazone, bis(3-ethoxysalicylaldehyde) 

thiocarbohydrazone) were obtained from the reaction of the ligand with copper sulphate (II) in 

a molar ratio of 1: 2 [29]. The HL
Me 

(Fig. 2.13) and HL
Et

 (Fig. 2.14) ligands coordinate in a 

deprotonated manner to the copper ion, both ligands providing two tridentate sites, one NNO 

and one ONS.  

 

O

OH

N
N SH

NH
N OH

O
CH3 CH3

 

 
HLMe [Cu2(HLMe)(HSO4)(CH3OH)2] · CH3OH 

Figure 2.13. Structure of complex [Cu2(HL
Me

)(HSO4)(CH3OH)2] · CH3OH  [29]. 

 

The two hexadentate thiocarbohydrazones coordinate each to two copper ions to form 

dinuclear units of type [Cu2L]
+
. An interesting feature of the two complexes is that the copper 

(II) ions of the dimer show different geometries. Cu1 has a square-planar geometry made by 

the phenolic oxygen, azomethine nitrogen, hydroxyl oxygen, and sulfur atoms. The second 

metal center has a square pyramidal geometry in which the apical position is occupied by the 

oxygen atom from methanol. The basal plane is achieved by the imine nitrogen, phenolic 
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oxygen, azomethine nitrogen, and sulphate oxygen atoms. Another unusual feature of these 

two complexes is the presence of the sulphate ion coordinated to the metal ion as a protonated 

ligand HSO4
-
, the proton is stabilized by hydrogen bonding with oxygen atoms and methoxy 

groups derived from phenol [29]. 

 

O

OH

N
N SH

NH
N OH

O

CH3

CH3

 

 
HLEt [Cu2(HLEt)(HSO4)(CH3OH)2] · CH3OH 

Figure  2.14. Structure of [Cu2(HL
Et

)(HSO4)(CH3OH)2] · CH3OH [29]. 
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PART II - Original contributions 

 

Chapter 3 

Cu(II), Ni(II) and Pd(II) complexes with thiosemicarbazone  

derived from 4-phenylthiosemicarbazide 

 

Chapter 3 describes the Cu(II), Ni(II) and Pd(II) complexes obtained with 

thiosemicarbazone ligands derived from 4-phenylthiosemicarbazide. By condensing, in a molar 

ratio of 1: 1, 4-phenylthiosemicarbazide with various aldehydes, six ligands were synthesized:            

2-furaldehyde-N(4)-phenylthiosemicarbazone (HL
1
), 5-methyl-2-furaldehyde-N(4)-

phenylthiosemicarbazone (HL
2
), 2-formylpyridine-N(4)-phenylthiosemicarbazone (HL

3
),      

4-formylpyridine-N(4)-phenylthiosemicarbazone (HL
4
), 3-formyl-6-methylchromone-N(4)-

phenylthiosemicarbazone (HL
5
), 9-ethyl-9H-carbazol-3-carboxaldehyde-N(4)-

phenylthiosemicarbazone (HL
6
), and complexes with transition metal ions: Cu

2+
, Ni

2+
, Pd

2+
. 

The characterisation of the ligands was carried out by elemental analysis, FT-IR, UV-

Vis, and 
1
H-NMR, 

13
C-NMR. The molecular structures of the ligands HL

1
, HL

2
, HL

3
, HL

4
 

and HL
6
, were determined by X-ray diffraction. In order to characterize the metal complexes 

conventional and modern methods have been used. The electron paramagnetic resonance 

spectroscopy (EPR) was used to characterize the compounds in solid and solution state. The 

thermal analysis was used to determine the number and nature of the water molecules and the 

X-ray diffraction to establish the geometry of the metal complexes. 

With the ligand HL
1
 six Cu(II) complexes, one Ni(II) complex, and one Pd(II) complex 

were synthesized. The analytical data indicated the following molecular formulas: 

[Cu(L
1
)2(H2O)2] (1), [Cu(L

1
)(OAc)(H2O)2] (2), [Cu(L

1
)2] (3), [Cu2(L

1
)2(Et3N)2(H2O)4]SO4 

(4), [Cu2(L
1
)2(Et3N)2(H2O)4](NO3)2 (5), [Cu(L

1
)(ClO4)(H2O)2] (6), [Ni(L

1
)2] (7), [Pd(L

1
)2] (8). 

These complexes exhibit a square-planar (3, 7, 8) and an octahedral geometry (1, 2, 4, 5, 6). 

Complexes (1) - (3), (6) - (8) are mononuclear, and the dinuclear nature of complexes (4) and 

(5) was established by EPR. The ligand HL
1 

coordinates bidentate through the azomethine 

nitrogen and the sulfur atom. 

For complexes (4) and (5), the EPR spectra recorded on powder at 298 K and 77 K 

(Fig. 3.20), on an extended magnetic field, show signals at the magnetic field value ~ 1600 G 

that indicate the existence of copper dimers. At 77 K, a change in the form of the EPR 

spectrum for complex (4) was observed. The spectral parameters are g// = 2.132, g = 2.036 at 

298 K and g// = 2.120, g = 2.010 at 77 K; The equation g// > g > 2.0023 indicates that the 

fundamental state is described by the 𝑑𝑥2−𝑦2  orbital [33]. 
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Figure 3.20. EPR spectra for complexes (4) and (5), 

 recorded on powder at 298 K and 77 K. 

 

Also, the shape of the EPR spectrum of the complex (5) has changed by cooling at 77 

K. The signal narrowed from ~ 360 G at 298 K to 190 G at 77 K when it was observed the 

presence of inflections separated from each other by more than 200 G, which cannot be 

considered components of the hyperfine structure, but rather an overlap of signals for 

dinuclears with mononuclears. If the coupling of the two centers of copper (II) from the dimer 

is antiferromagnetic, the difference between the two signals is the EPR signal of the dimer 

(Fig. 3.21, DIF) [34], whose intensity decreased with the decrease of the temperature. This 

signal can be considered to be due to the fine structure transitions (Ms =  1) between the 

levels of the triplet (S = 1) associated with the Cu
2+

 ion pairs and is characterized by the 

spectral parameters: D// = 1056 G, g// = 2.058, D = 280 G, g = 2.056. The fact that no 

hyperfine splitting structure associated with the two metal centers is observed could be due to 

intermolecular dipolar interactions, which can cause enlargement of the lines, the sample 

having high concentration of paramagnetic centers. From the spectral parameters of this signal 

is possible to estimate the distance between the two copper (II) atoms of the dimer using the 

expression R [Å] = (0.650 · g
2
/ D [cm

-1
])

1/3
 [34]. This distance has a value of 4.7 Å. 
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Figure  3.21. EPR spectrum of complex (5), recorded on powder  

at 298 K, 77 K and the difference (DIF). 
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Complexes (3), (7) and (8) are molecular species of Cu(II), Ni(II) or Pd(II) ions whose 

square-planar geometry was established by X-ray diffraction. The equatorial plane is defined 

by the NS donor atoms of two ligand molecules. Complex (7) in cis-form was obtained using 

NiF2 
. 
4H2O, while the trans-form, as described in the literature, was obtained from Ni(OAc)2 

. 

4H2O. 

 
Figure 3.34. The molecular structure 

of the complex [Cu(L
1
)2] (3). 

 
Figure 3.36. The asymmetric unit 

 for the complex [Ni(L
1
)2] (7). 

 

 

Figure  3.39. The molecular structure of the complex [Pd(L
1
)2] (8). 

 

At supramolecular level, differences between these complexes consist in the types of 

interactions. The molecular packaging of complex (3) is influenced by C–H···Y (Y=N or S) 

intramolecular hydrogen bonds, π – π stacking interactions between the furan and the phenyl 

rings, CH–π and π–Cu supramolecular interactions [15]. 

In the crystal, the molecules of type A and B of complex (7) are associated in infinite 

chains along the crystallographic axis a. The chains are achieved through N1B–H···S1A’ 

intermolecular hydrogen bonds. The other NH group of the complex is not involved in the 

formation of hydrogen bonds, the intermolecular separation between the atoms N1A’ and S1B 

is 4.21 Å. 

The molecular packaging of complex [Pd(L
1
)2] (8) is influenced by C–H···O 

intermolecular hydrogen bonds with the formation of 1D chains. The π – π stacking 

interactions between the furan rings, at a distance of 4.019 Å lead to a 3D supramolecular 

network. 



Summary 

10  

 

The ligand HL
1
 and the complexes (3), (7) și (8) were tested in terms of antioxidant 

activity and showed an increasing inhibitory effect with the metal ion nature in the sequence: 

Pd
2+

 < Ni
2+

 < Cu
2+

. 

 
Table 3.13. The antioxidant activity of HL

1
 and complexes (3), (7), (8) assessed by the DPPH method. 

Compound 
Antioxidant activity (%) 

IC50 

 (μM) 
Concentration (μM) 

 25 50 75 100 125 250 

HL
1 3,69 ± 0,85 8,22 ± 0,78 10,54 ± 0,21 12,87 ± 0,56 14,61 ± 0,40 22,98 ± 0,81 > 250 

(3) 31,99 ± 1,00 50,31 ± 1,96 62,29 ± 1,10 62,89 ± 1,70 63,14 ± 0,18 66,86 ± 0,96 49,63 

(7) 20,23 ± 0,10 20,62 ± 0,70 21,90 ± 0,76 22,95 ± 0,13 23,59 ± 0,77 25,63 ± 0,12 > 250 

(8) 0,14 ± 1,05 4,71 ± 1,65 10,75 ± 1,55 12,58 ± 0,81 14,45 ± 1,04 20,61 ± 0,65 > 250 

BHA 41,58 ± 0,59 63,81 ± 1,42 80,15 ± 0,89 85,12 ± 0,71 89,02 ± 1,22 91,97 ± 0,63 34,49 

BHT   9,57 ± 1,39 11,48 ± 1,05 16,22 ± 1,09 18,30 ± 0,90 24,38 ± 0,46 47,86 ± 0,34 >250 

 

With HL
2
 ligand six Cu(II) complexes and one Ni(II) complex were synthesized: 

[Cu(HL
2
)(Cl)2(H2O)2]  H2O (9), [Cu(HL

2
)(Br)2(H2O)2] (10), [Cu(L

2
)(OAc)(H2O)2] (11), 

[Cu(HL
2
)(SO4)(H2O)2] (12), [Cu(L

2
)2(H2O)2] (13), [Cu(L

2
)(ClO4)(H2O)2] (14),           

[Ni(L
2
)2] · 2CH3CN (15). Complexes (9) - (14) exhibit an octahedral geometry, and the square-

planar geometry of the complex (15) was determined by XRD. HL
2
 coordinates in the same 

manner as ligand HL
1
. 

The IR spectrum of the complex (11) exhibits two intense absorption bands at 1493 and 

1435 cm
-1

, which were attributed to νas(COO
–
) and νs(COO

–
) vibrations (Fig. 3.42). The 

difference between the two frequencies Δ = [νas(COO
–
) - νs(COO

–
)] is 58 cm

-1
 and indicates 

the bidentate coordination mode of the acetate ion [18,21,24]. The presence in the IR spectrum 

of the complex (12) of one absorption band splitted into three at 1182, 1158 and 1115 cm
-1

 

suggests the presence of SO4
2-

 anion coordinated bidentate to the metal center [16]. Also, the 

presence of an absorption bands splitted into three at 1144, 1111 and 1089 cm
-1

 and an 

absorption band at 942 cm
-1

 indicates for complex (14) the bidentate coordination mode of the 

perchlorate ion [21]. 

 

  
(a) (b) 

Figure  3.42. IR spectra of complexes (a) (11), (b) (14). 
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The thermograms indicate the presence of two molecule of coordinated water for 

complexes (9) - (13), lost in the temperature range 110 - 180°C [30]. 

The square-planar geometry of the Ni
2+

 ion is provided by the NS donor atoms of two 

molecules of ligand. The C7–S1 bond length is 1.744 (3) Å, value specific to a simple C–S 

bonds, which indicates the presence of the thiosemicarbazone in its thiol form. The complex 

(15) crystallizes with two molecules of CH3CN which allows the formation of intramolecular 

N1–H1···N4 hydrogen bonds. The Ni1–S1 and Ni1–N3 bond lengths are 2.1698(7) Å and 

1.923(2) Å, respectively. These values are close to those obtained for complex (7) synthesized 

with ligand HL
1
. The values of the angles S1—Ni1—N3

i
 and N3—Ni1—S1

i
 (94.93(6)°), 

N3—Ni1—S1 and N3
i
—Ni1—S1

i
 (85.07(6)°), N3—Ni1—N3

i
 and S1—Ni1—S1

i
 (180°) 

indicate a square-planar geometry of the nickel complex. 

 

 
Figure 3.62. The molecular structure of complex [Ni(L

2
)2]·2CH3CN (15).  

The hydrogen atoms were omitted. Hydrogen bonds parameters: N1–H1···N4 

 [N1–H1 0.86 Å, H1···N4 2.22 Å, N1···N4 3.071(3) Å, N1–H1···N4 170.2°]. 

 

EPR studies carried out on DMSO solutions at 289 K show the influence, on the metal 

center geometry, of the anions metal salt nature, depending on their volume. 

The HL
2
 ligand and complexes (9) - (14) were tested in terms of antimicrobial activity. 

The complexes (10) - (12) showed a low inhibitory effect against Staphylococcus aureus, 

Enterococcus faecalis, Eescherichia coli, Salmonella enteritidis and Candida albicans strains. 
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Table 3.19. MIC (μg/mL) and MBC (μg/mL) values for HL
2
 and complexes (9) - (14). 

Compound S. aureus E. faecalis E. coli S. Enteritidis C. albicans 

MIC 

(μg/mL) 

MBC 

(μg/mL)
 

MIC 

(μg/mL) 

MBC 

(μg/mL)
 

MIC 

(μg/mL) 

MBC 

(μg/mL)
 

MIC 

(μg/mL) 

MBC 

(μg/mL)
 

MIC 

(μg/mL) 

MBC 

(μg/mL)
 

HL
2 

512 512 512 512 512 512 512 512 512 512 

(9) >1024 >1024 >1024 >1024 >1024 >1024 >1024 >1024 >1024 >1024 

(10) 512 >1024 512 >1024 >1024 >1024 >1024 >1024 >1024 >1024 

(11) 512 512 512 512 >1024 >1024 512 512 512 512 

(12) 512 >1024 512 >1024 512 >1024 512 >1024 512 >1024 

(13) >1024 >1024 >1024 >1024 >1024 >1024 >1024 >1024 >1024 >1024 

(14) >1024 >1024 >1024 >1024 >1024 >1024 >1024 >1024 >1024 >1024 

CuCl2 ·2H2O 512 - 512 - 1024 - 512 - - - 

CuBr2 512 - 512 - 512 - 1024 - - - 

CuSO4·5H2O 512 - 512 - 512 - 1024 - 1024 - 

Cu(ClO4)2·6H2O 1024 - 512 - 1024 - 1024 - - - 

Cu(NO3)2 ·2H2O 1024 - 1024 - 1024 - 1024 - - - 

Cu(OAc)2·H2O 1024 - 512 - 512 - 1024 - - - 

Streptomycin 4 8 8 16 8 16 8 16 - - 

Fluconazole - - - - - - - - 2 8 

 

In order to increase the number of potential donor atoms and for structural diversity 

was synthesized the HL
3
 ligand. With this ligand six copper (II) complexes and one nickel (II) 

complex were synthesized: [Cu(L
3
)(Cl)] (16), [Cu(L

3
)(Br)(H2O)2] (17),   

[Cu(L
3
)(OAc)(H2O)2] (18), [Cu(HL

3
)(H2O)]SO4 (19), [Cu(L

3
)(NO3)(H2O)2] (20), 

[Cu(L
3
)(ClO4)(H2O)2] (21), [Ni(HL

3
)2]Cl2

 . 
2.5 H2O (22). 

The complexes (16) and (19) have a square-planar geometry, and the complexes (17) - 

(21), (22) have an octahedral stereochemistry of the metal center. The HL
3
 ligand derived from     

2-formylpyridine coordinates in a tridentate manner through the NNS donor atoms in anionic 

form in complexes (16) - (21), and in neutral form in complexes (19) and (22). The ligand 

crystallized as hydrochloride (HL
3
·HCl), and the three N–H···Cl hydrogen bonds lead to the 

formation of "zig-zag" polymer chains oriented along the crystallographic axis c. 

 

 
Figure 3.69. The "zig-zag" polymer chains oriented along the crystallographic axis c. 
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The mononuclear nature of the complexes is suggested by the EPR spectra, and the 

values of spectral parameters, g1 = 2.121, g2 = 2.081, g3 = 2.039 for the complex (16) and g1 = 

2.122, g2 = 2.083, g3 = 2.040 for the complex (19) indicates a rhombic symmetry of the metal 

center, the square-planar geometry of complex (16) was confirmed by XRD. 
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Figure 3.80. EPR spectra for complexes (16), (17) and (19),  

recorded on powder at 298 K and derived signals (d2). 

 

The coordination sphere of the Cu
2+

 ion for complex (16) is formed by one molecule of 

tridentate ligand which coordinates monodeprotonated through the azomethine and the 

pyridine nitrogen atoms, the thiol sulfur atom and a chlorine atom. Two molecules of complex 

(16) are associated in a dimeric unit through an N–H···Cl hydrogen bond. 

 

 
Figure 3.85. Asymmetric unit for complex [Cu(L

3
)Cl] (16). 

 

The complex (22) has an ionic crystalline structure formed by the complex cation 

[Ni(HL
3
)2]

2+
 which has an octahedral geometry, Cl

-
 anions and water molecules in the ratio of 

1: 2: 2.5. 
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Figure 3.89. Perspective view of three-dimensional architecture demonstrating hydrogen bonding  

and - stacking interactions in complex [Ni(HL
3
)2]Cl2 

.
2,5 H2O (22).  

Centoid-to-centroid distances are shown in black dashed lines.  

 

Both HL
3 

ligand and complexes (16) - (22) were tested in terms of antioxidant activity 

by DPPH and ABTS methods. For complexes (16) - (21), the IC50 (μM) values were 

influenced by the metal ion salt, as follows: ClO4
-
 < SO4

2- 
< NO3

-
 < OAc

-
 < Cl

-
 < Br

-
. 
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Figure 3.90. The antioxidant activity of HL
3
, 

the complexes (16) - (22), BHT and BHA 

 assessed by the DPPH method. 
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Figure 3.91. The antioxidant activity of HL
3
, 

the complexes (16) - (22), BHT and BHA 

 assessed by the ABTS method. 

 

Six copper (II) complexes were synthesized with HL
4 

ligand. In the crystal structure of 

the ligand via NH2B–HN4A intermolecular hydrogen bonds dimers are formed and via      

N–HS intermolecular hydrogen bonds along with CH···π interactions between the phenyl-

phenyl-pyridine rings lead to a 2D molecular packing. 
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Figure 3.71. Dimer from the crystal structure of the ligand HL

4
. 

 

Electronic spectrum of the complex (25) (Fig. 3.95, a) shows absorption bands of 

medium intensity at 15 000, 12 000 and 10 900 cm
-1

, which were attributed to d-d transitions: 
2
B1g→

2
A1g, 

2
B1g→

2
B2g and 

2
B1g→

2
Eg, respectively. These transitions are characteristic to a 

distorted octahedral stereochemistry for copper (II) complexes and for complex (25) such 

geometry was proposed (Fig. 3.95, b) in which the ligand coordinates mononegative bidentate 

to the metal center. 
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Figure 3.95. (a) Electronic spectrum, and (b) proposed structure for complex (25). 

 

For complexes (23) - (28), with octahedral geometry, the presence of coordinating 

water has been solved by means of thermal analysis, the weight losses occurs in the 

temperature range 110 - 280°C. EPR spectral parameters values, g0 = 2.120 - 2.170 

characterizes a metal center with an axial symmetry. 

In order to obtain a thiosemicarbazone containing as potential donor atoms the NSO 

group ligand HL
5
 was synthesized. With this ligand six Cu(II) complexes were obtained. 

Analytical data indicated the following molecular formulas: [Cu(L
5
)2] (29), [Cu(HL

5
)Br2] 

(30), [Cu(L
5
)(OAc)(H2O)] (31), [Cu(L

5
)SO4Cu(L

5
)][Cu(L

5
)(H2O)]2(HSO4)2 10.5H2O (32), 
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[Cu(L
5
)(NO3)(H2O)2] (33), [Cu(L

5
)(ClO4)(H2O)] (34). The values of the molar conductivity of 

complexes (29) - (31), (33) and (34) (2 -53 Ω
-1

 cm
2
 mol

-1
) obtained for DMF solutions at a 

concentration of 10
-3

 M indicate the noneletrolite nature of these compounds. Except for 

complex (32), whose electrolyte behavior is evidenced by the value of the molar conductivity, 

123 Ω
-1

 cm
2
 mol

-1
 [20]. 

Electronic transitions values indicate an octahedral geometry for complexes (29), (31), 

(33) and (34), a square pyramidal geometry for complex (30) and a square-planar for complex 

(32). Magnetic moment values (1.43 to 2.08 MB) for complexes (29) - (34) suggests the 

presence of one unpaired electron. They also indicate the existence of monomer Cu(II) species 

The lower values of magnetic moment (1.46 - 1.63 MB) suggest antiferromagnetic coupling of 

the Cu(II) ion with S = 1/2 at room temperature [62,73,74]. 

The HL
5
 ligand coordinates tridentate through the NSO donor atoms in anionic form in 

complexes (29), (31) - (34), and neutral in complex (30). For complex (30), the coordination 

sphere is completed by two bromine atoms. 

 

 
Figure 3.121. Molecular structure of complex [Cu(HL

5
)Br2] (30). 

 

According to XRD studies, complex (32) has a crystal structure composed of the 

dication tetranuclear {[Cu(L
5
)SO4Cu(L

5
)][Cu(L

5
)(H2O)]2}

2+
, HSO4

¯ 
anions and water 

molecules in a ratio of 1: 2: 10.5. Each copper atom has a square-planar geometry provided by 

HL
5
 tridentate ligand and an oxygen atom from SO4

2-
 anion, which is bridged between the Cu1 

and Cu2 centers or an oxygen atom from a water molecule for Cu3 and Cu4 centers. CuS 

interactions exists in the apical position with the sulfur atom of the adjacent ligand molecule to 

indicate the possibility of characterizing this complex as a tetranuclear cluster 

{[Cu(L
5
)SO4Cu(L

5
)][Cu(L

5
)(H2O)]2}

2+
.  
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(a) (b) 

Figure 3.123. Structures of fragments containing atoms (a) Cu1 and Cu2, (b) Cu3 and Cu4. 

 

The HL
5
 ligand and complexes (29) - (34) were tested for their antimicrobial activity. 

The best bactericidal activity has been demonstrated by complex (30) against strains of Gram-

positive Staphylococcus aureus (MBC = 64 μg/mL) and Enterococcus faecalis (MBC = 64 

μg/mL) and is most likely determined by the square pyramidal geometry of the copper atom. 

The antimicrobial activity of complex (34) against Salmonella enteritidis strains (MBC = 32 

μg/mL) and Candida albicans (MIC = 16 μg/mL) may be due to the presence in the 

coordination sphere of the perchlorate anion. 

 

Table  3.47. MIC (μg/mL) and MBC (μg/mL) values for HL
5
 and complexes (29) - (34). 

Compound S. aureus E. faecalis E. coli  S. Enteritidis C. albicans 

MIC 

(μg/mL) 

MBC 

(μg/mL)
 

MIC 

(μg/mL) 

MBC 

(μg/mL)
 

MIC 

(μg/mL) 

MBC 

(μg/mL)
 

MIC 

(μg/mL) 

MBC 

(μg/mL)
 

MIC 

(μg/mL) 

MBC 

(μg/mL)
 

HL
5 >1024 >1024 >1024 >1024 >1024 >1024 >1024 >1024 >1024 >1024 

(29) >1024 >1024 512 >1024 >1024 >1024 >1024 >1024 512 >1024 

(30) 64 64 64 64 512 512 512 512 >1024 >1024 

(31) 512 >1024 512 >1024 512 >1024 512 >1024 >1024 >1024 

(32) 512 >1024 >1024 >1024 >1024 >1024 >1024 >1024 512 >1024 

(33) 128 256 128 128 >1024 >1024 >1024 >1024 512 >1024 

(34) 64 >1024 64 >1024 64 64 32 32 16 >1024 

CuCl2 ·2H2O 512 - 512 - 1024 - 512 - - - 

CuBr2 512 - 512 - 512 - 1024 - - - 

CuSO4·5H2O 512 - 512 - 512 - 1024 - 1024 - 

Cu(ClO4)2·6H2O 1024 - 512 - 1024 - 1024 - - - 

Cu(NO3)2 ·2H2O 1024 - 1024 - 1024 - 1024 - - - 

Cu(OAc)2·H2O 1024 - 512 - 512 - 1024 - - - 

Streptomycin 4 8 8 16 8 16 8 16 - - 

Fluconazole - - - - - - - - 2 8 
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The antioxidant activity of the complexes (29), (30) and (32) was highlighted by the 

stabilizing effect of ethylene-propylene-diene terpolymer (EPDM). This occurs after the 

polymer bond splitting when the hydrocarbon radicals oxidation is prevented.  

A clearer picture of the stabilizing effect of the complexes was achieved by isothermal 

chemiluminescence measurements. As shown in Fig. 3.131, the unmodified and non-irradiated 

EPDM polymer is slowly oxidized at a temperature of 170°C, while the modified polymer 

remains stable over a long period of time, depending on the complex added, after its rapid 

oxidation occurs. The most stable was the EPDM-29 system. 
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Figure 3.131. Isothermal CL spectra of irradiated samples of  

unmodified and modified EPDM, recorded at 170°C. 

 

Four copper (II) complexes with ligand HL
6
 were synthesized. They exhibit an 

octahedral geometry and the ligand coordinates in a bidentate monodeprotonate manner. The 

structure of the ligand was determined by XRD and shows the existence of two-dimensional 

chains defined by intermolecular N3–H3N1 hydrogen bonds and π – π stacking interactions 

that occurs between the carbazole rings. The intermolecular N2–H2···S1 hydrogen bonds 

interconnects the two-dimensional chains with the formation of a three-dimensional network. 

 

 
Figure 3.136. The molecular structure of ligand HL

6
. 

 

The monomeric nature of the complexes was determined by EPR. The EPR spectrum 

of the complex (35) recorded on powder at 298 K shows a signal characteristic to an 

orthorhombic symmetry. The g tensor values that characterize this signal are: g1 = 2.276, g2 = 

2.192 and g3 = 2.069. The EPR spectrum of the complex (36) is a complex one that allowed the 
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characterization of only one signal characterized by parameters go = 2.087 and Ao = 190 G. 

EPR spectra of complexes (37) and (38) show similar signals, signals specific to a metal center 

with an axial symmetry and a slight rhombic distortion. The spectral parameters evaluated are: 

g// = 2.282 and g = 2.060 for complex (37), g// = 2.262 and g = 2.007 for complex (38). 

Given that g// > g > 2.0023 the ground state term is defined by 𝑑𝑥2−𝑦2   orbital [105]. 
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Figure 3.142. EPR spectra of complexes (35) - (38) recorded on powder at 298 K. 

 

 

 

Chapter 4 

Cu(II) complexes with ligands derived from thiocarbohydrazide 

 

Chapter 4 describes the copper (II) complexes obtained with symmetrical 

thiocarbohydrazone. Thus, by condensing, in a molar ratio of 1: 2 various aldehydes with 

thiocarbohydrazide four ligands were synthesized: 1,5-bis(2-furaldehyde)thiocarbohydrazone 

(HL
7
), 1,5-bis(5-methyl-2-furaldehyde)thiocarbohydrazone (HL

8
), 1,5-bis(thiophene-2-

aldehyde)thiocarbohydrazone (HL
9
) and 1,5-bis(3-formyl-6-methylchromone) 

thiocarbohydrazone (HL
10

).  

Using the HL
7
 ligand five copper (II) complexes were synthesized: [Cu(L

7
)(H2O)2]Cl 

(39), [Cu(L
7
)2] (40), [Cu(HL

7
)2](SO4) (41), [Cu(HL

7
)2](NO3)2 (42), [Cu2(L

7
)(ClO4)2](ClO4) 

(43). XRD studies indicate the existence of dimers in the crystal structure of the HL
7
 ligand 

formed via intermolecular N–H···S hydrogen bonds, the conformation EZ is adopted by the 

ligand. Complexes (39) and (43) exhibit a tetrahedral geometry, and the square-planar 

geometry was outlined for complexes (40) - (42). 
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Figure 4.7. Dimers in the crystal structure of the ligand HL

7
. 

 

The electronic spectra of complexes (39) and (43) exhibit one absorption band at        

12 800 and 14 900 cm
-1

, respectively. These bands were assigned to d–d transitions: 
2
B2→

2
B1, 

2
B2→

2
A1 for a tetrahedral stereochemistry of the copper (II) ion [15]. The electronic spectra of 

the complexes (40) - (42) show absorption bands in regions 12 800 - 12 900 cm
-1

, 16 100 -    

16 200 cm
-1

 and 18 500 - 18 800 cm
-1

 that were assigned to d–d transitions: 
2
B1g→

2
B2g, 

2
B1g→

2
Eg și 

2
B1g→

2
A1g. These transitions are characteristic of copper (II) complexes with a 

square-planar geometry [16]. 
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Figure 4.9. Electronic spectra of complexes (39) - (43). 

 

Due to structural diversity of thiocarbohydrazone ligands and the heat labile nature of 

copper (II) perchlorate, to elucidate the structure of the complex (43) mass spectrometry was 

used (Annex I). Also, the structure complex (40) was confirmed by this technique. Thus, the 

peaks corresponding to the pseudomolecular ions were identified, as well as other species 

resulting from their fragmentation [19]. 

The m/z values of the fragments identified in the mass spectra led to the confirmation 

of their molecular weight and structure. Identified pseudomolecular ions for complexes (40) 

and (43) are: [Cu(L
7
)2+Na+H

+
]

+
 (m/z: 610,26), and [Cu2L

7
(ClO4)2(ClO4)-2H

+
]

+
 (m/z: 684,28). 
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Table 4.5. The m/z values for complexes (40) and (43). 

Complex Fragments identified in ESI-MS (m/z calc./ m/z exp.) 

[Cu(L
7
)2] (40) [Cu(L

7
)2 +Na+H

+
]

+
 (610,26 / 610,10 ), [L

7
]

+
 (261,28 / 261,09). 

[Cu2(L
7
)(ClO4)2]ClO4 (43) 

[Cu2L
7
(ClO4)2(ClO4)-2H

+
]

+
 (684,72 / 684,28), 

[Cu2L
7
(ClO4)2-2H

+
]

2+
 (585,27 / 585,09), 

[Cu2L
7
(ClO4)2)]

3+
 (487,82 / 487,05), 

[L
7
]

+
 (261,28 / 261,10). 

 

 
Figure 4.11. MS spectra of complex (40). 
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Figure  4.12. The proposed structures for complexes (40) and (43). 

 

In complex (43), the HL
7
 ligand is at the same time NS and NN donor. The EPR 

spectral parameters values A//, g// and g are characteristic to a Cu
2+

 ion with a square-planar 

stereochemistry for complexes (40) - (42) and respects the relationship g// > g > 2.0023, the 

ground state being described by  𝑑𝑥2−𝑦2  orbital. 

 
Figure 4.13. MS spectra of complex (43). 
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The complexes [Cu(L
8
)2] (44), [Cu(HL

8
)(SO4)(H2O)2] (45), [Cu(L

8
)(NO3)(H2O)] (46), 

and [Cu(L
8
)(ClO4)] (47) were synthesized with HL

8
 ligand. A square-planar geometry was 

indicated by the experimental data for complexes (44), (46) and (47) and one octahedral for 

complex (45). As a result of qualitative screening, the complex (47) showed very good 

antimicrobial activity against one of the two tested microbial strains, Escherichia coli. As a 

result of the quantitative screening, all the complexes showed low antimicrobial activity 

against Gram-positive bacterial strains, except for complex (46) who presented a better activity 

(MIC = 256 μg/mL). The complex (47) exhibited the best antimicrobial activity against strains 

of E. coli. The MIC and MBC values are 128 and 256 μg/mL, respectively. The best antifungal 

agent was complex (46), MIC = 128 μg/mL and MBC = 256 μg/mL. 

Using a template method two copper (II) complexes were synthesized with HL
9
 ligand: 

[Cu(HL
9
)2]Cl2 

. 
3CH3OH

. 
0.25H2O (48), [Cu(HL

9
)2]SO4 

. 
2CH3OH (49).  

For ligand HL
9
 by recrystallization from methanol single crystals suitable for XRD. 

The data indicate that the ligand crystallizes with one molecule of water in the monoclinic 

crystal system, space group P21/c.  

 
Figure 4.28. Asymmetric unit for ligand HL

9
. 

 

According to X-ray diffraction studies, the complex (48) has a crystal structure formed 

by the cation [Cu(HL
9
)2]

2+
, Cl

-
 anions, solvent and water molecules in a ratio of 1: 2: 3: 0.25. 

Also, complex (49) has a crystal structure formed by the cation [Cu(HL
9
)2]

2+
, SO4

2-
 anions and 

solvent molecules in a ratio of 1: 1: 2. The geometry of the two complexes is one tetrahedral 

wherein the ligand acts bidentate neutral coordinating through the NS donor atoms (azomethine 

nitrogen and thione sulfur atoms). 
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Figure 4.34. The molecular structure of the cation [Cu(HL

9
)2]

2+
 from complex (48). 

 

The molecular packaging for both complexes is governed by an extensive system of 

hydrogen bonds involving the NH group of the ligand, Cl
-
 and SO4

2-
 ions, and solvent and 

water molecules. 

 

 
Figure 4.35. Molecular packing for complex (48). 

 
Figure 4.37. Molecular packing for complex (49). 

 

With HL
10 

ligand five copper (II) complexes were synthesized: [Cu(L
10

)(Cl)(H2O)2] 

(50), [Cu(L
10

)(Br)(H2O)2] (51), [Cu(L
10

)(OAc)(H2O)2] (52), [Cu(HL
10

)(SO4)(H2O)] (53), 

[Cu(L
10

)(NO3)(H2O)2] (54). The molar conductivity values (9 - 42 Ω
-1

 cm
2
 mol

-1
) obtained for 

DMF solution at a concentration of 10
-3

 M, at room temperature, demonstrates the nonelectrolite 

nature of these complexes [12]. 
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Figure 4.39. The structure of ligand HL
10

. 
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1
H–NMR (DMSO-d6, δ ppm, J Hz): 11.96 (s, 2H, H-15,15’); 9.28 (s, 2H, H-2,2’); 8.27 

(s, 2H, H-13,13’); 7.92 (s, 2H, H-6,6’); 7.66 (dl, 8.5, 2H, H-8,8’); 7.65 (dl, 8.5, 2H, H-9,9’); 

2.50 (s, 6H, H-11,11’).  
13

C–NMR (DMSO-d6, δ ppm): 175.95 (C-16); 174.79 (C-4,4’); 154.18 (C-2,2’); 152.78 

(C-10,10’), 139.27 (C-3,3’); 135.88 (C-13,13’); 130.51 (C-5,5’); 124.48 (C-9,9’); 123.10      

(C-6,6’); 118.61 (C-8,8’); 118.40 (C-7,7’); 20.60 (C-11,11’). 

The ligand structure was confirmed using mass spectrometry. The peak corresponding 

to the molecular ion [HL
10

+H]
+
 was found at the value 447.10 m/z (m/z calc. = 447.48). The 

peak at 469.08 m/z corresponds to the pseudomolecular ion [HL
10

+Na]
+
 (m/z calc. = 469.47). 

The presence of water molecules in these complexes is shown by the equivalent weight 

loss that takes place in the temperature range 110 - 250°C.  

 

 
Figure A.V.35. Thermogram of complex [Cu(L

10
)(Br)(H2O)2] (51). 

 

These complexes showed an octahedral geometry. The antioxidant activity of the 

complexes (50), (51) and (53) has been highlighted by the effect of stabilizing of the EPDM 

terpolymer. The degradation of the polymer substrate from modified EPDM samples takes 

place at temperatures higher than 200°C. While the degradation state of polymer is advancing 

due to radiolysis, the complexes's efficiency becomes more relevant by stabilizing the EPDM 

polymer. The maximum intensity measured on the unmodified EPDM polymer is 3.5 times 

higher than that recorded for the most unstable system EPDM-53. 

 



Summary 

 25 

 

50 100 150 200 250

0

4

8

12

16

 

In
te

n
si

ta
te

 C
L

  
(H

z
.g

-1
) 

*
 1

0
-7

T (
o
C)

  EPDM

  EPDM-50 

  EPDM-51

  EPDM-53

 
Figure 4.52. Non-isothermal CL spectra of unmodified  

and modified EPDM samples, irradiated with 100kGy. 

 

At the end of Chapter 4 is presented the characterization of a mono-thiocarbohydrazone 

(HL
11

) considered an intermediate for the synthesis of HL
12

 precursor that contains six 

nitrogen atoms in the molecule according to the sequence >C=N–NH–(C=S)–NH–NH–(C=S)–

NH–N=C<.  

The crystal structure of HL
11

 is stabilized by intramolecular N3–H···N1 hydrogen 

bonds that gives the E form to the compound and intermolecular N2–H···N4’ hydrogen bonds 

that lead to the formation of molecular chains (Fig. 4.60).
 

 

 

Figure  4.60. 1D chain from the crystal structure of the compound HL
11

. 

 

The compound HL
12

 was characterized by mass spectrometry, identifying the 

appropriate pseudomolecular ion peak [HL
12

+Na]
+
 at m/z = 391.29 (m/z calc. = 391.51). Also, 

the molecular structure of the compound HL
12

 was determined by X-ray diffraction. The 

molecular packing of compound HL
12

 is influenced by the formation of 1D supramolecular 

chains supported by intermolecular hydrogen bonds N–H···S. 
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Figure 4.65. 1D chain for compound HL

12
. Hydrogen bonds parameters: N2−H∙∙∙S2 

 [N2−H 0.86 Å, H∙∙∙S2 2.68 Å, N2∙∙∙S2 3.358(2) Å, N2−H∙∙∙S2 136.9°]. 
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2. Synthesis, characterization, crystal structures of Ni(II), Pd(II) and Cu(II) complexes with 2-

furaldehyde 4-phenylthiosemicarbazone, Tudor Roșu, Diana-Carolina Ilieș, Elena Pahonțu, 

Rodica Georgescu, Sergiu Shova, Sesiunea de comunicări științifice studențești - ediția a VII-a,  

Facultatea de Chimie, Universitatea din București, 20 mai 2011, prezentare orală; 
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3. Complexes of Ni(II), Pd(II) and Cu(II) with 2-furaldehyde-N(4)-phenyl thiosemicarbazone. 

Tudor Roșu, Elena Pahontu, Diana-Carolina Ilieș, Rodica Georgescu, Sergiu Shova, Prioritățile 

chimiei pentru o dezvoltare durabilă – Priochem ediția a VII-a, București, Romania, 27 - 28 

octombrie 2011; prezentare orală; 

 

4. Synthesis, characterization and antioxidant activity of Co(II) and Cu(II) complexes with 3-

formyl-6-methyl-chromone 4-phenylthiosemicarbazone, Diana-Carolina Ilieș, Rodica 

Georgescu, Valeria Rădulescu, Sergiu Shova, Tudor Roșu, Sesiunea de comunicări științifice 

studențești - ediția a VIII-a, Facultatea de Chimie, Universitatea din București, 18 mai 2012, 

prezentare orală; 

 

5. Synthesis, structural and spectral studies of Cu(II) and V(IV) complexes of a novel Schiff 

base derived from pyridoxal. Antimicrobial activity, Ștefana Mezey Reka, Elena Pahonțu, 

Diana Carolina Ilieș, Sergiu Shova, Aurelian Gulea, Tudor Roșu, XVII
th

 International 

Conference: Physical methods in coordination and supramolecular chemistry, Chișinău, 

Republica Moldova, 24 - 26 Octombrie 2012, p. 151, lucrare poster; 

 

6. Synthesis, characterization, crystal structures of Ni(II), Pd(II) and Cu(II) complexes with 2-

furaldehyde-4-phenylthiosemicarbazone, Diana-Carolina Ilieș, Elena Pahonțu, Ștefana Mezey 

Reka, Sergiu Shova, Aurelian Gulea, Tudor Roșu, XVII
th

 International Conference: Physical 

methods in coordination and supramolecular chemistry, Chișinău, Republica Moldova, 24 - 26 

Octombrie 2012, p. 117, lucrare poster; 

 

7. Synthesis, crystal structures and antimicrobial activity of Cu(II), Ni(II) and Pd(II) 

complexes with Schiff bases derivates from 4-phenylthiosemicarbazide, Diana-Carolina Ilieș, 

Elena Pahonțu, Irina Grecu, Sergiu Shova, Rodica Georgescu, Aurelian Gulea, Tudor Roșu, 

Congresul Universității de Medicină și Farmacie “Carol Davila” București - Perspective 

interdisciplinare, București, Romania, 30 mai - 1 iunie 2013, lucrare poster; 

 

8. Some new Cu(II) and Ni(II) complexes containing an ONS or NS donor thiosemicarbazone: 

Synthesis, crystal structures and biological activity, Elena Pahonțu,  Felicia Julea, Diana-

Carolina Ilieș, Yurie Chumacov, Valeriu Fala, Doina Drăgănescu, Tudor Roșu, Aurelian 

Gulea, Congresul UMF „Carol Davila” - Perspective interdisciplinare, București, România, 30 

Mai - 1 Iunie 2013, lucrare poster; 

 

9. Synthesis, characterization and crystal structure of copper (II) complexes with 1,5-

bis(thiophenylidene)thiocarbohydrazone, Diana-Carolina Ilieș, Sergiu Shova, Rodica 

Georgescu, Nicolae Stănică, Tudor Roșu, The 15th International Conference of Physical 
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Chemistry - ROMPHYSCHEM 15, București, România, 11 - 13 Septembrie 2013, lucrare 

poster; 

 

10. New compounds from hydrazinecarbothioamide and triazole class with potential 

antioxidant activity, Ștefania-Felicia Bărbuceanu, Diana Carolina Ilieș, Ioana Șaramet, 

Valentina Uivaroși, Constantin Drăghici, Valeria Rădulescu, 5
th

 BBBB International 

Conference, From drug discovery and formulation strategies to pharmacokinetics-

pharmacodynamics, Athens, Greece, 26 - 28 Septembrie 2013, lucrare poster; 

 

11. New copper(II) complexes with 1,5-bis(thiophenylidene)thiocarbohydrazone. Synthesis, 

characterization and crystal structure,  Diana-Carolina Ilieș, Sergiu Shova, Elena Pahonțu, 

Aurelian Gulea, Tudor Roșu, The International Conference dedicated to the 55
th 

anniversary 

from the foundation of the Institute of Chemistry of the Academy of Sciences of Moldova, 

Chișinău, Republica Moldova, 28 - 30 Mai 2014, lucrare poster; 

 

12. Copper(II), nickel(II) and palladium(II) complexes with thiosemicarbazone derivated from  

4-phenylthiosemicarbazide, Diana-Carolina Ilieș, Elena Pahonțu, Reka-Ștefana Mezey, Sergiu 

Shova, Rodica Georgescu, Tudor Roșu, Simpozionul Aniversar “Facultatea De Chimie - 150 

de ani de tradiție”, București, 14 Iunie 2014, prezentare orală. 

 

13. New copper(II) complexes with 1,5-bis(thiophenylidene)thiocarbohydrazone, Diana-

Carolina Ilieș, Sergiu Shova, Elena Pahonțu, Aurelian Gulea, Tudor Roșu, INFOINVENT - 

2014, București, Romania, 15 - 18 Octombrie 2014; 

 

14. Synthesis, characterization, crystal structure of copper(II) complexes containing an ON 

donor Schiff base. Antimicrobial activity, Elena Pahonțu, Diana-Carolina Ilieș, Sergiu Shova, 

Codruța  Paraschivescu, Mihaela Badea, Aurelian Gulea, Tudor Roșu, 3
rd

 French-Romanian 

Colloquium on Medicinal Chemistry, Iași, Romania, 30 - 31 Octombrie 2014, lucrare poster. 

 

 


