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Abstract 

1-(4-tert-Butylphenyl)-4-(4-trifluoromethylphenyl)carbonylthiosemicarbazide (OBS) was synthesized by reaction of 4-tert-butylbenzoic hydrazide 

with 4-(trifluoromethyl)phenylisothiocyanate. The influence of many metal cations on the spectroscopic properties of the synthesized compound 

was investigated in DMSO-H2O (1:1) by means of emission spectrometry. The influence of a series of metal ions including Cu2+, Co2+, Al3+, Cr3+, 

Fe3+, Pb2+, Ni2+, Cd2+, Zn2+, Ag+, Ba2+, Mo3+, Se2+, Ca2+, Sn4+, Sb3+, Na+, K+, Li+, Sc3+, Sr2+, As3+, Be2+ and Mg2+ on the spectroscopic properties of the 

ligand was investigated by means of emission spectrometry. The compound was selectively complexed with Fe3+ among many metal ions. The 

complex stoichiometry and the stability constant were determined by fluorometric measurements. The ligand including thiosemicarbazide 

functional group (TSC) showed sensitivity for Fe3+ ion with a linear range between 0.5 and 5.5 mg/L. The new method was employed in the 

determination of iron in the sandy-soil reference material. A modified standard addition method was applied to remove the matrix effect. 

Detection and quantification limits were 0.07 and 0.214 mg/L, respectively. The simple and cost-effective method can be applied to soil samples. 
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1. Introduction 

Metals are important components of natural life [1]. 

Most of the metals are also essential for the human body. 

For example, the effects of iron on metabolism are still 

under investigation [2]. Iron has very important effects 

on human health. Because iron participates in many 

metabolic processes such as oxygen transport, 

deoxyribonucleic acid (DNA) synthesis, electron 

transport, hemoglobin production. But since iron can 

form free radicals, its amount in body tissues must be 

controlled and regulated. Otherwise, it causes many 

diseases, such as excessive iron loading from anemia. 

Because of this, the amount of iron that should be found 

in the body is also limited. Their deficiencies or excesses 

cause serious health problems. Therefore, there is always 

a need to develop a method for the detection and 

detection of metals in biological or environmental 

samples [3]. 

AAS and ICP methods for sensitive metal 

determination are generally expensive and time-

consuming methods. Also, they require sample clean-

up, preconcentration, and separation of interfering 

species before the analysis [4-9]. Namely, these methods 

are not fast and simple. Therefore, the development of 

alternative simple and fast methods is important to 

determine metal ions. 

For metal determinations, fluoroionophore 

compounds have been used as a selective and sensitive 

analytical reagent. The ionophore part forms selectively 

a complex with target metal ion and it provides the 

selectivity of the method. The fluorophore part signals 

the complexation between metal ion and ionophore part 

through its fluorescence properties [10]. The high 

fluorescence property of the fluorophore group is 

desired for a highly sensitive analytical method. 

Therefore, the fluoroionophore comprising an 

appropriate ionophore and an effective fluorophore can 

be used to determine the target ion selectively and 

sensitively. From this point of view, many 

fluoroionophore compounds synthesized for metal 

determination are available in the literature [11-14]. 

Thiosemicarbazides (TSC) having the -CO-NH-NH-

CS-NH- functional group are generally synthesized from 

reactions of hydrazides with isothiocyanates in different 

organic solvents [15]. TSC are used both as 

pharmacological active compound sand as starting 

compounds for the synthesis of diverse bioactive 
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heterocyclic compounds such as 1,2,4-triazole, 1,3,4-

oxadiazole, 1,3,4-thiadiazole and thiazolinone [16-19]. 

They are also showed a wide range of various biological 

activities like antimicrobial [20], antiviral [21], anticancer 

[22], anti-inflammatory [23], anti-tubercular [24], 

topoisomerase IV and urease inhibitors [25,26]. 

Moreover, thiosemicarbazides can easily form metal 

complexes with different transition metals due to their 

donor groups such as nitrogen, oxygen, and sulfur [27]. 

Also, thiosemicarbazide has strong coordinating abilities 

with metal ions and is often used as the mother molecule 

for the design of metal-ion sensors. For this reason, there 

are many studies in the literature [28-29]. Recently, metal 

determination has been made by synthesizing nano-

points from thiosemicarbazides with their exceptional 

optical stability and ease of functionality [30-31]. 

In this study, we report 2 ligands with 

thiosemicarbazide and semicarbazide functional groups. 

Fluorescence quenching of ligands against increasing 

metal ions was determined by spectrofluorimetric 

titrations in DMSO-H2O (1/1). A simple 

spectrofluorimetric method was developed to determine 

Fe(III) from sand-soil reference material using a 

thiosemicarbazide compound derived from 4-tert-

Butylbenzoic hydrazide and 4-(trifluoromethyl)phenyl 

isothiocyanate as the analytical ligand. 

2. Experimental 

2.1. Chemicals  

Chemical reagents purchased from companies such as 

Sigma-Aldrich, Merck, Alfa Aesar and Acros were used 

without further purification. The standard solutions of 

cations (1000 mg/L, Merck) were used to prepare 

working solutions. A sandy-soil standard reference 

material (CRM-SA-C,) was purchased from High-Purity 

Standards, Inc. Dimethyl sulfoxide (DMSO) from Merck 

(spectrometric grade) was used as a solvent for 

fluorescence measurements. 

2.2. Apparatus 

Melting points were recorded using Thermo Scientific 

digital 9200 melting point apparatus. Proton-NMR and 

Carbon-13 NMR (APT) spectra were recorded on a 

Bruker Avance II 400 MHz NMR instrument using 

Dimethyl sulfoxide-d6. A PTI Spectrofluorometer (QM-

4/2006) was used for all fluorescence measurements. 

2.3. Synthesis of 1-(4-tert-butylphenyl)-4-(4-

trifluoromethylphenyl) carbonyl thiosemicarbazide 

(OBS) 

4-tert-Butylbenzoic hydrazide (10 mmol) and 4-

(trifluoromethyl)phenyl isothiocyanate (10 mmol) were 

refluxed in absolute ethanol for 40 min and, at the end of 

this period a white precipitate formed. The precipitated 

solid was filtered, washed with hot petroleum ether (35-

60 °C), dried, and recrystallized from ethanol. Yield: 

%94; mp. 228-229 °C. FTIR-ATR (ν, cm-1): 3301, 3220 

(NH), 1641 (C=O), 1242 (C=S). 1H NMR (400 MHz, 

DMSO-d6) δ:3.83 (s, 3H, OCH3), Ar-H: [7.06 (d, 2H, J = 8.0 

Hz), 7.69-7.76 (m, 4H), 7.95(d, 2H, J = 8.0 Hz) ], 9.95 and 

10.01 (s, 2H, 2NH), 10.48 (NH); 13C (APT) NMR (100 

MHz, DMSO-d6) δ: 55.90 (OCH2), Ar-C: [113.99 (CH), 

125.01, 125.44 (2CH), 126.21 (2CH), 130.35 (2CH), 143,58, 

162.61], 120.77 (CF3), 165.88 (C=O), 181.46 (C=S). 

2.4. Analytical measurements 

Fluorescence spectra of the ligands containing 10 M 

equivalents of Cu2+, Co2+, Al3+, Cr3+, Fe3+, Pb2+, Ni2+, Cd2+, 

Zn2+, Ag+, Ba2+, Mo3+, Se2+, Ca2+, Sn4+, Sb3+, Na+, K+, Li+, Sc3+, 

Sr2+, As3+, Be2+ and Mg2+ were recorded using 1 cm    

quartz cell. Different organic solvents were tested to 

determine the best solvent as ligand solvent.             

Diluted solutions of the ligands in DMSO were used in 

spectro fluorimetric titrations. 1-(4-tert-butylphenyl)4-

(4-trifluoromethylphenyl)carbonylthiosemicarbazide 

(OBS) was 1.0 × 10-5 M in spectrofluorimetric 

measurements, and the excitation wavelength was 355 

nm for this ligand. Fluorescence emission spectra were 

recorded in the range of 300-600 nm with the slit width 

of 1.0 nm. The molar-ratio method was employed to 

determine the stoichiometry of the complex. The 

stability constant of complex was calculated according to 

the known procedure [32]. A kind of standard addition 

method [33-37] was used to determine Fe3+ in the spiked 

sand-soil reference material with OBS 

3. Results and discussion 

3.1. Synthesis and characterization 

1-(4-tert-butylphenyl)4-(4-trifluoromethylphenyl)-

carbonylthiosemicarbazide was synthesized by reaction 

of 4-tert-butylbenzoic hydrazide with 4-

(trifluoromethyl)phenyl isothiocyanate (Scheme 1).     

The IR spectra of the compound have C=O, C=S and N-

H stretching bands of thiosemicarbazide group at       

1641 cm-1, 1242 cm-1 and 330, 3220 cm-1, respectively. In 

the 1H-NMR spectra, resonances assigned to the three N-

H protons of the compound were detected at 9.95 and 

10.01 ppm (s, 2H, NHCSMH) and 10.48 ppm (s, 1H, NH-

C=O) respectively. In the 13C-NMR spectrum, signals of 

C=O and C=S carbons were observed at 165.88 and 

181.46 ppm. 
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Scheme 1. The synthesis of OBS 

3.2. The effect of ions on the fluorescence spectra 

The effect of 10 equivalent excess of Cu2+, Co2+, Al3+, 

Cr3+,Fe3+, Pb2+, Ni2+, Cd2+, Zn2+, Ag+ , Ba2+ , Mo3+, Se, 

Ca2+,Sn4+,Sb3+, Na+, K+, Li+, Sc3+, Sr2+, As3+, Be2+ and Mg2+ 

ions on the fluorescence  spectra of the compounds in 

DMSO : H2O (1:1) was investigated. As seen from Figs. 

1-4, Fe3+ ion cause pronounced quenching in the 

fluorescence spectra of QBS ligand. 

 
Figure 1. The effect of cations on the fluorescence spectra of OBS. OBS 

concentration = 1 × 10−5 M.  Ion concentration = 1 × 10−4 M 

Fig. 1 shows the effect of cations on fluorescence 

spectra of OBS compound with thiosemicarbazide 

functional group. OBS shows selectivity for Fe3+ (Fig.2). 

The other cations did not cause any changes in the 

fluorescence intensity of OBS at 355 nm (Fig.2). 

For Fe3+ fluorimetric titrations have been performed 

with OBS to disclose metal-ligand interaction. Fig. 3 

shows the regular fluorescence quenching with 

increasing Fe3+ concentration in the case of OBS. The 

change in the absorbance at 355 nm has been given in 

Fig. 4 inset. As seen from Fig. 4 inset, the linearity has 

continued until the Fe3+ concentration of 5.5 mg/L. A 

deviation from Beer’s law has been observed above this 

concentration. The experiments have shown that this 

linear response can be used to determine Fe3+ 

concentration in sandy soil samples that have suitable 

Fe3+ content. 

 
Figure 2. The effect of ions on the fluorescence spectra of OBS at           

355 nm. OBS concentration = 1 × 10−5 M. Ion concentration = 1 × 10−4 M  

 

 
Figure 3. The quenching in the fluorescence spectra of OBS with    the 

increasing Fe3+concentration. Inset: Linear concentration range to 

determine Fe3+. Measurements were carried out at 355 nm. OBS 

concentration = 1×10−5 M 

3.3. The proposed method for Fe3+ determination 

Acceptable recovery results were obtained with the 

modified standard addition method. The experimental 

details for the used modified standard addition method 

were given in the previous studies [36,37]. A constant 

amount of Fe3+ (1.0 mg/L), 2 mL of ligand (1 × 10−5 M), 

and an aliquot spiked sample (1.5 mg/L) were added to 

all tubes. The sample was not added to the first tube 

while increasing amounts of Fe3+ were added to the third 

and next tubes. The final volumes were made 2 mL with 

deionized water. The fluorescence intensity of all 

solutions was measured at 355 nm by exciting at 300 nm. 

The Fe3+ concentration was calculated from Equation 1 

Cx=(F-F0)/m (1) 

where CX is the Fe3+ concentration of the sample, F and 

F0 are the fluorescence intensities of the first and second 

tubes, respectively, and m is the slope of the modified 

standard addition graph. The difference between F and 

F0 is related to the Fe3+ concentration of the sample in the 

tubes. Fig. 4 shows the modified standard addition 
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graph for the determination of Fe3+ (1.5 mg/L) in spiked 

sample.  

 
Figure 4. Changes in the fluorescence spectra of OBS over added Fe3+ 

concentration in the modified standard addition experiments.         

Ligand concentration = 1 × 10− 5 M. Excitation at 300 nm. Measurements 

were carried out at 355 nm 

Excitation wavelengths between 300 and 400 nm 

were used to obtain maximum emission intensity with 

OBS. The maximum fluorescence intensity was obtained 

when the ligand is excited with 300 nm. Excitation at 300 

nm of OBS (1 × 10−5 M) gave two suitable emission bands 

at 333 and 355 nm in DMSO:water (1:1). Therefore, 300 

nm was selected as the excitation wavelength. 

The measurements were carried out in two 

characteristic emission wavelengths (333 and 355 nm) to 

determine Fe3+ in the spiked samples with acceptable 

recovery results. The recovery results were acceptable 

for the measurements at 355 nm. Therefore, this 

wavelength was selected as the measurement emission 

wavelength. 

The optimization of constant analyte concentration is 

the determining stage to work the modified standard 

addition method according to our recent experiences [36, 

37]. Also, in this study, various Fe(III) concentrations 

(1.0-2.0 mg/L) were tested to obtain accurate results with 

the modified standard addition method. The optimum 

constant Fe(III) concentration was found as 1.5 mg/L. 

Modified standard addition experiments were 

carried out using the ligand solutions in the range of     

5.0 × 10−5 to 1.0 × 10−6 M with increasing concentrations of 

Fe(III). The values of fluorescence intensity at 355 nm 

were plotted against Fe(III) concentration. The R2 value 

of 0.9911 was obtained for a ligand concentration of        

1.0 × 10−5 M (Fig.4). Therefore, in further works, this 

concentration was used. 

A linear response of the fluorescence intensity as a 

function of Fe3+ concentration at 355 nm was observed 

between 0.5 mg/L and 5.5 mg/L. LOD (3xSd/m) and LOQ 

values (9xSd/m) were determined using the standard 

deviation of eleven measurements of the blank response 

(Sd) and the slope of the calibration line (m) according to 

the IUPAC recommendations.  

To investigate the accuracy of the proposed method, 

known amount of Fe(III) were added to  samples and the 

recovery studies were carried out. The modified 

standard addition method was used in the spiked 

samples. The % error was below 5% for concentration 

level (1.5 mg/L). The recovery % value was 96.01 for 1.5 

mg/L Fe(III) concentration. 

The intra-day and inter-day precision was estimated 

by analysis three independent samples spiking with 1.5 

mg/L Fe(III). The precision was expressed as relative 

standard deviation (RSD %) and it was 7.90 for the intra-

day measurements. Inter-day precision was 3.70%. 

Table 1. Analytical performance data of the proposed method for Fe 3+ 

determination 

Excitation wavelength (nm) 300  

Emission wavelength (nm) 355 

Limit of detection (LOD) (mg/L) 0.07 

Limit of quantification (LOQ)  (mg/L) 0.214 

Linear range (mg/L-mg/L) 0.5- 5.5  

Constant Fe3+ concentration (mg/L) 1.5 

Ligand concentration (mol/L) 1.0 x 10-5  

Ligand volume (mL) 2.0  

Total volume (mL)  4.0  

Solvent DMSO:water (1:1) 

Time before measurement (minutes) 1-2  

Correlation coefficient (R2) 0.9911 

3.4. Advantages of the proposed method 

Table 1 gives analytical performance data of the 

proposed method for Fe3+ determination. The proposed 

method can be directly applied to water samples with 

the Fe3+ concentration above 1.5 mg/L. There is no need 

either for the separation of Fe3+ ion from sandy soil 

sample or sample treatment such as pre concentration 

stage before the measurement. To remove possible 

matrix effects, a known modified standard addition 

method is employed. A time of 1-2 min was enough 

before measurement to obtain a stable fluorescence 

response. These properties make the proposed method 

simple and timesaving. Moreover, the method is 

partially environmentally friendly because the ligand is 

diluted with water. Spectrofluorometric methods are 

much cheaper compared with atomic methods. 

Consequently, the proposed method is timesaving, eco-

friendly, simple and cheap when compared to 

alternative methods in the literature. 
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Figure 1. IR spectrum of OBS.  

 

 
Figure 2. 1H NMR spectrum of OBS. 
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Figure 3. 13C NMR spectrum of OBS. 
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