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Comparison of theoretical and experimental investigation 
of protonation process of some thiones in acid media 

ABSTRACT 

PM3 semiempirical method was used for quantum chemical investigation in order to investigate 
the electronic properties and to determine the protonation centre in 1,2,4-triazoline-3-thione 
molecule. Confirmation of protonation center in acid media of investigated compounds was made 
using the values of atomic charges, as well as, proton affinity values. The results from 
semiempirical calculations indicated that the protonation center in the thione molecule was the 
sulphur atom. The behavior of thiones was investigated in mineral acid media using UV 
spectroscopy. The influence of the strength of the acid and its anion on the protonation process 
was discussed using three different mineral acids (perchloric, hydrochloric and phosphoric acid) 
for protonation. The protonation process in perchloric and hydrochloric acid took place in one step, 
while in phosphoric acid was not finished even when its concentration was to the highest degree. 
The dissociation constants of protonated forms (pKBH

+
) and the solvation parameter m

* 
values 

were calculated in accordance with „excess acidity” function method (Cox and Yates) using the 
absorbance data from the experimental and reconstructed spectra (Characteristic Vector Analysis 
(CVA)). The determined pKBH

+ 
values in hydrochloric acid had more negative value than those 

obtained in perchloric acid media. The pKBH
+ 

values were in agreement with the literature data for 
this class of compounds. 

Keywords: 1,2,4-triazoline-3-thiones, protonation, dissociation constants, proton affinity, 
UVspectrophotometry, PM3 semiempirical method 

 
1. INTRODUCTION 

Heterocycles are an important class of 

compounds which are present in a wide variety of 

drugs, most vitamins, many natural products, 

biomolecules, and biologically active compounds. 

Also, they are significant structural unit in synthetic 

pharmaceuticals and agrochemicals. The derivati-

ves of 1,2,4-triazole belong to the nitrogen hetero-

cyclic class of compounds which possess aromatic 

characteristics [1]. In the literature there are a lot of 

data about synthesis and wide application of 

compounds that contain triazole ring in their 

molecule [2,3]. The biological and antiviral activity 

of these compounds is the result of –NH–C(S)–

NH– group in their molecule [4]. 
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The compounds that possess triazole ring can 

be used in medicine as antibacterial, antiviral, 

analgesic, antiasthmatic and anticancerous drugs 

as a result of their pharmaceutical properties [5,6]. 

Furthermore, 1,2,4-triazole and its derivatives have 

found wide use in the chemical industry and 

agriculture because they posses fungicidal, 

insecticidal and herbicidal characteristics [7]. Some 

of the derivatives of triazole showed antioxidant 

activity [8]. Due to their wide use the investigation 

of these compounds increase lately. First of all, 

their biological activity is investigated [9, 10]. 

The properties of the derivatives of 1,2,4-
triazoline-3-thione depend on acid-base processes 
and soacid-base equilibria are investigated in 
different media.It is known that the derivatives of 
1,2,4-triazoline-3-thione in strong acid media 
behave as weak bases and the process of their 
protonation take place[11]. It is also known that the 
dissociation constant (pKBH

+
) depends on the 

polarity of the molecule and on the intra-molecular 
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and intermolecular forces [12]. The dissociation 
constants values of this kind compounds and its 
derivatives are important for studding the reaction 
mechanisms which take place in acidic media. 
Knowledge of the pKBH

+ 
value of a substance is 

essential for various investigations in 
pharmacology and physiology, in structural, 
environmental, preparative, and analytical studies, 
and for industrial purposes [11]. On the other hand, 
acid-base equilibrias i.e. pH of the media defined 
the biological activity of such weak bases [13]. 
Karizky and Ress determined the values of the 
dissociation constants of 1,2,4-triazoline in acidic 
media (pK = 2.19) [14]. Furthermore, the 
dissociation constants values of protonated forms 
(pKBH

+
) of some derivatives of 1,2,4-triazoline 

determined in sulfuric acid media using the 
methods of UV spectroscopy could be found in the 
literature [15]. 

 

In our previous works the pKBH
+
 values of the 

compounds that we present in this paper were 

determined in sulfuric acid mediaand their 

dissociation constants in sodium hydroxide media 

[16,17].Because of the influence of the acidity of 

the media on biological activity of these 

compounds we were interested to extend our 

investigations in other mineral acids. The 

compounds that were subject of our investigation: 

4-butyl-5-octyl-2,4-dihydro-3H-1,2,4-triazoline-3-

thione(TTB), 4-allyl-5-octyl-2,4-dihydro-3H-1,2,4-

triazoline-3-thione (TTA), 4-phenyl-5-octyl-2,4-

dihydro-3H-1,2,4-triazoline-3-thione (TTP) were 

synthesized, for the first time by Ragenovicet al. 

[18]. Their structural formulas are shown below 

(Fig. 1). 

 

Figure 1. The structural formulas of TTB, TTA and TTP 

Slika 1. Strukturne formule TTB, TTA i TTP 

 

The aim of this work was to characterize 
qualitatively and quantitatively the processes that 
would take place in acid media using the method of 
UV spectroscopy. In order to investigate the 
influence of the strength of the acid and its anion 
on the protonation process perchloric, hydrochloric 
and phosphoric acid for protonation were used. 
Moreover, we investigated the electronic properties 
of studied triazole-3-thione compounds applying 
PM3 semiempirical method [19]. The values of total 
energies, heats of formation, dipole moments, 
ionization potential, energies of frontier molecular 
orbitals (EHOMO and ELUMO) and nucleophilicities 
were determined. In order to determine the 
possible center of protonation the full atomic 
charges and proton affinity values for the different 
nitrogen atoms and sulphur of the investigated 
thiones were calculated. The changes in the 
absorbance values with acidification of the solution 

were used for calculation of the dissociation 
constants of the protonated forms (pKBH

+
). 

2. MATERIALS AND METHODS 

2.1. Theoretical investigation of protonation 
process - Quantum chemical investigation 

Semiemirical methods are usually used for 

calculation of different parameters for prediction of 

some properties and reaction in which organic 

compounds took place [20]. In this work, the 

determination of total energies, heats of formation, 

dipole moments, ionization potential, energies of 

frontier molecular orbitals (EHOMO and ELUMO), 

nucleophilicities, full atomic charges and proton 

affinity were performed with PM3 (Parametric 

Method 3) semiempirical SCF-MO method [19]. 

Theoretical calculations were carrying out at the 

restricted Hartree-Fock level (RHF) in the 
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HYPERCHEM program. All the structures were 

optimized to a gradient norm of < 0.1. 

2.2. Experimental investigation of protonation 
process 

Solutions and spectral measurements: The 

purity of the investigated compounds TTB, TTA 

and TTP was confirmed by quantitative elemental 

analysis and the recorded IR spectra [20]. All used 

chemicals (perchloric acid, hydrochloric acid, 

phosphoric acid and ethanol) were of analytical 

grade p.a.The stock solutions of the investigated 

compounds TTB, TTA and TTP were prepared in 

96 % ethanol with concentration of about 1.0010
-3

 

mol/dm
3
. The stability of these solutions was 

confirmed with the absorbance values measured in 

two months time.Three series of test solutions(with 

concentration of about 2.010
-5

 mol/dm
3
 were 

prepared for each investigated compound. The 

concentration of the compounds TTB, TTA and 

TTP in the test solution was kept constant, while 

the concentration of the mineral acids was 

gradually increased: from 1.0 mol/dm
3
 to 11.0 

mol/dm
3
 for perchloric acid, from 1.0 mol/dm

3
 to 

12.0 mol/dm
3
 for hydrochloric acid and between 1.0 

mol/dm
3
 and 14.0 mol/dm

3
 for phosphoric acid. 

Parallely, the blanks were prepared with the same 

composition as the working solution, without the 

investigated compound. The ethanol content in the 

test solutions and in the blanks was 1 %. The 

spectrophotometric measurements were performed 

on a Varian Cary 50 spectrophotometer in the 

wavelength region from 190 nm to 360 nm, 

immediately after preparation of the solutions at 

room temperature. For these measurements the 

quartz cell with 1 cm length was used.The 

maximum scan rate is 24 000 nm/min and 

resolution is 1.5 nm. UV spectra were obtained with 

computer program Grams Version 4.10, while 

Excel program was applied for calculation of the 

dissociation constants of protonated form. 

Calculation of pKBH
+ 

values: The reaction of 
protonation of 1,2,4-triazole-3-thione in strong 
mineral acid can be presented using the following 
equation: 

B + H
+
→ BH

+
 (1) 

The equilibrium constant for this equation can 

be defined with the equation (2): 

pKBH
+
= H0 + log[c(BH

+
)/c(B)] (2) 

H0 is the Hammett acidity function, which 
represents the acidity scale of the highly acidic 
media and is used for the determination of a weak 
base strength, c(BH

+
) is the concentration of the 

protonated form of the compound, c(B) is the 
concentration of the unprotonated form of the 
compound. From the literature it is known that the 
H0 acidity function depends on the class of the 
investigated compounds [21].Different values of H0 
are defined as HX, which describes most accurately 
the protonation process of different groups of 
compounds. For thiocarbonyl compounds, HX is 
noticed as HT and its values are established for 
10% - 90% sulfuric acid aqueous solutions [22]. 
The pKBH

+
 values for thio-compounds were 

calculated by the equation (3) where I is ionization 
ratio (I = c(BH

+
/c(B)). 

pKBH
+
 = logI+ HT (3) 

In the literature there are several methods for 

calculation of the dissociation constants of the 

protonated forms, but the most suitable is the 

„excessacidity” function method established by Cox 

and Yates [22]. Actually, the acidity function X can 

be used for different compounds i.e. it is 

independent of the structure and the center of 

protonation of the investigated compounds [23]. 

According to this method the pKBH
+
 values can be 

calculated using the equation (4): 

pKBH
+
 = [logI − logcH

+
] – m

*
X (4) 

where, I is a ratio between the concentration of the 

protonated and unprotonated form of the base 

(ionization ratio), pKBH
+
is a dissociation constant, 

m
*
expresses the hydrogen-bonding salvation of the 

protonated basei.e. solvation parameter defined by 

Cox [24]. Its value when determined for 

thiocarbonyl compounds is in the range of 1.39 ± 

0.14. X is a function that represents the difference 

between the observed acidity and that which the 

system would have if it were ideal („excess acidity”) 

[25]. The values of this function were determined 

depending on sulfuric, perchloric and hydrochloric 

acid concentration [26,27]. 

Additionally, the pKBH
+
values of the 

investigated hydrazones were determined 

graphically as an intercept of the dependence of 

logI on pH. When c(BH
+
) = c(B), logI = 0, and the 

graphically pKBH
+
 value is equal to the HT value of 

solution [28]. In the case of „excess acidity” 

function method the dependence of logI – logc(H
+
) 

vs X is linear with intercept equal to the graphical 

value of the pKBH
+
 [29]. 

Method of Characteristic Vector Analysis 

(CVA): In order to obtain more precise results for 

pKBH
+ 

values the influence of the solvent should be 

eliminated. There are several methods for this 

purpose [27], but one of the most commonly used 

methods for that purpose is Characteristic Vector 



M. S. Jankulovska et al. Comparison of theoretical and experimental investigation of protonation... 

ZASTITA MATERIJALA 62 (2021) broj 1 12 

Analysis (CVA) [30].This method is applicable in 

the analysis of spectroscopic data, to investigate 

problems dealing with protonation [31]. CVA is a 

method of separating independent factors for sets 

of multivariate response data [22]. The method can 

be used empirically for estimating the number of 

independent factors contributing to the total 

variation observes in a family of UV spectra. If p 

independent factors are involved in generating the 

absorbance curve, the sample responses at each 

wavelength for a given concentration will be given 

by equation (5): 

A1= A1+c1v11+ c2v21+..........+cpvp1 

A2 = A2+c1v12 + c2v22+..........+cpvp2 (5) 

Ar= Ar+c1v1r+ c2v2r +..........+cpvpr 

The choice of A is arbitrary and the mean 

values of the absorbance seem to be a convenient 

choice, while v is characteristic vectors, and c is 

weighting coefficients. 

3. RESULTS AND DISCUSSION 

3.1. Theoretical investigation of protonation 
process 

First step in our study was theoretical 

investigation of protonation process of studied 

triazole-3-thione compounds applying PM3 

semiempirical method in order to determine the 

possible center of protonation. The study of the 

electronic properties of triazoline-3-thione system 

(TT) is important because of the possible use of 

such information as an aid to the understanding of 

mode of action of these compounds as acid and 

base and co-coordinative species. Since, 

experimental determination of the protonation 

center of the triazole molecule in sulfuric acid was 

made [16], confirmation of protonation place in 

perchloric and hydrochloric acid media and 

theoretical calculation of protonation parameters of 

these compounds also appear important.   

The investigated molecules contain hetero 

rings with aliphatic (TTB and TTA) and aromatic 

(TTP) substituents and interaction between them 

affect on their properties among which the proton 

affinity. On the other hand, the effect of tautomeric 

change on electronic properties can be evaluated 

by the theoretical investigation of the molecule. 

According the literature data, semiempirical 

methods have been used widely for the quantum 

chemical investigation of various heterocyclic 

compounds [32]. In this study, PM3 semiempirical 

method was used for quantum chemical 

investigation in order to investigate the electronic 

properties and to find out the protonation centres of 

TTB, TTA and TTP. Total energies (Etot), heats of 

formation (ΔHf
0
), energies of frontier molecular 

orbitals (EHOMO and ELUMO), ionization potential (IP) 

and dipole moments (μ) of TTB, TTA and TTPwere 

calculated (Table 1). In fact, the stability of 

heterocyclic systems, such as triazole-3-thione 

depends on the conjugation between the 

heterocyclic ring, (in this case 1,2,4-triazole), 

aliphatic/aromatic rings and thion (C=S)/thiol (C-

SH) group in position 3 of the investigated 

compounds, and the interaction between them. 

Table 1. Total energy (Etot), heats of formation (ΔHf
0
), 

energies of frontier molecular orbitals (EHOMO 

and ELUMO), nucleophilicities (
a
), ionization 

potential (IP) and dipole moments (μ) for 
TTB, TTA and TTP 

Tabela 1. Ukupna energija (Etot), toplote formiranja 
(ΔHf

0
), energije graničnih molekularnih 

orbitala (EHOMO i ELUMO), nukleofilnost (a), 
potencijal jonizacije (IP) i dipolni momenti 
(TTB, TTA i TTP) 

 TTB TTA TTP 

Etot 
[kcal·mol

-1
] 

-63392.63 -59206.51 -67399.87 

ΔHf
0  

[kcal·mol
-1

] 
-2.26 33.58 48.12 

EHOMO  [eV] -8.5581 -8.5398 -8.4922 

ELUMO  [eV] -0.5570 -0.5333 -0.5398 

IP [eV] 8.5581 8.5398 8.4922 

[eV] -8.0011 -8.0065 -7.9524 

μ [D] 5.374 5.261 5.617 


= EHOMO - ELUMO, IP = - EHOMO 

 

The IP values of all compounds (Table 1) are 

relatively lower than literature reported IP for 1,2,4-

triazole. Namely, the experimental IP of 1,2,4-

triazole molecule was 10.00 eV and calculated IP 

using PM3 and AM1 methods 10.39 and 10.27 eV, 

respectively [33]. The possible protonation 

pathways (monocations: N1, N2, N4 and S) for 

investigated thiones are described in Fig. 2. 

In order to investigate the basicity of triazole-3-

thiones, prediction of possible protonation centers 

in molecule which contains various proton acceptor 

atoms is very significant. With that purpose, the 

atomic charges for TTB, TTA and TTP were 

determined and their values are listed in Table 2. 
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Figure 2. The possible site of protonation of tione form of triazoline-3-thiones 

Slika 2. Moguće mesto protonacije tionovog oblika triazolina-3-tiona 

Table 2. Atomic numeration and atomic charges of thione form for TTB, TTA and TTP 

Tabela 2. Atomska numeracija i atomske naboje tionovog oblika za TTB, TTA i TTP 

 Atomic charge Thione form 

Atom N1 N2 N4 S 
N NH

C C S

N

C8H17

R

1 2

4

 

TTB -0.200 0.239 0.179 -0.308 

TTA -0.201 0.241 0.227 -0.313 

TTP -0.199 0.181 0.250 -0.298 

 

In accordance with the negative charge 

distribution on S atom for all investigated 

compounds this atom was with the largest electron 

density in the molecule (Table 2). For this reason, 

the S was predicted to be the main site of the 

molecule for the electrophlic attack of hydrogen. 

Next step for determination of the exact protonation 

center of investigated thiones was calculation of 

the proton affinities for different atoms in the thione 

molecule. Hence, the stable conformations for the 

monocations formed as a result of protonation of 

different atoms in triazoline-3-thione molecule such 

as N1, N2, N4 and S were determined with full 

geometry optimization using the heats of formation 

(Hf
0
) values obtained with PM3 semiempirical 

method (Table 3). The proton affinity values were 

calculated using the equation (6): 

PA = 367.2 + Hf
0
(B) + Hf

0
(BH

+
) (6) 

where, PA is proton affinity, Hf
0
 (TT) is the heat of 

formation for the TT molecule, Hf
0
 (TTH

+
) is the 

heat of formation for the cation and 367.2 kcal mol
-1 

is the heat of formation for the proton (H
+
).  

a
) 
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Table 3. Total energies (Etot), heats of formation (Hf
0
) and dipole moments () of the protonated forms of 

triazoline-3-thiones 

Tabela 3. Ukupne energije (Etot), toplote formiranja ((Hf
0
) i dipolni momenti ( ?@>B>=iranih oblika triazolin-3-

tiona 

TTB 

 N1 N2 N4 S 

Etot[kcal/mol] -63574.68 -63564.88 -63553.26 -63598.19 

Hf
0 
[kcal/mol] 169.27 179.07 190.69 145.76 

D 7.410 11.453 10.105 13.134 

PA 195.67 185.87 174.25 219.18 

TTA 

 N1 N2 N4 S 

Etot[kcal/mol] -59388.90 -59379.50 -59367.80 -59413.01 

Hf
0 
[kcal/mol] 204.74 214.17 225.87 180.66 

[D] 8.345 12.636 11.991 13.404 

PA 196.04 186.61 174.91 220.12 

TTP 

 N1 N2 N4 S 

Etot[kcal/mol] -67584.82 -67574.88 -67567.27 -67610.72 

Hf
0 
[kcal/mol] 216.74 226.68 234.29 190.84 

[D] 7.722 11.239 8.935 11.962 

PA 198.58 188.64 181.03 224.48 

 

Comparing the result shown in Table 3 it can 
be noticed that the PA values of S atomare higher 
than PA values of the nitrogens for all investigated 
compounds. In other words, the electrophilic attack 
of the proton on the S atom is easier than the 
nitrogen atoms. Hence, the most probably place of 

protonation in the molecule of 1,2,4-triazoline-3-
thioneis the sulfur in the thiourea fragment, as it 
was the case in sulfuric acid media [16]. Taking 
into account the previous results, the protonation 
process of the investigated thione could be 
illustrated by the Fig.3. 

 

Figure 3. Protonation reaction of the 1,2,4-triazoline-3-thiones  

Slika 3.Reakcija protonacije 1,2,4-triazolina-3-tiona 

 

3.2. Experimental investigation of protonation 
process 

After theoretical determination of the possible 
center of protonation in triazole-3-thione molecule, 
second step was experimental conformation of 
theoretically assumed protonation processes. The 
experimental UV spectra of the investigated 
thiones: 4-butyl-5-octyl-2,4-dihydro-3H-1,2,4-
triazoline-3-thione(TTB), 4-allyl-5-octyl-2,4-dihydro-

3H-1,2,4-triazoline-3-thione (TTA), 4-phenyl-5-
octyl-2,4-dihydro-3H-1,2,4-triazoline-3-thione (TTP) 
in perchloric acid media with concentration from 1.0 
mol/dm

3
 (spectrum 1) to 11.0 mol/dm

3
 (spectrum 

10) are presented in Fig. 4 (a-c). The UV spectra 
recorded in hydrochloric and phosphoric acid 
media were similar to those obtained in perchloric 
acid media, because of that they are not presented 
here. 

H
+

N

CC8H17

N

C S

NH

R

OH
-

N

CC8H17

N

C

NH

R

SH
+
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Figure4. UV spectra of a) TTB, b) TTA and c) TTP (c = 2.010
-5

mol/dm
3
) in perchloric acidmedia 

(from 1.0 mol/dm
3
(spectrum 1)to 11.0 mol/dm

3
(spectrum 10)) 

Slika 4. UV spektri: a) TTB, b) TTA i c) TTP (c = 2,010
-5

 mol/dm3) u perhlornoj kiselini od 1,0 mol/dm
3
 

(spektar 1) do 11,0 mol/dm
3
 (spektar 10) 
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From the Fig.4(a-c) it could be noticed that in 

the spectra of the investigated compounds appear 

two bands. The first band that appears around 200 

nm is less intensive for thiones TTB and TTA, and 

more intensive for thione TTP. This band is 

probably a result of 
*
 electron transitions in the 

benzene ring. The second intensive band appears 

at around 250 nm for thiones TTB and TTA and 

around 255 nm for thione TTP. The presence of 

absorption maximum at about 250 nm in the UV 

spectra of triazoline-3-thiones in neutral media was 

expected as a result of electron transition in the 

1,2,4-triazoline-3-thione ring [34]. As in the case of 

other heterocyclic thiones, it is possible to consider 

that the 1,2,4-triazoline-3-thiones may exist in 

thion-thiol tautomeric forms (TT) [35]. The literature 

data indicated that the thione form is the 

predominant tautomer. The presence of the 

maximum in the UV spectra at around 250 nm 

indicated that the thione structure dominates in the 

polar solvents. In addition to the UV data, the IR 

and NMR data of thiones support the thion form in 

solid state and in solutions [36]. The changes in the 

second band (250 nm) in the acid medium were 

interesting for our further investigations. Namely, 

when the concentration of the perchloric acid 

increase between 1.0 mol/dm
3
 and 11.0 mol/dm

3
 

the intensity of this band decrease, but its position 

does not change (Fig.4(a-c)). The same situation 

was noticed in the hydrochloric and phosphoric 

acid media. When the concentration of perchloric 

acid was up to 9.0 mol/dm
3
 (in hydrochloric acid up 

to 7.0 mol/dm
3
 and in phosphoric acid up to 10.0 

mol/dm
3
) the band almost disappeared. The 

observed changes in the experimental UV spectra 

show, as it was expected, that the behavior of the 

investigated thiones in used mineral acids is 

analogous to that in sulfuric acid medium [16]. 

From the Fig.4(a-c), it could be seen that the 

existence of the isosbestic point is expected at 

wavelength about 210 nm. In order to eliminate the 

effect of the solvent and to determine the precise 

position of the isosbestic point the experimental UV 

spectra were reconstructed [30]. For example, the 

reconstructed UV spectra of the compound TTB in 

perchloric acid media are shown in the Fig. 5. 

 

Figure 5. Reconstructed UV spectra of TTB (2.010
-5

mol/dm
3
) in perchloricacidmedia (c = 1.0 mol/dm

3
- 

11.0 mol/dm
3
) 

Slika 5. Rekonstruisani UV spektri TTB (2,0 10-5mol/dm
3
) u perhlornoj kiselini (c = 1,0 mol/dm

3
- 11,0 

mol/dm
3
) 

 

The existence of the isosbestic point in the 

reconstructed spectra for all compounds suggests 

that probably two forms exist in the system, the 

compound in its protonated and unprotonated form, 

respectively. That indicates that the protonation 

process occurs in one step. This supposition can 

be confirmed with the appearance of the A vs 

concentration of the mineral acid („S” curve). The 

„S” curves of the compound TTP in perchloric, 

hydrochloric and phosphoric acid mediumare 

presentedin the Fig. 6. 
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Figure 6. Theabsorbancevalues ( = 255 nm)as a function of perchloric (curve ■), hydrochloric (curve ▲) 

and phosphoric(curve ●)acidconcentrationfor TTP (c = 2.010
-5

mol/dm
3
) 

Slika 6. Vrednosti apsorpcije (λ = 255 nm) kao funkcija koncentracije perhlorne (krivulja ■), hlorovodonične 
(krivulja ▲) i fosforne (krivulja ●) kiseline za TTP (c = 2,010

-5
mol/dm

3
) 

The existence of one plateau on the sigmoidal 

curve additionally indicates that the protonation 

process take place in one step. One step was 

noticed in the „S” curves for the compounds TTB 

and TTA in all used mineral acids and in the „S” 

curve for the compound TTP in hydrochloric acid 

media (the plots are not shown). In phosphoric acid 

media the „S” curve did not have final part (Fig. 6, 

curve ●) which means that the protonation process 

in this acid is not finished even when its 

concentration is to the highest degree. The same 

conclusion was observed for the thiones TTB and 

TTA. From the presented „S” curves it can be 

noticed that the protonation process of the 

investigated thiones TTB, TTA and TTP in 

perchloric acid media is carried out in the 

concentration range from 5.0 mol/dm
3
 to 9.0 

mol/dm
3 

(Fig. 6 (curve ■)). Unprotonated forms of 

the investigated compounds exist below perchloric 

acid concentration of 5.0 mol/dm
3
, while above 9.0 

mol/dm
3
 only the protonated forms are present. In 

hydrochloric acid media the investigated 

compounds are protonated in the concentration 

range from 7.0 mol/dm
3
 to 11.0 mol/dm

3
, while in 

phosphoric acid media the protonation process 

starts at about 10 mol/dm
3
 (Fig. 6).The obtained 

results show that the investigated thiones in 

investigated mineral acids behave as bases and 

they are protonated at high mineral acid 

concentration. The same conclusion was 

performed in our previous investigations for these 

thiones in sulfuric acid media [16]. 

3.3. Determination of the dissociation constants of 
1,2,4-triazoline-3-thiones 

The calculations of the dissociation constants 
of protonated forms (pKBH

+
) of investigated 

compounds were made from the absorbance data 
in perchloric and hydrochloric acid media. It was 
not possible the protonation process to 
characterize quantitatively in phosphoric acid 
media because the protonation reaction was not 
completed when the highest concentration of this 
acid was used.The pKBH

+
 values were calculated 

using the values of the absorbance measured at 
four selected wavelengths (experimental and 
reconstructed spectra): 230nm, 240nm, 250nm and 
260 nm for the compounds TTB and TTA, and 
240nm, 250nm, 260nm and 270 nm for the 
compound TTP, in perchloric acid media. In 
hydrochloric acid media following wavelengths: 
230nm, 240nm, 250nm and 260 nm were selected 
for all investigated compound.The dissociation 
constants in mineral acid media were evaluated 
using the ionization ratio (I=cBH

+
/cB) values 

determined spectrophotometricaly from the 
absorbance values (experimental and 
reconstructed spectra) measured at four 
wavelengths and from the values of the molar 
absorption coefficients determined at the same 
wavelengths, in accordance with Beer’s law. The 
molar absorption coefficient values were 
determined by measuring the absorbance of 
investigated thiones at the concentration 1.6·10

-5
 

mol/dm
3
, 2.0·10

-5
 mol/dm

3 
and 2.4·10

-5
 mol/dm

3
 at 

the same selected wavelengths. The 
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measurements for unprotonated form of the 
investigated compounds were performed at mineral 
acid (perchloric and hydrochloric) concentration of 

2 mol/dm
3
, while for protonated form at about 11 

mol/dm
3 
(Table 4).  

Table 4. The molar absorption coefficient values of protonated (BH
+
) and unprotonated forms (B) for the 

compounds TTB, TTA and TTP in HClO4and HCl 

Tabela 4. Molarne vrednosti koeficijenta apsorpcije protonirani (BH
+
) i neprotonirani oblici (B) za jedinjenja TTB, 

TTA i TTP u HClO4 i HCl 

Compound *
(230 nm) (240 nm) (250 nm) (260 nm) 

T
T

B
 

H
C

lO
4
 I 

(B) 65.70 113.61 145.15 74.86 

(BH
+
) 37.69 20.95 8.61 4.39 

II 
(B) 65.70 113.65 145.20 74.92 

(BH
+
) 37.67 20.98 8.69 4.42 

H
C

l 

I 
(B) 73.05 106.42 141.91 90.14 

(BH
+
) 46.73 32.78 19.39 11.37 

II 
(B) 73.03 106.52 142.01 90.17 

(BH
+
) 46.77 32.79 19.42 11.43 

T
T

A
 

 (230 nm) (240 nm) (250 nm) (260 nm) 

H
C

lO
4
 I 

(B) 60.85 113.14 151.83 82.39 

(BH
+
) 36.00 23.12 11.68 6.58 

II 
(B) 60.84 113.11 151.80 82.38 

(BH
+
) 36.09 23.11 13.52 7.84 

H
C

l 

I 
(B) 56.33 92.97 129.89 74.48 

(BH
+
) 42.72 35.17 24.45 15.01 

II 
(B) 56.30 92.95 129.87 74.45 

(BH
+
) 42.72 35.19 24.43 13.16 

T
T

P
 

 (240 nm) (250 nm) (260 nm) (270 nm) 

H
C

lO
4
 I 

(B) 71.90 98.85 84.38 37.78 

(BH
+
) 32.43 16.62 11.68 7.55 

II 
(B) 71.94 98.93 84.43 37.77 

(BH
+
) 33.11 17.14 12.32 8.21 

H
C

l 

I 
(B) 86.58 78.90 108.95 97.02 

(BH
+
) 61.47 45.56 27.16 18.08 

II 
(B) 86.70 79.06 109.10 99.17 

(BH
+
) 61.42 45.52 28.84 21.84 

I – experimental spectra; II – reconstructed spectra; 

 

As we mentioned before, the„excess acidity” 

function method was applied for calculation of the 

pKBH
+
 values (Eq. 5). The values of the acidity 

function Xvs perchloric and hydrochloric acid were 

used from the literature [26].The pKBH
+
 values were 

also determined graphically. As it is mentioned in 

the materials and methods the dependence of logI-

logc(H
+
) vsX is linear with intercept equal to the 

graphical value of the pKBH
+
 [29].The dissociation 

constants of protonated form determined 

numerically and graphically from the absorbance 

values of the experimental and the reconstructed 

spectra for thiones TTB, TTA and TTP at the 

selected wavelengths in perchloric and 

hydrochloric acid media are given in Table 4. The 

values of the solvation parameter (m
*
), coefficient 

of determination (R
2
), standard deviation (SD), 

relative standard deviation (RSD) and the interval 

where the obtained results are placed with the 

confidence level of 95% are calculated, too (Table 

5). 
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Table 5. pKBH
+
 values for the compounds TTB, TTA and TTP in perchloric and  hydrochloric acid media 

(experimental and reconstructed spectra) 

Tabela 5. pKBH
+
 vrednosti za jedinjenja TTB, TTA i TTP u perhlorne i hlorovodonične kiseline (eksperimentalni i 

rekonstruisani spektar) 

 Numerically Graphycally 

Compound pKBH
+ 

m
*
 SD RSD pKBH

+ 
R

2
 n 

H
C

lO
4
 

TTB 
-3.08  0.04

1
 1.02 0.06 2.03 -3.08

1
 0.994 8 

-3.07  0.03
2
 1.04 0.05 1.54 -3.07

2
 0.996 8 

TTA 
-3.07  0.03

1
 1.08 0.04 1.46 -3.07

1
 0.996 9 

-3.04  0.01
2
 1.09 0.02 0.56 -3.04

2
 0.998 9 

TTP 
-3.18  0.04

1
 1.06 0.06 2.09 -3.19

1
 0.992 9 

-3.16  0.04
2
 1.05 0.07 2.16 -3.16

2
 0.992 9 

H
C

l 

TTB 
-3.38  0.04

1
 0.95 0.07 2.05 -3.38

1
 0.968 10 

-3.36  0.04
2
 0.94 0.06 1.85 -3.38

2
 0.974 10 

TTA 
-3.39  0.04

1
 0.95 0.06 1.93 -3.39

1
 0.972 11 

-3.29  0.03
2
 0.89 0.05 1.40 -3.31

2
 0.984 11 

TTP 
-3.50  0.03

1
 0.96 0.04 1.29 -3.48

1
 0.986 10 

-3.40  0.03
2
 0.93 0.05 1.51 -3.42

2
 0.982 10 

1
experimental spectra, 

2
reconstructed spectra, n-number of measurements 

 

The dissociation constants of the protonated 

forms of the compounds calculated from the 

absorbance values of the experimental spectra 

have lower values compared to those calculated 

from the absorbance values of the reconstructed 

spectra. These changes are probably due to the 

influence of the solvent that was confirmed with our 

previous investigations [16].The compound TTP 

(Table 5) has more negative pKBH
+
 values (pKBH

+
 = 

–3.18) than the compounds TTB (pKBH
+ 

= –3.0) and 

TTA (pKBH
+
 = –3.08). This is probably as a result of 

the influence of the phenyl group in position 4 of 

the compound TTP. Hence, the compound TTP is 

weaker base compared to the compounds that 

have alkyl group in this position.It has to be noticed 

that the standard deviation values (SD) and the 

values of the relative standard deviation (RSD) are 

lower when the calculation were made from the 

absorbance values from the reconstructed spectra 

(Tables 5). It suggests that the pKBH
+
 values 

calculated from the reconstructed spectra are more 

precise, as we expected. Furthermore, there was a 

good agreement between the pKBH
+
 values of 

investigated thiones and those of similar class of 

compounds [15,37]. The pKBH
+
 values determined 

from the absorbance values of the reconstructed 

spectra in perchloric and hydrochloric acid media 

obtained according „excess acidity” function 

method are given in Table 6. For comparison, in 

the Table 6 the pKBH
+
 values in sulfuric acid 

medium are also presented. 

Table 6. pKBH
+
 values of the compounds TTB, TTA 

and TTP perchloric and hydrochloric acid 
media (reconstructed spectra) and in sulfuric 
acid 

Tabela 6. pKBH
+
 vrednosti jedinjenja TTB, TTA i TTP u 

perhlorne i hlorovodonične kiseline 
(rekonstruisani spektar) i sumporne kiseline 

 Compound TTB TTA TTP 

pKBH
+
 

HClO4 -3.07 -3.04 -3.16 

HCl -3.36 -3.29 -3.40 

H2SO4 -3.00 -3.11 -3.18 

 

From the results shown in Table 6 it could be 
noticed that the pKBH

+
 values in hydrochloric acid 

media are more negative than the pKBH
+
 values in 

sulfuric acid media and in perchloric acid media 
[20]. In spite of this, the dissociation constants 
determined in sulfuric acid media have lower 
negative values compared to the pKBH

+
 values 

determined in perchloric acid media. The exception 
is the compound TTB. This is expected because 
the hydrochloric acid is the weakest protondonor, 
while the perchloric acid is strongest one. Namely, 
it is well known that the strength of the acid and its 
anion influence on the pKBH

+
 values [30]. According 

our previous investigation in sulfuric acid media, 
the protonation process probably occurs onthe 
thiourea fragment of the 1,2,4-triazoline-3-thione 
ring [16]. This was confirmed by the value of 
theslope m

*
 which is characteristic for the 

protonationof sulfur. 
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4. CONCLUSION 

The protonation processes of 1,2,4-triazoline-3-
thionesin perchloric, hydrochloric and phosphoric 
acid media was followed using UV spectroscopy. 
The changes of the absorbance values with acidity 
of the medium demonstrated that the protonation 
process in perchloric and hydrochloric acid occurs 
in one step, while in phosphoric acid protonation 
reaction did not finish. Using the absorbance data 
from the experimental and reconstructed UV 
spectra, the values of the dissociation constants of 
protonated form (pKBH

+
) were calculated 

numerically and graphically. The separation of the 
protonation effects from the medium effects in the 
UV spectra was carried out by CVA method. The 
SD values and the RSD values suggested that the 
pKBH

+
 values calculated from the reconstructed 

spectra were more precise compared to those 
calculated from experimental spectra. As a result of 
the influence of the phenyl group the compound 
TTP has more negative pKBH

+
 values i.e. it is 

weaker base compared to the compounds TTB and 
TTA.The obtained results in different mineral acid 
media suggest that the strength of the acid and its 
anion influence on the pKBH

+
 values of weak 

organic bases. A PM3 semiempirical method was 
applied in order to predict the protonation site. 
Based on the obtained proton affinity values and 
negative charge distribution on atoms, the sulfur 
atom was predicted to be the main site of the 
molecule for the electrophlic attack of hydrogen. 
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IZVOD 

POREĐENJE TEORIJSKOG I EKSPERIMENTALNOG ISPITIVANJA PROCESA 
PROTONACIJE NEKIH TIONOVA U KISELIM MEDIJIMA 

PM3 poluempirijska metoda korišćena je za kvantno-hemijsko istraživanje kako bi se istražila 
elektronska svojstva i odredio centar za protonaciju u 1,2,4-triazolin-3-tionu. Potvrda centra za 
protonaciju u kiselom mediju ispitivanih jedinjenja izvršena je korišćenjem vrednosti atomskog 
naboja, kao i vrednosti protonskog afiniteta. Rezultati poluempirijskih izračunavanja pokazali su da 
je centar za protonaciju u molekulu tiona bio atom sumpora. Ponašanje tiona ispitivano je u 
mineralnom kiselinskom medijumu pomoću UV spektroskopije. Uticaj snage kiseline i priroda 
njenog aniona na proces protonacije diskutovana je korišćenjem tri različite mineralne kiseline za 
protonaciju (perhlorna, hlorovodonična i fosforna kiselina). Proces protonacije u perhlornoj i 
hlorovodoničnoj kiselini odvijao se u jednom koraku, dok u fosfornoj kiselini nije završen ni kada je 
koncentracija imala maksimalnu vrednost. Vrednosti konstante disocijacije protoniranih oblika 
(pKBH+) i parametar solvatacije m* izračunate su u skladu sa metodom funkcije „višak kiselosti“ 
(Cox and Yates) koristeći podatke apsorpcije iz eksperimentalnih i rekonstruisanih spektra 
(Karakteristična VektorskaAnaliza - CVA). Određene vrednosti pKBH+ u hlorovodoničnoj kiselini 
imale su više negativne vrednosti od onih dobijenih u medijumu perhlorne kiseline. Vrednosti 
pKBH+  bile su u saglasnosti sa literaturnim podacima za ovu klasu jedinjenja. 

Ključne reči: 1,2,4-triazolin-3-tioni, protonacija, konstante disocijacije, afinitet protona, 
UVspektrofotometrija, PM3 poluempirijska metoda 
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