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The protonation process of some newly synthesized substituted 1,2,4-triazoline-3-thiones (4-butyl-5-octyl-2,4-
dihydro-3H-1,2,4-triazoline-3-thione, 4-allyl-5-octyl-2,4-dihydro-3H-1,2,4-triazoline-3-thione, 4-phenyl-5-octyl-2,4-
dihydro-3H-1,2,4-triazoline-3-thione) was investigated in aqueous sulfuric acid solutions, using the ultraviolet spec-
trophotometric method, at a room temperature. The acid-base equillibria were characterized qualitatively and quanti-
tatively. The method of characteristic vector analysis (CVA) was used to reconstruct the experimental spectra. The
protonation process, most likely occurs on the thiourea fragment of the 1,2,4-triazoline-3-thione ring. The pKgy" val-
ues were calculated using several methods: the Hammett acidity function method, Bunnett and Olsen, Tissier and
Tissier (Bunnett and Olsen, Yates), Marziano, Cimino and Passerini, and the “Excess acidity" function method (Cox
and Yates). There is a good agreement between the pKgy* values determined with these different methods.

Key words: 4-butyl-5-octyl-2,4-dihydro-3H-1,2,4-triazoline-3-thione; 4-allyl-5-octyl-2,4-dihydro-3H-1,2,4-triazo-
line-3-thione; 4-phenyl-5-octyl2,4-dihydro3H-1,2,4-triazoline-3-thione; UV spectrophotometry; proto-
nation constants

OJHECYBAIBE HA HEKON HOBOCUHTETU3UPAHU CYIICTUTYUPAHU
1,2,4-TPUA30/INH-3-TUOHU BO CPEJIUHA HA CYJI®YPHA KUCE/IMHA

IIpouecor Ha NpoTOHMpawme HAa HEKOM HOBOCHHTETH3UPAHHM CYNCTUTYUpaHU JepuBaTu Ha 1,2,4-
TpHa30auH-3-THOHOT (4-6yTmn-5-oktun-2,4-guxuapo-3H-1,2,4-tpua3zonun-3-TuoH, 4-anuia-5-okTui-2,4-1u-
xuapo-3H-1,2,4-tpuazonun-3-tuoH, 4-peHni-5-oktun-2,4-guxunpo-3H-1,2,4-rpuazonun-3-THoH) Gelie ucnu-
TyBaH BO BOJJHM pacTBOpH Ha cyJipypHa KHCEIUHA, CO OMOIII Ha METOAUTE Ha YITPaBUOJIETOBATA CIEKTPO-
ckonwmja, Ha coOHa Temmepartypa. Kncemno-6a3Hara paMHOTEXa Oellle OKapaKTepu3upaHa KBAaHTHTATHBHO 1
KBaJMTATHBHO. METOOT Ha KapaKTepUCTHYHA BeKTopcka aHanmm3a (CVA) Gellle KOPUCTEH 32 PEKOHCTPYK-
[fja Ha eKCIepIMEHTATHNATE CeKTpH. [IpomecoT Ha MpOTOHMpamke HajBepojaTHO Ce BPIIN Ha CYN(ypOT BO
npcreHoT Ha 1,2,4-Tpua3onus-3-tuonute. BpegHocrture Ha pKpy™ 6ea npecMeTaHu co IMpUMeHa Ha HeKOJKY
meTonn: Hammett acidity function method, Ha Bunnett 1 Olsen; Ha Tissier u Tissier (Bunnett u Olsen, Yates); Ha
Marziano, Cimino u Passerini; Ha Cox-Yates (MeTOJ Ha ,,BUIIOK Ha KUCEIOCT").

Knyunn 360poBu: 4-6yTuin-5-oktun-2,4-quxunpo-3H-1,2,4-rpua3onus-3-THoH; 4-ammi-5-0KTHi-2,4-THXuApo-
3H-1,2,4-Tpra3onuH-3-THOH; 4-heHnn-5-oKTui-2,4-tuxuapo-3H-1,2,4-Tprua3onus-3-THoH;
UV cnekTpooToMeTpHja; KOHCTAaHTU HAa IPOTOHUPAHE

INTRODUCTION trum of biological activity that has been demon-
strated in many studies [1, 2]. Because of the
1,2,4-Triazole belongs to the heterocyclic pharmaceutical characteristics of the compounds

class of compounds which possess a wide spec- with 1,2 4-triazole nucleus, they can be used as
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antibacterial, antiviral and anticancer drugs [3]. In
addition, 1,2,4-triazole and its derivatives have
found wide use in the chemical industry and agri-
culture, because of their fungicidal, insecticidal
and herbicidal characteristics [3].

The characteristics of these compounds de-
pend on the acid—base processes in defined media.
For this reason, the acid—base equilibrium of 1,2,4-
triazole and its derivatives in different media has
been studied by many authors [3, 4]. Katritzky and
Rees [3] determined the values of the ionization
constants of 1,2,4-triazole as a base (pKp = 2.19)
and as an acid (pKgg, = 10.26). In the literature,
there is data about the pK values of some 1,2,4-
triazoline-3-thiones in sulfuric acid and sodium
hydroxide media determined using the ultraviolet
spectroscopy [4].

The determination of the ionization constants
of 1,2,4-triazole and its derivatives is important for
studying the reaction mechanisms which take
place in acidic media.

The subjects of our investigation were the
following compounds: 4-butyl-5-octyl-2,4-dihydro-
3H-1,2,4-triazoline-3-thione, 4-allyl-5-octyl-2,4-di-
hydro-3H-1,2,4-triazoline-3-thione, 4-phenyl-5-oc-
tyl-2,4-dihydro-3H-1,2,4-triazoline-3-thione which
were synthesized for the first time by Ragenovik et
al. [5]. Their structure was determined by several
methods: UV, IR, 1H NMR and 13C NMR spec-
troscopy.

It was found that the investigated compounds
are biologically active [3], and it was deemed very
important to investigate their acid—base properties.

The structure formulas of compounds are:

N— ITH
C8H17_C C=—=S
AN
1|\1/
R
R

(I —C4Hog
() —CH,—CH—CH,
(m —Ce¢Hs

(I) 4-butyl-5-octyl-2,4-dihydro-3H-1,2,4-triazoline-3-thione
(II) 4-allyl-5-octyl-2,4-dihydro-3H-1,2,4-triazoline-3-thione
(IIT) 4-phenyl-5-octyl-2,4-dihydro-3H-1,2,4-triazoline-3-thione

It is expected that 1,2,4-triazoline-3-thiones
in strong mineral acid media behave as weak bases
and the protonation process should take place. The
aim of our work was to analyze the behavior of the
investigated compounds in strong mineral acid
media and to determine the ionization constants,
data which is not avaliable in the literature.

For the calculation of pKgy' values several
methods known from the literature were applied.

For the reaction of protonation of a weak base
in strong mineral acid the following equation can
be written:

B +H' & BH". (1

The equilibrium constant according to
Hammett [6] can be defined with the following
equation:

c(BH")

pKen' = Hy + log —C(B) . 2)

H, is Hammett acidity function which repre-
sents acidity scale of the highly acidic media, and
is used for the determination of a weak base
strength [7].

¢(BH") is the concentration of the protonated
form of the compound;

¢(B) is the concentration of the unprotonated
form of the compound;

The original Hammett acidity function was
upgraded by some authors. Their purpose was to
reach more reliable pKpy' values of the investi-
gated compounds. Above all, it is found that H,
acidity function depends on the class of the inves-
tigated compounds. Sometimes, there are differ-
ences for closely related compounds even with the
same protonation center. Different values of H, are
defined as Hx which describe most accurately the
protonation process of different group of com-
pounds.

Accordingly, pKgy' values can be defined by
the equation:

pKBH+ = IOgI + mHy. (3)

A plot of logl vs. —H, gives a straight line
with slope m, whose value is about 1.

I is a ratio between the concentration of the
protonated and unprotonated form of the base,
c¢(BH")/c(B), known also as a ionization ratio.

For thiocarbonyl compounds H, is noticed as
Ht and its values are established for 10-90% sul-
furic acid aqueous solutions [8].

Bull. Chem. Technol. Macedonia, 25, 1, 29-37 (2006)
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For the determination of pKBH+ values Bun-
nett and Olsen [9] suggested the equation based on
the linear free energy relationship:

pKgu' = Hy— 9[Hy + logc(H)] + logl.  (4)

The value of Hr acidity function can be de-
fined by the equation:

HT = H() — ¢[H() + 10gC(H+)] (5)

The final equation for determination of pKgy"
values, obtained from equations (4) and (5) is:

pKBH+ = HT + IOgI (6)

In equation (4) @is a parameter which charac-
terizes the changing activity coefficient behavior
of bases with changing acidity. According to this
method it is found out that the parameter ¢ has
negative value for the large polarizable molecules.
These molecules have smaller extent of solvation
than the protonated indicators. The value of ¢ for
thiocarbonyl compounds is —0.4.

Bunnett and Olsen [9] calculated the values
of pKBH+ using the H, values for lower concentra-
tion of sulfuric acid from Poul and Long [10], and
for higher concentration of sulfuric acid from
Jorgenson and Harter [11].

Values of logc(H) are taken from literature
[12] where they are determined for dibasic acids.

For determination of pKBH+ values, the au-
thors Tissier and Tissier [13] utilized two ap-
proaches, the equation of Bunnett—Olsen [9], and
the equation of Yates—McClelland [14]. Using the
equation of Bunnett and Olsen they obtained the
following equation for Hr:

Hy = Hy' + g{Hy + loge(H)] 7)

Hy' is the acidity function determined by
Yates and McClelland [14].

The authors [13] examined 11 indicators and
they found that the average value of the slope pa-
rameter ¢is —0.36.

Using the equation of Yates and McClelland
[14], Tissier and Tissier [13] found that pKgy" val-
ues can be calculated using the equation:

pKBH+ = —mH()' + 10gl, HT = —mH()' (8)

where m is a slope parameter whose average value
for thiocarbonyl compounds is 1.31, while the val-
ues of Hy are taken from Yates and McClelland
[14].

Tnac. xem. iwiexnoa. Makeoonuja, 25, 1, 29-37 (2006)

Marziano, Cimino and Passerini [15] estab-
lished different access for calculation of pKgy"
values (M.C.P. method). They used the equation:

.
pKont® = Ment' — loge(H) + log SBH). (9
C

(B)

The expression Mc-n'— logc(H') represents
the Hr acidity function, and n" is the slope parame-
ter whose value is in the range of 1.0  0.1. This
value is the average one, obtained from the values
of 16 used thiocarbonyl indicators.

Mc = log(f-fu'lfen’), is the activity coeffi-
cient function based on a single investigated com-
pound (hypothetical standard base). Its value can
be determined by measurement of the ionization
ratio at higher mineral acid concentration, using
the n" and pKgy' values determined for the used
thiocarbonyl compounds.

The final equation for calculation of pKpy"
values is similar to the equation (6).

The acidity function Hr and Mc, whose val-
ues depend on sulfuric acid concentration, can be
found in the literature [15].

Further, the method of Cox and Yates [16],
also known as the “excess acidity” function
method, is often used in the literature for calcula-
tion of the pKgy" values. According to this method,
pKgy' values can be calculated using the equation:

pKeu' = [logl — logc(HN -m'X  (11)

where m" expresses the hydrogen-bonding solva-
tion of the protonated base. Its value determined
for thiocarbonyl compounds is in the range of 1.39
+ 0.14. X is a function which represents the differ-
ence between the observed acidity and that which
the system would have if it was ideal (,,excess
acidity”). The values of this function were deter-
mined depending on sulfuric acid concentration
and they can be found in the literature [16].

EXPERIMENTAL

The investigated compounds, 4-butyl-5-octyl-
2,4-dihydro-3H-1,24-triazoline-3-thione (compound
I), 4-allyl-5-octyl-2,4-dihydro-3H-1,2,4-triazoline-
3-thione (compound II), 4-phenyl-5-octyl-2,4-
dihydro-3H-1,24-triazoline-3-thione (compound III)
were dissolved in absolute ethanol, at room tem-
perature. There were no changes in UV spectra
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recorded for two months time, which meant that
the ethanol solutions were stable for a long time.
The stock solutions were prepared as primary
standards, with concentration 1.000-10° mol/dm’
for compound I, 1.013-10~° mol/dm” for compound
IT and 1.036:10~ mol/dm’ for compound IIL. Then,
three series of the solutions of investigated com-
pounds were prepared in sulfuric acid, with con-
centration from 1.000 mol/dm’ to 12.000 mol/dm’
and the constant concentration of the investigated
compounds (2.000-10” mol/dm’ for I; 2.020-107
mol/dm”® for compound II and 2.070-10"> mol/dm’
for compound III).

The concentration of sulfuric acid was deter-
mined using volumetric titration method with
standard solution of sodium hydroxide.

Simultaneously, the blanks were prepared
with the same composition as the test solutions,
except that they did not contain the investigated
compound. The ethanol content in the test solu-
tions and in the blanks was 1% (w/v). All meas-
urements were carried out immediately after
preparation of the solutions, because of their insta-
bility over the time.

The purity of the investigated compounds
was confirmed by quantitative elemental analysis
and the recorded IR spectra [5]. The sulfuric acid
was of analytical grade p.a. (Alkaloid).

The UV spectra were recorded on a Varian
Cary 50 spectrophotometer in the range from 190
nm to 360 nm wavelength at room temperature.
The length of the quartz cell was 1 cm.

RESULTS AND DISCUSSION

The UV spectra of the aqueous sulfuric acid
solution of the compounds: 4-butyl-5-octyl-2,4-
dihydro-3H-1,2,4-triazoline-3-thione  (compound
I), 4-allyl-5-octyl-2,4-dihydro-3H-1,2,4-triazoline-
3-thione (compound II) and 4-phenyl-5-octyl-2,4-
dihydro-3H-1,2,4-triazoline-3-thione ~ (compound
III), recorded in the wavelengths region between
190 nm and 360 nm, are shown in Figures la, 2a
and 3a, respectively. Two bands can be noticed in
the UV spectra of the investigated compounds.
The first band, in the region from 190 to 210 nm
was less intensive than the other one. The second
band, with maximum about 250 nm for compound
I and II about 255 nm for compound III, is proba-

bly the result of T—T electron transitions in the

1,2,4-triazoline-3-thione ring [15]. We considered
that the second band is interesting for our further
investigations.

When the sulfuric acid concentration in-
creased from 1 mol/dm’® to 12 mol/dm3, the inten-
sity of the second band decreased at constant con-
centration of the investigated compound, but its
position did not change (see Figs. 1a, 2a and 3a).

Reconstruction of the spectra is accomplished
using the method of Characteristic Vector Analysis
(CVA) [18]. The results are shown in the Figures
1b, 2b and 3b.
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Fig. 1. UV spectra of 4-butyl-5-octyl-2,4-dihydro-3H-1,2,4-
triazoline-3-thione (compound I) in sulfuric acid media:
(a) experimental spectra and (b) reconstructed spectra;
(D) =2.000-10~° mol/dm’,
¢(H,S0;) = 1.000 mol/dm® — 2.000 mol/dm’®

Bull. Chem. Technol. Macedonia, 25, 1, 29-37 (2006)
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190 210 230 250 270 290 310 330 3501
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Fig. 2. UV spectra of 4-allyl-5-octyl-2,4-dihydro-3H-1,2,4-
triazoline-3-thione (compound II) in sulfuric acid media:
(a) experimental spectra and (b) reconstructed spectra;

c(D) =2.020-10° mol/dm’®,
¢(H,S0,) = 1.000 mol/dm’~12.000 mol/dm’®

In the reconstructed spectra for compounds I
and III, the isosbestic points can be noticed at
wavelengths of 200 nm and 235 nm, respectively.
For compound II there are two isosbestic points at
200 nm and at 275 nm, indicating that there are
probably two forms able to absorb UV radiation in
the system.

As can be seen from the spectra, the value of
the absorbance depends on the concentration of
sulfuric acid, which can be better seen from the
plot of absorbance at Amax Vs. sulfuric acid concen-
tration. This dependence is presented in Fig. 4 and
Fig. 5 for the compounds I and III, respectively, at
wavelength of 250 nm, and in Fig. 6 for the com-
pound III, at wavelength of 255 nm.

Figures 4-6 show that the dependence curve
of the absorbance vs. sulfuric acid concentration
represents a sigmoid curve (,,S" curve). It indicates

Tnac. xem. tiexnoa. Makeoonuja, 25, 1,29-37 (2006)
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Fig. 3. UV spectra of 4-phenyl-5-octyl-2,4-dihydro-3H-1,2,4-
triazoline-3-thione (compound III) in sulfuric acid media:
(a) experimental spectra and (b) reconstructed spectra;

c(I) = 2.070-107% mol/dm?®,
c(H,SOy) = 1.000 mol/dm*~12.000 mol/dm’

that most likely a reaction of protonation of weak
bases in sulfuric acid media takes place. The exis-
tence of only one plateau on the sigmoid curve of
the investigated compounds suggests that the pro-
tonation reaction occurs in one step.
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Fig. 4.The absorbance values (A = 250 nm) as a function

of sulfuric acid concentration for 4-butyl-5-octyl-2,4-dihydro-

3H-1,2,4-triazoline-3-thione with concentration 2.000- 107
mol/dm®, ¢c(H,SO,) = 1.000 mol/dm® —12.000 mol/dm®
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Fig. 5.The absorbance values (A = 250 nm) as a function
of sulfuric acid concentration for 4-allyl-5-octyl-2,4—dihydro-

3H-1,2,4-triazoline-3-thione with concentration 2.020-107
mol/dm?®, ¢(H,SO,) = 1.000 mol/dm® —12.000 mol/dm®
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Fig. 6. The absorbance values (A = 250 nm) as a function
of sulfuric acid concentration for 4-phenyl-5-octyl-2,4-
dihydro-3H-1,2,4-triazoline-3-thione with concentration 2.070

-107 mol/dm’, ¢(H,S0.) = 1.000 mol/dm® —12.000 mol/dm®

The initial part of the ,,S" curve refers to the
absorption of UV radiation of the unprotonated
form (B), and the final one to the protonated form
(BH") of the investigated compounds, respectively.
From the linear step of the ,,S" curve, it could be
seen that the protonation process of compound I is
carried out at sulfuric acid concentration between
5.410 mol/dm’ and 8.430 mol/dm’, and from 5.980
mol/dm’ to 9.010 mol/dm’ for compounds II and
III. Below sulfuric acid concentration of 5.410
mol/dm’ only unprotonated forms of the com-
pounds could be found in the media, while above
sulfuric acid concentration of 9.010 mol/dm” there
are only protonated forms of the investigated com-
pounds.

The methods described in the introduction
were used for the evaluation of pK values of the
investigated compounds. The absorbance was
measured at four selected wavelengths. The fol-
lowing wavelengths were used for the compounds
I and II: 230 nm, 240 nm, 250 nm and 260 nm,

while for the compound III, 240 nm, 250 nm, 260
nm and 270 nm were used.

The molar absorption coefficient values (&, ;)
were obtained by measuring the absorbance of in-
vestigated compounds at the concentrations 1.600-
107 mol/dm’, 2.000-10~ mol/dm’ and 2.400-107
mol/dm” at the same selected wavelength. The mo-
lar absorption coefficients of unprotonated form of
the investigated compounds were determined in
sulfuric acid concentration of 1.000 mol/dma,
while that of the protonated form in sulfuric acid
concentration of 10.310 mol/dm’. The average val-
ues for the molar absorption coefficients are
shown in Table 1.

Table 1

Molar absorption coefficient values of the investi-
gated compounds: ¢(H>SO,) = 1.000 mol/dm’
for unprotonated form, c(H,SO,) = 10.310
mol/dm’ for protonated form

*

£ £ £ £

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

| &B) 55.18 9438 131.94 85.90
aBHY) 4366 2558 1372 9.241
4 &B) 5638 9428 1312  86.44
aBHY) 4351 2566 1376  9.055

Experimental

Reconstructe

£ & £ £

Compound II 230nm 240 nm 250 nm 260 nm

Experimental aB) 52.59 99.72 140.64  79.89
gBHY) 3223 19.86  10.86  6.255

B) 54.63 100.2 1399 7949
aBHY) 2851 18.21 12.83  7.198

Reconstructed

£ £ £ £

Compound II1 (240 nm) (250 nm) (260 nm) (270 nm)

Experimental aB) 73.27 1024 90.61  43.70
aBH") 44.23 2129  13.68  6.865
Reconstructed aB) 71.97 102.6  90.74  43.83
gaBHY) 3778 1849 1211  7.444

" £+10%/mol 'dm™

Furthermore, a system of four equations (four
absorbance values) with two unknown parameters
(concentration of protonated and unprotonated
form) was used for determination of the concentra-
tion of unprotonated and protonated form (the
ionization ratio) of compounds existing in the
reaction mixture, for different sulfuric acid
concentration. The pKgy® values were calculated
using the values of log/ and suitable values of the
acidity functions, The calculations were carried
out using the computer program Excel. These re-

Bull. Chem. Technol. Macedonia, 25, 1, 29-37 (2006)
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the computer program Excel. These results are

shown in Table 2.

Table 2

PKgy" values for compounds I, 1l and 111
in sulfuric acid media (experimental spectra)

Hammett acidity function

Bunnett and Olsen

R=0989 n=9

Com- method
pound : : : ;
Numerically Graphically. Numerically Graphically
-3.0510.05 -3.0140.03; -2.93+£0.04 -2.93+0.08
"5 = 0.04 5=0.03  5=003  5=0.07
V=142 V=1.02 V=1.11 V=245
*R=0984 n*=9 R=0993 n=9
-3.1440.04 -3.1410.04; -3.031£0.05 -3.09+0.07
I s=0.04 s=0.03 s=0.04 s=0.06
V=1.16 V=1.16 V=135 V=211
R=0988 n=38 R=0992 n=8
-3.1740.06  -3.1810.07. -3.071£0.04 -3.06£0.07
I s=0.05 s=0.06 s=0.04 s=0.06
V=172 V=2.09 V=1.18 V=207
R=0.996 n=9 R=0987 n=9
Tissier a nd Tissier** Tissier and Tissier
(Bunnett and Olsen) (Yates)
-2.8510.06 -2.8840.05; -3.02+0.02 -3.07£0.03
X s=0.02 s=0.04 s=0.02 s=0.03
V=0.82 V=1.582 V=0.64 V=0.86
R=0.995 n=9 R=0996 n=9
-2.9610.06 -3.0710.06; -3.14+0.04 -3.13£0.03
I s =0.042 s=0.05 s=0.04 s=0.02
V=142 V=170 V=1.15 V=0.81
R=0.996 n=38 R=0991 n=8
-2.9940.06 -3.05+0.07; -3.16:£0.03 -3.13£0.03
I s=0.04 s=0.06 s =0.03 s=0.03
V=132 V=2.06 V=095 V=0.88
R=0994 n=9 R=0991 n=9
,.Excess acidity*
M.C.P. function methgd
-3.0740.04  -3.03+0.02; -2.9710.05 -2.98%0.04
X s=0.04 s=0.02 s=0.05 s=0.04
V=1.18 V=0.66 V=157 V=121
R=0.987 n=9 m =143
R=0.989 n=9
-3.1510.04 -3.1510.04; -3.141£0.04 -3.14£0.04
s=0.04 s=0.04 s=0.04 s=0.04
I V=125 V=1.210 V=1.15 V=1.15
R=0992 n=8 m' =147
R=0995 n=8
-3.1740.05 -3.15+0.03; -3.18+0.05 -3.18+0.05
I s=0.04 s=0.02 s=0.05 s=0.05
V=138 V=0.82 V=145 V=145
R=0.994 n=9 m =146

Taac. xem. iwiexnoa. Maxeoonuja, 25,

1,29-37 (2006)

“s — standard deviation, V — variance (%), R — correlation coefficient,

n — number of points
re .
See introduction

Similarly, calculations

were made using the

data from reconstructed spectra where the solvent
influence was eliminated. The obtained pKgy* val-

ues are shown in Table 3.

Table 3

pKgy" values for compounds 1, 1I and 111
in sulfuric acid media (reconstructed spectra)

Hammett acidity function

Bunnett and Olsen

CO(LIES method
Numerically Graphically: Numerically Graphically
-2.99+0.05 -3.03%£0.06: —2.93£0.06 -2.92+0.04
I s=0.04 s=0.05 s=0.06 s=0.03
V=137 V=1.771 V=19 V=1.18
R=0993n=9 R=0993n=9
-3.1320.07 -3.15+0.07: -3.01£0.02 -3.11+0.06
I s=0.07 s =0.06 s=0.02 s=0.05
V=213 V=198 V=0.72 V=175
R=0998n=38 R=0995n=8
-3.17£0.06 -3.17£0.06: -3.07£0.04 -3.1110.02
I s=0.05 s =0.06 s=0.04 s=0.01
V=178 V=1.80 V=128 V=043
R=0.998n=9 R=0993n=9
Tissier and Tissier Tissier and Tissier (Yates)
(Bunnett and Olsen)
-2.9240.02 -2.9240.02: -2.98+0.08 -2.9710.04
I s=0.02 s=0.01 s=0.07 s=0.03
V=0.69 V=041 V=259 V=1.12
R=0998n=9 R=0998n=9
-2.9410.05 -3.07£0.03; -3.111£0.04 -3.09+0.01
I s=0.05 s=0.02 s=0.0 s=0.01
V=158R= V=0.83 V=1.15 V=033
0.997 n=8 R=099n=8
—2.98+0.04 -3.08+0.02: -3.16+0.03 -3.15+0.02
1 s=0.04 s=0.01 s=0.02 s=0.02
V=133 V=043 V=0.78 V=0.63
R=09%n=9 R=099n=9
,,Excess acidity*
M.CP. function methgd
—2.9540.08 -2.95+0.09: -3.00£0.06 -3.00+0.04
s=0.07 s=0.08 s=0.05 s=0.04
I V=0.90 V=297 V=1.88 V=124
R=0.996n=9 m' =147
R=0997n=9
-3.1310.03 -3.124+0.04. -3.11£0.05 -3.1710.02
s=0.03 s=0.03 s=0.04 s=0.02
II V=090 V=113 V=142 V=0.665
R=09981n=8 m’ =148
R=099%n=8

I -3.16£0.05 -3.15£0.02

-3.18£0.04 -3.1740.03
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s=0.04 5=002 @ 5=003 5=0.03
V=144 V=056 V=103 V=103
R=0.996n=9 m =148
R=0995n=9

The values of the dissociation constants of
protonated forms of the compounds were also de-
termined graphically using the method of Davis
and Geissman [19]. Namely, when the concentra-
tion of the protonated and unprotonated form is
equal, logl = 0, and pKgy" = Hr.

The dependence of log/ on —Hr is linear with
different slope, depending on the method of calcu-
lation, and with an intercept equal to the graphic
value of the pKpy' for a given compound. In the
»excess acidity” function method (Cox—Yates
method), the dependence of logl-logc(H") vs. X is
linear.

For illustration, the method used for determi-
nation of pKgy" values graphically in sulfuric acid
media for 4-phenyl-5-octyl-2,4-dihydro-3H-1,2,4-
triazoline-3-thione, using the Hammett acidity
function method, is presented in Fig. 7.

15
log] .

1

0.5

_HT

Fig. 7. Dependence of log/ on —Hr for 4-phenyl-5-octyl-2,4-
dihydro-3H-1,2 4-triazoline-3-thione (¢ = 2.070-10”° mol/dm)
in sulfuric acid media according to Hammett method

From Fig. 7 it can be seen that the pKgpy"
value obtained graphically for 4-phenyl-5-octyl-
2,4-dihydro-3H-1,2,4-triazoline-3-thione according
to Hammett is around —3.1.

The obtained results for the numerically and
graphically calculated values of pKgy' using five
methods from the absorbance data, at four selected
wavelengths, are shown in Table 2 (for experimen-
tal spectra) and in Table 3 (for reconstructed spec-
tra). Also, in Tables 2 and 3 are given the values of
the standard deviations, correlation coefficients,

and coefficients of variance, with 95% confidence
level, for the performed measurement and the val-
ues of the slope (m") in according on the “excess
acidity” function method.

The obtained results indicate that the thiones
behave as bases in mineral acid media and could
be protonated in high acid concentration.

The protonation process probably occurs on
the thiourea fragment of the 1,2,4-triazoline-3-
thione ring. This is confirmed by the value of the
slope m" which indicates that the protonation proc-
ess is in agreement with the Hy acidity function
determined for similar type of compounds.
Namely, the value of the slope m" for all investi-

gated compounds is in the range 1.39 + 0.14 (see
Tables 2 and 3), which is characteristic for the pro-
tonation of sulfur [16]. The protonation process is
illustrated by the equation:
N — NH . N — NH
CSH”—! c‘:s L CgH”f@ C‘:§H
N on- N\

\ \
R

R

The protonation process of compounds II and
IIT was carried out at higher sulfuric acid concen-
tration, compared to that of compound I. Com-
pound III has the highest pKgy™ values. It means
that this compound is a weaker base, probably as a
result of the influence of the phenyl group.

Different methods were used for determina-
tion of the pKgy" values of the investigated com-
pounds. Also, the standard deviation and the vari-
ances were calculated from the obtained results for
the dissociation constants of the protonated forms
from three series of measurements. These calcula-
tions are made to choose the method that best de-
scribes the protonation reaction (Tables 2 and 3). It
can be concluded that the standard deviation val-
ues are lower for the protonation constants calcu-
lated from the data of reconstructed spectra, but
they are not much different from the values calcu-
lated from the data of the experimental spectra. It
indicates that the pKgy" values obtained from re-
constructed spectra are in good agreement with the
pKgy' values obtained from experimental spectra,
meaning that there is a little influence of the sol-
vent on the appearance of the spectra.

The standard deviation values calculated for
all methods are low, indicating good reliability for
these calculations. The same conclusion can be
derived from the obtained results for variances
given in Tables 2 and 3.
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To compare the numerical values of pKBH+
obtained from the data of the experimental and of
the reconstructed spectra, a t-Test (Two-Sample
Assuming Unequal Variances) is performed. For
compound I, the obtained value of  was —0.399,
for compound II it was 0.159, and for compound
IIT the ¢ value was —0.061. The absolute values,
obtained from the #-Test are smaller than the criti-
cal value, which is 2.23. Hence, it can be con-
cluded that the pKgy" values numerically deter-
mined from the data of experimental spectra and
those obtained from the reconstructed spectra for
the investigated compounds are not significantly
different. Also, there is a good agreement between
the values obtained with the different methods.

The obtained results for the ¢-Test, the stan-
dard deviation and the variances, confirmed that
all methods can be used successfully for determi-
nation of dissociation constants of protonated form
of this kind of compounds.

Also, the pKgy" values calculated using the
absorbance values, measured at one wavelength,
have similar values with those calculated from the
data for absorbance measured at four wavelengths.
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