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ABSTRACT

In this study, the acidity constants of series symmetric Schiff base derivatives have been determined using the
UV-visible spectrophotometric method at a temperature of 25(+0.1) °C. The deprotonated acidity constants
(pKa) have been found to be associated with the deprotonation of phenolate oxygen. The first and the second
protonated acidity constants (pKal and pKa2) have been found to cause the protonation of the imine nitrogen
atom for all molecules. The deprotonated acidity constants (pK,) were found for molecules 5 (9.088), 8 (9.848),
6 (10.243), 2 (10.2569), 3 (10.297), 1 (10.587), 7 (10.692) and 4 (10.804). The first protonation (pK,;) was
found for molecules 2 (3.432), 5 (4.207), 8 (4.612), 7 (4.758), 4 (4.995), 1 (5.288), 6 (5.606) and 3 (6.452). The
second protonation (pK,.) was found for molecules 2 (-5.384), 8 (-5.165), 5 (-5.028), 7 (-4.775), 4 (-4.518), 1
(-4.111), 6 (-3.866) and 3 (-3.212).

Key Words: Spectrophotometric determination, Symmetric Schiff base, Acidity Dissociation Constants, UV-
spectroscopy

1. INTRODUCTION Schiff bases has been observed lately due to their ability

Schiff bases have been used extensively as ligands in the to form intramolecular hydrogen bonds by m-electron
field of coordination chemistry [1]. These complexes play coupling between their acid-base centers [12-15]. The
an important role in the development of coordination intermolecular proton transfer reaction proceeds
chemistry related to catalysis and enzymatic reactions, comparatively easily in these compounds. The
magnetism and molecular architectures [2]. An important intermolecular  m-electron  coupling leads to a
area is the use of Schiff bases in photochromism and strengthening of the hydrogen bonding in these systems
thermochromism, which has its roots in the proton [16]. The acidity constants of organic reagents are

important in many analytical procedures and research
areas such as acid base titration, solvent extraction, ion
transport and complex formation [17]. Thus, their
accurate determination is often needed for various
chemical and biochemical areas [18]. In particular,
knowing the accurate acidity constant values provides a
key to understanding chemical reactions between the
compound of interest and its pharmacological target [18].
This saves time in designing and synthesizing new

transfer from the hydroxyl O atom to the imine N atom in
the solid state [3-5]. Possessing this particular biological
activity gives them an important place in the diverse
fields of chemistry and biochemistry [6-9]. Alternatively,
the reactive azomethine linkage of a wide range of Schiff
bases display inhibitory activity against experimental
tumor cells [10,11]. A growing interest in ortho hydroxy
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candidates which meet the requirements of their indented
application."® Additionally, the pK, value(s) of a
compound influences many characteristics such as its
reactivity, spectral properties (such as its color) and
determination of the activity centers of enzymes in its
biochemistry [19]. Following our work on the synthesis
of certain novel symmetrical Schiff bases [20, 21], we are
now able to report on their acid dissociation constants to
elucidate structure-reactivity relationships of these novel
compounds.

2. EXPERIMENTAL
2.1. General

Spectrometry is an ideal method [22] when a substance is
not soluble enough for the potentiometer or when its pK,,
value is particularly low or particularly high (for example
less than 2 or more than 11). The method depends on the
direct determination of the ratio of the molecular species,
that is, the neutral molecules to the corresponding ionized
species in a series of non-absorbing buffer solutions
where pH values are either known or measured. To
provide a series of solutions in highly acid and highly
basic regions, the acidity functions H) and H_were used
[23]. In strong acid solutions in which the ionic strength
is high, the proton-donating ability of the medium is no
longer measured by the concentration of hydrogen ions,
since the molar activity coefficients of the ions in the
solution are not united. As a measure of the acidity
degree to which a weak organic base is protonated,
Hammett and Deyrup established the H, acidity scale
[23]. This scale was improved by Jorgensen and Harterr
[24] and then Johnson, Katritzky and Shapiro [25]. For
weak bases B (or weak acids BH) ionization process
[22,27-29]is
+ protonation
B + H s———= BH
deprotonation (1)

(mono protonation and mono deprotonation), (where
charge is neglected)

and the ionization constant, K, is given by

K =B )

“aa
BH+

the equilibrium constants might be expressed in terms of
activity in Eq. (2).

O = C.) (O =activity; c=concentration; ) =activity
coefficient) 3)

By inserting the equivalence of Eq. (3) in Eq. (2), we can
reach Eq. (4).

_ [BH]VBH+ — [BH]yBH+a
CBIH by, BIovs @

By rearranging Eq. (4), we can obtain Eq. (5) (for acidity
constants, H,).

BH
a %J’x )

K

= VBH+ u
Bearing in mind that ""x Vs H

By rearranging Eq. (5), we can obtain Eq. (6).

_K,[8]
" [BH] ©)
H =-logh, @

(Where H, is an acidity function)

By inserting the equivalence of Eq. (7) in Eq. (6), we can
reach Eq. (8).

a

]
=-logK -1
i) oK log

H =-1 =—1 =4
. ogh, og (B

(®)

(pK, =-logk,)

By rearranging Eq. (8), we can obtain Eq. (9)

B
H _=pK —log [l[?l-}] ©)

o (8]
[=——
Bearing in mind that [BH]

By rearranging Eq. (4), we can obtain Eq. (10) (for pH).

B [B]
pH=pKu— logﬁ and pKa :pH-FlOgﬁ

The H) scale is defined so that, for the uncharged primary
aniline indicators used, the plot of log [ (i.e. log
([BH]/[B]) )against H, has unit slope. In our study, we
have observed on bases other than the Hammett type that
the slopes of the plots of log / against H), donated by m,
were not always united. Thus, a series of structurally
similar bases, like triarylmethanols [30], primary amides
[31,32] and tertiary aromatic amines [33] defined
individual acidity functions, Hy, H,, and H,", which have
a linear relationship to H, with m values of 2.0, 0.6, and
1.3, respectively. Yates proposed that any acidity
function H, would be proportional to H, over the entire
acidity range, that is H, = m.H,, with a common point H,
= 0 [34]. An experimental plot of log / against H, does
not yield the pK, at log / = 0, unless it is a Hammett base
but rather the H, at half protonation (H,"?).

By rearranging Eq. (9), we can obtain Eq. (12).
H _=pK —logl

an
pK, =H +logl (12)
(iflog =0 than < =H )’ )

pK,=H;’ (13)

Mathematically it can be expressed as a straight line
(y=mx+n) with a slope of m so it becomes as follows;
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1/2
pK,=m.H, (14)

Generally, those bases for which m lies roughly between
0.85 and 1.15 are called ‘‘Hammett Bases” and m is taken
as unity. Therefore, it is important to measure m as well
as H," for each base studied. It is evident that other
acidity functions could exist at the extreme alkaline edge
of the pH range, namely, the above pH 14, for measuring
the pK,, values of weak acids and strong bases, the former
with an H_ scale and the latter with an H, scale. This is a
more difficult region of pH than the acidic strength dealt
with in the foregoing, due to the fact that as the glass
electrode becomes increasingly inaccurate and strong,
OH’ absorption swamps the reading. It is well established
that the basic properties of aqueous alkalies increase in a
nonlinear fashion, with concentration [35]. The use of H
in a highly alkaline solution has been described in the
literature [36, 37]. The sigmoid curve approach should be
carried out carefully in this region to make sure that the
function used is a relevant one. Any discussion about the
acid dissociation constants in this region should be done
by taking into account the half protonation values rather
than the pK,, values.

2.2. Apparatus and materials

The studied compounds were synthesized in Table 1 and
the procedures of the synthesis are described elsewhere
[20].

Ethanol, KOH, H,SO,, HCI, CH;COOH, CH;COONa,
NaOH, KH,PO,, Na,CO;, NaHCO;, phenolphthalein
indicator and standard buffer solutions were not purified
further from Aldrich, Fluka and Merck. The pH
measurements were performed using a combined glass
electrode. A standard buffer solution of pH values of
4.01, 7.00 and 10.01 was used in the calibration of the Mettler
Toledo Seven Multi Ion pH/mV/ORP and the Ohaus
Advanturer balance. A Perkin Elmer Lambda 35 UV-Vis
scanning  spectrometer was used for taking
measurements.

All of the solutions were prepared fresh on a daily basis.
The H,SO, solutions, the KOH solutions and pH buffer
solutions were prepared in water by using methods
described in the literature [22,27-29]. The potentiometric
measurements were performed by measuring the
hydrogen ion concentration (under nitrogen atmosphere)
at a temperature of 25(+ 0.1) °C, and the ionic strengths
of the media were maintained at 0.1 using NaCl.

Table 1. Formulas and IUPAC names for the studied compounds 1-8

Substituent

HO. OH

RZ RZ

No

IUPAC Name

Rl

R2

2,2'-(((propane-1,3-
diylbis(oxy))bis(2,1phenylene))bis(azanylylidene))bi
s(methanylylidene))diphenol

-CH,-

2,2'-(((propane-1,3-diylbis(oxy))bis(2,1-
phenylene))bis(azanylylidene))bis(methanylylidene))
bis(4-chlorophenol)

-CH,-

2,2'-((((methylenebis(oxy))bis(methylene))bis(2,1-
phenylene))bis(azanylylidene))bis(methanylylidene))
diphenol

-CH,0CH,-

-H

2,2'-((((methylenebis(oxy))bis(methylene))bis(2,1-
phenylene))bis(azanylylidene))bis(methanylylidene))
bis(4-chlorophenol)

-CH,0CH;-

2,2'-((((methylenebis(oxy))bis(methylene))bis(2,1-
phenylene))bis(azanylylidene))bis(methanylylidene))
bis(4-bromophenol)

-CH,0CH;-

2,2'-((((ethane-1,2-
diylbis(oxy))bis(methylene))bis(2,1-
phenylene))bis(azanylylidene))bis(methanylylidene))
diphenol

-CH,0(CH,),0CH,-

-H

2,2"-((((ethane-1,2-
diylbis(oxy))bis(methylene))bis(2,1-
phenylene))bis(azanylylidene))bis(methanylylidene))
bis(4-chlorophenol)

-CH,0(CH,),0CH,-

2,2'-((((ethane-1,2-
diylbis(oxy))bis(methylene))bis(2,1-
phenylene))bis(azanylylidene))bis(methanylylidene))
bis(4-bromophenol)

-CH,O(CH,),OCH,-
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2.3. The general procedure for the determination of
acidic dissociation constants

A stock solution of the investigated compound was
prepared by dissolving the compound (about 10 or 20
mg; about 107 - 10* M) in ethanol the strength of which
we knew (100 mL) in a volumetric flask. Aliquots (about
1 mL) of this solution were transferred into a 10 mL
volumetric flask (ethanol: acid or basic solution; 1 mL:9
mL ratios) and diluted to the mark solutions (the H,SO,
solutions or the NaOH solutions or pH buffer solutions).
The pH or Hy or H values were measured before and
after the addition of the new solution. The absorbency of

each solution was then measured in 1 cm cells, against
solvent blanks, using a constant temperature cell-holder
Perkin Elmer Lambda UV35 scanning spectrometer was
thermostatted at 25 °C (within = 0.1 °C). The
wavelengths were chosen so that the fully cationic or
anionic form of the substrate had a much greater or a
much smaller extinction coefficient compared to the
neutral form. The analytical wavelengths, the half
protonation values, and the UV absorption maximums for
each substrate studied are shown in Tables 2 and 3. The
UV-Visible spectrums of the compound 7 to different
media are given in Figure 1 [22].

Absorbance

0 | | | | !

240 260 280 300 320 340 360 380 400 420 440 460 480 500
Wavelength [nm)]

Figure 1. UV—Visible spectrum of compound 7. (a) pH=1; (b) pH=T7; (¢); pH = 13.

The determined of acidity constant was studied by
our group using a spectrophotometric method [22] and
they have been published [38-46].

2.4. The calculation of half protonation values

The sigmoid curve of absorbency or extinction
coefficients at the analytical wavelength (4, A) was
obtained in Figure 2.
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Figure 2. &, as a function of pH (390.0 nm) plot of molecule 7 for the first protonation.
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Figure 3. pH as a function of log / (390.0 nm) plot of molecule 7 for the first protonation.

The absorbency of the fully protonated molecule (A,
absorbance of conjugated acid) and the pure free base
(Ap, absorbency of the free base) at an acidity were then
calculated by linear extrapolation of the arms of the
curve. Eq. 15 provides the ionization ratio where the A,
(the observed absorbency) was in turn converted into
molar extinction &, using Beers law of A = ebc (b = cell
width, cm; ¢ = concentration, mol. dm'3) [22]:

I= [BH+ ]_ (A obs Afb )_ (8obs_ gﬁ))
N - - . - 15)
[B] (A ca Aobs) (8011 gobs)
The linear plot of log / against pH, using the values -
1.0<log /<1.0, had the slope m, yielding half the

protonation value of Ho'? (H 2 or pH" at log I= 0 in
Figure 3. The pK, values were calculated using Eq. (14).

3. RESULT AND DISCUSSION

A major difficulty in obtaining reliable acidity constant
(pK,) values for the symmetry of certain Schiff bases
molecules is due to their low solubility and possible
hydrolysis in aqueous solutions. Therefore, it is necessary
to work at low concentrations and the pH values should
be neither too low nor too high. This poses limitations to
the choice of method. The spectrophotometric method
seems to be the most convenient. Due to the
spectrophotometric method it is possible to measure the
acidity constant in the aqueous phase. For this reason
researches tend to prefer this method.

The names and possible protonation patterns of the
studied compounds 1-8 were depicted in Table 1 and in
Schemes 1 and 2, respectively. The UV-Visible data
along with the calculated acidity constants for the
deprotonation and protonation processes are shown in
Tables 2 and 3.
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Table 2. UV-Vis. spectral data and acidity constants (pK,) of compounds 1-8 for deprotonation (or phenolate protonation)

process
Spectral maximum A/nm Acidity measurements
Compound  Neutral” species Monoanion”
Amax(nm)® H"* m° pK;/ Corr.#
Smax (10g gmax) Smax (10g Sl'ﬂaX)
358.98 (4.20) 378.63 (3.97)
1 378 10.587+0.24 1.352 14.316 0.920
279.82 (4.23) 268.63 (4.11)
390.31 (3.62) 389.82 (3.81)
2 337 10.256+0.16  0.849 8.707 0.993
283.72 (3.72) 283.72 (3.92)
403.45 (3.95) 378.63 (3.94)
3 325 10.297+£0.08  4.736 48.767 0.999
282.74 (4.03) 270.09 (4.10)
412.21 (4.00) 390.31 (3.76)
4 390 10.804+£0.09  0.631 6.817 0.993
283.72 (4.06) 284.69 (3.86)
411.73 (4.02) 390.31(3.76)
5 390 9.088+0.13 0.736 6.689 0.990
283.72 (4.06) 284.69 (3.89)
402.96 (3.82)
379.12 (3.90)
6 327.52 (3.88) 378 10.243+£0.08  0.366 3.749 0.994
269.12 (4.06)
282.74 (3.96)
415.62 (3.93) 390.31 (3.78)
7 390 10.692+0.12  0.585 6.255 0.992
284.2 (4.04) 284.20 (3.89)
405.4 (3.93)
378.63 (4.03)
8 328.98 (4.02) 378 9.848+0.01 1.086 10.695 0.984

282.26 (4.10)

269.12 (4.20)

“Measured in pH = 7 buffer. "Measured in pH = 14 buffer. “The wavelength for pK, determination. “Half protonation value +
uncertainties refer to the standard error. “Slopes for log I as a function of pH graph. /Acidity constant value for the
deprotonation. “Correlations for log 7 as a function of the pH graph.
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Spectral maximum A/nm

Acidity measurements

Comp. Neutral” species Monocation” Dication Anm H”(pH™® m"  pK,% pK," Corr!
Emax (102 Emax)  Emax (102 Emax)  Emax (10 Emax)
1 358.98 (4.20) 324.60 (3.83) 325 5.288+0.10 0.611 3.231 0.993
279.82 (4.23)  255.97 (4.41)
324.6 (3.83) 393.23 (4.34) 360 -4.111£0.21 0.678 -2.787  0.990
255.97 (4.41) 360.13 (4.29)
2 390.31 (3.62) 337.74 (3.82) 337 3.432+0.18 1.060 3.638 0.990
28372 (3.72)  255.49 (4.30)
337.74 (3.82) 414.65(4.21) 390 -5.384+0.17 0.519 -2.890 0.991
255.49 (4.30) 293.91(4.53)
3 403.45 (3.95) 324.60 (3.83) 375 6.452+0.12 1.119 7.220 0.992
28274 (4.03)  256.46 (4.42)
324.60 (3.83) 394.26(4.28) 375 -3.21240.16 0.400 -1.286 0.994
256.46 (4.42) 292.96(4.44)
4 412.21 (4.00) 337.26 (3.80) 390  4.995+0.03 0.994 4.965 0.999
283.72 (4.06)  255.42 (4.26)
337.26 (3.80) 412.21 (4.14) 336 -4.518+0.08 0.324 -1.4653 0.995
255.42 (4.26) 293.94 (4.44)
5 411.73 (4.02) 337.74 (3.78) 390  4.207+0.04 0.850 3.576 0.999
283.72 (4.06) 255.97 (4.26)
337.74 (3.78) 414.65(4.11) 390 -5.028+0.23 0.536 -2.695 0.987
255.97 (4.26) 295.40(4.44)
6 402.96 (3.82) 324.6 (3.81) 378 5.606+0.17 1.364 7.646 0.992
32752 (3.88)  255.97 (4.40)
324.6 (3.81) 392.26 (3.89) 378 -3.866+0.15 0.404 -1.562  0.992
255.97 (4.40) 292.48 (4.08)
7 415.62 (3.93) 337.26 (3.83) 390  4.758+0.06 1.237 5.886 0.997
284.2 0(4.04) 255.97 (4.30)
337.26 (3.83) 413.67 (4.14) 390 -4.775¢0.16 1.112 -5.310  0.998
255.97 (4.30) 293.45 (4.48)
8 405.40 (3.93) 325.09 (3.93) 324 4.61240.12 0.198 0913 0.983
328.98 (4.02)  256.46 (4.53)
325.09 (3.93) 391.77 (4.35) 378 -5.165+0.77 0.503 -2.598 0910

256.46 (4.53)

292.96 (4.56)

“Measured in pH = 7 buffer solution. Measured in pH = 1 buffer solution. “Measured in 98 % H,SO,. “The
wavelength for pK, determination. °Half protonation value ( uncertainties refer to the standard error.”Slopes for log I
as a function of pH (or acidity function H,) graph. éAcidity constant value for the first protonation. "Acidity constant
value for the second protonation. ‘Correlations for log I as a functio n of pH (or H,) graph.
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Scheme 2. Possible protonation pattern for studied molecules 1-8.

3.1. Deprotonation (pK,) The studied compounds 1-8 have been edited as shown in

Fi 4.
All molecules have two phenolic -OH groups (A or B 1gure

ring) which are symmetrical. The structure of the A and OH OH

B groups, and the acidity of the phenolic-OH groups are H;C

the same. The first deprotonation of the two (A or B ring)

phenolic-OH protons has taken place in each one as

shown in Scheme 2. We can consider this the first Phenole o-cresol
deprotonantion taking into account the similarity of the pKa=9.99 (25°C) pK,=10.26 (25°C)
phenol and o-cresol ionization. The variation of the
deprotonation depends on the substituents on the phenolic
ring (A or B). While electron-donating substituents
increase the basicity they also decrease the acidity. We
believe that the first deprotonation takes place in the
strongly basic region by the removal of protonation from
the -OH group of the phenolic ring which corresponds to
the electron-donating substituents at the o-CHj3 group
(00.cu3=0.19) [47] decreasing the acid dissociation
constants.

Figure 4. Acidity of phenol [48] and o-cresol [49].

They are similar to a pair of o-cresol as can be seen in
Figure 4. Phenol-Sg (Sa)-phenol, S, or Sg corresponds to
substituent electron-withdrawing or electron-donating
when the acidity values are increased or reduced by the
effects of phenolic-OH protons. For this reason, we can
say that all pK, values change because of this
neighboring group participation, as shown in Figure 5.
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Sp

/‘/OH
R2 @

Sa

) OH

Figure 5. General structures are shown for studied compounds.

When we put the molecules in an increasing basicity order for the first deprotonation (pK,,), the following trend is obtained;

Molecule: 5 8 6

pK: 9.088 > 9.848 > 10.243 > 10.256 > 10.297 > 10.587 > 10.692 > 10.804

p increasing basicity

The most acidic or the least basic molecule seems to be
molecule 5. In fact, molecule 5 has a pK, value within
this slightly basic region. Molecule 4 gives a proton in
the strongly basic region and it becomes the least acidic.
Molecules 1-2, 3-5 and 6-8 have a similar structure, so it
would be better to compare these molecules (Table 2).

Molecule 1 is more basic than molecule 2 cause of the
electron-withdrawing effect of the chlorine atom on the
phenolic ring (6,.c=0.227) [47]. So, the electron-
withdrawing effect of the substitute chloride atom
increases the acidity of the phenolic ring, therefore this
molecule can give the proton in the least basic region.

We can easily see that molecule 5 is more acidic than
molecules 3 and 4 for the first deprotonation, and when
we rearrange them in an increasing acidity order:
Molecule 5; 9.088 (c,.5=0.232) molecule 3; 10.297
(6,.5=0), molecule 4; 10.804 (c,.c=0,227) [47]. Molecule
4 is more basic than molecule 5 because of the electron-
withdrawing effect of the chlorine atom of the o-S, (or
Sg) group. We can consider as the first deprotonation
taking into account the similar structure of molecules 6, 7
and 8 and when we rearrange them in an increasing
acidity order, we get the following trend:

Molecule 8; 9.848 (c,.5~=0.232), molecule 6; 10.243
(6,.5=0), molecule 7; 10.692 (c,.¢/=0,227).

Molecule: 2 5 8

pKal:

7

In the present study, we report the experimental acid
dissociation of the first deprotonation acidity constant
values of certain symmetrically Schiff bases on phenolic-
OH. We were expecting the second deprotonation in the
super-basic  (IN-1ON  KOH), but the second
deprotonation could not be measured experimentally.

3.2. The first protonation (pK,;)

The UV-Visible spectral and protonation data of the
studied compounds 1-8 are shown in Table 3, with
possible protonation patterns shown in Scheme 2. The
first protonation in the pH of the acidic region (pH= 7-1),
and the second protonation in the super acidic region
(1-98% H,SO4) were investigated.

In molecules with similar features for the first
protonation, constant acidity would be more correct to
interpret. The studied compounds are shown in Figure 6,
which is a symmetrical first neighboring —CH=N-
protonation of the phenolic A ring nitrogen atom (or a
phenolic ring B adjacent -CH=N- group) results from
any of the nitrogen atoms. Electron-withdrawing groups
reduce the electron density of the nitrogen at the imine
group and the nitrogen basicity strength is therefore
reduced. According to the explanations above the order
of first protonation can be written as follows:

The first protonation (pK,,;);

4 1 6 3

3432 > 4207 > 4612 > 4758 > 4995 > 5288 > 5606 > 6452

> decreasing acidity




780

"Sg "
\llTJA N]I_),I/ Sa
CH CH
OH OH
or
R? R2

GU J Sci, 27(2):771-783 (2014)/ Giilsen TURKOGLU, Halil BERBER, Miijgan YAMAN OZTURK

Figure 6. The first acidity structures are shown for studied compounds.

This order of decreasing acidity seems logical
considering the strong electron-withdrawing effects of the
substituent R?. The molecules are symmetrical, which
protonated the nitrogen atoms from N, or Ng. The
increase or the decrease in the basicity on the nitrogen
atom is due to the R? substituent and the group of S," or
Sg". This explanation of the acidity constant would be
better tested among similar molecules.

Molecule 2 is the least basic with protonation taking
place in the strong acid region. Molecule 3 is the most
basic with protonation taking place in the weak acidic
region. Due to the effects of S,' and Sg', molecule 1 is
found in the ring A of (or B) p-H at R? less than the
acidic molecule is found in the substituent of p-Cl at R?.
This makes the ionization process easier. However, the
mechanism of the first protonation of molecules 3, 4 and
5 remains the same. In molecule 3, there is no substituent
at R* which means that no effective group exists on the
atom to change the acidity of the molecule. Therefore, it
is more basic than molecules 4 and 5. The strongly
electron-withdrawing effect of the o,.p, substituent
caused an increase of the pK, value of the molecule for
the first protonation as expected. This situation is shown
below as:

L

or

OH

RZ

M
C

Molecule 5; 4.207 (o,.5=0.232), molecule 4; 4.995
(6,.ci=0.227); molecule 3; 6.452 (6,.5=0).

In this way, the groups at Sg and S,' withdraw electrons
from the ring at A (or B) and make protonation possible
for the group of Ng (or Ng) as shown in Figure 6. For
molecules 6, 7 and 8, we can ecasily see that these
molecules have a similar structure, as shown below:

Molecule 8; 4.612 (o,.5=0.232), molecule 7, 4.758
(6,.¢i=0.227); molecule 6;5.606 (c,,.5=0).

Molecule 6 becomes less acidic because it has no
electron-withdrawing group. Molecule 8 is more acidic
than molecule 7 because of the electron-withdrawing
effect of the bromine atom on ring A (or B). Moreover,
the strong electron-withdrawing effect of the o5,
substituent caused an increase in the pK,; values of
molecule 8.

3.3. The second protonation (pK,)

We believe that the second protonation takes place at Ny
or Ny as shown in Figure 7, the structure of the molecule
for the second protonation.

R!
R
e) O- :

+H]|\I
H

|
CH

/

N
¢

0

H

Ay

Figure 7. Studied compounds in general of the second protonation.
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The pK,, of all the molecules (1 to 8) is found to be
associated with the protonation of the imine nitrogen
atom. The first protonation of the protonated nitrogen
atom acted as an electron-withdrawing group (S,"' or
Sg""), for the second protonation in Figure 8. The second
protonation came from the S,"' (or Sg"') group of the
electron-withdrawing from the unprotonated nitrogen

atom, and also from the R? electron-withdrawing
molecules. So, this nitrogen atom, in the presence of a
strongly acid region, is protonated in Table 3. The acidity
constant values (pK,,) are obtained, and for this region
can be arranged in the decreasing acidity order as shown
below:

Molecule: 2 8 5 4 1 6 3
pKa: -5.384 > -5.165 > -5.028 > -4.775 > -4518 > -4.111 > -3.866 > -3.212
> decreasing acidity
0 (¢}
A B n h
Il
CH CH HC CH

|
SB"' (or SAlll)

Figure 8. Studied compounds of the second acidity structures.

This order of decreasing acidity seems logical for the
second protonation as it is for the first protonation.
Molecule 2 (pK,»:-5.384 c,.¢=0.227) is more acidic than
molecule 1 (pK5:-4.111  (0,.54=0). For molecule 2, the
second protonation occurs within the strongly acidic
region. Molecule 1 has one electron-withdrawing S,'""
(or Sg''") group, but molecule 2 has both of the electron-
withdrawing groups S,''" (or Sg'"") located at the p-Cl at
R?, due to its decreasing basicity. The protonation of
molecule 2 seems to take place in the strongly acidic
region.

The electron-withdrawing order goes as follows:
Molecules 3, 4 and 5 respectively. This order has a
parallelism depending on the substituent constant as
shown below:

Molecule 3; -3.212 (0,5=0), molecule 4; -4.518
(6,.¢i=0.227); molecule 5; -5.028 (c,,.5~0.232).

It seems that the second protonation of molecules 6, 7
and 8 occurs with a mechanism similar to that shown in
Figure 8, due to similar structures. The most acidic or the
least basic molecule seems to be molecule 8. In fact, the
strongly electron-withdrawing group was the bromide
depending on its substituent constant as shown below:

Molecule  6;-3.866  (0,.5=0), molecule 7;-4.775
(6,-¢i=0.227); molecule 8,-5.165 (c,.5,=0.232).

4. CONCLUSIONS

The acidity constants of symmetric Schiff bases were
calculated using an UV-vis. spectrophotometric method
at a temperature of 25 (£0.1) °C. The deprotonated
acidity constants (pK,) have been found to be associated
with the deprotonation of phenolate oxygen. The first and
second protonated acidity constants (pK,; and pK,) have
been found to cause the protonatation of the imine
nitrogen atom for all molecules. The deprotonation
acidity constants (pK,) were found for molecule 5
(9.088), molecule 8 (9.848), molecule 6: (10.243),
molecule 2 (10.256), molecule 3 (10.297), molecule 1
(10.587), molecule 7 (10.692) and molecule 4 (10.804).
The first protonation (pK,;) was found molecule 2: 3.432,
molecule 5: 4.207, molecule 8: 4.612, molecule 7: 4.758,
molecule 4: 4.995, molecule 1: 5.288, molecule 6: 5.606
and molecule 3: 6.452. The second protonation (pK,,)
was found molecule 2: -5.384, molecule 8: -5.165,
molecule 5: -5.028, molecule 7: -4.775, molecule 4: -
4.518, molecule 1: -4.111, molecule 6: -3.866 and
molecule 3: -3.212.
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