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The log I values of 15 mainly ortho substituted derivatives of aniline and N-methylaniline
have been measured spectrophotometrically in sulfuric, perchloric, and methanesulfonic
acids. A new algorithm has been suggested for construction of acidity functions enabling si-
multaneous and independent construction of acidity functions in various media under the
condition of equal values of pKa of the same indicators in the given media. The so-called in-
terconnected acidity functions have been constructed with using this algorithm and the
log I values measured in the above media, and the pKa values have been calculated. The re-
sulting acidity functions and pKa values agree well with the corresponding literature data.
Keywords: Acidity functions; Basicity; Amines; Anilines; N-Methylanilines; ortho-Effect;
Substituent effects.

The determination of dissociation constants of weak bases by means of con-
struction of acidity functions1,2 is one of commonly adopted procedures.
The formal definition of acidity function H as a difference between the pKa
value of an indicator (weak base) and logarithm of the concentration ratio
of its protonated and nonprotonated forms, log I, at a given concentration
of the protonating acid is quite simple (Eq. (1)).

H = pKa – log I (1)

The physico-chemical interpretation of acidity function as a function of
concentration of the protonating acid (and/or its components3) and the in-
dicator used is far more complicated2,4–19. Nevertheless, given a series of
indicators fulfilling certain conditions (e.g. refs2,4), it is possible to experi-
mentally obtain the I values of Eq. (1) and construct the acidity function as
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a function of concentration of the respective acid (for a survey of algo-
rithms, see, e.g., ref.20). Subsequently, with help of Eq. (1), it is possible to
calculate the pKa values of the used indicators from the acidity function ob-
tained and the experimental log I values. The pKa values can also be deter-
mined, without constructing the acidity function, using the generalised
acidity functions (excess acidity6) based on the similarity principle (Bunnett
and Olsen7, Marziano et al.8–16, Cox et al.17–19). However, the pKa values
evaluated by various procedures differ, the differences being as high as in
units6,21–23. The classic way of calculation of dissociation constants using of
construction of the respective acidity function is probably more suitable for
series of indicators of the same or similar chemical structures. This is particu-
larly true with respect to a closer fit between the experimental log I values
and the constructed acidity function in the respective concentration inter-
val. The procedure has a drawback in the fact that the acidity function is
constructed per partes with possible cumulated error for higher concentra-
tions of acid. This drawback is not encountered in a procedure using the ex-
cess acidity functions6,8–19, which is more general and easier for calculation.
An advantage is the possibility of obtaining individual pKa values of weak
bases whereas a drawback is a potentially less close fit of the dependence of
log I on the values of the generalised acidity function because of specific
properties of the system measured.

Another complicating factor is the dependence of the pKa values of weak
bases on the protonating acid in the given medium. In spite of the fact that
according to its thermodynamic definition the pKa value should be inde-
pendent of the acid used, the resulting values differ – sometimes even quite
substantially – due to experimental method and the above-mentioned way
of evaluation8,11,13,16,22,24,25. The correctness of the pKa values obtained by
means of various acidity functions can thus be hard to compare, and the
process of taking the average value of data from different sources needs not
always represent the best solution. The results obtained usually cannot be
adopted in further interpretation, e.g., in studies of effect of structure upon
dissociation by means of correlation relationships. It can be expected that a
pKa value independent of the acid used will be accessible by measurements
in a series of different acids with the presumption that suitable processing
of experimental data will allow elimination of specific properties of the
acids. The resulting acidity functions defined for a given series of indicators
will then fulfil the above-given condition viz. they will provide the pKa val-
ues independent of the acid used. Such presumption has not been formu-
lated and the corresponding calculation procedure has not been suggested
yet.
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The aim of this paper is to suggest and verify the new calculation algo-
rithm for the pKa values independent of medium by means of constructing
specific acidity functions referred to as “interconnected acidity functions”.
For verification of the procedure suggested, we have chosen suitable (pre-
dominantly ortho) substituted anilines and N-methylanilines and the media
of sulfuric, perchloric and methanesulfonic acids. The calculation also in-
cludes the experimental values of log I obtained in the previous work27

which only dealt with the dissociation constants of ortho substituted ani-
lines in perchloric acid.

THEORETICAL AND CALCULATIONS

When evaluating pKa values of weak bases in strongly acidic media, one al-
ways works with the same set of three quantities. The first is the pKa value,
which is a function of the indicator (weak base), temperature and medium.
Both the indicator and temperature are defined unambiguously, while the
properties of medium continuously change with changing concentration of
the strong protonating acid. In order to approach the thermodynamic con-
ception of dissociation constant as close as possible, it is advisable to define
it in such a way as to depend on the solvent used (most often water) but
not on the acid used and its concentration. This approach has been
adopted in the present paper. The second quantity is the ratio of the
protonated and nonprotonated forms of the indicator referred to as I. This
quantity depends on the indicator, the protonating acid used and its con-
centration. The last quantity is a certain characteristic of acidity of medium
(the acidity function H or the concentration of acid in combination with
the excess acidity function): this quantity depends on the protonating acid
and its concentration and (in the case of acidity function) also on the indi-
cator. With regard to the above-mentioned requirement of independence of
pKa value upon the acid and its concentration, the characteristic of acidity
of medium must include the activity coefficients of components of medium
as well as those of both forms of the indicator. From among the quantities
mentioned, experimentally accessible is the value of concentration ratio of
protonated and nonprotonated forms of indicator (I or log I); also known
are the type and concentration of the acid (or, as the case may be, the ex-
cess acidity function for the given acid too) and, of course, the indicator
used.

If the log I values of the same indicators measured in various protonating
acids are available, then it is possible – under the condition of medium-
independence of dissociation constant – to construct simultaneously the

Collect. Czech. Chem. Commun. (Vol. 66) (2001)

1640 Pytela, Kulhánek, Jirásková, Nevěčná:



individual acidity functions in all the media by means of the iteration algo-
rithm described elsewhere20. This algorithm was derived from Eq. (1) and is
based on three operations in each iteration step In the first operation, the
average of log I values of all the indicators is calculated for the same con-
centrations of acid. This provides an acidity function depending on con-
centration. The second operation consists in calculating (for each indicator)
the average distances of log I values from the acidity function thus con-
structed, i.e. the pKa values. In the last operation, the pKa values of each in-
dicator are changed (shifted) by the calculated pKa value and used again in
the first operation. The iteration calculation is finished if the maximum
change is smaller than a chosen small number. The described algorithm20

has been modified in the present work by including (into the second opera-
tion of each iteration step) the procedure of taking the average of pKa val-
ues for the same indicator. Thereby the values of acidity functions in the
individual acids are interconnected and the result is the “bound” acidity
functions.

EXPERIMENTAL

Chemicals

The syntheses of 2,6-dichloroaniline, 2-nitroaniline, 2-methyl-6-nitroaniline, 4-chloro-
2-nitroaniline, 2-chloro-6-nitroaniline, 2,4-dichloro-6-nitroaniline, 2,4-dinitroaniline, and
2,6-dinitroaniline were described in an earlier paper27. 2-Methoxy-6-nitroaniline was synthe-
sized28 in 48% yield by 6-h heating of ethanolic solution of 1-methoxy-2,3-dinitrobenzene28

with excess 20% aqueous ammonia in a sealed ampoule at 160 °C. A similar procedure was
adopted for the N-methyl derivative by using aqueous methylamine (yield 32%). 2,5-Di-
chloro-4-nitroaniline was obtained29 in 52% yield by nitration of 2,5-dichloroacetanilide
and subsequent hydrolysis. N-Methyl-2-nitroaniline and N-methyl-4-nitroaniline were pre-
pared30 by 6-h heating of ethanolic 1-chloro-2-nitrobenzene and 1-chloro-4-nitrobenzene,
respectively, with methylamine in a sealed ampoule at 130 °C (practical yields 60 and 79%,
respectively). N-Methyl-2-chloro-6-nitroaniline was obtained31 in 65% yield by 15-h heating
ethanolic 1,2-dichloro-3-nitrobenzene32 with methylamine in a sealed ampoule at 150 °C.
N-Methyl-2,6-dinitroaniline was synthesised in 42% yield by heating 2-chloro-1,3-dinitro-
benzene with methylamine33.

The synthesised derivatives were identified by means of NMR spectrometry (360 MHz, Bruker).
Their purity was checked by GC/MS analysis (GCQ-tandem, Finnigan). The other anilines
used were commercial products (Fluka Chemie AG). Before measurements, the anilines were
purified by recrystallisation from ethanol (2-NO2, 2-CH3-6-NO2, 2,4-diNO2, 2,6-diNO2,
N-CH3-4-NO2) or aqueous ethanol (2-OCH3-6-NO2, N-CH3-2-NO2, N-CH3-2,6-diNO2).
2,5-Dichloro-4-nitroaniline was recrystallised from 50% acetic acid. The other anilines were
recrystallised from hexane. Perchloric acid (Carlo Erba – Chímica Milano, pa.), sulfuric acid
(Lachema Neratovice, pa.), methanesulfonic acid (Sigma–Aldrich), sodium hydroxide
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(Lachema Neratovice, pa.), and methanol (Lachema Neratovice, for UV) were used without
purification.

Measurement of Concentration Ratio of Protonated and Non-Protonated Forms
of Indicators

The measurements were carried out spectrophotometrically using an SP 8-100 (Pye Unicam)
and a DU 7500 (Beckman) apparatus. Exact concentrations of perchloric, sulfuric, and
methanesulfonic acids were determined alkalimetrically. The concentrations of stock solu-
tions of the individual substituted anilines in methanol were 10–1–10–2 mol dm–3. From the
stock solutions, 0.05 cm3 was pipetted in 25-ml calibrated flasks, they were filled up to the
mark by adding the respective aqueous acid of suitable concentration, and the absorbance
changes depending on concentration of protonating acid were read at the wavelength of the
longest-wave maximum. Some measurements were repeated several times.

Construction of Acidity Function

The log I values were calculated from the spectral data in usual way2. For the construction
of interconnected acidity functions using the above-described algorithm, the log I values of
substituted anilines in perchloric acid were adapted given in a previous paper27 along with
the values of substituted anilines and N-methylanilines newly measured in sulfuric,
perchloric and methanesulfonic acids (Tables I–III). As a standard indicator, to which the
acidity functions were fixed during calculation, we adopted 2-nitroaniline with pKa = –0.300
(ref.27). The suggested calculation algorithm was implemented by means of a program in
Delphi language. The other calculations were carried out by standard statistical algorithms.

RESULTS AND DISCUSSION

Acidity Functions

The acidity functions H0 in sulfuric, perchloric, and methanesulfonic acids
constructed by the above-described algorithm from the data given in previ-
ous paper20 and in Tables I–III are presented in Table IV. The graphical rep-
resentation of dependence of H0 on the acid concentration is in Fig. 1. The
residual standard deviation s = 0.064 calculated from the difference be-
tween (pKa – log I) values and H falls in a usual range20.

In order to verify the correctness of adjustment of values of the acidity
functions and hence also the correctness of the suggested algorithm, the re-
sults were compared with the already published H0 functions in sulfuric
and perchloric acids24,34 for the concentrations given in Table IV. The de-
pendence obtained by regression for sulfuric acid34 is given by Eq. (2).

H0(H2SO4) = (0.028 ± 0.022) + (0.985 ± 0.006) H0(H2SO4, ref.34)

s = 0.11, r = 0.999, n = 69 (2)
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TABLE I
Values of log I depending on concentration of sulfuric acid in water for the studied substi-
tuted derivatives of aniline of the following general formula (the substituents not shown are
hydrogens)

Substituentsa c (log I)

X2 = X6 = Cl 0.0470 (–1.08), 0.0789 (–0.881), 0.114 (–0.533), 0.149 (–0.464),
0.168 (–0.3), 0.195 (–0.168), 0.243 (–0.04), 0.271 (0.014), 0.289
(–0.016), 0.336 (0.061), 0.424 (0.182), 0.516 (0.229), 0.585
(0.316), 0.681 (0.474), 0.784 (0.507), 0.875 (0.602), 1.02 (0.682),
1.52 (0.989), 2.06 (1.312)

X2 = NO2 (1) 0.243 (–0.833), 0.321 (–0.632), 0.377 (–0.621), 0.424 (–0.562),
0.516 (–0.306), 0.633 (–0.212), 0.731 (–0.203), 0.828 (–0.145),
1.02 (–0.006), 1.21 (0.128), 1.36 (0.214), 1.45 (0.27), 1.52
(0.297), 1.63 (0.377), 1.77 (0.412), 1.91 (0.468), 2.06 (0.559),
2.24 (0.749), 2.42 (0.776), 2.60 (0.841), 2.83 (0.979), 2.93
(1.081), 3.22 (1.138), 4.07 (1.523), 5.22 (2.165)

X2 = NO2 (2) 0.336 (–0.716), 0.516 (–0.478), 0.633 (–0.376), 0.731 (–0.249),
0.875 (–0.106), 1.06 (–0.049), 1.14 (0.036), 1.41 (0.172), 1.52
(0.261), 1.63 (0.32), 1.84 (0.416), 1.91 (0.461), 2.06 (0.508), 2.24
(0.661), 2.42 (0.747), 2.60 (0.874), 2.93 (1.002), 5.00 (2.196)

X2 = NO2 (3) 0.219 (–0.843), 0.336 (–0.652), 0.516 (–0.374), 0.633 (–0.299),
0.731 (–0.245), 0.875 (–0.098), 1.06 (0.003), 1.14 (0.077), 1.41
(0.22), 1.52 (0.281), 1.63 (0.315), 1.84 (0.447), 1.91 (0.491), 2.06
(0.545), 2.24 (0.688), 2.42 (0.775), 2.60 (0.831), 2.93 (1.02), 5.00
(2.293)

X2 = CH3O, X6 = NO2 (1) 0.336 (–0.75), 0.424 (–0.709), 0.516 (–0.596), 0.681 (–0.453),
0.784 (–0.372), 0.875 (–0.261), 1.02 (–0.224), 1.12 (–0.187), 1.36
(–0.073), 1.52 (0.071), 1.63 (0.142), 1.73 (0.184), 1.84 (0.247),
1.91 (0.257), 2.06 (0.322), 2.24 (0.465), 2.55 (0.628), 2.93 (0.888)

X2 = CH3O, X6 = NO2 (2) 0.321 (–0.869), 0.424 (–0.745), 0.516 (–0.56), 0.585 (–0.525),
0.681 (–0.456), 0.784 (–0.342), 0.828 (–0.327), 0.875 (–0.293),
1.02 (–0.223), 1.12 (–0.133), 1.25 (–0.087), 1.36 (–0.022), 1.45
(0.061), 1.52 (0.093), 1.63 (0.118), 1.69 (0.17), 1.73 (0.176), 1.77
(0.213), 1.89 (0.29), 1.92 (0.304), 2.06 (0.319), 2.12 (0.447), 2.24
(0.479), 2.47 (0.582), 2.55 (0.642), 2.93 (0.845)

NHR
X6

X5

X4

X2
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TABLE I
(Continued)

Substituentsa c (log I)

X2 = CH3, X6 = NO2 0.424 (–1.088), 0.516 (–0.911), 0.585 (–0.781), 0.681 (–0.716),
0.784 (–0.606), 0.828 (–0.597), 0.875 (–0.559), 1.02 (–0.487), 1.12
(–0.418), 1.25 (–0.322), 1.36 (–0.27), 1.45 (–0.115), 1.52 (–0.157),
1.63 (–0.089), 1.69 (–0.038), 1.73 (–0.044), 1.77 (0.024), 1.89
(0.066), 1.92 (0.129), 2.06 (0.157), 2.12 (0.238), 2.24 (0.223), 2.47
(0.38), 2.55 (0.392), 2.93 (0.594)

X2 = NO2, X4 = Cl (1) 0.516 (–1.358), 0.784 (–0.979), 1.02 (–0.947), 1.21 (–0.646), 1.41
(–0.468), 1.58 (–0.398), 1.84 (–0.255), 2.06 (–0.146), 2.16 (–0.046),
2.39 (0.051), 2.53 (0.073), 2.72 (0.166), 2.88 (0.248), 2.93 (0.256),
3.22 (0.431), 3.44 (0.483)

X2 = NO2, X4 = Cl (2) 0.516 (–1.225), 0.784 (–0.967), 1.02 (–0.839), 1.21 (–0.547), 1.41
(–0.531), 1.58 (–0.376), 1.84 (–0.177), 2.06 (–0.131), 2.16 (–0.094),
2.39 (–0.007), 2.53 (0.084), 2.72 (0.221), 2.88 (0.241), 2.93 (0.296),
3.22 (0.378)

X2 = NO2, X4 = Cl (3) 1.02 (–0.82), 1.21 (–0.73), 1.41 (–0.65), 1.58 (–0.602), 1.73
(–0.521), 1.84 (–0.384), 2.06 (–0.312), 2.16 (–0.17), 2.39 (–0.087),
2.53 (–0.013), 2.72 (0.054), 2.88 (0.116), 2.93 (0.15), 3.22 (0.26),
3.44 (0.387)

X2 = NO2, X4 = Cl (4) 0.516 (–1.236), 1.02 (–0.783), 1.21 (–0.71), 1.41 (–0.6), 1.58
(–0.547), 1.73 (–0.467), 1.84 (–0.359), 2.06 (–0.294), 2.16 (–0.145),
2.39 (–0.063), 2.53 (–0.028), 2.72 (0.093), 2.88 (0.134), 2.93
(0.163), 3.22 (0.306), 3.44 (0.402)

X2 = X5 = Cl, X4 = NO2 2.24 (–0.778), 2.47 (–0.72), 2.55 (–0.628), 2.72 (–0.51), 2.83
(–0.461), 2.93 (–0.412), 3.44 (–0.15), 3.59 (–0.108), 3.80 (–0.035),
4.07 (0.058), 4.20 (0.164), 4.40 (0.214), 4.69 (0.329), 5.07 (0.528),
5.22 (0.572), 5.94 (0.919)

X2 = Cl, X6 = NO2 (1) 3.59 (–0.733), 4.07 (–0.668), 4.20 (–0.554), 4.40 (–0.384), 4.69
(–0.206), 5.07 (–0.237), 5.22 (0.017), 5.46 (0.101), 5.64 (0.158),
5.94 (0.324), 6.13 (0.387), 6.36 (0.53), 6.74 (0.726), 7.42 (1.039)

X2 = Cl, X6 = NO2 (2) 3.59 (–0.78), 4.07 (–0.686), 4.20 (–0.54), 4.40 (–0.394), 4.69
(–0.242), 5.07 (–0.106), 5.22 (–0.023), 5.46 (0.063), 5.64 (0.189),
5.94 (0.32), 6.13 (0.341), 6.36 (0.512), 6.74 (0.692), 7.42 (1.03)

X2 = X4 = Cl,
X6 = NO2 (1)

4.20 (–1.225), 4.69 (–1.112), 5.00 (–0.749), 5.22 (–0.743), 5.46
(–0.652), 5.64 (–0.626), 5.94 (–0.5), 6.13 (–0.359), 6.36 (–0.267),
6.55 (–0.206), 6.74 (–0.078), 6.96 (–0.02), 7.19 (0.129), 7.42
(0.242), 7.57 (0.309), 7.72 (0.375), 8.13 (0.518), 8.48 (0.687), 9.15
(1.03)
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TABLE I
(Continued)

Substituentsa c (log I)

X2 = X4 = Cl,
X6 = NO2 (2)

4.69 (–1), 5.00 (–0.99), 5.22 (–0.777), 5.46 (–0.665), 5.64 (–0.563),
5.94 (–0.43), 6.13 (–0.434), 6.36 (–0.265), 6.55 (–0.207), 6.74
(–0.052), 6.96 (–0.049), 7.19 (0.076), 7.42 (0.137), 7.57 (0.247), 7.72
(0.368), 8.13 (0.452), 8.48 (0.665), 9.15 (1.042)

X2 = X4 = NO2 (1) 6.36 (–1.275), 6.74 (–1.133), 7.42 (–0.895), 7.77 (–0.688), 8.13
(–0.55), 8.48 (–0.355), 8.81 (–0.239), 8.92 (–0.156), 9.02 (–0.081),
9.15 (–0.113), 9.35 (0.065), 9.56 (0.209), 9.70 (0.267), 9.85 (0.349),
10.01 (0.397), 10.17 (0.472), 10.51 (0.7), 10.95 (1.045), 11.44
(1.161)

X2 = X4 = NO2 (2) 7.77 (–0.831), 8.13 (–0.614), 8.48 (–0.398), 8.64 (–0.372), 8.81
(–0.37), 8.92 (–0.217), 9.02 (–0.123), 9.15 (–0.15), 9.35 (0.033), 9.56
(0.179), 9.70 (0.24), 9.85 (0.319), 10.01 (0.381), 10.17 (0.416), 10.51
(0.694), 10.95 (1.034), 11.44 (1.159)

X2 = X6 = NO2 (1) 9.85 (–0.898), 10.17 (–0.714), 10.25 (–0.67), 10.32 (–0.423), 10.51
(–0.381), 10.69 (–0.212), 10.73 (–0.208), 10.95 (0.004), 11.19
(0.132), 11.44 (0.172), 11.63 (0.288), 11.73 (0.42), 11.93 (0.619),
12.38 (0.854), 12.60 (1.144)

X2 = X6 = NO2 (2) 9.85 (–0.929), 10.17 (–0.785), 10.25 (–0.526), 10.32 (–0.431), 10.51
(–0.431), 10.69 (–0.236), 10.73 (–0.22), 10.95 (0.013), 11.19 (0.113),
11.44 (0.154), 11.63 (0.322), 11.73 (0.397), 11.93 (0.576), 12.38
(0.874), 12.60 (1.16)

R = CH3,
X2 = Cl, X6 = NO2 (1)

0.0310 (–1.075), 0.0413 (–0.711), 0.0470 (–0.443), 0.0789 (–0.146),
0.0960 (–0.086), 0.149 (0.084), 0.195 (0.124), 0.243 (0.181), 0.289
(0.28), 0.424 (0.482), 0.516 (0.563), 1.02 (0.967)

R = CH3,
X2 = Cl, X6 = NO2 (2)

0.0310 (–1.038), 0.0413 (–0.764), 0.0470 (–0.403), 0.0789 (–0.151),
0.0960 (–0.178), 0.149 (0.066), 0.195 (0.146), 0.243 (0.2), 0.289
(0.29), 0.424 (0.469), 0.516 (0.519), 1.02 (0.945)

R = CH3,
X2 = Cl, X6 = NO2 (3)

0.0470 (–0.691), 0.0641 (–0.524), 0.0789 (–0.368), 0.0960 (–0.193),
0.149 (–0.041), 0.195 (0.029), 0.243 (0.14), 0.289 (0.265), 0.336
(0.313), 0.424 (0.465), 0.516 (0.552), 0.585 (0.67), 0.784 (0.84), 1.02
(1.094), 2.06 (1.636)

R = CH3,
X2 = Cl, X6 = NO2 (4)

0.0789 (–0.277), 0.0960 (–0.295), 0.149 (–0.102), 0.195 (0.026),
0.243 (0.126), 0.289 (0.23), 0.336 (0.432), 0.424 (0.397), 0.516
(0.605), 0.585 (0.65), 0.784 (0.798), 1.02 (1.021), 2.06 (1.588)
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TABLE I
(Continued)

Substituentsa c (log I)

R = CH3,
X4 = NO2 (1)

0.0470 (–0.617), 0.0960 (–0.341), 0.131 (–0.228), 0.168 (–0.133), 0.219
(–0.002), 0.271 (0.151), 0.321 (0.249), 0.377 (0.281), 0.424 (0.366),
0.516 (0.471), 0.585 (0.519), 0.681 (0.647), 0.784 (0.728), 0.875 (0.821),
1.02 (0.894), 1.06 (0.912), 1.12 (0.949), 1.14 (0.959)

R = CH3,
X4 = NO2 (2)

0.0470 (–0.566), 0.0960 (–0.317), 0.131 (–0.222), 0.168 (–0.091), 0.219
(0.064), 0.271 (0.19), 0.321 (0.265), 0.377 (0.314), 0.424 (0.36), 0.516
(0.523), 0.585 (0.571), 0.681 (0.673), 0.784 (0.721), 0.875 (0.79), 1.02
(0.905), 1.06 (0.918), 1.12 (0.964), 1.14 (0.983)

R = CH3,
X2 = NO2 (1)

0.219 (–1.148), 0.516 (–0.738), 0.731 (–0.546), 0.828 (–0.413), 1.02
(–0.32), 1.12 (–0.247), 1.21 (–0.187), 1.36 (–0.062), 1.45 (–0.004), 1.52
(0.022), 1.63 (0.115), 1.77 (0.202), 1.91 (0.256), 2.06 (0.348), 2.24
(0.48), 2.42 (0.62), 2.60 (0.727), 2.83 (0.827), 2.93 (0.876), 3.22 (1.062),
4.07 (1.578)

R = CH3,
X2 = NO2 (2)

0.336 (–1.034), 0.424 (–0.881), 0.585 (–0.706), 0.784 (–0.465), 1.02
(–0.292), 1.12 (–0.242), 1.31 (–0.103), 1.58 (0.062), 1.77 (0.187), 1.92
(0.324), 2.24 (0.536), 2.60 (0.713), 2.83 (0.868), 2.93 (0.868), 3.22
(0.985), 3.44 (1.26), 3.59 (1.26), 3.80 (1.371), 4.07 (1.532)

R = CH3,
X2 = NO2 (3)

0.336 (–0.782), 0.424 (–0.686), 0.784 (–0.394), 1.02 (–0.218), 1.12
(–0.112), 1.31 (–0.034), 1.58 (0.085), 1.77 (0.213), 1.92 (0.348), 2.24
(0.548), 2.60 (0.725), 2.83 (0.878), 2.93 (0.933), 3.22 (1.094), 3.44
(1.228), 3.59 (1.301), 3.80 (1.376), 4.07 (1.525)

R = CH3,
X2 = NO2 (4)

0.336 (–0.729), 0.424 (–0.746), 0.784 (–0.383), 1.02 (–0.249), 1.12
(–0.15), 1.31 (–0.042), 1.58 (0.087), 1.77 (0.216), 1.92 (0.372), 2.24
(0.566), 2.60 (0.757), 2.83 (0.888), 2.93 (0.949), 3.22 (1.104), 3.44
(1.242), 3.59 (1.318), 3.80 (1.397), 4.07 (1.507)

R = CH3,
X2 = X6 = NO2

2.24 (–1.162), 2.60 (–0.796), 2.83 (–0.695), 2.93 (–0.681), 3.22 (–0.536),
3.44 (–0.525), 3.59 (–0.554), 3.80 (–0.404), 4.07 (–0.257), 4.20 (–0.235),
4.40 (–0.197), 4.69 (0.022), 5.07 (0.324)

a The numbers in brackets denote the order of repeated measurements, if any.
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TABLE II
Values of log I depending on concentration of perchloric acid in water for the studied sub-
stituted derivatives of aniline of the following general formula (the substituents not shown
are hydrogens)

Substituentsa c (log I)

X2 = Cl, X6 = NO2 (1) 0.0483 (–0.397), 0.0748 (–0.175), 0.0972 (–0.113), 0.120 (0.038),
0.148 (0.185), 0.181 (0.26), 0.214 (0.387), 0.250 (0.414), 0.280
(0.476), 0.328 (0.522), 0.369 (0.655), 0.412 (0.697), 0.566 (0.904),
0.723 (1.056)

X2 = Cl, X6 = NO2 (2) 0.0483 (–0.317), 0.0748 (–0.168), 0.0972 (–0.062), 0.120 (0.01),
0.148 (0.17), 0.181 (0.252), 0.214 (0.362), 0.250 (0.424), 0.280
(0.517), 0.328 (0.568), 0.369 (0.644), 0.412 (0.726), 0.566 (0.939)

X4 = NO2 (1) 0.0154 (–1.223), 0.0337 (–0.833), 0.0748 (–0.523), 0.120 (–0.312),
0.148 (–0.161), 0.181 (–0.081), 0.214 (0.008), 0.250 (0.098), 0.280
(0.191), 0.328 (0.271), 0.412 (0.373), 0.475 (0.513), 0.606 (0.602)

X4 = NO2 (2) 0.0154 (–1.22), 0.0337 (–0.837), 0.0748 (–0.504), 0.120 (–0.317),
0.148 (–0.193), 0.181 (–0.065), 0.214 (0.029), 0.250 (0.094), 0.280
(0.19), 0.328 (0.263), 0.412 (0.379), 0.475 (0.494), 0.606 (0.612)

X2 = NO2 (1) 0.369 (–0.88), 0.566 (–0.649), 0.723 (–0.502), 0.896 (–0.302), 1.06
(–0.247), 1.2 (–0.117), 1.31 (–0.04), 1.39 (0.03), 1.55 (0.089), 1.65
(0.197), 1.76 (0.265), 1.88 (0.31), 2.04 (0.354), 2.15 (0.417), 2.42
(0.553)

X2 = NO2 (2) 0.214 (–1.055), 0.566 (–0.59), 0.723 (–0.494), 0.896 (–0.281), 1.06
(–0.201), 1.2 (–0.069), 1.31 (–0.004), 1.39 (0.069), 1.55 (0.132), 1.65
(0.209), 1.76 (0.275), 1.88 (0.348), 2.04 (0.38), 2.15 (0.471)

a The numbers in brackets denote the order of repeated measurements, if any.

NHCH3

X6

X4
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TABLE III
Values of log I quantity depending on concentration of methanesulfonic acid in water for
the studied substituted derivatives of aniline of the following general formula (the substitu-
ents not shown are hydrogens)

Substituentsa c (log I)

X2 = X6 = Cl (1) 0.0303 (–1.265), 0.0633 (–0.893), 0.0919 (–0.716), 0.151 (–0.577),
0.249 (–0.281), 0.293 (–0.166), 0.394 (–0.035), 0.508 (0.116), 0.687
(0.254), 0.863 (0.379), 1.37 (0.649), 1.89 (0.832), 2.00 (0.853)

X2 = X6 = Cl (2) 0.0303 (–1.222), 0.0633 (–0.766), 0.0919 (–0.487), 0.151 (–0.417),
0.249 (–0.224), 0.293 (–0.09), 0.394 (0.04), 0.508 (0.169), 0.687
(0.344), 0.863 (0.449), 1.10 (0.556), 1.37 (0.69), 1.89 (0.867), 2.00
(0.891)

X2 = NO2 (1) 0.115 (–0.943), 0.170 (–0.9), 0.249 (–0.75), 0.508 (–0.401), 0.652
(–0.329), 0.721 (–0.292), 0.833 (–0.225), 0.863 (–0.206), 1.03
(–0.113), 1.14 (–0.052), 1.30 (0.035), 1.39 (0.086), 1.54 (0.123),
1.79 (0.245), 2.00 (0.292), 2.29 (0.4), 2.47 (0.45), 2.68 (0.555),
3.02 (0.605), 3.88 (0.922), 4.87 (1.191)

X2 = NO2 (2) 0.249 (–0.98), 0.334 (–0.844), 0.508 (–0.595), 0.652 (–0.38), 0.721
(–0.275), 0.833 (–0.267), 1.03 (–0.173), 1.14 (–0.102), 1.30
(–0.023), 1.39 (0.042), 1.54 (0.096), 1.79 (0.194), 2.00 (0.254), 2.29
(0.36), 2.47 (0.436), 2.68 (0.52), 3.02 (0.583), 3.88 (0.854), 4.87
(1.15)

X2 = CH3O, X6 = NO2 0.550 (–0.746), 1.03 (–0.376), 1.30 (–0.2), 2.29 (0.123), 4.21
(0.721), 5.19 (1.03), 6.16 (1.405)

X2 = CH3, X6 = NO2 (1) 0.356 (–1.128), 0.550 (–0.896), 0.687 (–0.734), 0.863 (–0.669), 1.05
(–0.544), 1.26 (–0.439), 1.47 (–0.385), 1.64 (–0.27), 1.89 (–0.187),
2.08 (–0.127), 2.29 (–0.042), 2.47 (0.027), 2.68 (0.132), 2.86 (0.16),
3.02 (0.202), 3.33 (0.292), 3.62 (0.404), 3.88 (0.474), 4.36 (0.614),
4.87 (0.767), 5.19 (0.867), 6.16 (1.184)

X2 = CH3, X6 = NO2 (2) 0.201 (–1.408), 0.356 (–1.204), 0.550 (–0.872), 0.687 (–0.771),
0.863 (–0.696), 1.05 (–0.507), 1.26 (–0.424), 1.47 (–0.377), 1.64
(–0.279), 1.89 (–0.143), 2.08 (–0.075), 2.29 (–0.037), 2.47 (0.05),
2.68 (0.142), 2.86 (0.166), 3.02 (0.193), 3.33 (0.286), 3.62 (0.402),
3.88 (0.478), 4.36 (0.603), 4.87 (0.761), 5.19 (0.883), 6.16 (1.198)

NRCH3

X6

X5

X4

X2



Collect. Czech. Chem. Commun. (Vol. 66) (2001)

Interconnected Acidity Functions 1649

TABLE III
(Continued)

Substituentsa c (log I)

X2 = NO2, X4 = Cl (1) 0.652 (–1.291), 1.14 (–0.93), 1.39 (–0.758), 2.00 (–0.435), 2.29
(–0.438), 2.86 (–0.235), 3.33 (–0.098), 3.62 (0.02), 3.88 (0.066),
4.21 (0.151), 4.87 (0.387), 4.97 (0.413), 5.19 (0.468), 5.58
(0.578), 5.80 (0.758), 6.51 (0.936), 7.17 (1.197), 7.72 (1.329),
8.04 (1.571)

X2 = NO2, X4 = Cl (2) 0.652 (–1.249), 1.14 (–0.823), 1.39 (–0.763), 2.00 (–0.512), 2.29
(–0.41), 2.86 (–0.232), 3.33 (–0.104), 3.62 (0.027), 3.88 (0.057),
4.21 (0.169), 4.87 (0.364), 4.97 (0.416), 5.19 (0.488), 5.58
(0.551), 5.80 (0.74), 6.51 (0.907), 7.17 (1.18), 7.72 (1.316), 8.04
(1.487)

X2 = X5 = Cl, X4 = NO2 (1) 3.49 (–1.03), 4.21 (–0.784), 4.97 (–0.549), 5.42 (–0.386), 5.58
(–0.318), 5.80 (–0.245), 6.00 (–0.16), 6.29 (–0.074), 6.51
(0.016), 6.68 (0.18), 6.96 (0.169), 7.17 (0.266), 7.55 (0.411),
8.04 (0.585), 8.46 (0.727), 8.65 (0.843), 8.90 (1.063), 9.19
(1.231), 9.86 (1.326)

X2 = X5 = Cl, X4 = NO2 (2) 2.68 (–1.194), 3.49 (–0.999), 4.21 (–0.704), 4.97 (–0.539), 5.42
(–0.362), 5.58 (–0.307), 5.80 (–0.207), 6.00 (–0.133), 6.29
(–0.067), 6.51 (0.008), 6.68 (0.172), 6.96 (0.146), 7.17 (0.26),
7.55 (0.398), 8.04 (0.499), 8.90 (1.056), 9.86 (1.33)

X2 = Cl, X6 = NO2 (1) 5.58 (–0.858), 6.05 (–0.785), 6.51 (–0.566), 6.96 (–0.524), 7.17
(–0.406), 7.39 (–0.272), 7.55 (–0.226), 7.72 (–0.13), 8.04
(–0.055), 8.25 (–0.028), 8.46 (0.069), 8.65 (0.247), 8.83 (0.246),
9.00 (0.335), 9.19 (0.444), 9.43 (0.535), 9.77 (0.697), 10.08
(0.92), 10.36 (1.159)

X2 = Cl, X6 = NO2 (2) 5.58 (–1.012), 6.05 (–0.772), 6.51 (–0.61), 6.96 (–0.434), 7.17
(–0.435), 7.39 (–0.322), 7.55 (–0.244), 7.72 (–0.146), 8.04
(–0.096), 8.25 (–0.024), 8.46 (0.091), 8.65 (0.226), 8.83 (0.255),
9.00 (0.327), 9.19 (0.452), 9.43 (0.56), 9.77 (0.755), 10.08
(0.965), 10.36 (1.188)

X2 = X4 = Cl, X6 = NO2 (1) 6.16 (–1.345), 7.39 (–1.137), 8.13 (–0.896), 8.46 (–0.764), 8.65
(–0.583), 8.90 (–0.504), 9.19 (–0.358), 9.35 (–0.264), 9.43
(–0.202), 9.68 (–0.14), 9.86 (–0.024), 9.97 (0.056), 10.08
(0.105), 10.17 (0.219), 10.36 (0.342), 10.61 (0.368), 11.00
(0.767), 11.91 (1.105)
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TABLE III
(Continued)

Substituentsa c (log I)

X2 = X4 = Cl, X6 = NO2 (2) 7.39 (–1.235), 8.13 (–0.916), 8.46 (–0.789), 8.65 (–0.582), 8.90
(–0.467), 9.19 (–0.392), 9.35 (–0.281), 9.43 (–0.226), 9.68
(–0.152), 9.86 (–0.016), 9.97 (0.05), 10.08 (0.105), 10.17
(0.198), 10.36 (0.33), 10.61 (0.336), 11.00 (0.767), 11.91 (1.084)

X2 = X4 = NO2 (1) 9.86 (–0.822), 10.08 (–0.739), 10.36 (–0.426), 10.48 (–0.474),
10.61 (–0.42), 10.72 (–0.32), 10.83 (–0.126), 11.00 (–0.065),
11.26 (–0.013), 11.58 (0.143), 11.64 (0.233), 11.80 (0.189),
11.91 (0.249), 12.25 (0.592), 12.41 (0.595)

X2 = X4 = NO2 (2) 9.43 (–1.195), 9.86 (–0.976), 10.08 (–0.712), 10.48 (–0.526),
10.61 (–0.491), 10.72 (–0.347), 10.83 (–0.186), 11.00 (–0.014),
11.26 (0.053), 11.58 (0.142), 11.64 (0.206), 11.80 (0.214), 11.91
(0.23), 12.10 (0.47), 12.25 (0.576), 12.41 (0.697), 13.00 (0.934),
13.28 (1.37)

X2 = X4 = NO2 (3) 9.43 (–1.321), 10.08 (–0.752), 10.36 (–0.49), 10.83 (–0.11),
11.00 (–0.05), 11.26 (0), 11.80 (0.195), 11.91 (0.263), 12.41
(0.702), 13.00 (0.944)

X2 = X6 = NO2 (1) 11.91 (–0.692), 12.25 (–0.427), 12.41 (–0.364), 12.51 (–0.362),
12.61 (–0.272), 12.80 (–0.059), 13.00 (0.055), 13.06 (0.146),
13.14 (0.141), 13.20 (0.227), 13.28 (0.671), 13.59 (0.809), 13.90
(0.949), 14.20 (1.231)

X2 = X6 = NO2 (2) 11.91 (–0.72), 12.25 (–0.592), 12.41 (–0.301), 12.51 (–0.322),
12.61 (–0.222), 12.80 (–0.082), 13.00 (0.068), 13.06 (0.058),
13.14 (0.139), 13.20 (0.183), 13.28 (0.636), 13.59 (0.776), 13.90
(0.936), 14.20 (1.16)

X2 = X6 = NO2 (3) 10.36 (–1.787), 10.83 (–1.26), 11.00 (–1.085), 11.26 (–1.046),
11.64 (–0.84), 11.91 (–0.797), 12.25 (–0.315), 13.00 (0.069),
13.28 (0.596)

R = CH3,
X2 = CH3O, X6 = NO2

0.0210 (0.428), 0.0303 (0.673), 0.0633 (1.02), 0.151 (1.544)

R = CH3,
X2 = Cl, X6 = NO2 (1)

0.0210 (–0.892), 0.0303 (–0.659), 0.0409 (–0.557), 0.0491
(–0.451), 0.0633 (–0.339), 0.0767 (–0.22), 0.0919 (–0.157),
0.115 (–0.046), 0.151 (0.077), 0.201 (0.241), 0.249 (0.304),
0.293 (0.377), 0.394 (0.53), 0.508 (0.685), 0.687 (0.823), 0.863
(0.933), 1.37 (1.265), 1.89 (1.407)



The statistical hypotheses of intercept equal zero (ttest = 1.264, t0.95(67) =
1.996) and unit slope (ttest = 1.963, t0.95(67) = 1.996) in Eq. (1) were not re-
jected. Therefrom it follows that the acidity function obtained by us and
those given in literature are identical within experimental error. The rela-
tionship between our acidity function and that of ref.24 for perchloric acid
is given by Eq. (3).

H0(HClO4) = (0.116 ± 0.031) + (0.955 ± 0.009) H0(HClO4, ref.24)

s = 0.75, r = 0.998, n = 52 (3)

In this case, the statistical hypotheses of intercept equal zero (ttest = 4.82,
t0.95(50) = 2.009) and unit slope (ttest = 38.1, t0.95(50) = 2.009) were rejected.
The agreement between the two functions is worse in this case, the differ-
ences being caused by small deviations in the course of the two acidity
functions, particularly those in the middle of the concentration interval.
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TABLE III
(Continued)

Substituentsa c (log I)

R = CH3,
X2 = Cl, X6 = NO2 (2)

0.0210 (–0.868), 0.0303 (–0.648), 0.0409 (–0.627), 0.0491 (–0.393),
0.0633 (–0.269), 0.0767 (–0.167), 0.0919 (–0.054), 0.115 (0.073),
0.201 (0.192), 0.249 (0.318), 0.293 (0.384), 0.394 (0.542), 0.508
(0.677), 0.687 (0.834), 0.863 (0.941), 1.37 (1.136), 1.89 (1.382)

R = CH3,
X4 = NO2

0.863 (0.554), 1.89 (1.08), 2.86 (1.528), 3.88 (1.792)

R = CH3,
X2 = NO2

0.863 (–0.642), 1.89 (–0.091), 2.86 (0.196), 3.88 (0.594), 5.19
(1.024), 6.16 (1.445)

R = CH3,
X2 = X6 = NO2 (1)

6.00 (–0.582), 6.51 (–0.361), 6.68 (–0.172), 6.82 (–0.125), 6.96
(–0.145), 7.17 (–0.088), 7.39 (0.037), 7.72 (0.272), 8.04 (0.398), 8.13
(0.419), 8.39 (0.575), 8.46 (0.541), 8.65 (0.731), 8.90 (0.955), 9.05
(0.953), 9.19 (0.946), 9.86 (1.327)

R = CH3,
X2 = X6 = NO2 (2)

4.21 (–1.048), 4.87 (–0.86), 5.42 (–0.619), 5.58 (–0.562), 5.80
(–0.549), 6.00 (–0.438), 6.29 (–0.372), 6.51 (–0.237), 6.68 (–0.069),
6.82 (–0.044), 6.96 (–0.054), 7.17 (0.026), 7.39 (0.121), 7.72 (0.343),
8.04 (0.43), 8.13 (0.481), 8.39 (0.608), 8.46 (0.604), 8.65 (0.774),
8.90 (1.003), 9.05 (0.963), 9.19 (0.955), 9.86 (1.418)

a The numbers in brackets denote the order of repeated measurements, if any.
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TABLE IV
Values of acidity functions H0 depending on concentration c (in mol dm–3) of sulfuric,
perchloric, and methanesulfonic acid in water

c H0(H2SO4) H0(HClO4) H0(CH3SO3H) c H0(H2SO4) H0(HClO4) H0(CH3SO3H)

0.02 1.690 3.4 –1.607 –1.590 –0.964

0.04 1.494 1.324 1.456 3.6 –1.743 –1.690 –1.071

0.06 1.264 1.173 1.179 3.8 –1.856 –1.832 –1.142

0.08 1.083 1.066 1.036 4.0 –1.936 –1.938 –1.161

0.10 1.012 0.966 0.885 4.2 –2.006 –2.071 –1.192

0.15 0.811 0.765 0.762 4.4 –2.129 –2.188 –1.279

0.20 0.672 0.599 0.616 4.6 –2.242 –2.308 –1.353

0.25 0.561 0.508 0.557 4.8 –2.349 –2.410 –1.412

0.30 0.448 0.387 0.511 5.0 –2.448 –2.483 –1.462

0.35 0.351 0.326 0.448 5.2 –2.528 –2.589 –1.522

0.40 0.302 0.257 0.316 5.4 –2.622 –2.695 –1.569

0.45 0.247 0.173 0.247 5.6 –2.733 –2.789 –1.633

0.50 0.206 0.096 0.214 5.8 –2.820 –2.913 –1.686

0.60 0.098 0.023 0.146 6.0 –2.900 –3.008 –1.726

0.70 –0.045 –0.053 0.038 6.2 –2.989 –3.113 –1.894

0.80 –0.096 –0.116 –0.023 6.4 –3.083 –3.234 –1.916

0.90 –0.209 –0.211 –0.040 6.6 –3.194 –3.342 –1.978

1.00 –0.229 –0.280 –0.097 6.8 –3.273 –3.433 –2.055

1.2 –0.384 –0.415 –0.238 7.0 –3.343 –3.526 –2.112

1.4 –0.496 –0.530 –0.340 7.2 –3.475 –3.643 –2.169

1.6 –0.600 –0.647 –0.417 7.4 –3.545 –3.796 –2.233

1.8 –0.721 –0.767 –0.501 7.6 –3.621 –3.971 –2.355

2.0 –0.840 –0.837 –0.549 7.8 –3.682 –4.156 –2.462

2.2 –1.007 –0.949 –0.641 8.0 –3.766 –4.245 –2.510

2.4 –1.059 –1.059 –0.702 8.2 –3.861 –4.358 –2.546

2.6 –1.202 –1.178 –0.776 8.4 –3.933 –4.456 –2.665

2.8 –1.318 –1.260 –0.829 8.6 –3.998 –4.568 –2.741

3.0 –1.377 –1.364 –0.875 8.8 –4.082 –4.798 –2.882

3.2 –1.470 –1.484 –0.917 9.0 –4.239 –4.963 –2.983
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FIG. 1
Dependence of constructed acidity functions H0 in sulfuric acid (❍ ), perchloric acid (● ), and
methanesulfonic acid (∆) on the concentration of acid cacid in mol dm–3
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TABLE IV
(Continued)

c H0(H2SO4) H0(HClO4) H0(CH3SO3H) c H0(H2SO4) H0(HClO4) H0(CH3SO3H)

9.2 –4.329 –5.073 –3.056 11.8 –5.849 –4.570

9.4 –4.431 –5.209 –3.104 12.0 –6.001 –4.643

9.6 –4.558 –5.447 –3.149 12.2 –6.146 –4.895

9.8 –4.602 –5.700 –3.354 12.4 –6.312 –5.008

10.0 –4.676 –5.955 –3.470 12.6 –6.528 –5.120

10.2 –4.748 –6.106 –3.624 12.8 –5.307

10.4 –4.983 –6.250 –3.764 13.0 –5.399

10.6 –5.058 –3.843 13.2 –5.693

10.8 –5.270 –4.139 13.4 –6.011

11.0 –5.396 –4.251 13.6 –6.115

11.2 –5.475 –4.310 13.8 –6.270

11.4 –5.538 –4.409 14.0 –6.422

11.6 –5.640 –4.527



The agreement of the constructed acidity function in methanesulfonic
acid cannot be verified because corresponding literature data are not avail-
able.

With regard to the fact that our acidity functions and those taken from
literature were constructed on different experimental data, and the agree-
ment with the more or less standard acidity function in sulfuric acid is very
good, it is possible to claim that the suggested algorithm is correct.

The relationship between our acidity functions constructed in sulfuric
and perchloric acids and the scale of the generalised function X (ref.6) is ex-
pressed by Eqs (4) and (5).

H0(H2SO4) = (0.047 ± 0.0118) + (1.136 ± 0.034) log c
H+ + (0.990 ± 0.012) X

s = 0.06, r = 0.9997, n = 28 (4)

H0(HClO4) = (0.123 ± 0.026) + (0.970 ± 0.052) log c
H+ + (0.951 ± 0.018) X

s = 0.08, r = 0.9993, n = 26 (5)

In analogy to Eqs (2) and (3), also in this case the fit is very close (the resid-
ual standard deviation being comparable with the accuracy of measure-
ments), which confirms both the correctness of the algorithm suggested
and validity of the “excess acidity” principle as well as correctness of adjust-
ment of the scale of X values.

In order to evaluate mutual similarity of the acidity function calculated,
the values of Table IV were submitted to principal component analysis
(PCA). The first latent variable characterising common properties of ana-
lysed acidity functions described 99.67% of their variability. This value is
relatively high and indicates a high extent of mutual similarity of these
acidity functions irrespective of different concentration scales and the fact
that one of the acids is dibasic and the other two are monobasic. From
Fig. 1 and from values of loading p in sulfuric acid (p = 4.505), perchloric
acid (p = 5.443), and methanesulfonic acid (p = 3.816) obtained by PCA, it
follows that (in accordance with ref.2) the steepness of the acidity function
in perchloric acid is greater than that in sulfuric acid. The steepness of the
acidity function in the weakest acid (methanesulfonic acid) is the lowest in
this case.
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pKa Values of Indicators

The pKa values calculated according to the above-given algorithm from the
data published in a previous paper27 and those given in Tables I–III, and the
pKa values taken from literature are summarised in Table V. The literature
and the calculated values are compared graphically in Fig. 2. The points are
fitted with a regression straight line, which documents both relations be-
tween the individual values and variance of the pKa values published in lit-
erature. As it can be seen in Fig. 2, the agreement between the pKa values
calculated and those published in literature is very good.

Validity of the Algorithm Suggested

The validity of the algorithm suggested is considered to be verified by com-
parison of the acidity functions (Eqs (2)–(5)) and the pKa values obtained by
this algorithm with reliable literature data (Table V, Fig. 2). With respect to
the fact that the calculations were based on different experimental data and
different calculation procedures and the results agree well with literature,
the algorithm suggested for calculating the bound acidity functions can be
considered to be correct.
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FIG. 2
Dependence of the pKa values taken from literature and those calculated according to the
suggested algorithm (Table V). The straight line was calculated by regression
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TABLE V
Comparison of calculated pKa values and their standard deviations spK of substituted ani-
lines and N-methylanilines with corresponding literature data

Indicator pKa (spK) pKa, reference

2,6-Dichloroaniline 0.353 0.40a (H2SO4)

(0.068)

2-Nitroaniline –0.300 –0.25b (H2SO4), –0.29e (H2SO4),

(0.053) –0.33f (H2SO4), –0.30g (H2SO4),

–0.35h (H2SO4), 0.10a (HClO4),

–0.31b (HClO4), –0.29i (HClO4),

–0.28j (HClO4), –0.29b (HCl), –0.31k (HCl),

–0.32b (HNO3), –0.22b (H3PO4),

–0.13d (CF3CO2H), –0,24d (CCl3CO2H),

–0.27c (Mc)

2-Methoxy-6-nitroaniline –0.481

(0.040)

2-Methyl-6-nitroaniline –0.694

(0.036)

4-Chloro-2-nitroaniline –1.076 –0.97b (H2SO4),

(0.067) –1.02e (H2SO4), –1.06g (H2SO4),

–0.97h (H2SO4), –0.62a (HClO4),

–1.03b (HClO4), –1.07i (HClO4), –1.03b (HCl),

–1.09k (HCl), –1.09b (HNO3), –1.01b (H3PO4),

–0.94d (CF3CO2H), –1.05c (Mc)

2,5-Dichloro-4-nitroaniline –1.913 –1.90f (H2SO4), –1.75g (H2SO4),

(0.073) –1.74h (H2SO4), –1.79i (HClO4),

–1.78j (HClO4), –1.82k (HCl),

–1.80c (Mc)

2-Chloro-6-nitroaniline –2.569 –2.54f (H2SO4), –2.38g (H2SO4), –2.60c (Mc)

(0.047)
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TABLE V
(Continued)

Indicator pKa (spK) pKa, reference

2,4-Dichlor-6-nitroaniline –3.347 –3.34b (H2SO4),

(0.072) –3.28f (H2SO4), –3.01h (H2SO4),

–3.30b (HClO4),

–3.00j (HClO4), –3.27k (HCl), –3.10b (H3PO4),

–3.50c (Mc)

2,4-Dinitroaniline –4.358 –4.14a (H2SO4), –4.50b (H2SO4),

(0.064) –4.45f (H2SO4), –4.27g (H2SO4),

–4.27h (H2SO4), –4.55b (HClO4),

–4.26i (HClO4), –4.25j (HClO4), –5.25c (Mc)

2,6-Dinitroaniline –5.375 –5.64f (H2SO4), –5.39g (H2SO4),

(0.061) –5.37h (H2SO4), –5.25i (HClO4),

–5.23j (HClO4),

–5.90c (Mc)

N-Methyl-2-methoxy-6-
nitroaniline

2.227
(0.061)

N-Methyl-2-chloro-6-
nitroaniline

0.841
(0.084)

N-Methyl-4-nitroaniline 0.633 0.90l , 0.53m

(0.047)

N-Methyl-2-nitroaniline –0.492

(0.060)

N-Methyl-2,6-dinitroaniline –2.141 –2.04a (H2SO4)

(0.098)

a Ref.35, b ref.4, c ref.15, d ref.36, e ref.37, f ref.38, g ref.34, h ref.25, i ref.24, j ref.39, k ref.40, l ref.41,
m ref.42, n ref.43.
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