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Abstract. The values of the basicity constant pKsn:, and of the solvation parameter,
m*, of three hydroxybenzoic acids (2,5-dihydroxybenzoic, 3,5-dihydroxybenzoic and 3,4,5-
trihydroxybenzoic) were estimated by the target testing method of factor analysis,
using the respective ultraviolet absorption spectra measured in aqueous sulphuric acid
solutions. The results obtained have been compared with those calculated by the
Davis—Geissman method. The following basicity parameter values have been obtained
by the target testing of factor analysis:

2,5-dihydroxybenzoic acid: pKpu+=—6.2740.39, m*=0.84+0.10;
3,5-dihydroxybenzoic acid: pKpu+=—6.644-0.25, m*=0.8240.15;
3,4,5-trihydroxybenzoic acid: pKpu+=-—5.6640.10, m*=0.70+0.01.
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INTRODUCTION

UV-absorption spectrophotometry is one of the most widely used ex-
perimental methods for determining the protonation parameters of weak
organic bases. In a number of cases, however, including the protonation
of carbonyl compounds, the changes in UV-spectra caused by the pro-
tonation of a base are superimposed by the medium effects, especially
in concentrated mineral acids. To overcome these difficulties in calculat-
ing basicity constants, a number of correction methods have been sug-
gested, the most recent of them having been developed with the use
of factor analysis [*2]. These newly developed methods have the ad-
vantage of the simultaneous treatment of the whole set of spectral data,
not only the respective major spectral features. In our previous work [?],
we critically studied the application of two factor analytical methods
(the target testing (TT) method and the principal component analysis)
to the treatment of spectra with shifting UV-absorption bands. 2-Hydro-
xybenzoic acid in aqueous sulphuric acid solutions was chosen as a
test base for this study [®*]. As a result, the TT-method proved to be
better for estimating the protonation parameter values for the weak
bases studied.

Continuing the UV-spectrophotometric investigation of hydroxy-
benzoic acids (HBA), we decided to apply the to a variety
of base structures.
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METHOD

The mathematical background of the TT-method in factor analysis for
appli]cation to the protonation of weak organic bases has been presented
in [2].

The ionization ratio / for the base B has been calculated from the
equation

CBH‘ 58 €—EB

= -
Cgy €RH+* — &

where Cp and Cgg- are the molar concentrations of the base B and its
conjugated acid BH+*; es, epn+ and e are the molar extinction coefficients
of B, BH* and the mixture of protonated and unprotonated forms of
the base at the same wavelength.

To determine the values of the basicity constant, pKgsn-, and of the
solvation parameter, m*, the Cox—Yates excess acidity method [*] has
been used.

In complicated cases where the value of / (and consequently those of
pKsu+ and m*) depends on the wavelength chosen, the simultaneous
treatment of the whole spectral band contour seems to be useful. The
TT-method of factor analysis offers such an opportunity [?]. To increase
the resolving power of the TT-method, one may use in calculations not
only the raw e values at different wavelengths and sulphuric acid con-
centrations, but also the data matrixes containing the differences
(e —ep) and (e —epn+), where a constant component of the spectra
(ep or epm+) has been subtracted [2]. :

EXPERIMENTAL

Reagents. All three samples of HBA were obtained in very limited
amounts from Stockholm Technical University and were used without
further purification. The melting points of HBA-s were controlled and
found to be close to those reported in the literature.

Sulphuric acid, chemically pure grade, was used without additional
purification. Sulphuric acid solutions containing HBA-s were prepared
as before [5 €].

The measurement of UV-spectra. This was done using spectrophotometry
as in [*]. Dilution experiments after 15 min from the preparation of
samples showed that no irreversible changes in the spectra of the bases
dissolved in the concentrated sulphuric acid solution had occurred.

RESULTS

3,4,5-Trihydroxybenzoic acid (3,4,5-THB)

3,4,5-THB has two absorption bands in the UV-region studied: A
(52000 — 46 000 cm~!, the number of wavelengths NW=9) and B
(40000 — 28000 cm~t, NW=15). The protonation of this base occurs
mainly in 71—95% H,SO, (the number of solutions NS=29).

The TT-treatment of the shifting band B gives coinciding results
(see Table 1), no matter what the kind of data pretreatment (e, e —es
or e —epn+) used in these calculations. They are also close to the results
obtained by the classical Davis—Geissman method [7], see Table I.
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Table |

The values of pKpu. and m* of 34,5-trihydroxybenzoic acid
(B, 40000—28 000 cm—1t)

Data pretreatment pKpu-+ m*
e —5.60 0.69
e —¢ep —5.78 0.71
& — EBH+ —b5.58 0.70
Davis—Geissman method [7] —5.49=£0.17 0.69-+0.03

We also tried to use the absorption band 52000 — 46000 cm—! to
estimate the pKgu. and m* values of 3,4,5-THB. This far UV-absorption
band decreases constantly (even in diluted- sulphuric acid solutions)
with increasing sulphuric acid concentration without any shift. In this
region, however, the dependencies of the molar extinction e vs. 9% HzSO,
have no classical sigmoid shape, they are like a curve without platos
corresponding to the ep and epm+ values. All the attempts to calculate
pKgu: and m* in the far UV-region using the TT-method yielded too
dispersed values and we decided not to choose the most reliable of them.

3,5-Dihydroxybenzoic acid (3,5-DHB)

Three different spectral regions A (51000 — 46600 cm—!, NW=10),
B (43000— 36000 cm—t, NW=15), and C (34000 — 28000 cm—1, NW=
=13) were treated separately to estimate the pKgm+ and m* values of
3,5-DHB, see Table 2. The sulphuric acid concentrations of 71.7 to 95.8%
were used (NS=27).

Firstly, the influence of the initial data on the results of calculations
will be discussed. The line in Table 2 concerned with the (e—epmn+)
pretreated data shows considerably more negative pKgu+ values and the
higher m* values as compared to other pretreatments. As mentioned
in a previous paper [°] 3,5-DHB is incompletely protonated even in the
strongest H,SO, solution used in the experiment (95.89% H,SO.). The
e value in this sulphuric acid solution is not exactly equal to that of
epu-. But we subtracted the e value in 95.89% H,SO, preparing the
(e —epn+) data matrix for applying the TT-method. This may be the
reason for the poor fit with the other pretreatments. The situation is
similar for all three absorption bands, see Table 2.

Table 2
The values of pKsu+ and m* of 3,5-dihydroxybenzoic acid

A, 51 000—46 600 cm—* | B, 43 000—36 000 cm—* |C, 34 000—28 000 cm—!
Data
pretreatment pKpme m* pKpm+ m* pKsu- m*
e —6.80 0.74 —7.10 0.84 —6.62 0.75
e—¢€B —6.36 0.69 —6.30 0.71 —6.65 0.76
€ — EBH+ —8.40 0.99 —8.25 0.95 —7.90 0.95
Davis—
Geissman

method [] —6.4040.17 0.7340.03 —7.23+0.17 0.83+0.03 —6.934+0.20 0.78+0.03
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The choice of & at 719 H,SO, as the ep value is also arbitrary
because it is evident that es depends on sulphuric acid concentrations
before the base protonates. But, in general, the results obtained for the
first two data sets (e and e —eg) are in relatively good agreement for
all three absorption bands and coincide with the pKga- and m* values
calculated using classical methods, see Table 2.

2,5-Dihydroxybenzoic acid (2,5-DHB)

The following absorption spectra regions of 2,5-DHB were used in
the TT-treatment: A (51000—45600 cm—!, NW=12), B (43000 —
36600 cm—t, NW=14), and C (34000 — 26 000 cm—!, NW=15). Although
the measurements of 2,5-DHB UV-absorption spectra were carried out
in the sulphuric acid solutions containing <95% H,SO,, in TT-cal-
culations only spectra within the range of 65.1—87.9% H,SO, were
applied. For this substance an unusual behaviour of the plot ¢ vs. %
H,SO, was described in []: at the sulphuric acid concentration of about
889% the dependence e=f (% HSO.) shows an extremum. This means
we do not know all the details of 2,5-DHB protonation in concentrated
sulphuric acid solutions which finally cause such a behaviour of ab-
sorption spectra.

It should be pointed out that practically in all three spectral regions
the TT-method gives more negative values of pKpu+ and higher values
of m* than those obtained by classical methods, see Table 3. There are
no noticeable differences in the final results depending on the method
of initial spectral data pretreatment.

Table 3
The values of pKgu+ and m* of 2,5-dihydroxybenzoic acid
A, B, C,
Data 51 000—46 600 cm—! | 43 000—36 000 cm—* | 34 000—28 000 cm—1!
pretreatment
pKpn-+ m* pKpu+ m* pKsu-+ m*
€ —6.45 0.86 —6.15 0.77 —6.79 0.88
e—ep —6.37 0.85 —6.06 0.72 —6.65 0.87
€ — EBH+ —5.47 0.91 —6.25 0.84 —7.80 1.06
Davis—
Geissman
method [7] —5.7140.23 0.7440.03 —5.77+0.30 0.72+0.05 —5.544-0.20 0.72+0.03
Table 4

The ApKpu+ values for the estimation of the self-consistency of the calculations

Data 2,5-Dihydroxy- 3,5-Dihydroxy- 2-Hydroxy-
pretreatment benzoic acid benzoic acid benzoic acid [°]
€ 0.64 0.48 0.02
e—¢p 0.59 0.35 0.03
€ — EBH+ 0.78 2.33 0.04
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Summarizing the application of data pretreatments over the three
cases studied (3,5-DHB, 2,5-DHB and 2-hydroxybenzoic acid [¢]), we
should point out that independent and reliable pKgn+ and m* values for
these bases are not available in the literature and therefore (for lack
of more detailed information) we suggest focusing the attention on the
inner self-consistency of the results obtained. This self-consistency may
be estimated by differences in the pKpm+ values calculated for diiferent
spectral regions (A, B and C for 3,5-DHB, 2,5-DHB and 2-hydroxyben-
zoic acid), see Table 4. From this Table it is evident that somewhat
closer pKpn+ values were obtained with the e and ¢ —ep involved in the
TT-procedures. But we think that such a result depends on the kind of
bases studied and the e —epp+ case in data pretreatment should not be
generally disregarded.
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MONINGATE HUDROKSUBENSOEHAPETE
PROTONISATSIOONIPARAMEETRITE MAARAMISE
LAHTEANDMETE EELTOOTLUSMENETLUSTE HINDAMINE
FAKTORANALUUSI SIHTTEISENDUSTE MEETODI ABIL

Marina KUDRJASOVA, Ulo HALDNA .

On arvutatud kolme hiidroksiibensoehappe (2,5-dihiidroksiibensoe-, 3,5-
dihiidroksiibensoe- ja 3,4,5-trihiidroksiibensoehappe) aluselisuse kons-
tandi (pKpm+) ja solvatatsiooni parameetri (m*) viartused. Saadud tule-
musi on vorreldud pKgpu+ ja m* vairtustega, mis olid arvutatud samade
ainete puhul Davise—Geissmani meetodil. Arvutuste aluseks olid loetle-
tud ainete UV-neeldumisspektrid, mis moodeti vddvelhappe vesilahustes.
Arvutused on tehtud faktoranaliiiisi sihtteisenduse meetodit kasutades ja
saadud jargmised tulemused:
2,5-dihiidroksiibensoehape: pKpn+=—6,27+0,39, m*=0,84+0,10;
3,5-dihiidroksiibensoehape: pKpnp+=—6,64+0,25, m*=0,824-0,15;
3,4,5-trihiidroksiibensoehape: pKpp+=—25,6540,10, m*=0,70£0,01.
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OUEHKA METOL0OB NMPEABAPUTEJIbHOU OBPABOTKH
UCXOIOHbIX JAHHBIX NNPHU ONPEJLEJIEHHUH
NMPOTOHU3AUMOHHDBIX MAPAMETPOB HEKOTOPBIX
FTMAPOKCUBEH30MWHbIX KUCJIOT C MPUMEHEHHWEM LEJIEBBIX
NMNPEOBPA3OBAHUHW B PAKTOPHOM AHAJIU3E

Mapuna KYIPSIIOBA, IOn0 XAJIIHA

MeTo0M 1l€/1€BOrO TeCTHPOBaHHSI (DAKTOPHOrO aHaJH3a OLEHeHbl KOHC-
TaHTBl OCHOBHOCTH (pKpH') H BeJHYHHBI COJIbBATALHOHHBIX MapaMeTpoB
(m*) 2,5-puruapokcubensoiinoi, 3,5-auruapokcuGensoiinoii u 3,4,5-TpHrHA-
pPOKCHOEH30HHOM KHCIOT Ha OCHOBe HX Y®-CneKTpoB MOrJIOUIeHHS B BOJ-
HBIX pacTBOpax cepHOH KHCJOTH. IlosyueHHble BeJHYHHBI CPABHEHB C
pe3y/bTaTaMH, pacCuHTaHHBIMH MeTojaoM [leBuca—Ieficcmana. 3HaueHus,
HalileHHble MeTOAOM (aKTOPHOTrO aHaJIu3a, CJeaylolHe:
2,5-quruapokcubensoiinas kucaora: pKpm'=-—6,27+0,39, m*=0,84+0,10;
3,5-puruapokcubensoiinas kucaora: pKpm'=—6,64+0,25, m*=0,82+0,15;
3,4,5-Tpuruapokcubensoiinas kucaora: pKpn*=—5,66+0,10, m*=0,70+0,01.
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