Reaction of ferric ions with nalidixic and nor-nalidixic acids
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The reaction of Fe(III) ions with nalidixic and nor-nalidixic acids was
studied. In acid medium, the formation of the 1 2 complex with nalidixic
acid and the 1 1 complex with nor-nalidixic acid was proved and the
conditional stability constants were determined. The reaction of Fe(III)
ions with nalidixic acid was utilized for analytical purposes.

HccaepoBanues peawnuu moHOB kenesa(Ill) ¢ HanmmaukcoBoit M rop-Hamn-
IUKCOBOII KucinoTammu. BBIIO mOKasaHo, 4TO B KUCHOIT cpefge obpasyerca
KOMILJIEKC C HAJUIMKCOBOH KMCIOTON C COOTHONIEHHeM KOMIOHEHTOB 1 2,
U C HOop-HAJIMAUKCOBON KHCIOTO! B TOH iKe Cpele C COOTHOLIEHHeM KOMIIO-
uentoB 1 1. Iua oGoux BemecTB ObIM ONpefeseHbl YCIOBHBIE KOHCTAHTHI
ycroitunBocTi. B cpeme 0,1 M a3oTHOIt KUCIOTH peakuusa MOHOB esesa(I1I)
C HaJUAMKCOBOI KNCITOTOI Oblila MCIIOJb30BAHA JJIA CEIEKTUBHOTO JOKA3aTelb-
CTBA 1 OMpefielleHNd elle3a.

Nalidixic acid (I, 7-methyl-4-oxo0-1-(N-ethyl)-1,8-naphthyridine-3-carboxylic acid)
and nor-nalidixic acid [1] (I, 7-methyl-4-hydroxy-1,8-naphthyridine-3-carboxylic
acid) are poorly soluble in water, while their solubility in basic solvents and in
aqueous solutions of bases is fairly high. In solutions they behave like weak acids.

0 OH
K\J Jl\)[ ,/CooH - 1\\| /CO0H
.C NNAN H,C NN/
CH:CH; () (11)

Chem. zvesti 29 (4) 517 —520 (1975)



E. RUZICKA, J. LASOVSKY, P. BRAZDIL

In an acid medium (pH 1) nalidixic acid reacts with Fe(III) ions, with the for-
mation of a yellow colouring. At pH > 3, a precipitation of red-brown Fe(III)
basic salts can be observed. Reaction of other ions are insignificant.

The nor-nalidixic acid gives several more reactions. In an acid medium it reacts
with the following ions: Fe(III) (red-brown solution), Cu(II) (green-yellow precipi-
tate), Ag(I), Hg(I), and Hg(II) (yellowish precipitates). The coordination of a cation
with the agent, which is a weak acid, demonstrates itself in unbuffered media by
a release of the corresponding amount of hydrogen ions which can be determined
by alkalimetric titration.

Experimental

Chemicals and equipments

The stock Fe(III) ions solutions were prepared by dissolving solid FeClg . 6H0
in 0.1 M-HCl or FeNH4(SOy4)s - 12H20 in 0.1 M-HCIO4. The resulting concentrations
were 0.1 or 0.01 M. The iron content was determined by chelatometry using pyrocatechol
violet [2].

Solutions of nalidixic and nor-nalidixic acids with 10-2 M concentrations were pre-
pared by dissolving a corresponding amount of the substances in 0.1 M-NaOH.

Both acid-base and coordination reactions were studied in agqueous media, only for
the determination of Fe(III) a water-ethanolic medium (409, v/v) was used because
of a limited solubility of nalidixic acid. The pH adjustments were accomplished using
the solutions of HCI, HClO4, and NaOH with various concentrations; for measurements
of the dissociation constants, the Britton —Robinson buffer solutions were used. The
ionic strength was adjusted using 1 M-KCl (NaClO4) up to I = 0.1. All the chemicals
used were anal. grade.

Spectrophotometric measurements were performed using a recording spectrophoto-
meter Specord UV-VIS (Zeiss, Jena) and a spectrophotometer Spektromom 202 (Hun-
gary). A laboratory pH-meter PHK-1 (Mikrotechna, Prague) with a universal cell SEAJ
was used for pH measurements. Calculations of the conditional stability constants for
nor-nalidixic acid were made using a digital computer Minsk 22 (USSR) [7].

<= Bvaluation of experimental data

Dissociation constants were determined by a common procedure. The composition
of complexes of both the acids was studied by the molar ratios method [3], the tangent
ratio method [4], and the Job method of continual variations [5]. The first values of
the conditional stability constants were calculated from the difference between the Job
curve of the quantitative and real reactions at Xmax [6]. For nor-nalidixic acid, precise
values were obtained from numeric analysis of the concentration curve (I), providing
that only the complex with a 1 1 ratio of components M and L is formed (2—38§)

A= f(cM)(cL. pH=const)* @
A = ¢ML'], &
, [ML']

YT
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cr = [L'] + [ML], (4)
ex = [M'] + [ML]. (%)

From experimental points of the dependence (I), the best fitted curve corresponding
to the optimum values of ] and & was calculated by the least-squares method [7].

Results and discussion

In a common region of pH, nalidixic acid shows one acid-base equilibrium
(pKa1(HL/L-) 6.12 4- 0.03)

characterized by a dissociation of the proton of the carboxylic group. The dissocia-
tion is accompanied by a bathochromic shift of the first long-wave band (A2L 315 nm,
2Lz, 333 nm).

The nor-nalidixic acid exhibits a greater number of acid-base equilibria. The
H,L form has the first long-wave band with maxima at 308 and 319 nm. In strongly
acid media (pH ~ 0), the absorption maximum of the protonized form can be found
at about 341 nm. The corresponding pK,yo(HsL+/HsL) shows a negative value
(~—0.15). In a mild acid medium, the dissociation of the carboxylic proton occurs,
the value of pK,1 and the changes of absorption maxima (pKa (HoL/HL™) 5.88 4 0.01,
AHL” 328 nm) being similar to those of nalidixic acid. The phenolic group is ionized
in alkaline medium (pKax(HL-/L2-) 10.60 4 0.03), this dissociation being accom-
panied by a bathochromie shift of the first long-wave band (A%;, 333 nm).

The complex formation of nor-nalidixic acid in the acid medium is manifested
by two absorption bands at about 350 and 425 nm. The formation of a complex
with the composition ratio of 1 1 was proved by the above-mentioned methods.
The conditional stability constants were determined by a numerical analysis of
the concentration curve () (log g, (ML) 3.77 4 0.1, pH 1.11). The molar absorption
coefficient was found to be 0.625 x 103 at A = 425 nm.

The complex of nalidixic acid with Fe(III) ions exhibits similar absorption bands
at 350 and 425 nm, however, the reaction course is different. The complex compo-
sition, determined by the same methods as in the previous case, corresponds to the
formula MLs. The conditional stability constant was calculated from the conjugated
points on the concentration curve (log 35 (MLs) 8.34, pH 1.01). A comparable value
of the constant was obtained from the difference between the Job curves of a quan-
titative and real reactions at Xmax (log 5 (MLg) 8.2, pH 1.01).

In an acid medium (pH ~ 1), nalidixic acid may be used for a selective detection
and determination of Fe(III). Because of a limited solubility of the agent, it is
convenient to use 409, (v/v) ethanol. The yellow colour of the complex is stable
for several hours, the molar absorption coefficient being 2.6 x 103 for 1 425 nm.
The reaction makes it possible to determine 0.12—0.7 mg of Fe in 50 ml of the solu-
tion. The relative width of the confidence interval 7 is 0.79%, for 6 parallel determi-
nations and a concentration of Fe 6.7 pg/ml. The presence of common anions (NOj,
ClI', AsO37, AsO}, Br, Cl0;, NO3, Si0%,S07, 10;) and alkali metals does not interfere.
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The determination may be carried out in the presence of more than fiftyfold excess
of NH,, Mg(II), Ca(II), thirtyfold excess of Co(II), Cu(II), Zn(II), Cd(II), Mn(II),
Hg(I), Ag(I), tenfold excess of Hg(II), La(III), Y(III), Ce(I1I), and fivefold excess
of Th(IV) and Fe(II).
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