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Iron (III) chelates of sorbohydroxamic acid have been studied spectropho-
tometrically in agueous solution. Formation of sorbohydroxamic acid chelates
was pH dependent. The "mormalized absorbance” concept proposed by Likussar
and Boltz has been utilized in the continuous variation plot method of
determining the composition of metal chelates and the formation constants.
The mole ratio of sorbohydrozamic acid to ferric ion was found to be 1 to 1
stoichiometry at pH lower than 2. The formation constant of this chelate has
been evaluated to be 6.0 10 at a constant jonic strength of 0.1Af at 30°C.
A spectrophotometric determination of ferric iom with sorbohydrozamic acid
was proposed in conjunction with the present work. ’

Complexation of metal ions by hydroxamlc acids is the basis of a number of
analytical determinations®. The best known of these complexes is the one W1th:\'
Fe*?, the beautiful purple color of which forms the basis for the sensitive qualitative
and quantitative determination of carhoxylic a.cids and . their derivatives®. s
Recent progress in hydroxamrc acid chemistry has been stimulated the synthesm ’
of a number of medicinally active hydroxylamine derivatives®, C ’
Sorbohydroxamic acid was highly effective in controlling the growth of food'
fungi®. It was also studied as an antiseptic agent for blood preservation” Selectwe
inhibition by sorbohydroxamic acid of deoxyribonucleic acid synthesis in Ehrhch
as'cites tumor cells was also reported“’ All of these propert1es may be attributed ;
partly to the presence of the comugated double bond system in the.C, aliphatic :
chain® and its. cheIate formmg propertles ’ ‘ o
Smce the ferrlc jon is the prmcrpal 1norgan1c ccnstrtuents of the blood plasrna,*-f-
it is mterestrng to investigate the properties and behaviors of sorbohydroxamic-:
acid toward ferric ion for the better understanding of biological importance: of .-

sorbohydroxa\m:e acid.
EXPERIMENTAL

Reagents
A. Synthese of reagents e . _ .
The starting material; ethylsorbate, has been prepared from sorbic acid (Fluka
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AG. Buchs SG. made in Switzerland) and absolute ethanol using an ordinary

esterification method. FEthylsorbate was purified by distillation under reduced

pressure (b.p. 87-89°C,41"8 mmHg). T1‘1e method of Blatt™ was used to prepare a

methyl alcohol solution of the potassium salt of the desired hydroxamic acid, and

the free hydroxarriic -acid was obtained by the method of Wise and Brandt®.

Sorbohydroxamic acid was obtained as a white scale with m, p. of 122-123°C which

was in accordance with literature®.

B. Perchlorates of Fe** were obtained from ‘the G.F. Smith Chemical Co., stock
solutions of this material (about 0.1 in metal ion) were standardized by EDTA
titration'” All other chemicals used in the experiment were of analytical
reagent grade.

Instrument:

A Hitachi model 624 digital spectrophotometer connected with Hitachi model
QD5 recorder and 1C-mm quartz 'cells were used for all absorbance measurements.
The pH of the solution was measured by Radiometer titrator equipped with
saturated calomel (Type K 401) and glass (Type G 202B) electrodes. The electrodes
were checked against Merck Buffer-Titrisol (#H 4.00 and 7.00).

RESULTS AND DISCUSSION
Absorption spectra of sorbohydroxamic acid

Its ultraviolet spectrum in acid solution had a single absorption maximum at
262 nm. In alkaline solution, the maximum absorption shifted to 2552m as shown in
Fig. 1..

The pKa of sorbohydroxamic acid is determined according to the following
-equation '

di—d

Where d; is the absorbance of the ion, du is the absorbance of the molecule, and
is the absorbance of the mixture of ion and molecule at the same analytical
wavelength. The pKa value was obtained by calculation from at Jeast seven sets

.of experimental values of absorbance at various degrees of ionization. The
.analytical wavelength for determination of pKa was set at 300um where ionic form

.of reagent has maximum absorbance and molecular form of reagent has almost no
absorption, thus, at which wavelength the greatest difference in optical density
between ion and molecule is observed. The reagent concentration of 4.0x10-°M
was used for the determination of pKa. The ionic strength and the pH of the
solution were adjusted with sodium perchlorate, perchloric acid and sodium
hydroxide. The pKa obtained is 8.80%x0.01 at ionic strength of 0.1 and room
temperature (30°C), which was in accordance with the literature®.
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Fig. 1. Absorption spectra of sorbohydroxamic acid at different pH.
Cr=4.0x10"50 w=0.1M
PH: a-“275b325c595d791e837f922
g=10.08, h=10.49, i=11.48

Absorption spectra of the'so-:-bqhydroxami'(: acid chelafe of iron (III)

For the formation of ferric chelate, the hydfonium ion concentration plays an
important role on the stability as well as the composition of these chelates.

In the case of ferric system it was observed that the absorptmn band was
shifted to the longer wavelength with the decreasing pH as illustrated in Fig. 2 and
Fig. 3, which suggested the existence of chelate species of different composxtmns
In the solution below pH 2.0, there existed only one to one chelate.

Effect of sorbohydroxamic acid on the absorbance of iron (I11) chelate

- When the concentration of metal ions and the pH were kept at constant the
change in the concentrafion of sorbohydroxamm acid might have effect on absorptlon
of the mixture. For iron (III) chelate, as the concentratxon of ligand increased to an
amount more than three times that of metal ion, the absorptmn band shifted
gradually toward shorter wavelength as shown 1n Fig. 4.

Composmon and stability constant'of ferne-sorbohydroxamic aéi&

I. Determination by Likussar’s and Boltz’s method'®

A new theoretical and generalized approach to the method of continuous variation
in which no approximations are necessary was employed for the determination of
the conditional constant of metal complexes. )
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Fig. 2. Absorption spectra of ferric-sorbohydroxamic acid
complex at different pH.
Compaosition: Cu=%4.0x107M, Cr=2.0x10~5M
pH: A=3.78, B=3.17, C=3.00, D=2.70, E=2.38,
F=2.12, G=1.98, H=1.75

The continuous variation plot for ferric-sorbohydroxamic acid complex employing
a normalized absorbance scale was shown in Fig. 5. It is a 1:1 complex.

The conditional constant of the chelate was determined according to the
following equation. -

Cut+Cer '

(min=1) e .
K. =[ (m-+n) ] - Tl ma—mY It n)(l—x)—nY 1™
Where m, and n represent the number of moles of metal and ligand, respectively,

and
= Cu - Ve EAr-(Ar)x]
Cut+Cr’ ({(Ar)mas—(Ar)z])
(Ar)r: the absorbance of the reference solution.

(Ar)we:: It is obtained .by measuring the absorbance of a solution containing a
definite excess of ligand and a ‘metal concentration (Cy)me.. The metal
concentration selected for (Cu)mes is equivalent to that corresponding to the
mole fraction of metal at the stoichiometric composition of complex—i.e.,
the maximum in the Y vs. mole fraction plot.
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Fig. 3. Absorption spectra of ferric-sorbohydroxamic acid
complex at different pH.
Composition: Cy=2.0%10~*M, Cr=4.05:10-4M,
PH: A=4.12, B=4.08, C=4.00, D=3.153, E=2.73,

F=2.51, G=2.10

The total molarity of the system. Cu-+Cr was 4.0x10~*M at pH 1.8. The
conditional constant obtained is 6.0x10*. The fraction of free sorbohydroxamic acid
present as anion form, L, in the experimental condition is
Ly - K,

Cez — (HY)+K.(H

The formation of metal-sorbohydroxamic acid chelates can be represented by

M**+L-=ML**, Hence, the formation constant '

__(ML*™) = (ML) K. u
K!—— [MH.JEL_.J—- EMH.]CHL.a = —6.0)(10

a=

II. Determination of stability constant by log-ratio method
Since only the 1:1 complex of ferric and sorbohydroxamic acid presented in
water at lower pH, the stability constant was determined by the log-ratio method
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Fig. 4. Effect of sorbohydroxamic acid concentration on the
| absorbance of ferric-sorbohydroxamic acid chelates,
u#=0.1A1, pH=1.8, Cy»=8.0x10-5As
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Fig. 5. Continuous variations plot for ferric-sorbohydroxamicr
acid complex.
(Ywes=0.75), Cu+-Cr=4.0%10~487, pH=1.8,
A=550 nm ’
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proposed by Diehl and Lindstrom'®. Because the determination of stability constant
is carried out at (H*]=0.6 M and the acidic nature of the ligand is very weak, so
that its proton is released on chelation. The apparent stability constant of
complex at a given pH's, K. is related to the following equation in the log-ratio
method, that is

{MnL) _
log CHL]

The plot of log (MnL)/[HL) ws. log (M) gives the straight line with slope n, the
combining ratio and intercept, K,.

=nlog M+ log K,

The experimental work was carried out with a series of the solution contaning
the same total concentration of 2.010~* M sorbohydroxamic acid and the different
concentration of ferric ion at (H*)=0.6 M at 30°C. The results are shown in Fig. 6.
The combining ratio obtained by the log-ratio methed was fcund to be 1.06
indicating one to one chelate is formed at the given condition. The result was in
good agreement with that obtained by continuous variation plot. The apparent
stability constant of one to one chelate formed by sorbohydroxamic acid and ferric
ion is found to be K,=10"*" at (H*]=0.6 M. The stability constant,

Kf:LK}.{ﬂzﬁ.OXNH
which was in accordance with the previous result.
Analytical application _

The following procedure may be proposed for the spectrophotometrlc determina-
tion of ferric ion with sorbohydroxamic acid: .

To a suitable aliquot containing 33.5-558.5 ug of ferric ion is added an excess
of reagent (25ml of 40X10°M). The pH of the solution is adjusted to 1.8 with
0.10 N perchloric acid solution. Total volumes of the aqueous are then made to
50ml by the addition of water. The absorbance is measured at 550 zm and the
amount of ferric jon is obtained from the calibration curve drawn under identical
conditions. _

Fig. 7 shows the concentration-absorbance plots- at 550#m at pH 18. The
concentrations of sorbohydroxamic acid in the experiment were fixed at 2.0X10™* M.
The ferric-sorbohydroxamic acid system conforms to Beer’s law over the concentra-
tion range 0.67-11.17 ug/ml.

Effect of foreign anions and cations in the determination of ferric ion has been
studied by preparing synthetic solutions containing known amounts of ferric ion and
varying amounts of foreign ions. Using 4.47 ppm of ferric ion, it was found that the
following jons, present in amounts in ppm shown in parentheses, did not cause
deviation of more than +2% in absorbance. ) ‘

Sulfate (50), chloride (200), nitrate (250), phosphate (20), fluoride (1), oxalate (0.2),
Pb (II) (0.4), Zn (II) {44), Mn (II) (106), Cu (II) (1.3), Ni (II) (102), Co (II) (40).
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Fig.'6. Log-ratio method plot for ferric and sorbohydroxamic acid
system at (H*]=0.6M, x=0.1M, A=550 nm and 30°C.
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Fig. 7. Validity of Beer’s law.
x=0,10M, Cr=2.0x10"*M, pH=1.8
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