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Abstract: A large number of bioactive molecules and drugs contain sulfur as an important constituent.
Organo-sulfur compounds form a stable complex with Hg2+, thereby inhibiting its catalytic activity. The
Hg2+ catalyzed the exchange rate of cyanide with nitroso-R-salt [N-R-salt] from [Ru(CN)6]4- will be
reduced by the addition of sulfur-containing amino acid, methionine (MET). This inhibitory property
of MET can be employed for its micro-level kinetic determination. Optimum reaction condition viz.
I=0.05 M (KNO3), pH = 7.0 ± 0.02, [Ru(CN)64] = 5.25 × 10-5 M, [N-R-salt] = 6.5 × 10-4 M, [Hg+2] =
5.5 × 10-5 M, and Temperature = 45.0 ± 0.1 o C were utilized to investigate the kinetic measurements at
525 nm (λmax of [Ru(CN)5 N-R-salt]3- complex). To explain the mechanism of inhibition caused by
methionine on Hg2+ catalyzed exchange of cyanide with N-R-salt from [Ru(CN)6]4-, a modified
mechanistic scheme has been proposed. MET can be quantitatively determined up to 2.5 × 10-6 M level
by the proposed analytical method. The methodology can be economically and effectively employed
for the quantitative estimation of MET in distinct samples.
Keywords: methionine; hexacyanoruthenate(II); inhibitory effect; nitroso-R-salt; Michaelis constant;
catalyst inhibitor complex.
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1. Introduction
Methionine, one of the nine essential amino acids in humans, plays an important role
in growth and tissue repair. It is the only sulfur-containing essential amino acid and acts as a
precursor for the other amino acids, such as taurine and cysteine, antioxidant glutathione, and
SAM-e [1,2]. Methionine strengthens nails and boosts the pliability and tone of hair as well as
skin. Sulfur provided by methionine slows cell aging, is involved in many detoxifying
processes, essential for bioavailability and absorption of zinc and selenium, and protects cells
from pollutants [3]. Methionine aids the excretion of heavy toxic metals like mercury and leads
through the chelation process [4]. Methionine is used for the prevention of liver damage in the
case of acetaminophen poisoning [5]. It is also used for improving wound healing, treating liver
disorders, increasing the acidity of urine, diaper rash in infants, and also helps to control strong
urine odor [6,7]. Other uses include treating asthma, radiation side effects,
depression, Parkinson’s disease, allergies, schizophrenia, copper poisoning, drug withdrawal,
and alcoholism [8,9]. Methionine is found in high amounts in egg white, sesame seeds, fishes
(mahi-mahi, halibut, and salmon), chicken, dairy products, and many vegetables, including
asparagus, mushrooms, zucchini, and spinach [10]. The senile greying of hair is also linked
with methionine loss resulting in hydrogen peroxide buildup in hair follicles leading to a
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reduction in tyrosinase effectiveness and a gradual loss of hair color [11]. Studies on mice show
that the low methionine diet increases the lifespan by 40% as well as slows the rate of aging of
mice [12]. The daily-recommended intake of methionine plus cysteine is 19 mg/kg per day for
adults. Methionine is considered the most toxic amino acid in connection to growth in animals,
but no serious toxicity is evidenced in the case of humans [13]. Overall, it appears that
methionine is not particularly toxic in healthy humans, except at extremely high doses that
would be virtually impossible to obtain through the diet.
The kinetic investigation and mechanistic elucidation of catalyzed and uncatalyzed
ligand exchange/oxidation reaction of transition metal complexes in an aqueous medium are of
fundamental importance [14-17]. The immediate applications of these reactions in analytical
and synthetic chemistry attracted many environmentalists and chemists over the last century
[18,19]. In this connection, numerous kinetic studies of coordinated cyanide from low-spin
hexacyanoruthenate(II) with a variety of ligand containing –N, -S, -P, and –O donor atoms
were investigated by several authors [20,21]. Sulfur is an important element in a large number
of drugs and bioactive molecules. Sulfur, present in enzymes and structural proteins of a cell,
plays a vital role in various metabolic processes [22-25]. Thus to develop an effective
methodology to quantitatively determine sulfur-containing drugs and bioactive molecules in
distinct samples are of huge importance and also the demand of the pharmaceutical industry.
Numerous literature is available to quantitatively estimate the sulfur-containing
compounds in analytical and biological samples and pharmaceutical preparations [26-29]. The
estimation methods include spectrophotometry [30,31], NMR-spectrometry [32],
potentiometry [33], voltammetry [34], fluorimetry [35], flow injection analysis [36],
chromatography [37-39] and colorimetry [26]. High cost for sample analysis, heavy
instrumentation, time-consuming process, and high initial capital investment are the primary
drawbacks of most of the reported methods. A small number of kinetic records are present
using different determination processes [40-44].
Ruthenium complexes with various bioactive molecules shows wide-range applications
as DNA binder [45], Antitumor [46], Antileukemic [47], Immunosuppressant [48],
Antimetastatic [49], Anticancer [50], Antiamebic [51] and Antifungal [52]. Several reports are
available on the metal-catalyzed exchange of cyanide with nitrogen donor heterocyclic ligand
from hexacyanoruthenate(II) in an aqueous / surfactant medium [20,21,53]. The catalytic
property of mercury (II) on the cyanide substitution with N-R-salt from [Ru(CN)6]4- has been
successfully employed for the micro-level estimation of Hg(II) [54]. The stability of various
metal complexes can be explained by the HSAB (hard-soft acid-base) concept. Organo-sulfur
compounds form a stable complex with Hg2+, thereby inhibiting its catalytic activity [42-44].
This inhibitory property of organo-sulfur compounds can be employed for its kinetic
determination at the micro-level. MET suppresses the Hg2+ catalyzed exchange rate of cyanide
with nitroso-R-salt [N-R-salt] from [Ru(CN)6]4-. This inhibitory property of MET developed
our interest in establishing a precise and simple kinetic spectrophotometric method for the
micro-level estimation of MET. The current reaction system in hand produces more accurate
results for the MET determination as the uncatalyzed reaction between N-R-salt and
hexacyanoruthenate(II) is insignificant under the stipulated experimental condition. The
current communication dealt with the development of a new and accurate analytical method,
which permits the estimation of MET in various samples down to 2.5 × 10-6 M with good
reproducibility.
https://biointerfaceresearch.com/

10655

https://doi.org/10.33263/BRIAC113.1065410663

2. Materials and Methods
2.1 Reagents used.

In all kinetic measurements, double deionized water and analytical-grade reagents were
used. The weighed amount of K4[Ru(CN)6].3H2O (Sigma-Aldrich) and nitroso-R-salt (Merck)
was used to prepare their stock solutions and kept in the dark to prevent their possible photodegradation. Methionine, procured from Hi-media, was used without further purification. To
prevent the loss of Hg2+ via adsorption on the glass surface, its dilution was done prior to the
kinetic run. KNO3 (CDH Fine Chemicals) was used to regulate the ionic strength (μ), while the
pH of the reaction medium was managed by HCl/NaOH (Sigma-Aldrich) and potassium
hydrogen phthalate procured from S D Fine Chemical Limited.
2.2. Instrumentation and kinetic procedure.

Mettler Toledo F20 digital pH meter was used to carry out pH measurements. The pH
meter was calibrated with the predefined buffer solutions. All kinetic measurements were
carried out on Lasany double beam microprocessor UV-Visible spectrophotometer model-LI2700 by recording the hike in absorbance at 525 nm, the max of stable purple-red-colored
[Ru(CN)5 N-R-salt]3- complex. No modification in absorbance was applied as only [Fe(CN)5
N-R-salt]3– absorbs strongly while the other reactants and catalyst show negligible absorption
at this wavelength. The optimized indicator reaction condition exhibiting a significant change
in the absorbance values was judiciously selected from the detailed kinetic study [54]. All the
reacting solutions viz., KNO3 = 0.05 M, [Ru(CN)64] = 5.25 × 10-5 M, buffer of pH = 7.0 ±
0.02, [N-R-salt] = 6.5 × 10-4 M, [Hg+2] = 5.5 × 10-5 M and methionine were thermally
equilibrated for 30 min at 45 °C and were mixed swiftly in the sequence: buffer solution, N-Rsalt, KNO3, HgCl2 and methionine. Hexacyanoruthenate(II) solution was injected lastly to
initiate the substitution reaction. The reaction mixture was vigorously shaken and transferred
promptly to the spectrophotometric cuvette having a temperature-controlled cell compartment.
The progress of the substitution reaction was monitored by observing the hike in absorbance
corresponding to the stable purple-red-colored [Ru(CN)5 N-R-salt]3- complex at 525 nm. A
calibration plot drawn between the absorbance measured at 525 nm and varying [MET] was
used for the quantitative estimation of MET.
3. Results and Discussion
The Hg(II) promoted substitution of CN- with N-R-salt from [Ru(CN)6]4- results in a
stable purple-red-colored [Ru(CN)5 N-R-salt]3- complex. Metal to ligand charge transfer
(MLCT) complex is responsible for the strong absorption band for the product at 525 nm. Only
[Fe(CN)5 N-R-salt]3– absorbs strongly while the other reactants and catalysts show negligible
absorption at this wavelength [54]. The previous reports on sodium thiosulphate and
thioglycolic acid exhibit that the thio compounds inhibit the substitution rate of cyanide from
[Ru(CN)6]4- by nitrogen donor incoming ligand catalyzed by Hg2+ [42-44]. The rate of
investigated reaction will also decrease by the addition of methionine as it forms a stable
catalyst–inhibitor [Hg2+----MET] complex with Hg2+. The formation of this complex reduces
the effective concentration of Hg2+, which ultimately results in the loss of its catalytic activity.
A proportional decrease in the rate of inhibitor reaction was observed with the inclusion of
MET. The change in absorbance (At) after 12 and 18 min of mixing of reactants with varying
https://biointerfaceresearch.com/

10656

https://doi.org/10.33263/BRIAC113.1065410663

[MET] was recorded under optimum reaction condition. The graph plotted between At and
[MET] exhibits a linear relationship in the studied concentration range of MET (Figure 1). The
plot can be used for the quantitative estimation of MET as a calibration curve. The expressions
relating At and [MET] can be represented as Eq.1 and 2.

Figure 1. Calibration curve for the Methionine determination. Reaction Condition: I = 0.05 M (KNO3), [N-Rsalt] = 6.5×10-4 M, [Hg2+] = 5.5 ×10-5 M, pH = 7.0 ± 0.02, Temperature = 45.0 ± 0.1 o C, and [Ru(CN)64-] =
5.25×10-5 M

A12 = 0.115 − 3.72 × 104 [MET]
A18 = 0.143 − 4.28 × 104 [MET]

(1)
(2)

The graph plotted between At and [MET] exhibits linear regression coefficient and
standard deviation of 0.9971, 0.9983 and 0.0023, 0.0007 for A12 and A18, respectively.
Recovery experiments for MET determination were performed by taking the calculated amount
of MET in distilled water to check the accuracy and reproducibility of the current method.
Table 1 shows the recovered MET along with standard deviation and percentage error. The
MET can be quantitatively determined up to 2.5 × 10-6 M level by the proposed analytical
method.
Table 1. Recovery results and % error for MET determination.
[MET]×105 M
(Taken)
0.30
0.50
1.25
1.60
2.10
3.25
4.25
5.00

A12
[MET]×105 M
(Found)
0.31 ± 0.018
0.50 ± 0.02
1.21 ± 0.06
1.63 ± 0.08
2.10 ± 0.00
3.22 ± 0.05
4.27 ± 0.07
4.98 ± 0.025

% Error
+ 0.023
0.000
̶ 0.048
+0.046
0.000
̶ 0.052
+0.038
- 0.042

A18
[MET]×105 M
(Found)
0.29 ± 0.036
0.52 ± 0.00
1.25 ± 0.00
1.61 ± 0.03
2.08 ± 0.07
3.28 ± 0.06
4.29 ± 0.08
5.05 ± 0.05

% Error
- 0.118
+0.08
0.000
+ 0.023
̶ 0.027
+0.059
+ 0.073
+ 0.061

Reaction Condition: [Ru(CN)64-] = 5.25×10-5 M, [N-R-salt] = 6.5×10-4 M, pH = 7.0 ± 0.02, I = 0.05 M (KNO3), [Hg2+] = 5.5 ×10-5 M and
Temperature = 45.0 ± 0.1 o C.

To better explain the inhibitory effect of sulfur donor ligand, methionine on Hg2+
catalyzed exchange of cyanide with N-R-salt from [Ru(CN)6]4-; a modified mechanistic scheme
has been proposed by equations (3) – (7).
The current reaction system in hand produces more accurate results for the MET
determination as the uncatalyzed reaction between N-R-salt and hexacyanoruthenate(II) is
https://biointerfaceresearch.com/
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insignificant under the stipulated experimental condition (not presented in the proposed
scheme) [54].

The rate expression in the presence of an inhibitor can be represented in a similar
manner as that for the enzyme-catalyzed reaction for a single substrate. In the defection of
inhibitor, the catalyzed reaction rate is given by Eq. (8).
Vmax
Vo =
(8)
K
1+ m
[So ]
Where So represents the initial concentration of substrate, [Ru(CN)64-].
Eq. (8) can be transformed to Lineweaver-Burk expression [55] (Eq. 9).
1
1
Km 1
=
+
(9)
Vo
Vmax Vmax [So ]
Here Vmax corresponds to the maximum rate at a larger substrate concentration. Km and
Vo represent the M-M (Michaelis-Menten) constant and the initial rate of catalyzed reaction,
respectively, in the presence of catalyst only.
The graph plotted between 1/Vo, and 1/[So] is in accordance with the straight-line
equation (Figure 2). The value of Km for the Hg2+ catalyzed reaction in the absence of an
inhibitor can be computed using the intercept and slope of the plot and was found to be 0.124
± 0.014 mM.
In the presence of inhibitor (MET), at constant catalyst concentration, the rate of
indicator reaction (Vi) can be governed by equation (10).
[Io ]
K ′m = K m (1 + ′ )
K CI
Vmax
Vi =
(10)
K′
1+ m
[So ]
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Where K’CI represents the dissociation constant of the catalyst inhibitor complex (C-I), K’m
shows apparent M-M constant in the presence of inhibitor at fixed [Hg2+], and the initial
concentration of inhibitor (MET) is represented by Io [56].
Vmax
Vi =
(11)
[Io ]
Km
1+
(1 + ′ )
[So ]
K CI

Figure 2. The Lineweaver-Burk plot in the absence of inhibitor at constant [Hg+2]. Reaction Condition: I = 0.05
M (KNO3), Temperature = 45.0 ± 0.1 o C, [N-R-salt] = 6.5×10-4 M, [Hg2+] = 5.5 ×10-5 M and pH = 7.0 ± 0.02

Equation (11) can be represented similarly as Lineweaver-Burk expression
1
1
Km
Km
[Io ]
−
=
+
(12)
Vi
Vmax
[So ]Vmax [So ]Vmax K ′CI
To validate and obtain good results from equations (12), the inhibitor should not form
a complex with the substrate during the course of the inhibitor reaction while it must form a
stable complex with catalyst “C”.

Figure 3. The plot of (1/Vi – 1/Vmax) versus initial [MET]. Reaction Condition: I = 0.05 M (KNO3),
Temperature = 45.0 ± 0.1 o C, [N-R-salt] = 6.5×10-4 M, [Hg2+] = 5.5 ×10-5 M, pH = 7.0 ± 0.02, and [Ru(CN)64-]
= 5.25×10-5 M.
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The graph plotted between (

1
Vi

−

1
Vmax

) and initial [MET] is in accordance with the

straight-line equation (Figure 3). The intercept of the plot was used to compute the value of Km
in the presence of an inhibitor. The value of Km in both the cases, i.e., in the presence or absence
of inhibitor, is approximately the same (0.124 ± 0.014 mM). From the slope of the plot, the
calculated value of K´CI analogs to the Hg-(MET) complex was 6.86 × 10-6 ± 0.02. The lower
value of the dissociation constant indicates the formation of a stable Hg-(MET) complex.
The A12 calibration curve was used to check the possible interference caused by the
various chelating ligands, cations, and anions for the quantitative estimation of MET. The
maximum limit of various ions and poly amino carbonates are reported in table 2. To get
accurate results in the determination of MET, the poly-dentate ligands having the ability to
form a stable complex with Hg(II) must not be present during the kinetic investigation as they
can interfere significantly in methionine determination. Furthermore, no metal ions and anions,
which can interfere with the detection of MET should be present.
Table 2. Effect of diverse ions on Methionine (MET) determination.
Reaction Condition: I = 0.05 M (KNO3), Temperature = 45.0 ± 0.1 o C, [N-R-salt] = 6.5×10-4 M, [Hg2+] = 5.5 ×105
M, pH = 7.0 ± 0.02, and [Ru(CN)64-] = 5.25×10-5 M
Foreign ion
Na+
Mg2+
Cd2+
Zn2+
Fe3+
Al3+
INO3C2O42SO42IDA
EDTA

[Foreign ion]M, limit
6.5 × 10-5
5.5 × 10-4
7.5 × 10-5
3.5 × 10-4
7.5 × 10-4
4.5 × 10-4
6.0 × 10-4
2.5 × 10-4
3.5 × 10-4
2.5 × 10-4
5.5 × 10-4
7.5 × 10-4

Interference
Non interfering
Non interfering
Non interfering
Non interfering
Non interfering
Non interfering
Non interfering
Almost noninterfering
Interfering significantly
Almost noninterfering
Interfering significantly
Interfering significantly

4. Conclusions
Using the inhibitory effect of sulfur compounds towards Hg(II), a new, rapid, and
accurate kinetic spectrophotometric method was developed for the quantitative determination
of MET. The current reaction system in hand produces more accurate results for the MET
determination as the uncatalyzed reaction between N-R-salt and hexacyanoruthenate(II) is
insignificant under the stipulated experimental condition. The inclusion of methionine only
reduces the rate of substitution reaction. The absence of interfering metal ions and organic
moieties increases the accuracy of the result. The MET can be quantitatively determined up to
2.5 × 10-6 M level by the proposed analytical method. The methodology can be economically
and effectively employed for the quantitative estimation of MET in distinct samples.
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