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ABSTRACT

Bismuth(III) compounds have attracted considerable attention owing to their broad spectrum of biological activities,
therapeutic efficacy, and relatively low toxicity. Among their well-established medical applications, Bi(III)
complexes exhibit significant antimicrobial properties and are extensively employed in the treatment of
Helicobacter pylori-associated peptic ulcers and diarrheal diseases. 2-(3-hydroxy-4-nitrobenzylidene)hydrazine-1-
carbothioamide (HNBHC) was found to be an immense complexing agent. The current research focuses on
extraction, separation, and spectrophotometric determination of Bi(Ill) from a real sample. The reagent present
exhibited a yellow-colored Bi(IIl) complex with HNBHC. The complex was further quantitatively extracted in
chloroform under acidic conditions. The maximum absorbance of Bi(IIl)- HNBHC was recorded at 435 nm. The
metal — ligand stoichiometry was found as 1:1 and followed Beer’s law over the wavelength-concentration range 10-
60 ug mL-!. The molar absorptivity and the Sandell’s sensitivity were determined as 2.911 x 10"3 L mol! cm™' and
0.0717 pg cm?, respectively. The scope of the present study was extended for the mutual separation of Bi (III), Pb
(II) and Ni (II). The present protocol was found to be suitable for quantitative and qualitative determination of
Bi(III) from various synthetic and pharmaceutical samples and sustains the environment. The present study helps to
achieve sustainable development goals like good health and well-being, as bismuth is a key ingredient in
gastrointestinal medicines.
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INTRODUCTION
Bismuth is a relatively rare element compared to many other naturally occurring elements. It occurs in the
Earth's crust at extremely low abundance, constituting approximately 0.0002 % by weight.!->3 It is widely
used as a catalyst in the manufacture of acrylic fibers and also plays a vital role in the production of
malleable iron.* In metallurgy, bismuth is incorporated into various alloys and metallurgical additives to
improve material performance and processing characteristics; several alloys and metallurgical additives
together with their uses in photochromic devices.® These alloys are frequently used in specific shut-off
mechanisms in fusible parts of automatic sprinkler systems.® Recent studies have also demonstrated that
bismuth-based semiconductors possess excellent photocatalytic performance, particularly in the reduction
of carbon dioxide (CO:z ) reactions and the destruction of organic pollutants when exposed to visible
light. These advanced applications are largely attributed to the unique band structures and optical
responses of bismuth-containing compounds, which enhance their efficiency in photocatalytic and
optoelectronic processes.” They are commonly incorporated into products such as creams and hair dyes,
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where they improve texture, appearance, and overall product performance.® Historically, bismuth
preparations have been used in the treatment of syphilis and in managing gastrointestinal disorders such
as colitis, diarrhoea, and peptic ulcers. They have also shown potential in the treatment of hypertension
and various microbial and parasitic infections.” Bismuth-based compounds exhibit strong antimicrobial
properties and are particularly effective against infections caused by Helicobacter pylori, a major
causative agent of gastric ulcers and related gastrointestinal diseases.'®!! In addition, certain bismuth
complexes demonstrate significant antileishmanial activity, highlighting their potential in antiparasitic
therapy.!? Furthermore, Bi(IIl) complexes are known to exhibit diverse pharmacological properties,
including antibacterial, antiacid, antiseptic, antiulcer, anti-HIV, and radiotherapeutic activities, making
them important candidates for the development of modern therapeutic agents.!>!* Although bismuth
compounds have several industrial and medical applications, excessive exposure to bismuth may produce
toxic effects in humans. Prolonged or high-level exposure has been associated with adverse health
conditions such as nephropathy, osteoarthropathy, and hepatitis.!> Therefore, careful monitoring and
controlled use of bismuth-containing compounds are essential to minimize potential toxicological risks.
Bismuth can be determined in a variety of different ways. The following analytical methods have been
reported for the determination of bismuth: hydride generation inductively coupled plasma atomic
emission spectrometry (ICP-AES), electrothermal vaporization inductively coupled plasma mass
spectrometry (ICP-MS), atomic absorption spectrometry (AAS), electrothermal atomic absorption
spectrometry (ET-AAS), X-ray fluorescence spectrophotometry (XFS), hydride generation atomic
absorption spectrometry (AAS), flame atomic absorption spectrometry (FAAS), potentiometric stripping
analysis (PSA), anodic stripping voltammetry (ASV), and cathodic stripping voltammetry (CSV).!>16
Some authors have reported on the extractive, separation and spectrophotometric determination of Bi (I11)
using variety of reagents such as Alizarin red S and cetylpyridinium chloride*, Pyrocatechol violet'3, 5-
(2’-bromophenylazo)-6-hydroxypyrimidine-2,4-dione'’,  N-m-tolyl-p-chlorobenzohydroxamic  acid'®,
Arsenazo (I11)'°, Molten naphthalene?, 1-(4'-bromophenyl)-4.4.6-trimethyl-(1H.4H)-pyrimidine-2- thiol*!,
Bromo pyrogallol red?*?, Pyridine-2-carboxaldehyde 2-hydroxybenzoylhydrazone?, 1-amino-4,4,6-
trimethyl (1H,4H) pyrimidine-2-thiol**, Sodium hexamethyleneiminocarbodithioate?>, Cyanex 3012,
Pyrocatechol Violet and tridodecylethylammonium bromide?’, 4-(4'-chlorobenzylideneimino)-3-methyl-
5-mercapto-1,2,4-triazole?®, 4-(2-pyridylazo) resorcinol.?® The reported analytical methods have
limitations such as lack of sensitivity, narrow Beer’s law range, and limited application. These
shortcomings emphasize the need for the development of a sensitive, simple and discriminating extractive
spectrophotometric way for the determination of Bi(IIl) in a wide variety of matrices. The present study
reports a simple, rapid, and selective extractive spectrophotometric method for the determination of Bi(III)
employing 2-(3-hydroxy-4-nitrobenzylidene)hydrazine-1-carbothioamide (HNBHC) as a chromogenic
reagent. In an acidic medium, HNBHC readily forms a stable complex with Bi(Ill), which is rapidly
extracted into chloroform within one minute for quantitative analysis. The proposed analytical protocol
supports SDG-3 by enabling the reliable quantitative determination of bismuth(IIl) from pharmaceutical
products. The study also helps to achieve SDG-9 through the development of innovative and cost-
effective analytical methodology and SDG-12 by promoting efficient quality control and sustainable
analytical practices.

EXPERIMENTAL
Apparatus
Measurements were done using a dual-ray UV-visible (Model 2202) equipped with matched 1 cm quartz
cells. Sample weighing was performed using a Contech electronic balance model CA-123. Before use, all
glassware was thoroughly cleaned by rinsing with dil. HNOs followed by washing with soap solution and
distilled water, and subsequently dried and calibrated.

Synthesis of 2-(3-hydroxy-4-nitrobenzylidene)hydrazine-1-carbothioamide (HNBHC)

2-(3-hydroxy-4-nitrobenzylidene)hydrazine-1-carbothioamide was prepared using a modified procedure
of the literature.’*3! A solution of 3-hydroxy-4-nitrobenzaldehyde (0.33 g, 0.002 mmol) in ethanol (10
mL) was added dropwise to a stirred mixture of thiosemicarbazide (0.18 g, 0.002 mmol) in 40 mL of
distilled water containing glacial acetic acid (2 mL). The resulting reaction mixture was refluxed for 12
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hrs, and was allowed to cool to room temperature, resulting in the formation of a yellow crystalline solid.
(M.P.-310°C).The 0.24 gm of 2-(3-hydroxy-4-nitrobenzylidene)hydrazine-1-carbothioamide was
quantitatively transferred to a 100 mL calibrated flask with DMF to prepare a 0.01 mol L' stock solution
of the reagent.

Preparation of Standard Bi(III) Solution

A standard stock solution of Bi(III) with a concentration of 100 ug mL-!' was prepared by dissolving 0.023
g of bismuth nitrate pentahydrate in distilled water. The resulting solution was quantitatively transferred
to obtain the desired concentration of the Bi(IIl) stock solution.

Recommended Procedure
An aliquot containing 60 pg of Bi(III) solution, 0.012 mol™!' 2-(3-hydroxy-4-nitrobenzylidene)hydrazine-
1-carbothioamide (HNBHC) in DMF, and the appropriate volume of perchloric acid solution (1.2 mol L)
were added into a standard volumetric flask and equilibrated with 10 mL of chloroform. The chloroform
layer of the Bi(Ill)- HNBHC complex was separated into a dry beaker after phase separation. The
moisture present in the organic phase was eliminated by treatment with 1.0 g An. sodium sulphate. The
dried organic extract was subsequently transferred into a 10 mL calibrated volumetric flask with
chloroform. Absorbance of the Bi(IlI)- HNBHC at 435 nm against a blank under identical experimental
conditions.

RESULTS AND DISCUSSION
Absorption Spectra
At 435 nm, the maximum absorbance of the Bi(Il1)-HNBHC complex is observed, and at this wavelength,
the reagent blank does not show any absorption (Fig.-1). An overview of the physicochemical
characteristics of the Bi(Ill)- HNBHC complex is given in Table-1.
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Fig.-1: Absorption Spectra of Bi(IIl)- HNBHC Complex (Amax: 435 nm)
Table-1: Spectral and Physicochemical Characteristics of Bi(III)-HNBHC Complex

Characteristic Parameters
Perchloric acid conc. 1.2 molL"!
Reagent concentration 0.012 mol L!
Equilibration time 1 min
Extraction solvent Chloroform
A max 435 nm
Molar absorptivity 2.911 x 10° L mol”! cm’!

Sandell’s sensitivity

0.0717 pg cm?

Beer’s law range 10-60 pg mL"!
Ringbom’s optimum range 25-60 pg mL™!
Limit of detection 0.823 pg mL"!
Relative standard deviation 0.56%
Stoichiometry of the complex 1:1 Bi(IIT): HNBHC
Stability of complex >48 hrs
Correlation coefficient 0.99
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Effect of Acid Concentration

The influence of acidity on complex formation was investigated by varying the concentration of
perchloric acid within the range of 0.2 to 1.8 mol L. Quantitative complex formation and maximum
extraction efficiency of Bi(II[)-HNBHC complex were achieved at the optimum perchloric acid
concentration of 1.2 mol L. The role of perchloric acid is the distribution of metal ion between phases,
thereby promoting complex formation and enhancing the extraction efficiency (Fig.-2).
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Fig.-2: Effect of Perchloric Acid Concentration

Effect of Reagent Concentration

The formation of the Bi(Ill)-HNBHC complex was evaluated by varying the HNBHC concentration in
chloroform over the range of 0.002 to 0.020 mol L'. The absorbance of the extracted complex was
subsequently measured under optimized experimental conditions using the proposed method.
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Fig.-3: Effect of Reagent concentration

The results demonstrated that a reagent concentration of 0.012 mol L' was sufficient to ensure
quantitative formation of the Bi(IlI)-HNBHC complex. Furthermore, the use of excess reagent was
unnecessary and did not adversely affect the extraction process (Fig.-3).

Effect of Extraction Solvents

Different organic solvents were used for quantitative extraction of the complex, several solvents,
including n-butanol, chloroform, toluene, benzene, ethyl acetate and cyclohexanone as possible extraction
media. Among the solvents tested, chloroform exhibited the highest absorbance for the extracted Bi(IlI)-
HNBHC complex at 435 nm, indicating its superior extraction efficiency. Therefore, chloroform was
selected as the preferred solvent for subsequent extraction studies (Fig.-4).

Analytical Figures of Merit

Beer’s law, as demonstrated by the calibration plot (Fig.-5). The analytical performance of the proposed
method was further assessed from calibration data, which revealed a Sandell's sensitivity of 0.0717 pg
cm? and Molar absorptivity of 2.911 x 103 L mol"! cm.
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Fig.-4: Effect of Extraction Solvents
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Fig.-5: Beer’s Law Range for Bi(III)- HNBHC Complex

The correlation coefficient (R?) of the Bi(IIl)- HNBHC complex was found to be 0.9990, demonstrating a
high level of linearity.

The slope and intercept of the linear regression analysis were 0.00962 and -0.03676, respectively. Thus, it
is possible to quantify Bi(Ill) in samples with the help of the equation y = 0.00962x-0.03676. The
rectilinear section, which encompassed intermediate absorbance values of 25-60 ug ml! was found to be
the sigmoidal shape of the plot of Ringbom’s.
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Fig.-6: Ringbom’s Plot of Bi(IlI)- HNBHC Complex

The best concentration range was the graph of the logarithm of Bismuth(III) concentration C, versus (1-T),
(Fig.-6).

Stoichiometry of Bi (III)- HNBHC Complex

The Job’s variation technique was used to establish the stoichiometry of the Bi(Ill)- HNBHC complex.
This was done by plotting the absorbance versus the mole fraction of the metal ion, which is determined
as the ratio of the concentration of the metal to the concentration of the total metal and the ligand (Fig.-
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7).The complex's composition was determined utilizing the mole ratio method, in which the absorbance
was determined as a function of the metal-to-ligand concentration ratio.
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Fig.-7: Job’s Continuous Variation Method for Bi(IlI)- HNBHC Complex
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Fig.-8: Mole Ratio Plot for Bi(IIl)- HNBHC Complex

The result is shown in Fig.-8. Based on the findings from both approaches, the stoichiometric ratio of
metal to ligand in the formed complex was confirmed to be 1:1.

Interference Study

The selectivity of the proposed method was checked by testing different foreign ions such as Ba (II), Al
(11D, Ca (1), Cd (1), Ce (IV), Co (II), Cr (1II), Cu (1I), Mg (II), Mn (II), Mo (VI), Ni (I1I), Sn (II), Sr (I1I),
Zn (1), Pb(Il), Bromide, Chloride, Fluoride, lodide, Nitrate, Sulphate, Thiocyanate, Oxalate, Acetate.
The tolerance limit of each interfering ion was determined as the concentration that produced no more
than a £2% change in the absorbance of the Bi (III)-HNBHC complex. The interference from Mn(II),
Mo(VI), Sn(Il), Sr(Il) and Cd(II) ions was effectively eliminated by EDTA as a masking agent. These
results demonstrate the satisfactory selectivity of the developed procedure for the determination of Bi(III)
in the presence of commonly associated ions.

Extraction, Separation and Determination of Bi(IIl) from Binary Synthetic Mixtures

Binary synthetic mixtures were examined using the proposed approach to evaluate its applicability for the
extraction, in the presence of various interfering metal ions including Ni (II), Cu (I1I), Mg (II), Co (II), and
Pb (II). The number of repetitions (n) was 4. Bismuth (III) was separated from other related metal ions
using the proposed approach. After being extracted in chloroform, the bismuth(III)-HNBHC complex was
found at 435 nm. Following the quantitative separation of Bi(Ill), the aqueous phase containing the
additional related metal ions was evaporated to dryness. After cooling and dissolving the residue
containing extra metal ions was dissolved and detected spectrophotometrically using established
methods?®? (Table-2).

2366
HNBHC FOR SUSTAINABLE ENVIRONMENTAL MONITORING P. N. Khaladkar et al.



RASAYAN J. Chem.
Vol. 19 | No. 4 | 2361-2370 | October-December | 2026

Extraction, Separation and Determination of Bi (III) from Ternary Synthetic Mixtures

60 pg of Bi(Ill) were used to evaluate the influence of foreign metal ions on the spectrophotometric
determination of the Bi(Ill)-HNBHC complex. Different metal ions were added in varying amounts to
assess potential interference during complex formation and spectrophotometric measurement. The acidity
of the solution was maintained at 1.2 mol L' with perchloric acid to ensure suitable conditions for stable
complex formation. Under these conditions, the extracted Bi(IIl)- HNBHC complex was recorded at 435
nm. The result confirms the presence of commonly occurring coexisting ions in complex sample matrices.
(Table-3) reports the results.

Table-2: Extraction, Separation and Determination of Bi(IlI) from Binary Synthetic Mixtures

Metal Ion Amount Taken (ug) Recovery® (%) RSD (%) Chromogenic Ligand Ref.
Bi (1IT) 60 99.28 0.59 -- --
Ni (1) 100 98.91 0.22 DMG 32
Bi (1IT) 60 99.28 0.39 -- --
Cu (IT) 50 98.77 0.90 Dithiocarbamate 32
Bi (1IT) 60 99.32 0.56 -- --
Mg (II) 100 97.78 0.64 Titan Yellow 32
Bi (1IT) 60 99.01 0.60 -- --
Co (1D 75 99.43 0.57 Nitroso- R- Salt 32
Bi (1IT) 60 98.74 0.67 -- --
Pb (1) 50 99.33 0.48 Dithizone 32

Bismuth(1II): 60 pg mL-!, HCIO4: 1.2 mol L', HNBHC: 0.012 mol L'}, Amax: 435 nm
a: Average of four determinations

Table-3: Extraction, Separation and Determination of Bi(IlT) from Ternary Synthetic Mixtures

Composition (pg) RSD (%) Recovery® (%)
Bi(III) 60; Co (I1)50; Mg (I1)50 0.38 99.64
Bi (I1I) 60; Ni (I1)70; Co (I)50 0.49 99.28
Bi (III) 60, Mg (I1)50; Ni (I)70 0.43 98.65
Bi (I1I) 60; Cu (I1)25; Ni (I)70 0.77 99.32
Bi (I1I) 60; Pb (ID50; Mg (I1)50 0.75 99.46

Bismuth (III): 60 ug mL"!, HC1O4: 1.2 mol L-!, HNBHC: 0.012 mol L-!, Amax: 435 nm
a: Average of four determinations

Extraction, Separation and Determination of Bi(III) from Synthetic Alloys

By using the recommended method to extract Bi(Il) from synthetic mixtures that correspond to alloys,
the method validity was confirmed. The compositions had been prepared in the laboratory of Wood metal
alloy, Newtons alloy, Bismuth-Cadmium alloy, and Rose metal alloy, separation and determination
Bi(Il), and the analytical results obtained were corresponding amount of Bi(IIl) taken.

Table-4: Extraction, Separation and Determination of Bi (III) from Synthetic Alloys

Composition of alloy Amount Amount RSD (%) Recovery?® (%)
taken (ug) | found (ug)

Wood metal alloy 60 59.78 0.79 99.64

Newton’s alloy 60 59.56 0.61 99.28

Bi 50% + Pb 31.2% + Sn 18.8%

Bismuth- Cadmium alloy 60 59.13 0.79 98.56

Bi 60% + Cd 40%

Rose metal alloy 60 59.56 0.81 99.28

Bi 50% + Pb 25% + Sn 25%

Bismuth (III): 60 ug mL"!, HC1O4: 1.2 mol L-!, HNBHC: 0.012 mol L', Amax: 435 nm
a: Average of four determinations

Extraction, Separation and Determination of Bismuth (III) from Pharmaceutical Sample
Pharmaceutical sample: Bismuthum subnitricum tablets and Bistas.
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The sample (1 tablet) was accurately weighed and finely powdered. A beaker was used to transfer the
powdered sample and dissolve it in 10 mL of distilled water. The mixture was subsequently filtered to
remove the insoluble materials, as per the proposed procedure. Table-5 gives the results.

Table-5: Extraction, Separation and Determination of Bi (III) from Pharmaceutical Samples
Product Name and manufacturer Composition | Certified Found by RSD Recovery?
value of proposed (%) (%)
Bi(Ill), mg | method, mg
Bismuthum Subnitricum (Dr. Bismuth 0.00018 0.00017 0.70 99.10
Willmar Schwabe India Pvt. Ltd. Subnitrate
(Phase III), Noida, 201304)
Bistas (Waterley Pharmaceutical Colloidal 63 62.8 0.84 99.82
Pvt. Ltd., Hasmathpet, Bismuth
Secunderabad, Telangana-500009, Subcitrate
India)

a: Average of four determinations

Sequential Extraction of Bismuth (III), Lead (II) and Nickel (II)
Which would isolate, dissolve and measure Bismuth (III), Lead (II) and Nickel (II) as shown in Scheme-1.
The separation of bismuth in chloroform was done by means of 0.012 mol L-! HNBHC in the presence of
1.2 mol L*! perchloric acid as an acidic medium. At the same time, lead (IT) and Nickel (IT) were
evaporated from the aqueous layer.

BI(III) + Pb(IT) + Ni(I)

0.012 mol L-' HNBHC in presence of 1.2 mol L
HCIO; acidic medium

Otganic Phase Bi(Ill)- HNBHC Complex measured at
435 1m

Aqueous Phase Pb(II) + Ni(II)

0.005% solution of dithizone in
chiloroform, ammonium- cyanide-
sulphite mixture, adjusted o pH
9.5 by adding HCI

} |

Organic Phase Pb(I)- Dithizone complex measured at Aqueous Phase Ni(lI) determined by DMG method
510nm spectrophotometrically

Bi(III)

Pb(II)

Fig.-9: Sequential Extraction of Bismuth (I1I), Lead (II) and Nickel (II)

Ni(II)

Table-6: Sequential Extraction of Bismuth (III), Lead (IT) and Nickel (II)

Mixture Amount Chromogenic RSD (%) Recovery® (%)
taken (ug) ligand
Bi (IIT) + Pb (IT) + Ni (1T) Bi (60) HNBHC 0.58 98.92
Pb (50) Dithizone 0.91 99.46
Ni (100) DMG 0.85 99.84

a: Average of three determinations

To add 0.005% solution of dithizone in CHCI; was added, and the ammonia-cyanide-sulphite mixture was
adjusted to a pH of 9.5 with the addition of HCIL. Lead (II) extraction was completed by mixing the
mixture with 10 mL of water, once more extracted in chloroform, and Pb(Il)- Dithizone was 510 nm.*?
Nickel(II) in aqueous solution. Nickel(I) was ascertained with the help of a spectrophotometer®? after
diluting the residue with 10 mL of distilled water.
CONCLUSION

The present procedure for the determination of Bi(IIl) is compared to other reported spectrophotometric
methods. 2-(3-hydroxy-4-nitrobenzylidene)hydrazine-1-carbothioamide has also been shown to be an
efficient spectrophotometric determination of Bi(Ill). The proposed reagent is sensitive, can be

2368
HNBHC FOR SUSTAINABLE ENVIRONMENTAL MONITORING

P. N. Khaladkar et al.



RASAYAN J. Chem.
Vol. 19 | No. 4 | 2361-2370 | October-December | 2026

determined easily, and is cost-effective. To ensure a successful application of the procedure, it is
advisable to use a low concentration of the reagent. The application of Bi(Ill) was achieved by the
developed methodology to isolate and quantify Bi (III) in Synthetic samples like binary mixtures, ternary
mixtures, and synthetic alloys, and pharmaceutical samples. Additionally, this research supports SDG-3
by allowing reliable analysis of bismuth-containing pharmaceutical products, SDG-9 through the
development of an innovative and efficient analytical methodology, and SDG-12 by promoting accurate
quality control and the effective use of pharmaceutical applications.
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