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Using natural plant extracts as acid-base indicators and pKa value calculation
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Annotatsiya: Tabiiy o‘simlik ekstraktlari so‘nggi yillarda turli xil
kimyoviy tarkibi va turli ilmiy sohalarda potentsial qo‘llanilishi tufayli katta
e'tiborni tortdi. Ushbu tadqgigot ushbu ekstraktlardan sintetik ko‘rsatkichlarga
ekologik toza alternativani taklif giluvchi kislota-asos ko‘rsatkichlari sifatida
foydalanishni o‘rganadi. O‘simlik birikmalarining, xususan,
antosiyaninlarning pH-sezgir xususiyatlaridan foydalangan holda, ushbu
tadgiqot kislota-asos reaktsiyalarida ularning xatti-harakatlarini tushunish
uchun muhim bo‘lgan pKa giymatlarini aniglashga qaratilgan.
Spektrofotometrik tahlil orgali o‘simlik ekstraktlarining pH darajalari
oralig‘ida absorbsiya o‘zgarishlari tekshiriladi, bu ularning pKa giymatlarini
aniglash imkonini beradi. Eksperimental topilmalar tabiiy o‘simlik
ekstraktlarining ko‘rsatkichlar sifatida samaradorligini aniglaydi va ularning
analitik kimyoda va undan tashqgarida go‘llanilishi hagida gqimmatli
tushunchalarni beradi.

Kalit so‘zlar: Tabiiy o‘simlik ekstraktlari, kislota-asos, indikator,
pKa, pH, spektrofotometrik, ekologik toza, barqgaror.

AHHOTaANUSA:

B mnocaemaue roanl HaTypaJIbHBIC PACTUTCIbHBIC
OKCTPAKThI IIPUBJICKIIN K ceO¢ 3HAUYUTEIbHOEC BHHMaHUE M3-3a UX
pa3Hoo6pa3H0ro XUMHYECKOTO COCTaBa U NMOTCHUHUAJIBHOI'O MPUMCHCHHA B
Pa3JIMUHBIX HAYYHBIX obmactax. B srom HUCCJIICAOBAHUN HU3YYaACTCA
9TUX OKCTPAKTOB B KAa4YCCTBC

nmpeaiaras 9KOJOTHYCCKH YUCTYHO

HUCIIOJIB30BaHHC KHUCJIOTHO-IICIOYHBIX

HHAUKATOPOB, AJIBTCPHATUBY
CUHTETUYECKHM HMHAMKaTopaM. HMcmomp3ys npucymme pacTUTEIbHBIM
COEIMHEHUSIM, OCOOEHHO aHTollMaHaM, pH-4yBcTBUTENIbHBIE CBOMCTBA, ATO
WCCTIeIOBAaHUE HAIMPABICHO Ha OMpejelieHne ux 3HadeHuid pKa, nmMerommx
pemaronee 3Ha4CHUC JIs1 IOHNMMaHuA X MMOBECACHUA B KUCIIOTHO-OCHOBHBIX
peaKknugXx. C IIOMOIIIBIO CHGKTpO(I)OTOMCTpI/I‘leCKOFO aHaJIn3a UCCIICAYHOTCA
U3MEHEHHS ONTUYECKOU IJIOTHOCTH PACTUTCIIBHBIX 3KCTPAKTOB B JUAITa30HEC
ypOBHCfI pH, 4YTO HO3BOJIACT OINPCACIIMTL UX 3HAYCHUSA pKa PC3YJ'ILTaTBI
OKCIICPUMCHTOB TPOSCHAIOT 3(1)(I)CKTI/IBHOCTB HaTypaJIbHBIX PACTUTCIIbHBIX
HKCTPAKTOB B KA4€CTBE MHIMKATOPOB M JIAIOT LIEHHYIO MH(OpMAIHo 00 UX
MOTCHIHUAJIBHOM IIPUMCHCHWU B aHAJINTHYECKON XUMHH U 32 €€ npeaciaMu.
KurueBsie ciaoBa: HarypanbHble pacTUTEIbHBIE
pKa,
CHEKTPO(HOTOMETPHUECKUIA, IKOIOTUYECKU YHUCTHIN, yCTONUNBHI.
Abstract: Natural plant extracts have garnered significant attention in
recent years due to their diverse chemical compositions and potential
applications in various scientific fields. This study explores the utilization of
these extracts as acid-base indicators, offering an eco-friendly alternative to
synthetic indicators. By harnessing the inherent pH-sensitive properties of

plant compounds, particularly anthocyanins, this research aims to determine
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their pKa values, crucial for understanding their behavior in acid-base

reactions. Through spectrophotometric analysis, the absorbance changes of
plant extracts across a range of pH levels are examined, allowing for the
identification of their pKa values. The experimental findings elucidate the
efficacy of natural plant extracts as indicators and provide valuable insights
into their potential applications in analytical chemistry and beyond.

Keywords: Natural Plant Extracts, Acid-Base, Indicator, pKa, pH,
spectrophotometric, eco-friendly, sustainable.

In the realm of analytical chemistry, the search for efficient, cost-
effective, and environmentally sustainable methodologies remains perpetual.
One promising avenue lies in the exploration of natural sources, particularly
plant extracts, which offer a rich reservoir of compounds with diverse
chemical properties. Among their many applications, natural plant extracts
have emerged as compelling candidates for use as acid-base indicators,
presenting an eco-friendly alternative to synthetic counterparts. These
extracts, abundant in bioactive compounds such as anthocyanins, possess
inherent pH-sensitive characteristics that make them valuable tools in the
determination of acidity and alkalinity in chemical solutions.

The determination of the acidity constant (pKa value) of a substance is
fundamental to understanding its behavior in acid-base reactions.
Traditionally, synthetic indicators have been employed for this purpose, but
their production often involves environmentally detrimental processes and
materials. In contrast, natural plant extracts offer a renewable and sustainable
alternative, aligning with the growing global emphasis on green chemistry
practices.

This article aims to delve into the utilization of natural plant extracts
as acid-base indicators and elucidate the process of determining their pKa
values. By harnessing the inherent properties of plant compounds, this study
seeks to not only assess the efficacy of these extracts but also contribute to the
broader discourse on sustainable analytical methodologies. Through
systematic experimentation and rigorous analysis, insights gained from this
research endeavor promise to expand the repertoire of environmentally
friendly tools available to analytical chemists and pave the way for greener
practices in scientific inquiry.

Titration is the most common laboratory method of quantitative
chemical analysis that is used to determine the concentration of analyte. The
most of the modern laboratories are equipped with digital automatic titrators
that are facilitated with sensors (pH sensor/voltage electrode), some of them
do not require indicators, the accuracy is high, and human errors also reduced
than conventional titration methods. However, kinetic factors concerning the
chemical reaction and the response of the indicating system are of paramount
importance. Cell configuration, stirring, and positioning of the end-point
detector and of input of the titrant are to be considered for ensuring high
accuracy. Piston burettes and peristaltic pumps are commonly being used as
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devices for automatic transfer of titrant in automatic titrators. The piston

burettes are highly reliable, but are expensive while the peristaltic pumps are
highly versatile, but require frequent calibration due to the continual changes
in the physical properties of the flexible tubes employed and has a relatively
short lifetime [1]. Cost of the automatic titrators together with the drawbacks
concerned as the major hurdles for the usage of automatic titrators in many of
the developing countries in the world and thereby conventional titrimetric
methods are still extensive used by the analytical and research laboratories in
these countries. Since the world has become aware for environmental issues,
various parts of the plants such as flowers and leaves are symbolic and
regarded as the symbol of love wishes. This, flowers are wonder of the nature.
The synthetic compounds are highly polluting, harmful, hazardous, and much
more costly for research work as well as analytical work. Therefore, various
researches are being undertaken extensively by many scientists all over the
world in this field of natural products as they are less hazardous, low cost,
easily available, and eco-friendly [2]. The chemical substances possess an
apparent change in colour of the analyte and titrant reacting mixture very close
to the point in the ongoing titration known as indicator, which helps to
examine and determine the equivalence point in acid-base titrations [3, 4].
Natural dyes and pigments in plants are highly coloured substances and may
show colour changes with variation of pH [5]. Colours of the parts of the plants
express their unique character. Several organic and inorganic compounds are
responsible for the colour property of parts of the plant such as flavonoids,
flavonols, acylated flavonoids, anthocyanins, glucosylated acylated
anthocyanin, quinines, imines, polymethines, napthaquinones,
anthraquinonoids, indigoids, dihydropyrans, diarylmethanes, and carotene.
[6]. Some of these compounds show different colours in different pH, and
thus, this property can be applied to use as a natural indicator. A pH indicator
is just a weak acid-weak base with differently coloured acid and conjugate
base forms. The blue and red pigments of flowers were isolated and
extensively studied by Willstatter in 1913. Natural indicators such as litmus to
indicate specific pH levels have been developed. The substances in the plant
products such as tea, red cabbage, or grapes react with acids or bases resulting
in changes at the molecular level which causes their colour to be different at
different pH. Red cabbage juice has been used as a natural pH indicator [7].
This indicator contains anthocyanin, which has pigment that reacts in a
different way to acids and bases [7].

Finally, the absorbance of each set of 10 solutions was tabulated
against blank solution at the chosen wavelengths A1 and A>. Here, the blank
solution includes all the chemicals and distilled water except the flower extract
[11-14]. The above procedure was done for all the three flower extracts, and
their experiment findings were compared with methyl orange indicator. The
indicators are weak base or weak acid which exhibit different colours in
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different pH. The equilibrium reaction of the indicator is shown in the

following equation [12]:
Hin =In +H". (1)

colourl colour2

Most of the indicators are present as Hin in strong acid solution and
exhibit respective colour of HIn whereas in strong basic solution, most of the
indicators are present as In~ and exhibit respective colour of In™ . The
equilibrium expression of the equation (1) can be written as follows:

[H'][In"]
K,=——F——, 2
* [HIn] (2)

where Ka is known as the dissociation constant or equilibrium constant
of indicator and [In—] and [HIn] are known as concentration of basic and acidic
forms of the indicator, respectively:

In
~log K, = -log|H" | —105( [[Hln]])' (3)

The equation can be written as

In
pK, =pH- lng( [[Hln]] )

In
pH = pK, + lug( [[Hln]])'

The ratio values of [In"]/[HIn] were determined from the
spectrophotometric measurements made at two wavelengths (A1 and A2) in
order to plot pH vs. log[In"]/[HIn]. According to Beer’s law, the absorbance
at A and X2 was

Ay = €y [HIn]l (5)

Ap = €qa iy [In 11, (6)

where A is the absorbance, ¢ is the molar absorptivity, and I is the cell
path length. At any pH, the total concentration (CT) of both In™ and Hin was
constant and tally of the individual concentration of both forms:

CT =[In]” +[HIn]. (7)
In low pH solution, all of the indicators are in the [HIn] form. As the
result, in highly acid solution, CT = [HIn] and
Ay acid = € [CTIL (8)
In high pH solution, all the indicators are in the [In"] form. As the
result, in highly basic solution, CT =[In"] and
A.-:l.l.hil.!i]l.' = E'-[.1.2.111 ) [CT]Ir {9}

Finally, the ratio [In"]/[HIn] can be determined by dividing the ratio of
equations (5)—(8) by the ratio of equations (6)—(9) [11, 12]:
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[Il‘l ] _ AJ.E?A.-:H.:].L'U_:I ) {IU]'
[HIn] Ay * Ay

Conclusion: In conclusion, the utilization of natural plant extracts as
acid-base indicators and the development of a method for calculating their pKa
values represent significant strides towards sustainable and eco-conscious
analytical chemistry practices. Through this research, we have demonstrated
the efficacy of plant extracts, rich in bioactive compounds, as versatile
indicators capable of accurately detecting changes in pH across a wide range.

The determination of pKa values, essential for understanding the acid-
base behavior of substances, has traditionally relied on synthetic indicators.
However, our methodology showcases the viability of natural alternatives,
offering a greener and more environmentally friendly approach. By employing
systematic extraction techniques, careful selection of solvent systems, and
precise spectrophotometric analysis, we have established a reliable method for
calculating the pKa values of plant extracts.

Furthermore, this research underscores the broader potential of natural
resources in analytical chemistry, highlighting the value of sustainable
practices and renewable alternatives. As we continue to explore the myriad
applications of natural plant extracts, from indicator use to pharmaceutical and
environmental applications, we pave the way for greener methodologies and a
more sustainable future.

In the context of the global push towards sustainability and
environmental stewardship, the integration of natural plant extracts into
analytical methodologies represents not only a scientific advancement but also
a commitment to responsible scientific practices. By embracing the rich
diversity of botanical resources and leveraging their inherent properties, we
can foster innovation, promote sustainability, and contribute to the collective
effort towards a healthier planet. As we move forward, it is imperative to
continue exploring and refining the use of natural plant extracts in analytical
chemistry, further solidifying their role as invaluable tools in the pursuit of
greener and more sustainable scientific practices.
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