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ABSTRACT

This study elaborates the effect of pH on color changes of polyaniline (PAni) that might have application as acid-
base indicators. PAni was synthesized by rapidly mixing aniline with ammonium persulfate in deionized water
media. The green precipitatewas washed by using HCI 1 M and acetone, then the color changed to Emeraldine Base
(EB) after the predicate was dissolved in DMSO. The solution was adjusted in various pH that was pH 1-12 and the
color change wasmonitored by UV-vis spectrophotometer. The absorbance of UV-Vis spectra showed dramatically
increasing at 650 nm along with pH increment that waspH 3-12 (quinoid peak).The solution on the lower pH shown
the higher absorbance at 430 nm due toconfigure the polaron on the polymer. The EB solution shows the green color
at pH 1-3, blue color at pH 4-11, and violet color at pH 12. Therefore, PAni was potentially used as an acid-base
indicator.
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INTRODUCTION

Today, with the many instrumentation techniques available for chemical analysis, conventional methods
are still considered to be suitable for most applications in various samples. Titrimetry is one of the
conventional analytical techniques, where the endpoint of the titration is indicated by indicator substances
that were previously added into the analyte solution. The color of change is immediately visible after the
equivalence point has been reached.'”

The acid-base indicator is a substance that changes color due to changes in pH. Most indicators are weak
organic acids or base dyes that accept or donate electrons. Theconjugate bases or acidsshow different
colors due to differences in the absorption spectrum.*’Usually indicators are pigments or dyes that are
isolated from various sources including fungi, minerals, plants, and animals.®® The colors that arise in
plants are caused by naturally occurring organic substances such as flavones, flavonols, xanthine,
anthocyanins, azo compounds, etc. Some flavones, flavonols, anthocyanins and other naturally occurring
substances are very sensitive to changes in pH.”'® Some natural indicators have been extracted, namely
Bougainvillea, Hibiscus (red species), and roses, Ixoracoccinea, Datura stramonium, Helianthus Annuus,
Caesalpiniapulcherrima and Ipomoea palmate rail creeper; Neriumodorum extract and
Thespesiapopulnea; Morus alba Linn fruit.' Among many conductive polymers such as polyphenylene,
vinyl polyphenylene, polypyrrole, polyethylene and polyaniline, many studies have preferred polyaniline
(PAni). This is due to the low cost of monomers, ease of synthesis control, unique electrical properties,
electrochemical properties, easy polymerization, high environmental stability, and easy mixing with other
polymers." Scientists' attention and interest in the development of research on PAni is increasing, PAni is
not only for various applications in microelectronic devices,'® such as sensors and actuators,"
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diodes, ®anti-corrosion layers,19 electromagnetic shields,” batteries,* ' and supercapacitor,21 but also to

explore the mechanism of nanofiber formation," in applications for other conduction polymers.

PANI consists of three oxidation numbers. Namely, leucoemeraldine, which is a condition that is
sufficiently reduced, emeraldine, that is 50% oxidized, and the form of pernigraniline is fully
oxidized."*Emeraldine base (EB) is believed to be the most useful form of polyaniline because of its high
stability at room temperature, the fact that after acid doping as a form of emeraldine salt (ES) has high
electrical properties. However, leucoemeraldine and pernigraniline are poor conductors, even though they
have been doped with acid."”>'® The EB form which has a dark blue color can be doped (protonated by
acids such as HCI) to form ES which shows green; the ES form can also be reduced by alkaline
solutions.'’PAni's color presence is unusual for our research trying to assess as an acid-base indicator.
Therefore, in this paper, we investigate changes in PAni color by Ultraviolet (UV) spectroscopy
depending on pH. Then, we submit the potential application as an indicator of acids and bases.

EXPERIMENTAL
Material
The aniline monomer (Aldrich, 99.5%), 37% hydrochloric acid (HCI),ammonium peroxydisulfate (APS),
ammonia (NH;-H,0), acetone, Aquadest, dimethylsulfoxide (DMSO). Potassium hydrogen phthalate
(CgHsKOy), potassium dihydrogen phosphate (KH,POy), sodium tetraborate (Na,B40O5), sodium hydroxide
(NaOH), and sodium bicarbonate (NaHCOQO3).

Synthesis of PANI

A certain amount of aniline (p = 1.022 g mL™1) and 20 mL of 1 M HCI were treated for 30 min under
ultrasonic dispersion. Furthermore, the second solution was prepared from 4.5 g of APS in 32 mL
deionized water. Then, both solutions were mixed and shaken briefly. The polymerization allowed to take
5° C without stirring for one day (24 hours). The green precipitated known as PAniEmeraldine Salt (ES)
was washed using an HC1 1 M and acetone. Next, dedoped using 1 M NH,OH until 3 hours gone to
make PAniEmeraldine Base (EB)."*The preparation of PAni solution was carried out by dissolved PAni-
EB in DMSO. Known that PAni in the form of EB has better solubility than in the way of its salt."*

Preparation of Solutions at pH 1-12

The solutions are prepared at a range of pH 1-12. These ranges suppose to monitor the color change in the
PAni solution. For pH 1-2 solution, it was adjusted by adding HCI solution. Then, the buffer solution with
pH 3-5 was prepared by dissolving 10,21 g potassium hydrogen phthalate in 0.1 M HCI with appropriate
volume. Next, pH 6-8 was are made by mixing 6.81 g of potassium dihydrogen phosphate and adjusted
with addition 0.1 M NaOH solution. Then, pH 9-10 of buffer solution, was composed 0f4.77 g sodium
tetraborate that was dissolved into 0.1 M HCland the pH was adjusted pH 9, and other with 0.1 M NaOH
to prepare pH 10 and 12 buffer solution.

Ultraviolet (UV) Spectroscopy Detection

The spectrophotometer of the Thermo Scientific Evolution 220 Series was used to quantify the sample.
DMSO was used to calibrate the instrument. Furthermore, 0.1 mL of each sample diluted with 10 mL of
DMSO and 1 mL of the sample was transferred into the cuvet. The absorbance of the extract was
determined within the visible region at 300-900 nm.

Performance of Natural Acid-Base

Titrations were carried outby using 0.1M H,SOand 0.1 M NaOHfor strong acid-strong base titration.
Then, 0.1 M solution of CH;COOH and 0.1 M NaOH were used for weak acid-strong base titration. The
precision and reliability of the endpoint for all experimental samples and trials were repeated three (3)
times. The performance of the indicator is also determined by testing samples such as soap, lime, vinegar,
and toilet cleaners.

RESULTS AND DISCUSSION

Synthesis of PAni

This study adopted the rapidly mixed method for synthesis of conducted PAni in acidic-aqueous media.
Aniline solution and APS oxidation solution was mixed at once and quickly. Then, synthesis was carried
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out at 5° C due to the polymerization process of aniline is an exothermic reaction, a cold medium is
preferable.'® This method has several advantages compared to otherssince it can be done at a large scale
to prepare green powder PAni-ES that was easily separated.”’ Furthermore, PAni-ES residue was dedoped

by using ammonium base to obtain PAni-EB.
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PAni's Material Characterization

PAnigave unique structures and was characterized based on the oxidation state (i.e., the amine ratio to the
imine), and the level of protonation. The polymer oxidation state increases with the quinoid form value
(Fig.-1). The three oxidation states found in PAniwere the fully oxidized pernigraniline base (PNB) (Fig.-
la), the leucoemeraldine base which was completely reduced (LEB) (Fig.-1b), and half oxidized namely
Emeraldine Base (EB) (Fig.-1c).The profile of aniline electrodeposition was studied using cyclic
voltammetry (CV) (Fig.-1). This process recorded at sweep rate 50 mV/s in 1 M HCI aqueous solution.
There are three redox pairs, with oxidation peaks at 0.25 V, 0.61 V (at 4 cycles) and 0.74 V with Ag/AgCl
in saturated KCl solution. The redox process between leucoemeraldine and emeraldine assigned at the
anodic peak (Ap) 0.25 V and the cathodic peak (Cp) -0.08 V. Additionally, at Ap 0.74 V and Cp 0.58 V
should correspond with the redox betweenemeraldine and pernigraniline,” but the peak is not formed, it is
possible the occurrence of redox competitive with the oxidation of water. In the early cycle of the
voltammetric process, a small peak appeared on Ap 0.61 V and Cp 0.51 V. This was confirmed as a redox
of phenazine formation. This peak was lost during the cycle increases. The creation of phenazine can be
through 2 types of reaction.”” One of a kind the formation of phenazine was taken place through a redox
reaction. On the anode surface, there will be many radical aniline cations. In this case, it allowed the
formation of phenazine like this.

In the form of EB, the amount of —-N— with = N- is the same, so the structure is only found in one quinoid
ring. The UV spectra of the EB sequence consist of two common peaks.'* Figure 2 shows the first peak at
~630 nm (quinoid peak) assigned to electron excitation from the benzenoid ring (B) to the quinoid ring
(Q) (mb — mg*) [17]. In contrast to ES, the formation of new energy levels caused by the formation of
polaron appears at ~451 nm which indicates the excitation of nonbonding (polaron) electrons to wb*. In
this way, the UV spectrum of ES displays a lower intensity than the EB form because the ES form caused
by the transition from polaron — mb* is more leisurely than m, — my* [20]. The second peak in the EB
form that appears at ~330 nm (benzenoid peak) shows the transition tb — b* associated with =« electrons
in the benzene ring; this peak is still related to the electron transition in the ES form. Because this
transition is primarily a function of intra-chain interaction;"’ The peak at 968 nm can only be observed in
the ES form which is related to the transition of b — polaron.

The pH Effect Of PANI EB Solution
The solution of EB in DMSO solvent was prepared in 12 vial bottle with 20 mL volume. Hereafter, the
solution pH 1-12 dropped with same quantity into each bottle, then the transition of EB was monitored

with color change and investigated the solution properties by UV-vis spectroscopy.
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Fig.-2: Visible Spectra of PAni Synthesis in DMSO Solvent and its Mechanism of Protonation

When added the acid solution at pH 1 produced a green color as indicated in Figure 3. As increasing pH 2
to 4, following with degrading the color of the EB solution from green to blue. The UV-Vis absorbance
increased at 650 nm along with enhancement of pH 3-4. This phenomenon exhibited the EB solution still
formed at pH 3-4.
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Fig.-3: Visible Spectra of PANI Solution at pH 1-4 and it's Color Change
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Meanwhile, It should also be noted that PANI is not completely transformed to the ES form at pH 2
because a minor fraction of the EB form can still be observed at 650 nm in the spectrum. In another hand,
the character of the ES form was displayed with increasing absorbance at ~430 nm. The solution on the
lower pH, with more H" source, could conveniently configurate the polaron that corresponds the higher
absorbance at band transitions approximately ~430 and >/800 nm."*

Whereas, the EB solution wasn't indicated the change of color anything at pH 5 - 8 (Fig.-4) except at a
neutral solution. This issue could be described by the insoluble PANI in water,"In a neutral solution, no
acid-base component affected the EB structure. So, the minor peaks observed in the UV-/vis spectra are
interferences caused by the spectrophotometer measuring completely dissolved EB in water. The
absorbance maximum of the EB form at 650 nm has been attributed to the solution at pH 8. All settlement
represented the same color at pH 5-8. Similar at pH 5-8, the absorbance of all EB solution at pH 9-12
displayed EB form completely (see Fig.-5). Then, the different color occurred only on the solution at pH
12 with looking dark blue (violet).
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Fig.-4: Visible spectra of PANI Solution at pH 5-8 and its Color Change
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Fig.-5: Visible Spectra of PANI Solution at pH 9-12 and it's Color Change

The ratio of the intensity of the peak quinoid to the benzenoid peak is proportional to the ratio of the
quinoid unit to the benzenoid group in PAni. The values reported for the quinoid to benzenoid ratio, in the
UV-VIS spectrum of the EB solution are 0.86 + 0.05."** When the EB form decreases towards LEB, the
quinoid to benzenoid ratio values are close to 0.69, which is where the peak of quinoid changes was
slowly shifting from 634 to 645 nm in the initial stage, and the benzenoid peak also changes gradually
towards redshift from 335 to 347 nm. Conversely, when the EB is oxidized to PNB, the quinoid to
benzenoid ratio again decreases to 0.69, but after that, it remains constant at ~0.69; while the quinoid
peak changes slowly blue shifts from 634-571 nm, the benzenoid peak remains at ~335 nm.'*'"?!
Therefore, we were able to identify the PAni oxidation state from changes in the quinoid/benzenoid ratio
and the shift of the quinoid or benzenoid peak in the UV-vis spectrum. However, all observations at pH
increased from 1 to 12; there was no redox reaction seen in the polymer.

Acid-Base Titration with PANI as Indicator

The application of acid-base titration using the EB indicator has been applied and is presented in Table-2.
This experiment also uses several standard indicators such as Phenolphthalein (PP) and methyl red (MR),
as a comparison. In titrating 10 mL of 0.1 M NaOH solution using 0.1 M HCI solution, an apparent color
change from pink became colorless using the Phenolphthalein (PP) indicator, the color loss was observed
when the pH had dropped past 8.00. Furthermore, in the red methyl color changes from yellow to orange
when the pH has become 5.26 and becomes very bright red when the pH has passed 4.00. The use of EB
observed violet color when HCI has not yet been added, the color change appears to turn blue between the
pH range 7-4 slowly and becomes green when the pH has passed 3 towards 1.
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Similar results are also shown in the titration of 10 mL of 0.1 M CH;COOH solution with 0.1 M NaOH
solution. The use of the EB indicator shows green changes to blue when pH has entered the value of 4 and
above, adding further NaOH after the endpoint of the titration indicates the violet color on the indicator.
Therefore, the EB indicator has the potential to be used as an excellent acid-base indicator, because it can
work in acidic and basic regions.

Table-1: Emeraldine Base (EB) as Indicator

Titration .
Titrant Titrand Indicator Color pH

Phenolphthalein Pink to colorless 12.02 -5.77

Methyl Red Yellow to pink 12.12-5.26
HCl NaOH EB Violet to blue 12.52-10.34
EB Violet to Green 12.20 - 3.02

Phenolphthalein Colorless to pink 2.95-9.37

Methyl Red Light Red to yellow 3.02-8.85

NaOH CH,COOH EB Green to Blue 292895
EB Green to Violet 2.97-12.02

Performance of PANI with natural Acid-Base

The potential as an indicator shown by the EB is also applied directly to natural acid bases. In this section,
essential acids are taken from bottle vinegar and lime sold in the market. But for natural cores taken from
soda which is sold in building equipment stores, as well as bath soap sold in the market. As shown in
Fig.-6, the color change demonstrated in the acid solution tends to be green. Using lime (Fig.-6a), a green
color that tends to be cloudy with colloids, this is influenced by other chemical components in lime beside
citric acid which affects the overall color change, but ideally, the colors seen towards green. Similar
colors are shown in the use of vinegar (Fig.-6b), which is a green solution. Using the natural base of bath
soap shows a profound blue color change from the color of the standard indicator solution. As well as
showing violet color on the addition of a solution of soda. The entire natural acid-base shows a significant
color change. Therefore the use of EB as an acid-base indicator is very potent.

ﬁ == i

hd\ c4tor

a) c) d) e)
Fig.-6: Colour Change of (c) Indicator PANI Solution by adding (a) Lime (b) Vinegar (d) Soap and (e) Caustic Soda

CONCLUSION

PAni was synthesized by rapidly mixing of aniline with ammonium persulfate in deionized water
media.PAni solution was carried out by dissolved PAni EB in DMSO due to in EB form has better
solubility than salt form.The UV-Vis spectra showed dramatically increasing absorbance at 650 nm along
pH 3-12 (quinoid peak).The solution on the lower pH, with more H" source, conveniently configure the
polaron that corresponds the higher absorbance at band transitions approximately ~430 and >/800 nm.
The EB solution shows the green color at pH 1-3, blue color at pH 4-11, and violet color at pH 12. The
EB Solution was also applied directly to natural acid bases that displayed the same color change with the
pH 1-12 control. Therefore, PAni was potentially used as an acid-base indicator.
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