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Abstract 

The determination of acidity constants (pKa) of acid-base indicators is essential for 

understanding their physicochemical properties and their applications in analytical 

chemistry. In this study, the pKa values of four commonly used indicators, including Methyl 

orange (MO), Bromophenol blue (BPB), Bromocresol green (BCG), and Bromothymol blue 

(BTB), were determined in aqueous solution using UV-Vis molecular absorption 

spectrophotometry. Two graphical methods were applied, including the intersection method 

based on absorbance-pH plots and the logarithmic ratio method derived from the Beer-

Lambert and Henderson-Hasselbalch equations. The obtained pKa values were 3.45 and 3.39 

for MO, 4.12 and 4.01 for BPB, 4.75 and 4.86 for BCG, and 7.29 and 7.36 for BTB using the 

first and second methods, respectively. The results obtained from both methods show close 

agreement with those previously reported in the literature. This study demonstrates that  

UV-Vis molecular absorption spectrophotometry provides a simple, rapid, reliable, and  

cost-effective approach to accurately determining the acid constant of acid-base indicators. 

Keywords: Acid-base indicators; determination of pKa; isosbestic point; UV-Vis molecular 

absorption spectrophotometry.  

1. Introduction  

The acidity constant (pKa) is a fundamental parameter that describes the degree of 

ionization of molecules in solution at different pH values. The pKa determines the 

equilibrium between the ionized and unionized (neutral) forms of a compound, which 

strongly influences its physicochemical properties such as solubility, partition coefficient, 

and chemical reactivity [1], [2]. In analytical chemistry, the acidity constants of organic 

reagents play a key role in a wide range of analytical techniques, including acid-base 

titration, solvent extraction, ion transport, and complex formation [3]. Besides, the acidity 

constants are also closely related to transportation behavior, receptor binding, and the 

mechanism of action of certain pharmaceutical preparations [4]–[6]. Consequently, 
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accurate determination of pKa values is crucial for understanding both analytical 

performance and the chemical reactivity of organic compounds in diverse systems. 

The acidity constant can be determined by a variety of experimental methods, 

including potentiometric titration, conductometry, spectrophotometry, fluorescence 

spectroscopy, Fourier transform-infrared spectrometry, capillary electrophoresis, high-

efficiency liquid chromatography, and nuclear magnetic resonance spectroscopy. 

However, potentiometric and conductometric methods generally require relatively high 

analyte concentrations, which may not be suitable for poorly soluble compounds. High-

efficiency liquid chromatography and capillary electrophoresis offer high sensitivity, but 

these approaches are more complex and require specialized and relatively expensive 

instrumentation. In addition, the use of high-purity solvents and columns significantly 

increases operational costs. Another significant limitation of high-efficiency liquid 

chromatography is the restricted pH range due to the chemical stability of conventional 

silica columns, which may affect the accuracy of results. Fourier transform infrared 

(FTIR) spectroscopy typically requires relatively high analyte concentrations and careful 

control of experimental conditions. Moreover, in aqueous media, the strong absorption of 

water in the infrared region can interfere with the characteristic bands of the analyte, 

thereby reducing sensitivity and accuracy [4], [7]–[9]. Among these approaches, UV-Vis 

molecular absorption spectrophotometry has become one of the most widely used 

methods for pKa determination. The main advantages of this method are that it is fast, 

reliable, and highly accurate, while requiring relatively simple, inexpensive, and user-

friendly instrumentation. In addition, UV-Vis molecular absorption spectrophotometry 

offers high sensitivity, well-suited for compounds with low solubility or low sample 

concentrations [7], [10]–[12]. 

In this study, UV-Vis molecular absorption spectrophotometry was used to 

determine the pKa of four common indicators: methyl orange, bromophenol blue, 

bromocresol green, and bromothymol blue in aqueous solution. The pKa values obtained 

from this study were compared with published data to evaluate the accuracy and 

applicability of the spectrophotometric method. 

Theoretical foundations 

Acid-base indicators are typically weak organic acids or bases that change color 

with pH. Consider an indicator that is a weak acid with the formula HIn. The dissociation 

equilibrium in aqueous solution can be expressed as:   

 HIn + H2O  ⇌  H3O
+ + In   
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where HIn and In  represent the acid and its conjugate base, respectively. Under 

conditions where the ionic strength of the solution is relatively low, non-ideal effects are 

expected to be negligible, and the activity of each species is assumed to be approximately 

equal to its concentration. Consequently, the equilibrium expressions can be expressed in 

terms of concentrations without introducing significant error. Then, the acidity constant 

(Ka) is defined as follows: 

 3
a

[H O] [In ]
K

[HIn]

 

  (1) 

The acidity constant pKa is determined in terms of the concentration ratio 
[In ]

[HIn]



 at 

known pH values by converting the above equation to logarithmic form and the definition 

of pKa = -log Ka, which gives the Henderson-Hasselbalch equation: 

 a

[In ]
pH pK log

[HIn]



   (2) 

when [HIn] = [In ]  under this condition: pH = pKa. 

At a selected wavelength, the total absorbance of the solution is the sum of the 

contributions from both forms of the indicator. According to the Beer–Lambert law, the 

absorbance of the indicator solution can be expressed as:  

 HIn In
A l [HIn] l [In ]

        (3) 

where HIn  and 
In  are the molar absorptivities of HIn and In , respectively; l is the 

width of the cuvette containing the solution.  

If the solution is too acidic or too basic, all the indicator exists as HIn or In . The 

absorbance of the solution at the same wavelength λ is given by: 

 HIn HInA l C     (4) 

 
In In

A l C      (5) 

where C is the total concentration of the indicator: 

 C = [HIn] + [In]  (6) 

At intermediate pH values, combining Eq. (2)–(6) gives the following expression: 

 HIn
a

In

A A
pH pK log

A A







 (7) 

This equation enables the determination of pKa from spectrophotometric 

measurements without requiring the separate determination of concentrations of 

individual species. 
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2. Materials and methods 

2.1. Materials and instrumentation 

All chemicals used in this study were of analytical grade. Acid-base indicators: 

methyl orange (MeO), bromophenol blue (BPB), bromocresol green (BrG), and 

bromothymol blue (BTB) were purchased from Sigma-Aldrich Japan K.K. (Tokyo, 

Japan). Stock standard solutions of acid-base indicators at a concentration of 2.0  10-3 

M were prepared by dissolving appropriate amounts of each indicator in 100 ml of 

20% ethanol. 

All chemicals, including hydrochloric acid, sodium hydroxide, potassium chloride, 

citric acid, trisodium citrate, acetic acid, sodium acetate, sodium dihydrogen phosphate, 

disodium hydrogen phosphate, and ethanol, were purchased from Shanghai Macklin 

Biochemical Co., Ltd., China. 

Three buffer systems were prepared to cover the required pH range for the 

spectrophotometric measurements. The citrate buffers were prepared from citric acid and 

its conjugate base (trisodium citrate) by mixing them in appropriate proportions to obtain 

desired pH values in the range of 2.5 to 5.0. Acetate buffer solutions were prepared by 

mixing acetic acid and its conjugate base (sodium acetate) in appropriate proportions to 

achieve target pH ranges from 3.4 to 5.6. Phosphate buffer sets were prepared by mixing 

defined volumes of sodium dihydrogen phosphate and disodium hydrogen phosphate 

solutions to obtain solutions with pH values ranging from 6.4 to 8.3. All buffer solutions 

were used to maintain a constant, well-defined pH in all the spectrophotometric 

experiments. 

The pH values of the solutions were measured using an inoLab®Multi 9420 IDS. 

The spectrophotometric measurements were performed using a Libra S60PC dual-beam 

UV-Vis spectrophotometer, which was controlled by a computer equipped with the 

Biochrom Resolution program (version 2.4.5.0). 

2.2. Experimental methods 

In this study, UV-Vis molecular absorption spectrophotometry was applied to 

determine the acidity constants of the indicators methyl orange (MeO), bromophenol blue 

(BPB), bromocresol green (BCG), and bromothymol blue (BTB) in aqueous medium. 

The same experimental procedure was applied to all four indicators, using only different 

buffer solutions for each indicator. Initially, the acid and basic forms of each indicator 
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were prepared using 0.1 M hydrochloric acid and 0.1 M sodium hydroxide solutions, 

respectively. Their absorption spectra were recorded to determine the maximum 

absorption wavelengths (λmax) of both forms. Subsequently, a series of buffer solutions 

with pH values covering the expected pKa range of each indicator was prepared. Citrate 

buffer was used to adjust the pH for methyl orange, acetate buffer for bromophenol blue 

and bromocresol green, and phosphate buffer for bromothymol blue. The pH and 

absorbance of each solution were measured at the selected wavelengths. All experiments 

were performed at room temperature, and the ionic strength of the solutions was kept 

constant by adding 0.1 M KCl solution. The obtained absorbance vs. pH data were used 

for calculating the acidity constant. 

3. Results and discussion 

In this study, absorbance measurements were conducted using a Libra S60PC dual-

beam UV-Vis spectrophotometer within the wavelength range of 380–720 nm (visible 

region). The graphs of absorbance versus wavelength (λ) of the indicators at different pH 

values are presented in Fig. 1. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 1. Absorption spectra of indicators at different pH values  

(a) MO, (b) BPB, (c) BCG, and (d) BTB. 
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As shown in Fig. 1, distinct isosbestic points were observed for methyl orange 

(MO), bromophenol blue (BPB), bromocresol green (BCG), and bromothymol blue 

(BTB) at wavelengths of 470, 496, 510, and 500 nm, respectively. The presence of well-

defined isosbestic points indicates that the total concentration of each indicator was 

maintained constant across all solutions. This observation further suggests that the acid-

base equilibrium involves only two interconvertible species, namely the neutral (HIn) and 

ionized ( In ) forms, without the formation of intermediate species, side reactions, or 

degradation products during the measurements. Therefore, the presence of isosbestic 

points provides strong evidence for the applicability and reliability of UV-Vis 

spectrophotometry in the determination of pKa values. 

Spectrophotometric measurements were conducted to determine the pKa values of 

four indicators, and two graphical methods were applied. 

The first method 

Firstly, the absorption spectra of the indicators were recorded in strongly acidic and 

strongly basic media to obtain the spectra of the fully acid (HIn) and fully conjugate base 

( In ) forms. From these spectra, the wavelengths of maximum absorbance (λmax) of both 

forms were selected. Figure 2 shows that the absorption spectra of MO in acidic  

(pH = 1.74) and basic (pH = 12.02) media have absorption maxima at 507 and 464 nm, 

respectively. Similarly, the spectra of BPB recorded at acidic (pH = 2.09) and basic  

(pH = 11.61) media showed λmax values at 436 and 592 nm, respectively. For BCG, the 

absorption maxima at pH 1.80 and pH 11.85 were obtained at 441 and 616 nm, respectively. 

The absorbance spectrum of BTB in acidic (pH = 1.86) and basic (pH = 12.32) media 

exhibited absorption maxima at 432 and 616 nm, respectively. 

At the selected wavelengths corresponding to the absorption maxima of the acidic 

(HIn) and conjugate base ( In ) forms, the absorbance of each indicator solution in the 

buffer medium at different pH values was measured. The pH values of all indicator 

solutions were accurately recorded before the measurements. The plots illustrating the 

relationship between absorbance vs. pH at these wavelengths are presented in Fig. 3. 

The pKa values were determined from the pH of the intersection point of the two 

linear curves of the absorbance-pH plots. To determine these points, the linear equations 

describing the two segments closest to the intersection on each curve were established 
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and solved simultaneously. The pH values calculated at the intersection of these linear 

relationships were taken as the pKa values of the indicators. Table 1 presents the pKa 

values of the indicators MO, BPB, BCG, and BTB obtained from solving these linear 

equations. The pKa values of the indicators MO, BPB, BCG, and BTB determined by this 

method were 3.45, 4.12, 4.75 and 7.29, respectively. 

 
(a) 

 
(b) 

 
(c) 

                           
(d) 

Fig. 2. Absorbance spectra of indicators in acidic and basic media   

(a) MO, (b) BPB, (c) BCG, and (d) BTB. 

Tab. 1. Acidity constants (pKa) of the indicators were determined from the linear equations  

used to calculate the pH at the intersection point 

No. Indicator 
Linear equations used for pKa 

determination 
pKa values 

1 Methyl orange 0.0498x + 0.2209 = - 0.2696x + 1.3241 3.45 

2 Bromophenol blue 0.6214x – 2.1242 = - 0.5412x + 2.6712 4.12 

3 Bromocresol green 0.4631x – 1.8524 = - 0.1520x + 1.0681 4.75 

4 Bromothymol blue 0.2712x – 1.6821 = - 0.1164x + 1.1453 7.29 

The second method 

In the second approach, the pKa values were determined graphically using Eq. (7). 

A plot of HIn

In

A A
log

A A




 (y-axis) versus pH (x-axis) was constructed. In this expression, 

max = 506 nm 

max = 464 nm 
max = 436 nm 

max = 592 nm 

max = 441 nm 

max = 616 nm 

max = 616 nm 

max = 432 nm 
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AHIn represents the absorbance of the indicator solution in a strongly acidic medium, A 

corresponds to the absorbance of the indicator in buffer solutions at different pH values, 

and AIn⁻  is the absorbance in a strongly basic medium. To obtain reliable results, the 

absorbance measurements were performed at wavelengths where the difference between 

the absorption spectra of the acidic and basic forms was maximal. Accordingly, the 

selected wavelengths (λ) for Methyl orange (MO), Bromophenol blue (BPB), 

Bromocresol green (BCG), and Bromothymol blue (BTB) were 507, 592, 616, and  

616 nm, respectively.  
 

 
 

(a) (b) 

 
(c) 

 
(d) 

Fig. 3. Plot of absorbance vs. pH at wavelengths corresponding to the absorption maxima  

of the acidic (HIn) and conjugate base (In-) forms 

(a) MO, (b) BPB, (c) BCG, and (d) BTB. 
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In theory, the plot of HIn

In

A A
log

A A




 versus pH is expected to exhibit an ideal slope 

of unity. However, in practice, the experimental slope is often slightly different from 1 

due to instrumental limitations, experimental uncertainties, and variations in solution 

conditions. Therefore, the least-squares regression method was applied to fit the linear 

data and to determine the point of intersection with the pH axis. At this intersection, 

HIn

In

A A
log

A A




 = 0, which corresponds to the condition 

[In ]

[HIn]



= 1. Under this condition, the 

concentrations of the acid and its conjugate base forms are equal, and consequently,  

pH = pKa. As a result, the pKa values obtained using this approach exhibit high reliability 

and very small uncertainty. 

The corresponding plots of HIn

In

A A
log

A A




 versus pH for these indicators are shown 

in Fig. 4. 

 
(a) 

 
(b) 

  
(c) 

 
(d) 

Fig. 4. Graphs of log HIn

In

A A

A A




 vs. pH for determination of pKa values of 

 (a) MO, (b) BPB, (c) BCG, and (d) BTB. 

The graphs of all indicators exhibited good linear relationships between the 

logarithmic ratio and pH, with R2 in the range 0.9985–0.9992, confirming the 
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applicability of the model based on the Henderson-Hasselbalch equation. The slopes 

obtained from the logarithmic ratio plots (1.0081–1.0481) are close to the theoretical 

value of 1, indicating that the system generally follows the expected theoretical model. 

The slight deviation of the slope from 1 may be attributed to several factors, including 

uncertainties in pH measurements, minor inaccuracies in determining the limiting 

absorbance values (AHIn and AIn⁻ ), and small deviations from the Beer-Lambert law. In 

addition, the logarithmic transformation inherently amplifies experimental noise, 

especially at absorbance values near the limiting regions, which can contribute to small 

deviations in slope. Importantly, the slope deviation from 1 is relatively small (< 5%), 

falling within acceptable experimental error. This indicates that the system behaves nearly 

ideally and that the experimental conditions are well controlled. Therefore, the 

logarithmic ratio method can be considered reliable for pKa determination. 

From the plot of HIn

In

A A
log

A A




 versus pH and by solving the corresponding linear 

regression equations, the pKa values of the studied indicators were determined. The 

results obtained by this method showed that the pKa values for methyl orange (MO), 

bromophenol blue (BPB), bromocresol green (BCG), and bromothymol blue (BTB) were 

3.39, 4.01, 4.86, and 7.36, respectively. These values were derived from the intercept of 

the fitted straight lines with the pH axis, where HIn

In

A A
log

A A




 equals zero. 

The pKa values obtained from the intersection and logarithmic ratio methods are in 

close agreement overall; however, minor deviations between the two approaches were 

observed, which can be attributed to the inherent characteristics and limitations of each 

method. The intersection method relies on the graphical determination of the crossing point 

between two fitted linear regions of the absorbance-pH plot. Consequently, the calculated 

pKa is sensitive to the selection of data points and the chosen fitting range, which may 

introduce slight subjectivity and lead to small systematic deviations in the determined pKa 

values. In contrast, the logarithmic ratio method, although more objective, may be affected 

by error propagation associated with the logarithmic transformation, as well as uncertainties 

in the determination of limiting absorbance values (AHIn and AIn⁻ ), uncertainties in pH 

measurements, and slight deviations from the Beer-Lambert law. Overall, these differences 

are small and fall within acceptable experimental error. 

The pKa values of four acid-base indicators, including methyl orange, bromophenol 

blue, bromocresol blue, and bromothymol blue, determined in this study and previous 
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studies are presented in Tab. 2. The relative percent differences (RPD, %) were calculated 

to quantitatively evaluate the agreement between the two methods and their consistency 

with reported literature values. The RPD values of the investigated indicators between 

the two methods ranged from 0.96 to 2.71%, indicating close agreement between the two 

approaches. The RPD values between the experimental results and literature values 

ranged from 0.14 to 3.43%, demonstrating the high accuracy of the proposed method. 

These results further confirm the reliability and consistency of the spectrophotometric 

method for determining the acidity constants of acid-base indicators. 

Tab. 2. The pKa values determined through UV-Vis spectrophotometry 

No. Indicator 

This study 

Literature values The first 

method 

The second 

method 

1 Methyl orange 3.45 3.39 
3.34  0.02 [1] 

3.46 [13] 

2 Bromophenol blue 4.12 4.01 
4.10 [13] 

4.15  0.02 [14] 

3 Bromocresol green 4.75 4.86 
4.90 [13] 

4.7 [15] 

4 Bromothymol blue 7.29 7.36 
7.30 [13] 

7.52  0.02 [14] 

4. Conclusion 

The acidity constants of four common acid-base indicators were successfully 

determined using UV-Vis molecular absorption spectrophotometry. The method was 

based on recording the absorption spectra of the fully protonated and deprotonated forms 

of each indicator, selecting appropriate analytical wavelengths, and measuring 

absorbance in buffer solutions covering the expected pKa ranges. The presence of well-

defined isosbestic points confirmed that the acid-base equilibria involved only two 

interconvertible forms and that no significant side reactions or degradation occurred 

during the measurements. 

Two graphical approaches were used to evaluate pKa values. The results obtained 

from both methods are in close agreement and consistent with previously reported studies. 

Minor deviations from previous reports were attributed to differences in experimental 

conditions such as temperature, ionic strength, buffer composition, and instrumental 

factors. In general, the obtained results demonstrate that UV-Vis molecular absorption 

spectrophotometry is a simple, rapid, accurate, and cost-effective method for determining 

the acidity constants of acid-base indicators. This approach can be readily extended to 

other weak acids and bases, particularly for compounds with limited solubility or limited 

sample availability. 
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XÁC ĐỊNH HẰNG SỐ AXIT CỦA MỘT SỐ CHỈ THỊ AXIT-BAZƠ 

BẰNG PHƯƠNG PHÁP PHỔ HẤP THỤ PHÂN TỬ  

Hoàng Thị Tuệ Minh1, Phùng Văn Chí1, Nguyễn Kim Thanh1,  

Nguyễn Bích Ngọc1, Nguyễn Thị Lệ Quyên2  
1Khoa Hóa - Lý kỹ thuật, Trường Đại học Kỹ thuật Lê Quý Đôn 

2Khoa Nông Lâm Ngư, Trường Đại học Nghệ An 

Tóm tắt: Việc xác định hằng số axit (pKa) của các chỉ thị axit-bazơ có ý nghĩa quan trọng 

trong việc hiểu rõ đặc tính hóa lý cũng như khả năng ứng dụng của chúng trong phân tích. Trong 

nghiên cứu này, các giá trị pKa của bốn chất chỉ thị thông dụng, bao gồm methyl orange (MO), 

bromophenol blue (BPB), bromocresol green (BCG) và bromothymol blue (BTB) đã được xác 

định trong môi trường nước bằng phương pháp phổ hấp thụ phân tử UV-Vis. Hai phương pháp 

đồ thị đã được áp dụng. Các giá trị pKa thu được theo hai phương pháp này lần lượt là 3,45 và 

3,39 đối với MO; 4,12 và 4,01 đối với BPB; 4,75 và 4,86 đối với BCG; và 7,29 và 7,36 đối với 

BTB. Kết quả này cho thấy sự phù hợp tốt giữa hai phương pháp và tương đồng với các giá trị đã 

công bố trong các nghiên cứu trước. Điều này khẳng định phương pháp phổ hấp thụ phân tử  

UV-Vis là một kỹ thuật đơn giản, nhanh, có độ tin cậy cao và chi phí thấp để xác định chính xác 

hằng số axit của các chỉ thị axit-bazơ. 

Từ khóa: Chỉ thị axit-bazơ; xác định pKa; điểm đẳng quang; phương pháp phổ hấp thụ 

phân tử UV-Vis. 
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