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Abstract: Caesalpinia sappan L., known as sappan wood, has been extensively explored by many 

researchers because it contains various structural types of phenolic compounds. This study objectives 

are to investigate the effect of pH on the flourescent color of carbon dots (CDs) from sappan wood and 

its application as an acid-base indicator under UV light for the first time. CDs were synthesized 

through the hydrothermal route in ethanol solvents. The synthesized CDs were further characterized 

by UV-Vis spectrophotometry, fluorescence and Fourier Transform Infrared (FT-IR) spectroscopy. 

Based on the results, CD solutions performed multiple flourescent colors (yellow, orange and green) 

under UV light at 365 nm when the pH was adjusted to be 1, 3, 5, 7, 9 and 11. These multiple colors 

were produced because of the instability of phenolic compounds in the sample, especially brazilin 

which was easily oxidized to brazilein in alkaline condition. According to the FT-IR spectra, the most 

prominent differences of the sample before and after the treatment process was observed in the peak 

region ranging from 1500-1700 cm-1. The characteristic band of carbonyl groups was identified at 

1697 cm-1 in the treated sample (pH 9), but it was unobserved in the spectrum of sappan wood and the 

treated sample (pH 5). The presence of carbonyl group can be assumed that brazilin has been oxidized 

to brazilein after the alkaline treatment process and making the flourescent color was gradually 

shifted from yellow to green. Under normal light, the sappan wood’s extract and CD solution 

produced yellow and red colors in acidic and alkaline conditions, respectively. However, only CD 

solutions which have yellow, orange and green emissions in different pH conditions under UV light. 

Therefore, the synthesized CDs can be used as an acid-base indicator in both different light 

conditions. 
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1. Introduction  
Nowadays, carbon dots (CDs) have attracted widespread attention as one of the most important 

material for a variety of applications because of its low toxicity, good water soluble, chemical 

inertness and more environmentally friendly [1]. They also exhibit different optical properties 

depending on their size, such as chemiluminescence, photoluminescence and photoinduced electron 

transfer. These desirable properties making CDs are well applicable in fluorescence imaging, 

chemical-sensing, bio-sensing and drug delivery [2].  

Several synthetic processes used to convert the precursor to be CDs are ultrasonication, 

solvothermal, chemical oxidation and hydrothermal [3]. Among of these conventional method, hydro-

thermal is the most frequently method used because of its simple process, environmentally friendly 

and higher yield with a good CD surface in fluorescence properties. Many researchers use various 

chemical precursors containing N and S atoms, such as citric acid, citric acid-urea and thiourea as the 

source of CDs [4]. Although the produced CD using these precursors has good color intensity, it still 

requires expensive costs to prepare CDs on a large scale. Therefore, the use of natural sources for 

preparing CDs are investigated by experts [5]. 
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The previous research which conducted by Chen et al. [6] have been reported the use of garlic to 

synthesis CDs using hydrothermal treatment, showing it could be an alternative as a carbon source. 

Besides garlic, other natural sources that received attention came mainly from widely available plants 

such as sappan wood (Caesalpinia sappan L.). Sappan wood contains water-soluble flavonoids namely 

brazilin, protosappanin and haematoxylin. Brazilin is the main flavonoid in sappan wood as a yellow 

dye with a C16H14O5 structure in crystalline form which has a melting point of 145–149°C and a 

moleculer weight of 286 m/z. However, brazilin will be brazilein as an oxidized form with a red color 

when dissolved in an ethanol solvent because of its unstability in alkaline pH [7]. The differences color 

in acidic and alkaline condition making this plant can be applied as an acid-base indicator. 

In this work, sappan wood was used as a natural source for the first time to synthesis CDs by using 

simple hydrothermal treatment. The effect of pH on the fluorescence color after the synthesis process 

will be evaluated. The produced CDs will also be tested as an acid-base indicator under visible and UV 

lights. 

 

2. Materials and methods 
2.1. Materials  

Sappan woods as starting material were obtained from IPB University’s laboratory. The sample 

was mashed and dried for 2 days to remove moisture. The dried sample was separately extracted using 

two different solvents (distilled water and 96% ethanol) by maceration method. All chemicals used 

including ethanol 96%, hydrochloric acid (HCl) and sodium hydroxide (NaOH) were purchased from 

inorganic chemistry laboratory of IPB University. 

 

2.2. Synthesis of multi-color fluorescent CDs 

CDs were synthesized by dissolving 2 grams of dried samples into 25 mL of 96% ethanol under 

stirring condition for 30 min. The mixture was transfered and heated in a closed stainless steel 

autoclave at 150°C for 8 h, as represented in Scheme 1. Then, the product was allowed to cool 

naturally at room temperature and centrifuged at 4500 rpm for 15 min. The pure of CD solution was 

obtained after the supernatant was filtered using a Whatman filter paper. 

 
Scheme 1. Schematic illustration of the synthesis of CDs 

 

2.3. Characterization of CDs 

After the synthesis process, the pH of CD solutions was adjusted to be 1, 3, 5, 7, 9 and 11, which 

controlled using 0.1 M HCl or NaOH. The presence of CDs was revealed by irradiating these solutions 

under a UV lamp (365 nm) (Scheme 1, right). Then, the fluorescent intensity was measured by a 

fluorescence spectrophotometer. To get the solid phase, 1 mL of CD solutions (pH 5 and 9) was dried 
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at 100 oC and characterized by FTIR spectroscopy using a Perkin Elmer Spectrum One spectrometer, 

which recorded from 500–4,000 cm-1. The FTIR spectra before and after the treatment process were 

compared. 

 

2.4. Aplication of CDs as an acid-base indicator 

About 0.5 mL of the sappan wood’s extract and CD solution (pH 5) was transfered separately to 

the four vials containing 4 mL of distilled water. The pH of each solution was controlled to be 5, 6, 9 

and 11, respectively. Then, all vials were illuminated under a UV light at 365 nm for a minute. The 

maximum wavelength of solutions was determined using a UV-Vis spectrophotometer. 

 

3. Results and discussions  
3.1. Effect of pH on the synthesized CDs from sappan wood 

Sappan wood contains various structural types of phenolic compounds, such as coumarin 

(C9H6O2), xanthone (C13H8O2), chalcone (C15H12O5) and brazilin (C16H14O5). Among these phenolic 

compounds, brazilin has been reported as the major component in sappan wood, which produced 

yellow color in solution and more stable under the acidic pH [7]. The synthesis of CDs from sappan 

wood as starting material was carried out through the hydrothermal treatment using ethanol solvent. 

Ethanol is well-known as a good solvent for extracting all flavonoid compounds, including brazilin 

because of the same polarity [8]. Therefore, ethanol solvent was selected in this work.  

The solution produced after the synthesis process was in red color (pH 5). It was caused due to the 

use of ethanol solvent (pH 8) in the treatment process making the solution to be alkaline. Brazilin is 

unstable under alkaline pH and will be brazilein as an oxidized form, which appears in red color [9]. 

Thus, brazilein was formed when the hydrothermal process is complete. To study the effect of pH on 

the fluorescent color, the pH of CD solutions was adjusted to be 1, 3, 5, 7, 9 and 11. In this work, we 

only used a simple technique to prove the successful of CD formation by irradiating the CD solution 

under a UV lamp at 365 nm. The fluorescent color of solution indicates the presence of CDs. Figure 1 

shows the color of CD solutions under both visible and UV lamps with ethanol as the control solution 

at room temperature. As seen, acid caused brazilein to become orange color and alkaline produced a 

deep crimson color in solution under normal light. The fluorescent colors of yellow (pH 1, 3, 5), 

orange (pH 7, 9) and green (pH 11) were obtained by illuminating CD solutions below a UV lamp at 

365 nm. According to the previous report, natural plants containing several organic molecules 

including cellulose, glucose and phenolic compounds are recommended for the synthesis of CDs [10-

12]. This is because the large number of carbon-containing small molecule in natural plants can be 

polymerized and carbonized to form a carbon backbone at high temperature condition, which can 

further form fluorescent CDs. The formation mechanism of synthesized CDs has been explained in 

detail by Liu et al. [13]. 

 

 
 

Figure 1. Multi-color fluorescent CDs in different pH conditions under  

visible (A) and UV light (B) 

(A) 

(B) 
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Each flourescent color has a different energy level, depending on the excitation distance (band gap 

energy) between the valence and conduction bands [14]. The fluorescent intensity of CDs was 

measured by using a fluorescence spectrophotometer in each pH condition. Figure 2 shows the 

emission spectra of multi-color flourescent CDs at pH 1, 3, 5, 7, 9 and 11. At pH 1, the CD solution 

emits yellow color in the wavelength of 570 nm. The emission peak was gradually shifted from 570 

nm (yellow) to 600 nm (orange) at pH 7. Two emission peaks which appeared in area 470 nm and 600 

nm were observed in dark orange color at pH 9. When the pH solution was adjusted to be 11, the 

solution contributes a green color in the wavelength of 500 nm. The photoluminescence (PL) spectrum 

of sappan wood extract is not shown due to the absence of fluorescence in solution under a UV lamp. 

 
Figure 2. The emission spectra of CDs in ethanol solvents 

 

 
Figure 3. The absorption spectra of CDs in ethanol solvents 

 

Figure 3 overlays the absorption spectra of CD solutions under acidic and alkaline pH conditions 

measured by UV-Vis spectrophotmeter. The presence of brazilin was detected in the pH 1 and 3 at the 

wavelength of 290 nm. The similar result is also obtained by Nirmal et al, which reported the 
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maximum absorption of brazilin at 292 nm [7]. The maximum wavelength of 450 nm at pH 1, 3, 5 and 

7 was corresponded as the spectra of brazilien. However, the spectra was shifted from 450 nm to 540 

nm at pH 9 and 11. Therefore, it can be inferred that brazilein has two maximum absorption 

wavelengths at 450 nm and 540 nm. 

 

3.2. FT-IR spectra of samples 

CDs were characterized by FT-IR spectroscopy to identify the functional group in each sampel 

under acidic and alkaline pH. Figure 4 presents the FT-IR spectra of samples before and after the 

hydrothermal treatment. Before the treatment process, there are several peaks occured, especially at 

1040 cm-1, 1455 cm-1, 1507 cm-1, 1605 cm-1, and 3200 cm-1. The peak at 1040 cm-1 was assigned to the 

ring stretching of phenolic compounds. In the region between 1450 cm-1 and 1610 cm-1, the vibration 

peaks of C=C were obtained. Generally, the FTIR spectra before and after the treament process are 

similar. One of the most prominent differences of these samples were found in the vibration peak at 

1697 cm-1 (pH 9), which showed the presence of carbonyl (C=O) groups. This carbonyl group 

indicated the formation of brazilein in CDs (pH 9) and was not appeared in the spectrum of sappan 

wood or CDs (pH 5) samples. Another study has also reported that brazilein spectrum exhibits a strong 

band at 1697 cm-1 [15]. 

 
Figure 4. The FT-IR spectrum of samples before 

and after the treatment process 

 

3.3. CDs as an acid-base indicator 

Sappan wood’s extract has been widely applied as an acid-base indicator, but its application as an 

indicator is only used under visible light. Therefore, we investigated the use of synthesized CDs from 

sappan wood as an acid-base indicator below a UV light for the first time. Figure 5 and 6 are shown 

the color of sappan wood’s extract and CDs in various pH conditions under visible and UV lights, 

respectively. 

 
Figure 5. The color of sappan wood solution 

under normal (A) and UV (B) lights 

(A) 

(B) 
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Figure 6. The color of CDs under normal (A) 

and UV (B) lights 

 

The sappan wood and CD solutions have slightly yellow an red colors in different pH conditions 

under normal light. Figure 7 represents the absorption spectra of each sample. Based on the result, 

brazilien absorption peak in the wavelength around 540 was showed under alkaline pH. However, only 

sappan wood did not show fluorescent color under UV lamp. The synthesized CDs from sappan wood 

produced yellow color in acidic pH and green color in alkaline pH. These results revealed that CDs can 

be applied as acid-base indicator under both light conditions. Besides, the color of fluorescent formed 

is reversible in both acidic and alkaline pH because it has the similar color when the pH was adjusted 

as before. The use of CDs from sappan wood can also be referenced to develop a biosensor in 

medicine field. 

 

 
Figure 7. The absorption spectra of sappan wood (A) and CD (B) solutions 

 

4. Conclusions  
The multi-color fluorescent CDs were successfully synthesized through simple hydrothermal 

method using ethanol solvent under various pH condition. CD solutions exhibited yellow, orange and 

green fluorescent at pH 5, 9 and 11, respectively. The fluorescent intensity was measured by 

fluorescence spectrophotometer. At pH 1 and 3, the maximum wavelength of brazilin was detected at 

290 nm. When the pH of solution increased, the brazilin peak was disappeared due to the formation of 

brazilein. Brazilein has two maximum wavelengths at 450 and 540 nm. The FT-IR spectra before and 

after the hydrothermal treatment were used in order to identify the functional groups in the sample. 

The results showed that brazilin was obtained in the sample of sappan wood and CD (pH 5) because of 

the absence of carbonyl groups. The sappan wood and CD solution have the similar color under 

normal light. However, only the synthesized CDs from sappan wood produced multi-color fluorescent 

under UV light at 360 nm. Therefore, CDs can be used as an acid-base indicator in both light 

conditions. 

(A) 

(B) 
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