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Abstract 

The purpose of this study was to demonstrate a simple, rapid analysis, portab le, and inexpensive 

spectrophotometer. Different from other spectrophotometers, the present instrument consisted of a single 
white light-emmiting-diode (LED) as a light source, a light sensor, and arduino electronic card as an 
acquisition system. To maintain a constant light intensity, a common white -color LED emitting a 450-620 
nm continous spectrum was employed. Software was written in C++ to control photometer through a USB 
interface and for data acquistion to the computer. The instrument is designed to be simple and compacted 
with sizes of 200 x 130 x 150 mm for length, width, and height, respectively. The analysis of the total cost 
isabout less than 500 USD, while commercially available offers price of more than 10,000 USD. Thus, this 
makes the present instrument feasib le for teaching support media in developing  countries. The 
effectiveness of the present spectrophotometer for analyzing solution concentration (i.e. curcumin) was 
also demonstrated. Interestingly, the present spectrophotometer is ab le to measure the concentration of 
curcumin precisely with an accuracy of more than 90%. Different from commercially availab le standard 
UV-visib le spectrophotometers that have limitations in the analysis of concentration of less than 50 ppm, 
the present system can measure the concentration with no limitation since the measurement is based on 
the LED light being penetrated. 
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1. Introduction 

In the seventies of the last century, Flaschka et al [1] reported development of light-

emitting diode (LED)-based photometers. Their method is prospective to generate further 
developed and sophisticated photometers, which can be found in many commercially available 
analytical instruments and characterization equipments. Although current available instruments 

and equipments are effective to measure many characterization analyses, the quality of the 
analysis is directly dependant on increases in cost and complexity of the optical and electronic 
system. Indeed, this meets problems, especially when applying the instrument for educational 

purposes in developing countries. This becomes the main reason for the increasing demand for 
simple, portable, and inexpensive chemical analyses.  

To meet this demand, many scientists have reported the development of simple 

instruments. For example, Shimazaki et al [2] and Veras et al [3] reported the use a white LED-
based spectrophotometer for analyzing iron ion in aqueous solut ion. De Morais et al [4] reported 
the design of photometer for the analysis of lead ions. Other developed instruments were 

reported by Li et al [5] that presented a portable multi-function instrument using LED-based 
different spectrophotometric techniques for analyzing chromium and aluminium ions.  Other 
paper is then reported by Kittipanyangam et al [6]. They compared the use of LED with different 

color intensities, i.e. red, green, and blue. Although current methods as described above are 
effective for analyzing concentration of the solution, problems still persisted. Current designed 
instruments must be supported by sophisticated design and some specific apparatuses. Further, 

their methods seemed to be inconvenient especially for researchers that have no background 
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on the electrical science and engineering. In fact, the idea in the above demand is mainly for 

educational purposes in school. 
In our previous studies, we have already worked with the concentration analysis [7-10]. 

All analyses are typically employed and can not be separated with the spectrophotometer. 

Indeed, this analysis is typically common in high technology research, while this typical analysis 
in the school is hard to be implemented. 

Therefore, the purpose of this study was to introduce a simple, rapid analysis, portable, 

and low-cost spectrophotometer. This spectrophotometer has been applied in our previous 
studies [7,8,10], but we did not discuss in detail how the instruments work. 

The prepared instrument is one of the proposed solutions on how to solve current 

problems for the demand in the spectrophotometer for school. To simplify the development of 
the instrument, the proposed photometer is Arduino-based spectrophotometer with white LED 
as a light source. Ardunio is used as an acquistion system due to its well-known system and 

user friendly, making the non-electrical background users being able to put into practice [11]. 
That is the main reason why the arduino has been used in various applications [11-14]. The 
effectiveness of the present spectrophotometer for analyzing solution concentration (i.e. 

curcumin) was also demonstrated. 
Experimental results showed that the present spectrophotometer is able to measure the 

concentration of curcumin precisely with an accuracy of more than 90%. Different from 

commercially available standard UV-visible spectrophotometers that have limitations in the 
analysis of concentration of less than 50 ppm, the present system can measure the 
concentration with no limitation as long as the LED light beingtransmitted. Economic analysis of 

the total cost showed that the present instrument is relatively inexpensive and possible to be 
implemented for teaching supporting media in developing countries.  
 

 
2.    Experimental Method 
2.1. Design Portable Spectrophotometer 

Figure 1 shows a schematic illustration of the present portable spectrophotometer. The 
system contains a white-color LED light source (10 W; emitting a 450-620 nm continous 
spectrum), glass cuvette cell (12.5 x 12.5 x 45mm), and a photosensor. Regarding the 

photosensor, a light sensor (lux meter; BH1750FVI, Rohm Co. Ltd., Japan) was used and 
equipped with arduino system (arduinoUNO). All components were constructed within an acrylic 
case, whose size was 200 x 130 x 150 mm for length, width, and height, respectively. Total 

mass of the present spectrophotometer was about 1 kg. 
To ensure the analysis result be obtained precisely and real time, the system was set 

and programmed for being able to connect with computer. In short, the arduino system was 

equiped with software using the Arduino IDE 1.0.6. The software was written in C++ to control 
photometric analysis through a USB interface and for data acquistion to the computer. 
 

2.2. Implementation of Spectrophotometer for Analyzing the Concentration of Curcumin  
       Preparation of Curcumin  

To demonstrate the effectiveness of the present spectrophotometer on measuring the 

concentration of solution, the analysis of various curcumin concentrations was conducted. In 
short, to get the extracted curcumin, a piece of turmeric (purchased from local market in 
Bandung, Indonesia) was washed, sliced into small pieces (sizes of about 1 x 1 cm), and dried 

at 70C (to remove the water content in the turmeric). Next, the dried turmeric was grinded and 
dissolved into water. The turmeric suspension was then filtered to get curcumin solution. The 
concentration of curcumin solution was fixed at 100 ppm. For being used for variation of 

curcumin concentration, the 100 ppm of curcumin was diluted by aqueous solution. Detailed 
information regarding the extraction of curcumin is explained in our previous reports  [8, 9]. In 
addition, to ensure the successful isolation of curcumin from turmeric , several characterizations 

were conducted, including a Fourier Transform Infra Red (FTIR; Prestige 21, Shimadzu Corp., 
Japan)) for analyzing the chemical composition in the sample.  
 

2.3. Measurement Procedure 
The demonstration of the spectrophotometer measurement was conducted by putting 

about 3 mL of aliquot curcumin with a specific concentration. The measurement result was then 
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compared to that gained from standard procedure using a standard UV-Visible 

spectrophotometer (UV-Vis mini 1240, Shimadzu Corp., Japan).  
For obtaining the results of the present spectrophotometer, the Beer Lambert Law is 

typically used. The law correlates absorbance (A) with molar absorptivity (; L/mol.cm), path 

length of light in the sample (b; cm), and concentration (C; mol/L). The correlation can be written 
as [15]. 

 

        
 

Then, when the above correlation involves the light transmittance (T) and light intensity (I), the 
absorption A is defined as [15] 
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where Io is the initial light intensity.  

Similar to the above measuring procedure for the present photometer, the analysis of 

curcumin concentrations using the standard UV-Visible spectrophotometer used Beer-lambert 
law at a wavelength of 425 nm. The implementation of above equation can be redefined  
into [7-8], [10] 

 
  

  
 
  

  
 

 
where Co and Ct are the concentration of curcumin at the initial time and that at the measured 

time, respectively. Ao and At are the absorption peak at the initial time and that at the measured 
time, respectively. 

In addition, to ensure the precision in the measurement analysis, each measurement 

was conducted more three times, in which the average data (instead of anomaly data) was 
taken as the result.  

 

 

 
 
Figure 1. Schematic diagram of portable LED-based spectrophotometer. Components including 

in the photometer system are (1) LED driver, which connect to the power supply, (2) LED lamp, 
(3) hole for focusing light beam, (4) cuvette with measured solution, (5) luxmeter as the light 

intensity sensor, (6) arduino and (7) computer 

 
 
3.    Results and Discussion 

3.1. Isolation of Curcumin from Turmeric 
The performance of the present spectrophotometer was validated using a curcumin 

solution. Prior to measuring the curcumin solution, the curcumin solution was analyzed using 

several characterization analyses as shown in Figures 2-3.  
Figure 2 shows the FTIR analysis results of the curcumin solution. The result detected 

several peaks in the sample. A sharp peak in 3425 cm
-1

 indicated a strong O-H stretching, 

confirming the possibility of curcumin for dissolving in aqueous solution. In addition to OH-
related peak, several peaks were identified, which are classified as specific spectra of curcumin 
(shown in the dashed area) such as 1438 (olefinic C–H bending vibration), 1510 (C=C 
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vibrations), as well as 1597 and 1674 cm
-1

 (C-O stretch). The appearance of these peaks 

verified the successful isolation of curcumin from turmeric. The present peaks regarding the 
curcumin peaks are in a good agreement with other reports [8-9]. 

 

 

 
 

Figure 2. FTIR analysis of the curcumin solution 
 
 

Figure 3 shows the analysis results gained from the standard UV-Visible 
spectrophotometer with photograph images of curcumin samples with various concentrations. 
Various concentrations of curcumin from 0 to 100 ppm were tested. As shown in the paneled 

photograph image, the concentration of curcumin relates directly to the color and turbidity. As a 
consequence, different absorption patterns were detected, depending on the concentration of 
curcumin. Based on the UV-Vis spectrum curves, the main peaks were detected at the 

wavelength of about 280 nm for all cases, confirming the yellow color.  
The absorbance at all wavelengths decreased with the decreases in the concentration, 

confirming that the higher concentration of curcumin correlates to the more lights being 

absorbed. The absorption process is in a good agreement with change in visual observation that 
the higher concentration results in the solution to have more turbid yellow color as shown 
panelled photograph image in Figure 3). The present correlation between the concentration and 

the absorbance is in a good agreement with other reports [7,10]. 
 
 

 
 

Figure 3. Standard UV-Vis spectrophotometer analysis results. The panelled figure is the 
photograph images of curcumin samples with various concentrations 
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3.2. Performance Evaluation of the Present Spectrophotometer 

The optical system is composed by a white LED supported with focus hole to create a 
small light beam (2 cm in diameter) in front of the light sensor (See Figure 1). This hole is to 
promote the focus of the light beam. To minimize the interference of other light to the sensor 

measurement (especially light reflection from outside the spectrophotometer device), both inside 
and outside of the case were coated with black color.  

To increase the spectral resolution, the position of the sensor was put directly behind 

the glass cuvette cell. Thus, the sensor detects the light only which is from the penetration 
through the liquid solution. Therefore, when high turbidity of solution is put into the glass cuvette 
cell, the sensor detects low intensity due to less transmission of light through the solution.  

Interestingly, this system is relatively faster and more accurate compared to the 
standard UV Visible spectrophotometer. Further, since the standard UV-Visible 
spectrophotometer must scan all light wavelengths that make the measurement will be time-

consuming, the present photometer detects in the specific wavelength. The white LED is used 
since this type of light contains the specific wavelength that is compatible to the sensor. 

Table 1 shows the comparison results of curcumin measurement using the present 

spectrophotometer and standard UV-vis spectrophotometer. The calibration of the both 
measurement analyses were conducted in the concentration of curcumin that from 0 to 100 
ppm. Curcumin was tested until 100 ppm since this concentration is the maximum solubility of 

curcumin in aqueous solution. Thus, increases in more concentration of curcumin will need 
additional chemical solvent such as alcohol. Indeed, additional other chemical will generate 
additional factor in the measurement system. 

Both methods are effective to measure the concentration of curcumin. Interestingly, the 
result showed that the standard spectrophotometer is effective for measuring the concentration 
of curcumin of between 0 to 50 ppm, whereas the present portable system is possible for 

analyzing solution with no limitation.  
 

 

Table 1. Comparison of analysis results between the present spectrophotometer and the 
standard UV-Visible spectrophotometer. The analyses were conducted by measuring the 

curcumin sample with various concentrations. 

Curcumin 
sample (ppm) 

The present portable 
spectrophotometer 

Standard UV-Visible 
spectrophotometer 

Result (ppm) Error (%) Result (ppm) Error (%) 

0 -6.60 1.14 0 0 

10 7.12 28.77 9.14 8.53 
20 20.08 0.40 19.24 3.78 
30 32.43 8.12 29.50 1.68 
40 43.90 9.76 39.55 1.13 

50 52.92 5.84 50 0 
60 76.94 28.24 - - 
70 66.92 4.40 - - 
80 68.85 13.93 - - 

90 89.26 0.83 - - 
100 98.03 1.97 - - 

 
 

Based on the above analysis result, although for some cases the present 
spectrophotometer has higher error value than the standard UV Vis spectrophotometer, the 
present device is prospective for being used in educational purposes in underdeveloped and 

developing countries. This is because the total cost for designing instruments is less than 500 
USD, while the standard UV-Visible spectrophotometer needs at least 10.000 USD. Further, the 
present device is effective for analyzing even high-turbidity solution, making this instrument 

reliable for various uses. 
 
 

4. Conclusion 
The present study has demonstrated how to measure concentration of solution (i.e. 

curcumin) using a simple, rapid analysis, portable, and inexpensive spectrophotometer. The 

proposed photometer is Arduino-based spectrophotometer with white LED as a light source. 
The result showed that the present spectrophotometer is able to measure the concentration of 
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curcumin precisely with an accuracy of more than 90%. Different from commercially available 

standard UV-visible spectrophotometer that has limitation in the analysis of concentration of less 
than 50 ppm, the present system can measure the concentration without no limitation since the 
measurement is based on the LED light being penetrated. 
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