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An optoelectronic system using Microcontroller 89C51 for measurement of concentration, absorption and transmission 

of inorganic phosphate phosphorous is described. Phosphorous reacts with potassium antimony tartrate and ammonium mo-

lybdate solution to form phosphoantimonyl molybdate complex, which on reduction with ascorbic acid forms blue colour. 

This blue coloured complex shows absorption maxima at 695 nm and obeys Lambert-Beer’s law in the concentration range 

of 0.05-1.00 ppm. Tungsten lamp is used as a light source with a grating (600 lines/mm) to obtain a linear spectrum. A sine 

drive is used along with the stepper motor that can adjust the grating to achieve the desired wavelength (695 nm). 

Silicon photodiode is used as a detector having peak spectral response at 800 nm.  
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Introduction  

The various analytical methods used in absorption 

spectroscopy for analysis of metal and non metal ions 

are photoelectric photometer, spectrophotometer col-

orimeter and optoelectronics method
1,2

. The design of 

a low cost portable system, in which a grating having 

600 lines/mm is used as monochromator
3,4

 is de-

scribed. A sine drive mechanism is used to adjust the 

grating to achieve the desired wavelength (695 nm). 

Silicon photodiode is used as a detector, which has 

the peak spectral response at 800 nm and covers the 

wavelength range of 300-1100 nm. The output of the 

detector is fed to the I-V converter and then to A-D 

converter for digital output. The microcontroller con-

trols the function of the sine drive mechanism, the 

digital data input and display.  

 

Chemical Analysis 

The test reagent
5
 for the analysis of phosphorous is 

made by adding 500 ml of 5 N sulphuric acid to 50 ml 

of potassium antimony tartrate reagent (dissolving 

1.3715 g of potassium antimony tartrate in 400 ml of 

distilled water and making a volume of 500 ml in a 

volumetric flask reagent of potassium antimony tar-

trate is prepared) and 150 ml of ammonium molyb-

date reagent, dissolving 20g of ammonium molybdate 

in 400 ml of distilled water and making volume upto 

500 ml in a volumetric flask the reagent of ammo-

nium molybdate is prepared. One litre volume in a 

volumetric flask with distilled water is made. The re-

agent is found to be stable for about six months. To 

sample solution (5 ml, neutral or slightly acidic), 1 ml 

of test reagent and a pinch (about 50 mg) of ascorbic 

acid are added. The solution is mixed and kept for 20 

min for full colour development. After colour devel-

opment, one can note the concentration against the 

reagent blank. 
 

System Block Diagram 

The system block diagram of optoelectronic system 

is given in Fig. 1(a). 
 

Light Source 

The ideal light source produces a stable continuum 

of uniformly high intensity radiant energy over the 

spectral region of interest. It should be rugged and 

have a long life. The light source should be inexpen-

sive. For this dedicated instrument, the light source 

used is incandescent tungsten filament lamp with a 

glass envelope, which produces a continuum in the 

wavelength range of 320 to 2500 nm. A well-

regulated power supply has been designed to reduce 

the variation in intensity of the light source. 
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Monochromators 

Monochromators are extensively used in research 

for study of optical behaviour of various materials. 

They are used for irradiation purposes as well as for 

analyzing the emitted radiation. They form the optical 

heart of the colorimeter. As simple monochromators, 

they are extensively used to obtain spectra of ele-

ments in arcs and sparks. Some of the monochroma-

tors may be used as spectrographs also, thereby serv-

ing dual purpose. In most of the modern monochro-

mators, diffraction gratings are used as the dispersing 

elements even though some of the instruments still 

continue to use prism. The use of grating has much to 

recommend, for the wavelength or wave number scale 

can be very easily linearized, apart from the fact that 

the spectral bandwidth does not change appreciably 

over a wide spectral region for a given setting. When 

prisms are used, the wavelength scale is highly non-

linear and is made of either cams or calibrations 

charts for observing wavelength. It is possible to ob-

tain a perfectly linear wavelength scale by simple 

means. Let α and β be the angles of incidence and 

diffraction of the grating and let 2φ be the angle be-

tween the incident and the diffracted beams. Let θ be 

the angle of rotation of the grating measured from the 

zero order position of the grating [Fig. 1(b)]. Then the 

usual law of diffraction, sinα + sinβ =λ/σ, where λ is 

the wavelength and σ is the grating spacing, may be 

rewritten as 
 

2sin(α+β)/2 cos (α-β)/2= λ/σ. Now (α+β)/2 = θ and 

(α-β)/2 = φ, hence 

λ=(2σ cosφ) sinθ.  
 

Thus the wavelength is proportional to the sine of 

angle of the rotation but not to θ. The non-linearity 

becomes significant at longer wavelengths. For a 

lever of constant length L when rotated through an 

angle θ about one end the other end moves the dis-

tance of L sinθ perpendicular to the initial position of 

the lever. Thus a lever of length L projects from the 

center of the grating about which it rotates by an an-

gle θ. The end of the lever need not be a sharp point 

but can be a ball or roller. In this case, the lever length 

is the distance from the axis of rotation to the center 

of the ball or roller. Thus, for a rotation of the grating 

by an angle θ, the distance x moved by the center of 

the ball from the initial point is given by x = L sinθ or  
 

2 cos
λ=

L

σ φ 
  

x  … (1) 

 

Thus the wavelength is proportional to the linear 

displacement of the centre of the ball measured in the 

direction perpendicular to the initial position of the 

liver. Thus the micrometer coupled to stepper motor 

that is interfaced with the microcontroller pushes the 

ball.  

A local made stepper motor having torque of 2 kg 

cm is used to rotate the micrometer. The stepper mo-

tor has a step angle of 1.8
o
, which enables it to com-

plete 200 steps in a revolution. The microcontroller 

generates the clock pulses for the stepper motor, 

 
 

Fig.1 (a) — Block diagram of the optoelectronic system 

 

 

 
 

Fig.1 (b) — Illustration of sine bar mechanism for linearizing the 

wavelength of scale 
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which depends on the selection of wavelength by the 

user. 
 

Cuvette Holder 

Sample and reference compartment must be light 

proof and provide a kinematically engineered cell 

holding device to ensure reproducible placement of 

the sample and reference cells in the light beam. 

Cuvette holder, fabricated from Al alloy, holds the 

cuvette of different path lengths (maximum up to 

1cm). There is a slit at one end for the light of desired 

wavelength to propagate and at the other end there is 

the detector system. The slit and the detector are at 

right angles to the incident light and the existing light 

beam. It reduces reflective light losses and multiple 

reflection errors. The instrument is first set for 100 

per cent transmission by putting the blank solution in 

the cuvette then the test solution after colour devel-

opment is added in the cuvette, which is placed inside 

the cuvette holder. The absorption/transmittance re-

lated with concentration is detected by photodiode. 
 

Photo Detector  

A silicon photodiode
6
 (BPW21) is selected with 

operating voltage 6V. The wavelength range of the 

photodiode is 350-1100 nm and dark current of 4nA. 

It is ideal for low light level applications, where a 

very high signal to noise ratio is important. The de-

vice operates on the principle that irradiation of a p-n 

junction produces charge carriers known as electron-

hole pairs. Once the number of photo-induced carriers 

exceeds those induced by the thermal process (dark 

current), the photocurrent is proportional to the inci-

dent radiation.  

 

Working of System 
Phosphorous reacts with potassium antimony tar-

trate and ammonium molybdate solution to form 

phosphoantimonyl molybdate complex, which on re-

duction with ascorbic acid forms blue colour. This 

blue coloured complex can be analysed at 695 nm 

based on Lambert’s Beer’s law. The microcontroller 

adjusts the grating to the desired wavelength by rotat-

ing the stepper motor. It calculates the logarithm of 

the ratio of two currents one at zero level transmission 

and the other at 100 per cent transmission. The light 

intensity is varied to adjust the zero setting. The cu-

vette holder holds the cuvette of different path lengths 

(maximum up to 1 cm), which has a slit to pass light 

at one end and detector system at the other end. The 

test solution after colour  development  is added in the 

 
 

Flow Chart 

 

cuvette, which is placed inside the cuvette holder. The 

absorption/transmittance related with concentration, is 

detected by photodiode (current output in µA). Elec-

tronic card has been designed and fabricated to con-

vert the µA signal into mV using operational amplifi-

ers. This analog signal is then converted into the digi-

tal signal by A-D converter. The ADC0800 is used as 

an analog to digital converter. The ADC0800 is a 8-

bit monolithic A/D converter using P channel ion-

implanted MOS technology. It contains a high input 

impedance comparator, 256 series resistors and ana-

log switches, control logic and output latches. Con-

version is performed using a successive approxima-

tion technique where the unknown analog voltage is 

compared  to  the   resistor  tie   points   using   analog 
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Fig. 2 — Serial data transmission 

 

switches. When the appropriate tie point voltage 

matches the unknown voltage, conversion is complete 

and the digital outputs contain a 8-bit complementary 

binary word corresponding to the unknown. This digi-

tal signal is given to the microcontroller that com-

putes the logarithm using the look up table, which is 

the direct measure of concentration. RS232 is also 

interfaced with the microcontroller for communica-

tion with the computer or to a plotter for mathematical 

analysis or printing the readings of the analysed sam-

ple. 89C51 has two pins (TxD & RxD) that are used 

specifically for transferring and receiving data seri-

ally. These two pins are part of port 3 groups (P3.0 & 

P3.1). Pin 11 of the 89C51 is assigned to TxD and Pin 

10 is designated to RxD. To connect RS232 to the 

microcontroller system, MAX232 is used to convert 

the TTL logic levels to the RS232 logic levels, and 

vice versa. MAX232 IC chip is also known as line 

driver. The connection of the 8051 (null modem) is 

shown in the Fig. 2. 
 

Results and Discussion 
The use of sine drive for the generation of the de-

sired wavelength has resulted in a linear spectrum. 

The microcontroller reduces the circuitry and per-

forms accurately. The results obtained by the MCS-51 

based optoelectronic system are accurate and compa-

rable to the available spectrophotometer (Table 1).  

This instrument can also analyze other metal ions 

such as copper, iron, and nickel just by changing the 

wavelength and the dedicated chemistry. Copper can 

be analyzed at a wavelength of 430 nm as it forms 

brown colour on reaction with sodium diethyldithio- 

carbonate solution. Iron can be analyzed at a wave-

length of 510 nm as it forms orange red colour on re- 

Table 1 — Comparison of results of phosphorous ions between 

available spectrophotometer and MCS-51 based optoelectronic 

system 

 

Sl No ELICO MCS-51 based 

 SL-159 

ppm 

optoelectronic 

system 

  ppm 

1 0.10 0.11 ± 0.01 

2 0.14 0.15 ± 0.01 

3 0.25 0.27 ± 0.02 

4 0.55 0.57 ± 0.02 

5 0.70 0.74 ± 0.04 

6 0.85 0.90 ± 0.05 

 

action with 1,10-orthophenanthroline solution. Nickel 

can be analyzed using the dimethyl glyoxime method 

at a wavelength of 470 nm. 
 

Conclusions  

The development of portable system, using lin-

earized light source and microcontroller has resulted 

in a more compact reliable and efficient measurement 

for this application. The use of grating reduces the use 

of various filters for different elements and the use of 

microcontroller eliminates the analog logarithmic 

stage. As the system is portable, it is suitable for field 

applications.  
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