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ABSTRACT

Spectrophotometer is an analytical instrument used in research and in-
dustry to characterize the materials. In this, the transmission or reflection
of the sampleismeasured asafunction of wavelength. The main objective
of the paper is to convert the analog single beam UV-Visible manually
operated Spectrophotometer into a wavelength control and spectropho-
tometric analysis (automatic) using personal computer. A software pack-
age was also developed for the wavelength selection in the 340-960 nm
ranges and for the evaluation of Transmittance/Absorbance/Concentra-
tion of any chemical substance. With this modification there was a tre-
mendous reduction in the time required for the qualitative and quantita-
tiveanalysis. Printing of the absorption spectrum and i dentification of the
absorbance peaks of any given sample was also made possible with this
computerized instrument. The performance of this modified instrument
was evaluated using the standard annular grade samples. In this modified
instrument high resolution grating monochromatic, high sensitive photo-
diode (for entire spectral range) and high speed wavelength scanning.
Theresultsare well comparable with the standard values. The paper deals
with hardware and software. © 2008 Trade Sciencelnc. - INDIA
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INTRODUCTION

Spectrophotometer isavenerableinstrument in sci-
ence and technology. Fraunhofer used it to investigate
the composition of the sun. It hasbeen used to investi-
gatemolecular Sructure of thechemical solution. Spec-
trophotometry isone of thewidely applied physico-
chemical techniques, whichisremarkableforitssens-
tivity and precisiont!. Substancesin sol utions possess
theproperty of absorbing light, a specific wavelength,
characteristic of the particular substance. Thisbasic
principleof absorptionisutilized inthe measurement of

various concentrationg?. Thespectrophotometer isone
such instrument which hasvaried gpplicationsranging
from research to routinejobslikethe estimation of pro-
tein content in the blood, nucleic acid molecules, de-
tection of soil organic compounds, determination of
enzymatic activitieson organic matter etc. Several at-
tempts have been made for wavelength control and
spectrophotometric analysis*4. However, these have
conventional and they have their limitations. In the
present study, we convert the anal og single beam UV-
Visiblemanually operated spectrophotometer (M odel
CL-27) into an automati c wavel ength control and spec
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Figurel: Block diagram of computer -based spectr ophotometer
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Figure 2: The photograph of gear wheel mechanism of
computer based spectr ophotometer

Figure3: Thephotogr aph of completecomputer based spec-
trophotometer

trophotometric analysisusing persona computer. The
advent of microcomputers hasopened up the new pos-
shilitiesintheareaof instrumentation for wavelength
control and spectrophotometric anaysis.

I nstrumentation

Hardwaredesign

The block diagram of single beam UV-Visible
(Mode CL 27) manually operated spectrophotometer
into an automati c wavel ength control and spectropho-
tometric analysisusing personal computer isshownin
figure 1. Thesinglebeam spectrophotometer constructed
with the components of aradiant source of aTungsten
filament |lamp, aDispersion dement of grating with 600
lines'mm, asamplecurettefor inserting thesamplesand
radiation detector. The output of thisradiation detector
isfed to adata presentation system. Themanual wave-
length selection (grating rotation) isreplaced by incor-
porating a stepper motor®™ Gear Wheel mechanism.
The previouswave ength sdl ection of 5hm of each ep
inunmodifiedingrument isincreased precisdy to 1.5nm
by coupling alarger gear whed of diameter of 13.5cm
having 253 teeth which was attached to the shaft of the
gratingmount andasmadl gear whed of diameter 1.35cm
having 23 teeth was coupl ed to the shaft of the stepper
motor. Thisprovidesan 11:1 reductionin theangular
rotation of the grating mount. The stepper motor was
operated at 200 steps per revolution so that 8 revolu-
tions of stepper motor were required to convert the
wavel ength range of 620nmi.e. from 340 to 960nm.
Hencetotal 1600 stepswererequired to convert this
range. The Gear Wheel mechanism arranged withthe
Stepper motor and Grating provided a precision of
0.375nm for each step. The photograph of stepper
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Figure4: Flow chart for acomputer based spectr ophotometer

motor Gear wheel mechanism and the complete sys-
tem of computer based Spectrophotometer ispresented
infigure2 and figure 3 respectively.

Theinterface between the stepper motor and
the additional hardwarewith computer was achieved
by insetting aDigital Input Output Timer (DIOT) and
add-on card for PC/XT/AT compatible systemsdevel -
oped by Electro System Associates (ESA) Bangaore
isused inthe present instrument®. Inthemanual oper-
ated system theradi ation detector output wasgivento
preamplifier circuit with OPA 1287 with highly stable
temperature characterigtics. Thisoffered highinputim-
pedance and provided an output maximum of about

600mv. But ICL 7109(12 bit A/D converter) incor-
porated by the author in the modified Spectrophotom-
eter requiresaminimum of 2v asreference voltage.
Hencean auxiliary DC amplifier wasa so incorporated
to amplify the output of the preamplifier to about 2v.
Theauxiliary DC amplifier was designed with 1C3140
innon-inverting configuration. Thel CL 7109isamono-
lithic 12-bit A/D converter designed for easy interfac-
ing. It has 14 three state outputs, 12 databits, 1 polar-
ity bit and 1over range bit. These bitsare enabled &i-
ther by the CE/LOAD, LBEN and HBEN control sig-
nalsor by entering the handshake mode. It can be con-
trolled through 1/0 peripheral portssuch as8255 PPI
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(a): Absorption spectrum of potassium permanganate

(c): Absorption spectrum of manganese

(e): Absorption spectrum of cobalt chloride

(b): Absorption spectrum of potassium dichromate

(d): Absorption spectrum of chlorophyll

(f): Absorption spectrum of copper sulphate

Figure5: Theabsor ption spectrumsfor some samplesusing computer based spectr ophotometer

cadisstraight forwardinterfacecircuit with microcom-
puter for the absorbance measurements. Thefeatures
areatruedifferentia input, theability to measure both
positive and negativeinput voltage and an on-chip ref-
erencevoltagegenerator. Aninput of +1v will generate
thesame 12 hit data, asaninput of -1v. However, the
POL pinwill beat logic highfor positiveinput and at
logic low for negative input. Whenthe RUN/HOLD
input istied high, the|CL 7109 continuoudy performs
analogtodigita conversions. The STATUS pinindi-
cated theend of conversion.

Software

The necessary software for the operation of the
systemisdevelopedin C language®. Themain roleof
the softwarein the present study isto govern the user
to carry out the Spectrophotometer anadysisof thegiven
sampl e solutionsin estimating the parameterssuch as
% Transmittance and Absorbancein thewavelength
range of 34-960nm. Thefollowing functionsareto be
carried out precisely and accurately.

1. Torotatethe grating of the spectrophotometer pre-
cisely with astepping motor by generating appro-
priate pulsesignalsin sequence.

2. To enablethe dataacquisition systemto convert the
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TABLE 1: Maximum peak absor ption
M aximum peak absor ption

(nm)
S:no Analyte Present Literature
study value

1 Potassium permanganate 526, 547 525, 545

2 Chlorophyll 428.5, 647.5 420-430, 645
3 Cobalt Chloride 509.5 510-515

4 Potassium dichromate 443.5 440

5 Manganese 493 500

6 Copper sulphate 800 810

andoginformaionintodigita information.

3.To set the position of the grating according to the
desired wavelength rangerequired by the user.

4. To scanfor thewavel ength corresponding to the ab-
sorption peak of thegiven anayte.

5. To compute and display the dataof theanayteand
graphically represent its spectrum.

6. Tomakedifferent functiona unitsof thesysemwork
inaproper sequential order.

7. Toindicatedefects of the hardwareif any.

Theflow chart of theprogram ispresented infigure

4. The necessary softwarefor the operation of the sys

temisdevelopedin Clanguage.

RESULTSAND DISCUSSION

The performance of thismodified instrument was
evaluated using the standard samples of annular Grade
Chemicas. Spectrophotometric analys swascarried out
individually for each analyte adopting the procedure
cited inflow chart. The software program devel oped
by the author enabled to identify the wavelengths cor-
responding to the absorption maximum values. This
package also facilitated the absorbance wavel ength
characteristicsand % transmittance wavel ength char-
acteristicswith maximum peak absorption. Theresults
arepresented in TABLE 1 and its corresponding spec-
trumsareshowninfigureb.

CONCLUSION

Thehardware and softwarefeatures of singlebeam
UV-Visible manualy operated spectrophotometer
(Modd CL-27) into an automatic withwavel ength con-
trol and spectrophotometric analysisusing Personal
Computer are described. The necessary softwareis
developed in C language. Themodified syssemismore
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accuratethenthe previoussystem. Inthe present studly,
high speed wave ength scanning through the computer
controlled drive system accurate measurement of wave-
lengths corresponding to absorbance peaks in the
instrument’swavel ength range of 340-960nmwith an
accuracy + 0.2%, the same optical path is used for
both reference and sampl e solutions. Nearly constant
energy is present throughout the wavel ength range of
340-960nm and rapid recording of entire spectrum and
thered time dataacquistion and processing throughan
IBM PC and graphical display of the absorption char-
acteristics. Theconversion of singlebeam UV-Visible
manually operated spectrophotometer into an autometic
wavel ength control and spectrophotometric analysis
using personal computer is a specia feature of the
present study.
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