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ABSTRACT

A PC based system for conductivity measurement has been designed and developed for chemical rate determina-
tion. A precise operationa amplifier (LM 308) isused asamplifier for measuring conductivity of electrolytic system.
The temperature measurement is also provided in the system since the conductivity of the solution varies with

temperature. The paper deals with the hardware and software details.

INTRODUCTION

Electrolytic conductivity isameasure of theability
of asolutionto carry andectrical current!¥, Tradition-
ally, themeasurement of el ectrol ytic conductance has
been one of the most accurate and preciseof al elec-
trochemica techniques. Conduction of an el ectric cur-
rent through an el ectrolyte solution involvesmigration
of positively charged speciestoward the cathode and
negatively charged onestoward the anode. The con-
ductance, whichisameasure of thecurrent that results
from the application of agiven electrical force, isdi-
rectly dependent upon the number of charged particles
inthesolution. All ions contributeto the conduction pro-
cess, but thefraction of current carried by any given
speciesisdetermined by itsrelative concentration and
itsinherent mobility inthemedium.

The conductance of asolution isthereciprocal >3
of the electrical resistance and hasthe units of ohm?,
i.e, C=1/R,whereRistheresstancein ohms.

Conductanceisdirectly proportional to thecross
sectiond areaA andinversaly proportiona tothelength
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“I” of auniform conductor. Thus,

C=G*(A/l)

where G is proportionality constant called the specific con-
ductance or conductivity. ‘A’ and ‘I’ are numerically equal, the
specific conductance becomes the conductance and hence it

can be measured in terms of conductance.
I nstrumentation

Theblock diagram of the systemisshowninthe
figure 1. Thefunctiona blocksof thesystem aregiven
below.

Conductivity Cdll

Sinewavegenerator

Unity ganamplifier

Temperature measurement and compensation
Electronicrelay (OMRON G6A274P)

RMSto DC convector (MAX636)

12-bit A/D convector (ICL7109)

PC interface (PC and 8255 PCI Card)

The compl ete photograph of PC based system for
conductivity measurementisshowninfigure2. Thesa
lient features of the individual blocks of the system
follow.
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Figurel: Block diagram of PC based system for conduc-
tivity measur ement

e —
Figure2: Thecomplete photograph of PC based system
for conductivity measurement.

1. Conductivity cell

Theconductivity cell consstsof apair of eectrodes
that arefirmly located inaconstant geometry and which
areimmersedin an dectrol ytic solution whose conduc-
tivity isto be measured. The cell used in the present

= Full Poper

study cons stsof two platinum electrodesof 1cn cross
sectionad areathat are separated by adistanceof 1cm.
Thecdl constant of thecell usedinthe present study is
1.01.

2. Sinewave gener ator

A.C source congistsof function generator, buffer
and transformer. A function generator¥ isdesigned us-
ing 1C8038to generatesinusoida signd for theexcita:
tion of thecell. Sinceit’sexcellent amplitudeand fre-
guency stability it hasbeen chosen inthe present studly.
The amplitude and frequency of generator isexactly
adjusted to 1V and 1 KHz respectively. To avoid the
loading effects, the sinusoidal sgna fromthefunction
generator isappliedto cell through anisolation trans-
former™, Astheoutput signal of thefunction generator
cannot begiven to transformer directly, an emitter fol-
lower isemployedto drivethetransformer.

3. Unity gain amplifier

LM 308 used asinput unity gainamplifier for both
sample(Conductivity cell) and reference. Botharecon-
nected in non-inverting modewith unity gain and with
selectablefeedback resistor network, for the selection
of input. Theoutput of theamplifiersisgiventoandec-
tric (OMRON male) relay, which can be controlled
through PC. The output of AC signal convertedto DC
with MAX636. WhichisaRMSto DC converter. The
conductance can be cal culated by using theformula.
V,=R/R+R_
where R, = Feedback resistance, R = Input resistance, R, =
Resistance of the conductivity cell, and 1/RC is the conduc-
tance of the electrolytic solution.

4. Tempar aturemeasurement and compensation

Accurate conductivity measurement dependson
temperature compensation™. Hence, anintegrated cir-
cuit temperature sensor LM 335isused in the present
study to measure temperature of the solution’®. The
LM335isKevin’ssensori.e, itsoutput is2.73+V/°C.
In order to get thetemperaturein degree Celsius, the
voltage 2.73 must be subtracted from the output of the
sensor. Operationd amplifier producesareferencevolt-
ageof 2.73V, which issubtracted from the output of
thesensor using an operational amplifier in differential
mode. Thedifferential amplifier producesachange
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10mV/°C. Theoutput of differentia amplifierisgiven
to the personal computer through arel ay.

5. Electronicreay

An electronic relay of OMRAON G6A274P is
used inthe present study to select the outputs of sample
and referenceamplifier outputsgiventoRMSto DC
converter by controlling through PC using Portc. 1. It
requiresfor itsoperation +5v dc power supply.

6. RM Sto dc converter (Max636)

The output of the op-amp isan AC signal. For
processi ng thisthrough PC haveto convertedinto DC,
for whichinthepresent study MAX636°) RMSto DC
converter used that can accepts upto 200mv ac asmax

input.
7.Analogtodigital converter

Theanalogtodigital converter isthe coreof any
data-acquisition system designed to transform datain
theform of continuous anal og variableinto adiscrete
binary code suitablefor digital processing. First and
foremost, therequired resol ution of the converter must
bedetermined. Thiswill determinethe number of rec-
ognizablequantizationintervalsintheADC trandfer func-
tion.

Intersil’s 12-bit A/d converter ICL71091% isused
to digitizethe anal og voltage. The 12-bit binary plus
polarity and over-range outputs can bedirectly inter-
faced to amicroprocessor bus. Thecomputer through
the 8255 programmabl e periphera interface controls
thelCL7109. Thefeaturesareatruedifferential input,
the ability to measure both positiveand anegativeinput
voltage, and anon-chip reference voltage generator.

Thedataconversionequationis
Dataout =4096 x V., /2xV

Aninput of +1V will generatethe same 12-bit data
output asan input of -1v. However, the POL pinwill be
atlogichighfor postiveinput and a logiclow for nega-
tive. Whentherun/hold input istied high, thel CL 7109
continuously performsA/D conversion with afixed
length of 8192 clock cyclesper conversion. Thestatus
pinindicatestheend of conversion.

8. PCinterface
The persond computer isused inthe present study.

Hnalytical CHEMISTRY o

The ADC card using the ICL7109 (12-bit A/D con-
verter) isdevel oped and interfaced with the computer
through the portsof 8255 of I/0O card, whichisinserted
inthel/O dot of themotherboard of the compuiter.
The addresses of the portsused areasfollows

Port Address
A D080h
B D081h
C D082h
CR D083h

The port-A isconnected to thelow-order databits
of theADC. The Port-B isconnected to the high-order
databitsof theADC. ThePort-cisused to control pins
of theADC and Multiplexer. The D25 connector isused
to connect the 1/O card to ADC card. The necessary
softwarewrittenin Clanguageisused toimplement the
andogtodigital conversion.

The measurement of conductivity usngapersona
computer conceptua ly described when the conductiv-
ity cell isdippedintheacquirerssolution.Theexcita-
tionfor the conductivity cell isasinewave, generated
by afunction generated | C 8038.1tsfrequency is ad-
justed to 1KHZ with 150mv amplitude. The conduc-
tanceamplifier iswideband high gain operationa am-
plifier, inwhichthe differencefeedback resistancecan
be selected to obtain different conductance range be-
tween 0.2 and 10-7 onmsthisisfollowed by aAC to
DC converter of max 636.

Ananaogtodigital convector convertstheanaog
informationinto correspondingdigital information. Some
additiona eectroniccircuitry actsasinterface between
A/C circuit and the persona computer .The program
executing on the computer with direct the computer
whentothedigital datafrom theinterface peripherd,
how to process the values and how to display final
informetion.

Software

Theroleof the softwarein the present sudy isgiven
below.
a. Toinitidizetheportsof 8255
b. Toreaddigital datathrough A/D converter.
Theflowchart of the programis presented inthe
figure 3. Thedetailed programiswritteninthe C lan-

guage.
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Figure3: Flowchart of PC based systemfor conductivity measur ement

TABLE 1: Equivalent conductanceat 25°C in Q*cm?

Specific Specific
S Resistor/  Solution conductoance conducEance
no Solution normality at 25°C at 25°C
(10°mhoscm™)  (10°mhoscm™)
present study literature values™
1 500Q 1.9989 2.0000
2 10000 0.9992 1.0000
3 10.0KQ 0.0993 0.1000
N 12.849 12.856
4 KCL N 1.4090 1.4087
IN 111.3435 111.347
N 10.865 10.878
5 AgNO; N 12.479 12.476
IN 94.1473 94.2602
N 10.873 10.878
6 Nacl N 1.1916 1.1924
IN 94.2167 94.2600
. Eletralytic . Radio
Concentration solution ystronix Meter L Present study
HCL 42261 42274 422.27
KCL 147.87 147.81 147.56
0.001M NAOH 246.32  246.13 245.94

RESULTSAND DISCUSSION

After making the appropriate adjustmentsbothin
the hardware and softwareand dso following thecali-
bretion proceduresasmentioned earlier, theinstrument
istested with standard sol utionsfor conductance mea-
surements. Theresultsof measurementsare presented
inTABLE 1. Thevauesof thesemeasurementsagree
with the standard values. Theinstrument isquite suc-
cessful in measuring the conductancewith an accuracy
of +0.5%. Measuring the conductance of the solution

continuoudy for aperiod of 24 hours, whichisextremely
good, teststhe stability of the system. Automatic tem-
perature compensation of conductanceisasoincorpo-
rated inthedesign of thesystem. Thered timemeasure-
ment with aprovisonto storetheresultsisasotested.

REFERENCES

[1] GChawal, Anand; ‘Instrumental Methodsof Chemi-
cal Ananlysis’, Himalaya Publishing House, (1998).

[2] ‘Hand book of analytical instruments’, Tata
McGraw-Hill publishers, (1999).

[3] D.A.Skoog; ‘Principle of Instrumental analysis’,
Holt saunders Instrumental editor, (1985).

[4] R.FCoughlin, FF.Driscoll; Operationd Amplifiersand
Linear Integrated Circuits, Prentice Hall Inc.,
(1987).

[5] H.H.Willard, L.L.Meritt, J.A.Dean; ‘Instrumental
methods of analysis’, 6 edition CBS publishers,
(1986).

[6] ‘Nationa Analog andinterface productsdatabook’,
(2002) Edition.

[7] M.Douglas Conidine; ‘Process/Industria Instru-
ments and Controls Handbook’, McGraw Hill In-
ternational Editions, 4" edition, (1993).

[8] JMichadl Jacob; Industrial Control Electronics,
Prentice Hall, (1988).

[9] ‘Maxim Products Data Book’, (2003).

[10] ‘Intersil Data Book’, (1998).

[11] Reference Manual Radiometer Analytical S.A,
Villeurbanne Cedex, France.

—— a%a['yttaa[’ CHEMISTRY
A Tndian ﬁamml



