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AIlSTRACT 

An jlll,·x p"f.sivc· P l' ,)Wt yp" pOl~'1Hit) m(~trk st r:ppin!! arlJlyz\' T tI'S ,..\), \\jlll 
t1ptio llS f('f uXIJ illiv\, 01 r,'d tldi\'(.· suippw .!! modes, WaS buiJ t n\)fU 1(1\',' -r(I$1 or~'ra~ 

ti(~l1Otl a mplirkr ill l,'.g,r:,:!\,:d (.ir.:;:ui ls, Th(~ '::.ki.:lwd cpo!>itiO Il an,! 5irippinf!, stages ar~' 

~'o l 1!rulkd by eleclfOl!l£lgllclil: rda .\·s. whirh :.Ire act i \lal~'u b y il Motorola 6S00· 
Illi ~·r(lp run's:.;{)r av;tilabh: in t!ll' I [,.:a:bk it ~ 1u\k' l ['1-5400 l11icrt>cofnputn karJllug 
,5ystrlll. An il11'...'r f;Jc{, t:tH.'uit \\:~L~ constlUl.!wd un protl)bO;lnis in t)f\kr 10 t\lcil itatl! 
eirCtlit Illo djfk:lti'}ns . It litilizt's pcripht'rai in {l'rf:H.:-(' adaptl'rs, whit.: h b;. a simpll' 

nH' Uh1\1 \.) 1' l.:i.l tnllllmi l'.:tting lxtw ("\'n tb,' ~16800 ;11111 rho' I~A. Tni.' micfopro::c>s in"l! 
""lIel\1'': h '.v rith'll jn jss~' ITI bly langwJge whkh proVjtJl~S for : '<l ,~r d;lt:l ill!fllli~jtiotl 

.:tnd a dda)~d UlHpu t of dCClwde pot (;nti:ll Vl'I'Sll:- lillie tr:.lIl~il"n~s ti ' a X-Y 
[l'\;ord l.'r. 

Introduction 

Strippi!lg VO II:tlll llwtfY is J weJl-kJlOWIl ted ~.ilique ill amtiytical chemistry. 
which involve.':i <J prr-"' t) JH;~~ nr r ation (via t lcctWGep0sltion ) step Jlld a re-dissolut iun 
('"qripping--) step. The t1rst step con cenil!tlcs the :m alytt.' by at ]C;Jst 100· to 
1000-fold, depending upon the length or dcp('sitio n tllll('. T he 3lliJJy tic:J1 n\Ca$url~· 
Hlent Ol't:UI'S during rhe :stripping step : typically, <1 linearly varying potl!ntiJl is 
applieLi (either in t h~ .1JIoJk ')r c~llh ()Ji(' ui rection). which result s tu the redissolu~ 
tio n o f Ihe deposited fl]<l l t r iaL 

The 'S td ppjn g rHoceumc. howcvel', Call alternatively be carried d ut in iJ non~ 

f<lr,IILik J!1 tKle, i.e,. clle!ltica/~ l t, via u suilable redux n,'::IgeIH in solution. Though au 
ci.lr!ier tcdHlique t callcd chemical stripping anaJy sisJ lias been r~porteJ by 
Bru l'kcllSh_'i n ~lIId Bixb~ 1 ( 1) jJL 1965. potentiometric stripping a nalysis (lSSA) of 
tr:H.::l' hc;}vy metals was described by Jagner and Graneli (2 ) only in 1976. Jagller (3) 
has recen tly t~yiewcd the range OfLlp plications o f the technique. 

Theory 

There itas been some attem pt recently to develop the theory of ?SA (4 ,5). 
Only !ht' salient points are given here. 
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Consider the oxidative mode of PSAJ and assume a thin mercury film on a 
glassy carbon substrate as working electrode. The following reactions take place: 

Electrodcposi tion : Hg + Mi"' + ne = Mj(Hg) 

Stripping: MJ (Hg) + A(ox) = M{'+ + A(red) 

(1) 

(2) 

where Mj refers to a melal, A(ox ) to an oxidant (stripping agent), and A(red) to the 
reduced fOfm of the stripping agent. 

The to tal amount of amalgam MlHg) formed during the elcc-trodeposition for 
a period of tdcp seconds is 

(3) 

where ~tt+ refers to the bulk so lution l'O IK'Cnt l'atiOI1 of M/J+. For several oxidant 

forms. the to tal stripping tim(', ]I. , when (' Mi(llg):= 0 , can be ,vritten as 

l' Q ,,-- --- - -

~ [Ai''')! 
(4) 

Combining equations (3) and (4) gives the analytical strippjng time, 

(5) 

If the concentrations of Aj(ox) and hence the stripping rate do not change 
appreciably throughout the experimellt, then equation 5 s.implifies to 

t · . [M"' ] I,s t.np Q i tdep 
(6) 

E'lutJtiolt 6 represe llt s the basic relationship for quantitative PSA. An equiva· 
lent expression can be written for the cathodic PSA modt', Whlch invo}vc"s an anodic 
pfc.electrolysis followed by stripping using tJ redul.:tant in solution. 

Qualitative identificatio n of the clement is based on confirmation of the 
electrode potential predicted by the Nernst equation. 

During the .:: hemica1 stripping. th e variatio n of the working electrode pote n. 
tiaJ with time is reco rded C'potentiogram" ) , An eq uation for this curve has also 
been described (4.5-). A method for gem.'rating "stripping polarograms" from 
potcntiogrJms has beel! suggested (5). 

IIL~trumentation 

The project which will now be described invulves the development of an in
expensive but sensitive PSA instrument which is micropru cessor·bascd . 
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The PSA instrumentation is relatively simple, The basic requirement c.:onsisis 
or ~ putcntiost:.Jt, <1 three·electrode cell, and a high-input impedance recorder. An 
aut.omated commercial system is now available bUl is quite expensive (3). 

An analog PSA instrument which provides for both oxidative and reductive 
PSA modes was described by Kryger ef al. (6). Below is a modified version of this 
instrument: it. is microprocessor-based suc:h that fast stripping rates on non· 
deoxygenated samples can be handled readily (i.e., dissolved oxygen could serve 
as stripping agent), and omits the analog differentiating circuit. 

Potentiostat. Figure 1 shows the potentiostaf k circuit. used for electrodeposi· 
tion. It includes three different relays (A, S, and 0. the states of which are sum
marized below for the two stages of the analysis. 

fum Electrodeposltiorl Stripping 

Rday A ON 01'1' 
Relay B 01'1' ON 
Relay C OFF ON 
Potent ins tat ON OFF 
XV Rl'curd~r OFF ON 

As in the Kryger instrument, there arc (wo other options of applied potential 
values, and are indicated in Figure] by dashed lines, Some practical applications of 
the multiple applied potential sources may be found in the original paper (6). 

Imer/ace arcuit. The potent.iostat is controlled by a Motorola 6800·micro· 
processor, which is available in the Heathkit Model ET-3400 microcomputer 
learning system, 'nle circult was built on protoboards which facilitated circuit 
modifications. The prescnt circuit is given in Figure 2. 

Two peripheral interface adapters (PJA) are employed in the communication 
system between the PSA and the microprocessing unit (MPll) . The PIA has the 
advantage of requiring fewer Ie chips. PIA·1, port A is configured as an input, and 
an eight-bit analog-to-digital converter (ADC) is connected to thi' port, the MPU 
reads data from the PSA via this port. PIA-I, pori B is configured as an output j 
three of the eight lines are used to turn the relays ON and OFF. Both ports of 
PlA-2 are configured as outputs : port A is connected to a digital-ta-analog l'On· 
verter (DAC) and drives the x-axis of an Hewlett Packard XY recorder, while port B 
is connected to another DAC which drives the recorder's y-axis. The electrode 
potential versus time measurements stored in the MPU arc obtained as delayed 
output (0 the recorder. 

The cost incurred in the construction of the potentiostat was only appro .. 
ximately U.S.$ 160.00. The microchips and other electronic components for the 
jntenace circuit were available from the Heathkit system, which is used in an 
mstruntentahon course offered hy the Chemistry Department to advanced chemis· 
try majors. 
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Preliminary Results 

Microprucf:')sing Sc:hcme. F igure 3 gives the mkruproccss.ing s~hcm(' for the 
cJettrOtlcpositiotl :; tc p, the stripping stage. and the delayed graph k: o utput to the 
recorder. The program is written in assembly language to e nable rapid acq uisition 
or dala. Using the MPU built·in cluck (60 Hz). Olle dat a sample is read every 
17 milliseco nds. 

Typical Potenliogram. The microprocessor-culHrulkd instrument was tested 
o n J. ll on·deaer:Jteci standard solut io n o f cad mium(lI) and sample potentiograms are 
given in Figure 4 . Curve A is a direct PSA OlltpUl of the an:J..lo g stripping curve 
(i .e. , MPU is omitt ed) ; Curve B is the delayed display of data gathered by the MP\), 
The ideal potentiugram is depicted in the inse t. 

It is obvjolls frum Curve A, Figure 4 lhat an analog sd-up alone is no t fast 
enough to record (he ele~lrodc potential ve rsus lime transients, lhe elect rode poten

tial ill the curve is obse rved to star t at ·0.1 voll , indica ting that [he stripping of 
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l:aumiulll is practica ll y compleh~. 1 he MPU-l:ontrol1ed output (Cu rve B) is seen to be 

an impr()vl!ment, with the stJipping curve getting ret:Ol'ded from -0. 4 vott. It i.s 
concluded that ihc dnck n!lt~ has to be modified ano incrC':Jsed to (tl1e uatll sample 
rcad every lllilliscconJ ill lHuer to Jttccr \'cry luw Jevci.'i uf :.In.alytc nr fast strippin,g 
rates. 

Future Work 

Renn~ll1ents on t.he dock circuit arc on-goirlg. Conversiun to a 650:!-rnkro
proccssor.-bascd systcm ~ wherein data samplin?, ill 3s.se-mb\y language is a subroutine 
01'.1 more vers:JtHc BAS1C pr.-lg.mrn, is being pursued. A h::ud-wired general purpose 
interface boarel hJS bt:~!1 built according 10 McKerrow's design (7 ). and run be used 

with" 6502·MPU such as' the Apple II. Analytical >tripping ,imt's will be de ter· 
ruined by a ucrivutive lechnjque thal will be implemented by s.oftwaH.~ rather than 
by an alla log differentiJting drcuit. \\'hkh tends to suiTer fwtn too mudl electrkal 

noise. FinalJy, the PSA technique will be npplied to the swdy of lr'h':C Illclul spccia
lion (8) 1n mltural freshwater systems.. 
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