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1.1, The analytical technigue of snodic stripping voltammelry

Anodic stripping voloamuoTrv (2SV) is an electroznalytical

: ]

technique wit vity for the debermnabonof

<
1o

b the reoculired sensi

-

trace metals in the 107 nmol ¢én to ¢0‘11m01 dm=? concentration

range and is thus eptly suited to the analysis of agucous
environmental samples

The sensitivity of ASV is gachieved through a pre-concentra-
tion process in which certain trace metal ions in solution are
reduced by a controlled potential more negative then their

RN '{

reduction potential. The reduced metals are clecltrodeposited
on to an eclectrode and after a prescribed plating time the
depeosit is oxidised back into solution by scannldb the potential

in the anodic direction.

. Ky

The metal 1sAstripped from the electrode in an arodic  scan
end g peak is produced in the resultant ourrent VS. PO ii;l
trace, the heigh®t of the peak (ip) being a guentitative measure
of the metal ion concentration in solution, whilst %hélpeak
potential (Ep) is en indication of its identity.

The sensitivity of the technigue may be conirolled to some

L]

.eﬁtent by the duration of the deposition step which can range
from 2 to T0 minutes. |

The technidue of electrolytic stripping was first used by
Zbinden 1931 (1). He was attenpiing to determine ccpper e’ecmro«
gravimetrically by plating it onto & platinum elecirode. The
amount of plated material was too small to weigh accurately so

he devised the Technigue of reversing the current and oxidising

the copper back into solulion., A guantiiative measure of the

[

copper plated Waq,obvh ned by mensuvwné the area under the copper



peak on the i-E ftrace produced from an ancdic scan.

Further development of ASV was not forthcoming until the
50's when Rogers et a2l (2). Barker and Jenkins (3) and De MHars
and Shain (4) working with mercury drop electrodes demonsirated
the sensitivity of the method forx the analjsis of dilute
solutions in the concentration range 10”6 $0 10~Imol dmfs‘
Further work by Xemula and Kublik (5) improved the spparatus
and increased the accuracy and reproducibility of the technique.

The types of electrode ﬁsed for ASV range from mercury
“electrodes either in the form of a hanging mercury drop
electrode (HUDE), sessile mercury drop elecctrodes (SHDE) ox

dropping mercury electrodes (PHE's) used with long drop times.

<k

Nercury may also be plated on to an inert subsirate liké Pt
Ni, graphite or carbon to produce mercury film elecctrodes (MHFE).
The composite mercury graphiite electrode (CMGE) has been much
uséd by Hatson (6) in the examination of numerous environﬁen%al
éamples. The electrode is a graphiite rod impreénated with wax,
the electroactive surface is polished and pleted with mercufy

Y0 produce a MFE. HMercury pools were used by Nikelly and

Cooke (7) as ASV electrodes which although, they showed
excellent cathodic deposition suffered from broad stripping
peaks owing to diffusion of the metal into the mexcury.

Solid electrodes were either of solid metal oxr graphite,
they were used for metals like silver and gold wiich Lave
oxidation potentials more positive thén that of nercury.

Surface contamination and reproducibility posed problems; if
nore than one species was deposited difficulties were found

to arise in the stripping process. The deposited metals ave

not interdiffusitle and so their stripping pegks tend to overlap

cach other,



Bisner and Mark (8) used a wex impregnated pyrolytic
graphite electrode polished to a very smooth surfece on ons

rain and snow samples. The ASV

13

end for the analysis of Ag 1x
technigue together with use of ieon Qxchange to preconcentrate
the metal sallowed +he analysis of concentrations as low as

lO”llmql dm—3 kg to be performed for the first time. AL the

4 x 10"9m014dm"3 level the reproducibility of peek heighis was

The use of carbon ass a paste for sn electrode material
suitable for ASV was first reported by Jacobs (9). The paste
was made with a nujol and graphite powder in a 4:10 aixture
and compressed in a suitable bore tube zllowing a known surface
area in contact with the solutién; electrical contact was
made with the paste via’a platinum wire. Jacobs cited seven
variables that should be considered in an ASV snalysis,; these
are: the type of supporting electrolyte, the deposition
potential, deposition period, solution volume, electrcde aresa,

-

stirring rate and voltage scan rate.

inpregnated graphite which may be used as a solid electrode ox
a CHGE, YMore recenitly glassy carbon has been used as a substrate
for plating mercury to form a MFE. Glassy carbon requires no
7ax impregnation and only polishing with fine abrasive to
produce'a suitable ceclectirode for mercury deposition.

Where mercury ceclecirodes are used the trace metals which
can be determined are restricted to those capable of forming
reversible amalgams,

The HMDE's have several disasdvantages, a 30 second resi

period is reguired affer plabting to allow the amalganm



concentration to become mere homogencous and to allow convection
in the solution to damv cut. Diffusicn of metal out of the
drop during stripping causes peak broadening and thus loss

of

w0

electivity, diffusion may also occur up the column of
wercury and lead 1lo non gquentitative results. Vibration ceused
by high stirring rates assgociated with increcasing the sensitivity
of an electrode hes a dcleterious effect on HMDE's owing to
their fragility; thelr use in the field is thus limited.
MFE's are more robust and have been preferred by some
o s . » : -8 . -3
workers developing electrodes for the analysis of 10 “mol dm

to 10" kol am™’ solutions. The pealk current is dependent upon
the electrode area for a UFE and tc¢ the radius of the drop in
the HUDE. Since it is more easy ?o produce a film of grester
area than o drop of increased radius the KFE hes bdeen favoured
in development for determinations involving high sensitivi%yg
Hercury films give superior selectivity since diffusion Irom
the bulk of the film to its suxrface is very Ffast. HMarple and.
}Rogers (10) using platinunm and silver wires as substrates on
which to plate mercury found that both metals form interme
compounds which altered the propertyvof ?he mercury film with
use, The use of carbon electrodes however, remcves the risdk

of intermetallic compound formation with the substrate material
and provides an inert, mechanically strong support with good
electrical conductivity end & high hydrogen overpotential.

The MFE's increased sensitivity is coupled with an increased

susceptibility to fail at more frequent intervais than HMDE's;

the electrode may become overloaééﬁ’With metal when long

plating tinmes are’ygegy'fesu ting in the forwa+ion of inter-



metallic compounds with the metal electrodeposited from

solusion.

Shorter plating times were practical with a rotating glassy

]

carbon electrode (G w‘) and ultancous electrodeposition of
mercury from mercuric nitrate added to the sample in the
procedure adopbed by T.M. Florence (11). The elecctrode was
wiped with o tissue after each anclysis to remcve the meronry
£ilw; the risk of intermetallic compound formatilon is Thus reduced.
Retation of the elechtrode throughout the plating end stripping
step enhanced peak curvenitis.  Excellent resolution of neighbour-
ing pesaks was m@de possible owing to the highly polished surface

n s . n . ) * "'10 *4 "'3 Eny) -
of the GCE. A& limit of detection of 7 o 10 mol dm o wus
recoxrded,. An electro-~depos ition period of five minutes was
used in the trace metal detecreminations. ASY thus extends the
‘range of classical polarogrophy by three or four orders of

., - . Lo -7 -11 -

magnitude making possible anclyses in the 10 to 10 mol dm™ -
concentration range.

R
7O, 0218 .

(»-J

- N q . ot el rQAar P ~
1.2. Application of ASY to naturs

ASV has beenn used to examine trace metals in lakes, rivers
and marine environments. .Cu, Zn, Cd, Co, Cr, Wi and io are
Ochnulﬁl micronutrients iavolved in enzymatic.+“arcfo*ﬁa ions
which govern the productivity and fertility of natural water
bodies with respect to phyuop];nkton. Ir. high concentrations
these metals may become inhibitory or toxic to bicleogical
systems. The use of ASV hezs alliowed much information to be
gained about treace metals from bBoth naltural Weocheu¢cal weathering

and industrisl pollution and their aveiladility and effect on

-,

piolo n netural waters.
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[
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Thé faet thaﬁvﬁatural weters are often supersaturaied

ith respect to many inorfanio compounds and that meltal dlon
concentrations are higher than those calculated from sclubilizy
products tends to implicate the presence of soluble oxgano-
metallic complexes; further evidence,in that the metal is
‘non-extractable with suitable solventSQ noen-dialysible and
non adscrbable out may be released as analytically detectabllie
metal species vpon acidification ox oxldaf¢on,@o¢n s to the
existence of orgenoc-metallic complexes.

Increase or decrease of bilological activity as o result

of addition of organic material oxr chelate formers signilies

'\')

that crgenic comp 1ekdu'0“ of metal ions is "ecessarr'bafore
incorporation into a living systen.

The metal species may be present 25 a colloid, or
assooiatgd with lipids or adsorbed on ¢olloids. Acidifieation

could relcase these metals as well as causing protolysi

reactions in metallo-oxrganic complexes. Oxidation or destruec-

)
=
(0]
=~
[0

Ny
2
(o]
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—{.
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w0

tion of organic materiel would similarl

ated with colloids and thus complicate any piciture ©

e

assoc
organo~natallic complex res based on formation constants. ,

Biologicel activity may equally be associated with
colloidel dispersions and ioric interactions in solution which
probably involve oxganic complexation as well.

Kllen et 2l (12) favoured the CHGE for lhe analvsis of
natural water sanples and have shown that both gualitative
“and quentitative information on Ffree and combisned melal ions

and their distritution could be gained by varying the sample

pretreaztment, Colel metal content being determined by perchleric

7

o
1}

acid digestion of a sub-sample prior to ASV. TFiltreiion of




the sample through 0.4%¢ filters separated dissolved from
particulate fractions oa the basis ol variasiions in srticle

size and made it possivle for these workers fto investigate the

trace metal association with cach fraction ol the water sample.

In the field of oceanograephy iriel and Eisner (17%) used ASY

\

for the analysis of Zn and Cd in Dead Sea brine gnd favourced the
techniéue because of its c”flcnency, sensitivity and compara
.
freedom from risks of conbamination. Zn and Ni eanodic peaks
tended to overlap each other in sea water since thelr peak
potentials were very simiia?. To overcome this prcblenm,
;another medium was employed in the stripping process ﬁhich
would allow the peaks o be resolved owing tc a different
oxidation poitential for the fwo metals in the new medium. %n
was analysed at 5.7 x 10"7 mol dm"3 ﬁiﬁh a standaxrd dcv1aulo~
of £ 3% whilst Cd at the 1078 mol am~3 level gave a 2 to 4%
standard deviation. These workers observed no interference
between the metals under examinationﬁ
Whitnack and Sasselli (14) also used the HYDE for the
anglysis ¢of scowebter for Cu, Pb, Cd and Zn. The possible
role of HWi as an ihterfering celement in Zn analysis was post-
ulated since their peak potentials differ by only 200 mV in
seawater; by making stendard additions of Wi (II) to seavabter
a double wave was produced at the previous Zn peak potential,
Thus their Gata for Zn includes the Ni concentration as well.
A

kb the 10pg du™> level the dota was accurate to within & 59

4
7

and at the pg dn”” level to %z 10%. The reproducibility of
mercury drops from the DME had o be monitored carefully before
being attaeched to the platinum wire to make a HUDY otherwvise

errors of as much as 100% were found in results and were

Ly m et

-

N e S



direcetly attributable to the variation in the initiazl mercury

drop volume.

g o T r

Smith and Redmond (15) usged a Kemula EMDE electrode in

which the drops of mercury were exuded by the pision action

PRS-

of a micrometer syringe. These workers have confirmed a
degree of interference of Ni with Zn and of V and Wi with Cu,
these interferences are thought to take the form of inter-

metallic compounds being formed in the mercury electrode.

The simultaneous debermiuvation of Cu, Cd. Pb and Zn ions

in natural waterzs other thsn secawater was performed success- '

£01ly by T. Sinko and J. Dolezal (16) by using 0.1 mol dm ~

acetafe buffer aé the supporting electrolyte. The bufler
Waé required in érder to displace the H, evolution potential i
below *that of Zn.
The buffer also stabilised the slow drift in pH during
the anal&sis time which would otherwise have led to inaccuracye.
It was also shown by these workers that from pH 7 to pHE 10
the oxidation peak currents decreased for zll four metals and
that a copper doublet peak sppeared above pH T.8.

The proportionality between the concentration of Zn in

solution and the oxidation current peak was seen to deviate
from linearity abpve pH 8; the same was found o be true for
Cd and Pb; Cu peak currents deviated at pH values above 7. :
Deaerstion of the sample solution with nitrogen was found to
cause considerable change in the pH in the first 10 minutes
and this only stsbilised after 35 ninutes buv still éhowed

.a slow change owing to the removal of CO, from the water. A

standard deviation of between 3 and 6% was obtained on the

8

24
measurement of the anodic peaks et the 10™°mol dm™~ level



’

for Zn, Cd, Pb and Cu.
Matson (17) using a CHGE has

forming trace metals: Zn, Cd, In,

1vcst¢gﬂtec those amalgem

Pb, Cu and Ei in polluted

and pellution free, fresh and saline waters and has shown the

associetion of such metals with natural organic chelators like

humic and fulvie aecids. By adding

Cu standards of O. 15; Cu

to a 10 om5 sample and observing the decay of the ASY signal

with times; Matson has shown the capacity of Rouge River wauer

to complex such 2 metal within half an hour. Double pezk

phenomena were observed and were

,.

attributed by Matson to oxi-

dation of the free and organically complexed netals; by titra-~

.

+

on with free metal Matson was able to derive forxrmation

constents for the metal ligand complexes in nalural walei.

The interprebtsation of the de

with trace metals as obtained by lla

D.W, Fume (18) %o be more complex

ta on natural organic chelstors

tson has teen shown by

since double peak phenomens

referred to by ¥atson have been observed in solutions contain-

ing only trace metal ions in disti

that in the preparation of the CHGE

lled water. Hune showed

that the plating potential

of mercury on to the electrode to preduce a thin film is

critical and thal mercury was not deposiited on a2ll the sites

of the exposed graphite svrface unless a plating potential in

excess of -~ 200 mV vs SCIE was used.

The metal deposited on

to the CHGE may deposit both on the mercury and the bare

graphite. The double peck may thus Le coused by metal beiung

-

stripped from these two sites at di

and not by the presence of free meizl and metal ligand complexes.

ifferent pesk potentials

Stulikova (20) studied the effect of rlating potential

on the size and distribution of mercury droplets in a mercury




£ilm plated on to glassy carbon and coeniirmed the phys

'.Jc
'—!

existence of different sites for mercury deposition, by the
use of electronmicroscepy. The mercury was deposited on
sites of different sctivity according to the plating potentiel

s 0.0V vs SCE mercury deposit

3]

used., At potentials as low

was only on the most active sites on the glassy carbon surfeace

and further deposition at this potential favoured the reduction

of mercury on mercury so that the originegl droplets mexrely

increased in size whilst theiz distribution remained ¥The same.
The plating of a fresh glassy carbon surface at more

1 less active sites and

g
(o]
~

negative potentials deposits mercur

-

oplets results. AL plating

Uz
-

a nore even distribution of d

K

votentials as great as ~ 0.5V and more, even the least active
?

erences amcng the various

iy

sites are covered and the encrgy 4dif
types of site become negligible with the result that a mecro-
layer of mercury is deposited on 211 the sites leading vo a
more uwniform distributicn of droplets. The nature of the

mercury film on a carbon electrode and the possibility of mono.

=y

layer and macrolayer coversge on sites of differing zetivity
at plating potentials lower than - 0.50V wes found by Hume
to account for double peak phenomena associated with the

electrode structure itself,

The deposition of mercury at poitentials et which simult-

aneous hydrogen evolution occurs is considered advantageous

E-Ia
c.:-
.

by Stulikova since the drop size and distribution is more even.

producing a more uniform film for stripping analysis of less

electro~positive metals,
Bume has shown that the CUGE behaviour may be casily

-

disruvted by surface active orgaenic materiels present in the



natural water, such as humic acid which avpesrs tc become
adscrbed on the electrode surlface.
ASV on svandard solutions and natural walters which have

sed

|28

been acidified or have had their organic contents oxidi
by perchloric acid digestion oxr dirradiagticn by U.V. light,

als., Titzgerald (21) has

i

show increcased concentraticns of me:
claimeé that the release of metal is atitzid UL able to the
oxidation c¢f organo-metallic complexes which thus allows the
metal to be measured as the frece ion. The informsticon on
acid release of metal from organic complexes has been sub-

stanticted by ligand exchange in the saennle where tThe sample

4

. -4 . -5 -3 . . D% L B ,
is made 1074 %o 1077mol dn~? with Mn?" or Te?” at 90°C and ab
pH 4. The ligends of the existing organo-rmetallic complexes
in solution complex the added metal and relecase brace metals

from their original complexes in the nadtural water sample.

The trace metal can then be measured by ASV. Pitzgerald showed
(=)

that as much as 70% of the total Cu found in necarshore water
is complexed orgeanically. Complexes which are not acia labile
have been implicaied when U.V. Llrradisbtion hues yielded nore
metal than acidification. Model Pb -~ EDTA systems were found
to release Pb in a weversible nannerwr wheﬁ the pH wag adjusted

to 8 from a lower value. Hatural ocrganic chelators may behave

t

in a sinilar manner in watew bodies of varying pHe.

Zirino end Healy (21) have used bwo HMDE's in a different-
ial ASV analysis wherc much of the residual current and sone

of the hydxrogen reduction current is cancelled ouit by having
. (=}

a working electrode and a similar electrode in a blank solution,

connected in opposition to each other. High auplification

and slow voltege scans with the resulignt improvement in
'



reaolution were thus possidble.

The anslysi a5 pH controlied by use of a mixture of

pead
<]

002 and N, as the purge gas. The ratio of the gases could
be varied giving a range of 4 pH units from 4.3 tec 8.7. The
technique allowed the determinafion‘df ionic and pH labile Zn,
Cd, Pb and Cu using a 5 mimute plating cycle. In freshwéter‘
the dissolved carbonic acid achs as the supporting elecfrolyte
naking the addition of a salt unnecessary.

Zirino and Healy (1970) (22) have shown the preseince of

a Zn adsorpition peak 0.1V anodic 1o the main diffusion peak

lJo

for Zn at a pH of 8.8 inr scawalbter. The peak disappears at

lower pH values. These workers imply that a complex of Zn is
formed above pH 8.8 which is nearly the nastural pH ol seawatber
and they consider Tnab it may be of biological significance in

controlling the availability of Zn to merine organisms.

~Florence (23) using a glassy carboa clecirode with a.
mercury film plated in situ from the semple has been able to
look at free amalgam forming trace metal ions in Jexrvis Bay
surface seawater and also in marine organisms by using perchlorxic
acid digestion and dry ashing ian a muffle furnasce. The residue
was dissolved in HH03 and buffered in cifrate before an AS
analysis to determine Pb, Cd gnd Cu.

Gachter, Ium-Shue-Chan end Chan (24) investigated thé
éomplexing capacitv of nutrient medium and its relationship

to inhibition of algal photosynthesis by copper since this

metal is added to lake water to restrict

plankton blooms, The
above workers have shown that o wober's complexing capacity
did not guarantee that an equiValent amount of copper would

be tolerated by the plankiton. HTA and EDTA can counteract this

toxicity partially or completely as can exiracellular poly-



peptides of Anabeena cylindrica, a profiein digest and a zo00-

plankton extract. The zbility to mesk the addition of aliquots
of ionic ccpper was defined as the conplexing cavacity of the

R

water, Filterved waler from diiferent lakes and locations and

a culture medium showed diffcrent masking properiies which

5

zo

they assumed to e mostly complexation,since it was not directl
related to texicity as measured by depression of phot ocynul Sig,

-

Speciation of the ious b01n” analysed is thus impoxtant

wlts. A cathodic shifd

5’)
Q

in discussing the validity of ASV e

with the fowxmation of carbonaio. complexes of lead was observed

Bilinslki (25). LAdsorbability of Pb2¥ aq. is

by Svumm and
negligivle on silics but carbonste complexes are strongly
sorbed &3 shown by bthe above workers,

In the pleting step in an ASV analysis there is & poss

strong complexesz by plating out the

.
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ionic metal in equilibdbrium with them. This will im

limitation on the ASV technique with regard to the

N
Q)
°

ilation ¢f the labile and strengly bound neta

In walers vvhere the ne

d.

step would not affcct the complex egquilibria., 4L short plating

step would minimise the problem; Chau and Lum-Shkuc-Chan (26)

N

used three minute plating times to overcome this problem,

The rigid separation of free mebtal icn, organically
complexed trace metal and trace metal associeated with colloids
and parLlcuu“to material which may have formed auvthigenically

Podaliabn =Pt gt A

after filtration con conplicate the sinmple picture of free and

bound metal in the aqueous enviroument and must therefore

i_l-

influence the individuals interpretation of such resulis,

y



1.2, Puwrvnose of the present work

In this work the ASV technique is going to be used ito
analyse Cu, Pb, Cd and Zn in natural water sampies taken Ironm
the Sheffield area. -

The initial objective is to make an ASV system using a
conventionsl polarograph capable of‘scannimg poteniizl in the
reversé direction or anodically.

A mercury film electrode is to be developed since this
type of electrode possesses the regquired sensitivity (10‘7 to
10~ 1m0l dm'B) for the analysis of trace metals in natural
walter samples. An inert substrate material like graphite ox
glassy carbon will be used to prépére the ASY electrode as
these materials require the minimum of pre~treatment to convewrt
them into an electrode. The ineriness of the material will
ensure no contamination of the film from the substrate. Iu
order Tto achieve maxinum sensitivity the electfode will be
rotated to enhance both siripping and deposition curredis.

The procedure for plating the electrode with mexrcury will

o

be that ploucered by Florence where lhe mewcury is plated

simultaneously with those trace metals in the sample. A fresh

(6]

mercury £ilm will thus be produced in each sample so that
complications associated with ageing electrodes will not arise.
Instrunent settings on the polarograph will be altered to
investigate ASV parameters in order to verify that the electrode
is behaving as a thin film electrode. Once the behaviour of

the electrode has been characterised and it is seen to function
normally in different solutions the electrode will be calibrated

for the metals Zn, Cd, Pb and Cu. Prior to the analysis of

natural waters maxinum sensitivity for those trace metals under



investigation will be achieved through instrument setitings,
clectrode rotation rate and cell configuration.

Natural walber samples will be collected and analysed by
ASV such that the risk of contamination throvgh sample pre-
treatment or trace metal removal in the collection vessels
will be minimel. An analysis procedﬁre will be developed to
give information about btrace metal content in the sample. ITon

conplexation by pH labile ligands will be invesbigated by alier-

ing the pH in the sample and repeating the ASV analysis.

[0}

In this work it is hoped to gather information using th

-

LSV techniques about trace metal concentravions and complexation
in natural water over a period of ménths. Complexation of
éertain trace metals has been shown to be necessary to iunitiate
algal growth. Trace mebtals and complexation'thus\have an
influence on the productivity and fertility of naturasl waters.
It is hoped to be 2ble to discuss the findings of this work

in terms of the possible eiffect of trace metals on fertility

and productivity in the natural water sources studied.



THECLKY COF ANODIC STRIPPING VOLTANMIETEY

2.1, Introduction

The main feature of the MFE is the high surface to volune
ratio of the thin mercury film which approaches a hypothetical

ideal mercury film as compared to the least efficieunt form of

t=4

a sphere assoqiated with SHDE's and JHIDE's.

Roe and Toni (27) derived equations-for mercury film
electrodes on the assumpiion that‘diffusioﬁ‘in the mercury
£ilm mey be ignored and that the solution is stirred. If the
thickness of the mercury f£ilm (1) is sufficiently small, the

concentration gradient in the mercury is negligidle; in practice

(1) is of the oxder of 10™%cm.

Model for anodic stripping from a mercury film

electrode in & stirred solution,.

be-Hg—d
’CO = Concentmbion &F
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The procedure in an ASY anelysis originslily consisted of three

distinet stages,
(i) The conceﬁtration stepes
(ii) The rest period.
(1ii) The stripping step.
2.1.1, Concentration sten. In the initial electro-
deposition period (t) the trace metsl ions in solution capable

at the

of forming liquid amalgams are cathodically reduced
merctry film/solution interface. If throughout the plating

of the metal on to the electrode,; the concentration of the
metgl ion in solution is not appreciably changed and providing

the solution is stirred al a constent rate it is assumed that

a constant current is maintained.
- . -
The concentration of the metal in the amalgam (Cq) in &

film of area L and thickness 1 is given by Faraday's Law.

C% - it mol dm™? (1)
nPla o

Cé - _ih mol dm~?
nFv .

i = reduction current (amperes)

t = duration of the plating step (minutes)

n = numbexr of electrons involved in the reduciion of
the metal under consideration

P= Faraday's consiant

V= volume of mercury in the {ilm (1 x &) or drep (dm?)

The reduction current is anplogous to the limiting cuzrrent

diffusion controlled procecss (Meites) (28).

(]
]

i = nFAiDCq ampere (2)

© e o s v



. v o . o s 2 -1
D = diffusion coefficient (m”~ sec™ ™)

C,= concentration of f$he metal ion in the bulk of the
solution (mol dm™7) -

A= electrode area (m?)

§ = thickness of the diffusion layer (m)

The value of & will be affected by the stifr;ng ratey cell
geometry and electrode design.

Substitution of eguation (2) inte equation (1) gives the
finel equation fox Cge.

Cp = D.Cot (3)

The concentration Cyp is a fuuncition of time only in any
particular solution and it is assumed to be unifoxm through
the mercury layer (€).

2.1.2, Rest Period

HMDE's require a guiescent pericd aftexr plating to allow
~convection and diffusion of the metal in the mercury drop to
damp ouvt; and the disltribution of the metal to become hcmogeunscus
within the drop. The rest is necessa&y for this electzodz to
evoild distorted peaks being formed in the following anoéic
scan, The procedqre has been followed By some workers using
MFE's or rotating electrodes where rotation and_degassing with
vNé is stopped to allow the solution to become quiet. Hitrogén
or other inert gases have beeﬁ used to flush the surface of
the electrolyte within the cell.

Plating is still being prerformed in this periodbbuﬁ the
reduction current is reduced owing to an increcase in é s Tthe
thickness of the diffusion layer around the electrode. Calcula-

tions to allow for furthex plating at a reduced reduction current



are therefore nccessary but are usuglly avoided by standard-

igsing the proceduree.

2.1.5, fThe styipping stepn. After the plating period the

metals from the solution sre concentreted in a thin mercury

£ilm. The application of o linecar potential sweep in the anodic

direction stxrips the metal from the amalgam.

The initisl potential (I.) of the MFE prior to the stripping

step may be written in the fowrm of a Nernst cquation:

E., = E. . DRY ., Zn GCp (4)

i £ iAo g e
ul Cé
. ' . . . * .
Where Bp = foxmel electrode potential.

' ‘O e -y
or Co - exp @ (By ~ E) (5)

vhere g

it

=i

317

The potential (R) at any point in time during the scan
is governed by the scan rate:

E o= B, o+ wi (6)

i

, . =1
v = scan rate (mV min )

time after initistion of scan (minutes)

.t

1]

d

at the mercury films/soluiion interface

. RT _ ¥n Cg o/ Cy (7e)

I s [ -

n ¥ (e, ) - (%)

vi = B - B, = RT¥/nF 4n [ﬁc Cr / co . C ]
i o R o " VR,
= (o,%) (t)

O,'

or . golo5) . Co exp. vt ("7D)
- - nO
CR( Ry YR
/
also Cq = Co

(8,%)

.

The application of Pick's first Law to the thin film

-4y

electrode model in (fig.l) gives the diffusion flow of material

per unit ares of diffusion layer.

* ' : ' C .
~ B = The dectrode pitentia in a solohom of usit concentrction rother tharu anik ackivtry



The fiux = - D, ég
' &x

i.e. for the thin film elecitrode model:

ét[gn.w:mﬂﬁn(tﬂ - Dolce(ost) = Col moles om™2 sec™ (8)
di . . : &
by substitution of Co(o,t) from equation (7) into equation (8)
and integrating the result, Roe and Toni produced the following
cupression for the current (i) by substituting'into the Faraday

expression: cquation (1);

5= nFA{iDCP( ) / 3% and the peak current is given by
1 § ) -

. o, -1

i uFAL CaV # e (9)

Substitution of Cp from equation (3) into eguation (9)
results in a final equation (10).

iP; nT 4D et AhQth (aﬁperes) (10)
é

which shows the dependence of peak curren®t on scan rate (v ):
ares of the electrode surface (4), time cf electro-deposition

X - . . - 24 . -
(t) and concentration of the metal ion in soluticn (Co). Providw

ing cell geometry and stirring rate are maintained constant

The £

S

xing ¢f szcan

<l

e
=

¢ (p ), electrode area (L) and time of
electro-deposition (t) results in the peak current (ip) being
proportional to the concentration of the metal ion in solution
.
(Co) -
. 3 [
At the potentialrEp where i1 is s maximum it is shown by

Roe and Toni that:

Cele,t) = ¢Sty (11)
Cr D
(t)
ES = Epy 2.3 log8lvg (12)
D a )

ittt

s gt A A AT AT 7 e, 1P

A ey A =i e

- —

———r



P is the‘formal electrode poltential in the pariicular soluticn
concerned, -The potential of the stzipping pezk varies aé the
logerithn of the notential scan rate and it_Las been cxperiment-
2lly preven by Hume et al that plots of Ej vs logvywere linear
and‘thcy concluded that although the Roe and Toni equations
ﬁere derived for s uniform thin film elecirodé such as nercury
on a nickel support, the same eguations are applicable to

N,

carbon and graphite electwodes plated with %thin mewcury films

although, the nature of the film is one of microdreplets.

2.2. Rotated electrodes.
The above equations which describe the theoretical consider-

ations behind the use of a stabtionary thin £ilm electrode in a

stirred solution are applicable vo »wotated electwodes bul reguire

medification to allow for rotation.

FPlorence has shown that both deposition and peak curreat
1

are proportional to (elecctrode wotation wate)® and that the

peak current (ip) is furither enhanced in the seme manner if

rotation is maintained throughout the stripping stege of the

13
Y

anglysis; an obeservation disputed by F. Vydra (29) who cliaims

that the electrochemical noise produced oviweighs the enhancew

ment effect on the signal.

)

The effect of electrode rotvaltion is tho

4

-

L

2

ht 1o decrease

-

*:

the thickness of the diffusion layer and thergﬁore to increase
stripping and piating currents since (ip) and (ig) sreecd "L,

The rotatéd disc electrode was thought by Hernst to have

(6]
e
9]
o

g diffu leyerx ‘of between 1072 and 10~2 cm and he proposed
that the diffusion current could be treeted in the same menner

as that in a quie® solution sinece the layer has zero velocity
with respect to the electrode surface. TFor the diffusion current

the equation is:

i o ' AD

S Y N < Y A A A s e K




but the thickness & of the diffusion layer lacked cleaw

definition since the thickness of the zero veloccity layer a

shown in (figure 2) is too large for the layer to adhere to

the elecirode by molecular forces and therefore it cannot be

Distribution of velocities (u) and
cdoncentrations (c¢) of the metal ion

in the diffusion layer.
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A more quantitafive approach by Prumkin et al (3%30) con-
sidered the hydrodynaemics of the electrode.

The velocity was considered to be zero at the eclecitrode

surface (Fig.3) end to increase until it becomes constant and

Coam

equal to ug. The layer in which the uniform motion of the

3

. . . . " . , - *
liguid is disturbed is known as the Prandt boundary layer (5

The thickness of the Prandtl layer (&%) depends on the
speed of the liguid and the kinems
(v) ond is related to the length 1 of the clectrode surface

subjected to laminar flow in solution by equabion (14).

atic viscosity of the ligquid

s e er e n e




Yigure 3.

The Prandtl Boundary Layexo
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Tiguze 4.
Prandtl Leyer relationship

to the electrode surface.
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The Prandtl layer 5 i¢ formed under conditions of laminar
flow only i.e. (low Reynolds - mimbers; R - ol , where

L =.dimension of the body in the liquid streanm) (Fig.4). -
The diffusion layer thickness (& ) has been shown by

Levich-(31) to be“related to the Prandtl layer by the ratio.



s - (D)% (15)

=Ty

/o
in zqueous solution,; the thickness of the diffusion layer
represents about 1/10%1 of the Prendtl boundary layer.

. . R # ‘ . R . .
Substituting for & from sauation (14) into eguation 15)

o -

- 8 = p oy i u, TR (16)

Equation (16) shows the dependehce of the diffusion layer
thickness on the diffusion coefficient (D) of the metal ion
and the velocity of sbreaming (ug) -

The motion of a liquid of a

rotated disc electrode.

B

The motion of liguid at a rotated disc electrode is dirceted

towards the centre of the disec after which laminar flow is



N

aﬁparent on the passage to the periphery of the disc. The

Prandtl boundary layer thickness is a lineax functicn of the

. LA & . . \ - ) 2 . .
(disc radius)® from equation (14) and thus increases towards

4

the periphery. The linear veloclty (u,) of the point at the

centre of the disc increases with the flow of liguid toward

s

the periphery of the disc thus $he thickness of the bounda
layer decreases as can be seen from equaticn (14) (¥Fig.5).

The %wo effects compensate each other and thevthicknéss
is thus constant over %the whole surface of the diéc. Tae
diffusion layer thickness (§) is similarly constant at all
boints cn the surféce of the disc és,is the éurrent density.

A homogencous layer of metél cafions at a disc elec?rode
theéefore leads ©to a homogeneous metal layei being formed on
the disc surface.

g - Iigure 6.

Planar surface model

of a rotating disc elecirode.

g

The linear velocity of streaming (u,) at a point (y) on
the disc electrode is required in order to modify equation (16)

.

into an equation giving the diffusion layer thickness (§) for

s

a rotated disc electrode., The angular velocity Oa) of the point

y is:



) = 2}1‘.‘ v'
Where v'= cycles per
/ v )
' 20

in one second 2Mx (m) are covercd in one revolution; alt v (c.

O
~—r’
m

the linecar velocity

second

(17)

(cepes )

Des)

Substiﬁu ion of equation (17) into equation (16; gives the

\

at &

diffusion layex thickness

Y

1 MR
r % vVex 3

cancelling x
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. The thickness of the d4iffu
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tional tow =Z

deposition and peak currents (id

. - ot
ld o lp

Increasing the sens
has allowed total analysis times

2\

plating time (u/ can be reduced

nalytically useful signal.

(4

Cr

and electrode rotation rate.

2.3, ZElectrochemicgl Hoise.

the system is:

= i) v (o)

Where 1(1)~ Faradaic curwrent, i(
i(b)z Background current.

- 03

The electrochemical noise
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from the fesidual current which constitules a chafging current
(i,) owing to the charging of the electrode/solution interface.
The beckground current (i,) also contributes o noise end may
be attributed %o the.oxidation of impurities or decomposition

of electrolyte. The impurities mey be organic and of compara-

tively low concentration, so no ancdic peszk is produced but an

J
incrcased slope to the 1 -« E trace is obscrved.

The base electrolyte chosen is usually a salt of the alkali

. S

e to the

¥

<

metals so the electrolyte is unlikely to coniribu
noise even 2ot high negative potentials providing it 1s not an
écidic solution,
- The charging current (icj is related o the arca 4 of Hhe
electfode surface in contact with the scluticn by the expressiocus
i, = by (3q/0m) (20)

Where (aq/BE) is the differential double layexr capaciiy.
Thus although the increase of scan rate (V)\?r clectrode arvrea
is beneficial to the signal as shown in eguetion (10) it also
increases the contridution of the charging current (ic) to the
total 6urrent flowing. |

The nature of the mercury film whilst bveing dependent on
the deposition potential for size and distribution of mercuxry
droplets\(Stulikova) hag & direct influence on the charging
current (i,) since the effective surface arca of the clectrode
will also chénge as mentioned earlier.

A high background current may be the wresult ¢f traces of
oxygen remaining in solution oxr the re-eniry of oxygen when
the purge gas is removed from the solutiop to flush the surface

in the rest period phase of certain procedures.

The base electrolytve 1tdo be used in the analysis together



with the sample must be purged of oxygen since oxygen will be
reduced at negative potentials with respect to the saturated
~calomel/elqctrode; Purging the solution may be performe@ by
bubbling an inert gas i1ike nitrogen, helium or aréon through
%he solution, | |

| Oxygen gives two poclarographic waves. The first is'&ue

to the reduction of oxygen to hydrogen percxide or hydrogen

-

peroxide and hydroxide (depending on the pH)

O, + 2E" % 2¢ ==  Hy0, (acid medie)
Tz - 0.05V vs. SCE
0p + 28,0+ 26 &=  Hy0p + 20E” (neutral or
‘ alkaline media)

-

The second wave involves the reduction of hydrogean percxide

to hydroxide oxr water:

HpO,+ 2H' + 2¢ == 2H,0 (acid media)

Ei= -0.5V to ~1.37\ vs. SCE
2

20H” (neutral or alkaline medisa)

%

H202 “ 28

Two itypes of complication can arise if oxygen is not

1=

[N
2

rembved in the ASV analys 'procedure. The hydrogen peroxide

produced can act both as an oxidising‘and & reducing agent and

therefore can affect thé other electro-active species in solution,
pH (changes can occur in the vicinity of the NFE due to

the electro-reduction of oiygen; The resultant incresse in

pH in the vicinity of the MFE can precipitate heavy metal ions
and thus diminish their diffusion currents with é result that
a decreased peak current is observed; the peak itsglf may ealso
be . distorted. Organic species in solution whose reduction

involves hydrogen ions would be adversely affected owing to

the locelised increase in pH at the NP,




The mercevry film ditseld is parbiculaxly sensitive to traces

of oxygen which may participate in the following non-electro-

/
“.chemical process:

0, « 2Hg + 2017+ 200 =& HLO0, * Ig,Cl, + 20E

2 272 2
Such & reaction can occur in neutral, unbuffered salt solutions

and would inactivate the NI,

A

The reproducibility of the IFE has been cri%icised since
ther§ is an increased‘risk'of intermetallic comﬁound formation
in the mercury layer with the trace metvals deposited. The
ménipulation of SV parameters like plating time (%) allows

at relatively high concen-

o

a flexibility to the system so tha

¢ - . . ; N - .
0) of metal in solution, (%) may be reduced with

o
H
o
3

- e
o
=]
(0]

—
Q

]

the result that the concentrétion of reduced metal {C%) ii
the film does not reach the optimum value where intermetallic
compound formation with mercury occurs. By ufing shorter

pleting times the electrode is protected from beinzg overloaded

with reduced metal and is thus less susceptible to failure.
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/ EXPERIENTAL

3.1. Apparatus and reagents.

. 3.1.1 Polarograph: The instrument used for anodic

stripping voltammetry.(ASV).was a conventional polarograph,.
the Polariter PO-4g maﬁufactured by Rediometer of Copenhagen,
A chart :ecorder is built in to the polarograph. ‘Voltage scans
can be made in both directions with this instrument and it is
- therefore usable for ASV Wérk.
On the Polariter Pou4glthe scan rates are selected from

o . -1 -1
a combination of chart speeds (em min~~) and (velt cm™)

v . 0 - -
selectors., The range of scan rates is set out in Table 1.

) <
Volt cm“l - Chart Speced ~  Scan Rave
em min-1 . nV mnin”

0.5

1

100
200
400
260
4C0
800

1.0

n

ool o ool o

f

.
The voltage range of the instrument was from -3.0V to
+ 0.5V,

( .
50lc2¢ Cell The cell was a standard polarographic cell

supplied by Rediometer and had a 20 cm3 capadity. The lid of

the cell was made of plestic and required provision for a‘stirrer,
a bubbier for degassing the solution of oxygen snd itwo further
apertures; one for a saturated calomel reference electrode

(sCE) and the other for the graphite or carbon electrode to

be used for ASV. A Gallenkamp waterbath and pump was used to

circulate water in the cell jacket to maintain the cell contents.

[P S ———



Stirring of the solution and 1ateﬁ electrode,rotgtion
was performed by using a Radiomeber E.TO, rotating platinuq
electrode assembly without the platihum clectrode. The E.T0
aésembly poéséssed Sipulleys on the drive mobtor which connected
via a rubber bellt to another 3 pulleys on the cell quyn The
range of rotation speeds possible are shown in Table 2. .
Electrcde rotation>was meaéured by ¢ light sﬁrobbscépe

type %D, manufacitured by E.M.I. Electronics Lid.

Table 2
' Motor pulley Cell pulley Revolutione of

. setting setting electrode (roepem.)

3 1 : 2,550

2 1 25010

1 : 1 : 1,373

3 | 2 ~ 1,775

2 | 2 1,400

1 ‘ 2 952

3 3 ‘ 1,422

2 3 1,125
o y | 764

3¢le3. Electrode material foxr ASV Spectfographic.carbon
rods (2mm in diameter) and specirographic graphite rods (6mm
in dismeter) were obtained from the Mergenite Company and
Nafional Carbon Co, Ltd., respecti#ely. Glessy carbon rods

(3mm in diemeter) were supplied by the Le Carbone Co. Lid.

3¢1l.4. Reference Flectrode Initial work wes performed

'~

with a Radicmeter cazlonel electrocde, type X502,

Tive e as ey pmeey s ¢



Hefcuryipool internai reference electrodes were also used
and prepared from triply distilled mercury supplied by Belgrave
liereury Ltd. A small Beckmann SCE ( Part No. 41233) was used
in one éxperiment but found unsuitable due to the small current
p;ssed,

-All saturated calomel electrodes wewe lster madg in the
laboratocry and placed in a Jacket of satvrated Analar potlassiunm
nitrate to reduce contaﬁination from the SCE owing tévthe
migration of CL™ into the main cell compariment (Fig.ll).

3,1.5. Counter Blectrode 4 platinum wire (0.%mm in

It

réiameter) was used as a counter electrodé so that minimal current
passed through the 35CE during the deposition stage of the
analysis.

The counter eclectrode was jacketed so that any oxygen

contaminate

cl
as

evolved during the electrodeposition period would no

the whole cell conlents,

3¢1ls6¢ OQOther Bauipment Two Phillips électronic AVO meters
(type PH.2403) were usedbas a high impedance volinetsr snd an
amneter.

pH measurements were madé with 2 Pye Unicam model 29C pI
meterﬁﬁsing e small cylindrical Pye Ingold glass électrode
essembly (Pye 405 uS) which could be inserted into the ASY cell
to take in situ pE measureméﬁts at variouvs stages in the analysis.

The pH meter was calibrated deily with the use of buffenr

~

solutions of pH 4, 7 and 9. A buffer solution of pH 4 was
prepared by dissolving one tablet of Solicl Brand (Burwoughs &
Wellcome & Co., Lendon) in 100 cm3 of cold distilled water.
The same procedufe wes observed for BDH bufier tablets to give

individual solutions of pH 7 and 9 at & tempersbure of 20°¢,

N



(Ve

The sclutions were prepared at weekly intervals end kept in

a

refrigeraltor beiween successive calibrations.

A Gollenkanp (0-6000 r.p.m.) centrifuge was used to
centrifuge some natural water samples to séparate a clear super-
n&tant layer from a layer containing the centrifugate. 200 cm5

centrifuge btubes were used with the appropriate head fitving.

3,1.7« Purge Gases The solutions under examination were

purged either with white spot nitrogen or carbon dioxide supplied

Q

by Air Products Ltd. Carbon dioxide also provided a supporbing

electrolyte of carbonic acid in solution. The flow rate of
T

the gases used was maintained constant fthroughout the ASY

analysise.

3s1.8¢ Supporting Electirolvites The supporting eleccirolytes

4o

used were prepared from Analar grade reagents. These gsoalt

o

were puxrified by cathodic reduction in a cleznsing cell where
trace metal ions are reduced in a mercury pool cathode (32),

s a platinum gauze of high surface srea and is placed

(XX
)

The anocde
as near to the surface of the mexrcury pool as possible to reduce
the resistance of the cell.

A high concentration 6f supporting electrolyte (1 to 3mol dm"3
is necessary to allow.the passége of a SmA current; if smaller
currcnts are passed the time for electrolytically cleaning’
the salt bacomes too lengthy.

o

Cathodic deposition over a mercury pool allowed irace

7
metal levels of 10" 'mol dam™~ Pb, found in Analar reegenits like
KH03 and sodium acetate to be. reduced to 10“9mol am~3 within

five days by holding & potential of between -2.1 and -2.9V

across the cell in order to maintain s constant currcnt of

A%
o
w1
e
&

The pover pack used was a Vokam potentiostat SAE 2761



*

(supplied by the Shendon. Co, ) used in the constant curvent

Recrystallisation was alsc used to purily Ainalar reagents

for use as supporting electrolybes and in this way the cone-
entration of lead in Analar potassium aitrate (O0.lmol dm )
-8 -3

was reduvced to 107 °mol dm ~.

- ) . I - 3 .
5.1.9. al Ton Solutions £ 1 » 10-2mol dm™’ mercuric
nitrete solution was prepared from triply distilled mercury
and !igh purity nitric acid (Aawlar) - The solution was adjusgted

to pH 2 with Analegr nitric acide 4 107 2nol dm™2 mewe QY
solution prepared from Analar mercuric nitrate was equelly
satbis?t cuo*y provided the solution was maintained at pﬁ P
Standard metal solutions were prepared From Analar nitrate
salts in the case of Pb and Cu and sulphate salts were used
for Zun aund {d.
A O,1mol dm"3 stock solution was prepared iﬁ 1 de or

500 em? graduated flasks and a 10"3mol am™? primary standard

oz

prepared by dilution on ihe day of the analysis. A 2 = 10
Tion was then used fov standerdising the

cell solution.

%2.1.10, Xitric Acid .Concentrated Ainglar nitric acid

wvas diluted bto €mol dm"3 and vsed to lower the pH of natural

vater samples., The acid was sufficiently pure and did notd
warrant further purification.

3.1ls11ls Precoutions to ovoid conlbamination All watber

used in the making up of standard soluticns and washing cof
the cell and electrodes was distilled twice, the second distill=-
ation being from a 0.2mol dn™” Anslar potassium permanganate

solution. The water was stered in eged pclyethylene containers



to reduce any possible leaching of trace metal ions from the
walls of the container,

The A4SV cell and glassware used in the meking up of

=

standard solutions of metal ions were treated with Repelcote

.). TLater Desicote (Beckmsnn Instiu-

(Hopkins and Williams Ltd
ments Tne.) a similar silicone hydrophobic surface coating

was used to minimise adsorption and leaching phenomens assoc-
iated with glass vessels. The glass vessel; after thorough
washing is rinsed with acetone before treatment fto aliow the

organo=silicone in acetone to 'wet' the surface and completely

cover the glass,



CHAEZTER 4.

PRELIMINARY ZXPERIMENTS WITH GRAPHITE

AXD CARBOW ELECTRODES

4ol rperiments with graphite electrodes.

4.1.1, Electrode preperastion In the initial work the

cross section of the carbon or graphite electeode was smoothed
with emery peper and polished but given no further pretreatment.

Y
ter

e

Al

©

e

ture survey revealed that most othex workers
impregnated graphite rods with wax. IMaltson (33) used ceresin
wax whilst Clem et al (34) preferred paraffin wex. In this
work it was therefore decided to impregnate the graphite rods
with paraffin wax (BDPE standard grade);

The graphite rods and molien paraffin wvax were evecuatad
in seperate side arm test tubes. Aftexr five minuites ithe molten
wax was poured into the fest tube containing the graphite rods.
The vacuum of 0.01 to 0.1 nm mercury was maintained throughout
the operation,

To ensure thorough impregnation of the ;ods with wax,
they were left in the wax under Vgcuum_and with gentle heating
for a period of three hourse At the end of this pefiod the
vacuunr was removed and the rods taken from the cooling, nearly
set wax, so that a thick coating was left around them., The |
cross seciion of the rod was scraped clear and polished with
.medium grade emery paper; working down to finer grades and
finishing off with Gpm and finally lyum dismond abrasive papeT.
The polish was maintained by gentle wiping on a tissue papere

The wax insulation was sufficient %o prevent electro-

deposition on any other area of the rod. The provision of a



ass sleeve into which the carbon rod fitlted shielded it

-1

8
from mechanical damagoe.

4.1.2. Plating procecdure for g statlonary | Ci 1) slect rode

. . 1 . » .
4 20cm? sample of O.lmol dm™? ¥Cl was made 2 x 1077mol dm™~/

with respect to mercuric nitrate. In all the exveriments
oxycen was purged from the solution, by bubbling a constani

(9]
r.-r
(D
£
B
o]
=

nitrogen through the cell for ten minuites pricr To

plating and throughout the plating step.

‘..J
t\‘
QO

The staticnary graphite elecitrede was initially plale

graphite electrode. The duration of the plating step To deposit
the mercury film was ten minutes. The electrode was then ready
for use and an applied potential of -1.0V was set between the

o

SCE and the graphite electrode to deposit the trace metsles into
the film, The circuit diagram of the initial arrangement is
shown in (Fig.7).

4.1,5. Rest Period A rest period was obsexrved for a

stationary elecitrode in which the nitrogen purge gas was remceved

to Ilucn the surface of the electrolyte and stirring was swiiched

off for‘the stripping step.

After the quiescent period a linear poltential scan was
initiated from ~1,0V to 0.4V %o obtain the.stripp'ag voltanmo-
Eram,

44e4e Problems arising from initisl exwneriments The

first attempts abt plating a stationary electrode were performed
in a supporting electrolyte of O.lmol an”? xe1 as used by
Hatson et al (35).

A film wes formed but falled to give any veltammogran



on a linear potentisl scan. 4 close examination of the f£ilm

showed that it was a scum or precipitate of mercurous chloride
rather than an active mercury film. This scum gave a smeared
appearance on wiping with a tissue,

No results were obtained so ﬁotassium nitrate (0.lmol dm™>)
wés used as a supporting electrolyte with the resalf ﬁhaﬁAan
active mercury film which gave satisfactory voltammograms waé
prcduced. The film had a frosted appearsnce which did not smeaxr
on Wipiﬁg, the droplet nature of the film was clearly visible
under a (x 10) magnification hand lens.

Sodiun acetate (0.1mcl dm“B) also proved to be a successful
supporting eclectrolyte from which éctive mercury films were

deposited.

Circuit diagrem of the initial ASV apparatus.

POLARITER PO 4 g .

“ve
s In
' ¥ Ve
P o ;
D
WB ——}» SCE
LR
B g
Z
, o (11 [
&)
o!
o ‘& N —
- =3
ke g

WEB = working elecirode .

SCE = saburated czlomel electrode

SB. = szl bridge
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The vbltammograms produced with uninpregunated loxgan
Carbon Co. electrodes shown in (PFig.8) indicate the Lack of
sensitivity which these electrodes had even after a plaving
time of 70 minutes at «1.0V applied potential betwveen SCE
and the working electrode. The signal/moise ratio of the
electrode was very low. Impiégnation ﬁith wax increased the
sensitivity of the electrode but the signale were still weak.

A Spectrographic graphite {Wetional Carbon Co.> rced which
had been impregnated with paralfin wax and used with an int
mercury pool reference electrode produced voltammograms with
good peak resolution (Fig.10).

The very strong signals at applied potentisls ~0.80V,
0,37V and -0,25V in (Fig.10) show that the cell is hoavily
contaminated w;th three metals.‘ The order in which the peaks
appear in the anodic scan tentatively suggested the presence
of Cd, Pb and Cu.

The souxce of such heavy contamination was probably the
mercury pool reference electrode which covered the botton of

the cel

1]
4

4.1.5. Cell modification In an attempt to 1limitl the

number of cell components which are placed in solution znd
thus reduce the possibility of contamination,; the graphite

electrode was itself made to rotate at 2,550 rep.m. thus dis-

o)

pensing with a stirrer. The effect of deseration by the
nitrogen bubbler is more uniform in its mechanically diszturb-
ing effect on the microstructure of the rotating electrode
than on a stetionary electrode and should make the electrode

results more repreducible (Fig.ll).

[EX

Florence has shown that it is advantageous to rotale an
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electrode since the deposition and stripping currents are
enhanced by the decrecase in thickness of the diffusion layer
which is the resullt of rotabtion.

ating weax impregnated graphite

4.1.6. Preperation of xci
eWCctrooca

o T - St St et et

The wax impregnated graphite (6mm=d) was ac“*ned down to %mm

/L

end mounted in a 4mnm diamelter glass tube gnd sealed with some
epoxy resin. The electrcde was recoated with wax and the cross
section scraped clear. After polishing, the electroactive
surface was ready For use (Fig.9).

e s s e et

Preparation of the rotating wax ;mprcgnaued
graphite electrode.

| | | = 1’ L;
e e —u

graphite machined electrode mounted
rod down rod in a glass tube and
COC‘,bed Tl‘th \Ta.u.o

The glass tube was filled with mexcuxry so thet a wire

$ote

.

dipping into it made electrical contact whiist aliowing rotation.
The electrode was mounted in the stirrer chuck.

ied cell

H;

4o1.T. lodificd cell assembdly results. The modii

assemnbly with its rotating electrode was used with a saturated
calomel electrode in place of a mercury pool in O,lmol dm"B'
KNOB. Under theseAcondi%ions the thin mercury film on a graphite
support wes found to malfunciion and fail after 1 to 3 anodic
Scans.

The first voltemmogram produced was normal but in later

runs a process quoted by Clem et al 1973% (36), as cathodic
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Specirographic graphi?e electrode,
. o . Simplified Cell Assembly with

Rotating Blectrodes
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% anodic scans after successive platings
showing a failing clectrode.
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indentation, occurred, The lcad peak at -0.43V was una affected
by cafhod*u indéntation,' The copper peak at 0.01V showed
slipght Lnaentau on initialiy, on the anodic side of the peak;
however, on further scans the copper -e %k became smaller and
the trough so large that electrical compensation.was necessary
to keep the recordex pen on scale. The process is illustrated
in (Fig.12). |

This type of electrode beheaviour has been atiribuited by
Clem et al to poér impregnation of the electrode or to the use
of inferior impregnating agents. The slow formaltion of a
crystalline strﬁcturc in the wax produces an'i rregular surface
which may txap both gases_and solution leading to abnormal
electrode behegviour. OCn examingticn of the electrode suriace
after the experiment the film was seen to be in on incetive.

condition owing to the formetion of mercurous chloride precipi-

'ta.'teo

can I (Pig.13) was smooth

[92]

On another occagion the initial

S -
]

G

and gave the impression of exlreme purity in the cell supporti
eiectrolyteo chn II in (Pig.13) is a successive scan following
a2 further 5 ninute ﬁlating ip'the same solution., The scan shows
the occurrence of humfing and high residual currents. ‘Scan IXT
shows the normal voltammogran Hrodvced when a mercuxry pool
internal reference elonrrodﬁ was ubstlbu ed for the SCE in

the same solution.

461,8. SCE Salt bridge. Since the gra rh'tn electrode

vas the same in both cases it is concluded that the salt bridge
]
of the SCE reference electrode was at fault in boith the atove

-

‘experiments. The reference elcctrode salt br

e

id

!._o

¢

C'f?

s a source

§
l—k

ncetion

{

of CL ion and this has already been found toc caus



of the electrode when plating from a supporiting electrolyte
medium of 0.lmol dm~” ¥Cl. 4 salt bridge of agar gel was also
found to be unsatisfacfory owing to. the presceunce of Cl” ion
and the possible risk of introducing organic conbtaminants which
may poison the electrode. & fluctuating potential from the
SCE as a result of plating against the reference electrode nmay
be an-alternative explanation of the hunping seen in the voli-
ammogrems shown in (PFig.13).

It was found that larger more symmebtricel peaks were obtained
when a laboratory made SCE was used instead of the Beckmann
SCE (PL40E) (Pig.14). The laboratory made SCE was therefore

used in all further cexperiments.
Tigure 14.
Stripping voltammograms with commercial and a laboratory
made calomel electrode.

I )pA.
laboratery made calomel

electrode

e

‘ ’///W\ conmercial electrode
/ N :
. '

"E. ( volts ) | 5

To overcome the problem of contaminetion from the SCE,
it was put in a jacket type‘of salt bridge, the sazlt bridge
was placed inside bthe cell and contained O.2mol dm™> KNO5 o
ieduce the risk of €1~ iomn contamination.

.

Electrical contac? between the SCE and the salt bridge

[}y

was via a 2mm diameter tissue plug. The salt bridge made

electrical contact with the solution via a ceramic plug. The

P

apparatus is shown in (Fig.11). The cell geometry was mainteined



constant for all further experiments. The reference electrode
was placed as near to the graphite worling elecirode as possible
and thus kept the cell resistance to a minimum sach that the

ASV peak height above residual current is enhanced.

4.,1,9. .Coppex contaminniion. The contamination of cell
samples with Cu became very pronouncced when samples were left
in the cell for some time. In (Figci5) the voltanmograns
recorded before and after a 16hr. periocd in which the coll
contents were left in contact with the electrede assemtly.
show the serious leaching of Cu. The source of such contamnin-
ation could be from the cell 1lid, the electrode chuck oxr from
the cell itself.

Cell. The ASV cell wes always weshed with hot nitric

-4

*

«

acid and rinsed with doubly distilled water prior to the applic-
ation of Desicote so that contaninstion from this source would .
be minimal,

Cell lid. The cell 1id was made out of a black thermonl
plastic polymer which could have releascd significant amounts

-

of copper.

Stirrer body and chuck. On close examination the chuck

and stirrer body holding the rotating eclectrode were found to
te made of brass or coppexr plate with a nickel finish,
The stirrer body couvld contaminate the cell contents if
a nist produced by bubbling with nitrogen condensed on its
surface and then dripped back into the cell solution. ’
. The problgm was overcome by covering the stirrer gland with
parafilm and painting any metallic conponents with Desicote;
the cell 1id and cell body were also treated with Désicote at

weekly intervals.
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Co 1 mls of 10 moldmi® Pl h = Blank on 0 o 007 muldel™
added to the cell . |
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4.1.10. XIffect of Cu on ihe electrode. The electrode

was adversely affected as a result of increased copper concent-

rations and produced VOltammogramsiwith high background currents.
After the potential between the HFE and SCE was set at

~-1.0V %0 plate the trace metals into the mercury film, the

electrode behaved normally on the first anodic scan but on

successiVe.platings, increasingly erratic behaviour was observed

as illustrated in (Fig.l16)

FPigure 16,

. - - . Al - “?
% successive anodic scans wivh 10 6mol dmn”” Cu

in solution.

H

-

ph -

E. { volts )

In the scans shown in Fig.l6, the supporting electrolyte

, . .
was 0.05mol dm ° sodium acetate. Three plating and stripping

runs were conducted on the same solution; the plating period
being five mipnutes in each case (I, IT& II1I, Fig.16).
. ] . .
The normal volbtammogram shown in Fig.16 (I) shows a large

anodic peak due to the presence of Cu. Scan II under the same

conditions shows a pronounced Cu anodic peak on a steep slope



caused by a high residuzl current, the recorder pen‘went off
scale before reaching the mercury anodic peak at 0.45V vs,
SCE. It is possible that the mewrcury peék merely moved in the
cathodic direction mhich resulted in a high residual current
following the Cu peékﬁ

Scen IXI shows that the Cu peak has heen obliterated by
an uncontrollable high residual current following the anodic
peak for Pb.

It has been suggested by I.M. Metters (37) ot a research
Symposium in May 1973 &t Sheffield University that the plating
out of copper in the mercury film at -these high Cu concentrations
lowers the potential at which hydrogen evolution occurs at the
electrode. It is not eas& to understand how this would cause
the observed effect.

Howevewr, if a Cu/Heg amalgam is being formed then it is

ossilble that the Cu and Hg slripping peaks are displaced and

o]

.

ive rise to the steep current increase at 0.1V owing to oxid-

G
0]

ation of the intermetallic compound or amslgan.

4.1,11. Residual currenit. -The use of ‘the graphite wax
impregnated electrode in supporting electrolytes of C.lmol am~3?

concentragtion produced such a high residual current that instru-

03

nent sensitiviities below 1OpA full scale deflectioh could not
be used. !

Perone and Xretlow (1965) (38) who alco encountered this
problemn reduced'the residual current by diluting the supporting

-
electrolyte medinm from 0,1mol dm 7 KCHS for the debermination

4 5

of 107™% to 10™°mol dn~? Hg %o 0.02mol dm™’ KCNS for the

4

analysis of 10°T %o 10~%mo1 an~’ mercury, they found no signifi-

cant variation in the analyticel data and thus increased +the




T phe

working range of the electrodec.
33 4 2] -2 sraT
The dilution of 0.lmol dm™ - XKO
in our case allowed a sensitivity se
deflection to be used for the determination o

9 3 Y m

in the 19—7m01 dm'"3 to 107 7mol dmn”” concentration range. The

dilution of KHOB also reduced the Pb contamination Lrom the

supporting electrolyte as well as the residual current (Pig.i7).

The slopes of the residual current curves in

different media.

10 pls TOLL scale
defloction e

.

Pbe pozit

0§ st c.\.t‘t’ﬁ'g"KNU?; ’J}

\_—

001 moldirTKINOg (2)

0- 001 rrct dm:? KND 4 (5)

—

. .

media are tabulated in

" Be ( volte ve, oom 3

The slopes of the residual current curves in different

Z
J e

1

=
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Supporting Electrolyte Residual Currens
0. 1m0l dn=? CH; COONa, 0.9 nA/Y
0.1lmol an”? KNOy 1.1 na/v
0.0lmol dm™> ENOy 0.8 nA/vV
0.001mol dm™° KO . 0.4 na/v

4.2 Ixperiments with glassy carbon elecirodes

4,2.1, Electrode prepsrciion. Glessy carbon is very

hard and possesses good electricsl conductivity, high hydrogen
overpotential and chemical inertness. No wax impregnaticn
procedure is necessary with this material. The polishing of
the electrode with increasingly fine grades of emery and diamond
paper finishing with 6pm and 1lpm grade produced a superior
mirror polish on this material as compared to a dull grey
finish achieved with graphite. |

A lem length of glassy carbon with a diameter of 0.%cm
was inserfed into a glass tube of 0.4cm diamgter such that C.2c¢cm
of the glassy carbon rod was left protruding from the end. The
carbon rod was sealed in place with an epoxy resin. No’other
part of thévrotating ele&trode assembly was altered from its

use with graphite electrodes. . .

4o2.2., Platinz procedure. The electrode is plated from
a 2 x 10"5m01 dm"5 mercuric nitrate solution for 5 minﬁtes as
' befdre, The éercury film is deposited at an’applied potential
of -1.0V vs, SCE with the simultaneous deposition of the trace
elements in the sémple. The first anodic potential scan is
ignored and is used to ‘condition the electrode.

Florence (11) pioneered this technique and claims film



thicknesses of the order
conditions.

The electrode is rotb
stripping phases of the a

are performed continuvously

of 0.001pm Ho 0.0Ipm undexr the

ated threughout the deposition

nalysis and deaeration of

<k

<

The electrcde is freshly plated in each analysis, the

mercury deposit is comple

wiping with a wet %tissue,

ancdic scan following the

1

tely zemecved after the analysis by

no mercury peak is obsexrved on aon

removal of the 7film.

he sample

The electrode was successfully plated with mercury from

4 ‘ -5 -? . .
0.1lmol dm™” KNO. conteining 2 x 107 “mol dm™” mercuric nitrate
/

soluition snd scenned fronm

the polentiel range witho

~1.0V to+ 0.4V in & menual sca

A

ut recording a voltommogram. Af

o]

£

[0

T

H

this conditioning xun the potentisl could be re-set at ~1.0V

applied potential between SCE and the glassy carbon elecitrode

to plate ftrace metals fro

n the sample.

The voltammograms produced showed a low residual current

-

,cén%ribution in 0.1mol dm
400mY min~! scan Thbe
was necessa;y,to-achieve
full scale deflection,
The cell sample was

sharp peaks were recoxied

voltages vs. SCE. It was

-3 KNO3 of less then 0.4n 4 V-l

Ul TR S n -
LAV L G

[« 7
(4]
@

wr
1O

sensitivity settings es high as 1.5nA

. 10T 0
nade 10" 'mol dm v.ret Cd, In,

on

- B A, PR T N
n oL SuppoxvTing electrol

2

‘yx .L;

at =«0.64, =0.5% and -0.45Y applied

’

also found at this time that when

@

a sabturated KN05 salt bridge was used,; sharper stripping peaks

were obtained at the same
bridge was therefore used

The rotating electro

)

peak petentisls. A saturated

¢

in all further experiments.

XHO

3

38

de is particularly sensitive 1o oxycen
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The 3~eclectrode cell and circuit.
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Circuit diagrem showing the position of

G
e
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Y
Al

e 'gzi g ‘ the suxillary elecirode .
N o

N AR } '
5Ch _p) AW = Avxiliery electrode

- GCE.

it

Giassy carbon electirode

SCE.= Saturated calomel electrods end s2l

bridge .



in solution, a high ralte of constent deaeration with nitrogen
'is necessary to keep the residual current to a minimunm.
The glassy carbon electrode produces sharp peaks which

allows the resolution of metals with adjacent peak potenticls

such as Cd and In or In and Pb (Fig.18).

4.2.%. Development and evaluation of a 3 electrode cell

3

al

<l

he plating of the carbon cathode by applying a potenti
between it and a SCE is undesirable since itrsce metals in the
"salt bridge or mercury from the calomel electrode may elsc be

plated into the film with the trace metals in the sample. The

]

o

-

passing of current through the.calomel reference clectrode :
the time associated with the plating step is slso likely to
cause a decrease in the reliability of the calomel elecfrode

as a reference electrode.

A platinum suxiliary anode was therefore introduéed to
pass the current in the plating step and a SCE switched into
the circuit for the anodic scan.

A high impedance voltmgter and an smmeter were introduced
to monitor the voltege of the carbon electrode with respect to
the SCE in the deposition step and the current passing between
the platinum and glassy carbon electrode. - The circuif is shown

.19,

[

in ¥
This combination was evaluated by varying the applied
potential beitween the carbon and platinum electrodes in 0.5V

steps from ~3.0 to 0.5V and maintaining the potential of the

platinum auxiliary electrode and the carbon eclectrode individually

vs; the SCE.

The potential was scanned in both the anodic and calhodic

direction, The cell contained EOcmj of 0.,1mol dm™ "~ KNOB, the
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series in the plating circuit and

recordere

The chart recorxrdcr has s

ment between the resdings was goode

Results of initial plating experiment

Table 5

vt et ¥ ottt s et

by the Polariter cheard

othervise agree-

using a 3-clectrode cell
Polariter Time in Deposition Current Carbon electrode
reading (V)| minutes | nA (meter) p4 (chart)| ve. Calsmel (V)
-2.36 0 5.00 3.00 ~1.0
-2:3 1 2.50 2.45 -1.0
~2.38 2 2.35 2.38 ~1.0 )
-2.38 3 2.25 2.24 -1.0
~2.38 4 2. 26 2,25 ~1.0 ‘
-2.3%8 5 2426 2.206 ~-1.0
/
Results of a iinear potential scan
at 800mY min~t
Peak | B (V)  ip(nh) b%(mv}@d@mnkaaq
Pb =045 T.90 55
Cu -0,05 6,60 40
bioa2eDe supperting

Use of carbonic acid (H?EQB) as
) e

lectrolvte.

The cell geometry and apparatus shown in Fig.ll was meintained

congtant and the use of carbon dicxide to replace nitrogen as

the purge gas investigated.

The use of CO, to deaeraie a distilled water sample not

only reroves oxygen from that semple but provides a supporlin

e}

.

electrolyte from which sharp quantitetive anodic stripping



Fignre g1

‘-.’clt'rga of the Pt. clectrode monitored Wer.t.

LS

d

‘ the glassy carven clectirode .from the ouget of
: s L e e a5 e -3
de - gassing vith €0, . The sample was 2-5 X 10 moldml®.

1 Hgn. and hed @ pHe of3-80 after 10 minutes .

i, o ' . Carbor: vs, Celomel = - {.0Vthroughout
oL N - . the Tive minute ploting step o

/
6 i
5t
% |
I
g 1 X

P .y 3 s
o1 Fo3d &5 . Vaurast

)
i)
n
o



Figure £2.
Deposition current monitored with time vhilet
de -~ gassing a 20 om? sample of doubly distilled

- 5. N
veter with €0, . The sample was 25 X 10 mol dml=,

seTots Hge end had a pHe of % 80 after 10 minutes .

ninutes
Cerbon ve, Calomel = - 1.0 V .throughout
10  the €five minutec plating step .
??_ B

2]




peaks are produced.

There is an added adventage in providing a supperiing
electrolyte in this manner_in thaet ro contamination Lfrom an
added salt is possib195 The number of manipulative operations
prior to analysis is alsorreducedc \

The time foxr the ZOcm3 solution of distilled water to be
thoroughly degassed is bebween 8 to 10 minutes as‘can be seen

from {Tigs. 21 and 22) in which the deposition current is

¥

moniiored from the onset of degassing, together with the
Polariter spplied po%ential. .

The current is high (13ulh) at the onset of degassing cwing
to the presence of ouxygen in solution and its participetion in
the electrode reactions; also mercury {ilm coverage is minimal.

The solution gradually becomgs saturated with carbonic
acid and oxygen is dispelled. The wemoval of oxygen end ‘the
build up of the carbonic acid supporiting electrolyte resultls
in an overall decrease in current to 6.40u4 vhere it stays
cbnstantq (mercury now covers all the sites available). The
pH of the solution after bubbling with CO, svabilises al pH 3.8.

In all further experiments involving carbonic gcid as the
suppoxrting electrolyte the degassing period was therefore fixed
at 10 minutes to ensure complete saturation of the solution
and ccnmplete film coverage.

It was also possible to.obtain voltemmograms using nitrogen
as the purge gas and without the addition of any supporting
electrolyte other than mercuric nitrate used for plating.
Hitrogen degessing for.a reriod of ten minutes prior to plating
from the sample also produced good voltemmograns. The pH of

the distilled weater was found %o drift upward from 5.8 to 6.2



"during nitrogen degassing but stabilised after ten ninntes

The electrode arca decreases as plating of mercury commences
and this contribuﬁeé to the declining deposition current as
\
shown in Fig.22. The conditioning scan prior to recording an
anodic scan.ensurefthat both degassing and f£ilm éoverage isg
adequate. The platean current condition can thus be achieved

guickly in consecutive scans so that reproducivbility is not

~

impaired.

[}
<+
©
<’
e
1
=
w
[o]
o
o
pus

The deposition current under nitrogen G.2ph

and in acidic media at T.3pA.
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The equation (10) in the theory section (Ch.2.) shows

o.

- : : . . \
o the scan rate (V).

<

that the peak current i is proportional
There ere four scan rates possible on the Polawiter FO-45:

. I . . o=1 co=1 .
1eonmv min"l, 2000V min l, 4001V min end 80CmV min ~. The

100V nmin~" scan is possible on the slow chart speed of 0.5V.cm™

. , -1 Vs
whilst the others are on the 0.1V cm setting (Pable 1).

~

The use of two different choxrt spceds in the same experi-

nent nccessitates o correction to the i value since the time

"

required to scan tc¢ the L value will be grester for the slower

The By velue becomes more anodic, the faster the scan, so

-

a siniler time correction must be applied to scans on the sanme

chart spced.
T2 o plating time of 6 minutes is used then a2 correction
(_e ) ‘
A (FTEYOX A heiohl vyt 7
of (6+7%) p (peak height) is necessary to correct for

the extra plating time (1) taken %o scan to th Ep‘value. in

experiment to investigate the relationship was performed where

the cell sclution of 200mj of 0.lmol dn~~” KN05 was nade & 10“‘m 2

8 2 . ) .
¢r © with respect to Pb and after & 6 minute plalbing_ and manval

ifferent scan rates were recorded.

(92
o]
e
[N
(e}
0
O
~m
i
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o
(o]
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o]
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ol
bt
ot
(o]
w
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-
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vs, scan rate is shown in (Fig.23) and verifies

P
the predictved linear relationship.

The use of the feostest scan rate ie meintained for further

R .

experiments to geln maximun sensitivity and reduce total analy

L.[-
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It S et et e et e

Scan Chart Pb(Ep) Fealk Time to scanl Corrected
Rate Speed : Height| . to Ep:ﬁ A o

n¥ min™t Tolt em™l| ¥ vs., SCE| ip(ni) (min) ip(nd)
100 0.05 . 20,510 | 1.50 4.90 0.83
200 0.10 -0 470 2.70 2.65 1.87
400 .10 - ~0.465 4.95 1.34 4.05
800 0,10 -0.440 8. 40 0.70 7.52

5,2, The relationship between pezk current (ip) and rotation

speed (19).
Florence has shown that for glassy carbon electrodes'the
peak current (ip) is proportional to the (rotation speed)% of
the electrode.
An experiment was performed to verify these findings.
L 20cm? sample of 0.lmol dm=3 KH05 was made 5 x 10™ mol
dm~? VeTobe Pb; using plating times of five ninutes, separate
analyses were performed at four different rétation speeds. (Fig.24).

The results are shown in Table T.

Table
Rotation speed (r,p.m)% Peak Current iorm
" (r.p.m) _ ip(uA) ﬁhpmin
2550 50.50 T.80 C.154
1452‘ 27.84 5.05 0.133
952 | 50.05  3.53  0.114
764 ) 27 .64 2.85 0.103

A linecar relationship is obtained between  the Pb peak current

and the (rotation speed)® of the electrode (Fig.24).
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5.5. The effect of scan ratc on bond width (i)
DeD ]
The band widith at half peak height 1s a functicn of scen

rate (v). The plot of b% vs.» varies according to the mercury

filu thickness as shown by Van Dalen's (39) plot illustrated
in Tigure 25. The by values increased with fester scan rates.
2

fhin films of between 4 zand 25n vere reiatively vnaifected

however, films of between 50 and 200m produced a cuxved respouse

“

e

as the magnitude of bl imcreased Lxon 28mV  tec 101.9mV correspond-

ingly.

N

-

\.
et
Yy

An experiment in which an 0.1lmol dm

-3 n - — . .
made 10~Tmol dn~2 w.r.t Pb was performed to investigsztie the b2,

|

values of the Pb anodic peak at 200, 400 and 800 nV min™+,
The glassy carbon was plated insitu and used in successive scans

without wiping the electrode. The values of by after a five

o

ninute plating were recorded in Table & and plotted with van

Dalen's resvlts in (Fig.25).

oot g e e i s 1t

) v . . _.1 Y " 1)

Scan Rate (mV min~+) bz EP(BD>CV) LP“E%GWQ
800 | 40 ~0.43% =52
400 35 ~0,455 70
500 30 0 450 -95

Resvlts. The lowest value of bp: 30,00mV is below Fhat
= 2
of van Dalen's plot at 200mV min"lg on the next successive scan
= vc.. 2 ~ .
at 400mV min"+ the ba vs. scan rate (v ) curve of glassy carbon
2 .

is below the 10 and 251 film of van ﬁalen's plot. The bl value

MR
2
a2t 800nmV m:I,n"1 lies bebtween the 10 and 25u f£ilm thickness.

the results indicate that the film is growing in thickness

vith successive scans since the by vs. scan rate plot crosses

~
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thc_vah Dalen ploté at different film thicknesses (i.e. 4 and
lO;J_) .

From ouxr experiments; the conclusion that maximal sensitive
Lty ié achieved if very thih films of between 4 and 25n ave
used at reclatively fast_sweep retes is valid provided the numbe%
of consecutive analyses is small. Selectivity may be presexrved
and peak current enhanced by increasing the scan rabe when

Fd
4

}-te

using these thin films.However the advantage would be lost
too many anslyses were perforwed without wiping the mercury
film offf the electrode. Thick mercury films make the diffusion

cess of the reduced metal in the film to the surface of the

Q

3

-

v,

£

film a com aratively lengthy process such bthat at fesl scen

=
(o

ates it is often incomplete by the itime the appr opT riate poten-
tial has been scenned. The resuliting peaks are very broad
with large bz values and selectivity is pooxr.

5.4. The effcct of scan mate on (B Bpz 1) values.

At large values of scan rate (V) and £ilm thickness (€),
the difference between peak potential and half wave potential
Ep- E%) in volts was found by wvan Dalen to approach asymptotic-
ally a valuc of 14.3mV.

Ihkthe experiment.performed above to inves%igaté band
width the E; values were-also recorded (Fig.26).

The (EP-E%) values were plotted against scan wate together
with the corresponding van Dalen plot.

Lk curved response was obtained which was below the (EP.E%)

vse. scan rate plot of van Delen for 4pm films., A value of

. . n L o=1
95mV was obtained at the slowest scan rzte of 200mV nin and

1 .

nereased on conseccutive scans at 400 and 800mV min™" as might

| add
(_f‘

lm thickness.

be expected with 1ncrcased i
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Deposition Period (%

(2}
[\

Ul
o

-

"The peak current (i,) hes been shown by equation (10) to
be proportional to the pleting period (t) providing the area

¢f the electrode surface, stirring raté and précodure are.mainn
tained constent for a particular solution.v

The linearity of the relationship was investigated by
plating frem a solution»of 8 x lO”Bmol dn~3 Pb for times fanging
between 5 and 25 minutes.

‘The svpporting electrolyte was 0,0Sﬁol dm=?> KNO5; ip values
were correbted'for the %ime taken to scan from thé deposition
potentisgl of -1,0V7 to_the peak potential of the lead anodic
peak,

The electrode assembly was that shown in (Fig.1ll) with a
wax impregnated graphite electrode with constant rotation,.

Initially the electrode was kept in the solution through-
out the successive depositions; then the experiment was repeated
with a similar Pb solution and the electrode wiped wiﬁh a btissue
after cach plating step. Linearity was observed beiween iP
and. plating times of up to 20 minutes duration.

A curve was produced in the first experiment when the
electrode was used continuously and without wiping between
sucecessive plating steps (Fig.27).

This curve agrees with the peak height (ip) vs. plating
time cufves illustrated by Dr. Griffin (40) of 'Environmental
Science Associates' in a seminar on. ASV in Manchester (1975).
It was shown that 967 of the metal ion in solution is reduced
in ca. 30 minutes in a particular case andhewpted a time wvhen
50% of the metal is reduced on to the electrode from solution

as +ti minutes.
2
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A further period of %1 minutes plabing duration would

2

only plate out 50% of the mebal ion left in solution and conti-
inued plating would thus produce a cuvxve with an infinite time
for totel feducﬁion of the metal ion in solution. It would

not be advantageoué.to plate out the metal ion from'solution
for periods far in excess of t% ninutes as the increase in
signal would not warrant the extra time Haken for the analysis.

n thickness and as van Dalen

e

The méréury £ilm is growing
has shown by increases with film thickness; this might account
for the curved response with an unwiped electrode where there
is a simultaneous deposition of mercury with the trace metal
concerned. Diffusion of the trace metal from an ever increasing
mercury film thickness would thus be an explanation for peak
broadening (b%) and reduced peak height (jp>x

Dr. Griffins experiments were perfofmed with the Mabson
CHGE where f3ilm thickness is constant, therefore ftime is a
factor. In the simultaneous plating techﬁique by wiping the
electrode with a ftissue before cach plating step the lincar
relationship between ip and concentration is obtained in scccord-
ance with equation (10). The electrode in each plating step
is fresh and is plated for five minutes snd sScanned manually

to condition the film prior to plating the metal.

The advantage of using long elecltrodepositioin time

[}
X
0

that sensitivity is improved and this allows analyses of very
dilute solutions of trace metals in the 10-9 to 10~1lmol dm'“3

concentration renge. However the linecar response befween ip

and concentration may be lost at these levels of concentration

L

which would necessitate the vee of special calibration curves

and model soclutions.



5.6. Ionic strength effect.

N

%

en” of concenbtrated EHOy (16mol dm ~)

A
>

W

The addi#ion cf 0.0
was nccessary bvo-bring the pH of the distilled watex to 2 in the.
(Hﬁ calibra%ion,of the €dy; Pb and Cu at thié*lower pH.

The sensitivity of the electrode %o the metal under exenm-
ination increased in éach case at the lower pH,

The inercase in sensitivity is attriﬁuted either %o the
effect of pH or ionic strength on the syétgm.

.To-investigéte the effect of iomic strength O‘cha or
1,6mol’dm"5 Kﬁoa was added to the cell and a calibration for
Cu perfornmed. |

n 1l.6mol

e

ncrease

1=

The sensitivity showed no significant

3

dm” KNOB, the solution was degassed with CO, which produced
" a stable pH of 3.81.

he results are shown in Table 9,

Lable 9 | )
pH Supporting Electrolyte Sensitivity ni ‘
. (5 = 16=%mol am~2 cu)
5,80 ‘ HyC05 0.80

The oﬁhér expléﬁation for the increased senéitivity in
.pH 2 solutions is that the size of the mercury droplets plated
on the electrode are smaller in diameter and thus provides a
higher e¢ffective surface area for reducltion of metal in sol-
uvtion. Stulikova found that hydrogen evolution at glassy
carbon electrodes decreased the size of fthe mercury dropletls

and made their distridbution more uniform on the electrode surface.



5.7 Standard oddition technique.

The standard addition btechnigue allows the concentration

calibration curves.
The sample is first analysed by plating for a given time

"and obtaining a signal for the metal ion in the sample.

standard is then added and the procedure repealted to obltain
a peak from the standard plus the original metal ion concent-
ratien. Further additions of standards and subsequent analy-

ses produce a linear response between peak currenit and con-

O]

centration;’ The intercept of this line on the current axis

is the original preak éurrent of the éample.and nay be converted
into a concentration by finding the slope of the line which
gives the peak current per aliquot of standard,

If the sample contains complexing ligands the standard
addition technique will not produce a linear response since
the organic complexes or flocculates will tie up a fraction
of the added metal by complexation or adsorpiion processes.

The technique was uséd to determine Pb in a éap water
sample teken from the ladboratory. The:original peak current
Was'measnred and successive 0.5cm3 aliqﬁots of 2.5 x 10“7mol
dm-B Pb were added and voltammogfams recorded after each add-

ition. The results are shown in Table 10,

1.3504 - 0.05u4 (Blank) = 1.30uA

Pb in tapwater = 1.30 x 10"%mol an~3 Pb
57
= 3,64 x 10" Tmo1 dm=> Pb

The concenlration of Pb in laboratory tapwater was found

to be 3.64 x 107 mol am™? Pb or 0.08ppm.
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Table 10

ASV analyseis of

b
t

using the standard

Pb in tapwater

sddition technique.

Peak nA/Emol
Sanple Current 0.25pnol dm™2 Pb
ip (m4a) dn~2 Pb
Tepwater 1.35
) 0790 7
A
" 0.25nmol dm™” Pb .24 £O-8‘33z 357
2 0599 -
" 0.75umol dm™ 7 Pb 4.03 i
. 2 ‘ . 0-630
L 1.25nmol dm™~ Pb 5.32
5.8, Sensitivity comparison between glassy carbon mercury

S -

plated ingitu and wax impregnaled graphite clectrodes (quen).

The relstioncship bebtween peak current (ip) for.a part-

iculer metal and the concentration of the metal ion in solution

was investigated Tor glassy carbon and ClGE elecitirodes by

keeping the procedure and cell geometry constant, together

with the plating tine.

solu

A O.OSCm3 aliguot of

t

+
v

(o8
[

on and pl

L2
V]
G2

o

0

ng pexfor

a Pb standard was added to the cell

!

I's
e

)

H

me or five ninutes 2% 1,07,

Four determinations were made on each sanple at one particular

conc

nina

entration.

The graphite electrod

e was plated with mercury foxr 10

tes at -0.2V applied potential with respect to the SCE

pricr to Dbeing placed in 20cn? of 0.lmol dm"3 {NOB. The stand-

ards were then added to the KN03¢ The glassy carbon electzrode

was pleted insitu from a 2 x 1079mol dm~3 Hg(II) solution and

the

(i.e

standards added to the

. KNC3). The electrod

0

same solution for both electrodes

es were both rotated at the sanme

speed in the soluition which was buffered to pH 4 with HNOB

D e T T———,



and C.05mol dm™ - Welc.

2

rode

[¢]
o

The area of the elcctrosctive surface of the ecle
cxposed to the soluticn differs. It is therclore necesseaxy
first to find the sensitivity of the electrodes to Pb and then
to calculate the effecti?e sengitivity pexr unit area to deter-
mine which of the two electrodes is most desirebtle for LSV,
The results of the experiment are shown in Table 11.

Lable 11
Comparison of Electrode SénsitiV¢ty

between the GCE and CHGE.

Electrode ’ . Glassy carbon Wax inpregnabed
graphite

LArea O,O7lom2\ 0.282cm?

faxiliary electrode Pt Pg

Sengitivity to a umol
dn~? Pb solution 3.25p 4 5.001A

Sensitivity per unit area
of electrode surface
nh cm™2 ‘ 45,8 17.8

Electrolyte: OC.lmol am™? KH03 at pH 4

degassed with T,

The superior sensitivity of the glassy carbon znd +the
cinsitu mercury plating procedure, were used in further work.

509. Lalibration of mlassy carbon eicctrode in stream water.

. s -
The glassy carbon electrode was calibrated for Zn, Cd,
Pb and Cu in aged stream waler, using carbonic acid suwnporting
clectrolyte and in a stream water sample acidified %o pH 2
with HHNO.,
P
The fact that mercuric nitrate was present in the solutions
together with the ions found in the netural wabter alloved

sufficient conductance so that voltemmogruns could bLe obtained

® A:. a l.;_ cm.?‘

o g s




Calibration data for Zn.

-y

R

Medium Conc. Peak | Corr. Peall Sensifivity E b,
{Zn] _ | Current! Current | pAGumol dm™3 Zn)~! P (m§5
mol dm™ | (pA)d (13K _ Volts
Matural water nil. 0.04 ~{.03 | 49
degassed with | 1x10™° | 0.200 | 0.15 16.00 ~1,03 |49
ni+rogen 5x10° | 0.790 | 0.750 {4.00 ~1.04 |48
pH = 5.50 1xt0™7 | 1.560 | 1,520 15.20 -1.05 |42
51677 | 6.94 | 6.900 13.80 -1.06 |42
Ix10™® [15.3¢ | 15.300 15.7%0 ~1.08 |40
| Mean = 14.86
Natural water/ nii. 0.04 -1,01 48
carbonic acid | Ix10”® | 0.210 | 0.170 17.00 ~-1.01 |48
oH = 3.82 5¢10° | 0.760 | 0.720 14,40 “1.02_| 45
ix107 | 1.670 | 1.630 16.30 ~1.04 |43
5x1077 | 7,74 | 7.700 15,20 1,05 142
1x10® |15.86 |i5.820 15,82 1,06 |41
| B
Mean = [5.74




“'Calibration data vor Cd.

CTable 13

Medium Conc. Peak .| Corr. Peal Sensitivity E b,
[Cd}l _ | Current| Current puAlprmo!l dm~3 Cd)~! P e
mol dm™2 | (uA) (uA) } Volis | (mV3
Natural water nll. 0.0l ~0.58 | 49
degassed with | i1x10™8 | 0.5 | o.14 14,00 ~0.58 | 48
nitrogen 5x10" | 0.65 | 0.64 12,80 ~0,60 | 44
pH = 5,50 . 1x10”7 | 0.142 | 0.132 i3.20 -0.61 | 42
5x1077 | 6.62 | 6.6 13,22 -0.62 | 41
1x10°¢ [ 13,31 13.30 13,30 ~0.65 | 40
Mean = 13,30 .
Natural water/ nil. 0.0} ~-0.54 | 48
carbénic acid lxlOm8 0.160 0.150 15.00 ~0. 54 '&8
pH = 3,82 51078 | 0.700 | 0.6% 15,80 ~0.55 | 46
ixto™ | 1.401 .30 15,91 ~0.56 | 45
| osxio | 7.n 7.100 14,20 -0.58 | 44
1x107¢ [13.79 13,78 13,78 ~0.60 | 42
Mean = 14,14
Natural water nif. 0.0l -0.52 | 48
+ addition of | 1x167® | 0.170 | 0.160 16.C0 -0.53 | 43
HNO, 51070 | 0.780 | 0.770 5. 40 -0.53 | 46
oH = 2.00 ixto~" | 1.540 | 1.530 15.30 -G.54 | 43
5x1077 | 7.560 | 7.55 15,10 ~0.55 | 42
1x107® 15,01 14.91 14,91 ~0.58 | 40
Mzan = 15,34




Calibration data for b,

Tabl

- cmpare e

e 14

Medium Conc. Peak * | Corr. Peak Sensitivity £ b, |
[Pb} _ | Current| Current pAL ) dm™> Py P :

mol dm™~ | (pA) {nA) ' Yolis| (mV)
Natural water nil. 0.03 -0.44 ] 48
degassed with | 1x10° | 0.20 0.17 17.00 ~0.44| 48
nitrogen 5107 | 0.8 0.78 [5.60 ~0.45| 46
pH = 5.50 ix10™ | 1.67 (.64 16.40 -0.46| 44
5x1077 | 8.13 8.10 16.20 ~0.46| 42
1x10°8 | 16.47 16.40 16.40 ~0.47| 40

Mean = 16,32
Natural water/ nil. 0,04 «0.,431 49
carbonic acid | Ix107% | 0.22 0.180 18,00 ~0.43| 48
pH = 3.82 5%107° | 0.86 0.820 16,40 ~0.43| 46
PUERERE 1,71 17.10 0,44 | 43
51077 | 8.29 8.25 16.50 0,44 | 33
12107% | 17,24 17.20 17.20 -0.45| 33
Mean = 17,04

Natural water nit. 0.06 -0.42 | 48
+ addition of | 1x10° | 0.24 0.18 18,00 ~0.47 | 48
HNO, 5x107% | 0.99 0.930 18,60 ~0.43 | 44
pH = 2.00 10" | 1,91 .85 18,50 -0.43 | 40
51077 | 9.56 9.50 19.00 -0.45 | 38
ix107% | 18,48 18.42 18,42 -0.45 | 37

At 3 77 e ¢ oy g
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