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Section 1.0 General Information 

1.1 Introduction 

The primary reason for forming 
Bioanalytical Systems Inc. was to manufac- 
ture an instrument that solved a problem. 
This first instrument, the LC-2 electro- 
chemical detector for liquid chromato- 
graphy, was capable of measuring minute 
amounts of neurochemically important 
compounds. LCEC sparked a second 
Renaissance in electroanalytical chemis- 
try. It fostered among those who knew 
electrochemistry only by the brand of 
their pH meter, the idea that electrochem- 
istry had real utility in solving a 
variety of practical problems. Over the 
decade since its inception, the BAS 
philosophy has not changed. Problem 
solving is still our primary concern. 
Since we possess significant expertise in 
electrochemical instrumentation, and since 
electrochemistry has great potential for 
solving problems in many areas, the CV-27 
voltammograph@ was developed. 

Electrochemistry can solve a broad 
spectrum of analytical problems. These 
can be fundamental, such as the study of 
interfacial phenomena, or applied, such as 
the determination of concentration, Appli- 
cations exist in biological sciences, 
physical sciences, material science, 
chemical synthesis, manufacturing 
(production/QC/environmental control), and 
teaching, Electrochemical techniques can 
be used to illustrate mass transport 
(diffusion, convection, migration), 
thermodynamics (Nernst relationships), 
kinetics (homogeneous and heterogeneous 
rates), and surface chemistry (adsorption 
and chemically modified electrodes). 
Electrochemistry can also be coupled to 
other techniques, such as spectroscopy. 
The applicability of electrochemical 
techniques is diverse. 
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Why, then ,  is e l ec t rochemis t ry  no t  
more widely used? There a r e  a  number of 
r e a sons ,  but most stem from t h e  f a c t  t h a t  
a n a l y s t s  have very l i t t l e  background i n  
e l e c t rochemica l  methodologies. The f i e l d  
has  been deemed not u se fu l  i n  c o n t r a s t  t o  
t h e  more f a m i l i a r  s p e c t r a l  techniques .  To 
many, t h e i r  f i r s t  brush with  electrochem- 
i s t r y  was a s  freshman chemist ry  s t u d e n t s ,  
when they t r i e d  t o  make heads o r  t a i l s  
(anodes o r  cathodes a s  i t  may have been) 
o u t  of half  c e l l  r e ac t i ons .  La t e r  on,  
t h e y  may have won aga in s t  a  t each ing  l a b ' s  
neg lec ted  dropping mercury e l e c t r o d e  (DME) 
f o r  the  30 minutes requ i red  t o  determine 
Pb concen t ra t ions  i n  a  spiked water  
sample. 

To educate  and persuade a n a l y s t s  i n  
t h e  v e r s a t i l i t y  of e l e c t rochemis t ry ,  t h e r e  
a r e  c e r t a i n  minimum requirements o r  
f e a t u r e s  of t he  equipment t h a t  must be 
s a t i s f i e d .  It should be (1) v e r s a t i l e  and 
have broad a p p l i c a b i l i t y  ( i .e .  capable  of 
performing many e lec t rochemica l  
t echn iques )  (2) easy t o  use by t h e  novice  
and experienced e lec t rochemis t  a l i k e  ( 3 )  
r e l i a b l e ,  and (4)  reasonably p r iced .  
These requirements have been accomplished 
i n  the  CV-27 Voltammograph@. 

The CV-27 i s  capable  of c o n t r o l l e d  
p o t e n t i a l  experiments,  p o t e n t i a l  
measurements a t  zero c u r r e n t ,  and charge 
measurement experiments. Through t h e  use 
of modern e l e c t r o n i c  technology and a  
unique modular des ign ,  ope ra t i on  of t h e  
CV-27 i s  s t ra igh t forward .  The CV-27 
e l e c t r o n i c s  a r e  encased i n  a  compact, 
bench saving package about 1 / 4  t h e  s i z e  of 
compet i t ive  ins t rumentat ion.  Figure  1.1 
i l l u s t r a t e s  the high dens i t y  packing of 
components required to  achieve t h e s e  
f e a t u r e s .  

?lany e l e c t r o n i c  func t ions  have been 
i n t e g r a t e d  i n t o  the  CV-27. These 
f e a t u r e s ,  i l l u s t r a t e d  i n  Figure  1 .2 ,  
inc lude  a  p o t e n t i o s t a t  (f5.00 V app l ied  
p o t e n t i a l ,  f10 V compliance, 120 mA 
c u r r e n t ) ,  a  l i n e a r  ramp and p u l s e  waveform 
g e n e r a t o r ,  separa te  con t ro l s  t o  f i x  h i g h  

Figure 1.1 
PCB and Component Layout i n  CV-27 

EXT llPVT 

Figure 1.2 
Block Diagram of C V - 2 7  
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and low scan limits, the ability to bring 
an exterm1 wavefom directly into the 
potentiostat, a current-to-voltage conver- 
ter with gain (2 pA/V to 10 mA/V), a 
resident coulometer with an integration 
time base of seconds for chronocoulometry, 
to hours for bulk electrolysis, and a 
voltage follower for the measurement of 
potential at zero current (i .e. 
equilibriumor rest potential). Every 
controlled parameter and output variable 
may be read, in the proper units of measure, 
on the 3 1/2 digit front panel display. 
All the control functions can be actuated 
by a separate, remote timer using TTL 
logic. Moreover, in conjunction with the 
LC-22A Temperature Controller, cell 
temperature may be controlled and 
monitored on the CV-27. 

With these features, a number of 
electrochemical techniques can be 
performed with this instrument. Some of 
these techniques are noted in Table 1 .l. 
Of particular importance is the general 
use of this instrument as a tool for 
compound characterization. Just as one 
would obtain W-VIS, IR, mass spectra, 
etc. to fully characterize an unknown 
substance. one should consider electro- 
chemistry as a similar qualitative and 
quantitative tool. The analyst can 
determine redox centers, electrochemical 
reversibility, prior and follow-up 
chemical reactions via cyclic voltammetry. 
The number of electrons transferred (n) 
can be measured by bulk electrolysis, 
adsorption characteristics by chronocoulo- 
metry, and diffusion coefficients by 
chronoamperometry. If the determination 
of an ultra trace component in solution is 
required, a stripping voltammetric 
procedure may be applicable. Titration to 
an endpoint monitored amperometrically or 
potentiometrically may be the method of 
choice. Ion selective electrodes can be 
used with the CV-27 for selective 
quantitation. All of the above methods 
can be combined with spectroscopic 
techniques, under hydrostatic or dynamic 
conditions, to broaden the applications 
even further. 

Electrochemical Techniques 
Amperometry 
Chronoamperometry 
Chronocoulometry 
Cyclic Voltammetry 
Linear Scan Voltammet ry 
Stripping Voltammetry 
Controlled Potential Electrolysis 
Potentiometry 
Spectroelectrochemistry 

Table 1.1 
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Does this still sound like so many 
anodes and cathodes, half cell reactions, 
and junction potentials? It should't! 
Consider this instrument as another 
chemical tool in your analytical arsenal. 
In this manual we will demonstrate its 
problem solving capabilities by discussing 
the principles of electrochemical 
techniques, the typical applications, and 
any additional practical comments that 
would make the development or the 
understanding of the data easier. We can 
not cover all the details here. Two 
excellent, up-to-date, and highly 
recommended references are: P.T. 
Ussinger, W.R. Heineman, eds., Laboratory 
Techniaues in Electroanalvtical Chemistrv. - - 

Marcel-Dekker, 1984 (available from BAS), 
A.J. Bard, L.R. Faulkner, Electrochemical 
Methods, Fundamentals and Applications 
John Wiley and Sons, Inc., New York, NY, 

1.1.1 Specifications and Features 

Potentiostat and Waveform Generator: 

Applied Potential: El (Initial), E2 
(Step) 

Range: f 5.00V 
Compliance Voltage: flOV 
Maximum Current Available: 120 mA 

typical, 100 rnA minimum 
Rise Time, 1V potential step: RC Load 

(10 ohm 1.6 uF): 0.1 ms 
Linear Scan Rate Range: 0.1 mV/s to 

10.0 V/s, continuously adjustable 
Scan Direction: positive or negative 

going, manual selection 
Scan Limit: positive and negative, 

contj.nuously ad justable f 5.00V 
range 

Current to Voltage Output: 

Range: 2 UA/V - 10 mA/V, 1:2:5 
sequence in 12 steps 

Maximum Measurable Current: 120 mA* 
typical, 100 mA minimum 

*CAUTION: Current values exceeding 120 mA may cause instability in the 
instrument, e.g. oscillation or loss of potential control. 
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Coulometer: --.-.-- 

Range: 20 uC/V - 10 C / V ,  b i p o l a r  
sum 

Semi-Derivative 

4 d 4 i / d t  ( I / t 4  vs .  E or r )  
[ i n c o r p o r a t e s  inven t ions  embodied i n  
Canadian L e t t e r s  Patent  No. 977,419 and 
United S t a t e s  L e t t e r s  Patent  No. 3,868,578 
and produced under exc lus ive  l i c e n s e  from 
Canadian P a t e n t s  and Development L imi ted]  

Fron t  P a n e l  Controls :  

Display S e l e c t o r :  S ing le  knob 
Pos Scan Limit - f5V 
Neg Scan Limit  - f5V 

Error-  If scan l i m i t s  c r o s s ,  
"X Limits" i n d i c a t e d  on d i s p l a y  

Scan Rate - 0.1 m V / s  - 10 V / s  
magnitude and d i r e c t i o n  

Temperature - 0-99.9 "C 
Equi l ibr ium (Rest)  P o t e n t i a l  ( E) 

k1.999V 
Applied P o t e n t i a l  (El,  E2) - 

f5.00V 
Coulometer - 0.001 mC - 19.99C 
Current  Out- 0.01 pA-120mA 
Coulometer Range - F u l l  s c a l e  a t  

output  jack (48 combinat ions  
a v a i l a b l e  through t h e  Gain 
c o n t r o l  and Coulometer 
Recorder S e l e c t i o n  knob), 20 
uC/V t o  10 C/V (x 10 V) 

scan- old-E 1 - ~ 2  (operat ion knob) 
Test-Cell-Standby- E ( o p e r a t i o n  knob, 

p o s i t i o n  ind ica ted  on d i s p l a y )  
El-E2 (one knob, dual  c o n c e n t r i c )  
Scan Pos/Neg L i m i t s  (one knob, d u a l  

c o n c e n t r i c )  
Scan Range (one knob, 4 p o s i t i o n :  

0.01, 0.1, 1.0, 10.0 V/S) 
Scan Rate (one knob, v a r i a b l e  ... a d j u s t  

0-loo%, of above 4 ranges)  
Scan D i r e c t i o n  ( togg le  swi tch:  +/-) 

Current  Range (one knob, 12 p o s i t i o n :  
0.002-10.0 nA/v) 

Coulometer (3 p o s i t i o n  togg le  s w i t c h :  
In teg/Hold/Reset)  
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Rear Pane l  J a c k s  and Switches:  

Applied P o t e n t i a l  ( j a c k s )  
P o l a r i t y  by t o g g l e  swi tch :  +/- 

Current Outpu t ,  ( j a c k s )  
P o l a r i t y  t o g g l e  w i t c h :  p o s i t i v e  
f o r  o x i d a t i o n s / p o s i t i v e  f o r  
r e d u c t i o n s  

Equi l ib r ium (Rest)  P o t e n t i a l ,  E 
( j a c k s )  (W-R d ) ,  

Coulometer outpug ? jacks )  
Coulometer Recorder S e l e c t i o n  Knob (4 

p o s i t i o n  A,  B, C,  D) 
~ u x i l i a r y  P o t e n t i o s t a t  Input  ( j ack)  
Semi-Derivative Output ( j a c k )  
F i l t e r  (0.001, 0.1, 2 s e c . ) ,  (swi tch)  
Temperature Input  ( j a c k )  
Remote Cont ro l  Connector (used wi th  

e x t e r n a l  t iming d e v i c e )  
E l  (On-Standby) , E2 (On-S tandby) , 
Scan (On-Hold), C e l l  (On-Standby), 
Scan D i r e c t i o n  (Pos - Neg), 
I n t e g r a t e  (On-Of f )  , Reset  (On-Off) 

1.2 Unpacking and Inspection of Equipment 

Afte r  c a r e f u l l y  unpacking t h e  Table  1.2 
ins t rument ,  check t h e  c o n t e n t s  a g a i n s t  t h e  
inventory l i s t s  shown i n  Table  1 .2 .  Items 

I 
such a s  manuals and small components P a r t  Number D e s c r i p t i o n  
packaged i n  p l a s t i c  bags a r e  shipped l o o s e  
i n  the  box. Examine a l l  packing m a t e r i a l  EF-1065 CV-27 Vol tammograph 

I 
b e f o r e  d i s c a r d i n g  i t .  Power Cord 

C e l l  Lead 
If a  shor tage  e x i s t s ,  c a l l  BAS YT or  XY Recorder Leads ( 2 )  

Customer Serv ice  and d e s c r i b e  t h e  CV-27 O p e r a t i o n / ~ n s t r u c t i o n  

I 
shor tage .  A replacement p a r t  w i l l  be s e n t  Manual 
immediately s u b j e c t  t o  s t o c k  a v a i l a b i l i t y  

B 
I f  any damage has occurred whether 

obvious o r  concealed,  a l l  c l a ims  must be 
made t o  the  c a r r i e r  immediately; o the rwise  
t h e  c a r r i e r  may not  honor t h e  c la im.  Once 
t h e  i tem has been ass igned t o  a  c a r r i e r  
f o r  shipment, t h e  c a r r i e r  i s  r e s p o n s i b l e  
f o r  i t s  s a f e  d e l i v e r y .  The fo l lowing  a r e  
some g u i d e l i n e s  t o  fo l low when damage i s  
d i scovered ,  You should c o n t a c t  t h e  
c a r r i e r  d i r e c t l y  f o r  s p e c i f i c  c la im 
procedures .  
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United Pa rce l  Service  (UPS), P a r c e l  
Pos t ,  A i r  Pa r ce l  Post .  

1. 

2 .  

Air 

1. 

2 .  

Reta in  con ta iner ,  packing 
m a t e r i a l ,  and broken i t em f o r  
i n spec t i on  by the  c a r r i e r .  
Write or phone BAS wi th  our  o rde r  
number, the  da t e  received and a  
d e s c r i p t i o n  of the  damage. BAS 
w i l l  do everything p o s s i b l e  t o  
exped i te  r e p a i r  or replacement of 
t h e  i tems damaged. 

F r e i g h t ,  Express or Truck 

Contact  the  l o c a l  agent  of t h e  
t r a n s p o r t a t i o n  company immediately 
and request  an inspec t ion .  
Re ta in  t he  con t a ine r ,  packing 
m a t e r i a l ,  and damaged goods u n t i l  
t h e  examining agent has made an 
i n spec t i on  repor t .  

In a l l  of the  above cases ,  do no t  
r e t u r n  damaged goods t o  Bioanal y t  i c a l  
Systems without  f i r s t  con tac t ing  ou r  
customer s e r v i c e  personnel f o r  a  Customer 
Serv ice  Number (CS#). When a  d e f e c t i v e  
p a r t  i s  re tu rned  t o  BAS, t he  CS number 
immediately i d e n t i f i e s  you a s  t h e  sender  
and de sc r i be s  the  i tem being re tu rned .  To 
avoid confusion,  Bioana ly t ica l  Systems 
r e f u s e s  a l l  unauthorized r e t u r n  shipments.  

1.3 Warranty and Service Information 

Bioana ly t i c a l  Systems Inc  . produc ts  
a r e  f u l l y  warranted aga ins t  d e f e c t s  i n  
m a t e r i a l  and workmanship, E l e c t r o n i c  
ins t ruments  a r e  uncondi t ional ly  guaranteed 
f o r  one yea r ,  except when f a i l u r e  is due 
t o  obvious abuse or neg lec t ,  unauthor ized 
tampering,  procedures not descr ibed  i n  
manuals, o r  improper connection of e lec -  
t r o n i c  u n i t s  t o  o ther  components. 
Electrochemical  c e l l s  and e l e c t r o d e s  a r e  
warranted f o r  60 days from da t e  of i nvo i ce  
under the  same exclusions .  

Products  sold  but not manufactured by 
B ioana ly t i c a l  Systems Inc. c a r r y  the  
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o r i g i n a l  manufac tu re r ' s  warranty .  The 
fol lowing i tems a r e  no t  covered under any 
warranty:  carbon p a s t e ,  lamps, panel  
l i g h t s ,  f u s e s ,  s e a l s .  

For any product  e x p r e s s l y  covered 
under t h i s  war ran ty ,  B i o a n a l y t i c a l  Systems 
i s  l i a b l e  on ly  t o  t h e  e x t e n t  of replace-  
ment of d e f e c t i v e  i tems.  B i o a n a l y t i c a l  
Systems Inc. s h a l l  no t  be l i a b l e  f o r  any 
persona l  i n j u r y ,  p roper ty  damage, o r  
c o n s e q u e n t i a l  damages of any kind whatso- 
ever .  The fo rego ing  warranty  i s  i n  l i e u  
of a l l  o t h e r  w a r r a n t i e s  of m e r c h a n t a b i l i t y  
and f i t n e s s  f o r  a p a r t i c u l a r  purpose. 

Service Information 

B i o a n a l y t i c a l  Systems provides  a 
s k i l l e d  s e r v i c e  s t a f f  a v a i l a b l e  t o  s o l v e  
your t e c h n i c a l  problems i f  an equipment- 
o r i e n t e d  problem should a r i s e .  For 
f u r t h e r  d e t a i l s ,  c a l l  customer s e r v i c e  
personnel  (317-463-4527) who w i l l  r o u t e  
your problem t o  t h e  c o r r e c t  i n d i v i d u a l .  
Following d i s c u s s i o n  of your s p e c i f i c  
d i f f i c u l t i e s ,  an a p p r o p r i a t e  course  of 
a c t i o n  w i l l  be desc r ibed  and t h e  problem 
resolved accord ing ly .  Do n o t  r e t u r n  any 
products  f o r  s e r v i c e  u n t i l  a  Customer 
Serv ice  Number (CSil) has been obta ined.  
The CSW i d e n t i f i e s  you a s  the  sender and 
d e s c r i b e s  the problem you a r e  having i n  
f u l l  d e t a i l .  A l l  correspondence and 
shipments should be s e n t  to :  

S e r v i c e  Department 
B i o a n a l y t i c a l  Systems Inc.  

2701 Kent Avenue 
West Laf a y e t t e ,  '1N 47906 

Service  w i l l  normally be completed w i t h i n  
t e n  working days. 
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Section 2.0 Introduction to Electxoehemical Analysis and 
Characterization 

Electrochemical techniques have become 
increasingly popular in all fields of 
chemistry as a means of studying redox 
states. The electrode potential at which 
a drug, a metal i o n  o r  complex, o r  some 
other type of compound undergoes reduction 
or oxidation can be rapidly located by an 
electrochemical technique such as cyclic 
voltammetry. Furthermore, information 
regarding the stability of the 
electrogenerated product (s) can be 
obtained by electrochemical and 
spectroelectrochemical techniques. Such 
information is often useful in subsequent 
experiments involving electrosynthesis, 
corrosion, coulometry, amperometric 
titration, and trace analysis. In the 
latter case, electrochemical techniques 
such as liquid chromatography/electrochem- 
istry (LCEC), anodic stripping voltammetry 
(ASV), cathodic stripping voltammetry 
(CSV), pulse voltammetry and differential 
pulse voltammetry have proved to be 
powerful, widely applicable techniques for 
analysis at the trace level. 
Electrochemical techniques benefit from 
the ease with which accurate measurements 
of very small currents can be made with 
modern instrumentation. 

This instrument is designed to perform 
electrochemical techniques in which the 
potential of the working electrode is 
controlled and the resulting current is 
measured. The current can be integrated 
to give the charge passed through the 
electrochemical cell at any time during an 
experiment. Also, the instrument enables 
the cell potential to be measured under 
the condition of zero current. Thus, this 
instrument is capable of a wide variety of 
electrochemical techniques involving 
potential scan (cyclic voltammetry, 
polarography, hydrodynamic voltammetry, 
stripping voltammetry), potential step 
(chronoamperometry, chronocoulometry), 
constant potential (controlled potential 
electrolysis, amperometric titrations , 
amperomerry), hybrid electrochemical 

Potent  i a l Scan 
L inear  Scan Voitammetry 

Pol arography 
C y c l i c  Voltammetry 

Hydrodynamic Voltammetry 
Anodic S t r i p p i n g  Voltammetry 

Cathodic S t r i p p i n g  
Potent  1 a l Step 

Chronoarnperometry 

Chronocoulometry 
Constant P o t e n t i a l  

Con t ro l l ed  P o t e n t i a l  E l e c t r o l y s i s  

Amperometr y 

Amperometric T i t r a t i o n s  
Hybr id E lec t rochemis t ry  

Spectroelecfrochemistry 
Potent lomet r ic  

P H 
Ion Se lec t i ve  E lec t rode  

Table 2.1 Electrochemical Techniques 
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t echn iques  (spectroelectrochemistry) and 
po t en t i ome t r i c  techniques  ( ion s e l e c t i v e  
e l e c t r o d e  t i t r a t i o n s ) ,  

A t y p i c a l  e lec t rochemica l  c e l l  i s  
shown i n  Figure  2.1. 

The c e l l  c o n s i s t s  of a g l a s s  con ta iner  
w i th  a cap having ho les  f o r  in t roduc ing  
e l e c t r o d e s  and n i t r ogen .  So lu t i on  can be 
deoxygenated by bubbling with  n i t r ogen  
ga s ,  then  maintained a s  anaerobic  by 
pass ing  n i t r ogen  over t he  so lu t i on .  The 
r e f e r ence  e l e c t r o d e  is t y p i c a l l y  a 
s a t u r a t e d  calomel (SCE), or Ag /~gCl  
e l e c t r o d e .  The s o l u t i o n  is  i s o l a t e d  by a 
sa l t  b r idge  t o  prevent  contamination from 
t h e  r e f e r ence  e l e c t r o d e ' s  i n t e r n a l  
s o l u t i o n .  The a u x i l i a r y  e l e c t r o d e  is a 
pla t inum wire, which is  placed d i r e c t l y  
i n t o  the  s o l u t i o n  f o r  most techniques .  An 
excep t ion  i s  c o n t r o l l e d  p o t e n t i a l  
e l e c t r o l y s i s  f o r  which t he  a u x i l i a r y  
e l e c t r o d e  i s  i s o l a t e d  by a porous f r i t  t o  
prevent  contaminat ion by i t s  by-products 
i n  the  main c e l l  compartment. Since the  
c u r r e n t  i n  any type of voltammetry 
experiment is temperature-dependent, t h e  
c e l l  can be thermostated f o r  t h e  most 
exac t ing  measurements. For most purposes, 
t h i s  is  no t  necessary.  A s t i r r i n g  bar is 
used f o r  hydrodynamic techniques ,  and f o r  
r e e s t a b l i s h i n g  i n i t i a l  condi t ions  between 
experiments performed i n  qu iescen t  
s o l u t i o n .  

Many types  of working e l e c t r o d e s  have 
been used wi th  voltammetry. So l i d  
e l e c t r o d e s  such a s  platinum, go ld ,  g lassy  
carbon, wax-impregna ted g r a p h i t e ,  and 
carbon pa s t e  a r e  commonly used. These 
e l e c t r o d e s  have a good p o s i t i v e  p o t e n t i a l  
range.  An advantage of mercury i s  i t s  
good nega t ive  p o t e n t i a l  range. The 
voltammetric techniques  r e f e r r e d  to as  
polarography u t i l i z e  t he  dropping mercury 
e l e c t r o d e  (DME). This  e l e c t r o d e  cons i s t s  
of mercury drops  cont inuously  extruding 
from the  end of a c a p i l l a r y .  The hanging 
mercury drop e l e c t r o d e  (HMDE) i s  commonly 
used f o r  c y c l i c  voltammetry. Here a drop 
of mercury is suspended a t  the  end of a 

NITROGEN MAINTENANCE 

Figure  2.1 
Typica l  E lec t rochemica l  Ce l l  Adequate f o r  
Many Techniques. 
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c a p i l l a r y .  A t h i n  c o a t  of mercury can be 
depos i t ed  on a s u b s t r a t e  such as g rap t r i t c  
t o  form a  mercury f i l m  e l e c t r o d e  (MFE). 
For many s i t u a t i o n s ,  MFE's a r e  more con- 
v e n i e n t  t o  use than t h e  t r a d i t i o n a l  DME. 

Suppor t ing e l e c t r o l y t e  i s  always added 
t o  the  sample so t h a t  t h e  i o n i c  s t r e n g t h  
i s  s u f f i c i e n t l y  g r e a t  t o  minimize s o l u t i o n  
r e s i s t a n c e  t o  charge  f low through t h e  
c e l l .  Suppor t ing e l e c t r o l y t e  a l s o  
minimizes m i g r a t i o n  as a means of mass 
t r a n s p o r t  t o  t h e  e l e c t r o d e .  

The CV-27 Voltammograph performs a  
r e p e r t o i r e  of e l e c t r o a n a l y t i c a l  techniques  
i n  which a  p o t e n t i a l  is a p p l i e d  t o  t h e  
c e l l  and t h e  r e s u l t i n g  c u r r e n t  i s  
measured. Thus, t h e  a p p l i e d  p o t e n t i a l  
waveform ( p o t e n t i a l  s t e p ,  p o t e n t i a l  scan ,  
e t c . )  i s  termed t h e  e x c i t a t i o n  s i g n a l  and 
t h e  c u r r e n t  is t h e  response  s i g n a l  of t h e  
system. The app l i ed  p o t e n t i a l  c o n t r o l s  
t h e  s u r f a c e  c o n c e n t r a t i o n  of t h e  two forms 
of a  redox couple  a s  d e s c r i b e d  by t h e  
Nernst e q u a t i o n  f o r  a  r e v e r s i b l e  couple.  

where E = p o t e n t i a l  a p p l i e d  t o  c e l l ,  
v o l t s  (V)  

EO' = formal r e d u c t i o n  p o t e n t i a l  of 
0 ,  R coup le ,  V v s  SHE 

n = number of e l e c t r o n s  
t r a n s f e r r e d  per molecule.  
eqlmol 

cS = s u r f a c e    on cent ration of 0 ,  
O mol/cm 

= s u r f a c e  i joncen t ra t ion  of R ,  

E r e f  = h a l f  c e l l  p o t e n t i a l  of 
r e f e r e n c e  e l e c t r o d e ,  V v s  SHE 

0.0591 = convers ion f a c t o r  f o r  25°C.  
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Thus, 0 can be reduced t o  R by making E 
0 I 

s u f f i c i e n t l y  nega t ive  ( r e l a t i v e  t o  E- , - 
U ,n 

Ere f  
) t o  cause cS/cS t o  be very small  

-9 ( t y p i c a l l y  10 ); R can be oxidized t o  0 

by making E s u f f i c i e n t l y  p o s i t i v e  t o  cause 

cS/cS t o  be very l a r g e  ( t y p i c a l l y  100). 
0 R 

I n  o t h e r  words, t h e  reducing or  ox id iz ing  

s t r e n g t h  of the  working e l ec t rode  is 

c o n t r o l l e d  by t he  app l ied  p o t e n t i a l ,  E. 
A s  shown i n  Figure 2.2, scanning (or 
s t epp ing )  t he  p o t e n t i a l  i n  t h e  nega t ive  

' d i r e c t i o n  makes t he  e l e c t rode  a s t r onge r  
r educ t an t  (causing 0 t o  be reduced t o  R) , 
whereas scanning (or s tepp ing)  t h e  
p o t e n t i a l  i n  the  p o s i t i v e  d i r e c t i o n  makes 
i t  a b e t t e r  oxidant  (causing R t o  be 
ox id ized  t o  0 ) .  

The convers ion of 0 t o  R by reduc t ion  
a t  t h e  e l e c t r o d e  sur face  r e s u l t s  i n  
c a t h o d i c  c u r r e n t ,  i . Oxidation of R t o  0 
g i v e s  anodic  cu r r en f ,  i 

a 

The axes shown i n  F igure  2 . 2  a r e  
t y p i c a l l y  used f o r  the d i s p l a y  of t h e  
c u r r e n t  response vs. p o t e n t i a l  f o r  many 
c o n t r o l l e d  p o t e n t i a l  techniques ,  
Consequently, these  axes w i l l  be used f o r  
s e v e r a l  of the  techniques  descr ibed below. 

Although cu r r en t  i s  t h e  
e l e c t rochemica l  response to  the  p o t e n t i a l  
app l i ed  t o  a c e l l ,  o ther  system responses  
can be monitored as  well. For example, 
t h e  c u r r e n t  can be i n t eg ra t ed  t o  g i v e  

AS the  p o t e n t i a l  I s  inc reased  the  c u r r e n t  p l o t t e d  above 
i n  a n e g a t i v e  d i r e c t i o n ,  t h e  the  l l n e  i n e i c a t e s  a 
e l e c t r o d e  becomes a s t ronger  nega t i ve  charge f low  
" reduc ing  agent" t 1 -  from the  e l e c t r o d e .  

O X I D A T I O N  I 
:he c u r r e n t  p l o t t e d  below 
t h e  l i n e  i n d i c a t e s  a 
n e g a t i v e  charge  flow 
to t h e  e l e c t r o d e .  - I 

ds t h e  p o t e n t i a l  i s  inc reased  
i n  a p o s i t i v e  d i r e c t i o n .  t h e  
e l e c t r o d e  becones a  s t ronge* 
" o x i d i z i n g  agent" 

t 
la Anodic a r r . n t  

charge .  
(2.3) 

Q =  0 

where Q = charge,  coulombs (C) 
i ( t )  = c u r r e n t ,  amperes (A)  
t = t ime, seconds ( s )  

Techniques i n  which the  number of coulombs 
of charge passed through the  c e l l  is  
measured a r e  termed coulometric 
experiments.  The number of moles of 
m a t e r i a l  e l e c t ro lyzed  can be ca l cu l a t ed  
from the  charge by Faraday's law. 

Figure  2.2 
Cu r r en t -po t en t i a l  axes f o r  vol tammetr ic  
t echn iques .  
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<,%ere n = number of e l e c t r o n s  t r a n s f e r r e d  
per molecule,  eqlmol 

F = Fa raday t s  c o n s t a n t ,  96,485 C/eq 
N = number of moles 

System response s i g n a l s  can a l s o  be 
measured by non-electrochemical techniques  
such a s  spectroscopy,  g iv ing  r i s e  t o  a 
number of "hybrid" techniques .  

The numerous p o s s i b l e  combinations of 
p o t e n t i a l  e x c i t a t i o n  s i g n a l s ,  and monitored 
response s i g n a l s ,  i n  e i t h e r  s t i r r e d  or  
qu iescen t  s o l u t i o n  has l ed  t o  t h e  
development of many e lec t rochemica l  
techniques  based on c o n t r o l l e d  p o t e n t i a l ,  
The CV-27 Voltammograph is  capab le  of 
performing many of t he se  t echn iques ,  each 
of which i s  descr ibed  i n  t h e  fol lowing 
s e c t i o n s  . 
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Section 3.0 Installation 

This  s e c t i o n  d e t a i l s  t h e  p h y s i c a l  
r equ i rements  f o r  i n s t a l l a t i o n  of t h e  
C V - 2 7 .  

3.1 Power Requirements and Connection of the Power Cord 

The CV-27  can be powered by any of t h e  
f o l l o w i n g  AC v o l t a g e s :  

Caution : 
and f r e q u e n c i e s  of e i t h e r  50 o r  60 Hz, To Prevent Eiectrical Snock DO F J 3 T  Rel"ove Covei 
The power supply  i n  your l o c a t i o n  ( i . e .  k o  User Serv~ceabie Par ts  Imde  Re!er Servtcing 
any of t h e  above v o l t a g e /  f requency corn- To Factory Personnel 

Should the  power o p t i o n  need t o  be  
changed, unplug t h e  l i n e  cord and s l i d e  
t h e  p l a s t i c  window of t h e  power cord  i n l e t  
t o  t h e  l e f t .  See F i g u r e  3.1. The 
o r i e n t a t i o n  of the  smal l  c i r c u i t  board now 
exposed i n  t h e  socke t  de te rmines  t h e  
v o l t a g e  o p t i o n .  I f  t h e  v o l t a g e  l a b e l e d  on 
t h e  o u t e r  edge of t h i s  board is  n o t  t h a t  
r e q u i r e d ,  p u l l  out  the  c a r d ,  and t u r n  i t  
( e i t h e r  by r o t a t i o n  o r  i n v e r s i o n )  such 
t h a t  t h e  d e s i r e d  v o l t a g e  is  readab le .  
R e i n s e r t  t h e  board and push t h e  f u s e  
h o l d e r  back i n t o  the  c a v i t y .  A s  
i l l u s t r a t e d  i n  F igure  3.1, t h e  board i s  
o r i e n t e d  f o r  120 V o p e r a t i o n .  

I f  t h e  ins t rument  i s  opera ted  from a  
power o u t l e t  without s a f e t y  ground connec- 
t i o n ,  an a p p r o p r i a t e  adap to r  should be 
used.  The ground connect ion of t h i s  
adap to r  must be s e c u r e l y  f a s t e n e d  t o  an  
e x t e r n a l  e a r t h  ground f o r  s a f e t y  purposes .  
The maintenance of a  proper  ground connec- 

F i g u r e  3.1 
Power Cord Connector 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



t i o n  is  a l s o  very important i n  the  perfor-  
mance of t h i s  ins t rument .  A proper ground 
connec t ion  cannot be overemphasized. 
To i n s e r t  the  power cord i n t o  the  power 
socke t ,  s l i d e  the  p l a s t i c  window to  t h e  
r i g h t  ( i  .e .  over the  vol tage s e l e c t i o n  
c i r c u i t  board) and plug t h e  female end of 
t h e  power cord i n t o  t h i s  connector,  The 
male end of t he  power cord is plugged i n t o  
t h e  power o u t l e t  socket .  The plug require-  
ments on t he  male end of the  power cord 
may vary  depending on the country of 
d e s t i n a t i o n .  only one plug type-  i s  sup- 
p l i e d  by BAS. 

3.2 Cell Connections 

The c e l l  lead cab le  connects the  CV-27 
e l e c t r o n i c s  t o  the  e l e c t rodes  of t he  
e lec t rochemica l  c e l l .  One end of t h i s  
c a b l e  plugs i n t o  the  r e a r  panel of t h e  
CV-27 and t h e  o the r  end terminates  e i t h e r  
w i th  t h e  BAS model C-1 Ce l l  Stand o r  
app rop r i a t e  connectors  t o  the  e l e c t rodes  
of t h e  c e l l .  

3 -2.1 CV-27 To Cell Cable 

The proper connection of the  c e l l  l e ad  
is  shown i n  Figure 3 . 2 .  The s t a i n l e s s  
s t e e l  connector on t he  c e l l  lead is 
i n s e r t e d  i n t o  the  plug mounted on t h e  r e a r  
panel  of the  u n i t .  I n s e r t  the  cab le  
connector  i n t o  the mounted plug and r o t a t e  
u n t i l  t h e  c ab l e  connector e a s i l y  s l i d e s  
i n t o  the  mounted connector. Continue 
pushing u n t i l  t h e  pieces  "snap" t oge the r .  
To remove. simply p u l l  back on the  o u t e r  
s l e e v e  of t he  cab le  connector. The ca t ch  
w i l l  au tomat ica l ly  r e l e a se .  

3.2.2 Cell Cable to Cell (Electrodes) 

A v a r i e t y  of e lect rochemical  c e l l s  
w i th  v a r i a b l e  designs  a r e  ava i l ab l e  com- 
merc i a l l y .  A very v e r s a t i l e  electrochem- 
i c a l  c e l l  a cce s so r i e s  package inc ludes  a  
mounting s tand ,  the BAS C - l B  Cel l  Stand,  
(wi th  s t i r r i n g  and gas purging capab i l i -  
t i e s ) ,  v i a l s ,  and e lec t rodes .  The BAS 

emote1 1lnteg.Rnq 7 Output -, 

'CELL LEAD 

Figure  3 . 2  
Connection of CV-27 t o  the  Ce l l  Cable 

STRAIN GROUND 

,,,IEF\ 

REFERENCE (WHITE) ' 
AUXILIARY (RED) 

WORKING (BLACK)' , 

Figure 3.3 
Ce l l  (E lec t rode)  End of Cel l  Cable 
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C-1B Ce l l  Stand con ta ins  t h e  c e l l  c ab l e  
t h a t  a t t a c h e s  d i r e c t l y  t o  the  CV-27, a s  
de sc r i bed  i n  the  previous s ec t i on .  
Connection of the  cab le  wires t o  t h e  
i n d i v i d u a l  e l e c t r o d e s  is descr ibed  i n  t h e  
c e l l  s t and  manual. Note t h a t  the  CV-27 
c o n t a i n s  a gene ra l  purpose c e l l  c ab l e  t h a t  
t e rmina t e s  wi th  connectors  t h a t  can 
d i r e c t l y  be a t t ached  t o  c e l l  e l e c t rodes .  
The c a b l e  con t a in s  four  c o l o r  coded 
connec tors  (wi res ) ;  t h e  co lo r  code is:  

Black wi re :  working e l e c t r o d e  
Red covered wire : a u x i l i a r y  e l e c t r o d e  
White w i r e :  r e fe rence  e l e c t r o d e  
Bare wire  o r  black wire wi th  s o l d e r  

l ug :  ground connector  

A s t r a i n  r e l i e f  connector provides  a 
po in t  t o  a f f i x  t he  cab le  t o  prevent  
j o s t l i n g  of t he  c e l l  when no t  i n  use.  
F igu re  3 . 3  i l l u s t r a t e s  t h e  c e l l  end of t he  
CV-27 c e l l  cab le .  

3.3 Recorder Connections 

There a r e  a number of output-to-re- 
co rde r  combinations a v a i l a b l e  depending on 
t he  technique used. For each of t h e  
t echn iques  d i scussed  i n  d e t a i l  i n  Sec t i ons  
6-14, t h e  app rop r i a t e  recorder  connect ions  
w i l l  be noted.  A few genera l  considera-  
t i o n s  a r e  noteworthy a t  t h i s  po in t .  

Two sets of recorder  l e a d s  a r e  
provided wi th  t he  CV-27 u n i t .  Their  use  
depends on whether a c u r r e n t / p o t e n t i a l  vs. 
t i m e  o r  a c u r r e n t  vs.  p o t e n t i a l  
r e l a t i o n s h i p  is t o  be p lo t t ed .  Connection 
t o  a t i m e  base recorder  i s  shown i n  Figure  
3.4. The recording device must be capable  
of handl ing t he  input  of analog vo l t age  
s i g n a l s ;  t y p i c a l l y  0 t o  f 1 V. 

If  a response is p l o t t e d  vs .  a spe- 
c i f i c  e x c i t a t i o n ,  an X-Y r ecorder  w i l l  be 
r equ i r ed  and t he  proper connect ion i n  such 
a case  i s  shown i n  Figure 3.5. General ly  
t he  response is p lo t t ed  on t h e  Y-axis and 
t he  e x c i t a t i o n  on the  X-axis. One of t he  
cab l e s  provided i s  used t o  p l o t  t h e  Y 
response and the  o ther  is used t o  p l o t  t h e  
X e x c i t a t i o n .  

CV-27 Back Panel 

RYT 

Figure  3.4 
Connection of the  CV-27 t o  Y-T Recorder 

CV-27 Back Panel 

"X" RECORDER 'u " Y "  RECORDER LEAD 
,LEAD / 

+ - 1- - + - 
I X AXIS Y AXIS 

RXY Recorder 

Figure 3.5 
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3.4 Auxiliary (External) Input 

This  high impedance inpu t  a l lows an 
e x t e r n a l  vo l t age  source  t o  be summed i n t o  
t h e  v o l t a g e  of t h e  i n t e r n a l  p o t e n t i o s t a t .  
For example, a waveform genera tor  may be 
used t o  b r i ng  i n  a s i n e  wave. The l i m i t s  
on t h i s  e x t e r n a l  e x c i t a t i o n  s i g n a l  a r e  t h e  
same a s  t h e  l i m i t s  on t he  p o t e n t i o s t a t  a s  
o u t l i n e d  i n  Sec t ion  1.1.1. 

This  inpu t  simply r equ i r e s  a c ab l e  
wi th  a banana plug on one end and t he  
o t h e r  end a t t a ched  t o  t he  vo l tage  
gene ra to r .  The c i r c u i t  is  completed by 
plugging t h e  common of t h e  inpu t  dev ice  
i n t o  one of t h e  Colaaon jacks. 

3.5 Temperature Measurement Input 

The CV-27 i n  combination w i th  the  BAS 
model LC-22A Temperature Con t ro l l e r ,  
a u x i l i a r y  temperature probe, and 
connect ing c a b l e ,  can be used t o  d i s p l a y  
and monitor t he  temperature from the  
e lec t rochemica l  c e l l .  The proper 
connec t ion  of t he se  u n i t s  is shown i n  
F igure  3 . 6 .  

Note t he  LC-22A is a temperature 
c o n t r o l l e r  and a s  such can provide power 
t o  hea t  up a u x i l i a r y  hea t e r  u n i t s  such a s  
a k n i f e  h e a t e r ,  hea t i ng  mantle,  e t c . ,  and 
w i l l  c o n t r o l  t h a t  temperature t o  fO.l°C. 

3.6 Remote Timlng Input 

The fo l lowing  Operat ional  Modes can be 
c o n t r o l l e d  remotely:  

Ce l l  (on/of f )  
Scan (on/hold) 
El ( o d s t a n d b y )  
E2  (onlstandby) 
Scan Di rec t ion  (poslneg) 
I n t e g r a t e  (on/of f )  
Reset (on /of f )  

TEMPERATURE 

b 
Figure 3.6 

Connection of t he  CV-27 t o  the  LC-22A 
Temperature Cont ro l le r  and Liquid 
Temperature Probe 
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Any c o n t a c t  c l o s u r e  t o  ground w i l l  
a c t i v a t e  t h e s e  f u n c t i o n s ,  

The connector  i s  a t t ached  to  t h e  r e a r  
panel  as shown i n  F igure  3 . 7 ,  and the  p in  
d e s i g n a t i o n s  a r e  as  follows : 

O p e r a t i o n a l  LO w/ Color 
Funcf i o n  High - P i n  Code 

D i g i t a l  ground 1 i3lack 
scan 

- 

on/hold 2 Brown 
C e l l  on / s tby  3 Red 
E2 on/hold 4 Orange 

I E 1 on/ hold 5 Yellow 
+ D I R  on/of f  6 Green 
- DIR on/off  7 Blue 

I INTG on/hold 8 V i o l e t  
RESET on/ hold 15 White 

Figure 3 . 7  
Connection of Remote Control  Input  
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Section 4.0 Operation 

T h i s  s e c t i o n  d e s c r i b e s  t h e  a c t u a l  
o p e r a t i o n  of t h e  c o n t r o l s  and o u t p u t s  of 
t h e  CV-27. 

4.1 Identification of Controls/Outputs 

4.11 Front Panel 

The f r o n t  panel  swi tches  and d i s p l a y  
a r e  used f o r  both  c o n t r o l  and o p e r a t i o n  
f u n c t i o n s  of the  CV-27. The f r o n t  panel  
i s  shown i n  F i g u r e  4 .1 ,  

FUNCTION SCAN VIS  DlRECTDN COULOMETER 

4 1 1 1  POWER 

T h i s  swi tch  a p p l i e s  main e l e c t r i c a l  
power t o  t h e  ins t rument  c i r c u i t r y .  When 
t h i s  swi tch  i s  pushed up, a  smal l  r e d  lamp 
d i r e c t l y  above t h e  swi tch w i l l  become 
i l l u m i n a t e d  i n d i c a t i n g  t h a t  power i s  being 
s u p p l i e d .  When t u r n i n g  on (or  o f f )  t h e  
main power, make c e r t a i n  t h e  CELL MODE 
s w i t c h ,  which i s  d i scussed  i n  S e c t i o n  
4.1.11, i s  i n  the  standby, STBY, p o s i t i o n .  

4.1.1.2 DISPLAY 

The DISPLAY knob is used to  choose t h e  
f u n c t i o n  d i sp layed  on the  meter.  There 
a r e  e i g h t  f u n c t i o n s  t h a t  can be shown 
us ing  t h i s  knob. There a r e  a  t o t a l  of 20 
i n d i c a t o r s  ( f u n c t i o n ,  s t a t u s ,  and 
f u n c t i o n a l  u n i t s )  i n  t h e  d i s p l a y  l o g .  The 
d i s p l a y  b r i g h t l y  i l l u m i n a t e s  the  f u n c t i o n  
t h a t  i s  being monitored on the  meter.  

I out Q mA pA 

App E Rec mC V 
+Lim Error ,LC C 
-Lim A xLim V 
Scan Rate V/S mV/S 
Temp "C Stby Cell 

Figure 4.1 
Front Panel  of CV-27 
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Upon swi tch ing  t h e  d i s p l a y  knob t o  a  new 
p o s i t i o n ,  t h e  new f u n c t i o n  is  b r i g h t l y  
l i g h t e d  but  t h e  o t h e r  f u n c t i o n s  a r e  dimly 
l i g h t e d ,  and fade out  t o  d a r k  a f t e r  
approx imate ly  5 seconds.  Thus, t h e  
o p e r a t o r  knows how many swi tch  p o s i t i o n s  
t h e  knob must be advanced t o  a c c e s s  t h e  
d e s i r e d  func t ion .  

The d i s p l a y  f u n c t i o n s  a r e  a s  fo l lows :  

. I out* is  t h e  ou tpu t  c u r r e n t  i n  
m i l l i a m p e r e s ,  aA, o r  microamperes,  uA. 

App E is  the  app l ied  p o t e n t i a l  i n  
v o l t s ,  V. Th i s  p o t e n t i a l  r ead ing  could be 
c o n t r o l  informatj.on o r  o u t p u t  in fo rmat ion  
depending on t h e  FUHCTION chosen.  The 
FIRJCTIOH c o n t r o l  w i l l  be d e s c r i b e d  i n  a 
fo l lowing  s e c t i o n .  

+ L i m  is the  most p o s i t i v e  ( t h i s  could 
be a nega t ive  number) p o t e n t i a l  ( i . e .  
p o s i t i v e  l i m i t )  i n  v o l t s ,  V, a t  which the  
p o t e n t i a l  scan i s  reversed  from p o s i t i v e  
going t o  negative-going . 

-LM is t h e  - most n e g a t i v e  ( t h i s  could 
be a  p o s i t i v e  number) p o t e n t i a l  i n  v o l t s ,  
V ,  i n  which t h e  p o t e n t i a l  scan is reversed  
from negative-going t o  posi t ive-going.  I f  
t h e  + L i m  is  s e t  more negative than  t h e  - 
Lim, two d i s p l a y  i n d i c a t o r s  a r e  i l lumina-  
t e d ,  Error and U. The c o r r e c t i v e  
measure is t o  a d j u s t  e i t h e r  t h e  - Lim o r  
t h e  + L h  u n t i l  t h e  Errolc and XLTH lamps 
s h u t  o f f .  

Scan Rate is t h e  change of t h e  a p p l i e d  
p o t e n t i a l  wi th  t i m e  i n  u n i t s  of 
v o l t s / s e c o n d s ,  v/S,  o r  m i l l i v o l t s / s e c o n d ,  
mV/S. 

Temp is the  temperature  i n  O C  a s  
monitored through t h e  LC-22A Temperature 
C o n t r o l l e r  and t h e  "Liquid Probe" 
t r a n s d u c e r .  

Q i s  t h e  charge ou tpu t  i n  
microcoulombs, uC, mi l l i cou lombs ,  mC, o r  
coulombs, C. 

*CAUTION: Current va lues  exceeding 120  mA may cause i n s t a b i l i t y  i n  the 
ins t rument ,  e.g. o s c i l l a t i o n s  o r  l o s s  of p o t e n t i a l  c o n t r o l .  
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REC i s  t he  f u l l  s c a l e  recorder  range 
f o r  t h e  coulometer i n  a p p r o p r i a t e  
numerical  va lues  of uC, mC, o r  C per  v o l t ,  
V. Th i s  i s  ad ju s t ab l e  by a  r e a r  panel 
r o t a r y  swi tch  (see s e c t i o n  4.1.2.1 .) and 
t h e  GAIN c o n t r o l  (see s e c t i o n  4.1.1.8). 

4.1.1-3 INITIAL E 

The INITIAL E i s  a  dua l  f unc t i on  knob 
used t o  vary o r  ad ju s t  two p o t e n t i a l s ,  E l  
and /or  E2. The a p p l i c a t i o n  of one or  t h e  
o t h e r  of two f ixed  p o t e n t i a l s  a r e  numerous 
and w i l l  be discussed i n  g r e a t e r  d e t a i l  
throughout t h e  following a p p l i c a t i o n s  
s e c t i o n .  E l  i s  ad jus ted  with  t he  o u t s i d e  
knob and E2 i s  ad jus ted  with  t h e  i n s i d e  
knob. To s e t  E l ,  the  FUNCTION swi tch  is 
set a t  E l ,  and the DISPLAY i s  set t o  App 
E. Simply t u rn  the  o u t s i d e  knob u n t i l  t h e  
d e s i r e d  value,  between -5 .OO V and +5 .OO V, 
i s  shown i n  the d i sp l ay  window. E2 i s  set 
i n  the  same manner except t he  FUNCTION 
sw i t ch  i s  set to  E2,and t h e  i n s i d e  knob i s  
turned t o  a d j u s t  to  t h e  de s i r ed  p o t e n t i a l .  

4.1.1.4 E LIMIT 

The E  LIMIT i s  a dua l  func t ion  knob 
used t o  a d j u s t  the  most p o s i t i v e  and t h e  
most nega t i ve  p o t e n t i a l  scan l i m i t s .  This  
f unc t i on  i s  pr imari ly  used i n  t h e  
t echn ique  of cyc l i c  voltammetry. The + 
Limit  is s e t  by s e l e c t i n g  t he  + Lim 
funcr  i on  i n  t he  d i sp lay  window and t u rn ing  
t h e  o u t s i d e  + knob. This  value can be 
between -5.00 V and +5.00 V but  not l e s s  
than t he  negat ive  l i m i t ,  - L i m ,  p o t e n t i a l .  
I f  t he  l i m i t s  c ross  and an e r r o r  s i g n a l  
(Error, XLlm) i s  shown i n  the  d i s p l a y  
window, then e i t h e r  + L i m  must be made 
more p o s i t i v e  or -Urn must be made more 
nega t ive .  The negat ive  l i m i t  is  ad ju s t ed  
i n  t he  same way as  the  p o s i t i v e  l i m i t  
except  the  - L i m  must be s e l e c t e d  a s  t h e  
d i s p l a y  func t ion  and t he  i n s i d e  knob i s  
turned t o  ad jus t  t o  the  requ i red  value 
between -5.00 V and +5.00 V. 
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4.1.1.5 SCAN V/s 

The SCAN V/s switch is used t o  choose 
t h e  o r d e r  of magnitude of t h e  p o t e n t i a l  
scan  r a t e .  One of four  p o s i t i o n s  can be 
chosen: t h e  0.01 p o s i t i o n  f o r  scan r a t e s  
from 0.1 t o  10.0 m V / s ,  t h e  0.10 p o s i t i o n  
f o r  scan  r a t e s  from 10.0 t o  100.0 m V / s ,  
t h e  1.00 p o s i t i o n  f o r  scan r a t e s  from 0.10 
t o  1.00 V / s ,  and the  10.0 p o s i t i o n  f o r  
scan  r a t e s  from 1.0 t o  10.0 V / s .  The 
magnitude of the  scan r a t e  is c o n t r o l l e d  
by t h e  SCAN RATE knob d i scussed  i n  t h e  
fo l lowing  s e c t i o n ,  4.1.1.6. 

4*1.1*6 SCAN RATE 

The SCAN BBTa knob i s  a  v a r i a b l e  
a d j u s t  c o n t r o l  f o r  s e t t i n g  the scan  r a t e  
between the  l i m i t s  s e t  by t h e  SCAN V/s 
switch.  The CV-27 i s  a d j u s t e d  t o  t h e  
d e s i r e d  scan r a t e  as  fol lows:  1 )  t h e  SCAN 
RATE f u n c t i o n  is s e l e c t e d  i n  t h e  d i s p l a y  
window by t h e  DISPLAY knob, 2 )  t h e  co>rec t  
r e l a t i v e  magnitude of t h e  scan  r a t e  is  
chosen by the  SCAN V/s c o n t r o l  swi tch  a s  
d e s c r i b e d  above i n  S e c t i o n  4.1.1.5, 3 )  and 
f i n a l l y  the  SCAN RATE knob is turned u n t i l  
t h e  d e s i r e d  va lue  i s  observed i n  t h e  
d i s p l a y  window. 

4.1.1*7 DIRECTION 

This  togg le  swi tch determines  t h e  
p o t e n t i a l  scan DIRECTION, e i t h e r  p o s i t i v e -  
going d i r e c t i o n ,  +, o r  negative-going 
d i r e c t i o n ,  -. This  swi tch  can change t h e  
d i r e c t i o n  of the  scan a t  any time. It can 
determine the i n i t i a l  d i r e c t i o n  s e t t i n g  or  
change t h e  d i r e c t i o n  dur ing  an experiment.  
The d i r e c t i o n  i s  i n d i c a t e d  by e i t h e r  a  + 
o r  a -, on the Scan Rate  d i s p l a y .  
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Thi s  swi tch  impl ies  two func t i ons  t o  
t he  CV-27 u s e r ;  t he  cu r r en t  t o  v o l t a g e  
convers ion  and the  amp l i f i c a t i on  f a c t o r .  
The GAIN mA/V c o n t r o l  is a  12 p o s i t i o n  
swi tch  i n d i c a t i n g  current- to-vol tage 
convers ion  i n  mil l iamperes  of c u r r e n t  per  
v o l t  (mA/V) of output .  The a c t u a l  c u r r e n t  
i s  shown i n  t h e  d i s p l a y  when t h e  I Out 
f unc t i on  is s e l e c t e d .  Note t h a t  t he  va lue  
read i n  t he  d i s p l a y  i s  - not  t h e  vo l t age  a t  
t h e  r e a r  panel  output  jacks  bu t  t h e  a c t u a l  
c u r r e n t  i n  the  appropr ia te  u n i t s .  

This  swi tch  c o n t r o l s  t he  c u r r e n t  
i n t e g r a t i n g  func t i on  of t h e  C V - 2 7 .  There 
a r e  t h r e e  pos i t i ons  f o r  t h i s  t o g g l e  
switch.  The RESET p o s i t i o n  clears o r  
r e s e t s  t h e  i n t e g r a t o r  t o  ze ro  a t  t h e  
beginning of an experiment. RESET is  a  
momentary con t ac t  pos i t i on  and must be 
he ld  i n  p o s i t i o n  f o r  approximately 1 
second t o  be assured t h a t  a l l  4 
i n t e g r a t o r s  a r e  c lea red .  The HOLD 
p o s i t  ion main ta ins  t he  va lues  on t h e  
i n t e g r a t o r s .  The IBTEG p o s i t i o n  s t a r t s  
t h e  summing func t ion .  
(See Appendix A for operation) 

4 1 1 1 0  FUNCTION 

The FUNCTION switch can be thought of 
a s  both an opera t ion  and a c o n t r o l  swi tch ,  
When t he  e l e c t r o d e s  ( c e l l )  a r e  connected 
t o  t h e  CV-27 e l e c t r o n i c s  and t h e  
experiment i s  t o  begin,  t h e  u se r  can s t a r t  
the  p o t e n t i a l  scanning func t i on  by t u rn ing  
t h i s  r o t a r y  switch t o  the  SCAN p o s i t i o n .  
The switch w i l l  a l s o  s t op  and hold a t  a  
d e s i r e d  p o t e n t i a l  by tu rn ing  t o  t h e  HOLD 
p o s i t i o n ,  The i n i t i a l  p o t e n t i a l  
cond i t i ons  can be r ee s t ab l i shed  by tu rn ing  
t o  the  E l  p o s i t i o n  or  the  p o t e n t i a l  can be 
s tepped from an i n i t i a l  E l  v a lue  t o  a  
second E2 va lue  by tu rn ing  t he  swi tch  t o  
E2. 
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4.1.1e11 CeLL MODE 

Rota t ing  t h i s  knob t o  CEU connec t s  
t h e  e l e c t r o d e s  t o  t h e  CV-27 e l e c t r o n i c s ,  
and tu rn ing  t h e  knob t o  STBY d i s c o n n e c t s  
t h e  c e l l  from t h e  e l e c t r o n i c s .  The TEST 
p o s i t i o n  connec t s  an i n t e r n a l  "dummy c e l l "  
t o  the  e l e c t r o n i c s .  Th i s  is used f o r  
t e s t i n g  t h e  e l e c t r o n i c s  of t h e  u n i t .  
S e c t i o n  5.2 w i l l  d i s c u s s  t h i s  f u n c t i o n  i n  
g r e a t e r  d e t a i l .  The E f u n c t i o n i s  used 
f o r  p o t e n t i o m e t r i c  measurements. When t h e  
knob is i n  t h i s  p o s i t i o n ,  t h e  p o t e n t i a l  
d i f f e r e n c e  between t h e  r e f e r e n c e  e l e c t r o d e  
and t h e  working e l e c t r o d e  is  d i sp layed .  

4.1-2 Rear Panel 

The rear panel  is used p r i m a r i l y  f o r  
connect ion t o  e x t e r n a l  dev ices  f o r  i n p u t ,  
r e c o r d i n g ,  and power. There is  a l s o  one 
c o n t r o l  f u n c t i o n .  This  s e c t i o n  d e s c r i b e s  
t h e  f u n c t i o n s  of t h e  components found on 
t h e  r e a r  panel of the  CV-27. 

4,1,2.1 Integ. Rng 

This  four  p o s i t i o n  r o t a r y  swi tch  i s  
used t o  s e l e c t  t h e  a p p r o p r i a t e  i n t e g r a t o r  
range ,  Integ. Range. The A, B, C, and D 
s e t t i n g s  simply s e l e c t s  one of t h e  f o u r  
i n t e g r a t o r s  a v a i l a b l e .  The a p p r o p r i a t e  
s e l e c t i o n  depends on the  c u r r e n t  genera ted  
and the  t i m e  of the  experiment.  

Figure 4.2 
Rear Panel of CV-27 
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4.1.2.2 Cell 

The c e l l  cab le  connector simply is  pushed 
i n t o  t h i s  f i t t i n g  t o  make con t ac t  between 
t h e  c e l l  and the e l e c t r o n i c s .  When 
i n s e r t i n g  t h i s  connector make c e r t a i n  of 
t he  c o r r e c t  o r i e n t a t i o n  t o  prevent  damage. 
See s e c t i o n  3.2.1 f o r  a d d i t i o n a l  
i n s t a l l a t i o n  i n s t r u c t i o n s .  

There a r e  mu l t i p l e  ou tpu t s  a v a i l a b l e  
on t he  CV-27 u n i t .  The cho ice  of ou tpu t  
w i l l  depend on the  p a r t i c u l a r  e l e c t r o -  
chemical experiment and t he  response 
d e s i r e d .  The output is s e l e c t e d  by 
plugging the  green plug of t h e  recorder  
c a b l e  i n t o  the app rop r i a t e  jack. Complete 
t he  c i r c u i t  by plugging t h e  b lack  plug 
i n t o  any of the common jacks.  

I Out is  the vo l t age  from t h e  
current- to-vol tage conver te r  and g a i n  
c o n t r o l  on the f r o n t  panel .  The vo l t age  
i s  d i r e c t l y  p ropor t iona l  t o  t h e  c u r r e n t  
being generated by the e lec t rochemica l  
r e ac t i on .  The convers ion f a c t o r  i s  t h e  
ga in  s e t t i n g  on the  f r o n t  panel.  

The Filter is  a  pass ive  RC network 
with  t i m e  cons tan t s  of 0.1, 0.001, and 2 
seconds.  The amount of e l e c t r o n i c  
dampening chosen by t h i s  t h r e e  p o s i t i o n  
togg le  switch depends on t h e  p a r t i c u l a r  
e lec t rochemica l  experiment under i n v e s t i -  
ga t i on .  F a s t ,  pu l se  type experiments 
u sua l l y  r equ i r e  a f a s t  (smal l )  time 
cons tan t  whereas a  slow scanning or  D C  
experiment allows f o r  a  longer  ( l a r g e )  
t ime cons tan t .  

I Polarity allows the  user  to change 
the p o l a r i t y  of t he  ou tpu t  cu r r en t  s i g n a l .  
The + Qxn. i s  a  posit ive-going s i g n a l  f o r  
an ox ida t ion  r eac t i on  occur r ing  a t  t he  
working e l ec t rode ;  + Bdn. is a  pos i t ive -  
going s i gna l  f o r  a  reduc t ion  r eac t i on .  
To conform with e lec t rochemica l  conven- 
t i o n ,  +&in would be s e l ec t ed .  
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App. E moni to rs  the  a c t u a l  a p p l i e d  
p o t e n t i a l  and i s  commonly used t o  d r i v e  
t h e  X-axis on the  conven t iona l  I v s  E 
p l o t s  on X-Y r e c o r d e r s .  The E Polarity 
togg le  swi tch  a l lows  t h e  choice  of ou tpu t  
p o l a r i t i e s  from the  App.E jack. The + 
p o s i t i o n  i s  normal p o l a r i t y ;  when toggled 
t o  the  - p o s i t i o n ,  the  output  i s  i n v e r t e d .  

E is t h e  e q u i l i b r i u m  p o t e n t i a l  of t h e  
working e l e c t r o d e  r e l a t i v e  t o  t h e  
r e f e r e n c e  e l e c t r o d e .  

Q i s  t h e  i n t e g r a t o r  ou tpu t .  Note t h a t  
t h i s  ou tpu t  i s  dependent on the  cho ice  of 
Integ. Rng and the  c u r r e n t  GLUB on t h e  
f r o n t  panel .  The a c t u a l  range f o r  a f u l l  
s c a l e  d e f l e c t i o n  on the  recorder  is d i s -  
played on the  f r o n t  panel  d i s p l a y  when Rec 
i s  chosen by t h e  d i s p l a y  i n d i c a t o r .  

SEMI DIF is  t h e  s e m i - d i f f e r e n t i a l  
o u t p u t  of t h e  c u r r e n t  response.  This  
f e a t u r e  he lps  r e s o l v e  c l o s e l y  over ly ing  
peaks and e l i m i n a t e s  some no i se .  The 
amount of f i l t e r i n g  and t h e  p o l a r i t y  can 
be  changed us ing  t h e  Filter togg le  swi tch 
and t h e  I Polarity t o g g l e  switch.  

4.1.2.4 Input 

There a r e  two jacks i n  t h e  inpu t  
s e c t i o n  of t h e  r e a r  panel .  One, t h e  Ext. 
In plug,  i s  used t o  connect an e x t e r n a l  
v o l t a g e  t o  be summed wi th  the  p o t e n t i a l  on 
t h e  p o t e n t i o s t a t .  The o t h e r ,  Temp., 
moni tors  a  v o l t a g e  t h a t  corresponds t o  t h e  
temperature  a t  a  l i q u i d  probe. Th is  
v o l t a g e  s i g n a l  - must be from the  BAS LC-22A 
Temperature C o n t r o l l e r .  

4.1.2.5 Power Cord 

The power cord connector al lows the  
u n i t  t o  be used wi th  m u l t i p l e  inpu t  vol-  
t a g e s  (100 V ,  120 V ,  220 V ,  240 V),  and 
provides power l i n e  f i l t e r i n g .  The female 
end of the  power cord i s  simply i n s e r t e d  
i n t o  t h e  power cord connec tor ,  making 
c e r t a i n  the  p ins  a r e  p roper ly  a l igned .  
See Sec t ion  3.1 f o r  a d d i t i o n a l  informat ion 
on the  power cord connect ion and requ i re -  
ment s. 
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Section 5.0 Maintenance and Service 

This s e c t i o n  de sc r i be s  g e n e r a l  
maintenance,  e l e c t r o n i c  t r oub l e shoo t i ng ,  
and s e r v i c e  procedures f o r  t h e  CV-27. 

5.1 Cautions and General Maintenance 

This is a very rugged ins t rument  
which, wi th  proper c a r e ,  should g ive  years  
of s e r v i c e .  Following is a b r i e f  l i s t  of 
p recau t ions  and gene ra l  maintenance 
cons ide r a t i ons  t h a t  w i l l  extend t h e  
l i f e t i m e  of t he  ins t rument .  

Follow customary good l a b o r a t o r y  
p r a c t i c e s .  

Clean a l l  s p i l l s ,  e s p e c i a l l y  salt 
s o l u t i o n s ,  from on or  nea r  t h e  cab ine t  
immediately. 

Avoid placing the  u n i t  i n  a co r ro s ive  
atmosphere. 

Make s u r e  the  CELL MODE swi tch  is i n  
STBY p o s i t i o n  whenever making c e l l  
changes. 

Avoid dropping, shaking,  and o the r  
forms of mechanical abuse,  s i n c e  t h i s  
could loosen components o r  subassemblies .  

5.2 Electronic Troubleshooting 

This s e c t i o n  s p e c i f i c a l l y  d e s c r i b e s  
procedures t o  i s o l a t e  suspec ted  e l e c t r o n i c  
f a i l u r e .  Each major s e c t i o n  of t h e  
ins t rument  w i l l  be t e s t e d .  The u n i t  has a 
b u i l t - i n  "dummy c e l l , "  t o  assist i n  t h e  
t e s t i n g  procedures descr ibed  below. 

Equipment required: 

Voltmeter (DVM, 3 112 d i g i t  i s  
s u f f i c i e n t )  

Stop Watch (op t iona l )  
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I n i t i a l  setup condi t ions  : 

Rear Panel: 

Plug DVM i n t o  App. E output  jacks. 

App E p o l a r i t y  t o  "+" posi t ion.  

Filter t o  "0.00 1"position. 

I O u t  p o l a r i t y  t o  "+ oxn" 
pos i t ion .  

Front Panel: 

DISPLAY t o  monitor App E 

CELL MODE i n  STBY pos i t i on  

P o t e n t i o s t a t  t es t :  

Turn FUHCTION knob to  El pos i t i on  

Turn IHITIAL E, E l  knob both f u l l y  
clockwise and counterclockwise.  The LED 
d i s p l a y  and DVM should monitor a range of 
> +5.00 t o  < -5.00 V. The d i f f e r ence  

between the d i sp l ay  and the DVM values 
should be f 1% of the  value. 

Turn FUNCTION t o  E2 and manually scan 
t h e  p o t e n t i a l  range of E2 by turning the 
IKITIAL E, E2 knob f u l l y  clockwise and 
counterclockwise.  Monitor as  above. 

Before proceeding f u r t h e r ,  ad jus t  E2 
t o  -1.00 V and then turn  F'WCTION knob t o  
E l  and a d j u s t  E l  t o  +1.00 V. 

Current-to-voltage converter test: 

Connect DVM to  I Out jack in rear  
panel. 

Turn CgLL MODE to  TEST posi t ion.  

Check the current- to-vol tage converter 
by comparing the  values  from t h e  Dm t o  
those shown in Table 5 .1  f o r  the various 
GAIN and App E. 

Table 5.1 

Troubleshoot ing Current-to-Voltage 
Converter (I Out) and Logarithm of 
abso lu t e  c u r r e n t  value ( ~ o g / I / ) .  

GAIN 
(mA/V 

10 
5 
2 
1 

.5 

. 2  

.1 

.1 
.O5 
.02 
.o 1 
.01 
.OO 5 
.002 
10 
10 

I Output Log/ I / ,  
(V * 2%) (V f 5%) 

*This should be ad jus ted  using 

-2 .o 

-1 .o 

0.0 
-1 00 

0.0 

0.0 
-3 .O 
-4.0 

the D W  
because of t h e  f 10 mV r e so lu t ion  of the  
DISPLAY va lue .  

t ~ d j u s t  App E t o  give the  des i red  I output  
i n  these  s t e p s .  I 

I 
I 
I 
I 
I 
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Semi-Differential t e s t :  

Turn the  GAIN t o  0.1 

Turn FUNCTION knob t o  E2 (which should 
be  -1.00 V ) .  

The Semi. Dif . should read % +I. 1 V on 
t h e  DVM ( t h i s  reading may t ake  a whi le  
t o  s e t t l e ) .  

Filter t e s t :  

Move the  DVX t o  t h e  I out jack and 
note  t h e  reading 2 -10 V. 

F l i p  the  Filter togg le  sw i t ch  on t h e  
r e a r  panel t o  0.1 seconds; t h e  DVM va lue  
w i l l  change but r e t u r n  t o  t h e  p rev ious  
reading . 

F l i p  t h i s  switch t o  2.0 seconds,  
aga in ,  t he  va lue  should change but  r e t u r n  
t o  t h e  previous reading. 

Return t he  togg le  t o  0.001 second 
p o s i t  ion. 

I Out Polarity t e s t :  

F l i p  I Polarity t o  + rdn and t he  
output  should change p o l a r i t y  from -10 V 
t o  +10 V (wi th in  f5 mV of previous  
read ing  . 

Return switch pos i t i on  t o  + oxn 
pos i t  ion. 

E Output Polarity t e s t  

Move t he  DVM t o  the  E out jack and 
note t he  reading. 

F l i p  the  E Polarity switch.  You 
should read t he  same magnitude in t he  
oppos i te  p o l a r i t y  f 1 mV. 

Scan Rate t e s t :  

Turn DISPLAY t o  + Lim 
Adjust t o  +1.00 V by t u rn ing  the I t + "  

knob of the  E LIMIT knob. 
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Turn DISPLAY t o  - Lim. 
Adjust  t o  -1.00 V by t u r n i n g  "-" knob 

of the E LIMIT knob. 

Turn DISPLAY t o  Scan Rate. 

Turn SCAN V/s knob t o  0.10 V / s  
p o s i t i o n .  

Turn Scan Rate knob until 100 mV/s is 
displayed in readou t .  

Turn DISPLAY t o  App E p o s i t i o n .  
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The Apg E should be changing wi th  time 
atld sllnuld not  v,<cccri t h e  f 1.00 V I i m i t i ; ,  
Toggle the  DIRECTION swi tch  a few times t o  
~ a k e  c e r t a i n  the  scan d i r e c t i o n  changes 
app rop r i a t e ly .  

Turn t he  FUBIGTIOI4 knob from SCAN t o  El 
p o s i t i o n .  

Adjust  El t o  + 1.00 V. 

Toggle DIRECTION swi tch  t o  NEG. 

Check t he  a c t u a l  scan r a t e  by 
s imul taneous ly  t u rn ing  t he  FUNCTION knob 
t o  the  SCAN p o s i t i o n  and s t a r t i n g  a s t op  
watch. Monitor the  App E i n  t h e  d i s p l a y  
and a s  t h e  App E va lue  c ro s se s  0.00 V ,  
s t o p  the watch. This  time should be 
approximately  100 seconds ( i . e .  1.00 V 
scan range a t  10 m V / s  r a t e  = 100 seconds) .  

Turn FUNCTION knob to  t he  HOLD 
p o s i t i o n .  

Coulometer t e s t :  

Turn FUNCTION knob t o  El. 

Adjust  El t o  1.00 V. 

Turn CELL MODE knob to  TEST p o s i t i o n .  

Turn GAIN mA/V knob to  1. 

Turn DISPLAY knob t o  Q p o s i t i o n .  

Hold t he  RESET p o s i t i o n  of t h e  
COULOMETEB. switch f o r  approximately 1 
second t o  c l e a r  t h e  i n t e g r a t o r s .  

Turn Recorder Range, Integ. Rng swi tch  
(on r e a r  panel)  t o  the  "C" pos i t i on .  

Simultaneously ,  s t a r t  a s t op  watch and 
f l i p  the  COULOWETER switch t o  t he  INTEG. 
p o s i t i o n .  

The r a t e  of i nc r ea se  of charge of 1 
m C / s  w i l l  be shown i n  t he  LED d i s p l a y .  
Thus a f t e r ,  f o r  example, 30 seconds,  30 mC 
should be  showing on t he  d i s p l a y  and 0.30 
V w i l l  be the  output  from the Q jack on 
the  r e a r  panel.  
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The o t h e r  t h r e e  i n t e g r a t o r s ,  ( A ,  B, D) 
can be t e s t e d  i n  a s im i l a r  fash ion .  Table 
5.2 g i v e s  some t y p i c a l  values  f o r  t he  
o t h e r  i n t e g r a t o r s  inc lud ing  t h e  
a p p r o p r i a t e  ou tpu t ,  "Q" , values .  

Section 5.3 Semice Procedure 

Table 5.2  

Trou b I ashoot I ng Cou I ometer 

There a r e  no user  s e rv i ceab l e  p a r t s  i n  
t h i s  u n i t  and a l l  s e r v i c e  r eques t s  should App Q* 

- - - -  

I 
TIME m C ,  OUTPUT 

c e r t a i n  c a s e s ,  BAS w i l l  provide e l e c t r o n i c  - 
schemat ics  and extended e l e c t r o n i c  s e r v i c e  , .oo 1 
procedures  t o  q u a l i f i e d  e l e c t r o n i c  

1 

10.00 
100 100.0 1 ,o 

0.10 8 
maintenance f a c i l i t i e s ,  but only upon 

1 0.1 100 
1.00 A 

w r i t t e n  reques t  t o  t h e  BAS Serv ice  
10 0.1 10 

1.00 0 0.1 1 
Coordinator .  100 100.00 1.0 

I£ a problem a r i s e s  and appears  
equipment o r i e n t e d ,  c a l l  BAS a t  (317)  
463-4527 and ask f o r  Customer Service .  
The ope ra to r  w i l l  rou te  you t o  t h e  Se rv i ce  
personnel .  Be prepared to  g ive  t he  
fol lowing informat ion:  

1. Model number of the  ins t rument  

2. S e r i a l  number of the  ins t rument  

3. Approximate da t e  of purchase 

4. Descr ip t ion  of the  problem i n  
d e t a i l ,  inc lud ing  r e f e r ence  t o  
s p e c i f i c  e r r o r s  made by your u n i t  
i n  t he  above t e s t s .  

I f  the Serv ice  personnel can no t  
r e so lve  your problems, helshe w i l l  t ake  
your name, i n s t i t u t i o n ,  address ,  and phone 
number and forward t he  above in format ion  
t o  the  Serv ice  Coordinator.  The Serv ice  
Coordinator  w i l l  work with you t o  ge t  a 
s a t i s f a c t o r y  answer t o  your s e r v i c e  
problem. He/she has o t h e r ,  more s p e c i f i c ,  
t e c h n i c a l  personnel a v a i l a b l e  t o  him/her 
t o  so lve  a l l  problems, i . e .  e l e c t r o n i c  
problems w i l l  be d i r e c t e d  forward t o  
e l e c t r o n i c  eng ineers ,  chemical problems t o  
s t a f f  chemists ,  e t c .  I f  r equ i red ,  a 
person from one of these  departments w i l l  
c a l l  you back and fu r t he r  d i s cus s  your 
problem. 

*An error of 2 5 %  1 s  not  unreasonable, lt 
can be greater l f  the App E I s  not  se t  to 
22 mv.  I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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If  an item needs t o  be re turned f o r  
service, r e p a i r ,  o r  o the r  in-house 
i n v e s t i g a t i o n ,  the  S e r v i c e  Coordinator 
w i l l  a s s i g n  you a Customer Serv ice  Number 
(CS#). Do no t  r e t u r n  any goods without a 
CS#. It i d e n t i f i e s  you, your problem, and 
what a c t i o n s  have a l r e a d y  been taken. A 
CS# q u i c k l y  and ef f P c i e n t l y  moves your 
s e r v i c e  problem and equipment through t h e  
s e r v i c e  p r o t o c o l .  

All correspondence and shipments 
should be s e n t  t o  

Bioanalyt  i c a l  Systems Inc. 
2701  Kent Avenue 

Purdue Research Park 
West L a f a y e t t e ,  I N  47906 USA 

Items being r e t u r n e d  f o r  s e r v i c e  must 
c l e a r l y  show t h e  CS# on t h e  o u t s i d e  of t h e  
package. 

S e r v i c e  w i l l  normally be completed and 
t h e  u n i t  r e t u r n e d  t o  you w i t h i n  10 working 
days.  
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6.1 Principles 

I n  c y c l i c  voltammetry t he  p o t e n t i a l  i s  
scanned l i n e a r l y  from an i n i t i a l  va lue ,  
E , t o  a second va lue  and then back to  E. 
(br  some o t h e r  p o t e n t i a l ) .  This p o t e n t i h l  
e x c i t a t i o n  s i g n a l  is  i l l u s t r a t e d  i n  Figure  
6.1 f o r  a scan from 0 t o  +0.8 t o  -0.4 V vs  
a r e f e r ence  e l e c t r o d e  ( i  .e. SCE, Ag/AgCl). 1- 1st cycle 2 nd cycle - 

- - 

One or  more p o t e n t i a l  cyc l e s  can be 
performed, hence the  term "cycl ic"  

' -O 
' fcrword scan reverse smn i 

voltammetry. F igu re  6 . 2  i l l u s t r a t e s  t he  
c u r r e n t  response s i g n a l  obtained when t h e  
p o t e n t i a l  e x c i t a t i o n  s i g n a l  i n  Figure  6.1 
i s  appl ie$+to a P t  e l e c t r o d e  immersed i n  
1.0 mM Fe , 1 M H SO4.  A s  the  p o t e n t i a l  
i s  scanned p o s i t i v h y ,  anodic cu r r en t  
occurs  when the  e l e c t r o d e  becomes a 
s u 5 f i c i e n t j y  s t r ong  ox idan t  t o  ox id ize  -0.4 - 
Fe t o  Fe . The anodic  cu r r en t  TIME, seconds 
i n c r e fqe s  r a p i d l y  u n t i l  t h e  concen t ra t ion  
of Fe a t  t he  e l e c t r o d e  su r f ace  
approaches ze ro ,  caus ing  the  cu r r en t  t p  Figure  6.1 
peak. The c u r r e n t  then decays a t  a t-5 Tr i angu l a r  waveform f o r  c y c l i c  voltammetry. 
r a t e  a s  t h e  s o l u t i o n  surrouy$ing t he  
e l e c t r o d e  is dep l e t ed  of Fe &ue to  i t s  
e l e c t r o l y t i c  convers ion t o  Fe . 

The scan d i r e c t i o n  is  switched to  
nega t i ve  a t  M.8 V f o r  t he  reverse  scan. 
When t h e  e l e c t r o d e  byqomes a s u f f i c i e n t l y  
s t r ong  r educ t an t ,  Fe , which has been 
accumulating ad j acen t  t o  t h e  f)ectrode,  
can now be reduced back t o  Fe . This 
causes  c a thod i c  c u r r e n t ,  which r ap id ly  
i nc r e3ges  u n t i l  t h e  su r f ace  concen t ra t ion  
of Fe approaches  zero.  The cur ren t  then 
peaks and decays as t he  s o l u t i o n  a g p c e n t  
t o  the  e l e c t r o d e  is dep le ted  of Fe , The 
f i r s t  c y c l e  i s  completed when the  
p o t e n t i a l  r eaches  0.0 V. 

I n  ZYmmary, Fe3+ is  e l e e  t rogenerared 
from Fe i n  t he  forward scan as  ind ica ted  
by t h e  anodic  c u r r e n t .  I n  t h  reverse  S+ 
scan t h i s  9)"ctrogenerated Fe i s  reduced 
back to  Fe a s  i nd i ca t ed  by the  cathodic  
c u r r e n t .  Thus, c y c l i c  voltammetry i s  
capab le  of r a p i d l y  generat ing a new 
spec i e s  dur ing  the  forward scan and then 
moni tor ing i t s  f a t e  on the  reverse  scan. 
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The important  parameters  of a  c y c l i c  
v o l t a m o g r , m  a r e  t h e  magnitudes of the  

I 
a n o d i c  peak c u r r e n t  ( i  1, t h e  c a t h o d i c  
peak c u r r e n t  ( i  1, thgaanodic  peak 
p o t e n t i a l  (E ):'and t h e  c a t h o d i c  peak 
p o t e n t i a l  (EPa). One method f o r  measuring 

I 
i i n v o l v e s  & $ t r a p o l a t i o n  of a b a s e l i n e  
c e r r e n t ,  a s  shown i n  F i g u r e  6.2. I 

A redox couple i n  which bo th  s p e c i e s  
a r e  s t a b l e  and r a p i d l y  exchange e l e c t r o n s  4 4  

w i t h  t h e  working e l e c t r o d e  is termed an 
e lec t rochemFca l ly  r e v e r s i b l e  coup le .  The 

I 
fo rmal  r e d u c t i o n  p o t e n t i a l  ( E O ' )  f o r  a  
r e v e r s i b l e  couple i s  c e n t e r e d  between E 
and E : Pa 

I 
PC 

Epa + E p ~  (6.1) EO' 1 

2 I 
The number of e l e c t r o n s  t r a n s f e r r e d  i n  

t h e  e l e c t r o d e  r e a c t i o n  (n) f o r  a 
r e v e r s i b l e  couple can be determined from 
t h e  s e p a r a t i o n  between t h e  peak 

I 
p o t e n t i a l s  : Figure  6.2 

E = E  - E  =-  Typica l  Cyc l i c  Voltammogram showing method 
0*058 ( 6 * 2 )  of e x t r a p o l a t i n g  b a s e l i n e s  and de te rmin ing  

I 
P Pa PC n 

peak c u r r e n t s .  I 
Thus,  a one-elesfron p r y l e s s ,  such a s  t h e  
o x i d a t i o n  of Fe t o  Fe , should  i d e a l l y  
e x h i b i t  a  E of 0.058 V. 

P  
The peak c u r r e n t  f o r  a  r e v e r s i b l e  

sys tem is  desc r ibed  by the  Randles-Sevcik 
e q u a t i o n  f o r  t h e  forward sweep of t h e  
f i r s t  c y c l e :  

where i = peak c u r r e n t ,  amperes 
P 

n = e l e c t r o n  s t o i c h i o m e t r y ,  
eq/mol 

A = e l e c t r o d e  a r e a ,  cm 
2 

C = c o n c e n t r a t i o n ,  mol/cm 
3 

v = scan r a t e ,  v o l  t s / second  

Accordjng to  t h i s  e q u a t i o n ,  i i n c r e a s e s  
w i t h  v' and is d i r e c t l y  p ropor? iona l  t o  
c o n c e n t r a t i o n .  
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For a  r e v e r s i b l e  coupl.e, i is 
approximately  equal  co i , orpa 

i PC 
-2% g 1 
i ( 6 .4 )  
PC 

One of t h e  most u se fu l  a spec t s  of 
c y c l i c  voltammetry is i t s  a p p l i c a t i o n  t o  
t h e  q u a l i t a t i v e  d iagnos i s  of homogeneous 
chemical r e a c t i o n s  t h a t  a r e  coupled to  t he  
e l e c t r o d e  su r f ace  r eac t i on .  An example of 
t h i s  i s  t he  e lec t rochemica l  ox ida t i on  of 
thyron ine .  A c y c l i c  voltammogram i s  shown 
i n  Figure  6.3. 

A p o s i t i v e  p o t e n t i a l  scan i n i t i a t e d  a t  
0.0 V g ives  anodic  cu r r en t  (peak A) due t o  
o x i d a t i o n  of thyronine t o  thyronine 
quinoid c a t i o n ,  some of which r e a c t s  wi th  
H 0 t o  form quinone (Q)  and t y r o s ine .  The 
t $ ro s ine  produced can then  be oxidized a t  
t h e  more p o s i t i v e  p o t e n t i a l ,  peak B. 
Add i t i ona l l y ,  t he  chemically formed Q i s  
reduced i n  peak C t o  p-hydroquinone (H Q ) ,  
which i s  oxidized at peak D i n  t he  fo&ard 
scan  of t he  second cycle .  

6.2 Typical Applications 

Cycl ic  voltammetry is  commonly used a s  
t h e  i n i t i a l  e lec t rochemica l  technique t o  
c h a r a c t e r i z e  a redox system. The redox 
couples  a r e  t y p i c a l l y  loca ted  by p o t e n t i a l  
scans  encompassing t h e  e n t i r e  a c c e s s i b l e  
p o t e n t i a l  window. The scan range is then 
narrowed f o r  the  s tudy of a  p a r t i c u l a r  
couple .  

CV i s  used ex t ens ive ly  to  determine 
EO' va lue s  by means of Equation 6.1 and n 
va lue s  by Equation 6 .2 .  Frequent ly ,  t he  
va lue  of n  cannot be determined due t o  
c o n t r i b u t i o n  to  E from slow e l e c t r o n  
t r a n s f e r .  I n  suchPcases,  Equation 6.1 i s  
a l s o  not s t r i c t l y  app l i c ab l e ,  a l though 
u s e f u l  e s t ima t e s  of EO' can be obtained.  
Typ i ca l l y  v  (scan r a t e )  is  var ied  over a 
wide range t o  determine the  a p p l g c a b i l i t y  
of Equations 6.1 and 6.2 ( i  a v 2 ) .  

P  
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Many electrochemical  reduct ions/oxida-  
t i o n s  generate an in te rmedia te  which 
r a p i d l y  r e a c t s  with components of t h e  
medium. One of t he  most u s e f u l  a spec t s  of 
CV i s  i t s  app l i c a t i on  t o  t h e  q u a l i t a t i v e  
d i agnos i s  of these  homogeneous chemical 
r e a c t i o n s  tha t  a r e  coupled t o  t h e  
e l e c t r o d e  su2face r s ac t l on .  CV provides  
t h e  c a p a b i l i t y  f o r  genera t ing  a  spec i e s  
dur ing  t he  forward scan and then  probing 
i t s  f a t e  wi th  the  reverse  scan and 
subsequent cyc l e s ,  a l l  i n  a ma t t e r  of 
seconds or l e s s ,  s i nce  t h e  t i m e  s c a l e  of 
t h e  experiment i s  e a s i l y  a d j u s t a b l e  over  
s e v e r a l  o rders  of magnitude by changing 
t h e  scan r a t e .  An example of t h e  
q u a l i t a t i v e  use of CV t o  e l u c i d a t e  an 
e l e c t r o d e  mechanism is  descr ibed  above f o r  
thyron ine  (Figure 6 . 3 ) .  

A c o l l e c t i o n  of CV Notes ha s  been 
provided with  the  CV-27 Voltammograph. 
These in t roduce  s eve ra l  p r a c t i c a l  
examples. 

6.3 Practical Considerations 

A convent ional  way t o  measure i is  by 
P 

e x t r a p o l a t i o n  of a  base l ine  c u r r e n t  a s  
shown i n  Figure 6.2. The es tab l i shment  of 
a c o r r e c t  base l ine  is important  f o r  t h e  
a c c u r a t e  measurement of peak c u r r e n t s .  
This is  not always easy, p a r t i c u l a r l y  f o r  
more complicated systems. An a l t e r n a t i v e  
method involves  ob ta in ing  a voltammogram 
of t he  support ing e l e c t r o l y t e  a lone  and 
us ing  t he  r e s idua l  cu r r en t  a t  t h e  
app rop r i a t e  p o t e n t i a l  a s  t h e  b a s e l i n e ,  

In most experiments, l i t t l e  a d d i t i o n a l  
informat ion i s  gained by cyc l i ng  t h e  
p o t e n t i a l  more than 2 o r  3 t imes.  

, A lowpass f i l t e r  i s  o f t e n  employed t o  
minimize unwanted no ise ,  However, 
f i l t e r i n g  must be done with  cau t i on  or 
d i s t o r t i o n  of t he  voltammogram may r e s u l t .  
Too l a r g e  a f i l t e r  time cons tan t  will 
cause a t t enua t i on  of the  peak cu r r en t  and 
an apparent s h i f t  i n  the peak p o t e n t i a l .  
The c r i t e r i o n  used to  r e l a t e  the  maximum 
time constant  [ R C ,  s] of the  f i l t e r  t o  a  
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given  scan r a t e  [ v ,  V / s ]  f o r  minimdl 
s i g n a l  d i s t o r t i o n  is :  

Following Equation 1  w i l l  cause less 
than  1% d i s t o r t i o n  a s  determined by Fouri-  
e r  Transf o m  Analysis .  

The c r i t e r i o n  was t e s t e d  with a  BAS 
CV-27 Voltammograph a t  t i m e  cons t an t s  of 
0.1 s and 0.001 s. According t o  Equation 
1, t h e  maximum scan r a t e  t h a t  may be used 
wi th  a  0.1 s  time cons tan t  i s  40 m V / s .  
Superimposed voltammograms f o r  t h e  r eve r s i -  
b l e  one-electron ox ida t ion  of f e r rocene  a t  
a  scan  r a t e  of 40 m V / s  obta ined w i th  each 
of t he  f i l t e r s  a r e  shown i n  F igure  1. The 
d a t a  show t h a t  t h e  peak he igh t  i s  s l i g h t l y  
a t t e n u a t e d  and the  peak p o t e n t i a l  i s  
s h i f t e d  a  few m i l l i v o l t s  wi th  t h e  0.1 s 
time cons t an t  f i l t e r .  The d i s t o r t i o n  i s  
i n s i g n i f i c a n t  f o r  most s t u d i e s .  

Voltammograms obtained at a  s can  r a t e  
of 100 m V / s  [Figure  21 w i th  each of t h e  
f i l t e r s  is  shown f o r  comparison. There 
a r e  s i g n i f i c a n t  d i f f e r e n c e s  between t h e  
voltammograms a t  100 m V / s ,  both i n  t h e  
peak c u r r e n t  and t he  peak p o t e n t i a l .  

The d a t a  demonstrate t h a t  adherence t o  
Equation 1 r e s u l t s  i n  voltammograms wi th  
maximum signal- to-noise  and minimal d i s t o r -  
t i o n .  The f u r t h e r  t he  dev i a t i on  from t h e  
cond i t i on  given by Equation 1, t h e  more 
pronounced the  d i s t o r t i o n  w i l l  be. 

The frequency response requirements  
must a l s o  be app l ied  t o  t he  record ing  
dev ice .  Scan r a t e s  of 10-200 m V / s  a r e  
t y p i c a l l y  used when the  recording dev i ce  
i s  an  X-Y recorder .  Fas te r  scan r a t e s  a r e  
pos s ib l e  with computer or o sc i l l o scope  
d i s p l a y s .  Scan r a t e s  g r e a t e r  t h a n  100 V/s 
a r e  gene ra l l y  imprac t ica l  because of iR 
drop and l a r g e  charging cu r r en t .  

POTENTIAL, v VS.  A ~ / A ~ C I  
Figure  6 . 3  

Cycl ic  Voltammogram of Thyronine a t  a  
g l a s s y  carbon e lec t rode .  

- 
A: 2e ox ida t i on  of thyronine producing - 

p-benzoquinone and t y ro s ine .  
B: ox ida t i on  of the  t y ro s ine  genera ted  - 

from thyronine.  
C: r educ t i on  of p-benzoquinone t o  - 

p-hydroquinone. 
D: Oxidat ion of p-hydroquinone produced - 

v i a  wave C (not p resen t  on i n i t i a l  
p o s i t i v e  s c a n ) .  
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Peak separa t ions  g r e a t e r  than 
pred ic ted  by e q u a t i o n  6 . 2 ,  58/n mV, a re  
t y p i c a l l y  caused by i R  drop due t o  h igh  
r e s i s t a n c e  between working and r e f e r e n c e  
e l e c t r o d e s .  This i s  e s p e c i a l l y  a  problem 
a t  f a s t  scan r a t e s  where i can be l a r g e  
and i n  non-aqueous s o l v e n t s  where R can be 
l a rge .  Also, slow heterogeneous e l e c t r o n  
exchange with the  e l e c t r o d e  can i n c r e a s e  
E . Thus, the  use of E t o  determine 

n  m e s t  be performed with  cag t ion .  - 
The i n i t i a l  p o t e n t i a l  f o r  a  voltam- 

mogram should be chosen  wi th  ca re .  It is 
important t o  s e l e c t  E, s o  t h a t  i t s  app l i -  
c a t i o n  does not i n i t i h t e  any e l e c t r o l y s i s  
of t he  spec ies  of i n t e r e s t .  For example, 
E, i n  Figure 6 . 3  i s  0.0 V ,  which does no t  
i k i t i a t e  oxidat ion of thyronine.  If  an E.  
of approximately +1.2 V had been used w i t h  
a  nega t ive  scan t o  0 V a s  the  forward 
scan ,  t he  app l i c a t i on  of E would have 

i caused immediate ox ida t i on  of thyron ine  
before  t h e  voltamogram was recorded. If 
t h i s  occurs unknown t o  t h e  exper imenter ,  
the  r e s u l t i n g  voltammogram can be 
considerably more d i f f i c u l t  t o  i n t e r p r e t .  
o f t e n  it i s  best  t o  measure t h e  open 
c i r c u i t  p o t e n t i a l  ( E ) ,  and s e l e c t  t h i s  
value a s  E.. Applicat ion of E should 

i then give &nly  a  b r i e f  c u r r e n t  s p i k e  t o  
charge t he  double l aye r .  A l a r g e  c u r r e n t  
t h a t  decays slowly i s  a  s u r e  i n d i c a t i o n  
t h a t  app l i c a t i on  of E ha s  caused 
e l e c t r o l y s i s .  i 

Always record a  c y c l i c  ~oltammogram on 
t he  solvent /support ing e l e c t r o l y t e  a l one  
t o  l o c a t e  the  p o t e n t i a l  window. This  
window is  usual ly  l i m i t e d  on t he  nega t i ve  
end by reduct ion of suppor t ing  e l e c t r o l y t e  
or solvent  and on the  p o s i t i v e  end by 
ox ida t ion  of support ing e l e c t r o l y t e ,  
so lven t ,  or of the  e l e c t r o d e  i t s e l f  
( e s p e c i a l l y  i n  the  case  of mercury). Any 
waves due to  e l e c t r o a c t i v e  i m p u r i t i e s ,  t h e  
formation of sur face  oxides on t he  
e l e c t r o d e ,  or d i s so lved  oxygen can be 
p o s i t i v e l y  i d e n t i f i e d  a s  such and no t  
mistakenly a t t r i b u t e d  t o  t he  compound of 
i n t e r e s t .  
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Section 6 -4 Typical Lnstdlation/Operation 

This s e c t i o n  describes a cyc l i c  
voltammetry experiment wi th  t h e  redox 
coup le  ferrocyanide/fesricyanide i n  
aqueous s o l u t i o n  a t  a  g l a s s y  carbon 
e l e c t r o d e .  

X a t e r i a l s  : 
Equipment: 

CV-27 Voltammograph 
C-1B C e l l  Stand 
GCE Glassy Carbon Working E l e c t r o d e  
RE- 1, Ag/AgCl Reference E l e c t r o d e  
RXY, Analog X-Y Recorder wi th  l e a d s  

Sample 
S o l u t i o n :  1.15 mM K4Fe(CN) i n  0.1 M KNO 

0.1 M KNO 6 3 

Make so lu? ions  immediately p r i o r  
t o  the  experiment.  

Procedure  : 
I n s t r u m e n t a t i o n  Set-up 

1. Connect t h e  "App E" o u t p u t  t o  t h e  
"Hi"  o r  "+" i n p u t  of t h e  X-axis 
of t h e  X-Y r ecorder .  

2. Connect a "Common" ou tpu t  t o  t h e  
Lo o r  "-" i n p u t  of t h e  X-axis on 
t h e  X-Y r ecorder .  

3 .  Connect "I out" t o  t h e  "Hi"  o r  "+" 
i n p u t  of t h e  Y-axis on t h e  X-Y 
r ecorder .  

4 .  Cennect a "common" output  t o  t h e  
"Lo" o r  "-" inpu t  of t h e  Y a x i s  on 
t h e  X-Y recorder .  

5. Se t  the  " F i l t e r "  swi tch  t o  t h e  
0.001 p o s i t i o n .  

6. F l i p  the  "I P o l a r i t y "  swi tch  t o  "+ 
rdn" p o s i t i o n .  

7 .  F l i p  t h e  "E P o l a r i t y "  swi tch  t o  
the 11-" p o s i t i o n .  

8. Plug t h e  C e l l  Lead cab le  i n t o  the  
CELL jack. 
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Zero the X and Y axis somewhere 
near the center of the paper using 
the zero position &id controls for 
each axis. Push the DIV switch to 
either cm or inch (depending on 
the divisions on your graph paper) 
and the X and Y axis range to 
0 .lV/division. 

Front Panel 

Turn the CELL MODE switch to the 
STBY position. 

Turn the POWER switch on. The red 
light in the switch will be 
illuminated. 

Turn the DISPLAY knob to "App E". 

Turn the FUNCTION knob to the El 
position and adjust the INITI~-E, 
El knob until the number in the 
display window shows -0.20 V. 

Following the operation sequence 
of step 3 and 4, adjust all other 
experimental parameters to the 
pre-set numbers as in Table 6.1. 

Turn the DISPLAY knob counterclock- 
wise to the Appl E. position. 

Push the DIRECTION toggle switch 
upward for positive scan. 

Set the GAIN switch to the 0.050 - 
mA/V position, 

Place the sample solution in the 
glass cell and mount this on the 
C-1B Cell Stand. 

Place the AgjAgCl reference and 
glassy carbon working electrodes 
through the cell top and into the 
solution. 
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Table 6.1 

T u n  Use t h i s  t o  set t h i s  
Display: - Control :  valve : 

A p p l E .  a )  FUNCTIONKnob 
t o  E l  

b)  INITIAL E ,  
El t o  -0.20 V 

+Lim E LIMIT, +Knob 
( o u t e r )  t o  W.80 V 

-Lim E LIMIT, -Knob 
( i n n e r )  t o  -0.40 V 

S c a n  Rate a)  SCAN v/s Rotary 
Switch t o  0.10 

b) SCAN RATE 
Knob t o  20 mV/s 
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11. Connect electrode leads: WHITE to 
reference; BLACK to working; EJA 
to mounted plat i n m  auxiliary 
electrode. 

12. Degas the solution for 5 - 15 
minutes. This operation has been 
substantially simplified with the 
C-1B Cell Stand which is 
recommended for all experiments in 
conjunction with the CV-27. 

The experiment: Make sure the X-Y 
recorder is On, Pen Up, and Record-Standby 
switch 

13. 

14. 

15. 

16. 

NOTE : 

in the Record position. 

Turn the F'LJNCTION knob to the HOLD 
position. 

Turn the CELL MODE knob to the 
CELL position. (The recorder pen - 
will jump to the initial potential 
selected on the X-axis and there 
will be a momentary current 
pulse. ) 

Put the recorder pen down. 

Turn the FUNCTION knob to the SCAN 
position. 

The recorder pen will start to 
move to the left (positive direc- 
tion) at the scan rate of 20 mV/s. 
Notice the current response for 
the ferrocyanide oxidation traced 
on the recorder paper. The scan 
will continue until it reaches the 
positive limit of 0.80 V where the 
potential scan is reversed. The 
scan is then continued in the 
negative direction until the 
negative limit of -0.40 V is 
reached. On this reverse scan a 
cathodic current should be 
observed which is due to the 
reduction of the ferricyanide 
generated on the initial scan. A 
cyclic voltammogram for the 
oxidation of ferrocyanide is shown 
in Figure 6.4 

Figure 6.4 
Cyclic Voltammogram of Ferrocyanide 
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17. A t  t h e  completion of the reverse  
scan,  l i f t  t h e  pen on the  recorder  
while tu rn ing  the ---- FUNCTION . --~. knob t o  
HOLD t o  s t o p  the  experiment. - 

18. Remove the  paper from the recorder  
and measure t h e  anodic  and 
ca thodic  peak cu r r en t  f o r  t h e  
o x i d a t i o n  of fe r rocyan ide  as 
i l l u s t r a t e d  i n  Figure  6.4 

19. Gently move t h e  working e l e c t r o d e  
up and down s e v e r a l  t i m e s .  Put  a 
new piece of paper i n  the recorder  
and repea t  s t e p s  13 t o  18 a t  scan 
r a t e s  of 50,  1 0 0 ,  200, 300, and 
400 mV/s. 

20. Ca l cu l a t e  and t abu l a t e  the  e l e c t r o -  
chemical d a t a  f o r  the  fe r rocyan ide  
ox ida t i on  a t  a g lassy  carbon 
e l ec t rode  as i n  Table 6.2 .  

21. p l o t  i vs. v1I2 .  A l i n e a r  p l o t  
shouldpee observed f o r  t h e  
ox ida t i on  of fe r rocyan ide  as shown 
i n  F igure  6.5. 

F igure  6.5 
Linear  dependency of peak c u r r e n t  on the 
square  root  of scan r a t e  f o r  t h e  
fe r rocyan ide  ox ida t ion  on a g l a s s y  carbon 
e l e c t r o d e .  
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7.1 Principles 

I n  chronoamperometry t h e  p o t e n t i a l  i s  
s tepped from an i n i t i a l  v a l u e ,  E. , t o  E , 
and t h e  accompan.ying c u r r e n t  i s  k c o r d e 5  
a s  a f u n c t i o n  of t i m e  f o r  an e l e c t r o d e  i.n 
an u n s t i r r e d  s o l u t i o n .  If t h e  p o t e n t i a l  
i s  then s tepped back t o  E a f t e r  t i m e  T ,  
the  technique i s  termed d & u b l e - p o t e n t i a l  
s t e p  chronoamperometry. A double  
p o t e n t i a l  s t e p  e x c i t a t i o n  s i g n a l  and a  
t y p i c a l  c u r r e n t  response a r e  shown i n  
F igures  7 .1  and 7 . 2 .  I n  a  t y p i c a l  
experiment the  p o t e n t i a l  is s tepped from a  
v a l u e  a t  which no redox p r o c e s s  occurs  a t  
t h e  e l e c t r o d e  (i = 0 )  t o  a  v a l u e  at  which 
a  d i f f u s i o n - c o n t r o l l e d  r e d u c t i o n  o r  
o x i d a t i o n  occurs .  T h i s  is i l l u s t r a t e d  on 
t h e  c y c l i c  voltammogram i n  F i g u r e  7.3, f o r  
a  s o l u t i o n  c o n t a i n i n g  - R. 

A s  shown i n  F i g u r e  7 . 3 ,  t h e  p o t e n t i a l  
s t e p  i n i t i a t e s  c u r r e n t ,  due t o  t h e  e l ~ c - ~  
t r o l y s i s  needed t o  change t h e  r a t i o  C /C 
t o  the  r a t i o  r e q u i r e d  by E . The curvene 
decays a s  t h e  e l e c t r o l y s i s S p r p c e e d s  t o  
d e p l e t e  the  s o l u t i o n  n e a r  t h e  e l e c t r o d e  of 
e l e c t r o a c t i v e  s p e c i e s .  Th i s  c u r r e n t  
response i s  d e s c r i b e d  by t h e  C o t t r e l l  
equa t ion  f o r  a  p l a n a r  e l e c t r o d e  

i = c u r r e n t ,  amperes 
n = number of e l e c t r o n s  per molecule ,  

eq/mol 
F = Faraday ' s  c o n s t a n t 2  96,485 C/eq 
A = e l e c t r o d e  a r e a ,  cm 3 
C = c o n c e n t r a t i o n  of 0, mol/cm 
D = d i f f u s i o n  c o e f f i c % n t  of 0 ,  cm / s  
t = t ime,  s 

F igure  7 . 3  
Cycl ic  voltammogram showing the  processes  
occur ing dur ing chronoamperometry. E = 
i n i t i a l  p o t e n t i a l  where no o x i d a t i o n  
o c c u r s ;  E = f i n a l  p o t e n t i a l  where 

f ox ida t ion  procedes a t  a  d i f f u s i o n  l i m i t e d  
r a t e .  

TIME 
Figure  7 .1  

E x c i t a t i o n  s i g n a l  f o r  double p o t e n t i a l  
s t e p  chronoamperometry. 

TlME 
Figure  7.2 

Chronoamperogram (cur ren t - t ime  response)  
f o r  double -po ten t ia l  s t e p  chronoampero- 
metry.  
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7.2 Typical Applications I 
Chronoamperometry i s  commonly used t o  

de te rmine  e l e c t r o d e  a r e a ,  A; d i f f u s i o n  
c o e f f i c i e n t ,  D;  and e l e c t r o n  s t o i c h i o m e t r y  
n. These p r z m e t e r s  a r ~ ~ d e t e r m i n e d  from - 
the  s l o p e  of an i vs.  t p l o t ,  i . e .  t h e  
C o t t r e l l  e q u a t i o n .  For example, t h e  
e f f e c t i v e  e l e c t r o c h e m i c a l  a r e a  of an 
e l e c t r o d e ,  A, can be determined by 
chronoamperometry on a  system3for which4: 
and - n  a r e  known, e.g. Fe (CN) /Fe(CN) 
i n  water .  Once A i s  known, t h a t  e l e c t g o d e  
can be used t o  measure v a l u e s  of 2 f o r  
o t h e r  redox coup les  f o r  which 3 is  known 
(perhaps  from t h i n - l a y e r  coulometry).  
Chronoamperometry i s  r a r e l y  used t o  
measure c o n c e n t r a t i o n ;  o t h e r  e l e c t r o -  
a n a l y t i c a l  t echn iques  have s u p e r i o r  
d e t e c t i o n  l i m i t s .  

5i The cons tancy  of i t  , a s  p r e d i c t e d  by 
t h e  C o t t r e l l  e q u a t i o n ,  i s  ve ry  u s e f u l  t o  
d e f i n e  t h e  "t ime window" in  which an 
e lec t rochemical .  system e x h i b i t s  t h e  
c h a r a c t e r i s t i c s  o f l p l a n a r  d i f f u s i o n .  A 
t y p i c a l  p l o t  of i tp  v s  t f o r  a  simple 
redox system w i t h  no chemical  complica- 
t i o n s  is shown i n  Figure  7.4. The nega- 
t i v e  d e v i a t i o n  observed a t  s h o r t  t imes i s  
o f t e n  r e p r e s e n t a t i v e  of t h e  time requ i red  
by t h e  p o t e n t i o s t a t  t o  charge  t h e  e lec-  
t r o d e  t o  E . The p o s i t i v e  d e v i a t i o n  a t  
long t i m e s S i s  t y p i c a l l y  caused by convec- 
t i o n  from s l i g h t  v i b r a t i o n s  o r  d e n s i t y  
g r a d i e n t s  nea r  the  e l e c t r o d e  s u r f a c e  when 
0 and R have d i f f e r e n t  d e n s i t i e s .  The - 
a p p r o x G a t i o n  of p l a n a r  d i f f u s i o n  f o r  
s p h e r i c a l  and c y l i n d r i c a l  e l e c t r o d e s  is 
l o s t  a t  s u f f i c i e n t l y  long t imes  ( t y p i c a l l y  
f o r  time g r e a t e r  than 1 second f o r  a 
Hanging Mercury Drop E l e c t r o d e ,  HMDE) . 

Typical Dewations 

A m '  \ - *@ 
I 

I 

TIME 

F i g u r e  7.4 
p l o t  of i tZ v s .  t f o r  chronoamperometry 
i l l u s t r a t i n g  "t ime window" f o r  c o n d i t i o n  

I 
of p l a n a r  d i f f u s i o n  f o r  an e lec t rochemica l  
system. 

7.3 PracticaJ. Considerations I 
A s  d e s c r i b e d  i n  S e c t i o n  7.0,  a c y c l i c  

voltammogram is u s u a l l y  recorded p r i o r  to  
t h e  chronoamperometry experiment.  Values 
f o r  E and E a r e  then chosen from the  

of 8 a n d  E on the  p o t e n t i a l  
a x i s .  In ord&g t o  re&e t h e  
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c o n c e n t r a t i o n  of e l e c t r o a c t i v e  s p e c i e s  a t  
t h e  e l t x t r o d e  sur i 'ace  t o  a v a l u e  
approaching z e r o ,  the  p o t e n t i a l  is  stepped 
a minimum of 100 mV beyond the  a p p r o p r i a t e  
v a l u e  of E on the  voltammogram. For the  
example i n P ~ i g u r e  7 .3 ,  E. would be a t  

1 l e a s t  1.00 mV p o s i t i v e  of B and E 100 mV 
n e g a t i v e  of E AlthoughP?OO mV f s  a 
rough p i d e l i %  f o r  a  minimum p o t e n t i a l  
s t e p  beyond E , v a l u e s  of 200 and 300 mV 
a r e  commonly esed t o  e n s u r e  t h e  cond i t ion  
of e s s e n t i a l l y  zero s u r f a c e  c o n c e n t r a t i o n  
of e l e c t r o a c t i v e  s p e c i e s  upon which 
Equation 7 .1  i s  based. However proximity 
t o  ano ther  redox couple  o r  t o  background 
c u r r e n t  can impose a  p r a c t i c a l  l i m i t a t i o n  
on the  magnitude of t h e  p o t e n t i a l  s t e p .  

Chronoamperograms a r e  u s u a l l y  recorded 
under i d e n t i c a l  c o n d i t i o n s  on support ing 
e l e c t r o l y t e  a lone .  The c o n t r i b u t i o n s  from 
charging and r e s i d u a l  c u r r e n t  can then be 
s u b t r a c t e d  from the  exper imental  
chronoamperogram t o  g i v e  a  "Faradaic" 
cur ren t - t ime  response f o r  t h e  
e l e c t r o a c t i v e  s p e c i e s .  

Between r e p e t i t i v e  experiments on the  
same s o l u t i o n ,  i n i t i a l  c o n d i t i o n s  should 
be r e e s t a b l i s h e d  by 30 s of s t i r r i n g  
followed by a  2 minute r e s t  per iod t o  
ensure  s o l u t i o n  quiesence.  
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This  s e c t i o n  d e s c r i b e s  a 
chronoamperometric experiment with 
f e r r o c y a n i d e .  Th is  i s  ,the same system a s  
s t u d i e d  by CV i n  S e c t i o n  6 . 3 .  

M a t e r i a l s :  s e e  S e c t i o n  6 . 3  except use an 
RY-T i . e .  t i m e  o r  s t r i p  c h a r t  recorder .  

Procedure 

1. Connect the  "I out" output  t o  the  
"Hi" o r  "+" i n p u t  of the  RY-T 
r e c o r d e r .  

2 .  Connect a "common" output t o  t h e  
I q o "  or It-" i npu t  of the  RYT 
r e c o r d e r .  

3 .  S e t  t h e  " F i l t e r "  switch t o  t h e  
0.001 p o s i t i o n .  

4.  S e t  t h e  "I P o l a r i t y "  swi tch t o  "+ 
rdn" . 

5. Turn on t h e  power switch of t h e  
RYT r e c o r d e r .  Set  t h e  time base 
knob t o  20 cm/rnin and the  v o l t a g e  
i n p u t  c o n t r o l  t o  t h e  CHECK 
p o s i t i o n .  Zero t h e  recorder  pen 
a t  the  p o s i t i o n  of one-tenth f u l l  
s c a l e  d e f l e c t i o n  on the  r i g h t .  
Reset  t h e  v o l t a g e  input  swi tch  t o  
1 v o l t  f u l l  s c a l e .  

' Fron t  Pane l  

1. Turn the  CELL MODE swi tch t o  the  
STBY p o s i t i o n  

2 .  Turn the  POWEK switch to  t h e  ON 
p o s i t i o n .  The red l i g h t  i n  the  ' 

s w i t c h  w i l l  be i l lumina ted .  

3. Turn the  DISPLAY knob to the  
"Appl. Etl  s e t t i n g .  

4 .  Turn the FUNCTION switch t o  E l  and 
a d j u s t  E l  t o  -0.20 V .  

5 .  Turn the FUNCTION switch t o  E2  and  
a d j u s t  E 2  t o  -0.70 V. 
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6. Reset  t h e  FUNCTION s w i t c h  t o  E l ,  

7. S e t  t h e  GAIN swi tch  t o  0.050 mA/V 
f u l l  scale. 

8. The sample s o l u t i o n  and t h e  c e l l  
s e t u p  a r e  t h e  same a s  i n  t h e  
c y c l i c  vol tammetr ic  exper iment .  
Degas t h e  s o l u t i o n  f o r  5-10 
minutes  wi th  n i t r o g e n  and make 
s u r e  no gas  bubbles adhere  t o  t h e  
s u r f  a c e  of t h e  working e l e c t r o d e .  

Experiment: Make s u r e  t h e  r e c o r d e r  i s  on, 
t h e  pen is up, and the c h a r t  is o f f .  

Turn t h e  CELL MODE knob t o  the 
CELL p o s i t i o n .  

Put t h e  r e c o r d e r  pen down and t u r n  
on the  CHART SPEED swi tch  of t h e  
RYT r e c o r d e r .  

Switch t h e  FUNCTION knob from E l  
t o  E2.  The recorder  pen w i l l  be 
immediately d e f l e c t e d  t o  t h e  l e f t .  
The c u r r e n t  s p i k e ,  due t o  t h e  
charg ing  of t h e  working e l e c t r o d e  
a s  i t s  p o t e n t i a l  i s  s tepped to  E2  
w i l l  be followed by a  slow c u r r e n t  
decay i n  accordance wi th  t h e  
d e p l e t i o n  of fe r rocyan ide  i o n s  
near  t h e  e l e c t r o d e  s u r f a c e .  A f t e r  
30 set .  s w i t c h  t h e  FUNCTION knob 
back t o  t h e  E l  p o s i t i o n .  

L i f t  t h e  recorder  pen, t u r n  o f f  
t h e  CHART SPEED swi tch  and t u r n  
t h e  CELL MODE swi tch  t o  STBY 
p o s i t i o n .  (The recorder  pen 
should immediately r e t u r n  t o  t h e  
p r e s e t  ze ro  p o s i t i o n ) .  F i g u r e  7.5 
(curve A) shows the  chronoam- 
peromerr ic  i vs.  time curve f o r  
t h e  o x i d a t i o n  of Eerrocyanide 
s o l u t i o n  a t  t h e  GC e l e c t r o d e .  

Disconnect the  c e l l  and e l e c t r o d e  
from t h e  c e l l  s t and .  Rinse  
t h e  whole set of a c c e s s o r i e s  
thoroughly with d i s t i l l e d  water 
b e f o r e  r e t u r n i n g  them to  the  c e l l  
stand . 

Figure  7.5 
Chronoamperometric c u r r e n t  vs. time curves  
on a  g l a s s y  carbon e l e c t r o d e .  X. = 0 ,  

i n a l  = 0.8 v o l t .  Curve A, O.Z'&I 
f6 r rocyan ide  i n  0.1 M K C 1  s o l u t i o n .  Curve 
B ,  suppor t ing  e l e c t r o l y t e  only. 
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P l a c e  0.1 M KNO s o l u t i o n  f r e e  of 
f e r r o c y a n i d e  i d s  i n  t h e  c e l l  and 
r e p e a t  s t e p s  8 t o  12. A c u r r e n t  
vs .  time chronoamperometric curve  
w i l l  be t r a c e d  on the  r e c o r d e r  f o r  
t h e  background as shown i n  F igure  
7 .5  (curve  B) . 
C a l c u l a t e  t h e  ne t  c u r r e n t  by 
s u b t r a c t i n g  t h e  background from 
t h e  sample c u r r e n t  a t  each- 
Tabu la te  t h e s e  i l?5t ,  t ,  t i 7 2  

a  S 
w e l l  a s  t h e  i t produced a s  
shown i n  Table  7.1 

P l o t  i v s .  t1I2 a s  i n  F igure  
7.6. E s f c u l a t e  t h e  s l o p e  and 
l i n e a r  c o r r e l a t i o n  c o e f f i c i e n t  of 
t h i s  cu rve .  

Using e q u a t i o n  7.1,  c a l c u l a t e  t h e  
e l e c t r o c h e m i c a l  a r e a  of t h e  g l a s s y  
c a r  on l e c t r o d e .  Use D = 0.63 x - 0 10 cm / s e e .  s 

Compare t h i s  number w i t h 2 t h e  
geomet r i c  a r e a  (0.071 cm ). 

Figure  7 , b 2  
C o t t r e l l  p l o t  ( i  vs.  t ) f o r  t h e  
o x i d a t i o n  of 0.2 mM f e r r o c y a n i d e  s o l u t i o n  
on a  g l a s s y  carbon e l e c t r o d e .  

Table  7.1 
Chronoamperometric d a t a  f o r  t h e  o x i d a t i o n  
of 0.2 mM f e r r o c y a n i d e  s o l u t i o n  on a  
g l a s s y  carbon e l e c t r o d e .  P o t e n t i a l  s t e p  - 
from E.  = 0 v o l t  to  E~~~~ = W.8 Vol t  
(VS A ~ ? & c ~ )  . 

TIME 
(set) 
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8.0 ChrsnocouPometry 

8.1 Principles 

Forward --. 
Step 

Reverse +- step 

Chronocoulometry is chronoamperometry i n  
which t h e  c u r r e n t  response  t o  t h e  
p o t e n t i a l  s t e p  e x c i t a t i o n  s i g n a l  (F igure  
7.1) i s  i n t e g r a t e d .  The monitored 
response  is now charge ,  Q. 

A t y p i c a l  chronocoulogram (Q vs .  t p l o t )  
f o r  a d o u b l e - p o t e n t i a l  s t e p  e x c i t a t i o n  
s i g n a l  i s  shown i n  F igure  8.1. The charge  
recorded a t  a  g iven  t i m e  i s  from t h r e e  
s o u r c e s  

F i g u r e  8.1 
Chronocoulogram f o r  doub le -po ten t i a l  s t e p  
. e x c i t a t i o n  s i g n a l .  Q = charge  f o r  
forward s t e p ,  Q = ch&rge f o r  r e v e r s e  
s t e p ,  T = d u r a t f o n  of p o t e n t i a l  s t e p .  

t o t a l  d i f f u s i n g  + adsorbed + double  l a y e r  
cha rge  component component c h a r g i n g  

8 -2 Typical Applications F i g u r e  8 .2  
'lot 9 v s *  t' f o r  ~ h r ~ n o c o ~ l ~ ~ ~ t ~ ~  

Chronocoulometry is used p r i m a r i l y  t o  equipment. 

de te rmine  s u r f a c e  c o n c e n t r a t i o n s  of 
e l e c  t r o a c t i v e  s p e c i e s  adsorbed on t h e  
e l e c t r o d e  from the  i n t e r c e p t  of t h e  p l o t  
i n  F i g u r e  8.2. The experiment i s  r e p e a t e d  
i n  a  s o l u t i o n  con ta in ing  only  suppor t ing  
e l e c t r o l y t e  i n  o rde r  to  o b t a i n  Q t h e  

d l  ' charge  f o r  t h e  nonFaradaic c u r r e n t  
r e q u i r e d  t o  change the  e l e c t r o d e  
p o t e n t i a l ,  Q i s  then s u b t r a c r s d  from 
t h e  charge- in$ercept  to  o b t a i n  Q from 

ads which t h e  s u r f a c e  c o n c e n t r a t i o n ,  ro, can 
be c a l c u l a t e d  . 

Q = 2nFAC D ' ti + nFAT' 
0 0 0 + Q d l  

(8.2) 

fl* 

where 7 = ~ u r f a c e ~ c o n c e n t r a t i o n  of 
adsorbe8 - 0 ,  rnol/cm and Q = double l a y e r  
cha rg ing ,  C ( o t h e r  terms, q i e n t i f i e d  i n  Eq. 

5 7 . 1 ) .  A p l o t  of Q vs .  t h a s  an i n t e r c e p t  
e q u a l  t o  nFAT + Q a s  shown i n  F i g u r e  
8.2 f o r  Q . cafflbe q l o t t e d  i~ an 

f analogous  manngr vs .  [ T  + ( t  -T)' - ti1 
where T i s  t h e  time of t h e  r e v e r s e  s t e p .  

Q ads' n FA ro 

I 
Qdl 

0 t 112 
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8.3 Practical Considerat$ons 

Since chronocoulometry is essentially 
chronoamperometry in which the current is 
integrated, the same general 
considerations described in Section 7 . 3  
apply to this technique. 

Additional consideration should be 
given to the selection of E. and E . For 
example, obtaining chrono~ohlo~ram~ for a 
series of E. values can give information 
regarding the variation in adsorption of 
electroactive reactant as a function of 
potential. Similar information can be 
obtained from Q from the reverse 
potential step ff E is varied. 

s 

Sufficient time for equilibration of 
adsorption should be allowed between 
repetitive experiments. 

The frequency response of the 
coulometer limits its application to 
experiment times greater than 100 ms. 

This section describes a 
chronocoulometry experiment with 
ferrocyanide. This is the same system as 
studied by CV in Section 6 . 3 .  

Materials: See section 6 . 3  except use an 
RY-T recorder. 

Procedure : 

Instrument Setup, The setup procedures for 
chronocoulometry are identical to those 
for chronoarnperometry except as follows: 

3. Connect " Q  out" to the "Hi" or "+" 
input of the Y-axis on the RY-T 
recorder, 

4. Connect a "Common" output to the 
"L~" or "-11 input of the Y-axis on 
the RY-T recorder. 
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1. Turn the  CELL MODE switch t o  t h e  
STBY p o s i t i o n  

2 .  F l i p  t h e  POWER switch t o  t he  ON 
p o s i t i o n .  The red l i g h t  i n  t h e  
sw i t ch  w i l l  be  i l lumina ted .  

3 .  Turn t he  DISPLAY knob t o  the  
11 Appl. E 

4.  Turn the  FUNCTION switch t o  E l  
and a d j u s t  t o  -0.20 V. 

5. Turn t he  FUNCTION switch t o  E2 
and a d j u s t  t o  -0.70 V. 

6 .  Reset  the  FUNCTION switch t o  E l .  

Turn t he  DISPLAY knob t o  read 
"Rec", set t h e  ga in  switch t o  
0.2 M / V ,  and t u rn  t he  
intc;gra.cor: recorder  range sw i t ch  
( ro tary)  QR. the back panel  t o  
p o s i t i m  A, The LED should 
d i s p l a y  0 . 2  mC a t  the  i n d i c a t o r  
"Rec"; 0,2 mC corresponds t o  t h e  
f u l l  s c a l e  recorder  d e f l e c t i o n  
f o r  charge.  

8. The sample s o l u t i o n  and the  c e l l  
s e tup  a r e  t h e  same a s  i n  the  
c y c l i c  voltammetric experiment. 
Degas t h e  s o l u t i o n  f o r  5-10 
minutes  wi th  n i t rogen  and make 
s u r e  no gas  bubbles adhere t o  
t h e  s u r f a c e  of t h e  working 
e l e c t r o d e .  

Experiment: Make s u r e  the  recorder  is on, 
the  pen is  up, and t h e  cha r t  speed o f f .  . 

9. Turn t he  CELL MODE knob t o  t h e  
CELL p o s i t i o n .  

10. Put t he  recorder  pen down and 
t u r n  on the CHART SPEED switch 
of t he  RY-T recorder .  

11. RESET t h e  i n t e g r a t o r  by 
momentarily pushing the  switch 
upward. 
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12. Switch the  FUNCTION knob from E l  
t o  E 2  while pushir,g down t h e  
i n t e g r a t o r  swi tch t o  record  t h e  
charge.  Be s u r e  both  o p e r a t i o n s  
a r e  synchronized.  The r e c o r d e r  
pen w i l l  r i s e  s lowly t o  t h e  l e f t .  
A t  t = 30 s e c  a f t e r  t h e  p o t e n t i a l  
s t e p ,  swi tch  t h e  FUNCTION knob 
back t o  the  E i  p o s i t i o n .  

13. L i f t  the  recorder  pen, t u r n  o f f  
t h e  CtIART SPEED and t u r n  t h e  CELL 
MODE knob to  the  - STBY p o s i t i o n .  
Reset t h e  i n t e g r a t o r  by pushing 
the  swi tch upward. (The r e c o r d e r  
pen should immediately r e t u r n  t o  
t h e  p r e s e t  zero p o s i t i o n . )  
F igure  8 .3  shows t h e  chronocoulo- 
m e t r i c  Q v s  t curve f o r  t h e  
o x i d a t i o n  of f e r r o c y a n i d e  a t  a GC 
e l e c t r o d e .  

14. Disconnect t h e  c e l l  and e l e c t r o d e  
from t h e  c e l l  s tand.  Thoroughly 
r i n s e  the  whole set of 
a c c e s s o r i e s  wi th  d i s t i l l e d  water 
b e f o r e  r e t u r n i n g  them t o  t h e  c e l l  
s t and .  

15. P lace  0.1 M KNO s o l u t i o n  f r e e  of 
fe r rocyan ide  io?s i n  t h e  c e l l  and 
r e p e a t  s t e p s  8 t o  12 .  A charge 
vs.  time chronocoulometric c u r v e  
w i l l  be t r aced  on t h e  r e c o r d e r  
f o r  t h e  e l e c t r o l y t e  on ly .  This  
i s  t h e  exper imental  background 
s i g n a l .  

16. Tabu la te  the  chronocoulometr ic  
d a t a  from t h e  experiments w i t h  
fe r rocyan ide  and pure e l e c t r o l y t e  
s o l u t i o n  a s  i n  Table  8.1. 

17. P l o t  Q v s  t1'2 curves  f o r  t h e  
forward s t e p s  of both  
fe r rocyan ide  and s u p p o r t i n g  
e l e c t r o l y t e  s o l u t i o n  on t h e  same 
graph paper. See the example i n  
F igure  8.4. Ca lcu la te  t h e  s l o p e  
from the Q v s  t curve f o r  f e r r o -  
cyanide ox ida t ion .  Neasure t h e  
double l a y e r  charge Q f r o m  t h e  
i n t e r c e p t .  d 1 

Figure  8 . 3  
Chronocoulometric, Q v s .  t ,  p l o t  f o r  the I 
o x i d a t i o n  of fe r rocyan ide  a t  g l a s s y  carbon 
e l e c t r o d e .  I 

Figure  8.4 
P l o t  of Q vs  t ;  Anson P l o t ,  of f e r r o -  
cyanide and e l e c t r o l y t e .  

I 
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T a b l e  8.1 Chronocoulometric Data f o r  t h e  Oxida t ion  of Ferrocyanide  
and E l e c t r o l y t e  at. a g l a s sy  carbon e l e c t r o d e .  P o t e n t i a l  
S t e p  from E = 0 Volt  t o  Efinal 0.8 Vol t  (VS. Ag/AgCl). 

t n  
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18. Using equation 8 .2 ,  c a l c u l a t e  the 
electrochemical area of the g l a s s y  
car ton  f l ec t rode .  Use D = 0.63 x 
10 cm /sec.  S 

19. Compare t h i s  number with t h a t  from 
the  chromoamperometric experiment. 
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9. P Principles 

S t r i p p i n g  voltammetry is commonly used 
f o r  t h e  t r a c e  de te rmina t ion  of e l e c t r o -  
a c t i v e  meta l s  because of i t s  e c e l l e q  -3 f 0 
detection l i m i t  ( t y p i c a l l y  iO - 10 - M ) .  

The s t r i p p i n g  voltammetry experiment !- 

c o n s i s t s  of two p a r t s .  During t h e  f i r s t  w z 
s t e p ,  t h e  a n a l y t e  i s  depos i t ed  a t  t h e  CE a 
e l e c t r o d e  by c o n t r o l l e d  p o t e n t i a l  e l e c -  
t r o l y s i s  i n  a s t i r r e d  s o l u t i o n .  T h i s  s t e p  

3 
s e r v e s  t o  e l e c t r o c h e m i c a l l y  " e x t r a c t "  
meta l  i o n s  from s o l u t i o n  and preconcen- 
t r a t e  them a t  t h e  e l e c t r o d e .  I n  t h e  c a s e  
of many meta l  i o n s ,  t h e  e l e c t r o l y s i s  
product  is t h e  e lemental  form, which is 
s o l u b l e  i n  mercury. Consequently, t h e s e  
a n a l y s e s  a r e  commonly performed wi th  a 
mercury f i l m  e l e c t r o d e  (MFE) o r  a hanging 
mercury drop e l e c t r o d e  (HMDE). A f t e r  a F igure  9.1 
s u f f i c i e n t  amount of a n a l y t e  has  been Anodic s t r i p p i n g  vot$amogram f o r  
d e p o s i t e d  a t  t h e  e l e c t r o d e ,  t h e  s t i r r i n g  de te rmina t ion  of ~b . 
is switched o f f .  The p o t e n t i a l  of t h e  
e l e c t r o d e  is t h e n  scanned so  t h a t  t h e  
depos i t ed  m e t a l s  a r e  e l e c t r o l y z e d  from t h e  
mercury e l e c t r o d e ,  i . e . ,  s t r i p p e d  from t h e  
e l e c t r o d e .  Th is  experiment is i l l u s t r a t e d  
i n  Figurf+9.l  f o r  the de te rmina t ion  of 
l e a d  (Pb ). I n  t h i s  case  t h e  p o t e n t i a l  
i s  scanned i n  t h e  p o s i t i v e  d i r e c t i o n ,  
which produces anodic  c u r r e n t  when Pb is 
s t r i p p e d ,  and t h e  technique is termed 
"anodic s t r i p p i n g  vp)tammetryl' (ASV) . The 
c o n c e n t r a t i o n  of Pb i n  t h e  sample can be 
determined by means of a s t andard  curve  of 
i vs .  C 2+ from a s e r i e s  of s t a n d a r d s  o r  
D Pb 

by means of s t andard  a d d i t i o n  t echn iques .  
s e v e r a l  meta l s  can be determined simul- 
t aneous ly ,  i f  the  peak p o t e n t i a l s  of t h e i r  
s t r i p p i n g  waves a r e  s u f f i c i e n t l y  reso lved .  
I n  "ca thod ic  s t r i p p i n g  voltammetry" (CSV) 
t h e  depos i t ed  a n a l y t e  is s t r i p p e d  by means 
of a n e g a t i v e  p o t e n t i a l  scan which g i v e s  a 
c a t h o d i c  c u r r e n t  peak. 
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9.2. Typical Applications 

A S V  is commonly used f o r  t h e  d e t e r -  
mina t ion  of metal  i o n s  a t  t h e  t r a c e  l e v e l .  
The de te rmina t ion  of l e a d  ( e s p e c i a l l y  l e a d  
i n  blood) and cadmium a r e  perhaps t h e  most 
widespread a p p l i c a t i o n s .  Other commonly 
determined meta l s  a r e  B i ,  Cu, Ga, I n ,  Sn, 
T1, Zn, Sb, Ag. ASV has  been used exten- 
s i v e l y  f o r  the a n a l y s i s  of environmental  
samples such a s  water from numerous 
sources .  A more r e c e n t  a p p l i c a t i o n  i n  
f o r e n s i c  chemistry i s  t h e  d e t e c t i o n  of 
f i r e a r m  d i scharge  r e s i d u e s  by t h e  d e t e r -  
minat ion of Sb and Pb. 

CSV procedures  have been devglopgd f o r  
a2_"umbe$-of anio?? (e.g. C1 , B i  , I , 
S , Se , CrO , o x a l a t e )  t h a t  can  be 
p reconcen t ra te% a s  i n s o l u b l e  s a l t s  a t  Hg 
and Ag e l e c t r o d e s .  

9.3 Practical Considerations 

A g e n e r a l  procedure f o r  a n a l y s i s  by 
s t r i p p i n g  voltammetry is  o u t l i n e d  below. 

( a )  Deoxygenate sample/support ing 
e l e c t r o l y t e  i n  t h e  c e l l  wi th  
so lven t - sa tu ra ted  n i t r o g e n  by 
bubbling f o r  5-10 minutes.  

(b )  Diver t  n i t r o g e n  over s o l u t i o n  t o  
blanket  c e l l .  

( c )  Ac t iva te  s t i r r i n g  and apply  
d e p o s i t i o n  p o t e n t i a l  f o r  a 
c a r e f u l l y  measured t ime i n t e r v a l .  

(d)  Switch off  s t i r r i n g  and a l l o w  
convection t o  cease  dur ing  a r e s t  
per iod ( t y p i c a l l y  10 t o  60 s). 

( e )  Act iva te  p o t e n t i a l  scan f o r  
s t r i p p i n g  and record voltammogram. 

It i s  important t o  reproduce parameters  
such a s  d e p o s i t i o n  t ime,  s t i r r i n g  r a t e ,  
r e s t  time, scan r a t e ,  and e l e c t r o d e  a r e a  a s  
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c a r e f u l l y  an pos s ib l e  f o r  a s e r i e s  of 
meastnremerits. This ensures  t h a t  the same 
f r a c t i o n  of sample is deposi ted a t  t h e  
e l e c t r o d e  f o r  a l l  s tandards  and samples. 

A s  wi th  a l l  a n a l y t i c a l  methods t h a t  
are capable  of a n a l y s i s  a t  t h e  t r a c e  
l e v e l ,  contaminat ion of the  sample must be 
avoided. A t  low d e t e c t i o n  l e v e l s  
s t r i n g e n t  c lean ing  of c e l l  components and 
a l l  g lassware  used f o r  sample p r epa ra t i on  
is necessary.  P r e - e l ec t ro ly s i s  of 
suppor t ing  e l e c t r o l y t e  used t o  prepare  
samples and s tandards  is u sua l l y  necessary 
t o  lower t h e  background l e v e l  of meta l s  
f o r  t r a c e  a n a l y s i s .  

Lower d e t e c t i o n  l e v e l s  a r e  achieved by 
longer  depos i t i on  times t h a t  enhance 
preconcen t ra t ion .  In  gene ra l ,  a  longer  
depos i t i on  time i s  required f o r  t he  HMDE 
compared t o  t he  MFE t o  achieve a  given 
d e t e c t i o n  l e v e l .  

Anodic s t r i p p i n g  voltammetry w i l l  be 
i l l u s t r a t e d  i n  th i s2$ec t ion  3qr the  
de te rmina t ion  of Pb and Cd . An 
advan2gd experiment f o r  t he  de te rmina t ion  
of Pb i n  human h a i r  i s  a l s o  descr ibed.  

M a t e r i a l s  

Equipment: CV-27 Voltammograph 

C-1B C e l l  Stand (This appara- 
t u s  is s t rong ly  recommended 
f o r  t h i s  experiment a s  i t  has  
s p e c i f i c a l l y  t a i l o r e d  
degassing/blanket ing and 
s t i r r i n g  i n  i t s  des ign) .  

GCE, Glassy Cabon Working Elec- 
t r ode .  

RE-1, %/Age1 Reference Elec- 
t rode.  

RX-Y, Analog X-Y Recorder with 
l e a d s .  
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A t iming d e v i c e  

Volumetric f l a s k  
100 mL 

Sample S o l u t i o n s  : 

2+ 
1. 0.015 M Hg s t o c k  s o l u t i o n :  Disso lve  

0.3 g  of t r i p l e  d i s t i l l e d  mercury w i t h  
s e v e r a l  drops  of concen t ra ted  n i t r i c  
a c i d  ( i n  t h e  HOOD) and d i l u t e  i t  t o  
100 m l  with  d i s t i l l e d  water .  

2+ 
2. 1 x 1 0 ' ~  M Hg /0.1 M KN03 s o l u t i o n :  D i l u t e  6 .7  

m l  of s t o c k  H ~ ~ +  s o l u t i o n  w i t h  about  

900 mL of H 0. Add 10.1 g of KNO and 
2  d i l u t e  t o  1.0 L. 3  

3 .  25 ppm s tandard  Pb2+ ~ o l u t i o q t  D i l u t e  
2.5 m l  of F i s h e r  s t andard  Pb solu- 
t i o n  (1000 pprn) t o  100 nil w i t h  0.001 M 2+ 
HNO, s o l u t i o n .  Repeat f o r  t h e  25 ppm Cd 
s o l d t  ion.  

4. 25 ppm s tandard  cd2+ s o l u t i o q +  D i l u t e  
2.5 m l  of' F i s h e r  s t andard  Cd 
s o l u t i o n  (1000 ppm) t o  100 add wi th  
0.001 M mo3. 

2 + 
5. 400 ppb s t andard  Pb /Cd2+ so lu f$on :  

D i l u t e  400 u l  each of 25 ppm Pb and 

25 ppm cdZf t o  25 m l  with  1 x 1 0 ' ~  H 
2+ 

Hg 10.1 M KNO s o l u t i o n .  
3 

Procedure:  

Ins t rument  Set-up : Connect the  CV-27 
voltammograph t o  a n  X-Y r ecorder  i n  t h e  
same manner a s  desc r ibed  i n  S e c t i o n  6 .3  
f o r  c y c l i c  voltammetry. 

Front  Pane l  

1. Follow the  same sequence (Steps 1 t o  
7 )  a s  desc r ibed  i n  S e c t i o n  6.3 
a d j u s t i n g  the  exer imenta l  parameters 
a s  shown i n  Table  9.1. 

2 .  Turn the  G A I N  s e t t i n g  to  t h e  0.020 
mA/V  p o s i 5  

Table  9.1 Experimental  Condi t ions  f o r  t h e  
ASV of Lead and Cadmium. I 

DISPLAY Cont ro l s  Pre-Set Number 

Appl E. a )  FUNCTION Switch 
t o  E l  

b)  INITIAL E ,  El 
Knob t o  -1.00 

+L M E LIMIT, + Knob -0.1 V 
( o u t s i d e )  to  

-LIM E L P I I T ,  - Knob -1.20 v 
( i n s i d e  ) 

I 
Scan Rate a )  SCAN v / s  swi tch  

. - 

t o  0.10 
b )  SCAN RAE Knob 

t o  5 m V / s  I 
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rly+e the sample s o l u t i o n  of pb2+ and 
Cd (40C ppb e .g . )  and a s t i r r i n g  bar  
i n  t h e  g l a s s  c e l l  and mount t h i s  onto 
t h e  C-1B Cel l  Stand. 

Place the  ~ g l ~ g c 1  r e f e r ence  and g l a s sy  
carbon working e l e c t r o d e s  through t h e  
c e l l  top and i n t o  the -  s o l u t i o n .  

Connect e l e c t r o d e  l e a d s  : WHITE t o  
r e f e r ence ;  BLACK to  working; RED t o  - 
platinum a u x i l i a r y  e l e c t rode .  

Degas the  s o l u t i o n  f o r  5-15 minutes.  
This  ope ra t i on  has been s u b s t a n t i a l l y  
s i m p l i f i e d  with t he  C-1B Ce l l  Stand 
which i s  recommended f o r  a l l  
experiments i n  con junc t ion  wi th  t he  
CV-27. 

Stop degassing.  Note: The C-1B 
au toma t i ca l l y  b lanke ts  t he  s o l u t i o n  
w i th  a n i t r ogen  atmosphere. Turn on 
t h e  magnetic s t i r r e r .  Remember t h a t  
t h e  s t i r r i n g  speed must be cons t an t  
throughout a l l  experiments.  

Turn t he  CELL MODE knob t o  t he  
p o s i t i o n  whi le  s imul taneously  s t a r t i n g  
t h e  t imer.  

A t  t h e  end of the  depos i t i on  time ( t  
= 240 s ec  i n  t h i s  c a s e ) ,  s t o p  t h e  d' 

s t i r r i n g .  Put down the  recorder  pen 
and wait  f o r  t he  s o l u t i o n  t o  become 
s t a t i o n a r y  ( t h i s  i s  t h e  q u i e t  t ime, t 
= 60 s e c ) .  4 

10. A t  t h e  end of t , t u r n  the  FUNCTION 
knob t o  the  S C ~  p o s i t i o n .  

Note: 1 )  The recorder  pen w i l l  s lowly 
move t o  the  l e f t  a t  a scan r a t e  of 5 
mV/sec. S t r i pp ing  peaks w i l l  appear a t  E 
= &.65 andZ70.45 Volt vs .  Ag/AgCl f o r  
Cd and Pb r e spec t i ve ly .  An a c t u a l  
anodic s t r i p p i n g  voltammogram i s  shown i n  
Figure  9.2.  2) The S V  exper imental  
parameters a r e  summarized i n  Table  9.2 f o r  
r e f e r ence .  

Figure  9.2 

Anodic Stripping Voltammetry of 400ppb 

Fb2+and cd2; td = 240 sec. , tq = 60 sec. 
0.144 KN03 and [ ~ g ~ + ]  = 0, lmM 

Table 9.2  S t r i pp ing  Voltammetric 
Parameters.  

S t r i pp ing  Voltammetric Parameters 

= -1.0 v 
Edepos i t i on  

t = 240 s e c  (manually timed) 
d 

t q  = 60 sec (manually timed) 

Scan r a t e  = S m a ' s  

Figure  9.3 
Ca l i b r a t i on  curves f o r  the  ASV 
de te rmina t ion  of l ead  and cadmium. 
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11. A t  the  end of t h e  p o t e n t i a l  scan ,  l i f t  
t h e  recorder  pen, t u r n  on t h e  magnetic 
s t i r r e r  and switch t h e  FUNCTION knob 
t o  E2. This i s  preqe t  a t  +1.0 V t o  
s t r i p  a l l  of t h e  H~~~ and o the r  
adsorbed s p e c i e s  from t h e  GC 
e l e c t r o d e .  

12. Repeat the  ASV e x p e r i m q ~ t  (s tep2$ t o  
11)  f o r  a  s e r i e s  of Pb and Cd 
mixtures  wi th  50, 100, 200 and 600 ppb 
concen t ra t ions .  

13. For each sample s o l u t i o n  measure2$he 
peak he igh t s ,  i , f o r  PbZ+ and Cd a s  
i l l u s t r a t e d  i n  P igu re  9.2. 

2+ 
14. Pie$ i vs.  concen t r a t i on  f o r  Pb and 

Cd (Pn ppb) as shown i n  Figure  9.3. 

Honor Experiment: Th is  appendix i s  
included f o r  those  who want f u r t h e r  
p r a c t i c e  i n  anodic s t r i p p i n g  voltammetry. 
The sample is human h a i r ,  d i ge s t ed  with  
concen t ra ted  n i t r i c  a c i d  p r i o r  t o  the  ASV 
ana ly s i s .  The procedure i s  simple and can 
be repeated i n  any l a b o r a t o r y  with  minimum 
f a c i l i t i e s .  Quan t i t a t i on  is by t h e  method 

s tandard  add i t i ons .  

Weigh a  0.2 g h a i r  sample i n t o  a  25 m l  
beaker.  

De l iver  1  ml of concen t ra ted  HNO wi th  
3 a d i sposab le  p ipe t  t o  t h e  beaker and 

cover i t  with  an evapora t ing  d i sh .  

On a  hot p l a t e ,  s lowly h e a t  t h e  beaker 
( I N  THE HOOD) u n t i l  a l l  of t h e  h a i r  
sample i s  d i s so lved .  Continue to  warm 
t h e  s o l u t i o n  to  evapora te  t o  a  
res idue .  

Redissolve the  r e s idue  with 1 m l  of 
d i l u t e  HNO s o l u t i o n  (0.1% V / V )  and 
pour the  s a l u t i o n  i n t o  a  100 ml 
volumetr ic  f l a s k .  Ca re fu l l y  r i n s e  t h e  
beaker with d i s t i l l e d  water and 
t r a n s f e r  the r i n s e  s o l u t i o n  i n t o  the  
f l a s k .  Di lute  t o  t h e  100 m l  mark. 
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5. T r a n s f e r  1 m l  of s o l u t i o n  4 t o  a  25  m l  
volumetr ic  f l a s k  and d i l u t e  it  t o  t h e  
mark wi th  the  suppor t ing  gtectrot.re 
(0.1 M KNO wi th  1.0 x 10 M Hg 

3 
6. P i p e t t e  10 m l  of t h e  sample a l i q u o t  t o  

t h e  voltammetric c e l l .  On a  po l i shed  
g l a s s y  carbon e l e c t r o d e ,  perf0i.m 
anodic  s t r i p p i n g  voltammetry a s  
desc r ibed  i n  the  previous  s e c t i o n .  
Condi t ions:  E =, -1.0 V f o r  
240 s e c ;  scan dfP!?S8fg& t o  -0.10 V. 

7 .  From working s t a n d a r d s ,  add known 
amounts of Pb and Cd using a p p r o p r i a t e  
s y r i n g e s  t o  the  sample s o l u t i o n .  The 
volumes should be s u f f i c i e n t  t o  
genera te  peak h e i g h t s  about  double  
t h o s e  of run  # 6 .  

J ,  I 
8. Repeat procedure 7 w i t h  2 more 400 200 o ZOO U)C) 600 

a d d i t i o n s  of working s tandard  s o l u t i o n  ppb ~ b - o d ~  

t o  the  same sample s o l u t i o n .  
9. For each a n a l y t e ,  p l o t  t h e  peak h e i g h t  F i g u r e  9.4 

(uA) on the  y-axis ve rsus  added Standard a d d i t i o n  curve f o r  the  S V  
c o n c e n t r a t i o n  on t h e  x-axis. Be de te rmina t ion  of l e a d .  
c e r t a i n  t o  include the  d i l u t i o n  f a c t o r  
when computing t h e  c o n c e n t r a t i o n  
added. 

10. Ex t rapo la te  the l i n e a r  p l o t  of peak 
he igh t  vs .  concen t ra t ion  added t o  the 
x-axis i n t e r c e p t  t o  determine t h e  
c o n c e n t r a t i o n  of  a n a l y t e  i n  t h e  
o r i g i n a l  sample a l i q u o t .  Th i s  is  
shown i n  Figure  9.4 
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10-1 Principles 

I n  t h i s  technique t h e  a n a l y t e  is 
complete ly  e l e c t r o l y z e d  by a p p l y i n g  a  
f i x e d  p o t e n t i a l  t o  an e l e c t r o d e .  The 
s o l u t i o n  i s  s t i r r e d  and t h e  e l e c t r o d e  
u s u a l l y  has a  l a r g e  s u r f a c e  a r e a  t o  
minimize e l e c t r o l y s i s  t ime.  The c u r r e n t  
(F igure  10.1)  is i n t e g r a t e d  d u r i n g  t h e  
course  of t h e  exper iments .  When t h e  
e l e c t r o l y s i s  of sample i s  100% complete ,  
t h e  t o t a l  charge  i s  used t o  c a l c u l a t e  the 
amount of m a t e r i a l  e l e c t r o l y z e d  by means 
of Faraday 's  Law: 

where, 

Q = c h a r g e ,  coulombs (C) 
F = Faraday ' s  number, 96,485 coulombs/ 

e q u i v a l e n t  (C/ eq)  
n = e q u i v a l e n t s / m o l e ,  (eq/mol) ,  i . e . ,  

t h e  number of e l e c t r o n s  
t r a n s f e r r e d  per  molecule  o r  i o n .  

TIME 

F i g u r e  10.1 
Current-t ime and charge-time response  f o r  
c o n t r o l l e d - p o t e n t i a l  e l e c t r o l y s i s .  

10.2 Typical Applications 

Cont ro l l ed  p o t e n t i a l  e l e c t r o l y s i s  i s  
a l s o  commonly used f o r  the  e l e c t r o c h e m i c a l  
s y n t h e s i s  of compounds on a p r e p a r a t i v e  
s c a l e .  

Con t ro l l ed  p o t e n t i a l  a n a l y s i s  is  known 
a s  an  a n a l y t i c a l  technique w i t h  e x c e l l e n t  
p r e c i s i o n  and accuracy f o r  a s s a y s ,  r a t h e r  
than a s  a  method f o r  t r a c e  a n a l y s i s .  

Con t ro l l ed  p o t e n t i a l  e l e c t r o l y s i s  i n  a 
t h i n - l a y e r  c e l l  ( t y p i c a l l y  r e f e r r e d  t o  a s  
t h i n - l a y e r  coulometry) is commonly used a s  
a quick means of e s t a b l i s h i n g  n-values.  
E l e c t r o l y s i s  t imes on t h e  o r d e r  of a  few 
minutes  a r e  t y p i c a l  of t h i n - l a y e r  c e l l s  
t h a t  a r e  u s u a l l y  l e s s  than  0 .2  mm t h i c k  
and c o n t a i n  l e s s  than 100 uL of s o l u t i o n .  
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10.3 Practical Considerations 

S e l e c t i v i t y  f o r  t h i s  technique can be 
ach ieved  by j u d i c i o u s  cho ice  of t h e  
d e p o s i t i o n  p o t e n t i a l ,  A voltammogram 
performed on t h e  sample w i l l  show where 
e l e ~ ~ r o a c t i v e  components r educe /ox id ize .  
For example, a c y c l i c  voltammogram wi th  a 
mic ro -e lec t rode  can  be u s e f u l  f o r  
de te rmin ing  t h e  optimum p o t e n t i a l  f o r  
e l e c t r o l y s i s .  

The c o n d i t i o n  of 100% e l e c t r o l y s i s  is  W A  R 
u s u a l l y  achieved when t h e  c u r r e n t  has  
dropped t o  a r e s i d u a l  l e v e l .  

E l e c t r o l y s i s  t ime can be minimized by 
e f f i c i e n t  s t i r r i n g  and a  l a rge -a rea  
working e l e c t r o d e .  For example, a pool of 
mercury i n  t h e  bottom of t h e  e l e c t r o l y s i s  
c e l l  g i v e s  a  l a r g e  s u r f a c e  a r e a  f o r  t h i s  
e l e c t r o d e .  

The a u x i l i a r y  e l e c t r o d e  must be 
i s o l a t e d  from t h e  sample compartment of 
t h e  c e l l  i n  a complete e l e c t r o l y s i s  
exper iment .  T h i s  procedure p reven t s  
s p e c i e s  t h a t  a r e  e l e c t r o g e n e r a t e d  a t  t h e  
a u x i l i a r y  e l e c t r o d e  from i n t e r f e r i n g  wi th  F i g u r e  10.2 
e l e c t r o l y s i s  of t h e  sample a t  t h e  working Typical c e l l  f o r  bulk e l e c t r o l y s i s ,  
e l e c t r o d e .  

An i d e n t i c a l  experiment performed on 
s u p p o r t i n g  e l e c t r o l y t e  a l o n e  enab les  a  
c o r r e c t i o n  f o r  background charge  t o  be 
made. 

M a t e r i a l s :  
Equipment: s e e  S e c t i o n  8.4 

Procedure:  
I n s t r u m e n t a t i o n  Set-up 

S tep  1. Set-up a s  i n  Sec t ion  8.4 

S tep  2. Se t  E 2  t o  t h e  e l e c t r o l y s i s  
p o t e n t i a l  

S tep  3 .  Set  E l  t o  the  i n i t i a l  p o t e n t i a l  

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



S t e p  4.  Turn the  D i s p l a y  knob t o  "1 Out" 

S t e p  5. Turn the Cell Mode knob t o  "Cell"  

S t e p  6. To i n i t a t e  e l e c t r o l y s i s  t u r n  
Func t ion  knob from E l  t o  E2  and 
push down t h e  Coulometer swi tch .  
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1 1.. 1 Principles 

I n  amperometry, t h e  p o t e n t i a l  of t h e  
working e l e c t r o d e  is h e l d  a t  a  c o n s t a n t  
~ ~ a l u e  and t h e  r e s u l t i n g  c u r r e n t  i s  
measured. The e l e c t r o d e s  a r e  u s u a l l y  i n  a  
s t i r r e d  o r  f lowing  s o l u t i o n .  A n a l y t i c a l  
d e t e r m i n a t i o n s  a r e  made from t h e  c u r r e n t ,  
which i s  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  
of e l e c t r o a c t i v e  s p e c i e s .  Usual ly ,  t h e  
p o t e n t i a l  i s  h e l d  on t h e  l i m i t i n g  c u r r e n t  
r eg ion  of t h e  e l e c t r o a c t i v e  s p e c i e s  of 
i n t e r e s t .  For exayq le ,  a hydrodynamic 
voltammogram of Pb i s  shown i n  F i g u r e  
11.1. Such a  v o l  tammogram i s  obrained by 
scanning t h e  p o t f p t i a l .  The voltammogram 
p l a t e a u s  when Pb i s  reduced a s  r a p i d l y  
a s  i t  i s  t r a n s p o r t e d  t o  t h e  e l e c t r o d e  
s u r f a c e .  The r e s u l t i n g  c u r r e n t  i s  termed 
t h e  l t q i t i n g  c u r r e n t ,  i . C o n c e n t r a t i o n s  
of Pb i n  unknown sampkes can be 
determined by means of t h e  s t andard  curve  
shown i n  F igure  11.2. A l t e r n a t i v e l y ,  t h e  
c o n c e n t r a t i o n  can be determined through a  
t i t r a t i o n .  

11.2 Typical Applications 

Arnperometry i s  now commonly used a s  a  
means of d e t e c t i o n  f o r  f low i n j e c t i o n  
a n a l y s i s  (FIA) and l i q u i d  chromatography. 
I n  t h e s e  t e c h n i q u e s ,  t h e  sample i s  
i n j e c t e d  i n t o  a flowing s t ream of e l e c t r o -  
l y t e ,  and a  c u r r e n t  peak is recorded a s  i t  
passes  through t h e  e l e c t r o c h e m i c a l  c e l l .  

Amperometry can a l s o  be used f o r  
end-point  d e t e c t i o n  i n  a  t i t r a t i o n  
(amperometric t i t r a t i o n ) .  For e x f ~ p l e ,  
t h e  p r e c i p i t 2 t i o n  - t i t r a t i o n  of Pb w i t h  a  
s t a n d a r d  SO s o l u t i o n .  

4 

can be monitored by applying a  p o t e n t i a l  
such t h a t  t h e  d e c r e a s e  i n  C 2+ i s  

pb fol lowed.  A t i t r a t i o n  curve such a s  t h a t  
shown i n  F igure  11.3 i s  obta ined.  

i 
POTENTIAL E a ~ ~  

F i g u r e  11.1 2+ 
Hydrodynamic voltammogram of Pb showing 
l i m i t i n g  c u r r e n t  i 

L* 

c ~ b "  
F i g u r e  11.2 

S tandard  curve  ob ta ined  a t  E i n  F igure  
11.1. aPP 

F igure  11.3 
Amperometric t i t r a t i o n  of pb2' . i th ~ r 0 ' -  

4 t i t r a n t .  
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11.3 Practical Cousiderations 

An important  c o n s i d e r a t i o n  i n  t h e  
s u c c e s s f u l  implementation of amperometry 
i s  t h e  s e l e c t i o n  of E so t h a t  the  
s p e c i e s  of i n t e r e s t  i$p8!5nitored w i t h  
optimum s e l e c t i v i t y  .and c u r r e n t  
s e n s i t i v i t y .  The s e l e c t i o n  of E i s  
b e s t  done by c o n s i d e r i n g  voltamm8@ams 
(such a s  shown i n  Figure  11.1) t h a t  have 
been ob ta ined  wi th  a p o t e n t i a l  i n  t h e  
l i m i t i n g  c u r r e n t  region.  

E lec t rochemica l  d e t e c t i o n  with F I A  and 
l i q u i d  chromatography is capable  of 
d e t e r m i n a t i o n s  a t  t h e  picogram l e v e l .  
Consequent1 y , t h e  c u r r e n t  responses can be 
i n  t h e  nanoampere range. The CV-27 i s  no t  
des igned f o r  the measurement of such low 
c u r r e n t s .  Other ins t rumenta t ion  has been 
developed by BAS (LC-4B and LC-3A) 
s p e c i f i c a l l y  f o r  t h i s  a p p l i c a t i o n .  

In  i t s  conven t iona l  and/ or  most common 
form, t h e  amperometric t i t r a t i o n  c o n s i s t s  
of a p o l a r i z a b l e  microelect rode e.g. a 
p la t inum f l a g  i n  combination wi th  a l a r g e  
non-polar izable  r e f e r e n c e  e l e c t r o d e .  A 
c o n s t a n t  p o t e n t i a l  is impressed a c r o s s  t h e  
i n d i c a t i n g  system such t h a t  i t  i s  on t h e  
d i f f u s i o n  c u r r e n t  p lea tau  f o r  e i t h e r  t h e  
t i t r a n t ,  r e a c t a n t  o r  both.  The t i t r a t i o n  
experiment is  measuring the  c u r r e n t  a s  a 
f u n c t i o n  of the  volume of t i t r a n t .  

With i t s  t h r e e  e l e c t r o d e  configura- 
t i o n ,  the  CV-27 voltammograph i s  a 
s u i t a b l e  c o n t r o l l e r  f o r  t h i s  a p p l i c a t i o n .  
This  w i l l  be i l l u s t r a t e d  wi th  t h e  
t i t r a t i o n  of f e r r o u s  ion using the  c e r i c  
ion  a s  the  t i t r a n t .  

Equipment and M a t e r i a l s  

1. CV-27 Vol tammograh 
2. C-1B C e l l  Stand 
3. 50 mL b u r e t  2 
4 .  Plat inum f l a g  e l e c t r o d e  (2 cm i n  

a r e a )  sea led  i n  a g l a s s  tube.  
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5. A two-compartment electrochemi.ca1 
c e l l  (75 mL) separa ted  w i t h  a 
f r i t t e d  d i s k .  

6. 0.025 M f e r r o u s  ammonium s u l f a t e  
7 .  0.050 M c e r i c  s u l f a t e  

Exper imental  Procedures  

Turn the  CELL MODE swi tch  t o  t h e  
STBY p o s i t i o n .  F l i p  t h e  POWER 
s w i t c h  t o  t h e  ON p o s i t i o n  and 
a d j u s t  INITIAL E, E l  t o  +0.80 V .  
A r e c o r d e r  w i l l  no t  be needed f o r  
t h i s  experiment;  a l l  r e s u l t s  w i l l  
be recorded manually from va lues  
read d i r e c t l y  from t h e  LED 
Display.  

D e l i v e r  50 mL of f e r r o u s  ammonium 
s u l f a t e  s o l u t i o n  t o  t h e  c e l l .  
P l a c e  t h e  platinum f l a g  working 
e l e c t r o d e  and t h e  Ag/AgCl 
r e f e r e n c e  e l e c t r o d e  i n  the  main 
compartment. The o t h e r  
compartment should have a platinum 
wi re  a s  an a u x i l i a r y  e l e c t r o d e .  
Connect t h e s e  t h r e e  e l e c t r o d e s  t o  
t h e  CV-27 wi th  a c e l l  cab le .  (RED- 
a u x i l i a r y ,  BLK-working, and 
WHITE-reference). P lace  t h e  c e l l  
on t h e  C-1B Cell Stand. 

F i l l  a 50 mL, mounted buret  wi th  
t h e  c e r i c  s u l f a t e  s o l u t i o n  t o  30 
mL mark. P o s i t i o n  t h e  t i p  of t h e  
b u r e t  above the  c e l l .  

Switch t h e  DISPLAY t o  t h e  I o u t  
p o s i t i o n .  Turn on t h e  magnetic 
s t i r r e r .  

Turn the  CELL MODE swi tch  from t h e  
STBY p o s i t i o n  t o  t h e  CELL 
p o s i t i o n .  Read and record t h e  
amperometric c u r r e n t  (I ou t  
response)  a t  zero volume. of 
t i t r a n t .  

Slowly d e l i v e r  the  t i t r a n t  
s o l u t i o n  i n t o  the  c e l l .  Record 
t h e  corresponding c u r r e n t  readout 
a t  each volume increment.  
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7 .  On a  graph paper,  p l o t  t h e  
c u r r e n t ,  I (ua)  vs .  volume ( m ~ )  
t i t r a n t  added. A t i t r a t i o n  curve  
f o r  t h i s  system is  i l l u s t r a t e d  i n  
F igure  11.4 

8. Adjust t h e  INITIAL E ,  51 t.o +0.1 
Volt  and repea t  t h i s  experiment.  
The t i t r a t i o n  curve under t h e s e  
c o n d i t i o n s  a r e  a l s o  shown i n  
F igure  11.4 curve B. I I I I I I I 1 I I 

0 I0 20 30 40 

VOLUME OF TITRATE (mL) " I 
Figure  11.4 

Amperometric t i t r a t i o n  curve f o r  t h e  
d e t e r m i n a t i o n  of f e r r o u s  ion.  The ti t r a n t  
s o l u t i o n  i s  0.050 M c e r i c  c u l f a t e .  Curve 

I 
A, +0.80 Vol t ;  Curve B, M . 1  Vol t .  I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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12.1 Principles 

Poten t iomet ry  r e f e r s  t o  those  
e l ec t rochemica l  t echn iques  i n  which t h e  
p o t e n t i a l  of an e lec t rochemica l  c e l l  is 
measured under t h e  cond i t i on  of ze ro  
c u r r e n t .  Thus, i n  c o n t r a s t  to  the  o t h e r  
methods descr ibed  he r e ,  t h i s  is an 
equ i l i b r i um technique.  The p o t e n t i a l  of 
t h e  c e l l  (E ) is  determined by t h e  
e l e c t r o d e  p ~ f f a t i a l s  of t he  two 
h a l f - r e a c t i o n s  c o n s t i t u t i n g  t h e  c e l l  

(Ecathode and Emode  
) such t h a t :  

Of p a r t i c u l a r  i n t e r e s t  t o  e l e c t r o -  
a n a l y t i c a l  chemists  is  t h e  r e l a t i o n s h i p  
between E 

e l l  
and concen t r a t i on  (o r ,  more 

accu ra t e l ? ,  a c t i v i t y )  as descr ibed by t h e  
Nernst equa t i on ,  Eor example, i f  a  
platinum e l e c t r o d e  and an SCE a r e  immersed 

2+ 
i n  a  s o l u t i o n  of I7e3+ and Fe t h e  

p o t e n t i a l  of t h e  c e l l  i s  

where 

E O '  3+ 2+ = formal  reduc t ion  
Fe jFe p o t e n t i a l  

E S ~ ~  
= p o t e n t i a l ,  of t he  SCE " ~j 

= l i q u i d  j unc t i on  p o t e n t i a l s  

Since E 
SCE ' E" 3+ 2+,  and E a r e  

Fe /Fe 1 j. 

cons tan t  i n  a given s o l u t i o n ,  

Thus, E can be used t o  monitor the  
r a t i o  of concen t r a t i ons ,  a s  wifQ a 
po t en t i ome t r i c  t i t r a t i o n  of Fe . 

Potent iometry i s  perhaps most u se fu l  
from an a n a l y t i c a l  po in t  of view when used 
i n  con junc t ion  wi th  ion s e l e c t i v e  
e l e c t r o d e s .  I n  these  e l e c t r o d e s ,  the  
p o t e n t i a l  ac ross  a  s e l e c t i v e  membrane i s  
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measured wi th  two r e f e r e n c e  e l e c t r o d e s .  
Xcmbranes such a s  gigss of s p e c i a l  
cgmposi t ion ( f o r  H 0 ), c r y s t a l s  (LgF f o r  
F  ) ,  i n s o l u b l e  p e l j e t s  ($C1 f o r  C 1  ) ?  and 
l i q u i d  membranes ( f o r  NO ) have been 
developed f o r  the  s e l e c t i v e  d e t e r m i n a t i o n  
of many ions .  More r e c e n t l y ,  enzymes have 
been coa ted  on the  i o n - s e l e c t i v e  membranes 
t o  extend t h e i r  a p p l i c a b i l i t y  t o  numerous 
enzyme s u b s t r a t e s  such a s  u r e a  (u rease  
c o a t i n g ) .  Gas-sensing e l e c t r o d e s  a r e  a l s o  
a v a i l a b l e .  - - 

P) 

I o n  s e l e c t i v e  e l e c t r o d e s  can  be used o W 
f o r  d i r e c t  po ten t iomet r i c  measurements o r  
p o t e n t i o m e t r i c  t i t r a t i o n s .  For example, 
t h e  Nernst  equa t ion  t h a t  i s  a p p l i c a b l e  t o  
t h e  f l u o r i d e  e l e c t r o d e  is 

I 

' c e l l  
K - 0.0591 l o g  C (12.4) 

F- LOG [F-] 
Figurg 12.1 

C can  be determined by measuring E el . Standard curve f o r  F- by d i r e c t  
~ K E n o w  s o l u t i o n s  a r e  u s u a l l y  d e t e r m h e i  potent iometry  wi th  F s e l e c t i v e  e l e c t r o d e .  
by means of a  s tandard curve,  s k h  a s  
shown i n  F igure  12.1, o r  by t h e  method of 
s t a n d a r d  a d d i t i o n s .  F l u o r i d e  can  a l s o  be 

I 
determig$d by a  p o t e n t i o m e t r i c  t i t r a t i o n  
wi th  La by the  p r e c i p i t a t i o n  r e a c t i o n  I I 
a s  shown i n  Figure  12.2 .  

12.2 Typical Applications - - 
Direc t  potent iometry  is used w 8 

ex+ensfvely2for the  de te rmina t ion  of pH, 
N a ,  K ,  Ca , C 1 ,  F ,  C O ,  NH and water 

3 hardness .  Di rec t  p o t e n t i o & e t r y  is h i g h l y  
End-point 

I 
advantageous when speed of measurement i s  
important  and moderate p r e c i s i o n  i s  
a c c e p t a b l e .  The technique i s - f y p i c a t l y  VOLUME of La"' 
a p p l i c a b l e  over a  range of 10 - 10 >I. 

I 
P o t e n t i o m e t r i c  t i t r a t i o n s  can be used when F i g u r e 1 2 . 2  - 
g r e a t e r  p r e c i s i o n  is r e q u i r e d .  3+ Po ten t iomet r i c  t i t r a t i o n  of F w i t h  Ta , I 
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12.3 Practical Conaf derations 

Potentiome t r i c  measurements a r e  
t y p i c a l l y  performed wieh pH meters, which 
a r e  s p e c i f i c a l l y  designed f o r  t h i s  
purpose.  Although the  CV-27 Voltammograph 
w a s  des igned a s  an ins t rument  f o r  
implementing Farada ic  e lec t rochemica l  
t echn iques ,  t h e  AE f u n c t i o n  can be used t o  
measure t h e  p o t e n t i a l  of a c e l l  under t h e  
c o n d i t i o n  of no c u r r e n t .  

The p o t e n t i o m e t r i c  mode can be used 
f o r  both  d i r e c t  po ten t iomet r i c  
measurements o r  po ten t iomet r i c  t i t r a t i o n .  
I n  t h i s  mode the  CV-27 can be used wi th  
ion s e l e c t i v e  e l e c t r o d e s  ( I S E t s ) ,  

M a t e r i a l s :  
Equipment: CV-27 Voltammograph 

I n d i c a t i n g  E lec t rode  o r  ISE 
RE-1, A ~ / A ~ c ~  Reference E l e c t r o d e  

Procedure  : 
Ins t rumenta t ion  Set-up 

s t e p  1. Connect the  black e l e c t r o d e  l ead  
t o  t h e  i n d i c a t i n g  e l e c t r o d e  (or  ISE). 

S tep  2 .  Connect the  white e l e c t r o d e  l ead  
t o  the  r e f e r e n c e  e l e c t r o d e .  

S t e p  3 .  Turn the C e l l  Mode knob to  " 

AE". The d i f f e r e n c e  i n  p o t e n t i a l  
between t h e  i n d i c a t i n g  and 
r e f e r e n c e  e l e c t r o d e s  w i l l  be 
d i sp layed .  

VOLUME OF TITRATE(mL1 

Figure  12.3 
P o t e n t i o m e t r i c  t i t r a t i o n  curve f o r  t h e  
d e t e r m i n a t i o n  of f e r r o u s .  The t i t r a n t  i s  
0.050 M c e r i c  s u l f a t e  s o l u t i o n .  
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Appendix A 

The output of the "(in jack in the back of the CV-27 w i l l  depend upon 
both the integrator switch on the back of the CV-27 and on the gain switch 
on the  front  panel. Table 1 gives the  outputs with the various sett ings.  
m t e  t h a t  the uni ts  are i n  charge/volt. Since the output can go t o  10V 
before saturation, the mimm charge that .can be measured for each 
se t t ing  is ten times the value in the table. The four integrators A, B, 
C, and D a re  charged sirmltaneously. The integrator can be changed during 
an experiment and not affect  the e x p e r i m t a l  data. The gain switch 
cannot be changed during an experiment. 

As shown in  the table,  there a re  a variety of set t ings which can 
give the same output of the coulomter.  Best resu l t s  would be obtained 
with gain switch s e t  t o  higher s ens i t i v i ty  and the integrator set t o  l a t e r  
l e t t e r .  For example, for  an output of 10 mC/V, se t t ings  of 0.01 KA/'V and 
integrator D would be bet ter  than 10 mAn7 and integrator A. However, if 
the charge becomes greater than 100 mC then the output with the f i r s t  
se t t ing  w i l l  become saturated and the experiment nust be repeated. With 
the second set t ing,  the integrator could be switched t o  B during the 
exeriment. 

Table 1. Coulometer output 

Integrator 
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