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ABSTRACT

Congo red is a symmetrical azo dye. Its exhibited color is pH-dependent
and as such it has been used in chemistry as a pH indicator. This com-
pound was €electrolyzed in an aqueous solution at a Glassy Carbon Elec-
trode (GCE) using 0.15M K Cl as supporting electrolyte. Under the experi-
mental conditions used in this study, Congo red was found to undergo a
one-electron, diffusion-controlled and totally irreversible oxidation reac-
tion. Its pertinent el ectrochemical parameters such as the number of elec-
trons involved in the oxidation reaction, n, the apparent redox potential,
E®’, the diffusion rate constant, D, the heterogeneous electron transfer rate
congtant, k, and the current function were determined by cyclic voltammetric
(CV) technique. These parameters were used in the determination of the
reaction mechanism, which was EC,. The product formed after electro-
chemical oxidation was found to undergo a disproportionation reaction in
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accordance with literature observation.
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INTRODUCTION

Congo red, whose chemical structureisshownin
figure 1, isasymmetric, sulfonated azo dye and be-
longsto the class of protein-binding dyes. Thecolor of
the solution of Congo red is pH-dependent. At pH up
to 3thissolutionisbluishand at pH above5 the color
becomes bright red. As aresult it has been used in
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Figurel: Thestructureof congored
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Chemistry asapH indicatort*?. Congoredisalsoused
asadyeing agent in textileindustry®®. Perhaps, the
greatest use of Congo redisin biology and histochem-
istry. Under apolarized light Congoredishirefringent(s7.
Congoredisknownto bindto amyloid proteinsand its
birefringence under apolarized light isacharacteris-
tic®12 featurethat has madeit useful in characterizing
itsinteractionwith amyloid formationinAlzheimer pa:
tientd*¥. Theinteraction, formation, binding, detection
and aggregation of amyloid proteins have been care-
fully studied by spectroscopy and computer anaysis'*
28 with the aid of Congo red. Congo red isknownto
bind specificdly to the B-conformation®* of amyloids
even thoughthereismounting disagreement of thisfact.
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TABLE 1: Observed electrochemical par ameter sof congored

Par ameter Value
n 1.0
ang 0.31
D 1.72 x 10% cm?/s
E°’ 0.63V
Ks 2.35x 10°cm/s
[ 4.48 x 104 M's?

Theé ectrostati c binding of Congo red to other formsof
protein, such asthe cytoskeletal, prion, insulin, etc.Y
and thestudy of itsinteraction with the o-form of these
proteinshavebeen carried out to demongtratethat it does
not bind specifically tothe B-amyloidfibril %233, Inad-
ditiontothebinding of amyloid proteinsthiscompound
hasaso been used in medicind”*4 andin chemical ca-
talysig®d, Congo redin solutionisknowntoformag-
gregatesinvolving n—m stacking. It may therefore be
useful asasupramolecule. However, inorder touseit as
asupramoleculeit isnecessary tofully characterizeits
electrochemica properties. Such eectrochemica prop-
ertiesincludethenumber of eectronsinitsoxidationre-
action, n, thediffusion coefficient, D, the gpparent redox
potentid, E°, and the heterogeneousrate congtant, k, as
well astheplausblereaction mechaniamat thedectrode.
Thisbecomesthethemeof thiswork.

EXPERIMENTAL

Materials

Congo red and potassium chloride were obtai ned
from Fisher Scientific and were used asreceived.

I nstrument

Theinstrument used for al e ectrochemical mea-
surementswas a Cypress System’s Electrochemical
Anayzer. Theworking € ectrode was aglassy carbon
electrode of surface areaof 7.85 x 103cm? supplied
by the same company. The counter electrode was a
wound platinumwire and the reference el ectrodewas
acommercia caome dectrode.

M ethodology

Unlessotherwisespecified, dl dectrochemicd mea
surementsused cydicvoltammetric (CV) technique. The
solutions (5.0mM Congoredwith0.15M KCI) were
prepared using triply distilled and deionized water from
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TABLE 2: Theobtained current function data at different
scan rates

Scanrate, V/s Current, A Current function, A/(V/s)*?

0.02 1.1705 x 10°® 8.28 x 10°
0.05 1.80x 10°® 8.05 x 10°
0.10 2.54 x 10° 8.03 x 10°
0.20 3.66 x 10° 8.18 x 10°
0.25 4.00 x 10°® 8.00 x 10°
0.50 5.82 x 10°® 8.23x 10°
0.80 7.53 x 10° 8.41 x 10°
1.00 8.36 x 10° 8.36 x 10°

Photronix Reagent Water System. Inall experimentsa
10.0 mL solution wereelectrolyzed at different sweep
ratesvarying from 20.0mV/sto 1.0V/s. All measure-
mentswere made at room temperature, 25+ 0.2°C.

RESULTSAND DISCUSSION

We show infigure 2 thevoltammogram of 5.0mM
Congo red obtained at a scan rate of 50.0 mV/s. As
can be seeninthisfigure, thereisno observabl e peak
on thereverse scan. Thisimpliesthat the compound
undergoesanirreversiblereaction at the electrode.

Deter mination of n

Thenumber of dectronsinvolvedintheoxidation
of Congo red was determined using chronoampero-
metry (CA). The Cottrel equation (equationl) wasused
intheanaysisof thedata.

i =NFAD2C /(mt)"2 1)

Inthisequation, i istheobserved current during the
oxidation, nisthenumber of electronsinvolvedinthe
reaction, Fisthe Faraday constant, A istheworking
eectrode surfacearea. D isthediffusion coefficient that
was determined as discussed below. C_ andt arethe
bulk solution concentration andtime of electrolysis, re-
spectively. Figure 3 showsthe chronoamperogram ob-
tained and the datafrom thereweretreated by plotting
i asfunction of 1/t*?in accordancewith equation 1 and
nwas extracted from theslope of thestraight line plot
(Figure 4). A vaue of n of approximately 1 was ob-
tained and thisisused in subsequent ca culations.

Deter mination of heter ogeneousr ateconstant, k
theredox potential, E°, and theelectron transfer
coefficient, o

A series of scan ratesvarying from 0.02 V/sto
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Figure2: Thevoltammogram of 5.0mM congored at scan
rateof 50.0mV/s
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Figure4: Thecottrél plot of 5.0mM of congored

1.0 V/swere performed and thelogarithm of the cur-
rent obtained at each scan rate was plotted asfunc-
tion of the observed peak potential minusthe redox
potentia (E-E°) inaccordancewiththeliteraturemeth-
odol ogy™.
i, = 0.227nFAC k gltanshIEEalRT @)

Inthisequation, i ] isthepeak current, nisthenum-
ber of electronsinvolvedintheresction, Fisthe Fara-
day constant, A isthe surface areaof theworking €l ec-
trode, k _isthe heterogeneousrate constant, and R and
T aretheuniversal gas constant and temperature, re-
spectively. The resultant plot was seen to be linear.
However, initialy, the E° wasset at 0.40V, at thefoot
of thevoltammogram assuggested by Reinmuthi®, The
k thus obtained was inserted into the equation of
Nicholson®whichisgiven bel ow (equation 3) to ob-
tainanother relative E°. Thesevauesof E° andk_ were
iterated in equations 2 and 3 until their convergence.
E,=E°-(RT/3nF)In[(4.78x3D /2D ,)]-

(RT/3nF)In(nF/IRTK C,) ©)

In this equation E, and E° arethe observed peak
potentia and redox potential, respectively, whilethe D,
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Figure3: Theamperogram of 5.0mM congo red
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Figure5: Plot of theL n of theobserved current ver susthe
observed peak potential minusthedeter mined redox potential

and D_arethediffusion coefficients of the oxidized and
reduced speciesof Congo red, respectively. However,
thevaueD /D_isassumedto beunity inthiswork. The
remaining symbols havetheir usual el ectrochemical
meanings. Thefina plot of In ipversustheobtai ned E-
E°, which, ascan beseen, islinear, isshowninfigure5.
Thek_and an, were extracted from theintercept and
dope, respectively, in accordancewith equation 2. The
valuesare 2.35 x 10°cm/sand 0.31, respectively. All
the obtained parametersarelisted on TABLE 1.

The experimental parameters so far determined
showed that Congo red undergoes an irreversible
chargetransfer initsoxidation reaction. Thediagnostic
criteriaused to reach such conclusionincludethefol-
lowing: @) thereisno observablepeak inthereversd of
the cyclic voltammogram; b) the observed oxidative
potential shiftsanodically by arate of 26mV per de-
cadeincreasein scan rate as can be seeninfigure 6¢)
the current function isindependent with scan rate as
canbeseenin TABLE 2.

Deter mination of diffusion coefficient, D

Scanrate studiesthat were made of thiscompound
ey Research & Reotews On
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Figure6: Theplot of theobserved peak potential ver susthe
logatithm of scan ratefor 5.0mM congored
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Figure 8 : Plot of the kinetic parameter versustheinitial
concentration timesthetimeframe of the voltatammety of
congored for thedeter mination of k,,
vary from 20.0mV/sto 1.0 V/s. The observed current
when plotted withthe squareroot of thescanrategives
adopethat isproportional to the D¥2fromwhichthe
diffusion coefficient of 1.7 x 10°cm?/swasobtainedin
accordancewith equation 4.
i,=2.699 x 10°nA (an )¥*C v¥?D*? 4

Thei . inthisequation isthe observed peak current
andthea isthedectrontransfer coefficient asdiscussed
above. As can be seen aplot of ipversusv”zislinear
(Figure7). Thedopeof thislinear plotisusedto deter-
minethediffusion coefficient, D. Thevadueof D, 1.7 x
10°cm?/s, thus obtained isin good agreement with the
literaturevalue of 2.0 x 10%cm?/d4%42, The observa-
tionsmade so far are consisted with an EC, mechanism
asgiven by Bard and Faulkner™d and may be repre-
sented by thefollowing scheme:

RSR+e
2R*—> R,
Scheme 1

However, itisknown that congo red undergoesa
di sproportionation reaction*“% and using the paradox
Research & Reotews On
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Figure7: Theplot of theobserved current ver susthesquare
root of scan ratefor 5.0mM congored
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Figure9: Plot of theobserved peak potential vesusthedeter -
mined Kinetic parameter
of disproportionation enunciated by Feldbergi“?l, we
proposethat theEC, voltammetric oxidation of congo
red to produce ametastable radical undergoes aki-
neticaly controlled disproportionation reactionto pro-
ducethestarting material and adication, accordingto
Scheme2.
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Scheme 2

Saveant and his co-workers*”! have given athor-
ough theoretical treatment for an EC disproportion-
ation reactions. We have used theworking curve pre-
sented in that work to determinethe kinetic param-
eter, A, (KP) for our work. In that work also (equa-
tion 101) they showed that A ;= k C RT/vnF =k C /
a. k,inthisequationisequal tok, and isthedispro-
portionation rate constant and C_istheinitial concen-
tration for agiven scan rate. ais an Fv/RT and the
termstherein havetheir usua e ectrochemical mean-
ings. Thereforeaplot of KPversus C /awill beseen
to belinear. The curvethusobtained isshowninfig-

. -
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Plausiblevoltammetric reaction mechanism of congored
Scheme 3

ure 8. Ascan be seen from thisfigurealinear curve
was obtained. The slope of thisstraight-line plot was
used to obtain the desired second order dispropor-
tionation rate constant, k,= k. Thevaue of k, thus
obtained was 4.79 x 10*‘M-'s. The kinetic param-
eter obtained as per theworking curve stated above
was plotted against the peak potential obtained at dif-
ferent scan ratein thevoltammetric oxidation of Congo
red in accordance with equation 519,
E,=E°+RT/2nF [In(k/a) - 1.56] (5

Inthisequation, aand therest termsare asdefined
above. A perfect straight line curve was obtained as
can beseenin Fig. 9with acorrelation coefficient of
0.9998. Theintercept whichisE° gaveavaueof 0.67
V which can be compared with that obtained asgiven
insection 3.2( 0.63V). Withthisobservationwegive
bel ow what we thought to beaplausible voltammetric
oxidation reaction mechanismfor Congored at aglassy
carbon el ectrodewhichiscons stent with that given by
Corio and his co-workers*.

CONCLUSION

We have shown that Congo red undergoes a-1e
irreversible, diffusion controlled oxidation reaction at

GCE. Themechanism of thereactionisof the EC, type.
The oxidation product undergoesadisproportionation
reaction to producethe starting material and adication.
Theredevant electrochemical parameterswere deter-
mined aswel| asthe second order rate constant associ-
ated with thisdisproportionation.
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