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ABSTRACT

Thekinetic and mechanism of the oxidation of pyrocatechol violet ( here-
after referred to asPCVH) by iodateion (10,) have been studied in ague-
ous hydrochloric acid at ionic strength = 0.5 mol dm® (NaCl), [H*]=5x10°
mol dnr3 (HCI), T=27+0.1°C. Thereactionisfirst order inboth [PCVH] and
[10,7]. The redox reaction displayed a stoichiometry of 1:1 and obey the
ratelaw: d P(;th] = (a+b[H"][PCVH][10; Jwherea= 0.03 dm’mol's?, b=
280.24 dm®mol-2st. Thesecond order rate constant increaseswith increase
in acid concentration and ionic strength respectively. This system dis-
played positive salt effect while spectroscopic investigation and Michae-
lis-Menten plot showed no evidence of intermediate complex formation. A
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plausible mechanism has been proposed for the reaction.
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INTRODUCTION

Pyrocatechal violet isasulphonephthdien dyemade
from condensing two moles of pyrocatechol with one
moleof o-sulfonebenzoic acid anhydride. It hasanin-
dicator propertiesand formscomplexeswithmeta ions,
making it auseful chelating reagent!®. It hasbeenre-
ported that Pyrocatechol violet isused primarily inhair
dye and also in skin care preparation. When Pyrocat-
echol violet wasfirst reviewed it was concluded that
thischemical wassafefor useintheformulation of cos-
meticsfor skinand hair at concentration up to 1.0%02.,

A few works have been done on the redox reac-
tion of pyrocatechol violet hereafter designated as
PCVH. In determining the concentration of phosphate

and phosphate ana ogs, metal complexation reaction
between ytterbium (Y b**) and pyrocatechol violet was
studied. Stoichiometry of 2:1 (Y b*)-PCVH complex
was reported™?,

It was|ater reported that the stoi chiometry of yt-
terbium-PCV complexis1:14.

Pyrocatechol violet hasbeen reported asachel at-
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ing agent for cupricionsinthecharacterization of lipo-
soma membrane permesbility*2. After cupricionswas
added to PCVH liposomes, free PCVH turnedinto its
chelate (PCVH-Cu) and encapsulated PCVH was
gtablesinceliposoma membrane prevented metal ions
from permeating. After thelight scattering background
of liposomeand the absorbance of PCVH weredimi-
nated by thefirst-order derivative spectrophotometric
method, free PCVH in liposome suspensionscould be
determined without separation. Because PCVH release
isrdlevant toliposoma membrane permesbility, PCVH
becomesamarker to characterize the membrane per-
mesbility.

It has been found that the kinetics of theiodide-
iodate reaction in acid medium havebeen of interest
duetothevariousoverall ordersreportedin literature
and duetoitskey roleinanumber of oscillatory reac-
tion(".

Giventheimportanceof pyrocatechol violet asan
indicator and part of skin careformulation, adequate
understanding of the mechanism of itsredox reactionis
important for extending it uses. We herein report our
finding ontheredox reaction of pyrocatechol violet with
iodateion.

EXPERIMENTAL

All reagentsused wereAnalar grade. Stock solu-
tion of PCVH and iodateionswere prepared by dis-
solving aknown amount of each reagent and making
up toaknown solutionvolumewith distilled water. The
A, (440nm) for PCVH was determined by reading
theelectronic spectrum of the solution of PCVH inthe
wave ength range 400-550nm.

A stock solution of hydrochloric acid was made by
dilutingcommercid acid (36%, Specificgravity 1.8) and
standardi zing the solution using trioxocarbonate (1V).
Stock solutions of sodium chloride, magnesium chlo-
ride, calcium chloride, sodium nitrate, and sodium sul-
phatewere prepared and standardized gravimetricaly.

Soichiometry

The stoichiometry of the reaction was determined
by spectrophotometrictitrationsusing themoleratio
method. The reaction mixture containing [PCVH] =
4x10° mol dm® and varied concentration of lodateion
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at [H*]=5x10°mol dm3and | =0.50 mol dm=(NaCl)
weredlowed to stand until the reactionwent to comple-
tion. The absorbance of the sol utionswasmeasure until
the completion of thereaction asindicated by steady
absorbance value over aperiod of two days*¥. The
absorbances of the solutions were then measured at
440nm. The stoi chiometry waseva uated fromthe plot
of absorbanceversus[PCVH]/[10,].

Kinetic measur ement

Therate of thereaction of PCVH withiodateions
was studied by observing the decreasein absorbance
of PCVH at 440nm on aCorning 252 colorimeter. All
Kinetic measurementswere carried out under pseudo-
first order conditionswithiodateionsconcentrationin
excessof 10-fold over the PCVH concentration at 27+
0.1°C and 0.50 mol dm=(NaCl) ionic strength. The
pseudo-first order plotsof thelog(A,-Ax) versustime
weremade. From thegradient of theplots, the pseudo-
first order rate constant, k , , were determined. The
second-order rate constant, k,, wereobtained fromk
ask J[10,], (TABLE1).

Acid dependence

Theinfluence of [H*] onthereactionratewasin-
vestigated using hydrochloric acid intherange (1.0-
14.0)x10°* mol dmwhilethe[PCVH] and[IO,] were
kept constant. The reaction was carried out at 27°C
and | =0.50 mol dm=(NaCl), (TABLE1).

Theeffect of ionic strength

Theeffect of ionic strength on therate of thereac-
tionwasinvestigatedinthel = (1.0-8.0)x10 mol dm=
(NaCl) whilethe concentrations of the other reagents
werekept constant (TABLE 1).

RESULTS

The stoichiometry of thisreaction using mole/ratio
concept wasfound to beinratio of 1:1 with respect to
both[PCVH] and[10,].

Kineticsmeasur ement

The pseudo-first order plotsof |og(A,-Ax) versus

timefor thereaction werelinear for about 70% of the

reaction. Thelinearity of these plotsshowsthat thisre-
actionisfirst order with respect to [PCVH]. Theplot
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TABLE 1: Pseudo-first order and second or der rateconstant
for thereaction of PCV and 10, At [PCVH]=4x10°mol dm?,
I =0.50 mol dm?®(NaCl), T=27+0.1°Cand A _ =440nm

1051057  10%HY] 10[1] 10° K gps K,
(mol dm® (moldm® (moldm® (s (dm°mol’s?
4.0 5.0 5.0 5.52 1.38
48 5.0 5.0 6.41 1.33
5.6 5.0 5.0 7.73 1.38
6.4 5.0 5.0 8.99 1.40
7.2 5.0 5.0 9.87 1.37
8.0 5.0 5.0 11.18 1.39
8.8 5.0 5.0 12.28 1.39
9.6 5.0 5.0 13.37 1.39
6.4 1.0 5.0 1.72 0.27
6.4 3.0 5.0 6.08 0.95
6.4 5.0 5.0 9.02 1.41
6.4 7.0 5.0 12.20 1.90
6.4 9.0 5.0 17.27 2.69
6.4 12.0 5.0 21.49 3.35
6.4 14.0 5.0 25.33 3.95
6.4 5.0 1.0 6.84 1.06
6.4 5.0 2.0 7.23 1.13
6.4 5.0 3.0 8.06 1.25
6.4 5.0 4.0 8.33 1.30
6.4 5.0 5.0 8.99 1.40
6.4 5.0 6.0 9.43 1.47
6.4 5.0 7.0 9.65 1.50
6.4 5.0 8.0 10.74 1.67

of logk .. versuslog[10,] gave aslope of 1.02 with
correlaion R?=99.7% indicating first order with respect
to[IO,] (Figure1). Theoveral ratelaw for thisreac-
tion canthereforebegiven as.

%:kz[PCVH][IOg] D

Effect of hydrogen lon ontherate

TheresultinTABLE 1 showsthat therate constant
increaseswithincreasein[H*]. Plotof logk ,_against
log[H*] gaveadopeof 0.94 with correlation R>=98%
indicating that thereactionisfirst order with respect to
[H*] (Figure 3). Plot of k, (second-order rate constant
of acid dependence) versus[H*] gavealinear plot with
anintercept (Figure4). Theacid dependence rate con-
stant can berepresented by the equation.

K,=atb[H"] )
Subgtituting eg. (2) into (1)

—= Pyl Peper

TABLE 2: Dependence of observed fir st order and second
order rateconstant for redox reaction of pyrocatechol violet
with 10, on cation and anion concentration [PCVH] =4x 10
*mol dm?,[10,] =6.4x10°*mol dm?, [H*] =5x10°*mol dm™

109 M g?] (mol dm’®) 10%Kgps (ST)  kyp(dm®mols?)
80 8.88 1.38
120 9.04 141
160 8.88 1.38
10%[Ca?"] (mol dm™®)
100 9.02 141
120 8.88 1.39
160 9.21 1.44
10% [NO3] ( mol dm™®)
80 8.22 1.28
120 7.73 1.20
160 7.23 1.13
10%[SO,%] (mol dm’®)
40 3.29 0.59
80 1.91 0.29
100 1.42 0.22
Therate equation can bewritten:
%:(a+ b[H*])[PCVH][103] 3

wherea= 0.03 dm®mol-s?, b=280.24 dm®mol-2s?
Effect of ionic strength

lonic strength was varied from (1.0-8.0)x10 mol
dm (NaCl) at constant concentration of iodateions,
[PCVH] and hydrogen ions concentration. Therate of
reaction wasfound toincreasewithincreaseinionic
strength. Theplot of logk, versus I givesasiope=0.34.

DISCUSSION

Thestoichiometry obtainedinthiswork isratio 1. 1.
Hencetheoverdl equation for thetitlereaction can be
writtenas,

PCVH +10, +H*— product 4

Kinetics studies of the reaction showed that the
reactionisfirst order with respect to PCVH concen-
tration and 10, concentration. Thisisconsistencewith
what has been reported in the reaction between io-
date and 1,3-dihydroxylbenzenein agueous perchlo-
ric acid medium®.

It hasbeen reported that the bulk of iodate-based
oxidation are borne by the reactive oxyiodine species
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Figure3: Plot of logk . _versuslog[H"]
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HIO,, 10,, and HOI aswell asmolecular iodine, 1,139
These speciescan begenerated in acidiciodate condi-
tion and therate of iodate oxidationsare usualy con-
trolled by therate at which thesereactive speciesare
generated. Investigationsof Briggs-Rauscher and Bray-
liebhafsky reaction have suggested that the nucleophilic
speciesisthetraceamount of iodideionsthat are con-
tainedin normd iodate solution™.

IOsH + H === |0*(OH), ©)
IO*(OH); + |I© ——= 1,0(OH), (6)
TheH, 1,0, speciesformed above can then break

downintherate-determining step to producethereac-
tive species, HIO,, and HOI.,
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Figure4: Plot of k,dm®mol*s* versus[H*] mol dm?

After the oxidation product has been formed, the
iodide produced isfed back into the reaction medium
tofacilitatefurther oxidation of thereaction species.
With this, we may accept iodiuosacid asaviable oxi-
dant, it, however, rapidly reactswithiodideto produce
more hypoiodousacid®.

The acid dependence studies showed anon-zero
intercept when k, was plotted against [H*]. A graph of
thisnatureindicatesthat there aretwo pathways prior
to therate determining steps. the protonated path and
the unprotonated path®. Also, thefirst order withre-
spect to [H*] obtained in thiswork isin consistence
with aready reported redox reaction between 10, and
1,3-dihyroxylbenzeng®.
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TABLE 1 showsthat changein concentration of
ionic strength affect therate of reaction.

If pure coulomb interaction werethe soledetermi-
nant of the observed effect, onewould have expected
anegativesdt effect. Thisresult indicatesthat thereisa
positivesdt effect inthereaction at the activated com-
plex. It meansthat the chargeson thereactant ionsin
the activated complex may be either positive-positive
Or negative-negative.

Thissuggest i nner-sphere mechanism and issup-
ported by the lack of dependence on rate constant
obtained by changing the concentration of cation
(TABLE2).

Spectroscopic studiesindicate no significant shifts
from theabsorption maximum of PCVH. Thissuggests
absence of intermediate complex formation prior to
eectrontransfer inthereaction. Thisisfurther supported
by anaysisof Michaglis-Menten plot (plot of /k , _(s)
versus 1/[10,7] (dm* mol*)) which givesnointercept
(Figure2).

The plausible mechanism cons stent with theresult

[
K1
PCVH + H* === PCVH," @
Kz
PCVH," + 105 === [PCVH,", 105] (8)
k
[PCVH,", 105] — Product €)
Ky
PCVH + |05 == [PCVH, 105] (10)
[PCVH, 105] X% Product (1)
Rate=k [PCVH._*,10,]+k [PCVH, 10,] (12)
Fromeg. (8) and (10)
[PCVH*,10,]1=K [PCVH[10,] (13)
and
[PCVH,10,]1=K [PCVH][I0,] (14)
Substituting eg. (13) and (14) into (12)
Rate=K k [PCVH_][10,] +K k[PCVH][I0,]  (15)
Fromeq. (7)
[PCVH,] K [PCVH][H'] (16)

Subgtituting eg. (16) into eg. (15)
Rate=K Kk [PCVH][I10,][H*] +K kJPCVH][10,] (17)
Addition of asolution of acrylamideto partialy re-

= Pyl Paper

acted mixturedid not giveagd inthe presenceof ex-
cess methanol indicating the probabl e absence of free
radical inthereaction mechanism.

CONCLUSION

Theredox reaction of pyrocatechol violet andio-
dateionin agueous acidic medium showed astoichi-
ometry of 1:1, afirst order with respect to pyrocat-
echol violet and iodateionsrespectively. Therate of
reaction increased with increasein both hydrogenion
concentration andionic strength of thereaction medium,
withafirst order dependence on hydrogenion concen-
tration. Anintermediate complex wasnot implicatedin
the course of thereaction.

Based ontheseresults, thereaction ismost prob-
ably occurring through the outer-sphere mechanism.
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