
Chapter 5 

Electrochemical Studies of Progressively Alkylated 
Thiazine Dyes on the Glassy Carbon Electrode 
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5.1 Introduction and Review of the Previous Works 

Cyclic voltammetry (CV) is perhaps the most powerful electroanalytical 

technique for the study of electroactive species. Various electrochemical aspects of 

photogalvanic solution during the photochemical reaction have been studied 

successfully by many workers with the aid of this technique. The ease of the 

measurement has also resulted in extensive use of the technique. 

Electrochemical properties of rhodamine B by cyclic voltammetry at fixed and 

rotating disk electrode were studied in past by Austin et al. [1]. During electrode 

modification, the surface coating was deposited by voltage cycling and formed only 

when the anodic potential exceeded 1.24V, at which stage rhodamine B was 

deethylated and converted to rhodamine 110. This was then reversibly oxidized to 

form the surface modifying species. The prominent oxidation and reduction peaks 

were observed at 1.18 and 1.10V respectively in the cyclic voltammogram of 

rhodamine B at an unmodified SnOz glass electrode, which were suppressed by the 

surface modification. Rotating disk measurement gives a value of 3.2 ± 0.2 x 10-6 

cm2sec-1 for the diffusion co-efficient of 9.6 x 10-4M rhodamine Bin aqueous 0.05 M 

HzS04. Cyclic voltammetric measurement gives a value of 1 x 10-2 em sec-1 as the rate 

constant of quasi-reversible oxidation of rhodamine B which occurs around 1.18V at 

a SnOz glass electrode. Bauldrey and Archer [2] have reviewed the literature on the 

electrochemical and non electrochemical modification of the electrode surfaces and 

have proposed a mechanism for the electrochemical deposition of layers of thionine 

and related dyes using the information gained from cyclic voltammetric studies of 

these systems. Quickenden and Bassett [3] have studied the anodic deposition of the 

dye from aqueous rhodamine B solution to gold electrodes and found that 

substantial deethylation occurred during the deposition process and that the 

electrodes thus coated possessed enhanced photosensitivity. Bowen [4] has examined 

rhodamine B solution by cyclic voltammetry using Pt electrode and also determined 

the electron transfer rate constant for the Fe3+ /FeZ+ couple at rhodamine B coated Pt 

electrode by rotating disk method. However, the author did not determine the 

electrodic rate constants for electron transfer to and from rhodamine B at such 

electrodes. 

The cyclic voltammetric behaviour of chloropromazine (CPZ) at a carbon 

paste electrode in aqueous O.lM HCI showed two anodic waves with peak potentials 
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of +0.66 and +0.99V vs. SCE, corresponding to the oxidation of CPZ to its cation 

radical (CPZ+) and subsequently to its dication (CPZ2+) [5,6]. Upon the scan reversal 

only the cation radical is found to be sufficiently stable to yield a cathodic wave. The 

dication reacts very rapidly in this medium, so that the reduction of dication is not 

observable even at scan rates upto 50 V j s. 

In general, chemical or electrochemical oxidation of N-substituted 

phenothiazine in aqueous solution has been shown to yield the corresponding 

sulphoxides through the formation of mono-cations which are prone to facile 

hydrolysis in neutral and less acidic medium as compared to that in more acidic 

media [7]. On the other hand, a linear dependence of voltammetric peak current on 

the square root of the scan rates suggests that the cyclic voltammetric behaviour of 

thionine, which is attributed to two electron reduction of thionine to leucothionine, is 

of the diffusion type [8,9]. Quickenden and Harrison [10] studied electrochemical 

properties of thionine by cyclic voltammetry at uncoated and thionine coated 

photoelectrodes. Examining the cyclic voltammograms obtained during the 

deposition of thionine on Au and Sn02 electrodes, they observed that the height of 

the characteristic thionine oxidation and reduction peaks increased with the number 

of cycles to asymptotic limits after about 70 cycles in the case of a Au electrode and 

after 500 cycles in the case of Sn02. The areas within the voltammograms similarly 

reach plateu values. Because the areas, (Jidt), I being the current and t the time, are 

also independent of cycle speed, it can be concluded that complete oxidation and 

reduction of the electroactive species occur during each cycle, thus validating the 

use of areas under peaks for determining layer thickness. 

During the cyclic deposition process on Au, the thionine reduction and 

leucothionine oxidation peaks which are originally at 0.43 and 0.49V respectively, 

shift in turn to 0.49 and 0.54V, and a small shoulder appears at about 0.43V. 

However, during the deposition on Sn02, the thionine reduction peak at 0.435V does 

not shift. But the oxidation peak moves from 0.535 to 0.550V, and the shoulder on the 

reduction peak appears only temporarily during the middle stage of the deposition. 

Albery et.al.[11] observed that the reduction of thionine on clean Pt-electrode was 

reversible whereas on the coated electrode it was nearly reversible. From the 

measurement of the kinetic parameters for different electrodes, they concluded that 
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the electrochemical rate constant was decreased for electrodes coated at higher 

voltages and for longer times. In particular, there was a significant reduction in rate 

constant for electrodes coated at 1.4V or above for periods longer than one hour. 

The reduction of methylene blue was studied by Wopschall and Shain [12] to 

test the theory of cyclic voltammetry for the case in which the product of the 

electrode reaction was strongly adsorbed. A brief investigation of the mechanism of 

two electron electrode reduction using both aqueous ethanol and aprotic solvent 

systems, indicated that the reduction probably proceeded through successive one 

electron charge transfer, with a rapid reversible protonation interposed between the 

charge transfers. The intermediate appeared to be more easily reduced than 

methylene blue. 

In a study on electrochemical aspects of reaction between leucodye and Fe+3 

in dye based photogalvanic systems, the authors [13,14] examined the 

electrochemical reduction of thionine, methylene blue and other alkylated thionine in 

the presence of Fe+3 in terms of catalytic regeneration mechanism. The catalytic 

current due to the homogeneous chemical reaction between progressively alkylated 

leucothiazine dyes and Fe+3 have been used to estimate rate constants of the coupled 

chemical reactions. 

Chemical modification of electrodes is a major area of current interest in 

electroanalytical chemistry and photoelectrochemistry. Techniques such as covalent 

attachment or casting of polymer films on electrodes are widely employed as a 

means of modification. In electrochemical and photoelectrochernical studies of dye 

incorporated clay modified electrode, Kamat [15] observed that clay modified 

electrode exhibits a quasi-reversible oxidation 'Yave (Epa = 0.280V, Epc = 0.190V vs 

SCE) which is comparable to the reversible wave of thionine in aqueous solution (Epa 

= 0.265V, Ere= 0.205V vs SCE). This shows that the electrochemical identity of the 

dye has been retained in the clay film. The electrochemical behaviour was similar to 

one observed with Albery's [11] thionine coated electrode. Presence of polyvinyl 

alcohol and colloidal Pt in the clay film were found to be critical in attaining better 

electrochemical activity of clay modified electrodes. In agreement with the work 

reported earlier [16], only a fraction of the incorporated dye was found to be 

electroactive in the clay film. 
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The dependence of the peak current on the square root of the scane rates was 

linear, suggesting that the observed cyclic voltammogram of Sn02/ clay-thionine as 

diffusion type. Normally, one would have expected a surface wave for these 

modified electrodes. The diffusion type cyclic voltammetric behaviour observed in 

the above systems suggests that the charge transport within the film is limited either 

by the diffusion of the electroactive dye to the electrode surface or by an electron 

hopping process within the clay film [15] 

In addition to the clay minerals another potential inorganic modifier is 

zeolite. Recent reviews on the material science aspects of the zeolites and the use of 

zeolites to coat electrodes [17,18] have included discussions on the use of and 

interest in zeolite layers on electrodes. 

Asakawa et al. [19] also successfully applied CV to evaluate the micelle 

diffusion coefficients of fluorocarbon surfactants using (ferrocenyl methyl) trimethyl 

ammonium bromide (FcTAB). The growth behaviour of micelles of cetyltrimethyl 

ammonium bromide (CTAB) was examined by Hasan and Yakhmi [20] by using 

cyclic voltammetry. The changes in the geometry of aggregate were examined by 

monitoring the changes in the self-diffusion coefficient of micelles. Temperature 

dependence of the diffusion coefficient of 1,1' -ferrocenedimethylenol [Fe(MeOH)z] 

and 2,2,6,6-teramethyl-1-piperidinyloxy (TEMPO) in aqueous solution and in poly(n

isopropyi acryl amide-co-acrylic add) NIPA-AA gels in their sollen state was studied 

by using steady-state valtammetry and chronoamperometry [21]. 

Mahajan et al. [22] also studied the effect of monomeric and polymeric glycol 

additives on micellar properties of two non ionic surfactants, tween 20 and tween 80. 

They determine the erne of the surfactants by plotting peak current (Ip) versus 

[surfactant]. 

An understanding on the mechanism of the charge transport, control of the 

pore dimensions to enhance transport properties, and complete elucidation of the 

role of the electrolyte in ion exchange reaction and charge conduction are absolutely 

required. 

5.2 Electrochemistry of Dyes 

Apart from their potential applications in harvesting solar energy via 

photochemical and photoelectrochemical means, both thiazine and oxazine dyes are 
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finding increasing applications in the field of electrocatalysis of electrochemical 

redox process. The electrochemical reactions of progressively alkylated thiazine dyes 

to corresponding leucodyes at the stationary electrode in the presence of Fe+3 ions 

may be described by what is called "catalytic regeneration mechanism", according to 

which an initial electroactive species is regenerated by the homogeneous chemical 

reaction [23,24]. The peak potentials (Epa and Epc) are not sensitive to scan rates and 

LlEp' s do not vary up to a scan rate of 300 m VS-1 except for azure C. This suggests that 

the electrode processes are very fast and quasi-reversibility is apparent only in azure 

C. However, chemically modified electrodes by phenoxazine dyes have been shown 

to be useful in electrocatalytic oxidation of the co-enzyme NADH in the context of 

enzyme based biosensors. At least two kinetic parameters are of crucial importance, 

one of them relates to the electron transfer kinetics between the adsorbed or bound 

mediators (dye miolecules) and the substrate electrode and the other is the rate 

constant of the chemical redox reaction between NADH and the mediators. For 

efficient electrocatalysis to proceed both the kinetics must be fast. Some studies on 

phenoxazine dyes have been reported in the literature where slowest reaction with k 

around 10 lit. mol-ls-1 was found for adsorbed nile blue, having EO' = - 0.42V versus 

SCE, i.e., for the redox potential difference between EO' of mediator and NADH 

couples of 0.14V. The fastest reaction with k exceeding 104lit. mol-ls-1 proceeded with 

adsorbed meldola blue, characterized by EO' = - 0.175V and thus with a redox 

potential difference of 0.39 V. Because of the large slope of log k versus E, exceeding 

12 V-1 as can be deduced from the data presented in a previous report [25], it seems 

very desirable to tune the redox potential of the mediator to an appropriate extent 

towards the positive directive. For this aim, two approaches are known. Firstly, the 

redox potential of any mediator redox couple can be shifted by the chemical 

modification of the mediator structure. Another approach to shift in the redox 

potential is the inclusion of any mediator in some inorganic matrix. The introduction 

of a naphthoyl group into the structure of nile blue shifts the redox potential from -

0.43 to- 0.21 V versus SCE at pH 7 resulting in an increase of the rate constant with 

NADH from 10 to 104 or 105 lit.mol-15-1. A simple conversion of an amino group to a 

naphthamide group in toluidine blue (TB) results in a shift of E0' from - 0.285 to -

0.135 V versus SCE. However, the above values of rate constants have been estimated 

following the method of extrapolation of the peak separation to the zero value of 
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the peak current i.e., to zero coverage of the electrode [26]. This method always 

give higher values of the constants compared to the method usually applied in 

determining the heterogeneous rates of electrode processes [27] In this chapter 

results of cyclic votammetric experiments with progressively alkylated thiazine dyes 

(viz. thionine, azure A, azure B, azure C, methylene blue) in aqueous, aqueous

alcohol and nonionic micellar media are reported. The molecular structures of 

thiazine dyes are given in Figure 1.4 (chapter 1). 

5.3 Experimental 

Cyclic voltammetric experiments with the five thiazine dyes, viz. thionine, 

azure A (AzA), azure B (AzB), azure C (AzC) and methylene blue (MB) are carried 

out in water, water-ethanol mixture and in triton X-100, a non-ionic surfactant, at 

250C ± 1 oc to understand their electro-chemical behavior on glassy carbon electrode 

(GCE). All the dyes are supplied by Aldrich Chemical Co. (USA) and method of 

purification, used for thiazine dyes are presented in Chapter 4. 

Cyclic voltammetric experiments are carried out employing BAS cyclic 

voltammograph (USA Model CV-27), fitted with a three undivided electrode cell 

and a Houston X- Y recorder (Model-100). The experiments are performed taking 

25 ml dye solution in the presence of 0.1M H2S04 in the said media as a supporting 

electrolyte with one working GCE (MF- 2012), one Pt- auxiliary electrode and a 

saturated calomel (SCE) reference electrode at 250C±1 OC. All solutions are purged 

with pure nitrogen before the experiment at least for 20 minutes. 

Cyclic voltammograms of the dye solutions (5 x 10-s M) are recorded in water, 

water-ethanol mixture and triton X - 100 (0.001 M) as mentioned at various scan 

rates up to 300 mVs-1. Cyclic voltammograms of the concentrated (1 x 10-4M) dye 

solutions are also recorded at different scan rates using 0.01M KCl as supporting 

electrolyte at various pH. Surface area of the electrode is 0.0804 cm2. 

5.4 Results and Discussion 

In solution the dyes form dimers and higher aggregates at high 

concentrations (- 104 M). Ahmed [28] calculated the dimerization constant values of 

the dyes in water and water-ethanol mixtures at different temperatures from 
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spectroscopic data. In aqueous medium at 300C the values are 1.76 x 10-3, 2.35 x 10-3, 

3.38 x 10-3, 6.25 x 10-3 and 3.68 x 10-3lit.mol-1 whereas, in 5% alcohol, these values are 

1.45 x 10-3, 1.86 x 10-3, 2.13 x 10-3, 4.58 x 10-3 and 2.46 x 10-3 lit.mol-1 respectively. 

Aggregation of the dyes is an important factor for the interpretation of the cyclic 

voltammetric data. 

All the dyes are reduced to the colourless leuco-dyes on forward scan (Figure 

5.1- 5.10) [8]. The systems undergo reversible electrode reaction on the GCE in 0.1M 

HzS04 (supporting electrolyte), up to scan rate 100 mVS-1 in water, water-ethanol and 

triton X-100 media. Other criteria, namely separation of the peak potentials and the 

half peak potential values are also in conformity with the reversibility of the system 

up to the above scan rate. The values of cyclic voltammetric data are given in Table 

5.1 - 5.5. The values of anodic peak current (ipa) and cathodic peak current (ire) 

should be identical for a simple reversible (fast) couple; i.e. ideally (ipa/iPJ= 1. But 

this ratio (shown in Table 5.1 - 5.5) deviates from unity even at the slow scan rates in 

the present systems. However, the deviation becomes less if the calculation is done 

using the modified equation as suggested by Nicholson [29] and Gary [23] 

(5.1) 

where (ipc)o is the peak current for the forward process; (h)o is the absolute current at 

the switching potential; (ipa)o is the uncorrected return peak current measured from 

the current axis. The values for ipa /ivc < 1, which decreases further with increasing, 

scan rates for the thiazine dyes suggest that the electrogenerated lucodyes are 

involved in the reactions which prevent their reoxidation upon scan reversal. 

Cyclic voltammetric measurements of 5 x 10-5M dye solution in the presence 

of O.lM HzS04 are consistent with two electron reversible redox couples of 

dyejleucodye pairs up to scan rate 100 mVs-1. The formal potential values for the 

two electron dyejleucodye couples are found to be 0.205, 0.175, 0.207, 0.281 and 

0.196V (average values for scan rate between 5-100 mVs-1) forTh, AzC, AzA, AzB 

and MB respectively in aqueous medium. But the value of 0.058/ 6.E is rather low for 
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Table 5.1 
Electrochemical data for cyclic voltammetry of5 x 10-5M Thionone in different media in 

the presence of 0.1M H2S04 

S.R. Epa Epc Lillp ipa/ipc Epc/2- Epc I v·112 
pc 0.058/ Lillp 

Water 
5 0.225 0.195 0.030 0.87 0.025 3.93 1.93 

10 0.223 0.193 0.030 0.89 0.026 5.50 1.93 

20 0.220 0.190 0.030 0.90 0.027 5.32 1.93 

40 0.220 0.190 0.030 0.98 0.030 6.25 1.93 

60 0.215 0.185 0.030 0.93 0.032 6.15 1.93 

100 0.215 0.185 0.030 0.95 0.032 6.65 1.93 

150 0.213 0.183 0.030 0.90 0.033 7.49 1.93 

200 0.213 0.183 0.031 0.97 0.033 7.72 1.93 

300 0.210 0.180 0.031 0.98 0.035 8.59 1.93 

EtOH- Water (50% v/v) 
5 0.190 0.160 0.030 0.87 0.027 3.93 1.93 

10 0.190 0.160 0.030 0.90 0.027 3.88 1.93 

20 0.190 0.158 0.032 0.91 0.028 4.07 1.81 

40 0.192 0.155 0.037 0.91 0.032 4.32 L57 

60 0.192 0.155 0.037 0.81 0.036 4.61 1.57 

100 0.193 0.152 0.041 0.80 0.038 4.75 L4l 

150 0.193 0.150 0.043 0.79 0.042 4.90 1.35 

200 0.194 0.150 0.044 0.74 0.042 5.15 1.32 

300 0.195 0.148 0.047 0.72 0.045 5.57 1.23 

0.001M Triton X-100 
5 0.235 0.205 0.030 0.94 0.030 3.02 1.93 

10 0.235 0.204 0.031 0.80 0.030 3.10 1.87 

20 0.236 0.203 0.033 0.89 0.032 3.19 1.75 

40 0.237 0.202 0.035 0.85 0.033 3.25 1.65 

60 0.238 0.200 0.038 0.82 0.035 3.38 I. 53 

100 0.240 0.198 0.042 0.75 0.036 3.48 1.38 

150 0.242 0.197 0.045 0.79 0.040 3.61 1.29 

200 0.243 0.197 0.046 0.78 0.045 3.60 1.26 

300 0.245 0.196 0.049 0.79 0.048 3.47 1.18_j 
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Table 5.2 
Electrochemical data for cyclic voltammetry of 5 x 10·5M Azure C in different media in 

the presence of O.lM H2S04 

S.R. Epa Epc ~Ev ipa/ipc Epc/2- Eve lpcV-112 
0.058/~ 

Water 

5 0.198 0.165 0.033 0.80 0.035 5.00 1.75 

10 0.198 0.163 0.035 0.88 0.035 5.25 1.65 

20 0.196 0.160 0.036 0.80 0.037 4.96 1.61 

40 0.195 0.158 0.037 0.76 0.038 5.50 1.56 

60 0.191 0.150 0.041 0.84 0.040 5.64 1.41 

100 0.185 0.145 0.040 0.83 0.042 6.33 1.45 

150 0.182 0.140 0.042 0.79 0.042 6.46 1.38 

l_zoo 0.182 0.135 0.047 0.77 0.043 6.04 1 ")"2 
!.~.J 

300 0.180 0.130 0.050 0.77 0.045 7.31 1.16 

EtOH- Water (50% v/v) 
5 0.162 0.118 0.044 0.89 0.040 3.21 1.32 

10 0.158 0.116 0.042 0.83 0.041 3.25 1.38 

20 0.156 0.113 0.043 0.87 0.043 3.28 1.35 

40 0.153 0.110 0.043 0.83 0.044 3.50 1.35 

60 0.152 0.108 0.044 0.72 0.045 3.99 1.32 

100 0.151 0.107 0.044 0.69 0.045 4.11 1.32 

150 0.150 0.105 0.045 0.65 0.047 4.39 1.29 

200 0.150 0.103 0.047 0.61 0.049 4.70 1.23 

300 0.150 0.100 0.050 0.57 0.050 5.12 1.16 

O.OOlM Triton X-100 
5 0.195 0.160 0.035 0.80 0.035 2.85 1.66 

10 0.196 0.158 0.038 0.80 0.037 2.50 1.55 

20 0.197 0.157 0.040 0.80 0.038 2.84 1.45 

40 0.198 0.156 0.042 0.72 0.039 3.13 1.38 

60 0.199 0.155 0.044 0.81 0.040 3.28 1.32 

100 0.200 0.154 0.046 0.74 0.041 3.32 1.26 

150 0.202 0.153 0.049 0.69 0.041 3.36 1.18 

200 0.203 0.152 0.051 0.69 0.043 3.58 1.14 

300 0.204 0.150 0.054 0.63 0.045 3.47 1.07 



140 

Table 5.3 
Electrochemical data for cyclic voltammetry of 5 x 10"5M Azure A in different media in 

the presence of 0.1M H2S04 

S.R. Epa Epc LlEp ipa/ipc Epc!2- Epc Ipcv·liZ 0.058/.6. 
Ep 

Water 
5 0.229 0.198 0.031 0.89 0.028 6.43 1.87 

10 0.226 0.195 0.031 0.88 0.028 6.25 1.87 

20 0.224 0.192 0.032 0.83 0.030 6.38 1.81 

40 0.222 0.191 0.031 0.79 0.032 6.75 1.87 

60 0.220 0.188 0.032 0.73 0.035 6.97 1.81 

100 0.218 0.186 0.032 0.69 0.038 8.22 1.87 

150 0.216 0.182 0.034 0.65 0.040 8.01 1.70 

200 0.214 0.180 0.034 0.61 0.043 8.05 1.70 I 
300 0.212 0.178 0.034 0.59 0.045 ___ 8.40-~ - -

EtOH- Water (50% v/v) 
I 5 0.205 0.175 0.030 0.90 0.030 3.92 1.93 

10 0.206 0.172 0.034 0.84 0.030 4.15 1.70 

20 0.207 0.170 0.037 0.77 0.032 4.60 1.57 

40 0.208 0.168 0.040 0.66 0.035 5.12 1.45 

60 0.210 0.167 0.043 0.62 0.038 5.32 1.35 

100 0.212 0.165 0.047 0.58 0.038 6.01 1.23 

150 0.213 0.160 0.053 0.51 0.040 6.59 1.09 

200 0.214 0.155 0.059 0.48 0.042 6.93 0.98 

300 0.215 0.150 0.065 0.44 0.043 7.49 0.89 

0.001M Triton X-100 
5 0.200 0.170 0.030 0.80 0.032 3.57 1.93 

10 0.202 0.168 0.034 0.86 0.032 3.50 1.70 

20 0.204 0.166 0.038 0.80 0.034 3.54 1.53 

40 0.206 0.164 0.042 0.71 0.035 3.50 1.38 

60 0.208 0.162 0.046 0.74 0.037 3.89 1.26 

100 0.210 0.160 0.050 0.62 0.040 4.11 1.16 

150 0.212 0.158 0.054 0.65 0.043 4.39 1.07 

200 0.214 0.156 0.058 0.63 0.046 4.25 1.00 

300 0.215 0.155 0.060 0.61 0.050 4.20 0.96 
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Table 5.4 
Electrochemical data for cyclic voltammetry of 5 x 10-5M Methylene Blue in different 

media in the presence ofO.lM H2S04 

S.R. Epa Epc Lllip ipa/ipc Epc/2- Epc 
I -v:z 
pcV 0.058/ Lllip 

Water 
5 0.215 0.183 0.032 0.84 0.028 6.78 1.81 

10 0.215 0.182 0.033 0.81 0.030 6.75 1.76 

20 0.214 0.181 0.033 0.75 0.032 7.27 1.76 

40 0.212 0.180 0.032 0.61 0.032 7.75 1.81 

60 0.210 0.180 0.030 0.61 0.035 8.20 1.93 

100 0.205 0.175 0.030 0.63 0.036 9.01 1.93 

150 0.200 0.170 0.030 0.65 0.037 9.56 1.93 

200 0.197 0.165 0.032 0.66 0.038 10.06 1.81 

300 0.195 0.160 0.035 0.65 0.040 10.97 L66 

EtOH- Water (50% v/v) 
5 0.215 0.180 0.035 0.87 0.027 5.71 1.66 

10 0.121 0.178 0.034 0.72 0028 5.50 1.70 

20 0.210 0.174 0.036 0.60 0.030 5.85 1.61 

40 0.205 0.170 0.035 0.53 0.032 6.75 1.66 

60 0.200 0.160 0.040 0.52 0.032 6.55 1.45 

100 0.195 0.155 0.044 0.52 0.034 7.59 1.45 

150 0.180 0.140 0.040 0.44 0.035 8.27 1.45 

200 0.178 0.135 0.043 0.43 0.036 8.95 1.35 

300 0.175 0.130 0.045 0.41 0.038 9.32 1.29 

O.OOIM Triton X-100 
5 0.210 0.180 0.030 0.75 0.025 4.29 1.93 

10 0.212 0.180 0.032 0.75 0.028 4.00 1.81 

20 0.214 0.178 0.036 0.73 0.029 4.07 1.61 

40 0.215 0.178 0.037 0.72 0.030 4.13 1.57 

60 0.216 0.176 0.040 0.71 0.031 4.61 1.45 

100 0.216 0.175 0.041 0.60 0.033 4.90 1.41 

150 0.218 0.174 0.044 0.55 0.035 5.17 1.32 

200 0.218 0.173 0.045 0.52 0.038 5.15 1.29 

300 0.220 0.172 0.048 0.51 0.040 5.30 1.21 

I 
I 
; 

I 
I 
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Table 5.5 
Electrochemical data for cyclic voltammetry of 5 x 10-5M Azure B in different media in 

the presence of O.lM HzS04 

S.R. Epa Epc ilEr ipa/ipc Epc/2- Eve IpcV-112 0.058/LlEp 

Water 
5 0.300 0.270 0.030 0.87 0.028 5.54 1.93 

15 0.300 0.268 0.032 0.85 0.029 6.00 1.81 

25 0.298 0.265 0.033 0.84 0.030 6.17 1.76 

50 0.297 0.262 0.035 0.84 0.035 6.93 1.66 

100 0.295 0.260 0.035 0.77 0.038 7.59 1.66 

150 0.294 0.260 0.034 0.73 0.040 8.01 1.70 

200 0.293 0.258 0.035 0.66 0.042 8.05 1.66 

300 0.293 0.257 0.036 0.58 0.045 8.04 1.61 

EtOH- Water (50% v/v) 
5 0.165 0.135 0.030 0.80 0.030 3.57 1.93 

10 0.165 0.132 0.033 0.82 0.032 4.25 1.76 

20 0.165 0.130 0.035 0.81 0.034 4.78 1.66 

40 0.160 0.127 0.033 0.78 0.034 5.50 1.76 

60 0.160 0.125 0.035 0.76 0.038 6.04 1.66 

100 0.150 0.120 0.030 0.61 0.042 6.96 1.93 

150 0.148 0.116 0.032 0.59 0.043 7.24 1.81 

200 0.146 0.112 0.034 0.53 0.044 7.49 1.70 

300 0.145 0.110 0.035 0.52 0.045 7.31 1.66 

O.OOlM Triton X-100 
5 0.205 0.175 0.030 0.85 0.032 2.50 1.93 

10 0.203 0.173 0.030 0.81 0.032 2.75 1.93 

20 0.201 0.170 0.031 0.80 0.035 2.66 1.87 

40 0.200 0.168 0.032 0.78 0.036 2.88 1.81 

60 0.198 0.163 0.035 0.68 0.038 2.97 1.66 

100 0.196 0.159 0.037 0.66 0.042 3.08 1.57 

150 0.196 0.159 0.037 0.65 0.044 3.36 1.57 

200 0.194 0.154 0.040 0.66 0.047 3.36 1.45 

300 0.194 0.152 0.042 0.61 0.048 3.29 1.38 
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Table 5.6 

Values of Diffusion Coefficient of the dyes in different medium 
D.C. x 106 (cm2s-1

) 

Dye Water 50%EtOH TX-100 

Thionine 3.05 1.80 1.10 

AzureC 2.66 1.16 0.87 

Azure A 4.40 2.29 1.36 

AzureB 4.13 2.47 0.76 

Methylene Blue 5.70 3.70 1.80 

all dyes. This deviation is more prominent in water-alcohol and micellar media. 

Some early examination of Wopschall et al. [12] also found a low value (1.66) of 

parameter contrarary to the coulometric value of 2 for methylene blue, and 

interpreted it as due to the result of two successive one electron :reversible 

transfer, with fast protonation of the intermediate to form a species which is more 

easily reduced than methylene blue. 

Separation between the peak potentials (~Ep) increases slowly with the 

increases in scan rate because the dyejleucodye couple deviates more and more from 

the reversibility. Quasi-reversibility of the electrode processes in the present system 

is also apparent from the difference between the peak potentials (~Ep) and the half 

peak potential (~Epc- ~Ep;2), where in an ideal reversible reaction these values should 

be 30 mV [31]. However, appreciable deviation of ~Ep from ideal reversible value is 

apparent only at very high scan rates, which suggests that electrodic processes 

involved are very fast. 

The plots of ipc as a function of Vl/2 (ipc measured for forward scan of the first 

cycle) indicate that the variation of the current is linear with Vl/2 upon a scan rate of 

~100mVs·1 and the line drawn through the experimental points at slow scan rates 

passes through the origin (Figure 5.11- 5.15). At higher scan rates the points deviate 

from the straight line in all cases studied. The foregoing observation also indicates 

that the electrode process is diffusion controlled at slow scan rates. 
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I 

I 

I 
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I 
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Figure 5.11 Plot of cathodic peak currents as a function of (scan rates)l/2 for 
thionine (5 x 10-s M) in different solvents at GCE. 
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for Azure C (5 x 10-5 M) in different solvents at GCE. 
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Figure 5.13 Plot of cathodic peak currents as a function of (scan rates)l/2 

for Azure A (5 x 10-s M) in different solvents at GCE. 
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Figure 5.14 Plot of cathodic peak currents as a function of (scan rates)112 

for Azure B (5 x 10-5 M) in different solvents at GCE. 
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The effective diffusion coefficient values of the dyes in water, water/ alcohol 

and triton X-100 are summarized in Table 5.6. The values have been calculated using 

Randles Seveik equation [32] for one electron reversible process 

ip = (2.69 X 1 o-s )n 312 AD112V 112Co (5.2) 

where ip is the peak current (in amperes), A is the area of the electrode (in cm2), Dis 

the diffusion coefficient (in cm2sec-1), Co is the concentration (in volf cm3), V is the 

potential (in Volt/ sec), n is the number of electrons transferred in the redox process. 

Finally the coefficients are derived from the slope of the curves plotting ipc vs. V1/ 2 

(Figures 5.11- 5.15) up to the scan rate 20mVs-1. The values for methylene blue and 

thionine are 5.70 x 10-6 cm2s-1 and 3.05 x 10-6 cmzs-1 respectively on GCE. A value of 

7.60 x 10-6 cm2s-1 for MB and 2.28 x 10-6 cmzs-1 for thionine were reported by previous 

workers measured at Pt-wire type HMDE and indium doped SnOz electrode [13,12]. 

AzC has the lowest value (2.66 x 10-6 cm2s-1 in water) in the present study. And there 

is no systematic change in the diffusion coefficient values with the progressive 

alkylation. However the preliminary study shows the diffusion coefficient values in 

water-alcohol and micellar media are interestingly much smaller. 

Previous workers deposited dye layers on metal electrode by maintaining the 

electrode at some empirical selected potential while it was immersed in a solution of 

the dye [3,33,34]. Quickenden and Harrison [10] on the other hand, developed a 

method of deposition of dye layers by repetitive cycling of the potential scan. From 

the comparison of CV's obtained when the thionine coated electrodes are immersed 

in background and thionine containing electrolyte that the thionine and 

leucothionine peaks observed with the coated electrodes originates almost entirely 

from the dye coating, rather than for any thionine solution. 

In Figure 5.16, 5.17 results the repetitive cycle of voltage scan on a GCE for 

the present dyes are shown. The behaviour of the thionine and four other dyes at 6.5 

x 10-5M (in 0.1M HzS04) on GCE, is substantially different from the previous study of 

thionine on Au-electrode [2,10]. Instead of progressive increase of anodic and 

cathodic currents on cycling, the peak currents in the present systems decrease. The 

peak current attains a constant value in each case after 10-20 cycles. This behaviour 

is to some extent similar to that of rhodamine B on SnOz glass electrode [1]. Of course 

in the later case the currents were found to decrease continuously on every repetitive 
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cycle and ultimately merged with the background currents. Present results suggest 

that under the experimental conditions, although previously assumed tendency of 

the thionine dye adsorption on a GCE surface is rather weak in the presence of 0.1M 

HzS04, partial electrode poisoning towards the process of oxidation and reduction of 

the adsorbed dyes may be responsible for such observation. However, it is also 

reported by the previous workers that the cyclic voltammogram does not changes 

with repeated cycling unless a certain potential is exceeded during sweep [1]. It has 

been shown that for concentration below about 0.2 x 10-3M the methylene blue 

system fits the simple theory of cyclic voltammetry in which the absorption of the 

reactant is ignored [12]. It was argued that above 0.2 x 10-3M concentrations, the 

adsorption of methylene blue must be considered. In Figure 5.18-5.22 representative 

cyclic voltammograms of the dyes (1 x 10-4- 2 x 10-4M) in the presence of 0.1M KCI at 

various pH's are shown. It is evident from the figures that the presence of 0.1M KCI 

and at comparatively higher pH's, both anodic and cathodic peak potentials are 

shifted toward more negative potentials than those observed in the presence of O.lM 

HzS04. Moreover, the voltammograms display cathodic and anodic post/ pre peaks 

which are the characteristics of strong adsorption of reactant and/ or products. 

Observed nature of the voltammograms via-a-vis the adsorption characteristics of 

various dyes are summarized in Table 5.7. At a concentration of 1 x 10-4M, thionine 

gives voltammogrames with small cathodic prepeaks as well as anodic postpeaks at 

pH 3.6 - 4.2 indicating that the products are strongly adsorbed. At pH 5.3 and above, 

cathodic postpeaks and anodic prepeaks are observed which indicate strong 

adsorption of the reactant dye. Similarly AzC exhibits cathodic prepeak and anodic 

postpeak at pH 4.1 indicating that the products are strongly adsorbed. At pH 

5.1 cathodic postpeak and anodic prepeak appears which indicates that the reactant 

dye is also adsorbed strongly. However, at pH 6.0 and above cyclic 

voltammogramms are suggestive of strong adsorption of products only. While 

voltammograms of AzA show evidence of strong product adsorption within the pH 

range of 5.2 and 6.2, AzB exhibits evidence of reactant adsorption at low pH and 

product adsorption at high pH values. MB, on the other hand, gives cathodic 

postpeak and anodic prepeak up to pH of 4.8 indicating strong reactant adsorption, 

while at high pH both reactant and the product are adsorbed. 



Figure 5.18 Cyclic Voltammograms of Thionine (1.0 x 10-4M) at pH 5.8 the presence of 
0.1M KCI at different scan rates. 
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Figure 5.20 Cyclic Voltammograms of Azure A (2.0 x 10-4M) at 
0.1M KCl at different scan rates. 

"'""'""'""'=""''""' of 



' ) 

l 
) 

l 
) 
) 

) 
..... 



:!j 

r 
s ,. 
.) 
Jj 

") 
' L .. 
) ... .__, 
) 
;::' 
) 

! 
! 
) 

i 
) 

! 
) 

I 

" " 
"' I 

~ 
' ' ~ 
' 



146 

Table 5.7 

Effect of pH on the Cyclic Voltammograms of the dye solutions 

Dye pH Changes/Observations Adsorption 

Thionine 3.6 Pre cathodic and post anodic peaks Product strongly adsorbed 

(1 X 10-4M) 4.2 -Do- -Do-
inO.lM 

5.3 Post cathodic and pre anodic peaks Reactant strongly adsorbed 
KCl 

5.8 -Do- -Do-

Azure C 4.1 . Pre cathodic and post anodic peaks Product strongly adsorbed 
(2 X 10-4M) I I 

5.1 Post cathodic and pre anodic peaks Reactant strongly adsorbed 
inO.lM 

KCl 
6.0 Post anodic peaks Product strongly adsorbed 

7.0 Pre cathodic and pre and post anodic peaks Product strongly adsorbed 

Azure A 5.2 Pre cathodic and post anodic peaks Product strongly adsorbed 

(2 x 10-4M) 5.4 -Do- -Do-
inO.lM 

KCl 
5.7 -Do- -Do-

6.2 Anodic peak current is greater than cathodic Product weakly adsorbed 
-

AzureB 4.8 Post cathodic and pre anodic peaks Reactant strongly adsorbed 

(2 x 10-4M) 
5.3 -Do- -Do-

in O.lM 

KCl 
5.7 Post anodic peaks Product strongly adsorbed 

6.2 Anodic peak currents high Product weakly adsorbed 

Methylene 4.6 Post cathodic and pre anodic peaks Reactant strongly adsorbed 

Blue 4.8 -Do- -Do-
(2 X 10-4M) 

inO.lM 
6.0 Anodic peak currents increases sharply Product weakly adsorbed 

KCl 8.4 Slight cathodic post peak and anodic peak Both reactant and product 

currents increases sharply 
adsorbed 
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Sackett et al. [6] have also observed the pH dependence of the initial 

oxidation of promethiazine whereas similar processes for chloropromazine were 

completely independent of pH above the value of zero. Apparently, the proximity of 

the highly charged ring system in the oxidized form lowers the pKa of the side chain 

amine to cause the deprotonation. The pH dependence of the oxidation potential of 

promethiazine has been noted even before and was attributed to electronic 

interaction between the ring system and the amine [35]. Results indicated that 

oxidation of the ring lowers the pKa of the side chain amine by at least 5 units, 

resulting in deprotonation of the amine in the oxidatised form. Similarly in the case 

of thiazine dyes it can be argued that although amino nitrogen are very weakly basic, 

the same groups which could be protonated along the bridging nitrogen at low pH in 

leucodyes, are deprotonated at high pH. While the effects of pH on the 

voltammograms of the present dyes are similar, enhanced irreversibility of the redox 

processes is also accompanied by certain changes in the shapes of the voltammogram 

at high pH values. 

It has been shown that for quasi-reversible electrode processes, the separation 

between corresponding oxidation and reduction peaks in the cyclic voltammogram is 

a function of the corresponding electrodic rate constants. Nicholson [27] had 

provided a table of the computed relationship between the peak separation and a 

kinetic factor \jJ. The latter is related to the rate constant k for a quasi-reversible 

oxidation by 

(5.3) 

where the subscripts 0 and r designate oxidation and reduction processes, 

respectively, and a is the transfer coefficient and all other symbols have their usual 

meanings. It is assumed that the diffusion coefficient of dyes and leucodyes are not 

very different, the quantity (Do/Dr)"'/2 is very close to unity regardless of a value 

and the rate constant for the electrodic oxidation of dyes dyes at a GCE can be 

obtained. Figure 5.23 shows the working curve of the variation of peak potential 

separation with \jJ , drawn for the relevant region of peak potential separation of the 

This \jJ is different from the wave function \jJ, as appeared in chapter 4. 
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present study, Computed \jJ values of this figure are taken from the table given by 

Nicholson [27]. Table 5.8 gives the values of \jJ at various scan rates for the electrodic 

process of the present cationic dyes. Kinetic factors at the various scan rates are 

measured from the curve. When \jJ 's are sufficiently large, the results become 

identical to one where the electron transfer is assumed to be Nerstian. On the other 

hand, for very small \jJ, the back reaction for electron transfer is unimportant and the 

processes for oxidation and reduction can be treated separately as the totally 

irreversible case. At lower scan rates, all the thiazine dyes displayed reversible 

electrode reactions. Quasi-reversibilities are prominent above 300 mVs-1 scan rates. 

As such, kinetic measurements are made within the range 300 - 1000 mVs-1 scan 

rates. The heterogeneous rate constants of the electron transfer of the five thiazine 

dyes are given in Table 5.8. The table shows that the order of the kinetic parameter is 

same for all the dyes. However, the values of the parameter increase slightly with 

alkylation in dye molecule from thionine to AzB, while MB gives a little lower value 

thanAzB. 

220r-----------------------------------~ 

1.6 2.0 

Figure 5.23 Working curve showing variation of peak potential separation with \jJ. 
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Table 5.8 

Dye Scan rate ~Epxn If/ k X lOj 
(Volt.s-1

) (Volt) (cm.s-1) 

1.0 0.140 0.24 6.55 

0.8 0.130 0.29 7.08 

Thionine 0.6 0.120 0.35 7.61 

0.5 0.110 0.46 8.88 

0.4 0.100 0.58 10.02 

0.3 0.80 1.14 17.05 

1.0 0.130 0.29 7.39 

0.8 0.120 0.35 7.98 

0.6 0.100 0.58 11.46 

Azure C 0.5 0.900 0.78 14.07 

0.4 0.800 1.14 18.39 

I 0.3 0.700 - -

1.0 0.120 0.36 11.81 

0.8 0.110 0.46 13.49 

Azure A 0.6 0.100 0.58 14.74 

0.5 0.900 0.78 18.09 

0.4 0.800 1.14 23.65 

0.3 - - -

1.0 0.130 0.29 10.04 

0.8 0.120 0.36 11.14 

Azure B 0.6 0.100 0.58 15.55 

0.5 0.900 0.78 19.09 

0.4 0.800 1.14 24.96 

0.3 - - -

1.0 0.140 0.24 8.96 

0.8 0.120 0.36 12.02 

Methylene Blue 0.6 0.110 0.46 13.30 

0.5 0.100 0.58 15.31 

0.4 0.900 0.78 18.42 

0.3 - - -
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