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Abstract. The rates of alkaline bleaching of triphenylmethane dyes crystal violet (CV), malachite green 
(MG) and rosaniline (RA) have been measured spectrophotometrically in an aqueous medium at 30oC in 
the presence of β-cyclodextrin (CD). At lower concentrations of CD, CV forms productive 1 : 1 (G : H) 
complex. At higher concentrations of CD, it forms unproductive 1 : 2 (G : H) complex. For the bleaching 
of MG, CD accelerates or decelerates the rate depending on pH of the medium by forming 1 : 1 (G : H)  
inclusion complex. Analysis of rate data shows that MG undergoes fading by mixed order process. CD 
decelerates the water reaction and accelerates hydroxide ion reaction. In the case of RA, both water reac-
tion as well as hydroxide ion reaction are retarded by CD by the formation of inclusion complex. 
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1. Introduction 

β-Cyclodextrin (CD) consists of seven α – (1,4)- 

linked D-glycopyranose units forming a conical cyl-

inder. The seven primary hydroxy groups are situ-

ated at the narrower end of the cylinder and fourteen 

secondary hydroxy groups form the wider rim.
1,2

 CD 

forms inclusion complexes through non-covalent  

interactions with molecules of specific size and 

shape. The main factors affecting the stability of the 

inclusion complexes are:
3
 van der Walls interaction; 

hydrophobic interactions; hydrogen bonding; field 

effects. The stability of cyclodextrin complexes in 

solution, covalent–catalysis and field effects on  

organic reactions are reviewed.
4,5

 The well-defined 

cavity of CD has been frequently used as micro  

reactor which can catalyse or inhibit organic reac-

tions by including the substrate in the cavity.
6,7

 The 

effects of CD on chemical reaction can arise in a 

number of ways:  

 

(i) CD can hide certain parts of guest molecule and 

expose other parts  

(ii) they can change the conformation of the guest  

(iii) their lipophilic cavity provides a non-polar  

medium for the guest within polar solvents  

(iv) the OH groups of CD can participate in the  

reaction either directly as bases or nucleophiles.  

 

 Bleaching of triphenylmethane dyes is useful for 

studying chemical reactivity in organized media. In 

the present study, effect of β-cyclodextrin on the 

bleaching rates of triphenylmethane dyes crystal 

violet (CV), malachite green (MG) and rosaniline 

(RA) have been investigated in alkaline medium 

with a view to understand the guest–host interaction 

in these system. 

2. Experimental 

The dyes are all commercial samples. β-cyclodextrin 

from Fluka was dried at 95°C and used. Doubly dis-

tilled water was used for all the kinetic measure-

ments. Carbonate free NaOH solutions were 

prepared by washing sodium hydroxide pellets (AR) 

repeatedly with water and standardised by potassium 

hydrogen phthalate standard. In the reaction medium 

pH was maintained by borax–borate buffers. All the 

pH measurements were made in Philips pH meter. 

All the kinetic measurements were made in an aque-
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ous system at 30°C. The rates of bleaching of the  

dyes were measured by monitoring the OD of the  

solution at the λmax of the dye (CV = 602 nm;  

MG = 634 nm; RA = 543 nm) using Perkin–Elmer 

Hitachi 200–20 UV–Visible spectrophotometer pro-

vided with thermostatic cell holder. Concentration  

of the dyes ca 2 × 10
–5

 M. The pseudo first-order 

rate constants, kobs, were evaluated from the plot of 

log At versus time by the method of least squares (At 

is the absorbance of the solution at time ‘t’). The 

bleaching of the dye is almost complete under the 

reaction conditions employed. 

3. Results and discussion 

3.1 Bleaching of crystal violet (CV)  

The bleaching of triphenylmethane dyes is due to 

the formation of colourless carbinol by the nucleo-

philic attack of H2O and OH
–
 on the dye cation. 

 

 2
H O+

3 3OH
Ar C Ar COH.

−

⎯⎯⎯→  (1) 

 

The rate law for the above reaction is 

 

 
2

obs H O OH
[OH ],k k k

−

= +  (2) 

 

where 
2

H O
k  is the pseudo first-order rate constant 

for water reaction and kOH is the second order rate 

constant for hydroxide ion reaction. 

 The rates of bleaching of CV was measured spec-

trophotometrically in the absence of CD in varying  

 

 
 
Figure 1. Variation of kobs with [OH

–] for bleaching of 
crystal violet at 30°C. 

amount of NaOH. Figure 1 is the plot of kobs versus 

[OH
–
], which is linear with negligible intercept and 

a slope value of 0⋅22. Under the reaction conditions 

employed 
2H O

k  ≈ 0 and kOH = 0⋅22 mol dm
–3

 s
–1

. 

Ritchie et al
8
 reported (k2 = 0⋅22 mol dm

–3
 s

–1
) for 

fading of CV.  

 The rate of bleaching was also measured in the 

presence of varying amount of CD in 0⋅001, 0⋅003 

and 0⋅005 M NaOH. Figure 2 is the plot of kobs ver-

sus [CD] for the bleaching of CV in 0⋅001 M NaOH 

at 30°C. Initially kobs value increases with an  

increase of [CD], reaches a maximum and then  

decreases. Similar results were obtained in 0⋅003 

and 0⋅005 M NaOH. Such rate maxima were  

reported in the cleavage of esters by CD
9,10

 and in 

peroxide bleaching of Green S
11 

in the presence of 

CD. This type of rate behaviour is due to the forma-

tion of productive 1
 
:
 
1 (G

 
:
 
H) complex at lower 

concentrations of CD and formation of unproductive 

1
 
:
 
2 (G

 
:
 
H) complex at higher concentrations of CD. 

 The reaction proceeding through 1
 
:
 
1 complex 

can be represented as shown in scheme 1. 

 The rate law for the scheme 1 is 

 

 u D c

obs

D

[CD]
,

[CD]

k K k
k

K

+
=

+

 (3) 

 

 
Figure 2. Effect of [CD] on bleaching rate of crystal 
violet in 0⋅001 M NaOH at 30°C. 

 

 
 

Scheme 1. 



Guest–host interactions in the alkaline bleaching of triphenylmethane dyes catalysed by β-cyclodextrin 

 

531

Table 1. Rate-constant and complex-dissociation constant for [CV–CD] complex at 30°C. 

[NaOH]/M ku × 10
4 (s–1) kc × 10

4 (s–1) kc/ku KD × 10
4 (mol dm–3) 

 

0⋅001    1⋅9 4⋅0 2⋅1 4⋅1 
0⋅002    5⋅4 10⋅0 1⋅9 4⋅6 
0⋅003    6⋅1 13⋅8 2⋅3 3⋅3 
0⋅100* 162⋅0 240⋅0 1⋅5 3⋅6 

*Data from ref. 12 

 

 

 
 

Figure 3. [CV–CD] 1 : 1 inclusion complex. 

 

 

where ku and kc are the rate constants for uncataly-

sed and catalysed path ways respectively and KD is  

the dissociation constant of [CV–CD] complex. 

 Equation (3) can be re-arranged to (4)  

 

 obs u

obs u D c u

( )
( ) = + ( ).

[CD]

k k
k k K k k

−

− − −   (4) 

 

By fitting the rate data in raising portion of the  

curve, employing (4), kc and KD value for [CV–CD]  

complexes were evaluated and summarized in  

table 1. 

 For the purpose of comparison, the literature data 

reported by Rio et al
12

 is also included in the table 1. 

The KD value evaluated by us is close to that of the 

literature value. For [CV–CD] 1
 
:
 
1 complex, Liu et 

al
13

 have reported KD as 5⋅3 × 10
–4

 mol dm
–3

 (25°C 

pH = 7⋅2) by spectrophotometric method. The rate 

acceleration in CD catalysed reaction is usually 

measured by the ratio kc/ku. The data in table 1 show 

that CD accelerates the bleaching rate of CV mar-

ginally by formation of 1
 
:
 
1 (G

 
:
 
H) complex. The 

structure of the inclusion complex of CV with CD 

has been proposed by Rio et al
12

 based on NMR 

spectral measurements. In the [CV–CD] complex, 

the dye enters into the hydrophobic cavity through 

the wider rim. One phenyl group is accommodated 

within the CD cavity (figure 3). The secondary hy-

droxy group of CD is weakly acidic
14

 (pKa = 12⋅2). 

Under alkaline condition, this hydroxy group is ion-

ized. The nucleophilic attack of the ionized secon-

dary hydroxy group of CD on the dye cation may be 

the reason for the rate acceleration. This is similar to 

the rate acceleration caused by CDs on the cleavage 

of phenyl esters.
15

 

 At higher concentrations of CD, another aryl ring 

of CV may occupy the cavity of second CD mole-

cule leading to 1
 
:
 
2 (G

 
:
 
H) complex. Steric crowd-

ing around the reaction centre may retard the rate of 

the reaction. 

3.2 Bleaching of malachite green and rosaniline 

The rates of bleaching of malachite green (MG) and 

rosaniline (RA) were measured in 0⋅001 M NaOH 

and borax–borate buffers of several pH in the pre-

sence of varying amount of CD. For malachite 

green, in 0⋅001 M NaOH, kobs values increase with 

an increase of [CD]. In borax–borate buffers, the 

variation of kobs with [CD] is interesting. At pH 10, 

9⋅7 and 9⋅4, kobs increases with increase of [CD]. At 

pH 9⋅1, kobs is insensitive to [CD]. At pH 8⋅8, kobs  

decreases with increase of [CD] (figure 4). 

 For RA, the rate of bleaching decreases with an 

increase of [CD] in 0⋅001 M NaOH (figure 5).  

 Similar rate retardation was observed in all the 

borax–borate buffers. By analysing the rate data in 

terms of (4), the apparent rate constants a

u
k  and a

c
k  

and KD values for [MG–CD] complex and [RA–CD] 

complex were evaluated (tables 2 and 3).  

 It is well-known that unlike CV, bleaching of MG 

and RA is a mixed order process (i.e.) both water re-

action and hydroxide ion reaction are significant.
16

 

Therefore for bleaching of MG and RA, the follow-

ing scheme 2 can be envisaged. 

 Both the complexed and uncomplexed dye un-

dergo bleaching by reaction with H2O and hydroxide 
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Table 2. Rate constants and equilibrium constants for the bleaching of MG in presence of 
CD at 30°C.  

pH* a

u
k  × 104 (s–1) a

c
k  × 104 (s–1) a

u
k / a

c
k  KD × 10

4 (dm–3 mol) 
 

8⋅8  3⋅9  3⋅2 0⋅8 2⋅7 
9⋅1  4⋅7  4⋅7 1⋅0 ….. 
9⋅4  4⋅9  5⋅5 1⋅1 ….. 
9⋅7  5⋅8  6⋅9 1⋅2 ….. 
10⋅0  7⋅8 13⋅5 1⋅7 ….. 
0⋅001M NaOH 18⋅5 38⋅3 2⋅0 5⋅4 

*Borax–borate buffer 

 

 

 
 
Figure 4. Variation of kobs with [CD] for bleaching of 
malachite green in borax–borate buffers at 30°C. 

 
 

H O2
u

OH

u

2
DYE + H O  P

DYE + OH   P

k

k
−

⎯⎯⎯→

⎯⎯⎯→

 

 
H O2
c

OH

c

[DYE CD]  P

[DYE CD]   P

k

k

− ⎯⎯⎯→

− ⎯⎯⎯→

 

DYE = MG/RA 

 

Scheme 2. 

 
 

Figure 5. Effect of [CD] on the rate of bleaching of 
rosaniline in 0⋅001 M NaOH at 30°C. 

 

 

ion. The ka
u and ka

c values reported in tables 2 and 3  

are all composite rate constants and can be  

expressed in terms of (5) and (6). 

 

 2
H Oa OH

u u u
[OH ]k k k

−

= +  (5) 

 

 2
H Oa OH

c c c
[OH ].k k k

−

= +  (6) 

 

The values of a

u
k  and a

c
k  are dependent of pH. They  

are fitted in terms of equations 5 and 6, by the  

method of least squares and pH independent rate  

constants 2 2
H 0 H 0OH OH

u u c c
, ,  and k k k k  for the uncom-

plexed and complexed dye cations for water and  

hydroxide reactions of MG and RA are evaluated  

and presented in table 4. 

 Examination of data in table 4 shows that CD  

accelerates hydroxide ion reaction with MG but it  

decelerates the water reaction. The rate acceleration  

in hydroxide ion reaction may be explained as in the  

case of CV. One of the aryl rings containing  

–N(CH3)2 substituent (which is more hydrophobic 

DYE + CD [DYE – CD] 
K D
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Table 3. Rate constants and equilibrium constants for the bleaching of RA in presence of 
CD at 30°C. 

pH* a

u
k  × 104 (s–1) a

c
k  × 104 (s–1) a

u
k / a

c
k  KD × 10

4 dm–3 mol 
 

8⋅8  7⋅1  3⋅8 0⋅54 ….. 
9⋅1  8⋅3  5⋅6 0⋅67 ….. 
9⋅4  8⋅6  5⋅9 0⋅68 ….. 
9⋅7  9⋅2  6⋅3 0⋅68 ….. 
10⋅0 12⋅6  9⋅0 0⋅71 ….. 
0⋅001M NaOH 29⋅0 22⋅0 0⋅76 2⋅4 

*Borax–borate buffer 

 
Table 4. pH independent rate constants for the bleaching of complexed and uncomplexed dyes (MG 
and RA) at 30°C. 

Malachite green Water reaction 
H O2

u
k  

H O2

c
k  

H O2

c
k /

H O2

u
k  

  3⋅9 × 10–4 s–1 2.7 × 10–4 s–1 0⋅7 
 
 OH– reaction 

OH

u
k  

OH

c
k  

OH

c
k /

OH

u
k  

  10⋅4 dm3 mol–1 s–1 3⋅9 dm3 mol–1 s–1 2⋅7 
 
Rosanaline Water reaction 

H O2

u
k  

H O2

c
k  

H O2

c
k /

H O2

u
k  

  8⋅3 × 10–4 s–1 5⋅4 × 10–4 s–1 0⋅65 
 
 OH– reaction 

OH

u
k  

OH

c
k  

OH

c
k /

OH

u
k  

  2⋅1 dm3 mol–1 s–1 1⋅7 dm3 mol–1 s–1 0⋅80 

 

 

 
 
Figure 6. Delocalisation of positive charge on central 
carbon of MG into the aromatic rings. 
 

 

than the unsubstituted phenyl ring) is incorporated  

into the hydrophobic cavity of CD. The ionized sec-

ondary hydroxy group of CD catalyses the bleaching  

rate. 

 The rate retardation in water reaction may be  

explained as follows: due to direct conjugation bet-

ween the alkylamino substituents and the positive  

charge on the central carbon atom contiguous to  

aromatic rings, the positive charge is delocalized  

over the aromatic rings (figure 6).  

 The approach of the nucleophile, water, brings  

about a change in the hybridisation of the central  

atom and the activation process brings about signifi-

cant attenuation of direct conjugation of carbonium  

ion with ring substitutents (i.e.) the approach of nu-

cleophile results in enhancement of positive charge  

density on central carbon. The negative volume of  

activation
17,18

 observed for MG–water reaction is in  

accordance with the formation of new bond between  

the substrate and nucleophile by the localization of  

the initially dispersed charge on reactant.  

 For such reactions, the rate of the reaction will  

decrease as the polarity of the solvent decreases.  

The rate retardation by inclusion in the CD cavity  

can be explained by a micro solvent effect. The hy-

drophobic cavity of CD is similar to a solvent of low 

dielectric constant. In the inclusion complex, the dye  

is inserted into the non-polar region within the ring  

of sugar residues and is expected to decelerate the  

fading process just as it would be if the medium  

were less polar by the addition of an organic solvent  

of low dielectric constant. 

 The interior of micelles are hydrophobic, similar 

to cavity of CD. Dynstee et al
19

 showed that for MG, 

the water reaction is retarded by both cationic  

micelle and anionic micelle. This is attributed to the 

fact that for water reaction the transition state  

resembles that of the reactant Ar3C
+
 and may be rep-

resented as [Ar3C….OH2]
+
. Koth Wada et al

20
 re-
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ported that in fading of triphenylmethane dye addi- 

tion of alcohol retards the rate. There is similarity  

between CD catalysed and micellar catalysed reac- 

tion of bleaching of the triphenylmethane dyes for  

water reaction. 

 For RA, CD decelerates the rate of both water and  

hydroxide ion reaction (table 4). This is contrary to  

the results obtained for CD–MG reaction. 

 The aryl rings of CV and MG contain the hydro- 

phobic –N(CH3)2 group. But in RA, the aryl ring  

contains the hydrophilic –NH2 group. The amino  

group of the aryl ring can form H–bond with  

hydroxy group of CD.
21

 Usually the host–guest  

hydrogen bondings come from the primary hydroxy 

groups (C–6) of CD which are flexible and can  

rotate about C (5)–C (6) bond. In contrast the secon-

dary hydroxy groups on C(2) and C(6) are rigid.  

Further, attractive –N–H…O interactions can occur  

between the included guest and the array of lone  

pairs on oxygen
22

 atom of CD. These H-bonding  

plays significant role in the mode of insertion of  

guest molecule inside the CD cavity.
23

 

 Connors et al
24

 suggested that benzoic acid bind  

α-CD with the COOH at the narrow end of the cavity. 

But in benzoate ion, the carboxylate moiety is  

positioned at the wider secondary hydroxy end of  

CD. 

 The wide rim of the CD is distinctly hydrophilic  

while the narrow rim bearing the primary hydroxy  

group is intensely hydrophobic.
25

 The dye cation  

may form an inclusion complex in which NH2 group  

may be positioned either nearer to narrow rim or  

wider rim of CD. From the kinetic data alone it will  

not be possible to predict the mode of insertion of  

dye. 

 The stabilization of the ground state by H- 

bonding may be the reason for the reduced reactivity  

of the complexed dye in the case of RA. 

4. Conclusion 

Fading of crystal violet is second order process. At  

low concentrations, CD accelerates the rate of  

bleaching of CV by forming productive 1
 
:
 
1 (G

 
:
 
H)  

complex. At higher concentrations of CD, unproduc- 

tive 1
 
:
 
2 (G

 
:
 
H) complex is formed. Bleaching of  

malachite green and rosanaline is a mixed order  

process. For MG, CD accelerates the hydroxide ion  

reaction and decelerates the water reaction by the  

formation of 1
 
:
 
1 (G

 
:
 
H) complex. In the case of  

RA, CD decelerates both water and hydroxide ion

reaction due to the stabilization of ground state by  

H-bonding with the host. 
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