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ABSTRACT 

The importance of kinetic studies in dye chemistry is emphasized. The high 
pressure liquid chromatographic method, thin layer chromatograph-double 
scanning and proton NMR technique used to determine the rates of chemical 
changes are reviewed. 

1 INTRODUCTION 

As Rys and Zollinger’ pointed out some 20 years ago, dye chemistry was 
often regarded as closed, conservative and not readily amenable to new 
discoveries. In the period since then, many major innovative studies based 
on sound theoretical principles have been done. One area of significant 
development pertains to studies involving physical chemistry. Such studies 
yield valuable information on important areas such as rates of reaction, and 
on reaction mechanisms. In this review some kinetic studies in dye chemistry 
are emphasized, and recent investigations from our laboratories are 
reviewed. 

The general practice in chemical kinetics is to determine the concentration 
changes of the reactants or the products at a specific temperature. When the 
reactions are carried out in solutions, as is the case in the formation of most 
dyes, the concentration changes equate to the changes in weights of the 
reactants or of the products respectively. The essential problem is therefore 
to determine the changes in weight of the reactants or the products during 
dye formation. Different techniques pertinent to this are illustrated by the 
examples detailed below. 
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2 DETERMINATION OF THE RATES OF CHEMICAL CHANGES 
USING HIGH PRESSURE LIQUID CHROMATOGRAPHY (HPLC) 

2.1 Determination of the rate constants of the alkaline hydrolysis of 
model vinyl sulfone dyes-cellulose compounds by reversed HPLC? 

The model vinyl sulfonyl reactive dye-fiber compounds may be represented 
by DOCH,, e.g. 

The fading process of dyed fiber in alkaline medium may be determined by 
the rate of hydrolysis, viz. 

OH- 

S02CH2CH20CH, 
D-OCH, 

D-OH 

In excess alkali, the kinetic equation of the hydrolysis is denoted by the 
following equation: 

In CD--OCHdo = kt 

CD--OCH,I, 

where k is the pseudo-first order rate constant of hydrolysis. 
Since [D-OCH,], = [DOCH,], + [D-OH], then 

CD--OHI, WDOH”DOCH, _ &OH”DOCH3 

CD--OCH,I, = WDOCH,“DOH - &3CH31MDOH 
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and 

ln CDOCWo = ,n 

CDOCW, 

1 + ADOH”DOCH, 
A MD,, 

= kt 

DOCH, 

where 

W DOH = weight of DOH at t 
W DOCH, = weight of DOCH, at t 

ADOH = peak area of DOH at t 
A DOCH, = peak area of DOCH, at t 

M DOCH,, MDOH = molecular weights of DOCH, and DOH respectively 

In our experiments, the reversed HPLC method with a ODS packed 
column was used and methyl alcohol was employed as the mobile phase. The 
high pressure liquid chromatogram of the vinyl sulfone dye-fiber model 
compound at various times is presented in Fig. 1. From this figure, it is 
apparent that the peak area for the time of retention t, = 4.22 is reduced and 
the peak area at t, = 3.72 is increased. Since the hydrolysis product 
-SO,CH,CH,OH is more polar than the reactant --SO,CH,CH,OCH,, 
the former peak appears first, and the peak for the product appears last, i.e. 
the peak at r, =4.24 is that for the unhydrolyzed dye and the peak at 
tR = 3.72 is for the hydrolyzed dye. 

Standard solutions were then successively diluted to give concentrations 
from 1.068 to 9.612 x lo-’ g/ml. These solutions were subjected to HPLC 

t=o t =20min tr6Omin t =lOOmin 

Fig. 1. High pressure liquid chromatogram of model dye D-OCH, reaction with alkali. 
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TABLE 1 
Dosage Quantities of Peak Areas of DOCH, 

Solution DOSCip~ Peuk Observed Relutive 
ttrkm ipcrn tit!! urea” weight error 
WI ( x 10 ‘g) (x Icr’g) (%) 

1 I.068 8 545 1.069 0.09 
3 3.204 24 501 3.173 0.98 
5 5.340 40 605 5.295 0.83 
7 7.476 57 849 7,569 1.24 
9 9.612 73 629 9.649 0.38 

“Average value taken over three readings. 

using a Shimidazu LC-6A Liquid Chromatograph. The peak areas observed 
are shown in Table 1.3 

On plotting the dosage weights against peak areas, standard curves of 
unhydrolyzed and hydrolyzed dyes respectively can be obtained (Figs 2 
and 3). 

A plot for 

In A MDOCH, l+ADoH M 
DOCH, DOH 

against time t (a straight line) is obtained (Fig. 4). 
The model dye-fiber compound was dissolved in dioxane/water (9 : 1) and 

heated to 60°C for 30 min. A solution of 0.5% NaOH (5 ml) was added with 
good stirring. Samples were taken at intervals and added to dilute HCl, 
maintaining pH 5-6 to stop the reaction. The samples were analyzed using 
the Shimadazn LC-6A system. For each of the model compounds, the 
hydrolysis rate constants at 60°C are given in Table 2. 

$6 I 
/ 

2 .’ 
.’ 

n 
t4 .’ 
n .’ 
:: 
l+! 

2 .’ 
_/ 

I/- , I I I I 

0 2 4 6 6 10 

Weight (xlO-‘g) 

Fig. 2. Standard curve of unhydrolyzed dye D-OCH,. 
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Weight (x10-7g) 

Fig. 3. Standard curve of hydrolyzed dye D-OH. 

0 20 40 60 80 100 0 20 40 60 80 100 

S02CH2CH20CH3 Ii0 S02CH2CH20CH3 

HO 

(5) 

Fig. 4. Hydrolysis kinetic plots of model dye-i&r compound. 
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TABLE 2 
The Rate of Hydrolysis of Model Dyes DOCH, 

Structure k’ (min-‘) r 1 (nm) 

(1) 3.843 x 1O-3 0.9998 416 

(2) 6.825 x 1O-3 0.9999 465 

(3) 1.343 x 10-3 0.9996 482 

(4) 5.439 x 10-3 1 .oooo 482 

(5) 4899 x 1O-3 0.9997 473 

From the kinetic data, the structure of the model dye-fiber compounds 
may be quantitatively correlated to the ease of hydrolysis of these 
compounds. 

2.2 Determination of the rate constants of the competitive reactions of a 
vinyl sulfone dye with aqueous rrpropyl or isopropyl alcohol4 

The kinetic determination was homogeneously carried out in aqueous 
propyl alcohol and maintained at a specific temperature. After mixing with 
good stirring, samples were taken every 5min to determine the con- 
centration change of unreacted dye, hydrolyzed dye, and the reaction 
products with propyl alcohol during the reaction. 

By using HPLC, the concentrations of unreacted dye and hydrolyzed dye 
can be determined simultaneously. A Water 510 HPLC with a C,, column 
was used. (Flow phase: CH,OH/H,O = 90 - 75/10-25. Temperature 
2540°C. Flow rate: 0.5-1.0 ml/min. Wavelength for detection 465 mn.) 

Taking the competitive reaction of dye VDN with aqueous isopropyl 
alcohol\ as an example (Scheme l), the NaOH solution used was 
1.576 x lo-* mol/liter and isopropyl alcohol 3.328 mol/liter; isopropyl 
alcohol : H,O : acetone = 1: 1: 2 (by volume), reaction temperature 50°C. 

Scheme 1 
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Fig. 5. High pressure liquid chromatogram of the competitive reaction of VDN with 

isopropyl alcohol-H,O: (a) after 2 min; (b) after 4.8 min; (c) after 12.15 min. 

After reaction, the reaction products were injected into the HPLC 
column. The separation was by the gradient elution method: (CH,OH/ 
Hz0 = 95’5 (0 min), S/15 (1 min), 78/22 (1.5 min), 75/25 (2.5 min), 
temperature 25”C, dosage quantity 10~1). Results are shown in Fig. 5: peak 
1, retention time 4.26 min, is for dye HDN; peak 2, dye VDN, retention time 
572min; peak 3, dye IDN, retention time 7.14min; peak 0, impurities in 
solvent. 

The standard curve dete~ination was carried out as follows: a standard 
sample of VDN (34-36 mg) was dissolved in acetone (100 ml); 25 ml of this 

TABLE 3 
Dosage Quantities to HPLC and Peak Areas of a VbN Standard Dye Samples 

Name of 
dye 

Cont. of 
standard 
soiu tion 

(mg,Biter) 

Dosage Peak Dosage Lbsage 
quantify area weight quantity 

(mf) ( x 105) (xtW7g) (x10-7rnol.l 

VDA 0.0 10 0.0 00 0.0 
57.3 10 1.91 5.73 153 
85.9 10 2.99 8.59 2.29 

114.5 10 3.96 11.46 3.05 
143.1 10 5.04 14.31 3.81 
171.8 10 6.10 17.18 4.58 

HDN 0.0 10 0.0 0.0 0.0 
65.9 10 2.02 659 1.68 
98.8 10 3.22 9.88 251 

115.3 10 3.75 1157 2.93 
131.8 10 4.36 13.18 3.33 
1647 10 5.15 1647 4.19 
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0 4 8 12 18 20 
x10-7 g 

Fig. 6. Standard curves of VDN, HDN, IDN and NDN. 

was diluted to 50 ml to give a standard solution of 171.8 mg/liter. Aliquots (1, 
2,3,4,5,6,7,8,9 ml, respectively) were made up to 10 ml in acetone to give a 
further nine standard solutions of different concentrations. Into the Waters 
510, fitted with a C,, column, were injected 10 ~1 of solution. The peak areas 
and weight of dosaged VDN solutions are listed in Table 3. Plots of peak 
areas and dosage quantities are given in Fig. 6. 

If Y represents the peak areas and X ( x lo-’ g) represents the dosage 
weight of dye samples, the following equations are obtained: 

VDN: Y, = 3.445 x 10’ X+ 875 
HDN: Y,, = 3.254 x lo5 X+ 286 
IDN (isopropyl ether): Yi = 3.001 x lo5 X+ 423 
NDN (n-propyl ether): Y,, = 2.935 x 105X+ 895 

TABLE 4 
Competitive Alcoholysis (Isopropyl Alcohol) and Hydrolysis of VDN at 50°C 

Time Cont. 

(s) of dye 

Cone. qf 
alcohol 

cow. oj- 
hydrolyzed 

dye 

In U’JQ) 

0 99.02 - - 
36 94.05 3.36 2.55 
66 8962 5.84 4.54 
84 86.28 7.56 6.16 

112 83.48 9.03 7.49 
134 83.04 9.53 7.43 
167 80.35 10.87 8.78 
205 76.86 12.81 10.33 
362 72.63 15.02 12.35 

oaooo 
0.0515 
00997 
0.1377 
o-1707 
O-1760 
02089 
0.2533 
0.3099 
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c4 I I I 

0 100 200 300 

Time (min) 

Fig. 7. Plot of In(DJD,) against time t. 

The rate equation for the hydrolysis of VDN is: 

dCDye1 
~ = kal CDyel 

dt 

where kl, is rate constant of pseudo-first order hydrolysis. 

k tofat = kb + kkcW 

The competitive alcoholysis (isopropyl alcohol) and hydrolysis of VDN at 
50°C are shown in Table 4. 

On plotting In (~~~~) against time (in seconds), a straight line is obtained. 
From Fig. 7, k,,,,, = 7.27 x 10e2 min- ’ by calculation, kkoH = 

4.05 x lOa min- l and kl, = 3.22 x 10W2 min-“. 

3 DETERMINATION OF RATES OF CHEMICAL CHANGES BY 
THIN LAYER CHROMATOGRAPH-DOUBLE SCANNING 

3.1 Reaction between a vinyl sulfonyl reactive dye and methyl-aD-glucoside 
(Scheme 2) 

D, D,, D, and D, (10 mg of each) were dissolved in a 100 ml volumetric flask 
to give standard solutions of dye with con~ntration O-1 mg/ml. Aliquot 
portions of the solution were then diluted to give a series of solutions with 
concentrations of 1-7 mg/ml. 

The samples were applied to chromatographic plates, developed and zig- 
zag scanned. The peak areas of the spots (spot 1 was shown to be D, spot 2 
D,, spot 3 D, and spot 4 D6) were obtained (Table S), and plots were then 
produced for the peak areas versus the corresponding dosage quantities 
(Fig. 8). 



100 

CH30H 

CH 
3 

CoN&.;=;qo 
3 2 

C,,‘, HO(+T 
2 

D 
OH 

OH 

+cH3coN&6;=;qo 
3 

CH CH oc$cH3 
2 2 2 

D4 
OH 
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* *D 

0 *W 
A *4 

D (x10-‘9) 

Fig. 8. Standard curves of D, D,, D, and D,. 

A plot of 

against time t is shown in Fig. 9. The slope of the straight line is k, the total 
constant of the reaction rate. Since k = k, + Fe + kk, and kk :Kk:k, = 
D, :D4:D,, K6, Kk and k, can thus be calculated (Table 7). 

3.2 Determination of the rates of alkaline hydrolysis of dye-glucoside4 

The alkaline hydrolysis of D, may be represented by Scheme 3. The rate 
equation of the hydrolysis of D, may be represented as follows: 

where k, = k; + k;. 
D, (0.02 g) was dissolved in 30ml of distilled water. The solution (75 ml) 

was transferred to a 50ml conical flask. The solution was stirred and 
maintained at 50°C for 1 h, and O-025 ml of 2 N NaOH solution was then 
added. Aliquots were removed at intervals, cooled immediately and dilute 
HCl added to give a pH of 5-6. A microinjector was used to inject 1~1 onto a 
chromatographic plate (Silica Gel G + 0.2% CMC), which was then 
developed (using as eluant an appropriate phase, viz. butanol or iso-butanol/ 
methanol/acetic acid/water, 60/10/l/20; isobutanol/ethyl/acetate/ammonia, 
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0” 0’ i 
f 
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Fig. 9. Plot of In(n,D,) versus reaction time t (min) of reaction 1 at 50 & I C and 
pW = 12.824. 

6/6/4; butanol/ethylacetate/water/ammonia, 60/30/10/2) and scanned. The 
chromatogram of D, during the hydrolysis at 50°C showed that there were 
two reaction products formed, D, and D. The standard curves for D,, D and 
D, were obtained (Table 8). 

On plotting 

ln two 
CWt 

against time I, a straight line is obtained (Fig. 10); the slope of line is k, = 
0+11424min-‘. 

3.3 D~term~natjon of the rates of formation of polymethine dyes6 

The rates of formation of polymethine dyes have not been fully studied 
kinetically. The mechanisms in polymethine dye formation have only been 
explained by the general electronic theory.’ 

TABLE 7 
The Rate Constants of the Reaction between Dye and Methyl-a-o-Glucoside 

I 5orir I’C 0.1411 0.01674 O-1081 0.01628 0%91 
[GOH]:[D]=4: 1 

2 6Ok 1°C 0.1607 003470 0.1096 0*01856 0%553 
[GOH]:[D]=4:1 
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CH 3 

Dw 
Scheme 3 

t (min) 

Fig. 10. Plot of ln([DJJ[DJ,) against time t (min) 
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We have recently carried out kinetic studies by using the TLC-double 
scanning method. 

GH5 
C~3/CJ35 

n 

N 

2 ‘I 
‘5: CH, 

+ C6H,-&H=CH CH-N-C6H5 

w-I5 

ClO,- 
c10; 

A 
‘B 

Scheme 4 

A thiopyrylium near infrared lasing dye was prepared as outlined in 
Structure 4. After reaction, the samples were applied to a chromatographic 
plate, developed and zig-zag scanned. The spots were identified as the 
reactants A and B, the intermediate C, and the final product D. The 
concentration changes in A, B, C and D, are shown in Table 9. From Table 9, 
the possible reaction sequences in the presence of the catalyst NaAc at 125°C 
are A + B --* C (reaction 1) and A + C -+ D (reaction 2) (Scheme 5). The 
kinetic treatment is therefore very difficult to carry out. In our study, the 
reaction occurred in two steps. The first step is a reaction of A and B (mole 
ratio of A: B is 1: 1) to form the intermediate C at 125”C, without NaAc. The 
peak areas and dosage quantities of A, B and C, respectively, were 
determined. The experimental data and the calculated results of reaction (1) 
were obtained (Table 10). 

The plot of l/C, against time t (min) of reaction (1) at 125°C without NaAc 
is shown in Fig. 11. From Fig. 11, the straight line fits the second order rate 
equation l/C, = k, t + l/CBO; k, is the specific rate constant of reaction (l), 
i.e. 2.89 liter/mol/min at 125°C. 

The second step is the reaction between A and C to form D (1: 1 mol ratio). 
The temperature of this reaction was also kept at 125°C and alliquot 
portions applied to the chromatographic plate, which was then developed 
and scanned. The experimental data and the calculated results of reaction (2) 
were thus. obtained (Table 11). 

A plot of l/Cc against time t at 125”C, without catalyst NaAc, gives a 
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CH3 C6H 5 C6H 5 \ / 

+ - ~  (Ac)20 
C6Hs--NH--~CH C H - - N H - - C 6 H  5 + C6H5 CH3 

ClOg ClOg 
(1) 

C6H5 CH3\  C 6 H s  

N COCH 3 

C6H 5 L ~ L C H = C H - ~ C H - - N ]  --C6H 5 

ClOg c 

C6Hs C6H s CH3\ /C6H5 
~ - .  N COCH 3 

C685 CH 3 + C 6 H s L ~  ~ C H = C H _ ~  I C H - - N - - C 6 H  5 
1 j 

ClOg ClOg 
A C ~(AchO 

(2) 
C6H5 CH3\N/C6Hs C6H5 

C6H5 ~ C H ~ C H ~ C H - - C H ~ C 6 H  5 

ClOg D 

Scheme 5 

linear relationship (Fig. 12). Therefore, reaction (2) is also a second order 
reaction with k = 0.432 liter mol-  1 min. 

The above two reactions were also carried out with addition of catalyst; at 
75°C, k'l and k~ were determined in a similar manner, giving k' 1 = 4.334 liter 
tool- 1 min and k~ = 1.977 liter mol-  1 min. 

kx > k2, k'l > k~, k'l > kl, k~ > k 2 

It is evident that the function of sodium acetate catalyst is to accelerate the 
rates of formation of the intermediate C and of dye D by enhancing the rate 
of formation of a methylene base from A. The rate of formation of 
intermediate C is greater than that of the final dye D. In general terms, the 
overall observed is: 

2A+  B ---~ D 
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80 

70- 

60- 

lo- 

I I I I I I I I I 

0 2 4 6 8 IO 12 14 16 i8 : 

t (min) 
> 

Fig. 11. Plot of l/C, against time t (min) of reaction (1) at 125°C without NaAc. 

but it occurs in two steps, by forming the reaction intermediate C. 

A+B+C, A+C+D 

Since k, > k,, C is found to be in excess. in the course of reaction. This is 
the reason why an asymmetric polymethine dye may be prepared by using 
this method. 

I I I I I I I 
0 3 6 9 12 15 18 21 i 

t (min) 

Fig. 12. Plot of l/C, against time t of reaction (2) without NaAc. 
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4 DETERMINATION OF RATES OF CHEMICAL CHANGES 
USING ‘H NMR8,9 

The hydrolysis in alkaline solution of some model bifunctional reactive dyes 
has been studied by using ‘H NMR. The kinetics of the hydrolysis of the 
monochlorotriazine group and the vinyl sulfonyl group were studied by the 
chloride ion-selective electrode method and by ‘H NMR respectively. The 
structure of the bifunctional reactive dye, and its hydrolysis reaction are 
shown in Scheme 6. 

If B and C are reactive intermediates, their concentrations are very low. By 
steady state theory 

Then 

and therefore 

and 

Therefore 

where 

dCBl - 0 

dt ’ 
dL-=l = 0 

dt 

dCB1 
-=k,[A][OH-]-k_,[B]-k,[B]=O 

dt 

CBI = k_ ‘; k CAICOH-1 
1 3 

WI 
- = kJA][OH-] - k,[C] - k,[C] = 0 

dt 

cc1 = & CAICOH-I 
3 4 

%$= k,[B] 

y = k4[C] 

dCD1 
- = k_kl$k 

dt 
[A][OH-] = k;[A][OH-] 

1 3 

k’ = * klk3, 

k-1 +k, 
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@--NHyyNHG 77 
N\ N 
Y 

SO,CH=CH, ’ 

Cl A 

eN++qyNHQ 

NXN 02CH=CH, 

OH Cl 
B (4-l) 

c (4-2) 

@-NH~A~NHQ 

NXN 
SO,CH=CH, 

Cl OH B 

@-NHl/rir~~a 

N\ N Y - S02CH=CH2 

O- D 
(4-3) 

@-NH-fNt~~Q 

N\ N 
Y 

SO;CHCH20H 

Cl c 

@-NH-~-Q 

N\ N 
Y SO,CH,CH,OH 

(21 
Scheme 6 

E (4-s) 
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and 

WI 
- = k_k2:k 

dt 
[AJCOH-] = k;[A][OH-] 

2 4 

where 

W, K; =- 
k,+k, 

From the above equations, the hydrolysis of the bifunctional reactive dye is 
a second order parallel reaction, and may be simplified as follows: 

AT--e; 

when 
t = O[A] = [A,], [D] = [E] = 0 
t = CA1 = L-4.1 - CW, - El, CD1 = PI,, WI = [El, 

-y = ~;[A][oH-] + ~;[A][oH-] 

= (k; + k;)[A][OH-] 

= K[A][OH-] 

where 

K = k; + k; 

-ln[A]=K ‘[OH]dt+C 
s 0 

and 

WI k; CEI k; -=-- or -=_ 
431 k; [El k; 

The total rate constant K may be determined by potentiometric titration. 
By plotting [OH-] against time t, & [OH-] dt is obtained and plots of 
-In CD] versus r0 [OH-] dt give the rate constant K (Fig. 13). 

BI-1 

Cl 



- 
BI-2 o- - 

\ / -4 \ / 

S02CH=CH2 

81-3 

S0,CH=CH2 

Cl 

BI-4 

\/ 

f: 

S0,CH=CH2 

In the course of hydrolysis, the proton peaks of the phenyl ring are not 
changed, but the proton peaks of the vinyl double bond gradually decrease. 

The rate constants of the hydrolysis of the vinyl sulfonyl parts of the 
model dye may be determined by ‘H NMR. The weight of the unknown is 
calculated by the internal standard method using the following equation: 

where 

WU, W: = weight of unknown and reference standard respectively, 
N,,N, = number of protons in unknown and reference standard 

respectively, 
A,, A, = peak areas of unknown and reference standard respectively, 

MU, A4, = molecular weight of unknown and reference standard 
respectively. 

The proton peaks for the phenyi ring may thus be considered as the 
reference standard, and the proton peak of the vinyl double bond in the binyl 
sulfonyl group can be used to determine the products of hydrolysis 
quantitatively. 
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1 

4.3 

4.1 

ii 3.9 

+ 3.7 

3.5 

3.3 

3-l 

10 30 50 70 90 110 

J ; [OH] dt 

Fig. 13. Kinetic curves of the hydrolysis of model dyes. 

Taking BI-1 as an example, 

N, = 9, N, = 3 [A,] = 9.662 x lop3 mol/liter 

[El = L-&J - C41= C41- C41 x ; x 2 
b 

= [A,] -2.899 x 1O-2$” 

The experimental results in the case of BI-1 $re shown in Table 12. 

TABLE 12 
Experimental Data of BI-1 

t (min) [D] x 103 [E] X 103 CD1 -In [A] [OH-] x IO’ fi [OH-] dt 

5 1.149 4.113 3.58 3.126 2.614 24.15 

10 1.388 4.863 3.50 3.378 2.550 43.80 

15 1.528 5.335 3.49 3.567 2.506 62.40 

20 1.681 5.880 3.50 3.863 2.369 79.20 

25 1.746 6.287 3.61 4091 2.183 92.72 

30 1.845 6.549 3.55 4.366 2.144 104.20 



(a) 

t=5 
min 

tz10 t-15 tz20 ts25 t=30 
min min min min min 

(bf 

a 7 6 6 6 6 6 

tr5 ts10 t=15 t:20 ts30 
min min min min min 

Cc) 

a 7 6 6 6 6 6 

tr5 ts10 t:15 t-20 t-25 tz35 
min min min min min min 

I I I I I I 
7 6 6 6 6 6 

t-5 t-10 t:15 t.20 to30 
min min min min min 

Fig. 14. ‘H NMR spectra for the ethylene group after different times: (a) BI-1; (b) BI-2 
(c) BI-3; (d) BI-4. 
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TABLE 13 
Experimental Data for BI-2 

t (mitl) [D] x 103 [E] x IO” [E]/[D] -In [A] [OH-] x IO3 s:, [OH-] dt 

5 0.974 4.121 4.23 3.134 2.490 22.1 
10 1.171 4.990 4.26 3.415 2.311 38.6 
15 1.344 5.644 4.20 3.704 2.226 55.1 
20 1.478 6.280 4.25 4.079 2.05 1 67.2 
30 1.587 6.715 4.23 4.467 1.706 82.9 

TABLE 14 
Rate Constants of Hydrolysis of Model Dyes 

BI-I BI-2 BI-3 BI-4 

k 1.677 x 1O-2 1.915 x 10-2 1.756 x lo-’ 1.780 x 1O-2 
I/, 3.672 x 1O-3 3.662 x 10m3 3.658 x lo- 3 3.655 x 1O-3 

ki 1.300 x 10-l 1.549 x IO_’ 1.390 X lo-” I.414 x 10-l 

From Table 12, the average value of [E]/[D] = 3.54, and since 
k’= 1.667 x 10d2, so k; = 3.672 x 1O-3 min, k; = 1.300 x 10e2 min. 

For BI-2 [A,] = 9.450 x 10d3 mol/liter, N, = 9, N,, = 3, therefore 

CE] = CA,] - [A,] x ;2 = [A,] - 9.450 x 10-~ x3” 
5 

“A 
5 

=[A,]-2.835x lO-2$ 
s 

The average [E]/[D] is 4.23, and since k’ = 1.915 x lo- ’ min - ‘, hence k; = 
3.662 x 10e3 min-’ and k; = 1.549 x 1O-2 min- ’ (Table 13). 

Similarly, the rate constants of the hydrolysis of the model dyes BI-3, BI-4 
were obtained (Table 14). 

5 CONCLUSIONS 

Kinetic measurements in dye chemistry may be carried out using HPLC, 
TLC double-scanning and ‘H NMR methods. TLC double-scanning is 
considered to be the most convenient. All the methods can be considered as 
being relevant to the whole domain of dye chemistry. 
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