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Kinetics and Mechanism for Alkaline Hydrolysis of
Dinitrothiophene Disperse Dye(C. 1. Disperse Green 9)
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Abstract— Kinetics and mechanism for alkaline hydrolysis of C. I. Disperse Green 9(G-9) of dinitrothiophene
disperse dye were investigated. As soon as G-9 contacted with alkali, instant and continuous decreases of color
strength of G-9 followed with increasing time. The hydrolysis rate of G-9 increased with increasing alkali, and it
was found that alkali appeared first order dependence. The observed rate constants obtained from hydrolysis of
various amount of dye were similar values, and calculation of initial rates showed that G-9 hydrolyzed by first
order reaction for dye. Therefore it was confirmed that the overall reaction was second order, SN2 of nucleophilic
substitution reaction. Increasing temperature enhanced the hydrolysis of G-9. From the results of hydrolysis
performed at various temperatures, it was obtained that activation energy(Ea) was 12.6 kcal/mole, enthalpy of
reaction(AH) was 12.0 kcal/mole, and entropy of reaction(AS) was 29.8 J/mol - K.

Keywords: Dinitrothiophene disperse dyes, Kinetics and mechanism for alkaline hydrolysis, SNa of nucleophilic
substitution reaction, Activation energy(Ea)
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Fig. 1. Visible spectra of G-9 hydrolized in acetone/water solutions of various amount of

NaOH(0.015~0.1M) at 607C(G-9: 5x10-5M).

Table 1. Observed rate constants for alkaline hydrolysis of G-9(5x10-5M) in various amount of NaOH, and values
of initial rates and observed rate constants for various amount of G-9 in NaOH(0.05M) solution at 60°C

[OH] ) Kobs Dye Xs(*10°M) , Kobs

oy | OHT iy | ke o Ty | 0l a0y |0 v (min™)
0.015 42 0.0095 | 4.66 1x10° | 1151 | 0399/0175 | 1363 | 0.31
0.030 35 00172 | 4.06 3x10° | 1041 | 0988/0432 | 1242 | 0.028
0.050 3.0 0.0270 | 3.61 5x107° 99 | 150070657 | 11.87 | 0029
0.075 26 0.0380 | 3.7 7x10° | 957 | 2110/0.923 | 1154 | 0.030
0.100 23 0.0573 | 2.86

1) xs, Ag: dye concentration(xs) and absorbance(A;) after 5 min, 2) v=(x¢-Xs)/t, t=5 min
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Fig. 3. Visible spectra of G-9 hydrolized in acetone/water solutions of various amount of G-9

(1~7x10-5M) at 60°C(NaOH: 0.05M).
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Fig. 4. Plots of -In k vs. -In[lOH-] and —In v vs. —In
xo for G-9 hydrolysis.
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Table 2. Values of observed rate constant(kobs) and activation parameters for alkaline hydrolysis of
G-9(5x10-5M) in NaOH(0.05M) solution at different temperatures

T?fg)P' T(K) | (1/T)x10 (nll(f;:) - In KV (Xkl/oi) - In(k/T) | - TIn(k/T)
45 318 3.145 0.011 451 3.459 10.272 3267
50 323 3.096 0.014 4.27 4.334 10.054 3247
55 328 3.049 0.019 3.96 5.793 9.756 3200
60 333 3.003 0.027 3.61 8.108 9.420 3137
1) k=kobs
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Fig. 5. Visible spectra of G-9 hydrolized in acetone/water solutions at different temperatures(4

5~60T, G-9: 5x10-5M, NaOH: 0.05M).
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