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Abstract The rate constants for the addition reaction of z-butylmercaptan to ethylacrylate have
been measured by iodometry and for the proposed reaction mechanism a rate equation which can
be applied over wide pH range was derived. From this rate equation, one may conclude that the
reaction is started by addition of n~butylmercaptan molecule below pH 4. However, above pH 7,
this addition reaction is proceeded by the n-butylmercaptide ions. At pH 4-7, the complex addtion
reaction mechanism can also be revealed by this rate equation.
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Table 1. The changes of mercaptan concentration with time for n-butyl mercaptan at pH=5. 48 and 25°C.

Concentrations of ethylacrylate

1.9x1071M i 2.4x107'M 2.9x107'M 3.4x107'A1
time x 107! titor | timex107? titor of timex 107% titor of time x1072 titor of
(sec.) Iodine(ml) | (sec.) Todine(ml) (sec.) Iodine(m}) (sec.) Todine(ml)
0.6 1. 049 0.6 0. 950 0.6 0.910 ‘ 0.6 0. 880
0.9 1.022 | 0.9 0.922 0.9 0. 830 1.2 0. 800
1.2 1. 000 ] 1.2 0. 895 1.2 0. 845 1.5 0.760
15 0.973 | 15 0.870 1.5 0. 810 18 0.720
1.8 0.950 1.8 0. 840 1.8 0.773 2.1 0. 680
2.1 0.927 2.1 0. 810 2.1 0. 740 2.4 0.641
2.4 0.905 2.4 0.781 2.4 0.703 3.0 0.560
3.0 0. 858 3.0 0. 730 3.0 0.725 3.6 0.482
3.6 0. 810 : 3.6 0.671 3.6 0.670 4.2 0. 400
4.2 0.760 4.2 0.612 4.2 0.613
4.8 0.713 4.8 0.555 4.8 0. 443
5.4 0. 665 5.4 0.500
6.0 0.625

or-der rate constant ()8 ZEL Table 29} 7+

o+ 1 &

Table 3& o8 pHel4 ZA3 seond-order Fig. 39 A4 wkEx Ae(k)e o3t
rate-constant (£)Z ¥l 23 Aolv Fig. 3& pH 7o F HRozg FA4H glvt A4 Sk,
ol W2 log k9] WSHE 23 Aok, k=P +# (OH®) @
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Table 2. Pseudo-first-order rate-constant (k') and second-order rate-constant () for the reaction of ethyl

acrylate with n-butyl mercaptan at various pH and 25°C.

235

pH  (Ethylacrylate) (M) kS (sec.™™ ‘ pH (Ethylacrylate) (M) k,’ (sec. ™)

1.00 2.4x107 0.391x10"® 1.52 2.4x107! 4.365x107*
2.9x10™ 0.600x1073 2.9x107* 6.075x 107
3.4x10™ 0.810x1073 3.4x107! 6.909x107*
3.9%x10™! 1.03 x107® 3.9x107! 8.562x107*

k,=4.37x10"% (M, sec. V) ‘ k,=2.69%x10"* (M, sec. ™)

2.62 2.46x107! 5.35x107¢ 3.46 0.97x107* 3.577x10™¢
3.08%x107! 7.99x107¢ 1.46x107! 5.68 <107
3.69x107! 10.75x107* 1.95% 107! 8.37 x10°¢
4.30x107! 13.30%x10°* 2.43x107! 10.9 x107¢

k,=4.58x107% (M™% sec.™®) k,=4.72%x107* (M™%, sec.™®)

4.30 0.97x107* 4.7x107¢ 4.90 1.95x107! 5.3 x10°*
1.46x 107" 7.2x107* 2.43x107* 6.99x10~*
1.95x 10! 9.7x107¢ 2.92x107? 11.85%x107*
2.43x107* 12.1x107* 3.41x107? 16.31x107*

,=5.0x 1073 (M, sec. %) ’ k=6.94%10"* (M, sec, ™)

4.99 1.95%107! 3.59x10¢ 5.08 1.95x10™¢ 2.51x10™¢
2.43 %107 4.06x107* 2.43%x107! 5.57x107¢
2.92x107! 9.27%x107* 2.92x107! 10.31x107*
3.41x107" 15.58x107* 3.41x107* 14.87x107*

k,=8.01%x10"% (M, sec.”®) ‘ k,=8.22x107* (M, sec. ™)

5.48 1.95%107? 1.75x10°3 5.91 1.95x 107! 0.77x1072
2.43x107* 2, 17x107? 2.43%x107* 1.41x1078
2,92x10™" 2.60x10732 2.92x107* 2.11x1073
3.41x107? 3.05x107° 3.40x107! 3.02x107°

k=8.91%x10"% (M™%, sec. ') k=1.50%10"% (M, sec. V)

6. 47 0.467%x 107! 2.23x10°¢ 6. 86 1.08x 107 0.95x 102
0.934x 107" 3.93x107? 2.16x107! 1.81x107?
1.401x107? 5.92x107° 4.32x107* 3.45%x107?
2.333x107! 9.87x107? 6.48x 107" 4,94%x107

B=4.25x10"* (M, sec.”?) E=8.16%10"* (M, sec. ™)

7.73 0.934x107? 3.116% 1072 8.04 0.937x10™* 0.426x 107!
2.335x107! 7.41 x107? 2.335x107! 1.279x 107
4.67 x107! 13.81x107? | 3.269x107? 1.772x 107!
7.01 x107! 21.87x10°? ‘ 4.67 %107 2.709x107!

k,=6.25x107* (M, sec.”t)

k=1.195 (M, sec.” )

8.49 1.73x107?
3.24x107*
5.40x 1072
10.8x107*

5.00x 1072
12.14 %1072
19.32x1072
38.38x107*

k=3.70 (M7}, sec.™)
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Table 3. Second-order rate-constants (k) for the addition reaction of n-butyl mercaptan to ethylacrylate

(EA) at 25°C.

k'»x 102

ke (MY, sec. ™)
pH Buffer Solution
Observed l Calculated
1.00 HCI 4.37x10 } pH=0  4.368x10
1.52 " 2.69x107° i 1.0 4.368x10™
2.62 ” 4.568x 107 | 2.0 4.370%x 107
3.46 HAcxNaAc 4.72x107° 3.0 4.41 x107*
4.30 ” 5.00x 107 4.0 4.74 x107*
4.90 ” 6.94x 1077 4.5 5.49 x1073
4.99 7 8.01x107? 50 7.61 x107°
5.08 ” 8.22x107° 5.5 1.28 %1072
5.48 ” 8.91x10" 6.0 2.40 x10°?
5.91 ” 1.50x 107 6.5 5.31 x1072
6.47 ” 4.25%107% 7.0 1.366x 107!
6. 86 4 8.16x107? 8.0 1.235
7.73 ” 6.25x107! 85 3.87
8.03 ” 1.195
8.49 14 ! 3.700
4} z
4}
3F
L
o A
4 /
14 2 e
o
i L ' 13 " e i L 1. 1 3o e
1 3 4 1 2 ¢ 5> 5 7 3 £
(x10M) ’ "

Fig.2. The plot of £’ vs. (Ethylacrylate) at pH=
5.48 & 0.10 ionic strength
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Fig.3. pH rate profile for the addition reaction of
n-butyl mercaptan to ethylacrylate at 25°C
& 0.10 ionic strength; The points are expe-
rimental and drawn line is calculated according:
to the equation (13)
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2147}HP° MH?% AegHoz A AYE F

g st & pH 4039 AAANE F
/‘34 mercaptan —g_—z}‘ﬂ-O] A7Ee o] wW= A
2ebAl 8] uH28 &Z A7)  general base 24|
£ Eute] o, pH 49 7AldAE
mercaptan £-*}¢} mercaptide ion°] AAAH o2
278t o]= hydroxide ion® general base &
v} (B)Z A #ul o} 2} mercaptan A5 T
£ A0] 73 mercaptide ione. & FHHAINE F
Wl g x g},

et A Gl el Mgt deldrtz AZHG
2 Michaeld HFEE o] A= pH 8o A
olm] kA8l ot Q1 FE o & =k

£ 4
AR ol A2

—
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(5) pH 1 o3} 3% A4 SlA= A
Aukg& et 938 webAs A o] A
A& mercaptano] = thE  ¥H-E3HF <] 93
715 2] 2t Al 459 perchloric aide} 72+ Al 4k
oA AP AFE dok o W F
L8zt A

¥ oot 2

e = 3
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