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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 m—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

19X 10°1M } 2.4x 10M 2.9x10"'M 341071
time x 107 titor | timex 107 titor of timex 107 titer of time 1072 titor of
(sec.) fodine(ri) | (sec. ) Todine(mf) (sec.) Iodine(ml) | (sec.) Iodine(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. 880 1.2 0. 800
1.2 1000 | 12 0. 895 1.2 0. 845 1.5 0. 760
1.5 0.973 | 15 0.870 1.5 0.810 1.8 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
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Table 2. Pseudo-first-order rate-constant (#") and second-order rate-constant (£,) for the reaction of ethyl

acrylate with #-butyl mercaptan at various pH and 25°C,

pH  (Ethylacrylate) (M) k' (sec. ™ pH (Ethylacrylate) (M) k' (sec. ™)
SR o I B ot 1 & & 09 < 10
Lg% 107! , 600 X 10° 2.9%x107! . 075 % 10~
3.4x107 0.810x107° 3.4x10°" 6.909x 107
3.9x107! 1.03 x10°® 3.9x107 8.562x107*

k=4.37x 107 (M, sec. ») b=2.69%10"" (M, sec. ")

2.62 2.g>< 10': ?%X%g': 3.46 O.Wx%g': 3. gg?xlg"
3.08x10" .99x 10" 1.46x 10~ 5.68 %10~
3.69x<197 10.75% 1074 1.95%107! 8.37 x10-!
4.30x 10! 13.30x10°* 2.43x107? 10.9 %10~

k=4.58%10"% (M. sec.”) k=4.72%107* (M}, sec.™)

4.30 0.97x 10 8. 7X10°¢ L 490 198107 5.3 x107*

. = . - f X - . =4

I 55 10- 5.7 x10- 2 6210 17,88 X 10

2.43x 107! 12.1x 107 3.41x107 16.31x 10°¢
k,=5.0x 1073(M?, see. 71) k=6.94x107* (M, sec, ™)

4.99 1. igx Ig': 3. ng lg‘: 5.08 % nglg': 2, 51x10™
2.43% 10" 4.06x10" . 43X 10" 5,57 x10"*
2.92x107" 9.27x107* 2.92x10°t 10.31x 107
3.41x107" 15.58x107* 3.41x107? 14. 87 <107+

5=8.01x10" (M, sec.”!) k,=8.22%x107* (M-, sec. ™)

5.48 1.95x 107} 1.75x10°% 5.91 1.95x 107! 0.77x107°
2.43x10™ 2,17x10™° 2.43%x 107} 1.41%107°
2,92 x107! 2.60%1072 2.92x107* 2.11x 10"
3.41 <107 3.05%x10°° 3.40x 107 3.02x10°®

£==8.91%10"* (M™, sec.”?) k=1.50x107* (M, sec.™)

6. 47 0.467 % 107! 2. 92)3%1 ': 6. 86 %-%X%O‘: 0.95x% 10':

L 1 N X )™ . = . -

T Forx 10 5. 95 10 % 3107 34520~

2.333x107! 9, 87x107° 6. 48 %107 4,94x10™*
k=4.25x10"% (M, sec.”) k,=8.16 X107 (M, sec. ™)

7.73 0.934x 107! 3.116x107? 8.04 0.937x10™! 0.426x 107!
2.335x 107! 7.41 x107* 2.335x 107! 1.279x 107!
4.67 x107? 13.81x107? 3. 269 %10 1. 772« 107!
7.01 x10™ 21. 87 %1072 4.67 X107 2.708%x 10~

k=6.25x10"" (M, sec. V) k=1.195 (M, sec.”))

8.49 1.73%x 1072 5.00x10"%
3.24x107? 12.14x 1072
5.40x107? 19.32x107?

10.8% 1072 38.38x107*

k=370 (M, sec.”™™
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Table 3. Second-order rate-constants (%,) for the addition reaction of n-butyl mercaptsn to ethylacrylate °

(EA) at 25°C.

k (M7, sec.™®)
pH Buffer Solution
Observed | Calculated
1.00 HCI 4.37x10° | pH=0  4.368x10"
1.52 ” 2.69% 107 i 1.0 4.368x%10°
2.62 " 4.58% 107 ’ 2.0 4.370x107
3.46 HAcx NaAc 4.72x107 3.0 441 x10°
4.30 ” 5.00% 10°° 4.0 474 x10°
4.90 ” 6.94x107° 4.5 549 x107
4.99 # 8.01x107 5.0 7.61 x10™
5.08 " 8.22x107° 55 1.28 x10°?
5.48 " 8.91x10°® 6.0 2,40 x10°*%
5.91 ” 1, 50% 1072 6.5 5.31 x107
6.47 " 4.25% 107 7.0 1.366x107
6.86 o 8.16x10? 8.0 1.235
7.73 ” 6.25x 10" 85 3.87
8.03 " 1.195
8.49 ” ! 3.700
ni 7 -
gl‘
3t T
3 t
x
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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 eguation (13)
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