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ABSTRACT

The rate-constants of the nucleophilic addition reaction of n#-butylmercaptan to 3, 4-methylenedioxy-

B-nitrostyrene were determined at various acidic pH and a rate equation which can be applied over

wide pH range was obtained.

From this equation, one may conclude that this reaction is started by addition of mercaptan
molecule below pH 3, while above pH 6, the overall rate of addition is almost only depend upon
the concentration of nitrostyrene and the mercaptide ion. At pH 3~6, the complex mechanism of

this addition reaction can also be fully explained by the rate equation.
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Table 1. The changes of optical density (0.D.) of NS with time for n-buty! mercaptan at pH=4.78 and 25°C

Concentrations of n-butyl mercaptan

4.0X10"*M 3.0X107M 2.0X16™°M 1. 0X10°M 0. 410" M
timex10™ O. D. timeX10™% O, D. ) time X107 O. D.  timex10™? O. D, timex10™* Q. D.
(sec.) of NS (sec.) of NS (sec,) of N& (sec. ) of NS (sec.) of NS
0. 000 0. 342 0.9000 0. 320 0.000 0. 3062 0. 000 0. 301 0.000 0.283
0. 490 0.292 0. 480 0.291 0. 260 0.288 0. 385 0,284 0. 420 0. 281
¢.770 0. 273 0.830 0. 262 0. 760 0.263 0. 950 0. 269 0.770 0.277
1.105 0.249 1.130 0.230 1. 270 0. 243 1.330 0. 263 1.220 0.273
1. 380 0.238 1.745 0.217 1.715 0.226 1. 670 0. 247 1. 595 0.171
1.770 0.212 - - - - - - 1. 940 0 268
/& 5‘“; NS 5‘4 %‘E‘ﬂj} é optical density(O. D. )‘Q‘I T T =T T .

log & Azkol vieke) plot & A =Hs AY A< pseudo-
first-order reaction 9 22l € <+ g9}, d4d 24 pH
4.891 A n-butylmercaptan 2] 2] Hxo| =93t NS9
optical density 2] ¥ 23}& 243 A= Table 144
€ g glen Fig.12 Az @2 log(0.D.} 9
BHE ek Adlot,

Fig. 19 71 €714 F#% 7} pseudo-first-order rate.
constant(£;)8 ©hAl n-butyl mercaptan 8] %o} o3
plot st Fig. 25k o] F4o] ek, o] AL of o)
L A% pH o] A} & second-order reaction 9} € ¢e] 3}
2 A&7kt °] 8129 second-order rate-constant
o sjFget,

A 2 Wgo2 o pHAAN 7§ pseudo-first-
order rate-constant (%) 9 second-order rate-constant

(k09 gtEL #bw Table 28 e}

Table 3. Second-order rate-constants (4,) for the
addition reaction of »n-buty] mercaptan to NS at

/, _

i A i 4 i h

g 1 2 k] 4 5( X 107IM}

Concentrotion of n.butvl mercoptan

Figure 2. The plots of %," vs. [RSH] at pH=4.8; the
dependence of the pseudo-first-order constant %,”
for tke reaction of n-butyl mercaptan with NS
on the concentration of n-butyl mercaptan

25°C
Buffer k(M7 -sec™)
pH p e
solution ™ o1 ived Caleulated
0.004:0.01 HCL 6.55%10"% pH=0 6.55X10™
0.91:£0.01 ” 6. 001073
1.00£0.02 " 4. 80X 1072 1.0 6.55%X107?
2.1440.01 ” 5. 43X1073 2.0 6.63X107°
3.02+0. 02 ” 7. 50X 1073 3.0 7.43X107°
3.06+0.02 # 8.70X10™3
3.4720.02 HAc+NaAc  1.00X1072 3.5 9.29X107%
4.03+0.01 " 1.63X 1072 4.0 1.32X1072
4.1140.05 ” 2.10X 1072
4.54+0.02 ” 3.15X10"? 4.5 3,39%1072
4.78x0.05 ” 5.50 X102
5.0140.02 # 8.73X1072 5.0 9.15X1072
5.53£0.02 ” 5. 67% 10! 5.5 2.73X107
5.724+0.07 " 2.57 X107
5. 97+0.01 +N§H§}E)6 1.40 6.0 8 40X107t
az (
6.29% ” 4.03 6.5 2.65
7.0 8.32
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Figure 3. pH-rate profile for the reaction of n-butyl
mercaptan with NS at 25°C. The points are ex-
perimental. The drawn line is calculated accor-
ding to the equation (10)
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Table 2. Pseudo-first-nrder rate-constant (#,°) and second-order rate-constant (%,) for
the reaction of NS with n-butyl mercaptan at various pH and 25°C

£’ (sec™)

pH (n-C{HgSH] (M) pH [n-C HsSH) (M) k' (sec™)
0.00£0.01 0.4X1073 0.36X107% 0.91£06.02 1X107% 0.81X107¢
” 1X107 1.17X10% o 4X107¢ 2.65X107¢
" 2X1073 2.05X107% ” TX1074 4.49X1078
" 3X107? 2. 141075 # 10X 10" 6. 05X 1078
B (M 1-sec V) =86. 55X 1073 B {(M~1l.sec™)=6. 00X 1072
3.02+0.02 141074 1. 15X107% 3.06+0.01 0.4X107 0. 30X 107
v 410 3.58X107° ” 1X1073 0.90x1078
” TXI074 5.64X107¢ ” 2X107° 1. 90X 1077
" 10x107* 7.29%107% ” 31079 2.50X107%
kA{M™.sec™1)=7, 50 190~° £ (M t-sec™1)=8.70X107°
4.1110.05 0. 4X10™* 0.82X107% 4.54=0.02 EX107¢ 0.43X1078
# 1X10* 1.95X107% " 4X1074 1. X078
# 2%10! 2.87X107° o 7X107¢ 2.49X107%
" 3104 "4.80X 107 ” 10X 107t 3.19X10°8
k=1.50X10"2 A=3. 15X 1072
5.53+0.02 IX10™ 0.46X10™ 5.72+0.07 0.4X10°3 2.31X10™
” 4x10™1 2. 10X 104 o 1X1073 5. 111074
" 7X1074 3.96X 107 u 2X1072 6.9010™
" 10X 107* 4.37X10"t " 3X107 9. 13X 16
Ay=5. 67X 107 k=2.57 X 107!
1.00£0.02 0. 4X107° 0.32X 108 2.14:0.01 0.4X1073 0. 83X 107
#” 1X107 0.72X107° ” 1X107? 0.82X10°%
” 2X107% 1. 14X107° " 2x1073 I.26X107°
" 3xX107 1. 49X 1073 r» 3X1072 1.49X1078
k(M se¢71)=4.80X 1072 2 (M™L-sec™)=5. 40X107°
3.47£0.02 1107 1.37X107¢ 4.03£0.01 1X107¢ 0.24X107%
“ 41074 5. 31X10~% " £X1074 1. 02X 1075
” 7X107% 7.09X107¢ " TX10™* 1. 26X 1075
# 10X107* 10.2X 1076 # 10X 1074 1. 68X 1075
£ =1.00X10"2 ke=1.63X10"2
4.78£0.05 0.410™ 0.35X107¢ 5.01+0.02 1X107% 0. 96X 1075
# 1X107* 1. 30 107¢ # 4 X107 3.29X10°%
" 2X 1074 1.60X10™4 ” 7X10* 5.61X107°
# 3X 1074 2.20X107¢ u 10X 107¢ 8.77X107°
k=5.50X1072 k=8, 73X
5.97£0.0t 1X1074 1.00X 1207 6.8910.03 0. 41074 1.21X10™
” 410~ 5.02x10™ ” 1X107¢ 5 75X 1073
” TH30°4 9. 12X 107+ ” 2X 104 6.90X 10"
“ 10X 10™ 13.4X 1074 ” 3X10™ 6.90X 1072
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