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ABSTRACT. The catalytic effects of several phase-transfer catalysts (PTC) on the liquid-liquid
heterogeneous nucleophilic displacement reaction of thiocyanate on benzyl chloride have been determin-
ed. Reactions followed a pseudo-first order dependency on the benzyl chloride concentration and the
observed rate constant (k) were linearly related to the concentration of catalyst and varied with
variables such as reaction temperature and solvent. The sequences of catalytic activity of the displace-
ment were NH,Cl<BTMAC <18-crown-6 <BTEAC<PEG<TBAC<CTMAB. Enthalpies and en-
tropies of activation associated with the displacement were 15-20 Kealmol-1, -12-23 en. respectively and
the reaction occurs in the interphase comprising of microemulsion.
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Table 1. Rate constants without catalysis for various
temperatures

Temp.(°C} 20 30 40 S0
kyx 10 4.00 8.33 19.00 39.00

Table 2. Influence of various catalytic concentration on
pseudo first order rate constants at 30°C

kohsd X 105
PTC mole{1 x 103)
3.5 1.0 1.5 2.0. 3.0
NH,CI 0.90 1.36 1.75

BTMAC 1.10 1.78 3.02 4.50
18C6 111 1.97 3.42 5.43
BTEAC 1.14 2.28 3.71 6.17
PEG 1.20 2.40 443 7.27
TBAC 2.06 3.39 4.38 6.25
CTMAB 235 6.60

Tuable 3. Rate constants (b, ) on various PTC at 30°C

kcat.x 102
PTC mole (1 x 109)
0.5 1.0 15 2.0 3.0
NH,C1 0.06 0.26 0.31

BTMAC 0.53 0.95 1.46 1.83
18C 6 056 1.14 1.72 2.30
BTEAC 0.61 1.45 1.92 2.67
PEG 0.72 1.57 2.40 322
TBAC 245 2.56 2.67 271
CTMAB 2.02 5.77
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Fig. 1. The piot of In[BC] &s. time without catalyst at

20°C, :30°C, :40°C, ;50°C.
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Fig. 2. The plot of I{BC] vs. time catalyzed by TBAC at
30°C ; 0.5x103M, ; 1.0x103M, :1.5x10-3M,
;2.0 x 10-3M.,
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Fig. 3. Arrhenius plot for the reaction catalyzed by
TBAC.

Table 4, Temperature dependence of rate constants ca-
talyzed by TBAC

Tempd°C) 20 25 30 35 40

VTx103 342 336 330 325 3.2
basax 105 167 244 339 527 794

4{TBAC}=1.0x10%,

Table 5. Rate constants and activation parameters

< A (5)& 46 Tkt
by = Ropsa/ Q) (5)
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PTC kopegx 105 oy 102 Ea H+b — §+b

30°C 40°C kcal-mol-1 kcal-mol-1 eu.
NH,CI 0.90 2.17 043 16.65 16.03 28.76
BTMAC 1.78 5.44 2.29 21.08 20.46 12.76
18C 6 1.97 4.84 2.89 16.90 16.28 26.35
BTEAC 2.28 5.89 3.30 17.90 17.28 22.77
PEG 2.40 5.72 4,05 16.37 15.75 27.72
TBAC 3.39 7.94 6.82 14.18¢ 13.56 28.08
CTMAB 6.60

8At 30°C.% at 40°C.c from Table 4.
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Fig. 4. The plot of interphase volume tatio us. catalyt
concentration, @; TBAC, PEG, O; BTEAC, & ;
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Table 6. Comparison of product concentration at dif-
ferent level and standing time

Inj. No. Time [BT]” (BT]®
min. mol/! mol/?
1 10 0.017
2 20 0.025)9 0.030
3 30 0.032
4 40 {0.039) 0.044
5 50 0.045

¢Sampling org. phase after standing 1 min. {inj. No.
1.3,5). *Sampling interphase after standing 30 sec. (inj.
No. 2.4), ‘calcutated value
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Fig. 5. The plot of interphase volume ratio vs. catalyst
concentration in [J: toluene, O; chlerobenzene.
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Table 7. Interphase volume and rate enhancement by CTMAB in different solvents?

Mx 104
Solvent
2.5 5.0 7.5 10.0
toluene interphase?® 75 11.2 40.6 56.0
kgt x 102 1.62 3.02 441 5.77
chlorobenzene interphase? 11.2 19.0 60.2 81.2
Bear, x 102 1.78 3.39 5.26 6.90

at 30°C, ¥ vol %.
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