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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, —12-29 eu. respectively and
the reaction occurs in the interphase comprising of microemulsion.

NoE old golste, LS oAzkel wbge] 7%

olulm o B9 o] A4l %71a1~°—c4w g4 FA EE, gl Aol Zulo] olste] 484
o] HES Alo]% Zujofi~® ol F¥H 4 glch, BN E FYIHR ofFd AN ol
Starks*= oA ukgo] A4 onium salt ol ol &xo] olgle 7 ulg-4lo] wig FAIHCE o]y

o8] Eoiste & Qlokm hglon], of wiel of @ AL olEded M Falyel Aol W
3 o7h)=e A whal Wb oleh, olAe =l Fal w480 Fol 5 ohwel ZA

no alolE Zoujs} Solertel & 77 Aaslo] $15°, onium salt °]¢le| Azt
K

rO

onium salt &+ 3%
651



652 SRERIE - FREE & E k- 8RER - L EE

ofyrtr 3195, Hideshima'’s A+ swlsl ke
= st= 3 f7]Rele] AAuo)
A 0304141 st o], Fendler'®'® %% =
MRE71A Bl F4) gl abo)ol] & 41E]
vk

_L.4

= wlAlg e (microemulsion)ol 4 @ody

2 AollA= SCN-& A3
of Aghkgel vke4 55 GLC
of, B 7kx AelF Zofe] a%-2

A E dte] dshylA
C ol =

goll ojs 2

SEEe] e vlA Aoz o4sE ofe] 24
£ ololy. Ha }93\1:}-
4 ¥
A2t % 7171, Benzyl chloride (GR 98°%) 2}

dimethyl phthalate(DMP), benzyl trimethyl
ammonium chloride(BTMAC, GR) = benzyl
triethyl ammonium chloride(BTEAC, GR), tetr-
a-n-butyl ammonium chloride(TBAC, GR), 18
-crown-6(18-C-6)= Tokyo Kasei Kogyo #&
= AHE&s1da, KSCN + Junsei Chemical &
EP & polyethylene glycol(MW, ; 3400,
PEG) % hexadecyl trimethyl ammonium
A3kl o, =
& e ARgslsdd, AR S 98
Schmadzu IR-400 spectro-
photometer & AH&3le] ZAsigln, u¥lesw
4 F4o| A3 GLCE Yanaco-G 180
flame ionization instrument(6ftx1/16in.
10% SE-30 on chromosorb W, 80~100
mesh)Z, Z A o &= stroboscope
(U-chida)& #H&-3t9l, 4h3-2-5%= Haake-D,
Temperature Controller & A-&3lo] &L

& +0.1°C HHollA ="t

fU

2
Bk AobEe UF Ao mb £3
k3

IR-spectrum &

E}:f.w:

oldAoliMe] Hx|g wI2s4s Ay &X,
oAl Alel x| Fnbgol 4] Alo]E Zolbl e
st7] glal dzhwl Aol KSCN 48
AR, A7k slel] w2 ]Ae
GLC #el ofsll &35t Al g5 gl
SR R e DMP = v 50:
40:10% 2 ETHsled 7|d= slx, KSCN 4+=&
4L 585g/500m/ ¢ &= dlo] FHeo] fx|= A
zﬂal—z‘;_} o} A]sl_.,l.oﬂ 7L7L 5. ()m]w x]_g;_ﬁ— H
3, A4 b2 *}—Q-OPO% 1200 rpm 2.2 %]
FrdA mubsisicl, =5 of 8%wict 1B
Azsle] ARS Heg ‘lil 715l A A1EE 3
sted GLCH#ol ol A& 5% x2 35
g5 ksl dolgle dskwAe ¥
([BClo—x) 2 a5 A7}
7715 Ao Aalslo] wigEr kg
W (kovsa) 27 3} TE,

WNES #ol. 44T WA e 2xeuel
ul

IR-spectrum #4743} 2,150cm™ % 760cm™!
o4 C=N =l §—C AlFA5S eld 5 g3l
onf FA Ao g x=HO 39~40°C (lit, 2°

mp. ; 41°C)°|%

olAOIAS] HsAES 5
32 Scheme 19 WA o2 Aasis, w4
=424 (1), @& Jehd 4 ek

n(1/{BCl,~ (BT)})

kopsar t—1n [BC]O (1)

n ((BC)o/{(BC)o— (BT)}) = kopea- t (2)

o714, [BClot %3
A7k telldl WA Bl eslehe] FE A
e AR s

=9 g A7 ol sl SASe] 2 7)gs

org. phase @MU < aSCN — Ot + dar

interphase ] | ] |

agphase ' kg 4 dSON == KstN + dCf

Scheme i

Journal of the Korean Chemical Society



gl Alabak Aol o&k sl 4ol Aol nlAL ol E Fohm 653

Table 1. Rate constants without catalysis for various
temperatures

Temp.(°C) 20 30 40 50

k,x 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

kobsd x 105
PTC mole(1 x 1039
0.5 1.0 1.5 Z.Q 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 1.20 240 4.43 7.27
TBAC 2.06 3.39 4.38 6.25
CTMAB 235 6.60

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

kcat. X 102
PTC mole (1 x103)
0.5 1.0 1.5 2.0 3.0
NH (I 0.06 0.26 0.31

BTMAC 0.53 0.95 1.46 1.83
18C 6 0.56 114 1.72 2.30
BTEAC 0.61 1.45 1.92 2.67
PEG 0.72 1.57 240 3.22
TBAC 2.45 2.56 2.67 2.71
CTMAB 2.02 5.77
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Fig. 1. The plot of In[BC] vs. 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
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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

Temp.(°C) 20 25 30 35 40

UTx10% 342 336 330 325 312
kasax 105 1.67 244 339 527  7.94
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Table 5. Rate constants and activation parameters

prC Eopsa X 105 byx 10% Ea H*b —§#b

30°C 40°C kcal-mol-1 kcal-mot-1 eu.

NH,CI 0.90 2.17 0.43 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

2At 30°C.% at 40°C.c from Table 4.
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Fig. 4. The plot of interphase volume ratio us. catalyt
concentration, @; TBAC, PEG, OO; BTEAC, a;
BTMAC, C; CTMAB, ®; 18 C 6.

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)0 0.030
3 30 0.032
4 40 (0.039)9 0.044
5 50 0.045

aSampling org. phase after standing 1 min. (inj. No.
1,3,5). *Sampling interphase after standing 30 sec. (inj.
No. 2,4). ccalculated value
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Fig. 5. The plot of interphase volume ratio vs. catalyst
concentration in [J; toluene, O; chlorobenzene.
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Table 7. Interphase volume and rate enhancement by CTMAB in different solvents?

M x 104
Solvent
2.5 5.0 7.5 10.0
toluene interphase? 7.5 11.2 40.6 56.0
Bar X 102 1.62 3.02 441 5.77
chlorobenzene interphase? 11.2 19.0 60.2 81.2
Boar, X 102 1.78 3.39 5.26 6.90

aat 30°C, ¢ vol %.
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