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ABSTRACT. Rate constants for the solvolysis of o-methylbenzyl chloride were determined at
30° and 40°C in aqueous ethanol mixtures under various pressures up to 1600 bar. From the rate
constants, the activation parameters JV=*, A8*, 4dH*, 4S* and 4G* were evaluated. The values

This behavior is discussed
in terms of electrostriction. To examine the reaction mechanism by Laidler and Evring equation,

exhibit the extremum behavior at about .30 mole fraction of ethanol.

we compared the rate constants with the dielectric constants of aqueous ethanol and the number of
water molecule participated in the transition state. It was concluded that solvolytic reaction pro-
ceeds via Syl mechanism.
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Table 1. Pseudo first-order rate constants for the
solvolysis of o-methylbenzyl chloride at 30° and 40°C
in aqueous ethanol under various pressures

kxlos(sec'lg for mole
fraction of ethanol

0.30 0.40

Temp [Pressure

(°C | (bar)

¢ 010 0.20

1 21.2 3.18 0.685 0.198 0.101
200 22.2 3.56 0.859 0.247 0.115
30 400 23.8 3.96 0.917 0.29 0.130

800 | 25.9 4.49 112 0.35% 0.153

1200 | 275 4.9 1.33 0.427 0.174

1600 | 288 520 1.47 0.512 0.192

1| 667 9.04 1.95 0.562 0.305

200 | 70.0 10.1 245 0.702 0.347

0 | 400 [ 751 113 262 0.80 0.39%2

800 | 821 128 3.20 1.0 0.464

1200 | 87.6 14.0 378 1.22 0.528
1600 | 919 14.8 4.19 1.46
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Fig. 1. Plots of In & vs. pressure for the solvolysis
of o-methylbenzyl chloride in various mole fraction of
ethanol-water mixtures.
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Table 2. Activation volume parameters for the solvolysis of o-methylbenzyl chloride in aqueous ethanol at
30° and 40°C under various pressures

—4V>={mil-mole-! — A%
T(inél;' Xaon ( ) (mf aﬁll'os
1 200 400 800 1200 1600 mole~1)
0 7.86 7.11 6.36 4.86 3.35 1.85 3.76
0.10 14.4 12.7 11.0 7.62 4.24 0.87 8.44
30 0.20 18.7 16.8 15.0 1.5 7.87 4.30 8.95
0.30 21.7 19.8 17.9 14.0 10. 2 6.32 9.63
0. 40) 16.1 14.6 13.0 9.93 6.83 3.74 7.74
0 8.41 7.62 6.84 5.67 3.70 2.13 3.93
0.10 14.8 13.1 1.3 7.84 4, 36 1.01 8.74
40 0.20 19.3 172.5 15.6 11.9 8.11 4.36 9. 40
0.30 22.8 20.7 18.7 14.7 10.6 6.61 10.1
0.490 16.7 15.1 13.5 10.4 7.20 4.04 7.92
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Fig. 2. Solvent dependence and pressure dependence
of activation volume at different temperatures.
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Fig. 3. Plots of compressibility coefficient of activa-
tion vs. mole fraction of ethanol at different tem-
peratures.
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Table 3. Activation parameters for the solvolysis of
o-methylbenzyl chloride in aqueous ethanol

Activation | Pressure Mole fraction of ethanol
parameter | (bar) ¢ 0.10 0.20 0.30 0.40
1| 2.0 191 19.1 190 20.2
200 | 2.0 19.1 19.2 19.0 "20.2
AH* 400 | 211 19.2 19.2 19.1 20.2
(Keel/ 800 | 2.1 19.2 19.2 19.1 20.3
mole) | oo | 21.2 19.2 19.1 19.2 20.3
1600 | 21.3 191 19.2 19.2 20.4
o | 607182 19.1 221 19.2
200 | 5.84 16.1 18.5 21.5 19.0
— 48~ 400 | 566 155 183 2.0 18.8
(e.u.) 20 | 5.21 15.3 17.9 20.6 18.2
1200 | 4.80 15.0 17.9 19.8 17.9
1600 | 4.59 15.1 17.5 10.6 17.5
0o | 19.1 141 122 122 14.3
. 200 | 19.2 24.1 13.4 124 14.4
4G~ 400 | 19.3 144 13.5 12.6 14.4
(Keal/ 800 | 19.5 14.4 13.7 12.7 14.7
mole) 1200 | 19.8 14.6 13.6 13.1 14.8
1600 | 19.9 14.5 13.7 13.1 15.0
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Fig. 4. Plots of In % vs. (D—1)/(2D+1) X102 under

various pressures.

T,

w& Fig. 42 ¥E 0.20~0.30 & 2EolA
o AAAoz BY A= wWrhyzs wsst
o2 HEE Vel 2 g} ol Al
Hilton 3} Jefferson®] dAF A= A=l ulrp
Aok, 2y o] AR v RS g4
& W A3 82 £8 A 2 = Kivie
nen® & 77 Fhgel2a) whgol dste] A
o] Aelo]A uhge] R & FA4GE A s
o WS EFE FHEY. S5 A4 9
¥wote) FAAL g3} oA

i in k=n-In{H;0} +constant {11

MAA 7 495 2482 29 Fue 294
€% ol g3 Al dstdct. Qe QASte] Ink
9 In(HO)) o8 Sl EH o2 15 1600bar o)
2t 30°9F 40°Ce] 7 z Aol wie} Fig. 54
el RiTE, of 2 A Ao\ Zulo] Ao &
BAFE At Table 4] ¢34} Kiv-

Journat of the Rorean Chemical Society



oA @R} g B Y 4] 9% 45

, 1600(A=4) |

; "

y
/
7 Thar(A=1)
4

|
E
L o
|
|

ok + A&

Tn [ 10 ]
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peratures under various pressures.

Table 4. The number of water molecules (#-value)
participated in the transition states at 30° and 40°C
under various pressures

Temp. n-value

0 lbar 200 400 800 1200 1600

30 10.4 10.2 10.1 10.0 9.72 9.55
40 10.4 10.3 10.1 9.95 9.80 9.61

inene] Waw  7)|&7] & n-value 7} n<20)
w1 Sx2 ubg-o|r, a>5o|d Syt kgl = A
dstge}. £ dFAAE a>5ol22 FE Sal
29l g & £ Az =R el FH
e} p-value 7b v &3hvbol ZaEE 4 F o
oz e ¢Yrre 2L ¢HAA Sy u
£l %D e AAY 7 Sk

olE A=tE RE electrostriction & 3ol 2§
¥ zrkrt Aol el C-Clo AR 7t
i) B2 REFA Bl v E 4FE
iz A& 4VEE 58 & 4 9=,

Vol. 30, No. 1, 1986

TR B3 AVE9 B8 45E AT 48
7} 0.30 & -84 extremem behavior & 2
ol AL ZIAZe S Aol Fefzle £ ERY
A9 Feol7t 744 AE-& orTta, = elect-
rostriction @ Aol ZA AL B Fr} o=
AR sele]¥ JH®, 48, 4G5 EE Ry
¥ Fx Ak zEdz S5 ES AT
o ARRAE vz 3P A S0l T Fg
o] Z&sdtx ¢Ye) AT E = A A4 (Fig.
el A go] Woldg & 4 AR} oA F
Ao] zZe. fu]Ae] A nonelectrostatic term ©|
Z292¢ 93 0g skl Fel Wb 9
G Ag oo g,

o} ¥ AL el FMETFF n-value 7t
ZolFol A E ¥ 4 v, welA bond-breaking
ol Aoz AT Foz Wl AP =
Syl ubgol ¢hge) wstel ogt g Fake] F)
o @z} g e & T Ak

AEEH

1. E.D. Hughes and C.K. IngoM, J. Chem. Soc.,
244 (1935).

2. E. Grunwald and S, Winstein, J. 4m. Chem. Sec.,
70, 846 (1948).

3. S. Winstein, E, Grunwald and H.W. Jones,
ibid, T3, 2700 (1951).

4. A.H.-Fainberg and S. Winstein, #bid., (a) 79,

1597 (1957); (b) 79, 5937 (1957).

5. W.J]. LeNoble and A. Shurpik, J. Org. Chem.,
35, 3588 (1970).

6. S.). Dickson and J.B. Hyne, Can. J. Chem.,
49, 2394 (197D).

7. O0.C. Kwun and J.G. Jee, Bull. Korean Chem.
Soc., 5, 112 (1984).

8. E.A. Moelwyn-Hughes, “Kinetics of Reactions
in Solution,” Oxford Univ. Press, 2nd Ed., p.3
38 (1947).

9. M.G. Evans and M. Polanyi, Trans. Faraday
Soc., 31, 875 (1935).

10. E. Whalley, “Advances in Physical Organic Che
mistry,” Vol. 2, Academic Press, N, Y., 1964.

11. K.J. Laidler and R. Martin, Inter. J. Chkem.
Kineties, Vol. 1, 113 (1969).



12.

13.

14.

15.

16.

17.

18.

19.

46 HET - RIRR - S

0.C., Kwun and J.B. Kyong, Bull. Korean
Chem. Soc., 6, 253 (1985)

E.A. Guggenheim, Phil. Mag., 2, 538 (1926).
S. Glasstone, K.J. Laidler and H. Eyring, “The
Theory of Rate Processes,” McGraw-Hill, N.Y.
and London, 1941.

H. S. Golinkin, I. Lee and J.B. Hyne, J. Amer.
Chem. Sec., 89, 1307 (1967).

H. Kelm(Ed.}, *High Pressure Chemistry,”
Proceedings of NATO Ad. Study Inst., Reidel,
Amsterdam, B, 281 (1978).

J.G. Kirkwoed, J. Chem. Phys., 2, 351(1934).
J.K. Laidler and H. Eyring, An#. N.Y. Acad.
Soe., 89, 303 (1940).

E.S. Amis and J.F. Hiaton, “Solvent Effect on
Chemical Phenomena, ” Academic Press, N.Y., 1

20.

2l.
22,

973.
(@ J. Wyman, Jr., J. Amer. Chem Soc., 53,

3202 (1931): (b) G. Akerlof, ibid, 54, 4125
(2932): (¢) B.B. Owen, R.C, Miller, C.E,

Milner and H.L. Cogan, J. Phys. Chem., 65,
2065 (1961).

R.P. Bell, Trans. Faraday Soc., 31, 1557 (1935).
V.J. Hilton and E.G. Jefferson, J. Chem. Soc.,
2756 (1954).
A, Kivinen,
(1965).

E. Tommila, ¢z al., Ann. Acad. Sci., Fennicae
A 11 (1959).

Acta. Chem. Scand., 19, 845

. (a) 0.C. Kwun, & al., J. Korean Chem. Soc.,

25, 152 (1981); (b) T. Grindley and J.E. Lind,
Jr., J. Chem. Phys, B4, 3983 (1971).

Journal of the Korean Chemical Society



