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Abstract: Measurements of hydrogen isotope exchange of’ toluene-a-d and -a-t in aqueous sodium 

hydroxide are reported for- temperatures of 150-200 OC. The reaction shows essentially no 

primary isotope effect. The rate extrapoiated 110 24 OC is combined with the rate constant for 

reaction of benzyl anion with water obtained eariier by Bockrath and DorfmanB to derive the 

aqueous pKa of to1 uene as 3~ .6 i per hydrogen basis) . 

Toluene has long been one of the key reference compounas on scales of carbon acidities; a 

pii vaiuc of 35.5 was assigned on Cram’s M5AD scale.2 This vaiue is apparently too low based on 

more recent values of 41.2 on the cesium cyclohexylamide (pkCsCHA) ion pair scale,3 and an 

estimate or 42 in dimethyi suifoxide. 4 In this paper we derive a value for the PK, of toluene 

in aqueous solution. 

Toiuene is sliqhtiy soluble in water and we used solutions that were 0.02-.05M in toluene 

at room temperature. in order to obtain more accurate values for tritium content of kinetic 

al iquots by I iquid scinti I l&ion count.ing.. the toluene-a-t used was mixed with toluene iabeleo 

with i4C; the kinetics was followed from tne decrease in the 3H/14C ratio with time. in this 

way, kinetic aliquots could be extracted with ordinary toluene for counting. Determination of 

the amount of substrate in the liquid scintiilation system is often the principal source of 

error. The infinity value was obtained by oxidation of a sample to benzoic acid using potas- 

5 i urn permanganate. in those runs that also included toluene-a-d, deuterium content was deter- 

mined by low voltage mass spectrometry of an aliquot. 

The kinetic measurements were carried out in Monel reactors from which aliquots were 

removed at intervais and cooled. Only a fraction of the kinetic solutions were used; solutions 

of toluene in water are far from ideai 5 and we found it important to keep the vapor space as 

smail as possible relative to the solution volume in order to obtain good pseudo-first order 

kinetics. The results are sun-usarized in Table I. Measurements were made in the temperature 

range 150-200 Oi. Only for run 5 at 150 OC was the reaction followed for less than one half- 

life. Runs i and 2 at 190 OC with [NaOHj = 0.9 and 1.8M, respectively, show that the reaction 

is first order in sodium hydroxide even at these high base concentrations. At these high 

temperatures no “salt effect” correction6 needs to be made and no enhanced basicity is in- 

volved. The absence of a significant primary isotope effect shows that internal return is 

important; ’ the reaction product of toluene and hydroxide ion is most probably a benzyl anion 
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iabie I. Hvdroqen isotope exchange Kinetics for toluene in aqueous NaCIH. 
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(a) Uncertainty 20.1 OC. 

(b) Corrected for solvent expansion. No difference in concentration was found before and 

after a run. Toluene concentrations were 0.02-.05M. 

(c) Pseudo-first order rate constant: estimated uncertainties are about 5%. 

(d) k,xpl[NaO~l 

(e) From the Eyring correlation: AH* = 38.724 + 0.5 Kcal mol-‘, AS* = -2.048 2 I.1 e.u. 

The corresponding Arrhenius correlation gives E = 39.615 ? 0.5 Kcai mol-‘, A = (9.065 + 5) 

x 10’2. 

(f) From a direct comparison of D and T data with time eliminated. 

(g) Arrhenius extrapolation gives kcaic = 8.5 x 113~‘~ sip?’ . 




