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ABSTRACT
THE KINETICS OF HYDROGEN EXCHANGE
BETWEEN
HYDROXYL GROUPS OF ALCOHOLS.
by Barry J. North

Submifted to the Department of Chemistry in partial fulfille-
ment of the requirements for the degree of Bachelor of Science.

The kinetics of tritium-protium exchange between tri-
phenylmethanol and t-butangl was measured in benzene solution
ét‘25° using a flow system., Samples of t=butanol and bensene
were collected by "instantaneous" distillation and their sve=-
cific activities determined using'gas-liquid chromatogravhy
and liquid scintillation counting. The experimental first-

order rate constant for isotope exchange was found to be

.0.6 sec."l.
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I, INTRODUCTION

The first attempt to study the kineties of hydrogen ex=
change between hydroxylic oxygens was made by M. M, Halmann®,
He investigated the (6&H5)3COT - (CH3)3GOH'system in toluene
at 250; He coneluded that exchange'was first-order in triphenyl-
meﬁ%nol and zero-order in t-butanel. On this basis, U}us the
fact that exchange was rapid ( k= 0.9 % 0.135 sec.'l), he
proposed a mechanism for the reaction involving rate-determe
ining rupture of the 0--H bond in triphenylmethanol followed
by a fast reaction of the resulting ion pair with t-butanol,

Kresgezupon reexamination of the problem found Halmann's
conclusions invalid. The rate constants calcE;ate from the
individual runs varied over the range 0,22 - 6,8 sec.™ L,
Furthermore; the ‘methods “used for quenching the reaction and
collecting samples introduced gross errors, aside from the
main unavoidable grror; the unreliability of Halmann's scine-
tillation counter.

In the present investiration the same reactign the same
reaction was studiéd; but the method was modified. To quench
the reaction as fast as possible liquid nitrogen cooling was
employed. Kresge using a superior scintillation counter and
Dry Ice cooling was able to improve the revroducibility of
Halmann's method. I: the present work; Dry Ice cooling was
found to be 1nadequate and liquid nitrogen waes substituted.
Furthermore; benzene was used as the solvent because of its
superior volatility and quicker solidification upon cooling.

The exchanpge studied can be represented as:

—

(1) M, M, Halmann, Laboratory for Mue¢lear Science A4nnval Pro-
gress Report, lay 31 195:& p.40,

(2)J.Kresge, Report entitled M4 Reexamination of the Kinetics
of Hydrogen Exchange between Hydroxyl Groups of Alcohols",

1955.
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(C4Hg){COT 4 (CHy),COH 35 (CgHig)sCOT 4 (CHg),COT @
It was followed by the appearance of tritium in the t-butanol.
The isotope exchanpge must be first-order for each set of ine
itial concentrations with resvect to the equilibrium goint;
the experimental first-order foward rate constant, ke, was
determined by plotting the logarithm of phe specific activity

not exchang=4 with t-butanol versus time,

IT, EXPERIVMENTAL

Materials. TriphenyImethanol ( 100g. Eastman Kodak Co,
white labgl grade ) waslrgcrystallized f?om 4OQm1: of reagent
carbon tetrachioride; m.p. 1@2-1é30, 11,3 1é2.5 . Recrystal-
lized product ( 50g. ) was next discolved in 300ml. of boiling
reagent” carbon tetrachloride and allowed to exchagge with
0.1 curie of tritiated water ( O.1lml. ) for 20 min, After
recrystallization the tritiated alcohol was dried over phos~
phorous penthide in a drvinqunistol and_stored in an evacu=-
ated desiccator over Drierite; yield 42g, t-Butanol ( Union
Carbide & Carbon, commercial grade ) was purified by twice
fractionating ovoerrie:ite; colleeting each time the fractioﬁ
boiling between 81,5-82,5°. It was stored in a desiccator
over Drierite.

An enclosed distillation-buret apparatus was used in pre-
paring and handling the benzene. DBenzene ( Fisher analytical
reagent grade ) was refluxed over calcium hydride ( Me£al‘Hy-
drides) Inc.; 93—92% pure ) for 6-12 hrs, the fractionated
and the middle fraction transferred to the buret with a 3=

way stopeock ( Teflon ).

-

A3J A. Bistrzycki, C. Herbst; Ber., 3_5, 3137, 1902.
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Kinetjg Apgaratug._ A_schematic diagram of the apparatus
used is pietured in 7 b All the stopcocks were TeflIlon,
as were the ones in the burets with 3-way stopcocks construct-
ed to dispense stock solutions of the reactants. This avoild-
ed the use of stopcock lub;icants; which would have contamin- .
ated the benzene solutions,

Tater=jacketed 125ml, separatory funnels which~w¢re de=
téchable from the flow system served as reservoirs. Mixing
was acecomplished in the 3-way stopcock ( originally a Y-stop=-
cock with a V-bore ) as the two reactant streams met as a
120° angle. The stream them flowed pervendicularly downward
through a passage, havifig the same internal diameter ( 1 mm. )
as the capillary tubs, drilled along the long axls of the stop-
cock., At the narrow énd of the stopcock the stream entered
the capillary which was buttjointed inside the stopcock, Then
the stream;entered the first wacuum trap where most of it was
frozen out, Only the small percentage that vavorized before
the stream contacted the walls passed on, This was the sample
which collected in the second t;ap. A glass wool plug between
the traps prevented entrainment. The ability of the system
"o mix the reactants and to prevent entrainment was tested
‘using a benzene soluble dye from a red marking pen ( Speedry
Products; Ine. ). With one of the streams dyed; mixing appear=-
ed to be completed withih the stopcock. Also; no trace of
the-dye was found ip the " sample" ecollected.

Kinetic Method. Concentrations of the reactants were
varied by diluting 0.2 M. stock solutions as desired. Contact
time was varied by changing the volume of the capillary and
by 'gi?nglng the

AR - b

B it 8 el
il T 8.3
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iflow rate through it by use of constrictions.
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Fig, 1 «.:SCHEMATIC DIAGRAM OF KINETIC APPARATUS
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The contact times were computed by dividing the overall flow
times by the vorgmes that flowed and multiplying this by the
capillary volume, To determine the volumes of the capillaries
they were filled with mercury and the mercury was poured out
and weighed,

Flow rates from the two reservoirs were adjusted to be
equal by using peedle valves installed in the separatory fun-
neIs'“Sbbpcocks. Then with the mixing stopeock closed, the
system was evacuated and cbolant added, A stopwatech was
started when the stopcock was opened and stopved when the res-
ervoirs were emptied,

After the sample was collected it wa§& allowed to come
to room temperature and then diluted with benzene to approx
imately I,5ml, if neceqcary. One ml, of this was added to 20ml.
of scintillabor solution whieh -is préparsd from'770 ml, reagent
toluene ( Mallinckrodt Chemical Works X 230 ml, absolute eth-
anol ( Fisher Scientific Co. ), 4 go of 2, ﬁ-dlnhenVIovazole
(' Arapahoe Chemicals,lnc., scintillation grade ), and 15 mg.,
1,6-dipheny1hexatriene ( The Matheson Co., Inc., )s The sample
was then counted with a Packard automatic T#dwCardb liquid |
scintillation spectrometer model no. 314-de the counting error
of which is elaimed to be about 0,1% and was found reproducible
to within no more than one percent by the author,

Analysis. The concentration of t-butanol was determined
by gas-liquid chromatography using 0.1 ml, of the sample.
~ An Aerograph chromatographic instrument model no. 2284 man-
ufactured by Wilkins Instrument and Research Inc. coupled with
a Honeywell=-Brown Electonik recorder model no., Y143¥7-VB-II-

ITI-28&N4 with a 10 mv. scale and 2 sec, time constant was



used for the analyses. The column was pnacked with 157 by weizht
Dow 7I0 Silicone on Chromosorb W regular which permitted t;
butanol to pass on through before benzene so as got to cet
lost in the tail of the mueh larger henzene_peak.

Using a uniform sample size of 0,05 ml., the benzene peak
was picked up at a sensitjyity of 250 and the t-butanol peak
at the settings 16,8 and 4, The ratios of the areas determ-
ined by cutting out the chart paper representine the areas
and weighine them were referred to the sensitivity setting
of 16 for the t-butanol peaks. Helium pressure throuegh the
column was-kept at 3 1lbs/ in.2 and the colvmn temperature was
held at 600, Two chromatograms were taken for each analysise.
The calibration curve of the ratio of the areas vnder the two
peaks ( correctéd to a standard sensitivity settirg fov_the
t-butanol peak ) versus concentration appears in Fig, 2

ITI. BESULTS AND DISCUSSION

The value obtained for the eiperimeﬁtal“fiyst-orderWréte.
gpnstgnt of the exchange in benzene with 0.05 M, initial con
centfatioﬁs was 0,595 sec.“l. Besult; are given in Table I
and are grarvhically represented in Fig. 3 .

Not enough runs have been madg to justify any conclusions
as to reaction orders or meehanism, However, a promising method
has bheen devalopedé afld while the experimental apnaratus used
was crude all’ of the gross sources of error in Halmann's technique
were eliminated., Fait reproducibility has been obtained.
Furthermore; the rate constant found is considerably lower

than that quoted by Halmann as would be expected becauvse he did
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TABLE T
SUMMARY OF DATA FOR RUNS WITH VARIOUS CONTACT TIMES
TRITIATED TRIPHENYLMETHANDL AND t-BUTANBL, 0,05 M. IN BENZENE AT 25°

Run no, ) | 2 3 4

5 .
Capillary 6.488 1,10 0.80% 0,460 -——— ml,
Volume 7 k
Flow Tine 0.596 0.680  1.75 1.075 m—- min,
Contact Time 0.005817 0.01496 ©,02818  0.00989 ©@ min. '
Average Activity 18,207 261,062 196,802 57 s 207 164,836 counts/min,
of Sample over
Smin. count _ | S '
Conc. of 0,1012 0.120 0,042 0.034 0,0202 M.
t-Butanol :
in Sample- _
Specific ActivityD.1797 2,008 4,686 1,688 8,160 counts/min-millimole
Infinity Value 7.280 6,152 2,474 4,470 0,000 noon nounoonon
minus Srecific
Activity

In each run 25 ml, of each reractant was used.
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not effectively quench the reaction., The difference in solvent,
used is not sufficient to aceount for the difference in rates

Observed.



