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RISACTION KINETICS AT 30000 ANTMOSPIHIERISS*
By H. G. DAvVIDF S0 Do TTadaNNg awd S0 J0 Taksf

In this note wo deseribe sone measurements ol the rate of solvolysis of
cthyl ehlorvide in pure methanol af severad pressures up to 30000 atm. This
pressure is almost twice ag great as oy hitherto applicd in kinetie measurements,
We have made the experviments o see whether any new ehemieal effeets appear
i the range 1H000=30000 at.

We seleetied methanol and ethyl ehlovide as the reactants for the following
reasons @ (i) it was essential that the ceaetion mixture should not solidily under
compression 3 methanol is the oniy highly polar hydroxylie solvent which is
sl liguid at 30,000 atim, (i) cihyl ehlovide is sufliciently unreaetive to give o
nageably slow rate of reaction over the whole pressure range,  The reaction
proceeds by the first-order S 2 mechanism (Ingold 1953)
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with, perhaps, a small amount of side-reaction producing ecthylene. The 4
transition state, shown in brackets in (1), is more polar than the initial state, ‘
and, from our earlier considerations of the effeets of pressure on the solvation
free energies of clectrically charged groups (Buchanan and Hamann 1953) we
expected the reaction to be greatly aceelerated by pressure.  We found experi-
mentally that it was accelerated by a factor of 1200 ot the highest pressuve.
The results are given in Table 1.

Figure 1 shows that log(k,/k;) varvies smoothly with the pressure, much :
in the manner of our earlier results to 15,000 atm (David and Hamann 1954).
There is no strikingly new beliaviour at the higher pressures.

Laperimental

(a) Apparatus.—The pressures were produced by using a hydraulic press &
to foree a piston into a massive steel eylinder containing the pressure fluid. The
method was similar to that emiployed in our carlier measurements to 15000 atm
(David and Hamann 1954), but some modifications were needed to reach

30000 atm.

* Manuscript received December 6, 1954,
1 Division of Industrial Chemistry, C.8.I.R.0., High Prossure Laboratory, University of

Sydney.

i o e T e




i o s e e Lay
{
i
| TaBLE 1 str
. EFFECT OF PRESSURE ON THE METHANOLYSIS OF ETI[YL CHLORIDE IN PURE METHANOL the
t 5
,‘f AT 65 °C ai
. fh pre
G Prossure, p | Reaction Time Percentage | First-Order Rate kept ;
4 (ntm) (soc) Roaction* Constant. 108 k Iy
. [ (soe 1) Br
‘ = e p 19
1 576007 1t 4.7 1 ox
1 3000 90000 3 37 79
4 10000 21600 6 200 62
] 12500 20700 1 510 109
15000 14400 t) 630 134
[
17600 120600 14 1000 210
20000 10800 16 1560 330
23200 3600 8 2300 490
25100 Ha00 13 2600 5060
27500 1800 6 3100 720
30000 1800 10 H700 1210
* Measured as hydrochlorie aeid,
4 This is tho ratio of the rate constant at the pressuro p to that at 1 atm.
1 These two columns list typieal rosults, not all the oxpoerimontal data.
g Firstly, the pressure vessel A (Rig. 2) was given external support in the
4 manner devised by Bridgman (1936). It was made in the form of a cone, of
very acute angle, fitting closely into o similar conical hole in a steel supporting
ring 3. The thrust of the piston ¢ not only produced the internal pressure in A
T T T T = 1 el
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f Fig. 1.—The pressure-dependonce of tha rate of methanolysis be
; of ethyl chloride, (D¢
: but also forced this vessel into the supporting ring and produced a pressure at Tl
! its outer surface equal to hall the internal pressnre, )
' e o 5 4 : n
Sceondly, sinee the limit of {he crushing strength ol steel is about 25000 atm, SEo
it was necessary to make the piston of “ Carboloy "™ whieh has a erushing que
* 2 Carboloy ™ is tho trade namo for tungsten curbido comonted in eobalt, The grade of
b used was No, 883, wits
/
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strength of 50000-60000 atm. To ensure that the thrust was applied axially,
the piston was mounted in & push-rod D, of larger diameter, guided by a cap F
as used by Poulter (1932). The push-rod was actuated by a 25-ton hydraulic
press.

Thirdly, the “unsupported area’ seal was modified as suggested by
Bridgman (1937a), in order to overcome the ¢ pinching-off ”’ effect (Bridgman
1912) in the mushroom stem. Bridgman reported that no difficulty was
experienced from failure of the spacing piece /7, but in our apparatus this proved

ui o L

Fig, 2.0 The high prosoo appartus,

to be the weakest part, Several types of steel were tried, the most suecessful
being Eagle and Globe = Ulfra Capital ’lus One ” tool steel, heat treated to
extreme hardness. Fyven with this steel, failures occurred sbove 25000 atm,
The materiuls n=ed for the other parts of the apparatus were as follows,
The pressure vessel 1 oand supportine rine B owere of “ Comsteel R4, the
mushroom of  Comstecl RS 7, and the push-rod of Eagle and Globe ¢ PRN2 "
steel,  The mushroom was tully hardened and the remaining picces were
quenched from 850 °C and tempered at 200 °C, - The tube @, containing 015 ml
of the reaction mixture, was of soda glass sealed by a ¢ Neoprene ™ plug, I
was surrounded by iso-propyl aleohol to transmit the pressure from the piston.
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The temperature was measaved by thernoconpdes lowsed in two probe-holes
H, and was regulated by manuwal adjusineat of the cmrrent ina lngged heater
wound around the supporting ring.  The pressure i oL was ealeulated from the
oil pressure in the hydrvaulic press, (he relitionship bhetween these two pressures
being  established by  some  observations, al 28 ¢, of  the transitions :
water (liq.)—ice VI, at 9100 atm (Gridgman 1911) and ice VI-sice VII at
21600 atm (Bridgman 19370).

(h) Procedure~"The experimental procedure has been deseribed  ecarlier
(David and Hamann 195:4).  The initial concentration of ethyl ehloride was
about half-molar.  The reactions were Tollowed by titeating the hydroehlorie
acid formed against N/1OO barvivm hydrvoxide, complete reaction of the 0+15 ml
samples, requiring 76 ml ol the havio hydroxide solution,  The neasurements
ab 1 oand 3000 atm were made in aoeh Leger apparatus than that shown in
1tieure 1 and the samples were correspondingly Loger, ;

(¢) Reswlts.—AG 1ot and ol 65 ¢ the reaction procecded very slowly
untily, after a week, the concentration of hydrochlorie aeid reached a steady
value equal to aboul I per cent. of the initial coneentreation of ethyl chlovide,
The simallness of this yield could mean that the reaction is veversible or that the
hivdroehlorvie acid is removed by the possible conearrent reaclions :

I+ <401~ - OTL O -+ CH 04 - 11,0,
1+ 401 (1T OO, -~ LT O1T 4-CT1,0,

Table I shows that the elfect of pressure is to incerease enormously both the
yield of hydrochlorvie acid and its vate of formation.  The values of the first-
order vate constants in Mable 1 arve based on the dndtial vate of formation of
hydrochlorvie aeid.
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