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Avrlication of high pressures to the

inv-stication of the mechanism of chemical reactions
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The theory of the effect Vof high pmisurc on the equilibria
and ntcs of Atvzix.micnl reactions is bri.eﬂ& glven This thceﬂ is
tbep apulied te the rcsulta of certain expﬂrlmental invesﬁG‘*“”

of ohemical reactious at high nreum, and is found to throw some
light on their mechandsna, Reactions. dealt with include thermal and
o.t-lytic-craoking of peraffins, deatmctive lvd.rogenation of aromatic
hydrocarbons, addition of alkyl hnlideur to tertiary amines or
pyridine in scetone, thermal polym.riution of styrene, and iaotoplc
1on-ex.hange reactions, (A-&/JJ'«
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Aorlication of hirh nfes:ures 1o the irr:estin,ation of the

mechanisn of cherical reactions .

MG Gonikberg
Uspekhi Khimii, 1955, 24, 14=3%

Nature end basis_of the metnod

Investigations of the mechanism of chemical reactions vary widely in
their approach to the solution of a particular problems Some of them aim at
comparing the rclations between sertain atoms or groups of atoms before and
after rcaction. They include many invesiigations using lobclled atomss The
aim cf other investigations is the study of the effect of different variables

in a chemical reaction on the course of the reaction; the cobserved changes
can be compared with expectations on the basis of this or that scheme of :
icns, in particular,

rcaction mechanisms  Belonging to this group of investigati
are kinctic studies, which we will discuss in rather more details

Among, the voriasbles of o chemicel process are the concentration of the
components, the temperaturc, the pressurc (or volume) and the duration of the
proccsse The study of the cffcct of changes in concentration of the reactents
on the velocity of the process is the standard kinectic method for investigating
the mcchonism of recacticnse  The change in the velocity of the proccss with
temperature 2ilows onc to determine the valuc of the cnergy of activation
(often called the "opparent" cnergy of activation) which in a serics of cases -
indicates the chaoracter of the rate—dectermining step of the overall process.

- Changes of pressurc in gas-phasc rcactions are normally considered as
cquivalent to changes in concentration. This, hovever, is only true (and that
opproximucely) for mixturcs of gascs av low pressures, and at temperatures
considcrably greater thon the critieal temperatures of the given gesesy; in
other words, the concentration is preoportional to the overall pressure only in 3
the coase of ideal gaseses High pressure is an important paramctor, whose change - 5
hns a specific influence net orly on toe vilocity bt 2lso on. the course of chemical
processes, This is espccially clearly scen in the case of liquid-phase
reactions where the influcrce of prgssurc is only linkced to an insignificant
degree with changes in concentrotions -

If we know thce I=rs of the offcct of high pressurc on the course of reactions
of various types, we can apply thom to a study of the mechenism of chemiecal -

processes. -

The high-pressure approach to investigation of the mechanism of a
chemical rcaction consists essenticlly in studying the cffcct of high pressure
en the velocity ond the coursc of the rcaction, and comparing the resulting data
with results cxpccted on the ™asis of possible schemes for the mechanism .
reacticne ; 7

At present an overwhelming majority of investigations of chemical reactions
at high pressure arc carried out in the region of up to 1000 atme Only in a
few cases have pressurcs up to 10-12,000 atm. been opplieds  The results of
these investigations indicate that at presswres of a few hundreds or thousands
of atmosphcres, os a rule, fundemental changes in reactivity do not occurs This
is primarily duc to the absence of any significant deformation of the molecules -
(atoms), redicals ond ions at thesc pressures. . In fact, from cxaminstion of
compressibility data onc moy infer that significant deformction of ‘moleailes

(ctoms) of most substances occurs only ot pressurcs of the order of tens of 2 F :

thousands of atmosphcrose
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The ability of substances to take part in chemical rcnctiitzzt;:cgoznndt
depend also on the reaction medium, and, in particular on its ¢ e foaie
other physico-chezicel properties, If we wish to uce high pressi e i
study of the mcchanism of cherical processes, it is dcsirab}c :Ln e e atadtel
thc irfluence of thc mediur on the course of the process ':’:‘}nch is :othz
zhould not dcpend substenticlly on the pressurc, = It is found tha = msw.
variation of most physico-chemical propertics of ]iquids.in.tille range '?‘r axI:s et
up to a few thousand etmocpheres is not generally very signis icants £ 14 cﬁicds
phenonena arc an exception to this rule; for examplc, the viscosity © J!
incresses repidly with an increasc in pressure. This is onc of the rcasons why
an increzse in vressure can transfer a reaction from the -fielx.i of }c.!.nctics to
that of Aiffusion. On the tasis of the cbove-menticned considerations fmd the |
availcble experimental data, it is generally advisable to use prcssu;cs up to
2,000-3,000 atm. to invesiigzote the mechanism of chemical rcact.’!.ons.

In the first place we mst cxemine the question of the cifect of high
pressure on the velocity and the course of various c.'ncmc:‘_?. processcee We
commencc our discussion oy ccrcidering the problem of chemical equ:.li'br:.lmn.

For a mixture of idcal gases, the shift in chemical cquilibrium with a
change in presaure is determined by the change in the number of zolcs during the
rcaction on the basis of the stoichiometric cquation for the rcactions  If the
rcoction proceeds with o diminution in the number of moles, the cquilibrium
cencentration of reaction products will increasc with an increase in pressure, ar
vice versn, v

For a mixture of real gases, the rclation between the chemical equilibrium

and the pressurc is more complicated and depends on the compressibility of the |

mixture at vorious pressurcs ond compositionse  Thus, for example, the weter gas

cquilibrium _ hed ‘ :

CO + H,0 — CO, + H,

is shiftcd to the left by zn increasc in pressurc, despite the fact that this

rcaction procecds with no change in the nuwbor of molcculcs. : L
S _ i

For rcactions in the liguid phesc, the influcncc of pressure on chemical |

cquilibrium is less significant thon for gescous systems. However, in isoloted |

ceses it moy prove to be quite markeds If, for exorple, the reaction :

A+ B+ .ce P+ Q4+ ...'is cccomponied by 2 decrcesc in volume (—AV) of |
25 cc/molc ,the cquilibrium ccnstrnt ) '
5 oo/ svic cq . t NP'N oo 30

Xy = Ny Hoias

at 100°C is increcsed 135 times when the pressure is inercascd from 1 to 6000 atm'

Such large values of AV zrc freguently found in liguid-phasc recctions, proceedin

. with = dimimuticn in {he murber of molcs. Thus, for the dimerisation of

cyclopentadicne at 40 C thc value of AV is -33.2 ce/molc =t 1 otm., =31.1 cq/molc
ot 500 2tm., ond =27.6 co/mole at 1000 atme? : X

In thc solid phase, thc chonge of volume during a renction, which deter-
mines the pressure-dependence of chemical equilibrium, is usually cven smeller
thon in liquids, Somc exccptions to this rule =orc found in particular in
decomposition reactions of sclids, wherc not only solid but zlso geseous
products cre formed, and ore rcmoved from the sphere of reccetion. S

Ve w111 not consider here the dcpaudonce of chemical equilibrium on
pressure in gas - liquid, gas - solid :.gi. liouid - solid systems, nor in poly-
phasic systems (in this conncction see 2/), .

’

Por the investigation of some problems concerning the mechenism of reactions

=
N (c.g. » stcric hindrence) very much greater. prossurcs sheuld be used (sco 1)). - |
™ N =molefraction. .., e
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- In par=1llcl reactions the couilibrium is of course displaced towards the

products whose formation is completed with the greatest decrease of volumes
The effcct of pressure on chemicel equilibrium mey lesd to & substantial

change ir the commposition of the products, i.e. 3n the course of the reactions
We will give some examples. In multistaze polymerisation, high cgsure
the egquilitrium towards products with z higher moleculer weight L), The
is described in the literature.> The polymers, obtained at pressurcs of
up to 12,000 sotm., zlovly derslymcrised at atmospheric pressurce to give the
originel aldchydes. It appears that in this easc polymcrisation ond depolymerisa=
tion erc mainly associzted with the effect of high pressurcs on the chemical
cquilibrium, - ' i

It is further known that rony metal carbonyls are stoble at their formation
terperature only under conditicrns of high pressurc (c.g. Co(co)z,)- - Another
cxamplc is ‘the action of earton monoxide an cobali iodide at rocom temperature

-undcr prezsure to give the unstible compowmd Colp.CO, which docomposes at

atmospheric pressure. 7

Becausc high pressure gusrontees the stability of = scrics of unstable
compounds, it has a marked cffcet on the course of certain catalytic rcactions,
Tor cxarple, in the Oxo synthesis (the synthesis of alcohols from olefines,
hydrogen and carbon monoxide over a cobali-containing catalyst), the catalyst is
probchbly not the cobalt itsclf, but 2 corbonyl or hydrocarbonyl of cobzlt, which
is only stoble ot high pressurce It is verv characteristic that at otmospherice
precesurce the hydrocondensation of olcfines with carbon monoxide and l'wdsogen
produces not oxygen-containing compounds, but moinly }Udmcax‘bons.a)’ 9 A
similar pressurc-dcpendence of the camposition of the products is found in
synthescs starting from carbon monoxide and water. "og

Mony other examples cf t‘nc' effcct of high pressurc on the course of
rcactions by shifting the position of cguilibrium could be givene

e will now excrmine the question of' the influence of high pressure on the
vclocity of cherenl reactionse It has dlready been mentioned above thot in 2
mixture of’ ideal gases the coneentrations of the components are proporticnal to
the pressurc; this also determines the pressurc-dependence of the velocity of
gascous reactions when the pressurce is smnll and the temperzture is sufficiently
highe In such coses the velocity constant itself docs not depend on the

Pressurcs :

In real ghe~mis swstems the dimo-~ions of the molecules eannot be
neglected in comparison with the lengths of their meon free paths. An approx-
imote treatmeont of this case on the lines of the theory of active collisions
for sccond order reactions lcads to the conclusion that the velocity constant
increasecs with the pressure,

It will be remerbered that according to. the theary of active collisions
the number of two-camponent collisions lcading to rcaction is egual to zbo‘m.

Here,
' (ool + 1) : (1)

R +1,)°
O e
YT

©
where ny 2nd n. arc the mmbears of molecules of gases 41 end 2 in 4 cc; ."-1 éndr 5
arc the radii of thesc molecules; M4 cnd Mp arc their molecul=r weights; ™ and 2
E is thc cncrgy of activation. When ng = 1y = 1, the murber of active -
collisions is thc vclocity constent for the rcaction, ke :

When the pressure is increascd, c.pp’r.vpri;t'c corrcctions mst be ‘introducod

into cquation (I). - Thus, for cxarple, according to the ven der Wonls corroction; |

the muber of bincry collisions in the moderatcly  corpressed gas, 2§ is given

.. - g LIRS ¥ : s " s %
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‘where by is the constant of the van der Waals equation, which i:i::u&:[) leads
times tie volume of the molecoule. It is easy to sce thal equait crease in the
to thc conclusions that the velocity constant increases withaﬂ-ftl:ﬁn she. AhorRil
pressure,  This is confirmed in particular by experimental iy onstant Fop
decomposition of hydrogen icdid: urder prossurcs Tue veloc tjlry St Bl o
first-order gascous reactions should, it eppears, decreasc sligh b
pressurcs (asce 3)). - :
Neverthcless the efficct of pressure on the velocity of most r::c:;l;?ﬁi:
rcal gases is to a large extent governed by the change m.oonccnt;‘a e g
rcactonts, - Thus, in the previously mentioned investigation of tho "m:‘c'h
tion of HI it was found that in tnc prossurc range investi_cted (ap;.;ronmn, o
up to 250 atm.) the velocity of the reaction increascd 356 times (”‘getaf’ﬁ
the original conccntrction of HI by a factor of 21.9 and an increasc c
velocity constant by o factor of 1.8). : t
For liquid-phasc rcactions, on thc other hand, the chango in the concen=
tration of thc rcactents coused by the increase in pressure is comparatively
small, owing to tne much smaller corpressibility of liguids in comparlison with
gases, Hore the dccisive factor is the pressurc-dcpendence of the ?cl?m-?
constant for the reactions In so-called normal rcactions in the h@ld.phaac,
an increasec n pressure up to 3000 atm. causcs the velocity constant to increase
ty a foctor of 1.5 to 2, znd up to 5000 atm. by = factor of 2-3. The velocity
constants of "slow" rcactions incrcase cousiderably more rapidly with an
incrcese in the pressure, often by = factor of 10-15 or morc w'm:n the pressurc
is increuscd to 5000 atme Dccomposition reactions :.3 the liquid phose are
often rctarded by an increase in the pressure (sco 120). : »

It moy be noted that the pressurc-dcpendence of the velocity constant of
a rcaction in.the liguid phase is satisfactorily cxplaincd and also (in the
sinplest caosc of addition ac;ions) quantitativcly intcrpreted by the trons-
ition state theory (sce 13), 3)), . = i -

Application of the theory of transitional s%ates lcuds to the cquation: .

3in wE
( —a—f-"ar=-3,.- . (1m3)
where aV# is the change in volumc associated with the formation of the activated
camplex (per mole). : E

In rcactions between two or morc substances the moler volume of the :
activated complex is, 28 o rulc, smaller thon .the sum of the molar volumcs of
the rcactants, sincc the scparation distance between the molecules (atoms) come
posing the cctivated complex only slightly excceds the normel length of
chemical bondss Thereforc, according to eguation (III), the velocity constent
of such reactions should 2s a rule increcsc with the pressure.

) For unimolecular dccomposition reactions -the bond undergoing rupture in
thc activated statc is stretched; conscquently, the moler volume of the .
substince in its activeted stzate is rather lorger than in its usual state.
The vclocity constant of such resctions, asccording to cquation (ITT), should
decrcasc slightly os thc pressure. is increased, : ’

The offect of pressurc on the velocity of & reaction can lcad to consider-
cble changes in the cogposition of the products of a complex process, i.ce on
the coursc of the rcactions As an example mi be cited the copolymerisation of
cthylene and corbon monoxidc in cyclohcxene. %) On increasing the pressure
from 1.6 to 306 ctmosphere, not only was the moleculor weight of the. palymer
increased (from 280 to 3400), but also the proportion of coubined €O in the

polymur became lerger (from 12,6 to 41.8%), i.c. the chomical composition of ST
the polymer wos cltereds  The producticn of the highly polymeriscd polycthylcno

(polythcne) in the presence of a’very smcll zmount of oxygen at pressures of
morc than 1000 ctme 15) is apperently lLilc7isc dcperndent on such a morkod

. neeoleration of the choin-polymcrisation of cthylenc as a result of tho
_application of high pressuree - - . ¢ Rl b

-
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position
and the velocity of cherical reactions, If, for example, during -
ty » ample, 65 atm, the

atmospheric oxidation of propane the pressure is raised from 5 to
gl A "4iag mithwe of rlcchols is considerably changed;

It sheuld be noted fhat in most cases which we came at:ro.‘:"-ag we |
dealing with a simulfaneous effect of high pressure on the equ:.llbtr’l‘;m

corposiii o of th: sesuliiag ol ;
percentage of methyl and ethyl alcohols f£alls from 35.4 to 59. 9%, while th
percentage of n-propyl ané iso%: oyl alcohols rises from Le6 to 40.1%, which

£ neerly a ten=fold incrcase. Eg Such an cffcct of an increase in pressure
may be explaired by kinctic facters (higher rcaction velocity, caused by the
@iminution of volume) togcther with thermodynamic factors (a shift of the
ecuilibria of perzllel rcactions towards those products which zre Fformed with a
diminution of volumc). Anothcr ¢ carple is furnished by the therm:l dccpm_DOSi‘
tion of metiyl alconol at 350°C. 1 73 Increasing the pressure from 600 to 6000
atm. lea to ine following changss in the ccoposition of the gaseous reaction

products :

‘Camposition of ges (%) (CH3)ZC CH,, - - O e o
at 600 otm 8,05 _38.8 31.2 10,95 7Ta3
at 6000 atm. 45,3 27:0 - 33.7 2.9 7.8

The marked increasc in the percentage of dimethyl ether in tho reaction
products as the pressurc is increesed is similerly caused by the effect of
pressure on the couilibrium and the vclocity of the vorious rcacticns which take
prlace during the thcarmal decomposition of methanole -

In the precedding scction we have cxomined briefly the basic mechonisms
of the effcct of high prussurc (up to a fow thousand ctmospheres) on the
velocity and the coursc of chumical reoctions. Highor pressurcs (of the order
of tcns of thousands of atmospheres) mey lcad to for-rcaching qualitative
changes in the rcoctivity off substznees and thereforce these pressurcs cannot
generally be usced to investigate the mechanism of chemical reactionse

Proo the Soie zivea licre, it moy we gathorad that in o nunber of cases

even the sign of *hc pressurc cficet (+ or =) 2llows us to determine the :
character of the ratc—dctorrining step in a complex processe Anzlysis of
quantitative changes (reaction velocity or yicld of products) ccused by on
increase in prossurc mckes it possible to chcose butwcen various schomes
describing the mechonism off the rcaction in question.  Finclly, qualitative
data on thc chonge ‘n ~caction products os o rosult of incrceased pressure also
provide a very uscful basis Tor chcosing the most likely rcaction mcchanism,

Wc now pass on to on account of somc results of the investigation of the

~

" mechanise of chemical reacticns using high pressurcse

Investipation cf the liechanism of Rc-:.ctiéns in the Gascous Phcse

A) Thernal Cracking of Poroffinic Hydrocarbons

Previous investigations have csteblished that at low pressures (of the
order of = few atmosphares) the velocity of thermal increcases with an
increasc in the pressure in most es which heve been inthigateg)sg:: -
tion of cthane ot 750 and 800°C. ! gccrmpositiun gf Fpropanc at 6 193,
docouposition of n-butsne at 575°C.20) ma 600°C. 19), deccmposition of
n-pentanc at 580°C.21)); only in onc invc‘s’tigat'cuzz) wos high pressure
observed to retard the cracking of cthanc at 635 C. A i

In somc receat wou:kzn, the effcet of high pressure on the velocity of

the thermel cracking of n-hexanc and p-heptane wos investigated,  Somo results
of this invcstigation arc shown in Table fe : Sy ;

-
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e i The thormel c.r..cking of pn-hoxane and n-hcptunc (aurntion of experiment ‘
1 v i
y i Temperature | Mcan pressure f ¥icld of liquid { Unrcacted
; 4 (*e) of hydrocaroon products hydrocarton
! (ctme) 1 (g of snitic1 hyarocerbon)
: n-ncxanc :
430 300 40,0 - 113
, : ; 430 560 543 20.0
i ' 430 910 71.8 - 324
: - 430 1680 80.0 394
420 160 78.5 52.9 .
! 420 86D cod e B L BEE . el
: ' n-hoptane il
420 940 78.9 28,6
420 4150 - 88.5 39,8
! 420 1860 ; 9% 2 56,6
! 420 3100 | 9.7 59.3

b

From the dato of Table 1 it may be scen that high pressurc rctords the
tharmal cracking of poraffinic hydrocarbons, This inhibition cannot be
attributed to a change in the chomical cquilibriume This is cspecizlly berne out
by comporison of the results of thermal end catalytic cradcmg carricd ocut
in the coursc of the ezmc werk (sce belew)¥; such a comparison shows that
during catalytic cracking thc dccompositior of hydrocarbons and the production
of gascous and volatilc licuid products procced considcrcbly faster than in
) thermal cracking under the semc conditions of temperature and pressure, A
B - ) similar rctardation of thc cracking of prraffins was also found in on invest-
! igation of the decgmposition of propanc =t soo°c and 98 and 197 atm., and olso
: of n-butanc at 550 °C and 104 znd 172 atm, 24

=3 ' It moy be noted thct co thic pressurc increases the yicld of volatile
2 ! products from the craclking decrcases, and the proport:.on gf highcr-boiling
i hydrocarbons incrcuses (in comparison with the eriginnl)

- criide

E From such investigetions we gather that ct low pressures (a. fow
§ ntmosphcrcs) -eracizing is normclly speccded up os the pressurc is incrcased, and
‘ at high pressurcs (hundreds or thousands of atmsphcrca) it is retarded.

;

} In onc papcr 25) 2 chain-rcaction scheme for the docorposition -of

i poraffins has been put forward, It was assumcd thet the original hydrocarbon
£ : molecule RH first of all split to give smoller radicals which, reacting

i further with BH  form thc radicel Ryt

£ . k +2 H
, RH-»R'+R"-——-’ZB +R'H+R'H, (1)

The radical R, may deccompose to give 2 smaller radical Ry and an oleﬂ.nos‘

: s . _ : R:Z,B1+olnﬂne e (2

5 It is 2lso possible that Ro reacts with olefine molecules to
; longer redicals. Such reacticns epparently play an important rfle in the
cracking of paraffins mixed with olcfines, but they connot serve es the principal
; : cham-‘pfcaldng stcp in thc cbsence of mny addition, espccial]y at high prcsmu’es
- - thercfore thcy are net further considered.

et

»  Tronslator's. note: - while it may ‘bc true that the” ..bovc-mmtioned
- retardation is not couzed by a ch:mgc in cf'uﬂ.ibrixm, this 13 not borme
out ‘by thc f::.cts :xdduccd hero.

o e A it
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The radn.cals pmducea by veactich (2) may in turn react with mo].ecules
of the oribinal l'rydmcar'bcn, thereby continumg the chain reactions’ -

'\-".; ‘ - A - p i’y &

R, +BH 53, +_ n,r.'

: )

(see the right-hand part of equaéim e:

‘Finally, the chain mgy be terminated, eithcr on the wall of the reaction
vessel (.ﬁo { or by reaction (reccmbination or dispropcriicnation) of the .

xs), Ro, 50 By (k) end Ry (7).

Cn the bn..:.s of this schexe we obtain the following equation for the rate
w cof the cracking process, refcrred to the concentration oi‘ the orj.ginnl lwdro-
cerbon (ROH)x - .
w = K ok2
(ROH) { o 435 L§k7
4 }:5 -

5 Ky B < 4 ‘& 52](30).

(v)

where round ’brackets dcnote -.concentrations.

Anzlysis of cquation(ZV) for vorious cases of sclective reactlon—chn:l.n
brecking lcads to the fellowing resultss ;

2) When reaction chnins normally terminate on the Tl..llB the vclocity of the
rcacticn (in the units indicated) docs not dcpend cn the pressure (if we do not
take into account the cffcct of vressurc an the voluc of the rate censtant).
Consideration of the chuonge in tke velocity constant lcads to the conclusion
that thc reaction is x-.cgliglb],v rctorded by an increasc in the pressures

b) When reaction chrins mainly cn@ on radicals of the original hydrocarbon,
the rcactioch is retarded by pressuret

2k1 _%
e - 2B ° : ™
c) when reaction chains meinly terminatc on short rmhca.ls, the reaction is
accelerated by preossurc:
o / 1, 3 ' ' :
(R'H) = nj(Ro'H) & oe ¥ (VI)

d) when rcaction chains meinly finish by reaction of R with R the r...;, of
rvoction is indcpendent of pressure.

The results given here icad to the conclusion that at low pressurcs the

breaking of reaction choins in the thermnl cracking takes ploce mainly by
rcaction of "shart" radicals (313 whilc at high pressurcs it is mainly due to

rcactions of "long" radicals (Ro This assumption is confirmed by inspection
of thc ratio of thc probabilitics (§) of thesc two woys of choin-breakings
2 ‘ :
b5 . ; ;
S,) 5.5(305)2 E , {v11)
&) 1Bx, : : o

Tt folloss from cquation (VII) thot the rotio of the probabilitics of
chains terminating on R, and on Ry is proportionsl to the square of the concen=
tretion of the origincl )wdroca.r'bm, i.c, it increases very ropidly withean -

- inczease J.n pressurc, which i3 2 qualitotive confirmation of the s.ypothcsia givun

ctove. . An zpprorizate quantitative treatmnt of this question?d clso led to -
the conclusion that an increasc- in pressurc, sy from 5 to 500 ctm., can cmse

!.. k vc]odty cmstcnt.

B3 .fm..lysis c;t‘ t}‘c d‘fc.c» of nrr.ssarc ‘en thu va'luc cf tho vcioai‘!a' constant "A-'-' 3
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_ . volume ratio have no significent cffcct on the reaction velocitys '

* % In the absonce of hydrogen under 2 totel pressurc of 130 ctm
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23)

It may be noted that in ane of the investigations menticned 2:0"
interesting data wcre cbtained on the effect of hydrogen 1-?1705;3“" : Jow pressur
velocity of thermal cracking of paraffins. It was found that Bthe Srogiine
of hydrogen the cracking wes retarded, but a marked increase in Seas. thE
of hydrogen led to some speeding-up of the proccsse Thus, for m’_ ’
folloving results were obtcined from the experiments with n-heptane

1100 .

Partial pressure of hydrogen (atm.) - 250 . 640
Yicld (wt.-% of original heptane) : :
(2) unreacted n-heptane 33.3 71.8 55.1 52,2

b) gescous and liguid - '
\ gproducts boiling below 48% 37.7 20,5 . __?7-5 e ‘__38.5 ey FEVRE Y

Corrying out the cracking under a pressurc of hydrogen prevents not only
polymcrisation reactions, but alse destructive alkylation. It cppears that
this also providcs an explenation for the inereused proportion of unreacted -
n-hcptanc found on carrying cut the process under 250 atme of hydrogen, in
comparison with thermzl cracking in thc cbsence of hydrogene It may be supposed
that the recson for the inercescd cracking on further increasing the pressure of
hydrogen is that pzrt of the hydrogen cnters the rcaction chain according to the
cquations: g

- R1 + H2 —_ 813 + H;

A similer acceleration of the thermel decomposition of hydrocarbons as the
partial pressure of hydrogen is increcsed (from 200 to 400 mme Hg.) has recently
been observed in the case of propanc27). ,

Thus, the usc of high pressurcs for investigating the mcchanism of the

thermal crocking of paraffins has proved fruitful, ond has alloved an
cxplernation of some new featurcs of this process.

B) Homogcneous Destructive Hydrogenation of' Aromntic Hydrocorbonse i

Whon the kinctics of thc homogencous destructive lwd.gs;gma.tion of toluene
undcr 2 high pressure of hydrogen was first investigated,29) it wos found that ‘
the vclocity of this rcaction iz indcpcndent of the metal packing and in the first !

epproximation moy be expresscd by the cquation for a bimclecular reaction between |
tolucnc ond hydrogen.  The cxperimentally determined value of the enargy of B/
activation was 66,000 cal/molc; the pre—exponcnticl term of the Arrhenius .
cquation was found to be 60 times lorger than that calculated from the £
of cctive collisionse .

A rccent investigation of the homogoncous destructive hydrogenation of f
tolucne at 455-490 C. with pressurcs of hydrogen up to 1350 atme. led to the
following results?d)s :

a) The vclocity of the rcaction (as followed by the yicld of benzeno) :
increascs with increasing hydrogen concentration, but somcwinot less than 'prop- . |
ortionally. Thus, when the concentration of hydrogen was incrcased 3.8 times, - |
~the velocity of the rcaction incrcascd cbout 2,5 timess - :

‘b) The reaction velocity is opproximatcly proportimnl to the square root of A ;N
the toluenc concentration. - M R Y : '
¢) The surface arca of the wzll of -the reaction vosscl and the ‘surface a.toq/
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d) Diphenyl and ditolyl werc found among the reaction productse =
a;bmzyl .

e) It was estsblished that under the conditions of reaction
underwent very considerable destructive hydrogenations

It may be noted that earlier, in cxparirments on the thermal decorposition
of tolucne at 47C g under pressure 30), Gitolyl was also found in the reaction
products, Ref.31) describes an investigation of the initiul period of

therral decomposition of tolucnc (up to 1§%) on passing toluene vapour through a
quartz tube ut 738—8€hoc followed by —apid cooling of the rcaction preductse
The gascous reaction producta consisted of 59-62% hylrogen and 38-%1% mothane.
The liquid products were beazenc and dibenzyl (4 mole cf dibensyl per mole

gas liberatcd)s On the bzsis of thcsc facts it wes docided that the reaction
proceeds bty the follozing stagese = . . : 3

C HCH, = CGHOCH, + B L (1)
csIZSCE‘!5 +H - (36H5(JF'.2 + HZ; {2) s
. CgflsCH, + B = Cgliy + CHy (")
or ) : 06115053 +H » CSHS +'CHh= (3")
iy v OO coEmR e )
or | CgHg + CgHl,CHy + Cghg + CGHSGH?: (")
2CgHCH, = CgH.CHCH,CcHe. - (5)

The assx;mptiqn that the bre-idng of the co.ri:on-carbon bond
g = Ogf + O,

is thc first sicp in thc reactica could not cxplain the high concentration of

hyérogen in the reactica products, whilc the above-mentioned scheme satisfactorily

cxploins the production of hydrogen and the amount oi dibcnzyl produceds

Recctions (3') =nd (3") rcpreseat an intcresting type of radical resctioms.
Data obtained in recent ycoars indic~te the likeclihoo¢ of such rcactians taking
place (sce 52‘3‘*)). It is cvidcent that thc schame Tfor the thermal decomposi-.
tion of tolucnc could be supplcmented with an egucotion for the production of

ditolyls ) =
CGE.CH; + 3 =~ B, + CgH,CH,] s
2C¢h).CF3 -> CH2CgH, .CoH) Ciiy ' £ 3
althcugh the folloving raoction also cuuiot be entircly cxcludeds: B
. CgHgCy —>CgH, CEy + H. (1)

If wec acccept the abmta.mod recaction scheme for the thermal deémposj.—

tion of tolucne, it follows that in the prescnce of hydrogen undcr pressurce
radicais formed by the thermnl dccorposition will react with molecular hydrogen
(2nd nlso with molccules of tolucne znd of reoction products)e  Reaction with
hydrogen molecules leads to tiac production of ctomic hydrogen and also to the
initiation of 2 reaction choine  Thus a probuble scheme for the mechonism of
the destructive hydrogenation of tclucne may be writtea as followss .

?
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6B=CHj 3 06H5CHZ + H; (atart of a cha.n )
R+ GBS Gy + b 1
"".‘ ‘-]? CoHyCH3 + ﬁzg_
% cgrg + CHss

25 cgs + s

B + OghisCip % ¢ 0555%3 +H; Hp+ 0554c313
xin+Cn3 -.C’n“-o—H, 2+05d5k206}15+5,

CgHsCHs + B

CgHigCHy, + CglyCHy 12 s
CgiisCil; + CHz 11 CgHsCHp + CH,
CgHsCH3 + 061151“'?; CgHiCHp + CgHgs
4+ CE,M13 CHy + Hy; B + CgH CeHy + Hop
20gHs"15 (Cglis)zs 205H:CHy 16, (CgHsCHp) 2
2067, 5517 (CgH,Clis)zs 20615518 O8g.

Certain "cross-reccticas™ might also be added, leading to the formation
of ethylbenzene, Xylene, mct)wd:.phcmrl, divh J.m.thane and other products,
Among thic rpact}on products are efhan for dibenzyl, obtained by
some worlers 31), it was shom 29) that undcr thc cxpm.mental conditions it

wderwent destruct:we hydrogenation,

If it is assumcd that most reaction chains cnd on tolyl mdica]s, analysis
of the sbovc scheme of reaction lezds to the folliowing formila for the rate of
production of benzene, ‘-7:

w:\/r( A (Hz)\/(?GH_—) [k7+k 7@2] . (VIII)

Similar formulac may also be cbtaincd by assumi.ng that most reo.ction
chains end on methyl or phanyl (but not 'benzyl) radicals.

gaupnrison of equation (VIII) with thc cxpmxmtJ rcsults given in -
ref.29) {scc chove) shows that this cguation is in quelitative agrcanmt with

the experimental dotce -
i

Investigation of the destructive hydrogenation of tolucne under high
pressurc thus encbles us to put forward a scheme for 2 choin mochanism for this
process, which con be used to derive an expression for the reaction velocity inm \
quclitetive agrecucnt with the upcr:.rnmtal results,

A vary intercsting invcsﬁgatim hecs o been made of the hanogmeaua
destructive hydrogenestion of ethylbonzene 28 . The ratio of bonzene to tolucne |
incresses rapid]y with thc partial Fressurc of nydroscn (sce figurc on next pagc). - |

s i b
. L5 J ;

% Reaction (1') (sce above) con 2lso ;nifiate o reaction chaing 5
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A morc detailed cxaminciion of ﬂu., cffcct for scveral slikylbecnzenes will doubt-
lcss moke possible further clerification o the mechanism of destructive l’grdro-
genation of cromatic hydroccrbons at high pressurcs of hydrogene

It may bc noted that the sbeve-mentioned aceclerzting offcct of the
hydrogen pressurc on the proccss is specific for aromctic hydrocarbonss - Also
discusscd above was thc offcet of hydrogen on the thermel cracking of ;
peraffins; it is notciorthy that the cffect of the hydrogen pressure on the
ratc of thermal dccompos:.tjon of naphtheric hydrocarbons also proved to be
unusual, It was found 5°9) that an increcasc in the hydrogun pressure retards

- the thermal transformations of' methylcyclopentone, the proportion of cyclopcntane

in the reoction products. incrcasings

Thus, the differcnce between the mochenisms of the tharmal decamposition
of vorious kinds of hydrocarbons is rcflected in the specific effoct of high
pressurcs of hydrogzcn cn the vclocity of thesc processcs.

‘Investigotion ef thc licchonism of Licuid-Phasc Rcoactions

Up to the prcscmt no work has been done with the specific aim of invest-
igating thc mechanism of liguid-phasce reactions by the use of high pressure.
Examination of the cifect of high pressurc on the rate of certain liquid-phese !
rcactions nevertheless allows us to solve 2 number of import..nt problcems ‘conccrned’

with the mechanism of thesc roactionse

4) Addition of 1 Todide to dine

The velocity of recaction af alkyl holides with-tertiary amines or pyridine
is known tc depend very strongly on the nature of the solvegte In this
connection the vicw hos becn expressed in the litercoture 30) that in thoso
rcactions the solvent tokes port in the formation of the transitional structure,
cnd cnters int: the activatcd camplex,  The corrcctness of such a statomant may
be tested by means of on investigation of the effect of high prwsurc on the )

ratce of the investigated reacctian in verious aolvmts.

We will reconsider cquation (III), which cxpresses the cffect of pmsuro
on the vclocity constant of 2 rcaction. We maoy expect tho value of &7 %o bo
the same for variocus sclvuants only if the sclvent moleculcs themselves do not
take part in the activatcd complex, lloreover, in this case the absolute value
ot‘A\r-i= shmﬂab.nc_r],y cqu.ld to thcwl\m dn.ngc.dvt‘or cdﬂitionmcﬂ.cnl -

(sce.30)gr e o _
© . How if 8V varies with the solveat-fiad A% widely aifferent from av, th,.‘ -
is on indication cf the high probebility that the solvent moleculea take part :
m the t‘ozn.tion a{' the actxv-‘tca ccnplaz. L = ot =

~
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' of pressurc on the
t of p 5 in a.cotono ore givm

< ] z =
Reaction velocity in acctone et high pressures

Tampar- | Prossure | k%, A,
Reuction :(;ggx)-o P (sz) - 1
(CH;) N + 4-C,HT 60 3000 L 46un | 1.87x107
(CoHo) N + i-C,H.T 60 - 3000 16,0 | 3.76x107
CoHN + O €0 - 3000 6.78 | 1.96x107 | -
CGHN + C,ET 40 ~ . 2980 6.85 243:10?
5000 147
8500 | 48.0 |
c5nsn + nC BB 60 . 3000 B.14 | 1.33:10
CgH + nG, AT 60 3000 6.16 | 2.68x10°
OGHN + 1-C,H T 60 3000 9.60 | 7.91x10°
c,sﬂsrx(c:n})2 +i-C.E T 60 3000 25.5
5000 80
8500 200
12000 L93

From the data of Table 2 it ug}y be seen that thc investigated rcactions.
are "slow" (exponential tcrm 45~ 10 -108) and strongly cccelerzted by pressure, .

In onc of the pepers quoted?2), deta are given for the valuc of AV (d.c. the

volume change) for the rcaction of pyridinc with cthyl iodide in acctonoc,

Camparison of the values of 4V given here with values of AV# calculated from |
expcrimental datz by usc of cquation(IIT) showed that_at 30°C and 1 etm., AV# P
(-20.0 ecmd/mole) was 2.7 times less thon AV (=54.3 cm’/mole). This fact, it i
would sccm, becrs witness to the value of the hypothesis that the solvent

part in the activoted complexe However, it was subsequently discoverod 37;

that the indiceted difforence betwecen the values of 4V ond AV is caused by

the solvation of the product (N-cthylpyridine iodile) by acctone, which lcads to
thc large negative valuc of V. Now if we comparc the valuc of AV with the

change in volume during thé rcactian, calculoted from the molor

Iumes of the

original pure liquid components ond of the reaction product (sce 37)), we find

a very close ogreement (20,0 and -20.5 and/molc respectively at

It has also been shom>S)

and 1 atm. )
that solvation by acetone does rot have ¢ noticeasble

effect on the value of AV#,

This is scen from the data cited bclow on the

chonge of the rate of thc investigated rcaction with increasing pressure in

different solv_anta. . , 2

‘2 X, ond Ly ero the vclocity constont and the Wmﬁidl torm of the
Arrbenius cquition et atmospheric pressurc; kp is the velocity constant at -

“
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Table 3 :
Velocity constant for the reaction of 'uyrldino with ct}ol 1odide at 60° o *
solvent | ¥4 atm | ¥3000 atm l‘3ooo * Xy atm
Hoxane |4,75.10° | 3,71.10°% o 2
lLectone | 7,61, ‘IO-3 5,99. 10-2 7-9

- It moy be montioned that the rsaction product is insolu’ble in hexonce
cvcrthclcns, the change in velocity constant with prcssurc is cxactly the
same in hoxane as in acctone, where the renction product is sclvatede -

The data given harc confirm the hypothesis that acctonc molecules do not
cntcar into the composition of tau activeted complex for the rcaction between
ryridinc and ethyl iodidos ... = : =52

t) The Z'fu‘c:""c‘raf-'on cf Gluc*“‘e

Thc mtarotation of glucesc in agueous solution Sas been -stu%cjd over
a wide r.ngc of prossure - up te 40,000 stmosphores (scc zlso™/),
The invustipaticn has choemr that this roceticn, '.:h.hc‘m is fournd tc bc
tnimolccular, is ncccleratod by prossurce . Volucs of 4VFS, calcul=tcd
by cguotion (IIT), werc =5 :..3 zole in the Prosgure rongo 1-2500

tm., -3 c:r)/x:.oL iyom 2500 to 5000 atm., znd 5 cm’/molc from 5000 to 10,000 atm.
Such a decrcesce in the average ncgative velue of 8V is quitc naturel if the

compressibility of the substonces at such high prossures is taken into account.
In this conncction it is knom  that in the rcaction between pyridine amd -

cthyl iodide, thc viluc of <{V# zlso falls from 16.4 cw’/mole ).n th¢ pressurc
range 1-3000 atm. to 3.0 c’/molc in the renge 5000-8500 atm, 41

it present it moy be assumed, on the basis of many invcstig“ticms,- that
the canversion of a-glucosc to p-glucosc (I and ITI, below) proceeds via an

opcn aldchyde chnin (11), i.c.

5 om 5 0 H H
N7 \ 7 \/
- - c
\e/No N¢f . 0—H o\
ol o’ | | 507
! - —>
N }C N c<ca2ca 5| | cum
o/ Y N w0’ \c/ B Y g
7’ Nz £ Now 5 o
(1) : (1T) (1)

The question arises, which stage of this process is responsible for the
inecrecosoé reoction rate os the pressurc risese It has been suggested in the
literature wf that the stage in quesﬁon is thec formation of the

corpountis, On the basis of tm rcsizits obtained from the investigation of the
reaciion under pressure, such o suggestion would lead to the result that wnder
the experimenial conditions the ring-opcning would entail a dimimition of the
volume, In 211 similer cascs, 2 decreasc in volumc docs not occur whan a
ring iz opened, but, on thc cantrery, during the qychs‘.t:.cn of an open dmi.n.

Thus, for cxample, tc
- Yo o5

is denscr than n-vnlcn‘::ldc}vdc (cnz) + - In this casc thc diﬁ'armoo in
polar volures is more than 7 mglc, isce not farf::omthoh?# fcrthg :
;nzt..mmt;cn_vt_‘_ glucosCe s e

iz '  x kism:prcsedinLtrc./mlo'niwte ._“

o ! T
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From t};e data given above we may conclude that the rate-dctermin ing

stage of the mutarotation of plucose is not the formaticn of an cldechydic ccmpounc

but the ring closure. The part played by the solvent (water) in fﬁmes:};;
activated complex frem a-glucose is also not excludeds  HoWCVer, g gﬂ as ve
of the role of the solvent in the activated complex can only be decide Arious
saw &cove, by investigation of the rate of reaction under yressure in v
solvemm'.i - :

¢) Therral Polymerisation of Styrene

The usc of high pressure for the investigetion of polymerisation roactions
is cemplicated by the fact that in most investigatcd ceses an increase in
pressure produccs not only an increase in polymerisation, tut a1§o an incrcase
in the molecular weight of polymer produccde llevertheless, it is o'so
pocsible to obtain interesting information about reactions of this type by
anclysing the offcct of pressurc on the rate of the processe  Some dota on
the polymerisation of styrenc under prossure will be enclyscd below with this
objccts.

If we investigate a tharral chain polymerisation of an organic compound
in the abscnce of speeial catalysts, cnd with as much atmospheric oxygen rcmoved
. as possible, it mnoy be supposcd that the basic stages of the proccss = : :
initiation, growth ond brecking of romction chains = occur mainly through
collision and chcmical reaction cither of molecules of monomer, or of a molccule
and a radical, or of two rodicals, If thesc stages of the polymerisation
process occur through thce formation of an activated complex, then (if thcre is
additivity of molar volumcs for thc monomeric links of the polymer chzin) the
volume change AV for o1l .of these stoges should be the same. - Thus it
follows that pressure should increaosc to cqual cxtents the velocity constants

for thc choin initiction process in tharmel polymerisaticn, for the growth of the -

chains (i.c. the repid addition of 2 scouence of monomer molecules), and for

their breaking.

Starting from the fact that the rate of polymerisation usually scttles
dovm to a constant period (up to polymer yiclds of a fow dozen per cent. ), we
may consider the polymcrisction in this stage os cpproximetely o zcro - order
rcaction with the velocity constant. ;

: R L
o i3

vhere kq, kpy ond k3 arc the vclocity constants for the chain initiation, growth,
end termincticn rcactionse This cntails the cssumption that the molccular '
weight of the polymcr remains constant.  Conscquently, the value of ko should
detcrmine the rate of polymerisztion, as long os the moloculer weightdoes remain
constant.  When the molcculer weight of the polymer increases with the pressure
at which the polymerisation recaction tckes place, cn appropricte correctiom -
must be introduced into cquation (IX), with rcplacement of k, by kj, which is

. - ' (x)

P

whmn—o end ¥ ore the molccular weights of polymcr ot 1 otm, nmlatp#‘hn.
respectively. P - : :

We now considcr the chonge in the velocity constants for chain initiation,
growth and terminction as the pressure is increascd; this should fix the
valuc of AV# . It is casily shom (scc 43)) that AVH# is approxinetcly 7
cquel to AV (the chenge in volume When one molc of dimer dissociates to give
two moles of monomer)e Then, by corbination of cquations (IIX) ond (IX) and
substitution of k§, wc obtain A B o : m i
- : f{3mx" : i AT :
(' o) e el

.! : It' has" roeently "b'ccn thc;,-n ’*.2) that thc ionisatien.ci” 'ﬂ]-"'\{;l hclidoa i_;'f o_queous
-~ .alcchél soluticn increascs with prossurc, which throws Mght ‘on $hc 210lo of "

-
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If the experimental data satisfy equation (X), this iadicates the D
usefulness of the above sirplified scherc for the mechanism of polymerisation.
In calculatioms according to this scheme, the cffect of the walls and of
impuritics in the reaction mixture, end also of cther fectors (c.ge the change
in the viscosity of the madium at high pressurecs), is eliminated by reducing
the values ef the velocity at a given pressure to that which it would have

during tne formation of a polymsr of constent molcculer weight at atmospherie .
DIESSUres : .
ctic data ‘or the thermal polymcrisation

Egu.tion (X) wes tcste\? cn i2n
of styrens under pressure 4#%4) and on dilutonctric data for the decrease in 1‘5)
velume cccurring during the polymerisatica of styrcne at varicus pressures .
The recults of the calculations c—e shown in Tzble he . :

Teble 4

Block nelymo=discticn of stvrenc at ‘19.0.02.

) = %oy %001 atm)

{ P B i 5 -5 " bl

| (atm )5 chenge/nr,' “p = 1 7 MBS incntal; Caloulated
' o T

i 1 3.50 | LkO ] 1

{ 1000 5.06 | 6.59 1.0 1.93

| 2000 15.03 - 7.10 2.93 3.25

l 3000 33 i 8.28 ' 5.42 5.22

| 4000 50.0 i 918. | 7.13 8.16

As we can sce from Tiutlie 4, the caleculated and experimental vclues of
k'] agrec adequatcly ot pressures of 2000, 3000 and 4000 atm.; only at a
prgssure of' 1000 atm. is a simificant divergence founds The assumptions on
whigh the ealouloiZon is Pased themefcre.appecr o be walid,

d) ZIsotcpic Ion-Exchance Reactions

The investigation of the effect of pressure on the rate of isotcpic
cxchange reactions is of intcrest, since thesc rcactions are aistinguished by
ccrplete counlity of the zclar wclumes ané the corpressibilitics of the
recctants znd the proiuctse  EHenec, prossure hos here no effect on the
cherical egquilibriwum. gl

* The exchinge reo.ction between 2lkyl holides ond alkali metal halides
alcoholic solution is on icn-molccule rcaction, as shown by recent worics 4
. E1” + RHal~ BHal + Hal .

-In this cose it is to be expected thot increased pressure will speed up
the recction, since in chemical reactiaons betwcen two or more molecules the
Jormntion of an S.utc.maiiate compound is usuclly associcted with an increase
in velume (see 3)). ' _ . :

. Experiment confirms this hypothesis. A study 47) has been made of the
effect of pressure on the rctes of the isotopic exchange reactions between
propyl iodide ond 113! jons, zmd betweun propyl bromide and Br82 ions, It
was shown that these reactions are accelerctced by pressure like "normal®

bimoleculer reactiomns; thus, for exarple, ihe velocity canstant of the former
‘reaction increcses more than 25 times as the pressure is increased from 1 to

2400 atme  Results of high pressure investigutions of reactions have therefore
so far confirmed focts obtaired with the aid ct other methods. ey -
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 Investiration of the Yechanisn of Cotalytle Reactions

: = ctions
Scme hich pressure investigations of the m:ch:.r:is.n of c..tn].)g‘i;‘c roa
have been carricd out, including ke iscn.rictticn of puraff mcdor wfasiTes
n:phthcnic hydrecorbens in the presence ci cluminium chloridc un

The effect of hydrostatic pressure and of pressure of hymgmj_no:emgat od
rate of iscmerisation of methylcyclepeatanc to ‘,“g_gclohcxane has :;;.n :
in the presence 31’ aluminium chloride at 80°C . Zelinskii b
Turova-zolyzic 49/ live previously found that cyclohexane is rever 1y i
isomeriscd to give metlyylcyclopentanc in the presence of ankydrous alumini S5
chloride. st 80°C. the iscmerisation is substantially free from S,Jide ﬁ“:m s
At low tcmperaturcs the cquilibrium is shifted towards cyclohexaneé. 2
paper j“i‘l:-'r:a.'s suzzested that the iscmcrisation proceeds via the dehydrogena
ticn of the hydrocarbon with the procuction of hydrogen. This n.ssumpti_'on.’
aowever, was not confirtcd by experiuent. ; : S 7

Let us cssume that dolydroswmaticn lcading to the production of hydrogen
is onc of the first stages in the isarcrisation of methylcyclopentane in the
presence of aluminium chlorides An increcse in pressure should naturally
shift the equilibrium for this stoge of the reaction towards the parent
substance, since this stoge is acecmponied by a considerzble increose in
pressures  Thic shift in the equilibrium icads to a diminished concentration
of dciaydrozenation products, and thus considerubly retards the further stages
of the isomerisaticns :

A considcrsblc retordation of the isomcrisction on increasing the pressure
might accordingly have been considered os one of the rcasons in support oi' the
cpove hypothesis. However, thic resson is insufTicient, as the retaordation
may also be coused by some other intermediate stoge of the reaction, r
accompanied by 2 chonge in velume, for excmple 2 dissociction of the original
Iydrocorbon scross o C-C bonds To obtzin additionzl support for the hypothesis
in question, we should also investircte the cffect of the hydrogen pressure on
the rate of isomerisction, In this casc we should observe a greater retarda-
tion of the polymerisction thon under wn ordincry hydrostatic pressure, since L
hydrcgen is not only ¢ gas exerting pressure, but also one of the products of !

the dchydrozenation reacticn; concccucntly, an increase in its partial - ;

pressure should furt.er rcduce the eguilibrium concentration of dehydrogenated
Iydrocorbon. : 3 ; i

. But il the isomcrisation of hydrocarbons is a process of intramolecular
rearrangement, it wvill not be 2ccomprniod by the formotion of hydrogen, and as
is usual for unimoleculer recactions it should be only slightly retarded by
pressure no motter what gos is exerting this pressure,

Investigation has shcrmw) thet the isomerisation of methylcyclopentene
to cyclohexane in the preswnce of cluminium chloride is rctarded appreciably
more strongly by pressure than it would be in the casc of intramolccular
rearrangcment, procceding as is usual for unimolecular reactians, - It was also
found thot e pressure of hydrogen rctards the reaction to a considerably
greater degrec than o pressure of nitrogen (sec Toble 5). i

Tzble 5

-

: Is@satim of mtlquyclopmtcnc in the presence of 2luminium chlorida | at 8000.

Prescure of | Yield of |Precsure of] Yicld of
nitrogen |cyclohexcne| hydrogen |cyclohexsne
(atm.) (%) (etm) {7)

% An incrocse 1n pmssui:ef should shift the equilibrim =
.wcloh?x&lo. e e o, I 2 ' C ..\‘-'. o,

. g

,"‘1’ 28.5 25 61- A T RSty

130 il e e SR
) ms el e
. 660 1 . 38.5. _615 8 2N R R ey

=

oy slchtly furthor tovords .
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This :mvc.,ticatmr thus nllm:ed us to extend cur }:nor'ledgo of the
mechanisn of the isomerisaticn of saturated hycrocarbons in tie prcsence of
aluminium chloride;- the experimental recults confirm the hypothesis that this
process includes as one of its first stages dchydrogenation with the S
production of l\ydroga;.
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The mc.chanisn esta’tlished by the above-mentioned expﬂ'iment’ pd) has
2lso been confirred by an :mve..t}gmtzon of thc isomerization of n-hexane in
presence of cluminium chloride”® Also in this case the isomcrisation
reaction is abruptly inhibited by a prcssure of hydrogens '

Thus it appears thot high pressure methods could find wide application

i
S mi, ; - in the investigation of he: tcrogeneous catalytic reactionss In a paper
Bl g mentioned above an account is given of the effect of high pressure on the
e prccence of an alumnos:.h"ate catalyste In this popcr the Tollewing data
were given: ] :
. o »;
Terperature (*c) 410 410 420 . 420
- P Average pressure of n-heptane, (atm.) 350 820 450 1100
> f 1«.1:1 in wt.=% of charge: 7
3 (2) or unchanged n-heptane, 545 37.4 35,0 20,9 -
: (b) O gascous and liquid 5 ' .
products boiling below ;
- 48°C. : ; 3148 L45.3 51«1 645
- B As scen frcm the above data, the catalytic cracking of n-hcptane is
i accclerated by high pressure. 4t the came time the thermal cracking of -
P— i n-hcptone is retarded by high pressure (sce cbove)e  Thus the results cbtained
ot i -reflect the essenticl difTerence between thermsl and catalytic proccsses; thay
3 I confirm the fact that the rate-determining step in catalytic cracking is
; b adsorption or some sort of rcaction of the hydrocarton with the catalyst, whence
1 an acceleration of thc process in guestion by increascd precsure is to be
S expected. ;
? . Wo may mention in closing that high pressure-can also be useful in
= ; studying the catclysts thenselves. This is borme cut by the results of
; investigetions of catalysed chemical reagtions ot various pressures (2 survey
! : of such invcstigations is given in rel. . .
= | \
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