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The theory ot the ettt:ct ot high pressure on the equilibria 

and rates ot cht:mioal reactions is brlcily giveu., This theory 18 

then applied to the results of certain expP.rlmc ntal 1nveatigatioM 

ot chemical reactions at high pressure, and i8 tound -to throw .0IIIe 
~1ght on their ~OhaniiiJT". Ree.ct1~D5 dealt with include thermal and 

catalytic cracking ot paraffins, de8tructive ~st:n.ation ~t aromatic 

hydrocarbons, addition of alkyl halide. to tertiar,y aminee or 

pyridine 1n acetone, thermal polym~risation ot 8~ne, and isotopic 

ion-txhange reactions. (J\ ~..::<:I4'~ 
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A=rli catio~ of hi&~ ~res~ures to the irr/estigation of the 

rnccha.·1b m of cher.:ical reactlons 

f 
1 

. ,. 

Uspekhi Khimi, 1955, A, 1"-}~ 

Nature and basis of tho method 

Investifaticns cf the n:eC'haT!'. s :!l of rhe!IIi..ca1 reactions vary widel,y 1n 
their approach to the solution of a particular p:-oblcm. Sate of tliem a:ilIl nt 
co::;pClTing the relations betrlccn ~crtain ntoI:lS or groups or ator.lS before and 
nfter renction. . The:r include r.cny inves~..igation!'J usin[: lo.bclled at~. The 
o.i:;; cr othc:r i...-r:estigati.:m!: is the study of' the effect of dif:fercnt vnriables 
in a. chcmicci .reaction on t he courSE; of t!1e reaction; the observed ch:mges 
eM be; cOIDpar(.:d wi t.~ f'-Xpeeta tion::; on the ba.sis of this 'or that scheme of . 
.reaction mcchcnism. Bclon[ing to this group of :invcstiG:.tions, in p:u-ticular, 
ore kinetic studies, whl.c:: \1(; ~7ill di~cuss in rather IOOrc detail. 

Anrmr. the.; v::.riables of ~ chemical process are th<.: Conccntrlltion of the 
components, the temperaturc, the prc.:ssurc (or volume) and the duration of tho 
procoss. The stuay of the; c!'i'cct of ch a..'1ges in concentration of the rea.ctnnts 
on the velocity of' the process is the st::"'1d~ kinetic method for investigating 
the ' mcchcnism O£ reaction:3. The ch:mge in the velocit-j of the proc&s with 
tcmperoture :ti10'.7S one to o.eteroine the vo.1.ue of the energy of nctiv:lotion 
(often called the "c.pJ:arent" energy of activation) "hieb :in :l. series of crusos 
indic:lotes the ch:!Tc.cter of the r~te-dctcrmining step of tho o-.rerall process • 

. Changes of' prcss·.lTo in gas-phaso rec.ctions :u-e normol.l,y considered 88 

cquivclcnt to chnngcs in concc:ltr~tion. This, lllucvcr, is only Uuo (:ma toot 
llP'prc;dn.;..~ol:r) i'Ul' l.UxtUI'es of gast.s a" lor/ pressures, end n.t tempcrntures 
cor.sidcr~1y {;%,cn.ter then the cri ticU t(:npcr~turos of the given gcses: in 
other uord=;l' t he concentration i::; proportlono.1. to the overall pressure ~ in 
the cnsc of' idecl g:::.ses. P..igh pres3ure is an ~rt<lJlt p.-:.r::un0tcr, whose change 
hns n specific irt.i'luc:lcC not 0$ en -;:.':l. yc.:lcci.ty)xi; L:.lso on. the eoursc of chalIi.cnl. 
processes. This is ezpccinlly clearly seen in ~e cnso or .liqu:id-pbnse 
rcc.ctions '7here thc influcr.ce '::>f prQssurc is onl,y linked to <lJl insignif'ict.lllt 
degree \7i th changes in conccntrc.tl.on. 

IT we mew thc.l=:s of t.h£: cti'e;ct of high pressure on the course of rcc..ctions 
of v:.u-ious types, ,,0 can app:t.Y thCI:l to n. stud;y of tho LlCclumism of c:hemicnl. 
processes. 

The high-prczsure appron.ch to invcstigation ot the mcch::.nism of a 
c..l)emicn.l reaction consists esscnticll;1 in stud;ying the effect of high prcasuro 
Q'l the velocity end the course of the reaction, and comp:u-ing the rcsu1ting ~c1nta 
with :resu1ts expected on the ~ of possible SdlCDCS for the mcchanimra or 

• rct1C".oion. 

. . 
. ~ 

, .. 

At present an ovcr.7hclming Dnjority of invcstignUo.os of chcmi.c31 rcnctioDa 
a.t high p:-cssure ere c~ed out in tho region of up to 1000 atm. Onl;r in Q. 

few cnscs have pressures up to 10-12,000 :loti:!. b.-x::n npplicd. Tho results of 
t hese investigations indic:l.te thc.t o.t pressures of a te'il lnm.drcds or .thous:mda 
of atmospheres, 'os n rule, tundcmcntal chc.ngcs in. rc~iv.lty do nOt occur. Th1a 
is pri.mxri1.y due to tho :lbscnce of :lltY signi1'ic:mt deformation of the rnol.eculea 
(a1:at!ls), rndicru.s end ions at these pressures.. In i":A...-t, :from c:xnminntian of ' 
~ssibili ty de-to. one ~ infer thllt sign:i:fico.nt dcform;;.tian of·JDOl.eculea 
(::'tclms) of IWst subztc..'1ces occurs on~ Cot pressures. of. the . ordct' of tcma or 
thoUsnnds .of atJIDsphcrcs. . 
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• c:a1 tions is known to 
The ,abili ty o~ substances to take part in chc::n. r~fJ.c 1 trical end 

depend also on the reaction medium, c.nd, in particular ~ l.ts c , co es tor the 
other p~sico-chCJical p:o:opcrties. r1' OI'e rTish to u£e :ugh ~r~::;ur st OD.SCS that 
study ~ the meeha.."lism or chcr.Ii.cn1 processes, it is desl.rab~e . X::C

to 
b studi.ed 

t:,c ir.fl'.lcnce of thr;; lI',edil:.-, on +'ho CO'.L"'SO of t~c procc::;~ 'Rluch 1.5 t th~ 
3hould not depe:'1c S'Ilbstcntit.:.ll;r on the pressure. It is l'ound tr.a _. f rcss\!I' 
varia tiO!', of !:Jos t pr.ysico-chcmir.a1 propcrties of liquids. in. ~?e r.me ... ~~ rt 
up to a ~C\1 thousand ctmo::-pheres is not g(.. ... cr~ly very Sl.~ l.c..:mt. ' f li 1'7 dB 
phcnon-:::nn. ::.re ::"'1 exception to this rulc; for ex:unplc. the Vl.sco~tty 0 qu1 
incrc:!Scn r::.pidl...., ri'th al'l incre::.se in prcs~ure. T'nis is ~ne of thc re~onsto wl\Y 
an incre~e in nressurc ~ tr~er n r~tion from thc 'fl.eld of kinctl.CS 
thnt of diffusi~n. On thc l.::.sis of 'the cbove-mentiened. considcrntions :md tho 
nvoilr.'olc cxpcriJncnt=.l dnb, it is gcnc:r-..J.ly o.d"-isnbl~ to usc ~css~CS up to 
2,000-3,000 c.tm. to invc:.:s'"ig::.tc chc m."Cllanism of chczuc.:U. rco.ctl.ons. 

In the first plo.ce \~c ~st e:xcmine the question of t!le m"'t'cct o,f high 
pre::;surc on .... he vc:loci ty ,:md 'tr..c course Ol' vnrious chcmic....J. proccs~e~. . 1io 
COIrJ:lC!lce our discuesion oy ccr:zidcring the problem of chc:nicl equilibrl.um. 

For n mixture of idc~ gcsen, the shit't in chcmi.cl equilibrium w1:th a 
ch~Gc iTl prcs3U:!'e is dcternined by the ch~gc in the number of t loles duril1g the 
reaction on th<: bo.::;is of t~c .:;toichiol!lctrie ' cquntion for the reaction. If the 
re~ction procccd!l .... -i th c. dir:ri..nution in the nurJJcr o~ moles, the equilibrium 
ccncc.ntr:. tion of renetion proCucts "7i11 incre:lSe ,Ii th ~ increo.se in pressure, M. 

vice versa. 

For n mixture of real gc.scs, the rcle-tion between the chemical equilibrium . 
and the pressure is more cooplic:::.tcd :md d"p..::nu::; on the compressibility of the • 
mixture; ::. t vnrious pres.:;ures ~d composi tior.s. Thus, for excmplc, the vre.tcr go.:: 

(:quilibrium CO + H
2

0 -;::::; CO
2 

+ ~ 

is shiftc.-d to the loft by t:..'1 incre;::.se in pressure, deepite the fnct th:::.t this 
reaction proceeds \1i. th no ch~gc in the nuu:br;;r of molcculcs. 

For rc:::.ctions in 1..:"10 liq:rid ph::se, the. ini'lucnce of pressure on chcmiccl. 
equilibriw:. is less si6nii'icc..'1t tj-.~ for g:lS'::ous syster..s. H0i7cvcx, in isolo.tcd ! 
c:!.Scs it JIJ:JY prove to be q.:..i tel:'..::.rkcd. IT. for cx~t:ple, the re::.ction 
A + B + • G • ~ P + Q + ••• . is :::.ccomponicd by n decrco.sc in volume (-AV) Of 
25 cc/mole ,the: cquilibrium cc;.zt~ J'lt Ii N 

, _ ~ g ... me , ' 

,~ - NA·I~J" 
::.t 100

0
C is increc.sed 135 ti.I:les t7hcn the pressure is incrcasc.-d from 1 to 6000 ntm 

~uch krge vlll.ues of oV ~e :f"rcquently fcur.c in liquid-phase rc~_ctions, proc;ecdin 
-;;ith ::. d.imi..nuticn in 6he rn.u::ber of moles. Thus, for the di.IaeriSation of 
C',fclopcntc.di.cne ~t 40 C t!lC y::.l.uc o~ OV is -33.2 cc/mole.: ~t 1 o.tm.. ':"31.1 cc/molc 
::.t 500 ::.t:n., ::nd -27.6 cc/cole at 1000 :l'bn. 2) . , 

In the solid phesc, the change ~ volume during 0. rCE'_ction, which deter­
mines the prcs.surc-dc.'Pcndcncc of chemical. l..'q1lilibrium, is usu:Uly CVc:l smeller 
thnn in liquids. ~omc exceptions to this rule :;xc :round in pnrticu1ar in' 
dcoomposi tion reactions of solids, where not only solid but cl.so gnaoous 
products L.re toroIiCd, :l..'1d ere rC!:X>vcci from the; sphere of rec.ction. 

ITe mIl not consider here the dcpQ!c1cnco of chaairol. equilibrium OlD 

pressure in gas - liquid, gas - solid c..o<l liquid - solld systems nor- in poJ.y-
~ic systems (in tJri.:l cor.r."ction soo ~). " 

JI " Par the investig;tion o~ some problems concerning thcmechc.ni.sm' of reactimu 
(c::.g., etc.ri,chin~"lCc) ,'nry muc-'1 '~oil.ter , :pressures should be usOd (sea 1). , . 

N "" molo' b-o.ction. 
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In p:!r~.:l.lcl rcn.ctions the (;o·u.il.ibril:I4 is of ~c displaced ' towarCl.s tho 
products whose ton:l8.tion i3 con.pieted wit..'I} .the greatellt decreASe at volume. 

The effect of prcssU.!"e on chcmicf.l. equilibrium rq lead to a substantial 
chnnre iT' ~ht. cO!"ll'O'!i tion of thp. products; i. e. ~'>1 the !".ourse ~ the reaction. 
We will give same ex:unples. In nnl.tist:lf:c poJ;ymerisation, high f"0ssure shi1"ta 
the eq.lilll;ri"..U:l t077~ pro::1ucts ;;i th .:. h:.c;her IJolecul.t:r weight 4-. The 

. :(."Vcr.:ib~e po~r:mC!"isa~ion ':If cut:{r:ll(ic.."lJrde !IDd isobutyrn1d~~e under pressure 
loS de!: C!"lobcd l.!i the l.::.tCl:'atu::-e. 5), 6) The polyr.JCrS, obt:unoo at pressures at 
up to 12,000 .:.tn., ::lO'.'!l,y de!,')lyl:::.<.:riscd at ::l.Unospheric pressure to giv~ the 
originc.l o..ldehydc.;. It n.PPC:lTS th:l.~ in this c ... sc "po~.::rioation and dcpo]ymerisa.­
tion n.rc ~v :l.Sooci.:.tcd "ith tho ~~cct of high pressures o~ the chemical 
equilibrium. 

It .b i't:.rther kno;m t~t r.~y mot.~ C!lrl>onyls .::ro stn.ble at their tonnation 
ter;peroturo on1,:" 'l:Ilder CO:::la::. .odor.:; c:t hibh p:-cssure (e. g. Co(CO)4). Anoth~ 
exomplc is ·tho act:"':ln 0: r..::;.rcon =noxidc c:n cob::l.l.i; iodide at room tCLlpcra-t"..trC 

. under prc3surc to give tho t.llWt:..blc cODlpOl':!ld CoI2.CO, Tlhich doCODJPoscs at 
n~sphcric pressurc.7) 

Because :llgh pressuru [U:'.rD.l'ltccs the stability OJ." :::. series or lmStnble 
cempounds, it h= Do m:>.rkccl Cfl~c.:Ct OIl the c~urse oz" certain c::.to..lytic rcactions. 
For cX::l.qllc, iT. t~c Oxo synthczis (the synthesis of ~eohols .f'ram olcfincs, 
~Urogen n.nd carbon monoxide ove:- ~ cobc1t-containing cnt~yst), the catnlyst is 
prob:ibly not thc eobo..lt itself, but n. c~bol'1\Yl or hydroc.:.rboWl or cobcl.t, which 
is only stn.ble at high prcssure. It is very ~~o.ctcristic th~t at atmospheric 
prcssure thc hydrocondensation oi' olcfines \lith carbon monoxide and)lw~gcn 
produccs not oxy&en-contn..ining compounds, but nci.nly l\Ydrocnrbon.s. 8 ,9) A 
similar prescure-depcnde:nee of the ccmposition of the products is :round in 
syntheses starting from cnrbon monoxide end irater. 10) 

Jf..::n,y othcr CYo.:l:r.plcs of thc eN'ect of high prczsurc on the cwrse of 
re.:.etions by shifting the position of equilibrium could be given.. 

':ie .lill noo ex~o the question 0:1' the W'luence ot high pressure 0I'l tho 
veloci ty of d1CJ'.D.Col. re::.ctions. It h:::s 6..lrcncJ;y been mentioned obovc th::.t in a 
nti.xture of ide:ll gn.ses the ccmccntrn.tions of the components ore proportion:ll. to 
the pressurc; this ~o detcr:nincs the pressurc-depcndencc of the velocity ' at 
E:l.Scou::! rO::l.ction:l uhcn the pressurc is s=ll. D.l'ld the tCIllPCI:'.:.ture is suf"i'icientl,y 
high. In such c.:.ses the ..... cIoci ty constn.nt i tsclf' docs not depend on the 
pres S1.lZ"ei. 

In rc::-.l G".'!"""'s ~~tC'!IlS fre dj::-:---i.om; or the molecu1cs ~ot bo 
neglected in comp~ison \lith the lengths of their mccn troc paths. An npprox­
:iz::.te treatment of this cc.sc on the lines of the thc-ary of active collisions 
for second order reactions lends to thu conclusio~ that the velocity canstnnt . 
increnscs \lith the pressure. 

It ID.ll bo rcmCI:ibcrcd th:::.t acc0r0.in3 to the theory or activo col.l.is1aM 
the llUIliber of Wo-ca:nponcnt collisions l.co.ding to rcaction is equal. to z· o-~. 
Hero . 0 

• z =:n ~ (r + r )2/&:HX(1Lj + )(2) (X) 
o 1 2 1 2 o' 1lJ)(2 • 

uhc:rc n., :mel ~ erc thc numbers c£ molecules ~ g--...scs 1 end' 2 in 1 cc; r and r . 
nrc t..~c or:l.di:i of these molccul.cs; 141 end ].!2 :lTC their mo1ecu1.:zr ";7cighta; 1 im4 2 
E i.s the ClCl:'gy of :l.ctivation. When n1 = n2 = 1, the 'DWribcr of active -, 
collisi01lS is the velocity const::nt for the ~mi, k. . 

. Whpn the pressure is inc:rcn.sci" cpp:L'cpri.atc corrcction."$ mat be ·introducoa: 
into cquatioQ (1) • . T:nls, tor c::<:l-"'l'lc, according to the von dcr Wc.cl.s carroct10J1_ 
the llLUliber or bin:::rj ~lli.sions in ~c xrod.er-tcly . ~ssed gc:s, ~ iJs givea . 

. by the ~l::l.tiOns . '. '. . ' ,. 0 0 -1 ... 

.. zo=zo· 1,:,~bi. ,- .. ,. ' ., '. ' 0 ' 
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. wner" bi is the constant of' the van der Wa.Us equatJ.on, tim (II) leads 

tilr.os ti.e volume of the molcru.lc. It is easy ~ eee that t~q: increase in the 
to the concluaions that the veloci. ty constant incren.:0s mal data. on the thermal 
pressure. This is confirmed in particular by Elff5n.mcnt it co..'"lStant far 
decOtr.pOsition of' l"\YclrogC'l lod.ia.~ ur:dcr pr,Js!lUT.'c. 1'11)3 VO~gb0 t~ nt high 
first-order £;aso\'l,lS reactions should, it a.ppears, deCl'caso s . 
pressurCB (~ee 3). . 

h 1 · ty o'f 1X)st reactions in Nevertheless the C'.i'."cct of pressuro on t c ve OC1 . I' th 
th ~ in conccntrat1on o~ e 

real £.!D.BOS is to a. l..srge extent governed by c nng~. tho de si-
rellet~ts. Thus,:in the previousl,y mentioned invcst:l.eat:l.on of ( ~ J,y 
tion of HI it WIlB found th!lt in t he pros:::ure: r<mgc ir..-....esti_,::.tcd appro~ e 'f 
UT) to 250 ntm.) the vcIoe! ty of t he reaction increased 39. 6 times (illcrco.sC ·O 
the orir;inal conocntrdi.on o£ HI by D. 1a.ctor q£ 21.9 end :m incroo.sc o'f the 
velocit-J const:mt by P. factor of 1.8). 

For liquid-pho.sc reactions, on the other' hc::.."ld, ~ th.; ch:mgo in the.; ~onccn­
trntion of the reactL:.llts c~used by the incre:lSe in prcssure is co~ar~t1ve~ 
sm::U.l, a.ring to t il(; nrJch s~.cller cCr.lpI'ossibili ty of liquids in comp~l1J~ WJ. th 
gases. Hare the decisive r~ctor is the prcssurc-depcn~enee.of t~e :el~C:l.~ 
constcnt ror the re:J.ction. In so-ccllod nor;nnJ.. rcact:l.OI!.S :m th..; liqllld. phase, 
:m increase .'.n pr.}s su='c up to ,3COO o.tm. C1'U.l s es the velocity eonst:l."lt to :mc~e 
~ c. f.:lctor or 1. 5 to 2, Imd up to 5000 ~tm. by :::. fo.ctor ·of' 2-,3. Th(. vcloC1~ 
const:mts of "5101':" reactions incre.;ase causiderally more rn!,idJ.,y uitb an 
increase in the pressure, orten by ~ raetor o~ 10-15 or more ",hen the prC3Suro 
i li increased to 5COO atm. D:.:corrposi tion re:J.ctions ~ the liquid pho.sc nrc 
often rc.tcrd..::d by :m illcre&se in the..: prossuro (seo 12) . 

It m.;y be noted th..".t the pressurc-dependence of the velocity constant of 
n reaction in . the liquid ph::\Sc is s:J.tisfnctoriJ.,y cxplni.n.cd :md also (in the 
simplest C::lSe of o.ddi tion tc:lctions) qU:\'''ltitdivcly interprbtcd by tbc trnrul-
ition ato.te theory (seo 13 ) , 3) . . . . 

Application or the thcory .of' tronsiti~ s~ntes le~ t o the cquati~ . 

(III) 

where ClV~ is the ch:mgc in volume ~socinted .. ith the fOrm:ltion of the nctivnted 
complex (per mole). 

In re~ctions b cmccn h .-o or more: subst:mces the JIIOlc.r volumc of the 
c.ctiv~ted complex is, as c rul~, ~~cr then .the sum of the molar vo~~s at 
the renctants, since the scp:'X~tion d.ist~cc bcmeen the molecules (atoms) caD­

posing the nctive.ted coI!:p1cx cnly slightl,y exceeds the n~ lmgth of 
chemico.l bonds. Thorc:fc:-e, nccording to equation (In), the ve1.oc1ty constl:nt 
of such rO.:lctions shoul.ci. ~ 0. ruJ.c inc::rcu;e -;;i th tho p:l"Cssure. 

For uni.m:;)lecul.::r dCCOI:!pOsi tion reactions ·the bond undergoing nIpture in 
the ::l.ctivc.tod st~tc is stretched; canscqucntly~ thcmol.c.r volume or tho . 
::;~::;t ; .llce in its llcti~tcxi st::.te is r:ttr.c:r lLrgcr than in ita usual. state. 
The velocity const:mt of such re~ctians, according to equation (nI). sboald 
dccre:lSc slightJ,y :lS the pressure . is inc:rcaaea.. . . 

The e:ffcct at prcsstIr.:l on thg vcloci ty of E:. rc;}actian can lc:ui to cons1ilel­
cille clmnges in t~ cCXI!pOsition of the products of Il. complex process, i.e. OIl 
tht; course of the rc:lctian. 'As ~ CXMi>le m::;y be cited the COPO~ri~UOll or 
othylene tmd cnrbon IOOnoxidc in cyclahex::no. 14) On incrca.sing the pressure: . 
i'rom 1.6 ~ .306 .:.tmosphcrc, flot onJ..y 170.:; t."e =lccul.nr weight of tho .poJ.yme:r 
incrc::.scd (from 280 to 3400), but nl.so the proportion of ca.nbincd CO 'in the ' 
po~ bccc.me krgcr (from. 1~6 to M.8%) • . i.e. the chemical. composition' ar . 
the pol,ymcr lr.'.s =.ltcrcd. . The productiOn of the hi~ }>Olymcri.scd pol,yc~l.cno 
(pol,ythcnc) in .the presence C?I 0. 'very ~ ~unt of' o>.:ygcn o.t Jircssures c4 

.I:lOrc th:"'Jl 1000 ~tm. 15) is · .:!.pp~'cnt:y Uc.7ise dc:pc:r.dcnt on such a :ra-kocl 
nccolcr~tiori of thc ' C}~-polymcriSntlon Q~ . cthylenc · Q8 ~ resUlt of tho 

. ' . appli~~tion of hl:sh .~Z"?esu:r;c. ·· .' . . .. .. " 
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~ i It :lhculd be notcii that :in most CASes which no cane acro7s! ,,~ .~ "ttan' 

. J i doallng with n simultaneous e1'fe::t ~ high pressure on the cquilil>n.um po:n 

l, 
:.'3e 
:y 

. . 

cr) 

:cd. 

, 
'f 

,: D.lld the ·vcloci ty 0:: chc::xical rcactio!1S. Ii:, i or example, during the . th 
atrncsp!1erie oxidation ~ propD.llo the presst:.re is raised :from 5 to 65 atm., 0 

I eC:"llX'ch:'"):1 0:' t;:; _-e3'.1'::i'~ ~ ~"C. e~ cl.cono!L i:: coz:.:ic1crably ch:u:ged; tho 
I percentage 0:' mc.tql and ethyl alcohols f:-.J.ls f'rttJ. 95.4 to 59.9%, "hllo t?e 
: pc:rccr.Ul.fle of n-propyl :me isoPrQIT.fl ucohols rises :f'ram 406 to 40.1%, which 

is nearly a ten-:fold :inc:rca.?e. 'Ie) Such 3D effect of' a."'l increase in pressure 
rnD\I be expla.ir:eB. by kinetic f'acters (higher l'cnc~ion velocity, c:mscd by the 
C!iminu tion of'volUI:l.c) t.ogct1:er with thc.rmo3yn=ic faetors (a s.'rlf't of the . 
equilibria of' p:.r~el reacticns to;;a..'r't'is th~se prod:lcts ... hieh ere i'or:;JCd W-Lth.o. 
diminution of' v l)J.uoe). Anot::cr c~:.:uJplc :is :fu:-nished by the. tt.crm:..l deC?m:?OS1-
tion of' metr(yl :llcohol Olt .3500 C.17} L"'lcrcnsing ~hc pressure :fran 600 to. 6000 
atm. l ea to "W.10 :foila./ing cll.:l.."1g=.5 in the cClI!POsi"tion of' the S::.st:ous renctl.CIl 
products: 

COOIpOsi tion o~ gC!3 (%) (CR.3)2C CH4 ~ CO co · ~ 

2 

at 600 .:ltl:l. 8.05 . 39.8 31.2 10.95 7.3 

0. t 6000 o.tni. 4b.3 27.0 13.7 2.9 7.8 

The m:u-kcd inc:rec.se ::.n ti1~ pcrc~nto.go or d.i.rnc~·l ether in tho reaction 
produe.ts c.s the pressure i g incr·c1!Sce. is simil.c.rly c:J.uscd by the ef'f'oct o£ 
pressure or. the eC!U:ilibriu:n ~"'ld the vclo~ ty of the v~ous :-caetions \7hich take 
place during the ~~~ accc~~i"tiQ"'l of Dethan~l. 

In the preee(:dir!g ::;e:ction ,Ie: !;:'.ve c.x:-.r.ri..."'led bcici'ly the basic mechanisms 
of' the ci"f'~ct of' high prl.:s~urc (up to a fer.; thous6!d :ltmosphercs) on tho 
velocity and the: course of chl:I:l:i. c:ll rc:..ctions. Bighcr pressures (of the order 
of' tens of' thous~"'lds of' o.tm::>zph.=cs) m:.y l.:::o..d. to i'::r-reo.ching quBlito.tive 
changes in the r(;o.ctivi ty 0-;: subEt~e':!3 ~"ld "th.o~orc these pressures cannot 
gcncralJ,y 'be used to invcstigo.tc th.: mcci:"'nj .;;' oi' chC!lliccl. rC:lCtions. 

Prv"': tho:: ~L 2iv~1 ilcre, it =3 :'e 60lth~ tho.t in c number of' cases 
even the sign ci' ~hc; prcs<.ure ciY:;et (+ or -) cll.cr.ls us to determine tho 

ch.::.rnctcr of' the · r:lx(;--ietcrr.::ir.in~ step in 0. eomplex process. Annl3rsis or 
qu::mtito.tive ~"'lgcs (rco.ctio:l yelocity or .~cld of' products) ~used. by an 
incrcc.sc in pr.:!Ssur(; ;:;::kc:> it pos:>ibl(.. to c.~c os.:: bvwccn v~ous schemes 
describing the I::C~s;:x;.oi· the ~·co.ction in question. Fin~~ qu!llitntivo 
dato. on the cl::mgc : n ::-eo.::tion protlucts ~'l c result of :incrcc.scd pressure elso 
provide 0. very uscf'u:i. bc.si.s "lor cheosing the JOOst likely reo.c<tion mc~ism.. 

We; now p:-.ss on to :m ::.ccount of' ZOII.'C results o£ the investigation o-r tho 
mech.:lni.sn 01."' c:hcmieo.l. reactions using hi~ pressures. 

"' 
Investi[!~tion ei' ~'le 1iecl..:mism o£ Rc.1.ctions in tho Gaseous ~o 

A) Thcrn.nl. Cr~cking or p-.~c lfydro~ 

Previous invos~igatiClZlS' have estcl>lisr.cd th:lt nt low pressures ·(at tho 
order of: a 1\.:'"1: Olt::osphcrcs) tho velocity ~ thc;rmll. crc.cking incrcnaes with an 
incrc:l.SC in t!lo pressurc in most ~cs which hc.ve been invcstig:ltcd (dC~1-
tion of etll:mc ::.t 750 :md 8I::Y:Pc. 10) ~ecompositi.on Qi' propane :lot 6000c. 19 " 
deCODpOsition of' n-but~"'lo o.t 575°c.20) :md 6eooe. 19!A.)deCODlpOs1tlcm or . 
n-pcntane at .58O"C. 21 »; onJ,y in one inv~"!:igntionU: V"'..a high prossure . 
- o · observed. to rot:trd the cn.ckiDg of' ethane nt 6~5 C. 

In some ~cc:lt w-ork23). the cN"cct of' high prt;ssurc on the vcl.ocifiy or 
the thcrmcl. c:r...cting of' !!-hc,xnno and a--bcpt::mc _vres invcstigutod. Soma results 
oi' this ipvcstigo.tian.::Il"C s...~ in T:ililc 1. 

.. -~ . 
" 

". 
". 

: .. ,1 

• 

.... . 

. " 

I 
! 

r 
~ 



. ~ '. ::-''1'"'''' -y-;--:-:-:-: .:",:", .'-0:-. ---""",.~. -""':'. ~. - . 111; •••• ,=. ==;=::;::;:::;:;:::::: .. '.::;. ::;:. -::::. =;-:;:;:=. =. ===-=:=~_~. ~~----,._ . .' ~ ; ' . '. ." ." . :.- . . -.. . . 

, . 

--. . 
. -

..... . 

··I·~ . . 

~. .. .. ~ _. • , ' ... ': " •• • , 0 ' ,', 

. '. 1· . . • • .:,. : -, 

~~." -""-. 

' . . . . ..:,' ' . .. 
. : ... ~....;.~_: • .J .... _~ :....._~. ~.,:,.~ ;." • ...:., ~:~t.~~ .. ~ ; .~ . .-!~ .. ..,....:..!:..:.a '-:'-

• • ... • . •• ' . '" • : ' ." •• r" • " " • 

• : -. . '-. < " '- '!.~ . " K ~ • '. • • • 

,'. ", . . . .... ,- . 
- . - "~... -'. " . . ,; ~. ,, ' .' '"." .• '.' -

" ~j','. : ,'. - .. '~-. ~; ' .. ", • V._ 

'.- 6 '- ; .. 

f 
f 

j 
J 
J 
1 
t 

f 

I 
,j 
• , 

j 
• 

· i 

· . . , · . 

" . .. : , 
" , 

.. ,. ... i. •. 
.', .... 

Toole 1 

The thcrmcl. cr::.cking ~ ,!:-hOXlll'lc c.nd n-hop~c (duretion of experiment 
;, hours). 

""on prossure I Yield or liquid junrcocted 
of hydroc~bon products hYdro~bon 

(r..tn:.) , (% of' initid hydroccrbon) 

I 
ll-ncx:mo 

11., 430 300 l.t!).o 
430 560 51.., 20.0 
430 910 I 71.8 32.4 

·430 1680 80.0 39.4 
420 160 .1 78.5 52.9 
420 860 89.7 68.5. -

n-hoptmlc 
420 620 - 68.3 19.7 
420 940 78.9 28.6 
420 ~150 88.5 .39.8 
420 1860 9402 56.6 
420 3100 96.7 59.3 

From the d.:l. to. of' TAble 1 it m=;{ be s.::en tho.t high pre~sure rctZlrds the 
thcrrnn.l. cro.cking or pcro.fi'inic hydroc:crbol13. This inhibition co.nnot bo 
nttributed to 0. ch.:mge in the c.l-];::mico.l. equilibrium. This is cspccicl.J.y berne out 
by comparison of the rcsults of th<..:rm:U end. c::.to.J;rtie crncking c.:.rried out 
in the courne of' the E::l:le '\7erk (nee belc.7 ):1£; such A corop~ison shm7s that 

,. 

~ 

I 

during co.to.l,ytic cracking the d.ecompositior.. of hydrocarbons o..!ld the production " 
of g~cous nnd vol.D.tile liquid products proe<..:cd considcrc.".JJ.,y f3.8tcr tho.n .in 
thcrm:U. oro.cking under the ~=(;: ccndi tions of tc;npcro.turo :!..l1.d pressure. A 
simi~ rct~~tion of the cr~eking of p~~~fins wo.s o.l.so found in en invest-
igo.tion of the decompo:::itior. of'propmle ::.t 6000C end 98 c.nd 197 o.tm.. o.nd c.lso 
of a-buto..'1.e o.t 550

0
C =:nd 101+ ::nd 172 OotID. 24) 

It m..-;y be noted t:1.:.t r..:.. the press·.lrl.. ineronacs the yield of volo.tilo 
products from the cr:!.cking accrco.ses, and the prOPOrti01l

2
of higher-boiling 

lvdro~boIl3 incret.Scs (in compnrisan m. til the originnl) j}. 

From such investigc.tiona we g:!.ther thc.t c.t ' lOi1 pressures (0. ~aw 
Atmospheres) . cr~:ing is nonncl.J.,y spc;cded up c.s the pressure is inereased. 0..,4 
nt high pressures (hundreds or thous:mds ~ o.tIoosphcres) it is rot:l.t'dcd. 

In one paper '25) :::. ch:dn-rc~tion scheme for the IbcoI:lpOsi tion -or 
p::r:U't'ins has been put fonr...rd. It 'I7Q.S =sumod thc.t the original hydrocaban 
wolecul.c Rolf first of' nll. split to g:lvc s=l.l.er r:>.dicw which, reacting 
fUrther with RoH form the rn.diccl. Bel 

+2R B o 
R H~R' + R" ----.2R + RIH + R"H • o 0 

• 
(1) 

It is wo possible thd Ro %'O:lcts tlith olatine molecules to produoe 
longer r<:.dicili. Such' rco.etions , npparcnt~ pl.cy :lD importa.nt r6:Lc in the 
c::::recking o! ~cl".fins mixea. .nth olcfinC3, but they c:mno.t serve cs tho prineip:ll. 
ch::Un;:-9~cld.ng stop in the c:b~cncc of ~ ~dition, cspccin.ll,y o.t high .pressures 
(sec '::0)); . therefore they o.rv net furth~ considcrccL . ' . . , 

• . Trnnshtorl s · note: ' while ·it 'm::r:t b ,c true, that the ·.cl>ov~tlonod 
'. rct:u-dation. is not. ct.ll~cd by 0. cn::r!gc in C0lillbriun. ·this is not borne ':" 

out by the f'o.cts .:J.dduccd hcro~· . . . .. . ' -:- . 
I .. 

. ~ .' • • ', 'I. . 
I· 
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The radicn1s produced by ~eacti.cn (2) may in' turn react with nolecu1es . 
of the 'original hydroearl>an. thcreby continuing the chain reactiCllJ' 

. '-' , ... . k, 
R.1 + floR --+~o + R1P. 

(see the right-hand part cr e~tiClll 1) •. 

Finally. the C:'lain I:l.".lJ- be term::..nnted, either on the wall of the reactiOn 
vessel (y~)]!. or by rcactj on (recc:"..bhatian 'or dispropcrlionntion) of the 
radiCllls Ra (kS), Be end R1. (~) end R, (1"7). . 

·\'ihcre round brackets c.cnote concentr:J.tions • 

Anclysis of equation(:::V) for vr.riocs c:::ses of sdective rcaction~­
brecking le~ to the fcllowing results: 

c.) lThC!1 re .. etion cJ~ :1c!";:;:U.1y tc:rmino.te on thc ''I'lclls, the velocity or tho 
rcaetiC:1 (in the units. ir.d.ico.:r;ec.) do(;s 11C't depend on the pressure (if \'10 do not 

out to.ke into :lccO'..mt tbe ei'i'ect or l'rcs::;urc on the ,,~ue of the rato constant). 

. ·1 

'pnl . 
'OS 

J 

Consideration of the ch:mge in t1::.e veloc..:'.ty cor-stant le~ to the conclusion 
that the reaction i~ l !cglisibJ,y retarded by on increase; in the prcssure. 

b) Vlhe:n reaction c..~r:.ins mai...'l1y end on r:ll:lieoJ.s of thc originnl lvdrocnrl>an, 

the =tiah is rotorded ,.. ;:::~j::"(RoH)-i . (V) 

o ; 

c) \'1hen :!'CD.ction chains mdnJ,y tc::nninc.te on short ro.d.ico.1s, tho reaction is 
nccolcrD.tod by pr~ssuro: 

. ~ 1 

(R:H) =V ~~(RoH) r • . (VI) 

a) \7hcn rC:lction chn:ins mci.n..\y :finish by rcc.ction of Ro ~7ith Ri tr'(" r~·.~,- cf 
r...:.ction is iL:iepcnd..:nt o£ prcs5U!""-

Tho results given hero lc::u! to the conclusion thD..t nt .l.aa preSSU1"CS the 
brcclc:ing of reaction c.~'J in the thcr=.l crueking tnkes pbcc ~ by 
rc:1ctian of "snart" ro..dic:.:U:i (R1). ;·Ir.ilc. c.t high pressures it is m.::dnl;y due to 
rco.ctions of "long" raUic:ll.s (Ra). This =sumption is canf'irmod by inspcotiCD 

,: of the ratio of the probabilities (0) of these tiro. \'103'8 of ~ 

r, (»0) _ 

b CR ) -
1 

(VII) 

It follCT.7s :from cqu:ltion (VII) thz:.t thc r:ltio of tho prob3billtica d 
chci.ns terminating on Ro mlC. 6 It, is proportioncl. to. the aquo.rc of the Con.cen­
trc.tion o~ the origincl lvdroco.rl>on, :i.e. it incrc~es vciy ro.pidl,y with 1m . ' . 

. incrc:lSC in pI"QSsure, -:7hich i..J D. qucl:itD.tivc: confirmation of the t-ypotbcsia given 
ru:ovc. An :::.ppro..-d.r.::ltc quontit:l.tivc tJ.'Cntm.:::it of this ' qucsti~25) cao led' to .' 
the conclusion tP_"l.t 1m incr~o· in prcs:rurc, s~ i'rCl!!l 5 to 500 c.tm., . con cause. 
th.::· indi~~.:tcd chwl~~ 11- ~e ~~-~c~ prO~s.~ · . 

j . ' 
--,.-- ;: !Ii ' : " . .- . ... . . 

. k = ve19ci ty ccn..etmlt. ..:. . -
. , 

' . . 
. . '." 
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It ma;y be noted that in one of the investi[;ations mentl.al .A.~ ... 

I' l,"dro en """cssure on ..... 
interesting data were obtained on the cN'f:ct 0 .. 'v .. g r-, t at low pressures 
veloci ty of therrnaJ. cr&.cking of para1'fins. It ~a5 : ound tha in the prcseure 
of hYdrogen the cracking VIas reto.rdoo, but a marKed l.l1crease les tho 
of hydroScn led to :;ome ~peC!ding-up of the process. Thus, f~ exanp " 
foll.a.-:inS rcsul.ts roere;; obtained 1'rom the experiments >lith n-h me. , 

Partin1 prcssure of l'\}'drogen (atm..) 
If 250 ' 640 1100 . 

Yield (m. -% of originDJ. hept:me) 

(a) unreacted n-hept311e 33~3 71.8 65.1 52.2 

(b) gasoous and liquid . 0 

products boiling be:la:! 48 C 37.7 20.5 27.5 38.5 , 

I . . . 

C::.rrying out the:. cracking under ::.. pressure of hydrogen prevents not onl;y 
polymcrisation ' reactions, but ~C' destructi-,,IC alkylation. , It nppc3l'8 that 
this also 'provides on cxplcnaticn for .the inCl'eused proportl.on of unreac~od , 
n-hept:me found on cc.nying out the process under 250 atro. of lvdrogen, :m 
comp.:lI"ison with therrr..::.l cracking in the .:ilisence: of l'\Ydrogen. It 'l'1l33 be supposed 
t hat the rc~on for th.:: incre~{;d crock::ing on further increasing the pressure of 
hydrogen is that p::rt of the hydrogen cntc;:rs the reaction chcln according ,to tho 
equations: 

Ri + ~ ~ R1H + Hi 

!I + R H--" R + H2• 
' 0 0 

A silllilt:r a.ccelcr~tion of the thcrzr:.1 decomposition of l'\Ydrocarl>ons LIS tho 
p::u-tial pressure of l'\Ydrogcn is inerecsc..>d (:t'rom 200 to 400 mm. Eg.) hna recen~ 
been observed :in the ea..se of prop311027). , 

Thus, the use of high pressures -ror invcstigating the mcclmniam of the 
thcnr.z..l cracking o-Z p:xafi'ins has proved fruitful, and h:l.S ::U..l.cr.od m:1 

cxpl=a~ion of some nC\7 features of this process. 

B) Homogeneous Dcstructi7e HvtL~~enation 01' Aro~tic tlYdroc::u-bons. 

When the: kinetics of thc I-lO!I!O£;enCOus destructive l'\YdrQgc::nation of toluene 
under a hibh pressur0 of hydrogen ./llS first investigated,28) it \7CS :found that 
the velocity of this rc::tction is independent of the mct~ p':l.Ck:i.ng :md in the first 
cpproY..im.c.tion m.;y be cxprcssul by the equ::ttian for a bi."'ilOlccul.:1r :reaction between 
toluene :md hyd:O[0Ile The cxpcrimcntalJ,y determined v--..1uo of the energy at J 
=tivation ';7as G6,{)(X) caJ/molc; the prc-cxponentic.l tern! of tho Arrllcniua 
c~uation .. as found to be 60 tiocs l::lrgcr tb:m that ccl.cuJAtcd !'ram the thoc:zz7 
of activo collirlans. 

A recent in!8stigatian of the homogeneous destructive qydrogcnation at 
toluene :It 455-490 C. ,Ii. til pressures of hydrogen up to 1350 atm. led to tho 
foll.Olring rcsults29J: ' 

a) The velocity ot tho rc:lCtion ens folla;vod by tho yield at bcnzcmo) 
incre:l.Scs ~lith inc:rcnsing hydrogen conecntrntion. but Sc:zIlaIil:::.t less thnn 'prop­
ortion::U.ly. Thus, 'l7hcn th" conccntrntion or hydrogen ' .. <lIS increased 3.B times 

. the volocity of tho rc~ction incre:l.Scd cl>out 2.5 timoa. ", ' 

'b) The reaction velocity is ~xin::ltc~ proportionc1 to the BqWU'O root ot 
tho ,toluene ~::(mcC!ltr~tian. " " ,, ' , : ' ' 

c) The sUrtaco .nrOn-of the vill of ,thc"re:lction vessel :md the ,~acc ~a/ 
vo~ l':ltiomvu 1).0 s~icant Cfi'ect on the rc~tion ,vcioci:ty~' 

:, ',. »', " '~\hC! ' $~Ca ,~ lv~gcn\~nd~ ~ \ :tot.cl. pre~;;c, o~ "1 3D :.~ 
. .~. . ..., .. : 
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d) Diph~l o.nd d.i to~'l were ;O'.md ' 8lIlOll& the reacti~ productak' -

e) It was est;u,Ushed that under the condition!! or reacti~ dibcn~l ' 
undezwent very CCZlBidcrahlo destr.lG tivc hy/!rogClat1ao. I 
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It ~v be ngtcd t.iu.t earlier. in expc:r'..r:('.nts en t.~e thcn::s1 decc=pos1t1on 
o~ toluene at 470 Q \.mdt.T pressure 30 ), c:i.tolyl WilS also .found in the reaotiOD 
products. Rcf.31) dcscribc3 a~ investiGation 01 the initial period at 
thc.rr...ll decomponition of tolu<.l!"lc (up to 1%) en pas~"li! toluene vapour throUgh a 
q".l:-.rtz tube :...t 738-2£4°C ~oll.o-.:ca L"Y ::-o.pid cooling of: the reaction prc,ducts. 
The.: C3..Sc:ou~ ro.::.ction proeucta co,--.sistl--0. or 59-6q; h;,rerogcn and 3~1% Irtbane. 
The.: liquid products ";7C!'(; oc..'~Cl.!e a'1d dibc:l~yl (1 mole c..f dibc:nzyl per mole at 
gas liberated). On the bu.i3 ~ til(;Se .factz it 'rrc.5 decided that t.'lc: rcllOtiOD 
~rocccds ry the folla.7inG sto.~cs: 

C6H5CF") • C6H
5

CH
2 

+ H; (1) 

- . 
C6'P..5~3 + H .. C6~~ + ~J .. .... . - (2) 

C6!LGH., + H 
:;, J .. , C6~ + ~ (3') 

or c61~cr~ '+ H .. C6~ + . C~ • (3") 

CH3 + c6H5~ .. C6H5~ + ~ (z..') 

C6
H5 + c6H5c~ .. C6~ + C6H.sCH2: (z...) 

2C6H5~ .. C6H5CH2C~C6~· (5) 

The <1SSUI!lption tru..t tile brc.~JdDg o~ the ecrbon~bon bond 

:is th~ :'irst stcp in th.:- reacti<::l could not cxpl:rln the high concentration or 
hyD.rClB'::'''l in ihe rc:::.ctico proC!ucts, 'l7hi.lc the 3obovc-r.:cntioncd zchcme eatiaf'actor:i:Q­
c::xpl.lln.s thp production of: h,ydrogcn r..!ld the.: :l!:lOll.'1t 0:.. .. dib-~--yl producod. 

Rcc.cti~ (3') -nd. (3") rcprcsCZlt :m i..'1tcrestiDg t:,-yc or r:ldi.co.l. rocctiaos. 
Iht30 obt:l.incd in rccent yc-:.:rs indic-,tc the lil::elihooc of: sl1ch rc:actiocs tcld.ng 
place (sec .32-.34-». It:is Cv:i.ucnt th3.t the sc.l-J= ror the thennn1 dcccm;x>si- , 
tien of tolucnc coul.d be supplemented nith :!Il cquc.tian ~or the promction or 
ditoJ,yl: 

Ce~~ + S - ~ + C6Hz..~} 
C;"? 

2C6'!lJ:.v 3 -~ C3;C6Hq.·CGHz.,CiI3 
e.lthc:ugh the l"oll.cqi.J)g r').~ctian also C'm:l0t be ~tircJ.y catcludocl: 

_ C£~C?'"3-'),r.6H4-~ + H. '(1') 

H 17.J 3CCcpt the lIhovC-mpntioncd reaction sc.'lcmc l"or the therm:::1 decot1pJB1-
tion ~ toluene, it fo:!.J.D;ls toot in the prc!;ence o~ Jvdrogcn under prc:3SQl"C 

r..di.en:is ~omcd by thc t!lcrncl. dcco:!lPOsi tion "3i.ll %'\:.3Ct vi th molecul::r lvdrcJgca 
(nnd also uith molecules ~ toluene ::nd or r",~tion products). Reaction nth 
!\ydrogcn coleculcs k:ILs to tbe production o~ c.tocl.c ~drogcn and nlso to tho 
ini ti:ltian ~ c. 1"'C.'l.Cticn cio..::.in. Thus a probcl>lc schcl:oo tor the mcc::btmi.Sm or 
the dc.structive lt1clrog~tian or tclucnc m:v bl.. .:rittcn :us 1'o1l..owa1 • 
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A _ • _;.". ' r" H. + CG}J~c"rl.l~ CGH.5CH2 + H21 - ; ".~' .- •• - -,~ '.~ • ..... -..... '.- , I!~ 061\CHJ +. H2J 

~ 06116 + CHJJ . 

-' " .. 

.-!s 06i1s + 01\.. 

H2 + 'C(;lf:5CH2 l~' ~6H5cn3 + Hi H2 + C6~~H3 '1 C6H5CHJ + H; 

H~ + Cn" k~ cl\. + H; H2 + C6B5 ~ C6H(; ' + H; ' 

C~llsC-rl" +. C61\.CH3~2 C6H5~ + C6~cnJ; 

C6~Cn3 + CH" ~,.l C6H5CH2 + ~; 

C6H5CH,3 + C6lf:5k1~ C6~CH2 + 06%: 

!l + CF-4 k1J CH" + H2; H + C6% k.t~ C6H5 + H2; 
~. k . 

2C6H5:.5 (C6lf:5)2;. 2C6~CH2 1~ (C6H5CHZh: 

2.C(,H4CH/l7 (C(;H4CIT3}z; 2CH,,~a 02%-

Certain "cross-re:::.cticns" cight also be auded, l.eading to the f'onnation 
o~ etl'\Ylbenzene, :x;yl.ene, mctl'\YdiphCI'\Yl., di!>h~~cthane and other products • 
.AIoong tl.c .rca~t~on products are ethane 29, 30) _ As !.~or dibenzy l., obta:ined by 
somo wor:~ers ,:>1), it rras ehmm 29) that under the experimental. ccndi:ti=ms it 
u.,ucrrrcnt destructive h,ydroGcnatian. 

I1' it is assumc.-e thnt most reaction chains GnU on tol,yl. radicals, analysis 
of the above scheme of rcaction ler.ds to the follC7l7ing ~onml.a for the rate of 
production of benzene::, .: ( . 

fF.; (k4 + kS) (C6H5~)] . 
T1=\j ~ k

J 
(~)V (C6H5CH,,) ~ + k10 ~. . (VIII) 

SilIIilnr form.11.D.c ~ also bo obtainc.:d by asswning toot most renction 
ch£Iins end on JIlI,;UVl. or phc.,;r.yl. (but n01: benzyl.) rnd1.cals. " 

Camporison of cquahon (VTII) with the ~b.l. rcsul.ts given in . 
ref. 29) {seu c.bove) sh0i75 th...~t .this equation is ::"""1 quclitativc ogreemc:nt with 
the cx:pcrimmta.l. &.tc. 

Invc::;tigo.ticm of thl.! destructive h,ydrogen.ntion of tol.ucne . under high 
pressure tbu:s cncl>les us to put fOlV~ n scheme for :l chcin mccllanism for ~ 
proccss, which ccn be 'USc.~ to derive an expression for tho rcn.ctian vol.oci1;,y in 
~tctivc ogI"<.:cucnt vi th the experimental. results. 

A vc.;ry interesting invcstig:1.tian h:ls ~o bocn made or the haDOgcoeoua 
destructive h,ydrog~tion of ctlvlb.::nzcne 28). The mtio ctr benzeno to toluc:o.~ 
incrc::.ses ro.pidJ3 with the j):lrli~ prcs:rure of' hydro&cn (sec 1'igurc ~ next pago) • 
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Destructive ludrog~t101l c:4 
etlulben&ene 

Curve 1 
Cune 2 

~ene tn.cticm ..• - ­

toluene ftactiCll 

p. . 
'PC;,,;,... . - -, 

;l"'''TJ'~ "YDDIIOl' nupnpOIlllIl1ft' 
:rTt1:ny'u In.-Ia : 1 - (I("nJn...,Lrua. 
'I'p,II ,un .. , :! - l",'J\'O,"'D~. 

4'p".ntma . 

. : .... ~ 

A more detailed ex.:unin::.tion of: this eITect f:or scverll1. c.l.J<;ylbcnzcnes mll doubt­
less rncke possible f:urther clcrif:ication 01' the mechanism or destructive ~dro­
gcnntion of: cronm.tic h,ydroc~.rboru: at hi£;1: pressures of: ~drogcn.. 

It ~ be noted th~t the nbevc-rnentioncd nccelcrnting effect of: the 
hydrof;Cll pressure on the process is specii'ic f'or :ll'Otr.tic h,yOrocarllons. . Also 
discusscd above .. ~ thc cf:f:cct of' hydrogen on the thencl erncking Qf 
pnrc.i'fi.ns; it is notc;;orthy that the ci'f'ect of' the hydrogal pressure on the 
rate or thcr:-xU. dccompositt' on or nnphthcci.c hydrocnrbons abo proved to bo 
U!'lUsuoJ.. It '7:J.S f:ound 35 th.::.t an incre:J.Sc in the h,ydrog-m pressuro rotords 

. . 

.~ . . 

. the thc.rnci. tr:ms:foI'Iil:l.tions 0:' I:lethylcyclopcnt~e, the proportion of cycl:or..ntano 
in t410 rc;.."'.ctian products . increasing. 

Thus ~ the difference bemeen the IOC:ch=.nisms or the thcrmn1 decClllpOsi tim 
of: v:-..rious kinds ~ hydrocnrbOlls is renectcd in the specif:ic ('noct of high 
pressures of' h,ydro3;C!l an the veloci.ty of' these processes. 

'Investij!ntio!l of' 1h c ~.lcch=.niSI:l o~ LiC'1uid-Ph:J.Se Re=tians 

Up to the present no nork h:J.S been dono m th the s1X'~ie aim of invest­
ignting til':' mechanism of liquid-phnsc rec.ctions by the uso of: high pressure. 
:ExD.minn.tion o~ the e:."f:eet of: high pressure on tile rete of 'certain liquid-phnso . 
rc;:lctiClru' ncvcrth~less ~s us to solve:!. nutWcr of' impo~t prObl.cms .concerned· 
;ti. th tho mcch:mism of' tho.:,se r .:.::..ctiQlB. 

11) Addition of Ethyl. IoCH.de to t:n1dino 

The vel.ocity o~ reaction of' a1Y.;yl. b:::1ide,s wi.th · tcrti:ny ru:xinea or pyridino 
is known te 'depend very strongly on the nature of the sol.v~t. In th.1a 
connection the vi.c;1 ~ been c:cpresscd in the; litcrnturo 3bJ that in thoso 
rc::.ct1ons the solvent t:lkes p~ in the ~ormntian of' the trcnsi tionn1 stxucturo. 
end .:;ntcn: int_· the activated caupl.cx. The correctness o~ such no statamcot lDO.7 
be tested by mcnrul of' ~ investigation of' the cf'f'cct 0: hish pressure on tho 
r:;.tc of the investignted re::.cticn in v~ous 8ol.vmta. 

, . 
Vc will re::ansidcr cquaticn (III), 'Phich expresses the cf'1"cct or ~SUl'O 

on the velocity constmlt o~ n reaction. \Tc r:J:13 expect tho vnluo at liP to 'be 
the s~ for v:n-ious solv..nts onl,y ~ the sch-cnt molcc:ul.~ thccselvea c10 not 
truce part 1:0 the ::.ctivatcd complex. Moreover, in this case the nbsolu.te v81ue 
of' Av-F shO'..u,Q b..: .ne~J,y cqu:~ to tho volur.c ch:.ngo oV for c.ddition ~ 
(sc(; 3». .' , . - . . " . 

: NCI\T ir .t.v* vnrle:s nth the 'solvent ~d is' wiC!.el,y . different from ,.V. th1a 
is en in<iication 01: the ~gh probcbilit:J. that· tbt.: s .olverit I:lOl.ecal.es t::ko part . 
in. the', .fOl-n::.tion of' the aet~v:ltcd: ·ccJq)la;. . . .~ . 
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Sarno results of inve3tigc.tion3 cf the effoot of prcs:r otono ore glVOD 

nddition at ~l halides to tcrtic.ry c.m1n(.lS and pyridino ~c . 
in Ttlblo 2 12 • _ . • . '. .. .-

Ttlblo .2 
. Sf 

R~tian :Volocity in :leotonc. Cot high pressures 

Tc.mp:::r- Pressure kjko olo 
Re::.ction o.turo P (kg! c,m2) 

(OC) 

I 16.4- 1.87x107 
(CH3)j1 + l-Ci¥- 60 3000 . 

I 

3. 76X107 I (C-Jis)jl + i-CN 60 3000 16.0 

C5HSi + CHl 60 3000 6.78 1.9fr3!107 I 
CSH? + C2H;I 4D . 2980 6.8!> 2. 13x1 07 

-

5000 14-.7 

8500 48.0 

C5
H5N + n-C4-~ 60 . 3000 0.14- 1.33x107 

CS
H5N + n-C4~I 60 3000 6.16 2.6GX108 

C5~N + l-C3¥ 60 3000 9.60 7. 91 x10
8 

C6~l'l(CIj)2 + i~N- 60 3000 25.5 

5000 80 

8500 200 

12000 493 

From the dab of T:lble 2 it y.. be seen th:l.t the investigated reactions . 
nrc "sl0\7" (exponential. tcnn ~ -10 -1dl) :md strang~ c.ccclero.tcd by pressure. . 
In one of the pc.pcrs quotod12), dc.t:l :lI'O given for tho voJ.uo of 4V (1.0. tho 
volume ch:lIlge) for the rco.ctian of pyridine 'i7i th otl\Yl iodide in ncctono. 
Comparison of the vo.l.ues c-f tN given hero with vo.l.ues of 6V~ ca1.cu1atod f'rcm 
experimental date. by use of cquation(III) showed tho.t o.t 3000 and 1 atm.. AV-
(-20.0 cm3/1OO1e) wo.s 2.7 times less thnn AV (-54-3 cm3/lOOle). This t'act. it 
would secmJ' beers wi mess to tho vo.l.ue of the lvPothesia thc.t the solvent ~ 
pnrt in the activntcd c:allpl.ex. However, it wns subecqumtly c11acoverod 37) 
that tho indice.tcd difi\:rence between tho vD1.ucs or AV:I= end ~V is caused by 
the solvo.tion of the JlrOduct (1i-ctqylpyrldine lOOHe) by. acetone, which lcllda to 
the lnrge n(;go.tive value of AV. Now 11" ... e compare the ~uc. at' IlV* with tho 
ch:mgo in volume during the recetion, co.1.C'.ll.:1.tod from the 1OO1.c.r ~lwnea at' the· 
origino.1. p.u-e liquid components cnd of the r~ction product (sce 37). we 1'1nd 
n ver,y close -ogree:n<mt ~ -20.0 cnd -20.S an3/III01.c rcspoctivel,y at JOOC nnd 1 atm.) 
It hns nlso been sh0lnl3 ) that solvntion by acetone does not have Co noticeable 
effect en the vnlue at' Av:F. This is seen :fran the dntn cited below on tho 
chtlnge of the rate at' the invcstigo.tcd rcactien with ineroasirlg presauro 111 
di:f't'orent solvent. 

'.-

. . 
• leo and 1>0 ero the vcloc?ity .constcnt cnd the pro-cx:pcmcntlril. tc:nn. Of' tho . '. ' 

An-beniua cquciticn ··o.t .a"bDos!'hcric prcas~.; .kp is the veloc1t,. c6n8tcnt at 
. preasuro; Po. ' . . . ., ... . . .. 
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Velocit;y const:mt i'or the reactiao. of P,Yrldinc ,l7ith etbyl iodide nt 60 0 - ., ' 

-4 3,71.10 
-2 5,99.10 

It rooy be mentioned th:::.t the raaction product is insoluble in h~c. 
ncvcrthelc~s, the c..~:mcc in velocity constant .. ith pressure is cxnct~ tho 
SOJOO :in hcy.:mc:: D.3 in ccctane, -where tho recction product is sclvo.ted. 

The d:lto. given her.:: coni'irm the lrJP?thcsis toot c.cctone mo1c::cules do not 
ent.er into tho co::;posi t;~0!l of t~.v c.cti vc.tcd colI!Plcx for the reaction bctwcQn 
pyridine :md ethyl iodido. _, 

. b) ,!.ht: ~:utr'=bbt}on of G~ 

, The muto.rotation of r,luccs(.; in ,aqueous sol:ltion l;!o.s becnstu1j:;qd ov,e:r 
0. 'I7ide r...ngc: of pr.:;zsurc - up to 10,DCX:I =.tkX:lbpL:.rcs 39) (sc;; c.lso ))). 
The inv"sti0c.ticn h~ ~!lc:::-_ tt::.t +.2-.1.3 r,~.:.cticn, ·;;.hich is four.d t<' be.: 
1.:.!lil!'.::>lccu1ar, is ::cc~::'cr::.bd b" ?r~ss'..trc. Vclucs of ~v=t=, cclcu1:.tcd 
by C(.i.'.1::.ti0!1 (III), \lure - 5 ~::-.) /=->;1.:: in t..~c prcs~ur;! r::nge 1-2500 
::tm. , -8 c:::c3/L:.olc iro~ 2500 to 5COO o.tl!l., cn1 5 cm)/rr.:Jlc from 5000 to 10,000 ~:bn. 
Such c. dccrcc.se in the o.vcrn.gc ncbutivc vcJ.ue o£ 6V*- is quite n.::lturnl. 1£ the 
comprc5sibili ty o~ tht: sub::;t::.nces at suc.'l high pr.::ssures is token into accoun~. 
In this connection it is k1o:m th.:J.t in the rC:J.ction between pyridine :md 
ctlvl iodi<le, toe. ,,...Juc o-r ~V:/= c.lso f~"s :from 16 .. 4 cm3/I:lOl.e ~, thO pressure 
r:mgc 1-3000 o.tm;. to 8.0 cm3/molc in the rcne;c 5()()()-8500 ~:bD.41-J 

ex) (II) (III) 

TI,;;: quc-sticn :'..rises., nhlch. stngc of this process i .5 responsib1e for tho 
incrc::~,(je r~ytion r:J.te = tho p.ressure r'...ses. It hc.s been suggested in the 
litcr~t\lre 4J)) that ttl!} stage ir. question is the fo:r-:m.tion of the nl.d.cl\Ydie 
CC'..!pOUT..ii. On -the bo.sis ot: the rCSLtit s obtc.incd from the invcstigo.tion or the 

,roo.rwian under Frcssurc, su~ u suggestion r.ould lend to the rcsul.t thc.t under 
the ~..r..tn1 condi tio."lS the. ring-opaling 170uld cnt:li.l 0. diminution or tho 
volumo. In:::.l1 similcr ~CS, u dec~e in volume docs not occur WCIl a 
ring is opened, but, on the cantn:r,y, during the cyc1isc.tioo. o~ :m open c:h.a1D. • 
Thu:s, for cx .. qi1c, tc~ , ',' . . 

~C-~-~ ' .. 
J t ,' 

~~~O -~ , 
: 

is dcnse~ th~.n~~...ldchydc,_c;H'5{CH2?~ " in this, ~o ·the d1f'.rCU'CtlOC in. 
'J:X)l,::r vol1.1ruc:s :l.2- mol'C than 7 r:::a:rImblo, 40. not ~~ £rom tho AV:F far ' tho : 

' " a ~tcrotati.On o£, glil!='O~ ' . ,'. ' :', i . ,,' .,, : . '. " .' , . ,:', . ' -1 
" " ;' :, 1I ': ,k is cxprPSSGd' :in ii trcE/JOO~o ~tc • 
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. ". te-dcterci.ning 
Fro:n the data eiven above we r:q conclude ·that -U:e rIl . dic ccmpowU 

stage of the IlUltarotation o£ r,lucose is not the fOnJatl.on of ni)il, al:~ the . . 
but the ring closure. Th~ part played by the solvent (water m . estion 
activated complex :f'rcI:1 G-ghlcosc is o.l.so not excluded. HCfII'c.ver, the qud e 

" _, .. 'b . decide as w 
of th.c role a-r, the s~lvent in the activated comp~cx cnn vu-o,r C in v~0U8 
saw fU,cve2. by l.l1vestigation o~ the rate or rcncbon tmder pressure . 
6olventa. lf 

c) ThClT."ru Pol'nncrisntion OI~ Styrene 

, . . ,. ,.~ isation r~actions The use o~ high pressure fer the investl.ge.tl.on 0 .. po...,-_: • v . 

is <'omplic=..ted by the fact that in IOOst investig:ltcd cuws :m l..ncroase, in 
pressure produces not o~ an incrcuse in poJymeriso.t1on, Lout ~o QIl l.llcronse 
in the :nolectilar ,{(;ight of polymer produced. ITcverthelc~s., it JoS 0.:' ",0 

po~.sibL:: to obtain intercs tinp" inf crm:lt::"on about rco.ctiona of this type by 
nr.~ysing tho effect of press~c on thc r~tc of the process. Sane data an . 
thc pol,ymcrisation of styrene under pressure )rill be nru:J.yscd belC\7 TTi th thia 
object~ 

If -r/e investigate :1. thCl"7"..::U chain pc·lymcrisation of :m org:mio cOlI!pOlmd 
in the absence of spcci:ll c:::;;cJ,ysts, ~.nd T7ith ns much atmospheric ' oJeYgcn 'removed 

. :l.S possible, it r:lD3 b.: supposed that thc basic sto..gcs '::If the process - . 
ini tio.tion, grO'l·.th ::.nd brccJ·:ing of ro::.ction clmins - occur m.:l.inly through 
collision and cilc.:miCc.1 reaction cither of molecules of IOOnon:c...r, or of' a. IOOlcculo 
o..'1d a r:ldic:U., or 0-: t;-10 rc.di-::nls. If' thesc str..ges of the pclymeris:1.tian 
process occur thro.lgh the form!):tion of llll :l.ctiv •. tcc1 co~lux, then (if' thcro is 
addi tivi ty of' mol:lr volumes for the monomeric links of the polymer chcin) the 
volume. chnnge: llV#= for cll of th(;se sto..gus should be the s:unCe. Thus it 
follO".'{s th:1.t pressure should i.'1erc::.sc to (;qua1. C:i:tents the velocity constanta 
for the chain :iI'.:itic.tion process j.n thcxmcl. polymeri:..l:l.ticn, for the gra.rtb a-r the 
chains (i.e. the rapid addition of ':1. sequence of manomer molecules), ond ~or 
their brcnld.ng. 

Sb.rting :fro:n the ~c.ct thc.t the r:lote o~ poJ.ymcrisc.tian usu:U.ly settles 
do;m to c. constnnt period (up to polymer yields o~ a. fC$ dozco per ccn-t.), ~o 
m.::v consider the polymerisc.tion in this stage = c.ppro~tel,y Co zero - order 
reaction uith the velocity co~to.nt. 

k _ k 1·k2 
o lC3' (IX) 

,.here k1, k2 end k3 nre the velocity constcnts ~or the . chain initi:l.tion. gr~ • 
end tcnninc.tian re:,.ctions. This cntcils the ::.ssumption that the I!lOlccu1..cr 
weight of the pol3mcr rcmc.in!; constcnt. Consequently, the: value o'f leo should 
detc.rDine the: r:lte of' polymeris.:.tian, ns long cs the rnlr..culcr tiei ghtdoes remain 
constcnt. IDlcn the moleculcr ucight of' the po],ymcr incrcnses l7i. th the prcssure 
:lot uhich the pol,ymcris.:.tion rco.ctian. t:..'lccs place, 01 :1.ppropric.te correct1.ao 
must be introd:lccd into c:qu:lotian (DC), nth rcpl.nCClf.cnt of leo by kO, 1Itluc:h is 

· cqual.to 

It o 
Xo - , 
Ii 
l' 

whore lfo t:ntl ~ ::.rc the IOOlccul.:u- l1eights t:4 pol,ymcr nt 1 c.1m. ond a.t p a.tm. 
rcspcctl.Vcl,y. . 

We now consider tho chcngc in the: velocity constnnts ~or chnin initiation . 
grroth ::.nd tCI""..!inctian :lS the pressure i.s in~oct this should 1'ix the -
v.:.l.uo of II V:F • It:La c~ sha.'{D (sec 1,.3) tba.t llV=I= is nppro~t~ 
equc1 to flV (the ch:mge in volume WhUl one mole of climer dissocia.tes to give' . 
tl70 1OO1es of IOOIlCllDCZ"). Then, by COl!'l:>i.n.:l.tion of cqua.tiann (III) end (II) and 
substitution t:4 kc!" ~o obtnin . ... . '. . 

(
a In It' '~ . . o __ . v . 
~-:- ",- -z;-

1>. . - . ' . 
(x) .' 

• . ~~ . ho.s" ~c<:ntl.y. b ·c.cn sh~ ' ~). th'~t ·the. ionis . .:.ticn . vi' -~i ·hc1i.Jo~ :t:l oqucous 
. c.lcchoLs olution in~rc:l£c.s '7t1 th FC.~surc·, wr~i9h thrV-;iS .;;light "0!1 the 1--01.0 'of " . . 
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Ii' tlle cxperinental data S2.t:'s.f'-j e~ati~ (X), thi~ 'L1dicates' th~ -, - ~ 
use.4'ulnef.s of the abo;.-e s:U:;p1i.fiod sc.lte:r.c: £or the cechan:islll of pol3me.n.sation. 
In cal.cu1atian~ according to 1:his scr.e:ne the c:!'!'cct o~ the ".a.lls :lOd ot 
iq;t:..."'"i ties in the reactiO:l rni>.~e, end ilio of ether f£.ctors (c. g. the change 
L"1 the viscosity of t.':e m~UI:l at high rressurcs),. is elininated by redu~ 
the value of the vcloci't'J a't a i;ive:n prcsS".u-e to that -,,,hieh it would h:l.\"'e 
dur:i...ng the :formation of a polj-me.r of cor.stant molccu1Br r.eight at atmospheric 
p;"\;s S".ll"e. 

Equ_tion (X) '\7~ tcst;:i en ;~ctic data _: or the thcr.::.al pol,yI:lcri-3ation 
ci' ~tyre!:~ un~cr p:..-essure 44, 3I1ci. on liil ... ;;oz::-:.tric data for the decrease ~ 45) 
\"ol'...l..':i:! or;curn.llg during tile poly::nerizatic:l of styrc:J.e nt · various pressures • 
T'LC' re:::ults of the c':u'culution.:; ~e shCVffi 1."1 T2.ble 4. 

Table It 

Ekcl: n;]YF:~~':; L. ~~=n .....sf~~~'l~ jQCoC. 

r ---:------: 1- - -5 I 1'1{ , 1 I P 
~) 
, 1 

11000 
12000 

I~ . 

_ -0 ' IF X 1 0 -, -- - - - L: .rJ---",....",--=--:--~ 
joe chr..."1l:c/r.r. ~ p I 3!:>:pcriccl'ltaL Calculated --. -:-~:--t-. -- ------1--

3.4C? : 4-4D I 1 1 
5.CX:- .; 6.69 1.0 1.93 

15.09 7.10 2.93 3.25, 
34.3 8.23 I 5.42 5.22 J 
50.0 9.16 7.13 8.16 . 

As ~7e ca."l see :f'roD. ':' -..:.1: le ~ thc cal.cul.zl.ted encl. exper:i.mcntal v-...lues ~ 
(k'] agree 'adecr.l~tc1y ::..t pressure:: of 20':l0, 30c0 ~"1d 4JXXj atr.:.; only a.t :l. 

prlssure o!' 1000 abn. is a sienii'ic:mt divergence f'ound. The ossumpUons on 
-::~.i.9l: th~ eal=-.l1.4...":. :_:lI! i.:; t-:l3eC1 ":.h::oc::?c!"e :!?PC~ ';0 be ~-1.id. 

d) Iso1:c-oic Ion-Ex::h::uu::e RC::lctions 

. ! 

Tne investi6:ltiol'l OI~ ~hc eN'ect of pressure on the ratE: of isotopie t 
C:'Cch~"l6(; re::lctions is ci' ~"ltcres":.· , s:.nce th~c; reactions o.re <'astinguishcd by l 
~lcte eC!~ ty ef t.'h.~ .::~kr -;-;;l:mcs x -,li thc coI!1p:-cssibili tit>S m" the 
r~ct.:..l:ts ::..nC. th.:: pro.:uc'ts. ;:ec.cc, pr.:sst:re ~ here no c;f'i'(}Ct on the 
checi c:l1. e:quil.i.br:ium-

. T'nc exC::::"'''1ge ::-c,-.ctien bc:tr.ce:!: ~l h::li.des :::nd clkali =tal. h:l.ll.des ~ 
a.1coholic solution is .= ien-=lecule :cxtion, 'loS shor;;-n by recent work: 46) 

~ (' ED.- + lUb1" mb:L + &1,-. 

- In this c::..ae it is t:l be expected th~t incre~ed presst1Z'e v.i.ll .Epeed q> 
the re~an; si..'"lCe b ehemic:l1. ::-cactians be't'i1cen tro or more tlOlecul.es the 
':o:z:=tion of = ~tC1"Ir£d:i:lte coqxrund is usuJl,y associded nth Em increase 
in ... -o~ (see 3). .. 

Expc::ril:lent coni'irms this l:tYpothesis. .A study 47) h.:l.e been made ~ the 
effect or pressure on the ~tes or the. isotopic exchange ree.ctions bet7eea 
propyl iodide :!Ild xu·, ions, =.d bc'tt.ec.:n propyl. branide ond B:r82 1ona. It 
ores sha;m thnt tbcse reacticns ~c accel~ted by pressure like "norml.­
bimolecuJ.ar reactions; ti::us, £or e:r.=ple, the velocity ecnst.:mt o~ the t01:fllE!r 
're:lction incre~es IXlI'e t.~ 2i tiJ::lcs ~ the pressure is i.n~ed 1'rom 1 to 
2¥X> ~tt:.. Results of hiif presS'.lre invcstig .. tions o~. reactions h::I.ve theretore 
so £:u: con:f'i.rmed f&Cts obtoir.ed -.d. th the ni.d or ·other methodS. 
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_ Il'lvestii;atim of' the Eec!1~is!.1 o~ Cctt:U,ytlc Reactions 

. .. 

, - f ~tA'~tic reactions 
Scme bigh pressure investigations or the ~ch=.n1s.n 0 c_ ~ 

h::.vc becn ~::..rr!.\..d out, includin!; ~i:c i::;cn...ri!::.ticn of p:.r.:U'finic d end s::ure 
n :.phthc.nic ~drC'c.::rbcns in the pr-.:scr.c.:: Cl. .:.luclni'UI!l dlloridc un or pre.. • 

The etf'ect o-r hydrostatic pressure and o:r pressure of h,yerogen ~n ~gated 
rate of' iscnerisation or =.eth;:;lcyclcpent:mc to_ £,{clohcxane ~ been yes 
in the ~rez~c~ ~i. alumini\l.:' cillor~de at eooc '4Jj}. ..Z~~skii and b 
Turovu-.colyru: ~9) ;:.:.ve prev~ou.s~( lound -trut C:lclohcxOl.e ~6 reversi a1~um 
isol:leris(.c. t.o .:;i .... e m<. tl .. · .. ~C)·clopenta..,c in the presence of or~drouS . , t' OIlS 
chloride. • ... t aoCC. t~lC iscIr.criaation is substanticl.ly free from Side ~a~ . -
At 10\7 tl\=Pcr:.t1.orc3 t~e es,-.:.ilibriUlL is ~.hif'ted towards cyclohexane. dr 
paper 49) it -.-:as suz:;csted th:.t the iSCl!:'!:risation proceeds vi~ tr.e dchy ogeno.-
Hen or t.'t: lvdroc:u-bon ..,ith the proe:uction of ~drogcn. This assumption, 
;10i'l-."Ver, was not corU:ir.:.:cd by exper:il.Jcnt. 

Le-t us ~~u;:;c that ddrrdrof:maticn lc:~g to the productSO!l or lydrogen 
is one of tile firzt ~t;.;,C!es in the iscc:-:r':'so.tion oi m<:thylcyclopcnt;me :ul the 
presence of .alwr..initur. chloride. }.n incre=.se in pressure should tUlturally 
sl-.if't the equilibrium f'or this stc.ge cf' the reaction tcm-:u-ds the parent 
subst~'lce, Sil'lCC this st;>.ge is o.c~c:::p=icd by a considerable increc.se in . 
Dressurc. Thi:: shii't in the eouilibri'J.:!j i<.!~ to a dilrinished ecncentrat:l.on 
~l' dC;lyd..-oc;eno.tion prClducts, an~- thus cO:lSicieru'bly retnrds the further stages 
oj,~ tl~e isomerisntion. 

A oonsid.:.rablc rct:.rcl<:.tion or the isOffiCriS::.tion on incre:lSins the pressure 
might accor-Uin,';ly rove bCe:l considered ~ on~ of the rco.sons in Support of: the 
i:.Oove llYPothcsis. ECJ.1cvcr, thi::: rcu;on is ins:ll'ficie:nt, as the ret:lrdation 
moy also be c:msed by SOOle other inter:ficdiate st~c of th~ reaction, _ 
~ccornp=ie(l by ::l. cr:=ngc in VC'lume, for ex~lc ::l. dizsocidion o:r the originnl 
r~droc::.rlJon ::cros::. 0. C-C bond. 70 obtrin ::!.dditionu support for the hypothesis 
in question, we should =Uso investi.r:~te the effect of the h,ydrogen pressure on 
tilC rate of isomeriso.tion. In this c:.>..sc ',713 shoul.d observe n grco.ter ret.:u-d!l­
tioll Ol" the poJ;ym<:ris::..tion th . ..:.!l uncler ell ordinmy hydrosto.tic pressure, since 
h,ydrcgcn is not or~ 0. g:lB exerting p:-e3S'.lrC, but also one o:f the products of 
the d~h.ydrc6en:ltiun reo.cticm; co~eC;:-.lc:1tly, 0.1'1 inerC::l.Se in its pQ%"tinl -
pressure should furt. ler rcduc<: the equilibriw::: ccmcentro.tion o~ dchydrogerulted 
rU"'droccrbon. 

_ But ii' the iso~o.tion of hydroc:xbo!'-s iz ~ process o~ intrD.mOlecu:uU-
rc:u-rnngC!lCnt, it ,till not be :lCCCT.'!:!':-.x..-::d b-j' tho fOI'I:l:.tion o~ Ivdrogen, and os 
is usual. £or uni.mol~cul.r:.r rc=tions it shaul': be only slightly rct:l%'dcd by 
pressure no =ttcr :/h:!.t g~ is exerting thi3 pressure. 

Investigo.tion has SOO\7lll,B) th.:.t the isamdso.tion or mcthylcycl.opcntcne 
to cycloh~le in the prCSf...":ce of: dUlI!:inium chloride is ret:lrded ap;lrecinbJ.y 
more stro!lgly by prczsur,;: thnn it :-;ould be in t.'e CIlSC 01' intr3IJX)lccul.nr 
rcarr:mgcmcnt, proceeding as i.3 usunl i'or uniJno1ccu1ar roc-ctiens •. It v.us nlso 
:found th:!t c. pressure o:f ~drogen rctt.rds th~ rco.ctian to n cons1dm-nbJ.y 
greater degree thon ::. prcs~ure of nitrogen (sec T::!ble 5). . 

Tcble ~ 
- . 

IsaDerisation of mctJ;\Y1c;yclopentcnc in the presence of :>]llmjnjum cblDrida a.t 800C. 

1 
140 

~-g-- --~---~.~~·1~~~~ __ ~ __ -J 

Aii , 1nc:rO~e _in prcssure~ sho~ shift the ·~ui1ibd.UI:l ;~ry slie} t~ -~ - ' tQ, ords 
cyclohe:xanCe _, .' --. : .' _ " _-.-- _ _- . . _ 1 ,~r_ ,/_ ' . .' . . . ; . ' . , ~ . .. . 
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Thi"3 investigation' thus nll07/e<i us to extend cUr }~~ledge' ~ ~he .' 
:::ech~= ~ th~ isoILerisn'tien o!' s!l.t-..l.ratf!d qyerocarbons in the Presence c4 
aJ.u'lliniu.n chlor~de; · thc experin:cntal recults confirm the tU'}lothcsis that this 
process includes as one of its t'irst lStaees dc.~'drogenation with the . 
production or ~drogen. 

The I.1e~l~I:"' establi~hed by the above-mentioned experiments4B) has 
n1.so been conf'irr.x!d by lUl invcst~e:ttion at' the ic:.>meri::lltion at' n-hexane in 
presence ,:;.t' ::.1uminiurn chloridc'O}. Also in this case the iScmlrisatial 
reaction is nbr.;ptJ.y inhibited by a pressure of hydrogen. 

Thus it appears thd high pressure u.ethods could find vide ~pplicati.CI1 
in the investigat~on ot' tct~ogeneous catoJ~tic rC!l.ctions. In a p~pcr 
Tilcntioned nbove23) nn account is riVCl of' tho ci't'ect of high pressure on the 
prc~cnce of an alurninosili~ate C!l.t~st. In thiz paper thc foll~"~~g data 
were given: 

'Tcope:rnturc (90) 410 410 420 420 
Average prcssure of n-hcptnne (atm.) 350 820 450 1100 
Yield in 'it. -% ot' ch3l"gc: . 

(a~ ~ unchanGed n-heptanc, 54.5 37.4 35.0 20.9 
(b Of go..seous and liquid 

producto boiling belmi 
480 0. . 31.8 45.3 51.1 61,.5 

As seer. from the above duta, the cat~tic cr~cking of n-heptane is 
!l.c(;clerated by high pre5sure. j.t · the '::mle time the thermal cro.cking ~ . 
n-hcpt:::"'1e is ret.::rd.ed lr.f high pressure (see o.1o\'e). Thus the results obtD.ined 

. reflect the essent.i~ dit'~erence bctycen the~~ and C!l.t~tic ·~-occsses; thqy 
confirm the t'act that the rnte-detcrmi.n.ing step in cataJ.ytic cro.cking i8 
adsorption or some sort oi' reaction of the hYdroc3l"ton with the ~t~st~ ~ence 
an acceleration o£ the p:'Oce~s in question by inc..-e~c.d pre.:;sure is to be 
m..-pected. 

'tIc IlU\Y mention in closing that high pressure · cnn o.lso be USeL""'ul. in 
studying the co.tcJ,.vsts th.!l::selves. This is borne out by the results c4 
investie~tions oi' c::.tcl.y:>cd chemical rc;;avtions ::.t v:u-ious prcs5u.."'CS (~ surve,v 
oi' such investigations is bivc:n in rei'.3J. ' . . 
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