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INTRODVCTION

There being no recorded systemtic commarison ¢ the hydrogematiomn
of the bengene micleus at low and high pressurs, the purpose of this
work was to make suoch a gtudy, The prodlem was approached with the be~
lief that a quantitative comparison of velocity eomstants and apparemt
energlies of activation of a series of compounds, at doth high and lew
pressures, would give some imsirht into the meshanism of catalytie
hydrogenation of aromtic ocompounds,

The compounds chosen were a homologous series of monocealkylbensenes.
The solvent used was glaoial acetic acid and the catalyst was Adan's
platinun exide catalyst, FHydrozenations were carried out at twe differ-
et initial pressures, OCne series of remctioms was eonducted at an
initial pressure of eporoximtely four atmospheres and the other was
sondusted at approximtely eighty atmospheres initial pressure,
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HISTORY



HISTO.

The first recorded ocatalytic hydrogsaation of an orgame compound
took pleace in 1763 when Dedous (1) formed Mhyllﬂno by passing the
vapor of hydrooyanic acid, mixed with hydrogen, over platinum black,
The scattered instances of eatalytic hydrosenations of orpanis sude
stances in the following three decedes are of minor importance,

In 1897, hydrogemation degan to be recornised as one ¢f the mjor
nothods of chemical technique, as the result of the mhawmtive re=
searches of Sabatier and his sssociates, This work is desoribed in oone

dersed form in lLa Catalyse en Chimle Orranique (2) and is essentially

bagsed on the discovery of the remriable activity of mickel as & hydro-
romtion catalyst, The process of passing the vapor of ean unsaturate
and hydrogen over mickel is Ynomn as the method of Sabatier and
Sendereuss The great value of Sebatier's researches was the demmstrae
tion that almost any vaperisable orgenie compound capable of reduction
could be cutalyti&any hydrerenated in the vapor phase, rivemn appre-
priate tenparature cenditions and a suitable catalyst,

A second process, developed in 1903, involved the renotiom of hy-
drogem at ene to five atmosphores pressure with a solution in which
the catalyst and hyirogen were agitatsd, This method beocame particue
Iarly useful with the development of ©0lloidal platimum, platinum
black (2), and platinum oxide or Adams' catalyst (3).

A third process, introduced by Ipatieff in 1904, invelved the re-
action eof hydrorem at hirh temperatures under pressures of 100 to 300



atmoepheres in & heavy steel reaction vessel with the compound im the
t1quid phase (4).

For systemtic studies of the offect of hydroren pressure on hye
drogenation at solid ecatalytie surfaces were conducted previeus to the
studies of Armstrong and Hilditch (6)¢ These workers found that the
velecity of hydrogemation 1s directly proportional to the hydrezem
pressure in the adsence of disturdbing factors, Among these factors
my be included sloweaoting permanent catalyst polsons, preferential
adsorbtion of paseous impurities at the catalyst surface, end the pres=
ece of a oompound eontaining & functioml greup mot swsceptidle to
hydrogenation but having an affinity for the catalyst surface, It is
factors such as these that explain the instances in which earlier
workers have found curves sugrestive of other than linear hydrogeme
time curves,

The use of platimun oxide as s catalyst for the hydrogemtion of
the bensene nucleus at low pressure and moderate temparatures ws in
rather genoral use by 1928, At this time, Adams and “arshall (§)
studied the hydrogenation of a mumhoer of phenyl lubttitntod sowpounds
{n a gqualitative manner, Thelr results imdicated increased difficulty
of hydrogenation with {ncrsasing molecular complexity, Hiltem A, Smith
and comworkers (7), (8), (9) mde a quentitative study, in 1945, of
the of ect of structure on the hydrogenation of the bentene mocleus
with Adarw catalyst st low pressures, They showed thet, unier the e
perimental vonditions enployed, the rate of hydrozenation was first
order with resvect to the hydroren pressure, sero order with respect



to the hydro-en aceeptor, and directly proportionsl to the amount of
catalyst used, Thelir results substantiateld the fact that the hydroe
remation rate decrensed with increasing molecular complexity.

In 1947, Raker armd Schmets (10), in the first recorded use of
Adame catalyxt by the Ipatieff high pressure method, hydregemted sevr-
el denzenoid compounis, Theqy denomstreted that the hydrogemtion
followed ecaentially the same kinetice as at low pressure, slthough the

¢ime of hydrorenetion was consideradbly less,
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P IWTITAL

The reagonts used in a study of the kinetics of & reaction catae
lysed by platimm oxide mwst necessarily be of high purity because of
the polsoning effects of smll smounts of foreign materials, The
chedcals wsed in this work were

Clacial scetic acid
Cyclohexene

Yalelc mcid

Platimm exide catalyst
ranay nickel catalyst
Benzane

Toluene

Fthylbenzene
Isopropylhenzene
tert-Butylbens ene
Ay 1b ensene

Vnlele acid, Pfangtiehl C, P, grede, was recrystallised twice from
hot matar, The melting polnt of the recrystallised mterial wmg 130«
151° ¢,

The platimun oxide catalyst used was cdtained from twe gourees,
(ne batch was precured from the Ameriean Platimuz Works, The ether
platinnm exide sample used ¢n this investigation wms premred from
Chleroplatinie acid by the method of Adams, Voorhees, and Shriner (11),
In & 400 nl, beaker, 20 gras of approximtely 107 chleroplatinie aoid,
10 ml, wator, and 40 grams of sodium nitrate were placeds The heaker
was supvorted on & wire soresa and the mixture was evaporated to dryness
over a mild Junsen flame with stirring, The temparabture was thon raised
and fusion took place, after which the temperature was gradually raised

to the mximum heat output of the Bunsen flame, Fhen the vigoreus



evelution of nitric oxides had ceasel, as indicated by the disappearance
of bromn ocolored fumss, the mixture was digested at mximim heat for ean
additiom] 30 mimtes, After allowing the digested mass to cool to room
teperature, 1t was treated with 200 ml, wmter to dissclve the seludle
sodfun salts, The inscluble brown platinum exide was filtered and dried
in an ovem at 102° C, for elght hours, A second guantity of the plati-
mn exide catalyst was premrad according to the prooceiure descrided
abore, The total yleld of pletimum oxide obialned in these two prepars=
tioms amounted to 7 grams,

The Ranqy mickel catalyst was prepared from a nickel-alumirum alloy,
prooured from the Centrel Scientifioc Company, dy the method of Pavlic
end Adkins (12)s In a twenecked three=liter flask equipped with a
stirrer and thermonmeter, 127 grams of sodiux hydrexide and 500 ml, ef
water wore placed, The flask was immersed in cold rmning water and
100 grew of the slloy were added in small portioms to the rapidly stirred
solution, The temporature was maintatned st 50° C, After the adiitiem
of the alloy was complete, the suspersion was digested for one hour en a
wmter bath at 50° C. The suspemsion of nickel catalyst was washed by
decantation with weter about twenty times o reomove all alkall and water
soluble saltse The resulting finely divided mickel was transferred to o
250 ml, centrifuge tube and washed three times by stirring with 957
othanol eentrifugin- after sach addition of alcchel, The same precedure
was followed with absolute sthanol to remove the last of the water frem

the oatalyst, The product was thon stored under absolute ethanol,






Bengsene, ethylbensene, isopropylbensene, end m-butylbomm
were obtained as the baet grade Zastman chexioals, All of the adove
nonowalkylbantenes exoept isopropylbensene could be use? for kinetie
studied after frectiomation in a €0 ome, 15 wm, bore column packed with
1/8 inch glass helices. The isopropylbenszens had te be refluxed over
Zaney nickel for 24 hours and then refractiomted, In all cases,
middle cuts were used {n the hydropaations, Telume,reagent grade, wms
purified by extracting ane liter three times with €0 ml, portioms of
concamtrated sulfuric acid scoording to the method of Fieser (13)s The
extracted toluene was then washed with water, refluxed for 24 hours
ever sodiunm fellowed by reflux for an additional 24 hours over Raney
rickel, rfollowed by frmctiomation in the columm descridbed above,

The neamylbensene was synthesised by fellowing Morton's modificae
tion of ths Wurta-Fittig synthesis (14),

7 Wl CHg CH,CHn CT
Ak ‘ Qa2
X b CRLCRCRCTCL 4 Ya —

+ Yacl & 12 My

A suspersion of 400 grawus of sodium sand was pra@rd by heating sodium
mebal in one liter of toluene contained in a three-liter, thres=necked
flask, equipped with & Harshberg stirrer and thermomster, The sodiun
sand was formed by viporous stirring of the sodfum with toluene at 100°
Ce After the sand wms formed, the suspension of sodium in teluene we
stirred and ocoled to 70=76° C. end 420 grams of n-butyl chloride were
added over a perloed of twn hours, “tirring was contimued two houre

.7.



after the addition ef the alkyl halide wes completed, The reaction
mixture was then etroacted with ether, the sther removel on a stean
bath, and the product frectionated in the ¢olum previeusly desaribed.
The fraction of ne-amylbenzeme collected distilled st 201-203° C, at
atmospherie pressurss The yield was 107 grams or 1% of the theoretieal
based on the n-dutyl ochloride.
Cyclohexens, Zastman practical grade, and glaocial moebio acid,
Bakorts Ce° grede, were foun! guitable for use after distillation,
The exrperimental boiling points, sorrected te 760 ma, by means
of Trouton's Rule and the ClausiusClapeyren equation, as well as the
reported boiling points (15) of the 1iquid eompounds used in this work

are recorded in Table I.

TADLZ I
Corpound Corrected B,P, Recorded B, P,
Benzene 80 eo
Toluene 110 111
Sthylb engene 134 136
Igopronylbenzene 151 152
tert-Nutylb susene 1€8 169
n=l.rylbensene 203 205
Toetic noid 118 118
Cyclohexene (i3 2]

Low Pressure Ilydirorenations

The six moneliylbenzenes hydroremated ware benzene, toluene, ethyle

bensans, isopropylbensene, tort=butylbensens, and n-a-ylbensae, Sach

e



compound was hydrogenated at four d1"ferent tenperatures, mamely
35°, 45°, 55°, ana 65° C.

A standard ?lrr low pressure apparatus was used for these hydree
gemations, The accompanying pressure gauge was graduated in pounds per
square inch from which the pressure readings were estimted to the neare
est tenth of & pound, The reaction flask, of heavy mlled Pyrex glass,
ws f11led with a directly insertel thernometor and a heating jacket
sontrolled by & veriae, The temperature contrel during a hydrogemation
wag maintained constent with a variation of * 0,6° c,

The volume or hydrogem void of the apmratus was determined by hye
drogenating an acetic sold solution of mlelo acid (Table 1, Appendix).
Assuming & quantitative hydrogenation of the olefinic double bond and
using the 1deal gas law, the hydrogen void was calculated to be 4,38
literse The value for the void was resheckred by hydrorenating oyclee
hexene and apain calculated to be 4,35 liters (Table 2, Appendix).

Bach alkylbengsene hydrogenation was carried out empleying a mixe
ture of spproximtely 0,05 mole of the eompound b0 be hydrogemated,

0.2 gran of platimum oxide catalyst, and 10 ml, of glacial acetie aoid
selvent at an initial hydrogen pressure of €¢.4% pounds per square imche
The preceiure used during each hydrogenation was eas follows, The re=
action flask containing the measured quantities of hydrogen seceptor,
catalyst, and selvent was fastened to the apparatus whersupom it was
flushed out three times with hydrogen, The flask was then heated to

the appropriate temerature and adjusted to the desired initial hydrogm

Qe



pressure, :hen thls was completed shaking was started and at the end

of definite tine {ntervals corresponding pressure readings were taken,
A%t the cutset of the work, some difficulty was encountered because

of unexpected deviatioms from linear hydrogen=time curves (Tables 3, 4,

and 8, Appendix)s The diffioulty was found to be caused by the use of

t00 large an ameunt of glacial acetis scid solvent, §0 ml, Apparetly,

not the rate of hydrogenation dut the rate of diffusion through the sele

vent wes belng moasured, Then the quantity of selvent was reduced to

10 ml,, the expacted first order curves were obtained, The records of

subsequent low pressure hydrogenatiens are sumarigsel in Tables 6«29

(Appendix ),

_!ii_ﬁh Pressure I'ydropemations

The standard Parr high pressure apraratus wns used for the hydroe
genations, All the rums wore made with & bord of 60 nl, void and a 20
ml, glags liner, The mcoompanying pressure gsuge was graduated 4in 10
pounds per square inch units ant was read as such, The temperature was
controlled by the -mam attached heater anl was measured by & thermo=
ecuple attachmemt, The temperature during a hydrogenmation was maine
tained comtarnt with a variation of : 1° ¢,

The volume or hydrogen void of the apparatus was detsrmined by hye
drogenating an acetioc so0ld solution of eyclchexene (Table 30, Appendix),
Assuning quantitative hydrogenstion eof the olefinie double bond and
using the ideal gas law, the hydrosen void was calculated to be 68 nl,

Bach alkylbenzene hydrogemation was carried out on a mixture of

aporoximetely 0,025 mole of hydrogen acceptor, § cce of glacial acetic

*ld=



acid, and 0,1 gram of platioum oxide at an initial hydrogen pressure
of 1200 pounds por square inch, Thus the ratioc of molss of hydrogem
asceptor to grame of catalyst was approximately 0,25, the same ratio
as in the low pressure hydrogenetions,

The procedure used durin; emch hydrogenation was as followms, The
liner containing the measured amounts of hydrogen acceptor, solvent,
end catalyst was placed in the borb which wee soeeled and attached to
the shaker, The bomb was then heatad to the decired temperature at
which time the initial hydrogem pressure was adjusted to 1200 pounds
per square inche Shaking wns started and corresponding readings of
time and pressure ware tuken as inu ths work on low pressure hydregena-
tions, The data on these hydrozemtions at three differmt Semperatures
for esch compound are sumrarised in Tables S1«48 (Appendix),

It should be noted here that different datches of catalyst were
used for the low and high pressure hydrogemations, The platimum oxide
preocured from the Americana Platinum Works was used for the low pressure
runs and the prepared platinum oxide for the high pressure runs, ctinee
the activity of separate batches of catalyst 4iffers, it would have been
preferable to use only one catalyst batch, lcwever, as is iniicated by
Table II, the aprarent activation enerzies of the moncalkylbenzenes,
and presumbly of eny hydrogen scceptor, very with the particular cata«
lyst used, Table II indicates alse thet the relative apparent activation
merzy values of ths monoalkylbenzaenes, $.e., the position of ome eome

pound in the ssries in the order of incraasing apparent activation

elle



enorgies, do mot change, Therelore, by comprring the activation enere
gies of one or wmore compounds hyd rogenated over two different samples

f catalyst, all values ere refarred to a single catalyat batch,

TA3LR II

APPARTT ACTIVATION KNSRGY CAL./"OL%

Compound Cat, A Cat, B
Bthylbensene 4500* 2700°
Toluene 36007 1800'l

& Data in Tables 14-17 (Apmendix)
b " L] L4 lmu | J
' ® o® = 49=51 .
4 * = = 52«54 .

*l2e



CALCTZATIONT AYMD RITULYS



CATCTIATICHS AYD RIXTITE

It hes been domonstrated im this and other (7), (8), (9) studies
that the hydrozonation of bensens derivatives over platinum oxide in
glacial acetic aclid solvent is first order with respect teo the hydregen
pressure, sero order with respest to the concentration of the hydrogen
scceptor, and directly proportional to the amount of catalyst usedes IS
has als0 besn showm that in the kinetie study of heterogeneous reactions,
the rate comtants depend on the volumo of the gasecus systes used (16).
Thersfore, the rate of the reaction for a given amount of ocatalyst esn

be expressed by the epmtion

drn e X
o v

which, when interrated and converted from mtursl logrithng to logerithme

P,

on the base ten, gives

105 ??{ = kb
s‘_.l TBe5037V
Ha

whoere k is the velocity constant, & s the time, ¥ $# the hydirogen void,
sz {s the initial hydrosem pressure, snd ?133 is the hydrosem pressure
ot time, t.

Thus to calculate the values of ¥k, the slopss of the lines obtained
by plotting log pgz/pﬂz areirgt ¢ were multiplied by 2.30357, These cone
stants, dstermined frem different amounts of catalyst must then be ree

ferred to one rram of catalyst in order that all values may be comparabdle,

el3e



411 thae velocity comstants detarmined in thie menner are rsoorded in

Table 1I11e The plote used to calculate thore rate constants are shom

in Firures lel4,

TAELE III

e e e

———

—

e —

e ——— ]

k x 10° at 4 atn x x 10° at £0 atn®

Compound 359  43° 559 €50 §7¢  55°  710°
Eent ene .6 108 124 140 918 13,2 14,8
Teluene 74.0 53,6 109 130 0,06 11.4° 13,7
Sthylbensene 80,4 10z 126 161 10,7  12.3° 13,6
Itopﬂﬂ]lbonlono 59,3 74.0 83.2 118 '.13 9.02 10.1
Putylbensene 41,4 B7.5 T4.9 94,0 5.5 6.69° T.38
Toluene® 69,569 6346 70.0° e - - -
Zthyldens ene® 810 108  we 137" e - -

a Compound was hydrogensted with same catalyst used at

€0 etmosphercs

b At 37° ¢,

e At 40%c,

d At 59% ¢,

e At 57%° C,

£ At 63° c,

£ Valuea are corrected to sample of catalyst used at

4 atmosphorse

Since the rate ookn-tnntl for each compound, at both high and low

pressures wore determined at soveral temperatures, an nppardt activee

tion enerry can be calmlated £rom the Arrhenius eguatiom

wlie



ks l‘.e'?/m.
wiere 3 ig tho apprront activation energy, T is the adbzelute teaperature,
2 s the pas consbant, and A is the Arrhenius frequency factors, This
equetion rey also be reprasevted e
lop ke e 3'?3.‘?‘“.‘5-' 4 log A

Taus, & plot of log k versus 1/ should raeult ¢n a straizht line whose
slepe when multiplied by 2.202 R is the aprarent activation enerpgye
Trhese plots are shown in Figures I and 1I, for low end high pressure,
respoctivsly, Cncoe the apparet activetion enerpy has beun determined,
the froquency factor, A, can be obtained by ressubstitution in the
Arrhenius equation,

' The values shown for both the apparent activation emergies end the
frequency factors were chocked by caloulating them by the method of
averages (17) and are founmd to be quite mccurate, the mean derlation

beinz less than 37 in all cawes, Theze valuos are listed in Tadle 17,

w]l5e



TA3LY 1V

L ———— = —— T —
Compound x“?ﬁtﬁm ”{ZZ' A ® ﬁgxfm:‘ff.‘;'ﬁ
Bens ene 2000 0,90 7000 2,92
Toluene 3¢00 1,43 2400 S.61
Sthylbenz ene 4200 8.41 3900 .08
Isopropylbensens 4270 1,74 €00 1.02
t=Futylhensene 5100 2.74 5600 1.59
n-i-ylbenz ene 3800 1,29 4°00 1.25
Toluene® 1600 v - -
Zthylhengene’ £500 - - -

% Values corrected to the sane hatch of catalynt
used st 4 atmosphores

b Hydropemated over the same batch of catalyst
used at 80 atmospheres

=)lf=
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DISCTEIION

An interesting observation may be made using the apparemt activae
ticn emerzies shown in Table Il. The results odtained in this {wresti-
gation indicate that the aprarent activation energies of the cowpounds
studied vary with the particular sample of platinum oxide ecatalyst used,
and that these varistions cam be of a comiderable mpenitude, The theo=
retioal bagis dehind this ocbservation depends on the fact that the
enerzy of activation of a surface eatalysed romction may bde eomposed of
several factors, If we assumse with Himgshelwood (1£) that the rete
detormining step in & surfuce resction is a simltanecus reactiom on
and desorption from the surface, then the smgnitude of 3 will depend on
the enerry of reaction and the snergy of desorption, both surface de-
pendent factors, Adsorption based on the active ocenter theery of & cata-
lytio surface propesed by H, S, Taylor (19) and extended by A, A,
Balandin (20) weuld soceunt for the chancing values of B with 4ifferemt
extalyst samplos, The variation wuld be due to the difference in astive
center spaoing in different oatalyst samples,

Hevertheless, there are mny instances in the literature where ex-
perimenters compare apraret energies of activation without referring
the values to & single catalyst batch, In addition, there has bem a
tendency te repard individual values of apparest activation energies as
accurade {in the adsolute semse, As recently as 1949, Smith and Yerie
wether (21) sugzest, on the basis of such absolute values, that im the
following roaction path for the hydrorenation of bensene, the first

wl7






steop ia rate detormining, Data on the heats of hydropsmation show

D QS O 5 O
that the enerry of reaction for this step is 5500 calories per mole
from which 1t fellows that the emergzy of activation of benzene cannct
be less then this wvalne, catalytioally or otherwise, Smith and Merie
wether then indicate how remrimbly close their values for B are to
8600 oaloriss per mole, Yot, the value detarmined in the presemt work
for the apparent energy of activation of bensene hydrogenation with a
diffarent catalyst sample is 2200 calories par wole,

Turning to a consideration of Table III, it is seon that the
velooity oonstants decresse by a factor of ten when the hydrogem pres~
sure is ruised from four to eighty atmospheres initial pressure, This
decrease is in accordance with the IransePolanyl transition state traate
ment of the off ect of nressure on reaction velocity (22)e They derive
the equation

2__};_1:. 3 (v:‘- r)
where Vy f¢ the volums of reactasts in solution and Vy is volume of the
trangition stete complexs They indicate that in & reaction of the type
A ¢ B—5AD, of which hydrogenation is an example, Vp is much eloser
to the value of Vy, the velums of the products, than it fe to Vy,

Therefore, the above relation may be modified to give

Ak (V) =7p)
-

1Y

=lfw



S§ince the density is inverssly proportional to the volune, densities

my be substituted in the above equmtion to give

dhk_( - d4)
e~

As can be sem from Table V, the difference in dmsities (23) gives a
nerative values for all the reactions studied, thus validating the exe
parimental decrssse in velocity eonstant with {ncreasing pressure,

Cuantitative apresneunt is not to be expectel, since the relation §s an

approximtion,
TABLR ¥

E— S )
Reactant and Troduct dy 4 d'-dl
Beng ene=Cyclohexane <879 «T79 e 100
Toluene=Yethyloyclohexane oECC «769 - 087
5thy1db ens ene=Tthyleyclohexane «£C7 »7F8 =079
{«Propylbens ene~i «~Iropyloyclohexane o062 #790 -, 078
teButylbeng ene=t=Sutylecyclchexane «£67 o813 -, 054
n=Ary 1bens ens=n=Amylcyclohexane «Fb8 o202 =086

The variation ¢f apparent activation energies at four atwospheres
pressurs with the structure of the alkybensene appsars to de related to
the molecular complexity of the comoound, The decrease of the rate
constant with molecular complexity hea been noted by several workers (6),(7)



who, in general, ascribe this decrease in rate to steric factors, The
apparent activation enerry would be expaected to be a better criterion
of the influence of structure unon reactivity than is the velooity ocone
stant, The apparent activation energy values dotermined {m this work
show thet steric factors camnot completely explain the relative retes
of hydrogenation of the homolorous series, For example, ethyldenszeme
has & mich higher apparent activation enerry tham n-avylbensene, ise=
propylbensene has & lower aprarent activation enerzy thanm ethylbensene,
These facts oamnot be reconciled by steric effect alenes A detter ex-
planetion oan be made on the basis of electronio effects, althourh lsce
propylbensene remeins as a discrepancy,

The dipole moment being & measure of the electronic mture of a
molecule, ahould show a relationship to the activation emerzy, if
electronic effects are regarded as influencinz reaction rate, ¥athan

and “atson (24) have proposed the expression
£33 ¢ 135 (m + 434?)

for functional group reactions of substituted benseness £, 1s the
ectivation enerpgy of the unsubstituted molooule, £ is that of the sube
stituted molecule, M is ths dipele moment in Debye units, and tho cone
stants are depenient upon the individual series s*udieds Applying the
expreossion to the data o this work, rslative epnarent activation
enarpise beve haen calculoted and are comered to the avperimontal

velusg in Table 71,



TARLZ V1

Compoand  Vomant (25) nxntle Calo,
Bensene 0.00 D 2800 2000
Teluene 0.37 D 3600 3600
Zthy b enz ene 0.68 D 4°20 4r0o
Teopronylbanzens 0.€5 D 4200 6200
tertaRutylhene ane 0,70 D ERO0 5900
n=-Amylbanzane 0.4 D 3€00 3600

The agreaenent bhotweon the exparimental and calculated values is good
with the one exaertion mentioned before, isopropylbenzene, lo exe-
plaration can be advanced for the apperent activation energy of the
latter compound on the basis of the prasent work or on any informtiom
svailable in the litsrature,

Rext, the changes in activetion mergy with inorease inu pressure
are to be considered, These values at 80 atmospheres are so randon in
thelr relation to cne another that they avpesr to be incapeble of ex-
Plamstion, In order that the relationship between the high and lew
pressure values may be better seem, they are listed in Table VII as
ratics for the velocity eomtants and frequency facters and as d4i’fere

eces for the apmrent activation emergies,

=2l



TARLY VII

L z ey
Cowpound x e0/ks 6 65° c,  Epo-Eg Ao/ s
Benseme 0.156 - 4200 85,1
Toluene 0,183 - 4800 181,
Ethylbensene 0,152 « 1000 00295
Isopropylbensene 04163 - 1400 1,82
tort=Butylbensens 0.123 - 300 0,0708
BeA-ylbensene 0,153 - 1200 0.912

The only conclusion that can be preseatly drawn is that a consideradle
chanze is produced in the apparemt sctivation energies by the simple
expedient of mising the initial pressure, Fimally, the data in

Table IIX indicates that the order of ease of hydrogemation of the mono~
alkylbensene as doternined by the rate eonmstant is essentially the sane
at both high and low initial hydrogen pressure,



1,

3.

LN

QEAY

Rete constants, aprarent enerries of actiwation, and Arrhenius
froquency factors have bem determined for the catalytic lydroe
gonation of bonsene and some of its mouo-allyl homologs over

platinum oxidee

It has bean showm thet the apparert activation emergy of the ree-

action varies with the particular eatalyst sample used,

An explanetion of the effect of molaculer structure upon hydroe

gewmtion hag beon mde,

The deorease of velocity ccrutent with increasing pressure has
besn accounted for oun the basis of the change in volume betwem

reactants and products ¢n chenicel reactions,
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P —
Maleio Acid Low Pressure
00473 moles 0.,0598 ge S’IO,
165 ml, acetic acid Po
Time ("1!1.) Tenn, (°Co) Press. (P.S.I.) Log r
o 38 a0 +0000
18 32 (1] 0141
31 33 87 0220
€8 38 87 «0220
100 33 &6 «0298
135 33 56 «0298
165 33 56 +0298
Table 2
e e e e e e et e e e et e o -4
. Cyclohexene Low Pressure
0.1428 moles 0,1 8o Pro,
28 ﬂl. aoetie noid Pe
Time ('1n.) Tew. (°C.) Presse (PaSele) lLog B~
0 28 64.4 -
8 28 60,4 -
17 28 82,7 -
20 28 82,6 -
Table 3
Bons ene Low Pressure
25 ml, scetio acid
Time (“D.) ‘r-up. (OCI) Prews, (P.-‘hl'.) L‘c %‘;
0 38 64.4 «+0000
5 h: €3,0 «0090
10 38 62,1 «0154
86 34 60,5 «02¢88
40 84 60,2 «0294
67 38 €0.1 «0298

2 6w



Table 4

Bonzsene Low Pressure
85 =ml, scetio aocid Po
Time (*n,) Tenxp, (°C.) Presse (PeS.1s) Log p~
0 36 64,4 0000
B 38 €3.,0 «0N90
10 38 61,8 «0196
18 88 60,3 0206
20 34 89.4 «0348
25 36 88,6 +0410
35 34 §7.7 «0468
66 35 87,0 «0827
Table §
Sthylbensene Low Pressure
0,0422 moles 0.,2037 g PTO’
§0 ml, anoetic acid Pe
Time (¥in,) Temp, (°C.) Presse (PeSals) Log ) 2
0 e 64.4 0000
10 28 63e1 «0086
{3 34 62.2 «0154
30 28 61,8 «+0204
40 28 _ 61,1 «0224
80 28 60,8 «026}

ol 7w



Teble &

Bensene Low Pressure
00,0550 moles 0.1973 Be P!‘Oa
10 ml, acetic acid
Time (4n,) Tewr. (°C.) Presse (PuS.14) Log .E;
o 35 €4.4 0000
1] 38 2.7 0116
11 38 61,4 «0208
15 {1 60,3 02886
20 38 89,1 0374
D) 5 56.6 +0558
37 36 88,0 <0682
45 35 63.4 «0813
80 35 53,4 «OB13
Table 7
———
Bensene Low Presaure
0,0652 moles 0,1250 g, PTOE
10 ml, acetic acid
Tine (™n,) Tewp, (°C,) Press, (Pe3.Ye) Log %

o} A8 64,6 «0000
13 48 60.4 «028¢
18 “ 89,8 «0842
22 45 §7.7 e 344
a7 46 66.4 08738
32 45 86.2 <067
37 45 5348 «0TY0
42 45 8341 +Or28
45 45 53.1 «0E28

w2l



Table 8

L

Beng ome Low Pressure
0.0667 moles 0.2005 geo I’!‘oz
10 ml, acetic acid Po
Time (*An,) Pemp, (9C,) Press. (Pe3.1e) Log r
0 33 4.4 0000
10 65 €0,9 «0245
18 1] $9,1 +0370
20 65 57.3 «0604
35 ) . £4 54,0 +0769
35 1] 52.8 «OBE8
41 63 65243 «0896
Table 9
Bens ene Low Pressure
0.0555 moles 0.2088 geo PTO,
10 ml, acetic nold Po
Tine (?‘ﬁno) Tﬂ?q (ﬂc.) Press. (?03010) L’E r
0 68 66,2 +0000
B (1] 63,8 20133
10 64 61,3 «0268
18 ch 59.3 #0414
26 cs B5.4 «0712
30 656 53,2 «0rRS
35 61 52.8 +0910

2 Qe



Teble 10

Tolusne Low Prossure
10 MIQ le*iQ acid Po
Time (7n,) Tonre (OCa) Prasse {Pe%ele) Log =~
0 35 64,5 «0020
19 85 62.2 »0168
16 &5 €1.0 «0249
29 35 €0,0 0310
35 &5 58,8 0542
45 &5 68,0 +VUGRY
8BS 38 653.3 «0F24
64 34 52.1 0927
&8 32 52,1 «0027
Table 1}
Toluene Low Pressure
0,0549 mol es 0,19€T g. PT0y
10 ml, soetiec acid Po
Time (?ﬂn.) Tﬂp. (°c.) Press . (P.Sg!o) Log -F-
0 43 64 .4 +0009
8 48 62,9 #0008
19 435 €1.5 #0199
18 44 60,2 «0290
32 45 £5.7 «062%
40 45 3.6 20799
45 43 5243 «0208
47 43 52,1 #0910

«5 0=



Table 12

Toluene low Preasmre
0.N6€4 moloe 0.1988 g, PT0g
10 m}, ecatic acid
Time (1n,) Tew. (°Ce) Presse (P.3,1.) Log ;9.
0 85 84,4 «O0M0
B 84 €247 019
12 E5 €l,3 0212
15 83 £9.6 <0326
25 556 68,7 0554
AD 65 52,8 Mo ks
49 53 1.8 <0038
Tadle 13
Toluene Low Pressure
0.,0830 moles 0.2021 g PTOy
10 m), acotic acid o
Tine ('130) Tomp. (°C.) Press, (P.S‘.I;) Log r
0 66 64,4 +0009
8 €5 €2.6 «0129
18 €5 5949 0378
20 66 86,7 «054¢6
30 c4 B3.4 «OR10
40 €5 Bl.6 «09k6
43 64 51,3 «0980

«3le



Table 14

Sthylbansene Low Pressure
10 ml, scetic acid Po
Time (fin.) Tape (°C,) Precse (PeSels) Log »~
0 36 €4.8 «0000
B 35 3.8 «0078
16 33 €0.8 20245
20 g5 59,6 «O%30
32 o5 57.4 «D498
&5 35 6.4 <2573
4) 35 58.4 #0048
46 35 84.5 «0719
80 356 53.7 «0788
1.} 38 53,6 #0702
Table 18
Thylbenzens Low Pressure
0,0473 moles 0.2078 geo Praz
10 =l, asetio acid P
Time ('1n,) Tew, (°C,) Press. (Pe%e1.) Log 'F?'
0 48 64,4 <0000
6 45 €3.0 00086
18 45 80,7 «»0328
29 45 58,8 0426
30 48 85.6 +0C41
35 48 54,3 «0734
3R 45 53.6 0702
40 45 633 «0821







Table 16

Rthylbens ene Low Pressure
0.,05620 moles 0,2064 g P!O:
10 ml, seetio acid Po
Time (in,) Tom, (°Ce) Presse (PeSele) Log '
0 65 4.4 +0000
] 1] 82.6 0128
10 64 60,8 +0287
20 66 67,0 <0827
25 334 65,3 <0658
30 .} 63.6 <0799
356 85 52 .4 #0898
-1 82 52,3 0899
Table 17 .
Bthylbensene Low Pressure
0,0478 moles 02110 g, FTOy
10 ml, acetic acid Po
Time (in,) Tenp. (°C.) Pross. (P.Sel.) Log y=
0 68 64.4 «0000
8 68 61,6 «0199
10 e5 .3- . «0338
15 €b 57,2 «0508
20 es 85.2 «0863
28 65 53,1 +OR31
31 6l 52,9 20887

«3Se



Table 18

Il

{«~Propylbensene l.ow Pressure
0,0427 moles 0,201 g. PTOg
10 m), acetic actd Po
Time ('8n,) Temp. (°C,) Presse. (PeSele) Log 5~
0 88 64.4 «0000
] 36 €3.4 +0068
15 38 €1,8 20183
26 3¢ 60,0 «03086
1] S8 58,3 <0438
43 3§ 87.2 +0812
83 8 85,7 0626
69 38 55.1 «0674
66 34 54.8 0712
Table 10
i=Prepylbensene . Low Pressure
10 ml, acetio scid Po
Tine (Min,) Taap. (°C,) Press. (P.5els) Log &
0 45 4.4 0000
8 45 63.2 +0078
10 44 62.2 «0149
20 45 60.2 #0280
31 44 67.9 <0457
41 48 68,0 «0603
50 48 54,0 00697
68 45 58.7 «07E8
63 45 53.4 «0810

-3 4



Table 20

{-Propylbenzene Low Pressure
0.,04¢T7 moles 0.2045 e WOz
10 ml, mcetic acid Po
Time (Wn.) Tenp. (°C.) Press, (Pe3ele) Log y~
0 &6 64,4 <0000
b 85 63,1 <0082
¢ &4 €0.4 «0245
20 56 69.8 +0338
35 58 56.2 «0624
45 58 84,1 «0748
69 65 53.3 #0821
65 52 53.8 «0821
Table 21
{«Pronylb enseme Low Pressure
040465 moles 02008 ge 1’1'0l
10 ml, acetic acid
Time (An.) T emp, (OCQ) Press. (P.S.I.) Log ;’-
o és 64.4 +0000
8 64 62,8 <0112
20 (1] B7.7 «0489
27 65 85.8 <0641
88 68 83.6 <0792
36 68 B3.6 O79%




Table 22

t-Butylbanzens Low Pressure
0,C4E2 moles 0,19¢7% go PT0,
10 ml, escetic acid Po
Timo (¥ime) Peun. (°C.) Presse (PeSele) Log =~
0 35 64,4 «0920
5 35 €3.,8 200562
15 &5 82 <4 #0133
25 35 €1.3 «0212
85 b.15) €0.2 #0290
46 35 53,0 0372
Table 23
t-Buatylbenzene Low Pressure
0.0‘55 Ml" 0.1994 Be WO’
10 nl, acetic acid
Time (“in,) Tepe (9C.) Presse (Fafel,) Log ;9.
0 45 64,4 «0000
5 ‘4 63.‘ 00070
10 45 625 <0128
15 45 * 61.6 .0179
25 45 €3,1 «02 04
38 45 bB.4 00422
45 45 873 «0804
56 45 562 200668
60 45 55.6 0637







Table 24

LBty b snsane Low Pressure
10 nl, acetic acid
Time ("1n,) Teane (OC,) Pranse (Pofele) Yor .!';?.
0 55 €3,8 «0000
8 B4 €4.5 «00F 0
10 {13 3.3 «01C8
29 55 1.2 «0314
30 65 5%.1 0411
41 55 571 «0697
50 &3 55.6 20720
€0 85 54,6 00821
Table 25
S s e
t-Butylbenz ene Low Pregsure
00,0531 molaes 0.2044 Be PTO:
: 10 ml, acetic acid
Time (Min,) Tewp. (°C,) Presme (PsSels) Log ;.'.

0 €5 4.4 «0070
8 €4 62.9 «0099
15 cS 60.2 «0294
20 €8 BT 20308
30 (3] 8Ge3 <0581
40 €5 54,2 «074R
50 (4. 63,8 088
85 62 82.8 +D8B8

3T



Table 26

neA<ylb ens ene l.ow Pressure
10 »l, acetioc aecid
Time (¥im.) Tempe (°C.) Preese (PeBele) log ;9.
0 35 64,9 00000
8 24 65,9 2NOT0
10 35 634D «0128
15 35 62,1 «01R3
25 85 6N ok «0%10
43 35 67.4 #0631
1) 35 55,8 «0611
€2 35 84,8 «0788
Table 27

n«iAmy1b ens e Low Pressure

0,0483 wmoles 0.2012 go PYOg
10 nml, acetio scid P

Time (fin,) Tenpe (9Ce) Presse (Potal,) Tog .,,?.

0 45 64.4 «0000
5 45 63.8 0078
15 45 6243 «01458
25 45 59.4 03560
35 45 57.8 #0418
45 45 8549 00611
B85 45 54,5 «0T19
68 45 53,3 «0821

«JB8=



Table Z8

n=Aylhens me Low Presgure
040491 moloes 0.20861 ge ?:02
10 ml, acekic acid
Time (“in,) Tewe (°Ce) Presse (TeSele) Log;.'i.
9 55 €646 0200
] 64 6442 +00R 8
10 b5 €340 «0188
29 68 6068 «0338
b1 b5 bBe2 «Q012
43 55 6542 20741
63 65 54,1 20828
§5 BB 54,1 00228
Table 20

n-Amylbens ene Low Pressure

0.04€4 moles 0.2028 go PTC:
10 ml, noetic aeid P

Time (‘Hn,) Tenpe (°C.) Presss (PeSele) Log 1,ﬁ’.

9 65 4.4 +0000
5 €4 63,0 +0294
19 65 61,8 «0200
20 €6 6848 0410
30 £5 66,1 #0593
40 €3 83.7 20738
42 63 53,4 «0R10

44 63 53.3 +0814

ol e



Table 30

Cyolohexene High Pressure
0.0621 moles 0.l ge Pro:
4 ml, soetio acid Po
Time (in,) Temp. (°C,) Press, (P.3e14) Log -
o 30 1200 «0000
8 30 1110 +0338
10 30 10589 0877
20 39 810 01202
38 30 e59 «1498
88 30 €10 +1708
76 30 810 #1708
Table 31
Benzene High Pressure
8 ml, acgetic acid Po
Time (¥in,) Teape (°Ca) Presss (Pa3ele) Log y-
0 37 1200 «0000
3 37 1140 +0218
e 4 1090 00414
10 37 1030 +0660
18 37 980 «0969
20 37 890 «1300
28 38 230 #1608
30 38 7RO +1872
1] 38 700 22348
45 38 670 «2531
47 38 670 «2631

«40-



Tadle 32

Benzone High Pressure
0,0277 moles 0.,1004 ge PTOy
8§ ml, soetie acid Po
Tine (¥in.) Temp, (°C.) Presse (PaS,Ys) Log p—
o (1] 1200 »0000
3 56 1120 +0294
é 1.} 1070 20492
10 (.13 oeo #0881
18 8s 890 +1300
20 85 830 1608
25 85 70 01929
35 83 €30 «3470
38 b4 620 «2470
Table 33
Bensene Mgh Preseure
00262 moles 0,1018 g, P'!’Q.
8 ml, acetle acid Po
Time (VA!.‘.) fﬂp. ("G.) Press. (’.8.1.) hs r
0 n 1200 +0000
4 n 1070 +0496
8 70 980 <0881
11 89 920 «1188
18 89 B 6o 01462
20 70 780 <1878
28 69 710 »2279
1] 69 700 «2348

wile



Table 34
B e S e = = ===

Toluene Mgh Pressure
0,0288 moles 041010 g, l’i'()z
6 ml, soetic aciad Yo
Time (’ﬂn.) ?‘lp. (°C.) Pl'ﬂ!. (P.S.I.) Log T
0 39 1270 +«0000
3 37 1160 «0179.
8 X9 1109 <0374
12 39 1010 <0752
18 33 265 09093
24 33 BT 1899
30 38 800 1761
37 37 740 «3101
45 37 672 +2533
65 37 660 «2601
Table 85
=smesmeses : ==
Toluene Migh Pressure
8§ wl, acetic eacid Po
Time (‘ﬁn-) ?up. (°C.) Presse (Pnaplo) Log r
0 58 1200 +0000
3 6S 1130 «0257
6 88 1070 #0402
10 b4 P00 +DR3B
15 65 920 1138
28 568 770 »1929
30 85 710 #2279
33 54 €90 22408
38 B4 €90 +2403

wile



Table 36

o —~ g
Tolusne Meh Pressure
§ ml, scetic acid P
Time (.‘ﬁn.) TC!P. (OC.) Pross, (P.SQI.) Log F?.
0 70 1200 +0000
3 70 1100 0874
6 €9 1030 +0€83
10 cs 9590 +1014
15 n 870 1396
£} n 20 2222
28 70 700 +2338
30 69 700 «8338
Table 37
Rthylbensene Hpgh Pressure
0,0249 moles 041091 g, Pro’
S ml, sacetiec acid Po
Time (mno) Tﬂp. (°C.) Press, (?.3.1.) ’Og r
(o] 41 1200 »0000
3 41 1130 #0281
8 40 1070 0498
10 40 1000 «0792
16 40 920 «1158
20 32 £60 1498
g5 32 Y20 o1f18
30 39 750 +2089
33 39 730 #2169
35 32 720 2222
38 39 720 +2222







Tabls 383

Zhythens ene dch Prossure
00249 moles 0.1045 ge PIC,
5 ml, acotio acld P
Time (‘5!!) TeDe (°C,) Preese (PeSels) Log Fg
0 55 1209 0000
3 58 1130 +0257
] &S 100D #0535
ple §5 j21119] +0CT8
18 1 1] ROO #1300
20 55 B1D 1708
28 65 740 2098
31 65 720 2219
28 65 720 2219
Table 39
Zthylbems ene Hirh Pressure
6 ml, acetic acid
Time ("in,) Tew,e (°C,) Presse (PeSele) Log ;‘;.
0 c9 1200 +0000
3 €9 1119 +0338
¢ 71 10490 «0618
10 71 950 1011
18 72 EGD 01448
20 71 7e0 #1278
25 70 70 02219
87 70 710 L2786

oddew



Table 40

f=Provylbensene rh Tresrure
0,0225 moles 0,1009 go PTO,
$ nl, ccatio acid
Tine (*4n.) Teape {°Ce) Preese (PeSels) Log ;'i.
o] 37 1200 «0020
-] 7 1140 «0220
10 37 1039 «0457
16 37 1oz0 «070R
20 37 220 0638
30 38 819 01202
40 38 E4) ¢1653
47 3a el2 »1709
51 38 790 1818
58 38 780 +1872
Table 41
1-Prozylbsnzens Firh Pressure
0.0240 roles 0.1002 gs TTOg
6 nl, acotic acid
Time (in,) Tarre (9C.) Prosse (PeSeYe) log ,FP?.

0 1] 1200 «0000
3 65 1140 #0218
8 B4 10¢0 oOEZB
16 &6 oro 0881
285 B8 €70 +1309
33 68 OO 1751
47 54 770 2219
49 64 720 «2219




Table 42

{~-Propylbensene Eigh Pressure
0.0242 woles 0-1058 EBe P!Ox
8 ml, acotic acid Po
Time ('4n,) Temp, (°C.) Presse (Pefele) Log r
] n 1200 «0000
4 n 1100 <0874
10 T 1000 «0792
18 69 940 «1088
20 n 880 «1348
28 70 210 «1706
30 69 T80 1878
38 70 740 «2008
Table 43
t-Butylbengene Migh Pressure
040219 moles 0,0995 go PTOy
8 ml, aoetio acid Po
Tims (An,) Temp, (°C.) Press, (Ps8aTs) Log y~
0 37 1200 «»0000
5 37 1140 «0216
10 37 1100 20374
20 37 1020 «0860
30 43 960 «0869
41 43 890 «1300
50 42 840 #1860
€l 40 Bl0 1708
68 40 800 1761




Teable ¢4
o

t-Butylbeasene High Pressure
00,0233 moles 001073 ge PTC,
§ ml, acetio acid Po
Time (Mn,) Tenpe (°Ce) Presse (PeBele) Log "
0 65 1200 «0000
3 68 1150 «0179
11 84 1060 <0538
18 53 1030 «0€60
24 87 950 +1014
30 88 910 «1202
36 88 260 #1452
48 848 210 «1706
58 BS 760 1027
€0 54 760 «£039
62 54 750 «2039
Table 45
t-Butylbenzene High Pressure
0.0237 moles : 0,1050 g. PTOy
8 ml, acetic aoid
Time (#n,) Tenps (°Ce) Press. (PeSels) Log ;‘-
0 ) (] - 1200 «0000
3 70 1150 <0179
8 70 1090 <0418
18 €9 1030 +0663
28 71 960 «0969
385 69 900 «1248
45 70 e50 «1408
{ 1.1 69 800 1761
(4 70 760 #1987
73 1 740 «2098
77 71 740 22098

ol 7w



Table 46

S ]
n=-Arylb ens ene Kigh Pressure
0.,0%%4 moles 0.,1070 Ce W()z
$ ml, acotic acid
Time (’f’in-) Tenpe (OCQ) FProge, (Pnsoxv) Log ;e
o] 37 1200 +0000
4 37 1149 <0218
g 37 1080 «04567
18 3 1019 <0758
22 30 940 »10€6
o] 37 £ED 01452
35 37 820 1682
45 33 700 1072
48 37 7890 <1872
Table 47
n-Awylbengene High Pressure
0,0224 roles 20,1072 g. PTOp
5 ml, scetio acid Po
Time (*un,) Temp. (°C.) Press, (P.S.1,) Log o~
0 86 1200 «0000
3 b5 1140 «0216
7 13 1090 «0414
10 13 1050 08677
1a 67 950 21014
43 (1] 870 «1399
Y] 84 800 1761
37 65 770 21929
40 83 770 01929

il



P e —— "]
n-Anylbens ene Meh Pressure
0.0230 moles 0.0998 g« PrOy
8§ ml, ncetio acid
Time (fin,) Temp, (°C.) Presse (P.S.T1.) Log ;'i-
0 70 1200 +0000
3 70 1130 20267
€ ™ ioe0 #0457
10 Y 1020 «0708
16 71 950 1014
20 70 820 1300
26 €9 830 1608
36 70 750 «2039
41 69 740 «3101
Table 49
b o e e e e e e e e e ———
Toluane low Pressure
0.0475 moles 042087 g PTO’
10 ml, acetic mold
Time (in.) T ewpe (9C,) Presse (PeSels) Log ;.';

(] : 39 64.4 «0000
3 39 8342 «00F2
10 b5 62.8 «0154
20 33 605 «0278
30 39 9.2 0870
40 39 87.7 <0481
56 39 58,7 «0€30
&0 39 85.3 <0666

e 2L



Table 60

Toluene Low Pressure
0,0564 moles 042076 Be PTO’
10 nl, acetic acid
Time (u.) Teap, (°Ce) Presse (PeRsls) Log .;2
3] 45 64.4 «0000
b 4 6342 +00n2
10 46 62.1 +0168
20 48 60.3 <0288
39 45 88,5 0414
4€ 45 88,1 «0896
56 45 54,4 «0T26
€8 45 83.0 o039
75 45 61.6 +0959
B3 43 51,8 »00E3
Teble 81
Toluene Low Pressure
0.0507 moles 0.,2074 go PTOy
10 ml, acetic noid
Time (Mn,) Tenpe (°C.) Preses ("eSele) Log .;2

O 58 64.‘ Qm
8 87 83,0 +0008
10 56 82,0 +0162
20 50 89,1 0298
31 87 50,0 «0453
40 67 56,4 «O57T
590 87 64,4 0726
¢3 &8 52,3 +0R 09
¢6 58 BZ2.3 +0899

«bDw



Table 52

Eshylbens ene low Pressurse
10 ml, acetic aoid Po
Time (’ﬂﬂo) TC‘IP. (°C.) Press, (9.'?:.1.) Log r
0 35 64,4 +0000
5 38 83.3 #0073
10 86 62 o3 00141
20 k153 83,9 <0822
40 I8 B33 D356
80 32 54.6 <0728
Table 03
[PEREEEAAEEEEEEEE A S e e e e ]
fthylbensene Low Pressure
040473 moles 0.,2137 ¢go ?!o’
10 ml, Hie Po
Time (‘-’ln.) T.ﬂp. (°C.) Press. (P.SoIg) LOS r
0 45 64,4 +0000
8 46 62,8 #0112
10 46 61,1 +0224
20 45 57.9 <0461
32 44 5644 0652
42 44 8246 +ORT8
62 40 b52.6 : 0878 °
Table 54
Zhylbmsene Low Pressure =
0.0547 moles Ce2035 ge PTO,
10 ﬂl. flAo P
Time (n.) Teun, (°C.) Presss (Fofela) Tog wo
0 83 4.4 «0000
8 €3 €22 20158
10 63 69,7 «0330
22 G3 68.7 «0630
31 €4 52 .4 #0898

wble
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