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Introdnction o
| | Of the . allphaﬁlc aldehydes, formaldehyde, acetal-
,'dehyde and proplonaldehyde have been the subJect of con81derab1e :
study from the p01nt of view of thermal decomp031t10n, How- -
~ever, the mechanisms of these decompositions is stlll in g state
of flux. Slnce‘butyraldehyde has received but llttle atten-
tlon and since it was thought that a study of 1ts decomposition
m1ght~y1eld 1nformatlon of value in solv1ng the problem of the
deeompos1t10n mechanisms of thls serles this research was
undertaken. :

‘ : (1)

The decomp081t10n oL formaldehyde ig believed:  to

be an homogeneous, bimolecular\reaetion with the appearance,
f31multaneously, of condensation products. The pyrolysis of
acetaldehyde(gis anhomogeneous reactlon also, but the'mech-
klanlsm is not so Well defined. fThe order of the reaction was,
for a tlme, thought to be appoximately 2(5) Later it Wgs
rcalculated to be 1. 554? The work of Hlnshelwood indicates the
: process of - decompos1tlon to be a serles of quael—unlmolecular
ureeetlonsES) ‘The general conolus1on is that acetaldehyde |
decomposes in a kineotlcally complex manner, although the
'products sre almost 100% CH4 and CO.,
‘ ' The Rice Herzfeld Chaln Meohanlcm theory came into
rpromlnenee bhrough being able to give a satlsfactory meehan- ’
ism for the decomposition of acetaldehyde and a number of other
o reactlonS’lneludlng formaldehyde and,proplonaldehyde. But at

‘present tne~£heory is‘being subJected to severe eriticism by -
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(8) (7)

Sﬁeaeie; Potat and Sachsse.

Proplonalaehyde decomposes in a klnectlcally com-=
~,pleﬁ manner. as a result of several qua817ggiecular reactlons
'accordlng to HlnshelwoodEB) ;

| ’ It 1s to be expected, therefore thaﬁ the decomp-
kosition ef‘butyraldehyde‘will be a comphex affair. The

‘”resultsrsoffar‘obtained bear out this prediction.

gpparatus and, Exnerlmental Method :-

The apparatus used during the earlier part of the
Jresearch was the same as’that used on some previous reactlon
Work at this University; DetailS»of the apparetus and the
“method of using 1t are glven in s paper on;"The Thermal De+
composltlon of Grotonaldehyde".‘ Lrans of Roy. Soc. of,Can,‘:“

Sec, III, 1936, P.66.

,Moélfled Apparatus~

, Later on & modlfieatlon was made in the apparatus
‘ewhleh materlally 1mnroves the ease of operatlon. A short
:glass rod was sealed on to the |

plug A. Another glass rod of
rlengﬁh,sueh as to reach the
ept?'B was fastened to the ‘: | ;See'Diagram'k(Face p.3)
,short piece by means,of e" ! |
rubber tubing. This gives

a neeessary flex1b111ty. The

neck of the reacﬁlon ehamber
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’Waé'fiattenéd at C. Diagrams II showé,an enlargement of/,
fhis eonstriction. The sample bulb was cdnStrueted with a
"solld glass tip, about i“ 1ong, on one end and a fairly
1arge capillary on the other end. After 1t was fllled
with the sample the tip was sealed'off and then bent into an
hook:as shown in II%. The capillary must be,madé of such
 ja length that~When éverything is iﬁ‘placefﬁhe hook liesgAn the
’f{constrioﬁion. The sample bulb‘was sealed on to the'long'glass
rod at B. It 15 1mportant~that the Samplé bulb is not‘in'fhe
‘furnace,,for/if gets too Warm it Will explode, Atatemperature'
;of 100 however the pressure does not exceed 3 atmos. for
kbutyraldehyde. , ;
When ready to start the plug was turned untll the -
,hook;snapped off,,kThe butyraldehyde being at a pressure of
2 -3 étmqs.‘immediately,rushed'up iato‘furnéce providing the
cépillary was not too fine. ,Within 15 seconds at the most’the
'éldéhyde,had reached‘the temperature_of the,furna08,ahd the |
 reacﬁion had begun.f The stog;qock tQ-the preésurejréading :
. apparatus was then opened. ﬁrom ﬁhen on the process was the
- same as in the former method. | | : k
‘ The advantages of this method are (1) A more
5 deflnite 1n1t1a1 time ean be obtalned. () T here is no danger
-of loalng any of the sample due to spllllng in the part of the
>apparatus below the steam Jacket This was a dlffleulty fre-
quently met with before. (%) The Hg level can be set at one's
’_QOnﬁénience,Qana;hen¢e if thé'éxpeéted initial pressure\epr~ |

" responds with the actual initial pressure a more accurate
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‘initial time can be Ffound.

Preparation of;thekBﬁtyraldehy&e.

e ‘ ~A'quantity of'butyraldahyde;prepared by the British
 DrugkHouse‘Waskfraetionated:four timés, the last fraétionlhéd~
'_thefteﬁperaturé rgngekofi74;1_; 74.60.‘ The'recorded boiling |
point of butyraldehyde is'75.7° G."The‘thermOmetér correetioﬁ
khaS»been'allmNéd for.k The index of'réfraotibn measured by‘

‘a Pulfrich Refraotometer, and in an atmosphere of air gave a
value of 1.28485. ihe recorded value is 1. 58455.

This productkwas~used in Runs 4, 5 and 6.

11, ~Preparafion of bu%yraldehydefby synthesis. Thls metho&‘vﬂ~

"'fadanted Tor butyraldehyde from a method for preparlng Pronlonlc

| aldehyae.-(Referen@ea).ﬁkA~mlxture of 1000 c.c. of HoO, 120 c.c.
conc. Hgsogyandlzxgsiof KgGEOV ‘Was~adaed to‘lzo,gé.of,butyl
alcohol by mesns of & drbpping‘funnel; Aboﬁt‘one hour was re-
quifed‘fb~ad&‘the mixture. The butylfalcohol was contatned in -
‘ a 2 11tre flask and heated in an 011 bath at a temperature of
about 1050 = 1100 The reactants must be thoroughly, in faet,
violently, stirred. The efflclency of the ‘reaction depends

on thls tc a 1arge extent.

i A mixture of BuOH Ho0, and BuAl vapor pass through

o a'refluy confdenser, Thls was,kept at about 800 preferably.~lf_

‘~;the temperature was hlgher more butyl aleohol and more water
:Went over into the cold oondenser and so into the recelver.
The reflux condenser, it was found must be 1ong - about 3 geet

;~‘for best»resul%s. The temperature of the @%%ab&thcwaswnpt g
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- allowed to be much over 110° otherwise the formation of water

: ygpqr was Sso rapia as td garry the butyl aleohoi clear through'
',the féflux condensor and ihto'the receiver.“The‘néek and
«81de arm of the reactlon flask were 1nsulated. | |
| | The 1ayers were separated and the upver one was
drled with calcium chloride and then fraetlonated tw1ce in the
‘ presence of calelum chloride and once again w1thout calcium
chloride. }Ihis fraction had a B.P. range of 75.1 - 76,05,
’,ih§ in&eX cf‘refraotiéﬁkhaS‘meaSuxéd and found to bé;1;5846®.
The accepted ﬁélﬁe is 1.88483, ItkSéemed; therefore, that in
7,$pite of the Wide~B;P.'rahge, the product was quite pure.
A more‘acéurateiideé bf‘the nurify éffthgybutyi— g
' aldehyae was obtained in the follow1ng manner, I'assumed a’
 linear relatlon for the varlatlon of index or refraction with |
comp081tlon, also I assumed that the chief 1mpur1uy is butyl
alcohol. From graph No. 4, I obtalned an dimpurity of 1. 6%
kin;%he butyraldehyde which haa an index of refraot;on of
,‘1;58460@ The accuracy of the'assumption*is unknown, but ne?er—"
theless it is indicated now ¢lose ta the correct index of the
"jrefractlon the observed value must be before the compound
‘whose 1ndex of refractlon is. belng tested can be cons1dered evem
‘.'falrly pure. |

IITs Purllloatlon by Pre01p1tatlon.k An atﬁempt was %o purlfy

”butyraldehyde by preclpitatlng it as~BuAlNHZ,4and then~l1ber—
ating the BuAl.‘yﬂﬂg (which must be dry) when passed into‘a

solubion of Buil in ether at ok €.+ precipitates Whlte crystal-

'~;llne,BuAlNH5., Thls compound deeomposes readlly 1nto BuAl and
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NH5 at room temperatures. This method was abandoned in favor

of

of the synthesis process and the dlstillatlon of the eommer01al

product beeause of.the great'dlfficulty that was encountered

in obtaining completely ary NH5

Beilsteln.does not glve methods of purlfylng butyr—

;aldehyde.

‘Treatment,of Data.

.(1).,Initial‘and Final Pressures.

In treatlng the experlmental data the 1n1tial pressure

‘was usually the first to receive attentlon., 1t was found

kgraphically as follows.

The 1n1t1al time belng known the pressure readlngs wepe -

‘plottedyagalnst,tbe correspondlng tlme readings. Ehenkthe

curVefWas ektrapolated»baCK until it cut the pressure<axis;
Whls rntersectlon gave the 1n1t1al pressure.
The questlon arose: What is the 1n1t1al tlme9 Ittakes

some time for the gas to warm up to the temperature of the

ffurnaoe. LT this tlme is relatlvely long deoom9051t10n will -
';’begln before the temperature has reached 1ts max1mum.value aﬁ

'wconsequently the sudden 1ncrease in pressure Whlch 1nd10ates

1

the 1n1tlal tlme w1ll not be observed. On the other hand'

if the tlme of Warmlng up is rapld the gastr@eches the temp-

erature before an appre01able amount of it has had a chance to

"kkkdecmmpose. Hence the flrst upward surge of pressure When

,decompos1tlon.has begun Will be more aceurately observable.
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To determine how long a time is required for the gas to reach

the'temperature~of,the furnace samples offethyl/elcohol were

1ntroduced into the furnace, vhich was at a temperature of
de
426°¢ Ethyl alcohol does not/éompose at this temperature

‘hence When the vapour has reached the temperature of 4260

the pressure becomes constant. 1t was found that not more

k',than flfteen seconds is reguired for the pressure to become
comstant. therefore the initiel time was obserVed with an .

kadcuraoy of ‘a feW~seconds when thebexpeoted initial‘pressure

was falrly olose to the eotual 1n1t1al pressure. However,

‘1f 1t was not ~a few seconds were lost in adgustlng the

pressure in the monometer untll it was possible to open the
stopoock between the reactlon bulb and the mqnoreter.

Next came the problem of obtalnlng uhe flnel pressure.
Three methods were used. The first was %o allow the run to

go until the pressure increase became very small and sen51bly

-llnear. ‘Lhe 1dee belng thet thls small steady 1ncrease is due
*rto the deoomposition of some of t he produots. Lt was Tound,

,however, that the pressure 1ncreeses due to the secondary

reactions were eometlmes s0 pronounced as to-glve a f1nal

pressure thet was much too0 hlgh. Espeoiellydwas this 50 et
':hlgherftemperetures. This- difficulty was clroumnav1gated in
twWo Ways. One was %0 plot the;pressureetlme_data'untll the k

fcurVe;began to shoW‘definite signs of approaching an

asymptote. 1t was'thenfextrapolated to this asymptote, Which:

~was ‘tiken as the final'pressure. But this method also failed



et
at hlgher tanperahuees, due to the Tact that the effect of
secondary reactlons beeame apparent earller in the runs.
Consequently a third method of obtalnlng the flnal pressufe
was~ﬁsed on Runs 11, 12 and 13 which;ﬁerefﬁade~at 480° ¢. This
" method, due to Hinshelwood, is an apyroxiﬁate~method of elimin-
ating thekeffeots‘of'the secondafy reacfions; Ihe pfeseure-i~
tine‘aate was plotted aseuSual. 1he last few points generally
1ie‘on a nearlf Stfaight\liﬁe. A line was drawn through these
'p01nts and extenaed so as o 1nterseot the pressure axis.
FrOm,the point‘of intersection anotper streigﬁt,line Was.drawn
parallel to the time axis;v(See grephsfl, 2,'5)4;Next, a new
ourve was looated,b& mOVing'the points’down'an'amount‘equaltO'
,'thewdistanoe between the two lines mentiOned aboVe. On the
graphs tne p01nts marked HEH represent the aata as observed

. the 901nts marked "X" are the ”correoted" poilnts. The basis
'kof thls method is the assumptlon that the decomp031t10nS~‘
‘~1nvolved 1n the secondary reactions glve, for the “temperature
oln,question, a linear p:essure—time‘relatlon. This is very

nearly the case.

12) A}Noteeon,Construoﬁion'offTables.,.r ,

| . The tabies déa1 with Runs 1, 3, 4, 5, 6, 9, 10, 11, 12
and ;S; Runs 2 andVVere'omitted:because theykwere~spoiled by
Seepage of’butyraldehyde inﬁo reactiOn,bulb aftef the start.
This materlal resulted from.spllllng When tip was broken.
‘QRun 8 is discussed but has no table. | |

In Tables I to VII the method used 1n obtalnlng the
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flnal pressure is noted. When 1% says "pf obtalned by dlrect“
kobservation" the first method was the one used. In the case
;fwhere it says"pf obtained by extrapolatlon" the second methci
;j was used. | | ‘

In Tebles VIII IX and X the me thod was that of ﬂ1n~
shélﬁood, or the thlrd method,’ Furthermcre; these three '
,tebleskare besed,upon Graphskl,.z and erespectively,‘ahd‘nct

kuponitﬁe observed’data as,arevTables IetO:VII; Thus the values
for the pressure and time coiumns'are read‘cff’the corrected
curﬁes."k | |

~(é) Order of the Reactlon.

(a) First. method of approach.,

' A method of obtalnlng some 1dea of the order of the

‘ reactlon is to caleculate the flrst and second order constants.

ﬁkThls was done’snd the,resultskare given 'in Tables Icto X. In -

‘calculeting,thekfirst order constant ﬁheyuscalhequetiOn was

,fusedc ; ,

ok =883 365loe 6 ?f Dy
: Pf P

- Where £ 1s the tlme, pf is the flnal pressure, p. 'is~the initial
pressure, p the pressure 1n the reactlon chamber at any tlce t.

To calculate the second order constants the equatlon uwd

was 3
| .ozt L -
kg T %i !
~pi =P




- ‘lok_
:equatlon.
| Perhaps at thls point the oonstruotlon of the Tables
;I:po VIT should'be noted. The co Lumn headed "ObServation No."
gives the number of the readlng taken on the opparatus for that
particular run, The column headed MTime 1 glves the fime taken
‘"gfrom the beglnnlng of the reaotlon for the correspondlng
reading. The column headed "Pressure" gives The pressure
yin;the reaetlon chamber." | h | | |
B In the follow1ng paragraphs “the first and second order
~constants w1ll be discussed. kl of Table I aannot be com-
',p&red with other.values of kl since'Run 9 is the;only run of
'L'thls group of ten which was made at 388° G. Tt . iS‘noted
B nowever, that the rea@tlon appears to be flrst order from ;
T life to~§ life. ~The'second Qrderrconstant dlsplays a
 ;'eharacterist1c Whlch was found 1n several other runs nemeiy
~ that i% arops to a mlnimum,and then rises agaln. One otner,
« reﬁt of interest appearsf- both constants drop off from a
'wrelatlvely high'value et the beglnnlng. ”hlsﬁfact was ob—

r~served in nearly every\run.f More Wlll be sald about 1t later.

Next Table II and. III will be dlsoussed.‘ They are‘at
,appr0X1mately'the same-temperature 4330 and 4299 ¢. respect-

ivelyQ ‘Although the runs were made at practically the same

e temperature they | do not compare. Thus the ky of run #l'isf
aOf qulte dlfferent value to that of run #2 and furthermore
increases w1th tlme rather than decreases Wthh is the- usual

\;proeess; The~second,orderroonstants are also of qulte
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dia?fex}ent magnitude. kg of runl, nowever, has that effect of
dropping off to ‘& minimum and then rising. : Just;pirecisely the
~caﬁseof these anomalies isknot knownibut‘the information is
egiVen for What‘it’may be vortnythat thefbutyricaldehyde used in
Rune #l was some prepared in: May 1956 = the run being made in
Nbvember 1956 - While the materlal used in Run #10 was made by
’the synthes1s process (as descrlbed earllen,ln,this report)
“elght days previous to 1ts use. | | i
| Slnce Tables IV Vy, VI and VIT all deal w1th runs made

at the temperature 4550 Cs they Wlll be dlscussed as.a group.i
-They all run more or less parallel. Thus tne flrst order
pconstants are of the same magnitude and tend to fall off Wlth"‘
1ncreas1no time 1n the same manner with the exoeptlon of Run ~
'#6 i Whlch there is a pronounced high value in the early

kpart of tne run. Thls seems to Dbe the high flrst values of

the rate oonstants observed 1n most of the runs oomlng inuo
sharper prominence than usual. “the second order constants
dovnotkagree with one another quite so Well“ but the ﬁmlnlmnm"‘
'effect appears in three out of the four runs, namely 1n Runs |
#4,,y5,yand 36'n The butyrlcaldegyde used im Run #3 was
~pfepaﬁea in May 1956. ’The run was made in movember 1936. The -
B materiallused’inpﬁuns #4,p#5_and~#6 was prepared bY,distillatiOn”
:fromgﬁhe'Brltish Drug HouSe butryicaldehvde (see preparation
yyof Butraldehyde in tnls report ) | |
The last three of  the Table s, VIII IX and X, Wlll also

- bemdiseussed asoa groupk51nce they perta1n~to,runs made at
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4800 c. The fifst, two are closely parallel b;it the third is
eanomalous. It~(Run.ﬂlB) is quite different from.any previous
Arun, Thus for exanple, “the first order constant ‘begins at a
kminimum, rises andsthen.falls.f The seoond order oonstant beglns
at a minimum~and then riseskoontlnuously. In every~other
case of the ten glven the initial values of both oonstants are'
hlgh?iompared to later Values. 'No explanation oan,be,offered‘
by the erter. The mater1al~was the Same as that ﬁsed in
Run 12 and 1n every other respect the condltlons wereﬁhep
~weme as those of Run #11 and Hun #12. |
o Remmng' to Runs #lla‘nd #12 i.ces, @ables VIIIend IX,
kilt is seen that the 1n1t1al vqlues of the constants are hlgh |
fbut not»as high as;ls,generally the case.. The seoond order -
constants tend to drop to a minimum'and ‘x‘:her‘\ris’e, but the i
Ohangeﬁis‘small,,so small that fhere is indication thatfthe‘
;reaotion'is seoond order,athSOO Ce ’The first order’constants,'
, ShOW‘théir usual’tendenoy to diminish,with time. Material used
‘kin Bun #ll was prepared by. syntnes1s (see Preparatlon of |
Butyraldehyde).e The material of Run ﬁlz Was the Seme as that
- of Run 11 excépt that 1t was distilled just before using.

That polymei'i'zation or formation of higher boiling
p01nt compounds by some method or other takes place in the
stored butyraldehyde 1s suspected for the follow1ng reasons*o
In dlstllllng the msterlal for Run 712 a con81derable residue

'of a high boillng p01nt was left in the flask. In e number‘

;'of eases;there have been;a,res1due left in the,sample bulb,
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, but 1n the case of Run #12 where a: freohly dlstllled sample
- was used no res1due remalned In cases Where there was no
kre51due the materlal had left the bulb S0 qulckly as to carry
all with it. |
It may be noted hare that Runs #11, #12 and %15 were
made Wlth the modlfled apparatus descrlbed under Experlmental
Method . ; EEE
| (b)rseoend;Meﬁhodiof Appanoh.e

’ Certain criteria"may be made uee’of fe ascertainkthe
order of a reaetion. VOhe~is the fact that if,e reaction is
‘unimoleoular‘the raﬁe is independenteef the initial pressure
and as a consequence the nalf llfe perlod.- for eaoh of several:
- such reaotlons, at a given temperature, should be the same.
The mame applies to T life and 2 life of course. rable XTI
has been compiled so as to show up any such relationshlp if
‘ylt ex1sts.‘ 1% w1ll be dlscussed later.

: Another criterion of the order is: if,thekreaction’ise

- unlmoleoular E €,y flrst order, then

b1 oty
o o= +4l and % - 2
T 1
If it is second order, then
T ' t_g L
% = 33 and _* _ B
ETEE TS

' _Thewaerivation of these rel&tienships‘is as follows:



o For a first order reaction ’

Kyt o= 2.3 1oglofpf*'pi,4

'k':; ‘ »but P, 2 Pp =D ; | ‘ wherekpa is the partial‘pressure of
N - l; o the reactant. N’:?ﬁ%
Py

>~
of
i1
hav
®
(@3]
=
o
R
b o
o
| e
b
N |
e
B

Now for % life Py = 2pi

. : f, £ i

2.3 log,, 4/3. |

For %'life:, , I :
Lo : klt% - 295 loglo 2

Division of kltiuby kyty gives the first relationship
b - S S -
5 :

SR

=1

%

W

‘The other expressions are derived in a'similar'manner; the
ratios giving the condition for second order coming from the
" equation 'kzﬁ ;tp/Pi;"l

P - p‘
f ;

Table XI gives the fatiosdof the % life to % life and h

the £ life to thef%;lifeVCalculated from the experinental;data.
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Heving’set up theyeriteria for the use of Tebie,XI
ekthe‘folloWing‘Will give an;analysisbof the table'and'will’
oompare.the oonclusions‘thereof With the’previous conclusions
regarding the order, Rﬁn #Q'Shews;a_tendenoy to be first ordef;
: Table‘l,'(Run’#g) shows,a eimilar tendency. |
| Runs #l &o‘#lO from a cOnsideration of their % life
and life perlods appears to be first order. The same con-
" ¢lusion 1s~arr1ved at from a oon51deratlon of the ratiOs.
“But examination of the Tables #1I and #IIT show 10 such tend-
,‘enoy. Bunsv#S #4, #5 and #6 from an examlnatlon of the ratles
of their %, % and lives show a muoh greater tendency to be
‘seconQVOrder than flretworaer, Furthérmore there is practlcally‘
no~oerfeiation betweenkthe four quarter lives, half lives
and three—quarter lives; Theee'ooneluSith'agree in a
qualitative WaV with the fact thet Tables IV Vs, VI‘aﬁd VIiT
»_.show the reaculon to be more second order than first. dow-l;
'_ever, from thls data it oannot be deflnltely Sald that the
kreactlon is second arder.
| From the facts that the % lives, i lyi’ves*and 2 lives
'of'Bunns'#;lyand,#lz correspond closely one'might‘conelude
~ that the reaction, for the tembeBatars of 4800, is first |
order ;but the‘tatios of the lives indioate!second order..
Furthermore, the Tabies,VIII and IXiindieatekﬁhe reeCtion to
be second order. | i
Run #13 1s anomolous here s well as in Table X. :

‘Thefgeneral‘oonolu81on from.the foregolng dlscussionf
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yls that at lower tanperatures the reaotion shows only a
’tendeney t0."be flrst order, but as the temperature is ralsed
.. -The reactlon approaches the second order. <this statement is
kqmnfined to the temperature range 400 - 5000 C. Some un-
published work by Norton Wilson at this University in part
'_substantlates this conclus1on. ‘Hekcon01uded that'”the re-
action is qulte olosely first order at 4350 Ce but approaches

second order as the temperature is raised."

‘ :(43 Run #8 - A Pecullar Phenomenon.
oy It was de01ded to. make some runs at ‘a lower temp-
4ereture andkso the’temperature of the furnace was dropped to
594°kG. A‘sample of butyraldehpde prepared by the synthesis
method,(see page 4) was introdueea into tngﬁgggkggge im~
medlately. ~The‘init1al pressure was 12y8 Melle Instead of the
pressure r&51ng as is usually the oase, the pressure fell
during the flrst 45 mlnutes and only then began - to rise; Lt
. was  two hours from the beglnnlng before the pressure returned
to its initial value. Run #9 was made with the hope of
‘Vduplieeting this phenomenon but no suocesskwas had. However,
kNorton WilSon workingkin thisysame researoh- the year befOre,
kﬁreports in some unpgbllshed work the s ame phenomem.a and also-
~u‘that he was unable o dupllcate 1t.: About‘the same lengnh of
:‘tlme as in the present case was required’for‘the pressure, in
phis,ease;,to reach its original,velue.  But, inkhis“oase,tne'~
\fphenomenon Was'more pronounoed —'the pressure dropping~15.l |

ML m, from an initial value of:106,5.’ ln,the present case
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the‘preseunerdropped,oﬁly 4.5 m.m.’

An explanation might be that the glass walls of the
reaction bdlb‘happened to be in a state such that they,aeted
caﬁeiytioally on‘the butyriealdehyde to form a relatively
stable polymerywhich‘during;the,firsﬁ 43 minutes peSeeSsed a

,formation*rate:greater tham the decomposition rate.

(5} An Hypothe81s for the ngh Initial Values of the Bate
: Constants. o
In every Run represented by the lables I to X w1th ohe
'exceptlon of the Bun #13 high 1n1tLa1 values of kl were found.
Lhe~equatlon for the,flrst order constant 1s;
1 =f%*;1°g2 zf: ii |
T _
It polymerlzatlon is assdmed to taae place bhe observed Dres-
sure reuults in a larger value of. kl than would be expected
1w1thout polymerlzatlon. After some tlme, which is around

300 seconds for the ‘temperature 4850 Gay the ”oonstant" kl

» approaches its "normal" values.  This may be explalned ‘on

the basis that polymerlzatlon has ceased and that the press—
ures observed are entlrely due to decompos1t10n products of ;
 butyraldehyde. ‘The rate of polymerlzatlon would detennine
ethe degree to whloh the 1n1t1al wabmes of kj would vary from
their "normal" Values. Run #6 Table UII) for example has
aery hlgh 1n1t1al values of Kl, thus, on the ba51s of the

'rhypotheSIS, the rate of polymerlzatlon for Run ﬁ6 would be high.
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The assumption of polymerization wes suggested by Run #8 with

its peculiarity.k
 The treatment of ké is similar:
1 p/pi-1
k=3 P 1
pf"p‘

Ifp is smaller than expected then k2 will be larger than

expected, for the denominator of this expression becomes

ksmallerkmuch faster than the numerator as p is diminished.
Thus the assumption applies also to the second order "constants®

‘which, experimentally, display the same phenomena as the first

order "constants",

Gas Analy81s.

OWlng to the fact that a new apparatus for gas ana1y81s

. was belng uested dur1ng the period of this research, only a

fewkanalyses were made. In all;bup~one it was found that

,,uthe,apparatas had~leaked,vso that only one analySis,ﬁs avall=

able. 'tfhe analysis given by Norton Wilson in his report

(unpubiished) Will\be~given here for‘the purpose of comparison.
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| I I
: o 0.3% 1.9%
o o 38.0% . 35.8%
Hy » 2.5% 1.9%
O3y o BLO% - 1.4%
om,  25.0% |
 Cufg | 18.0% 449

kOQlumn I‘giVes the figures of Norton Wilson, and they are for
a run made at 435° ¢. COlumn'II gives the figures Obtained»
ffrOm.thé analysis'of Run,#iz in this research.';Thé‘temp;
erature of the run was 480° C., the initial preséure 169 mm.
~:Intthis‘case the saturated hydroéarbons were detemined as
, a group.’ ﬁhe.two éetsyof,figurés are in fair'agfeement'with :
the exceptiOn of the unsaturated hydrocarbons. Yhis diserep-
ancy is to be expeéted because propylene decompoées at a
relatively rapid rate at 480° ‘(10) |

. As yet due to insufficient data no attempt has been
~made to Work'but a me¢haaismjof the reactions withkthe aid -
: of*this gas analysis.‘ |

Enetgy of Activation:

The energy of activation calculated from the half

lives of Bunsy#é,_#10 and‘#l1;and their corresponding temp-
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eraturesis 22,700 calories per mole. The value of the energy
of the activation calculated by Norton Wilson (unpublished
work) from his rate constants at 435 and 4550 C. was about

50,000 calories per mole.

o

A new apparatus for introducing butfraldehyde into
the readtion chember has been described.

The reacetion; in the temperature range 390 - 480° C.y
shows a tendency to be first order at the lower ﬁemperatures
but approaches the second order as the temperature is raised.

The pressure range studied was from.96 m.m. to
310 m.m of Heg. _

An hypothesis to expkain the high initial values of

the rate constants has been suggested.



1.

2.

9.

10.

- 21 -

BIBLIOGRAPHY

J. M. ¥letcher - Proc. Roy. Soc. A. 142, 1934, P.357

Fletéher and Hinshelwood - Proc.Roy.Soc. A. 141,1933,

Winkler and Hinshelwood =~ 0 mooom o a, 149,1935,

. Kessel - J. Phys. Chem. 34, 1930, p.1166.
.M. Letort - Compt. Rend. 199, 1934,

. Letort - Compt. Remd. 199, 1934,

See reference No. 2.

ksteacie and Phllllps "= J. Chem. Physicé 4, (1936} 461,

‘ F. Patat & H, Saohsse - Naehr. ges. Wiss. Goettingen.

1, (1934), 41.

- Zeits. f. physik chemie. B 31
, (1935), 105.

H. Sechsse - J. Chem. Physics. 5, (1937), 199.

Wlnkler, jletcher & Hlnshelwood - Proc. of ROY. Soc.
; . A.146, (1954)

Organic Synthesis - Vol. 12. Propionaldehyde.
"The Thermal Stability of Parafinic & Olefinic Hydro-

PCarbons" —them6‘Révs. l9(l956};p.135.‘



Lable I.

v

Run #9 lemperature 388° N = 2.32 Spf: 236 m.Il.
No.of Time : Pressure ki (t in secs) k. (% in secs)
Reading  (mins) (m.m) , ; g

2 3 103.53 5.36 x 1070 5.44 x 1077

3 5 103.7 4.22 x 10°°

5 8.5 104.6 5.88 x 107

6 16 105.6 1.87 2.76

8 69. 109.4 . 1.47

10 156 115.5 | 1.21
13 176 116.1 1.05 1.12
17 221 118.1 1.07
22 365 127.0 | 1.04
24 425 180.0 .96 1.10
29 687 143 .4 | 1.08
35 933 15%.6 .87 1.11
37 1099 146.0 1.16
58 1361 169.0 .84 1.21
43 1648 178.9 .86 1.33
E

Pe obtained by direct observation.

1 1ife period = 525 min. 1 1ife period = 1345 min.

3 life period = 2165 min.



Table II.

*

Run # 1. . vemperature 433°. Dy = 546 m.m. p;=251 m.m.
°f W - 2.18
b1
Observ- Pressure Time k k
ation No. (m.m. ) (secs) 1 E
1 25%.5 210 3.28 x 1075  2.86 x 107
2 256.1 455 4.15 1.67
3 260.5 1005 3.253 1.60
5 265.3 1635 2,98 1.35
7 272.8 2325  3.30 ©1.50
9 288.9 3400 4,04 1.80
11 307 .9 4620 4,60 2.10
14 348.5 2010 . 5.35 2.62
19 408.9 12445 6.20 3.70
21 444.,5 16320 6.55 4.65

% Do obtained by direct observation.

life period 11200

Wi

N

life period 5350



Table ITT.

Run‘#lQ. lemperature 429° Kpf = 283 mm. pj=117 mm.
N = Pf-2.,42
Py
Obs.no. Time Pressure kqy k
{mins) {m.m.) & o
2 1.50 TI19.3 T.5% x 10-% 1.%6 x 10>
4 .25 121.1 1.30 1.14
6 7.75 124.1 0.89 0.8%
7 12.00 127.2 0.86 0.78
9 30,75 137.2 0.72 0.44
11 64.25 156 .6 .0.70 - 0.27
13 93.75 175.0 0.69 0.25
15 328,75 289.9 0.58 0.19
20  528.75 254.3 . 0.55 0.13

®
pf observed directly.

W

+ life period = 73 mins. life period = 190 min.

2 life period = 400 min.



Table IVI.

Run #3. Temp. 455°. Kpf - 722. p = 310.
N = 2.33
Obs.No. Time Pressure k1 K,
~ (secs) (m.m. ) ,
1 65  397.3 634 x 10-% 2.14 x 1070
2 120 540.5 6 .40 2,
3 220 357 .5 5.62 1.87
4 330 B75.5 5.06
6 510 395.4 4.55 1.66
8 940 435.8 3.98
11 1735 486 .5 3.22 1.35
13 3130 541,53 2.653 1.33
16 5700 595.8 2,07 1.28
19 8325 629,6' 1,79 1.22
K3

- Pp obtained by aséuming N = 2.33 from previous work and
calculating from pjy. “This had to be done because the
reaction was allowdd to proceed too far before g final
readings were taken, secondary reactions thus set in and as

a consequence the pressure became too high.

life = 690 secs. % life = 2,400 secs.

=

life = 7,500 secs.

ea



Run #4.

Table V.

*

Temp. 455°. P, = 406 M. pi: 2.1 m.m,
W o= 2.1
Obs.No. Time Pressure kq A kz
(secs) (merm.)

1 210 210.0 4,01 x 10-4 é.io x 10-8

2 290 215.7 3,90 2,14

4 600 232.0 3,35 1.95

B 780 238.6 1.82

6 940 244.9 1.76

7 1285 256 .4 2.75 1.68

9 2060 278.2 1.66

10 3070 301.1 2.28 1.69

12 4510 331.9 2.06 1.75

15 8000 353, 5 1.75 2.00

*

i

4

P obtained by direct observation.

life period.

= 1000 secse.

8 life period =

L1 life period = 3000 secs.

8000 secs.



Run #5. Temp. 455° pr = B10. pi: 136.
N = 2.28
" Obs.No.  Time Pressure ' kq K
(secs) (m.m. )
1 210 152.1 4.60 x 107% 3,52 x 106
2 320 158.8 4.38 5.50
3 470 166 .4 4,07 5.54
4 700 172.5 3,43 2.85
5 855 179.1 3,28 ~ 2.81
7 1420 193.1  2.79 2.52
9 25325 210.1 2.35
11 3435 225.0 2.24
13 5080 243.1 1.87 2.51
15 7190 258.4 | . 2.40
17 9240 270.1 1.59. 2.67
18 10500 275.0 1. 2.78
*

P obtained by direct observation.

W=+

% life period = 870 secs. life period = 35,200 secs.

2 life period

8,520 secs.



Table VII.

Run # 6. Temp. 455° 3Ep = 244 m.m. Dy= 96 m.m.
N=pr = 2.54
Obs.No. Time Pressure k ko
(secs) (m.m. )
1 10 99.4 22000x 10™% 2,10 x 1078
2 120 112.8 10.1 1.34
5] 155 118.9 10,9 1.23
4 230 125.7 9.8 1.15
5 330 132.8 8.7 1.06
8 945 152.6 5.1 0;59
10 1720 166.9 3.3 0.56
12 2690 180.9 3.1 0.52
14 3810 193.6 2.9 0.54
16 5040 2035.9 2.7 0.86
18 6480 212.6 2e4 0;61
20 8280 220,8 263 0.69
k3
P, obtained by extrapolation of the p - % curve to

t

infinite tims,A

Z life-period =

330 secs.

3

4

i

life-period= 1900 secs.

life-period = 5,600 secs.



Table VIII.

Based on Corrected Curve.

Run #11. Yemp, 480° Dy = 455 m.n. py= 190
N=pp = 2.40
bs
Time Pressure kl - kg
(Secs) (m.m. ) :
85 225 .6 1.70 x 1079 ,04 x 107°
150 242.0 1.46 .86
200 255 .0 1.44 .82
400 290.0 1.18 795
660 322.0 1.04 79
750 334.0 .84
900 349.0 1.02 .88
1200 369.0 .91
1570 387.0 .88 1.06

% life period = 200 secs.,

W

life period = 660 secs

3/4 life Period = 1570 secs.



/Table IX.

Based on Corrected GCurve.

‘Run #12. Temp. 480° Dp= 360 m.m. pj= 169 m.m.
__g_?_ = N = 2.13
Time(secs) Pressure k k
(mem. ) 1 &
100 200  1.75 x 103 1.16 x 10-5
190 217 1.52 L.05
300 230 0.92
500’ 252 ' 1.14 ‘ '1(06
650 265 1.01 ) 0.92
900 282 0.96
1200 297 ‘ l 0.93 1.00
1600 312 0.87 1.153
% life period = 190 secs. £ life period = 650 secs.

2 life period = 1600 secs.



Table X.

Based on Corrected Curve.

Run #13, Temp. 480° P, = 543 m.m. Dpj = 245 m.m,
| N=2T «o2.28
Pi
Time (secs) Pressure(m.m) ky k2
30  25l.4 .75 x 107% .30 x 107°
105 269.8 .82 .35
225 296.1 .83 « 38
340 t+  319.0 .84 .59
500 3547 .0 ; .84 04D
700 ‘575.0 , .80 44
870 t% 394.0 .79 47
1200 42450 ' «0l
1865 t% 468,0 074 °67
2500 ‘ 494,0 .83
7 life period = B40 secs. £ life period = 870 secs.

2 life period = 1865 secs.



Table XTI,

Inittl

Run. Temp. Pressure. : life 4 life
9 3889C. 102 m.m. B85 min. 1545 min.
10 429° 117 n 4380sec. 11400sec,

1 433° g1 v 5350 " 11200 "

3 455° 310 " 690 " 240Q

4 455° 193 »n 1000, " 3000 "

5 455° 136 870 * 3200 "

6 455° 96 330 " 1900 n

EL 480° 190 200 ™ 660

12 480° 189 v 190 650

13 4800 245 340 " 870

2 life t%/t% t%/t%
2165 min. .39 "1.61
24000sec. .38 2114

— + 48 -

7500 " .29 3,12

8000 " .30  2.67

8520 " .27 2,67
5600 *  ,17  2.95

1570 " .30  2.38
1600 v .20 2.46

1865 " .26 2,14



o

. ob

A

0AhT

05

ER

‘o& £

Y
<
- Twa) FArSTAT

leZzerd

b

|

L S e e e e e P e e L]




$3,8 oo0d ‘ 0009 : ‘ Ih ook . 400%

o T T 7 097
‘ ‘ IEaN

5
Q,
i ~
. i ! i -
IR i { i { ﬂN u IREE [ ; f =
N ! t i L ) | ; 1 T i -
I B (W R T I B BN . - ! 1
i i i [ [ i i N
i | i i | T = # : LA
i ] i K N EEE ERE : ER AR EE \

S i “l.[!lL . i : R : ! : , ;,Q\ w
NEN] i B IR - ;ﬂ,[
: i

|
dot

09%

N EDTHE

- . - o - - o€

\

2
)
Na
o - 3 E ,Ab B
M | 1 h R ! B - i 1S
: ] i JR SR j ] i — ~
: N U O R S I i i =T 8 I ey
; T NEEN ST T D
i { T T i i o) ; : ,
- [ L [ SR LTI e e Y T i — T <t - ) i ,
- : = NN RN TH NI ) Y S A A . o - . S09€ ({I¥
U S S O S O P T O W I PO b AT : . ; s - i .
RER i i RN EC — L : : M _m -
L N N T PP - AN -
. i3 4 LI — -1 YT t i ~ S
_ RN i N ; 7 1
o = LR G £ O C SRERERN
{ % i BER IR N e Y | i
i R ] i iR i B ,
Ll RN i i 5 i P e T e ; ,
i’ | R 4 Cwh
| R R T 7 =7 . T
T T
A T
] : [ B -
e | i I
RSN T =1
= SRR N ]
JERE ; R 5
| td NN
; 4

| b g . s
e N HAY PN 9 R4S T e
{

Sabiled




062

:M SRR o4 €

0bE

S

)

PANSSIAT

(G - ;,Q\»\u,

N
g V'W",II‘H -

, ; ] os#

e e N I

- 065




Yo e | . gwes %  %oos
OABE ST : : T : ) : o ) o%8e
D < 094 3¢/

: o& U
|
«

7
e

B

LTaNd

|
!

7

A

”

EE R

0688/

!
apu T

O,U- Jli

0HbEl

048]

STT D

os6e/ o osec




