THE EFFECT OF LEAD OXIDES ON THE OXIDATION OF HEXANE

Theais by
Ge Eo Bablotzel Ir.

In partial Mulflllment of the recuirements
for the dsgrev of Dogtor of Philosophy

Galifornis Institute of lechnology
Pagadens, California
1933



TLBLE OF CONTERTE

SUMMARY Poage 1
INTRODUCTION | £
THE COLLECTION OF THE SAMPLES 4
THE GAS ANALYSIS APPARATUS 9
THE ANALYRI® OF A TYPICAL SAMPLE 38
CALCULATION OF A TYPICAL SAMPLE 44
RESULTS OBTAINED AT DIFFERENT TRMPERATURES ARD

THRIR INTEEPRETATION 61
CONCLUSION 87
LCKNOWLEDGRMENT . 69

BIBLIOGRAPRY T



SUMMARY

in sirenormel hezxene mixbture wae pessed through three
paerellel tubes, two belng in an electric furnsce. One of
the tubee in the furnace hed a lead oxide soating. The
liquiaAgrcduﬁka of oxidstion were caught in trepe. The gose
- gous produate wore collected in sample bottles. The gas
gamples were enslyzed by combustion snd freezing, using &
new type of apperatus deseribed in deteil. The results of
the snalysie of samples collected et furnsce temperatures
from 315 to 465°C. are glven. It was found that the pro.
éﬁﬂta of oxidation must be divided into two groups, eslled
the olefine group end the aldehyde group. At the lowest
temperature et which there is any oxldation, only olefines
are formed. AL Wigher temperstures, molecules of the aldew
hyde group sre produced also, In the uncosted tube the slde-
hyde resctlion proceeds until sll avallable oxygen ls used.
This 12 emplained by consldering the olefine molecules
sotivated end aetlng e resction centers for the aldehyde
reastions Upon contaet with & surfece, some of the ¢lefine
molecules are desctivated, the emount of demetivetion beling
mich greater in the case of the lead costed tube. Hence
there are less reaction centere in the coated tube. Ine-
stead of the seme mmber of molecules oxldiging to a less
exbtent in the coated tube, less oxldize. Those that do,
oxidive aes completely ss thosme in the uncosted tubes. The
total amount of oxzygen used incresses repidly et first with

the temperature, snd then beocomss neerly consbant.



IRTROTUCTION

The study of the oxidation of hydrocsrbons in heated
tubes hee been carried out by many investigatore, Bacht
was the first te point out that at the lowest temperstures
ab which any oxidation took plues, peroxides were probebly
formed aaébrﬁing te the eguation

Caliyg + 0p ® CpHya + Hyly

the subsaqueﬁﬁ br&akimg’u@ of the hydrogen peroxids molew
cule glving wotive oxygen which would promote more oxldaw
tion. Stepski® pessed a mixture of asbout 1 mole of eir to
545 moler of hexene thyough & platinum tube heated by e
bunsen burner and found that sldehydes snd olefines were
formed. DBone® snd his colleborstors showed that sldehydes
were formed whem the normal hydrocarbons were oxildized,
Wheelor snd Bleir? studied the oxildation of hexsne, deter-
mining the smount cf oxldation by the totel smount of oxygen
ured and estimating the sldehydes formed., The greater pert
wes found to be formaldehyde. Callender® found formeldehyde,
acetaldehyde, and others formed when normel hexane wes Oxle
dized. callanderﬁiravivad the peroxide theory first 17ro=
posed by Bach®. Berl,Helse, snd Winnscker’? suggested that
the flret step in oxlidetion is the formation of en olefine,
but Merdles® thinke that this explenstion 1s insdequate.
Glbson and Hinshelwood® ghowed thet, in the resction betweon
oxygen end hydropen, the walle retard the reaction sbove
§00° ¢, They say thet the remction chalne are broken by

dewgotivation of the moleoulez of the homogeneous resction



{the reametion teking placs in the ges 1tself) st the walls.
They alzo point out thet this effect 1s pertlelly noutraliszed
by the presence of inert geces which lengthen the time 1%
tekoe the molescules to get to the wall. Pope, Dykstrp end
Edger'® studlod the vapor vhase oxldation of necetene end
eoncliuded thet only sldehydes were formed., Thelr method of
gas analysis wes not perticulerly scourate.

1f one knew sll the products of oxldation when & hydrow
earboﬁ-air mﬁxtﬁra ig poseed thraugh & hesbed tube, there
probebly would not be so meny conflicting theorles of the
mochenism of resction., The trouble iiea in the extrome
difficulty of anﬁlyzing_the‘preauata of oxidstions The larger
rart of the preosent work hes been taken up in the development
of a ges snalysls epperatus vhich will give resulte scourate
encugh 80 ﬁhat»their velldity w11l be unguestioned, This
apperatus differs in meny respscte from the shenderd gae
enalyslse epparstusg, snd will be desoribed In detsll. If en
"im@rave&" gas anelysle epperetus, such as deseribed by
Shepard®® of the Buresu of Standerds were used, interpreto
tlon of the results would be absolutely erroneous.

The semples gnalyzed in thils present work were prepared
in en gpperstus which might be consldered threé spparetus in
perellel, the only difference in the three being in the oxida
tion tubes. In one caee the tube wes ccsbted with lead oxides,
in znother 1t wse not, end in the thrid csse the tube did not
go through the furnace, thie glving unoxidized hexene. In

every other perticulsr, such as rate of Xlow, mixture strength,



geometrie configurstion, ete., the three sebts were iLidentlical.
THE COLLECTION OF THY SAMPLES

The apporeatus for the collestion of the sewmples ila shown
in Pig. 1.‘ The nehexsne slr mixture 1e obtained by sucking
air through 1iguid hexane contained in & test tube. Thie
hexene was sent %o us by the {tanderd 011 Development Come
peny through the courtesy of Dr. Pesk of that orgenisetion,
and weas obteined by frectionetion from Pern erude oils Ibs
purity 4s ghown by the feot thet ite bolling point range ls
between 68.6 end 668,8°C: Before obteining thle hexene,
 synthetie hexene especlelly vurifisd for this work was Obe
tained from the Fastmsn lsborstories. However, ez it was
mede from nepropyl bromide, the prepence of minubte treces
of bromides could herdly be avoided, end 1t wes feered that
they might act ar ﬁatalﬁgta, esusing resctions which would
not teke plece in thelr complete sbsence, Directly sbove
the hexene tube the mixture pessed through e copvper coil
immersed in en ice bath., 4lr waz bubbled through this bath
to keep 1% well atirred. This was found necessery in order
to keep the temperature srovnd the goil eonstant within
four«teribs of 0%, The liguid hexene was kept at room teme
persture or slightly above, the sooling by eveporstion belng
teken care of by pubting & beaker contelining weber at about
30°C. eround the test tube sontalning it. Since the mixzture
was oooled to 0°C, in the coll, the excess hexene condensed

out and ren baok 1nto the test tubes, fo  hexane vapor of a
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definite mixture strength wae obtalned by this device. As
the vepor pressure of hexene et 0°C 1s 45.45 mm. of mereury,
the mixture etrengbh could be casleuvlated from this, In
torms of nitropen teken as 100 volumee, the oxygen in the
alr 18 £6.42 volumee, A& the totel pressure of the mixbture
is stmospherie, which f¢ sbout 748 mm, in Pessdena, end the
vapor pressure of water st 7°C 1s 4.87 mm. of mercury, we
ﬁave for the mixture strength 8 of the hgxaﬁa in terms of

nitrogén ce 100

or 8 = 8,30 velumes of hexene vepor per 100 volumesz of
nitrozen, As the mizture msy nok ﬁe entively eooled to
ax&etiy 0°C in the eoll, the sitmospheric preseure varles,
and the preassure in the tube 1s probebly not oxactly one
stmosphere, the mixbure streng'h would very e little from
the sbove velue, 5o insteed of pesuming 1t to be 8.30,

the unozidized mixture wee enelyzed ecsch time end the mixe
ture sirensth caleuloted from the resulis of the snelysle.
It was found to very from 8,14 to 8,28. Direstly aebove the
gooling ¢oll the mixbture entered & sphericsl glsse bulb o em,
in dilsmeter. There were three gymmetrlical outlets to this
bulb which were commected by gless tubling to the upper ends
of three pyrex tubse, which wore 45 om. long snd hed sn ine
gide dlameter of 1 om. These tubes were vertical. Two of
them pspeed through an electrie furnece 38 em. long end

8 em, in dlemster. The third tube wes mounted outside the

furnsee ss shown in Figs 1., One of the tubes In the lurnace



hafl 2 coebling of lesd oxlides put upon it by heating 1t in the
furnece end blowing slr through 1t which conlerved fead TeTra-
2lhyl vaper, , Traps were fastensd under the tubes to
sotoh the produvete of oxidation which we§@ heavy snough to
be 1lguid. These producte are ¢slled the precipitats. Tash
cemple wee then collested In two sample bottles as follows.
Teoh trep wes connected to both a long bottle of BOO ce.
capaelty and a shorter hatﬁlg of sboubt 210 ec. crpacibye
Theso gwa bottles were hﬁng'vartsaaily end eonnected in
parellel.  The lsrge bottle was fllled with elr, end the
emall one with wmereury which hed been foreed up into 1t -
from e regeprvolyr below by foreing water from the tap onto

the top of the mercury in the reservolr. This one reservolr
weg eopnected to the three ahe&ﬁ bottles by s three wsy
ﬁraﬁan, there beling & stop cock directly sbove the reservolr.
The long bottles were comnected to the tops of three botiles
of sbout 4 lit@rﬁ capacity pleced on e shelf sbove the rost
ofthe spparstus snd esch conteining weter up to s definlte
point. These bottles hed outlets st the bottom, which were
connected to sseh other end to s tube which leed down to an
outlet of 0,828 om. dlemoter, the weber being esught in =n
egrthen jer. This tube hed & T Joint in &t; gpd from 1t went
e tube baok to the weber above the merecury which was forced
np inko the short bottles. This line Wﬁﬁ‘ﬁiﬁﬁﬁﬁ £t the start
by the sbtopeoek sbove the merscury resevvwelr. At the start of
a run the outlet to the weter bottles was opened, and the
dileplecemant of the water ssused siy to be sucked through

the hexane znd into the three linesg, The water bottles were



g0 fer above thelr ocutlet Irn corpsarisen wiih their size thst
the flow was e@ma%ént throughout the run. The watoer dropped
&t the seme rete In a1) three, giving équal raten of flow in
the three lines, The stopeock in the mereury line below the
short bottles belng closed, the samples went only into the
long bBottles. &% the ond of 5 1/7 minutes the stopsock bew
low the short bottles wes opened slightly, the mereury érope
ped slowly dowm st e rate wileh ook 1t gbout 8 1/2 minutee
to empiy from the short bottlees But during this time the
water sbove the maroury raﬁ.auﬁ invo the line leading to the
outlet from the weter bottles, This sglowed down the rete

at which the wster dropred down in theege bobtler, whiech
elowed down the rate ab wh&ehlth@ semples flowed through

the long bottles. So ﬁs the rate of flow of the water
through the outlet stayed conertant, the rote of flow of

the semples through the three tubse in (or just outslde

of ) the furnsce wes not changed vhile the pemple wng belng
drawn into the short bottle, The etopoock above the merw
gury rveservoir below the short bottles was closed as soon

ge the tubes were completely filled with ssmples, whiech

then csnped mil of the gus to flow sgaln through the long
tubes until the water in the bottles resched enother def
inlte merked polint, st which time the outlet wae closed,

The totsl tim@ of gollestion was the some in &1l csses
within e few zeoonds, belng gbout 10,5 minutes, Immedl.
stely sfter the rum the stopcocks on the sample bottles

wore olosed and they were covered with blsek peper, and

kept under this uvntll they vwere snslyvzed., The semples



in the ghort bottles were usod for enslyeis, those 1ln the
iong bottles were kent in reserve, end wers not ueed in
eny of the anslysee discusred in thie peper. The slx
gamples to be diseuvesed here weye colleoted ¢t tomperss
tures between ILE snd 483°C sa resd on & mersury thore
m&ﬁmtar inserted in the top of the furnece end extending
1$Iam. down inte it. The furnace took sbout two hours
to some 0 & steedy tempsrsture, snd rung were nevery
aade uﬁtil tﬁa tenperature head bﬁﬁﬁ%@.ﬁﬁﬁﬁt&ﬁt. During
8 run the tempersbure rose due to the heet given off
by oxldstion, except im the cspe of the semple st J15°C
which wee not oxidiged to any extent. In this cese there
wae 8 drop of 2.86°C during the run, no doubt due to the
eo0ol grres pasging through the tubes, The tempsratures
inoressed more repidly et firet, end during the collec-
tion in the short bottle the veristi- n wee never more
than 8.8%C. The sverege of the temperebures vhile this
semple woe Leing tekep 1s veed e the temperature et
which the gaa wag gollected, The tempersture chenpes foy
the cases coneldered ere glven belows

TABLE I

B1C°C  346°0  ITHO0 3UBOC 43B°C  48E°CQ
Time Sample femple Zemple Cample Bamples Bample

040 min B16.8 341.0 867.0  350,0  480,0  460.0

240 316840  B348.0 - B71.0  S85.0 431.0 46140
4,0 216.8  B44.0  B76,0 306.0 4350  468.0
Beb Z16.0 4540  ITT.E  B98,0 45440  463.0
G 314.85 247.0  Z81.0  309.0  4E6.0  464.0

1040 214.0 BLL LG BBELO 40040 43645  46H.0



During & run, o white fog sppesred in the semple
bottles connected tb the uncosted tube, and & very slight
bluish for in the Bottles commected to the soated tubs,
These foge soon disspresred. From 0.8 to 0.4 cc. of
liguld (precipitste) collected under the uncosted tube
during s run, and roughly one-third of thies smount col-
ieated under the cocted tube. These liguids #111 be
1gentified with the produets of the aldehyde resction
to be éisausaed lster, The 1liguld under thewcosied tube
glovwly evoived n gesy which previous investipections by
Wa Wa Zalkowshky, under whom this invesiigetion wie 60ne
duoted, had shown to be hydrogen. Wheeler snd Bleirt
state thet some of the formeldehyde Tormed decomposed
with the formstion of hydrogen. This evolution of gue wes
not observed from the prscinitate undey the ccated tube,
This precipitste was not gnelyzed in the presont problem,
but as the compopition of the rest of the »roducies weas
found, end the initiel substence entering the tubes was
nexgne of knowmn ooncentretion, we can write the empiricsl
formula of the precipltete, se will be shown. Before we
rsongidar the results of the gnalyais of the pesecus DO
duete of oxidaetion, it 1z necessayy to discuss the epparas

tus peped for performing this analysis.

The spparatus which will now be deserivbed ghould glve

resultes vhich ere much more aceursbte then those vhich would
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be obteined by uwsing eny of the so-cslled sbandsrd sppsratus.
The exact method of use of the spperabus a8 & whole will Dbe
given vhen the snalysies of s typlosl sample is é&acrih@ﬂ,

end the uee of the component perts will be discussed when
they are deseribed. 7The entlre sesembly 1s chosn in Fig.8,
in which the following sbbreviestions ere ﬁaeﬁ, reading irom
left to right.

Pyrog Pyrogalllie Acid Solution
pe Pereent

g7 Specific Gravity

PO Freoeging Ghamber

left B B Left Homsvring Burette

¢ ¢ Combustion Chamber

Right BB Right Meaauring Burette

The several perts will now bevdeacribed geparatoly.

The Messuring Burette: The appsrstus contains two

messuring burettes, each of 100D ec. cepscity. The right
burette ig used only for the ptorapge of sgomples and for
certeln pumping operstions, end 1e not used for sny mMessuyrow
monte, sithough 1t could be., Thie burette hee 0,2 ce. divia
siong, and ls surrounded by & weber jecket to svold sudden
chsnges of tempersture. The left burette 1z the one used

for e&ll messurements. It hee D.1 co. divisions, and all
resdinge cen be eptimsted to 0.1 - of g élvision. &
bekelite collar € om. high ie fitted snugly ebout two-thirds
of the distance sround the weter jscket surrounding the burette
and the manomseter; end to the bottem of this ls fixed & plece

of trensluecent traecing peper, which, however, only extends
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about one«hslf of the distonce sround the water Jatcket,.
%hen ¢ resding is to be mado, o frosted 40-watd 1lght
bulb e turned on snd pleced bohind the burette in the
same horigontel plene ss the eollsr, snd the eollar ie
turned so thst the trensluecsnt sersen ls behind the
burette end betwesn the eye snd the light mlb, ziving

& brilllantly llghted fleld, Thie pute the port of the
eollar whieh does not have the sereen hangling from 1t

out 1n'frﬁnt where the eye 18. The collsr end the eye
are moved wp snd down untll, when the collisr is two sesls
divielione above the #cp of the mersury meniazcus, the frond
end back of the eoller sre In 1ine. The he?zhd of the
menisous 1= thon voad. Readinge mede in thle way sre
reprodugible to 2.01 ce., thot is, %o one tenth of a
seale dlvislon, 29 thst the mezlmw arror froam thisg
gource ia 0.08 se,

The Menometer nnd Compensstors In preliminery -

nessurenmcnts & mgnometer sontalning n-dibuti phthalste

wee atbtached to the top of the burette where the cilocker
now 1 {see Pig., &.)s Nedibdutyl phthelste wes veed gs it
legks down the welle rapldly end completely, diffueion
through 1t %¢ negliglble ond 1 hes & density (1.048)
neerly oqusl bto thet of waters Ls bthe gas measured in the
burette is slways sabursted wiliith wabter vepor, &nd the tome
perature of the surrounding waber beth ehanges during the
course of un snalyeis, the other ond of the menomober wus
connected to & elosed bulb running the length of the wabey

bath end contelining sbout one oe. of weber, po that the sir
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in 1t wes eptovreted. 7Thie elr wes st atmospheric pressure
at the time of fixinpg the manometaer on to the buldb. Henee,
ae the tewperastwre changed, the pressure on both sides of the
negnomater chenged by the peme smomunt, and before cach reading
it wee mersly necsssery to opesn the burette to the mesnomeler
end bring the liguvid In the two srme to tho ssne level. ‘&s
gll resdinge wore reduced to those In terms of the finegl
nitrogen ae 100, 1t wee not necessary to hnow ths sotual
preseure in the compensating buld to whieh the manometer

wes sbitached, The use of this crrengement wee the source

of glight erroy, however, Unless tho pressures in the
burette and compensating bulb were exeotly the seme 8%

~the moment of opening the burette to the menometer, the
liguld In the wmenometer moved end e small amount of gas
either enbtered the ﬁ&naméter tube from the burebie, op

vice verss. "hen the levels were brought back to the sawne
posltion, not nll of the ges reentered the vessel 1t was
originelly contelned in, espeeially 1f ges entersd the
burette from the capillary menumeter tuvbe during the firet
moverente. Thils made no dliferencs in & single moasurenent,
but a8 the gus nexb meesvred was, in genersl, different, &
Torelen gee wes introdueed into 1t.e Thie soures of orroy
would be considered negligible vy even the carefl gas
enelyet, but 1t woulé introduce en error of possibly .08
or 0.04 6.y vhich 12 guite messursble with this spperstus,.
In ordor to reduce this evrror tc one too smell to be messurs
ad, ¢ compensating &evieé wae instelled which ie shown in
Pipge Ga

The use of & thin glass diaphragm t0 measure chunges
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of pressure is not new. Denlels and Bright*® pletinized a
thin gless disphregm, which, when 1t moved up, toushed a
pletinum wire snd closed sn eleotrie clireunit, Karrer,
Johnston, and walg'® improved Denlels end Bright’e apperetuvs
by laying & wire on top of the diaphregm Insbtesd of platiniz-
ing 1t. Thie wire moved up snd touched another, Emith and
Paylor’® elimineted the eloetricsl indleator by meking a
dlaphragm whioh clicked sudibly when a certaln pressure was
reaehad. This wes ceused by the dlephragm being blowm in
such g way thet 1%t sprung wwsrde when a certaln pressure
wag reaschod, Diminution of the pressure under it ceused

it to spring bock with ¢ second sudible elick., This 1s the
type of dlaphregm showvn in Flige 8., end used with great
succesg, They sre mede by blowing & smell glees bubble at
the end of & plece of glase tublng and then momentarily
heating 1t so thet the bubble psrtielly collspses, glving

g more or less flat surfaee whiech 1s under some strein.

The presecure needsd to meke p olicker c¢liock veriee grestly
with the olicker, ss dops the difference in pressure bLoe
tweon the up end the down elicks. It msy be necensary to
blsw mpey bubblee before a clicker having the deslireble
characterictics of, (a) reprodueible pressure oply slightly
different from atmosvherie needed to meke 1% cliak, and

{b) revrodusible slight difference of pressure betweeon up
and down ollck, ig found, The elicker used in the present
inveetipgetion reqnireg e presgure of 0,284 pervesnt greater
than stmoepheric te ceuvse the up ellek, end this pressure

mnt be reduced by 0.18 percent to give the down cliek.



In other weréé, a preseure of abdont 1.8 mm. of mereury sbove
atmospheric is necessory to ceuse the up click, end the variae
tlon of pressure between up end down slicks is about 1.0 mm,
of mercury. ‘

. The manometer eontaine nedibutyl phthelate end is not
connected to the burette pt alle One end of it is open to
the atmosphere, end the other csn be connected either to the
atmosphers or to the seme compenseting bulb whleh hes been
m@ntiénad hefore. It must be remembered that the compensabe
ing bulb and burette sre surrounded by e waber bath and sve
sgsumed to be et the ssme tewperature, 4 molst wick wes
placed the entire length of the compensator to Insure water
vapor seturation everyvhere slong it, A thermometer leg pleced
between the two arms of the menometers This serves the double
purpose of glving the btemperature of the water bath, snd ¥oe
viding a convenient ecsle with which to resd the level of the
liguid in the two erms of the manometer. ZActuslly the menomet
er wae placed in front instead of to one side of the compenspe
ting bulb, as shown In Flg. 3. The instrument ls calibrated
en follows. The manomebter 1z sonneoted with the compensating
buldbe Any convenlent emount of ges 1s put into the burette,
the burette e elosed, and thevlevals of the mercury in the
burette snd owtalde reservolr sre brought to spproximstely
the same point, Then the burette is commected to the clicker,
gnd the meroury 1ls slowly moved up until the disphragm clieks.
This movement must be 0 slow ss to be precticelly indistine
guishable to the naked eye, and i1s sccompllished by barely
opening tho stopooek et the bottom of the burette which
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sdmites the meveury from the reservolr, the level of the mele
eury in the raaervdir being held not more than 0.6 onms sbove
thet 1in the burette. If the movement igs too faat, the merw
oury iﬁ the burette must be dropred until the down elick is
hoesrd, snd the menouver repested, %hen the up ¢lisk ls hoesrd,
the stopooek ab the bottom of the burette is closed, the
19&@1 ofthe 1igquid in the right [{or left) arm of the menometer
is noted, and the level of the mereury In the burette ls resd.
The bempersture of the weter bath le now shenged by sboubt two
or three degrecs by edding hot or cold wabter %o it. Let us
say thet hot wgter 1z added., The pressurs in Loth the come
pensating buld and the buretie will inerease, and the level
of the liguild in the right crm of the menometer (see Plg. )
w#1ll rises Vhen the temperasbure hes become gonstant aggln,
the volume of the gre in the burette is messured st the time
of the up click, snd the level in the »ight srm of the nance
meter i1s noteds Heonce we heve & cerialn change in iave& in
the nmenometer corresponding to & certsin changs of volume

of the orlginel volume, £o 1f AL ie the change in level in
one arm of the menometer, AV 1z the change in volume of the
originsl volume Ve,

£%§;ﬂ Ko AL

We heve Just éatarmiﬁeﬁ ALy AV snd Vg, 80 wo can céle
oulate Ko, vhich iz & constant of the instrument. Ve might
Juet as well substlbtute thse finel volume V in the ebove equa-
tion, obtaining s slightly different velue for the constant,
which we will esll E, fAs this finel volume is the one
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megsured in sn enelysie, this wae done, end K waes found to be
4.85x107* por saﬁle.&ivisian of the menometer, The resson for
having & stopeock et the top of the ¢onpensabtion buld in order
to open the bulb end both erme of the menometer te the stmoae
‘phere wee thet the room temperature veried so much thet i# was
advisable to lesve both srms of the menomoter open to the sip
when the instrument wee not in use, Otherwise the liguld in
the menometer might either be forced out or susked beck into
tﬁe compenseting tube. Also, the ely in the ® mpensation bulb
ghould be st etmospherie pressure st the stert of en analysis,
a8 the correction AV is rigorously eorrect only if %hé presgures
in the csompensabting buvlb end burstte sre equal, i the clicker
uged required a prescure only 0,84 pereent grecter than atmoge
rheris, the error introdused {rom this source waee lese than the
experimentel error of meapurement. Irn an analysis the nmanometer
wae connected to the compensating bulb at the time, or a few
minutee before, the firet resding, end the Level noted. Then
the level at each burette resdng, which wes slwsye maede on the
up click, wee noteds TheAY whieh muet be sddedior subbtrected
from the volums ee reed on the buretie to reduce the reed vg to
the same enditiong of tewpernture end pressure se axisted at
the beginning of the snelyels wes then obteined from AV = KVL,
AL belrng the difference between the level ir the menometer at
the time of reading, and the level at the time the menometer
wae connected to the eompensabting bulb,

The acoursey of this method of aorrection was repeatedly
teeted es folldwae. By the end of sn snalysls the tempemunbture

had usually risen enough 8o thet & eorrection of as much es



1 ce. would heve to De subtrseted from the observed filnal
reeding, This gez wes left in the burette over night, end
the next morning the temperature wes wsually below the value
which 1t had hed et the beglmming of the analysie the pre-
ceding day. S0 upon remeasuring, the observed volume was
@more than a 6¢. smelleor than the observed volume ths prée-
soding day. In thils case, the lovel in the menometer would
be on the other side of thestarting level, and & correction
would have to be added, Although this wes dome liberslly
dogens of times, the corrssted volumes. prastiocally always
wore within 0,02 aoe o ecach other, asnd freguently exsolly
the same. In the very few csses when there wuae & grester
dlgerspuncy, the error was traced to entlirely different
CEULOH .

The combustion chember 1s

shovn in Fige 4. It will Do seen thst 1t ciffere in two
najor perticulsrs from the conventionsl, in thet the filaw
ment Iz vertleal, and the gas to be burned is Introduced
upwsrd from below the filement. This design lg the recult
of experience galned {rom the use of conventlional chambers,
and botkh modifications result in the more rapid end complete
combustion of the sample. Vhen one s burning hydrogen,
cerbon monoxide, or the lightest hydrocarbons, elmost eny
design will give g@bﬁ rosulte, but vhen geses as heavy us
hexane ere burned, 1t is 4ifficult to get ocomplete combuse
tion. If & rich mixbure is introduced, a flame will be
formed nt the tip Just below the Filament. It 1lssdvissblie
to introduce the ges so slowly thet thie flame is not
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piadu&ed, the gme burning upon the f1lament iteelf, csusing

it To glow nmore brightly. In thils ocase &k@ plabtinum cotalyzes

the rageﬁion, and there 1s no danger of incomplete combustion

due to the géeé&yitaticn of carbon at the reletlively cold tip,
The fllement 1z & spirsl of platinumeirddiuam wire

0.0154 em., (0,006 in,) in.digmﬂtar. The iridium content ie

10 pergent. The spirdl inoresses in dlameter from top to

bottaﬁ, go thet the ges to be burned snters & glowing eone,

The eﬁtire chanber Lz mede of pyrex glase. The leesd in

vires sre tungeten bLrought through glass seals into glase

cupss Sesled onto the outelds of these ocupe and extending

ebove them sbout = centimeter ore two lasts wires covered

with glssss These zot as supports for the {ilement, which

1g not Joined dlrestly to the lead in wires. The end of

the fllement going to the »ight leed {see Fige 4.) is bont

into the cup In the form of & U end then fustened to the glezed

toulta suppoyt by slipping over it snd the support s smell spirel

of pletimmeiridium wire., Thlsg srrengencent doeg not supply

enough support for the end of the filament conming from the

top,; 50 s double support ie mede ss shown. The wire goling

to the left glazed l?f.afh support, snd held there by & similer

emell spirsl, carries no current, snd eo 1s cold end eble %o

withetend muech more strain. The cups ere fiileﬁ with merouvry,

which gives the contact. In practice, the plene of the two

lesd in tubes 1s st right sngles to the plane of the tube

leading to the jot. Theontire filzment sed up ls mounted

on ground glsss stopper which 1s sesled to the rest of the

ehamber with plein, and oen be removed wlthout disturbing
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snything elsee. After sombustion, the gas 1s dravn out of
the tube sl the ﬁag of the chamber. The reseyvolr st the
top is f1lled with water, which coole the hot geses s they
ere drawn out. When this wsber g@ta'waxm it is drewmn oulb
with a rubber syringe, and repleced with c¢old. 4 moroury
regervolr ls connected to the tube lesding from the bottom
of the chember, This reservolr ls mounted on & riung whieh
sen bs moved up end down and clamped In any poslilon. 4
typleel combueibion 1s done as followse The combustion
chember is completely filled with merecury, lncluding the
tube leading to the jet. & measured smount of oxygen is
introduced into the cheamber from the left messuring burette,
part of this introduction being through the Jet tube in
order to cleer sll mercury from 1t. Thie introductlon i
ecoomplished by comneeting the combuetlon chember with the
burette, end releing the level of the merveury in the buretbe,
thus foreling the oxygen into the chamber, snd forcing the
mersury in the ehsmber intc lte exterlior reservolir. The
poeition of this reservoir 1s sdjveted zo that the levels
ingide end outslde the chamber ere szbout egusl. Before pll
of the ozygen has entored, the stopeock sbove the cheiber s
turnad so thsebt the oxygen enters 1% from the top, snd finally
mercury from the buretite comes over snd fille this tubes

The smount of oxygsn must be sufflelent to uncover the filge
mont lsade, This 1s about 27 ooe, the whole chewber holdlng
ghout 120 cece The stopsoek sbove the chamber iz then closed
to o poslition halfeway betwoen the two tubes leading to the

chamber, This »mat always be done, se there is no stopooek



above the ah&mber in the dlstribuiter line. & sample ia

then introduced inte the burette snd messured. The twe
stopeocks sbove the burstte, one on it and ene on th
distrivuter, are thon opened toward the combustlion cheamber,
the pressure in tho chember is Ineressed by reising its
reservolr, snd the stopeock ebove the chamber iz Darely
opened to the jet tubes The mereury in the line betwecn

the chember end the burebte is thue slowly foreced by the
oxygﬁh into thwe burette. Just before it hes ell entered,
tho prosgure in the chember ig returned to normel, ro theb
very 1ittle oxygon enters the burctte. Thue the line ls
elegred of mercury. The filement is now turned on to @
bright red heat, =211 sbopoovcks betweon the burette end
chamber are opened fully, and the gas in the buretie ig

very slowly displeced by the mereury from ltg reservelr,
Thie displecement iz conbtrolled by the stopuock ab the
bottom of the bdurette, lts ressrvelyr Deing yult on & sun-
port sbove the burette te svold the neceselby of holdlng

it uwp during the displacement, whiech tekes Jrom one U0

four minutes depending on the sige of the sample and the
rete st which 1t esn be introduced without csucing e fleme
at the jet. In order b0 preveant the mercury in the OGHe
bugtlion chamber from oscillating slighily uwp end down durs
ing the Iintroduetion, due to uneven combustlon, the tube Detween
the chamber ond 1tz reservolir ls c¢lamped so thet only s very
small flow is possible through 1t. The semple is completely
digplaged, the meroury from the burette finslly coming over

gnd running out of the Jete. A2 one pessage is nolt,in general,
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sufficiont for ocomplote combustion, the mixture iz now Grawn
out of the top of the chember into the buretbe until the
fllement lesds sre barely uncovered, snd the process re
pested. After threo pesespes, the semple iz completely
vemoved to the burette snd megsured. Then two more passeges
are mede end the ssmple remessured, to check 1f the combuse
tion 1s complebte, If the aiftereﬁae betweon these two read-
inge 1s not more than 0.08 0., experiment shows thet bwo
more gaasa@ss cpuse no further change of voluwne.

The Freezing Chembex: -vIﬁ order to determine the emount
of omyeen end serbon moncxide present in the sewmple, it im
pessed through s tube suriounded with 1lquid sir. Hvery
thing but oxygen, nitrogon and & 1little methene, if 1%t is
rresent, freczes oub. Then the oxygen i determined by
sbeorption by pyrogellol solution, snd the carbon monoxide
snd mothene determined by ocombuption enelysis. The freesing
shamber is shown in Flg. . The freezing ie done in the
caplllary tube epirel of 0,156 ome inside dlemeter, whiesh
is surrounded with liguid sir contalned iIn the syeelelly
sonstructed Dewer flask. The lower lesd betwesn the inner
and outer wslls of the flsek 1s e splral of thin walled
glees tubling of gbout the ssame ineglde dismeber ses the ine
gide dimmetor of the scaeplllary tube, This provides the
negessery flexibility when the chamber contracts upon the
gddition of 1iguld sir. The bulb st the bottom is of sbout
100 oecs capscity, aend is surrounded by sn ordinsry 280 co.
besker, vhich contalng sbout 1256 co. of meroury. The
freezing out is done ms followe, The chamber 1e completely



filled with mereury by spplylng suction with one of the
measuring burettes, mercury extending entirely up to the
distributer line. 4 sswple 1z now pleced in the left burette
end meagured, The 1line iz now opened YHetween the buretie wnd
the freesing chember, end the semple is forced into the bulb
below the spirale. The digplacement is continved w til the
burette 1¢ comnlotaly filled with meroury and the line is
filled almost to the stopoock shove the freezing chamber.
Txtreme cpre mist he emeraired in order theb no crope of
mereury He left in the line, or they mizht be pleked up
later after the chambey 1s filled with 1liculd alr and Le
earriod to the sepillary smirel, where they wovld at onee
freese and stop up the line, After the esampls 18 vut inbo
the bulb, the 1lonid elr ie sddod, The semple i now slowly
sueknd out by one of the burettes; until the mercury fllls
the bulb and riseg to the bottom of the thin slsses spliral.
Then the semple ir slowly. foreed back into the bulb by
raleing the reservolr on the burstis, =nd thls ls repected
until five poeegger heve berm mede. The leet ecuvetion guat
be mede with the right burette, which therefore will contain
tha semple. It wap found that the nsbture of the freezing
cut depsnded on the tempersturs of the 1iquid a?r. If the
liguid slr were frech, snd hed 21ts full quots of nltrogen,
1t wonld be coldeyr then 1f 1t hed stood for some time,
allowing 1t to become richer in oxypgen. Inder these eire
cumsteness, the frorzer out conptituents were art £o adsord
gome oxypen snd nitrogen, ené nerheps some oxygen sctuslly

lMouitieds TP the 1igeid elr were 214, this 213 not happen.
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This sdsorption could glweye be prevented by sufficlently
lowering the greaaﬁr& in the espillsyy tubes &o when the
semple wog vemoved into the rpight burette for the last
time, the mereury was sucked up throuch the thin wslled
epiral to & point Juet below the ecepillery, st which polink
it froze, msking e sesl, The left hﬂréthg, which wes full
of mersury, wss then connested to the line, snd the stope
soek et fte lowar end oponed #lizhtly until the mergury
stopped dropuing Sown, and them fully., Thus & sustion wes
produced whioh redveed the pressure in the esplllery tube
to sbout 20 mm of meroury. The stopeock st the top of the
freezing cheamber wse then zlosed, snd the portlon of gse
thue removed added %0 the rest. The »ight buretie alweye
sontained euffielent molaturs o saturste the semple, vhich
wes vorfsotly dry aftey freczing.s The somnle was then putb
inte the laft bhurstte snd messured,

The Absorntion Pipsttesy — All gse enelysle cpperstus

heve st least two absorption nipsttes, one conteining
noteselun hydroxide solution for the absorpbion of carbon
dioxide, and the other a solution of pyrogallic asld in
notessivm hydroxide for the shesorntion of oxymens Othey
pipettes sre pdded Por the sgbaorpition of other gsses. The
gample e messured and then introduced into the pipette by
diavlecement by mercvry in the meesuring burstie. Verlous
devices hove beon unsed to seenlerate the shuorption, sueh
a8 pleeing gless tubss in the pinetie to lnoreese the surs
fave, and Introducing the ges from the bdotiom through fine

apenings o that 1t bHubbles through the sbeorbing liguid.



24

In gll csses 1t hss boen necessery to pump the gas in end out
of the pipette wiﬁh.the measuring burette seversl, 1f not
meny, tlmes. This tekes time, csuses the burette to get dirby
fagter, due to grester poesibllity of getting some stopsock
grease into 1t, end, what is worse, bende to dry the burebte
out, 80 thet the semple mey not be thoroughly molszt when the
time comes for the next messuvement. This 15 usuelly svelded
by having & visible drop of wabter iun the buretie, vhieh moves
up end down on top of the mewoury and keepe tho wulls molet
et 8ll times, This introduces thres errors, The volume resd
on the burette is wronp, se ths wabter drop tekes up some
volume, the watey sbeorbs some gas, vhich reducepg 1lte wepor
pregrure 80 that the ges in the buvette may not be eompletely
goaturated, snd this abeorbed gee nmey be glven out leater; cone
tenineting enothey sample. These crrore heve boon neglected
up to nows The error due o o silizht smownt of wmoisture or
éirt beling in the buretie end thwowlng off the readlinge can
not always be svolded, but it wae corrected for In thls work
froguently by adding & meesured smount ol gas to snother
meapured smount, end seelng If the suw of these values wes
the seme se the volume of the two samples measursd vogether.
If not, the error wes the dliference Retwocn thers welues,
and could be subtracted frem-th@'abaarvaa reslingse. In

oprdey to feellitste repld sbeorption, and o <linminste the
sbove mentloned errors sg mueh as possible, the cbsorption
pilpette shown in Fige. 6 end eizo seen in Yig. 2 was designed
by Hr. Zalkowsky. It will be noted that the pipetite has two

chambore, The gepacity of ssch ie zbout 178 ac. To esch



chawber 1s fixed s system of three bulbs. In Pig. 6; the
bulbs fized to the Inside chamber ere directly behind those
fized to the outer end do not ghow. TFach bulb holde 100ec.
The sbsorbing 1&@&1& fille both chambers, extends to the
bottom of the flrat bulbe, and ie ér@wn up to o mark sbout
1.56. Bolow the distributer, The first bulbs (one on sach
ehember ) 1o 31168 with & gas which does not reset with
the reagent, the soeond two bulbs dontaln wetor which acts
80 B seel to prevant elr from coming in conbact with the ebe
sorbing reegent, end the third two bulbs ave onen to the
atmosphere., Vhen a semple is introduced inte the ripette,
the resgent in both chambers ls d&splaoaa, end movey up into
the first bulbe, the wuter in the second bulbs moving into
the third. If 2 100 es. sempls were introduced, whieh ls
lerger then any used, the first bulbs would be haelf full of
resgent, end the water would be evenly Qiatribuﬁaﬂ between
the second snd third bulbs, The mixing of the sumple end
reagent 1e done as followe, & rubber bube 1 #arm&nently'
fixed to the outlet of elther one of the third bulbs, and
to this 1s fized e rubber bulb, A four ounee Infents rectal
gyringe 1e idesl for the purpose., By pvumping with this syringe,
© the reagent is pymped back end fourth betwaen the two ashaubers,
snd gbsorption 1s much fester than when the sample muet Lo
removed eech time, Tt was found thet wher the liguid flowed
from the ouber to the inner chember, ecome of it dropped from
the opening between the two chembers to the 1liguid below,
forming gees bubbles whieh migzht be cerried by the flow eround
to the firet buld ené@ logt., Thig wes eliminsted by plecing
e gluse Fod~ aer shown, the liguid flowing quietly down the



tubes A& sample is 1ntroéua@d into the plpetie from the
messuring burette ss follows, The stopeock &t the extrems
left oend of the distributer under the mercury reservoir is
closed, the distributer stopeodk sbove the hurette 1s open-
ed from the bursette towsré the lefd, snd the ssmple 18 come
vrogsed by relsing the burette reservoir., The stopoock on
the burette iz then opened to the line, end the extreme left
d;atrihut@r‘$tapapak is bercly opsned. The mercury in the
line 18 thue foreced out Into the smell flesk hung at the
lef't end of the distridbuter to csbeh 1t. YWhen the mercury
in the linc reechee the ptopcock sbove the desired abeorpw
tion pipette, th@'axtrama left stopeonk 1o closed, the
preseure in the burctite 1e¢ returned to normel, snd the stop-
sock to the pipetté fe opened, The mercury lo then ralsed
in the burette end the semple forced into the niretie.
Meroury from the burette 1s sllowed to flow Into the line
untll 1t comee to the stopcock above the pipette. The
stopoock below the burette 1z then olosed, and the sumple

1g pumped beok #nd forth in the pipetie for 1.5 minutes.

The stopeeck below the burette 1g then slightly opened, the
reecervoly meanwhile heving been vemoved frowm lte hook sbove
the buretts, end the mercury in the 1lins esllowed to flow
baek ap fer es the bulb lsbeled HyE0g Ipe. This bulb cone
talng 16 ee. of thie one pereent solution over mereury, and
after a somple is punped over & reggent, 1t fz put into thisg
bulb, dleplecing the mereury into s reservoir stteched to the
bottem of the bulb by pressurs tubling. The semple lg sucked
into the buldb from the gheorption pivette by lowering this



reservolr. This solution ig so weak that 1t does not lower
the vepor pregzure of the weter &@ureciebly &nd the gemple
is sheken with 1t in order thet it be setursted with wsber
vapor before 1t is removed to the buretite for meesuring.

The solutlions used for abgorption 21l reduce the vepor
presgure of wabter sufficlently so thet this 1z necesssry,
since there is no droplet of water in the bDurette itself.
The eelutisn ie sligntly geld to neutrslize the smmonie
introducel when the semple 18 pumped over the alkelilne
suprous chleride solibion, The firet time the semple ie
Introdused into the molstening bulb, the moistening ls nout
the oblects The regson is to mix the smell amount of

gemple which was im the caplllery tube asbove the absorpe
tion plpebie, end which ¢ld not get thoroughly in eontsct
with the reagent, with the rest of the semple, whieh by now |
ghould be peayly devold of the component ebsorbed by the res
sgont i ths partioulsr plpette under diseﬂsaicn. The nia-
ture is et once forced beok into the pipette by raising the
reservolr on the moistening bulb, end is pumped for 1.0
mimabes morees These tlmes sre convenlently messured with

s three minute ‘hour’ gless, s the division Into two 1.5
minube perlicde need not e exasts At the end of this recond
sumping, the sample ls introduced into the molstening bulb,
well sheken, wnd thon suoked inmbo the meesuring burette for
6 yesdlinge The semple left in the line is éiepl&eeé into
the burebtte by turaing the exbtreme left stopsock to the
merevry regervolr divectly esbove it end running mereuvry into

the 1line. 7TIn order Lo be sure thet the sbsorption is eomplete,



the semple ie sgein introduced into the abesorption pipetie,

pumped for l.5 minutes, mﬂistened} and remeasured.

The Solutions: The oxygen 1s ebsorbed by pobsssium
hydrozxide golution of pyrogellie acids The recommended
concentration of potegsinm hyﬁraxiée an@ pyrogsllol vary
widely with diftérent suthors, Many concentrations were
tried, snd the ones recommended by Dernis®®were found to
give the moet rapld sbheorption combined with the lesst
evolution of carbon monoxzide. The consentrations recome
mended by the Chemists of the United fStates Steel forpore
ation*were found to be particulerly bad as te carbon mone
oxlde evolutlone. It iz well known that if the conocentra-
tion of the oxygen in the sample ia much greater them the
soncentration of the oxygen in the sir, carbon monoxide
is evolved when the oxygen 1ls ebsorbed by the solution.
The concentrations occuring in this work sometimes dld
oxeceed this velue to a smell extent, end it wes elgo found
that & smell emount of carbon monoxide wes evolved even
when the exygen conecentration was much emsllere This evole
ved curbon monoxide wes sbsorbed by en alksline ocuperous
c¢hloride solution to be deseribed laster. The pyrogsllol
solution was prepered ase followe, 4 solution of potassium
hydrozlde of speelific gravity 1.506 wes mede by disesolving
potassiun hydroxide of USP quelity in distilled water
whieh hed been boiled to expel sll oxygen from 1%. &0
sslled &, pe potassium hydroxide should not be used, as it
is purified by sieohel, & highly undesirable substense to

heve present, oven in traces. 550 cc. of this solution



was put into the pipette, and 29 gms. of pyrogallol dissolved
in 29 ee. of watsr-was added. The plpette should be filled
with nitrogen first so thet no oxygen be present for the
solution to resect with., Two plpotites were f1lled with this
solution, One wee ueed for gll sbsorptions after combustilon,
and the other was reserved for the absorption after freezing.
Thie wae done se the ssmple after freegzing contained carbon
manoxida end & small smount of methane. Although carbon
monoxide i1z quite insoluble, methene would be slightly abe
sorbed mechgnically by the solubtion. I cﬁly one abeorpe
tion pipette were svellable, the methane might be evolved
leter into & sample beling anelyzed by aémbuakian, and the
fingl volume of nitrogen thus obteined snd used se & relerw
ence would be erronecusg. In most gas snalysle, this pro-
ceution ig not teken, snd the sexme solution 1s used for all
purposes, even for diresct ebsorption of oxygen from en
oxldized pemple without removal of the verious hydrocarbons
by freeging. Thus a sigzaeble error must be introduced. The
pyrogellol zolution 1s the only one in duplicate, e no
othar-aoluhion is used exoept after combusitlon.

The ouprous chloride solution is for the ebsorption of
carbon menoxide. The carbon monoxlde formed in oxidebion
end pregent after freeozing ls not sbsorbed by this solution,
however. It waz foundé that the solution deterioreted replde
iy when 1%t was required to gbeorb so much czrbon monoxlde,
end had to be renewed frequently.lsCerbon monoxide 18 dow-
termined by combuetion analyels of the mixture ofter the

oxygen hes béen romoved by sbsorption. Hethene ie slso



present, bubt when only saturated hydrosarbons end carbon
monoxide sre preseﬁt, thelr reletive emounts can be
dotermined by a simple ealeulstion from the results of
the combustion snalysis. This w111 be discuesed latew.
fo the suprous chloride i1z used only to ¢bsord the cave
bon monoxide eovolved by the pyrogellol solution used after
combustion enelyses, the smount of oxygen being large in
these csees. The smount sbeoorbed 1z rerely more than
D04 éa. 48 the solution aleo cbsorbs oxygen, 1t wouid
slso remove eny treces of this gee «hich might be left
ungbeorbed by the pyrogallol: Both esld snd alkuline solue
tions of cuprous ehloride wers tried, snd the slkeline
solution wae found to be the best, ae it does not glve off
garbon monoxide when old. The sgolubtion wae prepered sceorde

| ing to directions plven in Iidoff'® ss follows. ' Dissolve
£580 pms,. smnonium chloride in 780 coe. of water mnd add
20D gms. of cuprous ghloride. Place seversl spirsls of
gopper geuze in & bottle, fill it bto thainegk with this
solution, end close tightly with s rubber stopper. When
the solutlion begomes colorless it is ready for use, snd 1f
cloged tlichtly, caen be kept for en unlimited period. Into
the abesorptlon pipette place 90 ce. of smmonium hydroxilde
of gpecific gravity 0.91, end edd 270 cg. of the sbove
prepared aalnti@n‘”

The potessium hydroxide solutlon for sbesorption of
csrbon dioxide wee made from VSP stlcke snd hed a denalbty

of 1.20 gme, per oG.



The unssturated hydrocarbone were ebsorbded by an
86 poreent sulphurle écm solution, The plpette cone
taining this solubtlon differed from the others in thet
there wes no opening £t the bottom, snd only one bulb
instead of three wae on esch chamber, These bulbs had
stopeocks sbove them, so that the seld would be pro-
tected from the sive. They were opened only during o
pumping. According to Hurd end Spence’”, this concens
tration should sbsord ell unseturetes exespt othylene.
They ueed a conventionel sbsorption pipette, introduced
the sempley let it gtend for two mimutes, removed 1t,
introdused 1t mgeln, oto.. They sbtate thebt ebsorption
wag complete in 29 to 26 mimtes. In the present work,
the semple wag introduced once end pumped between the
chambers continuvously for & minutes. The absorption
caertalnly should be es eomplete as that obtsined by
Hurd ond Spence. After this pumping, the ges wes very
drys As the semple pumped still contelined sstureted
hydrocarbong, 1t wouldé contaminete the moletening bulb
slready deseribed. £o snother moistening pipetie cone
teining one persent potaseium hydroxide solution wes
used for this purpose.

Ihe Stopcockss The sitopcocks used in the distribut
er, as woll ae the one over the combuetion shember, were
designed by Hyr, Zelkowsky. They are pyrex glese, snd the
gluase tubling 1e capllleary of 0,15 ems inslide dismeber.
A8 csn be geen in Plg. 4, they differ from the ordinary

stopooek in that the stopper does not contaln e ¥, snd
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the eontinued line is off get so thet there wre throe opone
ings 120° from each others iny two oen be connecsted by the
bore in bhg gtopper. The sdvantage 1lise in the feot thet
the dead spate made b# the verticel part of the T ls olimine
eted. When there are a dogen or more stopeocks in & row,
&2 there ere in the distributer used in the present set up,
2 very measurable smount of ges ocem eollect In these spaces.
This ges will come out leter to contaminete whatever sample
is being drewn through the line, and will sleo chenge 1ts
volume,

The fsmple Bottles: The sample bottles are sesn in
Plge 1, ond one iz shown henging in 1ts proper place in
Flgs £+ As ocan be seen In FPlg. £, the stopeocks et both
ends sre throe.waye. The discontinuous tube of the T 1s
bent upwerds and the end le blown into & smell oup holdw
ing ebout 1.5 ee. Through this cup on the lower stopne
cogk reagents esn be introduced direetly into the sample
bottle. 24 mercury reservolir ls sttached to the iawar
opening, and ss the sample 1slﬂrawn outy the veservolir 1s
moved opesrd po that the pressure In the bottle remeins
fairly constant. Hereury is run into the cup on the upper
stopeock of the semple bottie from the reservolr zt the
extrome upper right hend corner af'ﬁhalgae gnalyels ap=-
paratue, tﬁus expelling the alr from the line gbove the
bottle before the semple is drawn from 1.

The stopeock gresse ls a

source oferror, It abeorbs hydrossrbong, only to give

them out st & leter times It 18 & source of contamineblon



both to the dlstributing line and the messuring burettes.
Tt wes thue ceslrebls to find a gresse which sould be used
in the smellest guenbitlesg end yet properly lubricate the
sﬁopeaaka. one of the commerelasl greases worked particue
lerly wolle DD Taylor of the Hormsn Bridge Leboratory
had mede some gresse from s formula originsting with
Profeseay ﬁs Sa Booth of Testerr Fegerve Unlvereity,
Although the partiouler property of this greses was supe
posed to be 1ts sbility to withstend high veouum, it ves
found %o work mueh better in the gnalysis spparstug then
any other. Also, the stopeoek remained lubriecsted longer
with thile gresse than with eny other. Consequently some
was prepared pg follows. 4¢19.5 guss of vasoline and
23414 gme. of peraffin woere melted bcgéther over sn oil
bath kiépt nt & temperabure of 145 to 185°C. The mixbure
#ere abtirred By a mechanlosl stirrer throughout the entlire
ap@retion. 8043 gmee of puws.gum rubber cut inte cubes
about & nm, on 2 slde were thon wlided, and the mizture
gtirred until solublon wes complete, which took &8 hours,.
The eir wes then evacveted from sghove the mixture for
1.5 hours to remove any bubbles, the temperature of the
o1l beth dropping to 110°C. éduring thle operstion, The
mizture wae then let eool, s%ill under wacuum. %Yhen ocld,
it wes romelted over a watey beth and poured into cone
tainers,

The Oxygen Oenersbtors An oxygen generator is somew
thing not usuglly seen gs & pert of o pas enelyesls spparatus.

¥uch experlence taught thet the purity of the oxypgen obw



tained commerelaelly was open to quaatién. “The impurity,
sssumed to be nitrdg@n, eould be determined, but not
pertionlarly scouretely, zs there were only & feow hune
dredths of & ve. in o sample of the slze which could be
analyzed in the spraratus. &S0 the oxygen wse generated by
electrolyele as follows, The contelner wee & glars eyline
der BB om. hizgh end 7 onm. Iin dlamster., In this wes placed
& smeller eylinder 5.0 om. In dlsmeter extending to withim
a fewlmillimaterﬂ of the bottom. The inner chamber conw
tained a pletinum enode of £ sg. om. erea, 1te lesd in wire
coming through the ounter chamber, insulated in & glass tube.
The outer chambey conteined & cathode made from e spival of
nieckel wire. & glese tube wes sealed to the top of the
inner aylindor, end ren to the srpesratus. In this line,
for a distance of 10 om., was placed palediumized asbegptos,
end the line surrounded by & heating ooil kept st a dull
réd heet, Just vigible 4in the déﬁk. T™his wes to oxldise
any hydrogen whieh might heve gotten into the oxygen by
defuslon from the cathode., 4Alzo In the line wes plseced

& tube aontasining 1 pereent potessium hydroxlde, through
which the oxygen bubbled. Satureted berium hydroxide was
used es the electrolyte. This alweye containzs some QP
bonate, from whiech 1t ie poesible thet traces of ocsrbon
dloxide might comey end hense the bubbling tube wap sdded
g8 & precsubtlion. The potessium hydroxide solution was
heated before any oxygen wes dravn through it inte the
epperatue, to ingure thet the oxygen would be gabturated
with water vepor. 4 ourrent of 0.1 smpere from s & vold

storapge battery ren through the genorator continvously,



the oxygen collesting ebove the elescotrolyte in the inney
ahember; in outlet through a water trap wes provided go
thet just before the smount ofoxygen collecting above the
anode wee suffieient to uncover 1t, the prescure beceme
great onough to csuse the oxygen to bubble oub through 1t.
Glese wool wes pleced In the line just above the gonerator
to ocatch any droplets of eleotrolyte. The smount of oxygen
collecting above the anode wes sbout 250 ce., sufficlent for
ell ahalyaea mede in one daye. A11 troudbles from impure
oxygen dlsappesrved after this generator wes installed,

The Rubber Tubing: The rubber tubling used to con-
neet the verious pleces of epparabus to the dletributer
-muet be of good gredo. Physiclene stothosecope tubing was
found best for this purpose. The joinbts were rendered
lesk proof either by painting with thelles or seoesling with
piein. ’

THE ANALYSIR OF A TYPICLL FAUPLE

In order to mske the methed of enalyeis clesr, the dee
taile of e particulsr enalyels will be gi#en. We will cone
sider the sample from the cvated tube colleeted Lpril 23,
1933, at & temperature of 308°C., end snalyzed Anril 25,
1983, In 81l this work, it wee customary to designate the
sample from the uncosted tube se the B semple, from the
ecoated tube es the R sample, ané}the unoxidlized hexene as
the ¥ sample. They will be referred to by thesze letters

from now one
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2 ec. of satursted beorivm hydroxide solution wes Introw
" dueed into the a&mpie bottle through the lover cup. 4z this
was done in the morning when the room wes cooler then whon
the ssmples were collected, it ran in without any trouble.
Cere wes teken thet no gir ontered. The bottle was turned
80 thst the wealls were ell molst, =2nd the semple wes s1l0we
el %o stend for thres hours, This smount of berium hydroze
ide wes more then enough to preeipitete sll the csrbon
diaxidé in the sample a8 berlum cerbonste. 1t wae found
subgequent to this enslysls thet the solubion contuained

~ some berlum peroxide ss en Impurity, which enteiled & |
sorreetion, After three hours, the semple bottle was hung
on the ges analyels apperstus, connected to ite meroury
regervolir, end the gir in the line sbove 1t losding to the
distributer wee expelled, ﬁo ac. of Oxygen was slowly

drawn from the oxygen generstor into the left buretite, this
taking ebout 4 minutes. Then 1t was put into the combustion
chamber snd the filement wes lighted for a few moments.

This oxygen wea then throwm outs This wes to clean the
fllement, Then sbout I8 ce. more of oxygen wasg drawn,
measured, snd put Iin the combustion chewber ready for the
firet combustlon enslysie. A semple of gbout 70 ce. wes
drawn out of the sample bottle, measured, end plsced in the
freoging chember for futvre use, A second sample of the
same size was drawn out, measured, snd placed in the right
buretle for foture use. The rlght burette had & drop of
wator in 1t. £ third semple of 70 ce. was drawn out and

messured, thus removing eoverything from the semple bottle
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exaéyt the £ oce. of barium hydroxide, now centalining berium
cerbonete. The three sempleg were teken slmulbenedusly, 80
that the exposure to the barium hydroxide geolution would be
the seme for slle. This third semple wee burned ss explained
previouslys The carbon dloxlde formed by the combusilon was
sbsorbed by the potassium hydroxide solution, the sbsorption
and molstoning sfterwards boling done ae explalned vhen the
sbsorption pipettes were described. The excess oxygen not
used in the combustion was sbsorbed by the pyrogellol, end
Tinelly the gas was pumped over the euprous chloride s0ive
tion, for ressone slready given. This part of the snelysls,
selled the firet combustion was now finishel,; snd the nitro-
gon, wﬁich was the gas loft efter ¢ll the others were abe
sorbed, wane thrown oub.

70 cge. more of onygen were drawn from the gencrator,
put in the combuvastion chamber to gondition the Iilument,
and thrown out, Then sboubt 36 co. more were taken into the
measulring burette, messured,; end put Iinto the combustlon
chamber for & pecond combastion enalyslis. The ssmple whieh
wag pub iInto the ripght buratie for storege wes next put inbo
the left burebttey snd remessured, Aalthough its volume sghould
be the 2eme as it was when measured before pubting 1t into
the right buretie, as & metbter of fast, 1t wlways turned out
to be slightly smeller, this diminubtion verying, end being
about 0.1 ece Thig wee dve to & small amount of the semple
belng sbeorbed by the drop of wabter in the right burattie, or
adsorbed by the walle, In preliminaery enalyses, the semple

was not measured belore 1t was pud inte the right burette,
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ae the messurement mede when 1t was bteken out wee coneldered
gufficlent. &4 agnﬁistaﬂt error between the volumes of this
semple snd the one burned first disappeared as 2050 &8 this
gocond reading wes wmsde end correction for the gbsopption
in the right burette maede. After the semple wes romeasured,
1t wee put in the pipette combalning the 8& percent splfurie
sold, snd pumped for six minutes to ebsorb ell unsabtureted
hydrocerbons exvcept ethemes & little of the unoxidized hexe
sne present in the ssmple wee ebsorbed mechenicelly. "hen
the sample was'r@m@vaﬁ to the speclsl molstening bulb used
after this sulfurie eeld sbesorpiion, end then pubt into the
left burette end messured, The residue of sabtureteld hydrow
cerbong (plue ethene) was next burned, and the carbon dle
oxide, exeess oxygen, snd carbon monoxlde coming off from
the pyrogallic seid esolubtion were absorbed ge before. This
was the end of the ssccond combustion. Rote thset we have o
combuetion analysie of the entire semple, and one of the
sanple less 1ts unssturated constituents.

The sample for freezing hed slresdy éesn vut into the
freezing chember. Using the richt burette, ¢ part of it was
drawn oub slowly end then put baek to get rid of any mercury
bubblesg In the lire., The Dewar flask wae then filled with
liguid alr, and the froezing out done 2o explained undey tﬁ@
d1sensgion of the freozing chamber: After the {reeszing; the
semple wee messured in the left burette, snd then pumped
over pyrogellit neid to messure the oxygen in it, which wes
laft over cftny oxidetion iﬁ.Ehe furnsces Inestesd of cone

tinuing snd sbeorbing cerbon monoxlde, sbout 10 se. of oxygen



was sucked in from the gonerstor on top of the semple. 4
meaauramnnta were mede before snd efter this, the volume of
oxygen «dded wes known. After sveking oxygen dlveotly from
the generator inte the sombuetlon chember to condition the
filonent, end then expelling it, the ssmple plus the oxaygen
waz introduced into the combustion chamber and burned. &8
only eesrbon monoxide and methane were present, three pﬁasag@s'
wore always sufficisnt to eomnletely burn them. Then sbEOrpe
tiang'ov@r potassivm hiydroxide, pyrogallol snd cuprous chloride
were made ap usual. So the snalyses of the three sumples
drewn from the sompling bottle wee completed.

In order to determine the smount of cerbon dloxide in
the entire ssmple, and precipiteted by the barium hydroxide,
the followling procedure wes sdopted., From 70 to 80 ee. of
elr was drewn into the left burette through e test tube cone
taining hot weter, In order te insure 1te belug seburated.
with water vepor, Thie tube wes fastened to the right end
of the distributer. Then the stopoosk of the distributer
ghove the sample bottle was opened from the bottlo st the
righb.and of the line, and the mercury level dropped Jjust
to the lower ghopoock. The bottle hed been left full of
meroury during the preceding snelyses. The lower stopeock
wes then olosed, end the bottle exhausted by stbteehing e
suotion pump to the »ight end of the distributer. The
gtopcock of the cistributer sbove the bottle was then
closad. & co. Qf‘lﬁ p@reeﬁt hyérochlorie seld wes then
eprefully drewn into the botile through the cup on 1ts

lower stopcosk. This wes more then sufficlent beo neutrale



ize the berium hydroxide present, sndell the cerbon dloxide
was evolved. The lower aioycock wae then bturned to barely
econnect with the meraury reseorvoir, There belng e vaouum
within, the mercury rose, The bottle wee sheken during
this operation in order to dissolve the barium cerbonate
which hed stuck to the wells. Yhen the mercury filled
sbout two-thirda of the botile, the gir 1In the left burebte
was aémitted to 1t, snd then sll drewn out sgein Into the
left burette end messured. This eir contsined sll the
cerbon dioxide originelly in the semple. Thle waes absorbe
od by the potassium hydroxide solution, end the sir re-
megsured. It will be noted thet an error would be intro-
Guced 1f the alr drawn iIn conteined e messursble amount of
cerbon dloxide. In order to maeke & correstion for thle, a
sample of unoxidized hexene was troated with berium hydroxe
1de end wee snslygzed for sarbon dioxide oxectly sz outlined
aboves 0.21 co. wes obtained, and so this emount was sube
tracted from the value obtained in the oxldiged sampleos.
In the lest two samples collested, those sl 435 snd 463%°Q¢.,
the eir used in the carbon dioxide determinstion was drawn
in through dllute potassium hydroxide instesd of wabter. A
emall correction gtill hsd to be made, however, es the
originel alr drawn ﬁhréugh the oollection spreratus conbteined
}ths smell emount of caerbon dioxide usuelly found in the
atmogphere .

After the anelysls, 81l the meroury in the left bhurettie
wae run out into its resar?air, end the reservolr digocon-

nected from the appsrsbtus. YWerm webor wee then drewn up
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into the burette and let stand for 10 minutes. Then 1t was
removed, snd air w#s bilowmn through the burette gll night.
By this moens 1t wes kept Telrly cleen. Ococasionally it
wes cleaned with clesning solution, sz wes the dlstributer
1ines The drop of molgture in the right burette wes ree
moved after each set of snelyses by exhsustion, and Tresh
water substituted, 411 semple bottles were clesned with
cleaning solution after every ecnslysis. &n snelyels such
&8 outlined sbove took about 8 houre to complete.

The deta obtalned in this gnelyele sre glven in
Teblo TT, which 1s on the next two pagee. The menometer
wag opened to the sompensating bulb at the time of the
firet measuvroment, whieh was that of oxygen. The readings
for this oxypen messuremsnt sre not first in the tabla;
howaver, a8 they sre vut with the rest of the resdings
made in the firet combmstion. The valuve st the top of
the left column 1e what the manometer rewd £t the time of
elosing. The AL in eesh cese g the menomoter reading ub
the vertloulsr time subbracted from this reeding,. &8 the
temperaturs et all tinmee éxring the snelyels wes shove the
tnitlal tewpersture, all edrrostione ers subtrected. The
porrections cre celenleated by the formule alresdy given,
nanely,

V= 4,85 x 10 ° VAL
Cor, stende Por thes calounlasted correctiom. 8. stunde fop

sample.



TABLE 11

Analysis of R Sample Colleoted April B3, 1953

e for freczing

for £nd comb,

=
*

Be
Og
Aftor & comba.
ifter £ combs,
iftey KOH
£fter pyrogellol
sfter ryrogellol

After Cull

Og for 2nd conb,
& for ind comb,
Afbor Hgof0,
Lftor & comb,
After £ comb.
After ROH

After Pyrogzllol
After Pyrogallel

ATtey Cull

rmenomtye
reading

10B6,00
10B4TH
103.88

AL

1.85
1.78

COPs

0.0406
0408

First Combuetion

for firet comb 108,75
for Tirvet comb 105.00

100258
98,78
87,860
064D
86.50
9475

fecond
9300
DR B0
91456
91486
90,75
80425

09,90
o L85

88 .00

2,86 0,08
0,00 0400
4,76 0.2
Bs285 0.88
7.850  0.26
G756 0424
.80 0,286
10428  0.28
Combustion
12400 Q.20
12,80 0,28
13,30 046
13,76 0.83
14.858 0,65
14475 0,57
15,50 0443
18,756 D448
1600 .44

burette eor.
roading reading

76,5806 76,4800
70458 70,68
60,16 69,07
55438 56438
60486 00.66
90.87 90,59
TE OB 71 .88
55,61 55487
66446 56420
85,45 56,17
54467 34447
70,86 70,45
70400 69454
94,17 95,54
94,81 95,56
80,07 79,50
66,90 56447
£6.86 66,41
56,01 56,57
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TABLE IT {continued)

menomty burette v&ﬁrw
reading AL sor. reading resding
Proezing end Combustion after Freezing
Aftor § freeosings 93,00 12,00 0448  TELO8  T1.06
Aftor ?y@@gﬁll&i 84459 10,50 0.38 62,11 61,79
Aftov Pyrogsllol 102.00 5,00 0.00 61.86 61.77

Plus Oy 102.560 2.50 0400 TEE8 FEedd
After & oonb,. 108,00 BeO0 Q1D TEHE 7104
Aftor KOH ' 101,78 84856 0411 TOE0  T0.00

4ftey Pyrogellol 100478 4488 0.8 60,08 59,96
After Pyrogellol 100,85  4.75 0,14 60,07 60.93
Afber Cull 99,00 6400 0,17 60,00 50,98

Garbon Dioxide Desterminstion
A1y plum COg 96 .80 850 D24 T8.57 75958
Aftey KOR PR LO0 T30 - DL8 TEeS% VEPY



CALCULRATION OF 4 TYPICAL BANPLE

From the date given in Teble II, 1t is poecible to cale
culste the nature of the products of oxidetion. The method
of doing this will now be givem. It 1s flvst ﬁéa@saary to
‘establish some volume reletionshipe which aere extremely uses
ful in th@ ealonlationss These reletionehipe, slthough some
ofthenm are practicelly selfeevident, w=ill bo etated snd
proved as theorems, The symbolg for the chemicsl compounds
wnan‘gggggggggg,wall be cﬁﬂsiﬁaraé to stand for the numharlv
of oee {or the rumber of moles) of that compownd,
Theorem 1. If & volume V contalning only €0 end Gnﬁgn*a
18 burned, using Oy end forming £0g end He0 (liquid), then

20g - 5002 + 2V
Culppes © ——

80 = V- Ol .o

Qn32n¢s -V + 005

Cpllpar

n =

Froof. The €O and enﬂgn%g burn eooording to the eguetions
200 + 0g = 200,
B0 Mg e * (Bn#1)05 = 8000, + 2(n+l JH0
end the volume reletlonships for the combustion of both give

9 = L0+ nClly 0
100, Emel Ouflgn.y

These last three aguabtions csn be solved for Gnﬁan@ﬁ, {0,

snd ny, giving the desired relotionshipe.
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Theorem £, If s mizture of sabturated hydrossrbons and
olefines 1is mxmed; veing Cps ond Torming 00g, the volume
of the satursted hydrocerbons burned iz 205 - 3C0p.
Proofs The egustione for the combustion ere .
BCplgn,o *+ (E0%1)05 =  En00y + 2(n+l JHgO
Blpllpy, + mlg =  2m00p + Z2mHa0
From these we get the volume roletionsghips
£0s = mOplon,p + MOuHoy
N [ ”'%ﬁﬂxﬁﬂm*&%fﬁ@
oy g « 800g = OpHanep
orem 82 I olefines slove burm, ueing O, und forming

Clps Them &80 = 0p
Proof: This follows divectly from the equatlon for the
combustion of olefines, whioh is

ﬁf}mﬁw-i % = Pml0, + mao

1f & mixture of olefines and hexane is burned,

and the oxeess of Uy over % £0g 1s x, then £x hexsne were
present.

Proofs Let 2y be tha volume of olefines, and 2x be the
volume of the hezane. Then the eguation for the combustion is
BYCpHpy, + 2xCeae + (3ny+19x)0, = 2(ny+6x)C0, + 2(ny+7x)Hgd
The Qg for the olefines slone is % 00y by theorem U.

Here %%m S(Wx} = Eny + 18x

But there sre Iny + 19x 0, sctually used

The aifference 1s x, the Oy for the hexene.

But £z hexane ere present.

S50 twise the sxoess of Oy over 3 00, gives the smount of

S
. § P ]
hexene present in the mixbure,
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Theoyem B3 TFor each volume of hexsne burned, 9.5 volumes
ef Og ere needed, 6 volumes éf 00y are formed, snd the
total contrection ig 4.8 volumes.
Proofs Thie 1s obvious from the equation for the combustion.
Ogllag + 04505 = 600, + 7H.0 |
4 dlsgueelon of the computstions necessery will now be
'givaag |

From Teble IT, differences pgive ug the smount of gos

~ shsorbed by the differont resgents, the contrsction im

volume during & combustion or freoming, ete. In th@ BOMe
buction snelyees, the difference betwesn the volume of the
original pemple end the nitrogen which 1t contelne is desige
neted by W, which evidently stands for the sum of the vole
umes of the various esrbon soppounds and oxygen left after
oxidation,  TC stande for botel contrastlon curing s come
bustion. | |

feveral corrections mist be spplieds A11 veluves used
in the computstione sre those referred to nitrogen ss 100
volumess This 1s done so that different enslyses; starte
ing with verious sisze semples, may be compereds. In &
pértiaulsr run, the velues asctually obtelned sre divided
by the velve of the finsl nitrogen end multiplied by 100,
thersby converbing them into quentities which cen bs gome
pered with others,

In the seversl relstlionshipes invelving geseous volumos,
it hee besn tacltly sssumed thet sll the geees behuve es
perfeoot gases. & continuaelly recurring error in the re-

evlte was found t0 be due to the feot that csyrbon dlozide
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’ia far enough removed from & perfeet ges to have & volume
measurably smallar.thaa It would heve 1fll obeyed the per-
foot gus lewa., From the Internstionsl Oritiosl Tebles 1t
was found thset &t ¢ pressure of 748 mm. of mercury snd e
tomperature of 25°C., the volume of ocerbon dloxide 1s

0+42 percent smeller than it would be 1f 1t were as pers
feot e gss ss nitrogen, Thiez correction is 0.58 peroont

et 742 mn. and 0%0s The correction is mede to nitregen

- rother then to & perfact ges, 28 nitrogen 1e uesd o the
stenderd referense in thie work. As room tewpersture was
ehout 23°0., the volume of cerbon dioxlde obtselned by direct
gubtreetion of the burette readings Lefore and efter potaéac
1wm hydroxide absorption smast be inerensed by 0.48 perocent.
This a?f&utavthﬁ,Qalu@ obbteinad for the tolal contraction

In the oppoeite dirvection, so thils must be doocreased by

the sume nunmber,.

It wee found thet the barium hydroxide ueed {0 pro-
elipltate the cerbon dioxide in the sample bottles contalined
some barium peroxide. An snalysls of wnoxldieed hexene to
which had been edded thls barlum hydroxide solutlon showed
thet for eash co. of barium hydroxide added, the oxygen
present per 100 a6, nltrogen wae 0.1 co, grrater then 1b
should bee. f£o it wes necessary to subtraet 0.24 cs from the
velue of the oxygen sbsorbed sfter freezing to get the true
velue left after oxldstion in the tubes, This must be done
aftor the oxygen heg boen expressed in terme of 100 eco of
nitrogen. Hobe thset in combustion ecsleulations meking use

of the emount of oxygen in the sempleo, this 0,24 ce. 18



not subtrasted, ez the aﬁly thing wanted 1e the total smount
of oxygen svelleble for the combusilon.

From the totsl smount ofcarbon dloxlde found to be
presend, 0.21 ce, mset be subbtracted, ss this csme f{rom
the elr sdded during tﬁe'ﬁ»taﬁmﬁaaﬁ&an‘

hg the wolume of bthe sample boiltle 1ls known, and the
smount of nitrogen present in & known smount of semple ia'
imown from elther the firvst or second combusilon, the total
nitrogen in the bottle sen bo sasily caloulebed, 2s the
corrected volume of corbon dloxide earraspamﬁiﬁg to thie
smount of uiﬁrégan houe Been cdetermined, the emount @@r 100
co. 0f nitrogen can be scomputeds The valuve for the total
_n&tragan determined by adding the theee veluss for nlirogen
obtalined efter the first, second, end freezing enklyses,
would be elightly off, ss & emell sumount of nltrogsn was
left in the spirele of the freering chamber.

Teble I1I, on the next page, glves the velues celoulsted
from Teble 11, In the seconé combustion, § ie the volume of
the sepmple sfter sbeorption by sulfuric ecid, and %a is the
differonce between this velue snd the finsl nitrogen. The
velue of %W in the firsb end epeond combustions should e
the same, afber correcting to nitropen as 100 ec., ss the
geme semple wap etarted with in both cases. A coumperison
of theee velues indloates the sceuracy of the enalysis.

If they do not differ by more than 0.10 in absolute value,
it meens thet the velues of the finsl nitrogen and evig&n&l
semple in the tvo cases were not off more then shout 0,02

ey otch, vhich &g the 1imit of soourscy. The abbreviation
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TABLE IIT
vslues caloulated in terms of
from Table IX nitrogon s 100

1et eonb. £ 66,07

Finsl ¥, 88417

W 18,90 2H+80

0 13.78 24,98

G0y Towned 18,18 34,17

0, used 1875 35,06
£nd comb, 8 70 4 B2

Finel Wg 56437

- | 14.16 26410

21 0498 174

s ' 60 .54

W 13.1% B8 56

70 10,40 18445

C0g formed 14.11 £6403

0g used 11434 . 20.12
Freozing 0, sbsorbed 0489 16.51

Final ¥, 60,882 ‘
(;giz:;i:i%r Vols burned 1.886 5409

e 1.19 1.99

00, formed 1.85 3400

0, used 1,18 1.99

C0g in the semple 204 1.06



01 ueed in hh@_ﬁa¢o§ﬁ aamhmétien sbends for whet wae ébﬁ@?bu
ed In the sulfuric scid plus anything sbeorbed in the right
burette while the sample waslgt&nﬁing there. Tﬁe velue of
oxygen absorbed z2lter freoezing vwhich iz glven 4n the teble
has not been sorrevted by 0.84 6c. asn axgiainad ghove. This
1z not done, s the uﬂaérwast@& value iz the one used in |
most of the csloulations, |

‘From the dsts in Table ITI it fe poesible to osloulate
the ﬁéﬁ&nﬁta of oxildetion. This wlll now e dore.

The fuel burned efier freazlng should oonteln only
garbon &iqxiée end sabtureted bydrocerbone. They sro csle
eulsted by substituting In the eguations of Theorem 1.

He get

= "o - et R
B
= 2XL.00 » 3500 + 23309 = 0.3

§£ = V-0 e
-4 ﬁmﬂg - Gtﬁe 3 26‘?9

Oplonse =V * %0

fa the sumple eontulned, poy 100 nitropen
D430 Hotheno
E479 Cerbon Honoxide.

ozt the fuel ebzorbed by the sulfurle szcld vwill be

Cotermined. It shovld be an olefine plug & emall smount of



hexene, We kmow from the first combustion the totel emount
of cerbon Aloxide formed and cxygen used when the semple
wes burned. The sesond combustion givea e the carbon
dloxlide formed and oxygen used aftor tha'gulfﬁrie,sgiﬁ
sboorption, Henes the differsnce betwesn theee velues gives
uz the earhén ﬁi@xi%& which would have been formed snd the
oxygen vhieh would heve besn used 1 the sonstltuent whieh
wae abporbed by the sulfurle seld hed bean burned.

Weo geb

00ga Op
Plrat eoﬁb&sti@a‘ 54037 55.98
Second eombustion £8.88 - ERalE
DIfference y 9414 13488

If everything abeorbad were nlefinerm, 1.8 times €hé serbon
Moxide should glve the oxygan by Theorem 3. If the oxygen
uged ls In excese of thig, twice this sxzeees gives bthe vole
ume of hexane, by Theorem 4,

148 x 8,14 = 18,71
#o the oxygen excess ig 0.12
20 the hemene sbgorbed by the sulfurie seld hed a volume
of Q.24, |
In order to get the smount of carbon éloxide and axygeh which
would heve been formed snd ueed 1f the ebsorbed olefines hed
been burned, we muet subirect the esrbon dloxlde and thx
oxygen which would have been formed snd used by D.24 hemane.
From Theorem &, D24 hezene would form € x 0.£4 csrbon di-

oxide, end regulre 9.6 x D.54 oxygen.
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COp Op

From above 9.14 -13‘&3

For the hexane 1.44 )

Pue to olefines 7«70 11.68
_Aé cagh csrbon stom 1in the olefine requires one oxygen
molecule to burn it to cerbon dloxide, 7.70 of the oxygen
wounld have been used to burn the cerbon ih the olefine.
The rést, which 18 11.BB » 7,70, or 3.85, would heve been
used to burn the hydrogen in the olefine. Ae one oxygen
molecuie will burn 4 hydrogen stoms to water, 4 x D.83,
or 1B.40 hydrogen stoms weye present. £¢ we gobt er sn
emporicel D rmuls for the olefines pbeorbed e?’qeﬁls’éﬁ.'
The volume ¥ of the ssmple 18 25.20 from the first come
bustion, snd 26,10 féem the second, The sverage of theee
is 25,15, The volume W' after sulfuris soid ebsorption 1s
254864 70 tho volume absorbed is the difference of these
two values, or 1.86. fo to get the setusl forsula of the
olefinee absorbed, we must diviﬁe the 7,70 énd 15.40 by '
1.58, piving us .

14880, o7y 04
This can be comeldered exectly

1.55 Oglyo

Let ug see Af we can determine how this pentene wae

formed. If we mepume thet 1t wee ell formed oither by -
erack;ng of hoxene with the formstion of methene, sccorde.
ing to the eguetion

Collyg = Cyllyo + CHg
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or by the oxidstlon of hoxene with the formstion of earbon
dloxlde according ta the equation

Oglizg * 805 = Qgllao + ZHgO + 00y
then the sum of the volumes of the carbon dioxide and
methene chould give the volume of pentene. 7The sum is
1406 # 0,30 = 1,38, This 1z about as good a check with
1.56 ss oen be expected, sspeclelly as it will Be shown
leter thst some etheme was probably formed slso, which
is not teken into acoount hore. At‘any rate it 1# gulte
sertain thet the cerbon dloxide formed in the oxidatlon
is & produet of the olefine resetion, snd not of the
sldehyde resction,

It will be noted that the cerbon monoxide formed hes
not been sccounted for by the olefine re&atien. We smet
therefore assume that it comes from the rldehyds resstlon,.
The next thing to do 1s to lustify the separation of the
products of oxidetion into these two groups. ILet us as=
sume thet all of the constituents of the aeldehyde reasction
except the cerbon monoxide ere in the precipitate. If
this 1z true, then everything in the gasgous samples
snalyzed exeept the corbon monoxide muest elther be une
oxldized hexene, or De something formed from hexene elther
by eracking, using no oxygen, or formed by oxidstion, re-
sulting in the formetion of serbon dioxide, If this ls
true, then, after correction for carbon monoxide, and
edding in the carbon dioxide end oxygen which wes used
in the resction forming this carbon dloxide, the ratio
- of the carbon dloxide formed and the oxygen used in the



first combustlion should be the seme as 1f pure hexene were
burned. The fact thet this reletionship does hold, es will |
be shown, justified the Aivision of the products inte these
two groups. The rél&t&&n&hiy will now be demonstrabed.
Note from the last equation on the preceding peage, thaet Lfor
each cerbon dloxide molecule formed, twy molesules of

ORYyHen are uasd.

| | 00 Oa
From the Tirsel combustion 34417 3E.08
Due to €O L BaT8 Le40
Differevice &1.08 5280
Due to 00y . - _deD8 2ae
Sum B2.44 3487
ﬁx&g@n glresdy in ssm@lé- 1681
Finel sum 82.44 &l.18

If our sssumption ie correet, we see from Theorem 5 thet
if wo muldiply 38444 by 848 ond dlvide by €, we should
got 51.18. 2g & metbter of fact
SRudd x Pob = BLl26

This sgreoment iz very sood. The retio of oxygen to
serbon dloxide 4g 1.976 instesd of 1.583%, whieh 1t would be
1f the agreement weres pevfset, The avror is mmly 0.136
vergent, snd would ordinarlly be dlemissed as exvorimentel.
Certainly 1% 18 posd enough to lustify the division into
olefine end aldehyde resetions, However, we cen push our
investigstion further, sad soy that 41f the differonce is
real, end se wo ghould have 5l.38 oxygen, éa& get only
51,18, then 0.18 oxygen muet 20 ho oxidize nexene without



the formption of ecarbon dioxide. It muet be noted that 1f

the ratio became 1;5@0 inetead of 1.583, this would meean

thet heoxene instead of hoxens wae the sterting point of the
olefine resction.

Next we turn to see what hydrocarbone were burned in
the combustion sefter the sulfuriec celd ebsorption, It
ehould be a satureted hydroecerbon plus ethene, 1f eny sthene
were formed. The volume W' before combustion Ls 2576
of t&ie, 16451 %e oxygon, ond 2,79 1o cerbon dioxlde. ¢o
the volume of the hydroserbon burned 4ic B35.356 minus these
valueg, or 4,08, By subtrseting the carbon dloxide formed
end oxygen used in the combustion of the cerbon monoxide
from the covrbon dioxlde formed end oxygen used in the
second oombustion, we get the effeet due to the hydrocars
bong nlone.

We have Vol Gdg On

Prom socond comb, 23438 25405 20412
Dus o €O sl a9 2 %0
Difference 20,57  22.24 18,72
0p elready present 1881 | #1681
Pue to hydroesrbonsg %408 28424 B85

%e kmow thabt 0.30 of this ig methene which forms its own
volume of sarbon dloxlde snduses twloe 1hs volume of

oxygen when burned, seo

Corractlion for CH, 0430 0450 0480
pifference | 3478 21,94 . 34.85

t8 this 18 & mixbure of sabursted hsdroaarhoné plua

olefines (#theas), we may apply Theorem 2 to find the
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volume of the saturstes,

05 - 500 = 2 x 36,68 = 3.44
£# the btotel volume is 578, the difference, or 0,88, must
be the volume oF ethenes When 0438 ethene burns, 1t forms

0+64 carbon dioxide, end veed 0,96 oxygen, o

Vol 00y — Og
Pifference (see pg. B5) 376 21 .64 24,65
Correation for Cully 038 Dafd LB.08
DLfference Bedd 21.30  EB.67

Subtracting the 21.30 from 58,487 end multiplying by 4 to
get hydrogen, we heve finelly
Bed40g oM g 0 |

lﬁithia the 1imite of sooursey ¢f the enslysis, end the
seeuraey of the escunptlions mede in the celeulations, this
12 hoxene which escaned oxidation. |

Let ve now determine the emporieel) formmle of the
vrecipitete. Te Ao thie &t i¢ neceessry to know the res
sults of the enelysis of the unozidized swmple whiech wus
collected at the same time this semple was. For 1f we know
the eerbon dioxide formed snd oxygen ugeé in the coﬁﬁustion
of %he unoxlidized hexane, end th@ eérben dioxide formed ﬁnﬁ
oxygen used in the first combustion, the difference between
these velues mush give the carbon dloxide which would heve
been formed and the oxygen whiech would hsve been used 1f
 the precipitate wero burned. The snalysis of this N sumple
will be g&ven 1atsr, g& 1t shows vhat secevracy can be Obw
tainsd with the ges evelysls spparetus. Assuming the

raesulis for the presunt, we lLsve
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693 gg

From ¥ ssmple 49 4,18 - Bl.81
From Tirst comb, E4417 S&s
Difference 14.96 17.28

From the velue of the esrben &iaxﬁd&, m&&% be subtracted
the smount found in the oxldized semple, es this ceame from
the olefine reactlion. ¥From the ?&lue of oxygen must be
aﬁﬁtra&t@ﬁ 0e1%2 due to the fepet thet although the oxidized -
semple was treated with £ ec. of berium hydroxide giving
off 0.84 ce. of oxygen, the ﬁnaxi&i#sd gemple wes molstenw

ed with only 1 ses of berium hydroxide, giving off 0.1E ce.

" of ORYESTie
orrections 1208 Dl
Pifference 13,80 _ 17414

gubexaating'xa.éc from 17.14 end mulbiplying by 4 to give
the hydrogen, we hsve for the carbon snd hydrogen iﬁ the
p?@ﬁiyitatﬁ.(lﬁﬂﬂ ﬁha hydropen combining with some of the
oxygen entering the oldehyde reastion, whiel would not
appésr hore)

Cis,000%1 8,06
m the cerbonehydrogen ratio were i, thisbﬁaulé'aarrﬁsyanﬂ
to soebeldehyde, whisch 1s Cglig{Hg40)e If no hydrogen
sppeared in the precipltate, it would corrgspond bo
formaldehyde C(Hgl)e &0 we seom to bave wmostly scete
Qléﬂhy&a present here. This is gemerslly true of the
R swmpless In the B samples there i much lese hydrogen
then sarbon, indicsting a grester smount of formeldehyde.

gallonder® claims that both sre present.



&8

e cen summerize all of the resulte in an ecuation.
We know from the snclysie o the ¥ ssmple thet the nmixtuye
strongth wag B418 CgHage The oxygen left In the remple
efter cxldeblon wae 16.87 cfter correocting for the effesct
ef the beyrlum perozxide, end the Initiasl oxygen was ZE.48,
sc the amount uped in the snelysle wos 10,18, Henco we
hove

Cel8lging * 1028 Op = Beddly pHag e * 024CaHa g

* 1oBBCgHLs + 04580 M, + 0.30CH,

+ 106005 + 247900 + BlZHR0

+ Casfan,ee(flnl)y
e mizht epeculnte further about the precipltate. The x
een O culoulzbed, s everyibirz olee In the squablon is
knownia It comes out aboub 14, szo we might eay that the
proeclplitate wes meinly mede up cf;?_@ﬁ,ﬁﬁﬂ + THD. 2%
loast, 7 «o2uld be their volvme 1p the gesseour ghbate. To
this muet be rdded the RJA2H 0 slresdy found,

Tt ds enzy Yo £ind the amount of hexene which entered
the olefine reaction. Ve have 7.70 carbons from the pen=-
tene, 1,08 from the sarbon éiaxiée, end 0.64 from the
ethenes. The suwr ofthere MMvided by € fiver the rmumber
of wmoles of herere {(per 100 moles orlnitragan). This turns
out to be l.ﬁ?;

o fMind the nomber of ﬁﬂl@m of Qkyg@n uned ner mala'of
hexane in the olefine reaction, we dlvide the “etel number
nged In thle resetlon by l.57. &8 1,06 carbon diexide wae
Formed, 2.12 oxygen went there. We saw vhen we dlscussed

the justifiectiom for Alviding the resoctions into the



elefine snd the aldshyde thabt 3.13 oxygen was prabahiy used
in the clefine reaction without the formetion of carbon
dloxide. S0 the total smoumt ueed is 2.30, Dividing thie
by 1,87, we get 1.47 moles of oxypen per mole of hexsne
used in the olefine resction,

Wo proceeﬁlin a pimiler wey for the sldehyde vemctione.
The earbon in the precipitete fe¢ 13,00 gnd to this we add
2,72 corbons from the ecarbon monoxide. Dividing this by
€ glves us 2,70 moles of herere entering the sldehyde
reaction,

The onygen eutering the aiéebyde rescbion mast be the
difference between the total smount used end the amount
used for the 0lafine reactlon., ™l s 10.16 « E2.30, or
7.85, Dividing thie by 2.78 glives B.82, the number of
nmales of oxygen per mﬁis of hexsne sntering the aldehyde
recotlicn. Wow the oxygen evalleble is £68.42, snd the
Inltlsl mixture of the hexine was £.18. Dividing, we
got 3.22 moles of nkygsn pey mole of hexsne av&iiabi@ for
the reactlon. %o the aldohyde reactlion stopped before all
the avelleble oxysen was ussds This alweys haprens in the
conted tube. Th the uncouted tube, 2ll of the oxymen
gvailable 1s uscsed. In fecl, osloulation showes thet slight.
1y more then the svalleble cmovnt 1s used. By " aveilsble”
is meant the smount of oxysen in & small region arovund a
reaction acenter whore the aldehyde recetlion takss place.

If any oxygen evters by Alffusion from a neerby region
whers no reastlon 1z taking plsce, more than the “evellsble’

gmount 1o presant. Flow through the tubes 1s assumed to be



etoedy.
Before golng on to » disgoussion of the resulie at

dlffevent temperehures, ¢ fow remarks on the sombretion

of en vnoxldized semple are 1lluminsting, as this genalysie
shows what seccursey 1s obteinedle with the zprspretus. The
resulte of the amalyele of known substences i1s vevelly not
#lver in e report invelving ges annlyels. Ve v111l take the
¥ eample celleeted st the seve tlme po the B pemple just
divguésré. £ combyvetion arclyele of the semple wes maede

in the veusl wey. ﬁfte? covversion te 100 ritrosen, the

followlpp velues were found

W ¢ 00y Oa
o478 56,60 149.13 51,21
2e ¥V sonslzte entlrely of ocxygon end hexene, subtragtion

ef the oxyger will plive the mixbure ctrength of the hexene.
The s»xyzen prosent In the sampls 1s the 26,42 from the
etmosphere plre 2412 sdded with the 1 ges. of Derium perw
oxlde, which was put in for molstenings, To the 51.21
oxypen added Lor the aprlmebtlon must e added this 26.54
glreedy vregent, We sze Trom Theorem B that sither dle
vielon of the total cortraction by 4.5, or the carbon
dloxlide formed by 6, or the bobel oxygen used by 9.5,

should also glve the mix tuve sirensth. We heve

From W 34,72 - 20,54 = 8,18
Frumw 90 SQe80 = BJAV8
n%fgw
Frun 09g 40,13 = 8,188
&)

From Og ggaég = 3,184
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Accuracy such as is shown by the ebove results is something
esoldom ebbelned In gas snelyeis. Vhen such resulie are
chtelned with & known sempley 1t 1s ressonable to sssume
thet the resulis obteined whon unknown fsmples s¥e anslyzed

sre velid mlso.

RECULTS OBTAINED 07 DIFFERENT TEMPERATUTES
A¥D THETR TWTERPRETATION

£11 semples wéro analyzed ag exninined in detall shove.
The resulte are glven In Tebles IV, V and ¥i, The Interw
pretetion 1s mede elesrer 1 theze rewvlis erc viliotted
agelinet the temperature in s sorlies of grephs, the values
from the uncorted ard cogted tudbes in crak sare Lolng pub
on the same srarh te fgaf**tatﬁ sopparison. ALl velunes
are In terms of nitrﬂgan s 120, unless gpoeelilfied otherw
wise., The asvalysie of the zample ab 463°%7, wee not as
sugcessful no zome of the othavs, and although the polnte
obtained from this onalyeie sre Ineluded, they should not
be given boo mmeh wofrhb, The exporimantsl pointe are
marked with & dot for the gsamnles from tho uncosbed tube,
end ¢ cross for bhe'samplas from the sosbed tuhe,

Pigures 7,8 and 9 show whet goes on in the hested
tubes in the furnace, Fig. 7 showe how such oxymen wes
used up in the oxidetior. AL 318°U. thaie is 1iittie oxide-
tion in either tube, but more in the uncosbted (%) than in
the coeted (%), Tha emownt wveed lacreases rapidly with the
temperature; and then bepomas ?T@ﬁti&ﬁliyraﬁnsﬁaﬁt. It will
be noticed thet “he survee might have beon drewn o drop

slightly st higher timperatures. This offeet has not been
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TABLE IV

Og used, 00 end C0, formed, in oxldstion

Temps ~ Op | o COg
B famnle
215 00,55 80,00 00,00
546 15.7¢ 2,53 0,75
370 15,64 5.62 0.81
500 16.47 8.00 0,95
458 15,58 8,08 0,94
183 14,77 587 0.91
R Semple .
%18 00,27 00,00 00,00
546 L 8,96 1,59 060
379 9.18 2445 0,86
%08 20415 2479 1,06
435 9,84 2461 T
463 8,78 2,46 1454

Y faaple

Xot oxidised
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TARIE ¥

Flret wmh., gorracted for Q0 end G0, formed in oxidation

Temp . W GOg Og Og deviation pemanﬁ
: 00y from 1.58% deviation
B Sample
516 7280  4Be4l  V6.48  1.580. 40,008  +0.1805
54€ 5,16  £4.7¢ 38,08  1.676 403008 404568
579 8448 24407 86,15 1686 -0.002  =0.1265
298 BalR  B4404v  BTT8 L1872 #0011 40,688
425 4479 25,04 37.86 1.585  =0.002 =0./263
483 BeB3  R6.B1 41407 1,589  #04006 «=0.379
R Sample
518 B.08 48,79 77,28  1.584 0,001  =0.0632
%46 6461 86,80 B7.96 1,575 40,008  +0,505
7 8480  BE8,34  BR.E0 1,866 40,017  +1.078
%98 BeBE 32444 51,18 1,878  #0,006 40,316
435 B39  BB5.33 52,44 1.573 40,010 40,652
463 5.856 52,80 51,08 1585 0,002  0,1268
4 Sample
515 Bo28 49480  TB79 14382 401001 +0,063
546 BaB0 48419 TEJR 1,580  «0DW008  «0,316
379 Bald 48,78 V7448  1.588 . ~0.005 0,318
o8 8418 49,18  77.75  1.888 0,000 04000
438 Bel7  4B.98  TT.BE 1,583 0,000 0,000

463 8423 TBe2C  1.801 40,078 40,1463

1
e
™

e
[fur}



Tormps

316
346
279
208
435
463

518
348
&9
98
438
463

0483
1.286
147
1.69
144
201

0.76
1.52
1.68
1.87
1.99
1,50

moles ag pap
hexene nole

086
.31
1,10
1,58
148
1.80

027
1,00
1.37
1.47
1.49
1,78

6le

TABLE V

0lefine reaction

Og moles Og per

I

Aldehyde resnttlon

eveil, hexsre mole

B Bample
G190
Sel8
Ze 2B
5485
Be24
a2}

R Bample
8.19
FeB2
35488
5428
Ze2¢
321

¥ Somple
Yot oxidie

0300
4.08
4418
4.18
5488
3.88

0100
2.07
287
.78
£.61
2.68

od

Q400

2496

Bedl

3.42
Bed2
B.26

0400

2463
£2.68
2.882
2463
2:118

ppb.

- pone
Cro,oflse.7
ﬂms s%z{i&.g
Crosa¥az,e
Cirenting,o

Civeaflag.o

none
Cro.ollo.n
Crg,ollae ot
Cig.ollsp,0
Gii .lgﬁﬂ a3

Ciasoliag.s
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Investigeted yet, If 4t 4is & resl one, 1t mesns that at high
tempeoratures some of the aldehydes sre erscked into p¢mzH9?s
bafore they heve besn oﬁiéizad veyry muche. 4After being cone
verted into pareffiys, they use no more oxygen, snd so the
oRyren eenmumpﬁion 15 less then 1t would have been 17 they
had stayed eldehydes snd eontinued oxidizing. It will be
. seen that there 1s less oxygen used in the I eeamples. This
le expleined 1f wo considey the olefine moleocules sg aobie
veted, snd seting es resetion contere for the sldehyde reoe
sctlon. Upon contaet with o svrfece, some of the olefine
meleoules sre desetlivated, the smount being mueh groster in
the csse of the lead oxlde coated wall, Hence in the ecosted
tube there sre lesgs reastion centere for the aldehyde reo-
wotion to start, £8 most of the oxypen used goesg into the
asldehyde repction, there is much lese usged in the costed
tubes The explenstion jJust given Implles that the first pro-
dugte of oxidetion must be olefires., The method of enalysils
uged does not glve scourabe results when applled to s very
slightly oxidized sample, but smell amounts of eolefines were
obtelned st 31B%C. Bach, hae shown that oleflinos snd DOTOR
ides ere the first producte formed when oxldstion etearts.
Fige 8 shows the smount of carbon dioxide formed at
verlous tomperetures. It will be noticed that the curves
eroes, the amount fovmed in the B zample being greater atb
lowey temperstures, end the amoun® in R being grester at
higher temperabures. &ie the regetion in the uncosted
tube starte et 8 lower temperature thsn that in the conted

tube, thle is to be expected. 4% higher tomperstures the
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formetion of cerbon dioxide continuelly incresses in the
R sample, while 1r the B sample 1t tends to become conatent.

Fipge 9 glvos the smount of carbon monozide formed ab
the verious tewperatures. £8 it comes from the eldehyde
resotion, snd there iz no aldehyde reaction at the lovest
temperatures at vhich there iz any oxldetion, no carbon
monoxlde wasg found st 318°C. £Le the sldehyde resction 1s
_inhiblted in the cosbted tube, thers is less found in the
® smemple than in the B, If the oxygen curves should drop
glightly et the higher temporstures, se jJust explained,
then there ghould be & drop in the cerbon monoxide eurves
#lso, es lese gldehyde molecules continue their oxidabion.
There seems t0 b pome indicatlion of thils from the posie
tion of the pointe, but until more experimental evidence
is obbtelnod 6n this question 1% secms wilser to continue
the lines strelght, especislly since there 1z some ques-
tion about the polinte obteined for the semple at 463
depreos,

Pige 10 gives the smount of oxygen used when sll the
molecules of hoxane entering the olefine reaction, or nob
rosebing, were burned to carbon dloxide end water. This
ie obteined by subtraeting from the oxymen used in the
first combuetlion, in which ell tho geeeous products from
the furnsee were burned, the oxygen used in burning the
carbon monoxide, which iz from the aldohyde reaction, end
adding the oxygen which went to form the carbon dloxide
found in the semple, ae thils cume from the olefine roe-

actions It wilil be soen that more oxypen is necessary in
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the R semple than in the B, Thie is due t0 the faet that
there 1z less oxidation in the furneee in the R sample,

end so more fuel 1s leoft to burn in the combustion snalysls.
This curve might be quelitatively considered as the reclproe
gal of the curve in Pig. 7. Ths curves drop raepldly at
first, and then streighten out, showlng that the amount of
oxidation in the tubes, snd henee the amount of fuvel left,
does not very much with the temporabure after about 380°C,
in the csse of the B gomple and 380°C. ir the case of the

R semplos |

The smount of cerbon dloxide formed In burninzg the seme
constituents fer which the oxygen wee uged in Fig. 10 s
shown in Plge 11. The curvee necepsarily heve the ssme form
ag those In Flg. 10.

Le hue ﬁlrasﬁy been pointed cut, when the esloulation
ofa typleel sample was glven, the ratlo betweon the oxygen
used (Fige 10) end csrbon dloxide formed (Fig. 11) et eny
temporature should be 1.583. The percent dovietion of the
ratio from this velue 1g given in Pig. 13+ The values
from the correspondipg unoxidized hexane scmples {(¥) ave
aleo plotted, The only reason for th.ly deviatlion is
experimental error. It appesrs thet the deviabtion is not

entirely duve to experimentszl error. The veason has slroady

the molecules entering the olefine resction withoubt formee
tion of Cerbon Diozlde. The points ah I79°C, do not ceem
to follow the rest of the curve. From dete obtained from

preliminery semples collected st 375 depreep, end analysged
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by & different method in which the esrbon monoxide Formed
in oxldetion weg sbsorbed Ly cuprous chloride solution ine
stoad of belng determined by combustion, the points showmn st
3756 degrees were obbeined. They confirm thet the points at
379 degreep sre in ebout the prover pleee. 4 hag beon
polnted out already, this rstio of oxygen tc‘e&vban dioxide
being se neorly equael to 1,883 justifles our divieion of the
products of oxidation into the olefine and the aldehyde groups
Fig. iB gives the volume of hydrocerbons which burned
in the Tiret combustion efter correotion for carbon monoxide
end ocorbon dioxide formed in the oxldstion, es elveady ax»v
plained. 40 315 degrees, this volume is nearly what 1t
‘would be if there were no oxldation in the tubes. ¥Followw
ing the oxygen end cerbon dioxlide curves of Pig. 10 snd 11,
the eéurves drap'at firet, ond then becoms constant. There
beling lese oxidetion 4n the eoeted tube, thore will be morve
left to burne The determinstion of volume le the lesab
seeurate of eny, errors of only a few hundredithe of & ©C.
in en enslysie belnr sufficient to scatter the polnts me
mach a8 they ere in the figure,
'?ig.'l@ ghows the number of moles of hexane entering
the diafine resmebion, It will be noted that some enter
this resotion even «t 315 degress, snd thet the smount
beeomes constant et higher temporstures. Alse note thst
the number in the B snd F semples are nearly the same.
The olefine reaetion 1g not effected very wuch by the
lead coeting.

Flge 15 gives the smount of oxygen used in the
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clefine resotion per mole of hezxene entering this reaction.
Ag the number of meléavéf hexane entering this resetion sre
sbout the ssme for the B end R ssmples, the smount of oxygen
ueod In the resotion in the two cases 1s nesrly the samo.

Ae the resetion in the uneaﬁtﬁd tube gete sterted st s lover
temperature then thet 1n the costed tube, the ozxygen uaed in
the B semple 1e greater st firet, snd the curves erosz foy
the seme resson whét they do in Flg, 8. The sverage valus
at higher temperaturee is sbout l.4 malga of oxygen per

mole of hexene.

Fige 16 gives the number of moles of hexene entering
the sldehyde resction, They start from nothing at 3186
degrees, snd the B curve incressee more rapldly then the
E ot lower temperatures end remeins ebove it, The amount
used becomes consbtant et higher temp&raturéa. The theory
proposed hore to explaln the e¢ffect of the leed costing is
thet the coeting prevents molecules of hexane from enter-
ing the sldehyde resction. Flgs 16 shows from experimental
results thet thils is the cese.

Fige 17 shows the number of moles of oxygen used in the
sldehyde resction per mole of hexane entering thies reaction.
It will be noted thet this velue is zero et 7156 degrees, ss
neAmnlﬂaulas entered the aldehyde resetlon st thie temperaw
ture within the limite of geocursey of enslyels. The numbey
incressed repldly with the temperabture, snd soon, in both
B snd R samples, exceeds the aemount used in the olefine re=-
agtion, showing that the molecules oxldized much further in
the aldehyde resction. As & matter of faet, the oxidation
continves until the finel products probebly are formalde-
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hyde or scetsldehyde. In the olefine reamction the oxidetlon
stops ae soon as the tip of the hexane molecule iz oxidized
off, pentone being the ususl end product, es zhown Iin the
caloulation of & typleel semple. TFig. 17 ehows thet the
emount of oxygen por mole is leegs in the csse of the ¥
semple. The presipltates sll correspond to mixtures of
formaldehyde snd acetaldehyde, {Gﬁgﬁ)x end (Cglighyg0), with
one exeeption, as ils seen by referring to Teble VI. This
excoption, the prscipltate of the R sample ot 435°% ., is
no doubt due to experimentsl error. The R procipitates
soom to correspond neerly to acsetaldehyde, while the B
precivitates spresr to be a nmixture of thr Swe. AL any
rate, oxldation yroeead&'toﬂthaaa 1limite in elther case,
80 gz there 1s much less oxygen ueed in the R smuple, 1t
mist meen thet less hexene moleeules enter the sldehyde
reaction in the coeted tube, This has elresdy been shown
to e the case in Pig. 16. The horiszontel line in the
flgure merks the emount of oxygen per mole avellable for
the resstion. It will be noted thst in the R tube the
avalleble oxygen 1g not used upe As has been explained,
diffusion from nelghboring aress where there ers no re-
sction centers explaing why the emount of oxygen used In

the B semple excesds the "avallable’ smount slightly.
CONCLUSION

The results obtelined and thely interpretation ere
baged on the very sccurate analyses which it was possible



to get of the products of oxldation obtained by pessing a
mixture of hexene vapor end elr through hested pyrex glass .
tubes, one heving s lead soeting, snd the other being une
eoated, Experimentel errors in gae enalysis vhieh up to
now heve been considered unsvoldeble, or not consldered ek
8ll, would give such sgsttored resulte as to render any
interprétetion difficult. The greaber pert of the time
apeﬂt on this problem hes beon nged in raf&a&m&nﬁ of the

appraratus used to enslyze the ges semplen.
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