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HISTORICAL

It has been known for a long time that hydrocarbons
may bs prepared by the sotion of sulfuric aoid on aloohols
and olefrins, The meuchenism of such polymurizetions has been
discussed and the conditions for ceondensation studied., Very
little resesrch has dbeen ocarried out to sstablish the identity
of the productes ovtained by polymerization of alochols and
olefins with sulfurle solid.

Wiaohnegradskyl ocondenscd isoamylenes to diamylanqs
with ¢oncentrated sulfuric wold and obtained a polymoer boiling
from 154 to 156 degrees, From rifty-five graos of lsoamylene
he obtained forty grams of diamylens, On oxidation acetie
acid, ocarbon dioxide mndé oxydiamylone wore obtalined,

Sohneider® polymerized amylene (b.p. 30=37) to
dianmylene with diluted sulfurie acid { 2 volumes of acid to
1 volume of water). Carbon dioxide, soetic acid, and
oxydiumylene were formed on oxidation of tue polymer.

By trvating trinsthyl carbinol with suliuric acid
Lutlerowd obtained isobutylens whioh dissolved «nd polymorized
to diisobutylene. One hundred parts of alcohol yiclded zixtye
rive parts of diamylene.

1. %ischnegradsky, Bor., 8, 434. (18758)

Z. Sechneider, Ann., 157, 207. (1871)
3. Butlerow, ainn,, 188, 756. {(1878)
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Konowalow4 polymerized isobutyl aloohol with diluted
sulfurio neid { 4 parts acid to 1 part of water) and a little
talo. Froo one nundred grams ol isobutyl aloohol he obtained
Torty-three grams of polymer bolling Iroam 104 to 178 degrues.

Kondakow® prepared ootenes by trssting isobutylene with
sulfurio uold.

Ner® reported that isobutyl, tertiary butyl, and secondsry
butyl sleohole dissolved in four $times thelr volune of concentrate
ed éulfurio golid at zero degrees. Alfter a short time an ol1l)
separated bolling from 150 to 400 degrees, Complete meparation
was obtalined in twenty-four hours.

Michael snd ﬁrunelv found that trimethyl ethylene dissolved
in congentratee sulfuric socld at zero degrevs and polynerized
on standing. iy addins different anounte of water they varioed
the tine for oo plete solutior from itwelve minutes to forty
hourse They also polymerized other amylunes and some hexenss.

Hiohael and ﬁai&leﬁapoly'arizeﬂ izopropyl ethylens by
mixing with five volumes of sulfuriec acld (2 vol. oono. unocid
to 3/4 vol. of water),

Brooks and Vumphrey?® have shown that in the washing and
purifisation of sotroleum distillates with sulfuric aocid,

4. HKonowalow, ber,, 13, 238956. (1880)

5. Yondakow, J. Frakt. Chemie, 54, 442, (1898)

6. Nef, inn., 518, 26. (1901)

7. Michacl snd urunel, Am. Chem. J., 41, 118 (1909)

fe Hiochael and “eid , snn. 38b, 252 (1911)
9. orooks and lHumphrey, J. Am. Chen. Soo. 40, 822 (1918)



-3 ow

polymarization of the unsaturated hywrocarbons ogcurs. They
found the tendeney to condense to inorease with inoreasing
molecular welght, In addition to polymors, secondary and
tertiary aloohsls and alkyl esters of sulfurie maeid are formsd.
Both dimere and higher polymers result, the psroent of easoch
depanding on the nature of the oleflin, ihe amount and councentra=
tion o1 tYhe aocid, and the temperature. Thus Zenethyl butene )
was dissolved in twice its volume of eipghty-five percent
sulfurio seid 8% lu degreves and no polymwmrization occurred.
vhen dilutes «ith loe wator a forty-five percent yield of
tertiary alcohol was obtained, Totra unethyl ethylene (46.9
graas) when troated with eignty-five percent sulfuric acid
{150 grams) at zero degrees and allowed to stand Tor one hour
yielded more than Tirty peorcent dipolymur. when one hundred
pureent sulfurlic acid was smployed on hexeunes at minus bton
degrees, seventy-two grams ol hexenss gave sixty-two graus of
polymer. Jondonsation in this cuse went further than the die
polymoer, for a small portion of ths product was a visoous oll,
Also oconsiuerable oxidation ocgurred as twelve peroent tarry
matber was Jelft and evolutlion of sulfur dioxide was notiecud.

Brooks and Humphrey state thet the alpolymers contuin one
aoubls bond. Yo ring formation was observed. They did not
attenpt %o ldentify the polymers.

Later investigations by Mmrrﬂllle have shown the loss due

10. Jaogue C, “orrell, Ind. and fngr. Chem., 18, 794 (1927)
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to polymerization in the purification oI oracked distillates
in suliuric asoid refining variss from a negative valus to
three asnd one~tenth paraent., The amount 01 polymerization
varies with different olle. The negative value obitsined in
ooertalin cases ie vxplained by condensation of low bolling
hydroocarbons to form polymers bolling within the gasoline
range. Tho gquantity polynerized in this way was greater than
the quantity of gzasoline hydrocarbons condensed into heavier
olils,

By inoreasing the smuount ol sulturio aseid on a given
amount of distillste, the boiling polint was inercased showing
an inoreass in polvmerization. The sanme goneral effect wasg
noted when the concuntration of the aoid was inercasod. The
behavior nf pursz unraturatsd hydrocarbons and the unsaturated
hydrocarbons in oracked distillates toward sulfurie acid
indicates that ithe inorcared bolling point iz dus not only to
polymerization, byl also to formmtion of neutral or dielkyl
ggters of sulfuriec acid and subsoguent deconposition of the
neutral esters into higher boiling, tarry residue.

MHorrell gives as one explanation Tor thoe nwchanlen of
polymerization of unsaturated hydrooarbons by sulfuric sold,
the foramtion at first of the acid sstur or alkyl sulfurie
noid by addition. This addition product subsoguently reacts
with amother molecule of olefin to form the polynmor. The

sulfurle soid is libersted and theoretioally may g0 through



many oyocles,

CHg , GH:
(1) "N - ooy » Hyt04 S~ ¢ - clig
CHg CHy ©OgH
\ Gl
(2) nﬁé\a - on e
5 3
0 - SO = H w} HHe - 0
Clig,
‘wﬂ&}g - {3 -~ i.vﬁa * Iﬁaﬂgg

HC = C(CHg)y

Thieles' thsory of partial valenos is ulso uesed by lorrell
in an ettempt to explain this polymerization. This theory
postulates that double bond earbon atoms have a residual valence.

The formation of diisodbutylens may coour asz follows:

H
§9Nu
c - d ; cH
S - {l!—w-*f-...ﬁn - Gl !
B & - ok o= ﬁi
Hoomen B g & _ ong
Oty

Yorrsid also stales thet further sesumptlion is mwde that
the molecules conitein i labile hydrogen atom which shifts from
one nolscule to the otiher, as shown, permitting polymorization.

in an investigatlon of the polymsrization of amylenes
Horris and Joubertll studied the struoture of the polymor
obtained, as well as the conditions under which polymsrization
took place and the sechanien of the resotisn, They found

trimethyl ethylene end unsymasstriocal methyl-ethylesthylene to

1l. Norris and Joubert, J.im. Chem. ‘oc., 49, 873 {1927)
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polymsrize most readily. Thusse siylenst have two radicsls
linked to an unsaturated ocarbon while the others heve & hydrogen
attached to wach unsaturates carbon,. Triasthyl et.ylene was
sompletely polymerized by sovenby-Tive percent sulfuric seid in
twenty minutos when heeted. fgual moleculay quantities of
sulfurio acid and hydrocari:on were used and the product was
mostly dipolymsr. The temperature to shieh the mixture wnes
hvated was not given., Unsymiastrieosl nuthyleetoyl-ethylaone,
when trented ln sinilar way polymerized in twenty~Cive minutes,
yieluling uwostly dipeolymer. Isopropyl sthylene recuired six
days for polymerizstion nnd yiselded two-thirds dipolymer and
onu-third higher polymsr. le-methyl butene-l gave no polymoer
in fourteen davs and pentsnase-l only a fow drops in three dayse.
Yorrie and Joubert {found polymaerization with the amyloncs
takes jlece oct romdlly when the aocid seter ie not Jorned.
The fomation of diamylonss resuliz froo the dehydration of the
amyl alechol in solutionm, or that forsed as & recult of
hyarolysis of s alkyl sulfnte, torris and Joubert explain the
dehydration of tertiary usmyl aleoohol by the vollowing oquation:

Callg(CHB) 20 (00« HIC CHy C(Cliy) o — Calig(CHy) pO(CHa) =G (Cilg) pe2Higd

In support of this theory of the aechunium of solymerization
the auvors hove given tae following evidones:
1. It is in scoord with the renotivity o the hydroxyl

group on a tertiary ocarbon anc of hydrcgen on a CHp group attached



to a tertiary ocarbon.

(2) The dipolymur ou oxidation aid not yield aldehyde.
Therelore no hyorogen is presaant onyﬁhw unsaturated sarbvon.

(3) The dismylenss ylelded ketonss upon oxidution,

(4) The diamylenes deoolorized s zolution ol broumine in
acarbon totrachloride, whioh showed Lthe presence of & doubls
honde.

Horrie and Joubert state that olher methods of oondensse
tion than thet given above nould leuu 10 soupounde vontalning
a hyurogen aton in ooubinatlion with an unsaturated carbon
atoil.

The authors nttempted Lo establisl the consstitution of
vhe dipolymers obisined from trimothyl othvliene and 180e
propyl ethiylene., The decene i'rom trimesthyl ethylens remoted
very slowly with agusous poltassium paroangunate, rFotacsium
dichromute and sulfuric wsaeid, hot or eold, aisro roacted very
slowly. The ozonide waus prepared and decomposed. aeutie
acid, formic seild, and acotone were identifled in the deconme
position produsts. The presencs of an ueld of rormula
Ggﬂlgﬁa and xetonse of nilgh moleoular wsight was shown. The
structurs of the neid, CgH)p0p was not estublished and the
high moleacular welght ketonos were noy identilisd.

ﬁ&garla has preparaed a new ootane by polywsrizing

tertiary butyl aleohol witn rulfuric scid ond hydrogunating

12, Orahem Ldger, J. Ind. and dngr. Chem. 389, No.l, 145,(1927)
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the octene., The cuantity ol oatene rosulting from poly-
msrization wos coventy~five doresnt ol the caloulatede The
sotene was hycrosenated over nisksl eatulyst und the yield
of ootane war ninetye-seven pureent of the theoretical.

The now ootans are the strusturasl forauls

Ol }Eﬁ
3

(3}{3‘/— O ﬂﬂa—’ $)31

{7333 ﬂa

Ho proofl of the oconstitution of this octane is given, it
baeing evident that no other stirusnture wsas poss ible regardless
of the mechanisn of tue polymerizution unles. 8018 rearranges-
mant ooourrad. The elialnation of a ooleocule of water bY two
aloohol .olueul:g, ans the lous ol a sacond molscule of water
by tiae tertiary slecohol formed would soacount for ths ooclong,

N | CHa

\
1t w01 '
() '““t"‘\'i-?’zf‘: Seng

(Cliglg C = CH = G(CH3z),
~_OH]
if fszodbutylene wore Lirst formed snd regoted with the sulfurio
aeld to form the moid eater, subseguent eplitting out of
sulfurie aeld and polymarizstion of the butene would give the
came ooteneg,., cuntions Tor thie particular reqaotion huve buen
givaen above,

In an invustigation on  the rearranvenent and deoonposlie
tion of amylenus Norris and H&utarlarayort that icopropyl

athylene rearrangaed to trimethyl ethylens whoen trested with

13, Horris and feutsr, J. .m. Chum. 00., 48, 2624 (1927)
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gixXty poreent sulturle acid. One hundrod ouble caentinmuitoers
of grretully purifisd isoiropyl sthylene wus trested with

gn eqgunl volume o7 sixty perovent suifuario acid for one hair,.
Three cublo centimeters of a tertiary auleohol was found in
the oroducts. The aloohol was forsmed from trimsethyl ethiylene
whioh was praszent dus to sone rearrangaaent,.

4 amall amount of polymer wsar also formed but no sitempt
was wads to identify is.

Ormandy and aravan14 have ound that an sexoess of nipnoty=-
eight pereent sulfurie seld on wleohols end olefine eontaine
ing threc or =ore carvon stong will form polymers whioh are
saturated hydrocarbons togethur with some highly unsaturated
hydroosrbons. They {ound that open ohain olsfine yield open

shein paraffins, while oyole olefins yvield ovelis puraffins.

14, Ormandy and OUraven, J, Inst. Petroleum Tech., %§ 844 (1927)
Je o6« Chenm. Ind., 47, o177, 20T {(1928)
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introduction.

The purpose of this rosearol wer 1o study the behavior
of methyl isopropyl curbinol on troatment with sulfurio aoid
and o investigaty the propuriies of one of the nipler
hydrooarbong formed In the reaction. The numbsr of isomurie
decanes 1ls lLarge and very few of them have been prepared and
igentirfied. “inoce 1t was anticlpatad that a deocens would be
formed in the ebove rasction, this proccse offered an casy
meang of synthesizing through the degene & highly branched
deoane, lurthermore, it should be possible to use a siullar
reaotion in the preparation of like substanoes. Flrst, howe
ever, the exsot 1dentity of the sulstanoes formed must he
known beyond all reasonable doubt,.

Yethyl izopropyl carbvinel or secondary 1soawmyl alcochol
yields trimethyl etuylene readily and it has been shown that
this amylene does not rearruang® in sulfuyric aecld selﬁtiun13.
The hyurocarbon obtained by treasting methyl Lsopropyl carbdinol
withh sulfuric soid snould sherefore gontain few, if any,
ieomorie degencs.

Hethyl isopropyl ecarblinol was not svallable «t the time
the problem wey uncerstakon and was preparsd from isopropyl

broaide and acetaldehyds by mesns of the Orignard reaction. The

13. YNorris, loo. cit.



detalls of this preparation are given witi the exporinental
duta,

The aleohnl was traated with sullurie acld, spegific
gravity 1.67, and hanted for twenty minutes ut elghty degrees
witﬁ vigorous stirring. The yield {ron this rosetion of
substance of the empsrieal formula Oyoflzg veried from glixty=-
five to seventy~five percent. This particular strength ascid
und tomperaturs sers ussd because & nuuboer of exporinments
proved that under these conditions the yield of the hydro=
sarbon CjipHagp was aighest. ascld of higher oconcentration gave
g grdaver pereent of nhigher boiling substanoes and uwcid of
lower concentration yielded muoh trimethyl ethylene. Higher
and lowur tomporaturee aflfsoted the yield »f the deosno in a
like manner. Treatzent of the aloohol sith sulfurie woid at
roon tempersturs over a long perlod was not studled. %awrinlx
has ‘hown that sulfurio aoild, specifio gravity 1.5, polymorizes
trimethyl etlylene in six days at rooa terperature and ylelde
a dipolymer only.

The polymoer obtained was vory suraefully fractionsted. It
wa shnlyzged oyl ite moleguler woalght detorminsd. The density
and refractive index of the cubstancs were mousuraed and the
molueular refreotivity easlculated by uwans of thoe Lorentz and
Jorenz formula., The voluows obtained from Lhe analyais and the

molecular welzht determinations and the moleeular ralractivity

l1l. Uorris, loe. cit.
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agread well with thosw erlonlatbod for ¢ deoene or snpirisal
formule {:‘lgﬁggt

The dveena on trsuitment with acld potuselum peromugsnste
yieldad mcetone and & very smell asount of a kelone, The
senloarbazone of this ketons zelted at 128 degrees,. Eﬁ%?ﬁﬁiﬁlﬁ

found that the senigarbazone of (CHgl, «g = CO0Ha melte at
Calig
136 ~ 138 degrecs, and slthough none of this suterial waee

available for the purpose of making the semicarbszone und taking
8 mixed meltiag polnt, it socms reasonably certais that the
small anount of substance isolated together with much unohanged
agoene was the above ketoneo,

Artempte were made to oxidize the degens with potussium
permangenste in soetong but were unsuwccessful, in that no
oxidetion produets could be iLdentified, queous potassgium
permasganate vieldsed ascetons, but no other product was isolated,
The decene wsas very difficultly oxigimed in neutral potassiwa
pormanganate solutions The decgene wan Lhoen treated with ozone
in carbon tetrzsohloriaqae and the produots of ozoniguation were
studieds Vormle woid and acetic melid were obisinsa in about
aasual quaniities anc ldontified. Thors wne wleo obtulnsd a
katone whieh was isolsutad by repeated froegtionml distillistions.
sbout one-sixth of the original msturdal weo obtained &8 sola
and ketone.

An analyris yielded results in oxoolloent agreenent with the

formule CoH140, ‘Yolecular refveotion calcoulated Lor sueh @

15, Heerwein, ann. 418, 170



- 13 -

kotone cheoked with the observed owleoular refriotion.  When
treatod with sodlum hydroxias wnu lodine, ilodoform was proe
ducad Indloating 2 methyl kstons. The Xetons Taraed a
semiqarhazone whiah moltad a4 188 degrasgs, This indioutes
different splittings of the denena whan trented with aeid
permanganate and with ozone, or the nresence of an isomer in
the starting materisl. Since, howaver, ths deasns whiash was
ozonized boiled over & range of one degree, we assums thut 1t
reprasants sprontlelly one substanee, or possibly a nmixture
of inomers of very closely related structure.

A portion o the ketone wus troated with sodium hydroxide
and breomine. The produocte fdentified were carbon tetrabromide
and bromoform. 4in seild was also formed, but on agoount of its
smnll qusntity 1t was not analyzed. 4 tolulde wos moae from
thas woid and para-~toloudine. The tolulde nelted at 18 degrees.

It was thought the ketone might possibly be ‘GHﬁ)ZCH'%QFQQGE3'
3

This ketone wag prepared and the melting point of its scmle
curbazons found to be 11l dsgrses,

The ligquid decene wasg hydrogeanated by pesas of pletinum
eatalyatlﬁ and the svodued analyzed. The analysis cheoked for
Ciollgzs Density end refraotive index of the substanca were
measured cnd the moleoular rofractivity determined. This walue

chocked with *he aaleulsisd molooular refrastivity of a decane
C1ofinze

1. Adams and f»:wiﬁﬁr’ Jo Amere. Chem. 500. ﬁ' 217 (19:3)
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Freparation ol Isopyopyl lronlde. One mole of isopropyl

aloohol (90 percent) and three moles of aqueous hydrobromie
agid, speecific orovity 1l.49, were slowly disntilled. In sone
cnsui NOFe then thne caloulated amount of nydrobroulo acid was
employed. The bromide wae traneferred to o soparatory funnel
and wsazhed with water, dilute sodium bicarbonsate solutlion and
water. The bromide formed was dried over sodium sulfate snd
ahen dry wey Jraetionated bthrough & twelve inel besd oolumn
and oollected in = rlask provided with a ecaloium ehloride

tube, B.F, H8=60 degree,

TaBLYE HNC. 1

“Grang of L80= Tirams of 1Hr,  orams OF 1e0=  rorcent

propyl sleohol Cpelie 149 propyl Bromide  Yield
120 1800 134 60,4
560 8700 407 74.8
120 960 156 70.4

864 1880 STe 76.2
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Isopropyl vrondae aan also prespared by saturating iso=-
propyl =leobol (80 percent) witnh dry hyarogsn bromide. The
Tfilask containing the nlovhol was slosod with s two-hole
rubber stoppur. Through one ﬁﬂla a delivery tubes asxtonded
almort to the bottom of the flasgk :nd = aanloium chloride tube
wae »laced in the second hnle, The lask was kepit oold 4in
an ioc8 and salt bath and hydrogen bromide bubbled in. Yhen
paturated, the Tiask was stoppered and allowed to cone to room
tenparature ﬁlow1y¢ The bromide was separated In a funnel
aung the ﬁaﬁ%r~alagﬁwlwhyérﬁbromie seid solution cooled und
ageain zaturated with 4ry hydrogen bromide. This mixture was
trested in the same way ne he first portion. The bromide
was waehed with wator,; dilute sodium blosrbonate solution and

water, It wasg drisd over asodlum sulfets and oarefully

fragtionated,
T:x 31:&2 HQ: II
Orame OFf 180~  Grams of L8o- Fheoretioal roreent
propyl) ~loohol  propyl Lromide Yiaeld Yield
800 1380 1660, 0 B5.7

780 1200 143%8.1 85,4
900 1220 1660.5 Tiad
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Praparation of Methyl Isopropyl Curbinol. 23 grums of

dry mugnosium turnings were put in & three neck, three Jiter
flusk, provided withi & surcury swveled weochanionl stirrer andg

a rerlux gondansur olozed with o caleiws ohlorids tudve, 800
o0. 0! sodiun drled ether were then udded und HOU grams of

dry isopropyl bhromide sliowly run in through a dropping fun.el,
Care sax taken to bave 2ll parte of the spparstus thoroughly
dry. The magneslum war urled in o veouum dessloator, the

athar over bright sodium wire, =and the isopropyl bromide ovor
gsodium sullfate, Yhen aboul ten or Iiftaen ouble suntinutors

of bromide had been wdded, the resction started without the
aid of iodins or a water bath. iffiocient stirring and sooling
were maintained st &ll times throughoutl the experimsnt.

Aunsing water wae used Lo eool the Tlusk during the preparstion
of the Grignard reagsnt. hor sll or the bromide hud been
added, a wotor baibh was pluced unaer thu flask and the contenta
gently refluxed ior forty-five ainutes,

Tue flask sug then coonlaed by an lee und salt bath kept at
minue five degroees and 149 gruns of ooetaldenyde wers introduced.
The low bolling polint ol seetaldohyds made 1t convenient %o
add 1t to the Ovignerd roszent by distillation. The dropping
funnel wae removed and s dalivery tube introduced sxiending
downward into the flask bslovy the surface of the ether solution.
The anocetaldehyde wee caused to bubble into the sdxture by

gentle warsming ol ites sontainer., dding the acetuldehyde in
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the vapor state rosulted in cors eifflicisnt alxing. Thie was

partioulsriy denirable tosard thoe end of the rsmotion «nd no
goubt inpressed thsa vield,

#hen al)l of the necetaldehydu had beon cdded, the produot
wae desomposed by souring over aracked lee, oury helng taken
to kesp the zolution cold. The sagnesivm hydroxide was
decouposed with hAydrochloris woid. The neutral solution wus
extraoted with ether four times, and the esther extract dried
over codium sulfate and distilled, 7The mothyl 1369rﬂpyl
oarbinol was dried over sodlium sulfate and rodistilled. 1t
boilsd at 110.5 dsgrees at 760 mm. Yield 200 grams. The
reiructive index was taken by mwans of an sbbe refractomster
and was found tn be l.4005 at 20 degroes.

The aleohol was asnalyzed for carbon snd hyurogen. Substance,
0.10287: COp, 0.2054; Hgy0, 0.1265. Caloulated for Cslilyo0:

Cy 68ed; He 13.73 TFound: C, 67.8; H, 13.7 “ubetance, 0.1l14:
GOzy 0.2821; HpO, 0.1404, Found: O, 67,95 H, 13,75,

Tahle numher throe chows the uantities of caterials uced
in reveral vxperizents and vhe yislds obtained, 7The thsorotioal
¥Yioclds in the first four exporiasnites are basod on the arount
of ascoetaldshyde ussd sine¢ fewer molos of nosluldshydse than
isopropyl bromide ware taken. In the last expurlmoent the
porosnt rield is oaleulated on the Lasis of the moles of 180-
propyl bromide uscd. Approximately u one-fourth excevse of

magnesium wup veed In oach exporisent in oyder to fuorssse the
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yield of Orignard revggoent.

Tablk 0. 1IX

Isopropyl Yield vield Pay
Magnea ium soobaldehyde Bromide ?ﬂ@g@fﬁx~ Obtain- Qant
Ons, Mopleg: Gos, Holes:Gma. liolea :GmE. G .
123 ] 143 34838 8500 4 2086 200 70
318 13.8 400 9.09 1340 10.8¢ 800 590 T3.%
298 1z2. 400 $.09 1200 8.78 800 502 60,3
290 11.9 400 9.09 1190 9.67 800 520 60,
278 375 B.,5 1060 B.13 787 65,3

11.3

476

o
?ZG




w 1y -

HBegotion o1 fulfurie ;oid on Methuyl isosropyl Surbinol.

10 gran portions of methyl isopropyl oarbinol were uadded to
1.7 moleocular soulvalents of sulfuric sold under various
eonditions of concentration ol aold, tempuerature and time.
The raactions wers ocurried out in »n flagk provided with a
meroury sesled atirrer and ¢ reflux condsnsvr. 4t the end
of each condunsation, ihe producta were poured into cold

gater «ngd sxtrooted with ether, The ether oxtract was washed

with a dilute sodlum bilsarbonate solution snd water, dried,

and distillied,
Table four shows the results of thess experlaents.



Time Grums
Grams of Hpl O, Paap. when Tomp. Heated  Grans lercsnt higher
aloohol Up.ir. m@a." Hixed iHented:Minutes: 010t C10HR0 ”www33:

10 .87 28 Roon 80 20 6,0 74
15 1.67 a9 floom 100 30 7. Bia
15 1.6%7 A9 Room 80 40 7.0 60,
10 1.6%7 2 Roon 80 10 4.0 50,
10 1.87 26 Room 1o0 10 57 46.
ic 1.67 26 Room 6C £0 3.8 43,7
10 1.67 26 50O 8a a0 8.5 88,
10 1.67 26 60 8 20 5.0 62.
10 1.7% 2é 50 80 20 5,0 8z 2
10 1.97 26 3 60 20 8.0 62 &
10 L.77 2 Room £0 20 5.0 62 2
10 l.72 26 Room 40 20 0.0
10 l.72 26 80 80 20 5.0 62 1
10 l.61 31 850 80 20 He0Q 62
10 1.67 S8 50 80 20 5.6 88
30 .77 78 20 50 20 17.8 72 5

0

50 1.77 130 20 b0 20 26.0 64 b X

\n\ m‘,w



sparation of Cyotiage Hethyl isopropyl cardinol was

added to one angd one-halfl times the moleculasr eculvalent of
culfuric cveld, speolfic gravity 1.07, in o turee neck flusk
provided with « sroury sonled stirrer and & rellux condsnaer.
The nlenhol ras introdused below the surfase of the aeld und
the solution vigorously stirred., The tomporature war relced
to 80 degreee and held there for twsnty-minutszs, fous
refluxing oocurred. it thoe end of tsenty mninutes the Clask
wan gooled and contents poured into iee oold wanter., The layer
of hydrocsrbon wie separated and washoed with wate:, dilute
sodlun blosrhonate zolutlon, und water asgaln and drisd over
caleium onloride. The water luyer wmas extracted three times
with ethere The etier extraot wus woshed with dilute sodium
Liourbonutse and water zand drisd ovar caleliun euloride. The
othey wus bolled off and she reealduc added to the hyvarncsrbon.
hie was earo/ully frootionated =nd radistilled from sodium,
HBet'e 155,.8 degress at 762.8 mmy 4, ;§éz" » 0.7718; By 20,
1.43576. anolyeis: Tubstance, 0.1443; C0z, 0.4518; H.0, 0.1880.
saleulated for Cyoipzes O, 88.68; H, 14.98. Found: ¢, 805.393
H, 14.58. fubctance, 0,1538: 00z, 0.4184; Hs0, 0.17:z8,

round: O, 9Dl 23 i, i4.45.
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TABLE ROV

. 5 »3 % yoy, v . t
Grams of Methyl Grans of Hy504  Grums of Yoraan
Isopropyl Carbinol  Tp.Gr. 1.&$b 910“30 Yield
140 a8 566
gg 150 38 ve
60 130 30 74
88 230 40 68
85 166 38 67
50 150 51 75

Holuoular wipght ol ixigun@e

The moleculur «eight of Lhe decune wus detormined
by the oryoscopic method sith & Heekman appuratus. 7he
benzene® wae dlctillad from gsodium. “mll portions of
davena were wol;hed in smnll zaosled gluss vulbs z«nd Lhe
seuled bulbs drop ed into Laie benvene and crushed with the

eYirrers The roculis srs given below:

TABLE Y0. ¥ (&)

Crame of Gramn of Teie LOWGTING Culouluted

Henzene Degene LORTrees Lo Hole wight
21,887 Q. 2567 0.591 14l.4
81,337 Qe 3561 0.540 140,7
£1.857 G.4493 0.746 141.2

Rl.037 G. 5048 Ve BB 157.8
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Oxidation of Decsne wityu fotassiun Formanganate, O grama

of degone and 15 grams of pntamﬂium pergenganate wore shaken
toguther., Vno potosviun psromnganats wae sddec in snall
portions and the {lask kept cool in ioe water. The odor of
usetone aas ~otleosed. Llter the potossiun perpangnaatc was
reguoed the mixture was distilled anc the first portion of
water distillate, about & ao.,00llected sepsrately. To this
was edded some para-nitrophenyl-hydrazine and & ew drops of
¢ilute hydroghloric aeid to briang about solution. The zolution
woas (illtered znd omlle slkeline with sodlum soetate. Lright
yellow erystals of pars-nitrophenyl hydrezone acetone ssparated,
and wore filtered and re-~oryvstallized from aleohol. kelting
polint, 144 degrear, & sample ol the para=nitrophenyl hydrazone
acetons war presared from pure asstone, Helting point 140
dsprves.  Slxed melting polint 144 degrecs.

35 graas of degene wore tranted with potassiwa porma gafe
ate asoidifled with zulfurie seld. The poluszium persanguanate
wap adued in soaall paftian& until 105 erams snd buen introduced.
Garbon dioxlide won evolved and oxidation was raplde The 00lol=
less solution wasz distilled ana the 0il separated rom the
water layver. The aguecus solution wus extracted with ether and
the ether sitruot dried and sonocontrated, The resicue was
heated with pare-tolouidine snd a telulde, mslting point 143
degrees, obtained, 7o o -

9 6ol of the oll were trested with o grans of
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sapioarbazid sulfate in water and S.4 grams of potaszslium
sootate in aloohol. About 100 oo. of water sere added and

on standing over nlght a very small amount of semnloarbazone
separated, It was Ciltered off, dried, end re-grystallized
from dry ether., YNelsing polint 138 degrees. The greater
portion of the oil did not reaot with the e&miaarbaaid‘aulfata

and was evidently unohanged dsaene.
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Preparation of rara-nitrophenylhyarusing, 20 prans

of para-nitraniline were dicsolved in 48 grums of Lot
ponoenirated hydrochloric asoild { 57 percent) anu the solution
poured over o little orscked 1oe in & buasker. The Louaker wus
ploced in an fce snd eall bath. ‘“hen ilce ocold the parew-
pitraniline wupg diszotized with 12 gruwas of sodlum ditrite in
20 grame of aster. The sodium nitrite soluilon wns wdaded
slowly and with vigorous stirring. :hen the diazotizuation

wae oouploete the solutlion was wulokly filterad, shile ioce oold,.
It was then neutralized with a saturated sodium carboumte
golution usnd diluted to 0L e, Thig solution was then sdded
#lowly to 100 eo ol fee cold potassium sulfite solution, to
whiah 20 gransg of potassium oarvonate nad boeon previously added.
The potassiun eulfite solution wun precarod by dissolving 20
grams of sotusriun bhyiroxide iﬂllﬂﬁ grams of water, saturating

sitn suifur dloxide, and neutralizing wit: potassium ourbdbonate.

Then 20 grame of potessiuw. carbonate were addeds The potsseaium
salt wone sueked dry on & HBuchpnor funnel and added to 84U ee of
goonocantrated hy rochlorie acia (37 perount) and 50 e;. of water
and the mixture warmed ovar s stoan bath until a deep orange
solution war obtalned. The polution was then ovoled znd
saturated sodium ocarbonate added until only slightly soid, sure
boing taken to keep the solution cold. Sodiua aaatﬁta was then
ndded until the szolution was neutranl., FYree, para-nitrophenyle
hydrazine separated and was Tilterod off, It waus re-orystallized
from sleohol twioce. Orange red oryctals.ielting point 156 degrees,.

Yield, E grams,
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Dzonization of legene., Y oo. of decone una 10 od.

of ourbon ietraghloride were pluoud in the ozonization tudbe
and surrounded by an iee nnd zell bath at -7 Jdegrees. Ozone

in oxygen was slowly puseed through the solution tor two

hours. A4t the end of this time the ozoniged deocene waun pule
yellow. The quantity of ozone being formed was then determine
8d by puscing the azone snd oxygen into a five percent solution
of potussium lodide for five mi wutes, nd titreting the
liberated lodine with stundard sodium thiosulfute,

The ozonized deocene was placed in & fluek, 25 cc. of
water added, and the nixture refluxed for ons hour to decoiposse
the ozonide. Gas war svolved during the refluxing and wzas
pasgsred into weter. The water did not give an aldehyde tost
with Tohiff's Reagent. aftor refluxing for one hour, the
mixture waz cooled snd titrated with standurd sodium hydroxide.
The water laysr was sopuraloed, oxtraucted three times with
carvon tetracshloride and the ecurbon tetrachloride solutions

gomhined ang dried over sodium aulfaiq{_

This cxpsriment was repuated ﬁﬁﬁﬁﬁhar 0 times, the
surbon tetrachloride zolutions combined und the water solutions
combined.

The water solution, after titration was seldaified und

sxtraoted with ethsr and thoe ether dried., Ths ether was
distilled off snd the reaidue rr.otionsted in s smull flaske.
The portion bniling below LlOU degrees was anold, 1t digcolved

in sodiun hydroxide, reduced potasium permenganate andg on
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bolling with merourie ohloride prsciplitated mercurous
ehlorides The higher boiling Tfraotlon sae neld and 1L wus
gently boiled #ith para~tolouidine for an hour. The praodust
was extraoted with bolling aloochol and poured into 10U ec.
Of warm waber. The water solution war r&?idly aoneentratad
to 15 ov. und filtored hot. 4 tolulde sejpsrated on ocooling,
and furdher osotucentratinn vislded more sSvlulde., It was
re~orystallized twice Iros bwiliﬁg witare. Ualbing poing,
1486 degrees, and ir tharaiore tuo tolulde of seetic neid,
Theee readtions showad the prasence of formie scid ond
neetle acid,.

The dry sarbon tetrachloride solution was garefully
frontionated in & speolally bullt fraotioning column. &
fraction boiling at 48.1 to 42.4 degrees ot 17 mme was
abtained.

d 1§Ea=:°, 0.5346; Ng20, 1,41980,

The substunos was analyzed for garbon and Lyarogen.
“\R Gp 73,613 Hy 12.58. Poundi ¢, T9.643 H, L2.54€.
¥€49§;aﬁaﬁ, 0,1839: COp, 498855 Ha0, 0.200). Found ¢, 73.943
f&é&t;ncﬁ, 0.1859: COpz, 49853 Ha0, 0.200)l. Found ¢, 735.933

gf” 3.3;13-
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Table VI shows the results of o number of ozonigstions
of deoene, In esaoh experiment 5 oo. of decene in 10 eo. of
dry curbon tetrsohlorids were used and ozone pussud through
the solution for two hours. Jassuming one double bond in
Cyigllzgs the enloulated amount of ozone required is 1.322
gramn, Becsuse of the apparent stabllity of the decane
toward ozone at least twice the onlouluted amount ol ozone
was used. To bo certailn that this was the e&sa,\th& amount of

ozone being formed wasz determined at the end of each ozonie

zgation,.

W
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TapLi HO. VI

Yiowmeter Titers oC. ufm”' 3rams of  Fercent o0, of

Reading :per hour :Na par : of O : MHaOH
gﬂgﬂﬁ » Val\mg 0.5902K

448 lé.2 12,1 1.G4 4.1 18.4
3.8 13.0 14.8 1.28 4.7 16,2
4.2 13.2 18,0 1.54 5.8 17.6
4.2 13.8 15.2 1.30 %9 15.8
4,8 li.2 i8.4 1.56% 5.9 15.6
4.0 13.1 17.% 1.50 He? 16.1
4.0 13.1 17.5 1,50 Ba.7 17.9
4.2 13.8 18.1 1.08 5.9 19.0
4.2 13.2 18.4 1,57 6.7 16.93
4.0 lﬁ.l 1?02 1047 5.6 16.9
4.0 13. 17.1 1.46 5.6 17.8
4,0 15,1 16.5 l1.41 5.3 18.5
4e2 15.2 18.4 1.57 5.9 17.4
4.0 15.1 17.8 1.82 5.8 17.8
4.0 13.1 17.56 1.80 S.7 16.1
4.2 1342 18.1 1.58 De9 16,9
4.2 15.2 15.8 1,55 H.1 i5.6
4,2 152 16.1 1.38 B.2 17.8
4.0 15.1 16.1 1.38 5.8 18.6
4.2 135.2 16,2 1,59 Had 15.6
Gol 13.8 18.2 1,58 5.9 17.8
4,0 13.1 17.8 1.52 5.8 16.8

4.0 15.1 17.7 1.5 5.7 16.7
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Petermination of the Relative imounte of iseutig

Aold and ormis oid Jormed in Ozopization of Deoene, 5 oa.
of degene in 1u oc. of dry ocarbon tetracihloride wers ozonized
at zero desrees for tso hours. The [lowmeter reading was 4.2,
A% the ond of this time the solution was added to 205 es. of
water and refluzed for one hour. The total amount of aald
formed on decomposition of the ozonide was then determined
by titrating with standard sodium hydroxiae. The earbon
tetrachloride wne then sueparated and the water layer extracted
with carbon tetrachloride three times, The neutral water
gsolution was then titrated with standardéd potassium permanganate.

Approximately one tenth normal potassiun pérounganste
was prepared and standardized with welshed oxaliec neide. The
normality wes found to be Q.1U53. Oinoe formio ucid roduces
wotassiun permanganate slowly in the cold, and the acid ls
too volatile to titrate hot, the amount of formic acid wus
deternined by titrating sodium formate. Potaseium permanganate
ig rapidly reduded by esodium formate in thy gold. ﬁﬁnganaag
Gloxide was formed and the normality of the potassium x raan~
ganate woes only three-fifthe of the valus deterained with
oxalia neld. Its normmlity was therelore 0,00852,

The formastion of nanganose dloxide mede tne end point
of the potassium permenganate difficult to detect, The
potagsium pesrmanganate wae added untlil & pink volor wus

notioesd, Mhe cuantities of potmesiun seramincenate given in
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Oxidation of Coliya0 with lodine und Bromine in

adkaline “olution. 3 drops of substance Cnlij40 were added

e i s

to 1 ac. of ten porcunt sodium hydroxide and 1% coc. of iodine
solution (1 grem Ig + O groms KI in 15 86. weter). The
pixturs was warned to 6V degrees snd vigorously shaken. The
odor of lodoform was very notigeadble., This indicated that the
substance CyH)40 was a methyl ketone,.

14 grase of sodium hydroxide were dissolved in 123 oe.
of wator snd 21 grams of brocine added with constant stirring.
The temperature was kXept bolow € degrees. “hen all the hromine
hBad beon adaed and the tuppsrature was -2 degrecs, § grams of
CwH140 were slowly introduced. The temperature ald not rise
above O degrees during the introcuction of the substanoe
C7Hy1 40. Otirring was continued for one hour at this tempurature,
and tihen for ihree hours at room temperature. The @ lution
wuzr pale yellow uand was then warned to 60 degrees and stirred
at this temperaturs for oneg hour. 4t the end of this tisme all
color had disappoareds The mixture was stsam distilled, Carbon
tetribromide came over £irst and then bromoiorsm. “hen all the. ¢
bromofora had dbesn distilled off, the solution was neidifised
with sulfurio asoid and tne stoam distilliatlon sontinued. The
water distillate was extrsoted with ether, tha ether sxiract
aried, and distilled. sbout 2 ce. of an scid bolling from

185 -« 190 dsgrses was obtained.
The aeld was treated with phosphorous peéntachloride
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and the goid ohloride was tromted with an ether solution
0of pura-tolouidine. This ether solution was washed with
hydroenloris uzoid, to remove any excess tolouldine, and
then with sodium blearbonate solulion and watur. It was
dried end conowntrated. White erystals of aeid tolulde
separated. After reorystallization they nelted at 168
degraes., This experiment gave further proof that CopHq 40
war a methyl ketone. The melting point of the p-toloulde
from the aeld formed by oxidlizing this ketone doss not
give us nuoh additional information, s it dosvs not

gourespona to any vslue to be found in the literature,

The acld (CHgly ¢ - COOM should be synthesized for the

CeHlg
purpose of oblulining 1tz p-toluide for & mixed melting

point determination.
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femlourbazone of Hetone C.HHyg0. To a mixture of
% grums of cemliosrbuzide sulfesie in 1lU co. of water and S.4
gravme of potuesium soetade in aleohol, were udded 2 groms
of the ketone and mors water until the total volums wag
100 oo. & precipltats Tormed lmoediately and ineressed on
standing over nizght. The semiocarbazons wus {illered off
and sucked dry. 4n attempt was pade %0 reorystallize it
from potroleum ether, but it was insoluble. The seni-
carbazone was washed with petroleum ether and dried,

Hake 1084
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Preparation of 2,0, Qim@thygwfantaaunaﬁﬁl

Methyl Acetoacetate. . To 615 iarums of methyl

aoetate in a three-neck flask provided «ith o guroury
zealed mechanlieal stirrer and rarlux condenser were sdded
63 grams of sodium. The sodium was [inely c¢ivided by
shaking whilu melted uader hot xyluns, and then placed
under bengene. Jare war btaokoen to aveld sdding benzene to
the mixture, salthousgh about 1 oo. muy have gotten in. “hen
all of the rodium had dlesolved, HU pereoent acoetlie ucid
wae slowly added until the solution was neutral. 800 co.
of saturated sodium chloride esolution was then sdasd and
the rixbure vxtracted with etaor. The etbar oxtraot was
daried sna Gistilled in, 100 grame ol methyl nogtosontate
wae oblained. [1.i%. 69, degrees, 72 m-. The low yield was
probably duo to thoe prosence of much methyl alooliol prosent

in tha nethyl coututa,.

jethyvl scetacotic Methyl Hatsr, To 240 grume of absolute

methyl =laeohol in a thrse-neek lack provided with u
meroury sesaled mugtianiosl stirrer and s rerlux oondsnser,
19.3 grams ol sodium were added, vwhen xll the godlum wus
In solution, 100 grams of methyl acetosoctute were sdded
with stirring. 7The solution was wmarmed and 154 grams of
methyl iadidals added slowly over a period of one hour.

17, wWillestaetter & Hatt - “nm,,‘%lg, 151
18. Prepured socording s metnod by idanms, Kamm and Marvel,

Univ. of Illinols Hullstin, 16, No. 43. {(June 13519)
Organic Chenioal Reagenite.
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Hefluxing wus continued for mnother howr, when the solution
wes neutral to litmus, The sloohol was then dietilled ofr,
thae temperaturs not rising avove 85 degree, Consldersble
sodiug lodide precipiteted and wesr remwved by filtering.

The solution was transferred to s Clalsen flask and distilled
undéey vsocuum, 8% grams of sstsr were o2btained, bolling at

8% - 85 degrees at 37 ma.

Yathyl Isopropyl ‘eetacetio Methyl Ester. 85 pgrass

of the methiyl sstor of nethyl coetoscetle ueld were wsurmed
on & ctoam bath with 120 grams of isopropyl iodide in &
thres-neck Flaek provided with a meroury sevaled mechaei . sel
stirrer and reilux oondsnser, Into the solution was intro-
duced l14.3 grams of sediwa in methyl zloohol so slowly that
the solutinn never gave s strongly slkeline resgotion. 1 oo,
was added overy three minutes until aboutl two-thirds of the
sodium meihylate hed been introduged. Thsn 1 e¢. wup added
evary four minutes until about 1lU eo. ware lof't. This was
adied 4t the rate of 1 ogo. svery fivze minutesn. The Introe
duation of the modium regulred about ten bhowrs. The
solution wae gently refluxsd all the thﬁ@ ond the wlkralinisy
tasted overy thirty minutuss. dhen all of the sodium hsd been
introducec rofluxing was contihued for twenty ainutes, 4%
the end of this tise the solution vwas neutral. It was

enoled, washed with - poroent sodiug hyeroxide to rumove sny
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unchanged ester, and then with water. It wug shaken with
godium sulfate and distillsd in vaouum. D.r. 108 degress

at 33 mm. VYield, 56 grams.

Dimethyl Usnisnone~4 [ suicarvazone, 96 groms of

2. 3
the methyl agtor of methyl lsopropyl ascetucetio nold and

&é gramg of constant bolling hydrobromle soid, specifie
gravity 1.49, »1th enough glacivl wcoutie wold to bring
about ocomplate 20lution woere gontly refluxod fopr sixty-
three hours, The mixture was then distilled znd the kotone
separated.

3 grams of genioarbazide suifate in water were adsed
to Je4d grame of potussium acetate in sloeohol znd 2 ygrams of
koetone introduced., The mixture was diluted with about 100 oce.
of wautsr and vigorously shukoen. <emlcarbazone precipitated
ansi on standing over night more of the preseipltate formed.
The semisarbazone was separatod, dried, andg recerystelliczed

from ethoer. L.ie 111 degraes,
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Freparation of Isopropyl lodide, Isopropyl

iodide wne srepared sooording to o mothod glven by adane,
Farm snd Mﬁrvaxl8 for the preparation ol normel propyl
iodidu.
240 grams of redistilled isopropyl aleohol wore
drisd over sodium sulf2te. Thoe sloohol was then plaoed in
a one-liter round bottom flask und 36 granus of red phosphorus
and 30U grams of white phosghorus were added. 7The white
phosshorus woe washed in & beaker of lsopropyl alochol before
adding 4% to the dry zlechol. The flesk was provided with
a reflux condenser and wes sarmed over an oil bath., 300
grams ol ifodins were addsd over o puariod ol thirty minutes
by dropping emall portions through the top of the condanser.
“hen =1l of the lodine lLisd been ndded, the mixturs
was refluxed for ton minutes snd then distilled, the turpe
erature of the oil bath beinys about 130 degrees, The iodide
was transferred bo o ssousratory funuael and wsshed twice with
water., It was then dried over zodlwum sulfate. VYield 3197
grams. {81 porcent)e Some hydrogen iodide was evelved ocuring
the resotion., This indieated that the sloobol was not free

from witor ond no doubt agoounis For the low yield of nalide.

18, ILoo. olte
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Ereparation of Negsane. 40 grams of dsosne were

hYerﬁﬁn&t@ﬂlg ovar .5 grams of platinug entalyst at room
tomporature. The quantity of hydrogen tnken up wee in the
ratio of ones mole of hycrogen for one mole of decens, This
was determined by heving oalibrated the hydrogenation
apparatus with & weighed sample of pure benzaldehyde in
aleohol. ‘The degane was Ciltered from the oatalyst through
& hardensd I'ilter on a Oonoch orucibvbla. It was wushed with
sulfuric acid, specifio gravity 1.84, sodium bloarbonate
solution, und watsr, snd dried over caloium ohloride, It
wes distlilled from sodium.e BeoPe 1685 -~ 156 degrecs.

D 19,80, 0.7528. 1450, 1,4z:84.

¢ The decans war analyzed for carbon and hydrogen.
“ubstanee, 0.2394: C0p, 0.7450; Hgp0, 0.5317.

Caleulatad for OjpoMap: €, B4.40, H, 15.59. Found: C, 84.87;
H, 15,50, Substuncs, 0.1384: 00p, 0.4808, Hpd, C.1017

Tound: <, fMolg; 1, 15.4.

19, The cppsratus used for hy.rogenstion was purchased
from the ~tandard dolorineter Co., dast doline, I1l.
It ig describad by dume and Yoorbees, Org. Syn. 8, 10,
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Boleoulur Reiruction of the jecene, eoane suad Kotone,

in order to detarmine whether the physleal propertiea
of the decens, decane and kebone as determined corresponded
with the esmpirical formulae, the molsculsr refractions of
these substances were osloulated frox observed datae by means
of the Lorentz~lorenz formulsa. The resulte of these
ealoulations are given in the table below. The dlfference

in szoh gues iy 80 snall as to lsave no doubt conosrning the

ompiriosl lformulse.

THULE WO. VIII

lfoleoular Refraoty
Tom Obw:From bmplricel:Liflerence

Density:Relructive:

index served Formula
Duta
Cioflpp ©0.7715  1.43576  47.47 47.74 0427
CloMpp 0.7725  1.42284  47.983 48.150 0.15

Colya0  0.8346  1.41980 34.578 54,508 0,07




APPARATUS

The Ozonizer and Czonization Apparatus.

The ozonizer used was s modified form of a
laboratory ozonizer descrived in the literature by Smithzo.
Availability of materlals and svese in operation were
responsible for a few changes,

& ten gallon zino ice oream can, 54 cm., high and
40 enm. in dismeter, was used in pluce of a battery jar.
Rubier stoppers, so out that no weight was borne by the
inlet tubes, were used as bases for the Berthelot tubes, The
stoppers were set in warm asphalt and were firmly held in
place when the asphalt had cooled.

The Eerthelot tubes were made as desoribed by Smith,
exocept the central core was omitted. In plasce of this core,

the Berthelot tubes were filled with distilled water within

4 or, 0f the top and wires extended below the surfaoce of
the water. The zino oan also couteined water within 4 om.
of the top, but cooling coils were omitted.

| The ozonizer was connected with a flowmeter by
meroury sealed oups. Two stopoocks were seuled to the exit
tube of the flowmeter which psrmitted the ozone to be pussed

into the substance in the ozonizing tube or into the potassium

iodide solution.

20, cmith, J. amer. Chem. £0G., 47, 1844 (1925)
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It was Tound convenient to employ a U tube
provided with oups for &éreu;y seals ae a contalney fop
the samplesn to be owonlzed., This type of tube could
saslly be elesuned and arisd and could be e=xmily kept at
LHP0 GOEroad.

Ozone whiech dfd not remot with the sanple was
dsstroyed by pas:ing through a glus: tube 98 om. long
and hosted Lo ahout BHO ﬁﬁgﬁa&&. This tube mas preparod
by taking an mréin&ry combustion tube asnd wrapping it with
ons thickKnese of asbustos pa ser ssturetod with sodiunm
silicate, 40 foet of Chromelea ribuon, 1/8 of an inoh
wide and 0,01 of an inoh th%ax, having & resistance of
Oe424 ohms per foot, waa.tiga%iy wrapped sround the &ﬂb@gtaa,
Then the ribbon wuas tightly srapped with three thiloknesgses
of uzbostos pupsr, ssturated «ith sodium silionte. This
provided sufficient insulation to give & tamﬁarﬂturﬁ of
about 300 dugroes =t the eenter of the tube, The terminuls
of the resistange r;hﬁﬂn werv conneetsd through a switoh
to a 110 volt line,

The transformer ussd operated upon a 110 volt
nnd 80 evole priﬁmrg‘uurrumt. The voltage in the seoondary

Was 1&,%&00



A-H, 50, WASH BOTTLE
B-P,0, DRYING TUBE
C-ZINC CYLINDER
D-BERTHELOT TUBES
E - ASPHALT

£ - RUBBER

G- WOCDEN TOP
H- COPPER WIRES
I-WATER LEVEL

J-TO TRANSFORMER
K-MERCURY SEALS

L~ POTASSIUM 10DICE CYLINDER
M- FLOW METER

N-STOP COCKS

O -CONNECTING TUBES

P -0ZONIZATION TUBE

Q- OZONE DESTROYER




Galibrution of Flowmeler, In order to Jetormine

the volunme of oxygoen pamaiﬁg hrougs the ozoniger, a I'low-
meter wurs soenled into the system nnd oconneeted to the exid
tube of the ozonirer. The flowmeter wiue ouuipped with a
millimator soaie and the volume of oxypon p.ssing through
the cy:rtem at different readings detornined. Thies was
gesonplished by {nverting a two liter volumetric flask in
a trough or water nnd sllowing the oxygen %o sasy through
ozonlzer snd lowmeter unc displsoe the water. The
tempurnture ol the water, the tenperature of the oxygen,
the baronstrioe pressure, the Flownmeter roending and tine
required to displuce two literz of water were recorded.
Whaen the correotsd volumes were obtained for several
roadings a curve was plotted which made 1t possibls to
agteraine the volume o oxXyaen and oszondé pasaing through at

any soeals reading.

Talilih N0, IX

Tiownetor :Tompersture;Barometrio: mine i0orrected :Liters Ogp
fleading ol Oxygen FPressure  (Minutes} Vol,0s ea. per bour
0 23 76,8 .95 1787.8 10.78
5.0 A 62,8 7.58 179G, 2 l4.17

4.8

s 23 762.8 6416 1795,0 17.48
L 2

2440 73.5 762.8 4,32 1791.1 24490

23.8

T et . o e
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Fruotional iistillation ipparatus,

The fractional distillation sppuratus used in
the purification of the ketone war o modification of one
desaribed by Coopor and ?aﬁaegl‘ It waz especlially
designed for the Craotionation of sawll cuantities of
lisuide in veouo, although it ocould be used for fruotionating
linquide under atmospho 40 proesurs. The scooumpanying

figure showe the spparatius in sons netail.

2l. Cooper and Fasoe, Ind. and Lng. Chem, 20, 420 (1928)
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PITCUSEION

The conastitution of the deecene hue not bsen fully
setablished, & consideration of the mwohanlism of the
rezgtion of methyl 1lsopropyl curbinol with sulfuric acid
would be of service in eonsidering the different poasible
gtruoturss of this desene,

Sulfuric uoid may have Lirst sdded to the sloohol
to fTorm the asoid vatur, gaﬁnmiﬁg this to be &hﬁ OuBa,
condensation of two moleoulss of wster to form the dooene

may hnve ocourred in any onc of the wsye shown below:

(1) (CHp), - CH=CHCHz + HpB04 ——> {Gﬁa}a“(}}tanhhﬂa + HpO

H
(oH,) ~c§‘~mm§3 + Jvﬁg) 20=0-CMy
boogr” T T H dcogit
(CHy) g=CH~C = % CH-CH, + HpSO4
CH, CHz OnoLH
" Pt
(Clly) g CHimGHaG ~3&§3¥_ = O — (Glig), ~CH-ON =G = CH «CHg+Hgp804
brg CHg 05041 1] by Ol
@ e, " nyiy - gty
L g;gaﬁ( / + SHab0,
. GHy=Cll — C (CHz)p



Gty cH

3
(3)  (CHg), = CH - ;? LR z; ¢ = CH - (CHg),
osogi ~___{ ooz
ey on B ¥
(CHg)g CH =~ C - mf‘(ﬁﬁs}g
l "‘ - - + 32304
B _onog;
N e o
(iﬂi@)g w CH»C w “333{333}& + Kgfiﬂ‘_
gty gy | | frs_{s
(4)  (cH )y ~ CH - CR -‘c - C'#j- (CHz), — (CHp)p=OH » CH ~C =
|050gH ) G(CHg) geHpE0,
CHy GHy
(8) (CHy), =~ C = e - ¢ = CH{slz)y —> (CiHz)z ~ G-— CHCHg
H on OgH ¢ Z~ cny
bﬁ + Hgﬁﬂ‘

\
(CH) ,



(6)

()

(8}
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Trimethylethylsne might hove been Iirst rormed,
and thoen the wddition of sulfurie nold hove taken pluco.
The formaition of deoeny could heve oocurred in one of the
following ways:

(CHglp = C = CH = CHy ~ HpBO4 _ (CHylp = G = CHCHy « Hg0

O/

(CHz), = € = ClCHgy + Hy"04 — (CHglp = C ~ CHpCHg
beogn
(e;;gs)g - C _:{i}igﬁﬁg * 531‘}’_3 - O - C\ - (Cﬁa}g
(buogh Rl esogn
CHg
& - -~ - 0 - [OH 4
(CHglg = © € = ¢~ (cHg)z . myro,

Soitg B __orogH)
N

(CHyly = C = C = G(CHy)p + HpoOy
I
Cpllg Cly

P g

fHs gﬂs
(CHg)p, =~ G = CR = C OH ——— (Cilg)lg = ¢ = Q= CwaHy

(GHg), = C =[080gH + H]- fi - UHp - 6 - (UHg)p

{CHglg - i} - OlHp = OH - C = {ufia)m + Ha'0g4
C My \’H ScogH

Cally



Clig

; gy B
(8)  (CHply = O = OBy = QMg ~ O - 9 — (CHz)y -~ O = CHp=Clg=(wGHy

05051 H éﬂ}nﬁ + H,004

{10) {2}%%3}2* 0 - O Hy - a("§£3)g

uﬂi,@\ﬁ— T T oo
34
o
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Aavoprding to Korriz®? sondensation may bove ooourred
by one molesuls of aleohol eondensing with o scoond es the
result of the eliminatlion of aun hyuroxyl group from one and
a hydrogen ston r'rom the other, The tertiary zleohol formed
in this way lossz o meoond »wlecule of water. This type of

reagtion is considered in the following equations:

i OH _
11 UHelp = CH - 0 - CH OHy = C = COH={CH

R L
(CHg)y = Oft = € = & = C =(Cly), + Hy0

______ \) |
CH

| 3
(CHg)p = CH = Gl « Gw C(GCHg)p+ HpO

(12) (CH,), = Cit = C = C = CH{OMy)p

¢

~ ) - —

JH o] T CHy CHg

‘ (CHg) = CH = C = G = CH(GHg)y + Hy0

CHg oI
(13) (CHgly = ¢ = & = H + CHg = CH = 0 =(CHg),
;;;‘! ! - B _— i'{‘k

DT
(CHa)p = Gl = CH = € = Ol - O , gy o

CHg  ClpOH_ R

\& CHy
“233}3 CH - ii - EJ* Gl = GRE + H;LO
;ﬁs {;iia

B24 NHorris and Joubert, loc. oit.
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(14)  (GHyg), - Ol = ¢ = joH + /-8 = cn « an(ong)y
31 "o on

m?gﬁ \

| | 5, | .
(3}15)2 - CH - CR ujzf_{,!}g - GH(GRg)y, « Hy0
CHg \H _OH
= CH = CH = ol = G = GH(CHg), + R0
UHg

(:;315)3

- ~—

OHy on ")

=

N

(Cﬂﬁ)g m OH w CH = img “ CH = G(Cﬂg}g + H,0
Ly

{16) (CHglp = oH = a{:ﬂ - CHp = sim - C =(CHy),

Ln exsmination of those roactions in the light of
the exporvimontsl dats reeults in the olisination of &ll
but two,

On oxidstion und ozonization o1 the deoensa, no
test for aldshyde was obtainedd, Thererore, all the
renetions glving » deocene with hydrogen on o carbon holding
& dnuble bond et be asliminated, Thene are Yeac¢tions
nusber (1), (7), (8), {9), (13), (14) and (15).

The molecular refrastion ealeoulinted rom obouived
data ohucked with tha moleoular rafrastion saloulanted for

Ciotz0 having o double bond. The polymerization could not,



then, have tuken plucs according to resotinue numbsr (2),
{5) or (10).

On ozonization of ithe decene, & kaetone of seven
garbon stons wne obbained, Fenctions number (&), and (12)
arg theorefors alininated.

This lesves roesotione number (4), (8) and (Ll)‘

to be considersd, and the same deoens is formed in {4) =nd
{11). It is evident that the decene sbtained muet be sitner

(UHg)g—*ﬂﬁﬁﬂmﬁ - G(bﬂa)g or (. 3)2*2*3\: ”fﬂigl, Upon
trestment with potassium permanganate or ﬁﬁﬂnﬁ ketones would

be rormed baviag the formulme (CHa), - 5 - 303 SHMs  and

{CHglp = OH = gﬁ GO0fg . The former ketene wag obiained
znd identifisd by the melting point of its semicurbazong.
Tusrefore, the deovne (C ﬁala -ﬁ; ﬁ = 3(335)2 must have
oty uf,.é

baen Iorumed. The bshavior of the decene toward ozone asnnot
be fully explained, 1t seems ovidont, howover, that cliiher
rearrangenoent ogcurred or tout sn lronwsrle decsns was prusoent.

The other pousible ketone, (GWSEQQP - 5? - “Qu“é
war proved to bs abuent by the preparation of thiﬁ &ubgtgﬁuo
ang its semicuarbazone whioh did not correspond with the
properties of Lhe semicarbazoneg mude from thse ketons chitained
by ezonlizsiion.

Edgar and Jaiingﬁartgﬁ have shown that ocertalin

dafinite relationships exiet betwoen the structure and

£3. Ddgar and Calingamoert, J. amere. Chom. “oc. 51,1540 (1929)



physicel propesrties of isomerie paraffins. Thus & methyl
group in the Z-position deorsasss the specific gravity and
rofractive index below that of ths normal hycrocoarbon while
a methyl zroup in the J-position inercases these propertics
above that of the normal hydrocarbon. shen two groups ar:
adjacent the values of the various functions are aslwuys

guite nigh relative to the normal.
hydrogenution of the degene uust be either,

P

]
rﬁ‘ﬁs « $ @« OH =« { = Ci% or CH3 - O = CH » O = O = CH

|
baMy CHy A, Oy bmy bus dmg
By = © = O @ 0 « CH, OF CHe = T = CH » O = (= (I, or
5 ' 1 ] S ] ] 3
baMy CHy A, CHy CHy CHg OHg

a mixture of both., ILither of these decunes should have e
greater density snd higher index of refraoction than normal

decoane,

The deoane preparsd hae higher values for thece

funotinns than normml]l decans,



1, - decone {(or u mixturce of lsomeric deceneg) has
been preparsd by the trsatment of methyl isopropyl csrvinol
with sulfurlio noid.

2e The presence of 2,35,4 trimethyl, 4-ethyl pentane~2
has been cotatlished.

3. The deocane {(or the mixture of lsomerio decanes)
derived from the deoene has beon prepared by hydrogenstion.

4. i pure ketone Cgllj 40 has been obtuined by ozoniza-
tion of the unsaturated hydrocarbon und its semicarbuzme
prepared.

B+ The ketone Cgllj40 bue besn shown to be a methyl
ketone, and hus bven oxidized with bromine in wlkaline
solution to an aucid,.

8. The p-toluide has been proepured Ifrom this above
montioned seid, but amore work ie neucessary to determine its
identity.

7. The ketons has been shown not to be 2,3 dimsthyl
pentanont=4, and the decenc ounnot thereiors be 2,35,4,0
tetramsthyl hexene~2, one of the two posgibilities aecording

to our theooretical considurations snd sxperiswatal work.



