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INTROIUCTION

For many years, the chemical constitution of gcork has been

studied, most investigators having started thelr researches with the

ground oork of commerce. Zetzsnheas reviewed the literatwure on this

subject and gave the results of his cwn investigations. According te

Zetzsche, the constituents of cork may be divided iInto five fractions:

1.

2e

Se

4o

e

Subastences extracted by doiling water.

Substances which dlssolve in fat solvents such as
chloroform and algohol. Thia fraction oontained cerin
and friledelln, which Zetzsche referred to ss the wax
alechels, and also fats and free fatty acidse

Compounds which go into solution by treatment with dilute
godium hydroxide and sodium sulfite. These include cork
lignin, a8 part of the tannins, and nitrogen containing
substancess

Substances whish go into solution when the residue from
the above treaiment 1s saponified with alcoholic alkali.
These are high molecular welght fatty aclds, of which
three have been reocognized: phellonic acid, melting
point 96°; phloionic acid, melting point 120-121%; and
suberic acid. The melting point eof the latter was not
givens

The tannins, cellulose, and cellulose-similar products

rexain insoluble in the alkali. Additional ingredients
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of the residue are nitrogen containing compounds, which
are probably albumins, oclored sudbstances, and inorganic
aompoundgs
Zetsaehﬁg7 gave for the smpirical forwmulase of phellonia,
phloionic, snd phloionolic acids Op-HusOxy Cyakxslpe 8nd Cpplaely
respectively. Carhart® later proved by Aegradation and aynthesis that
phellonio sold is twenty two hydroxy tetracossnis aocide
In recent yesyrs 5 seriea of investigations st the University
of Haryland have ahown that cerin and friedelin are triterpenclds, the
former being a hydroxy ketone and the letter a xetone?s The amorphous
material left in the ethyl scetate extrsot of ocork after gerin and
friedelin have precipltsted has been shown to gontain small yuantities
of a ntcrcle' 14,
¥hen cork bark is trested with high pressure steam, s stioky,
foul~amelling, Drown tar steam distills ocut. The cork that is left is
pressed and used as insulating boards It was the purpose of this
investigation to identify some of the substances present in the steam

distillate.
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SECTION |

H1STORICAL

.Krafft17 in 1907 fraoctionatsd the higher normal peraffins of

lignite by distillstion, using the vory high vacuum of "the cuthode
light®s By refractionating a number of times, he claimed to hsve obtained
every straight chairn homoleog from nonadecane te hezxatriacontane. His
idontification was based on the boiling points, melting polintas, and
apecific gravities of the hydrocerbons when Just liquld, as compared

with these constant for synthetls compounds.

Muudl® obtained from ccal paraffin what he considered to be
pure straight chaln hydrooesrbens contalning from twenty-four tc twentiy-
nine curbon atomse The heptacosane was obtalined by crystallization from
sgetone, wnile the others were obtained by repeated fractionsl distilla-
tion of the crude paraffins. Gluud based his fdentificsation on a com=
varison of melting rointa, boiling points, and refractive indices with
those of synthetic compounds under the same ecnditionse.

Buchler and Graves! reqrystallized petroleus wax from ethylene
dighloride until itie melting polint and refrasctive index were sonstante
Digtlllation gave a series of fracticns, the average molecular weight
of which they determined coryoscopically, using dichlorbenzene as solvent.
They alac detormined the denszity and refractive index of esach frasticn.
The molecular refractions cbtoined agreed well with those galoulated:
assuming Lhe atomic refrastion of earbon was 2.501 and hydrogen 1. 051+

Though the melting polints and molesular welights of their purified
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frasctions were in close sgreement with the Hrafftlé' 1e synthetic hydrooarbons,
the authors stuted they were not Individval homologs but miztures.

Channon and Chibna113 in 1928 reported the presensce of nonasosane
in large quantities in the ether-socluble part of oabbauge leaves. & comparl-
son of melting roint, set-point, und crystal specing with the constunts for
the ayathetice hydrceazrbon indionted they had isclated pure nonscossnes
The large number of orders of reflection obtalned in thelr x-ray diffragw
tion pattern aloc #ss o sign of puritye From cabbage leaves these inves-
tizators alsc obtained lo-nonseosancne. This sugseated the following
mechanism of wazx metabolism in the plant:

W' CHNC0H + RO H - > RY'OHa008% ——> RYCHZCH,R®

Chibnall and Piper® showed that the transition polnts which
nydroosrbons zave on hesting and ecooling were reliable indioes of ths
degres of purity of & mixture of paraffins, while melting points and
long orystal spaclngs were chlefly of value as messures of the mean
molegular weights. The transition points apparently involved atrustural
shangese The erystalline form &%t room tempersture went over to 8 oclor-
less glsssy form when the Tirst transition point was resched, mnd this
in turn ohanged at ihe second transition peint to snother crystalline
forms The three forma of the hydroosrbons existing at different tempers-
tures were the so-called A, &, and ¢ forms, wiich differed in the angle

ef tilt ¢f the long dimension of the unit cell to the short zildie. The
& form, which wre the normal stete for odd numbered hydrocmrbons, had
the long 2xis rracticzlly verticals The first transition point cn hest-
ing which is the one referred te heresfter in thiaz thesls whenever
tranaition point is mentioned, unleas another is specifically described,

was very sensitive to impurities. Since the transition rpolnt curve for
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mixtures of twoe paraffins hed & minimum (seo figels, page 45), the
transition point of any mixture was not the pame 83 that of & pure hydro-
earbon of the sare mean moleoular welizht, but somewhat lowere OChibnall
and Piper made 8 comprekensive study of the transition points, melting
points, set-points, and long eryatsl spaoings of a series of kaown pure
hydrocarbons and known miztures. On the baslis of thelr work, they made
& number of generalizations, znd made a series of sugzgestions to ald in
the separation cf hydroecarbons from mixtures.

Pirstly, they stated an sxperienceld eye could tell from a
glance at an x-ray photograph whether & sample was approssching purity.
48 mixtures aprrosched sguimolsr proportions, only & few orders of
reflection apresred, thess however standing out mcre sharply than in
plates of more nearly pure materislse & pure paraffin generally gave
eight or more orders. The melting roints of e uimolar mixtures of two
or three paraffina were sharp and oorresponded to the mean moleoular
welghtss Thus an eyuimolar mixture of hexasosane and cciacosane melted
at the same temperature &s heptacesane, since melting point versuas
compoaltion gave & perfectly straizht line. The melting points of
gquimolar mirtures of four or more raraffins were indistinet, but were

in the region aorrezponding to the mesn molecular welszhta.

For eyuimolsr mixturea of three or four parsffins, the tran-
sition yolnts were very indilastinet and coourred at that of the lowest
member in the mixture. Ejuimolar mixtures of five paraffins gave no
transition polnta at alle ¥TWith eyuimolar mixtures of two paraffins
separated by three or mere ocarbon atoms, the transition polints were not
welledefined, but the gecond tranaition peints on hesting were very

marked, and ococurred & dsgrees to i degree andi s hal? below the melting



points instead of the ihree tenths to five tonths of & degree for pure
gomroundse Chibnull found thet egulmolar mixtures of two or three parafe-
fira whose carbon contents did not differ by mere than two or three, had
sharyp set-points which were nct appresiably depressed below the set~points
for pure paraffins with molesular weijghts the sume a8 the average values for
the mixtures. Un slcow sooling below the melting points, there was little
tendency tc supersgeool, lhe paraffin mixtures setting orystalline about a
hal? degree below the melting polnts, Just as for pure puraffins. Lgui-
molar mixturea of more than three parsaffing did not set crystalline.

The suthors stated that in blochemicsl investigations it was
jmprobable that pure paraffins would cften be encountered, and that the
isolation of paraffins of s recognizatle degree of purity was always
laboricus and often impossible. However, bty comparing physical constants,
i« es transition roints, melting polnts, and spacings with the constanta
of known mizxtures, the compesition of simple mixtures ocould be eatimated.
in attempting the eastimation of the oompesition of a mixture in whish 8
maximum separation had been obtained by fractional eorystalliszation, thelr
procedure was flrst to measure the spacing, then pick out raricus binary
mixtures having the same spacinge Then they selected thut mixture whoae
melting peint and transition point were in best acocord with those of the
unknown mixturee If the tramsition point was 3till too low by & degree
or two, they arbltrarily estimated about five per cent of unknown impurltiy.

thbuallﬁ separated the constituents of apple asuticle wax into
pricary alcobole, secondary aleohola, and paraffinse 2Phe primary alochols
were csonverted Intc thne corresronding paraffins by means of phosphorus
snd hydriodic seid, and fractionally orystallized from light petrcleum

ether. A study of the melting points, transition polnts, aml spacings
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of the frzotlons obtained showed conslusively that the normal primary
alechols sontaining twenty-six, twentye-elight, and thirty earbon atoms
ware present in the origiral wax. Fraotionstion of tus paraffin fraction
of the wax showed the presence of hepiaccszne and nonaccsane and the ab-
sence of any hexaccaane or sotacossnes The transition points of the
vorious fractions were nearly sl1 alightly lewer Lhan those of the sug-
gosted binary mizxtures. That this was due t¢ the pressnce of traces of
the lower paraffin 4n the top fractions and of the higher paraffin in the
lower fractions was verified by sctually muking seversl miztures gontaine
ing & small smount of the guggested impurity. Twe to three per cent of
added impurity was not sufficient to change the melting points or spacings
appreciably, but the tranasltion polnts were lowered us much as twe to
three degroeg.

The ssaondary alechol found in apnle osuticle wax was D-10-
nenacosancle The presence of this aleohel along with nonscosane in the
same vax suggested to Chibnall at that time the following mechanism for

whx metabolism:

&Y 0008 1*Cilg | RO CH
+ T e 7 5 %ﬁ{;ﬂ
K200pH *K ¢’
' 0 &'Ci
n’?‘(,!ag ST el

Agaording to this mechanism, both the secondary sleochol and the
hydrocarbon could be formed from the ketones In Ghibnall's research the

ketone waa not found, but later work on brussel sproule leaf wax showed

li-nonacosanol, li-nonacosancone, and nonacosane were all presente No

clefins were found, howevere In apple cuticle wax, this mechanism would

postulate the presence of decanoic and eiscsan olc acids.



Be

Chibnail et alé undertook a compretenaive Investigation of the
constitution of the primary sleochels, fatty selds, and paraffins in plant
and inzect waxes. They found that in two cases only bad the samples of
pareffins isclated from nstural scurses proved to be ypure products, satis-
£ying the requirements of x-~ray snslysis. In all cuases examined they were
mixtures, snd separation by fractional orpystalliszztion waz ac laberious
that in caly cone lnstance, apple cutiole wax, wss It suffioiently complete
to give & pure producte Analysis by mesns of the pbysical constants
gshowed the presence of odd-numbered straizht chaln hydrccarbons, and no
even-nuwrbered homologe, in all samples axamineds & mumber of the aow
called even~numbered paraffins isclated from natural scurces were examined
and found to be miztures of the cdd-numdbersd hydrccarbons. Both the normal
fatty sc¢ids and primasry slochols in all waxes studled gontained only the
homologs #ith an even number of garbon atoma.

Chibnall and ?iper7 discussed the metabellism of plant snd inseot
waxese. Since analysis ¢f many wax products hadl shown they sensisted almost
exclugively of even-numdbered straizht ohaln primary micohols and anslds and
odd=-numbered paraffins, It was slear thati naraffinsg were formed from the
long ohaln wclids present in wazes, not from the snorter glycsride acids
wa prreviocusly suggesteds Acoeriing to their hypothesis, loag chaln sci‘e
werse inftislly formed by oxidatior st the ant of nolpmerized chains formed
by scndensation of sugsr units¥ & series of aoniis like thess in glyoerides
and waxes ovuld then be &baain&é from those longer uvnits by & process of
beta oxidztione Hedustion of any of these acids would give the correspond-
ing even-numbered alaochcl, while decarvexylation of the bets kets acii would

glve the (n~l) ketone. The ketone, in turn, was redused to the hydrcoarbons

$he following is & dimgram of Chibnall’s latest mechanism for wax metabolism:
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Harkley et alas regently obtained by fractional arystallization
of the unsaponifiable fraction of grapelfruit peel wax a ketonic fraction
and 8 hydrooarbon frastione Persistoent fractionation of the hydroocarbons
resulted in mixtures with tranaition points depreased considerably, three
1o four degrees for the best fractionse They sppeared, aowever, to contain
principally nonscosane and hentriscontane, with rossibly some lower and
some hlgher menbers of the serles presents Xe-ray spacings were used in
interpreting the comboasitione.

Harkley, Sande, and ﬁan&riakzgl cbtained from the hydirocsrbon
fraotion of grape wax fracticns which indicated the composition was about
seventy per gentl nonagosane and thirty rer cent hentriacontane.

Glaveld snd ﬁoggrali in thelr book discussed the separation and

identificution of wax e¢cnstituventae

&. dynthesis of atraight chaln hydrogarbons.

xrafftlﬁ in 1882 prepared laurone by heating the btarium salt of
lauric acid st rifteen millimeters presaure with excess lime. He made the
corresyponding hydrosarbon by converting the keltone to the dichloride with
vhosphercus rentachloride and then reduging the diehloride with phosphorus
and hydriodio acld. In this way he made the twenty-three and the thirty-
five carbor homologse In grder to make the twenty-twe carbon hydrocarbon,
he used & mixture of barium ralmitsate and barium heptylate. Krafftlﬁ
prepared several paraffins by the aotion of sodium on the aprvropriate
alikyl icdidens

18
Levenes, Vest, wnd Ucheer made & series of even-numbered
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hydrocarbons by firat making the prirary aloohcls from the eaters by means
of the Bouveanlt-Blane resction, then converting the aloohels to the lodidss,
and treating the latter with zinc and hydrochloriec acid. They alsc prepared
tetracosane by treating the icdide in ether sclution with magnesium:

281 + g —> R~ R+ Mgl,

Gluud12

cbtained good yields of the ketone frem the acid by
heating the dbdarium salt spread ocut on bolling chips In an evacuated com-
bustion tube. The ketone was treated with phosphorum pentachloride and
the dichleride treated with hydriodic mcid to give the hydrocurbon in
good yielde In this way, Gluud rade hexacosane, heptacosane, and
cataccosane.

Strating et a124 made neneiocosane and tricosane, using the
Claisen condensatiion. In the syntheais of heneicosane, undecylenic acid
was first hydrogenated to give the satursied acid. Esterification, treat-
ment of tihe ester with sodium ethoxide, and saponification of the resulting
product gave didecyl ketone, which was then redused by the Clemmensen

method te the bydrocsrbon. Uriccsane was made in a similsr manner, starting

with lauric secid.
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3E0TION 11

EXPLH IMENTAL

The material under investigation wra obtained fromw the Crown,
Cork, and Seul Company of Baltimore, Haryland. About Z00 gms. of a
brown wazxy distillate from the erude had previocusly been obtained by
another worker in this lsboratory, who was looking for & good source of
phellonic aclde He wae unsuccessful in obtaining any (wantity of acid
from tnis materisl, and turned the distillate over to the present
investigatcre Great difffoulty had been found in vacuum distilling the orude
because of the large amount cof water rresente Thers was a great deal) of
foaming, and the distillation had to be watohed very carefully. In this
investigution it was found &dvisable 10 remove the water by distilling
with xylene or benzene. The residusl solvent came off readily when a
vacuum and a small amount of heat were apprlied, snd on ralsing the tem-
perature the wax distilled without foaminge However, foulesmelling zzees,
probably sulfur or nitrogen centaining eompounda, were given off by the
impurities present, and & high vacuum could not be maintained. Consegquently
the beiling point of the distillate went up to about 300%¢28 mm.
Approximately 100 gms. of the crude was freed of water by
mixing with 200 ce.c. of zylene and distilling off the solvente This
process wss repested three times, uvalng dry xylene. 1f s water trap
was placed between a flask containing the erude plus the xylene snd a reflux

sondenser, the water gould be removed in adbout an hour with little attentione
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The residual xylene adhering to the orude was removed by plasing the
mixture in a 50 ge.0. sousage flask, turning on the vasumm, and heating
gently. Then the salt bath wes raised to 235° and the pressure was 25 mme
{a water pump was used in the firat distillation) the hydrcearbon atarted
to diatille The bolling range was 230-250%9, about 75 gmse of light yellow
wex belng obtalned.

Ethyl alcohol was found to dissclve comparatively little of the
wax, while removing much ¢f the coloring mattere Alcohel was not satise
fastory for resrystallization, however, since even when hot 1t dissolves
oonly s small quantity of the waxe The distillate was found to¢ erystallize
well from sgetone and alsc from propasncle Congeuently, after extraction
with ethanol, 1t was orystalligzed repestedly from these two sclvents until
the melting point was conatant. The product was pure white, snd 4id not
dissolve 1in concentrated sulfurie acid or dimethyl sulfete. It reacted
nelther with bvromine in cardon tetrachloride nor potaasium permang nate.
The rosults of hast camphor determinations of the mcleoculir velzht wers
not very satlsfaotorys Those obtalned Dy the author indicated about
twenty-nine sarbon stoms {n the chaln, while ihcse obkteined by another
analyst indicated only about twenty-cns or twenty=-twoe

Solvent purification. 175 gmae of distillate was dissolved in
2e5 liters of hot acetone.s On cooling 82 guse of light=colored wax was
obtaineds On dletilling the ascetone from the filtrate, & brown wax was
obtrinede Thls wax was extraoved with cold alcohol, then recrystallized
cnce from acetone and cnoe from propancle The resulting produet was

combined with the firet precipitate from sacetonee The total yileld wse

39 gre. of material melting at 56%.
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Analysias: Carbon 8501, S4.85. Hydrogen: 1577, 1lde 93

Sinoce it was evident that frastionation proosdurss would have
to be used, a considersble yuantity of the hydrocarbon mixture was puri-
fiede 4n sttexpt wse mwade to purify the substance by ohromatographing
with slumina. The hydrocarbons were not sdsorbed st all and & great desl
of the irpurities were removed. However, the process was slow and
required a large amcunt of alumine to purlfy any quantity of hydroearbonse
Hagnesium oxide and ten parts by welght of "HyFle Juper Cel", whion ia
wude by the Johns-danville Company, a&lso took the solor out of & dilute
benzens solution of tbe hydrooarbonse Nelther of these chromatographie
methods was thought sultable for the yurification of large yuantities of
the oruds wauze The progedure inally adopted was the extraction of a
benzene solutlicn of the hydércesrbons with cold soncentrated sulfuric acid
until sddition of fresh acld no longer removed coler from the solutions
& total of about 300 gmse was thus rurifiede In the sulfurie asid-scluble
fraction there was present & gonslderable juantity of dissolved sclids
which were thrown cut by pouring into cold waters. Lepeated orystallization
snd charcoaling of the darkegolcored material resulted in a small wantity
of & light-solored sclid whioh shrank in & capillary tube at £20° and
melted at 239-240% It was apparently s mixture of cerin and friedelin
which had been carried over in the distillation, and nothing further was
done with ite A coeling curve and carbon and hydrogen snalyses indioated
the mixture obtalned by ascid purification was about the same as that
cbtained by repeated orystallization of the srude waxe

flge th au 3¢ 300 pmse. of the waxy

distillate was diasolved in venzene, and shaken with cold soncentrated
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gulfurle aoid in a separatory funnele Uhe scld colored considersbly and
frean acld was added in small portions until it no longer beocume 20l0rede
Shie benzene solution was allowed t¢ stand overnight with anhydrous sodium
garbonates A& smell amougt of gelatincus materlal formed apnd the mixture
was centrifuged. Un rexoving the solvent by diatillation on the steam
bath, and then distilling the hydroocarbon mizxture in vacuum, 8 whits solid
material was obiaineds Twe recrystallizstiona from acetone gave 125 ymse
of product melting at 55%

Ceooling gurve on the hvirgesrbon mizture The bath sonsisted of

& battery Jar of wsbout ten liters oapscity, rlased in en ordinary ensmeled
tube. OGround corx was placed below and arcund the Jur in order to zive slow
cooling of the bathe Using 8 Varisc, & conatant rate of heating or cocoling
was easily obtainables The ssmple of about 10 pmss was placed in an
crdinary Pyrex test tube whioch was fltted with z ghort plece of lurge hore
rubber ttbing adjacent the lips. This served =3 o ccnnegting rlece hetween
the smaller test tube and o larger one, coreating z dead zir epace belween
the bath and the sample, tc lag the heating or coeling effssct of the bath
¢p the sampley A4 spiraled metal stirrer wams used and opersted by hende 4
Buresu of Standards oslibrated 0-100° thermometer was placed in the middle
sf the melt. The inltial terperamture ¢f the bath was 54° with the melt at
L6650 The bath wmus mede to coel gloxly at 3 sontrolled rute. The ourve

c™talned 1s given in fig. 1, page 18

Slow fractional diatillation at aix millimeters preassure uaing
& column about & fool and & half leng, paoked with glass hellces and

electrically hested, resulted in & series of fracticns ranging from the
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léwuat, which consisted of material beiling upr to 1485° to the highest whioh
boiled from 200-207%, as well as the ususl brown 2till recidue. Hefractive
indices of wmest of the fraotionas were obiained and oomparison of thease with
ﬁluua'alz values for pure hydrgearboens indicated roughly the mean number of
carbon atorss Thui, the average carbon content of the fraction Volling from
165«1700 was sbout twenty=four, and inoreased stesdily to about twenty-nine
in the fraotion boiling from 195-200¢¢ The refractive indices of the
highest and lowest boiling fractions were not determineds 4 summary of the

results cbtalned by frsctional distillation ia given in the following tablae;

TABLE X

Beiling point Amount. Hefraative

in ©C in gmae tndex at 65°
5till residue 10.2 e
200207 13.1 e
155=200 199 le4 a7
188-195 19.2 le 4344
180-185 ABed 14329
180«-200 Be § st e
175-180 454 1.4223
165-178 4% 1l-4286
up to 186 Shiedy 1: 4311
148-1658 38.9 R
up to 148 33:3 —————

The apparatus used oonsisted of a 374" column about 1l&é" long
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sealed te & 50C oo flask and surrounded by an electricslly hested air
gackets %o glass tubes were sesled to the flask, one for adding sarple,
the other to held & beiling tubee Ho alr wes run intc the flask from the
outside, but the slow evelution of the air from the & mme boiling tude
was sufficient te prevent vumpinge The column wmas pucked with gleaes
helices, the thermometer being attached by mesns of & piece or rubber
tubing 1n the ueusl fashione The arm condueting the distillate to the
receiver was about 8 frot long snd served ss an air condensere The
raceiver was a 200 8.8, 4iatilling flugk, the arm of which was sonnected
to & manometer, which in turn wss connected to a Censo Bi-Vas pump. It
waB found necessary to surround the outlet tube with hot nichrome wire
to prevent the parsaffins from sclidifying bvefore they resched the
receivers It was cunvenlent merely to extend the wire used in the jacket
around the exit tube. To prevent flooding in the coiumn it was nesessary
to keep the jaokel temperature 20-30° above the distilling tewperature.
It wes endeavored to have the lijyuid reflux about two thirds the length
of tie columne The rate of distillation was about & drop in three to four
geuonds with the btath temperature abeut 90° above the distilling temperu=
turee 310 gmae of the paraffins was distilled, the whele apparatus belng
ccoled each time & fraction was cute

I{he indices were determined by using a Valentine refractometer
#4598, made by the Industro-ioientific Col, Philae, Pae The temperature
wag kept at 68° by ociroulating through 1t water from & coonstunt tempera-
ture bath. ¥ith the assembly used 1t was possible to hold the temperature

sonstant to 0+1%
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Co

It was dosmed advisable at tuls stage of the purifieation, to
sttenpt further sepsration by mesns of equilibrium meltings This method
was used by Hieks?® ana by vairl? and wes found very convenient and
ugefol. instesd of uvaling 2 vaicunp~Juareted funnel xa theze iovesligotors
did, however, an apparitvs was desizned that zllowed the material to be
held at any deslired tempersture £or a gensideradle length of tires The
apparatus oonsisted of s apeclal funnel atischod te » side-armed
Erlenmeyer flaskz, the whole belng placed in & constant tempersture baths
it wns found more eonvenient to use the hydrooarbon mixzture iteslf, rathery
than an ether or petroleum ether solutions It was only nesessary to ralse
the temperature of Lhe bath to any desired level; allow the contenta of the
funnel t¢ come to egmilibriuve, and dArsin off the frastlions into the
attashed Erlenmeyer flaake

Eaeh of the fracticns obtained by frantional distillation was
cut intc from thres to five partse On mesy of these smzll fraotions the
capillary melting peints, set-points, and refractive indlces were deter-
mined. It was noted thet the melting rointas of the successive fractions
incressed o3 expected in regular fashion, Mt the refractive inilces
decressed. It wis alsc noted that the hipgher fractions were lighter in
cclor than the lower onese 7The conclusion wos obvicue that impurities
wore rresent and were ocncentrating in the lower fractions. The presence
of non~hydrooarbon impurities explained the unexpectedly large difference
in the welting pocinta of the khighest and lowest cuts from each beliling
fraction.

To get rid of the impurities, chromatogranhing with Brochkman

alumina wes rirst triede This raised the melting point somewhat, but the
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hydrocarbons obtained still colored warm sulfuric acid. Slnce it was
found that other invsctigatoraQ had purified golid hydrocarbdbons by
tresting them with concentrated sulfuric acid at 120% until fresh acid

no longer was aclored, each of the fractions cbialined from the egquilibrium
melting was trested with avlfuris scid at 129-130@. the mixture being
stirred by an electrical stirrer. One three hour trestment in this mancer
removed practically all of the materials that golered het sulfurie acid.
The melting polints were raised considerably, frection eight, for instance,
ohanging fromw 49-50° to 51.8°% In Table 11 the zelting points and set-
roints given are for the fractlions after the asld treatment.

About & thlrd of the totsl welght of hydrocarbons was lost by
the acld treatment, part of the loss being due to the solubility of the
hydrocsrbons themselves in the aocid, partly to wechanical losses, partly
t¢ the resction with the oxygen-containing or unsaturated substances present.

Tne firat apparatus {Fig. 28) used consisted of a large test tube
1%0X25 mm. with & short plece ¢f 5 mms tubing sealed on toe the bottom.

Thies was inserted Iin a rubber stopper and sttached to an inverted five
pound ether can with the bottom cff, which made & convenient water bdath.

& copper coil in this bath through which water cirgulated, after having
been run through an ige bath by means of & ciroulating pump, gave fairly
constunt low temreratures. Ether sclutions of the mixed paraffin fractions
were frozen solid and placed in the funnel over & pal of glass wool. ALis
the bath graduzally heated up, fracstions were drained off by presaing the
war with 2 glaas rode This apjsratus was dlscarded because sufficiently
low temperstures could not ve obtalned.

The next ap;aratua used was an eleotrically heated ant dry ize

cooled funnel (¥ig. 2b)similar tc the one vsed in the first apparatus.



TABLE 11

RESULTS OF EJUILIBRIUK RELTING

Bolling Preetien %t Oms- Temp. of Hefr.Ind. HePowGe Beo

ARnge after Bath °C after H,50
o¢ H,50 Treatment
Treatment
200207 18 Ceb 476 144415 &7, 5%
12 04 51.8 1.4410 57, BB.8
20 2.2 554 1.437C 57, 56-8
21 Ae4 88.0 1.4345 58.5, 68.°
22 2.0 over 58 1.4342 59. 5, 5%.0
195-800 3 2.1 5Qe 6 1:4416 6566 5, DGO
4 1.6 540 1.4380 583, H6.0
5 1.7 56.0 1.4360 B3.0, 07.8
1) 39 858.0 1.-4345 E2.8, 538.3
7 4.3 600 1.4335 59.3, 548.8
188~195 23 Ce b 52.0 1.439% HM.8, 4.5
24 B. 8 54.0 1.4348 55.8, 55.8
25 75 56.0 1.43380 B8+ H, 56U
26 4.4 over 56 1.432¢% 570, 568
180~185 27 Ze b Bl. 0 1.4380 540, B3.7
28 6.1 53.0 b4« 5, 54.0
2% 16.2 55.0 58.0, B4 5
180~2C0 2 2.8 534 1.4360 5.0, 5.5
1 1.4 over H3.4 1.4324 58.8, 552
175-18¢ B 2:3 4B.0 1.4360 51«8, Bl.3
9 2.0 4%. 6 1-4327 520, B1-5
¢ 4.0 51.9 1-4315 52.0, Bl.5
11 13.1 58.0 1.4308 584, B2.0
iz 8.9 B3.0 1.4312 BE.B, B2.0
1656-175 20 3.6 48.C 49.5, 49.D
31 10. 2 48.5 49.58, 49.0
32 RB27 50 B D03, 49.8
up to 1éH 33 Te3 436 48.3, 45.9
34 16.0 46.0 47.0, 48.5
35 17.5 48.0 472, 46.8
148=1656 36 B9 4.0 462, 45.8
37 24.0 4£6.-0 482, 45.9
35 Je 2 over 46 47.0, 46+4
up to 148 1z 2+ 2 28 1.4392 408, 40.Q
14 1.7 32 1.4307 38,0, 38.3
15 24 278 14310 40.8, 4C. 6
16 4.5 39. 8 1.4274 41.1, 40.8

17 12. 6 42.5 1.4264 41.8, 41.3
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Tamperaturaes arcund 0% could readily be abtained Mt weore not very conatante

Tae apparatus finally adopted for use on 311 the fractions obiasined
by fractional distillstion is plotured in ¥ige 20« 1t gonaisted of the sume
type of funnel uased in the other set-upa, but had 3 different tyve of & fllter
pade & plece of linen wuas wewed on ¢ & norr extraction plute so ithat the
bog of the plate was covered with & smooth surface of linens Atout 4-5"
¢f copper wire was scldered on to the attaaked pin, and the plate fitted
snugly into the funnele. The wire was wrapred firnly arcund the funnel
tube to prevent the plate from mowinege This tyre of filter pad was found
to be very satlafuctery, no sclids getting threough ard the lijuild passing
through easlly. Norecver, ithe holdup wis very smalle 4 plece of heuvy
nigshrome wire passed trrough & short length of gless tubing inserted in &
oork &t ihe mouth of the funnel, uni Yent in the shape ¢f a oirale st the
and, served sz a stirrers

After plseing 5-30 gra. of a pertisular fraction in the funnel,
it and the sttachked slde-armed Erlenmeyer flugk were pluced in 3 constant
terperatuvre bathe The Erlenmeyer hsd g side-nrm lonz encugh to extend out
of the batie %The funnel wss attached to the Irlenmeyer bty a tightly
fitting rudber atoppers The thermeregulater used was provided with a
stopeock whieh wiaon open allowed the bath to hest upe “hen any desired
tenpersture was resched, the stopocsk was cloged and the temperaturs wes
meinteined ag cleosely =8 ceculd be read on an inschutz thermometers In
beginning the fractionstion of a semple, the terpersture was first ralaecd
te the point ot whieh the hydrocarbon miss asoftensd considerably, and then
maintained for 1L-4€ minutes with stirringe 4% the end ¢f thie time, the

liquid which hsad not already filtered thwough was sueKed Liwough by



23.

connecting an aspirator to toe slde-arm of tne frlemmeyere The apparatus
was then allowed to stay in the batn & further ten minutes to Iinsure
geiting all the nyirocarbons ocut (hat would lijuely at thal texmparatur ee

iext, the appuratus wus remived Irom the bath, snd a blust of
air vlown on the rubter stopper (o keep waler cut of the flask when it
wes openeds The nydroosrbons were melied cut of the Irlenmeyer, Lhe
£lasik washed with stoer, and the wushings addsd to the melted part. The
apparatus was agein connsected and the temperature allowed tc rise until
the mixture begsn to scften againe It wis gliven lime to come to eguiii~
brium as before and unothsr fraction drawn offe Esch of the fraotiona
taxen on distillation was cut into frowm three to Five purts by this
aystame

Zash Of the fractions obtsained by eguilibrium melting wus
placed in a 125 oe.ce ERrlenmeyer, mixzed with =60 sece of concentrated

sulfuric scid, onc hested st 120-130° for three hours by immersion in sn

oil bath heeted by & Bunsen burnere The neck ¢f the flask was slamped
t¢ & ring stand and the mizture electrionlly astirred. A4fter the throee
heura were over the mixture was ccoled in ice, filtered throuph fritted
glags, and washed with cold water, then with gsmall quantities ¢f cold
sostlone, taken up in petroleun ether, wnd rilterede The solvent was

evaporated off and the parsffin vecrystallized from scetonee

41 first ihe oxygen~iree fracticns obiained by the exreriments
with equilibrium melting were combined on the basis of meliing polnt,

fractions "a” tc “I* beling cbtalned. Y& melted at asbout 57° ang »i®



at about 41° kach of these nine fractions wss then fracticnally
erystallized from ethyl ether, and the fractions thus cbtained combined
on the basis of melting point.

After the fractionaticn of these nine fractions, 1t was realized
that the best ghsance for getting anything recognlzadble cut of this obviously
somplicated mixture was to ooncentrate on the highest and lowest melting
fraeticns. Hepested fracticnation of one of the nigher melting fractions,
first from ether, then from thirty to sixty degres petroleum ether, gave
a product whoase physical constants d1d not change on further fractionatioen.
Fraction ﬁﬁé melted at 60.6-60.8, sot at 60.%, and exhidbited transition
points at 52 and 60.4. These constants were taken using an electrically
atirred bveaker of cil. Helting points at first tuken on a Thiele type,
alectricslly atirred bath were found to be too high by about three Jdegress.
This difference wac falrly sonstspt, and was undoubtedly due to insufficient
11 ;uid in the bath whioh caused poor circulation. High melting points have

been observed by Sando~S

and others on this type of bath. &8 soon &s it
was dlgcovered that the melting reolnts were too high, the bath was disoarded
and 8ll further melting, set, and transition roints were taken on ine beaker
bathe 7%he results odtained on this apraratus sre belleved to be very
relisble since a calibrated inschutz thermometer waas used, and the rate
of neatlng was slow.

From the lowest melting fraction "I™ there waas finally cbtained,
after fractional orystzllizaticn from acetone andi petrcleum stner {1:1),
frastions ?53 &nd ?ﬁ&- The former melted at 4l.4, set at 41.1, and
exhibited transition points st sbout 35 and 40.6+ The melting point of

the latter wos 40.0 and 1t underwent transitions at 25~36 and 3¥.4. The
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sonstants of Ui, scemed to fit the straignt ahain hyiroasrbon gentalnlng
twenty-ons carbon stoms, but sbbseguent evaminution showel this was not
truG. hefracticnation of sore ¢f the fraotions intermediatle in meliling
point between the higbest snd the lowest guve several fractions whose
Important firat transition points on keating were aboul ten Jegrees below
the melting points. Ordinarily the transiticn peint of a pure nyirccarbton
will be four to alx degrees boleow the melting polint, while the tranaition
peint of & binsry wixture may be wy to elght Jegreea below tiae melting
reint.  However, Ohibrall® has shown that = mixture zay be esecntially binary
and yet have a transition roint derresasad several dsgreas below the expeotsd
temperature, due Lo the pregrnge 07 a sxmall juastity eof & third substance.
%nen the dark-onlored residue obtalined in the fractional distillaw
tien was rurified by treatment with hot asulfurile meld, an! then fracticosally
erystalilized frowm petroleuwr ether, several fragtions wore ohtalned whose
tranaition points were falrly slose to thelir melting polnts. fraction 1 18
melted &t 65+ Y%, set at 64«7, and underwent transitions at 6.2 and at S5 05
“he grocedure uzed in the fractionation oonsistled first in disaolv-
ing the mixture in the sclvent, and then plaging it in the ice bex. 4n
attenpl wes made ln esch orystallizstion t¢ sijust the guantity of sclvent
snd time of erystellization a¢ that about half the saterianl arvearel in the
filtrate and hall in the precipitate. After orystallisation, which took
only aboul ten minutes, the mixture wan {lltered on 3 ovarse fritted glsss
rilter using gentle sucticne. ihe following 18 & dlagram of the genersl

progedure for the fraoticnations:



26.

sample

/ \

1y

2/ ' / v,
/1\ / .:a\ /\
% s %

o \ /
2 4
4 \/ \ \
55 54 % 5

Fractlons 3y and by were generzlly found tc have almost exactly

the same melting pointsas ag& wore ocrombinede 3imilarly 54 and,sﬁ were the
same. The originel sample i3 first split inte a filtrate 1, and a
precipitate 11' Phe precipitate nlways appesars on the left in the dlagram
and the filtrate on the righte The filtrate 2y from the orystallization

cf 1y was combined with the yrecirituste obtained by ecoling or ecncentrating
1z ¢« In these fracticnuations the use of 125 g.0¢ Irlenmeyers with Inter-

cnangeable ground glsas Jjoints was found to be extrerely convenient, as 2

sondenser with ground Jeoint could be connected directly to the flask for
concentration yurposess %he use of ground Joints also avoided contamination
cf the fractions, which 1s important in & progess such as thiss

In the following report of the asctunl erystallizastions which were
carried cut, the letter In any fracticn 1s the letter given to the starting
product of any serlea of fractionetions, apnd the numbers and subnumerals
ahow the position in & disgram like that on this pagee Thus, the name of &
fraction 45, will Indicate that fraotion A has been orystalllzed sccerding
to the scheme cutlined until the place indicated by Dg hes been reached.
4 fraction ?54 would be & part of "T"™ carried to the same place in the
general schemes The large number slways indloates the level of the frastione
ation trisngle, while the subpnumersl indicntea the number of the frastion

&t that level.



Frastions 18, 18, 2-, and 26, melting at 57°, whioh were obiained
from the experiments with ejyuilibrium melting, were somblned, and glven the
designation "A." Hereafter, fraction numbers ziven without letters will be
fractions obtained frow eyuilivrium meltinge Fraotionation from ether guve

four framstiona with the following melting snl set-pointa:

Fraotion &ﬁl &33 Aﬁs A34
BeFe 590 H8e0 575 550
Be Pe 58+ & B75 570 ————

The two fraoctions Aﬁi and A% pwere not oombined, but were fraction-
ated ma part of the general scheme down 16 the fifth level, Jjust as 3y and
33 were treated in the genersl d&lagram on the yreceding page. This process
of taking only twe of the fractions from one level to 3 lower one will be

raferred to hereafter as "dusl fraotionaticon®.

The melting and set-points of the four fractions thus obtained

are ziven in the following table:

He P DB B 5% B7e1 65
Be Pe 59 o8¢5 56 § -——ave

Aasway added to Aﬁﬁ snd &ﬁa was added to frzotion 8.

fractions aﬁl and ﬁﬁg were fractionated sz follows:

5,
PP ! It -
6/1 N
1- ©2
PN ,
? 5
1 2
s/ ~ 8
1 g

Aotually the filtrates from Ab) and £8p were oomblned to give 46, while
the preciritatas from these 2ame two fractions were combined to give 46y o
Hext, the most inaoluble fraction &ﬁl was orystallized a number

of times to give precipitste 49y , then 418; , then all, , ther 4123 ; and



filtrates &92 . ﬁl%z v All2 o Bnd ﬁl&z.

The conatants for Alll and ﬁlzl woere a3 followa:

Fraction 3111 &121
He 2o 6B 7 B8
Sui’. 6@02 6695

Two more orystallizations of A1Z j gave Al4 ymelting at &l.1.
The two filtraztes were sombined with Alzzo

he constanta for the filtrate obtained were us follows:

Fraotion Al2o Allg LHl@y &92
He o 60¢ 3 600 bS.9 599
Fraction aaz ﬁ?z ﬁﬁz
KePe B89 59 58

Fractions All,, Al@p, 495, 48p, Al2y,, and 22 were ocomblned.
Thus, from these fractionationa of "A®, the following eix
fractions were left:

Fraotion A3, A5y  Aldy; A8, AT, A4Sy

-~

Yo Po 58 571  61.1 Ca. 60 059.0 58.0
The next atep was to acmbine fractions 1, 2, 4, 24, and ZDe
These fractions melting at B6~56+45 were called "b". Fraationation froem
ether yielded the following fractions:

Fraction 831 332 BE% 334
Ko Pe 584 5 570 BETe8) Bée

Praction Abz and B3, were sdded to B3ge Fractions 33; mnd B3y were then
"Jually fractionated”™ ss was "A"e The following fractions were obialned:

Fractlion 361 552 363 SGQ §-1:)
He Pe 5848 OB 57 H5e 3 BRe

3

le was added to &?2. 362 was added to &62. and E55 was sdded to fraction
19.

Thus, from "B", fractions B6z and By were left.
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Kext, fractiom "C" melting at sbout 55° was forwed from fractions
2%, 29, %, and Bége The usual fractionstion from ether resulted in the

following four fractions:

¥Fraction 951 s:fea f}:,g‘ &34
He e 566 5 LIRS 4.7 HER

Lunal fractionation of 033 and 955 gave the following fractions:

Fraction Cé, Cs Co, Cég Cég
He e LYZRS 5608 B55e 3 588 Ble 2

B6g and C3; were comblined with Cép, and 43, was added to Céy.
fHext, "L", melting at 04-Ddedywus formed by combining fractions
27, &8, and 0ége The usual fractionstion down 1o the tiird level, and dusal
fractionation of D3, and Bss te the level of four gave the following:
fraction 284 Dy Mg De, B3,
1o Po L. SGe 5 54 52 ———
B34 wus wdéed to D4z, D3y wes sdded to Céa, and Ddp was added to Cége
Hext, "i" melting at 51.8-52.5 was formed from the combination of
fracticns 8, 9, 10, 11, 12, Déy, D34, G834, snd Cége FPractionation of "i°,
with dual fractionation of K3y and E35 gave the following:

Fraction B Eép Eby E6, L6y Lég L3y
e Po 64.0 £4.0 BE. O BRe 2 B1.0 060  wmme
E3, and kb, were added to Dége
Next, "i", melting st 48«5=503, wns formed froem franticns 36, 31,
32, Eby, and E34e Fractionstion of"F'snd dusl fraoctionation of F3, and ?33
#ave the following:

Praction 23, 76 Fég Fég Féy P F3,
He Po Ble5 52,0  Bl.b  BOe5  BO.O  48.5  49.5

Fraction Fé; w=s the first frastion in whish transition polnts

were obaerveds The transition points orn heating were 38 and 50°.



Fragtion "3%, melting at 47°, was next formed from fractions
34, 35, and 38. %The following fractions were obtalned In the usual way:

Frastion 5331 G3 2 35 2 334
e Pe 49. 48 47, &8s i

Pual fractionation of 632 and 333 reauited in the following:

e Po 49 45 47 45,
2nd Tepe 482 470 ————— 4D
on hesting

Fractions P&, Fég, 531, and (o were oombineds
Rext, fraction "d", melting ut 4@°, wias Tormed from fractions
33, 86, 87, U3, and @6z Fractionation of 'H'snd dual fractionation of

aag and 333 gave the following:

Fraotion 331 ﬂﬁz Hﬁs 354 H?a ﬁEQ
Yie e 48. &7 5 4%, 46 EY 455
2nd e Pe 4% &7 &Ge &50 oo o Qiéso

on heating

H33, Hbp, and Lids were combined with Gdgs and Hbz and H3, were combined.
Tne next step was (o combine fractiona 138, 1L, and 1& to give

w17, melting at 41°. Fractionation gave the following:

Fraction 13y 132 133 134
HelPo 43 42 41.2 50,8
End TePe 426 &1 400 3

on heating

To 13p wae sided fraction 17, and fraction 14 was added to 134

The next step consisted ¢f refracticnstion of suitable frsciions
alresdy obtalneds Fraoction &8 melting st L7 was re-named "o" for the sake
of sonvenience, and refractionated to the level of three, and then JIz and
d3g were dually fractlicnated giving the following:

PFraction 331 352 353 éﬁé Jﬁﬁ Jﬁé
e Po 6B 5 &0 59 58, B6e B6e

J6, was added to £% , 44, was added to 46y, and I3, and 40y were udded to Cg
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331 and 352 were combined and called "¥7. Hefractiornation of

"g* with dual fractionation of 3, and X3, gave Lhe following:

Fraotion ml %&'42 E{és %;‘44 %{23
e Do 605 80 5 BB B 5% 5 57

"4a was added to 47,5, snd EKfgq and {4, were added Lo Lbpe
K5 was re-named “H" and fractionated to give the following:

Praction ‘&&51 e 2 a&ag %23
le l¥e 6le él. &0. 59

MEs was added o 47, and U3 was further fractionated to
give the fellowing:

Fraation M8y itég by Moy
e Po 62 61l 8 6D 5 60

i 3 3 .
3&65 and %ﬁﬁi were added to 1%.;’55

Hext 46,, renamed "L™ and melting at 59%was fracticnated and
ABy and A3, were dually fraoticnated to give the following:

Praction L3y Lﬁa wa Lbg :;55 Laé
Ko Po Bfle &0, B7. 57

Loz and L& were fractionated according to the following scheme

{the melting points are given sdjacent the fractions):

R .
RN ~
&z & .&
7 \7 ™~ T \7
£§00 3 4 . - 15 6 57
8 \35 ~ &
4 .
60° 9. N ~ N 570
4 95 \ . 96\ 97 57
~ \
135 ‘1(}5 107
° ~ N, o~ h o
60° 11, 11, 11, 11, 59
i2 \12 ) h
124 o 2 ')
Q g ™~ - s o
&8 136 137 138 \39 58
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L.:’:l . Lsg. L’?s. Lﬁ@, Lllﬁ, and Ll.’:&a were now oocmbined and called

"Nt  On ocarrying out a series of fracticnationa like the previcus series,

the following fractions were obtained:

Praotion Nﬁl 334 ﬁﬁg Eﬁb ﬁ?s E?E
He e 20 Le. 61. LYo &1. 58
Fraction £»394 i£§5 H?& 2597
e P Ele 658+ & 59. —-———

MBy, W7g, WO, WE,, and K9, were added to LT, N3, Ni,, W7, and Ny,

&.
were combined and ¢alled (™. Hefracoticastion of "0" to the level of three and
then dual fractionation of 632 and 053 gave:

Fracztion 331 052 055 954 0&5 034
e ke Gle 6le &0 6Ce ——— 8Y.8

Fractions OLgz and 004 were aided to 034
03 and 08 were secmbined and callad "P*e Fracticnation of "»¢
sacoriing to the same scheme &5 the laast series of fractionations gave:

Fracticen P& Py Pbg Py P5y P34
HePe [y &l &0e 8 6o & 6i)e

Pbz slac underwent & transition at about 55%
23 and Fip were ocmblned, called "y", and frastionated again

in the same manner a3 the foregeing to glve:

fraction %3y and by wbg Wby %Oy and .34
e Pe 3 6l. 61. 6l.
Be Pe 61. GCe R e 2 w—
TeFa (18@} 5@-' 532 E aae 52
‘f’ :‘?. (aad) &10 e ot

After tresting %31 snd wby, with sulfuric acid the following eonstants
were obtalined: XeFe 61e¢8, SePe 61.0, and Tole 53

The next step waas (o ehange the aclvent, i, «H, and (A&
were combined, called "™, and fractionated from 30-60° petroleum ether,

ascording to the asame sgheme a3 the lsst aerleas of fractionse The
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following franticns were obtasined:

Fraction (% mnd ibg Hby 28y Rop mod i 34
Mo Pe 5le 2 6le £0286 =~ 808 Blie R
Se s 6Ce o 60 &
T.pe {lat) 5% 5% 524 52.
Te e {En&} Ble e Bise 4 o —

dince it sppeared that appreciasble changes in the ocnstants were no
longer taking rlace, furtier fracticnaztion of tnis material was abandoneds
Next, the fracticns I3y, I3, 13, and 13, were purified with

gulfurio acid, and their physiozl oconstants earefully determined:

Fraotion I3y I%e 153 134
He e 4247 416 41.2 I35« 5
T 4%e4 4101 4Ced 228
TePa {lat}) below ose3be 34, Ghe e

21

Te e (Zndi 420 4006 40e 6 e
Fruction I3 was renamed "S" and freactlonated from petrolsum
ether-ascetone {(l:1l) aocording to the schere used in the last several

series. The following fractions were cbtained:

Praction 831 and 88a 35y 854 355 and G534
He Pe 434 &Ze 0 4140 BG.
Ge Pe 428 418 o e 38.8
TePe {1st) 2ie & under  38.5 ——————
3&
TePe {2nd) §3e 2 cae e s
415

Hext, Séi was palled "I" and oarried through a series of

fracticnations from scetone-~petrcleum ether (1:1) with the following

results:
Fraction ?31 and T5g Tﬁa ?54 Tﬁg and ?34
e Po 47e 5 414 43 0 IR« 8
He Lo o 4101 ——— ——
TePs {18t) 38 680 300 BBe w36 23
PePe (2nd) 4l 40+ & 394 e

Fraction PG wss rext seleated for refractionation. QCareful
determinations of its conatants geve for the melting point LGe2, set-

poidnt 49.4; and transition points 37-38 and 49.6. The following



fracticn were cbtained frem retrclevm ether-acetone (1:1}):

Fraction U3y T3z Ukg F34
He Po 5le0 Ble 6 4942 478
Be Po 50 6 498 4Be Y 4704
Te Feo (lst) S5e s e B 0BG BBemBGe
e Pa {f’:{!ﬁ} Yo G 4948 487 A% E

Hext, (& was aalled "V" and itas ceonatants carefully determined.
They were: melting point BB.6, smete-pcint Sbel, and transition points 42.

and H4e8. FPractionation from scetone-petroleum ether gave the fellowing:

Frugtion V3 ¥3a2 Viz V34
e e S56e 6 B56e 2 EDe BemBhed e
s e BEZ B5eB E5e 0 ————
TePe (lat) 4 5o 44¢6  43.0 below 3%
Teile i Z’,—nﬁ} i e DHe 2 w HhaB -
554

V%E was renamed "W and further raotionated to glve the

following:
Fraction Wsl @33 W$3 %54
lite e 568 DiedmBa & 55 b B3 8B
G Po 563 H4.5 SLe 2 534
Tabo (181)44%+4=45+6 & e £ &be 7 Che &b
PeFe (Bndj 5640 B56e 3 Bbe 2 530

Wiy, was renamed w3, and further frasctionated to the level of

three, and fractions Algp and A3y were duslly fraciionsted to give the

followlng:
Fraction 3’&31 and Xag 353 %4 Kﬁﬁ and 554
e s E6o BB 7 558 S0 & H5De OmBHe 2
He e 5€e3 554 Biel B oo B
TePe (lst)  46e0 44 6-44.8 438 42.
TePe (2nd) DBe & Hbe & 850 Baed

The still residue was
ealied "R"™ and fructicnsted from petroleum ethere It will be noted that
previcusly the letter "i" was used unintenticnally, fer an entirely
dirferent fractione Thne two different H's may be distingulished by the

numbers whigh follow the letier. In the frastions derived from the still
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residue, nc subnumerals sre used, while in the "K™ which appeared pre-
viously in the thesis, one numbar to represent the fractionation level,
and z sudbnumweral to represent the number of the fraction in the level

were useds In the followine disgram the melting reints appesr adjacent

the {raction numbers:

R °
1 é éﬁb
S \\~¢///2 \\ b
©
S 8E N N\
é 7 8 9
s \ \1 7 N\ \
10 11 o 2 o 13 o 14 o
/ \ 64 &4 63. &0e
15¢5.50 1légg.0
31// 22
65 5O
7\
28654 5° 29g5. 59

R1Z was ormbined with R1l; and R28, A29, and R22 were sombined
with Kl6. Careful determinations of the gcnstants for Hlé amd iill gave

the following results:

Frection e Pe SePe PeFa{lst) RiPe(2nd)
#H16 6D 2 65.0 Bbe2 650
BRl1l 4.2 638 G400 632.0

Practionation of Hll ocalled "Y", from petroleum ether, was

carried ocut socording to the following dimgram:

b4
1l /// \\~ 1
2 1IN 2 P
1 2 2
s N7 NN,
o 1\4 2 3 4
1 2
A

The sonstants for the fractions obtained were a2s follows:
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Fraotion Yﬁl Yﬁa and 242 332 235
e e 85.8 Bded 63e TmbliRe & QBe 6Ied
Se P HHe 2 628 674 -
TePe {lat] 55e=b6e Hge mBhe Blewirie indef.
TeBe (2nd; 65 2 67 8 GXe D e e

lt ins

The bath used for the eareful Jdetermination of these sonstants
was & S5 Oece besker, containing about EC0 ge.ae of sottonseed oll and
heszted by & Bunsen burner. The liguid wus stirred well by an eleoctrie
stirrere 4 bBureau of Stasndards calidbrated &nsehﬁtz therrmometer gradusted
in 0e2” diviasicns was rlased in the center of the dath, ani read with the
sid of a srall lens of magnifisation about x3. Immersion was about Fifty
per cente In order {6 ocol the Path rapidly, ice was ylaced on the wire
geuze around the beakere In tihlis way 1t was ensy to cheock the transition
point whlel 1a difficult to cbaserve irn meany cases, snd must be taken
agveral times defore « deflinite walue is letermined. Open oarillary tubes
were uged; no difference wis observed retween these resulis and thoae
obtained by using sesled tubese The wax wis pushed down the tube by
mesans of = zlass rod to & helght auveh that when melted 1t was tws to three
willimeters. The tude was then rluced cn the stemm bath for 2 minute
until &ll the sir bubbles were sxpalledy andi then put in the melting peoint
bath next to the thersometer. The bath wes heated above the melting roint
of the sample and allowed to sool slowly until 1t solidifted, and then
scoled with ifage below the tranaition points The bath was then hested
slowly te the tranmsition point which was resorded, then zore raplidly te
2 polat wbout tvo degrees below the meltihg reinte The paraffin underwent
snother transition about 8 half degree below the melting peint and finally

melted shorply to a clear ligquide On glow cooling the setting terperature
was sscertained.



“he transition points for the lowsr paraffins were not a0
definite as these of the higher memberse The materlial sppeared somewhat
Zlassy at room tesperature but & number of oracks or flssures were notedy
At the transition point, the ontire materisl bhecame elear exgept for a
amooth, elenguted alr bubble in the center. In scme anses, especially if
aufricient time vwos not siven for the samrle to change from one state to
snother the air twhtlhle persioted vhen the zurmple was ccocled below the
transition volint, but Jjageed edges aprearsd in ite On ralsing the tempers-
ture to the transition peint the edges smoothed oute The second transition
vroint on hesting was marked by & 3lsayrpearance of the alr gap, anl the
changing of the material from a glassy to an opayue states The set-point
wag taken as that temperature a4t whioh needles arpeared in the ligquide The
values rerorted for the transition roints, set points, snd melting points

are believed to be zcod to 0.2%

Found for nenaaaaane&;
e ke %06 - £Ze8
Be Po 631
TePe'a GGeB, 6304

Chibtnall's valuses :

Sie Fe BFed = 6306

FGeFe B3e £

TeFela 5Ted w HTeh, 6Fe2
Fo ~PHY Bpa fe

The spacinga were oObtained by using & Beleflayes Z-ray diffraction

unit with s self-reatifying Phillive M“ehircme~iron®™ research diffraction
tube, naving 2 copper target. The tudbe was water-socled and opersted at

30 He¥e mnd 20 mefe & Palrgular refleation” camers was used with the

sarmple mounted on 8 flat plece of glass in the center. The sanple wos

A-
Hindly furnished by CeieSande of the United States Jepartment of Agrisulture



eitheor melted on or the erystals pressed on to the glass. The x-ray beam
enterad through s narvow slit, striking the ssmple, whieh was osclllated
through abeut 3&0. at grazing inciderce. The wave length of the radistion
used vas leH39 A%  The film was bent in an are arcund the clroumference
of the eamers, asllewing reglistratien over abeout Z00% The radius of the
QBTers wag 5-3&5‘1 f0H e

“he film.wﬁs messured to 0.0l ome with & soale and vernier. 3By
using the welghted pverage of from four to thirteen ordera, the values feor
", the distance of the 7irat order reflecticn from the undevisted beam
was detarmined to within 0.007 eme Taually the number of orders pressnt
wag grester than the number measvred, for only these were used in obtaining
the average values that were clesr encugh to measure acourstely. The over-
&ll accuracy of the determinaticns of “4d" the interplansar spacirg waa nbout
cne per cente The aoouracy using this apparstus on materials with shorter
spacings, 1. e+ larger angles, was of acurse munh better.

The angle € in Bragg's law waas determined in the usual way by
dividing twice the radius into the Jdistance "O" a&nd then multiplying by the
econveraicn faoter for degreea to redlangs

S ag.g x 67.30
& wag then substituted in Bragg's law n = 2 4 sin # to give the inter-
planar spacing "d".
Zhe agtual photographs obtalned in this resesrch are given in

figss 3 to l4.

Fourd for Eguasaa&ai*:
D 00F 0278 ome (average of 13 orders; sample
preassd on tc plute)

= Ons .
o 18'Ea"
g * s8.aa°
Cnibnall's value for nonacosane
4 T F8.68 A°

*;thﬁlngd from Celsdande of the United Utates Uepurtment of Azriculture



Fig. 3 X-ray Diffraction Pattern of Nonacosane

Fig. 4 X-ray Diffraction Pattern of Fraction R 16

Fig. 5 X-ray Diffraction Pattern of Fraction R54



Fla. 6 X-ray Diffraction Pattern of Fraction U33

FIG* 8 X-ray Diffraction Pattern of Fraction T5g



Flg. 9 X-ray Diffraction Pattern of Fraction T54 ( Melted )e

Fig. 10 X-ray Diffraction Pattern of Fraction T04 (Pressed)*

Fig. 11 X-ray Diffraction Pattern of Nonadecane



Fig. 12 X-ray Diffraction Pattern of Heneicosane

Fig. 14  X-ray Diffraction Pattern of a Mixture of
508 Heneicosane and 50$ Tricosane



Sample 354
Ordeor inits Distance from
sumber __of Yi" _ 1at Order Line
2 1 e 28
3 2 Qe B7
% 3 Qe85
5 & 1.14
Y & 1.43
7 é 1.72
8 7 2.01
9 — A1
~Zotal 26 10+ 31

43.

Average Us 10.31 = - 287 em.
36

€ m 57,30 x 0.207 = 1.184°

2x8.94 = 1011+ 2»

4= 121.539 x ain 1011 2«
b4

= %7.8 4°

Sample Orders
Synthetic 021344 {melted) 5
T§4 {(melted) 3
Tﬁé {rressed flakes) &
BB, (pressed) 8
XSI {(pressed) 7
BSS (pressed) 6
T&a {malted) 4

Cogtl,o (melted)
216 {pressed) 4
3ynthetic elgﬁéﬁ(meltea) 8
Synthetic Cggl,a(melted) 7

Average o __LQ,AG
0,380  1%m4t1 28.1
Q. 369 Same as pressed sample
0e370  1%21'30°  28.9
0. 287 18111 20 37. 24
0.301  1°4'24"  35.55
0.330  1%°21'32%  32.45
c.372  1%32'2*  28.75
0.356  1%8'5"  30.¢
0.263  1%'6"  40.64
0410  1%1'28" 26.1
0.345  1%25'16" 1.0

G

it was found that Ghﬁbnall‘ and hia co-workers hid determined

physical constants for a number of hydroocarbons and thelr mixtures, from

hezzoosane t¢ pentusiriaconisne, but nad done nothing with the lower members

¢of the asries.

ihey did show, however, that the ocurve ror transition points
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versus nompositions, could be ealeulsted for cne mixture, provided the curve
for w similar mixture, containing longer or sherter chains, bad teern determined.
Thus, the transition point-composition ocurve for a mixture of heptacesene and
aenasosane wounld have the same ghare &8 the nonacosane~hentriacontane curve,
but would merely have & lower series of ordinstes (see fig. 15). iowever, it
was not known how far this process of osleuwlaticn of ecnstants econld be
garried, an? since some of the mixtures cttalned in this resesrch were conalder-~
ably removed in carbon content fromw the lowest wilh which Chibnall worxed, it
was thought adviasadle te make seversl of the lower paraffins snl determine
their physical constants snd the ocnstants of several of their mixtures.
Honndecane, nenslccsane, and triacsane were 33ntﬁa§§§ﬁd by & method
similar to that used by Ghibnﬁll‘ and othera, with several moaifiﬁatianso The
prroper long chain ascids were pyrelyszed in the presence of reduced ircan to give
exoellent slelds of the Retone. “hen & perforsted iron plate suoh as that
uwsed by Chibnall waes tried, poor yields were ountained. Thie way have been due
to the difference in the kind of ircon usede Chibnall 4id not specify any
partioular xind of iron, but the material wsed 1In thilsg work was Je-golvanized
sheet irone In the reduction of the ketone to the hydrcearbon, the bast ylelds
ware obtalined when sing amulgam and alechol satursted with hydrogen chloride
were used, wml the mixture was heated and meshanically atirred vigercusly during
the reazotion pericde The hydrooarbdonz were freed of any unreacted ketone by
treatment with hot sulfuric acid until sdditicn of fresh zeild no longer removed
sclor, and were further purified by recrystallizing several times from acetone.
The physical constants of the syninetic hydrcoarbons and of several mixtures,
whieh were mude up in & meaner sinller to that dessribed by Chibnall, are

given in Table 11l
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It is seen from fige 16 thut the melting roints ¢f the pure synthetic
ayirosarbons oheck very closely the "best™ values given by Egloffiﬁ, whioh are
thirty~two, forty snd four-tenths, and foerty-seven anid four-tenths degress for
nonadecane, henelsosane, ant trigesans, resveptivelywe it iz scen from this
surve that though s straight llpe can be drawn thvough the meliing temperatures
¢f the hydrocarbons gontalining from nlneteen to twenty~ihree garbon stoms, or
through the melting points of the homologs contalning tsesoiy-seven to thirty-one
sarbon atows, there iz o definite suvvatuvre. Consequently, extrapolation of a
strafght iine through tue top polnts w11l give errcneoue melting solints for the
lower membors ¢f tie seriese Thiz seems 10 be true of the transition polnts of
the lower members alspe Extrapclatien of z straight line threousgh the transi-
tion roints of the higher members Obtalined by chihnalli wive values for the
lowsr homolegs which are several degrees too highe {(see figze 16} The spscing
versus number of gsarbons, on the othe: hapd, seems t¢ be 4 perfectly straignt

line for the whole series. 4£a is seen from fige 17 the points cbtalned for

the lower members it closely to the strelght line drawn throush the spasings

of the highsr members.
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Zaztman ethyl laurate was purified

by fractional distillation through a three foot oolwnn paocked with glsss

helices. 4An electrically heated sir jacket had $¢ be kept about 35-400 above

the 4istilling tempersture tc give smooth distilistion without floodinge Fraoe
tions were cut by means of a “pig"s The widdle fraction bolled at 133.7-133.9°/6

BENe
4% gme. of the best fraction of

the ethyl lasurate was saponified by refluxing with & mixture of 250 g.0. oFf
aleohﬂl,‘EQ gece ¢f water, and & gms. of sodium for several hours. doidifica-
tien to Conmo paper with hydrogen onlorlde, and several recryatallizations
fror alechel gave ZU gms. of lauric acid melting at 446.

BeBs gms. of lauric socld wes heated in sz

pyrex test tube with U8 gma. of reduced iron for 3«5 hours at 285° in a salt
bath, with ccossional stirring. 7The melt wus then exiracted seversl times with
bolling alcohol, the selution charcoaled, concentrated, and cooled, whereupon
the ketone crystallized iIn nearly pure form. After several recrystallizations
the material melted at 68.0-68.2% 2.1 gree of laurone, rerresenting a 73%
vield wasg obtained. Heilbronld gives 69° ms the melting point ror this compound.
Apalysis. Theory: O 81.58 H 13.69
Found: © 81.33, # 12.85,
81.10 13.70

4ino amalgam was prepared by the vartins2

methods 4 round-bottomed flask eyuipred with a ground glass Jjolnt was
eonnected tc a reflux condenser, at the tor of which was a tube turough whish
the hydrogen shloride wus led inte & running water. 15 gus. of the anulgem
wias first pleoced in the flaak, then 1 @ of laurone and 200 g.c. of an acid
mixture containing ejual volumes of concentrated hydroehleoric za1d and alechel
saturated with hydreoger shloride gus were sdded. The mixzture was refluxes

vigoroualy for twenty hours, when all the zinc was dissolved. The mixture



X
3

was then aooled and Plltercd. 30 cmu. of amalwar snd 700 cece of fresh soid
mixtore were then mdded to the mizture of wetene and hydroecsrbon, und the
mixture refluxed B«5 hours. Oooling, filtering off the wsax, and orystallizo-
ticn from a mizture of aleskol end retrelewm ether zave & preoduet zelting at
57-568% This wat treated with gonsentrated sulfurle zald at 13Pseveral times
£111 fresh aclé wss no longer asclerede VYasalng witn =ater and erystallization
frem mnocetone gave s product melting szt 47.4a‘ which gerpared well with
Ezr&zing'aaﬂ tricoessne which melted 2% 47¢ 75 = 47.4% .z gmse ¥T3 finally

sttaineds

Anglyals: ZTheory: C 8L 0P B 1490
Feund: C 8L.01, H 14.80,
Bde 61 1456

Platilistion turough the same
aolumn used for the etihyl laurste gave four freetions, all of whieh Uatliled
between 150 and 151% Fraction 3 distilling at 150.8 - 151° wss seleated for

uge In ayntlieslizing the ZTetones

e
T

jieo

»®

P gmse o0F undecylic aeid and
L gmss of reduced iron were hemted inm & glass tube 40 x 230 mm. a2t 265 - 200°
with ccoasional stirring by mesans of & glass rode VUorking up the melt gave
He8 gms. of s3clid melting at 56% Twe crystmlliz&tiana from methanel gave

Z gmse of ketone melting ax 64%. atrating lists the melting point of didsoyl

votone ae B4ed = bLaesC

analvysia. Theory: © 8le20 11 132 62
Pound: G 8075, d 13.72,
80+ 89 1364

De b gmze of tone ketone, &0 guae of
gine amslgam, snd 180 oe.ce of sleckoel saturated with hpdrogen ehleride were

refluxed ror seventesn howrs with twe additions ©f OO gege portions of the

aeid sclutions Vo3 gme of paraffin meltinpny st ﬁ&a waa oblsined. Treatment
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10

with sulfurie acid gave s product melting at 40.2%, gloff™ gives 40440

as the melting peint of heneisosane

Analysis. Tneory: © 85401 B 1493
i’ﬂma: Q 84'?0’ ﬁ 16'0‘,
8479 15.11

Syathesis dinon; tonge EZaptman oapric noid melting at

30° was used without furtber purificatione 15.% grmse of the aseld and 7.5
gmse of reduced iron were heated at 285-295° for four houras 7.l gmae of
white solid was obtained melting at 5% Reorystallization from methancl
to constent melting point gave 32¢7 gme. melting ot 8.0 - 58.29% Hellbron

1iets the melting point ss 58°%

Analyasige Theory: U BQ«79 ] 13. 56
Found: ©C 80.01, B 1358,
B0« 54 13.33

£ gma. of the ketone, 30 ams.
of amslgemated zine, and 100 oepe of aloohol aaturated with hydrogen
chloride were placed in a cne~liter three-necked flask, ejuipped with a
reflux condenser and & mechaniesl stirrer.e The mixture wss stirred and
heated vigorously for twenty«five hours with addition of three 5O gece
porticns of weid and 20 gms. of zincs 1¢35 gms. of hydrocarbon melting at
32° waa obtalned, representing s yield of 79 per cent. Furification with
sulfuric acld gave a product melting at 32.0 - 32.2% Iglof? gives 320

for the melting point of nonadecaneg.

An8lyaiae Theory: € §5.00 E 15.02
Found: C 8543, H 15420,

8520 15.15



SECTION 111l
COLCLURLIONS

Since the paraffin mixtu® reacted neither with bdbromine in cardbon
tetrachloride nor potassium permanganste, it wss evident that no double bonds
were yvresent. Carbon and hydrogen analyses showed the substance was &
nydrocearbon, and moreover, belonged to the aliphsatic serless. The percentage
composition for all the higher members of the series are apvroximately the
sare, since the two end groups dc not affeet the analyses to any extent,
and the carbon and hyirogen contents of these compounds are roughly that of
a methylene group in each casee To ahow whether the substuance was & pure
compound or a mixture, z cooling curve was obtained. As was evident from
fige 1, page 1O, the materisl wes juite definitely & mixtures There wus a
break in the curve &t about fifty degrees, indicsting the substance hsd
started tc erystellize, but & horizontal plateau was not obtsined, the
approximately flat portion of the curve covering 2 range of about a degree
and & hulf.

As was expected from the cooling curve of the original hydrocarbon
mixture, the separation of individual homologs was extremely difficult, and
in fact, imrossible. Lespite the fact that a falrly large juantity of the
starting mixture was subjected to a syatematic separation by fractional
distillstion, sjuilibrium melting, and finally by sbout tiree hundred
orystallizations in & scheme of fraotlional orystallization, only a partial
separation could be achieved. It wns possidble, however, tc¢ obtain a number
of fractions which were essentizally binary mixtures with probadbly smsll

guantities of a third component presents Using the methods of Chibnall



£3.

and Piper, the compositions of these frootions wers interpreted with
ressonable gerteintye The interpretations were based on Chidbnall's
hypothesis that only cdd-numbered hydreoarbona are present in nstural
govroess The yroperties of tre fractione ovtalned in thls research btore
cut this assumpiion. Thus freaoticn K&y had a melting point and speoing
very close to those of cotaccssne, and before Chitnall's work might have
been eonsldered a pure or nearly pure compeund. However, it can be ssid
quite definitely it was & mixture of beptasusane and nonecosans, szince
the transzition point wes depressed about three degrees below thut of the
rure compounde Lorecover, the xerasy 1iffraotion pattern was not that of a
pure compound, but exhibited fewsr orders of reflecticne The homologs in
this mixture sould not be sepsrateld by more than two cnrbon atoms because
of the o:mbination of gharpness of melting volnt, snd nearness of sat-point
and second trensition on heating to the melting rointe Also, sinse only
ene set of lines eppeared con the photeographic plate, the bomeleogs could
net be separnted by four or more aarbon atomss

In Table 1V the phyalocal comstsnts of representative fractions
obinined are given, togsther with the aonwtants for sugpested mixturese.
The setusl percentages estisated are approxirate, but there seems little
doubt about which homologs were present mainly in the frastions seleoted
for examination. The matho& used in estimating the compesition of mixturea
witg flrat tc select mixtures wilh the spacing witkin one gercent of that
obtained for the cork fruotione Then thst mixture was chosen whose melling
peint and transition peint were in best sgreement with: the ocnsisats of
the uwnknowns

The physical constanta for the suggested mixtures sgree fairly

well for the best of the hlgher frastions 516 and HBge The transition



point of X3 is depressed acnaiderably, but the meliing polint and spacing
agree well with the mizture suggosteds Fraction U3 and T8 , however, bad
melting points somerhat lower than lhe apacings would indioate. Uhils

provably denotes the vresence of s small antity of branched ehain hydro-

carbons, although the difference muy Ve within the limit of error cof the

melting polint and epacing determinations.

ine presence of oxygenated

compounda or of unsaturated compounds 1s net believed likely, ainse the

and twenty to one hundired snd talrty degress.

Trapsition polints of

mixtures not actually determined were cbtuined from gruphs similsr in

shape to those which have been run, bul with difforelid scules of ordinates.

B6e O

TABLE IV
Semple He Pe Be e 1st Tole Bnd Te P Spacing
hesting beating &
i’ 18 652 650 6. 2 650 40 6
607 C agfiso 6408~ Bhed B6e B= —— 40e9
40 C g1 Hey GHe 0 §70
T 60¢ 6= 800 2 52+ 8044 37.2
608
605 C 27 Hyg 60.8 —— Bhel —— 373
40% G gg H_
551 56 &~ D& B &6 0 B6e 4 35« 55
BGe ¥
60 5 027 556 568 -t 4840 - S50 3
40 Ggy Hsp
Vs, 492 48.9 cne BY 48.2 FLe 4B
m,«a € gntl g 4948 —— Y03 B - Ae T
40p C 20 ﬂa.‘%
L5 4led 41lel Cle 25 4R 8 28.%5
204 3‘251{48 4l.6 —— B 35 - 287
80, 691‘&.42
154 4000 35e Om 3Yed 289



The results are believed to show julte definitely the presensce of
all the odd-numbered hydrcoarbdons aontaining from twenty-one to thirty-one

earbon atoms in the melegule.
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SEDTINN IV
SIS AKY

The literature ocongerning the lsclation and m_ent iffeation of long
stralight chain hydrésarbons from notural sourceas hus been reviewed.
The literaturs concerning the ayntheels of straizht ohain hydrocurbons
huas been reviewed.

Hondecane, henelcosene, «nd triccsane have been synthesized. Their
phyasiocal sonstants andéd the sonstants of several of their mixtures were
determined.

& new apparatus for eyullibrium melting has been developred.

The hydroearbon mixture from a distillate obtained during the prepsra~
tion of acrk board has been separsted into 3 number of fraotions whigh
were identified by means of melting roints, transition points, and long
oryatal spscings. 41l the odd numbsered atraignt emain hydrcosrbons

eontaining from twenty-cne t¢ thirty-cne carbon atoms were founde
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