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IRTRODVOTICN

The saajority of the investigations om the isomerizeation of
paraffin hydrocertons has dealt with the mormal or straight ehain
struoturee, snd most of thic work has been upon petroleum refinery
products instead of pure ocmpounds. The patent literature is rioh in
references in which are descrited the isomerization of atraight ohein
paraf fin hydrocarbons, @.g. by-products from eretking rrocesses, to
suitsble blending egents for gesoline. GSueh icomerizations to more
highly branched paraffim hydrocearbons are brought ebout by the use of
a variety of eatalysts and wverled conditioms of tempersmture, pressurs,
and contact time with the oatalyst (1,7,%.4).

The study of the 1scmerizstion of branehed ohein raref{in
hydrooarbons on the laborstory soale in recent years has led tc some
interesting results which prompted this inveztigation. ?2-Methylpentane
hes been 1soterized to JF-methylpentane and ",I-dimethylbutane, by trsat-
ment with 7«7 mole peroent of eluminum bromide in the lijuid phese at
room temperature {(5). In another experiment Z=methylpentsne gave some
r=methylpentane when subjeeted to the sotion of 7-3 mole percent of
eluminus bromide at room temperature. 2,P=Dimethylbutene underwent a
ersoking instead of sn i{somerization when treated in the liyuld phuse
with aluminum ohloride plus hydrogen ehloride at 8(°P (5,6)e 2,%=Di-
methylbutene, however, under the seme conditions formed 3.3 percent of
nermal hexene and 64.( percent of "methylpentanes®.

PeR h»Trimethylpentane {isocoterne) was found by Ipetieflf and
{rosse to yleld, ujpon trestmuwnt with sluminum chloride snd dry hydrogen

chloride at 509, 2% percent of isctutmne, 1 percemt of pentenes, 35



De
pereent of higher bolling peraffin hydroesrbons boiling over a fairly
wide renge, l1? percvent of unchenged lsooctans, and 23 pereent of an
unsaturated pelyser (7).

These invectigations comprise sll the published work to date
on the astion of isomerizeticon ecatulyste upon lsoparaffins salone.
This study of the setiomn of sluminum chioride on 2,2-dimethylpentane
was undertzken imn this lLaborstory Yecause of the relatively smsll
anount of work that ig revcrded inm the litermiure upon the isomerizse
tien of branmohed chain pareffin hydroearboss, cspecielly the heptanes.
It wes nlso undertaken a8 a possidle mcthod of preparing the more
highly branched isomer 7,2,3-trimethylbutene, an isomeric heplsne of

saperior enti-knook wvalue {8).
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EAFETIVUNT &L

I. Freparation of the Yydroserbom:

o, PeDimothylprentene used in the resction wes prepared by the
method of Noller {9) through the use of di-n-propyl zine and tertiery
butyl ehloride. The method comsists of slowly adding the tertisry
alkyl chloride dissolved in an eguasl weight ef dry toluene to the alkyl
zine dissolved in an egual weight of dry toluene. The resotion was
earried cut in an etmosphere of oardbon dioxide, snd the resction mixture
was kept cocled to 25-35%. At the end of the additiom of the chloride
the mixture was deconposed by dilute hydroehlorie asid, veoling the
flask in an joce bYath during cautlious sddition ol the seid. The mixture
was then washed with water, dried several hcura over s suitsble drying
agent, snd sepersted from the toluene by distillatiom through an
ef'ficient column. The yileld of 7,2-dimethylpentsne tolling at 79.0=79.3°
was 574 grams from 2163 grems of di-n-propyl zine (40 peroent of the
theorcticonl smount).

The di-nepropyl ginc wes prepsred by the method of Noller (9,10)
from § peroent oeoprer-52 percert gine alloy turnings, n-propyl iedide,
and n~prropyl bromide. 4 sulteble reactiom flssk egulpred with mn ef ficient
refllux condenser snd a heavy stirrer wes filled with 750 grems {(epproxi-
metely 12 moles) of oleen, dry, slloy turnings, end them flemed gently
while being swept with dry carbon dioxide. After oceling im e streem
of dry oarbon dioxide, 427 grems (.75 mole) of m=propyl lodide and 0.5
grams (.75 mole) of mepropyl bromide was yulokly added through the top
of the condenser. The mixture was heated with an oil tsth with stirring,
dry carbon dioxide sweeping aceoss the top of the condenser comstently

to prevent an influx of eir. In ebout half sn hour the rescticm begen
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to fuame. The fuming was allowed to centinue for several sinutes, after
whioh €76.5 grams (5.5 moles) of m-propyl bromide were sdded through

the top of the condenser at & rate which ellowsd the remetlon to procesd
szocthly. Holler’s procedure ealls for the use of ejulwolar Guentities
of the alkyl ilodide and aliyl bromide, and edding wll the halldes at the
start of the resetion. The remction wss found to tes easily comtrolled
if it weus started with 75 aole of the iodide and 25 azole of the
bromide, then completed with the more seonoxzieal bromlde. Aftor adding
all the propyl btrealde, heating wes comtinued untll reflux e&top;ed,
after whieclh the stirrer mssembly was removed and the reflux comdemser
replacsd with & dewnwrard condecser. The orude sixyl zine wus distilled
of £ under reduced pressure {3( millimeters of mercury). chemn the
vaouum was relesased, dry cerbon dloxide vas sdaitted to the apparatus.
The aversge yield of orude die-n~propyl ginme frem this size run was
B.7 grens (68 percent of the theorstjioal emount).

I1. Appsratus:

hdpparacus for the Feewetion of the Mydroesrbop with Aluminum Chloride:

The apperstus used to osrry out the resctionm of sluminum
chloride on 2,2~disethylyentane is ghown on #Flete I« The geperal plan
of this spparatus was obtained from the work of Ipatiefl and Crosse (7)
who studied the isomerigatiom ef 7,2 . f~trimethylpentiene by aluminasz
chloride, and L. toldman {11) of this laberatery, who earried ocui some
investigautions on the dehydrogenation of eyelie compounds.

A 18 ® eonstent tesporsture tath coatrolled by a bimetallio
strip thersoregulstor. E 18 a four-neocked round-botiom flesk ejulpped
with stenderd teayer jolmtse The hydrogen ehloride imlst, [, extends
btelow the level of the 1iquid in the rescticn flask, end D 1s the

osrbon dioxide inlet. 4 dreppimg funmnel for introducing the hydroesrten
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is shoxn et I, snd F 18 & mercury zesled Hirsochberg type stirrer
assembly. The sgtirrer tlades sre made of double strand ¥o. 22 Chromel
wire. G is sn efflolent lerge cold finger eondenser shioh may be
pecked with alechol snd solid carbom dioxide. The gas reservoir, H,
ejulpred with an overflow tray, 1, sllows continuous collection of
gaseocus products while transferring the gas celleeted in the carbon
dloxide absorter, J, into the gas holder, Z. The reservelr and the
gug holder are filled with a satursted solution of megnsasium sulfste,
due to the low sclubility of hydrocarbom geses in this solutiom, end
the carbor dicxide absorber eonteins 50 percent jotessium hydroxide
solution. The volums of grses ocllected are messured by displaced
magnesium sulfste solution collected in gramdusted ecylinder i. The
eapaoity of flask £ 18 elther 50C milliliters or ome liter; the
reserveir H ip a two-liter round-bottom flssk, end the ges holder K
iz a tem-liter bottle. The volume of the ewrbom dloxide absorber ¥
is 30 milliliters. The ges reservoir, carbon dioxide absorber, and
ges holder are all eguipred with leveling tulbs ss shown In the diagram.
The carbon dioxide used for sweeping the epparctus bafore
and efter a run wap tniken from a tank of the compressed ges and dried
by passing it through a traim of celeium chloride, omleium zulfste,
and magnesium perchlerste. The hydrogen shloride used in the resotionm
was gensruted by dropping eopventrated sulfurio soid onte s sodius
chloride slurry, snd dried by bubbling the ges through ooncentrated
sulfuriec seid. The hydrogen ohloride was tested to be sure it contained
noe aly before introdaeing it inteo the resotion mixture by pessing it
through 5U percent potessium hyiroxide in a ges absorber like the

absorbar J in the disgrem.
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Low Tempersture Fresetiomating Columnsg:

The spparatus used lor the purificatiom and identifiestion
of the geseous hydrocsrbens obteined in the reasction of esiuminum
¢hloride on 2,P=dimethylpentane 1s s sisplified fors of the voluan
developed by Booth emd his assoolietes (12), whioh is in turm s modified
forla of a Podbelniak preeise laborstory distilletion columm {(19,14).
A sketoh of the appurstus used in this reseazrob is shown om Flete 11
and Flate 111; photogyraphs of the e;paratus sre on Flate IV and Flate V.

The apparstus is oomstructed primoipelly from 7 millismeter
{outside diameter} Fyrex tubimg. The back line, 4, copstructed of 10
millineter (outside diemeter) Fyrex tubing, s ocomneeted to & HyYeo
pump whieh evacuastes the entire smpparztus. The smpoules, |, made of
15 centimeter lemgthe of 74 millimeter (ocutside diameter) I'yrex tubinmg,
are for the colleotion and atorsge of ssmples with the ald of w
refrigersnt. C 1s a detsohsble anmpoule, 10 centimeters in length,
equipped with a stopeock and s 10/3C stsnderd teper joiat. This ampoule
ailows the intrcduction of ssxples inte the apparstus. Gas may be truns-
ferred {rom sny one sapoule intoc smothsr, into the stilljois, Y., or
into the freezing polnt cell, g, by the proper menipulation of the
stopoveks. The oherocsal tubs, [, also attached to the bsek lins, is
identical with aupcules B excejt it is peeked with setiveied Columbie
charooal. This attechment 1s ospable of preducing a very high vecuam
in the system by immerzimg it in liguid air and opening it to the
system after the HyVec pump hes pumped out the appsretus for ome halfl
houre.

Ench sectiom of the apyparetus where gas i liquefied is

oonneoted te an open mercury sefely manometer, lsbeled ss £ on the



sketehe Theze wmanonsters not only serve s g safety device in case
of excessive pressures, but aleo sllow chservetion of the pressure
in the olosed portioms of the anpparstus. Thege menometers are cone-
structed of 7 millimeter (ocutside diareter) Tyrex tudbing, and have a
trap on the bottom as shown mude of a 15 centimeter length of i
nillimetsr {outside dismeter) Fyrex tubing.

In order to insure thst the system be dry, n phosphorus
yentoxide drying tube, F, 30 centimcters lomng sand 24 silllineters in
diametsr, 15 nlsec atiachsd to the beek lime. Te¢ dry the apparstus
it is Filled with dry elr draem through this tube and évaocuated aboul
twolve tices.

7he fraetiocnating eolums, 7, ldentical in thelr construction,
are 11 centimsters long end are maede Prom 11 millimeter {outside
diemeter) Pyrex tubing. 4 detsiled deseription of the stillheads will
follow later. & driprer, %, 13 sealed into the Lase of the columm to
sllow observetion of the reflux as it drope into the pot, Y. 4 amall
hole in the side of the funmel sllows the ascending vejor to pass the
descending liyuid without interference.

The ecclumns are peeked with s Duftom wire epirsl (19), mede
of Ko. 22 gauge Chrowmel wire which fite snuply over an 85 sentimeter
length of 7 millimeter (outside dismeter) Fyrex tubing sezled et both
ends. The spiral reaches from the dripper X to the bottom of the
atillhead, and fits snugly into the columm. The coluwng sre insulated
by = Jjecket of & millimoter {outside disumetsr) Pyrex tubting, rilled
with 70 wmesk ground eorke.

5t1llpet ¥ ie & SC milliliter Fyrex distilling flask sealed

énto the tottom of the oclumm. It is hested Ty a coil of four turns of



Ro. 20 gauge Nichrome wire shaped to £it the tottom of the stillypet.
The amount of current psssing through the ocil, und hence the rate of
boiling, is governed by a leamp bank pleced in series with the hesting
coil.

The teke-off side arm is ettsched to en open end zanometer,
B, X', before it goee into the back line. The mancmeter 1s made of 7
millimeter (outside diameter) Pyrex tubing, end seeh srm i{s 100 centi~
meters in lengthe A pisoe of platinum wire ie fused into the bottom
of the menometer and & pleve ¢of copper wire fg inserted inte the opem
srm to oomplete the eircuit. Varistion of the pressure im the hend makes
snd breaks the olrouit as the mercury level changes.

The stillheads, § and H, are shown in deteil on Plate 117,
Flgure 1 and Figure ?. The two hesds are identiocal, but one uses lijuid
eir (Figure 1) and the other oarbom dioxlde snow snd alochol (Figure 2)
as refrigersnt. The liyuid air cocoling heed is mede of a coppesr tube,
1. 2k centimeters long, 3 centimeters in diametsr, and i1z held in place
over the distilling coluan by paraflfined corks. Twoe small coprer tubes,
Jd and X, serve as inlst eud exit tubes for the circulating liquid air.
The whole head 18 insulated with heavy magnesia steam pipe insulation.

The liguid alr is held in an unsilvered widsemcuth lDewar f[lask,
Le equipped with a liguid eir exit tube, J, an exhaust tube, I, sand &
large tube for edding liguid eir. The Dewar is sealed with a sponge
rubber gesket, i, compresced between two wooden tlooks held by four ende
thrended rods. “hen the pressure in the colusn rives, contmot is made
st point 7 in the menometer, Y, which motivates the relay sounder key,
O, and closes the exhaust lime, I, from the Dewsr, L. The liyuid air is

then injsoted into the eocolimg head through inlet J by the ;ressure developed

by the evsaporeting lijuid air. The tempersture drop ocsuses a pressure
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drop, which bdreaks the contmet et point ? and disconnects the relsy sounder
key, opening the exhaust line ¥. The liquid air then no longer injeots
into the head, tut instesd esonyres through the exhaust line until suf-
ficient rressure develops agein to repest the operstion.

The cerbon dicxide~ethyl aloohol coecling head, 4, has the same
dimensione as the liguild air eccling head, snd 18 held in plaee aver the
distilling oclumn by rutber stoppers. It 1s likewise inruluted with a
layer of magnesias stesm pipe insulation.

A swell ocentrifugsal pumyp, E, olroulates the cold slcohol through
the ecovling bead. The pump 18 below the surfece of the liguid in lewur
flesk 5, henoe no packing is rejuired. The shaft of the pump is direotly
attached to a small awtor, Te The eiroulating liquid is cocled by pumping
it through the copper coil im Uewsr flask, U, which is filled with a siush
of alcohol and carbon dioxide snows The motor, T, is setivuted by =
relsy, ¥, whenever thers is suffiecient pressure in the colusm to omuse
the manometer, ® _, to make occntmet at point 3. “hem ths pressure drops
the conteet at point ? is broken, and the motor stops clroulstimg the
cooling liguid until the pressure is suificient to repest the procecs.

The onrbon diexide-wliechol head 18 equirped with & three junetion
goppor-conetsntan thermoeouple, and the liquid eair hend with a two Junction
copper-constantan thermooouple. The millivoltage produced is resd on a
Fableon potsntiometer. The thermoccuples are inssrted in wells msde
from U oentimeters of & millimeter (outside diameter) iyrex tubing.

The freeging point eell, Z, constructed of 1¢ millimeter
(outside diameter) Uyrex tubimg, is 20 centimeters long end is divided
4 centimetere from the top ty a 1L/75 standard tsper joint. &4 two

Junetion copper~constuntean thermocouple is inserted in a wsll =made of
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4 millineter (outside dlaseter) Fyrex tubing which runs the entire
iength of the oell. The contents of the tube are stirred by a glass
spirsl which hes sttseched to it a small tube oomteining a pilsce of ironme.
The stirrer is moved by a solencid pleced sround the cell and fixed
sbove the stirrer, made of sewveral turans of copper wire wrepped around
& poit from pipe. A cireuil breaker in geries with the solenoid osuses
the etirring, snd a lamp bank in series wiith the solenold oomtrols the
strength of the magnetie field. The freeging point oell is atteohed

directly to the baok line, snd is alsc ejuipped with s sulety mahamute}. Ee
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Practionating Column for Liguld froducts:

The lijuid residuss from the recotion of aluminum chloride
on 2,7~dimethylpsntane were distilled through a lijuid column equipped
with a stillhead with an sutometie adjustment of the reflux ratic. T7The
column is made lrom a four foot length of 13 millimeter (outside Adlameter)
Pyrex tubing, and has 24/4C stendard tsper Jjoints on euch end. The
racking for the column iz single turn soft gless helises, L wmillimelers
in diameter, whioh are held in pluce by a gless ceross scealed into the
Vottom of ths colusme The ecolumn contains four feet of pecked spnce,
which i¢ fnsulated by a juoket of Tk millimeter (outmide dimmeter)
Pyrex gless tubirg filled witk ?V mesh ground eork. The coluan 1s not
hoated.

The distilling hoad 15 ome made by the Aee CGlass Company,
Yineland, XNew Jersey {Aoe Glass Company, Tatalog "40*, ites No. £57%G;.
It helds a pilvoted funnel below the ocondenser, which hes sealad into
ite side @ piece of frome This funnel is oper«ted by a megnutic coil,
strupped to the gide of the stillhesd adjimeent to the funnsl, whioch has
in series with it an adjusteble oirouilt bresker. Py adjusting the
time Intervel om the eiroult bresker the rate of tske off cun be adjusted.
Then the oirouit is closed, the megnatl pulls the pivoted funnel over the
receiver, and vhen the eircuit is Yroken, the funnel falla baek to its
vertical positiom end returns the reflux to the oclumne The entire head
is wrappsd with e layer of glass wool for insulstion during a distille-
tion. The stillhead 18 siuipped with a 74/40 standard teper Jjoint end
fite dircotly on the colusm. Tempsrstures sre taken by s thermometer
*ith an onolczed sesle, equipred with a 10/90 standard txper joint whioch

fits into the stsnderd taper thermcmcier »ell on the stillhend.
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Eurrell Cas Analyzer

The gas snalyses of the guseous products of Lre rescilom of
eluzinum chloride on 7,P-~dimethylpentane wére carried cut with a furrell
Universsl Gas Analyser, EBEuild-Up ﬁodol.‘ The apperetus usud wes ejuirpped
with & carbon dioxide abzorption pirette with & kelicwl ocil, two ab-
serption pireties of the Frameis Auto Zabbler type for oxygen absorption
and absorption of unsaturated hydrocarbons, & heated eojrer oxide tube
for the reaovel of hydrogen, snd & slow combustion pirstte for the
determinaticn of satuarwted hydrcosrtons. The carbem dioxide absorkor
contained 3¢ percemt potesaiunm hydrozide. The plpestis for ithe sbacrption
of ungntursted hydroocerbons ecntuined & alature developed by Tropeh and
pittrioh (16, 17). The reegent is prejpared form 15 volumes of C.6 percent
silver gulfute in conoentrwmted sulfurlie acid and ome volume of a sasturated
solution of nickel sullate in sulfuric eold. Tropoh and Ditiriel clauim
this absortent is sup.rior to fuming sulifurie =eid for the resovel of
unsaturated hydrecsrbtons Im that it does not dissolve saturuted hydro-
cartons, and it eliminates the neeesaity of the passags of the gas alter
bubbling through the atsorient through potessium hyiroxide to remove
sulfur trieside. The oxygen 18 remcved im the other Franmecls Auto Fubiler
plpette by use of a scluticm dovelocped by Fieser (13). This resgent 1is
precared by dissolving 16 greas of 36.7 percent sodium hydrosullite,

133 grums of acdium hydroxide, and 4§ grams of 95 jercent sodium anthra-

ﬁalnana-fg~sulronnto in 1CC =illiliters of water.

*The author is grateful to pre Lo T. Zcopey of the Chemiesl inginsering
wepartnent, Unlversity of Haryland, [or the use of this ajparstus.
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IX1. gxperiments:

Experiment Heo. 1

after gererously sesling all Joints with triethylene eltrete-
tetructhylens oitrate eement, seven graems of srhydrous sluminum ehlorlde
{¥wllinckrodt teolnical grade) were ulsced in tre remetion flerk and
swearing with oarbon dioxide wss beyune. Alter sweeoping the spperctus
overni;ht, miero bubbles were cbtained in the oxrbom dioxide sbtsorker.
“hile continulng the sweeping, the large condenser wng filled with solid
oanrbon dloxide enmd sleohol ard the reaction flesgk wae surrounded by em
{ce teth, Then the flow of carten dioxide veg storrsad end after the
certon dioxide sterped btublling eut of the absorber, 10C milliliters of
pure 7,P=dimethylrentene wus added to the flesk througk the dropring
funnel. &Stirring wes then commenced, end eir-frse hydrogen okloride wes
tubbied into the resction mixture. The mixture im the Plesk wxs stirved
continuously for three hours at Go. with hydrogen ohleoride comsbtantly
being run inte the flask. Throwgsheut this time & smrll emcunt of e jas
colleoted In the curbon dloxide sbsorber end wasg tronsferred inte the
ées holder by cloging the etopeock st the Yese of the shzorter, opening
the three wey stopeook st the top of the sbgorber to the ges holder, end
rusking the yae into the gas holder by reizing the bulb on the alecrdber.
After Lthree hours resction time it wee evident littlie or me resotiocn was
teking please, so the flov of hydrogen ehleride wes shut eff, the sgtirring
war stopped, end sweering with ecoerbon dioxide wee begun. :sf'ter sweeping
the aprarstus three qusrters of ap hour with omrbon dioxide, bulkilss eof

vary nesrly »iore sise were odblulnad in the e:rton Jioexide adsorter. The

gas obininsd by sweeping was also trunsferred to ithe ges rolder, gleing
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e total velume of gases of 9C milliliters. The geas from this run wes
disonrded, as there wae an insufficient yueantity for dupliexzte anelysevs.
The substanos remaining in the reaction flagk wes water-wshite, and only
in one layer. The aluminum chloride wes bright yellow, and s;psrently
unrencted. The oocntents of the flask were poured into s lserge seperstory
funnel econtaining orushed ice, sheken, snd them sllowed te sepmrate. The
upper layer wns washed twice with five peroent sodium hiesrbtonate golution
snd twice with water, dried several hours over osleium chloride in the
iceboxe The results of the liyuid disgtilleticon are shown In Table 1.
Teble I
liguid Distillation, bxperimeunt Yo. 1

Charge = 9C ml.

fraotion Mo, Yol. Distilled B. I. (oorrs) Feflux ratio

i 26 mle' 76.0% - 79.0° 5011
" 99 ml. 79.¢° 1041
3 (holdup) 23 ml.

Experisent ¥o. 2

The second exreriment differed from the first in the tempere-
ture, tine of resstion, and the grade of cetalyst. Twenty prams of
anhydrous sluminum shloride (Mallinokrodt Anelytical Yeagent “rade) were
FPlesed in the resction flask and the apparatus wes svept with ecartoenm
dioxfde overnipght after sesaling all Jjoints with triethyleone citrate-
tetruethylenes ojitrate lubriesnt; micre bubbles were obisined in the atsorter

after sweeaping for this length of time. In this ex;erisent orushed ice

+This relatively large azmount of forerum in compasrisom to the volume
of reoovered hydroosrton ls due to the fact that the 9C ml. ocharge weas
insuifficient for the size eclumn used to fracticmate efficiently. In sub-
seyuent expsriments lerger volumss of hydrocerton were used to give larger
charges for lijuid distillstions.



wag plsced in the lerge condenser lnetesd of solid osrbem dioxide anmd
slecohol, snd the rerction flesk was zurrounded by a waler bath st room
temperature, 23°. The temperature of the recotion wae sainteined at

>3 i,i” throughout the ccurse of the recotiom. After steopping the sweep~
ing with osybon dioxide amd when bubbling eessed in the sbsorber, 750
miililiters of pure 2,P~dimcthylrentsne wos added to the flask through
the dropping funnel. The stirrer wes started, end hydrogen ohloride wss
ressed into the resction mixture 8s before. The renotion mixture wes
stirred continucusly for tem houre, hydrogen chloride being tubbled into
the remetion mixture constently. Throughout the course of the experimeunt
gngos were collseted in the absorter, {m larger yusntities than in
Experiment 1, and were tranzferred at interwvals into the gas holder.
After ten hours time, the hydrogen chleride flow was shut off, stirring
wes stopped, and sweeping with carbom dioxide wes begun. After tem hourse
swesping, mioro btubbles had not teen obitained im the absorber, but o gas
was colleeting st a sonstmnt rate. Apparently something wes bdeing swept
over from the resctiom fluek, so sweeplng was stopped, end all gases
transferred to the gas holder. The wvolumes of ges eclleoted at stendard
tenperaeture and pressure wes P30P? wmilif{liters. The amixture in the reection
flusk was slightly yink in color, but as in the first experiment there
wag only one leyer, the mluminum chloride wag bright yellow and spperently
uprescted. The mixture was hydrolyzed and weshed ss in the first experi~
ment, snd dried seversl hours over esloium chleride in the jecebox. The

results of the liguid dietilletion mre given in Table I1.



Table 11
Lijguid nistillation, ixperinent ¥o. 2

Charge = 17C ml.

Frastion No. Yole. Tistilled Be F. (oorr.) teflux “atie
i 21 =l. 78.9% - 79.0° 5011
b 13?2 =l. 79.0° ¢}
% (holdur) »5 ml.

ueg ireduct, Experin
low Tempersture Distilletion of CGeseoue ‘roduct, Expreriment Fo. 2:

The gse collected in the gas holder wss drawn intc the detaoh~
able smponle of the low tempsreture distilletion apparstus. In the precess
of rulling over the gus an uir tlock fermed; come of the gas cculd not be
condensed in the ampoule surrcunded by lijuid air, and hence detained
the condensation of the ccndenseble ;ases into the ampoule. <or this
reascn it wes neocessary to pull this sir into the chercoal tube. Ionme
ensll amount of & 1lilyuild gas was sondensed in the amjoule, snd a fractionstion
was sttexmpted in the egelld oerbon dioxide~slechol distiliing eolusn on
this substunoce. The attempted fraoctionation wes unsucosessfiul becsuse the
substenee beiled teo high for the refrigerent, snd ithe eclumn ecntinuelly
flooded. ividently the use of crushed loe insteed of svlid csrbon dloxide
end sloohol in the large reflux cendenser during the resction sllowed
sowe of the sterting meterisl to be swert over inteo the gas holder.

Experiment Feo. 2:

This expreriment wes carried out st the same tempersture as the
rreceding one, but sclid cartem dioxide and slechol was used In the reflux
condenser o8 in the first experiment instead of orushed iee. The object
of the ex;eriment vas to werify that the large voluwe of grs odiained in
the gas holder daring the seocond ruan was entrained sterting amaterial, and

not = resetion produot.
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48 belore, the joints wore sesled with tristhylere citrste-
tetresethylene citreie lubriocant after ylecing 30 graws of anhydrous
sluminum ohloride (kallinokredt, Anslytical Feasgent Grede) im the resetion
flask. aAfter sweeping with cerbon dioxide overnight, siero tubblies ware
obtained 1in the sbiorter. The large reflux condenser was pasked with
sclid ourton dioxide snd ethyl mlischel, snd the resction fiask wss
surrounded by a water beth at roem tempersture, *5%.  The tenperature of
the bath wea saintsined within * 1% of this temperature throughout the
resetion. After stopping the svweeping as before, 75 milliliters of jure
?.?~dinethylpentane was introdeeed into the [lask through the dropping
fanuel. stirring was started, snd hydrogen ohleride wes bubbled into the
flusk and coptinued throughout the resction es in the previcus ex;erizents.
The resetion sixture was stirred for ten hours, buat ir thls ossze only a
smell smount of gas pasced through the elksorber snd intoe the yas holder
es in the first experiment. After ten hours time, swaeping with csrbon
dioxide wes begun after stopping the flow of hydrogenm ehloride. Inside
of one hour of sweeping miore bubbles were observed 1 the absorber.

{ne hundred cighty-three and four~tenths milliliters of ges at stendard
temperasture and pressure +as the volume of ges ocbteined in this expsriment.
The mixture in the reaction fleek waz the ssme in appesrsnoe se in the
revicus two runsi the 1liuild wes in only one layer, and the slusinu=
okleride was bright yellew end sppesrently unremocted. The misture wesg
hydrclyzed, washed, and dried as before} the result of the liguid distile

lation are given in Takle TIT.



Table 11X
liguid Dietillation, bxperiment Lo. 3
Charge = 955 ml.

Fresetion Hoe Yold. Distilled Be }e {GOPE.) Reflux Fetlo

1 20 mle 73.¢° - 79.0° 8031
2 106 ml. 79.C° 10:1
3 (holdup) 26 mle

Gas Anelyslis of Ceseous Product, xreriment ¥o. 7:
The gas colleeted in the gas holder wss snslyzed in the

Eurrell Universal Gas Analyger. The rosuits of the anzlysis srs
tatulatcd in Table 1IV.
Tekle IV

Gap Analysis, Experiment No. 3

Percent
Carton dioxide 5.2
Uneaturstes G
Cxygen 27.C

The sualysis indicates elearly that the gas obtained in the
g8s bolder during this experiment wes carbom cdioxide, which escaped
ebserption in the sbsorter, und sir, which lesked inte the system
sometime durlng the reactica.

Experiment Koe 4

In the fourth experiment the only oonditien that was varied
from the third experiment wes the temjeruture.

Ag in the preceding experiment, 2?1 grams of anhydrous sluminuwn
ehloride (Lallinekrodt, anmlyticel iesgent Crade) was put inte the flesk,

the joints were sealed, and the apparatus was swept until wiorc bubbles
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appesared in the osrbon dioxide abserber. Solid ecarbon dioxide and
alockol were placed in the reflux condenser, the flask was pleased in
the comstent tem;ersture bath shown im Flate 111, and the temperature
was maintsined at 50 * C.5° throughout the course of the remotion.
Sweeping was stoprped, 250 milliliters of jure ?,2~dimethylpentane were
added to the {lask, stirring was begum, end hydrogen ohloride wes
bubbled into the resotion mizture snd contimued throuphoul the reasotion.
After one and ons half hours, a constant rapid refllux was noted in

the large reflux condemser, snd a thick frost sppeared on the sedaiter
conneoting the condemser to the flask. It was clsc neted thet scon
after this reflux began, the eluminum ohloride attained a dirty brown
eclor. The reesotion wee allowed to proocsd for ten hours, durlmg wshic!
tizme a relstively lerge amount of geses collected im the absorter,
whioh were trensferred et intervels to the gas holder. At the end

of ten hours, the heater was turned off, the flow of hydropren ehloride
was stopped, and stirring was stepped. The sclid eerbon dioxide and
elochol wes removed From the relflux condenser snd orushed ifce placed
therein; the werm wiuter wes removed from the constant tesmperature

bath snd crushed ice substituted. The objeot of this procedure was to
try and hold baock sny original heptene or fsomerigation product, but
swes over sny low bolling resotion produot imte the zas holder.
Hhowsver, after three and one half hours of sweejping with ewrbom dicxide,
mierc bubbles did not s;pear im the absorber, yel the gas was colleetin,
at & constent rate, 80 swaoping wes discontinued at this poimt. There
was presant in the gas holder et the end of the resotiom 4214 rillie
liters of gas et standard temperature end pressure. The substasnce

remeining in the resotion flask was Guite different in epfearance than
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in previous exjerisentse It was im two leysrs, & loscr layer of dark
broan visesas iiguil, and e sliphtly yellow upper laysre The sluminum
ehloride that resmined wng Airty Lrown in arpesrsmee, anTarently conted
with some of the substapce im the lower layer. The wrser layur =&
sezurstod as well es rozsibles from the brown viseous material, washed
and dried ss in previoue experizents. The remults of the distillatiom
6f tnis 1i4uid sre itabulsted in Table Ve
Table ¥
Piquid Distillation, ixpsrizent Yo. 4

Charze = 200 =l.

rraction Hoe Vole Distilled Pe Pe {sorr.l teflux fatio
1 1% ml. up to 64.5° totel reflux
2 £1 ml. 64.5% - 79.0° [{al}1
3 9C ml. 79.0° 1011
i {holdup and ¢ =l.
residue)

Praotion No. 1 wng obtained by attaching e rolid eearbon
dicxide=aleohol trsp to the vent of the liguid fracticnsting columnj
it is apparently scme isobutane that was dissolved in the higher
boiling lijquid. Fraction Ro. L inoludes the 75 milliliterz holdup of
the ecluamn, plus & small volume of reoside wiieh rezsined in the distilling
flesk when all the volatile substence had beem distilled eff.

Yaouum Distilletion of Fesidue from Liquid Distillationm,

Eaperizent Ho. 4!

The thirty milliliters of residue plus coluwn holdup (Fraetion
Hoe h) werye superated further by a vaocuum distillation. I¢ wes necessary
to tuke of f the voleatile holdup by distillation in & Clalsen Cleak at

767 millimeters, them to a;ply & vecuusm to sepesrate the hih btolling
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sudstaneces. TUnder 10 millimeters pressure, a forerun came off at

25-66°. and & few drops of & bromn viscous liguid boiling st 6§~§7°

at 10 millimeters pressure osme over after changing the receliver.

™his frection proved to be some of the derk brown lower layer observed
in the resotion flask at the end of exyeriment four which beoume dis~-
solved in the upper lsyere. Both this fruction obtained inm the wacuum
distilletion snd the lower layer from the resotiomn flask had a kerosene-
iike odor, and when tested for unssturstiom were found to teke up
bromine in ourbon tetramchloride and to deeclerize elkalime potessium
permenganate solution.

Gas Analysis of Uaseous Produet, Experimernt Ho. 4:

A ges snnlysis with the Burrell Universal Cas inalyzer om a

portion of the gas eollected during the resotion showed the results
whieh are in Table VI.
Takle VT

Gas Analysis, Experiment ¥e. §

Fercent
Carbor dioxide 1o
Insaturates 7.8
Oxygen 2ol
Hydrogen le?
Cely o 397

The snulysis of the ges indlcostes it was principally cne of
the butsnes; 1t was shown by freeticnetion and freesing peint te bde
isobutane, dessribed in the next sectiocn. The sumll percentages of
carbon dioxide, unsaturstes, oxygem snd hydrogen tebulsted sbove may

be explained by the slight solubility of isobutane in the resgents
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used. The resultey of the analyslis sre within the limit of experimentsl
6rror.

Low Temperature Distilletiom of Gaseous I'roduct,

Lxperiment Ho. &

The 4718 milliliters of gas oolleoted im the fourth experizent

wus dravn into the detachable smjpoule of the low temperature distillation
osolusn, snd then transferred to the gtillpot of the lijuid sir eclumn.
It hed » volume ef twelve to fifteen militliters when liynelied. The
cooling system was manijpuleted manuslly for twenty minutes until the
tenperature of the head was below thut of the sntiocipated beiling point,
af'ter which the spirsl became wet with the descending liquid. The
heating oocil was Lhén strepped to the stillpot eand a current of 1.1i” am-
pereswss run through the hester. It was not necessary to surrcund the
neater snd stillpot with s Dewar flask, which iz the customery practice.
After allowing the columm to opsrate sutomaticully on tetal reflux

until the tempersture tecame constent at -14.5°, and there wes s minimum
of [luetuvation in the menometer, the cclumm was in equilibrius. The
rate of dropping at the bese of the colucm was 75 drops a minute at

this time. The slightly lower temporature than antlelipsted was attrituted
to en air blocki when this wes bled off into the charcoal tube for =
period of twenty minutes the temperature attalned comstanoy at «10.5%.
The distillate wag then collested iu ome of the ampoules fer one hour
and twenty five minutes, during whiech time the bolling point remeined
constant at the avove wvulue of ~1Q.5°. The sanometer was sdjusted at
the start so the pressure throughout the distllletion wes atmospherio
pressure, 756.1 millimsters of sereury. After the poriod of one hour

and twenty five =zinutes when the bLolling point Vegmsn to rise slightly

showing e change in eompositiom, the empoule contuining the jure



fruction boiling at -16.5° at 75€.1 miilimeters was closed, end the
seoand ampouie was copened Lo the beok lins. sfter one belf hour,
during which time the stiilheand temperature rose tc spproximately -19,
vothing bed colleeted in the seoond mapoule, the stillpot was dry, the
distiilation was assuned to be complete, end the column wasg shut downe
The woluwme of Ji uid collected in the Pirst amjoule web spproximsiely
eight wiliiilters.

Imring the csourse of the distilistion the rate of Lske off
was chocked by olosing the teke off stopoock for tenm minutes wnd watohe
ing the tempersture in the stillhead clossly. Juck a procedure ig
veluetle when fractiomating u aixture of guses, where it is possilble to
obtain o constant temparsture in the stillhewd fromp & mixture of com-
ponents due to an irnedeyuaste reflux retio. It is importent in separating
s aixture of geses by froetional distillstion to insure the rstic of
reflux to teke off is grester than the minimum required to effect the
peparstion. The procedure used to ohesok the reflux ratioc is ss desoribed
etovei the Leke off stopecek 15 closed several minutes and the teapera-
ture in the hesd 1ls observed. If the refiux ratioc is too small, the
tempereture of the hoemd will fall, sinoe the colusn delivers &« freotion
richer in the lower tolling compenent to the head due toc the inereamed
reflux ratiec when on totsal reflux. FHowever, {f the rate of teks off is
sbove the mipimum, the temperature will not change when the ecluan is
thrown onto tetal reflux in this menner. Uhem thiz procedure was [ollowed
in this distillstion, no change in the bPoiling point was obscrved, so
the reflux ratic was satisf'sotory.

Freezing foint reterminstion of Umseous rroduet, bxperiment Foe 4:

The pure fraction whieh bolled et ~1C.5 degrees Mentigrade iz
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the low tempereturse distilletion desorided In the previous seolion
*as 4drsen inte the freeszing point eell eof the arparstus. The stirrer
was started, and the eell surrounded by an empty gmall erude Dewar
fisek comstructed of a 17 millimeter by 150 millimeter Pyrex test tube
and a 22 millimeter by 200 millimcter test tube held together at the
iitps by & bored scrk. This tube was then surrounded by a lewar of
li4uid air, snd the milliveltage read from the potentlcmetere The
freesing point of the purified sample wee found to be -1&5.n°; this
value wae cheoked by repesting the oporsation twe more times. The
freezing roint data are given in Teble VI and on the ourve shown on
PREe .

Teble VI

Preezing Feint of Caseous Froduot, Lxjreriment Ko. §

Killivoltere Terperature Time
e B ‘ﬁho? o
520 «7he & 1
.08 -33,.9 rd
6.8% -102.9 3
To 20 ~1{9.1 ]
7+9C =172.5 5
fi.ﬁﬁ *1&?03 3
8.98 «1h 5O 9
9.08% ~146.8 9 1/=
9.C% ~1L6.8 10
9.0% «156.8 10 1/7
9.02 1459 1
9.00 ~155.9 i»
9.00 ~145e4 13
FJeo ) wlfSely 1
.08 «146.8 ik 1/2
$.10 «lh7.7 15
GepC -159.9 16
9 4C =154.5 17
950 «156.9 19
9-63 "15903 20

0 %‘35 =l6Cs 7 22



174

o4

\>ZEONITWN) JWI
G o]}

|

+ OZ Fzmi_dm.n?M

L2000 $003548) 20 INIOJ BNIZ3ZY{

!
|
|

o~

ol-

Ol -

- 0%-

-00|-

09-



31.

DISCUSTICH OF RUSYLTH

Experiment No. 1

The results of this sxverissnt, sonductsd at &Q. indioate that
the heptzne was not affseted by sluzinum ehleride at this tempersture.
Tro svall volume of gas which was coclleoted in the gas holdsr osn te
attrituted to en elr lesk {n the erpsrstus, or %o e dead srace in the
arrarstus not resebed by sweening with esrben dloxidei =ir wes noted
in the ges snelysee of subzequsnt exrerimsntsg. The abpesrenoe of the
rosction mixture affter the orxreriment wes corpleted alse pubeinntiates
the feet that no reection coourred at this tempersture. Alweye when
aluminum ehloride ig placed In oconteet with a paraflTin hydroecarbon there
is observed, vhen a rssotion dess teske plece, sn “upper layer® of
ssturatsd hydreeartons end 2 “loser layer® of en unseturetsd ;olymsr (7).
The catalyet {g suok ceses ie wlse reported to ks coated with the sane
visocus polymer, whish reduces the asotiviiy of the catalyst. In this
ex;eriment it will be noted that the mixturs in the flask wus in one
layer, and the aluminum ohloride wng olesn smd apparently unresotsd.
Likewise the recovery of ths sterting hydrocardbon in the liguid distile
letion verifics the oconelusion thet thore weas no resotion of 2,P-di-

methylpentsne with sluminum ehloride st C°,

Experiment Yo. 23

*ren ?,%=dimethylrentane wos trested =ith enhyirous siuminum
ehloride et room tewpsrature, ﬂ&-aso, ne resction oceurred. This cone
eolusion 1 evident from the sttemrisd lov tempsrature distillation of
the substepce occllected in the gas holder during this exporiment. The
original hydroearton hee an exceptionelly high wvapor premsure, end it

is fulte understundable that during ten hours resction time a reletively
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large volume of wvaporized 2,%«dimuthylrentans colleoted in the gae
holdere 1t will bs renembored that ifce was used in the reflux oone
denser 1astead of z0lid osrbon dioxide and alochol In experizment two,
end evidontly war not sapable of holding taok the heptsne In the flask.
In all subseyuent rune this error wes elininsted by using excluzlvaly
& better reflrigerant in the reflax condenser.

The date on the distillution of the 1iluuid residue In the
resction flssk wordfies the conclusion that the hydrconrlon is un-
rzactivs at room tempersture. Teeovery of the starting zaterizel wae
the result, with & reletively emall Praction of forerur. £s iz the
first experiment, the elean sppssrance of the catalyst alter ten hours,
end the absence of a leyer of polymerised unsaturation hyidroearteons
ir the reaction flasgk is pood evideonce thet no rsection hud teken place
betwoon the hydroesnrbon end the slusinum chleride.

Experiment No. 2

This experizent, alsc sondusted st room temperature, sse carried
cut as » eheck on the previous cme. It werified further that 2,2-
dimethylpentere gerve no reaction with eluminum ohloride st 2&“. The use
of sclid carbon dioxide and alechel instesd of crushed ice as refrijgerant
in the reflux condenser hcld tseck the velatile heptene, preventing the
ocllsction ¢f & larje welume of pas in the ges holder. The saall volume
of gas whieh 4id cellset iz this experiment eliminated the possitility
of & low tempersture dietilletion, but the yas analysss of thig substiance
ghomed thet ths sayrle was only e s#rell swmount of cerborn diexlide whileh
sscared abgorption in the rotessiuo hyidroxide absorber, and air which
eould heve nither lsaked into the apparetus or have been pressnt {n s

dead erxces in the apparatus.
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A8 in the previous experiments the 1li. uild digtillation shows
a good reoovery of the sterting materisl. Again the resotion mixture
after ten hours apresred unchenged, and the ostalyst was stllil in very
good condition. Tence it may be stated conelusively from the results
of this experizment and the preeeding one that st ?h“ aluzinum chloride
has ne effeoct on ?,P=dimethylpentane.
txperiment Ho. §

them the tempersture of the resotion is raised to 50°, the
results show considerabls evidenos that 2,7-dimetbylpentone i3 oracked
by sohydrcus alusinum ohloride. It w»ill be noted that im this experiment
the reaction mixture after ten hours asppeasred yuite different than when
the resction wus attexjted st lower temperstures. The lower layer, whieh
geve positive tests lor unszturstion with btromine in ocarton tetrachloride
snd alxeline potassium permangansate solution, weas undoubtedly composed
of polymerized olefim. In the cuse of 7,”=dimethylpentens, the olefin

that srises from erseking would te propylene, given by the reactiom:

By CHy
! 1
! |
Chg CHy

The isobutane produced in the above egustion was positively
identified by the zas analysis of e portion of the gsseous produoct
collected during the reaction, im conjunotion with the low tempersture
distillstion and freezing roint determinatlon of the sume grseous jroduot.
The boiling ;oint obtuined, -1@-5° at 756.1 millimeters (=1C.3° st 76C
milliimetera), and the freezing point obtained, «145.4%, correspond very
closely to the literature wslues for isobutsne (belling point, -1¢.2%;

freezing point, =145.0° (19)). It »ill be noted from the dete on the low



tempersture distilletion that «1C.5% at 756.1 millimeters wes the
constent temperaturs at whioh elmost =11 the substaence dlstilled; the
freeziny point deta and the corresponding ourve show that =1i5.4% wes

the point at whioh the tempersture remsined eonstent cn oocoling. Uenoce
it oan be seid with certsinty thet isobutane was the only garceous preduet
of the resciion of sluminum chloride on 2,7=dimsthylientane.

An interesting pareilel to the reasction studied is en investi-
intion by Crosse end Jpatieff on the reeetion of peraffins with sromatic
hydrooartens (2C)s It has been found by these investigetors that
rereffins will reset with aromstic hydroesrtbonsg in the presence of
eatalysts under mild ocomditions. The mechanism proposed iz the splitting
of the peraffin into a lower woleculer woeight pereffin snd an olefin,
which alkyletes the aromatie hydrocsrton immsdietely. 2r exsmple of
suoh & reaction is thet of benzeme with 2,7, lk~trimethylyentune in the
presence of eluminum ohloride to yield isobutane and t-butylbenzenes.
%ith aluminum ehloride the remotion tekes place at ?5~50ﬂ and ordinary
pressurs in sdout four hours. Hydrogem chloride is added to promote
the action of the ostalyst. The resotiom may be formwisted as:

CHy CHy

Cﬁ,%ﬁﬁg‘(’fﬁﬁﬁg + CgHy _ amtelyst crz,,é:ﬂ * CoHgl (CHy )y

f
CEy CHy CHg

Clig Ciig
Cﬁsé - CH,CHCHg * CoHgaU{CEy)y cotalyst Cﬁséﬁ + (CFig)gCCaHLC{Clg )}y + lsomers
Cy  cEy cry
The cotane esn be prectically completely oonverted inte iso-
butsne and the t-butylbenzenes.
The investigeations of Sehult, Hoog, and Verheus cn the sotion

of slumirum chloride on ?,7«dimethylbutane egrees with the results of
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this researeh (£). It was found by these investigetors thet 2,2«
dimethylbutene instesd of isomerizing underwent a ersocking when ireated
with enhydrous aluminum ehloride and hydrogen chloride.

It seems from the above evidence asnd from the results obtained
in this rescerch thet sny paraffin hydrocarbton contulning & tertisry
alkyl group 1s iisble to underge erscking instesd of fsomerizution
when tre¢ated with enhydrous eluminum ohloride snd hydrogem obleride,
or sny other fsomerization ocaetalyst. This 18 e logical postulaticn,
gince the weaker tertiary osrbtop-caerton tond would be expected toc be
broken before a primary carbon-csrbon bond scission would ocour.

It hes been shown thet clefins will alkylete paraffins form-
ing higher paraffins (?1). It would be interesting therefors teo
investigste further the lower layer of the resetfon mixture, or perheps
even tetter ocarry cut a more precise distilletion of the upper layer
ef the resction mixture of P,%-dimethylrentane and aluminum ohloride.
The eclefin produced by the orsoking resetiocn way combine with the originael

heptane by sn elkylation resetion to glve smell smounts of hizher puraffins.
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l. 2,2-Divethylyentane hus been trested with mnhydrous
sluxinue chloride end hydrogen ohleride at c® and ?h° and found not
to resot.

. hen the remction was heated to 50°, the hydrocerbon was
found to orack in the gresence of anhydrous alusinum chloride and
hydrogen chloride to give isobutane and propylese. The iszobutane wes
fdentified by ite bolling point and freeszing point, scd the prepylene
appeared in the resction mixture as an umnsstursted polymer, which was
not investigeted further.

3. The construetion and operation ¢f a sizmplified low tempera=
ture distilling columm sultuble for laboratory purification and identi-

fissticn of gases have been desoribed.
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