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INTRCDUCTICR

The resoction of zine alkyls with alkyl halides has been
used in the preparation of highly brenched aliphetio hydrocosrbons.
The resotion had been written for meny years in the litersture es
Zokg + PR'X ——p 2FR’ + ZnXy, however only cmoe was a yield reported
over 50% and thet one was of 51%. It wag suspected that only one
of the alkyl groups of the 2inc alkyl was avzilable in this resction
and that the rescticm prooesded

7nR, * R'X ——RR’ + RZnXe

It was the purpose of this work to study the resction of
zino alkyls with alkyl helides in an effert to discover the true
course of the reaction. 2ino ethyl and tertiary butyl chloride

were chosen as the two most easily obtsinadle compounds with whioh

to worke.

+ %e had reason to believe that FZInX was never forumed.



HILTORY

In his attempts to prepsre free radicals in the 1340's
Fraunklend had been trying to remove the oyanide group from alkyl
cyanides by the aotion of potassium. Ia 1849 he shifted his atteock
to the helides of the alkyl radicels snd used zino instesd of
potessium. Py the resction of ethyl iocdide on zine, he made zine
ethyl¥ instesd of obtsining eny free redicsl. Shortly sfter that,
gino methylls and other zino alkylss'h’?o were prepared.

The prepsration of zinoc elkyls hss been modified oonsider-
ebly through the years sinoce Franklend first mede zine ethyl.
Gladstone and Tri’bsel uged a gino-copper couple instesd of pure
tine in the preparation of zine ethyl. Later22 they used & mixtu-e
of zino end copper oxide to make their ocouple in a hydrogen atmosphere.
¥eny other motals were tried, but ocopper was found to be the best
sotivetor. LachmenBO used essentielly the same method as (ladstone
apd Tridbe with the contribution thet the optimum retio of rinoe dust
to copper oxide was estsblished as 10U to 17. Job and Feioh®
attempted to use the oheaper alkyl bromide in plece of the alkyl
iodide but were met with either no yleld snd gaseous products or the
neoessity of using e catslyst and a long resction tims. Noller3?
found thet equimolsr mixtures of the bromide end iodide could be
used in the prepsration without any impairment of yisld provided the
2ino alkyl was distilled from the resction mixture under wmouum.

¥renklend snd Duppal®’l” made the first use of the new
compound in 1363 by recoting zino ethyl with diethyl oxalate to give

ethyl diethylglycollate.
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CG@C,H, ‘ / mgﬁa
CCCCglg |
CCOCHy
Caly CaRy
C7Z Olgliy  + In(Callgla —> C{ . m(
| “Colig CCalig
CCOCgHy COCC,Hy
Calin
| _-CZnCylig
. + 2H,C > (CaHg )gC(OR)CO0CEy
| “Calig
CO0CHg

There soon followed many other researches involving zino alkyls.
?reundma reacted zinc sthyl with esoid ohlorides to give ketones
and lster Butlerow” found that the acid chloride would reamot with
two moles of the zime alkyl to give the tertiary alcobol.

CZnCoHy

Na
OZnCyH
/, atls ’,QH

CHsC ~CqHg + HqG  —F CHyCOCyHg * &\cl + CqHg
c1
or OZnC,Hg 0ZnCoHy
CHyC —Cqlly + Zn(CqFg)q ———>c&,c§c,ﬁ, + CaligZnCl
c1 Calig
OZnCoHy

CHyC—~CgyHg + 2HgC > Cli C(OH)(Cqalig)g * Zn{(CH), *+ CgH,

(b1042

¥agner, Saytzeff, and Eannomikof studied the very similar resctions



of ecters with gzime ethyl. Cnee ag:in one mole of zimec ethyl may
be added end hydrolysis gives the ketone or, if' a second mole is
sadded, the alochel is formed on hydrolysis.

&ﬁnuenwn studied the resction on eldehydes and ;rerared

s nunber of secondary alecohols. ©“ith sceteldehyde and zinc ethyl

he obteined the following reaction:

\anmm
CHgCEO + Zn(CaHy lg 3 CR4CH
LinCally
CHyCH + PHnC CHyCHOHC,Hy + ZB{UR), * CuH4
Nty ?

later formaldeLyde was used in this sume resction, giving howsver

the primery aloeshol.

,CanCaiig
HCHC + Zn(Cplgdy ReE
? Calg
rinCaliy
a8

mn%nuaﬁwwm applied a similar recction to ketones snd made tertiary

alochols. Using acetone he prejpared tertiary amyl slcohol.

LinCgalig
(CHy )oCC + ﬁﬂﬁn&muvn — (CHg vnnA
\ﬁgnﬂuw“
mnmava - + 2Hga0 — (CEy )4C(CE)C By + 2Zm(CH), * Colig

Thus durlng the latter halifl of ilhe nineteenth century, the
zine alkyls were used in syntheges of all sorts where today we commonly
use the Crignurd reagent. Upon the alsoovery of the Grignard resagent
in 1699, zino alkyls beecsume much less important sinoe the Grigmard

reagent is 80 much easier to haendle and glves better ylelds. The
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resotions of the zinoc alkyls end of the Grignurd reagent sre elmost
exsctly parellel. The sase of reaoction with ketcmes is sufficiently
different for the two so that we still use zinc slkyl im converting
an acid halide or em ester to the ketone. The Grignard resgent is
g0 much more active that extreme oare is necessary to stop the re-
sction st the ketome stage otherwise the tertiary alochol is formed.
Fortunately zine alkyls do not reseot with cerbon dioxide ss does

the Crignard reagent, so carbon dioxide may be em;jloyed as the inert
etmosphere which must be used.

Zine 2lkyls reeot with many other compounds in addition
to those mentioned in the foregoing purtgraphu.36 Any compound ocon-
taining en ective hydrogen will react with zine alkyl to give the
corresronding paraffine.

0 (CaBg)y * CoHgCH ____ CeByq * Zn< efls
CCqfg
NG C4H O Celyo + 70 (0C,Hg)
\OC@H, ——) allho atls /g

Zino alkyls, as do any of the metsal alkyls, resct with the
halogens to give the alkyl healides and the metel halides.

In(CeHglg * 2Er, —eeuy?Colighr + Zubr,

%ith the ohlorides of heavy metals and those of non-metels,
gine alkyls resoet to form the alkylated products of the metels or non-
metnls.

3Zn(CHy )y + 2FCly ____ 5 2(CH3)sF + 3mCl,

I2n{Cylg)e * 25BC1g — 2{Cqakg)38d + 27nCl,

Sometimes these reamctions give unsusreoted endeproducts by reason of

secondary reactions. For example:

270 (C,Fglg * 25nC1, 5> (Caig)eSn ¢ 27mCly + Sn



The metel alkyles of the metels mors esotive tham zinc may
be mede by the direot combineticn of that metsl with 2ine wlkyl.

7n(Cgligly + 2¥e — CqEgha * Zn

Ziro elkyl sdds sulfur cloxide to form the zime zwnit of
the corresponding sulfiniec soid.

m(Cqlgla+ 25Cy ____y (CaRgslylgin

Hitric oxide adds to zimo ethyl te glve a orystallime
sompound whieh resects further with carben diocxide ard weiler to glve
the zinc selt of the so-called ethyl dimitro acid (CoH4.Ba0.E).

Halogenuied compounds inocluding the simyle alkyl halides
and the more complex halogen substituted molecules will replace the
halogzen with the nlkyl of the zine alkyl. Y¥ore will be givem shortly
concerning the resction on simple alkyl helides. Cfoms of the more
peoulior reacticons with halogensted compounds followe.

2CH, = CHEr *+ 7n(CoFgly ., ?CHg * CECHgCHg + ZnBr,

2(CHy JpC (Br)HC, + ™a(Cly)y ____y 2(CEg)sCNCy * InBry

The ohief applicstion at present of the zine alkyls 18 in
the repleceuent of the halogen of an alkyl halide by the alkyl of the
gine alkyl. This method is the only known method for appresohing
seny of the highly branched hydroosrbons in reasonable yield. Friedel
and Luﬂanburg}g first used this type reaction when they combined gine
ethyl =ith dichlorodimethyl methsne. The highly brenched heptane,
CaligC(CRy )CaHg (3, 3=dimethylpentane), resulted in poor yield elomg
with large juentities of verious unsasturated hydroesrbons. Geriaxnow?h
used tertisry butyl iedide with gine ethyl to prejpare the 2,P=dimethyle
butsns. He developed e purificetion scheme for the hydrcosrtom whioh

iz sssentinlly the same as the present method. After additiom of
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water to remove all the zine ethyl, the produoct wes distilled, treated
with bromine and finally distilled again, this time from sodium.

Peeent work om this type renotiom has beem slight. shitmored”
and Iiinmu:rm.rd?6 have used the reaotion in the synthesis of 2,2,4,4~
tetramethyl pentane. The most comprehonsive work regarding the
synthesis of hydroosrbons by use of zine alkyls is the work of xollor.32'33
in genéral. his method for the preperstiom of the z2inec ethyl and its

resction with tertiery butyl ehleride has been followed in this worke.



WATLRIYANTAL
Arperatusg:
The apparatus used for the study of the resetion of zine
othyl on tertiary butyl ohloride is shosn disgramatieally on ¥late I.
Two rletures of the apparatus are also shown on Flates 11 amd I11.
‘oma ideng for this erperatus were glavned from the work of Helleary

and De&@rimgaz

on the gaseous products formed during zine alkyl
vormation and from the work of Goldman”? on the hendling of gases in
connection with some dehydrogenation studies made im this laborstory.
This apparstus ag described is the final form used after a number of
modifiostions were made from time to time during the course of the
reczearche 4 is a four liter liguid air type lewar flesk equipped
with a pressure escare valve which is cherged with dry lee. This
furnishes s supply of carbon dioxide lasting for three weeks. E and

£ are drying tubes filled with Drierite, anhydrous caleium sulfate,
and Amhydrone, magnesiusm perchlorste mopnohydrete, respectively. itop-
cock 8 i used to oomtrol the flow of csrbom dioxide through the
system. [ is an ordinary micro Dumas cocmbustion tube which is pecked
with l5cms. of copper {wire-form) end 10 oms. of copper oxide (wire-
form). This tube is placed in Murnece E wbich mainteins & constant
tenperature of 650° Ce The tube is 80 pleced that S ems. of the
copper oxide is outside of the furnece and the remeinder of the
peoking is inside. The purpose of this trein is to insure dry, pure
cerbon dioxide. The copper ineures that no oxygen pssses through and
the coprer oxlde is necessary to lnsure thet some of the esrbon dioxide
which may heve been reduced to ocsrbon monoxide will reform osrbon

dioxide. F is = bubble counter filled with dibutyl phthalate. Stopooek
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Full View of -apparatus Used for Study of

Reaction of Zinc Ethyl and Tertiary Butyl Chloride

PLATE 1IIT

10



View cf Reaction Flask of Apparatus Used for Study of

Reaction of Zinc Ethyl and Tertiary Butyl Chloride

PLATE 1III
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L is used to direot the curbom dloxide sither direotly into the diee
tiiling fissk or inte the resotion Plesk. Ltopcock g is used to
control whether Lhe earbon diexide goes directly imto the resction
fiask or whetber it fille the &sprece above the surfuce of the zine
ethyl in the messuring burctie ¥ se that zine ethyl esn be intro-
duced into the resetion flesk. G is & 500 ml. sldeerm round bottom
fiansk with e standsrd taper joimt [itted with a 5C om. Vigreux colusn
o & cistililing head to accomodate a thersomstsr with a slangard
tsper joint. The crdinery liebly's eondenser leads to en edarter H
whieh 1& equi;ped with two stopoocks, ¢ end g. it the teginning of

& distillation ¢ is opened and g olosed so Lhat the {crerun xey pees
intc flask I which 15 of 125 ml. csjacity. J 18 & gxall dryianp tube
6qulpped with Irierite and K ig u dry "sefety-vslve” trep with [
being a similsr trap filled with 6 ¥ hydroehlorie scid. Stopcock @
leads to the mensuring burette ¥ and hes the altaohed stopcook £ which
is connected to either a source of cerbon dicxide or an esonpe train,
er to bothe The measuring burette X is of 12 mm. tuling nerked to

CeP mle with & dismond peneil end hes a capaeity of 75 xl. It leads
inte the one liter resction flssk { through stopoook g. #lask ¢

is a four-necked {lask eyulpped with a mervury sealsd stirver assembly
using the Hirsohlerg type stirrer and a Friedrich's condenser in
addition to the messuring burette sud the drozping funnel E. K is of
10 mle cepaoity snd hes sn csjecially long dripe-tip so that the liguid
being introduoced drops direotly uzem the liguids in the [leske The
trap F et various times during the eourse of the ressaroh wns put luto
either wet-ice or dry ice filled Uewer fiusks. g4 is & reservolr

constructed of a thres liter {lssk eyuipped with & leveiling bulb of
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one liter eapsoity snd m trap equipped with e stopocok. P (s an
atsorption tower constructed of 5C em. cof 23 mm. tubing, fitted with
s stopoock J to milow oontinucus celleotion of gas in the reéservoir
while transferring the gms collected in the tower into the gesometers
4 snd T through stopecok ke 4 50 peroenmt potassium hydroxide solu-
tion 18 used in this s=bscrber and its levellinmg tmll to resove sll
earbon dioxide from the evolved geus. lhe zes is collected in the
pasomcter bottles £ end Te & i1z of ten liter ospsoity «nd T is of
twenty liter ospeecity. They sre so comnscted thst gne mey be colleoted
in them eitker im perallel or in &eries s¢ to spesk. Doth S and T
are eulipped »ith levelling bulbs with sidearns, sc that ns the gas
collects digpiscin; the megnesium sulfste colutiom, this solutiom
can be colleoted end messured in s greduste. g, £, and T have as
their containing fluid s satureted solutiocn of megnesiuz sulfate
sinee the grses to te collected sre ineppreciably solubklie in this

solution but sre sppreeisnbly scluble in water alome.

the spperatus used in Lhe gus snelyses was & Burrell
iniversel (Gee anslyzer of the Puild-iUp ﬁaﬁal-* The particular model
usad ors three absorptior pipettes; one witk & helieal coil, the
other two cf the rencls Auteo ¥ubtler tj;pe. . copper oxide tubdbe is
avellstle fer Rydropen anelysis ernd & slow turning combustion pilpstte
iz used for combustibtles. The ;us baretie wss of 100 ml. sapacity and
is e alpped »ith & ecompurison turcite both izsmesrsed in ths same bethe.

The pipette with tihe helleal cull 1g filled with 3% percent potassium

+ This erparetus wes used through the kindness of Dre [o Te
Bonney of the Uhsmical inginssring le;srtmert ol the University of
darylonde.
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hydroxide sclution for osrbom dioxide absorption. OUne of the Francis
Auto Hubbler pirettes is filled with a sclution recommended by Tropsch

and Dittrich. 0037

Tiis solution is made up by mixing 15 volumes of

Geé poroent silvar sulfate in conceuntrated sulfuric zeid %ith one wolume
of saturated nickel sulfate in sulfurie acid. This solution is used

te absorb unsaturated hydrcosrbons and haz the decidsed sdvantages over
faming; sulfuric acid =hioh is commonly used im thet it diusclves ocnly
vary small smounts of the sstureted hydrecsurions and also in thst it

iz unn=cessary to rass through the potassium hydroxide pipette to

remeve sulfur trioxide. The othser Frensis sute Fubbdler pipette oomteins
a solution developed by FieserlB for oxyper stsorpticm. 1ihis solution
oonsists of 1 grems of 36.7 percent sodium bhyposuliite, 13.3 grems

of evdium hydroxide, and 4§ grews of 9% percent sodium anthraguinone~

P-sulf’oﬂate el) in 120 ml. of water.

The spparestus used in the low tempereiure, low jressure
distill=ztion was a s8implificd model after the method of Eoothol The
slmplified model used in this weork 18 chown dis.rametiocrlly on rlate
i¥e Two pioctures of the sypervtus are shown on flites V and VI
The spraratus is eyulpred »ith two distillstion eclumns, ., which are
ccnnected into the manifold, 4. The menifeld hes three collecting
snpoules, B, sttached; e detmohable ampcule, £, for introducing sample;
an smpoule, D, corteining setivetsd Tclumbia carbton; and s freezing
point tule, Z.

The oolumns, ®, ere cconstrunted i{denticelly. They are made
of 11U omws. of 1l mm. C. L. pyrax tubing into which is {itied a B85 om.

length of 7 »me Co L. pyrex tubing wound with ¥o. 72 (bromel wire in
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Full Yiew of Low Temperature, Low Pressure

Distillation Apparatus

FLATS V
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Center View of Low Temperature, Low Pressure

Distillation Apparatus

PLATS VI

17
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the panner of ﬁuftan-ll T

he top of the oclumn is fitted with » thermo-
couple well made from 10 oms. of 4 mm. C. L. pyrex tuting. The bottom
of the column is fitted w»ith a dropper, X, inoorporsted in the ocolumn
end & stillpot, Y, of SC ml. capaeity. The detulls of the hesads of
the columns, G and §, #will be desoribed in further detall lsater.
The oolumn is surrounded by a &§ mm. Ce. “. pyrex tudbing jeoket which
is pecked with 20 amesh cork for inslaution.

The oclumnn is fitted in tts teke-off side urm with e stop-
cock knomn as the “sulcide stopeock” and then an open end wmanometer,
K and ¥/, 15 comneoted before the manifold. These nsnometers are
wade of 7 mm. C. Us pyrex tubing snd are sbout 1{C oms. length in
ssch erm. They have s platinum contuct point through the gless at
the bend snd the L. C. cireuit is ocompleted by copper wire in the
ofen arm of the menomster. Ais the pressure veries the meroury level
in the nenometer waries a&nd contsot 1ls mede or broken with the adjiuste
eble copper wire.

ihe manifold, A, is mede of 12 mm. C. L. pyrex tuding; all
other tubing of the appuretus is 7 mm. . L. pyrex tubing. The ampoules,
E, are mede of 1% om. lengths of 24 mm. C. Ve pyrex tuting. Amyoule,
C, is oply 1C oms. long end is fitted with a stopeock snd & 10/3C
stenderd taper ground gless joint. The ampoule,D, is identicsl with
the ampoules, E, except that it eontsing eotivated earbon. It is by
this asene that & very high vesouum can be obtuined sinece the metivsted
carbton st liyuid air tempereture sdsorbs enorsous quesntities of air
and other gases. 3 1is a drying tube mede from 30 oms. of 24 mm. Ce De
pyrex tubing snd is filled with phesphorus pentoxide. This tube is

used to admit dry air into the spparstus. The freezing point tube, Z,

is msde of 11U mm. C. U. pyrex tuding. From top to bottom the tube is
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»3 oms. long and the tube is divided by a 14/35 stendard taper
ground glass joint 4 oms. from the top. A thermocouple well of
L mm. Ue W, pyrex tubing gces the entire length of the tube. Arcund
this well 18 & gless helix to the top of which i atteched a tude
containing & bit of iron. This oonstitutes the stirrer. It is
sotivsted by a solenoid made of saverasl turns of fine copyer wire
wound on a epool. The strength of the field is ocontrolled by a
lamp bank in esaries with the sclenocid. The freexing point tube,
as well as each of the ampoules, is fitted with a sefety mancmeter,
€. Thece munometers sre of 7 mm. C. Do with a 15 om. by 24 mm. Co Do
trar at the bottom. This trap scrves as a safety fsctor so that if
for any reanson the gas vaporizes with ocomsejuent rapid exzansion,
there is & way out without bresking the apparatus.

The detalled diagreams of the two cooling heoads are given
in Flate VII. The liquid air heed, }, is enlarpged on figure 1. }
18 a brags tube of 3 oms. diemeter whioch is 24 oms. long snd assembled
on the column with pareffined corks. This tube is coversd with heavy
magneeia pipe covering for insulstion. J 1s the inlet tube and K
is the exit tube. L is a clear Guart Lewar flegk fitted with e cork
containing an escape tube, P; the tule, J, vlieh imtroduces the lijuid
sir into the heed; and e large tube for intreodueing the charge of
144uid eir. In order to make the lewar sir-tight, a sponge rubber
gesket, ¥, is held firm to the top of the flusk by ineerting the
Uewar in e frame made of two pleces of fider bourd pulled together
by thresded bre=se rods. The telegreph sounder key, C, is aoctivated
by the manometer and it controls the injsetion of the lijuid air.

The sounder key ig connescted through the meanometer so that when the
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pregsure ineresges to caugo contamot et point 2 in the msnometsr,

the sounder key is aotivsted. VUsuel evaporation of the lijuid air

is acoomedated by the escape tube, I, whioh leads to the sounder

key. “hen the sounder key is sotivated the esoanpe tube is cut off
and the pressurs built up in the Lewur causes liyuid air to injset
into the head. The exit tube, E, is also conmected to the sounder
key however from the other side. This tube is only open when the key
iz activeted end lijuid elr is fnjecting. This method nllows
cloger control over the injeotion than if tube, E, ig open to the
stmosrhere.

The dry ice head, (, ir enlarged om figure 2. , i8 & brass
tube of ? ems. diameter which 1s 19 oms. long and aszsembled on the
ccluwn with rubber ztopperse This hoad is insulated in the same wey
a8 that of the liyuld air column. The coocling agent is actually
ethyl elecohol whieh eirculstes in an all-eopprer systes {rom snd to
the wide mouth juart lewar flask, 2. The eirculstion is brought
sbtout by the esntrifugel rump, R, from whioh the slcchol pmsses
through the ceoil in the vewar flask, U. After passing through the
head the aleohol returns to the lUewar, £, for recirculetion. The coil
in the Dewar, I, is surrournded by =a slurry of pulveriszed dry ice
and nlcohole The pump is sotivsted by the induection moter, I, which
is operated ty the relay, V. This relay is comnsoted through the
mancmeter so thst when the pressure inoresses to make the meroury
somteot vpoint 3 in the manometer, the relay is esotivsted and the
motor is started.

The temperatures are resd ty use of coprer-constsntsn

thermcoouples. The one in the dry ice hesd is » three~junction
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oourles, wherees those in the 1ijuid eir head snd the freezing point
tube ere two junction couples. ‘nly two junctions are nceessary
sinece the temperatures resd on thesge eolurns are for the most pert
wulte low. The potential developed by the thermocourles 1lg resd om
8 ‘ubloon potentiometler.
foagents:
gtonyl Dromide

Ethyl bromide, practieal grade, as jurchesed [rom Uow Chemioal
Company weas purified after the method of Kemm and Karvel.-"? The
metnod oonsists of wscshiny the bromide with concentreted sulfurie seid,
sodium csrbonate, sodium biocurtonsate, and weter, drying the product
over urierite, end finslly distilling the purified vromide from
phosphorus pentoxide.

Lthyl Jodide

vthyl lodide was made* according to the method patterned
after the preparation of muthyl iodide by -einland «nd ﬁehmld.hﬁ
ihe more recent direotioms of Hartmanzs ware followed. The method
vzeentially is to allow dieothyl sulfate to resot with & water sclutiom
of potassium icdide im which a slurry of powdered calcium eartonate
i suspended by efficlent stirring. The jurifieation was in the
esme fashion 83 was used for the cthyl bromide with the single sxception
that « atillation wes {roz phosphoroug pentoxide and eclid potessium
iodide. The latier is ad.ed to prevent any iedine from volatilizing

with the products

*+ This preparstiom was run in lzrge sesle bty Mr.l. Goldman
of this Ladorstory.
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Zine-Copper Couglo+
7ine shot and copper pellsts In a weight ratio of 92:3

ars malted together into sn alloy in s refractory crucitle dn =
resistsnce furnszoce. At first a leyer of moltem zino is anllowed
to cover the bottom of the orueible, then some copper pelleots are
srrinkled on the surfece and sllowed to heat. After a few minutes
a thioker laysr cf gzine i8 placed over the ocopper end sllowed to
melt without stirring. The mixture is stirred and the proocess
repeated until all of the metel {s added. The molten metrl 1s cast
into & tall, thin, eylindriocal meold so that lsthe turning will be
easy. Alloy shavings ere turned on a lsthe and then the shavings
are washed with petroleum ether end dried in the oven.
Zine Ethyl

Three-hundred end ninety prams of the zino-corper alloy
turnings is plsced in a two liter flask ejuipped with a meroury
gsaled stirrer end a Dimroth condenser set st reflux. The flask is
swopt with surbomr 4icoxide before the aercury is added to the senl.
The apparstus is 30 arranged that the only escape for the zas is
through the ssal. The flesk end alloy are heated for ten minutes
end then sllowed to oool, all the while carbon dioxide pessing
through. W%hen eool, mercury is# added to the ssal and the cerbon
dioxidestream is diverted acrosz the top of the reflux condenser.
Thirty-nine ml. (C.5 mole) of ethyl bromide and 2C ml. (0«25 mols)
of ethyl lodide sre added as juickly us pozsible. The mixture then

is hestad with an oll bath with stirring. In about omre-hall en hour

+The suthor wishes to theank ¥r. A. s “hiton for this
meterial.
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the resction btegins to fume and the fuming iz xllowed to continue
for fifteen minutes, after which 177 ml. (2 1/k moles) of ethyl
bromide is added as rapidly as possible. bheating is continued until
reflux stopse The mixture is then cocled affter pulliing the stirrer
sbove the suriece of the unresoted alloy. The product is distilled
uncer weter [ump vscuum (PU-3C mm. pressure) keeping the oil bath
temperature at 30° C. until the end of the distillation whenm it is
taken to l?ﬁo Ce A hydrochloric seid trep must be between the
spparatus end the sspirastor for ctherwise the aspirstor rapldly is
clogged with zino oxice. The veocuum is released by edmitiing dry
cerbon dioxide to the system.

Tertiery Butyl Chiloride

The method followed was that of Worris snd Glmsted.?® The
direct remotion of tertiery butyl alechol with hydrochlorio acid
produces tertiary butyl chloride whioh is sstisfactory for use after
several sodiuam dioarbonete end water washings and a single distil-
iation from poiessium hydroxide.

bibutyl sther

“ibutyl ether from class prersrations was washed several
times with potassium hydroxide solution and then distilled from golid
potassium hydroxide.

Diamyl pther

The diemyl ether used was also a class prereration and wsas

purified in the seme manner as the dibutyl ether.
Toluene
Commercial tcluene was purified by ageotropie distillation

and then sodium ridben was edded end mllowed to stand overmight.
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Finally the toluene wes distilled from the sodium.
Experiments:

Experiment Cne

The purpose of these firet few experimonts was to detsrmine
if the apparatus would ellow a gusntitstive study of the resotion.
Zine ethyl shoculd resot with any oompound containing an sctive hydrogen
and give the corresjponding peraffin. First hydrochlorio ucid was
chosen to supply the active hydrogen.

Several modificetions of the epparstus shown in Flste 1
were not present in the original apparatus used in this expsriment.
These changes will be desoribed first.

Flask G was fitted with a gas inlet tube insteed of a
simple sidesrm as thown. The tube {rom stepecek b to burette ¥
Just below etopeock g was nom-existent. The measuring burette ¥
was of 1(0 mle. ceapacity belng conatrueted of 24 mm. C. De pyrex
tubing. In lieu of the gas inlet plotured below stopooek g on the
measuring burette, & gas by-pess tube was stteched from the top to
tottom ef the meossuring burette for otherwise it would have teen
impossidbls to sweep the remotion flesk Q «t the conclusion of the
resotion. The trap, i, wes non existent.

The spparatus wss astembled as described using Lubriseal
to lubricste all ground glass joimts. The parts of the epparatus
were kept im a drying oven until essemblsge and after assenblage
aveileble purts were flamed while a fast stress of carbon dicxide
was passing through. Sweeping with osrbon dioxide was allowed to
oontinus overnizht snd before the addition of eny 2ine sthyl to the

apperatus, microbubbles were tested ier im the sbsorber R.
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sbout 7% mle of z2ino ethyl wae added to the distilling
flask C enc L3.5 ml. was distilled into the amscsuring burette k
after irst tsking off the forerun into flesk J. &y the time this
distilletion hed beer completod the pas inlet tube whieh extended
below the liyuild surfuce in the distilling flesk hed Lecowe clogped.
This necessituted supplying the osrbon dioxide Ly means of the by-
pess from stopcock L to stopoock f. Ten and five-tenths ml. (C.1
mole) of zine sthyl was wllowed to pass stopoock g inte the resction
flask €. Stirring was begun and 2 X hydirochlorie weid im the dropping
{funnel Y wus ellowed to drop into the reesotion flask. 7he wster had
suffiejent surface tenslon so thet it dld not drop from the stopeocek
L down through the dropping tube but instesd filled that tube graduslly.
Thexn when the tube was full wnd the first drop Ffell off the entire
tube=-ull followsd it. The rate of ewluticn of the gus was toc rapid
snd wmuch of the gas blew through the mercury seal stirrer.

The yuentitstive ecjcots of this particulsr experiment were
thus docmed to fallure but the resetiom was continued to become familiar
with the epparstuse Lxtresely slow sdaition of the ecid made it
possitle to contrel the recotion so that all the rest of the gas could
te collecteds. 4 cheek cn the swmount of zine cthyl added and the
velume of ges evolved indloetes promise of giving ressomable results
irovided a contrel for the evolution of the gus can be worked cute.

The next cxporiment was an attempt to eontrol gus evolution
by diluting the motive hydrogen in the liyuid which is added from the
dropping funnele The distilling flask alsoc wes chshged to one with

an ordinaery sidearm ag shown in Flate I.
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Experiment Two

It was deoided to use & solution of absol .te ethyl aleochol
in dry benzene to sttain the necessary dilution of the motive hydrogen.
The apparatus was as:embled and swept with earbon dioxide e3 before.

Abtout 25 mle. of zine ethyl was placed im the distilling
flesk snd 179.5 ml. wes distilled into the measuring buretts. Ten
and five~tenths ml. (C.]l mole) of zino ethyl was added to the resotion
flesk snd stirring was begun. Then a soluticm of 2C ml. of absclute
ethyl sleochol in 4CC ml. of tenzene wes added dropwise over a period
of five hours. During thiz time the flask remesipned st room temperm-
ture. It was noted thet after sbout one~third of this solution hed
teen added the evolution of gas ceused. Ey meens of a water bath
the reaotion flesk weas heated slowly to 100° C.with the conseguent
evolution of further gas. Then the apperatus wes swept with carton
dioxide for one¢ hour. By this time the volume of ges caloulsted to
standard oonditions wes 5258 ml. This value is 17 percent higher
then thet enticipasted for pure ethane evolution.

It wag supposed that thie fect indicated formation of some
ethylene end hydrogem thus boosting the velume of gus bsyond thsat
expected. Unfortunately the gus evolved in this experiment was dis-
oarded btefore it wss decided thst ethylene might be w jroduct. The
only way to verify the presence of ethylene ig to run a gss analysis
on the product. The next experiment wes used to mske gas for analysis.

cxperiment Three

For this exreriment, the method used in experiment twoe
wag followed closely. The alochol was dissclved in only 20C ml. of

benzene for this experiment. At the conclusion of the run it wes
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noticed thet miorobubbles wers never obtsined and that a layer
sppeared on the potessium hydroxide sclution in the absorbesr. This
liquid wae cbvicusly bentzene judginyg from its odoer. In the omlcu~
lation of the gas volume to stendard conditions, the vapor pressure
of bengzene is taken into sccount, the corrscted volume of gas at
standerd conditions is 4550 ml. which represents 6.1C7 grams of
ethane. This wvelue is just 1.55 percent telow the theoreticully
expected value.
Gas analysis of the geaseous products wes first earried

ocut with a smsall Fisher porteble analyzer whioh used no mercury, hed
ne slow combustion tube, snd no copper oxide tube. The results of a
single rum are shown bolow.

feroent oarkon dioxide 1.7

Iereent unseturates Te?

Fercent oxygen 2.8

It wes decided that if satisfuetory results wers to be

obtauined m more accurate ges snalysis outflit wes necessury. reocourss
was taken to the Eurrell spparetus desorited om page 13. First a
run wagz made using fuming sulfuric acid te sbsord the unsaturates
with the results whieh follow.

Fercent csrbon dioxide C.1

Feroent unseturates 9.9
Fercent oxygen 1.9
feroent ethene 81.0

Since it wes suspeoted that the ethene was dissolving in
the fuming sulfuric aeid, the resgent for unssturates described on

page 1} wes used for amother run which gave the results which follow.



Fercent carbon dioxide a2

tereent unssturetes 7.8
Fercent oxygen Ce?
Fercent ethane 374

These high values for the unsstursteszs were difficult to
explain until it wes reelized thet thte benzene vepor which hed in=-
oreased the volume of the gas wes eoting in these analyses as un~
saturates. Therefore this ges was passed through a lerge dry ice-
aleohol trap seversl times to rewove the benzene. The resultent
gas gave the analysis whioch follows.

Fercent carbon dioxide Gel

Feroent unssaturates 1.8
feroent oxygen 7
Fercent ethane 975

Thus it was ocncluded thut ges analysis wes unnecessary
since the ges evolved is pure ethane. The slight inconsistenoy in

the enalysis probtably represents solution of ethsne in the reagent.

ixperiment Four
In view of the fuct that it wss deslrable te study the

reaction at all temperatures, it wes decided to use some esotive
hydrogen donor other than ethyl aleohel whieh required 1C¢° C. for
completion. Thus a sclution of excess dry hydrogem ohloride in dry
dismyl ether replcoed the aloshol-benzene sclution.

The apperatus wes prepared ag before but the zino ethyl
was meusured intc the flesk ecd the flaek swept overmight. 4z a
result some of the gine ethyl evsporsted and low results should e

obteined. The hydrogen chloride~amyl sther scluticn was mdded over



0.

{ive hours with the flask kept surrcunded by ice. Sweeping, them
elevsticn of the tempersture to 10C® C., and further sweeping showed
thst the re:zeoiion wes complete st the lower temperature. The volume
of gns oolleoted at standerd oconditions, sllowing for the wspor
rressure correction for gatursted megnecium sulfste sclution was
4656 m1l. The resuit 1s 8.6 peroent below theoretisusl which is as
suspcoted.
baperiment rive

Fxperiment four wae repeated but for two slight modifications.
The hydrogen chloride in the emyl sther wss replaced by sulfurie soid
in amyl ether, ainae it wrs sc ruch eesier to edd sulfuric acid to
emyl .ther directly than butble hydrogen chloride through amyl ether
over a prriod of time. The addition of the sulfuric molid to the
umyl sther must however bte crrried cut slowly at & decraased tempera-
ture cthersise polymerizgation trwes ylece. The other modification was
en operutional one inveolving the sddition of the zino ethyl to the
resction flask Just yrior to the Yegimning of & run.

Ic the 1Ce5 mle of gino ethyl 1C«7 ml. of ccncentrated
sulfurie soid im 20C ml. of emyl strer wes added dropwise over a
period of three and cme~halfl hours. Fesclior teusmpersture was kept
lor by keepring the flask in an ice bath. Five hours svweeping gave
4712 ml. of gas correeted to standerd oonditions. This represents
an error of 5.2 percent above the theoretical wvaluee.

Just prior to this run a small smount of amryl sloohol had
teen addsd to the saturated megnesium sulfate sclutiom to prev-at
mold formstion. Since there wus a jossibility that the vaper pressure

of the added smyl aloohol might be apprecistls enough to ceuse this
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srror in gae volume, it wes decided thet the next experiment should
use saturated mognesium sulfete solution cortsininy mo smyl elcchel.

Lxperiment Six

Alr wes bubbled threough the seturated magnesliunm sulfate
sclution overnight end the solution was returned to the reservoir
and the jusomcter. uxperiment five wis then rejesied with the time
of addition being seven hours and the time of sweeping teing flive and
one-nalf hours. +iour thousand six hundred and sighty-cre ml. of gas
corrected to standard oonditions was colleoted rspresenting a high
result of 4.5 percent.

It weeg cvncluded from this result and the similer ones
preceding thet the error nuy be caused by am error im the design of
the apperstus. 1t had been noted that miocrcbubbles were nesver quite
obtained at the end of the sweeping. Ajpossible resson wee that the
zine ethyl remaining im the meesuring burette was probebly continucusly
volantilising end getting inte the gns streem paseing the by-yrass
deserited in exjeriment ome. If this hsppened, a smell juentity of
ethune would be continuslly formed in the reactiorn flask esrd thas
sveeping would never be oomplete. This was correoted by rodifying
the construction of the measuring burette as showm in flate I.

gxperiment feven

Using the modified apparatus as descridbed undur expsriment
8lx end with cpne other modification, the preceding experiment was
repeante.. The one other modification was the use of dibutyl ether
Lo replace diamyl ether. This wes necesszitatcd by the depletion of
the supply of the dismyl «ther. The addition time wag five hours snd

the sweeping time five and one~half hours. The volume of ges resulting



correoted to stendsrd cornditiems, wes 177 nl., & wvslue 5.6 percent
high. 4 layer of butyl ether collected over the potassium hydroxide
solution, which is fair indicetion of the reason for the high results.

For the mext experiment, in order to keep beck the dibutyl
ether, the trap [ was introduced into the system. This trap was kejpt
in a dry ice~alochol medium during the run. Another possible source
of error would be the measuring burette. As oconstructed originally
one ml. is represcnted by only onee~eighth of an inoh vertically on
the column. It would be beyomd the poseible limits of accurscy to
reasure better than .5 ml. whioch entsnils & five purcent error. Thus
the measuring turette was recomstructed as deseridbed in the deseripiion
of the appesrstus so thet one-sighth of an inch wverticelly represents
G.2? ml. JYow zine ethyl volumes should be read mcourstely to C.l ml.
which introduces only one peroent error.

Lxperiment tight

The arparatus used in this exreriment is identical »ith
that deserilted in the earlier pert of this thesis. Chemicwnlly this
experiment 15 icenticsl with experiment seven. Aiddiition time was
three hours and gweeping time wes six hocurs. The volume of ;us
corrected to standerd conditions was 4566 =l., « wvslue which is 1.9
peroent highe It was felt that this result resches the limit of
assocuracy of this apparetus and method.

Lxperiment Hine

The remainder of the experimentsl work deals with the
resction of zino ethyl with tertiury butyl ohloride. The general
method was to add the tertiary btutyl chloride to the zinc ethyl and

then to sweep to {ind the entire volume of gas from this reaction.
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Sulfurie ecid in butyl ether was then sdded snd the gas produced
was swept into the messuring apparstus. The reason for this lsst
sddition was to use up sny zino ethyl or ethyl zino chloride present
nnd find out how much wes rresent.

For this experiment a huge dry ice-alecohol sondenser
having & gag capscity of approximeately one liter wes used instesd of
the friedrich’'s condenser. The reaszon for this change was btecsuse it
was believed that the tertisry butyl chloride mipght otherwise escsjpe.

The gusntitles of zine ethyl were doubled so that after
sbout one-helf of the ‘ethyl” is used to make ?,2-dimethylbutane
there is still sufficient to give an epprecieble gass volume for study.
Thus 20«9 mle. {(C.? mole) of zine ethyl wes added to the resetion f{lask
and then 3.7 ml. (Cel mole) of tertiary butyl chloride was added
dropwise. At first there was no reactionm but efter s bit had been
sdded, gas evolution was violent end blew the mercury from the seal.
Addition time was three hours snd sweeplng time wuas seven hours.
The totel volume oolleoted was 6968 ml. corrected to standard condi-
tions. GSulfurie seid in butyl ether was then added with very little
g2s evolution. Addition was complete in one hour, and two hours
swgsping gave a corrected volume of 1547 ml. at standerd oonditionse.

These total volumes are only L.5 percent telor the theorc¢ticsl
vealus for the totsl amount of geas attsineble. In view of the fuot
that some of the gus was lost, it i3 leogical to essume that ne 2,7-
dimethylbutene was formed. By resson of this, it wss suspeeted that
the “tertimry butyl chloride” was not that at all. It had been
distilled several weeks  revicusly and eppsrently had totally hydro-

lyzed. In further experimsnts this distillatiom wes done just prior
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to the uge of the tertiery butyl chloride.

Experiment Ten

The dry ice-alechol condenser desorited in the previocus
experiment a6 ussd also in this exreriment. The uantities rere
the sume es in the previous experiment. The freshly-distilled
tertiery butyl chloride wes andded over e period of three hours end
then the spperetus ses svept for six end one~helf hours. The volume
of gas correoted to standerd conditions was L9728 ml. This smount
of gas i8 I.L percent belon the wviulue expected if one~half the ethyl
radionls meke guseous products. Then the salfuric acid im butyl
ether was added over fifty minutes. Dluring this eddition a solid
cake formed whiok thea broke up into hard pellets and Cinelly sticky
gums which mede mechunical stirring en impossibility. Finelly,
after sufficient butyl ether had been added, & homogenecus suspenelon
wes obteined. Five hours sweeping brought the volume of gas to 1304
ml. corrected te standerd conditioms.

2ince {t wss smtiecipated that ynres othar them <thane were
produced in the first rart of this experiment, ges anelysis was
conducted on that first ges collected. The resuits weve:

Fercent carbon dioxide $eB

Peroent unsaturates T75+C
Fercent oxygen 2.1
Peroent hydrogen 3.0
Feroent ethane 1.0

A low tempersture, low pressure distillstion wes sttempted
on this gae produced in this experiment. The apparstus for this

work hee tveen descridbed in ean earlier pert of this thesis. At the

time of this work, however, the lijuid air colump was not comstructed.
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The dry ice~aloohol hesd would not condense a major portion of the
gases 50 the non-condensables were druwn of f into an smpoule by use
of liguid eir refrigerant. A smeall smount of gas whioh was con-
densed by the head tempesrature was left behind. Howsver this gus
weas in insufficient yuentity to wet the columm ailthough it did
estebiish eyuilibrium in the hesd. Conseyuwnily, no distillation
was possible but it seemed ressomsble to assume that a fractionstion
betwesn the Cy I'rection and the (g freotion hed been effeoted. The
reassoning beoames apparent when one consiuers the boiling ypointe of

the probeble constituents es shown in Table I.

Table 1
Compound Eoiling point delting point
Fthylene '™ -103.8° ¢. -169+4° C.
Ethane? 0 - 38.3 -172.0
Isobutane?/° - 10.2 -142.0
Eutylana??d - 60
Normal butanme”'® + C.6 ~135.0

The Cy fraotion and the C4 fraction were analyzed. The
Cg fraction analyzed:
Fercent unsaturstes {(ethylens) 3l.2
Fercent oxygen Ce9
Feroent ethane 16.1

The Cq frection anslyzed:

reroent carbom dioxide Cel
Fercent unsuzturates 3.7
feroent oxygen Ce9

Several combustions had to be carried out before a satisfactory result
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was obteined. The error with the unsutisleclory cmnes njpparently
derived [rom the ute of too large u gus s-ayle for combustiom, &
procedure which ocaused incomplete combustion. Improvement of
techniyue geve the following result:
Fercent butene 34.9
Lxperiment Lleven

In this experizent 1t was desired to repest experiment ten,
produeing suffioiently lerger juantities of grxse go that by low tempera-
ture, low rressure distillstion the grmues avolved could be more defi-
nitely ohaureoterized. The low tempersture, low pressure epparatus
weg to be modified to include & il uid air columm so thet the ethane
and ethylene might be identified as such.

The dry foce-alcochel ocomdencer desorited in ex;eriment nine
whieh wes uged in the rrevious two exjperiments was rejpluced by the
originel iriedrioh’s condenser; however, this time ice cooled water
was pagsed throuph the oondenscre

Yorty-cne end six-tenths mle (C.393 mole) of zimec ethyl
wus added to the reaction flesk snd 565 mle. of dry toluene was
added as solvent to prevent the gum formetliun experisnced previously.
ihen 67 mle (Ce796 mole) of tertlary butyl chloride was added dropwise
over & period of teén hours. Eléven hours sweeping brought the voluwme
of ges, correcled to stendsrd conditioms, to 3393 ml. This value
iz only G.19 percent below the theorevticsl walue. Then 21.4 ml. of
sconcentreted sulfurie acid in 15C ml. of Putyl ether wss sdded over
three hours wiih comsejuent slight gas evolutionm. The oorrected
volume of ges at standerd oonditions was 1522 ml. alfter six hours

sweepling.
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The gas oollected on addition of the tertiary butyl chloride
analyzed as follows’

Feroent carbon dioxide 1.¢

Fercent unssturates 5Ce b
Fercent oxygen 1.1
Feroent hydrogen CeS
teroent ethane 11.9
Fercent butane 29.9

The ohecks on the several combusticn runs were not very satisfsotory
but these results represent the average of four combustions and we
are probably reassonably correot.

The gas colleoted om additiom of the sulfurie ecid gave
the following snelysis:

Fercent c:rbon dioxide 6.9

Fereent unsaturates 5.5
Feroent oxygen Pe3
Feroent hydrogen 1.§%
Fercent ethane 13.1
Feroent butane €C.9

Low tempercture, low pressure distillstion of the ges
collected upon addition of tertiary butyl chloride was csrried out.
After en apparent sir bloek or other uncondenssble gas block was
drava off, the lijuid air coluan settled inte eyuilidrium and for
about twenty minutes a ges wes drawn off with the tempersture rising
from =39.9 to -89.6° C. uncorreeted. The heat input into the dis=-
tilling bulb was 15C watts cn the lemp benk. The dropping ratio wes

about 100 drops per minute. Atmospherie pressure was 762.6 mm. of
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meroury. Distillation wes continued for 3% minutes =2t which time

the temperature hesd dropped to =35.5° C. and a cut was mede. TDuring
thie time about two ml. of liyuild were collecoted. Shortly after
teking this eut, the distilling flaesk btreke off causing complete loss
of the remuinder of the gus.

A freezing point was ettempted with the small amount of
liguid oolleoted. This waes unfortunately unsuceessful for the ressons
thet the stirrer stuck at sbout =15C° C. when there was yet no eyrstal-
lizetion and too smell m ssxple was present.

A further experisent wzs necessary to produce more gas to
furthsr ohsrsoterise the products.

gxperiment Twelve

Sinoe the object of this experiment wss to prepeare gas
and not necessarily attempt to obtasin yuentit:-tive results, the
trep weg only surrounded by fce water. A yrievoug migtske was made
et first in this experiment by replseing the Iubriseal stopoock
Jubricant with a mixture of trimethylene citrate snd tetrezmethylene
citrete. CLCuring distilletion the zinc ethyl rescted with the
citrates with e consejuuent clogging of several of the stopcocks.
Finelly the apparatus wes reassembled using Lubriseel aguin at ell
ground glass Joints except the two stopoocks, J snd k, where only
¢nses come in contect with the lubricant.

bighty-three and six-tenths milifiliters (C.5 mole) of z2ine
ethyl was meeceured into the resctiom flssk. Then 17C ml. of dry toluene
wss added at once end stirring begun. The tempersture wss lowered
to ©° C. and 175 ml. (1.6 moles) of tertiary butyl chloride was added

dropwise over nincteen hours. Six hour sweeping did not give micro-
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buttles, since s0 many volstile compounds were present in the
reuvotion flask. However, from psst expcrience, it hsd proven
that six hour sweering clesred the sppsretus so sweeping was halted.
& thin lsyer of 1liguid hed colleeted above the potessium hydroxide
solution by this time. The gus volume corrected to standard eondi-
tions wes 2C.60 liters, e value about 15 pereent above the theoretiecal.
This bhigh result is not unexpeoted considering the voleatile compounds
present in the systeme.
ihen 472.3 ml. of conocentrated sulfuric acid in 3CC ml. of
tutyl ether was ndded over ome hour. OUnly the first 1(-20 ml. of
this scolutionm osused eny ges evolutiom. Sweeping was oarried out
for six hours at which time the volume of ges ccllected wes 3320 =ml.
at standard oconditions. This Guantity hes no particuler significance.
The ges colleocted from the reaction of zinoc ethyl on tertiary
butyl chloride was condensed to about 2C ml. of liguid and placed in
the low temperzsture, low preszsure distillation epperstus. It wss very
diffieult to cstabli;h equilidrium in the liguid air column and at
first it seemed that some non-condenssble gas was present 8o considerable
bleeding off intc the oharcoal tube was esrried cut. The head tempora-
ture during the blueding-off operation rose ulte regularly snd gredual-
1y from =159 C. to -%0° €. There ssemed to be some little hesitstion
st ebout -102%° C. which would indicate ethylene. After the tempera-
ture resohed ~1LC® C., it was decided to tske the ges into en ampoule
instead of the charcoal tube. 4n this empouls about 4 ml. of 1i.uid
were oolleoteds This fraction will Le referred tc as freotion one
luter 4n the thesise It would be desirsld to rsjeat this distilletion

to attempt better frasoticmation but this was pot attempted beoausse



time was short end lisuid air in proper Juentitieas wug diffloult teo
cbtain.

Then the column settled down and for two hours a gas wags
distilled off at sn average tempesrature of =84.1° ¢. The temperature
during the oourse of the distillatiom rose from ~39.3% C. to -79.5° C.
Only about 2-3 ml. of liguid collected in the eampoule. This fraeticn
is to be known as fraction twee. The conditions for this distillationm
wore 75837 mm. pressure, d ropping reate of 9C drops per minute, snd =
heat input of 100 wattis.

After this cut the texmperature elimbed gradually for four
hours to =31° Ce The coluwm was stopped nfter trying to tske off
with the liquid air head. Iressure and conseyusnily tempersture veried
too widely so the gas was shifted into the dry ioce-alechol columm.

At first the he-t input was 15U watts but this caused flooding and
that drove some waler up into the head which formed a tlock. Finally,
after wsrming up the column and stxrting over, equilibrium was rewched
at -11.8° C. Cus was teken off for ome und a half hours with an
average bolling peint of -11.7° C. At the conclusion of this time
the tempersture rose immediately above C° C. The aonditions of this
distilletion were 755 mm. of mercury pressure, dropping rate of 36
drops ror minute, znd s heat input of 5C waetts. This frsetion will

te spoken of ag frection three.

Freezing points were attempted for all three fractions.
Fraction ope never becsmes solld down to temperstures of -171° in the
freezing point tubte. FHowever, it was notlced that when the freezing
peint tule i3 in comtrot with the lijyuid sir, the Praction becomes

golid.
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Freotion two likewise geve unssatisfectory results. The
stirrer did not move vigorcusly enough to keep e solid shell from
forming erocund the sides of the tube and thus stopping the stirrer.
This happensd & nunmber of times; eaeh tLime the temperature wss
about =160° C. Just whet the temperature of freezing is, is therefore
unknown. Weny varied attempts were meade to get the tetter of this
situation but time did not rermit am exhsustive sesroh for a resedy.

Fraction three met with grester sucesss. The {reeszing
point curve is shown on the eccompanying grarh. The btresk represents
suporcooling snd the freezing point is -143.7° C.

Cas enalysis on fraction one gave the following results:

Fercocent cardton dloxide Lo P

Fercent ethylene TEC
fercent oxygen Ceb
fercent ethane 23.8

Gas anslysis on frection two gave the following resuits:

Percent oarbon dioxide Ce9

Fercent ethylene 60.8
Feroent oxygen Ce?
Fercent ethane 37.6

Gas analysis on frection three wes nocver cerried out as

it was felt that this frection had slready deen suffleiently charsoterized.
The gas which was formed upon addition eof the su.lfuric aneid

in butyl ether was analyzed es follows:

Fercent carbon dioxide 2.9

Fercent unssnturates 2.9
Feroent oxygem 1.5
Fercent ethane 8f.1

Feroent butsne 39.7
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DISCUESICH OF RLOULTSR

&inece the cbject of the first cight experiments wsg to
construct snd opertte am upraratus satisfectory for running the
recotion of rine ethyl with other substences end in meking & yuanti-
tutive study of that resotion, theat end wes attaeined. It wes found
during the ocurse cof these experimente that the evelution of ges from
the resction of zinc ethyl upon an sotive hydrogem compcund could be
controlled by sppropriste dilution of thet compound. It wee found
after some incorrect conmclusiong thet the grg evolved from this direot
resotion wres the pure pereffin expeoted, ethene. It was found thst
the evolution of this gas wes Guentitstive when onleculated on the
baeis of zino ethyl added.

Such were the general results of these first experiments.
from verious of the experimentis less germcral feots were observed.

The resction of zino ethyl with soids iz conmplete ut ¢® Cc., however
with sthyl alcohol spperently the resstion procesds only half wey

at 0% C. It seems proteble ther that the compound first formed is
ethoxy szinoc ethyl, CyaHy0ZnCaHe, which is stsble to ethyl alcchol even
at room tempersture.

Just which ome of the meny possible contributing ceuses
geve rise to the consistently hizh results is not known. It can be
sssumed thet one consistent ceuse for hiph results ig the entrained
vapors of the various volatile components in the resetiom Ilask.

The other most probable reason was the comtinued evaporation of zine
sthyl from the measuring burstte asg the appsratug wsg first construoted.

Both of these possible osuses were easily obvisted.
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uxperizent nine whioh wie the first experiment involving
the resotion with tertisry butyl chloride was a failure douttless
becsuse the tertlary butyl ohloride was of unsstisfactory purity.

Cf the Cel, gram squilvelents of ethyl radical adiled, U392 gram
eyuivelents of them show up as ethane. Cbviously little or ne
PeP=dizethylbutane ocould be formed under thess oonditions.

~xperizent tem, using geod yuslity tertiary buiyl okloride,
produced the first evidenoe that the resotion,

n{Caligiag * Tqlall —» C Hy Chily + Calig7nCl
was inocorrect. If this resotion as written were eorrect, there would
be no gas evolved upon additionm of tertisry butyl chloride and then
thers would be auch ethene evolutlom upon addition of ecid. However
it was found that the volume of gss ocolleoted upon sddition of tertiary
butyl ehloride was only 3.4 peroent below the vulue determined from
the amount of zinc ethyl used, assuming that one-half of the ethyl
radicsales resct Lo produce ethane. The most important resson for
btelieving that the resction as writtem i3 incorreet is that only
1304 ml. of gss was colleocted upon addition of aeid. Aceording to
information conocerning the yielde of the hydrocurbon from past
litersture roferences, there should be (.? mole of ethyl zime ohloride
present whioch would give C.? wole of sthane.

The faet that the first gus colleeted in this experimsnt
showed on analysis asuch a large peroentege of unsaturated hydroocerbon,
leeds one immediately to the conclusion that the resetion has never
been understood or written correctly bafore. 4 precticel interpreta-
tion of the ges snalysls would be te disrepsrd the ourbonm dioxide and
oxygen figures sg due teo sclutiom of tho ges in the remgents snd salso

to essume that the hydrogen ocontent wss due to ocelusion of &gas within
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the copper oxide tubse. Thus we wxould be led to assume that the ges
wes a mixture of pure sthane and unssturates. 1f these assumptions
are true, an anelysis showing 31.5 percent umsaturates snd 13.5 per-
oent ethane approximstely should have bsen obtaired.

The question natnrelly srose as to the fdentity of the une
sutursted hydroserbons. Two methods of atteak sugzested themselves.
kither gee anslysie in the elaborste frshion of Tropsoh end %uttoxag
using verious concentretions of sulfurie seid ecould be oarried cut,
or e low terrerature, low pressure distilletion column and apparatus
rould be built. Bboth methods involved a grest deal of work snd of
the two, the lstter demanded the most. However the multirle edvuntages
of setting up the low tempernture, low rressure outfit overtalsnced
the objeotion of time, sinoce the appsrstus could furnish not only
sepuration but slso definite sound physieel constants for the pases.

By means of the dry ice-maloochol column the ocombined guses
of both freetions from thie exreriment were separvted. There was
insufficisnt gas to do very satisfuctory work and heving only a dry
ice hend et the time made it impossible to hold the ethsne im the
head and obt~in a bolling roint of it. However the ccluwn did affect
e sepsnrution of the gases which toil telow dry ice temperature snd these
whioh toil adove dry ice tempersture. The major portion of the gas
wag noet held by the heed snd thus rspresants the ethame and ethylene,
if eny. The ges enzlysis of this freotion indicated there was 51.7
rercent unssturstes which o:n only be ethylene. The remsinder
snalyzed for pure sthane. These results cheeck beautifully with the
anslysis of the gse from the first fraection so it is tentmtively

assumed theat the first fraction contzins all the ethane and ethylene.
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The ges =mhich wes held by the hoad was of insufficient
quantity to obiain the beiling point but woes sufficient for gas
enalysise. These analysis results shoved some unsatursies, possibly
butylene, snd predominantly rure butsane.

sxperiment eleven wes cesigned to make sufficient gas to
obtain setisfactory physicel constsnte using the liguls elr column
snd freezing point tube which were constructed mesnwhile. It did
not sttaln thet geoal since during the li.uld air distillatiom, the
distilling bulb broke off end the gsxs was lost. Ey the time that
haypened, however, some information wes obtained. Gas anslysis wes
run on both frsctions of the grs obt:uined direeotly from the resction.
The additiom of toluene ss a sclvent has cham;ed the cheracter of the
geses evolved. The gas colleoted upron the addition of tertiary butyl
chloride had & jocd deel less ethylene but contt ined butene which waas
ebsent entirely in the previous exj« riwent. The gas colleoted upon
scid eddition wes jredominsntly butsne as expected im the previocus
experizent but did contsin %.5 percont unsaturatez snd 19 percent
ethane.

48 fur s the low temperature distillation had gone, it
fndicsted ethene wus presente isthene toils at -33.3° C.?7b et 760
am. pressure. Two mle of 1ijuid wes colieotsag which boiled from
“59.9 to =35.5° Co The feot that the sttempted freezing point showed
thet the substunce did mot freezs above =150° C. 1s & slight indica-
tion thst the substznoe may be ethane.

The twelfth experinent gave an abundence of gas which was
sufficient to allow exhsustive studies whieh were haltsd premsturely

by lsock of time. The distillation of the g«s ;roved to be & diffioult

task. It was extremely diffioult to estetlish eyuilitrium in the
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cclumn and it was supposed that dus to the similarity of the subptences
teing serarated end their conseyuent solubility in one snother thst
separation by a single Cresoticnation weas impossitle. Podbtelnisk37
found that the sererntion of s complex hydrocarton mixture wus e
difficult task involving s very efficient column. The temperature
during the distillation rose greadually from =-159 to -9¢® €. with only
the slizhtest pause at sbout -107° (. The ras coming off in this
renge gave an snalysis for 75 percent ethylene and 24 percent ethane
which gives ean insight into what wns happening. Despite the faot that
the boiling roints of esthene snd ethylene mre fifteen degrees apart,
it appears thst they e=nnot be gevarsted dy a single fractionation.
The reflux ratio wss not toe fast as wes showxn a numter of times by
changing over to total reflux. The temparature never changed appreei-
ably with this operation and it surely would heve had the ratioc heen
too low. Iderlly this fraction should have been redistilled but it
was felt that the gas enelysls dute smbtisfaotorily identifies the
constitusnts.

The next fractiom cnme over In the ethane ramge. It is
to be noted that here egrin the tempsrature ;radually increuses nund
althou h the inorespe wus slowver than defore, it still indiontes an
impurity rresent. This fraection wes not pure by a wide marzin. Its
ennlysis indiceted 61 percent ethylene and 3B percent ethane. It is
remarksble that this mixture would distil over at this particular
temporsture renge. The freezing point which was stiampted omn this
frection wag unsuccessful es weg expected.

The next fraetion wes probve¥ly a conglomerste mixture of

all the oonstituents and was saved for further work whioch never csme
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atout. ‘he temypsrature finally resched =11.3° C. and remained
constant for one and one-helf hours. This gas must be isobutane
which has the recorded boiling point of =1C.2° €.77% Just why the
big difference in bolling points ocourred is not kann. The slightly
lower than stmcspherie rressure would net account for the wide
difference in bolling points. However this Yelling peint does point
diresotly to isocbutane. The frseszing joint data werifies the fuot
that this Praetion is isobulane. The acecajpled vulue for the freezing
reint s -1&5° Ts and the result was -143.7° (. It is probable that
the iscbutane hus slight impurities but the juesticn of its identity
iz eszured.

The snxlysis of the gas cobtelned upon addition of the aocid
indicated S5 percent ethane, LU percent butens, and a srall amount
of unszturcstes. It 1s Jdoubtful that unsatur-tes are sotuslly present
and it i{s belleved thet the amount dissocived simply rejpresents the
solubility of the ssturutes in the reagent or the smount of toluene

vapor precent im the gas.
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CCNCLUSICHS

The resction between zino ethyl and tertisry butyl chloride
is not the simple resctiocn thet hes bteen written previcusly in the
literature. Althouzh the presence of some small eamounts of ethyl
zinc ohloride a8 & product has not btuen disproven it seems unlikely
thet muoh of it is formed. The zine ethyl and the tertiesry butyl
ehloride which are not used in the resotion to produce ?,2-dimethyl~
butene break down into hydroeurbtons stemming from the two redicels
involved. Significantly butylene was not a product whieh oould be
deteeted. The volume of gas liberated by the resstion clozely approxi-
mates ons-halfl the moler Guentity of zine ethyl used, however the pes
is not pure ethsne, nor even pure esthylene. The faot that isobutune
is pressznt suggects thet possibly some scrt of shift mey be teking
Flece between the sthyl and tertisry butyl rediesnls.

A similar shift i{s well known for some of the mctal alkyls.
for exsmple, Calingaarts's‘a found thst compounds such as R M and R',ﬁx
exhan;ed thaeir slkyl groups to give all the possidble compounds from
FoM to 5/, ¥ and from I/ uX to FziX. The metals used were lsed, tin,
meroury, snd silioop. Calingaart7 then studied the exohanze within
the zystem F‘ﬁ-ﬁ"u snd found that the exohenge took place sgain and
laterl® that ﬂ,ux-ﬁ'smx were involved im similar processes. However
the study’ of the szine ethyl-zine methyl system showed that no ex-
change took place. The examct coumnterpert of the system engountered
in this ressarch has not been studied, however it seems possible in
light of this work of Calimgsert, that an exchange of radicsls might
ccour tetween 2inec ethyl and tertisry butyl chloride or between ethyl-

zine okloride and tertisry tutyl ohloride.
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Even assuming this exohanyge, it is impossible to write any
one eyustion to represent the reaction. (f the many equations which
can be written, it is fairly certein thst the followlng reaction, the
one usuamlly written, is incorrect.

Zn(Calg)g * 2(ClHg YaCl1l — 2{CHg }5CCats *+ ZnCl,
The first twe reactions whichcan cecur ared

(1) 2n{CaHgly * (CHg)gTCl —> (CHg)54CCaHg *+ Colg#nCl

{?) In(Culiglg * 2(CHy)50C1 —> (Cly)gCC,He * ZnCly + Cplig= * {Chy )0~

The free radicals oan then undergo several reaetions. They cen dig-

proportionste:
() ? Cqlig= —> Callg *+ CyuHy
) ? (CHg)3C= —> (CHy)aCRH + (CHg),C = CH,
() CaHg= * (CHg)gle —> CgR, + (CHy),C = CH,
() Callg= + (CHg)gC= —> CaHg + (CHy)gCH

They cen oonxbine:

(7) 2 Gnﬂa" - n-Cl‘H»‘a
(93 CoHg= * (CEg)gC= —> (CHy)gCCuHy

Of all these possibilities scme osn be slimineted. Eyuvetions (4)
end (5) are out of the yuestion beceuse isobutylene wes not present
in the produots. Lquation (7) is impossible beomuse no porval butene
was detected in the gas from the reaction of ginc ethyl with tertiwry
butyl chloride. The remsinder of the eyuations are possibilities.

The reaotion (1) 1s a definite probebility end will be dis-
ocussed later. Teamoction {?) must tere plece in order to form the free

redicals from which come the geseous producetz. Teaoticnsg {2?) and (6)
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are quite protable sinoe they offer a reasoneable explansticn of the
epproximate rercenteges of the geses formed. Experimental data show
thet the total peroentage of ethame and butane closely approximate

the smount of ethylene. These two eyuations explsin these faots.
Apparently (6) takes plsoe more readily than {3) beceuse the observed
jereentsze of isobutsne wesg about 3C snd the observed percentage of
ethane w:s stcut 15. Eguations (3) and (9) are definite possibilities.
Feaction (9) has no way of being substentiated aince it produces im
the seme substence &8 doc resctions (1) and (2). Feaotion (3) could

be proven or digproven {f en seourate 1iguid distillstion were carrisd
oute Lack of time has prevented this distillation’s teing irecluded

in this thesis, however, the distilletion will be oarried out imn the
near future.

As was discussed previously the ethylrine chloride which
mizht be formed mocording to eyuation (1) may undergo alkyl exchange
with tertiary dbutyl ohloride as follovws:

(10) Collg?nCl + (CHy )yCCl ——p (CHy )3C7nCl + ColgCl
Cr, it is possible that this exchange may involve rinc ethyl and
tertiary butyl chloride:

(11a) mMm(Cylig)y + (CHy)4CCl —> (CHg )4C2nColiy + C,oHgC1

(11v) (Cly)gCnCaHy + (CHG),CCL —> Za{C(CHy )]y + CaHeCL
It is even possible thset the free rsdicals formed in (?) might react
directly with the zinc compounds:

(12) CaHg?nCl + (CHg)3C- —> (CHg)sCINCl + Cylige

(12) Zn(CeFy)y * 2(CHg)3C- —» Zn[0(Clg)g]q + 20, H,-
(ne way or another zine tertiary butyl or tertiary-tutylzinc chlcride

is formed.
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Upon eddition of sulfarioc seid the folluwing reamotions may
take place:
(14) 2nfc(CHg)glq * HaS0, —b 2(CH,)4CH + 7nEC,
(15) (Ciig)gC7nCl + Haily —» (CHE)3CH ¢ ZnS0, + HCL
{(16) 7miCqallglq * HaSle4  —> CaHg + 7niQ,
{173 Cplig?nCl * a0, — CaHy + ZniC, + 1M1
iither or boih reactions (14) emd (15) are neeessary to sxplain the
isocbutans formution, and either or both of reseticns (16) and (17)
are neoessary to explain the ethane formstiome. #lthough the gus which
anaiyzes for butsne was never charscterized further, it osmnot be
normal butene because the only way normal butune esn be formed is by
egustion (7) amd there is no souree of cihyl rmdicals at this stage
of the processe In the earlier pert of this thesis, the action of
sulfuric =oid on zinc ethyl wasg studied snd it was [ound that only
pure ethane in one hundred percent yleld resulted. This furnishes
further proof that norzmsl butsne is not a product of this resction.
The relative amountis of the produects indicute that egustion
(?) 15 slout Pive or six times more probabls them eguetion {(1). Fguetion
(6) 1s fovored abtout two to one over equstion (7). It would ke
expected that eguetion {10) would te more probetle then equstion (lle}
and (11b) tecsuse of simplicity. Eyustions (17) eand (13) are probably
unimportant but do represent possitilities. Eyuation {13) 1s rulegd
cut if (lla) and (1lb) ere discsrded.
As a result of our stusy of the resction of zine ethyl with
tertiuvry butyl chloride snd subssyuent sddition of sulfurio soid, the
following eyustions cen be written to represent the reections involved.

Zn(CaHgly * (CHy Y500l — (CHy )5CCaHy + CaligznCl



100 + Yosuz + ®u®s o Yosbu + vrowzSu®)
108 + Y05uZ + UO®(PHO) «— Y0881 4+ rowzO®(®uy)
1054%0 + 1ow2o®(%uo) «— 100%(®H0) + touwz®n®o
BO®(®u0) + Yu®0 «— ~0%(BuD) + ~%u%)
o 4+ TuPse— %5002

-0%(%u0) +-%u%0 + Prowe + "uP00%(®H0) «— 1008 (*wo)c + f(FwPoyw
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SUMMAFY

l. 7Zine ethyl reaots guantitutively with any sctive
hydrogen eompound to produce sthane.

e Z2ino ethyl reamots with tertiary butyl chloride to
produce from 55 to 6C percent of the possible gas.

3. This ges is a mixture of ethene, cthylene, and fso-
butane in smounts approximately 15 percent, 50 peroent, and AC percent
respectively.

4. Additiom of ean mctive hydrogen compound at the comclusicn
of the reaction of tertiary butyl chloride shows that some motive zine
compound remsins.

S+ The gas produced by the resction with the aotive hydrogen
compound is prejominently isobutane, the remsinder being ethane.

6. The equations for the overall resction have been proposed.
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