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iwrmvva'Tim

The m ajority  of tho ia v e s t ig s t io n s  on tho isom erization  ©f 

p ara ffin  hydrocarbons has d ea lt with the normal or s tra ig h t chain  

stru c tu res , and most o f th is  work has been ape© petroleiia  refin ery  

products instead o f pure oompeunds . The pet east l ite r a tu r e  i s  rioh ia  

reference® la  which are desoribed the isom erization  ©f s tr a ig h t ohalm 

p araffin  hydrocarbon®, by-products froa  ©reeking p rocesses, t©

su ita h le  hiandlag agents for  gasoline* Such iso a e r i sat ions to  more 

h igh ly  branched p a ra ffia  hydrocarbons are brought about by the use of 

a v a r ie ty  o f e&t&lyats and vsr ied  eo a d iiio n s  of tem perature, pressure, 

and contact time with the c a ta ly s t  C l,T ,3 ,i|)*

The study o f the Isom erization o f branched ©bain p araffin  

hydrocarbons on the laboratory so a le  in  recent years has led to  some 

in te r e s t in g  r e s u lt s  which prompted th is  in v e s t ig a t io n . ?~Methylpe»tane 

has been 1somerited to  3-me tbylp en i *n© and ^• 3-dImethyIbutane, by tr e a t -  

ssent with ?-3 mole percent o f aluminum bromide in  the liq u id  phase at 

room temperature (5)* In another experiment 3-methy 1 peat an e gave some 

^-methylpentane when subjected to  the actio® of T-3 mole percent o f  

aluminum bromide a t roe* tem perature. ? ,?-Di»ethyIbtitane underwent a 

©racking instead  o f an isom erization  whan trea ted  In the liq u id  phase 

w ith aluminum ch lo r id e  plus hydrogen ch lorid e  at 80® ( 5 .6 ) .  2 ,3 -M -

oethylbutane, however, under the seme cond itions formed 3*8 percent of 

normal hexane and 6i{.6 percent o f  "methylpenbanes *.

?*£,4~Trimethylpent*®© (isoootan e) was found by I p a t ie f f  and 

Crosse to  y ie ld , upon treatm ent with aluminum ch lorid e  and dry hydrogen 

ch lorid e  at 50° ,  73 percent o f isobutane, 1 percent o f  pentones, 38



jgmroemb o f  b icker boiling, pmrmftin hydro*orbo&s hoi ling  over m f a ir ly  

wide reac#*. 1? perooat o f  u&ehon&ed isooeton e , end f f  percent o f  «a 

uns*»tur&t©d polymer {? ).

These imweetigofcioae eoaprise o i l  tho published work to  dot# 

on the notion of Imamrlra tion  e « to ly s t«  upom l«eper»fflm » oleme*

This #tudy of th* action  o f  # laminum ©hi©rid# on $ v?«dlJB#thyl|#«t«Ri# 

¥^a imdertefceii in  t h i s  hmhombmry brneomo o f  the r e la t iv e ly  am&ll 

Amount o f  work tfeot i c  retarded In the l i t *  rot ere upon th# leeaerlft**  

tie®. o f  brsmoh©d eheifi p ara ffin  hydro©arboae, ©ope© ta l ly  th# heffcmo** 

I t  mm e l s e  undertmfeo® os o p o ssib le  method o f  preparing th# more 

h igh ly  fcreaehed isomer ? , 5?, 3« tr  i»e  t  hy 1 butam*, on ieosserie heptane of 

superior a n t i-knock value {&>•
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B iF B n m m A L  

I • ffreparation of the ffydrocarboii. *

£,£-M©®tbylpeiate»« used in  the reaction  w®s prepared by th*  

method o f  I d l e r  (9) through the use o f  di-m -propyl time and te r t ia r y  

b u ty l chloride* Th* method c o n s is ts  o f elow ly oddlag the te r t ia r y

a lk y l or. lor  Id e d isso lv ed  la  an *$anl weight of dry toluene to  th* a lk y l

sin© d isso lv ed  la  am e^oal weight o f  dry toluene* Th* reaction  wan 

carried  out In an atmosphere of oarton d iox id e , and th# reaction  mixture 

«t« kept cooled  to  S>5-35°* At th# end o f the addition  o f  the oh 1©ride  

the mixture was decomposed by dilute hydrochloric acid , co o lin g  th* 

f la sk  In an le e  bath during cautious add ition  o f  the sold* The mixture

was then washed with water, dried several hours over a su ita b le  drying

agent, and separated from the toluene by d ie t  i l l a t io n  through an 

e f f i c ie n t  column* The y ie ld  o f ? ,2 -’dlm*tfcylj»e&ts&# t o l l in g  a t ?9*©~79*10 

we# 574 grams from £168 grams o f dt-m-prepy! sine (i|0 percent o f the  

th e o r e t ic a l amount)*

The d i-is•propyl sin e  was prepared by the method o f I d l e r  (9 ,1 0 )  

from 8 pereeat copper-9£ percent sin© a llo y  turn in gs, n-propyl iod id e , 

and a-propyl bromide* k su ita b le  reaction  fla sk  equipped with an e f f i c ie n t  

r e flu x  condenser and a heavy s t ir r e r  was f i l l e d  with TSd grams (approxi­

mately l£  m oles) o f c lea n , dry, a llo y  tu rn in gs, and then flamed gen tly  

w hile being swept with dry carbon dioxide* After coollm g In a stream  

o f  dry carbon d iox id e , 47*7 grams (*£5 mole) o f  h-propyl iod ide and £0.8  

grams (•£$ *©1*) of n-propyl bromide was tjuickly added through the top  

o f  the oonccnser* The mixture was heated with an ©11 bath with s t ir r in g ,  

dry carbon d ioxide sweeping a© cross th* top ©f th# condenser constan tly  

to  prevent an In flu x  o f air* In about h a lf an hour th# reaction  began



to  fame. The fuming wise allowed to  continue for severa l m inutes, a fte r  

which 676*5 grams (5*5 m oles) ©f n -jrop y i bromide were added through 

the top o f the condenser at a rate  which allowed th e  reaction  to proceed 

smoothly* Holler*® procedure © alls for  the use o f  eqaim olsr q u a n titie s  

o f the a lk y l Iodide and a lk y l bromide, sad a id ing a l l  tho h a lid es at th# 

s ta r t  o f the rela tion *  The reaction  was found to  be e a s i ly  contro llod  

i f  i t  was started  with *~5 mole ©f th® Iodide and *?5 &©le ©f the 

bromide, then completed with the sore eeom oelaal bromide* A fter adding 

a l l  the propyl broaid#, heatin g  wm& continued u n t il  re flu x  stopped* 

a fte r  which the s t ir r e r  assembly w&s removed and the r e flu x  condenser 

replaced w ith a downward ao&denser. The ©rode a lk y l sin© was d i s t i l l e d  

o f f  under reduced pressure (3€ m illim eters of mercury). shea the  

vacuum was released* dry ©arbo© dioxide was admitted to  the apparatus*

Th© average y ie ld  o f  ©rude d i-a -p rop y l time frost th is  s is #  rum was 

**03*7 grams (63 percent ©f the th e o r e t ic a l amount).

I I • Apparatus »

Apparatus for  the Be act I on o f the Hydro©** rb on with Aluminum C hloride: 

The apparatus used t© carry out the react ion of aluminum 

ch lorid e  ©a ?*?-dla*th.ylpeiitan© i s  shown ©n P la te  1. The general plan 

o f th is  apparatus was obtained from the work of I p a t ie f f  and Gross© (7 )  

who studied the isom eriaatloa  o f ?%?«4*trl3iethylj>eat«fte by aluminum 

chloride* and L. doldmsm (11) o f th is  Laboratory, who carried  out some 

in v e s t1gations on the 4©hydrogenetion of e y e l ie  compounds*

J. i s  a ©oastant temperature bath con tro lled  by a b im eta llic  

s tr ip  the m ore gulator* I  i s  a four-necked round-bottom f la sk  ©quipped 

w ith standard taper Joints* The hydrogen ch lorid e  in le t ,  £ , extends 

below the le v e l  o f  the liq u id  in  the reaction  f la s k , and £  i s  th# 

carbon d ioxide in le t*  A dropping funnel for  introducing the hydrocarbon



i s  at £ , and £  i s  a mereury sea led  Blrsebberg type s t ir r e r

assembly. Th© s t ir r e r  blades are made o f  double etrsrnd Ho. 77 Chroael 

w ire. 0 i s  cm e f f ic ie n t  large ©old fin ger  condenser which may be 

peeked with alcohol and so lid  carbon d io x id e , the gas reserv o ir , B, 

equipped w ith an overflow  trap , £ , allow s continuous c o lle c t io n  o f  

gaseous products while tra n sfe rr in g  th e  gas c o lle c te d  in  the carbon 

dioxide absorber, d, in to  the gas holder, I* The reservo ir  and the  

gas holder are f i l l e d  w ith  a saturated so lu tio n  o f  magnesium s u lfa te ,  

due to  the low s o lu b i l i t y  o f  hydrocarbon gases in  th is  so lu tio n , and 

the carbon d ioxide absorber contains 5$ percent potassium hydroxide 

so lu tio n . The volume o f  gases c o lle c te d  are measured by displaced  

magnesium su lfa te  so lu tio n  c o lle c te d  In graduated cy lin d er J£« The 

cap acity  o f  f la sk  B i s  e ith e r  50C m i l l i l i t e r s  or  one l i t e r s  the  

reservo ir  H i s  a tw o - lite r  round-bottom f la sk , and tho gas holder I  

i s  a t e n - l i t e r  b o t t le .  The volume ©f the carbon d ioxide absorber £  

i s  IOC; m i l l i l i t e r s ,  the gas reserv o ir , carbon d iox ide absorber, and 

gas holder arc a l l  equipped with le v e lin g  bulbs as shown in  the diagram.

The carbon d ioxide used for  sweep!mg the apparatus before  

and a f te r  a tun was taken from a tank o f the compressed gas and dried  

by passing I t  through a tr a in  o f calcium ch lo r id e , calcium s u lfa te ,  

and magnesium perch lorate. The hydrogen ch lorid e  used in the reaction  

was generated by dropping eopeemtrated su lfu r ic  so ld  onto a sodium 

ch lorid e  s lu rry , and dried by bubbling the gas through concentrated  

su lfu r ic  ac id . The hydrogen ch lorid e  was te s te d  to  b& sure i t  contained  

no a ir  before in troducing i t  in to  the reaction  mixture by passing i t  

through 50 percent potassium hydroxide in  a gas absorber l ik e  th® 

absorber o, in  the diagram.
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P L A T E  I



Th# apparatus used for th© p u r if ica tio n  and laerA i f  i o u i  on 

o f th© gaseous hydrooerbon* obtained in  th© r© a.o i  1 on o f aiaialnum 

ch lor id e  on ?v2«dln©tfcylpeat*n© lo  a » lap11 fled  form o f  th# ©clan* 

developed by Booth and hi© n sso e ls te s  (I f)*  which 1© in turn a m odified  

forte o f a Fodfcelalnk preeis© laboratory d i s t i l la t io n  column {If* 14)*

A sketch o f th© apparatus used in  th is  researeh 1© ©horn on Hat© 11 

and Flat© 11:1; photograph© o f th© apparatus ar© on Flat© 1? and Flat© ?.

The apparatus i»  can* tru sted  p r in c ip a lly  fro© 7 ©I 111 meter 

(ou tsid e  diam eter} Tyrex tubing* Th© book lin e*  A* constructed o f  19 

m illim eter (ou tsid e  diameter) Pyre* tubing* 1© connected to  a ffy^a© 

pump which evacuates th# © atire apparatus* Th© ampoules* £ , mad© of 

15 centim eter length© of pk m illim eter (ou tsid e  diam eter) Pyrex tubing* 

are for th© © ellootIon  and storage o f samples with the aid o f  m 

refrigerant* £  1© a detachable ampoule* 10 e en ttee ter s  in  length*  

equipped -with a stopcock and a 10/jC- standard taper Joint* This ampoule 

allow s the iiu red u ction  o f  samples in to  the apparatus* Oas may be trim s*  

ferred from any on© ampoule in to  another* Into th© s t i l l p o t s ,  X* or 

in to  th# fr e e t in g  point #©11* £ , by th© proper »®nI,pulation o f  th©

©topeoaks* Th© ©harsoal tub©* £* a lso  attaohed to  th© back lim «. Is  

id e n t ic a l  with ampoules J| except I t  la  peeked with activa ted  Columbia 

oharooal* This attachment i s  ©apable o f  producing a very high vacuum 

in  th© e y stmm by 1 mb©rslug i t  in liq u id  a ir  and opening I t  to  th© 

system a f te r  th e  Hyfa© pump has pumped out th© apparatus for on# h a lf  

hour*

Emets sec tio n  of th# apparatus where gas i s  liq u e fie d  I s  

connected to  an open mercury sa fe ty  manometer* labeled  as E on the



sketch* Then© maao&etc m  not on ly  serve m  a sa fe ty  dev ice  in eat«  

o f  ex cess iv e  pressures, but els© all©® observation ©f the pressure 

in tine c lo sed  portions ©f th e  apparatus. These manometers ere eon* 

s t  rue ted  o f  7 m illim eter (ou tsid e  difusetor) Pyrex tubing, end have a 

trap  on the bottom as sheen made o f a 15 centim eter length o f  

m illim eter  (ou tsid e  diam eter) Fyrex tubing.

In order to  Insure that the system be dry, a phosphorus 

pentexlde drying tube, £ ,  So e e n tie e tc r s  long and Tb m illim eters in  

d len e ter . I s  a lso  attached to  the basic l in e .  To dry the apparatus 

I t  i s  f i l l e d  w ith  dry a ir  drawn through th is  tube and evacuated about 

tw elve tim es.

The fr a c t io n a ling columns, £ ,  Id en tic a l in  th e ir  construct ion , 

are l i t  eentlae'terft long and are made fro® 11 m illim eter  (ou tsid e  

diam eter) fyrex tub ing. A d e ta ile d  d escr ip tio n  o f th© s t i l lh s s d s  w i l l  

fo llo w  la te r .  A dripper, j |, i s  see led  in to  the base o f  the so  loon to  

a llow  observation ©f the reflu x  as i t  drops in to  the pot, T. A small 

hole  in the s id e  o f  the funnel allow s th e  a so ending vapor to  pass the  

descending liq u id  without In terferen ce .

The eolnmts are peeked with a Dufton wire sp ir a l (1.5)* made 

o f  So* 92 gauge Chrome 1 wire which f i t s  snugly over m  5$ cent le c to r  

length  o f ? n l l l ln e t e r  (ou tsid e  diameter) by rex tubing, sealed  at both 

ends. The sp ir a l reaches fro® the dripper £  to  the bottom of the 

a t illh e a d , and f i t s  snugly Into the column. The columns are Insulated  

by a Jacket o f 6% m illim eter (ou tsid e  diam eter) Pyrex tub ing, f i l l e d  

w ith TO cash ground cork*

S ti l lp o t  Y i s  a $0 m i l l i l i t e r  byrex d i s t i l l i n g  f la sk  sealed  

dat© the bottom o f the oeluaoi* I t  i s  heated by a c o i l  o f  four turns of



So* 3*0 gauge ??lohroa«* wire shaped to  f i t  th© to t  torn o f  th© s t i l l i  ot*

Th© amount o f  current passing, through th© co il*  and hence the rate  o f  

hoi Xing* i s  governed hy a lamp hank placed in s e r ie s  with the heating  

©oil*

The ta k e -o ff  s id e  arm i s  attached to  an open end manometer,

S* S i*  before i t  goes in to  th© back lin e*  The manometer i s  a&de o f  7 

m illim eter  (outsid e diam eter) fyrex  tubing, end «e©h arm i s  100 c e n t i­

meters in  length* A pise© o f platinum wire i s  fused Into the bottom 

o f  th© manometer and a pies© o f  copper wir# i s  in serted  in to  the ©pen 

ana to  complete the oi rcu it* V ariation o f  the pressure in  the head makes 

•aid breaks th© c ir c u it  as th© mercury le v e l  changes*

Th© e t l l lh e a d s , G and |!, are shorn in  d e ta i l  on Flat© 111,

Figure 1 and Figure p. Th© to© heads are Id e n tic a l, but on© uses liq u id  

a ir  (fig u re  1) and th© other carbon d ioxide snow and alcohol (Figaro ?) 

as refrigeran t*  The liq u id  a ir  co o lin g  head i s  sad© o f  a copper tub©,

£,, 9k centim eters long, 3 centime ter*  in  diam eter, and i s  held in place  

over th© d i s t i l l i n g  column by paraffined corks* Two sm all copper tub es,

£  and serve as In le t  and e x it  tubes for  th© c ir c u la t in g  liq u id  air*

The whole head Is  in su la ted  w ith heavy magnesia steam pip© in su lation *

Th© liq u id  a ir  i s  held  in  sn tm ellvered wlde-mouth Dewar f la s k ,  

jg, ©quipped with a liq u id  a ir  e x it  tube, £ ,  an exhaust tube, f ,  and a 

large tub© for adding liq u id  air* Th# Dewar I* sea led  with a sponge 

rubber gasket, j§, compressed between two wooden block® held by four end- 

threaded rods* 'hen th© pressure in  the column r i s e s ,  contact i s  made 

at point P in  th e  manometer, g , which a c tiv a te s  the relay  sounder key,

0 , and ©loses th© exhaust l in e ,  jP, from th© Dewar, ^* Th©' liq u id  a ir  I# 

then in jected  in to  the coo lin g  head through in le t  £  by th© pressure developed 

by the evaporating liq u id  air* The temperature drop cause* a pressure



drop* which breaks the ©oatact at point 7 and disconnect# the re la y  sounder 

key, opening the exhaust l in e  £• The liq u id  a ir  then no longer in je c t#  

in to  the head, but Instead escapes through the exhaust lin e  u n t i l  suf -  

f i e  len t pres euro develop-* again to  repeat the operation*

the carbon d lo x id e -e th y l a leeh o l c o o lin g  head-, has th® ©«*e 

distensions as the liq u id  a ir  e o e lln g  head, and i s  held  in plane ever the  

d i s t i l l i n g  eclutm by rubber stoppers* I t  i s  lik ew ise  in su lated  with a 

layer o f magnesia steals pipe in su la tion *

.4 s n a i l  c en tr ifu g a l pump, j | ,  c ir c u la te s  the so ld  a lcoh ol through 

the coo lin g  head* The pump i s  below the surface o f  the liqu id  in Htw&r 

f la sk  S, hence no peeking i s  required* The sh a ft o f  th e  pump i s  d ir e c t ly  

attached to  a sm ell motor, T* The c ir c u la tin g  liq u id  i s  cooled by pumping 

i t  through th# copper © oil in  Dewar f la sk , 13, which i s  f i l l e d  with a slush  

o f  a lcohol and carbon d ioxide snow* The motor, £ , i s  e stiv a ted  by a 

re la y , V, whenever there i® s u f f ic ie n t  pressure in  the column to  cause 

the mats one t e r ,  to  make con tact a t point 3* “fifeen th® pressure drops 

the contact at point 3 Is  broken, end. the motor stop s c ir cu la tin g  the 

co o lin g  liq u id  u n t il  the pressure i s  s u f f ic ie n t  to  repeat the process.

The carbon d io x id e s !  ©oho! head i s  equipped with a three Junction  

eopper*sott*t«a*tatt thermocouple, and th# liq u id  a ir  head with a two Junction  

eepper*eeastanta& thermocouple* The mi H iv o lta g e  produced i s  read on a 

rubloon potentiometer* The thermocouple# are in serted  in  well® made 

from 10 centim eter# o f 4 m illim eter  (ou tsid e  diam eter) ly r e s  tubing*

Th® f rousing point ©#11, Z, constructed o f  1C m illim eter  

(ou tsid e  diam eter) Pyres tub ing, i s  p i centim eters long and Is  divided  

4 een tin eto re  from the top by a lk /3 5  standard taper J o in t. A two 

Junction eopper-const&ntan thermocouple i s  in serted  in a w e ll made o f



u

4 a i l l i a s t e r  (ou tsid e  diam eter) l:yr*x tubing  which runs, t hm © oilre  

length o f  the c e l l .  Th# e ea ten ts  o f the tube or# s t ir r e d  by a £ l* ss  

sp ir a l whleh ha* attoohod to  i t  a sm&Xl tube eoata in iag  a piae# of iron .

Tho s t ir r e r  Is  wowed by a so lenoid  placed around tho © ell and fix ed  

above the s t ir r e r ,  made o f  sever a X turns o f  oeyyer wire wrapped tr e w d  

a s o f t  iron pipe* A c ir c u it  breaker ia  s e r ie s  w ith the so len o id  eeuse*  

the s tirr in g #  sad a leap  bank la  s e r ie s  with th* so lenoid  con tro ls the 

stren gth  o f the magnetic f ie ld *  The free  s la g  point s e l l  i s  at t  a© had 

d ir e o t ly  to  the baok U s e , end i s  a lso  equipped with a sa fe ty  manometer# &•
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fractionating; Co l a m , for Liquid Products *
The liq u id  resid ues from th# ro ta tio n  o f aluminum ch lorido  

on ? , C~dimc th y lp #n tmnm were d i s t i l l e d  t h r o a t  & liq u id  e e k a  equipped 

with, a s t l l lh e a d  with ast automatic adjustment o f  tho r e flu x  r a t io , tho  

column i s  mad© fro® a four foot length o f  13 m illim eter (oa tsid e  diameter) 

Pyrex tub ing, an i has ?k/k®  standard taper Joint* on a a eh end* Tho 

peeking for  the co l urns i s  s in g le  tarn s o f t  g la ss  h e llo e s , 4 m illim eter#

In diameter, ahlefc are hold in  plae® by a g la ss  cross seeled  in to  the  

bottom o f  the coins®* The o o lm a  contains fo u r  fe e t  o f  peeked space* 

which i s  in su la ted  by a jack et o f  54 m illim eter  (oat®ids diam eter)

Pyrex g la ss  tubirg .f illed  with ?G ®e®h ground oork# The oeluen Is  not 

heated*

The d i s t i l l in g  head I s  mm made by the An# Glass Company,

Tin#land, lew dersay (Aos Glass Company, Catalog *40 *» it#®. Ho. &5T0}*

I t  holds a pivoted funnel below the condenser, which has sea led  in to  

i t s  a ide a p ieee  o f  iro n . This funnel i s  operated by a magrtetie c o i l ,  

strapped to  the sid e  o f  the e t l l lh e e d  adjacent to  the funnel, which has 

la  se r ie s  with i t  «a adjustable o lr e e l t  breaker* By ad ju stin g  the  

time In terva l on th e  c ir c u it  breaker th© rat© o f  take o f f  gum be adjusted* 

Then th© c ir c u it  Is c lo sed , th# magnet p u lls  th# pivoted funnel over the  

rec e iv er , and wham the c ir c u it  Is  broken, the funnel f a l l s  back to  i t s  

v e r t ic a l  p o s itio n  and returns th# r e flu x  to  the ©oltma* Th® e n tire  head 

i s  wrapped with a layer  o f  g la ss  wool for in su la tio n  during a d i s t i l l a *  

tion* Th© s t i l lh e a d  i s  ©quipped with a ?l\/kO standard taper jo in t  and 

f i t s  d ir e c t ly  on the column. Temperatures »r« taken by a thermometer 

s i t h  an enclosed s c a le ,  ©quipped with a 10/TC standard taper jo in t  which 

f i t s  in to  the standard taper thermometer w e ll on the etillfeeed*



B arrel! 6a® Analyser

The gas analyses o f  the gaseous proJuote o f the reaction  o f  

aluminum ©fc i or i  do on %?-dimethylp©&tame were carried  cut with a far r o ll  

Universal Gas Analyser. Build-Up Model•* The apparatus used was equipped 

with a earhon d ioxide absorption p ip e tte  with a h e l lo s !  c o i l ,  two ab­

sorption. p ip e tte s  o f the Francis Auto Babbler type for  oxygen absorption  

and absorption, of unsaturated hydrocarbons, a heated copper oxide tube 

for the removal o f  hydrogen* and a alow combustion p ip e tte  for  th© 

determ ination of saturated  hydrocarbons* The carbon d ioxide absorber 

contained 3C percent potassium hydroxide* The p ip e tte  for the absorption  

o f  unsstarated hydrocarbons contained a mixture developed by Tropeh and 

D ittr ich  {16, 17)* The reagent i s  prepared form 15 volumes o f  0*6 percent 

s i  le e r  su lfa te  in  eoneentrated su lfu r ic  acid  end one volume o f a saturated  

so lo tio n  of n ic k e l su lfa te  in  su lfu r ic  acid* Tropoh and D iitr ie h  claim  

th is  absorbent i s  superior to turning, su lfu r ic  acid for  the removal of 

unsaturated hydrocarbons in  th a t i t  does net d is so lv e  saturated hydro­

carbons. and i t  e lim in ates the n e c ess ity  of the passage of the pas a fte r  

bubbling through tho absorbent through potassium hydroxide to remove 

su lfu r  trio#, ide* The oxygen 1® removed la  the other Frame is  Auto Tubbier 

p ip e tte  by use o f  a so lu tio n  developed by F ie ser  (Id)* This reagent is  

prepared by d is so lv in g  16 grass o f 46*7 pereeat sodium h y d r o su lf ite ,

13*3 grams o f  sodium hydroxide, and k grams of 55 percent &odium anthrm- 

jUinome-  $  -® u 1foaa ie  in  ICC m i l l i l i t e r s  o f water.

^The author i s  gr& teful to pr* L« I* Boaaey o f the Chemical engineering  
oepmrtitent, U niversity  o f Maryland, fo r  the use o f th is  apparatus*



Experiment He* I

A lttr  $«s«roui»ly sealing. a l l  jo in ts  with t r l ethylene citrate-*  

tetraethylest* o itr o te  ee&ent, coven gram® o f  anhydrous alamixuijg ch lorid e  

C^ttlllBttkrodt tech n ica l grade) were placed in  the reaction  fla sk  and 

sweeping; with o*rk<n d iox ide was begun* A fter sweeping the apparatus 

overn ight, a i«ro  bubble® were obtained in  the ©etrbon dioxide absorber* 

Phil© eoiitifiu iag the sweeping;, the large eseders*r wee f i l l e d  with ©olid 

carbon dioxide end. s leo h o l and th# reaction  flash  we* surrounded by an 

loo  bath* Then the flow o f  carbon d ioxide res  stopped end a fte r  the 

carbon d ioxide stopped bubbling out o f the absorber, ICO n ilIS  l i t e r s  o f  

pare T*?-din#thy1penten* was added to  th* f la sk  through the dropping 

funnel* S tir r in g  f t i  then ee»»*aee<t, end «»tr-fr#« hydrogen ch lorid e  was 

babbled in to  the reaction  mixture* The mixture in th® fla sk  was s t ir re d  

continuously for three hours at 0 ° . w ith hydrogen oh lor Me const art iy  

being run in to  th* flask* Throughout th is  t in e  a sm ell amount o f  a gas 

ooll**t*d  in the carbon dioxide absorber and was transferred  in to  the 

gas holder by © losing the stopcock at the has* e f  th* absorber, opening

the three way stopcock at the top of the absorber to the g«s holder, and

pushing the gac in to  the gas holder by r a is in g  the bulb on the absorber* 

A fter three hours reaction  tin*  i t  was evident l i t t l e  or  no reaction  was 

t m k i n g  p lace, so th# flow ©f hydrogen ch lorid e  was shut o f f ,  the s t ir r in g

was stopped, and sweeping with carbon d iox ide wet begun, .ifter  sweeping

the apparatus three quarters o f an hour with carbon d iox ide, bubbles e f  

w r y  nearly  e lero  s is #  were obtained i s  the eerton d ioxide absorber. The

gas obtained by sweeping was a lso  transferred  to  th* gas holder* g iv in g



a t o t a l  volume o f  gases of 9C m illilite r ® *  The gee frets th is  ran wee 

discarded* ee there wee m  in s u f f ic ie n t  quantity for du p lie» te  analyses*

The substance remaining In the reaction  fla sk  wee w ater-w hite, end only  

in  one layer* The aluminum ch lor id e  wee bright ye llow . and apparently  

un re acted* The o entente o f  the fla sk  were poured in to  a large separatory  

funnel contain ing ©rushed ioe* ahak©a, and then allowed to  separate* The 

upper layer  *»«•• washed tw ice with f iv e  pore ant sodium bicarbonate so lu tion  

and tw ice with water* dried sev era l hours over on leium ch lorid e  in th© 

icebox* The r e su lts  o f  the liq u id  d i s t i l la t io n  are shown in  Table I*

Table I

Liquid D is t i l la t io n .  Lxperirnent Ho* 1 

Charge * 90 ml.

F raction He. Vol. D is t i l le d  B» I * ( e o r r .)

1 ■?(> *1 .* ?fc.o° - 7 9 .c*
? 39 m l.  79 .0*

3 (holdup) 73 ml*

Experiment Sfo. g

The second experiment d iffered  from the f i r s t  in th© tempera­

ture* t ia e  o f  rea c tio n , and th# grade ©f c a ta ly s t . Twenty gram* of 

anhydrous aluminum ch lorid e  (tta lltaekred t A nalytical Teagent nrade) were 

placed in  th e  reaction  f la sk  and the apparatus was swept with carbon 

d ioxide overnight a fte r  sea lin g  a l l  J o in ts  with tr le th y le a e  o i t r a te -  

tetr&ethylen© c it r a te  lu b rican ti micro bubbles were obtained in  the absorber 

a fte r  sweeping for th is  length o f t in e ,  la  th is  experiment ©rushed ic e

♦This r e la t iv e ly  large amount o f  forerun in  comparison to  the volume 
o f  recovered hydrocarbon i s  due to  the fa c t th at the 9C ml. oh&rge was 
in s u f f ic ie n t  for the s iz e  column used to  fra c tio n a te  e f f ic ie n t ly *  In sub­
sequent experiments larger volumes o f  hydrocarbon were used to  give larger  
charges for  liq u id  d is t i l la t io n s *

10s 1



70*

was placed in tbs large coRdenser Instead of so lid  carbon dioxide and 

a lco h o l, end the reaction  f la sk  was surrounded by a water bath at room 

temperature, $3°. The temperature of th e  reaction  was maintained at 

73 ^  1° throughout the course o f the resetion* A fter stopping the sweep* 

la g  with carbon d iox id e  and when bubbling ceased in the absorber, $50 

m i l l i l i t e r s  o f  pure $,?*dimcthylpente43e was added to  the f la sk  through 

th e  dropping funnel. The s t ir r e r  was s ta r te d , end hydrogen ch lo r id e  was 

passed in to  the r e se t  ion mixture as before* The reaction  mixture we# 

s t ir r e d  continuously  for ten hours* hydrogen ch lorid e  feeing bubbled in to  

the reaction  m ixture co n stsntljr* Throughout the coarse o f  the experiment 

gases were c o llec ted  in  the absorber, In larger q u a n titie s  than In 

Experiment 1, and were transferred  at in te rv a ls  in to  the gas holder.

After ten hoar# tim e, the hydrogen, ch lorid e  flow we# shut o f f ,  s t ir r in g  

was stopped, and sweeping w ith carbon d ioxide was begun. A fter ten hours 

sweeping, micro bubbles had not been obtained In the absorber, but a gas 

was c o lle c t in g  at a constant r a te . .Apparently something was being swept 

o?er fro® the reaction  f la sk , so sweeping was stopped* and. a l l  gases  

tran sferred  to  the gas bolder. The volume o f  gas c o lle c te d  at standard 

temperature and pressure was $90$ m i l l i l i t e r s .  The mixture in the reaction  

fla sk  was s l ig h t ly  pink in  c o lo r , but as in the f i r s t  experiment there  

was only one la y er , the aluminum ch lo r id e  was bright yellow  and apparently  

emreaeted. The mixture was hydrolysed and washed as in the f i r s t  expert*  

most, and dried sev era l hours over calcium  ch lorid e  in the icebox. The 

r e su lts  o f  the liq u id  d i s t i l l a t io n  are given la  Table I I .



?1 .

T able I I

Liquid D iet! Hatton* Experiment So. ?

Charge * 170 ml

fra c tio n  So>

1

Vol. P is t  i  Xl#d

?1 ml*

E« F. (corr• ̂  

7S .?“ -  7 9 .0 °

Feflux Emtio

5 o a

X'fS? ml. 7%0® 10*1

? (holdup) *»5 » !•

low Temperature D is t i l la t io n  of Oegeo cast IFo. pi

The gas c o lle c te d  In the gae holds r was dr sum in to  tb s  detach

mb Is ampoule o f the low temp® rata ro d i s t i l l a t io n  apparatus. la  the process

o f p u llin g  ewer the gas an a ir  block formed? eon© o f  tho gas could not to

condensed in  tho ampoule surrounded by liq u id  air* and hence detained

the condensation o f the condensable |&i«c Into the ampoule* * or th is

reason i t  was necessary to  p u ll t h i s  a ir  Into the charcoal tube* Some 

s a a li  amount o f a liq u id  gas was condensed in the ampoule* and a fra ctio n a tio n  

was attempted in  the s o lid  carbon dioxide-m leohol d i s t i l l in g  column on 

th is  sobstanoe. The attempted fra c tio n a tio n  was un su ccessfu l because the  

substance b o iled  too high for the re fr ig era n t, and the column con tin u a lly  

flood ed . E vidently the use o f  crushed ice  insteed  o f  so lid  carbon d ioxide  

and a lcoh o l in  the large reflu x  condenser during the reaction  allowed 

some o f  the s ta r tin g  m ateria l to  be swept over in to  the gas holder.

Experiment Ec. ? *

preceding one, but s o lid  carbon dioxide and a lcoh ol was used in the r e flu x  

condenser as in  the f i r s t  experiment Instead o f crushed le e .  The ob ject  

o f  the experiment i-ms to  verIfy  th a t the large wolua© o f  gas obtained in  

the gas holder during the second run was entrained s ta r tin g  m ateria l, and 

not a reaction  product.

This experiment was carried  out at the same temperature as the



79*

b efore* the jo is t *  «ert irealed with tr ie th y len e  c i t r a t e -  

tetraethyl®a© © ib m is luferieestt a f te r  p lacin g  J t  graft* o f anhydrous 

aluminum ©hi©ride (kellinoferodt, A&mlytioal fceegent Grade) in  the reset1«»  

flask* After sweeping with oarfecn dioxide ©werraight, e ie r o  bubbles ^ere 

obtained 1b the absorber* The large re flu x  e©nd®ns©r was packed with 

so lid  carbon d ioxide and e th y l alcohol* end the reaction  fla sk  weft 

surrounded fey a water bath at room temperstore* 2k®• The tenperstore of  

the bath was sa in ts lu ed  w ithin ^ X® of t h i s  temperature throughout the  

rese t ion* A fter stopping the sweeping as before* 17.5 m ill i l i t e r ©  of pure 

4>»?«diftethylptt&t«no was introduced in to  the f la sk  through the dropping 

fun nel, s t ir r in g  was started* and hydrogen ch lorid e  was bubbled in to  the 

f la sk  and continued throughout the reaction  as in the previous #xp#risenfee* 

The rea ctio n  mixture was s t ir r e d  fo r  ten  hours, but in  t h i s  ease only a 

small amount o f  gas passed through the afeeorfeer and in to  the gas holder  

as in  the f i r s t  experiment* After ten  hours t in e ,  sweeping with carbon 

dioxide was begun a fte r  stopping the flow ©f hydrogen c h lo r id e • Inside  

o f  one hour o f  swooping a ioro  bubbles were observed ir  the Absorber*

-no hundred e i g h t y -th ree  and fou r-ten th s m i l l i l i t e r s  o f  gas at standard 

temperature and pressure was the ▼ © lam ®  o f g&s o b t a i n e d  in  th is  e x p e r i m e n t *  

The M i x t u r e  i n  t h e  r e a ® t i o n  f l a s k  was t h e  s a m e  in a p p e a r a n e e  as in t h e  

previous t w o  r u n s  s the liq u id  was in only o n e  la y er , and the alumina® 

s h i e r I d e  w a s  b r i g h t  yellow  and apparently a n r e n o t e d *  The M i x t u r e  w a s  

hydrolysed, w a s h e d *  and dried a© b e fo re } the r e su lt  o f  t h e  liq u id  d i s t i l ­

la t io n  are given in Table 111*



3 (holdup)

Table I I I

Liquid D is t i l la t io n ,  Experiment £o» 3 

Charge * 355 *1*

Vol- P it t I  lie d  B> K  (eorr- ) Mmtlmx fh

70 m l.  7 3 .0 °  -  7 9 .0 °  50*1

•?06 *1 . 7 9 .C° 10* 1

?6 Sal-

o f  Qnseone Fred tie t ,  Experiment Hfo- 3 ?

Th® gas c o lle e te d  id the gas holder eras analysed la  the 

B u rrell U niversal Gas Analyser- Th® r e su lts  o f  the an a ly sis  are 

tabu lated  la  Tail® IV-

Table IV 

Gas M aly  si® , Expert aunmt So- 1

E m m fe

Carbon d ioxide 5*2

Ghent urates C-C

Oxygen f  3-0

The a n a ly s is  in d ic a te s  c le a r ly  th at the gas obt&ined in the  

gas holder during t h i s  experiment was carton d iox id e , which escaped  

absorption la  the a tso r te r , and a ir , whioh leaked let©  the syete®  

sometime during the reaction*

‘r^ment mo*!  ̂il| i

In the fourth  experiment the only oonditlen. th a t was varied  

from th© th ird  experiment was the temperature-

As in  the preceding experiment, 7 l  grams o f  anhydrous aluminum 

ch lorid e  (h a liin ck ro d t, A nalytical heagent Grade) was put in to  the f la s k ,  

the J o in ts  were sea led , and the apparatus was swept u n t i l  micro bubbles



appeared in  the carbon. d ioxide absorber, S o lid  carbon d iox ide and 

a lcoh ol «ere placed in the reflu x  eon .leaser, the f la sk  was placed ia  

th e  coast ant temperature hath shown la  f l a t s  111, and the temperature 

was maintained at $0 £  0*5° throughout the course o f  the reaction - 

Sweeping was stopped, 25® M i l l i l i t e r s  of pure 7 ,?-dlmetfeyIpentane were 

added to  the f la sk , s t ir r in g  was hegun, and hydrogen ch loride was 

bubbled in to  the reaction  mixture and continued throughout the reaction  

After one and one h a lf  hours, a constant rapid reflu x  was noted In 

the large reflu x  condenser, and a th ick  fr o s t  appeared on the adaptor 

connectlag the condenser to the flask* I t  was a lso  noted that soon 

a fte r  th is  r e flu x  began, the aluminum ch lorid e  atta in ed  a d ir ty  brown 

co lor- The reaction  was allowed to  proceed for ten hours, during able; 

time a r e la t iv e ly  large  amount o f gases c o lle c te d  in  the absorber, 

which were tran sferred  at in te r v a ls  to  the gas holder- At the end 

o f  ten  hours, the heater was turned o f f ,  th# flow o f  hydrogen ch lorid e  

was stopped, and s t ir r in g  was stopped* The s o lid  ©arton d ioxide and 

alcoh ol was removed from th e  r e flu x  condenser and crushed ic e  placed  

th ere in ; the warm w ttcr was removed fro® th* constant temperature 

bath and ©rushed ic e  su b stitu ted - The object ©f th is  procedure was to 

try  and hold back any o r ig in a l heptane or isom eriration  product, but 

sweep over any low b o ilin g  reaction  product in to  the gas holder- 

however, a fter  three and one h a lf hours o f  sweeping with carbon dioxide  

micro bubbles did not appear in  the absorber, yet the gas was e o lle c t in  

at a constant r a te , so sweeping was discontinued at th is  point* There 

was present in the gas holder at the- end of the reaction  ij^ li mi 111* 

l i t e r s  o f  gas at standard temperature and pressure* The substance 

remaining in the reaction  f la s k  was qu ite d iffe re n t in appearance than



in  previous experim ents. I t  in  two 1 ayers, * lower layer o f dark 

hr&m, v iscous liquid* and a s l ig h t ly  yellow  upper la y er . ?fc© aluminum 

ch loride that regained tag d ir ty  trows in appear to teo , apparently coated  

w ith some of the substance in the lower la y er . The upper layer was 

separated as w ell as p o ssib le  from the brew® visoous m ater ia l, washed 

and dried as la  p r e v io u s  experiments- the r e su lts  of th© d is t i l lv t io n  

of th is  liq u id  are tabulated in  Table ?•

Table V

liq u id  D is t i l la t io n ,  Experiment Wo. 4 

Charge * TOO ml.

Vol. D is t i l le d  P. F. ceorr.Fraction Ho.

1 15 *1.

9 51 *1.

3 90 ml.

1 (holdup and 30 ml.
resid ue)

up to  64- 5° 

64 .5° -  79-e® 

79 .0°

Reflux Fatt© 

t o t a l  reflu x  

5c* i 

10*1

Fraction Wo. 1 wee obtained by a ttach in g  a so lid  oarbon 

dicx i.i ©-alcohol trap  to  the went o f the liq u id  fra c tio n a tin g  columni 

I t  Is apparently some Isobutane th at urns d isso lved  in the higher 

b o ilin g  liq u id . Fraction Wo. & includes the 9$ m i l l i l i t e r s  holdup of  

the column* plus a sm all volume of resid e  which remained in the d i s t i l l in g  

f la sk  when a l l  the v o la t i le  substance had been d i s t i l l e d  o f f .

Vacuum D is t i l la t io n  o f Fes 1 due frog* Liquid D is t i l la t io n ,

The th ir ty  m i l l i l i t e r s  o f  residue plus column holdup (Fraction  

Mo. 4) were separated further by a vacuum d i s t i l l a t io n .  I t  was necessary  

t© taka o f f  the v o la t i l e  holdup by d i s t i l la t io n  la  a C lalsen f la sk  at 

760 m illim eters , then to apply a vacuum to  separate the high b o ilin g



•ahstsnes* fhder 10 m illim eter# pressure, * foreran ©am* o f f  at 

V5-6&°* and. « few drop® ©f a brown v iscou s liq u id  b o ilin g  at 65-17°  

at 10 m illim eters pressure earn* over a f te r  ©hanging th* receiver#

This fr e c t io a  proved to  b# sane o f  the dark brown, lower layer observed 

in  the m ention. f la sk  *t the end. o f experiment fool* which bees* me d is ­

solved. la  the upper layer* lo th  t h i s  .frnotion obtained in th* vacuum 

d i s t i l l a t i o n  end th# lower leper fro® the rese t ion  f la sk  had a kerosene- 

l ik e  odor, and when te s te d  for  nnsataratlem were found to  take up 

bromine in  earhcm te tra ch lo r id e  and to  d eco lo r ise  a lk a lin e  potassium  

permanganate solution*

& gas an a ly sis  w ith the lu r r e l l  Ihsiwersal See Analyser ©as a 

portion o f  the gas c o lle c te d  during the reaction  showed the r e su lts  

which are In Table VI*

Table Vt 

Gas A nalysis, Experiment fe* k

Percent

Carbon d loxide 1*4

^ s a tu r a te s  ?*d

O x y g e n  5 » * 0

Hydrogen l .p

0#S t# t f * 7

The a n a ly s is  o f  the gas In d ica tes it  was p r in c ip a lly  one of 

th e  butanes i i t  was shown by fra c tio n a tio n  and P ressing point to  be 

isob utane, described in. the next se c t io n . The small percentages o f  

©arbon d iox id e , u n setu rates, oxygen and hydrogen tabulated above may 

be explained by th e  s l ig h t  solubility o f  1 ©©butane in the reagents



used. The r e su lts  o f the a n a ly s is  ere w ith in  the l im i t  o f experim ental 

error.

Low Temperature D is t i l la t io n  o f  Gaseous Frodaat.

The J^XS m i l l i l i t e r #  o f  gas o o lle e te d  la  the fourth experiment 

was drawn in to  the detachable ampoule o f  the low temperature d i s t i l la t io n  

©©luma, and then tran sferred  to  the s t l l lp e t  o f the liq u id  a ir  column.

I t  had a volume o f  tw elve to  f i f t e e n  m i l l i l i t e r s  whoa liq u efied *  The 

©©©ling system was Manipulated manumlly for twenty minutes u n t i l  the  

temperature o f the head was below th at o f  the antieip& tsd h e l lin g  p o in t, 

a fte r  which the sp ir a l bee tame wet w ith the descending. l iq u id . The 

heating  o o l l  was them strapped to  the s t i l l y o t  and a currant o f  1.1? am­

peres was rum through the heater* I t  was not necessary to  surround the 

heater and s t i l l y s t  w ith a Dewar f la sk , which i s  the customary practice*  

A fter allow ing the eolumn to  operate autom ationlly cm to ta l  reflu x  

u n t i l  the temperature became oon#taut a t -14*5°* and th ere  was a minimum 

o f f lu e tu a tio n  in  the manometer, the ooluam was In « fu i librium . The 

rate  o f  dropping a t the base o f  the eelne® was 75 drop# a minute at 

t h i s  time* The s l ig h t ly  lower temperature than an tic ip ated  was attrib u ted  

to  an a ir  b lock | when th is  was bled o f f  in to  the charcoal tube for a 

period of twenty minutes fc fee temperature a tta in ed  constancy at -10*5°*

The d i s t i l l a t e  was then c o lle c te d  in  one of the ampoules for one hour 

and twenty f iv e  m inutes, during which lime the b o ilin g  point regained  

©©aslant at the above value o f -1C*5°* The man octet © r mm adjusted at 

the s ta r t  so the pressure throughout the d i s t i l l a t i o n  was atmospherle 

pressure, 75b*1 m illim eters o f mercury. A fter the period of one hour 

and twenty f iv e  minutes when th# b o ilin g  point begun to  r is e  s l ig h t ly

showing a ehaags in  com position, the ampoule contain ing th e  pure



fra c tio n  b o ilin g  at -16 • 5° at ?$C • 1 a i l  H o o ters was c lo sed , and th# 

soeaEtd esp oo ls was opened to  the back lin e*  A fter one h a lf  hoar, 

daring which tin *  th© e t l i lh e a d  toaporatttr© rose to  approximately *!•»  

nothing h*d oolXooted in  th# seootid ampoule, th# s t i l lp o t  was dry, th# 

d i s t i l l a t io n  was assumed to  be com plete, and th# eoltuea «&s shut down*

The volusa# o f liq u id  c o lle c te d  in  the f i r s t  ostpotti® was approximately 

e igh t mi H i  l i t e r s *

Daring the oourso o f th# d i s t i l l a t i o n  th# rat# o f  take o f f  

was ©hooked bp © losing th© tak# o f f  stopooek for tea minute# end watch* 

img th# temperature in  th# ©billhead c lo s e ly .  huoh a procedure 1# 

valuable when fr a c tio n a tin g  a aixhure o f  g a ses, where i t  i s  poos lb  I# to  

obtain a constant tsaperaiure in  th# ©billhead from a nixfcur® o f  com- 

pcneats due t® an inadequate reflu x  rati®-. I t  i s  important in  separating  

a mixture o f  gases by fr& stloaal d i s t i l l a t io n  to  Insure the rati®  of 

r e f le x  to  take o f f  i s  greater  than the minimum required t© e f f e c t  the 

separation . Th# procedure used to ebsok th® re flu x  rati©  i s  as described  

above| the take o f f  stopcock i s  closed  sev era l minutes and the teapora* 

tur# in  the head, i s  observed* I f  the r e flu x  rati©  i s  too s n a i l ,  th#  

temperature o f  th# head w i l l  f a l l ,  sine# th® column d e liv ers  a frootion  

r ich er  1m the lower b o il in g  component t© th e  head dm# to  th* increased  

reflux: rati®  when ©a t o t a l  r e flu x . However, i f  th® ra ts  o f take o f f  i s  

above th* minimum, th# temperature w i l l  ac t ehange »hmn the eolusa i s  

thrown ©at© t o t a l  reflu x  In th is  manner. is hen th is  procedure was f o l lo w !  

in  th is  d is t i l la t io n *  no change in  the b o il in g  point was observed, so  

th# reflu x  r a t io  was sa tis fa c to ry *

rree&ia#; f e in t  t®termination ©f gaseous rroduot, fcxperlawiifc ©̂» k * 

The p a r#  fra c tio n  which boiled  at -10*5 dog ro s s  Centigrade in



th# lew temperature d i s t i l l a t io n  degoribed i s  the previous ®#©ti©n 

w®*# drawn 1st© th© f  r ee lin g  .point e e l  I o f  th# apparatus* ^h« s t ir r e r  

we# started* end the ©oil surrounded by an empty sm all ©rude Dewar 

f la sk  eeastrm eted o f a IT m illim eter  by 150 m illim eter  Fyrex te # t  tut® 

and a f f  m illim eter  by TOO m illim eter t e s t  tub® held togeth er  a t th© 

l ip s  by a bored ©erk* This tub® wte then surrounded by a flower o f  

11 Id air* and the mi H i  vo ltage  reed from th# potentiom eter* The 

f  meeting point o f th© p u rified  sample we® found to be -145*4°* t h is  

value we® ©hooked by repenting the operation, two more times* The 

fr e e *ing point dote ere given in  Table T il and on th# ©urve shown on

9C*

Table TH

Treating Point o f  Gaseous h rsd set, Experiment If©* 4

K illia n Ita r e Temperature Time

-44*7 c
5-7© *74*6 1
6*05 •88 • 9 7
b*as -1C® *9 9
7 . 7© *109*1 4
7-to •I  2 2 *$ 5
8*40 -197*6 6
8*45 •198*0 ?
8 .8 5 -147*3 8
3*98 -145*0 9
9*05 -146.8 9 :
5-05 -146*8 10
9*05 -146*8 ic  ;
9*©0 -145*9 11
9 .07 -145*9 ly
9 . m -145*4 13
9*00 -145*4 14
f  *©5 -146.8 14 J
9 .1 0 -14?*? 15
9 .90 -149*9 16
9.4C - 154.5 1?
9*50 -156*9 19
9*40 -159*1 TO
9*45 -16©.? 22
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The results of this experiment* eonducted at 0 , indicate that 

t b .0 heptane was not a ffec ted  hy aluslniss ch lorid e  at this tenperature*

The s&all voiaao o f  gas which w «  e e l ls o t s d  in. tfee gss Welder ««& he 

a ttr I lu te d  to  m  a ir  leek 1st the apparatus* or to  e lead space in  th#  

apparatus not reached hy sweeping with earhen l l e x i l t l  a ir  was m otel 

i s  th® 4a® analyses o f  subsequent experleasts*  Th# appearance o f  th# 

reaction  mixture a fte r  th# experiment was oesp le ted  e ls e  enhataerttates 

the fa c t th a t so  reaction  occurred a t t h is  teaper«twre* Always when 

aluminum ch loride i s  placed la  ©outset with a p araffin  hydrocarbon th ere  

i s  observed, who a a reaction  lee® take p lace, an "up-,per layer* o f  

saturated  hydrocarbons m l a •lower layer* o f  an ansaturated | o iy m r  {?)* 

The c a ta ly s t  1® sash oases i s  e l s e  reported to  he coated w ith th e  sea#  

viscous polymer* which reduces the a c t iv ity  o f  th# ca ta ly st*  la  th is  

experiment i t  w i l l  he noted th a t the mixture in the f la sk  was in  m e  

layer* and the aluminum ch lorid e  was ©lean and apparently uareaeted* 

Likewise the recovery o f  th® s ta r t in g  hydrocarbon in the liq u id  d i s t i l *  

lo t  la s  v e r i f ie s  th# eon# Iw* lo t  th a t there was he reaction  o f ?»$*di~  

nethylpentazie with alueiAUK ch lorid e  at 0 ° ,

Sxperteeet Wo* £*
Tfcoa c ,e -d to o th y  Ipentcue was trea ted  with anhydrous alumlnta 

ch loride at room temperature* no react la s  occurred* This ©on*

eo lss im i i s  evident fro* the attempted lew temperature d i s t i l l a t io n  o f  

th# substance c o lle c te d  in the gas holder during th is  experiment* The 

o r ig in a l hydrosarton has an e x cep tio n a lly  high vapor pressure* and i t  

i s  tjslte  understandable th a t during ten  hours reaction  tim e a r e la t iv e ly
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large volume o f  v^pori s-ad o , T-dim^thyl pent ana eo lleo ted  la  the g,aa 

hold er. I t  w i l l  b# remeabered that lorn v t i  used im th e  r e flu x  ©on- 

denser Instead of so lid  o&rbon dioxide and alcohol In experiment two, 

sad ev id en tly  war not capable o f  holding back the heptane la  the f la sk .

In e l l  subsequent runs th is  error x t i  elim inated by using e x c lu s iv e ly  

a b e tter  refr ig era n t in  th e  r e flu x  condenser*

Th© data on the d i s t i l la t io n  o f  the liq u id  residue in  the  

reaction  f la sk  v e r i f ie s  the conclusion that the hydrocarbon i s  mu­

re a c tiv e  at room tem perature. Teeevery o f the s ta r tin g  m aterial was 

th© r e s u lt ,  with a r e la t iv e ly  sm all fr e n tle e  o f  forerun. .A# In the  

f i r s t  experiment, the el#cm appearance ©f the c a ta ly s t  a fter  tom hours, 

and th© absence o f  a layer o f  polymerised uasaturatlon  hydrocarbons 

is. th© reaction  f la sk  Is good evidence that no reaction  had taken p lace  

between th# hydrocarbon, ami the aluninum obloride*

Tills experiment, a lso  conducted at room temper at uret was carried

out as a ©heck on the previous one. i t  v e r if ie d  further th a t ? ,£ -  

dimethyIpemterne gave mo reaction  with aluminum ch lor id e  at ?4°» The use 

o f so lid  earhom dioxide and a lcoh ol in stead  of crushed ic e  as refr igeran t  

im the reflu x  condenser held tack  th# v o la t i le  heptane, preventing the 

©ollcetiom  ©f a la r i#  velune of gas in  the gas holder. Th# sm all volume 

o f  gas which did c o l le c t  im t h is  experiment e lla in a te d  the p o s s ib i l i t y  

o f  a loir temperature d i s t i n c t i o n ,  but th# gas analyses o f  th is  subs tame# 

showed that th# sample was only a sm ell amount o f  carbon dioxide which 

©soaped absorption in  the potassium hydroxide absorber, and a ir  #bleb  

©auld have c ith e r  leaked in to  the apparatus or have beam present in  a 

dead sfaoa in the apparatus.
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Am in  the previous experiments the liq u id  d i s t i l la t io n  shows 

& goo4 reoow ry o f th e  s ta r t in g  material* Again th© r e la tio n  mixture

a fte r  ten hours appeared unchanged, end the c a ta ly s t  was s t i l l  in  very

good condition* Hence i t  may he sta ted  n on elu sively  from the r e su lts

o f  th is  experiment and the preceding, one th at a t aluminum ch lorid e

has no e f f e c t  on ? , 1 methylpentane*

Experiment Bo* 4

"-hen the temperature o f  the reaction  i s  raised  to  5C°, th e  

r e su lts  show const d e r a ils  evidence th at ? ,?  *d iae thy1 pent ane i s  ©racked 

by anhydrous aluminum chloride* I t  w i l l  fee noted that in  th is  experiment 

the reaction  mixture a f te r  ten  hours appeared qu ite  d iffe r e n t than when 

the reaction  was attempted at lower temperatures* The lower la y er , which 

gave p o s it iv e  t e s t s  for uns&turation with bromine in  carbon te tra ch lo r id e  

and a lk a lin e  potassium permanganate so lu tio n , was undoubtedly composed 

of polymerised o le fin *  In the ease o f ? , ?-dim ethylpentone, the o le f in  

th a t arise® fro* cracking would be propylene, given by th e  reaction i

m % cn%
1 A lf l  ^

C R , -  C •  CHa C!?a CHs  ...  CKa -  CB ♦ CKa  *  CHCEj
i i
CHa CHm

The Isobutane produced in the above equation was p o s it iv e ly  

id e n t if ie d  by the gas a n a ly s is  o f  a portion o f  the gaseous product 

c o lle c te d  during the reaction , in  conjunction with the low temperature 

d i s t i l l a t io n  and fr e e s in g  point determ ination o f  th© sum* gaseous product. 

The b o ilin g  point obtained , -1C*5° at ?5fe*l m illim eters (-10*1® at ?bC 

m illim e te r s) , and the freez in g  point obtained, -I45*4°# correspond very 

c lo s e ly  to  the l ite r a tu r e  values for isobutane (b o ilin g  p o in t, - lc .? ° *  

freez in g  p o in t, -li$5«0° (19),)* I t  w i l l  be noted from the data on the low
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temperature d i s t i l la t io n  that -1 0 .5 °  at 756 *1 m illim eter# was th# 

constant temperature at which almost a l l  th© substance dii-sti l i e d ; th#  

fro s tin g  point data and th# corresponding ear?# show th at -145-4® was 

the paint at which the temperature rem ined  constant on cooling* Re®©# 

i t  ©an be ©aid w ith  c er ta in ty  th a t isohut&ne wag the only gaseous product 

o f  the reaction  o f aluminum ch lorid e  ©a ? t?«dia#thylp#ntan#.

An in te r e s t in g  p a r a lle l to  the reaction  studied Is  an in v e s t i ­

gation hy Ore*## and I p a t ie f f  ©n the reaction  o f paraffin® with aromatic 

hydrocarbons (? 0 ). I t  has been found hy th ese  in v e stig a to rs  th a t  

p araffin s w i l l  rese t w ith aromatic hydrocarbons in  th® presence o f  

c a ta ly s ts  under mild co n d itio n s . The mechanism, proposed i s  the sp lit t in g ,  

o f  the p araffin  in to  a lower noloca lar weight paraffin  and an o lefin *  

which a lk y la tes  the aromatic hydrocarbon immediately, in  example of 

such a reaction  i s  th a t ©f ban sen# w ith ?* ? * 4* tr i metfeyIpcnt an® in the

presence ©f aluminum ch lorid e  to  y ie ld  isobutame and t-butylb«esem es-
©'#lth aluminum efelorid# th# reaction  t®k#s pi### at ?5t50 ordinary

pressure in  about four hour®. Hydrogen ch lor id e  I s  added, to  promote 

the action  o f the c a ta ly s t .  The reaction  mmy be formulated ass

cn9 C%
I I

CH^CCH^CBCH, ♦ C.sh 6 catalyst CRSCR * C#RSC(CHS )3
I I (
CBg CH3 CHs

Ciiji CB*
I !

CBSC -  CH9CKC!ig ♦ CsBsC(C%)8 c a ta ly s t  CB,CH ♦ (CKg )9CC4B4C(Cn3 ) ,  + isomer® 
f I I
CB3 CB$ CHg

The octane can be p r a c tic a lly  com pletely converted in to  i s o ­

butane and the t«hutylbens#n#s•

The in v e s t ig a t io n s  of s«hult* Hocg, and Tcrheua on the action  

o f aluminum ch lorid e  on ? ,?-dim ethyltuta®e agrees with the result® o f
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t h i s  research  ( 6 ) .  I t  «»« found by th e se  In v e s t lg a to r *  th a t P»P~ 

dlmethylfcutane in stea d  o f  iso a er ls lm g  underwent a ©racking whoa trea ted  

w i t h  anhydrous aluminum c h lo r id e  tad hydrogen ch lorid e*

It  seems from the above evidence and from the r e s u lt s  obtained  

la, t h is  research th at amy p araffin  hydrocarbon ecmtalaimg a te r t ia r y  

a lk y l group Is  l ia b le  t o  undergo cracking Instead o f isom eri*»tion  

when trea ted  with anhydrous aluminum ch lorid e  and hydrogen ch lo r id e , 

or any other isom erization  c a ta ly st*  This Is  a lo g ic a l  p o stu la tio n , 

time# the weaker te r t ia r y  earb©m-earb©m bond would be expected to  be 

broken before a primary o arbon-oarbcm bond so i s  s i  cm would oceur*

I t  has been shorn th a t o le  fin e  w i l l  a lk y la te  p ara ffin s form­

ing higher p ara ffin s {? !}• I t  would be in te r e stin g  th erefore  to  

in v e stig a te  further the lower layer  o f the reactIon m ixture, or perhaps 

even b e tter  carry out a more p rec ise  d i s t i l l a t i o n  o f  the upper layer  

o f  the r e s e t leu  mixture of f , ? -d i mm th y I pent one and aluminum chloride*

The o le f in  produced by the orooking reaction  may combine with the o r ig in a l  

heptane by am a lk y le t le u  r ese tio n  to  give email amount® o f  higher paraffins*



SUMMARY

1* 79^-Di^ethylpentane has been treated  w ith anhydrous
o ©aluminum ch loride and hydrogen ch lor id e  at 0 and 7k and found not 

to  react*

S*. hen the reaction  was heated to $0®, the hydrocarbon was 

found to  eraok in the presence o f  anhydrous aluninu» ch lorid e  and 

hydrogen ch lorid e  to  g lee  isohutane and propylene* The isobutane was 

id e n t if ie d  by i t s  b o il in g  point and freu sin g  point* and the propylene 

appeared in the reaction  Mixture as an unseturnted polymer, which was 

not in v e stig a ted  further*

3* The construction  and operation  o f  a s im p lified  low tempera­

ture d i s t i l l i n g  column su ita b le  for laboratory p u r if ica tio n  and id e n t i­

f ic a t io n  o f gases have been described*
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