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INTKCOTGTIQH

For many y e a rs ,  th e  chemical c o n s t i t u t io n  o f  cork  has been

s tu d ie d ,  most in v e s t ig a to r s  having s t a r t e d  t h e i r  r e s e a rc h e s  w ith  the
26ground cork  of commerce* Zetzsohe reviewed the  l i t e r a t u r e  on t h i s  

s u b je c t  and gave th e  r e s u l t s  o f h i s  own in v e s t ig a t io n s*  According to  

Z etzsche , the  c o n s t i tu e n ts  o f  cork  say  be d iv id e d  In to  f i v e  f r a c t io n s :

1* Substances e x tra c te d  by b o i l in g  water*

2* Substances which d is so lv e  in  f a t  so lv e n ts  such as

chloroform  and alcohol* Shis f r a c t io n  con ta ined  o e r in  

and f r i e d e l i n ,  which 2etzsc.he r e f e r r e d  to  as th e  wax 

a lc o h o ls ,  and a ls o  f a t s  and f r e e  f a t t y  acids*

3* Qompoun&s which go in to  s o lu t io n  by trea tm e n t  w ith  d i l u t e

sodium hydroxide and sodium s u l f i te *  These Inc lude  cork  

l ig n ln ,  a p a r t  o f  the  t a n n in s ,  and n i tro g e n  c o n ta in in g  

substances*

4* Substances which go in to  so lu t io n  when th e  r e s id u e  from 

th e  above trea tm ent i s  sa p o n if ie d  w i th  a lc o h o lic  a lk a l i*  

•These a re  h igh  m olecular weight f a t t y  a c id s ,  o f which 

th re e  have been recognized : p h e i lo n ic  a c id ,  m elt in g

p o in t  96°; p h lo lo n ic  a c id ,  m e lt in g  p o in t  120-121°; and

su b e r ic  acid* The m elt in g  p o in t  o f  the  l a t t e r  was not

given*

6* The ta n n in s ,  c e l lu lo s e ,  and c e l lu lo s e - s im i l a r  p roducts  

remain in so lu b le  in  the a lk a l i*  A dd it ion a l  in g re d ie n ts



o f  tho  re s id u e  a re  n i tro g e n  c o n ta in in g  compounds, which 

a re  probab ly  album ins, co lo red  su b s tan ces , and Inorganic  

compounds*
21f

^etasohe  .gave f o r  to® em p ir ica l  formulas of p h e iIo n ic ,  

p h lo io n ic ,  and p h lo lG ae lic  a c id s  8gg% 4®$* ®1S% 4®6* Q18%6°d

resp ec t iv e ly *  Carhart* l a t e r  prosed by degradation and sy n th e s is  t h a t  

p h e lIo n ic  a c id  l a  twenty two hydroxy te traocs& nlo  acid*

In re c e n t  years  a  ear lee o f  in v e s t ig a t io n s  a t  th e  U n iv e rs i ty  

o f  Maryland hay© shown t h a t  o e r ln  and f r i e d e l l n  a re  t v 1te rp e n o id s ,  th e  

former being a  hydroxy ketone  and th e  l a t t e r  a  ketone®* The amorphous 

m a te r ia l  l e f t  In the  e th y l  a c e ta te  e x t r a c t  o f  cork a f t e r  covin  and 

f r le & e l ln  have p r e c i p i t a t e d  has been shown to  c o n ta in  sm all q u a n t i t i e s  

o f  a s t e r o l 8 * 14 •

When cork  bark  i s  t r e a t e d  w ith  h igh  p re s su re  steam , a s t i c k y ,  

fo u l - s m e l l in g ,  brown t a r  steam d i s t i l l s  out* The cork, t h a t  i s  l e f t  i s  

p re s se d  and used as  i n s u l a t i n g  board* I t  was th e  purpose of t h i s  

in v e s t ig a t io n  to  i d e n t i f y  acme ©f th e  substances p re s e n t  in  the  steam 

d i s t i l l a t e *
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17,2 ra ff t  in  1907 f r a c t io n a te d  th e  h igher normal p a r a f f in s  of 

l i g n i t e  by d is t i l la t io n *  u s in g  th e  very  h igh  vacuum of "the cathode 

light**# By r @£ra c t io na t  1 ng a  number o f t im e s ,  he claim ed to  have ob ta ined  

every  s t r a ig h t  chain  homo lo g  from nona&eoane to  hex&tri&ocntane# Mis 

id e n t if ic a t io n  was baaed on th e  b o i l in g  p o in t s ,  m e lt in g  p o in ts ,  and 

s p e c i f i c  g r a v i t i e s  of th e  hydrocarbon® when j u s t  l i q u id ,  as compared 

with these co n stan t  fo r  s y n th e t ic  compounds*

Srluud^ ob ta ined  from coal p a r a f f in  what h© considered  to  be 

pure  s t r a i g h t  chain  hydrocarbons co n ta in in g  from tw en ty -four to  tw enty- 

n ine  carbon atoms# The hept&oos&ne was obta ined  by c r y s t a l l i z a t i o n  from 

ace tone , w hile  th e  o th e rs  were ob ta ined  by rep ea ted  f r a c t io n a l  d i s t i l l a 

t io n  of the  crude p a ra f f in s*  Gluud based h is  i d e n t i f i c a t i o n  on a com

p a r is o n  o f  m elt in g  p o in ts ,  b o i l in g  p o in ts ,  and r e f r a c t i v e  in d ic e s  w ith  

those  of sy n th e tic  compounds under the  same cond itions#

Buchler and Graves* r© c ry s ta l l i s e d  petroleum  wax from e thy len e  

d ic h lo r id e  u n t i l  the m elt in g  po in t  and r e f r a c t i v e  index were constant#  

D i s t i l l a t i o n  gave a s e r i e s  o f f r a c t i o n s ,  the  average m olecular weight 

o f which th ey  determ ined e ry o sc o p io a lly ,  u s in g  d lch lorbenzene as  solvent# 

They a ls o  determ ined th e  d e n s i ty  and r e f r a c t i v e  Index, o f  each f rac t io n *

The m olecular r e f r a c t i o n s  ob ta ined  agreed w e ll  w ith  those  c a lc u la te d ;  

assuming the  atomic r e f r a c t i o n  o f  carbon was 2*501 and hydrogen 1# OS** 

Though\ the m elting p o in ts  and molecular w eights o f th e ir  p u r ified
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fr& otlona were in  c lo s e  agreement w ith  th e  ^  sy n th o tio  hydrocarbons*

th e  authors s t a t e d  they  were not In d iv id u a l  tae o lo g s  hut mixtures*

Qh&nnon and Chlbnall* in  1929 r e p o r te d  the presence  o f  non&ooa&ne 

in  largo ^ u an tltlea  in  the ether—so lu b le  part o f cabbage leaves# A compari

son o f  m e lt in g  point*  s e t - p o in t ,  end c r y s t a l  spacing  w i th  the constants fo r  

the sy n th etic  hydrocarbon ind icated  they had iso la te d  pure non&eoe&ne*

She la rg o  number o f  o rders  o f  r e f l e c t io n  ob ta ined  in  t h e i r  x - ray  d 5f f r a c 

t io n  p a t t e r n  a lso  was a s ig n  o f  purity*  From cabbage leaves th e s e  inves

t i g a t o r s  a ls o  ob ta ined  Xh-ocnaecaonone* This suggested  th e  fo llo w in g  

mechanism of wax metabolism in  the  p l a n t t

a< cHgCOgH + a%% a — ^ s'OKgOOH2 — -> 3, ca2CH2ai=
4Ohibn&ll and F ip e r  showed that the  t r a n s i t i o n  p o in ts  which 

hydrocarbons gave on h e a t in g  and coo ling  were r e l i a b l e  in d ic e s  o f  th e  

degree o f p u r i ty  o f a m ixture  o f  p a ra f f in s*  w hile  m e lt in g  p o in ts  and 

long c r y s ta l ep&olngs were c h ie f ly  o f  va lue  as measures o f  th e  mean 

m olecular weights# The tra n sitio n  p o in ts  a p p a re n t ly  Involved stru ctu ra l 

changes* The c r y s ta l l in e  form a t  room temperature went over to  a o d o r 

l e s s  g la s sy  form when the  f i r s t  t r a n s i t i o n  p o in t  was reached* and t h i s  

in  tu rn  changed a t  the second tra n s it io n  p o in t  to  another c r y s ta l l in e  

form* The three forms of th e  hydrocarbons e x is t i n g  at d iffe r e n t  tempera

tures were the s o -c a l le d  A* B, and 0 forms* which d i f f e r e d  In the angle 

o f t i l t  e f  th e  long dimension of the  u n i t  c e l l  to  the  sh o r t  side# The 

A farm , which was th e  normal s t a t e  for ©44 numbered hydrocarbons* had 

th e  long  a x is  p r a c t i c a l l y  v e r t i c a l*  The f i r s t  t r a n s i t i o n  p o in t  on h ea t

ing  which i s  th e  on© r e f e r r e d  to  h e r e a f te r  in  t h i s  t h e s i s  whenever 

t r a n s i t i o n  po in t  I s  mentioned* u n le s s  another i s  s p e c i f ic a l ly  d e sc r ib e d ,  

was very  s e n s i t i v e  to  im purities*  Since the  t r a n s i t i o n  po in t  curve for



m ix tu res  o f two p a ra f f in s  Bad a mlnlmm {mo  fig* 15* page 4 5 )* th e  

t r a n s i t i o n  p o in t of any m ix tu re  was not th e  same as  th a t  o f a pure hydro- 

o a r‘bon o f th e  ©as© mom% moleoul&r weight* but somewhat lower* O hibnall 

and iPlpor made a  eomprefeemalre s tu d y  of the t r a n s i t io n  po in ts*  m eltin g  

p o in ts*  se t-p o lA ts*  and long  c r y s ta l  spacing® of a s e r ie s  o f  known pur® 

hydrocarbons and known m ixtures* On th e  b a s is  o f th e i r  work* th ey  mad©

& number of gen era lisa tion s*  and made a s e r i e s  o f  suggestions  to  a id  in  

the  s e p a ra t io n  ef  .hydrocarbons from mixtures*

f i r s t l y *  they  s t a te d  an experienced  eye could  t e l l  from a 

g lance  a t  an x -ray  photograph whether a  sample was approach ing  purity*

4s m ix tu res  approached ttfalmolar proportions*  only a  t m  o rd ers  of 

r e f l e c t i o n  appeared* th e se  however s ta n d in g  out more sh a rp ly  than  In 

p l a t e s  o f  more n e a r ly  pure m ate r ia ls*  A pure p a r a f f in  g e n e ra l ly  gave 

e ig h t  or more orders* The m e lt in g  p o in ts  o f  e^tzlmolar m ix tures o f  two 

or th re e  p a r a f f in s  were sharp  and oerresponded to  th e  mean m olecular 

welj^ats* th u s  an e&ulmolar m ix ture  ©f hexaeosan© and ©ctaaosan# m elted  

a t  th e  same tem pera tu re  as heptaoosane* s in c e  m e lt in g  p o in t  v e rsu s  

com position gar?  & p e r f e c t ly  s t r a i g h t  line*  The m elt in g  p o in ts  o f 

6-pulisolar m ix tures  o f  four or more p a r a f f in s  were in d i s t in c t*  hut were 

in  th e  reg ion  corresponding  t© the  mean molecular weights*

For #iulm©lar m ix tures o f  th re e  or f m r  par a ffin e*  th e  t r a n 

s i t i o n  p o in ts  were ve ry  i n d i s t i n c t  and occurred  a t  th a t  o f the  lowest 

member in  th e  mixture* K^uimolar m ixtures o f  f iv e  p a r a f f in s  gave no 

t r a n s i t i o n  p o in ts  a t  a l l*  With ©^ulmolar m ix tures  o f  two p a r a f f in s  

separated by th r e e  ©r mere carbon atoms* the  t r a n s i t i o n  p o in ts  were not 

w e ll-defined*  but the second tr a n s it io n  p o in ts  on h e a t in g  were very  

marked* and occurred a degree to  a degree and a h a lf  below the m elting
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p o in ts  Instead of til© th re e  ten ths to  f iv e  t e n th s  of a  degree for pup© 

compounds* Chibn&ll found that ©.iulmolar m ixtures o f  two or three paraf

fin *  whoso carbon con ten ts  d id  no t d i f f e r  by more than  two or th r e e ,  had 

sharp se t-p o in te  which war# not a p p re c ia b ly  depressed  below the s e t - p o in t s  

for pure  p a r a f f in s  with m olecular weights the sa»e as th#  average va lu es for 

t h e  mixtures* On slow coo lin g  below th© m elt in g  p o in ts , th e re  was l i t t l e  

tendency to  su p ercoo l,  the p a r a f f in  m ix tu res  s e t t i n g  crp e ta l! in ©  about a 

h a lf  degree below the m elting  p o in ts , ju s t  as for  pure paraffins*  Sqpl~ 

s o l a r  m ix tu res  of more than  thr#© p a r a f f in s  did  not s e t  c ry s ta l l in e *

The au th o rs  s t a t e d  th a t  in  biochemical in v e stig a tio n s  i t  was 

Improbable that pure p a r a f f in s  would o f ten  be encoun tered , and th a t  th e  

I s o la t io n  o f  p a r a f f in s  of a recog n iaab le  degree of p u r i ty  was always 

la b o r io u s  and o f te n  impossible* However, by comparing p h y s ic a l  c o n s ta n ts ,  

i* #* t r a n s i t i o n  p o in t s ,  m elt in g  p o in t s ,  and spacing® w ith  th e  c o n s ta n ts  

of known mixture©, the com posttion o f  simple m ix tu res  cou ld  be estimated*

In a ttem p tin g  the estim ation  o f the com position o f  a m ixture  in  which a  

maximum se p a ra t io n  bad been ob ta ined  by f r a c t i o n a l  c r y s ta l l is a t io n ,  t h e i r  

procedure  was f i r s t  to  measure th e  spac ing , then p ick  out ra r io u s  b in a ry  

m ix tu res  having the  same spacing* Then they  s e le c te d  t h a t  m ix ture  whose 

m e lt in g  p o in t  and t r a n s i t i o n  p o in t  war© in  best accord w ith  those o f  th e  

unknown mixture* I f  th e  t r a n s i t i o n  p o in t  was s t i l l  too low by a degree 

or two, they  a r b i t r a r i l y  e s t im ated  about f i v e  pe r  cent o f  unknown impurity* 

Chlhnall^ separated the  co n stitu e n ts  of ap p le  cu t  Id ®  wax in to  

prim ary a lc o h o ls ,  seeend&ry a lc o h o ls ,  and p a ra f f in s*  The primary a lc o h o ls  

were converted  in to  th e  corresponding p a r a f f in s  by means o f  phosphorus 

and hydrlodie a c id ,  and f r a c t i o n a l l y  c r y s t a l l i s e d  from l i g h t  petroleum  

ether* A s tudy  of the  m e lt in g  point®, tr a n s it io n  p o in ts ,  and spanInga



o f  th e  f r a c t io n s  ob ta ined  showed c o n c lu s iv e ly  th a t  the  normal prim ary 

a lc o h o ls  c o n ta in in g  tw e n ty -s ix ,  tw e n ty -e ig h t ,  and t h i r t y  carbon atoms 

were p re s e n t  in the o r ig in a l  wax* F ra c t io n a t io n  of th e  p a r a f f in  f r a c t io n  

o f  the wax showed the  p resence  o f  heptaocs&ne and nonaoosanc and the  ab

sence o f  any hexaecsane or octacoeane* 2he t r a n s i t i o n  j o i n t s  of the  

v a r io u s  f r a c t io n s  were n ear ly  a l l  s l i g h t l y  lower than those  of th e  sug

gested  b in a ry  m ix tu res . That t h i s  w&s due to  the  p resence  o f  t r a c e s  o f  

th e  lower p a r a f f in  in  th e  to p  fra c tio n s  and of the- h igher p a r a f f in  in  the  

lower f r a c t io n s  was v e r i f i e d  by a c tu a l ly  making sev e ra l  m ix tu res  c o n ta in 

ing a  sm all amount o f  th e  suggested  impurity* Two to  th re e  per c e n t  of 

added Im purity  was not s u f f i c i e n t  to  change th e  m e lt in g  p o in ts  or spacing® 

a p p re c ia b ly ,  but th e  t r a n s i t i o n  p o in ts  were lowered as much as two to  

th r e e  degrees*

ncnaoesanc1* The presence  of t h i s  a lcoho l a long  with nosaooean© in  the

eaae wax suggested  t o  C h ibna ll  at t h a t  tim e th e  fo llow ing  mechanism for 

wax. metabolisms

hydrocarbon cou ld  be formed from th e  ketone* In C h ib n a l l ’ s r e s e a rc h  th e  

ke tone  was no t found, but l a t e r  work on b ra s s @1 sp ro u ts  l e a f  wax showed

Ib-non&cos&nol, 15—nonaoos&none, and non&eos&ne were a l l  present*  So 

o le f in s  were found, however* In  app le  c u t i c l e  wax, t h i s  mechanism would 

p o s tu l a t e  th e  p resence  of decimole and eiooean.oic acids*

The secondary a lco h o l found in  app le  c u t ic le  wax was D-10-

E#0H2002fi

4"  ^

iA%30jgii

k #oh2

M*Q&2 h'Gki
\

E^Oii

According to  t h i s  mechanism, both  the  secondary a lcoho l -and th e



CM tonal 1 ©t a l 6 undertook a comprehensive in v e stig a tio n  o f  the  

e o n s t l t u t len  of the primary aloohoIs* fa t ty  a c id s ,  and p a r a f f in s  in  p la n t  

and i n s e c t  wax©©* th ey  found that in two cases  only  had the seisplee of 

p a r a f f in s  i s o l a t e d  from n a tu r a l  sources proved to  tot pur© products* s a t i s 

fy in g  th e  requirements o f  x -ray  an a ly s is*  in  a l l  cases  examined they  war© 

m ix tu res ,  and se p a ra t io n  toy f r a c t io n a l  c r y s t a l l i s a t i o n  was to  lab o r io u s  

t im t in  only on© in s ta n c e ,  apple o u t!c l#  wax, 'was I t  s u f f i c i e n t l y  complete 

to  g ive  a  pur© product* A nalysis  toy means of th e  physical c o n s ta n ts  

showed the  p resence  o f  odd-numbered s t r a i g h t  chain  hydrocarbons, and no 

©ven-aumto©red  homologs, in  a l l  samples examined* A number o f  the  so -  

c a lle d  even-numbered p a r a f f in s  i s o l a t e d  from n a tu r a l  sources war© examined 

and found to  to© m ix tu res  of the  oM-msmtoertd hydrocarbons* l o th  th e  normal 

f a t ty  a c id s  and prim ary a lc o h o ls  in  a l l  waxes s tu d ied  c o n ta in ed  only  the  

homologs w ith  an even number of cartoon atoms*

Chitons11 and j*ip#r? d iscussed  the metabolism o f  p la n t  and in se c t  

waxes* Sine© a n a ly s i s  o f  many wax p roducts  had shown they  c o n s is te d  almost 

e x c lu s iv e ly  o f  even-nuabered s t r a i g h t  chain  prim ary a lc o h o ls  and ac id s  and 

odd-numbered p a r a f f i n s ,  i t  was c le a r  t h a t  p a r a f f in s  wort formed from t m  

long  chain  molds p re s e n t  in  waxes, not from the s h o r te r  g ly ce r id e  a c id s  

as p re v io u s ly  suggested* According to  th e i r  h y p o to es is ,  long chain  mails

were i n i t i a l l y  f a m e d  toy o x id a t io n  a t  the end of polym erised chains formed
\

toy condensation o f  sugar unitsV A se r ie s  ©f a c id s  l ik e  th ose  in  g ly c e r id e s
\

and wax®# could then to® ob ta ined  fro® those  longer u n i t s  toy a  process o f  

b e ta  oxidation* deduction o f  any of those  ac id s  would g ive  th e  correspond

ing  even-numbered a lc o h o l ,  whit© decarb oxy la tion  of the  b e ta  koto a c id  would 

g ive  th e  in -1 ) ketone* th e  ketone, in  tu rn ,  was reduced to  th e  hydrocarbon*

ffte fo llow ing  i s  a  diagram o f  Chibn&ll’ e l a t e s t  mechanism fo r  wax metabolisms
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Markley ©t ©1 r e c e n t ly  ob ta ined  by f r a c t i o n a l  c r y s t a l  11 s a t  Ion 

of th e  o n sa p o n lf ia h le  f r a o t lo n  o f  g r a p e f r u i t  p e e l  was a fcetonio f r a c t io n  

and a  hydrocarbon f ra c t io n *  P er sis te n t fra ctio n a tio n  of th e  hydrocarbon*

r e s u l t e d  In m ix tu res  w ith  t r a n s i t i o n  p o in ts  depressed  c o n s id e ra b ly ,  th r e e  

to  four degrees fo r  th e  b e s t  f ra c t io n s*  $hey appeared, however, t o  c o n ta in  

p r i n c i p a l l y  nonaoosane and h e n tr ia c o n ta n e ,  w ith  p o s s ib ly  seme lower and 

some h igher members o f  th e  s e r i e s  p resen t*  X-ray sp&cings were used In 

i n t e r p r e t i n g  th e  composition*

Markley, Sande, and Hendricks'" ob ta ined  from th e  hydrocarbon 

f r a c t i o n  of grape wax f r a c t io n s  which in d ic a te d  the  com position was about 

seventy  per  cent non&coaan© and t h i r t y  p e r  cen t hentriaeontan©*

Olsvold and E ogers^  In t h e i r  book d isc u sse d  th e  separation and 

i d e n t i f i c a t i o n  o f  wax c o n s t i tu e n ts*

i O r a f f t ^  In 16SS prepared  lauron© by h e a t in g  the  barium s a l t  o f

la u r le  acid  at f i f t e e n  m illim eters pressure w ith  excess lime* He made the

corresponding hydrocarbon by converting the ketone to  th e  dicfelorid© w ith

phosphorous p e n ta o h lo r ld e  and then reducing th e  iich lor ld ©  w ith  phosphorus

and hydriodlo acid* In th is  way fee mad# the tw enty-three and the t h ir t y -

f iv e  carbon homo lege* In order to  make th e  twenty-two carbon hydrocarbon,
l afee used a mixture o f  barium paIm itate and barium heptylate* D rafft w 

prepared severa l p ara ffin s by the a ction  o f  sodium on the appropriate  

a lk y l iodides*
18

Levone, West, m& Beheer made a s e r ie s  o f even-numbered



hydrocarbons by f i r s t  making the  -primary a lc o h o ls  fro® th e  e a te r s  by mean# 

o f  th e  Bouveault-Bl&nc r e a c t io n ,  then  convert in g  th e  a lc o h o ls  to th e  io d id e s ,  

and t r e a t i n g  th e  l a t t e r  w ith  sine  and hydroch lo r ic  acid* They a l s o  p repared  

te t r a c o s a n e  hy t r e a t i n g  the  iod ide  in  e th e r  s o lu t io n  w ith  magnesia®:

2111 +  Mg — I i - I 4 I g l 2
lg

Clluud ob ta in ed  good y ie ld s  of the  ketone from th e  a c id  hy 

h e a t in g  th e  b a r ixm s a l t  sp read  out on b o i l in g  chips in  m  evacuated com

bust Sen tube* The ketone  was t r e a t e d  with, phosphorum pent&ehlor i&e and 

th e  d ic h lo r id e  t r e a t e d  w ith  hydriod lo  a c id  to  g ive  the  hydrocarbon in 

good y ield* In  t h i s  way, Sluud made hex&ees&n©, hept&cosane, and 

oct&oos&ne*
24S t r a t in g  e t  a l  made heneloosane and t r i c o s a n e ,  u s in g  the  

O la isen  condensation- In th e  sy n th e s is  of henelcosane , undeeylen ie  a c id  

was f i r s t  hydrogenated to  g ive  th e  s a tu r a te d  acid* & ste r if lo a tio n t t r e a t 

ment of th e  e s t e r  w ith  sodium ethoadd®, and s a p o n i f ic a t io n  of the  r e s u l t i n g  

product gave d ideey l ke tone , which was then reduced by th e  Oleassenaen 

method to  th e  hydrocarbon* T r ice  sane was made in  a s im ila r  manner, s t a r t i n g  

w ith  l a u r lo  acid*
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Th© m a te r ia l  under in v e s t ig a t io n  was o b ta ined  from th e  Orown,

Cork, and Seal Company o f  B a lt im o re , Maryland# About 200 gma* o f  a 

brown waxy d i s t i l l a t e  from the  ©rude had p re v io u s ly  been o b ta in ed  by 

ano ther  worker in  t h i s  l a b o ra to ry ,  who was lo ok in g  for a  good source  of 

p h e l lo n ic  acid* Me watt u n su c c e ss fu l  In o b ta in in g  any q u a n t i ty  o f  a c id  

from t h i s  m a te r i a l ,  and tu rn ed  the  d i s t i l l a t e  over to  th e  p re se n t  

In v e s t ig a to r*  Great d i f f i c u l t y  had been found in  vacuum d i s t i l l i n g  th e  crude 

because o f  th e  l a rg e  amount o f  water p resen t*  There was a  g re a t  d ea l  o f  

foaming, and the  d i s t i l l a t i o n  had to  be watched v e ry  c a re fu l ly *  In t h i s  

in v e s t ig a t i o n  i t  was found a d v isab le  to  remove th e  water by d i s t i l l i n g  

w ith  xylene or bensens* The r e s id u a l  so lven t  came o f f  r e a d i ly  when a 

vacuum and a  sm all amount o f  hea t were a p p l ie d ,  and on r a i s i n g  th e  tem

p e ra tu r e  th® wax d i s t i l l e d  -without foaming* However, fo u l- sm e l l in g  g a se s ,  

p robab ly  s u l fu r  or n i t ro g e n  c o n ta in in g  compounds, were given o f f  by th e  

im p u r i t ie s  p r e s e n t ,  and a h igh  vacuum cou ld  not be maintained* Consequently

th© b e l l i n g  p o in t  of th© d i s t i l l a t e  went up to  about 300°f 28 mn»

Approxim ately 100 gms* o f  th© crude  was f re e d  o f  w ater by 

mixing w ith  200 c*o* o f  xy lene  and d i s t i l l i n g  o f f  the  so lven t*  This 

p ro cess  was rep e a te d  th re e  time®, u s in g  dry xylene* I f  a  water t r a p

m s  p laced  between a f l a s k  c o n ta in in g  the  crude p lu s  the xylene and a  r e f lu x

condenser , th e  water cou ld  be removed In about an hour w ith  l i t t l e  a t te n t io n *
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The r e s id u a l  xy lene  adhering  to  th e  crude was remcrrsd by p la c in g  th e  

mixture in  a §00 o*c* tsmsag© flask*  tu rn in g  on th e  m t w ,  and h e a t in g  

gently* -hen th e  s a l t  b a th  was r a i s e d  to  335° and th e  p re s su re  was 25 mm* 

(a  water pump was used in  th e  f i r s t  d i s t i l l a t i o n )  th#  hydrocarbon s t a r t e d  

to  d i s t i l l *  th e  b o i l i n g  range was 230-250°* about ?fi gats* o f  l i g h t  yellow

m  be ing  obtained*

S thy l a lc o h o l  was found to  d is s o lv e  com para tive ly  l i t t l e  o f  th® 

wax* w hile  removing much o f  th e  c o lo r in g  m atter* Alcohol was n e t  s a t i s 

f a c to r y  fo r  r e a r y e t a l lS t a t i o n *  however* s in e #  even when hot I t  d i s s o lv e s  

only  a small quantity of th© wax* Th© d i s t i l l a t e  was found to  c r y s t a l l i s e  

w e ll  from ace tone  and a ls o  from propanol* Consequently* a f t e r  e x t r a c t io n  

w ith  ethanol* i t  was c r y s t a l  U s e d  re p e a te d ly  from th e se  two so lv e n ts  u n t i l  

th# m e lt in g  p o in t  was constan t*  Th# p roduct was pur© w h i te ,  and did not 

d is so lv e  in  concentrated su lfu r ic  ac id  or dimethyl su lfa te *  I t  r e a c te d  

n e i th e r  w ith  bromine In carbon t e t r a c h l o r i d e  nor potassium  permang nate* 

The r e s u l t s  o f K&st camphor determ inations of th© m olecular weight were 

not v e ry  s a t i s f a c to ry *  Those ob ta ined  by th© author in d ica ted  about 

tw en ty -n ine  carbon atoms in  th# chain, w hile  th e se  obtained by ano ther  

an a lyst in d ica ted  only about twenty-one or twenty-two*

■Solves t  p u r l  f  i  ©at 1 on* 1?5 n®a* o f  d i s t i l l a t e  m s  d is so lv e d  in  

2*5 l i t e r s  o f  hot acetone* On co o lin g  03 pas* o f  l ig h t - c o lo r e d  wax was 

obtained* On d i s t i l l i n g  th e  ace tone  from the f i l t r a t e ,  a  brown wax was 

obtained* T his wax « i  e x t r a c te d  w i th  co ld  a lc o h o l ,  then r  © crysta l  U s e d  

©no® from ace tone  and once from propanol* fh© r e s u l t i n g  p roduct was 

combined with th® f i r s t  p r e c i p i t a t e  from acetone* Th© t o t a l  y i e ld  m s  

33 0&s* o f  m a te r ia l  m e lt in g  a t  55°•



Analysis* Carbon 85*01, 84. 85. Hydro gam 15* 07 f 14* 99*

Since I t  was ev iden t that frm cti© nation  p rocedures would have 

to  b# used , a  consid erab le  quantity o f  th# hydrocarbon m ixture wa# p u r i 

fied*  An a ttem pt was made to  p u rify  th# sub s tance  by ohroosat ographing 

w i th  alumina, fh e  hydrocarbons were not adsorbed a t  a l l  and a g re a t  dea l 

o f  th e  im pu rities were removed. However , th e  p ros ess  was slow and 

required a  large amount o f  alumina to  p u r i f y  any q u a n t i ty  o f  hydrocarbons. 

Magnesium oxide and te n  p a r t s  by weight o f  "HyFlo duper Celwf which I s  

mad# by th e  Johne-igatxvlll# Gompany, a l s o  took th e  c o lo r  out o f  a d i l u t e  

benzene s o lu t io n  of th#  hydrocarbon#* K elt her of t  hese chromatographic 

methods was thought s u i t a b l e  fo r  the  p u r i f i c a t i o n  of la rg e  q u a n t i t i e s  o f  

th#  crude wax* £b* procedure  f i n a l l y  adopted was th e  e x t r a c t io n  of a 

ben sen# s o lu t io n  o f  th e  hydrocarbons w ith  co ld  co n cen tra ted  s u l f u r i c  a c id  

u n t i l  a d d i t io n  of f r e s h  a c id  no longer removed co lo r  from th® s o lu t io n .

A t o t a l  o f  about 500 gms. was th u s  p u r i f i e d .  In the  s u l f u r i c  a c id - s o lu b le  

f r a c t i o n  th e re  was p re s e n t  a  c o n s id e ra b le  q u a n ti ty  o f  d is so lv e d  s o l id s  

which were thrown out by pouring  in to  cold  w ater. Repeated c r y s t a l l i s a t i o n  

and c h a rc o a l in g  o f  th e  d a rk -c o lo re d  m a te r ia l  r e s u l t e d  in  a  sm all q u a n t i ty  

of a l ig h t - c o lo r e d  s o l id  which shrank  in  a c a p i l l a r y  tube  a t  220° and 

m elted  a t  239-240*** i t  was- a p p a re n t ly  a m ix tu re  o f  c e r in  and f r ie d e l la  

which had been c a r r i e d  over in  th e  d i s t i l l a t i o n ,  and n o th in g  f u r th e r  was 

done w ith  i t .  A co o lin g  curve and carbon and hydrogen ana lyses  in d ic a te d  

th e  m ix tu re  ob ta in ed  by a c id  p u r i f i c a t i o n  wag about th #  same as t h a t  

ob ta in ed  by re p e a te d  c r y s t a l l i z a t i o n  of th® crude wax.

Par I f  lo o t Ion w ith su lfu r  la  aol a. 300 subs, of tbs waxy 

d i s t i l l a t e  was d is s o lv e d  in  benzene, and shaken w ith  co ld  co n ce n tra te d



su lfu rId  ac id  in  a  se p a ra to ry  funnel* t tm  a c id  co lo red  c o n s id e ra b ly  and

f r e s h  a c id  a as added in  sm all p o r t io n s  u n t i l  I t  no longer became colored* 

The be®sen* s o lu t io n  m s  a llow ed to  stand o ve rn igh t  w ith  anhydrous sodium 

carbonate* A s n a i l  amount o f  g e la t in o u s  m a te r ia l  formed and th e  m ix ture  

was centrifuged.* On res toring  th e  so lv e n t  by d i s t i l l a t i o n  on the  steam 

bath* and then d i s t i l l i n g  th© hydrocarbon m ix tu re  l a  vacuus* a white s o l id  

m a te r ia l  wm  obtained* fwo r e o r y s ta l l l s & t io n s  from  acetone gave IZB gee* 

of product m e lt in g  a t  55°*

**• fc*th c o n s i s te d  of

a  b a t t e r y  j a r  o f  about ten  l i t e r s  capacity*  p laced  in  an o rd in a ry  enameled 

tub* Ground cork was p la c e d  below and around th e  j a r  in  order to  g ive slow 

c o o lin g  of the  bath* b e in g  a V ariac , a  co n s tan t  r a t e  of h e a t in g  or coo ling  

was e a s i l y  ob ta inab le*  The sampl* c f  about 10 gms* was p laced  in  an 

o rd in a ry  Pyrex t e a t  tube  which was f i t t e d  w ith  a sh o r t  p iec e  c f  l a rg e  bore 

rubber tu b in g  a d ja c e n t  the l ip*  I h i s  se rved  m  a  con nec ting  p ie c e  between 

th® sm aller t e s t  tube and a la rg e r  one* o r© sting  a dead a i r  apace between 

th e  ba th  and th e  sample, to  la g  th e  h e a t in g  or coo ling  e f f e c t  o f  th© b a th  

on the sasapley A ep ira led  m etal s t i r r e r  was used and op e ra ted  by hand* A 

bureau o f  Standards c a l ib r a t e d  0-100° thermometer was p laced  in  th e  middle 

o f  th e  melt* *h@ i n i t i a l  tem perature  o f  the b a th  was 54° w ith  th e  melt a t  

56*5°* The ba th  was made to  cool slow ly a t  a  c o n t r o l le d  ra te *  The curve 

o b ta in ed  is  given in  fig* 1, page 15*

**•  hMrocarbona*

Slow f r a c t io n a l  d i s t i l l a t i o n  a t  s ix  m il l im e te r s  p re s su re  u s in g  

a  column about a  foo t and m h a l f  long , packed w ith  g la s s  h e l ic e s  and 

e l e c t r i c a l l y  h e a ted ,  r e s u l t e d  in  a  s e r i e s  o f  f r a c t i o n s  rang ing  from th e



COOLING CURVE FOR

HYDROCA R30N MIXTURE

5 6

5 4

52

5 0

4 8

4 6

4 4

4 0
5~0

TIME IN. MIN'
6 0 8 0 90



lo w est, which c o n s is te d  of m aterial hod l i n g  tip to  145® to  th e  h ig h e s t  which 

b o iled  fro m  2 0 0 -2 0 7 ® , as w ell as the u s u a l brown s t i l l  residue* B e fra c tiv e

in d ic e s  of most of the  f r a c t io n s  were o b ta in ed  and comparison o f  th e s e  w i th  

$ luud#§*® v a lu e s  fo r  pu re  hydrocarbon* In d ic a te d  ro u g h ly  th e  wm&n number of 

carbon atoms* f b u j ,  the  average carbon c o n ten t  o f  the  f r a c t io n  b o i l i n g  fro® 

165-170° wag shout tw e n ty - fo u r , and  in c re a sed  s t e a d i ly  to  about tw en ty -n ine  

in  the  f r a c t i o n  b o i l i n g  from 195-200°* 1%® r e fr a c t iv e  in d ic e s  o f the

h ig h e s t  and low est b o i l i n g  f r a c t io n s  were not determined* k  annamary o f  th e  

r e s u l t s  o b ta in ed  by f r a c t io n a l  d i s t i l l a t i o n  i s  given In  the fo l lo w in g  ta b le :

*A81S  X

B o ilin g  p o in t  
in  ®0

Amount 
in gms*

R efractive
Index a t 65°

S t i l l  resid u e 10*2 ----------

200—207 15*1 iKwin mn Bin

196-200 19*9 1*4367

188-195 19*2 1*4344

180-185 28*4 1*4339

180-200 6* 5 ~ ~ ™ ~

175-180 45*4 1*4323

185-175 42* 9 1*4386

up to  156 44*4 1*4811

148-186 59*9 — —

up to  145 28*3

She a p p a ra tu s  u sed  c o n s is te d  o f  a  8 /4  w column about 18 H long



se a le d  to  a SOC cc* f l a s k  and s u r roundel Toy an e l e c t r i c a l l y  h ea ted  a i r  

jacke t*  fwo g la s s  tubes were se a le d  to  the f la sk *  one fo r  adding sample, 

th e  o ther  to  hold  a b o i l in g  tube* Bo a i r  was run in to  the f l a s k  fro® the  

ou ts ide*  but th e  slew e v o lu t io n  o f  the  a i r  from th e  5 mis® b o i l in g  tube  

was s u f f i c i e n t  t c  p reven t bumping* fh e  column was packed with g la s s  

h e l i c e s ,  th e  thermo#®ter being a t ta c h e d  fey means ©f & p iec e  o f  rubber 

tu b in g  in  the  u su a l  fashion* The arm conducting  th e  d i s t i l l a t e  to  th e  

r e c e iv e r  was about a  foo t  long  and served  as an a ir  condenser* th e  

r e c e iv e r  was a ZOO c*o* d i s t i l l i n g ,  f l a s k ,  the  arm of which mm connected  

to  a  manometer, which In  tu rn  was connected to  a  Cenoo Hi-Vac pump* I t  

was found necessary to  surround th e  o u t l e t  tube w ith  hot ni a hr erne wire 

to  p revent ih#  p a r a f f in s  £ rm  s o l i d i f y i n g  b e fo re  they  reached the  

rec e iv e r*  I t  was convenient merely to  extend the  wire used in  the ja c k e t  

around th© e x i t  tube® fo  prev en t flood in g  in  the column i t  was necessa ry  

to  keep the ja c k e t  temperature 20-30c above the d i s t i l l i n g  temperature*

I t  was endeavored to  have th#  l iq u id  r e f lu x  about two t h i r d s  the le n g th  

o f  tlie column* th e  rat© o f  d i s t i l l a t i o n  was about a  drop in  th re e  to  four 

seconds w ith  the b a th  tem perature  about 90° above the  d i s t i l l i n g  tempera

ture® 310 pas* o f  the  p a r a f f in s  was d i s t i l l e d ,  th e  whole ap p ara tu s  being  

coo led  each time & f r a c t io n  was cut®

The in d ices  were determined by using a Valentin© refract©meter 

#498. mad© bp* the in d u stro -tto len tifio  Col* Phi la®. !*a® fhe temperature 

was kept at 65° by c ir c u la t in g  through I t  water from a constant tempera

ture bath. With the assembly used i t  was p o ss ib le  to hold the temperature 

constant to 0®1°®
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I t  was deemed advisab le at, t h i s  ©tag© of the per i f  ic& tion, to  

a ttem pt further se p a ra t io n  by ae&ns of equilibrium  molting* This method 

m s  used  by H i c k s ^  and bp M&ir** and was found ve ry  convenien t and 

useffel* in s te a d  of u s in g  a v &cm,a-*&ek©tei funnel as thee® in v e s t ig h te r#  

d id ,  however, an appara tus  m s  designed t h a t  a llowed the  m a te r ia l  to  be 

he ld  a t any d e s i re d  tem perature  fo r  a  consider able le n g th  c f  time* The 

apparatus c o n s is te d  o f  a sp e c ia l  funnel attached to a side-armed 

£rlenmeyer f l a s k ,  th#  whole be ing  p laced  in  a constant temperature bath*

I t  was,found more convenien t to  use  the hydrocarbon mixture i t s e l f ,  r a th e r  

than an e the r  or petroleum e th e r  so lu tion#  I t  was only n e cessa ry  to  r a i s e  

tae  tem pera ture  o f  th e  b a th  to  any d e s i te d  l e v e l $ a llow  the  c o n te n ts  of th© 

funnel tc  come to  e q u il ib r iu m , and d ra in  o f f  the  f r a c t io n s  in to  th© 

a t ta c h e d  Erlenmeyer flask#

Bach o f  th e  f r a c t io n s  o b ta ined  by fra c tio n a l d i s t i l l a t i o n  was 

c a t  in to  from th re e  to  f iv e  p a r ts#  Or* most of th e se  small f r a c t io n s  the  

c a p i l l a r y  m elt in g  p o in t s ,  s e t - p o in t s ,  and r e f r a c t i v e  In d ice s  were deter

mined# I t  was noted th a t  th e  m e lt in g  p o in ts  o f  the su ccess iv e  .frac t ions  

In c reased  as expected  in  re g u la r  f a s h io n ,  but th e  r e f r a c t i v e  in d ic e s  

decreased# I t  was a ls o  noted th a t  th© h igh er  f r a c t io n s  were l i g h t e r  in  

co lo r  than  the  lower ones# The conclusion  was obvious th a t  Im p u r i t ie s  

were p resen t  and were c o n c e n tra t in g  in  th© lower f rac t io n s#  The p resence  

©f non-hydrocarbon im p u r i t ie s  exp la in ed  the  unexpec ted ly  la rg e  d i f f e r e n c e  

in  the  m elt ing  p o in ts  o f  th#  h ig h es t  and lowest c u t s  from each b o i l in g  

f ra c t io n *

To ge t r i d  o f  th® im p u r i t ie s ,  chromatographing w ith  Brockman 

alumina was f i r s t  t r ie d *  This r a i s e d  th© m elt in g  p o in t  somewhat, bu t th©



hydrocarbons ob ta ined  s t i l l  co lo red  warm s u l f u r i c  acid* Sine® i t  was
4found th a t  o th e r  I n v e s t ig a to r s  ' had p u r i f i e d  s o l id  hydrocarbons by

t r e a t i n g  them w ith  co n ce n tra te d  s u l f u r i c  a c id  a t  120° u n t i l  f r e s h  a c id

no longer was co lo red , each of th e  f r a c t io n s  ob tained  from th© eq u il ib riu m
©m elt in g  was t r e a te d  with su lfu r ic  ac id  a t  120-1SO , the  m ixture  be ing  

s t i r r e d  by an e l e c t r i c a l  s t i r r e r *  On® th r e e  hour trea tm en t in  t h i s  manner 

removed p r a c t i c a l l y  a l l  o f  th© m a te r ia ls  th a t  co lo red  ho t s u l f u r i c  a c id ,  

th© m e l t in g  p o in ts  were r a i s e d  c o n s id e ra b ly ,  f r a c t io n  e ig h t ,  fo r  In s ta n c e ,  

changing from 49-50° to  51*8:°* In  f a b le  11. th e  m elting  p o in ts  and s e t -  

p o ln ts  given a re  fo r  th© f r a c t io n s  a f t e r  th® a c id  treatm ent*

About a  t h i r d  o f  th® t o t a l  weight o f hydrocarbons was lo s t  by 

th© a c id  t re a tm e n t ,  p a r t  o f  th® lo s s  be ing  due to  th© s o l u b i l i t y  of the  

hydrocarbons them selves in  th© a c id ,  p a r t l y  to  m echanical lo s s e s ,  p a r t l y  

to  the  r e a c t io n  w ith  th® oxygen-con ta in ing  or u n s a tu ra te d  subs tances  presen t*  

The f i r s t  appara tu s  ( Fig. 2a) used c o n s is te d  of a  la rg e  t e s t  tube 

190X25 mn. w ith  & sh o r t  p ie c e  cf 5 tm» tu b in g  sea led  on to  th e  bottom*

TMa was in s e r te d  in  a rubber s topper and a t ta c h e d  to  an in v e r ted  f iv e  

pound e th e r  can w ith  th© bottom o f f ,  which made a convenient water bath* 

a copper c o i l  in  t h i s  ba th  through which water c i r c u l a t e d ,  a f t e r  having 

been run through an ic e  ba th  by means of a  c i r c u l a t i n g  pump, gave f a i r l y  

co n s tan t  low tem peratures* E ther s o lu t io n s  of th© mixed p a r a f f in  f r a c t io n s  

were frozen  s o l id  and p laced  in  the  funnel oyer a  pad of g la s s  wool* As 

th© ba th  g ra d u a l ly  .heated up , f r a c t io n s  were d ra in ed  o f f  by p re s s in g  the 

wax with, a g la s s  rod- t h i s  ap p a ra tu s  was d isca rd ed  because s u f f i c i e n t l y  

low temperature® could not be obtained*

The next apparatus used was an e l e c t r i c a l l y  hea ted  and dry ic e  

cooled funnel (fig*  2b )sim ilar to  th e  one used in  th® f i r s t  apparatus*
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S o i l in g
n&ng*

OQ

f r a c t io n Wt* doss* 
a fte r

&2m 4 tre a tm e n t

f mp* o f  
Bath °Q

B efr * Ind* a -p . - s .p *
A fte r  E^S04 
trea tm en t

200-207 18 0*6 47*6 1*4415 57 , 57
19 0*4 51*8 1*4410 57, 86*8
20 2*2 55.4 1*4370 57, 56*B
21 4*4 58*0 1*4345 58* 5, 58.2
22 2*0 e v e r  58 1*4342 59*5, 59.0

195-200 3 2*1 50*6 1*4416 §6 .5 , 56*0
4 1*6 54*0 1*4380 §8* 3, §6*0
5 1*7 66*0 1*4360 66*0, 67*6
6 3*9 68*0 1*4345 58*8, 58*3
7 4*3 60*O 1.4335 59*3, 58*8

180*195 23 0*6 52*0 1*4399 54* 8 1 54*5
24 2*6 54*0 1*4348 65*8, 55.5
25 7*5 56.0 1*4330 56. 5, 66*0
26 4*4 over 56 1*4329 57*0, 56*8

180*185 27 2*6 61*0 1.4360 54*0, 53*7
m 6*1 53*0 54*5, 54.0
m 16*2 55* 0 55*0, 54 .5

180*300 z 2*8 53*4 1*4360 65* 0, 54 .5
i 1*4 over 53*4 1*4324 55*8, 55* 2

175*180 B 2*3 4 8 .0 1*4360 51*8, 51*3
9 2*0 49*6 1-4327 52 .0 , 51*5

10 4*0 51*0 1*4315 52*0, 51*5
11 13*1 52*0 1*4306 52*4, 52.0
12 9*9 63*0 1*4312 52*5, 52 .0

155-175 30 3 .6 46*0 49* 5, 49 .0
31 10*2 4 8 .5 49*5, 49*0
32 22*7 50*5 50*3, 49*8

tip to  155 33 7*3 43*6 46*3, 45*9
34 16*0 46*0 4 7 .0 , 46* 3
36 17*5 48*0 47*2, 4 6 .8

148*165 36 5*9 44*0 46* 2, 45*8
37 24*0 46*0 46* 2, 45-9
3S 3*2 over 46 47*0, 46*4

up to  146 13 2*3 28 1*4392 40*5, 40»0
14 1*7 32 1*4307 39* 0, 38 .2
15 2*4 37*2 1*4310 40*8, 40-6
16 t P9 4*5 39*8 1*4274 41* 1, 40*817 12* 6 42*5 1*4264 41 .8 , 41 .3
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^amperaturos around 0° could r e a d i ly  be o b ta ined  be t were not very constant*  

f  he a p para tu s  f in a l  ly  adopted for use  on a l l  th e  fra c tio n s  o b ta ined  

by f r a c t i o n a l  d i s t i l l a t i o n  ia  p ic tu r e d  in  Fig* %q* I t  co n sisted  of th e  same 

type o f  funnel used i n  the  o th er  se t-ups*  hut had a d i f f e r e n t  type  o f  a  f i l t e r  

pad* A p ie ce  of linen, was sewed on to a Ivnorr e x t r a c t io n  p l a t e  ac t h a t  the  

top  of the  p l a t #  was covered w ith  a smooth surface of linen* About 4-5"  

o f  copper wire m s  soldered on to the a t ta c h e d  pin* and the  p l a t e  f i t t e d  

snugly in to  the funnel* The wire was wrapped f i rm ly  around th e  funnel 

tub© to  prevent th e  p la te  from moving* ffe is type of f i l t e r  pad was found 

to he very s a t i s f a c to r y *  no s o lid s  g e t t in g  through and the liq u id  p a ss in g  

through easily*  l&recver* the holdup was very  small* k  p iec e  o f  heavy 

nichroae w ire  passed through  a sh o rt  l e n g th  o f  g la s s  tu b in g  in s e r te d  In & 

cork  a t the mouth' of the# funnel* nod ben t in  the  shape o f  a  c ir c le  a t  th e  

end* served  as a  s t i r r e r *

A f te r  p la c in g  6—30 *pra* o f a  p articu lar  f r a c t i o n  in the  funnel, 

i t  and the a t ta c h e d  side-armed Erlenoeyer f l a s k  were p laced  in  a c o n s tan t  

tem pera tu re  bath* She Brlenmeyer had a side-arm  long enough to  extend out 

o f  the bath* $he funnel was attached  t o  the Brlenmeye? by a t ig h t ly  

f i t t i n g  rubber stopper* fhe  the riser egu la ter  used was provided w ith  a  

s topcock which when open allow ed th e  bath to  heat up* Then any d esired  

teasperatur© was reached* the  stopcock was c lo se d  and the tem pera tu re  was 

m ain ta ined  as c lo s e ly  a  s cou ld  be road on an An sc hu ts  thermometer* In 

beginning the f r a c t io n a t io n  o f  a sample, the  tem pera tu re  was f i r s t  r a i s e d  

to  the p oin t a t  which the hydrocarbon mass so ftened  considerably* and then 

maintained for 15-2©- minutes w ith  s t i r r in g *  At the end o f  t h i s  t im e , the 

l iq u id  which had not already f i l t e r e d  through was sucked through by



connecting an &$i>irater to tne side-arm or the £rleraseyer# She apparatus 

wag then  allow ed to  s ta y  in  th e  bath a further tan minute* to in au ra  

g e t t in g  a l l  the  hydrocarbons out that would liq u e fy  a t  t h a t  temperature* 

n ex t, the apparatus was removed fro® the bath, ana a b la s t  of* 

a i r  blown on the rubber stopper to beep water out of th e  f la s h  when i t  

m e  opened* The hydrooar bone were m elted out o f  the Erleaaseyer, the 

f la s h  washed -with e th er , and the washings added to  the m elted part* The 

a p p a ra tu s  was ag a in  connected and th e  tem pera tu re  a llow ed to  r i s e  u n t i l  

the mixture began to eoften  again# I t  was g iven  time to eoae to e q u i l i 

brium as before and another fra c tio n  drawn off#  Bach o f the fr a c tio n s  

taken on d i s t i l l a t i o n  was cu t In to  from th re e  t c  f iv e  p arts by t h i s  

system#

Each o f  th e  f r a c t io n s  o b ta ined  by equilibrium  m alt in g  was

p lac ed  In a 12$ c#o* Brlenmeyer, mixed w ith  $0-60 o#c# of co n ce n tra te d

s u l f u r i c  a c id ,  and hea ted  a t  120-150° fo r  th re e  hours by Immersion in  an 

o i l  bath h ea ted  by & buneen burner# fh e  neck of the  f l a s k  was clamped

to  & r i n g  s tand  and th e  mixture e l e c t r i c a l l y  s t i r r e d *  A fte r  the three  

hour $ were over the m ixture was cooled  in  i c e ,  f i l t e r e d  through f r i t t e d  

g la s s ,  and washed w ith  co ld  water, then w ith  sm all q u a n titie s  o f co ld  

acetone, taken up in  petroleum e th er , and f ilte r e d #  th e  so lven t was 

evaporated o f f  and the p a r a ffin  r ecry st& lllsed  from acetone#

v* € im r% l9m k^i.2rnm lllm % lsia .*

At f i r s t  the oxygen-free fra c tio n s  obtained by the experiments

w ith  equilibrium  m elting were combined on the b asis  of m o lt in g  p o in t, 

f r a c t i o n s  ***** to  Hl** feeing obtained* *A" m elted  at ©bout 3?° and **lm



a t  about 41°* l*ach of th ese  nine f r a c t io n s  was then f r a c t io n a l l y

c r y s t a l l i s e d  f ro m e th y l  e th er t and th e  f r f ic t io n s  thus o b ta ined  combined

©n th e  b a s is  of m e lt in g  point*

A fte r  the  f r a c t io n a t io n  o f  th e s e  nine f r a c t io n s ,  i t  was r e a l i s e d

th a t  the b e s t  chance fo r g e t t in g  any th ing  re c o g n isa b le  out o f  t h i s  obviously

com plica ted  m ix ture  was to  c o n c e n tra te  on th e  h ig h es t  and lowest m e lt in g

frac t io n s*  Repeated f r a c t io n a t io n  o f  one of the  higher m elt in g  f r a c t io n s ,

f i r s t  from e th e r ,  then from  t h i r t y  to  s tarty degree p e t r o l  eta® e th e r ,  gave

m product whose p h y s ica l  c o n s tan ts  d id not change on f u r th e r  f r a c t io n a l  ion*

F ra c t io n  K6 m elted  a t  60*4-60*8, s e t  a t  60*S, and e x h ib i te d  t r a n s i t i o n

p o in ts  a t  52 and 60*4* Thesis c o n s tan ts  were taken  u s in g  an e l e c t r i c a l l y

s t i r r e d  beaker of o il*  M elting p o in ts  a t  f i r s t  taken on a T hiele ty p e ,

e l e c t r i c a l l y  s t i r r e d  ba th  were found to  be too high by about th re e  degrees*

t h i s  d i f f e r e n c e  was f a i r l y  c o n s ta n t ,  and was undoubtedly  doe to  I n s u f f l c i e n t

l iq u id  in the  ba th  which caused poor c i r c u la t io n *  high m eltin g  p o in ts  have
*2

been observed by hand© and o th e rs  on t h i s  type of bath* as  soon as i t  

was d iscovered  t h a t  the m elt in g  p o in ts  were too h igh , th e  b a th  was discarded  

and a l l  f u r th e r  m elt ing , s e t ,  and t r a n s i t i o n  p o in ts  were taken on the  beaker 

bath* The r e s u l t s  o b ta in ed  on th i s  appara tu s  a re  b e liev ed  to  be very  

r e l i a b l e  s in c e  & c a l ib r a t e d  Jnschutz thermometer was used , and th e  r a t e  

of h e a t in g  was slow*

From th e  lowest m elting  f r a c t io n  "1** th e re  was f i n a l l y  o b ta in ed , 

a f t e r  f r a c t io n a l  c r y s t a l l i s a t i o n  from ace tone  and petro leum  e th e r  (1 :1 ) ,  

f r a c t io n s  1*5„ and T5 • The former m elted a t  41*4, s e t  a t  41*1, and*r 4
e x h ib i ted  t r a n s i t i o n  p o in ts  a t  about 35 and 40*6* th e  m elting  p o in t  of 

the  l a t t e r  was 40*0 and i t  underwent t r a n s i t i o n s  a t  35-36 and 39*4* The



constan ts o f  seemed to  f i t  the s tr a ig h t chain hydrocarbon contain ing  

tf«fit|*o:n® carbon 9 toss#* lr«t *fehae%U6nt examination showed t h is  was not 

true* A efraetionat ion o f  some o f  the fra c tio n s interm ediate in  m elting  

poin t between the higheet and, the low est gave severa l fra c tio n s  whose 

important f i r s t  tr a n s it io n  p o in ts on heatin g  wore about ten degrees below 

th e  s e t t in g  points* Ore!Inertly the tra n s it io n  poin t o f  a pure hydrocarbon 

w il l  be four to  s ix  degrees below the m elting  point* w hile the tra n s it io n  

poin t o f  a binary ?ri*tur# may foe up tc  e ig h t degrees below t m  m elting  

point* However* Ghlbnall^ has shown that a miatwre may be e s s e n t ia l ly  - binary 

and yet have a tra n sitio n  point depressed severa l degrees below the expected  

temperature* due to  the presone* o f  a ss& ll quantity o f  & th ird  substance* 

then the dark-colored residue obtained in  the fra c t io n a l d i s t i l l a 

t io n  was p u r ified  by treatment w ith  hot su lfu r ic  a c id , and then fr a c t io n a lly  

c r y s ta l l is e d  from petroleum ether* sev era l fra c tio n s were obtained whose 

tr a n s it io n  p o in ts  were f a ir ly  c lo s e  to th e ir  m elting  points* f a c t i o n  B 16 

m elted a t  45* £°* s e t  a t 55*0* and underwent tra n sitio n #  at 55* £ and a t do*0^ 

The procedure used in  the fra c tio n a tio n  co n sisted  f i r s t  in  d is s o lv 

ing the m ixture in  th e  solvent* and. then p lac in g  i t  in  the ic e  box* An 

attempt was made in each c r y s ta l l is a t io n  to adjust the quantity o f so lv en t  

and time o f  c ry sta lX isa tio n  so that about h a lf  the m aterial appeared In the 

f i l t r a t e  and h a lf  in  the p rec ip ita te*  A fter orysta111sation* which took 

only about ten minutes* the mixture was f i l t e r e d  on a coarse f r i t t e d  g la s s  

f i l t e r  u sin g  g e n tle  suction* 2he fo llow in g  i s  a diagram o f  the general 

procedure for the fraction ation s*
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in a c t io n s  $ i  and 5g were g e n e ra l ly  found to  have almost e x a c t ly  

the  same m eltin g  p o in ts  and. were combined* S im ila r ly  3^ and 5^ were th e  

name* The o r ig in a l  sim ple  I s ' f i r s t  s p l i t  in to  a f i l t r a t e  lg  and a 

p r e c i p i t a t e  1^* th e  p r e c i p i t a t e  always appears  on the l e f t  in  the  diagram 

and th e  f i l t r a t e  on th e  r ig h t*  The f i l t r a t e  &g from the  c r y s t a l l i s a t i o n  

o f  1^ was combined w ith  th e  p r e c ip ita te  o b ta ined  by c o o lin g  or c o n c e n tra t in g  

Ig  • In th ese  f r a c t io n a t io n s  the  u se  o f  126 c* o* £rlenmeyers w ith  I n t e r 

changeable ground g la s s  J o in t s  was found to  be extrem ely convenient, as a 

condenser w ith  ground J o in t  could  be connected  d i r e c t l y  to  the f l a s k  fo r

c o n c e n tra t io n  purposes* The use  of ground J o in t s  a ls o  avoided contam ination

o f  th e  f r a c t i o n s ,  which l a  im portant in  a  p ro cess  such as th is*

In th© fo llo w in g  r e p o r t  of th e  a c tu a l  c r y s t a l l i s a t i o n s  which were 

carr ied  o u t ,  the l e t t e r  in any f r a c t io n  I s  the l e t t e r  g iven  to  the s t a r t i n g  

p roduct o f  any a e r ie s  of f r a c t io n  a t  io n s ,  and the  numbers and subnumerals 

show the  p o s i t io n  In a diagram l i k e  t h a t  on t h i s  page* Thus, the  name of a  

f r a c t io n  A64 w i l l  i n d ic a te  t h a t  f r a c t io n  A hag been c r y a t a l l i a e d  acco rd in g  

to  the scheme o u t l in e d  u n t i l  the p la c e  in d ic a te d  by $4 has been reached*

A f r a c t io n  T5^ would be a  p a r i  o f  WTW c a r r i e d  to  the saiae p la c e  in the  

g en e ra l  scheme* The la r g e  number always in d ic a te s  the  le v e l  o f the  f r a c t io n 

a t i o n  t r i a n g l e ,  w hile  th e  subisumeral indicate®  the number o f the f r a c t io n  

a t  that level*



f r a c t i o n s  18, 19, 2~# and £6, melt lug  a t  §7°, which war* ob ta ined  

from the experim ents w ith  eq u il ib r iu m  m e lt in g ,  were combined, a m  given the 

d e s ig n a t io n  WA*W h e r e a f t e r ,  fraction numbers given without l e t t e r s  w i l l  be 

f r a c t i o n s  ob ta ined  from e q u il ib r iu m  melting* Fractionation from e th e r  gave 

fou r  f r a c t io n s  w ith  the fo llo w in g  m e l t in g  and eet-pcinte;

Fraction AŜ  k%2 A33 A34
M* p . 59*# §3*0 57*5 §5*0
a* p. as* 5 §7*o 57*0 —

fhe  two f r a c t io n s  AJ^ and AS ^were not combined, but were f r a c t io n 

a te d  as  p a r t  of th e  g e n e ra l  scheme down t© the f i f t h  l e v e l ,  j u s t  as  3g and 

33 were t r e a t e d  in  the g e n e ra l  diagram on the p reced in g  page* f h i s  p rocess

o f  ta k in g  only two o f  the  f r a c t i o n s  fro® on# l e v e l  to  a lower one w i l l  be

r e f e r r e d  to  hereafter as "dual fractionation**

She m e lt in g  and s e t - p o ln t s  o f t he fo u r  f r a c t io n s  thus  o b ta in ed  

a r e  g iven in  th e  fo llow ing  t a b le :

F ra c t io n Aft* k H a §4
-Si* P* §i*§ §9* ©7*1 §§*
3* P* m * §6*9 mm m' —

A0^m a added to  A§3 and A§4 was added to  f r a c t io n  2*

F ra c t io n s  A$x and Ab^ were f r a c t io n a te d  as fo llow s:

A c tu a l ly  th e  f i l t r a t e s  from A6^ and i .%  were oombined to  g ive A69 w hile  

th e  p r e c i p i t a t e s  fro® th e se  same two f r a c t io n s  were combined to  g ive  A6  ̂ • 

Next, th e  most in so lu b le  f r a c t i o n  A$l  was c r y s t a l l i s e d  a  number 

o f tim es to  g ive  p r e c i p i t a t e  A9^ , then Al$p , then  A llp  , then  A12^ j and



f i l t r a t e s  » AlOg , A l l£ , and A12g.

The c o n s ta n ts  fo r  A ll^  and A12^ were as fo llow s;

f r a c t io n  A ll^  A12x
M*P. 60«7 60 .0
S. P. 6 0 .2  6 0 .3

two more o r y s t a l  1 I s a t io n s  of A12 x g&we A14 x m e lt in g  a t  61.1* 

th e  two f i l t r a t e s  were combined w ith  Al£g.

2he c o n s ta n ts  for the  f i l t r a t e  o b ta ined  were as fo l low s:

F r a c tio n A122 A U g A l»2 A9g
M.F* 60* 6 6 0 .0 5 9 .9 5 9 .9

F r a c tio n a s 2 A72 a 62
M.P. 5 9 .9 &9« 6 8 .

F ra c t io n s  A llg ,  Al$g, A9g, A8gt A12g, and ZZ were combined* 

Thus, from th e se  f r a c t io n a t io n s  of MA*% the fo llo w in g  s ix

f r a c t i o n s  were l e f t ;

F raction. A 3^ A5g AX4X A8g A7g A6g
II.F. 55* 57.1 61.1 0&. 60 59.0 58*0

The next s te p  was to  combine f r a c t i o n s  1 , 3 , 4 , 24, and 25.

These f r a c t io n s  m e lt in g  a t  56-56*5 were c a l le d  "3M* f r a c t io n a t i o n  frca

e th e r  y ie ld e d  the  fo l lo w in g  f r a c t io n s ;

F ra c t io n  B3X B3g B3? B$4
It. P. 58*5  57.0  57.0 5 6 .

F ra c t io n  A5g and 35^ were added to  B3g* F ra c t io n s  33x and B3g were then

" d u a l ly  fractionated** as was "AM. The fo llow ing f r a c t io n s  w ere ob ta ined ;

F ra c t io n  B6X B62 B65 B54 38^
M .p . 5 8 .8  5© . 5 7 * 55*3  5 2 *

36 ^ was added to  A7^f 36g was added to  A6gt and 16^ was added to  f r a c t i o n  

It*

Thus, from "3", f r a c t i o n s  B63 and B64 were l e f t .



tiext, f r a c t io n  **0 ” m o ltin g  a t  about 55° was formed from f r a c t io n s  

23, 29, 2, and B64* The usual f r a c t io n a t io n  from o th e r  r e s u l te d  in  the  

fo llo w in g  four f r a c t io n s ;

F ra c t io n  03^ Q3g $3,* 034
M*F. 56-3 56.0 54.7 52*5

Bu&l f r a c t io n a t i o n  of 03g and gave th e  fo llow ing  f r a c t io n s ;

F ra c t io n  0ĝ . 06» 0©4 06^ C6g
» . ? .  57. U 56.0 55.3 53-8 52.2

B63 and C3| were combined w ith  and A34 was added to  C64 *

S e a t ,  rtDM, m elt in g  a t  5 4 -5 4 .5 ,was formed by combining f r a c t i o n s

£7, £8 , and 06^. The u su a l  f r a c t io n a t io n  down to  the t h i r d  l e v e l ,  and dual

f r a c t i o n a t i o n  ©f B3g and 03^ to  the  l e v e l  of four gave th e  fo llo w in g :

F ra c t io n  m x M 4 B34
H.-P* 66. 35» 5 54* 52*

534 was added to  B4g, 2>3j was added to  C6g, and B4g was added to  G64.

8e x t ,  *£* m e l t in g  a t  51 .8 -5 2 .6  m s  formed from th e  com bination of

f r a c t i o n s  8 , 9, 10, 11, 12, X>44 , 334 , 0 % ,  and C6g» F ra c t io n a t io n  o f  *F%

w ith  dual f r a c t io n a t i o n  o f  £32 an& ^ 3  gave the fo llo w in g ;

F ra c t io n  £3^ £6g E63 E64 Bfeg £6fi E34
II. P. 54.0 54.0 53.0 12.2  51.0 50.0 —

E3^ and were added to  04g.

Mext, WF% m e lt in g  a t  49* 3 -50 .3 , was formed from f r a c t i o n s  30, 31,

32, M g , and E34» F r a c t io n a t io n  o f"F"and dual f r a c t io n a t i o n  of F3g and F3^

gave the fo llow ing :

F ra c t io n  F3X F6g F6g F64 F6& F66 F34
M.F. 51 .5  62 .0  51 .6  50 .5  50-0 48*5 4 9*5

F3^ and F6g were added to £64«

f r a c t i o n  F64 was the  f i r s t  f r a c t io n  in which t r a n s i t i o n  p o in ts  

were observed* f'hm t r a n s i t i o n  p o in ts  on h e a t in g  were 36 and 50°.



F ra c t io n  m alt ing  a t  47°* was next formed from  f r a c t io n s

54* 35* and 38® fh© fo llow ing  frac tion®  were o b ta in ed  in th e  u su a l  srayt

F ra c t io n  OSj 0®2 S3 a 0S4
H*P* 49 • 48® 47® 46*5

Dual f r a c t io n a t io n  o f  53^ and 03^ r e s u l t e d  in the  follow ings

f r a c t i o n  $5g G5g 054 05^
15® P. 49* 48* 47* 45®
2nd T .p . 48*2 47*  ® 45®

on h e a t in g
f r a c t io n #  f 2̂  v * and $5g were combined*

dext* f r a c t io n  smelting a t  formed fro© f r a c t io n s

33* 36* 37* 03^* F re o ti©nation o f* i fan d  dual f r a c t io n a t io n  of

H3., and H32 gave th e  fo llow ings

F ra c t io n  13* H5g M6S M§4 H5S H34
li.?* 48* 47*5 47* 46* 45* 45*5
2nd £*?* 47* 47® 46. 48® ------ 44*

on h e a t in g

E3|_* E5g* and E8g were combined w i th  and H5$ and E34 were combined* 

Tne next s te p  was to  combine f r a c t io n s  13* 15* and 18 to  give 

**!*% m elt in g  a t  41°. F ra c t io n a t io n  gave th e  follow ing?

F ra c t io n  13* X3g 13$ 134
II* P. 43® 42* 41 .2  39.8
2nd f . P .  42* 41* 40® 59.

on b e a t in g

i?o 13g m s  added f r a c t io n  17* and f r a c t io n  14 wm  added to  I34 *

She next s te p  c o n s is te d  o f  r© fra c t io n a t io n  o f  s u i t a b l e  f r a c t i o n s  

a lre a d y  o b ta in ed . F rac tio n  m e lt in g  a t  87 was re-named ”6 ** for th e  sake  

of convenience* and r e f r a c t  lo c a te d  to  th e  le v e l  of th ree*  and then  3 %  and 

83g were d u a l ly  f r a c t io n a te d  g iv in g  the  fo llow ing :

.f rac t io n  83, 85^ J6„  85, 8 5 .  831 2  5 4 8 4
M. F. 60*5 60® 69® 58* 56® 56®

J$ £  m s  added to  , 8 54 was added to  A62* and J3 4 and 8 I>0 were added to  s % .



*T3ĵ  and J&g were combined and c a l le d  Befr&ctlon&tlon of

"X* w ith  dual f r a c t io n a t io n  of X3g and K2lg gave the  fo llow ing :

F ra c t io n  ITS* m% K&g £2%
I f .? .  60*5 6 0 .5  § 9 .5  5 7 .5  57.

was added to  a ? gf and X2g and X44 were added to  A6*>.

£3  ̂waa re-named and f r a c t io n a te d  to  g ive  th e  fo llow ing :

F ra c t io n  MS* M32 MS3 M£s
61#7 61* 60* 59*

M2g was added to  A7g t and MŜ  was f u r th e r  f r a c t io n a te d  to

g ive  th e  fo llow ing :

F ra c t io n  M6 * M6g K6 3  J864
M* P* 62. 6 1 .5  6 0 .5  60*

M6- and M6, were added to MS_*

Next t renamed WLM and m e lt in g  a t  59°was f r a c t io n a te d  and

ASg and AS^ were dua lly  f r a c t io n a te d  to  g ive th e  fo llow ing :

F ra c t io n  L3* hSz  U >3 L04 L56 L34
M.P. 60. 60.      57. 57.

L% and L% were f r a c t io n a te d  acco rd ing  to  th e  fo llo w ing  scheme

( th e  m e l t in g  p o in ts  a r e  given ad ja ce n t  the  f r a c t io n s ) :



32.

h *l , Lftg, L73§ 19^, L lig t and Ll3^ were now combined and c a l l e d  

**!**• On carrying out a s e r ie s  of fra c tio n a tio n s l ik e  the previous s e r ie s ,  

the fo llo w in g  fra c tio n s  were obtained:

F ra c t io n MSl « 4 *5# »** ***
M*P* 61* 59* 61. £ 61. 59.

T rac tio n M94 B9r5 «96 K9?
M.P* 61. 59*5 59.

»fi6# 8T6# *9fi# 6# and S»? , were added to • H5a # B73# and

were combined and c a l l e d  "0W. K@fr a e t  i  onat i  ort of **QW to the lev e l

then dua l f r a c t io n a t i o n  o f  03^ and 03g gases

fr a c tio n 031 m 2 05J 0^  05§ 0S4
M.P. 61. 61. SO. 40. 59. g

T ractions Q63 and 05^ were a M ed to 034.

03^ and 0% wore combined and c a lle d  "P*. F ractionation  o f **PW

according to the same a c h « e  as the la s t  s e r ie s  o f fra c tio n a tio n s  gave:

f r a c t i o n  ? 3 \  P5.2 ? fij  Tfi* P6^ P3*
If* P* 61* 61. 6 0 .5  60. 60. m *

PS0 a lso  underwent & tr a n s it io n  at about 52°.

P% and P% were combined# c a lle d  *V*, and fraction a ted  again

in the same manner as the foregoing  t© gives

F ra c t io n  h&i  and 462 4 %  4%  45§ and 434
M*P* 61* 61* 61* 61.
S. P. 61. 60.3 ©a. 52 —
T*P» ( 1s t )  60* $2 ca* 52
T*?. (End) 61. ~ ~ ~

A fte r  t r e a t i n g  43^ and 45^ w ith  s u l f u r i c  a c id  the  fo llow ing  c o n s ta n ts  

were obtained: is.P. 6 1 .6 , 3*P* 61*0, and T.P. 63*

She n e s t  s te p  was to  change th e  so lven t*  465# 40fc# and *3| 

were combined* c a l l e d  *$•*, and fra c tio n a tsd  fro® 30-6G^ petro leum  eth er , 

a cco rd in g  to  th e  same scheme as the l a s t  a e r i e s  o f f r a c t io n s .  She



S3<

fo llow !n g  f r a c t io n s  ware ob ta ined :

F ra c t io n B3X and Rug S53 E54 R55 and II
» .? • 61.2 61. 60.6 -  60.8 60*2
5. P. 60*9 « * * » « •» 60* 2 — *

2. P. (1 s t ) 53* S3* 53. 52*
T.P* ( 2nd} 61* — 60*4

dins© i t  appeared t h a t  a p p re c ia b le  changes in th e  constants were no 

longer ta k in g  place* further fra c tio n a tio n  of t h i s  m a te r ia l  was abandoned* 

Rext* the  f r a c t io n s  X3X* ISg, 133, and 134 were p u r i f i e d  w ith  

su lfu r ic  a c id ,  and th e ir  p h y s ic a l  conetante ear© fully determined:

F rac t io n I3 X 19s I3g 134
M* F* 42 .7 41* 6 41 .2
3* P. 42*4 41.0 40 .4 38.8
2 . P. ( 1s t ) below ca . 35* 34. oa« 32.

31
T.P. {2nd} 42 .0 40*6 40. 6

F ra c t io n  X2jg wee renamed w3* and f r a c t io n a te d  f t  am p e t r o l  mm 

eth er-aoetoae ( 1 :1 ) accord ing  to  th e  scheme used in th e  l e e t  severa l 

s e r ie s*  fh e  fo llow in g  f r a c t io n s  were ob ta ined ;

F ra c t io n 83X ^  ih g S5s 304 3 %  and 554
M.F* 43*4 4 2 .0 4 1 .0 32.
3. P. 42 .8 41 .8 38 • 8
T.P* ( 1 s t ) 35 .2 under

m
38* 5 ———

T.P. ( 2nd) 4 3 .2 ca .
41*5

—— — *—

Next, 35  ̂ was c a lle d  *T" and carried  through a eer lee  of 

f r a c t io n a t i o n s  fro® aeetone-petreleusi ether ( i ; l )  w ith the fo llow ing  

r e s u l t s  $

F ra c t io n f » x and T52 w 3 *»4 f5 g  and
M.p. 4 2 .5 41*4 4 0 .0 38*8
s* ? . —> apUMf 4 1 .1
T .P . ( 1 s t ) 36. c a . 35. 3 5 .-3 0 . 33.
f . P .  (2nd) 42 . 40* 6 39*4 mu — m

F ra c t io n  was nex t s e l e c te d  fo r  refraction ation *  C arefu l 

d e te rm in a tio n s  o f I t s  constants g&ve fo r  th e  m e lt in g  p o in t  50 .2 , s e t -  

point 49*4; and t r a n s i t i o n  p o in ts  37-38 and 49*6* The fo llow ing



34<

f r a c t io n  were ob tained from petroleum ethe r -acetone  ('1:1)

F ra c t io n U3^ c s a W/* l 3 4
K* Pm 51*0 s o .s 49*2 4 7 .8
3. ?* so. 6 49*8 48*9 47* 4
T.P. ( 1 s t ) 39* ?7 .4 C** 39*• on* 38 ***39*
T-P* (2nd) SO. 4 49*8 48*2 47# £

Ksxt, 0 % was c a l le d  ”f f* and i t s  c o n s ta n ts  c a r e f u l ly  determined# 

They were: m elt in g  p o in t  56*6* s # t - p e ia t  55*1, and t r a n s i t i o n  p o in ts  42* 

and 54*8* F raction ation  from aeatone-patrolasas e th e r  gave the  fo llow in g t

?34c t  Ion T3l ^ 2 T33
M* F* 5§* 6 56*2 55* 2-.
S.F* 56* 2 55*8 55*0
S-P* (1 s t ) 4 b* 44* € 43*0
T*P* (End) —«*» so 66*2 — 54*8

below 39 
— 54* 0 «»»•

05# 4

was i*enaned **WW and f u r th e r  f r a c t io n a te d  to  g ive  th e

fo llow ings

F ra c t io n W3X *3* 1S3 ^ 4
M.P* 55*8 56* 4—66* 6 55*6 53*8
S*F* 56-3 54*9 55*2 53*4
f.P* (1 s t)4 4*4 -4 5*6 45*2 44*7 ca* 45
T.P* (2nd) 56*0 56*0 55*2 53*0

was renamed **X% and f u r t h e r  f r a c t io n a te d  to  th e  le v e l  of 

th ree , and fr a c t io n s  and were d u a l ly  f r a c t io n a t e d  t o  g ive  the  

fo llow ings

f r a c t i o n X3X and XSg X§3 X54 X5a and X34
M.P* 56* 6—56* 7 55*8 55*6 65*0-55*2
s*.p* 56*3 55.4 55*1 54-4—54* 6
1?*?. ( 1s t ) € 6*0 44* 6-44*6 43* e 42*
T.P* ( 2nd) 56*4 55* 6 55*0 54* 6

 f .M l t o * * h e  a t m  r e s i d u e  m s

c a l l e d  MhM and f r a c t io n a te d  from petroleum  ether# I t  w i l l  be no ted  th a t

p re v io u s ly  the  l e t t e r  **!:* was used u n in te n 11 c o a l ly , fo r  an e n t i r e l y  

d i f f e r e n t  f ra c t io n *  The two d i f f e r e n t  Hf s may be d i s t in g u is h e d  by the  

numbers which fo llow  the l e t t e r *  In the  f r a c t io n s  d e rived  from the s t i l l



resid u e , no subnamerals a re  u sed , whit® In th e  "ft* which appeared p re-  

v io u a lp  in  the  t h e s i s ,  one number to  r e p re se n t  th e  f r a c t io n a t io n  l e v e l ,  

and a aubnumer&l to  re p re se n t  th e  number o f  th e  f r a c t io n  in, th e  le v e l  

were used* In. the .following diagram th e  m e lt in g  p o in ts  appear ad jacen t 

th e  f r a c t io n  numbers:

/ • * . » /  \  / /  \
* k 7 e t

/  \  ^  \  /  \  \
^ 1 0 ^  11 ̂  © X2£4 , °  X36s . °  X460.°

1065.5© 1665,0
/  \

21 2255,50
/  \

2855, 5© 2955, 5©

R12 was combined w ith  f i l ls  and B29, £29* and £22 were combined 

w ith  B16* Oareful d e te rm ln a tio n s  of the c o n s ta n ts  for HI5 and K ll  gave

th e  fo llo w in g  resu lts* .

F ra c t io n  M.P. S.JP* f . P . ( 1s t )  f i F * (2nd)
iil6 66*2 66*0 56*2 60.0
H ll 64.2 53*a S4.0 65*0

F ra c t io n a t io n  o f  H ll c a l le d  **¥*, fro® petroleum  e th e r ,  was

c a r r i e d  out acco rd in g  to  th e  fo llo w in g  diagram*

X * X2 1 ^ * '2  83
/  \  ^  \  /  X3 ,  S 9 3 S^  U  2 3 4

5 1 *2

The c o n s ta n ts  fo r  the  f r a c t io n s  ob ta ined  were as  follows*



Bract1on x s2 and X4g w*a **5
la* .?• 65*8 54*4 63*7-63*0 ©a* 63*4
d*F* 6b* 2 63*8 63*4 - —-----
T* F* (1 s t)  55* **56* 54*-55* 53.-54* in d ef•
S.?* (£nd) 65*2 63* 8 63*0

g. g a it  live. tra n a U lo n . and

Tii© b&th used fo r  the c a r e f u l  d e te rm ina tio n  of th e 3© c o n s tan ts  

was & £'5® ©*c* beaker, c o n ta in in g  about £00 c*q* o f  cottonseed. o i l  and 

heated by & Bane era burner* ffe© l iq u id  was s t i r r e d  w ell by an ©loot? i s  

s t i r r e r *  A Bureau o f  Standard© ca lib ra ted  A&ecftuts thermometer graduated  

In 0*2° d iv is io n s  was p laced  in  the  ©enter o f the  b a th , and read  w ith  the  

a id  of a  sm all len s  of m agnification  about *3# Issuers ion was about f i f t y  

per sent* In o rder  to  cool the  ba th  r a p id ly ,  ic e  was placed on th e  w ire  

gauge around th e  beaker* In  t h i s  wap i t  was easy to ©heck th e  t r a n s i t i o n  

p o in t  which i s  d i f f i c u l t  to  observe in many case®, and must be taken  

coveraI times befo re  a  d e f i n i t e  v a lu e  i s  determined* Open c a p illa r y  tubes 

were used* no d ifferen ce  was observed between th e s e  r e s u l t s  and loo se  

ob ta ined  by u s in g  s e a le d  tubes* The wax m s  pm  had down the tub© by 

means of a  g la ss  rod  to  a  h e ig h t  such that when melted i t  was te c  to  three  

m illim eters* th e  tube was then placed on the steam bath for  a minute 

u n t i l  a l l  the a i r  bubbles were expelled* and then put in  the m elting  p o in t  

bath next to  the thermometer* The ba th  was heated  above th e  m elt in g  po in t  

o f  the  sample and allowed to  coo l slow ly u n t i l  i t  s o l i d i f i e d ,  and then 

cooled with ic e  below th e  tr a n s it io n  point*  The ba th  was then heated  

slow ly  to the t r a n s i t i o n  p oin t which was recorded, then more .rapidly to  

a point about two degrees below feh© m e lt in g  point* The p a r a f f in  underwent

another tr a n s it io n  about a h a lf degree below the m elting  point and f in a l ly

m elted sharply to  a c lear  liquid* On slow co o lin g  the s e t t in g  temperature 
wm ascertained*



The t r a n s i t i o n  p o in t#  fo r  th e  lower p a r a f f in s  wort no t ao 

d e f i n i t e  as tho se  o f  the  h igher member** The m a te r ia l  appeared  somewhat 

g la s sy  a t  room tem perature  bat a  number of ©racks or f i s s u r e s  were noted*

At the tra n s it io n  p o in t, the en tire  m aterial became c lea r  except for a

smooth, elongated a ir  bubble in  the ©enter* In acme ca ses , e sp e c ia lly  i f

s u f f ic ie n t  time was not given for th e  sample to change from one s ta te  to  

another the s i r  bubble p e r s is te d  when the sample wm  cooled below the 

tr a n s it io n  p o in t, but Jagged edges appeared in  it*  On r a is in g  the tempera

ture to  the tra n s it io n  point the edges smoothed out* The seec&d tra n s it io n  

point on heating was marked, by a disappearance of the a ir  gap, and the  

©hanging o f  the m aterial from a g la ssy  to an opaque sta te*  The aefc-point 

wag taken as that temperature at which needles appeared in the liq u id . The 

values reported for the tra n s it io n  p o in ts , s e t  p o in ts , and m eltin g  p o in ts  

are b e liev ed  to  be good to  0*2®*

flftUlmKfctafl .M ,
rf

found fo r  nonacesane i
M*f* 65* 6 — 63* 8
3* J?* 63* 1
T.f* *s So*©, 63*4

Ohibnall*# va lu es  :
lit# Jr. S3* 4 — S3* S
3*.f* 63.2
T .f .* a  37*3 -  67*5, 63*2

the spacing# were o b ta ined  by u s in g  a $*.!*♦ iiayes X-ray d i f f r a c t i o n  

u n i t  w ith  a s e l f - r e c t i f y in g  P h i l l i p s  *ehrcme«lron** re s e a rc h  d iffr a c t io n  

tu b e ,  having a copper target* The tube was water-cooled, and ope ra ted  a t  

30 II* ¥* and 20 m.a* A "circul&r reflection** camera was used w ith  the  

sample mounted on. a f l a t  p iece  of g la s s  in  the  center* The sample

A-
k in d ly  fu rn ish e d  by CU£*3axido o f  the  U n ited  S ta te s  department o f  A g r ic u l tu re



e ith e r  m elted  on or the c r y s ta ls  p re s to 4 on to  the glass* fb® * - ra y  beam

e n te re d  through a  narrow s l i t *  s t r ik in g -  th e  sample, which was o s c i l l a t e d

through about 3©°* a t gras in# Incidence* f'h# wav® length o f the rad iation

used was 1*£39 A°* She film  wmi bent in  an are- around th e  elrcumfe r enoe

of th e  camera, a llo w in g  r e g i s t r a t i o n  ever about EDO0* She ra d iu s  o f th e
t

camera was 6*945  ^  *005 ess**

She film  was measured to 0*QI em» with a sc a le  and vernier* By 

using the weighted average o f  from four to  th ir tee n  orders# the values for  

w the d ista n ce  of the f i r s t  order r e f le c t io n  from the uadevlated beam 

was determined to  w ith in  O.OOf m* U sually  the number o f orders present 

was greater than the number measured, for only those were used in  obtain ing  

the average values that were c lea r  enough to measure accurately* Th& over

a l l  accuracy o f the determ inations of wd* the interplanar spacing was about 

one per cent* '2he accuracy u sin g  th is  apparatus on m ater ia ls w ith  shorter  

spacing®, 1* #* larger angles# was o f  course much better*

fh® ang le  ♦  In  Bragg’ s law was determined in  th e  u su a l  way by 

d iv id in g  twice the r a d iu s  In to  the d is ta n c e  MD** and then  m u lt ip ly in g  by the

conversion  fa c to r  fo r  degrees to  radians*

«. * g §  *  6 7 .3 0

£> was then  s u b s t i t u t e d  in  Bragg’ s law n - 2 d s in*#  to g ive the  i n t e r -  

p lan a r  spacing  W<T *

She a c tu a l  photographs ob ta ined  in  t h i s  r e s e a rc h  a re  g iven in  

f igs*  3 to  14*

C all h r a t  ion,.of ,.3Ug*s. d i f f r a c t i o n  Mi&m&Mm.'

found for noaaoos&ne s
±) s  0*B?$ on* (average  o f  13 o rd e rs ;  sample

_ p v m sed on to  p l a t e )« ft
<r i s ’ m n
& * 06*44°

C h lb n a l l ’ a v a lu e  fo r  nonaoosane s
d ® 08*B8 A°

^O btained f*o» 6*£*3ande of the- United S ta tes department of A gricu ltu re



F ig .  3 X - ray  D i f f r a c t i o n  P a t t e r n  o f  Nonacosane

Fig. 4 X-ray D i f f r a c t io n  P a t te r n  o f  F ra c t io n  R 16

F ig .  5 X - ra y  D i f f r a c t i o n  P a t t e r n  o f  F r a c t i o n  R5 4



f i  a. 6 X - r a y  D i f f r a c t i o n  P a t t e r n  o f  F r a c t i o n  U33

FIG* 8 X - r a y  D i f f r a c t i o n  P a t t e r n  of  F r a c t i o n  T5g



FIg. 9 X-ray D i f f r a c t io n  P a t te r n  o f  F ra c t io n  T54 ( Melted )•

Fig . 10 X-ray D i f f r a c t io n  P a t te r n  o f  F ra c t io n  T04 (Pressed)*

)
F i g .  11 X - r a y  D i f f r a c t i o n  P a t t e r n  o f  Nonadecane



F ig .  12 X - ra y  D i f f r a c t i o n  P a t t e r n  o f  H e n e ic o s an e

Fig. 14 X-ray D i f f r a c t io n  P a t te r n  of a  Mixture of 
50$ Heneicosane and 50$ T ricosane

V/\
 

. <



3a'.ipX« caXoviXt-itlor. o f apaolng.

dampXe H6

Order U n its  
.... SlU IS * ........._

D istance -from 
... 1st...Order. Line.

2 1 0.28
$ % 0 .6?
4 3 0*86
5 4 1 .14
6 5 1.43
? 6 1*72
8 ? a. ox
9 . SITr 2 .30

J s&m l ™, .mwJ L  — —....Jk&ifflL........ - -

&v&rage J>m 10.31 s  • 287 cm. 
36

e * M7*30 x 0.38? * 1.184° 
3x6.94 a 1°U * 2*

Ix i,. 539.,%. i in  l ° i r  2."

a m a . SJLJi-zX&R. jStUmlflftMftwi

* 3?. 3 A

Sample Orders Average
d in

Synthetic  (melted) 5 0.380 1°34*1* 2$. I

(melted) 5 0 .369 Bmm a s  pressed sample

(pressed  fla k es) 5 0 .370 103 1 '3 0” 23*9

(pressed) 8 0.287 X°1X»2» 37.84

23^ (pressed) ? 0.301 X°X4’ 84" 3s>. 55

U33 (pressed) 6 0*330 x°ax*32" 38.45

*6 (m elted) 4 0.372 X°32’ 8" 28.75

60-50 end 4 0.356 1°28, 5H 3 0 .C

G2# 4 S (melted)

h i6 (pressed) 4 0.263 X°S’ 6” 40.64

Synthetic (m elted) 0 0.410 X°41*28" 26.X

Synthetic  023% 8^ €it@i^ ? 0-345 X®26*16“ 31.0

4I t  was found t h a t  CM bnall and h is  co—worhers had determined 

p h y s ic a l  c o n s ta n ts  fo r  a  masher of hydroearbone and t h e i r  m ixtures* from 

hexaoosane to  pent atriaoon tane, but had done no th in g  w ith  th e  lower members 

o f  th e  s e r i e s ,  th e y  d id  shew, howererf th a t  the curve for t r a n s i t ion  p o in ts



44*

v e rsu s  compositions* could  be c a lc u la te d  for one mixture* prov ided  the  curve 

fo r  a s im i la r  m lx tu re ,  c o n ta in in g  longer or sh o r te r  c h a in s ,  bad been determined* 

Thus* the  t r a n s i t i o n  point-com positier*  curve fo r  a m ix tu re  of hept&coa&n© and 

ncnacoa&ne would have the same shape as  the nenaocsane-hentriacent&n© o u rr# , 

k l  would merely have a  lower s e r i e s  o f o rd ina te*  (see  fig* IS)* However, i t  

m s  not known bow f a r  t h i s  p ro cess  o f  oa lou l& ti on o f  c o n s ta n ts  o o t id  fe© 

c a r r i e d ,  and s in c e  some o f  the  m ixture# ob ta ined  in  t h i s  r e s e a rc h  were c o n s id e r

a b ly  removed in carbon conten t from the lowest w ith  which CMbimll worked, i t  

m s  thought ad v isab le  to wake se v e ra l  o f  the  lower p a r a f f in s  and determ ine 

t h e i r  physie&l c o n s tan ts  and th e  c o n s tan ts  of se v e ra l  o f  th e i r  mixtures*

Honadee&ne, han-elec*a&e» ana t r ic o s a n e  ^ e re  sy n th e s ise d  by & method 

s im i la r  to th a t  used by C hlbne ll^  and o th e r s ,  w ith  s e v e ra l  m odif ica tions*  The 

proper long chain  a c id s  were p y re ly sed  in  th e  p resence  of reduced iro n  to  g ive 

e x c e l le n t  y ie ld s  of the  ketone* bhen a p e r fo ra te d  i ro n  p la t e  such a s  th a t  

used by Ohibn&lI wag t r i e d ,  poor y ie ld s  were obtained* ffels may have been due 

to  th e  d i f f e r e n c e  in  the  k ind of Iron  used* C h ibna ll  d id  not s p e c i fy  any 

p a r t i c u l a r  k ind o f  I r e n ,  but th e  m a te r ia l  used in  t h i s  work m s  ie-ga lv& nised  

sh ee t  iron* In the  red u c tio n  of the  ketone  to  the hydrocarbon, th e  b es t  y i e ld s  

were ob ta ined  when s in s  amalgam and a lc o h o l  s a tu r a te d  w ith  hydrogen c h lo r id e  

were u sed , and the  m ix tu re  was h ea ted  and n e o h an iea lly  s t i r r e d  v ig o ro u s ly  during  

th e  r e a c t io n  period* She hydrocarbon# were f r e e d  of any u n rea c te d  ketone  by 

trea tm en t w ith  hot s u l f u r i c  ac id  u n t i l  a d d i t io n  o f f r e s h  ac id  no longer removed 

c o lo r ,  and were f u r th e r  p u r i f i e d  by r e c r y s t a l  U s in g  se v e ra l  times from acetone* 

The p h y s ic a l  c o n e tan ta  of th e  s y n th e t ic  hydrocarbons and of s e v e ra l  m ix tu res ,  

which were made up in a manner s im i la r  to  t h a t  de sc r ib ed  by O h ib n a ll ,  a re  

given in  Table  I I I*
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4 |»

Tmfe.1© I I I

Smsapl# K* P#
°G

£?• tff1 *
O

1s t  f*ir. 
heading

C

2nd 2. P# 
h e a t in g

Spacing
, cn

°19h40 82*0-
52*2

31# 5 27*0 31*6 26* L

° a i% 4 40* 2 3t#8 34* 6 40*0 28# 1

c fcS#48 4? #4. 47# 0 41# 6— 
4l#8

47*2 01.0

02!
and

60> 0 ;g3

43# S 4iS># 0 36# 6 43*0 30.0

30$ Cs x 
and 

10$ 02S

40# a 40*4 34 * 6 40# 2

I t  i s  seen from tig*  16 t h a t  the  m e l t in g  p o in ts  o f  the  pure  s y n th e t ic
10hydrocarbons check ve ry  c lo s e ly  th e  "bes t*  value* g iven fey E g le f f  t which a re

th ir ty - tw o *  f o r ty  and fo u r - te a t t in ,  and fo r ty -s e v e n  and f o u r - te n th s  deg ress  fo r

nonadeoane* heneiooeane, and t r ic e s n n * ,  re sp ec t iv e ly *  I t  i s  seen from t h i s

curve th a t  thengh  a s t r a ig h t  l in o  oan fee drawn through th e  s s e l t la g  tem p eratu res

of the  hydrocarbons c o n ta in in g  from n in e tee n  to  tw e n ty - th re e  carbon atoms* or

through th e  m e lt in g  p o in ts  o f  the  beraologs c o n ta in in g  twan ty -s  even to  th ir ty -o n ©

carbon atoms* th e r e  5 s & d e f i n i t e  curvature# Consequent l y f ex t r a d i a t i o n  o f  a

s t r a i g h t  l i n e  through  th e  top p o in ts •■will give erroneous m e lt in g  p o in ts fo r  th e

lower members c f  t m  se r ie s#  I h la  seems to  be t r u e  o f  the  t r a n s i t i o n  p o in ts  o f

the  lower members also# E xtrap o la tion  of a s tr a ig h t  l i n e  through the  t r a r s s i -
4

t io n  p o in ts  of th e  h ig h e r  members obtained  fey Chifers&ll .five v a lu es  fo r  the  

l e w ?  homo legs  which art s e v e ra l  degrees too high* { m m  fig* 1 6 ) The spacing  

v e rsu s  number of carbons, on the  e th e r  hand* seems t o  fee a  p e r f e c t l y  s t r a ig h t

l i n e  fo r  the  whole se r ie s*  As is  seen from  fig* 1? the p o in ts  ob ta ined  fo r  

th e  lower members f i t  c lo s e ly  to  th e  s tr a ig h t  l i n e  drawn th rough  %fm spacing* 

o f  the  h igher ©ember*•
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F ra c t io n a t io n  of e t t o l . Baat aan * th y l  l a u r a t e  *a« p u r i f i e d

by f r a c t io n a l  d i s t i l l a t i o n  through a th ro e  foo t oolumn packed w ith  g la s s  

he lloes*  An e l e c t r i c a l l y  h ea ted  a i t  j a c k e t  had to  be kept about 85-40° above 

th e  as s t i l l i n g  tem p era tu re  to  g i r o  m otsth  d l e t i l l a t i o i i  w ith o u t flooding* £rao~ 

t io n a  were out by im&n® o f a  **pigw» *he middle f r a c t i o n  t o i l e d  a t  133*7-133* 9 ° /6  

sm*
j t o o n l f l e a t l o n  of e th y l  U u r a t e .  44 m » ' o f  th e  b e a t  f r a c t io n  o f

th e  e th y l  l a u r a t e  was s a p o n if ie d  by  r© flux ing  w ith  & m ix tu re  o f  250 o*c* o f  

a lc o h o l ,  50 o*o* o f  w a te r ,  and 5 gms* o f  sodium for se v e ra l  hours* A c id i f i c a 

t i o n  to  Congo paper w ith  hydrogen c h lo r id e ,  and se v e ra l  r e c r y a t a l l i s a t i o n s  

from a lc o h o l  gave £0 gas* of l&urio a c id  m elt in g  a t  44°*

L m zm &  from,..Imrlo_,aoId* 3*3* m®* o f  l a u r i c  a c id  was hea ted  in  &

pyrex  t e s t  tub© w ith  0*8 gme* o f  reduced Iron  fo r  3*5 hours a t  205° in  a  s a l t  

b a th ,  w ith  o c ca s io n a l  s t i r r in g *  !fh© m elt was then  e x t r a c te d  s e v e ra l  tim es w ith  

b o i l i n g  a lc o h o l ,  the  s o lu t io n  c h a rco a led ,  c o n c e n tra te d ,  and coo led , whereupon 

the  ketone  c r y s t a l l i z e d  in  n e a r ly  pure  form* A f te r  s e v e ra l  r © c r y s t a l l i z a t i o n s  

th e  m a te r ia l  m elted  a t  69*G-69*2°* 2*1 gms* of lau ro n e , r e p r e s e n t in g  a  75%

y ie ld  was obtained* H e ilb rcn 1^ g iv es  69° a s  th e  m elt in g  p o in t  fo r  t h i s  compound*

jm lM l& r  th eo ry ;  0 81*55 H 13*69
found; 0 §1*38, fl 15*86,

81*10 13*70

frlccamne.Xrom laurone* Sine amalgam was p rep a red  by th e  M artin22

method* a  round-bottomed f l a s k  equipped w ith  a  ground g la s s  j o i n t  was 

connected  to  a  r e f l u x  condenser, a t  the  top  o f  which m a  a tub© through  which 

th e  hydrogen c h lo r id e  was le d  in to  a  runn ing  water* 16 ^ s *  o f  th e  amalgam 

was f i r s t  p laced  In the  f l a s k ,  then 1 gs« of lau rone  and 200 c*c« of an a c id  

m ix tu re  c o n ta in in g  e^ua l volumes of c o n c e n tra te d  h y d ro ch lo r ic  a c id  and a lc o h o l  

s a tu r a te d  w ith  hydrogen c h lo r id e  gas were added- fh s  m ix ture  mm  r e f lu x e d  

v ig o ro u s ly  fo r  tw enty  hou rs ,  when a l l  th e  s in e  was d isso lved*  T m  m ix tu re



was then ©©©led and f ilte r e d *  30 gss* c f se a l gas and 200 c*g# o f fresh  as Id 

mixture were then added to  the mixture o f ketone and hydroear‘bon, and the  

mixture r e f  lusted 9*6 hours* C e d in g , f i l t e r i n g  o f f  the wax, and eryst& l 11 sec

t io n  from a mixture o f  a lcoh ol and petroleum  ether gave, a product m eltla g  at 

37 **£8 °* f h i s  was trea ted  with oon cen trate i aulfw rle sa id  at 1 3 # sev era l tin ea  

t i l l  fresh  a c id  was no longer co lor  ad* Washing w ith  ^ator and c r y s ta l l iz a t io n

from acetone gave a product m elting at 47*4°, which compared w ell with
24 ©St ra tin g ’ s'''  tr loosan e which m elted at 47 *25 -  47*4 • 0*3 gjras* *aa f in a l ly

o b ta in e d *

A w » l:« lU < S h eo ry : C 8 6 .0 #  8 1 4 .9 0
bounds C 3 0 .0 1 , H 1 4 .6 0 ,

6 4 .6 1  1 4 .9 6

P u r ific a tio n  o f  u n jecjjlls  ao ld . U la t i l la t io n  tbrsmgfc tfes aase

column used for the e th y l l&ar&te gave four fra c tio n s , a l l  o f  which d i s t i l l e d

between 150 and 151®* Fraction' 3 d i s t i l l i n g  a t  150*8 -  151® was s e l e c t e d  f o r

u se in sy n th e s iz in g  the ketone*

MimjLJyiLt,mt..flEflBL.miM M lk®  MM* ms* Of nndecylie  acid  and

5 gma* o f reduced iron war# heated in  a g la ss  tube 40 x 2SQ ®m» a t 285 -  300°

w ith eao&eleaal s t ir r in g  by mesne o f  a g la ss  rod* Working up the m elt gave

5*9 Urns* of so lid  s a l t in g  a t 55®* two c r y s ta l l is a t io n s  frm , methanol gave

2 gma* o f ketone m elting at 64 °* a tr at log l i s t s  the m alting point o f d ld eeyl

ketone as 54*3 -  64*5°*

Analysis* 2'heory* 0 81*20 ii 13*63
Founds 0 80*76* H 13*72,

$0*S9 13*64

MMi&eliQjnL-C»f.-.<11 desxl^j£fL|£D_&» 0*6 gms* of the k eto n e , SO gss* of

zinc amalgam, and 150 c*o* o f a lcoh o l saturated w ith  hydrogen ch lorid e  were

reflu xed  for seventeen hours w ith  two add ition s o f  50 o*c* p ortions of the  

acid  ©elution* 0*5 get* o f p araffin  m elting at 38® was obtained* treatment



O 10
w i t h  s u l f u r i c  a c id  g a y #  m p r © duct m e l t in g  a t  40*2  * & *g lo f f  ' g iv e s  4 0 * 4 °  

as  th e  m e l t in g  p o in t  o f  h e n e ic c s a n e *

A n a ly s is * ? feeo ry t 0 85*01  H 14*95
F ound i 0  8 4 * TO* h  1 5 * 0 4 ,

84*79 15*11

- y a t h e a ls  o f  d i n e n r l  k e to n e *  E astm an  e a p r le  a o id  m e l t in g  a t

30 °  was u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n *  15*2  gms* o f  th e  a c id  and 7*5

gais* o f  re d u c e d  i r o n  w ere  h e a te d  a t  8 8 5 - 2 9 5 °  f o r  fo u r  h o u rs * 7*1  gna« o f

w h i t e  s o l i d  was o b ta in e d  m e l t in g  a t  54 ° .  K e o r y e t & l l i a a t l o n  fro m  m e th a n o l  

t o  c o n s ta n t  m e l t in g  p o in t  g ave  3*7  gme* m e l t in g  a t  58*0  -  58 * 2 ° *  f ie l l to ro n  

l i s t s  t h e  m e l t in g  p o in t  m  5® °*

Afifl&MdJfr th e o ry i  0 80*79 E 13*56
Founds 0 80*81, 1  13*58,

80*54 13*33

 2 # » s *  o f  th e  k e to n e ,  m  gms*

of  amalgamated s in e ,  and 100 ©• ©*  o f  ado oho l  s a t u r a t e d  w ith  hydrogen 

c h lo r id e  'were p laced  In a o n e - l i t e r  th re e —necked f l a s k ,  equipped w ith  a

r e f lu x  condenser and a m e c h a n ic a l s t i r r e r *  th e  m ix tu re  was s t i r r e d  and

heated  v ig o ro u s ly  fo r  tw e n ty - f i r e  hours w ith  a d d i t io n  o f  t h r e e  50 c*s* 

p o r t io n s  o f a c id  and 20 ^®* o f  sine* 1*5 gnts* o f  hydrocarbon m e lt in g  a t  

32® was o b ta in ed ,  r e p re s e n t in g  a y ie ld  o f  78 per cent* P u r i f i c a t i o n  w ith  

s u l f u r i c  a c id  gave a product m elt in g  a t  32*0  -  3 2 . 2®* % l o f f  g iv es  32® 

for th e  m e lt in g  p o in t  o f  ao a a d e o e n e *

l-M llilJ J L *  t h e o r y !  0 85*00  £  15*02
Founds C 8 5 * 4 3 ,  H 1 5 * 2 0 ,

85*20  15*15



SECTXOls XII

COlSCUJSIOisiS

Since the  p a r a f f in  isixtuue re a c te d  n e i th e r  w ith bromine in  carbon 

t e t r a c h l o r i d e  nor potassium  permanganate* i t  was ev iden t t h a t  no double bonds 

were p resen t*  Carbon and hydrogen ana lyses  showed the su b s tance  was a 

hydrocarbon, and moreover* belonged to  the a l i p h a t i c  se r ie s*  The percentage  

compos i f  ion  fo r  a l l  th e  h ig her  members of the s e r i e s  a r e  approxim ately the  

same* s in ce  the  two end groups do not a f f e c t  th e  an a ly se s  to  any © sten t, 

and th e  carbon and hydrogen c o n ten ts  o f  th e se  compounds a re  roughly  th a t  o f  

a methylene group in  each ease* To show whether the  substance  was a pure  

compound or a m ix tu re ,  a co o lin g  curve was obtained* As was ev id en t  from 

fig* 1, page 15, the  m a te r ia l  was q u i te  d e f i n i t e l y  a mixture* There was a 

b reak  in the  curve a t  about f i f t y  deg rees ,  i n d ic a t in g  th e  subs tance  had 

s t a r t e d  to  c r y s t a l l i z e ,  but a h o r iz o n ta l  p la te a u  was not o b ta in ed , the 

approxim ate ly  f l a t  p o r t io n  of the curve covering  a range of about a. degree 

and & half*

As was expected from the  c o o lin g  curve of th e  orig in& l hydrocarbon 

m ix tu re ,  the  s e p a r a t io n  of in d iv id u a l  homologs was extremely d i f f i c u l t ,  and 

in  f a c t ,  impossible* D espite th e  f a c t  that a f a i r l y  la rg e  q u a n ti ty  of th e  

s t a r t i n g  m ix ture  was su b je c ted  to  a system atic  se p a ra t io n  by f r a c t io n a l  

d i s t i l l a t i o n ,  equilibrium  m e lt in g ,  and f i n a l l y  by about three hundred 

c r y s t a l l i z a t i o n s  In a  scheme o f  f r a c t io n a l  c r y s t a l l i z a t i o n ,  only  a p a r t i a l

s e p a ra t io n  could  b© achieved* I t  was p o s s ib l e ,  however, to  o b ta in  a  number 

of f r a c t io n s  which were e s s e n t i a l l y  b inary  m ix tu res  w ith  p robably  sm all 

q u a n t i t i e s  of a  t h i r d  component present*  Using th e  methods of O hibnall



and Pipers the compositions of those fractions were interpreted with 

reasonable certainty* The Interpretations ware based on Chlbaall’ e 

hypothesis that only edd-humbered hydroearhona a ro  present in natural

fouroea* The y r e p e r t i e s  of the fra c tio n s obtained in  t h i s  r e s e a rc h  bore 

©sat t h i s  assumption* Thus f r a c t io n  had a w e l t in g  p o in t  and spacing  

very  c lo s e  to  th o se  o f  eetacosane# and be fo re  Chibn&ll' s work might have 

boon co ns idered  a pure  or n e a r ly  pure  compound* Howeverf i t  can be sa id  

q u i te  d e f i n i t e l y  i t  was a m ix tu re  o f  heptaeosaae and. aonaeos&ne# sine#  

the  t r a n s i t i o n  po in t  was depressed, about th re e  degrees below that of the  

pure compound* Moreover, the  x - ra y  d i f f r a c t i o n  p a t t e r n  was not th a t  o f  a 

pur© compound, but e x h ib i te d  fewer o rd e rs  of r e f le c t io n *  The homolegs in  

t h i s  m ix tu re  could not be separa ted  by more than  two carbon atom® because 

o f  th e  combination of sharpness of m e l t in g  p o in t ,  and nearness  of se t-p o ln t  

and second t r a n s i t i o n  on h e a t in g  to  the  m e l t in g  point* Also, s in c e  only 

on® s e t  o f  l in e s  appeared  on th e  photographic  p l a t e ,  th e  homo lo g s cou ld  

no t be separated by four o r  more, carbon atoms*

Xn fable 1? the physical constants of rep resen ta tiv e  fra c tio n s  

obtained are given, together with the constants for suggested mixtures*

The actual percentages estim ated are approximate# but there seem a l i t t l e  

doubt about which homologe were present mainly In the fra c tio n s  s e le c te d  

for examination* The method used in estim atin g  the composition of mixtures 

was f ir s t  to se lec t m ixtures with the spacing within on® percent of that 

obtained for the cork fraction* Then that mixture was chosen whose m elting  

poin t and tr a n s it io n  point were in beat agreement w ith the con stan ts of 

the unknown*

The p h ysica l constants fo r  the suggested m ixtures agree fa ir ly

w e ll for the best of the higher fra c tio n s  £16 and Eĥ * The transition



p o in t  ©f 13^ i s  depressed  oonsider&bly* toot the m alt in g  p o in t  and spacing  

agree w ell  w ith  th e  m ix tu re  suggested* F ra c t io n  03 and f 6  # however9 hud 

m e lt in g  p o in ts  somewhat lower than  the  specIn gs would in d ica te*  t h i s  

p robably  denotes the p resence  o f  & sm all q u a n ti ty  of branched chain  hydro** 
carbons, although the  d i f f e r e n c e  map be w ith in  th e  l im it  of e r r o r  of th e  

m e l t in g  p o in t  and spacing  detains In s t1one* *he presence o f oxygenated 

compound* or of unsaturated compounds i s  ne t b e llev ed  l i k e l y , s in ce  th e  

samples were p u r if ied  by long treatment w ith  su lfu r ic  acid  a t  one hundred 

and twenty to one hundred and th ir ty  degree** tr a n s it io n  p o in ts  of 

m ix tu res  not a c tu a l ly  determined were obtained from graphs sim ilar  In 

shape to  those which have been run* but with d if fe r e n t  sc a le s  o f  ordinates*

TAMLB' IV

Semple H*P* 8* -P* 1st f.JP*
heating

2nd 0* ?* 
heating

Spaelnj
a®

«U 16 65*2 66*0 66*2 65*0 40*6
60/» o 2^60
4Q> 0 31 H64

64*8—
66*0

64*4 66* 6**
57*0

•— 40*9

i-«4 60*6-
60*8

60*2 62*0 60*4 37*2

40* 0 27 H56 
“054 C 29 Hfi0

60* s 62*£ ■»nw — 37*3

&Sx 66* 6**
66* 7

66*3 46*0 66* 4 55* 65
60,-, C27 H
*»> Hu H52

§6*8 —**—* 48*0 —— 35*3

49*2 4f* 9 e&* 89 48.2 32*45

® 23H4840* 0 gjjtiyg
49*8 «—*— cm* 41* 2 — - 32*3

26 3 41*4 41*1 ca* 36 4&*6 28*76
*°/» ®23H4860/° o£1h42

41*6 e*u 35 28*7
p:> rrA® 4 40*0 35*0- 39*4 28*9

36* O
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the resu lts are hollered to ehow d efin ite ly  the pr«smo» ot

a l l  the odd-numbered hy&reo&rfccn# containing t r m  twenty-one to th ir te e n *  

carton a tom* in the meleeole*
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m m & m

1 * Tli# l i t e r a t u r e  co n c e rn in g ?  t h e  I s o l a t i o n  an d  id e n t  i f i  e a t  i o n  o f  lo n g

s t r a i g h t  c h a in  h y d r o c a r b o n s  fre e ;  n a t u r a l  s o u r c e s  kxtm b e e n  r e v ie w e d *

2 * t h e  l i t e r a t u r e  c o n c e r n in g  t h e  s y n t h e s i s  o f  s t r a i g h t  c h a in  h y d r o c a r b o n *

has been reviewed*

3 * K on d scan s*  h s n e ic o s e * ie »  and t r le o sa n #  have been syn thesised*  t h e i r

p h y s i c a l  c o n s tam ta and th e  c o n s t a n t s  of s e r c r a l  o f  t h e i r  mixtur© a were 

determined*

4 * A new a p p a r a tu s  f o r  e q u i l ib r iu m  m e l t i n g  h a s  b e e n  d e v e lo p e d *

5* The hydrocarbon m ix tu re  from & d i s t i l l a t e  ob ta in ed  d u rin g  the  p re p a ra 

t io n  of c o r k  beard  has been se p a ra te d  i n t o  a number of f r a c t i o n s  which 

were I d e n t i f i e d  by means o f  m e lt in g  p o in t s ,  t r a n s i t i o n  p o in t s ,  and long  

c r y s t a l  s p a c in g * *  A l l  t h e  odd numbered s t r a i g h t  chain  hydrocarbons 

c o n ta in in g  from tw enty-one t o  t h i r t y - o n e  carbon atoms were found*
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