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REACTIVITY OF SOME NITROGEN-CONTAINING COMPOUNDS
AT SUPERCRITICAL WATER CONDITIONS

D avid  M. T if f a n y , M.A.

W estern M ichigan U n iv e r s i ty ,  1985

The use  o f  w a te r  a t  c u p e r c t i r i c a l  c o n d it io n s  t o  remove n i tro g e n  

from  s e v e r a l  n i t ro g e n -c o n ta in in g  compounds was s tu d ie d  w ith  th e  p u rp o se  

o f  e x p lo r in g  th e  u se  o f  s u p e r c r i t i c a l  w a te r a s  a  m ethod o f  rem oving 

n i tro g e n  from  th e  e x t r a c t io n  p ro d u c ts  o f  c o a l .  Q u in o lin e  and  iso q u in o ­

l i n e  were th e  p rim a ry  m odel compounds used  w ith  h e n z o n i t r i l e  and c a rb a z o le  

a l s o  b e in g  exam ined b r i e f l y .  R eac tio n  c o n d it io n s  v a r ie d  in  tem p e ra tu re  

(,350-500°C ), p r e s s u re  (3500-5200 p s i ) , and w a te r  d e n s i ty  (0.170-0.1+26 

g / c c ) .  The m ajo r p ro d u c ts  form ed by  i s o q u in o l in e  w ere b en zen e , to lu e n e ,  

e th y lb e n z e n e , and o -x y le n e  as  w e ll  a s  n o n v o la t i le  t a r  and c h a r .  Q u in o lin e  

p roduced  a n i l i n e  and t o lu i d in e  in  a d d i t io n  to  th o s e  o b ta in e d  from i s o ­

q u in o lin e .  Most o f  th e  r e a c te d  n i tro g e n  was c o n v e r te d  to  ammonia. The 

h ig h e s t  y i e l d  o f  t o t a l  hyd rocarbon  form ed from a ro m a tic  n i tro g e n  compounds 

was 55 m ole$ , b a se d  on r e a c ta n t  consumed. An o rd e r  o f  r e a c t i v i t y  o f  

h e n z o n i t r i l e  is o q u in o l in e  q u in o lin e  c a tb a z o le  was e s ta b l i s h e d .  The 

p o s i t io n  o f  th e  n i t ro g e n  r e l a t i v e  t o  th e  hom ocyclic a ro m a tic  r in g  ap p eared  

to  be a  m ajo r f a c to r  a f f e c t i n g  r e a c t i v i t y .  The u se  o f  ZnClg as  a c a t a l y s t  

was found t o  im prove r e a c t i v i t y .
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CHAPTER I

INTRODUCTION

The rem oval o f  n i tro g e n  from s e v e ra l  ty p e s  o f  m o lecu la r s t r u c ­

tu r e s  under s u p e r c r i t i c a l  w a te r  (SCW) c o n d itio n s  was th e  focus o f  t h i s  

work. The purpose was to  u se  m odel, n i tro g e n -c o n ta in in g  compounds to  

determ ine i f  SCW co u ld  he u sed  to  remove n i tro g e n  from th e  o rg an ic  com­

ponen ts  o f  c o a l  and i f  so , t o  f in d  th e  l e a s t  se v e re  c o n d it io n s  under 

which rem oval o c c u rre d . The cho ice  o f q u in o lin e  and iso q u in o lin e  as  

model compounds was b ased  on G iv e n 's  model o f  c d a l ( l )  w hich ch a rac ­

t e r i z e d  c o a l as hav ing  most o f  th e  n i tro g e n  "being in c o rp o ra te d  in to  

h e te r o c y c l ic ,  a rom atic  r in g s .  Much o f  th e  work was e x p lo ra to ry  in  

n a tu r e ,  r e q u ir in g  th e  developm ent o f  new p ro ced u res  and a n a ly se s .

S u p e r c r i t i c a l  F lu id s

S u p e r c r i t i c a l  f lu id s  a re  su b s tan ces  which a re  above t h e i r  c r i t i c a l  

tem p era tu re  and p re s s u re  and th e r e f o r e  e x is t  as o n ly  one phase re g a rd ­

le s s  o f  p re s s u re . At o r  s l i g h t l y  above th e  c r i t i c a l  p o in t  a  f lu i d  has 

s e v e ra l  p r o p e r t ie s  w hich make i t  o f  i n t e r e s t  in  e x t r a c t in g  c o a l. The 

most im p o rtan t p ro p e r ty  e x p lo i te d  by s u p e r c r i t i c a l  f lu i d  e x tr a c t in g  (-SFE) 

i s  th e  a b i l i t y  o f a  com pressed s u p e r c r i t i c a l  f l u i d  (SCF) t o  in c re a s e  

th e  s o l u b i l i t y  ( v o l a t i l i t y )  o f  h ig h  m o lecu la r w e ig h t, l o w - v o la t i l i t y  

compounds p re s e n t  in  c o a l .  Thermodynamic a n a ly s is  o f  b in a ry  system s 

shows th a t  th e  so lv e n t power o f  a  f l u i d  in c re a s e s  w ith  d e n s ity .

1
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E xperim en ta l d a ta  f o r  a  n a p h th a le n e /e th y le n e  system  p ro v id ed  ev idence  

f o r  th e  l in e a r  r e l a t i o n s h ip  between t h e  lo g  o f  s o lu b i l i t y  v e rsu s  den­

s i t y  ( 2 ) .  S ince  th e  c o m p re s s ib i l i ty  o f  a f l u i d  in c re a s e s  d ra m a tic a l ly  

a t  tem p e ra tu re s  s l i g h t l y  above th e  c r i t i c a l  p o in t ,  th e  g r e a te s t  s o lu ­

b i l i t y  occurs a t  s u p e r c r i t i c a l  p re s s u re s  s l i g h t l y  above th e  c r i t i c a l  

tem p e ra tu re . Under optimum c o n d itio n s  t h i s  in c re a s e  may be by a f a c ­

t o r  as la rg e  as  10^ 1 ( 3 ) .

A second im p o rta n t p ro p e r ty  o f a  SCF i s  i t s  low  v i s c o s i ty  and 

h igh  d i f f u s io n  c o e f f i c i e n t .  S u p e r c r i t i c a l  f lu id s  have a d e n s i ty  o f  

about o n e - th i rd  t h a t  o f  norm al f lu id s .  T his g iv es  them a d e n s ity  h ig h  

enough t o  be a  good s o lv e n t  w hile  s t i l l  hav ing  a v i s c o s i ty  low  enough 

t o  be a b le  to  p e n e tr a te  po rous s t r u c tu r e s  e a s i l y .

The use o f  SFE in  th e  l iq u e f a c t io n  o f  c o a l  has been o f  i n t e r e s t  

f o r  more than  t e n  y e a r s . The major advan tage  o f  SFE has been  i t s  

a b i l i t y  t o  remove l o w - v o la t i l i t y  o rg an ic  m a te r ia l .  At about U00°C 

th e rm al r e a c t io n s  occu r from  th e  ru p tu re  o f  weak bonds in  th e  coa l 

s t r u c tu r e  g e n e ra tin g  s m a lle r  fragm ents t h a t  can be e x tr a c te d  (2 ).

These fragm ents have to o  low  a v o l a t i l i t y  t o  be d i s t i l l e d  a t  U00°C and 

i f  th e y  rem ain in  th e  c o a l  m a tr ix  th e y  may p o ly m erize  to  form  l a r g e r ,  

n o n - v o la t i l e ,  m o le c u la r  s t r u c tu r e s  le a d in g  t o  c h a rs . By u s in g  SFE th e  

v o l a t i l i t y  o f th e s e  frag m en ts  can be in c re a s e d  enough to  a llo w  them 

t o  be e x tr a c te d  when form ed and th e re b y  av o id  th e  u n d e s ire d  r e a c t io n s .

S ince th e  s o lu b i l i t y  in  SFE i s  dependent on p re s s u re  and d e n s i ty ,  th e  

e x tr a c te d  m a te r ia l  can be e a s i l y  p r e c ip i t a t e d  out o f  th e  s o lv e n t by 

sim ply red u c in g  th e  p r e s s u r e .  As s t a t e d  e a r l i e r ,  t h e  g r e a te s t  s o lu b i l i t y  

occu rs n e a r  th e  c r i t i c a l  p o i n t ,  th e r e fo r e  th e  b e s t  s u p e r c r i t i c a l  s o lv e n ts  

w i l l  be th o se  w ith  a  c r i t i c a l  p o in t n e a r  th e  d e s ire d  e x tr a c t io n  te m p e ra tu re
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o f  about 1*00°C.

Much o f  th e  e a r ly  work w ith  SFE was done in  G reat B r i ta in  by th e  

R a tio n a l Coal Board (U).  Most o f  t h e  s tu d ie s  used  to lu e n e  as  th e  

s u p e r c r i t i c a l  so lv e n t and focused  on th e  in f lu e n c e  o f  r e s id e n c e  tim e , 

te m p e ra tu re , and p re s s u re  on th e  y i e l d  from th e  SFE o f  c o a l u s in g  

bench s c a le  and sm all p i l o t  p la n t  u n i t s .  More re c e n t  work has examined 

o th e r  p o s s ib le  s o lv e n ts  in c lu d in g  w a te r  and m ethano l. V asilak o s  e t  a l  

(5 ) s tu d ie d  th e  r e l a t i o n s h ip  betw een s iz e  o f  s o lv e n t m olecu les and 

t h e i r  e f f e c t iv e n e s s  as a  SFE s o lv e n t .  They found t h a t  in  th e  case  o f  

n - p a r a f f in s  th e  r e l a t i o n  was h ig h ly  l i n e a r .  When th e y  used  o th e r  s o l ­

v e n ts  such as to lu e n e , w a te r ,  m ethano l, and ace to n e  th e y  found t h a t  

th e  f u n c t io n a l i ty  o f  th e  so lv e n t a f f e c te d  th e  deg ree  o f  e x t r a c t io n .  As 

a  n o n -p o la r  so lv e n t to lu e n e  was found to  be s l i g h t l y  b e t t e r  th a n  th e  

n - p a r a f f in s .  Among th e  p o la r  s o lv e n ts ,  ac e to n e  decomposed a t  th e  

ex p e rim e n ta l c o n d it io n s  o f  1+00°C and gave low  e x tr a c t io n  y i e ld s .

M ethanol was co n s id e red  i n f e r i o r  t o  th e  a l i p h a t i c  hydrocarbons as an 

e x tr a c t in g  so lv e n t b ecau se  i t  gave low er y ie ld s  a t  much h ig h e r  e x tr a c ­

t i o n  p re s s u re s  (2 0 .6 % a t  3610 p s ig  compared w ith  21 .2#  a t  1290 p s ig  

f o r  n -nonane). W ater, on th e  o th e r  hand , p roved  to  be a v e ry  e f f e c t iv e  

e x tr a c t io n  so lv e n t (3W  a t  3580 p s ig ) .  Deshpande e t  a l  (6) found t h a t  

s u p e r c r i t i c a l  w ater ap p eared  to  a c t  a s  b o th  a  so lv e n t and r e a c ta n t  in  

th e  convers ion  o f  c o a l  to  g ases  and l i q u i d s . They a ls o  found t h a t  th e  

f r a c t i o n  o f  th e  c o a l t h a t  rem ained te t r a h y d ro fu ra n  in s o lu b le  (ch a r)  

was g r e a te r  a t  s u b c r i t i c a l  d e n s i t ie s  th an  a t  s u p e r c r i t i c a l  d e n s i t i e s  

and t h a t  t h i s  char f r a c t i o n  f u r th e r  d e c re a sed  w ith  SCW d e n s ity  and 

r e a c t io n  tim e .
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There a re  s e v e ra l  rea so n s  t h a t  w a te r i s  a  good e x tr a c t io n  s o l ­

v e n t.  F i r s t ,  i t  m eets th e  c r i t e r i a  s ta t e d  e a r l i e r  o f  hav ing  a  c r i t i c a l  

p o in t  n e a r  th e  d e s ir e d  e x tr a c t io n  tem p e ra tu re  o f  U00°C (37^ .2 °C ).

Second, a s  a p o la r  s o lv e n t ,  w a te r can e x e r t  a  s tro n g e r  d ep o ly m eriza tio n  

a c tio n  on th e  c o a l  th a n  a  nonpo lar s o lv e n t such as to lu e n e  ( 2 ) .  The 

t h i r d ,  and p ro b ab ly  most im p o rtan t rea so n  in v o lv e s  th e  n a tu re  o f  a 

b in a ry  s u p e r c r i t i c a l  f l u i d  system . In  a  b in a ry  system  a  c r i t i c a l  cu rv e , 

which r e p re s e n ts  th e  boundary betw een one and two p h a se s , e x i s t s  between 

th e  c r i t i c a l  p o in ts  o f  th e  two p u re  com ponents. I t  i s  th e r e fo r e  p o s s ib le  

to  have h ig h -d e n s i ty ,  homogeneous f l u i d  m ix tu re s  o f  o rg a n ic s  and w a te r 

a t  tem p era tu re s  around U00°C and above 3500 p s i .  The s o lu b i l i t y  o f  

o rg an ic  m a te r ia ls  in  w a te r  i s  a l s o  a f f e c te d  by i t s  d i e l e c t r i c  c o n s ta n t 

w hich, n e a r  th e  c r i t i c a l  p o in t ,  i s  c lo s e  to  t h a t  o f  benzene. T h e re fo re  

th e  s o lu b i l i t y  o f  th e  o rg an ic  m a te r ia l  in c r e a s e s .  The h ig h  d e n s ity  

and tem p era tu re  o f  SCW produce an a d d i t io n a l  change which may become 

v e ry  s ig n i f i c a n t .  T his change i s  an in c re a s e  in  th e  d i s s o c ia t io n  o f  

th e  w ater m o lecu les w hich may prom ote a c id  c a ta ly s i s .

A d e s i r a b le  fu n c t io n  which m ight be perform ed d u rin g  c o a l p ro c ­

e s s in g  i s  th e  rem oval o f  he te roatom s to  y i e ld  a  c le a n e r  b u rn in g  p ro d u c t 

r e l a t i v e  t o  p o s s ib le  p o l lu ta n t  fo rm a tio n . T h is work fo cu sed  on th e  

rem oval o f  n i t r o g e n ,  s in c e  s tu d ie s  have shown i t  t o  be th e  more d i f f i ­

c u l t  to  remove th a n  s u l f u r ,  bo th  o f  which a re  p re s e n t  in  most c o a l .  For 

exam ple, Rollman (fi) found th a t  when n i tro g e n  was bonded e i t h e r  w ith in  

o r  to  an a ro m atic  r i n g ,  s a tu r a t io n  o f  th e  r in g  was n e c e ssa ry  f o r  th e  

s c is s io n  o f  th e  C-N bond t o  o c c u r. T his was n o t t r u e  f o r  s u l f u r  compounds,
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W ater was chosen as a  p o s s ib le  s u p e r c r i t i c a l  s o lv e n t fo r  th e  rem oval o f  

n i tro g e n  because  o f  i t s  r e a c t i v i t y  w ith  CN compounds. P a te n ts  h e ld  by  

U. Schindew olf (9 ) c la im ed  t h a t  aqueous cyanide s o lu t io n s  can be 

hyd ro lyzed  in to  ammonia and form ate  s a l t s  u s in g  p re s s u r iz e d  steam  a t  

l60-200°C . The same w orkers a ls o  co n v e rted  cyan ide  s a l t s  t o  c a rb o n a te s , 

hydrogen , carbon m onoxide, and ammonia by m e ltin g  them and r e a c t in g  

them a t  600 t o  700°C w ith  steam .

H y d ro d en itro g en a t i  on

One o f  th e  m ajor m ethods c u r r e n t ly  being  s tu d ie d  fo r  th e  rem oval 

o f  n i tro g e n  from  h e te r o c y c l ic ,  a rom atic  compounds i s  h y d ro d en itro g e n a -  

t i o n  (HDN). T his method in v o lv e s  th e  u se  o f  hydrogen and a  c a ta ly s t  

t o  s e le c t i v e ly  hydrogenate  th e  h e te ro r in g  and remove th e  n i tro g e n  as 

ammonia. The g e n e ra l mechanism fo r  HDN in v o lv ed  th re e  s te p s :  (a) r in g

s a tu r a t io n ,  (b ) c ra c k in g  o f  th e  h e te r o r in g ,  and (c) lo s s  o f  n itro g e n  

as ammonia. Much o f  th e  work w ith  h y d ro d e n itro g e n a tio n  has  been done 

by S a t t e r f i e l d  e t  a l  (1 0 -1 3 ) . The work has in v o lv e d  th e  u se  o f  quino­

l i n e  as  a  model compound and NiMo/AlgO^ c a t a ly s t s .  The r e a c t io n s  w ere 

run  in  a  con tinuous flow  m ic ro re a c to r  a t  p re s s u re s  o f  500 and 1000 p s ig  

and te m p e ra tu re s  o f  330 and lt20°C. The o b je c t iv e  o f  th e s e  in v e s t ig a to r s  

was to  study  chem ical e q u i l i b r i a  among q u in o lin e  and i t s  r e a c t io n  p ro ­

d u c ts .  Some o f  t h e i r  m ajo r r e s u l t s  in c lu d e  th e  fo llo w in g : (a )  5 j6 ,7 » 8 -

te tr a h y d ro q u in o lin e  i s  therm odynam ically  more s ta b le  th a n  1 ,2 ,3 ,^ -  

te t r a h y d ro q u in o lin e  a lth o u g h  n o t n e c e s s a r i ly  fa v o re d  k i n e t i c a l l y ,  .(b) 

th e  amount o f  hydrogen r e q u ir e d  fo r  e f f e c t iv e  n i tro g e n  rem oval caused 

s u b s ta n t ia l  s a tu r a t io n  o f  th e  q u in o lin e  to  form d e c ah y d ro q u in o lin e ,
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Co) th e  h y d ro g en a tio n  r e a c t io n s  w ere a l l  r e v e r s ib l e  and reached  an 

e q u il ib r iu m  w hile  th e  d e n itro g e n a tio n  re a c t io n s  w ere i r r e v e r s i b l e ,  and 

(d ) H^S a c c e le r a te d  th e  o v e r a l l  HDN p ro c e ss  w h ile  H^O s l i g h t l y  i n h ib i te d  

i t .

S ince  th e  s e le c t iv e  fo rm a tio n  o f  1 ,2 , 3 ,^ - te tr a h y d ro q u in o lin e  i s  

k i n e t i c a l l y  c o n tr o l le d ,  Boucher e t  a l  (l U) t r i e d  t o  improve th e  

s e l e c t i v i t y  o f  th e  c a t a ly s t  by u s in g  m e ta llo p h th a lo cy a n in e s  [M(PC)] 

b ecause  th e y  have a  more d e f in e d  c a t a ly t i c  s i t e  th a n  m e ta l alum ina 

c a t a ly s t s .  The r e s u l t s  showed t h a t  th e  M(PC) w ere v e ry  s e le c t iv e  

h y d ro g en a tio n  c a ta ly s t s  b u t  d id  n o t a c t  as a  d e n itro g e n a tio n  c a ta ly s t .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER I I

EXPERIMENTAL

A pparatus

The equipment u se d  in  a l l  th e  ex perim en ts  can he d iv id e d  in to  

th r e e  groups: th e  r e a c t io n  system , th e  e x t r a c t io n  system , and th e

in s tru m e n ts  u se d  fo r  a n a ly s i s  and d a ta  p ro c e s s in g . The r e a c t io n  system  

c o n s is te d  o f  a  s t a i n le s s  s t e e l  r e a c t io n  v e s s e l  and a  tem p era tu re  

r e g u la te d  fu rn a c e . The r e a c t io n  v e s s e l  was a  c y l in d e r ,  th e  i n te r n a l  

volume o f  w hich was Vf±.5 mL (See F ig u re  l ) .  The l i d  was s e a le d  u s in g  

a copper g a sk e t ( id  = 26mm, od = 35mm) and s i x ,  hex  head , s t a i n l e s s  

s t e e l  h o l ts  ( l / h "  x 20 x 1 " ) .  The r e a c to r  was h e a te d  u sin g  two d i f f e r e n t  

m ethods. E a r ly  experim ents u sed  an e l e c t r i c  fu rn a c e  which was l a t e r  

re p la c e d  hy a  Tecam SBS-1+ F lu id iz e d  Sandhath because  th e  sandhath  reduced  

the  h e a t  up tim e  from 30 t o  10 m in u tes . The e l e c t r i c  fu rn ace  c o n s is te d  

o f a  230 r e s is ta n c e  nichrom e w ire  wrapped around a  ceram ic c y lin d e r  

which was th e n  surrounded w ith  in s u la t io n .  Power t o  th e  fu rn a c e  was 

s u p p lie d  by a  1 KVA v a r i a c .  In  bo th  cases t h e  h e a tin g  was r e g u la te d  

by a  chrom el-alum el therm ocoup le  connected  t o  a Honeywell Tem perature 

C o n tro lle r ,  ty p e  K 200-1200°C , Model MS2. The tem p e ra tu re  c o n t r o l le r  

d ia l  s e t t in g s  were c a l i b r a t e d  and p e r io d i c a l ly  checked u s in g  a  therm o­

couple  and a Leeds and N orthrup  model 8690-2 M i l l iv o l t  P o te n tio m e te r .

E x tra c tio n  and s e p a r a t io n s  o f t h e  o rg an ic  m a te r ia l  from th e  w a te r 

used a  60 mL s e p a ra to ry  fu n n e l ,  a 60 mm s te m le ss  g r a v i ty  fu n n e l ,  a  60

7 '
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mm s h o r t  stem  g ra v i ty  f u n n e l ,  and a 25 mL v o lu m e tr ic  f l a s k .  The g la s s ­

ware was s e t  up as shown in  F ig u re  2 .

Q u a n t i ta t iv e  a n a ly se s  were made w ith  a  F and M 720 Dual Column, 

Programmed Tem perature Gas Chromatograph (G.C.) w ith  a th e rm a l con­

d u c t iv i t y  d e te c to r .  The g e n e ra l  o p e ra t in g  s e t t in g s  w ere: i n je c to r

te m p e ra tu re  2U5°C, b r id g e  c u rre n t  150 ma, and d e te c to r  tem p e ra tu re  

2k5°C f o r  iso q u in o lin e  experim en ts  w ith  an IQ# o f  28 o r l e s s  and 260°C 

f o r  a l l  o th e r  experim en ts. The te m p e ra tu re  was r a i s e d  when work began 

w ith  q u in o lin e  due to  th e  h ig h e r  b o i l in g  p o in t  o f  some o f  i t s  p ro d u c ts . 

Both columns w ere 6 ' x l / k ” s t a i n le s s  s t e e l  tu b in g  packed w ith  10# SE-30 

on Chromosorb W. The c a r r i e r  gas was helium  and has a  flow  r a t e  o f  

about 10 cm^/7 sec (90 cm^/min) as m easured by a  bubble  m ete r.

Q u a l i ta t iv e  a n a ly s is  o f  th e  p ro d u c t m ix tu re  was perform ed on a 

DuPont 21-U90B Gas Chromatograph-M ass S pec trom eter (G.C. -M.S. ) .  The 

G.C. u sed  a  6 ' x 1 /8" s t a i n l e s s  s t e e l  column packed w ith  10# SE-30 on 

Chromsorb W and a flam e io n iz a t io n  d e te c to r .

The ammonia a n a ly s is  o f  th e  w a te r  in  th e  r e a c to r  was accom plished 

w ith  an O rion R esearch Io n a ly z e r , Model 1*07A, and a Model 95-10 ammonia 

e le c tr o d e .

A ll  c a lc u la t io n s  were done on a  H ew le tt-P ackard  HP-85  computer 

w ith  th e  e x c e p tio n  o f  th e  M.S. d a ta  w hich was co n v e rted  t o  r e l a t i v e  

abundance s p e c t r a  using  a  DEC-10 com puter.

.P rocedure

The ex p e rim en ta l p ro ce d u re s  can be d iv id e d  i n to  fo u r  g e n e ra l  a re a s : 

th e  r e a c t io n  p ro ce ss  which in c lu d e d  th e  charg ing  o f  th e  r e a c to r ,  th e
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r e a c t io n  i t s e l f . and th e  e x t r a c t io n  o f  th e  r e a c t io n  p ro d u c ts ;  q u a l i t a ­

t i v e  a n a ly s is  o f  r e a c t io n  p ro d u c ts ;  and q u a n t i ta t iv e  c a l i b r a t io n  o f  

th e  gas chrom atograph th e rm a l c o n d u c tiv ity  d e te c to r ;  and q u a n t i ta t iv e  

a n a ly s is  o f  p ro d u c ts . The p ro ced u re  fo r  lo a d in g  th e  r e a c to r  and 

e x tr a c t in g  th e  p ro d u c ts  a f t e r  th e  r e a c t io n  was com plete v a r ie d  s l i g h t l y  

as ex p e rim en ta l te c h n iq u e  improved and as  some o f  th e  e x p e rim en ta l 

p a ram ete rs  were v a r ie d .

Experim ent IQ-38 ( is o q u in o lin e -3 8 )  i s  u sed  as  an example f o r  

d e s c r ib in g  a  t y p ic a l  lo a d in g  and e x tr a c t io n  p rocedu re  f o r  th e  q u in o lin e  

and is o q u in o lin e  r e a c t io n s .  M ajor v a r ia t io n s  i n  th e  p ro ced u re  a re  

n o ted  when th e y  o c c u r. A 2 .0  mL p ip e t  was c a l ib r a te d  and determ ined  

to  d e l iv e r  2 .172± .009 g (.0168  m oles) o f  i s o q u in o l in e .  I t  was th e n  

c a l ib r a te d  f o r  q u in o lin e  and determ ined  to  d e l iv e r  2.176±.009 g (.0168  

m oles) q u in o lin e . W hile t h i s  p ip e t  was u sed  t o  charge a l l  l iq u id  

s t a r t i n g  m a te r i a ls ,  i t  was c a l ib r a te d  on ly  fo r  q u in o lin e  and is o q u in o l in e .  

For th e  o th e r  l iq u id s  th e  m olar q u a n ti ty  was c a lc u la te d  u s in g  th e  com­

pounds' d e n s ity  and m o lecu la r w eigh t c i te d  in  th e  l i t e r a t u r e  (1 5 ) .

A f te r  th e  2 .0  mL is o q u in o l in e  had been added, 8 .0  mL w a te r  was added 

u s in g  a 10 mL g rad u a ted  p ip e t  c a l ib r a te d  in  .01 mL u n i t s .  I f  a hydrogen 

t r a n s f e r  agen t o r  c a t a ly s t  was t o  be u sed , i t  was added a t  t h i s  tim e . 

L iqu id s  were added by p ip e t  w h ile  s o l id s  were weighed t o  th e  n e a re s t  

0 .01  gram and added. The r e a c to r  was purged  w ith  argon and th e  copper 

g a sk e t in s e r te d .  The l i d  was b o l te d  down as t i g h t l y  as p o s s ib le ,  The 

r e a c to r  was th en  ruspended  in  th e  sandbath  (o r  in  th e  c a se  o f  th e  

e a r ly  ex p e rim en ts , th e  fu rn a c e )  f o r  96 h o u rs . At th e  end o f  96 hours 

th e  r e a c to r  was removed and a llow ed  to  co o l on th e  bench to p . I t  took
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app ro x im ate ly  !+5 m inu tes to  an hour t o  reach  room te m p e ra tu re . I f  a  

q u ic k e r  co o lin g  tim e o f  about 15 to  30 m inu tes was d e s ir e d ,  co o l a i r  

was blown a c ro ss  th e  r e a c to r  w h ile  i t  was on th e  bench . When th e  

r e a c to r  was opened, a n o te  was made i f  any gas was v e n te d .

To e x tr a c t  th e  m a te r ia l  abou t 3 mL o f  d i s t i l l e d  m ethylene c h lo r id e  

(CHgCl^) was added to  th e  r e a c to r .  I f  any c h a r  ( in s o lu b le  s o l id  p ro ­

d u c ts )  was p re s e n t  in  th e  r e a c to r ,  a  prew eighed  p ie c e  o f  g la s s  wool 

was p la c e d  in  th e  top  fu n n e l o f  th e  e x t r a c t io n  s e t- u p . The co n ten t 

o f  th e  r e a c to r  was poured  th ro u g h  th e  to p  fu n n e l i n to  th e  s e p a ra to ry  

fu n n e l. While p o u r in g , a d d i t io n a l  CH2CI2 was s q u ir te d  in to  th e  r e a c to r  

and poured  in to  th e  fu n n e l .  The l i p  o f  th e  r e a c to r  was th en  washed 

w ith  so lv e n t and a llow ed  to  d ry  b e fo re  th e  r e a c to r  was tu rn e d  up­

r i g h t .  The o rg an ic  l a y e r  was s e p a ra te d  from th e  aqueous la y e r  and 

d ra in e d  in to  a 25 mL v o lu m e tr ic  f la s k .  The r e a c to r  was th e n  washed 

s e v e ra l  tim es w ith  sm a ll p o r t io n s  o f so lv e n t u n t i l  th e  washes were 

c o lo r l e s s .  These washes were a ls o  used  to  wash any so lu b le  o rg an ic s  

th ro u g h  th e  g la s s  wool and to  e x tr a c t  any p ro d u c ts  t h a t  m ight be in  

th e  aqueous la y e r .  The 25 mL v o lu m e tr ic  f la s k  was f i n a l l y  f i l l e d  to  

th e  mark w ith  CHgCl^. The w a te r  was m easured in  a  10 mL g rad u a ted  

c y lin d e r  and th e  pH checked w ith  pH p a p e r . I f  th e  w a te r  l a y e r  was t o  be 

an a ly zed  fo r  ammonia i t  was saved  in  a  s to p p e re d  t e s t  tu b e  and analyzed  

w ith in  2k  hours t o  m inim ize l o s s  o f  ammonia th ro u g h  v a p o r iz a t io n . The 

char was c o l le c te d  by sc ra p in g  th e  s id e s  o f  th e  r e a c to r  and pouring  

th e  c h a r  in to  a  w eighing  b o a t.  The w e ig h ts  o f  th e  ch a r in  th e  boat 

and on th e  g la s s  wool w ere added to g e th e r  f o r  th e  f i n a l  char w eigh t.

To o b ta in  a  c a rb o n , hydrogen , n i t ro g e n , and oxygen e lem en ta l
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a n a ly s is  o f  th e  c h a r , i t  was ground, w eighed , d r ie d  to  remove any 

v o l a t i l e s  tra p p e d  in  i t ,  and rew eighed . The d r ie d  char was soaked in  

c o n c e n tra te d  HC1 t o  remove any m eta l o x id es . The soaked c h a r  was 

c o l le c te d  on a  prew eighed s in te r e d  c ru c ib le  (30 mL-30F) and washed 

s e v e r a l  tim es w ith  w a te r  t o  remove t h e  a c id .  I t  was then d r ie d ,  

w eighed and s e n t  f o r  e le m e n ta l a n a ly s is .

The t a r  (p ro d u c ts  s o lu b le  in  CH^Cl^ b u t not g a s  chrom atographable) 

was analyzed  in  a 15 mL sam ple o f IQ-38 by e v a p o ra tin g  th e  on a

steam  b a th . I t  was th e n  w eighed and th e  i s o q u in o l in e  was removed by  

g e n tly  h e a tin g  th e  t a r  in  a  c ru c ib le  over a  Meeker b u rn e r . A c o n tro l  

o f  p u re  iso q u in o lin e  was a l s o  hea ted  in  a c ru c ib le  t o  e s ta b l i s h  t h a t  

th e  is o q io n o lin e  d id  n o t le a v e  any re s id u e  due to  decom position  o r  

c h a r r in g . The re s id u e  from th e  t a r  was th e n  rew eighed . The p e rc e n t 

w eigh t t a r  was c a lc u la te d  i n  th e  fo llo w in g  manner:

T ^ n_ |S B 4 e_* T o ta l S o lu tio n  = T o ta l  Tar ±n S o lu tio n  
Sample volume

P ,0 .T&Lg » -L  = 0.128  g
1 5  mL

T o ta l  T ar in  S o lu tio n  _
W eight S ta r t in g  I s o q u in o lin e  = /o Weight i a r

0.128  g
2.172  g * 100

To determ ine  th e  amount o f  CH^Clg in s o lu b le s  in  th e  t a r  r e s id u e  form ed 

d u r in g  th e  h e a t in g , th e  t a r  re s id u e  was e x tr a c te d  w ith  CH^Cl^ and th e n  

f i l t e r e d .  The in s o lu b le  r e s id u e  was th en  w eighed.

W ater s o lu t io n  was a n a ly zed  fo r  ammonia u s in g  th e  Io n a ly z e r  w hich was 

c a l ib r a te d  acco rd in g  t o  th e  p rocedu re  given in  th e  o p e ra t io n  manual ( l 6 ).

A sample was p re p a re d  by d i lu t i n g  1 .0  mL o f  r e a c t io n  w ater t o  100 mL.
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The e le c tro d e  was th e n  p la c e d  in  50 mL o f d i lu te d  sample and 0 .5  mL of 

10 M NaGH was added. The c o n c e n tra tio n  was rea d  from th e  Io n a ly z e r .

The r e s u l t s  o f  experim ent IQ-36 a re  d e s c r ib e d  as a  sample c a lc u la t io n .  

W ater rec o v e red : 7 .2  mL C o n c e n tra tio n  NH  ̂ in  sam ple: 8 .6  x 10"%

C o n cen tra tio n  NH  ̂ in  IQ -36: 8.6  x 10~^ M x 100 m L/l mL = 8.6  x 10-1  M

Mole NH  ̂ produced in  IQ -36: 8.6  x 10“ 'L M x 0.0072 L = 6 .19  x 10” ^ moles

Moles is o q u in o lin e  co n v e rted  in  IQ -36: .0168 m oles x 59»5#/lOO = .01000

P e rce n t NĤ  o f  n i tro g e n  in  p ro d u c ts :  .00619/.01000  x 100 = 62%

Q u a li ta t iv e  a n a ly s is  was done u s in g  mass sp e c tro m e try  in  o n ly  a 

few ex p erim en ts . Q-10 was u sed  to  d e te rm in e  th e  p ro d u c ts  formed "by 

q u in o lin e . The o rg an ic  m a te r ia l  was se p a ra te d  from  th e  aqueous la y e r  

by e x tr a c t io n  w ith  CHgClg. Any char o r  h ig h  m o lecu la r w eigh t t a r s  were 

removed by w ashing th e  p ro d u c t th ro u g h  a s h o r t  s i l i c a  g e l column w ith  

CHgClg. The e lu te d  m a te r ia l  was th e n  c o n c e n tra te d  by blow ing a i r  over 

th e  s o lu t io n . This was done to  remove th e  so lv e n t w h ile  r e t a in in g  th e  

more v o l a t i l e  p ro d u c ts . A com parison o f gas  chromatograms b e fo re  and 

a f t e r  e v a p o ra tio n  showed t h a t  a l l  t h e  m ajor p ro d u c ts  had been r e ta in e d  

p lu s  th e  appearance o f  some a d d i t io n a l  m inor peaks due to  t h e i r  in c re a s e  

in  c o n c e n tra tio n . About a  3 pL sample o f  p ro d u ct was in je c te d  on th e  F 

and M G.C. t o  e s t a b l i s h  th e  r e te n t io n  tim es  o f  th e  p ro d u c ts  to  be 

a n a ly se d . A sample was th e n  in je c te d  on to  th e  G .C.-M .S. The column 

c o n d it io n s  w ere: (a )  i n i t i a l  tem p era tu re  60°C, (b ) program f o r  U°C/min,

and (c ) f i n a l  tem p e ra tu re  175°C. Mass sp e c tro m e te r  sweeps o f  each peak 

were made a t  s e v e ra l  d i f f e r e n t  p a r t s  o f  each  peak . The io n  peaks o f  

each  mass spectrum  were m easured and co n v erted  to  r e l a t i v e  h e ig h ts  w ith  

th e  a s s is ta n c e  o f  th e  DEC-10 computer and th e  program s o f  MASSP.PRG and
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CHM;GPPLCC. The mass s p e c t r a  w ere compared to  m ass s p e c t r a  in  th e  

l i t e r a t u r e  fo r  i d e n t i f i c a t i o n  o f  th e  compounds (1 7 ) . The i d e n t i t i e s  o f  

t h e  compounds were th en  confirm ed  "by sp ik in g  a r e a c t io n  p ro d u c t w ith  

known compounds.

The p ro ced u re  fo r  c a l i b r a t i n g  th e  G.C. d e te c to r  re sp o n se  i s  

d e sc r ib e d  u s in g  a n i l in e .  A ty p ic a l  a n i l in e  c a l i b r a t io n  s ta n d a rd  so lu ­

t i o n  was p rep a re d  by add ing  0.5 mL a n i l in e  a long  w ith  0 .0 5  mL to lu e n e ,

0 .1  m L ethy lbenzene, 1 .0  mL to lu id e n e , and 0 .5  mL U -m ethy lqu ino line  to  

d i s t i l l e d  CHgClg i n  a 25 mL vo lum etric  f l a s k .  M ix tu res o f  s ta n d a rd s  

w ere used t o  reduce th e  number o f  t o t a l  i n j e c t i o n s  needed t o  c a l i b r a t e  

th e  in s tru m e n t. Volumes o f  0.05 mL or l e s s  were m easured w ith  a  50 PL 

s y r in g e , a l l  o th e r  volumes were m easured by p i p e t .  C a l ib ra tio n  s ta n d ­

a rd s  were p re p a re d  a t  0 .0 5 ,  0 .1 , 0.5> and 1 .0  mL compound p e r  25 mL 

s o lu t io n  f o r  each i d e n t i f i e d  compound. S ince  q u in o lin e  and is o q u in o lin e  

w ere found in  l a r g e r  q u a n t i t i e s  i n  th e  r e a c t io n  m ix tu re  th a n  1 .0  mL, 

s ta n d a rd  s o lu t io n s  u s in g  1 .5  and 2 .0  mL were a ls o  p rep a re d  fo r  th e s e  

compounds. The t o t a l  volume o f added m a te r ia l  f o r  each s o lu t io n  was

1 .5  to  3 .0  mL. A minimum o f  f iv e  8 pL sam ples w ere in je c te d  in to  th e  

F and M G.C. Column c o n d it io n s  w ere th e  same a s  th o se  u se d  in  a n a ly s in g  

th e  p roduct m ix tu re . The i n i t i a l  tem p era tu re  was 70°C w ith  a  program  

r a t e  o f 5°C/m in. f o r  7 m in u tes . The program  r a t e  was th e n  in c re a s e d  to  

20°C/m inute u n t i l  t h e  f i n a l  tem pera tu re  o f  250°C was rea c h e d . The tem­

p e ra tu re  was then  h e ld  a t  250°C u n t i l  a l l  th e  compounds has  been e lu te d .

The p eak  a re a s  were d e te rm in ed  by m u lt ip ly in g  th e  h e ig h t  o f  th e  

peaks by th e  w id th  a t  o n e -h a lf  th e  peak h e ig h t .  The h e ig h t was m easured 

in  m il l im e te rs  to  ± 1 .0  mm w h ile  t h e  w id th  was m easured t o  ±0.2  mm. To 

red u ce  e r r o r  due t o  th e  narrow  peak  w id th , th e  w id th  was c a r e f u l ly
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d e fin ed  a s  th e  d is ta n c e  betw een th e  o u ts id e  edges o f th e  in k  l i n e .  The 

m easured a re a  was th e n  m u lt ip l ie d  by th e  G.C. a t te n u a t io n  to  g iv e  th e  

a t te n u a te d  a re a  which was d i r e c t l y  p ro p o r t io n a l  t o  th e  compound's concen­

t r a t i o n .

A program  on th e  HP-85  c a l le d  "CALIBU" (se e  Appendix E) was used 

t o  c a lc u la te  th e  a t te n u a te d  a re a  p e r  m ic r o l i t e r  o f  sample in je c te d .

The c a lc u la t io n  f o r  a n i l i n e  as an example:

A tten u a ted  a re a  f o r  8 pL 1 .0  m L a n i l i n e / 2 5 mL s o lu t io n :
113 m m x U .0 m m x lt = I 808 mm

A tte n u a te d  a re a  p e r  m ic r o l i t e r :
1808 mm̂ /8 = 226 mm^/pL

Average a tte n u a te d  a rea /p L :
1 mL a n i l in e /2 5  mL s o lu t io n

226+236+2UH-232+232 o , _
--------------------- jr— ------------ = 2 3 4  mm2 / p L

The f in a l  resp o n se  f a c to r  was d e fin e d  a s  th e  a t te n u a te d  a re a /p L  f o r  1 .0  

mL s ta n d a rd  in  25 mL o f  s o lu t io n .  I t  was c a lc u la te d  by perfo rm ing  a 

l e a s t  sq u a res  l i n e a r  r e g re s s io n  o f  a l l  t h e  in d iv id u a l  resp o n se  f a c to r s .  

The s lo p e  o f  th e  l i n e a r  r e g re s s io n  was used  as th e  resp o n se  f a c to r .

Q u a n ti ta t iv e  a n a ly se s  o f p ro d u c ts  were accom plished  as d e sc r ib e d  

f o r  th e  c a l i b r a t io n  experim en ts  u s in g  an  8. pL sample o f  th e  p ro d u c ts  in  

25 mL o f  s o lu t io n .  The mole p e rc e n t o f  known p ro d u c ts  formed as a  p e r ­

cen tage  o f  th e  o r ig in a l  amount o f  s t a r t i n g  m a te r ia l  and th e  amount o f 

s t a r t i n g  m a te r ia l  c o n v e rted  were c a lc u la te d  u s in g  a program  f o r  th e  HP-85  

c a l le d  "#C0NV5" (See Appendix E ) . Those p ro d u c ts  which were n o t id en ­

t i f i e d  by mass sp e c tro m e te r  were rec o rd e d  in  te rm s  o f a t te n u a te d  a re a /p L .

A sample c a lc u la t io n  using  th e  r e s u l t s  o f  th e  IQ -37 experim ent and 

in  d e t a i l ,  th e  benzene d e te rm in a tio n  i s  as fo llo w s :
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Sample s iz e  = 8 .0  pL
I n i t i a l  i s o q u in o l in e  = 0 .0168 m oles = 2 .172  g /1 2 9 .1 5  g/m ole 
P r o p e r t ie s  o f  "benzene: d e n s i ty  = 0 .8 7 9 ; m o le c u la r  w eigh t = 78.11
C onversion f a c to r  = 298 a tte n u a te d  a re a /p L  sample

mL compound/25 mL s o lu t io n

A tte n u a te d  a re a /p L  = h e ig h t x  w id th  x a t te n u a t io n /p L :
(51 nrni x 2 mm x l ) /8 .0 p L  = 1 2 .7 3  mm^/pL

Moles compund = [ ( a t t e n .  a r e a /  L /  c o n v e rs io n  f a c to r )  x  d e n s ity ]

M olecu lar w e ig h t: .
[ ( 12 . 78 / 298) x 0 . 879] / 7 8 .11 = It. 82 x 10 .

P e rce n t y i e l d  = m oles compound/moles i n i t i a l  i s o q u in o l in e  x 100: 
0 . 000^82/ 0.0168  x  100 = 2 .8 1

M a te r ia ls

The is o q u in o l in e  and q u in o lin e  were r e a g e n t  g rad e  w hich was vacuum 

d i s t i l l e d .  Compounds u se d  f o r  c a l i b r a t in g  th e  G.C. w ere e i t h e r  a n a ly t i ­

c a l  o r  s p e c t r a l  g ra d e . In  a l l  c a se s  th e  p u r i t y  was h ig h  enough t o  show 

o n ly  one peak  when a  2 pL sam ple o f  s t r a i g h t  compound was in je c te d  in to  

th e  G.C. The A lC l^ and ZnClg were o f f  th e  s h e l f .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Ta
bl

e

co
G?

§
Ph

f
£
<uaa)Nca)m

o

cd

•s
Pi

H CO CO CO OJ CO
<D • • • • ' •

•H OJ on on on
>H
V5.

03 I 
<13 o  

H  H  O
0 X

fn
bO

cd <U
cd iA  

A-aai 
•p

3

«  cd 
ai a) +3 u+3 < <

s
<13

+3

A

is

s
•H
<D«

■d•H
EH

VO

on

OJ -3- OJ CO p H o
CO -=t o LA H

« • • • • •
VO vo t - vo vo

VO CO H m Ov vo
t - vo O LA o t -
c n LA LA LA LA -=f
o o O o O o

• • • • • •
o o o o o o

CO on o o \ o \ OJ
OJ o c - OJ c— ~=t

-=t LA IA vo LA LA
o o o o O O

• • • • • •
o o o o o o

CA O O LA LA LA
C - O O t - OJ p H

• • • . • • •
OJ LA t - CO t - v o
H rH H H pH pH

OJ O vo O CO
O OJ on LA on
pH pH p H p H p H

o
OJ

H
LT\

O
OJ

O
VO

O
OJ

CO
VO

O
OJ

LAt—

o
OJ

o \
VO

O) on LA

<D
bD
cd

i

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



19

Table 2

IQ-37 A verages f o r  A ll I d e n t i f i e d  Compounds

Compound Name % Y ie ld % R eac tan t % Y ie ld
Recovered % R e a c ta n t

Toluene 1 1 .0 - lU.O

o-X ylene 'U.O - 5-1

E thy lbenzene 3 .7 - h .7

Benzene 3 .6 - Ir.6

Is o q u in o lin e - 21 .5 -

T o ta l  p ro d u c t re c o v e re d :
1 1 .0  + 1+.0 + 3 .7  + 3 .6  = 22.3%

T o ta l  m a te r i a l  re c o v e re d  = t o t a l  p ro d u c t + i s o q u in o l in e  re c o v e re d :
2 2 .3  + 21 .5  = 1*3. 8

P e rc e n t i s o q u in o l in e  c o n v e rte d  = 100 -  i s o q u in o l in e  re c o v e re d :
100 -  2 1 .5  = 78 .5#

P e rc e n t o f  p ro d u c t i d e n t i f i e d  = p ro d u c ts  r e c o v e re d / is o q u in o lin e
c o n v e rte d :

2 2 .3 /7 8 .5  = 28 . k%

W eight p e rc e n t  c h a r  = w e ig h t c h a r/w e ig h t i n i t i a l  i s o q u in o l in e :  
0 .239  g /2 .1 7 2  g x 100 = 11.1#
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CHAPTER I I I

RESULTS AND DISCUSSION 

Iso q u in o lin e

The e x te n t  o f  r e a c t io n  o f  i s o q u in o l in e  a t  s u p e r c r i t i c a l  o r  n e a r 

s u p e r c r i t i c a l  w a te r  c o n d it io n s , a s  shown in  Table 3 , was s ig n i f ic a n t  in  

p roducing  a lk y lb e n z e n e s , low  v o l a t i l i t y  t a r  and c h a r . The e x te n t  o f 

r e a c t io n  was a f f e c te d  by t im e , te m p e ra tu re  amd a d d it io n  o f  a  c a ta ly s t .  

W hile th e  e f f e c t s  o f  p re s s u re  o r w a te r d e n s i ty  and h y d rogena tion  agen ts  

were a ls o  s tu d ie d , th e  r e s u l t s  o f  th o se  ex perim en ts  were more ambiguous. 

The amount o f  a lk y lb en zen e  p ro d u c ts  a long  w ith  th e  ammonia a n a ly s is  

showed t h a t  s ig n i f i c a n t  n i tro g e n  rem oval was p o s s ib le  u s in g  s u p e r c r i t i c a l  

w a te r.

The a lk y lb en zen es  were i d e n t i f i e d  as  o -x y le n e , e th y lb e n z e n e , and 

to lu e n e . Benzene was a ls o  found a t  l*50°C and above. The char was 

d e fin e d  as th e  s o l i d ,  CH^Cl^ in s o lu b le  m a te r ia l  w hich co a ted  th e  in s id e  

w a ll  o f  th e  r e a c to r .  An e le m e n ta l a n a ly s is  o f  a  ch a r sample (se e  Appendix 

A, Table A2) produced  in  a  r e a c t io n  a t  500°C gave an atom r a t i o  o f  

C22 2 **10 5 6 ' *s a  s ig n i f i c a n t l y  low er n i tro g e n  c o n te n t th an

th e  r e a c ta n t .  The t a r  was d e fin e d  as th e  rem ain ing  o rg an ic  m a te r ia l  

and was c h a ra c te r iz e d  as a  dark  brown, CHgClg s o lu b le  m a te r ia l ,  No 

q u a l i t a t i v e  a n a ly s is  was done on th e  t a r  excep t t o  remove th e  s o lv e n t 

and i n j e c t  a  sample on th e  G.C. The r e s u l t  was a  complex m ix tu re  o f 

compounds many o f  which had r e te n t io n  tim es  g r e a te r  th an  is o q u in o lin e

20
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T a b le  3

R e a c tio n  o f  W ater w i th  I s o q u in o l in e 8,

T em p e ra tu re  ( c ) 350 1*00 I4SO 500
P r e s s u r e  ( p s i ) 21*00 361*0 36140 3870 3870 3870 3870 3580 14680 14680° I4680 14680- I4680 5200 I4680 1|680
D e n s i ty  ( g / c c ) 0 .1 7 0 0 .1 7 0 0 .1 7 0 0 .2 1 3 0 .2 1 3 0 .2 1 3 0 .2 1 3 0 .1 0 6 0 .1 7 0 0 .1 7 0 0 .1 7 0 0 .1 7 0 0 .1 7 0 0 .2 1 3 0 .1 2 8 0 .1 2 8
Time (h o u r ) 72 1*8 1*8 1*8 96 96 1 I4U 148 148 I48 I48 96 120 I48 2U I48
C a ta l y s t ZnCl2 - ZnClg - - ZnCl2 - - - T e t DA . - - - - -

(g ) O.OS 0 .0 5 0 .0 5 1 .2 5 0 .5 0
IQ  num ber 3** 2 0 /2 1 33 23 22 30 2*4 27/31 26 18 36 38 25/32 28 ' 37 39
% c o n v e r te d 3 3 .8 21*. 3 /1 3 .5 5*4.2 3 0 .5 >49.9 5 7 .1 5 0 .7 5 5 . 2 / 146.1 142.2 9 3 .2 5 8 .7 8 2 .6  8 0 . 3 /8 9 .7 8 1 .5 7 8 .5 6 1 .3
% o f  C o n v e rted 2 .3 Xl*. 3 /2 3 .0 2 0 .8 3 6 .3 3 8 .0 3 9 .6 1414.3 142. 8 / 214.3 5*4.5 I46.8 3 0 .6 5 5 .3  I46., 5/*»0.8 I4O.9 28.14 141.5

I d e n t i f i e d  

P ro d u c ts  (% o f  C o n v e rted  R e a c ta n ts )* 5

B enzene 0 0 /0 0 0 0 0.14 0 2 .0 / 0 .5 1 .1 2 .5 0 2 .7  *4 .5 /3 .5 3 .0 U .6 *4.14
T o lu e n e 0 14. 0 / 7 .3 6 .2 1 0 . 14 8 .8 1 0 .5 1 U.1 2 0 .5 /1 2 .1 2 3 .6 1 0 .8 8 .8 23.*4 2 2 .3 /2 0 .2 2 0 .8 1*4.0 1 9 .8
E th y lb e n z e n e 0 .5 5 . 3 / 8 .2 7 .5 1 2 .8 1 5 .3 1 3 .0 1 6 .5 1 3 .8 /6 .0 1 6 .7 1 3 .8 1 3 .3 1 8 .9  1 1 .7 /1 0 .9 9 .8 *4.7 8 .5
o -X y le n e 1 .7 14.9/7.14 7 .0 1 3 .0 1*4.0 1 5 .7 1 3 .7 6 .U /5 .6 1 3 .6 6.1* 8.1* 1 0 . *4 7 .9 / 6 .2 7 .3 5 .1 8 .8
Ammonia - - / - - - - _ _ - / - - — 63 -  - _ -  . 73
% W ate r R eco v ered - - / 9 8 .8 9 2 .5 9 8 .0 9 8 .0 - 9 8 .0 96 .0/81*. 0 9 8 .8 9 8 .8 9 0 .0 -  9 8 .8 /6 7 .5 9 0 .0 - 8 6 .7
C har 0 0 /0 1 0 .5 6 .2 1 2 .6 1 3 .2 1 2 .7 2 1 .9 /  - 1 2 .6 1 0 .7 1 8 .8 1 5 -7  18.0 /13 /** 1 0 .0 1*4.5e 1 6 .5

aAn e x p e r im e n t ru n  a t  1+50 C f o r  1*8 h o u rs  w i th  no w a te r  gave  g r e a t e r  th a n  90% r e a c t a n t  r e c o v e r e d  and  no p r o d u c ts  b y  GC o r  c h a r  

b
Y ie ld s  o f  compounds a r e  g iv e n  a s  m ole %, c h a r  a s  w e ig h t %. The re m a in d e r  o f  t h e  sam p le  i s  t a r  and  a  few  m in o r p r o d u c t s -  
v e r y  s m a l l  p e a k s  w h ich  may b e  a n i l i n e  an d  to l u id e n e  w ere  fo u n d  b u t  n o t  m e a su re d .

cT h ese  e x p e r im e n ts  w ere  w i th  added  t e t r a l i n  and  d ih y d r o a n th ra c e n e .  The e x t e n t s  o f  r e a c t i o n  a r e  b e l i e v e d  r e l i a b l e  b u t  p ro d u c t  
d i s t r i b u t i o n s  a r e  m ore u n c e r t a in  b e c a u s e  o f  co n su m p tio n  o f  h y d ro g en  t r a n s f e r  a g e n ts .

^  An a n a l y s i s  o f  t h e  t a r  g av e  5 - 9% i s o q u in o l in e  f r e e  t a r .  When t h i s  w as added  t o  t h e  r e s t  o f  t h e  p r o d u c t s  T6JC o f  t h e  c o n v e r te d  
m a t e r i a l  was a c c o u n te d  f o r ,

6
E le m e n ta l  a n a l y s i s  o f  t h i s  t a r  g av e  t h e  a tom  r a t i o  C22 2H1Q ^N^Og g2 *



(o r  q u in o lin e ) .  There was a ls o  ev idence  t h a t  some o f  th e  m a te r ia l  was 

b e in g  r e ta in e d  a t  th e  b eg in n in g  o f  th e  G.C. column in  th e  g la s s  wool 

p lu g . No G.C-M.S a n a ly s is  was done because  th e  n o n -v o la t i le s  co u ld  n o t 

be removed s u f f i c i e n t l y  t o  make th e  sample a c c e p ta b le  f o r  th e  G.C-M.S 

in s t ru m e n t .

The e f f e c t  o f  te m p e ra tu re  was s tu d ie d  a t  c o n s ta n t p re s s u re  and a t  

c o n s ta n t d e n s ity . At 1+00°C, 0 .170  g /cc  HgO, 361+0 p s i  and 1*8 h o u rs , th e  

average  deg ree  o f  c o n v e rs io n  was 18$. When th e  tem p e ra tu re  was in c re a s e d  

to  1+50°C a t  th e  same d e n s i ty  o f  0 .1 7 0 , t h e  deg ree  o f  c o n v e rs io n  was 1*2$. 

When th e  te m p e ra tu re  was r a i s e d  t o  1+50°C a t  a  p re s s u re  o f  3580 p s i  th e  

deg ree  o f  co n v ers io n  was e s s e n t i a l l y  th e  same a t  50$. The r e la t io n s h ip  

betw een tim e  and deg ree  o f  c o n v e rs io n  i s  n o t y e t  c le a r .  The deg ree  o f  

co n v e rs io n  in c re a s e s  w ith  tim e  a t  s h o r te r  r e a c t io n  tim es  but ap p ears  to  

l e v e l  o f f  a t  about 96 h o u rs . THe in c o n s is te n c y  in  th e  degree o f  conver­

s io n  fo r  t h e  two d i f f e r e n t  tim es  a t  500°C cannot be e x p la in ed .

The e f f e c t  o f  p re s s u re  i s  a ls o  not y e t  c e r t a in .  In  two c a s e s ,  one 

a t  1+00°C w ith  a p re s s u re  in c re a s e  o f  361+0 to  3870 p s i  and one a t  1+50°C 

w ith  a  p re s s u re  in c re a s e  o f  1+680 t o  5200, th e  p re s s u re  in c re a s e s  caused 

an in c r e a s e  in  co n v e rs io n . However, in  one case  a t  1+50°C w ith  a  p re s s u re  

in c re a s e  o f  3580 t o  1+680 th e  in c re a s e  p re s s u re  caused  a  s l ig h t  d ec re a se  

in  c o n v e rs io n .

The amount o f  benzene and a lk y lb en zen es  form ed showed s ig n i f ic a n t  

n i tro g e n  rem oval. I t  ranged  from 15 to  55 mole % o f  is o q u in o l in e  con­

v e r te d  w ith  an average  o f  38$.

A d d itio n  o f ZnClg as a  c a ta ly s t  improved th e  deg ree  o f  co n v ers io n  

bu t d id  n o t appear t o  a f f e c t  th e  s e l e c t i v i t y  tow ard  th e  a lky lbenzene
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p ro d u c ts . The r e s u l t s  from  a d d it io n  o f  th e  h yd rogenation  a g e n t, t e t r a l i n ,  

produced a c o n v e rs io n  o f 93$ . This was s ig n i f i c a n t l y  h ig h e r  th a n  th e  

1+2$ c o n v e rs io n  found in  t h e  r e a c t io n  w ith o u t t e t r a l i n .  The p ro d u c t d i s ­

t r i b u t i o n ,  how ever, cou ld  n o t be d e te rm ined  a c c u ra te ly  f o r  t h i s  r e a c t io n  

because  o f  i n te r f e r e n c e  by t e t r a l i n ’ s decom position  p ro d u c ts , to lu e n e  

and e th y lb e n ze n e . The 59$ convers ion  produced by th e  a d d it io n  o f  

9 ,1 0 -d ih y d ro a n th rac e n e  was a ls o  an improvem ent. However, th e  s e l e c t i v i t y  

tow ard  a lk y lb en zen es  appeared  to  be s l i g h t l y  l e s s .

Ammonia a n a ly se s  o f  t h e  w ater in  two o f  th e  is o q u in o lin e  r e a c t io n s  

showed 60 t o  75 p e rc e n t o f  th e  n i tro g e n  from  r e a c te d  is o q u in o lin e  was 

con v erted  t o  ammonia.

An experim ent a t  th e  s u b c r i t i c a l  c o n d it io n s  o f  350°C and 2l*00 p s i  

u s in g  ZnCl2 c a ta ly s t  and hav in g  a  r e a c t io n  tim e o f  72 hours con v erted  

3k% o f  th e  r e a c ta n t  w ith  o n ly  2 .7$  o f  th e  p ro d u c t found a s  a lk y lb e n ze n e s . 

In  com parison a  s u p e r c r i t i c a l  r e a c t io n  a t  1+00°C and 361*0 p s i  u s in g  ZnClg 

and a  r e a c t io n  tim e’ o f  1*8 hours consumed 5^$ o f  th e  r e a c ta n t  w ith  20.9$ 

co n v erted  t o  a lk y lb e n z e n e s . This showed a  marked in c re a s e  in  th e  amount 

o f  a lk y lb en zen es  produced  a t  s u p e r c r i t i c a l  v s s u b c r i t i c a l  c o n d it io n s .

One o th e r  experim ent o f  im portance was a th e rm a l r e a c t io n  run  a t  

1*5G°C fo r  1*8 hours w ith o u t w a te r. In  t h i s  r e a c t io n  over 90 p e rc e n t o f  

th e  is o q u in o lin e  was rec o v e red  and no p ro d u c ts  w ere d e te c te d  by G.C. o r 

as c h a r . When w a te r was in tro d u c e d  a t  th e  same tem p e ra tu re  and r e a c t io n  

t im e , th e  amount o f  c o n v e rs io n  ranged  from 1+2$ a t  1+680 p s i  to  8 l#  a t  

5200 p s i .

S ev e ra l d u p l ic a te  experim ents were done to  de te rm ine  th e  re p ro d u c i­

b i l i t y  o f th e  e x te n t o f  co n v ers io n  and th e  d i s t r ib u t io n  o f  p ro d u c ts . In
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a l l  th r e e  c a se s  th e  d i f f e re n c e  betw een th e  two ru n s  was about te n  p e r­

cen tage  p o in ts .  T h is was t h e  same r e g a r d le s s  o f  th e  amount o f  co n v ers io n . 

There was a ls o  s ig n i f ic a n t  v a r i a t i o n  in  th e  amount o f  i d e n t i f i e d  p roduct 

as a  $ o f c o n v e rted  r e a c ta n t .  The most l i k e l y  so u rce  f o r  t h i s  v a r ia t io n  

was th e  e x tr a c t io n  p ro ced u re  where sm all lo s s e s  o f  th e  c o n c e n tra te d  p rod­

uc t m a te r ia l  cou ld  s ig n i f i c a n t l y  a f f e c t  t h e  f i n a l  r e s u l t s .

Q u ino line

The r e s u l t s  o f  th e  r e a c t io n  o f  q u in o lin e  a t  s u p e r c r i t i c a l  w ater 

c o n d itio n s  a r e  p re s e n te d  in  Table k . These r e s u l t s  showed s e v e ra l  

d if f e re n c e s  betw een q u in o lin e  and is o q u in o l in e . The q u in o lin e  i s  

s ig n i f i c a n t ly  l e s s  r e a c t iv e  and re q u ir e d  a  c a ta ly s t  a t  tem p e ra tu re s  o f  

l e s s  th a n  500°C f o r  a  la rg e  e x te n t o f  r e a c t io n .  Two c a ta ly s t s  were u sed , 

AICI2 and ZnClg. The ZnClg was found to  be  th e  b e t t e r  c a ta ly s t  fo r  

purposes o f  v a lu a b le  p ro d u ct fo rm a tio n , s in c e  th e  AlCl^ produced  alm ost 

tw ice  as much ch ar (13 .3$ ) a s  th e  ZnCl2 (5*9$)»

The p ro d u c t d i s t r i b u t i o n  fo r  q u in o lin e  was s ig n i f i c a n t l y  d i f f e r e n t  

than  t h a t  from  is o q u in o l in e . The average  y ie ld  o f  i d e n t i f i a b l e  p ro d u c ts  

was much low er a t  o n ly  17$ and in c lu d e d  la r g e  amounts o f  a n i l in e  and 

to lu id in e .  Sm all amounts o f  q u in a ld in e  w ere a ls o  found. There was a ls o  

s ig n i f ic a n t ly  l e s s  o -xy lene  produced  by q u in o lin e  th a n  by iso q u in o lin e .

An e le m en ta l a n a ly s is  o f  one q u in o lin e  ch ar gave an atoi,:. r a t i o  o f

C .„ _H_ „N. 0 _. W hile t h i s  ch ar was low er in  n i tro g e n  th a n  th e  o r ig in a l
•L& • j  p  • j  J . U • P

q u in o lin e , i t s  n i tro g e n  c o n te n t was h ig h e r  th an  th e  char from th e  i s o ­

q u in o lin e . Two ammonia a n a ly se s  o f  r e a c t io n s  a t  U00°C gave y ie ld s  o f  96 

and 115$. These appear h ig h  c o n s id e r in g  th e  amount o f  ch a r and t a r
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Table U

R eac tio n  o f  W ater w ith  Q u ino line

Tem perature ( C) 1+00 1*50 500
P re ssu re  ( p s i ) 3870 1*66 1+ 1*020 1*020 l*68o 1*680 5200 52008L 5200 5200 5200 5200a 5650
D ensity  (g /c c ) 0.213 0 . 1*26 0.255 0.255 0.170 0.170 0.213 0 .213 0 .213 0.213 0.213 0.213 0V170
Time (h o u rs) 1*8 1*8 1*8 1*8 1*8 1*8 2l* 1*8 U8 1*8 1*8 1*8 1*8
C a ta ly s t ZnClg AlClo ZnClp ZnClg ZnClp ZnClp ZnClp ZnClg

(g) 0 .05 0 .05 0 .05 0.10 0.01 0 .05 0 .05 0.08
Q# 7 15 12 11 1 2 3 5 8 1* 6 13 16
% C onverted 22 . 1* 27.2 60.0 53 .2 28.2 81.0 1I+.8 9 .2 5 .2 7 8 .9 55 .6 5^*5 70.0
% o f  C onverted 11.8 0 .8 2 .6 2 .9 15 .3 l l*.2 21.0 1*8.8 36.1* 13.1* 1 7 .3 1 8 .1 2 3 .2

I d e n t i f i e d

P roducts  (% o f  C onverted Reactants)**

Benzene 0.0 0 .8 0.0 0 .0 0.0 0 .8 0 .0 0 .0 0 .0 0 .9 0 . 1* 0 . 1* U.O
Toluene 0 .9 0 .0 0.0 0 .0 ■3.5 2 .5 2 .7 8 .6 1 1 .3 2 .5 2 .5 1 .5 5-5
E thylbenzene 2 .5 0.0 0 .0 0 .0 2 .0 0 .9 3 .7 8.0 10.6 0 .9 1 .3 1 . 1* 1 .8
o-X ylene 2 .7 0 .0 0 .0 0 .0 0 .7 0 .5 U.O 1+.3 3.7 0 .5 1 .1 0.9 0 .3
A n ilin e 2.1* 0 .0 1.1* ■1.5 3 .8 6 .0 5.1* 2 3 .6 0 .0 6 .2 8 .3 9 .2 8 .3
T olu idene 3 .3 0 .0 1 .2 1.1* 5 .3 3.1* 5 .0 l* .l 1 0 .6 2.U 3 .7 1*. 8 3 .3
Ammonia - - 96 115 - - - - - - - - -

Char 7 .2 1 3 .6 13 .3 5-9 0 .0 6 .1 0 .0 0 .0 0 .0 — 16.6 — 27 . 0C

aThe norm al charge  o f  q u in o lin e  was h a lv e d  t o  1 .0  mL in  experim ent Q-5 and doubled  in  experim ent Q-13

^ Y ie ld s  o f  compounds a re  g iv en  as  mole %, ch a r a s  w eight %. The rem ainder o f  th e  sample i s  t a r  o r  m inor p ro d u c ts . 
Q u ina ld ine  was found b u t n o t m easured.

E lem enta l a n a ly s is  o f  t h i s  ch a r gave th e  atom r a t i o  C-, p 5*

ro\ji
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produced in  th e s e  r e a c t io n s .  T h is su g g e sts  a  problem  w ith  th e  ammonia 

a n a ly s is  which w i l l  be s tu d ie d  in  f u tu r e  work. In  a d d it io n  an e lem en ta l 

a n a ly s is  o f  th e  t a r  i s  needed t o  account fo r  a l l  th e  n i tro g e n .

M isce llan eo u s  Compounds

S e v e ra l o th e r  compounds were examined a t  s u p e r c r i t i c a l  w a te r con­

d i t i o n s ,  th e  r e s u l t s  o f  which a r e  summarized i n  Table 5. B e n z o n i tr i le  

and c a rb a z o le  were r e a c te d  a t  s u p e r c r i t i c a l  c o n d it io n s  to  s tu d y  th e  

r e a c t i v i t y  o f  a  n i t r i l e  and a non-arom atic  n i tro g e n  bonded betw een two 

arom atic  r in g s .  T e t r a l i n  and 9 )10 -d ih y d ro an th racen e ,w h en  u sed  as hyd ro ­

g en a tin g  a g e n ts ,  were found to  r e a c t  and were th e r e f o r e  examined to  d e te r ­

mine t h e i r  p ro d u c t d i s t r i b u t io n .  S ince  a n i l in e  and e th y lb en zen e  were 

p ro d u c ts  o f  q u in o lin e  and is o q u in o lin e  r e s p e c t iv e ly ,  th e s e  w ere r e a c te d  

t o  determ ine  i f  th e y  p roduced  secondary  p ro d u c ts .

The b e n z o n i t r i le  was th e  most r e a c t iv e  o f  th e  n itro g e n  compounds 

p roducing  on ly  benzene i n  a y i e ld  o f  over 95$. This i s  a s u b s ta n t i a l l y  

d i f f e r e n t  p ro d u c t d i s t r ib u t io n  from th e  polym er fo rm ation  which would be 

p re d ic te d  i f  th e  r e a c t io n  was o n ly  a  p y r o ly s i s .  The p ro d u c t m ix tu re  

showed no d is c o lo r a t io n  in d ic a t in g  th e  n i t r i l e  was c le a n ly  hyd ro lyzed  

fo llow ed  by  d e c a rb o x y la tio n . The c a rb a z o le  was th e  l e a s t  r e a c t iv e  w ith  

no in d ic a t io n  o f  r e a c t io n  and no m easurable p ro d u c ts  form ed. The t e t r a l i n  \ 

r e a c te d  co m p le te ly , p roducing  about 50$ n ap h th a len e  and s ig n i f ic a n t  

amounts o f  a lk y lb e n z e n e s . The d ih y d ro a n th ra c en e  was much l e s s  r e a c t iv e  

p roducing  an th racen e  and s e v e ra l  o th e r  p ro d u c ts  in  sm a lle r  amounts and 

w ith  r e te n t io n  tim es  l e s s  th an  a n th ra ce n e .

An experim ent u s in g  a n i l in e  as th e  s t a r t i n g  m a te r ia l  gave u n c e r ta in
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Table 5

R e ac tio n  o f  W ater w ith  O ther Compounds

Compound B e n z o n itr i le E thy lbenzene T e t r a l in DA15
c

C arbazole A n ilin e ^

Tem perature (c) 1+00 1*50 1*50 U50 U50 1*50 1*50 1*50
P re ssu re  (p s i ) 361*0 5200 5200 5200 5200 5200 5200 5200
D e n s ity  (g /c c ) 0.170 0.213 0 .213 0.213 0.213 0.213 0.213 0.213
Time (hour) 2U 1*8 1*8 1*8 1*8 1*8 1*8 1*8
C a ta ly s t ZnCl2 ZnClp ZnClp

(g) 0 .05 0 .05 0.05
% R eacted 100 10 100 100 >50 <15 21 7U

£LP ro d u c ts

Benzene 95 22 1 .5 1 .5 0 0 5 5
Toluene - 78 10 7 .0 0 0 0 0
E thylbenzene - - 13 8 .9 0 0 0 0
N aphthalene - - 52 ^5 0 0 0 0
A nthracene - - - - e 0 0 0
Ammonia — — - — 66 59

^ o l e  % o f  consumed r e a c ta n t .  Ho ch a r  found f o r  any r e a c ta n t .

^The d ih y d ro an th racen e  chromatogram showed about s ix  p ro d u c ts ,  a l l  h av ing  lo n g e r  r e t e n t io n  tim es  th a n  
n ap h th a len e  b u t s h o r te r  th a n  a n th a c e n e , w hich was by f a r  th e  l a r g e s t  in  s i z e .  (The e  symbol in d ic a te s  
a  la r g e  b u t unm easured amount. )

c C arbazo le  appeared  c lo s e  t o  zero$  re a c te d .

^Due t o  chromatogram an o m alie s , th e  e x te n ts  o f  th e s e  r e a c t io n s  a re  u n c e r ta in .  The o n ly  s ig n i f i c a n t  o rg an ic  
p ro d u c t i d e n t i f i e d  was in  sm all am ounts. T his i n d ia te s  a  sm all p ro d u c t peak . A second , l a r g e  peak w ith  
a  long  r e te n t io n  tim e  was found h u t n o t i d e n t i f i e d .

ro
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r e s u l t s .  Two m ajor peaks w ere found near t h e  r e t e n t io n  tim e  o f  a n i l in e .  

These p eak s, however, could  n o t he re s o lv e d  on th e  G.C-M.S and th e r e fo r e  

p o s i t iv e  peak  assignm ents co u ld  n o t be made. The a n i l in e  d id  show some 

benzene p re s e n t  as a  p ro d u c t. The e thy lb en zen e  was on ly  s l i g h t l y  re a c ­

t iv e  and produced a  c le a n  p ro d u c t s o lu t io n  c o n ta in in g  o n ly  benzene and 

to lu e n e .
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CHAPTER IV

CONCLUSIONS

The s ig n i f ic a n t  p ro d u c tio n  o f hydrocarbons and ammonia from n i tr o g e n -  

c o n ta in in g  compounds shows t h a t  s u p e r c r i t i c a l  w a te r can be an e f f e c t iv e  

r e a c ta n t  in  th e  rem oval o f  n i tro g e n  from  some ty p e s  o f  o rg an ic  compounds. 

The e f f e c t iv e n e s s  o f  t h i s  rem oval v a r ie d  w ith  m o lecu la r s t r u c tu r e  and 

tem p e ra tu re . A c id ic  c a t a ly s t s  a lso  in c re a s e d  r e a c t i v i t y ,  e . g . , ZnClg 

was found to  be  e f f e c t i v e .  Based on th e  e x te n t  o f  r e a c t io n ,  th e  o rd e r  

o f  r e a c t i v i t y  was found to  be b e n z o n i t r i le  > is o q u in o l in e  > q u in o lin e  > 

c a rb a z o le . The r e a c t i v i t y  o f  a n i l in e  cou ld  n o t be determ ined  as accu­

r a t e l y  as the  o th e r  compounds b u t i t  c l e a r l y  f a l l s  betw een th e  extrem es 

o f  b e n z o n i t r i le  and c a rb a z o le . One can conclude from th e s e  r e s u l t s  t h a t  

th e  p o s i t io n  and bonding o f  th e  n i tro g e n  in  a  m olecu le  has a  m ajor e f f e c t  

on th e  ea se  o f  i t s  rem oval.

W hile not enough in fo rm a tio n  has been o b ta in e d  t o  p re s e n t  a d e ta i le d  

m echanism , F ig u re s  3 and ^ show a  g e n e ra l  r e a c t io n  pathway f o r  th e  known 

p ro d u c ts .  The carbon a d ja c e n t  t o  th e  n i tro g e n  ap p ears  to  p la y  a c r i t i c a l  

r o le  i n  n itro g e n  rem oval. In  every  c a se  where n i tro g e n  was rem oved, as 

i n  th e  case  o f  th e  n i t r i l e  o r  h e te ro c y c l ic  r i n g ,  one o r  more carbon atoms 

e x te r n a l  to  th e  ben zen o id  a ro m atic  r in g  were l o s t .  This was t ru e  even 

when th e  n itro g e n  was n o t removed. The absence o f  such a carbon in  c a rb a ­

z o le  and  a n i l in e  may e x p la in  why c a rb a z o le  i s  so u n re a c tiv e  and a n i l in e  

does n o t appear t o  decompose t o  benzene and ammonia.

29
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Toluene + Benzene

F ig u re  3 . Iso q u in o lin e -W a te r  R eac tion
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C H i  + T o l u id i n e s  + Toluene 
X y l id in e s  + Xylene

f

N

nh2

+ CH-

CH;
4 -  CH.

^  X /  " \

o l d } ( C H , ) ,

F igu re  U. Q uino line-W ater R eac tio n
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The s e l e c t i v i t y  o f  th e  r in g  ru p tu re  in  i s o q u in o l in e  showed no p re ­

fe re n c e  fo r  th e  1-2  bond v e rsu s  th e  2 -3  bond, as shown by th e  e s s e n t i a l l y  

equa l m olar amounts o f  e th y lb en zen e  and o -x y len e  form ed, p a r t i c u l a r l y  a t  

th e  lo w e s t te m p e ra tu re . In  th e  case o f  q u in o lin e  th e  ru p tu re  o f  bonds 

fav o red  th e  1-2 bond o v e r th e  l - 8 a  bond. S ince n e i th e r  th e  1 -2  o r 2-3  

bond in  is o q u in o lin e  n o r  th e  1 -2  bond i n  q u in o lin e  was a tta c h e d  t o  th e  

hom ocyclic a rom atic  r i n g ,  t h e i r  r e a c t i v i t y  would be expected  t o  be about 

th e  sam e. However th e  l - 8 a  bond in  q u in o lin e  was a tta c h e d  to  th e  homo- 

c y c lic  r in g  and th e r e f o r e  cou ld  account f o r  th e  d i f f e re n c e  in  r e a c t i v i t y  

o f  q u in o lin e  and i s o q u in o l in e .

The i n i t i a l  a lk y lb en zen es  formed a re  a ls o  r e a c t iv e  under su p e r­

c r i t i c a l  c o n d it io n s . The p re se n c e  o f to lu e n e  and benzene in  th e  p ro d u ct 

m ix tu re s  from b o th  th e  h e te r o c y c l ic  compounds and from e thy lbenzene  

d em onstra ted  t h a t  carbons cou ld  be l o s t  from th e  a lk y l  s id e  c h a in  u n t i l  

on ly  th e  benzene r in g  was l e f t .

In  th e  case  o f  q u in o lin e ,  th e  p resen ce  o f  q u in a ld in e , o -x y le n e , and 

p o s s ib ly  some p o ly s u b s t i tu te d  q u in o lin e s  in d ic a te s  t h a t  th e  carbon l o s t  

from th e  a lk y l  s id e  c h a in  i s  a  r e a c t iv e  sp e c ie s  cap ab le  o f  a rom atic  sub­

s t i t u t i o n  r e a c t io n s .  The p re se n c e  o f a  GC peak on th e  iso q u in o lin e  chrom­

atogram  w ith  an analogous r e t e n t io n  tim e to  th e  q u in a ld in e  peak in  th e  

q u in o lin e  chromatogram su g g e s ts  t h a t  m ethy l s u b s t i tu t io n  on th e  iso q u in o ­

l i n e  r in g  may a ls o  be o c c u r r in g . The i d e n t i t y  o f  t h i s  p eak , however, 

cou ld  n o t be confirm ed by M.S. due to  i t s  low c o n c e n tra t io n s .

When th e  rem oval o f  n i t ro g e n  by SCW i s  compared t o  HDN, one s i g n i f i ­

can t o b se rv a tio n  can be made. N e ith e r method showed any ev idence  o f th e  

hom ocyclic r in g  ru p tu r in g . However, HDN d id  r e q u i r e  a  s u b s ta n t ia l  amount
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o f  th e  hom ocyclic r in g s  t o  he h y d rogena ted  b e fo re  s ig n i f ic a n t  n i tro g e n  

rem oval o c c u rre d . S ince  use  o f  SOT i s  n o t a h y d ro g en a tio n  p ro c e s s , th e  

hom ocyclic r in g  i s  l e f t  u n a f fe c te d . T h is  e n a b le s  th e  SOT method to  p ro ­

duce a  p ro d u c t m ix tu re  w ith  a h ig h e r  deg ree  o f  u n s a tu ra tio n .
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E xperim en ta l D ata

Table A1

Average R e te n tio n  Time

Known Compounds R e te n tio n  Time (min)

Benzene

Toluene

E thy lbenzene

o-X ylene

A n ilin e

T o lid in e

Q u ino line

Is o q u in o lin e

Unknown Compounds 
I s o q u in o lin e  experim ents

Unknown #1

Unknown #2

Unknown #3

1 .5  ± 0 .2  

3 .1  ± 0 .6  

5-5 ± 0 .6  

6 .3  ± 0 .7  

9 ± 2C 

10 ± 2C 

13 ± 2C 

13 .0  ± 0 .6

9-0 ± 0.1+ 

1 0 . 0  ± 0 . 1+ 

ii+.o ± o.6

d e t e n t i o n  tim es w ere r e l a t i v e  to  th e  a i r  peak and were fo r  i n je c t io n s  a t  
s ta n d a rd  G.C. o p e ra tin g  c o n d it io n s .

"L
The v a r i a t i o n  g iven  in  th e  r e t e n t io n  tim e i s  one s ta n d a rd  d e v ia t io n .

cThe G.C. tem p e ra tu re  program  was a d ju s te d  s l i g h t l y  f o r  some o f  th e  
q u in o lin e  experim ents to  m axim ize th e  s e p a ra tio n  o f  th e  more complex 
m ix tu re  o f  unknowns found a f t e r  o -x y le n e . These ad ju s tm en ts  caused  
a l a r g e r  v a r i a t io n  i n  th e  r e t e n t io n  tim e o f  some o f  th e  h ig h e r  r e t e n t io n  
tim e s .

35
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Table A2

E lem ental A n a ly s is  o f  Organic Component o f  Char (Weight P e rc e n t)

Element Isoquinoline Quinoline

Carbon 88.59 8U. 09
Hydrogen 3.1*9 3-OU
Nitrogen b.62 8.01
Oxygen 3.30 U.86
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Table A5

R e ac tio n  o f  W ater W ith O ther Compounds 
Average A tte n u a te d  a re a /p L  (mm^/pL)

Compound B e n z o n i tr i le E thy lbenzene T e t r a l in DAa C arbazole15 A n il in e c

Tem perature (C) Uoo 1*50 1*50 1*50 1*50 1*50 1*50 1*50
P re s s u re  (p s i ) 36U0 5200 5200 5200 5200 5200 5200 5200
D e n sity  (g /c c ) 0,170 0 .213 0.213 0.213 0.213 0.213 0 .213 0.213
Time (hour) 2k 1*8 1*8 1*8 1*8 1*8 1*8 1*8
C a ta ly s t - - ZnCl2 - ZnCl2 - ZnCl2

(g ) - — 0.05 — - 0.05 — 0.05

Benzene 381 12 5 5 0 0 s s
Toluene - 1*1 39 28 0 0 0 0
E thylbenzene - 1*70 51* 37 0 0 0 0
T e t r a l in - 0 0 - — —
A n ilin e - - — — — — 379 180
N aphthalene - - 3lU 211 0 0 — -
9 , 10-d ih y d ro ­

an th ra ce n e - - — — d
A nthracene - - — — e 0 — —
C arbazole - — 1 .7  g _
Ammonia (moles x - . — m' 2.6 9 .6

10- 3 )

aThe d ih y d ro an th racen e  chromatogram showed about s i x  p ro d u c ts ,  a l l  h a v in g  lo n g e r  r e t e n t i o n  t im e s  th a n  n a p h th a len e  
b u t s h o r te r  th an  a n th ra ce n e  which was by f a r  th e  l a r g e s t .

^C arbazo le  appeared  c lo s e  t o  zero% r e a c te d .

c **Due t o  chromatogram an o m alies , th e  e x te n ts  o f  th e s e  r e a c t io n s  a re  more u n c e r ta in .  The o n ly  s ig n i f i c a n t
o rg an ic  p ro d u c t i d e n t i f i e d  was in  sm a ll am ounts. The s in d ic a te s  sm a ll p ro d u c t p ea k . A second , la r g e  peak
was found b u t n o t id e n t i f e d .

,  LOd \oHo q u a n t i ta t iv e  m easure o f  9 , 1 0 -d ih y d ro an th racen e  was made. However, i t  can be s t a t e d  w ith  some c e r t a in ty
t h a t  over 50% r e a c te d  s in c e  th e  a n th ra c e n e  peak was g r e a te r  th a n  th e  9 ,1 0 -d ih y d ro a n th rac e n e  peak .
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Steam Table

Table B1 

Steam  T ab le8,

D ensity  (g /c c )  0.255 0.213 0 .1 7 0  0.106
Vg ( f t ^ / l b )  0.0621 0.071+5 O.O932 0 .1^90
Water volume13 (mL) 12.0 10 .0  8 .0  5*0

Tem perature0 P re ssu re  (p s i)

382 3I+60 31+00 3280
399 1+020 3870 36^0
1+16 1+560 1+320 1+000 3200
1+32 5100 1+760 1+31+0 3390
1+1+9 561+0 5200 1+680 3580
1+65 6170 5630 5010 3770
1+82 -  6060 5300 3950
1+99 -  61+80 5650 1+130
527 -  -  6180 1+1+20
551+ • -  -  6700 1+790
582 -  -  5000
610 -  -  5290

^This i s  a summary o f  th e  p re s s u re  v a lu e s  found in  Keenan, J .H . ,  F .G . 
Keyes, P.G. H i l l  & J .G . M oore, Thermodynamic P ro p e r t ie s  o f  Water 
In c lu d in g  Steam T a b le s , New York: John W iley & S ons, 1969 .

•u
The volume needed f o r  an experim ent was c a lc u la te d  u s in g  th e  fo llo w i 
form ula: [ d e n s i ty  o f  steam]*l+6 mL/l.O g/mL = [volume l iq u i d  w a te r]

c The te m p e ra tu re s  a re  th e  c e n tig ra d e  e q u iv a le n ts  o f  th e  f a h re n h e it  u s 
in  t h e  r e fe re n c e .

1+2
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Table C l 

C a l ib r a t io n  Data

Response F a c to r  a t  Given . F in a l  Response
Compound C o n cen tra tio n  o f  S tan d ard  Compound13 ______ Fa.ctora

(D.05C 0 .10 0.50 1.00 1.50 2 .0 0

Benzene 12 - lho - h23 6 oh 298

Toluene lit 29 133 2 j h h l l - 281

Ethylbenzene lit 28 116 259 - - 262

o-X ylene 12 26 117 239 378 - 2 lt8

A n ilin e 1 5 26 15*+ 23 t̂ - - 2 ltl

T o lu id in e IT 32 12k 306 I+9U - 298

Q uino line - 31 > 5 8 306 1+30 585 29U

Iso q u in o lin e - 3lt - - 1+30 625 301

T e t r a l in - - 158 - - - 3l6d

aThe resp o n se  f a c to r s  a re  d e fin e d  in  u n i ts  o f  a t te n u a te d  a rea /y L  p e r  
mL s ta n d a rd /  25 mL s o lu t io n  and a r e  c a lc u la te d  from  th e  s lo p es  o f  a 
l e a s t  square  tre a tm e n t o f  a l l  th e  G.C. d a ta  fo r  a  p a r t i c u l a r  compound.

^The resp o n se  f a c to r s  fo r  each c o n c e n tra tio n  a re  s ta t e d  a s  th e  average  
o f  a l l  th e  G.C. d a ta  a t  a  g iven  c o n c e n tra tio n  f o r  a  p a r t i c u l a r  com­
pound.

cThese c o n c e n tra tio n s  a re  e x p ressed  as mL s ta n d a rd  p e r  25 mL s o lu t io n .

^The t e t r a l i n  response  f a c to r  was c a lc u la te d  from on ly  th e  one concen­
t r a t i o n  o f  s ta n d a rd .

1th
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E rro r  A n a ly s is

The u n c e r t a in t i e s  in  th e  in d iv id u a l  m easurem ents and t h e i r  e f f e c t  on 

th e  f in a l  r e s u l t s  were analyzed  in  th e  fo llo w in g  ways:

(1) The volume o f  th e  r e a c to r ,  which was u sed  to  de te rm ine  th e  

d e n s i ty ,  a n d  from th e  d e n s i ty  th e  p re s s u re  f o r  a  g iven  charge o f  w a te r , 

was determ ined  hy w eigh ing  th e  amount o f  d ib u ty lp h th a la te  needed  t o  f i l l  

th e  r e a c to r .  The w eigh t cou ld  he  de te rm ined  t o  ± 0 .1  g . However, an 

a d d it io n a l  u n c e r ta in ty  was in tro d u c e d  by th e  sm all volume in  th e  l i d .

This volume was e s tim a te d  a t  1 .0  mL ± 0 .5  mL.

(2) The p ip e t s  were c a l ib r a te d  by a v e ra g in g  th e  w eigh t o f  f iv e  

samples m easured w ith  th e  p ip e t .  The average d e v ia t io n  in  w eigh ts  was 

±0.009 g f o r  bo th  q u in o lin e  and i s o q u in o l in e .

(3) The amount o f  w a te r  was m easured to  ±0 .01  mL. The u n c e r ta in ty  

in  w ater a d d i t io n  was th e r e fo r e  1 2 .0  mL ± .08# a t  th e  h ig h e s t  d e n s ity  

and 5-0 ± 0 .2 #  a t  th e  lo w e s t d e n s i ty .

(b) The e r r o r  in  th e  char had t o  be e s tim a te d  because th e  t r a n s f e r  

from the  r e a c to r  was n o t q u a n t i t a t iv e .  Based on th e  range o f  w eigh ts

c o l le c te d ,  th e  e r r o r  was e s tim a te d  a t  10 .05 mg.

(5) The u n c e r ta in ty  i n  th e  ammonia v a lu e  was based  on th e  e r r o r  in  

w a te r re c o v e re d , sam ple d i lu t io n  and th e  m eter re a d in g . The w a te r  f o r  

th e  example s ta t e d  in  th e  t e x t  was 7 .2  ± 0 .1  mL. The sam ple o f  w ater 

analyzed  w as 1 .0  mL ± .001  and d i lu te d  t o  100 mL i  0 .1 . The m eter re a d in g  

was 8 .6  ± 0 .1 .  T h is  gave an e r r o r  o f  62# ± 2 # .

(6) The resp o n se  f a c to r  was c a lc u la te d  by  ta k in g  th e  s lo p e  o f  th e

l in e  o f av erag e  a t te n u a te d  a re a  v e rsu s  mL o f  s ta n d a rd  i n  25 mL s o lu t io n .

k6
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The e r r o r  was th e  95# C onfidence L im it o f  th e  s lo p e  o f  th e  l i n e  as

c a lc u la te d  by th e  DEC-10 com puter program  CHM;GPPLCC. The fo llo w in g

t a b le  l i s t s  th e  s ta n d a rd  e r r o r s :

Compound Response 95# C onfidence
_______  F a c to r  ' L im it

Benzene 298
Toluene 2 8 l
E thylbenzene 262
o-X ylene 2k8
A n ilin e  2 k l
T o lu id in e  298
Q uino line  29**
I s o q u in o lin e  301
T e t r a l i n  316
N aphthalene 318

aThe t e t r a l i n  and n ap h th a len e  resp o n se  f a c to r s  w ere b ased  on o n ly  
one c a l ib r a t io n  s ta n d a rd  and th e r e f o r e  th e  e r r o r  was c a lc u la te d  as th e  
95# co n fid en ce  l im i t  f o r  th e  average  o f  i n je c t i o n s  f o r  th e  s in g le  con­
c e n tr a t io n .

(7 ) The e r r o r  f o r  th e  i s o q u in o l in e  and q u in o lin e  r e s u l t s  was based  

on th e  95# con fid en ce  l i m i t  o f  th e  average  a tte n u a te d  a re a /p L  f o r  each  

r e a c t io n  and c a r r ie d  th ro u g h  th e  c a lc u la t io n s  u s in g  s ta n d a rd  e r r o r  

a n a ly s is .  The e r r o r  a n a ly s is  o f  th e  benzene in  IQ -37 i s  g iven  as  an 

example (1 8 ):

A verage a tte n u a te d  a re a /p L :
(12 .75  + 15 .00  + 17 .00  + 18.75 + 1 7 .2 5 ) /5  = 1 5 .5 5

Sum o f  ( a t t e n  a re a /p L  -  avg. a t t e n  a re a /p L )^ :
( - 2 . 8 F  + (1.1*5 )2 + ( - .5 5 ) 2 + ( 3 .2 ) 2 + ( l . 7 ) 2 + 23.38

Square r o o t  o f  [Sum /( to ta l  sam ples -  1 ) ] :
Y I 3 3 B A  = 2 . 1*18

Square ro o t  * t - d i s t r i b u t i o n / s a u a r e  o f  t o t a l  sam ples:
2.1*18*2.571/5 -  0 .25

F in a l  average  and e r r o r :
15.55 ± 0 .25

P ercen t e r r o r :
0 .25 /15 .55*100  = 1 .6  #

9
8
8
9

16
16
10
12
25a
22a
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The o n ly  s ig n i f i c a n t  e r r o r  a s s o c ia te d  w ith  t h e  co n v ers io n  o f  th e  

a t te n u a te d  a re a  t o  p e rc e n t  y i e ld  i s  th e  e r r o r  a s s o c ia te d  w ith  th e  resp o n se  

f a c t o r .

P e rc e n t e r r o r  o f  re sp o n se  f a c to r :
9 /2 9 8 * 1 0 0 = 3 .0 ^

P e rc e n t e r r o r  o f  m oles i s o q u in o l in e :
0.009/2 .175*100 = 0.k%

T o ta l  p e rc e n t e r r o r  f o r  % y ie ld :
1 .6  + 3 .0  +' 0.1* = 5 .0#

E rro r  f o r  % y i e l d :
1+. 7^*5.0/100 = 0.2% 

or 1*.7 ± 0 .2 %
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Computer Programs

1 0  D I S P  
£ 9  D I . S P  
7 0  D I S P  
4 0  D I M  D S C 3 2 3  
5 0  P R * N T
S 3  D I j P  " C O M P O U N D  P E A K  N U-  = £ ? SII
7 0  D I S P  " 1 = B E N Z E N E  

N E "
8 0  D I S P  " 3 = E T H Y L B E N Z E N E  *  = • _ -  

E N E ”
• 3 0  D I S P  " 5 = R N I L I N E  6 = T O L . ‘ I

D I N E "
1 0 0  D I S P  " 7 =  I S O Q U I N O L I N E  S = C ! U . . - j  

L I N E "
1 1 0  D I S P  " 9 = M E T H Y L Q U I N 0 L I N E  1 0 = 0  

T H E P 11
1 2 0  D I S P  " G I V E  C O M P O U N D  N U M B E R "  
1 3 0  I N P U T  N
1 4 0  ON N G O T O  1 5 0 , 1 9 0 , 2 3 0 , 2 7 0 , 3 1  

0 , 3 5 0 , 3 9 0 , 4 3 0 , 4 7 0 , 5 1 0  
1 5 0  A * = " B E N Z E N E "
1 6 0  M = 7 8 . 1 1  ! M O L E C U L A R  W E I G H T  
1 7 0  0 = . 3 7 9  ! D E N S I T Y  
I S O  G O T O  5 S 0  
1 9 0  R $ = " T O L U E N E "
2 0 0  M = 9 2 . 1 3  ! M O L E C U L A R  W E I G H T  
2 1 0  D = . 8 6 6  ! D E N S I T Y  
2 2 0  G O T O  5 8 0  
2 3 0  A $ = " E T H Y L B E N Z E N E "
2 4 0  M = 1 0 6 . 1 6  ! M O L E C U L A R  W E I G H T  
2 5 0  D = . 8 6 7  ! D E N S I T Y  
2 6 0  G O T O  5 S 0  
2 7 0  A * = " 0 - X Y L E N E "
2 8 0  M = 1 0 6 . 1 6  ! M O L E C U L A R  W E I G H T  
2 9 0  D = . 8 3  ! D E N S I T Y  
3 0 0  G O T O  5 8 0  
3 1 0  A $ = " A N I L I N E "
3 2 0  M = 9 3  . 1 2  
3 3 0  0 = 1 . 0 2 2  
3 4 0  G O T O  5 8 0  
3 5 0  A $ = " T O L U I D I N E "
3 6 0  M = 1 0 7 . 1 5
3 7 0  0 = . 9 9 9
3 8 0  G O T O  5 8 0
3 9 0  A$=" I SQQUI NOLI NE"
4 0 0  M = 1 2 9 . 1 5  
4 1 0  D = 1 . 0 9 1  
4 2 0  G O T O  5 8 0  
4 7  "' A $ =  " Q U I N O L I  N E "
4 *  M = 1 2 9 .  1 5  
4 5 0  D = 1 . 0 9 5  
4 6 0  G O T O  5 8 0
4 7 0  A $ =  " M E T H  Y L O . U  I N O L I  N E  "
4 8 9  M = 1 4 3 . 1 8
4 9 0  0 = 1 . 0 8 6  
5 0 0  G O T O  5 8 0
5 1 0  O I S P  " C O M P O U N D  N A M E "
5 2 0  I N P U T  A $
5 3 0  O I S P  " M O L E C U L A R  W E I G H T "
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. s a c -  I  r | P l J T  M
5 5 0  D I S P  " D E N S I T Y "
5 6 0  I N P U T  D  
5 ^ 0  G O T O  5 S 0
3  5 0  D I S P  " N U M B E R  O F  D I F F E R E N T  CO  

N C E T R R T I O N  O F  " ; f l $
. 3 5 0  I N P U T  R 1

F O R  1 =  1 T O  R 1  
■ j  D I S P  " C O N G . # " i l l "  c p d . m L / 2 5  

m L "
6 2 0  I N P U T  C  
6 3 0  I F  0 2 5  T H E N  B E E P  
6 4 0  I F  0 2 5  T H E N  6 1 0  
6 5 0  D I S P  " N A M E  A N D  D A T E  O F  V I A L  

F O R  C O N C .  ” iCi" m L  " ; A $
6 6 0  I N P U T  D $
6 7 0  C l  =  0 * 0 ^ 1 / .  0 2 5  ! C 1 = M O L  C O N C  
6 8 0  D I S P  " I N T E R N A L  S T A N D A R D  C Y / N  

> "

6 9 0  I N P U T  Y £ $
7 0 0  I F  Y 2 * = " N "  E X O R  Y 2 * = " Y "  T H E N  

7 1 0  E L S E  6 3 0  
7 1 0  D I S P  " N U M B E R  O F  D I F F E R E N T  S  

A M P L E  S I Z E S  A T "  j C " m L / 2 5 m L " 
7 2 0  I N P U T  R 2  
7 3 0  D I M  P 1 $ C 4 0 3  
7 4 0  D I M  P 2 $ C 4 0 U  
7 5 0  D I M  P 3 $ C 4 0 3  
7 6 0  D I M  P 4 $ C 4 0 I I  
7 7 0  P R I N T
7 8 0  P R I N T  " R  t = R E T E N T I  O N  T I M E "
7 9 0  P R I N T  " H = H E I G H T  m m "
8 0 0  P R I N T  " W = W I D T H  mm"
8 1 0  P R I N T  " A = A T T E N U A T I O H "
8 2 0  P R I N T  " A r = A R E A  m m ' " 2 "
8 3 0  P R I N T  " A A = A T T E N U A T I O H "
8 4 0  P R I N T  " A A / ' v L = A T T E N U A T E D  A R E A  

/ a L "
3 5 0  P R I N T  
5 6 0  P R I N T  D $
3 3 0  F O R  J = 1  T O  R 2  
3 9 0  D I S P  " S A M P L E  S I Z E  I N

.l>L"
9 0 0  I N P U T ' S
9 1 0  F 2 = 0  ! I N I T I A L I Z E  F 2  
9 2 0  Z 7 = 0  
9 3 0  Z 1 = 0
9 4 0  D I S P  " N U M B E R  O F  R U N S  A T " ; S ; "  

. u L "
9 5 0  I N P U T  R 3  .
9 6 0  P R I N T
9 7 0  P R I N T  C i " m L " ; " -  " ; A5|
9 3 0  P R I N T  " C O N C E N T R A T I O N  

" i C l i " M "
9 9 0  P R I N T  " S A M P L E  S I Z E " . :  " " : S ; "

,li L 11
1 0 0 0  P  1 $  =  " 7 X  .• A ,  6 X , 2 A  "
1 0 1 0  P 2 * = " X ,  A .  3 X . .  A .  3 X ,  A ,  2 X ,  2 A / 4 X  

. 2 A  > 3 X 5 A "
1 0 2 0  P 3 f  =  " 6 , 2 D ,  5 X , 2 D  . D ,  X .• 3 A "
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1 0 7 - 0  P 4 $ =  " 3 D /  X. .  D . D ,  X /  2 D ,  X ,  3 D  / 2 X /  
4 0 / 2 X / 3 D . 2 D "

1 0 4 0  P R I N T  U S I N G  P l $  ; " # " / " R t "  
1 0 5 0  P R I N T  U S I N G  P 2 $  i  " H "  .. " W "  " 

A "  .. " f i r " /  " A A "  ,  " A A / u L "
1 0 6 0  F O R  K = 1  T O  R 3  
1 0 7 0  D I S P  " R U N  # " / K / " H E I G H T /  M I D  

T H / A T T E N U A T I O N "
1 0 8 0  I N P U T  H / N / A
1 0 9 0  D I S P  " R E N T E N T I O N  T I M E  R U N # "  

/  K
1 1 0 8  I N P U T  T C K )
1 1 1 0  I F  Y 2 $ = " N "  T H E N  1 1 5 0  
1 1 2 0  D I S P  " I N T E R N .  S T A N D .  P E A K  H 

E I G H T / A T T E N U A T I O N "
1 1 3 0  I N P U T  H 2 / A 2  
1 1 4 0  Y 2 < K > = H 2 * A 2  
1 1 5 0  X = H * W  ! X = A R E A  
1 1 6 0  Y < K > = X * A  ! Y = A T T E N  A R E A  
1 1 7 0  Z < K ) = Y < K > / S  ! Z = A T T E N  A R E A /  

.l'L
1 1 8 0  Z 5 < K > = Z < K > A 2  
1 1 8 0  Z 7 = Z 7 + Z 5 < K )
1 2 0 0  Z 1 = Z 1 + Z C K )  ! S U M  O F  Z - C K>  
1 2 1 0  I F  Y 2 $ = " N "  T H E N  1 2 5 0  
1 2 2 0  F K K > = Y C K ) / Y 2 < K >  ! F 1 = I . S . /  

C P D . A T T E N  A R E A  
1 2 3 0  F 2 = F 2 + F 1 < K )
1 2 4 0  I F  K = R 3  T H E N  F 3 = F 2 / K  
1 2 5 0  P R I N T  U S I N G  P 3 *  / K / T d O , " m  

i n "
1 2 6 0  P R I N T  U S I N G  P 4 $  / H / W / A / X / Y  

< K ) / Z < K >
1 2 7 0  I F  Y 2 $ = " N "  T H E N  1 3 1 0  
1 2 8 0  P R I N T  " I N T E R N .  S T A N D .  H E I G H  

T " / H 2
1 2 8 0  P R I N T  " I N T E R N .  S T A N D .  A T T E NM
1 3 0 0  P R I N T  " I N T E R N .  S T A N D . / " ; A $ /  

F 1 < K >
1 3 1 0  P R I N T  
1 3 2 0  N E X T  K
1 3 3 0  Z 2 = Z 1 / R 3  ! A U G  A T T E N / . u L  
1 3 4 0  S - 5 = S Q R < < Z 7 - Z 1  ' ' 2 / R 3 > /  < R 3 - 1  > )  
1 3 5 0  N 1 = R 3 - 1
1 3 6 0  A S S I G N #  1 T O  " S S t D I S "
1 3 7 0  R E A D #  1 . . N 1  /  T 1  
1 3 8 0  C 9 = S 5 * T 1 / S Q R C R 3 >
1 3 « ? 0  0 8 = 0 9 / 2 2 * 1 0 0  
1 4 0 0  Z 3 = Z 2 / C  ! A U G  A T T E N / . i » L / r n l _
1 - 4 1 8  Z 4 =  . 0 0 2 / 0 + 0 8 / 1 0 0  ! . 0 0 2 = P I P

E T  E R R O R
1 4 2 0  Z 5 = Z 4 * 1 0 0  ! X E R R O R  A U G .  A T  

T E N  A R E A / v L / m L  c p d  I N  2 5  m L  
C H 2 C L 2

1 4 3 0  Z 6 = Z 4 * Z 3  ! A B S O L U T E  E R R O R  
1 4 4 0  F 3 = F 2 / R 3
1 4 5 0  P R I N T  " F O R  " / R 3 . ; "  R U N S "
1 4 6 0  P R I N T  " A V G .  A T T E N  A R E R / . u L “
'I 4 7 . 0 -  p  T N T  " f Q O - "  ■ '*•'?
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1 4 S 0  P R  I N T  2 2 ;  " + o r - " ; C 8 ; 1 1 "
1 4 3 6  P R I N T
1 5 0 0 .  IF  Y 2$= "H "  THEN 153 0  
1 5 1 0  PRINT "AUG.INTERN STA ND /" A 

$ , F 3  
1 5 2 0  PRINT
1 5 3 0  PRINT "RUG R T T E N / p L / m L "
1 5 4 0  PRIN T 2 3 ; ” + 0 R - " ; 2 5 ; " V  
1 5 5 0  PRINT 2 3 ; " + 0 R - " ; 26  
1 5 6 0  PRINT 
1 5 7 0  NEXT J  
1 5 S 0  NEXT I
1 5 9 0  D I S P  "LAST RUN COMPLTED DO 

YOU WISH TO RUN ANOTHER C 
OMPOUND? <Y/N>"

1 6 0 0  BEEP 
1 6 1 0  INPUT C$
1 6 2 0  IF  C *= " Y "  THEN 60  
1 6 3 0  I F  C $ = " N "  THEN 1 6 4 0  E L S ;  15 

90
1 6 4 0  D I S P  " END PROGRAM"
1 6 5 0  END
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5^

( 0  D I S P  " ? : C 0 N V 5 "
D I ':' F  

’ O' D i - P  
l 0  M 2 = . 0 l ' * S 7  
5 0  G O T O  6 2 0  
5 0  C 2 f = " B E N Z E N E “
7 0  D l =  .3 7 9  
SO Ml = 7 8 .1 1  
SO F I  = 5 5 5  x * '- 

:O 0 GOTO 910  
i l O  C 2 $ = " T 0 L U r ' !E "
1 2 0  D l = . 8 6 6  ! D E N S I T Y  
1 3 0  M l = 9 2 .  1 3  ! M O L .  N T .
1 4 0  F I  = 2 8 0 - .  8-, ! C O N V E R S I O N  F A C T O R  
1 5 0  G O T O  9 1 0  x  '
1 6 0  C 2 * = " E T H Y L B E N Z E N  
« - 0  - 0 1  = . 8 6 7  
i : 0  M1 = 10 6 .  5 
! SO F 1 = 2-56—& ? /
•00 G O T O  9 1 0

2 1 0 C 2 $ = " O - Y Y L E H E "
2 2 0 D 1 = . 3 8
2 3 0 M1 = 1 9 6 . 1 6
2 4 0 F I  =256-  2
2 5 0 G 0 T 0  9 1 0

C 2 $ = '  9 N I L I N E "
2 7 0 D 1=1 0 2 2
2 8 0 M l= 9 3 . 1 2
2 9 0 F I  = 2 4 0 .  9 -i
7 00 G O T O  9 1 0
3 1 8 C2$ =  " T O L U I D I  H E "
3 2 0 0 1 = . 3 9 5
3 3 0 M l= 1 0 7 . 1 5
3 4 0 F  1 = 2 9 7 r - r
3 5 0 G O T O  9 1 0
3 6 0 C 2 t = " T ' O Q U I N O L I N E "
3 7 0 D 1 =  1 . -j3 1
3 3 0 M1 = 1 2 9 . 1 5
3 9 0 Fl=23£-.~1-
4 0 0 G O T O  9 1 0
4 1 0 C2$=".;!U I N C L I N E "
4 2 0 D 1 = 1 . 0 3 3
4 30 M1 = 1 2 9 . 1 5
4 4 0 F  l  =  2f59--5 - ” '
4 5 0 G O T O  9 1 0
460 C2$= " M E T H  Y L Q U I N O L I  N E
170 D 1 = 1 . 0 3 6
i ? 0  M l * 1 4 3 . 1 8  

9 0  F 1 = 3 3 2  
OO G O T O  9 1 8  

- . 1 0  D I S P  " N A M E  O F  N E W C O M P O U H : " 
S O I N P U T  C 2 $

' . ' 3 0  D I S P  ‘ D E N S I T Y  O F  C O M P O U H D :‘ 
5 4  0- I N P U T  D 1
5 5 0  D I S P  " M O L E C U L A R  W E I G H T "
“ 50 IN P U T M l
5 " 0  ' ?  " C O N E Y S  I OH F A C T O R "

53D ... . .
6 0 0  C 2  1 " J!i r. fi  i. . ,  ■< “
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GOTO 310  
5213 DISP " I I  ..:F REPOT I Oh 
OT-D DIM C M C 323  
64 0  INPUT C l *
670  DISP "NUMBER OF SAMPLES 0>R« \  

C l l
660  INPUT S2
670  D ISP  "REACTION CONDITTOT <X 

EMP.OmL WATER, TIME IN HoutfS 
, PSI V  

630 INPUT T 3 , W 1 , T 4 ,  PS 
'90 2 = 0

790 D ISP "NUMBER OF PEAKS IN  ftGA 
CTIOH PC10"

710  INPUT PI  
720  I F  P l > 1 0  THEN 700  
770  FOR K = 1 TO S2 
- 4:1 D ISP "S IZ E  IN .uL OF SAMPLE"Jf

K > " INJECTED"
750  INPUT SI
7 * * .  FOR 1 = 1 TO PI  ! BEGIN IN D IC T  

DURL PEAK CALC. LOOP 
77 0  DISP "THIS  REACTION HAS " - p i  

y " PEAKS" '
7 SO DISP " 1=BEHZENE 2 = 1 OLU

E N I "
790  DISP "3=ETHYLBENZENE 4=G-HY  

L tH E "
SCO D ISP " 5 = R N IL IN E  6=T0LU

ID IHE"
310  D ISP " 7 = 1 SOQUINOLINE 8=QUIN  

0 L IN  E "
229  DISP "9=METHYL'- ’T NOLINE"
379  DISP " 1 O = 0 T H E r 

MOWN"
•S 40 D ISP " N A M E 0 F C 0 h P 0 U N D F 0 R P 

E A K #  " ; I 
350  INPUT H 
360  I F  N > 11 THEN BEcP
379  I F  N> 11 THEN 840
380 I F  H=7 THEN Z= I  
390  I F  N=8 THEN Z = I
900  ON N GOTO 6 0 1  10.■ 160 21 O . 260  

, 3 1 9 ,  360 ,419 . .  4 6 0 , 5 1 0 ,  6®0  
919 D ISP "RETENTION TIME OF PERK^  .. . 1
929 INPUT T 1 C I >
930  ON I GOTO 9 4 0 , 9 6 0 , 9 3 0 , 1 9 0 0 , 1  

0 2 0 , 1 0 4 0 , 1 0 6 0 , 1 0 8 0 , 1 1 0 0 , 1 1 2 0
949  B 1*=C 2$
950  GOTO 1140  
960 B2'*=C2$
970 GOTO 1140  
930 B 3$=C 2*
.’’So' GOTO 1140  
i 000 8 4 * = C 2 *
1910 GOTO 1140  
1920 B 5 i = C 2 f  
1030 GOTO •148  
1040 Bioi-=£2$
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1 •? _■ -j CO TO 1140 
1068 _
1078 GOTO 1148  
1088 B3$=C2$
1008 GOTO 1140  
1100 B9$=C2$
1118 GOTO 1140  
1120 B0$=C2$
1 130 GOTO 1140
1140 DI SP 11 HEI GHT, WIDTH, ATT:-,iU 

AT ION 0F";C2=f ;  " PEAK"
1 150 INPUT H I C K , I ) , W 1 ( K , I ) , f l 0 C K ,  

I >
1160 A1<K,  I ) = H 1 ( K /  I ) * H K k i  I )  ! A 

1=flREfl
1170 A 2 < K , I ) - A 1 < K , I > * A 0 < K , I >  ! A 

2=ATTEH AREA 
1 180 A3<K,  I ) = A 2 < K ,  I  V S l  ! A3=A . A 

1
1190 I F  C 2 $ = 1,IJNKN0WN,, THEN Y K , , ,  

I > = 0
1280 I F  C2$="UNKNOWN" THEN G1CK,  

I > = 8
1210 I F  C 2 $ = ,,UNKN0WN" THEN 1260  
1220 L I  <K, I >= A 3 < K ,  I V F 1  ! mL Pro  

d/ '25mL
1230 G 1 < K , I > = L 1 < K , I > * 0 1  ! G1=GRA 

MS PRQ0/25mL  
1240 M 3 X K , I > = G 1 < K , I > ^ M 1  ! MOi_E2 

CONVERTED 
‘ 1250 Y1 <K, i : : '=M3<K, I  V M 2 * 1 8 0  ! ■% 

Y I EL D , 2 m L  IQ 
1268 NEXT I
1270 PRINT S 1 ; " p L SAMPLE OF " j CI  

* :  *'#" K 
1288 DIM Q3$C483
1298 Q 3 $ = " 5 A, 3 D , A , 2 X , 4 A , 2 D , 2 A , 2X 

, 5 f l , 3 0 , 3A"
1300 PRINT USING Q3$ j " TEMP=" , T  

3,  "C" , "H20="  , Wl ,  "mL" , ,,T IME=  
" , T4 ,  11 HRS"

1318 PRINT " P S I = " , P 9
1320 DIM U1$C403
1330 U1 $ = " 5 A , X , 6 A , X , 5 A, X , 6 A , X , 5AII
1340 PRINT USING U l *  ; "PEAK# " , "  

H E I GH T " , " WI D T H " , " A T T E N  . " , "A 
A' /vL"

1358 PRINT  
1368 DIM U2$C403
1378 U 2 * = " X , 2 D , 4 X , 3 D , 3 X , 2 D . D , 5 X , 

2D,  4 X , 3D"
1380 FOR 1=1 TO PI  
1390 PRINT USING U2$ ; I , H 1 ( (  ' v  

, W 1 ( K , I > , A 0 C K , I > , A 3 C K , I > 
1400  NEXT I 
1*1 PRINT  
1 ■ DIM Q4f C403

" - "  5A . 4X,  4A,  4X , ISA".
14-.- PfZiNT “ c- c A K #" • "
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1 * 5 0  p i n  O 5 $ C 4 0 3  
1 j  Q 5 $ = " X , 2 -  ‘- v ,  1 4 f l , 3 X , 2 » : .  . ' , X ;’7 I*

7 0  F O R  1 = 1  T O  P I  
1 4 0 0  G O S U B  1 5 0 6  
1 4 9 0  G O T O  1 7 2 0
1 5 0 0  O N  I  G O T O  1 5 1 0 , 1 5 3 0 , 1 5 5 0

7 0 ,  1 5 9 0 ,  1 6 1 0 ,  1 6 3 0 ,  1 6 5 0 , 1 3 '  
, 1 6 9 0  

1 5 1 0  C 2 $ = B 1 $
1 5 2 0  G O T O  1 7 0 0  
1 5 3 0  C 2 $ = B 2 $
1 5 4 0  G O T O  1 7 0 0  
1 7 5 0  C 2 $ = B 3 $
1 5 - 0  G O T O  1 7 0 0  
1 5 7 0  C 2 $ = B 4 $
1 5 8 0  G O T O  1 7 0 8  
1 5 9 0  C 2 $ = B 5 $
1 6 0 0  G O T O  1 7 0 0
1 6 - 1 0  C 2 $ = B 6 $
1 6 2 0  G O T O  1 7 0 0  
1 6 7 0  C 2 $ = B 7 $
1 6  G O T O  1 7 0 0  
1 6 5 0  C 2 $ = B 3 $
1 5 6 0  G O T O  1 7 0 0  
1 6 7 0  C 2 $ = B 9 $
1 6 8 0  G O T O  1 7 0 0  
1 6 9 0  C 2 $ = B 0 $
1 7 0 0  I F  C 2 $ = " U N K N O W N "  T H E N  1 1 •: I > 

=  2  E L S E  1 1 < I )  =  1 
1 7 1 0  R E T U R N
1 7 2 0  P R I N T  U S I N G  0 5 $  ; I , C 2 $ , T K  

I > ' ,  “ m i n "
1 7 7 0  N E X T  I  
1 7 4 0  P R I N T  
1 7 5 0  D I M  Q 1 $ C 3 2 I I
1 " 6 0  0 1 $ = " 5 f l , 2 X , 3 f l , 3 X , 3 f l ,  5 X ,  3 f i ,  5  

X  ?  f t  "
1 7 7 0  P R I N T  U S I N G  0 1 $  ; " P E R K # " , "  

m L .  " ,  " - 3 r .  " ,  " m o l " ,  "5j Y "
1 7 3 0  D I M  Q 2 $ C 4 0 3  
1 7 9 0  D I M  Q 6 $ C 4 0 I 1  
1 3 0 0  F O R  1 = 1  T O  P I  
1 3 1 0  I F  1 1 C I > =  1 T H E N  1 3 3 0  
1 3 2 0  I F  I l < 0 = 2  T H E N  1 3 6 0  
1 8 3 0  0 2 $ = " X , D O ,  3 X , D . D D , 2 X , D . D O , 2  

X ,  D . D D E , X , D D . D "
1 3 4 0  P R I N T  U S I N G  0 . 2 $  ; I / L 1 ( K ,  I >  

,  G 1 < K , I ) , M 3  < K , I ) , Y 1 ( K , I  > 
l  ' - 5 0  G O T H  1 8 9 0
1 ‘ 3 0  0 6 $ = " X , 2 D , 3 X , 1 4 f i , 4 D , 7 f l "
.  ? 7 0  P R I N T  U S I N G  0 6 $  ; I  ,  " f l ' T T E N  

f l R E R / . u L = " , R 3 < K , I > , " m m A 2  . uL"  
1 3 3 0  G O T O  1 3 9 0  
1 3 9 0  N E X T  I  
1 9 0 0  P R I N T  
I  - 1 0  P R I N T
1 3 2 0  D I S P  " D O  Y O U  W A N T  T H I S  U N  

T O  C O U N T  I N  T*-*E A V E R A G E  . Y
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I 3 ^ y  . . - i -r-.-T R 1 4
1 9 4 0  I F  A 1 $  =  " Y  " T H E N  1 3 6 0
1 9 5 0  I F  R I S ^ ' N "  T H E N  7 4 0
I 9 6 0  N E X T  K
1 9 7 0  F O R  L = 1 T O  3
1 9 3 0  F O R  K = 1 T O  S 2
1 9 9 0  F O R  1 = 1  T O  P I
2 0 0 0  O N L  G O T O  2 0 1 0 , 2 0 3 0 , 2 0 5 0
2 0 1 0  X ' . K ,  I > = A 3 < K ,  I )
2 0 2 0  G O T O  2 0 6 0  
2 0 3 0  X < K ,  I  > = G 1  < K ,  I )
2 0 4 0  G O T O  2 0 6 0  
2 0 5 0  X C K , I > = Y 1 < K , I )
2 0 6 0  N E X T  I
2 0 7 0  N E X T  K
2 0 8 0  G O S U B  2 7 5 0
2 0 9 0  F O R  1 = 1  T O  P I
2 1 0 0  O N  L  G O T O  2 1 1 0 , 2 1 3 0 , 2 1 5 0
2 1 1 0  C K I ) = C 9 < I )
2 1 2 0  G O T O  2 1 6 0  
2 1 3 0  C 2  < I  )  =  C 9 <  I  )■
2 1 4 0  G O T O  2 1 6 0  
2 1 5 0  C 3 < I > = C 9 < I >
2 1 6 0  O N  L  G O T O  2 1 7 0 , 2 1 3 0 , 2 2 1 0  
2 1 7 0  R 5 < I ) = X i a )  ! A 5 = R V G  A . A ' . u L  
2 1 8 0  G O T O  2 2 2 0
2 1 9 0  G 2 < I > = X 1 < I )  ! G 2 = R V G  G R A M S  
2 2 0 0  G O T O  2 2 2 0
2 2 1 0  Y 2 < I ) = X 1 ( I )  ! Y 2 = A V G  J S ' Y I E L D  
2 2 2 0  N E X T  I  
2 2 3 0  N E X T  L  
2 2 4 0  Y 3 = 0  
2 2 5 0  F O R  1 = 1  T O  P I  
2 2 6 0  Y 3 = Y 3 + Y 2 C I > ! T O T A L  M A T E R I A  

L  R E C O V E R E D  
2 2 7 0  N E X T  I  
2 2 : 0  1=2
2 2 9 0  Y 4 = Y 3 - Y 2 < I )  ! T O T A L  P R O D .  I  

H D E N T I F I E D  
2 3 0 0  Y 5 = 1 0 0 - Y 2 < I > ! M A T E R I A L  C O N  

V E R T E D
2 3 1 0  Y 6 = Y 4 , ' Y 5 * 1 0 0  ! V. P R O D  I D E N .  
2 3 2 0  F O R  1 = 1  T O  P I  
2 3 3 0  I F  1 = 2  T H E N  2 3 5 0  
2 3 4 0  Y 7 < I ) = Y 2 < I ) / ' Y 4 * 1 0 0  ! P R O D  

O F  T O T A L  P R O D  
2 3 5 0  N E X T  I  
2 3 6 0  D I M  0 7 $ C 4 0 3  
2 3 7 0  D I M  0 3 $ C 4 0 I 1  .
2 3 3 0  D I M  0 9 $ C 4 0 3
2 3 9 0  D I M  Q 0 S C 4 0 X
2 ^ 1 1 0  0 7 $ = " 5 R , 2 X , 4 f l , 3 X , I S A "
2 4 1 0  0 3 $ = " X , 2 D , 2 X , 1 2 A , 2 X , 3 D ,  f l , 2  

D "
2 4 2 0  0 9 $ = " 5 A , 3 X , 9 A , 3 X , 1 1 A "
2 d ‘r 0  0 0 $ = " X ,  2 D , 3 X , D . 2 D , 4 A ,  .2  2 X  

, 2 D . D , 4 A , 2 D . D "
, 5  P R I N T  " A F T E R  " ; S 2 ; "  S A M P L E S

p

2 4 4 0  p r i n t  s i ' ' :  Q 7 t  ; " p e a k # " , "
r , -  - - - r - ' . -  c p g f l / u . L "
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3 d 5 Q  F O R  1 = 1  T -T P 1 
. 3 0 '  G O S U B  1 :
. 4 7 0  P R I N T  U . ; . .  -G 9:3* ; I , C 2 S . P "  

I > ,  " + o r - % C l ( I )
3 4 8 0  N E X T  I  
2 4 9 0  P R I N T
2 5 0 0  P R I N T  U S I N G  Q 9 $  ; " P E A K *• '  

A V G . G R A M S ' S  " A V G .  X Y I E L D " 
2 5 1 0  F O R  1 = 1  T O  P I  
2 5 2 0  P R I N T  U S I N G  Q 0 $  ; I , G 2 C  

+  o r - "  > C 2 (  I  > .> Y 2 <  I )  * " + o r - "
< I  >

2 5 3 0  N E X T  I
: 5 4 0  P R I N T  " T O T A L  P R O D U C T  R E C O '  ; 

R E D "
2 5 5 0  P R I N T  " ' S Y 4  
2 5 6 0  P R I N T  " T O T A L  M A T E R I A L  R Z  

E R E D "
2 5 7 0  P R I N T  " " i Y 3
2 5 3 0  P R I N T  '"4 O F  S T A R T  M A T . C O H U E

R T E D "
2 5 9 0  P R I N T  " ' S Y 5
2 6 0 0  P R I N T  " ’4 C O N V E R T E D  M A T .  I K .

E N  . "
2 6 1 0  P R I N T  " " ; Y 6
2 6 2 9  D I M  Z 1 $ C 4 0 3
2 6 3 0  D I M  Z 2 $ C 4 0 I 1
2 6 4 0  Z 1 $ = " 5 A , 4 X > 4 A , 5 X , 1 0 A "
2 6 5 0  Z 2 $ = " X , 2 D , 2 X , 1 5 A , 5 X , 3 D . C "  
2 6 6 0  P R I N T  U S I N G  Z l $  ; " P E A K #  , "  

N A M E "  , " ’4 O F  P R O D "
2 6 7 0  F O R  1 = 1  T O  P I
2 6 3 0  G O S U B  1 5 0 0
2 6 9 0  I F  I = Z  T H E N  2 7 1 0
2 ^ 0 0  P R I N T  U S I N G  Z 2 $  > I ,  C 2 f - ,  ‘ ~

I  >
2 7 1 0  N E X T  I 
2 7 2 0  P R I N T  
2 " , ; 0  P R I N T  
2 7 4 0  E N D
2 7 5 0  A S S I G N #  1 T O  " 9 5 t D I S "
2 - 7 E 0  F O R  1 =  1 T O  P I  
2 7 7 0  X © = 0  
2 . 7 3 0  F O R  K =  1 T O  S 2  
2 7 9 0  I F  X < K , I > = 0  T H E N  2 3 9 0  
2 3 0 0  I F  X < K . I > = 0  T H E N  2 3 9 0  
2  3 1 0  X 0 = X 0 + X < K , I >  ! X 0 = S U M  O F  
. 3 2 0  N E X T  K
. 3 3 0  X 1 < I  ) = X 0 ^ S 2  ! X 1 =  M E A N  X 

. 2 4 0  X 3 = @
' 3 5 0  F O R  K = 1  T O  S 2
• i 8 6 0  X 2  < K , I  > =  < X  < K , I  > - X 1 < I  > )  - - 2
2 3 7 0  X 3 = X 3 + X 2 < K / I > '  ! X 3 = S U M  X 2 ' - 2
2 3 3 0  G O T O  2 9 2 0
2 3 9 0  K = S 2
2 9 0 0  N E X T  K
• 2 9 1 0  G O T O  2 9 3 9
2 9 2 0  N E X T  K
2 “r *? S = 0 P <> jf, 3 /  •• I* 2 ~ * ,,, *
2 t  N 2 ~  S Z -  1
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295© READ# 1.-N2 ; T
296 0  C9< I  > = ':• KT/.SQR<S2>
2 9 7 0  G O T O  3 0 0 0
2930  X l < I > =0
29d0  C9< I
3 0 0 0  N E X T  I
3 0 1 0  R E T U R N

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



REFERENCES

1 . B erkow itz , N. An in tro d u c tio n  t o  c o a l te c h n o lo g y . New York: 
Academic P re s s , 1979-

2 . G ango li, N. & Thodos, G. L iqu id  fu e ls  and chem ical fee d s to ck s  
from co a l by  s u p e r c r i t i c a l  gas e x t r a c t io n .  In d . Eng. Chem.Prod.
Res. Dev. .  1977, 1 6 , 208.

3 . W hitehead, J .C . & W illiam s, D.F. So lven t e x tr a c t io n  o f  c o a l by 
s u p e r c r i t i c a l  g a s e s . J .  I n s t .  F u e l . , 1975, 182.

1*. W hitehead, J .C . Development o f  a  p ro ce ss  f o r  th e  s u p e r c r i t i c a l
gas e x tr a c t io n  o f  c o a l .  88 th  AIChE N a tio n a l M eeting , P h i la d e lp h ia ,  
June 1980.

5 . V a s ila k o s , N .P ., Dobbs, J.M . & P a r i s i ,  A .S . So lven t e f f e c t s  in  
s u p e r c r i t i c a l  e x t r a c t io n  o f  c o a l .  P r e p r in t  D iv . Fuel Chem., 1983, 
2 8 ( b ) ,  212

6 . Deshpande, G .V ., H o ld e r, G .D ., B ishop, A .A ., G opal, J .  & Wender,
I .  E x tra c tio n  o f  c o a l  u s in g  s u p e r c r i t i c a l  w a te r . F u e l, I 98U, 6 3 , 
956.

7 . F ran ck , E.U . S u p e r c r i t i c a l  w a te r . Endeavour, 1968, 2 7 ( l0 l ) ,  55.

8 . Rollm an, L.D. C a ta ly t ic  hyd rogenation  o f  model n i tro g e n , s u lf u r  
and oxygen compounds. J .  C a t a ly s i s , 1977, 1*6, 21*3.

9 . C hem entator, Dec. 2 5 , 1972/Chem. Eng.; 20.

10 . C ocche tto , J .F .  & S a t t e r f i e l d ,  C.N. Chem ical e q u i l i b r i a  amoung 
q u in o lin e  and i t s  r e a c t io n  p ro d u c ts  in  h y d ro d e n itro g e n a tio n .
Ind . Eng. Chem. P ro c . Res. Dev. , 1979 , 2 0 , 1+9.

11 . S a t t e r f i e l d ,  C.N. & C o cch e tto , J .F .  R e a c tio n  netw ork and k in e t ic s  
o f th e  vapor-phase  c a t a l y t i c  h y d ro d e n itro g e n a tio n  o f q u in o lin e ,
Ind . Eng. Chem. P ro c . Res. D ev ., 1979, 20_, 53.

12 . S a t t e r f i e l d ,  C.N. & G u la te k in , S . E f fe c t  o f  hydrogen s u lf id e  on 
th e  c a t a l y t i c  h y d ro d e n itro g e n a tio n  o f q u in o lin e .  In d . Eng. Chem. 
P roc . Res. D ev ., 1 9 7 9 .  20 , 62

13. S a t t e r f i e l d ,  C .N ., M odell, M.M., H ite s , R.A. & D ec le rck , C .J . 
In te rm e d ic a te  r e a c t io n  in  th e  c a t a ly t i c  h y d ro d e n itro g e n a tio n  o f  
q u in o lin e . In d , Eng. Chem. P roc. Res. D e v ,, 1978, 17. l l* l.

6 l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



62

ll+. Boucher, L . J . ,  H oly , N.L. & D av is , B.H. Coal l iq u id  upgrad ing
u s in g  m e ta llo p h th a lo c y a n in e  c a ta ly s t s :  H ydrogenation o f  th e  model
compound q u in o lin e . New A pproaches in  Coal C h em istry , ACS Symposium 
s e r i e s  169 , .1981, 319.

1 5 .‘ Lange, N.A. (E d .) .  Handhook o f  c h e m is try . Sandusky, OH: Handbook 
P u b l is h e r s ,  I n c . ,  I 956.

16. O rion R esearch , O rion re s e a rc h  in s t r u c t io n  m anual ammonia e le c tro d e  
model 95 -10 , Form IM 95-10/8750, 1978.

17. S tenhagen , E . , Abrahamson, S. & M cL affe rty , F (E d s .) .  R e g is try  o f  
mass s p e c tr a  d a ta . New York: John W iley & Sons, 197**.

18 . P e te r s ,  D .G ., H ayes, J.M . & H ie f t j e ,  G.M. A b r i e f  in tr o d u c tio n  to  
modern chem ical a n a ly s i s . P h ila d e lp h ia :  W.B. Saunders C o ., 1976.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


	Reactivity of Some Nitrogen-Containing Compounds at Supercritical Water Conditions
	Recommended Citation

	tmp.1510328013.pdf.PBsEY

