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INTRODUCTION 

Rich depos i ts  o f  Devonian o i l  shale a re  found eas t  of t h e  
M iss i ss ipp i .  The carbon i n  o i l  shales f rom Kentucky have been shown t o  have a 
h igher  aromatic carbon conten t  (-54% aromat ic carbon) than o i l  sha les  from t h e  
Green R iver  fo rmat ion  (-22% aromat ic ca rbon) . ( l )  This, a long wi th t h e  low H/C 
atomic r a t i o  o f  1.0-1.2 i n  eas tern  shales, suggests t h a t  these sha les  have a 
s t r u c t u r e  s i m i l a r  t o  t h a t  o f  coa l .  Dur ing coa l  l i q u e f a c t i o n ,  as w i t h  eas tern  
o i l  shale conversion, one o b j e c t i v e  i s  t o  decrease t h e  ex ten t  o f  recombinat ion 
o f  t he rma l l y  produced f r e e  r a d i c a l s  through t h e  use o f  a donor so lvent .  The 
donor sol  vent donates hydrogen t o  t h e  subs t ra te  and, there fore ,  becomes more 
aromat ic.  I n  a d d i t i o n  t o  donat ing  hydrogen, t h e  so lvent  can isomer ize  and/or 
be adducted. The o b j e c t i v e  o f  t h i s  work i s  t o  i d e n t i f y  t he  types of adduct ion 
o f  donor so lvents  t e t r a i i n ,  octahydrophenanthrene, and mes i ty lene i n  eas tern  
o i l  shale runs. 

EXPERIMENTAL 

The shale sample was prov ided by IMMR (Lexington, KY). It was taken 
from t h e  H i l p a t  s i t e  (Fleming Co., KY) and i t  i s  c l a s s i f i e d  as a Cleveland 
member, Ohio shale. It has a F ischer  assay o f  10.1 g / ton  and a carbon content 
o f  12.2 w t %  (MF). The un labe led  so l ven ts  were ob ta ined from F ishe r  S c i e n t i f i c  
and were used as received. The labe led  so lvents  (see F igure  1) were prepared 
by E. J. Eisenbraun o f  Oklahoma S ta te  Un ive rs i t y .  

Batch conversion experiments were made us ing  equal charges of shale 
and so lvent  t o  a small m ic roreac tor  which was lowered i n t o  a preheated sand- 
ba tch  t o  b r i n g  i t s  con ten ts  q u i c k l y  t o  r e a c t i o n  temperature. The experiments 
were made a t  a temperature o f  45OOC and r e a c t i o n  t imes between 0 (a l l ow ing  
2.5 min. f o r  hea t ing )  and 30 min. M ix ing  was prov ided by up-and-down 
a g i t a t i o n  a t  about 800 strokes/min.  Fu r the r  d e t a i l s  a re  given i n  Reference 2. 

The t o t a l  r e a c t i o n  product was t rans fe r red  t o  a small t e s t  tube and 
t h e  so lvent  was s t r i p p e d  w i t h  a n i t r o g e n  f l o w  t o  ensure a minimum of cosolvent 
e f f e c t s  du r ing  e x t r a c t i o n .  The produc t  was then s e q u e n t i a l l y  Soxhlet 
ex t rac ted  t o  g i ve  pentane and to luene  so lub les .  Percent so lub les  i s  def ined 
as 100% minus Soxhlet  residue. Selected samples o f  t he  to luene inso lub les  
were a l so  ex t rac ted  w i th  te t rahyd ro fu ran  (THF). The THF Soxhlet  e x t r a c t  was 
s t r i p p e d  w i t h  a n i t rogen  f l o w  a t  8OoC overn igh t  t o  remove so lvent  and recover 
a sample o f  preasphal tenes f o r  ana lys is .  
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1 3 C  NMR spec t ra  were obtained a t  50.3 MHz on a Var ian associates 
XL-200 spectrometer. Samples were made up i n  CDC13 w i t h  Cr (acac)3  added a t  a 
l e v e l  o f  0.05 M. Spectra were obtained w i t h  90° pulses, 0.4 second acqui-  
s i t i o n  time, 2 second de lay  between pulses and gated decoupl ing.  Spectra were 
referenced i n t e r n a l l y  t o  TMS. I n  some cases, on l y  10-20 mg o f  each f r a c t i o n  
were a v a i l a b l e  so spec t ra  were accumulated f o r  50-61 hours. I n  some cases, 
t h e  spec t ra l  q u a l i t y  even then was poor, so o n l y  major types of adduct ion are  
d iscernab le .  A re fe rence  spectrum o f  t h e  run  made w i t h  unlabeled donor 
so l ven t  was obtained f o r  each labe led  donor so l ven t  run. 

DISCUSSION 

Tet r a l  i n  Adduct ion 

T e t r a l i n  can be adducted as t e t r a l i n ,  naphthalene, o r  isomerized 
t e t r a l i n ,  e.g., methyl indane o r  butylbenzene. The poss ib le  f a t e s  o f  t e t r a l i n  
a r e  given i n  F igure  2. 

Pentane Sol ub les  

The spec t ra  f rom t h i s  f r a c t i o n  are  shown i n  F igure  3. 

Adduction o f  t e t r a l i n  can occur i n  e i t h e r  t h e  aromat ic or a l i p h a t i c  
p o r t i o n  o f  t h e  molecule.  Adduction through t h e  aromat ic p o r t i o n  i s  d i f f i c u l t  
t o  i d e n t i f y  because i t  does no t  p e r t u r b  t h e  chemical s h i f t  o f  t h e  labe led  
carbon. Attachment a t  t h e  a l i p h a t i c  p o r t i o n  can occur i n  any o f  t h e  fou r  
pos i t i ons ,  bu t  two o f  them a re  equ iva len t .  Attachment a t  t h e  labe led  
p o s i t i o n ,  which i s  a t o  t h e  aromat ic r i ng ,  w i l l  move t h e  chemical s h i f t  from 
i t s  normal p o s i t i o n  o f  29.9 ppm t o  37.2 ppm o r  42-46 ppm, depending on whether 
t h e  attachment i s  by an a l i p h a t i c  o r  aromat ic s t r u c t u r e .  There a re  two 
s i g n a l s  a t  45.4 ppm and 45.9 ppm, i n d i c a t i n g  attachment a t  t he  labe led  carbon 
by an aromatic s t r u c t u r e .  I n  add i t i on ,  t h e r e  i s  a small amount o f  s igna l  
i n t e n s i t y  a t  41-42 ppm, a l s o  i n d i c a t i n g  attachment o f  t h e  t e t r a l i n  a t  t h e  
l a b e l e d  p o s i t i o n  by an aromat ic s t ruc tu re .  The s igna l  a t  37.8 ppm can be due 
t o  attachment a t  t h e  l abe led  p o s i t i o n  o f  t e t r a l i n  by an a l k y l  group o r  
attachment a t  t h e  t e t r a l i n  p o s i t i o n  p t o  t h e  aromat ic r i n g  by an aromatic 
subs t i t uen t .  Because t h e  a t o  aromat ic p o s i t i o n  i s  t h e  most ac t i ve ,  i t  i s  
assumed t h a t  t h i s  s i g n a l  i s  due t o  attachment a t  t h a t  p o s i t i o n  by an a l k y l  
subs t i t uen t .  The l a r g e  s igna l  a t  29.9 ppm i s  due bo th  t o  l ong  chain ma te r ia l  
from shale and t o  t e t r a l i n  adducted through a p o s i t i o n  which does not pe r tu rb  
t h e  chemical s h i f t  o f  t he  l abe led  carbon, i.e., through t h e  aromat ic r i ng .  
Th is  represents t h e  l a r g e s t  amount of  adducted t e t r a l i n .  

The amount o f  each type o f  adducted t e t r a l i n  i s  given i n  Table 1. 
They were est imated based on a comparison o f  s igna ls  i n  t h e  spec t ra  o f  t h e  
1 abel ed and un labe led  runs. 

Buty i  Benzene Adduct ion 

T e t r a l i n  can open t o  form n-bu ty l  benzene w i t h  t h e  l a b e l  e i t h e r  i n  
t h e  p o s i t i o n  a t o  t h e  aromat ic r i n g  o r  a t  t h e  te rm ina l  methyl .  The s igna ls  
due t o  t h e  l a b e l  would then be a t  36 ppm o r  14 ppm, respec t i ve l y ,  unless 
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adduct ion occurred through t h e  a l k y l  chain.  There i s  a s igna l  a t  36 ppm t h a t  
i s  no t  present i n  t h e  spectrum from t h e  un labe led  run. This s igna l  i s  due t o  
b u t y l  benzene w i t h  t h e  l a b e l  i n  t h e  a p o s i t i o n .  The r e l a t i v e  i n t e n s i t i e s  of 
t h e  s igna l  a t  22.4 and 14 ppm i n  bo th  t h e  l abe led  and un labe led  runs a re  t h e  
same. This i nd i ca tes  t h a t  t he re  i s  l i t t l e  c o n t r i b u t i o n  t o  t h e  s igna l  a t  
14 ppm from n-buty l  benzene. However, t h e r e  i s  a s igna l  a t  36 pprn which i n d i -  
ca tes  t h a t  n -bu ty l  benzene i s  present and t h e  l a b e l  i s  i n  t h e  a p o s i t i o n .  The 
amount o f  t e t r a l i n  present as n-butyl  benzene i s  given i n  Table 1. 

T e t r a l i n  can a l so  open t o  form 1-phenyl I -methyl  propane. I n  t h i s  
case, t he  l abe l  would be present i n  t h e  methyl group and would have i t s  s igna l  
a t  22.5-23 ppm. There i s  a s igna l  p resent  i n  bo th  t h e  l abe led  and un labe led  
spec t ra  a t  t h i s  p o s i t i o n .  However, i t  i s  present i n  t h e  same amount r e l a t i v e  
t o  t h e  s igna l  a t  22.4 i n  both spectra,  i n d i c a t i n g  t h a t  i t  i s  due t o  t h e  
unlabeled p carbon o f  t e t r a l i n  r a t h e r  than t h e  propane d e r i v a t i v e .  

Methyl IndanelMethyl Propyl Benzene Adduction 

T e t r a l i n  can rearrange t o  form methyl indane o r  open t o  form o r t h o  
methyl p ropy l  benzene. I n  e i t h e r  case, t he  l a b e l  would be present  on t h e  
methyl group and would have i t s  s igna l  a t  20 ppm. One o r  bo th  of  these 
isomers i s  present as i nd i ca ted  by t h e  s igna l  a t  20 ppm i n  t h e  l abe led  run. 
Adduction o f  these isomers has probably occurred through t h e  aromat ic r i ng .  
The amount o f  these isomers i s  given i n  Table 1. 

Naphthalene Adduction 

T e t r a l i n  converted t o  naphthalene can be adducted a t  e i t h e r  o f  two 
equ iva len t  pos i t i ons .  The labe led  carbon has i t s  s igna l  a t  127.9 ppm. The 
aromat ic reg ion  o f  t h e  spectrum has a l a r g e  amount o f  s igna l  i n t e n s i t y  i n  t h i s  
reg ion ,  i n d i c a t i n g  t h a t  naphthalene has been adducted through t h e  unlabeled 
r i n g .  I n  add i t i on ,  t h e r e  are s igna ls  a t  126 and 125.5 ppm, i n d i c a t i n g  
adduct ion o r tho  t o  the  l a b e l  by e i t h e r  aromat ic o r  sho r t  a l k y l  cha in  subs t i -  
t uen ts .  There i s  a s igna l  a t  131.2 ppm t h a t  on l y  can be due t o  adduct ion para 
t o  t h e  l abe l  and t h e  l abe led  carbon must a l so  con ta in  a methyl group. The 
s igna l  a t  134.2 i s  i n d i c a t i v e  o f  naphthalene w i t h  an at tached methyl group. 
I n  t h i s  case, adduct ion must be through t h e  unlabeled r i n g .  There a re  two 
s igna ls  a t  137 and 138.4 ppm t h a t  a re  due t o  naphthalene adducted th rough the  
p o s i t i o n  para t o  t h e  l a b e l  and the  l abe led  carbon must con ta in  a sho r t  (C2-3) 
a l k y l  group. There are  a l so  s igna ls  p resent  a t  140.1 and 140.4 ppm t h a t  a r e .  
due t o  naphthalene adduct ion by an aromat ic group. 

Asphaltene F rac t i on  

The a romat i c i t y  o f  t he  asphal tene f r a c t i o n  ob ta ined from the  
unlabeled t e t r a l i n  run o f  5 min. was 70.7%. There are  sharp s igna ls  i n  the  
spectrum a t  t h e  c l a s s i c  pos i t i ons  f o r  l ong  a l k y l  cha in  ma te r ia l .  The aromatic 
reg ion  i s  broad and fea ture less .  The asphal tene f r a c t i o n  ob ta ined from 
t h e  1% labe led  t e t r a l i n  run  o f  5 min. has an a r o m a t i c i t y  o f  81.5%. The 
a l i p h a t i c  reg ion  has t h e  same c l a s s i c  s igna ls  f o r  l ong  cha in  m a t e r i a l  t h a t  
were present i n  the  unlabeled run. 
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There a r e  two small s i gna ls  a t  32.5-33 ppm and a t  36 ppm i n  t h e  
l a b e l e d  asphal tene spectrum. These are  due t o  small amounts o f  attachment o f  
t h e  hydroaromatic r i n g  t o  the  asphaltenes. The hydroaromatic r i n g  i s  not 
a t tached a t  t he  l a b e l e d  p o s i t i o n .  Otherwise, a s igna l  would be present a t  
e i t h e r  37.2 ppm o r  48 ppm f o r  an a l k y l  o r  a r y l  aromatic attachment, 
respec t i ve l y .  The t e t r a l i n  i s  probably at tached a t  t h e  p o s i t i o n  alpha t o  t h e  
l a b e l .  Attachment a t  t h i s  p o s i t i o n  would move t h e  chemical s h i f t  o f  t h e  
l abe led  carbon t o  33.9 f o r  attachment through an a l k y l  subs t i t uen t  o r  36.9 ppm 
f o r  attachment th rough an aromatic subs t i t uen t .  Both the  p o s i t i o n s  a and p t o  
t h e  labe led  carbon should be s u b s t i t u t e d  t o  t h e  same ex ten t .  However, some 
types  o f  s u b s t i t u t i o n  a t  t h e  p p o s i t i o n  would s h i f t  t he  s igna l  under s igna ls  
p resent  f rom long  a l k y l  chain ma te r ia l  and hence would not be seen. 

I n  a d d i t i o n  t o  the  a l i p h a t i c  s igna ls ,  t he re  a re  several  sharp 
s i g n a l s  p resent  i n  t h e  aromat ic reg ion  a t  126.0, 127.7, and 128.3 ppm. These 
i n d i c a t e  t h a t  some o f  t h e  t e t r a l i n  has been converted t o  naphthalene. The 
unperturbed chemical s h i f t  o f  t he  l abe led  carbon would be a t  127.9 ppm. 
Attachment a t  t h e  l a b e l e d  carbon would move t h e  chemical s h i f t  i n t o  the  range 
o f  134-148 ppm. Since t h e r e  a re  no sharp s igna ls  i n  t h i s  region, t he  
naphthalene must no t  be adducted a t  t h i s  p o s i t i o n .  Attachment o r t h o  t o  the  
l a b e l  would move t h e  chemical s h i f t  o f  t he  l abe led  carbon u p f i e l d  i n t o  the  
reg ion  o f  124.8-128.8 ppm. The s igna l  a t  126.0 ppm can be due t o  a l k y l  
attachment a t  t h i s  p o s i t i o n .  Attachment a t  t h e  p o s i t i o n  meta t o  the  l abe l  
moves the s igna l  on l y  s l i g h t l y  f o r  a l k y l  attachments bu t  down t o  128.3 ppm f o r  
an a r y l  subs t i t uen t .  There i s  a s igna l  a t  128.3 ppm which may be due t o  
aromatic attachment of naphthalene t o  asphal tenes a t  t he  3-posi t ion.  
Attachment para t o  t h e  l a b e l  would move the  l abe led  carbon s igna l  u p f i e l d  i n t o  
t h e  reg ion  o f  125.0-125.5 ppm or  126.9 f o r  an a l k y l  o r  a r y l  attachment, 
respec t i ve l y .  Since no attachment was seen a t  t h e  l abe led  p o s i t i o n ,  it i s  
u n l i k e l y  t h a t  t h e r e  w i l l  be any attachment a t  t h e  p o s i t i o n  para t o  it. 

Attachment i n  t h e  r i n g  w i thou t  t he  l abe led  carbon w i l l  no t  s i g n i f i -  
c a n t l y  p e r t u r b  t h e  chemical s h i f t  o f  t he  l abe led  carbon. The s igna l  a t  
127.7 ppm i s  due t o  unperturbed labe l  i n d i c a t i n g  attachment t o  t h e  unlabeled 
r i n g .  

Adduction o f  Mes i ty lene 

Asphaltene F r a c t i o n  

The l3C NMR spectrum o f  asphal tenes recovered from t h e  run w i th  
unlabeled mes i ty lene shows an a romat i c i t y  o f  88.5%. The sharpest s igna l  i n  
t h e  spectrum i s  a t  29.0 ppm. The spectrum o f  t he  asphal tene f r a c t i o n  obtained 
from the  run  w i t h  1% l abe led  mesi ty lene has an a r o m a t i c i t y  of 75.9%. The 
decrease i n  a r o m a t i c i t y  i s  due t o  an inc rease i n  a l i p h a t i c  s t r u c t u r e  which 
comes from t h e  I3C l a b e l  on one o f  t he  methyls of mesi ty lene. 

The a l i p h a t i c  reg ion  o f  t h e  spectrum has two sharp s igna ls  a t  
29.4 ppm and 21.1 ppm. The s igna l  a t  21.1 ppm i s  due t o  t h e  l abe led  methyl 
group on mes i ty lene.  Adduction o f  mes i ty lene has no t  taken p lace  through t h i s  
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methyl group s ince  i t s  o r i g i n a l  chemical s h i f t  o f  21.0 ppm i s  no t  s i g n i f i -  
c a n t l y  perturbed. Had adduct ion occurred through t h i s  methyl group, t h e  
chemical s h i f t  would move t o  42 ppm i f  t h e  a t tached group were aromat ic,  
29-36 ppm i f  the  at tached group were an a l k y l  chain, and 43-48 pprn if more 
than one a l k y l  group were at tached. Adduction o f  t h e  mes i ty lene on t h e  
aromat ic carbon o r tho  be t h e  l abe led  methyl group by an a l k y l  group would move 
t h e  chemical s h i f t  o f  t h e  l abe led  methyl group u p f i e l d  by 2-3 ppm. Adduction 
a t  t h e  aromatic carbon para t o  t h e  labe led  methyl group would have l i t t l e  
e f fec t  on t h e  chemical s h i f t  o f  t h e  l abe led  methyl group. S i m i l a r l y ,  
adduct ion through one o f  t he  meta methyl groups would have l i t t l e  e f f e c t  on 
t h e  chemical s h i f t  o f  t h e  l abe led  methyl group. It, there fore ,  appears t h a t  
t he  mes i ty lene has been adducted through e i t h e r  t h e  unlabeled methyl groups or  
t h e  aromatic carbon para t o  t h e  l abe led  methyl group. 

Preasphaltene F r a c t i o n  

The 13C NMR spectrum o f  t h i s  f r a c t i o n  obtained from t h e  run  w i t h  
unlabeled mesi ty lene shows an a r o m a t i c i t y  o f  84.7%. The most de f i ned  s igna l  
i n  t h e  spectrum i s  a t  29.6 ppm. The spectrum of t h e  preasphal tene from t h e  
run w i t h  1% l abe led  mes i ty lene has an a r o m a t i c i t y  of  81.0%. This  decrease 
again i s  due t o  i nco rpo ra t i on  o f  t he  l abe led  methyl group from mes i ty lene.  
The most predominant s igna ls  i n  t h e  spectrum a re  a t  29.7 ppm and 21.5 ppm, t h e  
l a t t e r  due t o  t h e  l abe led  methyl group of  mesi ty lene. It again appears t h a t  
t h e  mesi ty lene i s  no t  adducted through t h e  l abe led  methyl group no r  through 
t h e  aromat ic carbon o r tho  t o  t h e  methyl group. 

Adduction o f  Octahydrophenanthrene 

Preasphal tene Run 

The a r o m a t i c i t y  o f  t h e  preasphal tenes obtained from t h e  run  made 
w i thou t  t h e  l abe led  octahydrophenanthrene was 75.3%. The on ly  sharp s igna l  i n  
t h e  spectrum was a t  29.6 pm. The a r o m a t i c i t y  of t h e  preasphal tenes ob ta ined 
from t h e  run made w i t h  l f C  l abe led  octahydrophenanthrene was 77%. There a re  
two sharp s igna ls  i n  t h e  spectrum o f  t h e  f rac t i on .  The s igna l  a t  128.4 ppm i s  
t h e  unperturbed chemical s h i f t  o f  carbon 1 i n  phenanthrene. This i n d i c a t e s  
t h a t  a t  l e a s t  some of t h e  adducted octahydrophenanthrene has been dehydro- 
genated t o  phenanthrene. The p o i n t  o f  attachment o f  t h e  phenanthrene t o  t h e  
preasphaltenes i s  no t  on t h e  l abe led  carbon. Such attachment would move t h e  
chemical s h i f t  i n t o  the  reg ion  o f  137.6-150.7 ppm, depending on t h e  na ture  o f  
a t tached groups. It a l s o  i s  no t  at tached a t  t h e  carbon para t o  t h e  l a b e l  
which moves t h e  s igna l  t o  119.5-120 ppm fo r  an a l k y l  attachment and 127.3 ppm 
f o r  an aromatic attachment. Attachment of t h e  phenanthrene a t  t h e  r i n g  
p o s i t i o n  o r tho  t o  t h e  l a b e l  by some groups, some types o f  a l k y l  attachments, 
attachment a t  t h e  p o s i t i o n  meta t o  t h e  l a b e l ,  and attachment a t  one o f  t h e  
unlabeled r i ngs  w i l l  not  be seen i n  t h e  chemical s h i f t  p o s i t i o n  o f  t h e  l abe led  
carbon. Since t h e  sharp s igna l  i s  i n  a v i r t u a l l y  unperturbed p o s i t i o n ,  t h e  
phenanthrene must be adducted a t  one o f  t h e  un labe led  r i ngs  or  a t  t h e  p o s i t i o n  
o r tho  or  meta t o  t h e  l abe led  carbon. 

Some phenanthrene i s  a l s o  a t tached as octahydrophenanthrene. There 
are  sharp s igna ls  a t  29.6 ppm i n  bo th  t h e  un labe led  and l a b e l e d  runs. 
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However, i n  t h e  l a b e l e d  run, t h e  r a t i o  of aromat ic carbon area, cor rec ted  f o r  
t he  sharp s igna l  a t  128.4 ppm t o  t h e  area o f  t h e  s igna l  a t  29.6 ppm i s  l ess  by 
a f a c t o r  o f  7 than t h e  same r a t i o  i n  t h e  unlabeled run. This i n d i c a t e s  t h a t  
t h e r e  i s  s u b s t a n t i a l l y  more area i n  t h i s  reg ion  i n  t h e  l abe led  run. The 
chemical. s h i f t  o f  t h e  l abe led  carbon i n  octahydrophenanthrene i s  30.3 ppm, 
which could over lap  w i t h  t h e  s igna l  a t  29.6 ppm under cond i t i ons  where 
Cr(aCaC)3 i s  added t o  the  spectrum. I n  fac t ,  t h e r e  appears t o  be a downf ie ld 
shoulder on t h e  peak a t  29.6 ppm i n  t h e  l abe led  run. This i n d i c a t e s  t h a t  
t h e r e  i s  some l a b e l e d  octahydrophenanthrene adducted. The f a c t  t h a t  t h e  
chemical s h i f t  of t h e  l abe led  carbon i s  not moved s u b s t a n t i a l l y  from i t s  
unadducted p o s i t i o n  i n d i c a t e s  t h a t  i t  i s  adducted a t  e i t h e r  o f  t h e  two 
aromatic r i n g s  or a t  t h e  y a l i p h a t i c  carbon i n  t h e  sa tura ted  r i n g .  By analogy 
w i th  t e t r a l i n ,  i f  it were a t tached a t  t h e  l abe led  carbon, t h e  chemical s h i f t  
would be a t  38.4 ppm. I f  i t  were a t tached a t  t h e  a l i p h a t i c  carbon a o r  p t o  
t h e  labe led  carbon, t h e  chemical s h i f t  of  t h e  l abe led  carbon would be 34.3 pprn 
or  26.8 ppm, respec t i ve l y .  Attachment i n  t h e  y p o s i t i o n  would no t  p e r t u r b  t h e  
chemical s h i f t  o f  t h e  l abe led  carbon. Since t h e  chemical s h i f t  i s  v i r t u a l l y  
unperturbed, t h e  p o i n t  o f  attachment must be a t  t h e  y a l i p h a t i c  carbon or  on 
t h e  two aromat ic r i n g s .  

CONCLUSIONS 

Adduction of  donor so lvents  occurs du r ing  eas tern  sha le  con- 
version. T e t r a l i n  i s  adducted as t e t r a l i n ,  naphthalene, and isomerized 
t e t r a l i n .  Mes i ty lene i s  adducted th rough t h e  aromat ic r i n g  o r  unlabeled 
methyl groups r a t h e r  than t h e  l abe led  methyl group. Octahydrophenanthrene i s  
adducted bo th  as octahydrophenanthrene and phenanthrene. 
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Table 1 

13C NMR Ana lys is  of Naphtha1 ene/Tet ra l  i n  
Adduction i n  Pentane Solubles 

Shale Derived Mater i  a1 

Adducted T e t r a l i n  
a t  a p o s i t i o n  by aromatics 
a t  a p o s i t i o n  by a l k y l s  
not i n  a l i p h a t i c  r i n g  

Adducted n-Butyl  Benzene 

Adducted Methyl IndanelMethyl Propyl Benzene 

Adducted Naphthalene 
a t  a p o s i t i o n  by aromatics 
a t  para p o s i t i o n  w i t h  a l k y l  and methyl 
a t  a p o s i t i o n  by methyl 
a t  m p o s i t i o n  o r  i n  unlabeled r i n g  
a t  a by sho r t  a1 k y l  w i t h  para a l k y l  
0 t o  l a b e l  by aromat ics 

81.6% 

9.6% 
1.6% 
1.4% 
6.6% 

1.0% 

1 .O% 

6.8% 
0.7% 
0.3% 
0.2% 
4.7% 
0.3% 
0.5% 

J 
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FIGURE 1. 1% LABELED ('1 COMPOUNDS USED IN ADDUCTION STUDY 
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FIGURE 2. POSSIBLE FATES OF TETRALIN DURING ADDUCTION 
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FIGURE 3 .  1 3 C  NMR SPECTRA OF PENTANE SOLUBLES FROM TETRALIN RUN 
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