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ABSTRACT 

A method was deve'loped for identifying and determing benzo [a] pyrene 

in a filtered retort water sample from an -- in situ oil shale process by 

employing liquih-liquid extraction, dry-column chromatography, thin-layer 
. . 

chromatography and fluorescence spectrometry. .The accuracy and precision 

of the method'were good, and the limit of detection was approximately 

0.08 ppb. Irreproducible results were obtained with unfiltered retort 

water samples. 

Programmed multiple development was used to a limited extent in 

I the separation of polycyclic aromatic hydrocarbons from a shale oil 

sample. However, results indicated that this separation te~hnique should 

be investigated further in the separation of polycyclic aromatic hydro- 

carbons. 

~enz'o[a]~~rene was determined in several shale oil samples by methods 

developed previously. Polycyclic aromatic hydrocarbons were characterized 

in several shale oil samples using open-column, dry-column and thin-layer 

chromatography as separation steps. Visible fluorescence from the separated 

components on chromatoplates was measured directly to obtain fluorescence 

profiles of the components on the chromatoplates. Several comparisons 

were made among the shale oil samples as to the relative amounts of 6-, 5-, 

4- and 3-ring polycyclic aromatic hydrocarbons. 

The theoretical and practical analytical aspects of the room temper- 
. . 

ature phosphorescence of nitrogen heterocycles were investigated. Intense 
. t  

I room temperature phosphorescence was .obtained from several nitrogen hetero- 

i i i  



cycles when these compounds were absorbed on silica gel. Theoretical 

explanations wer'e given for the intense.phosphorescence. Benzo[f]quinoline 

and phenanthridine were separated from a shale oil sample by open-column 

and high performance liquid chromatography, and then identified by room 

temperature phosphorescence. 

I 
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A .  RETORT WATER 

A method was deve loped  f o r  d e t e r m i n i n g  b e n z o [ a ] p y r e n e  (BaP) i n  f i l t e r e d  

Omega-9 r e t o r t  w a t e r .  The method was a l s o  a p p l i e d  t o  o t h e r  r e t o r t  w a t e r  

samples  b u t  t h e s e  samples  were n o t  t e s t e d  a s  e x t e n s i v e l y  a s  t h e  Omega-9 

sample f o r  r e p r o d u c i b i l i t y ,  p e r c e n t a g e  r e c o v e r y ,  and i n t e r f e r r i n g  components. 

Also ,  some o f  t h e  work on Omega-9 r e t o r t  w a t e r  was done under  p r e v i o u s  

f i n a n c i a l  s u p p o r t  f rom DOE-LETC. The fundamental  b a s i s  f o r  t h e  method was  

developed by u s  under  t h a t  p r e v i o u s  s u p p o r t .  The b a s i s  f o r  t h e  method i s  

d e s c r i b e d  i n  t h e '  f o l l o w i n g  p u b l i c a t i o n s :  

R .  J .  H u r t u b i s e ,  J .  F. Schabron,  J .  D.  F e a s t e r ,  D .  H .  T h e r k i l d s e n ,  
and R. E .  Pou l son  "F luorescence  C h a r a c t e r i z a t i o n  and I d e n t i f i c a t i o n  

, o f  P o l y n u c l e a r  Aromat ic  Hydrocarbons i n  S h a l e  O i l , "  -- Anal.  Chim. 
Acts, 8 9 ,  377 (1977) . - -  
R .  J .  H u r t u b i s e ,  G .  T .  S k a r ,  and R .  E .  Poulson "Dete rmina t ion  of 
Benzo[a]pyrene i n  S h a l e  O i l  by S o l i d - S u r f a c e  F luorescence ; ' '  AnAl. 
Chim. A c t a ,  97 ,  1 3  (1978) - - -  

The method i n c l u d e d  t h r e e  s e p a r a t i o n  s t e p s  t o  i s o l a t e  BaP, namely,  

l i q u i d - l i q u i d  e x t r a c t i o n ,  dry-column chromatography,  and t h i n - l a y e r  

chromatography. The q u a n t i t a t i o n  s t e p  i n v o l v e d  t h e  measurement o f  t h e  

r e f l e c t e d  f l u o r e s c e n c e  of  BaP from a  t h i n - l a y e r  c h r o m a t o p l a t e  w i t h  a  Kbntes 

d e n s i t o m e t e r .  The d e t a i l e d , p r o c e d u r e  i s  g i v e n  a t  t h e  end o f  t h i s  s e c t i o n .  
/ 

F u l l  d e t a i l s  of t h e  method have been . .pub l i shed  by u s .  

R .  J .  H u r t u b i s e ,  J .  D .  P h i l l i p ,  and G ;  T. S k a r ,  "De te rmina t ion  
o f  J3enzo[a]pyrene i n  a  F i l t e r e d  R e t o r t  LJater S a m p 1 e . b ~  S o l i d -  
S u r f a c e  F l u o r e s c e n c e , "  ---- Anal.   him. A c t a ,  1 0 1 ,  333 (1978) .  .. 



T a b l e  1 shows r e c o v e r y  d a t a ,  sample s i z e  v a r i a t i o n  d a t a  and BaP c o n t e n t  

f o r  s p i k e d  d i s t i l l e d  w a t e r  samples .  For  t h e  u n f i l t e r e d  250-ml samples ,  good 

r e c o v e r y  and r e p r o d u c i b i l i t y  were o b t a i n e d .  With t h e  500-ml samples ,  good 

r e p r o d u c i b i l i t y  was o b t a i n e d  b u t  t h e  r e c o v e r y  was somewhat low, i n d i c a t i n g  

a sample -s ize  dependency. When t h e  sp iked  d i s t i l l e d  wa te r  samples were 

f i l t e r ' e d  through Whatman No. 1 f i l t e r  p a p e r ,  t h e  p e r c e n t a g e  r e c o v e r y  w a s  

v e r y  low (Table  1 ) .  O b s e r v a t i o n  of t h e  f i l t e r  paper  under  U . V .  r a d i a t i o n  

i n d i c a t e d  t h e  b r i g h t  v i o l e t  f l u o r e s c e n c e  of Rap; f i l t e r ' p a p e r  h a s  a s t r o n g  

a f f i n i t y  f o r  BaP, and samples  shou ld  n o t  b e  f i l t e r e d  th rough  paper  b e f o r e  

a n a l y s i s .  F i l t e r  paper  would be v e r y  e f f e c f f v e  f o r  rhe remova l 'u f  BaP 1rua1  

w a t e r ;  ' t h i s  i s  worthy of f u r t h e r  i n v e s t i g a t i o n .  

T a b l e  2 shows r e c o v e r y  d a t a ,  sample s i z e  v a r i a t i o n  d a t a  and BaP c o n t e n t  

f o r  f i l t e r e d  and u n f i l t e r e d  r e t o r t  wa te r  samples .  S e v e r a l  f i l t e r s  ( M i l l i p o r e  

Corp.)  were used i n  f i l t e r i n g  t h e  r e t o r t  w a t e r  samples  by Laramie Energy 

TABLE 1 

P e r c e n t a g e  r e c o v e r y  and r e p r o d u c i b i l i t y  o f  t h e  method f o r  benzo[a ]pyrene  i n  
d i s t i l l e d  wa te r  samples  

Sample (ml) B aP BaP Recovery 
added (ppb) Found (ppb) (%> 

a 
F i l t e r e d  through kh,atman No. 1 f i l t e r  paper .  



TABLE 2  

P e r c e n t a g e  r e c o v e r y  and r e p r o d u c i b i l i t y  of t h e  method f o r  benzo[a ]pyrene  i n  
f i l t e r e d  and u n f i l t e r e d  r e t o r t  water 

Sample BaP ( P P ~ )  Recovery 
(ml) ' P r e s e n t  Added Found .(%I 

a 
F i l t e r e d  

U n f i l t e r e d  

a  
F i l t e r e d  as d e s c r i b e d  i n  [ I ] .  b ~ i l t e r e d  th rough  Whatman No. 1 f i l t e r  

C 
paper .  Average of two d e t e r m i n a t i o n s .  

Research Cen te r  [ I ] .  BaP was n o t  d e t e c t e d  i n  t h e s e  s a m p l e s  ( T a b l e  2 ) ,  and 
< - 

100-p1 sample e x t r a c t s  s p o t t e d  on t h e  c h r o m a t o p l a t e  showed no BaP. The 

r e c o v e r y  and r e p r o d u c i b i l i t y  f o r  BaP i n  t h e  s p i k e d  M i l l i p o r e  f i l t e r e d  

samples i s  good. A s  w i t h  t h e  500-ml d i s t i l l e d  w a t e r  samples ,  t h e  500-ml 

s p i k e d  M i l l i p o r e  f i l t e r e d  samples  gave  a  low p e r c e n t a g e  r e c o v e r y  i n d i c a t i n g  

a sarnp.le s i z e  dependency.  

The u n f i l t e r e d  r e t o r t  w a t e r  s 'amplcs c o n t a i n e d  suspended m a t e r i a l  and 

were m o r  d i f f i c u l t  t o  h a n d l e  t h a n  t h e  f i l t e r e d  samples .  The r e s u l t s  i n  

Tab le  2  f o r  t h e  250-ml u n f i l t e r e d r e t o r t w a t e r  samples  show a  wide v a r i a t i o n  

i n . p e r c e n t a g e  r e c o v e r y .  Work w i t h  d i f f e r e n t  u n f i l t e r e d  r e t o r e  w a t e r  samples  
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showed a wide v a r i a t i o n  ( T a b l e  2 ) .  For  two s p i k e d  u n f i l t e r e d  r e t o r t  w a t e r  

s a m p l e s ,  f i l t e r e d  th rough  Whatman No. 1 f i l t e r  p a p e r ,  t h e  p e r c e n t a g e  

r e c o v e r y  was v e r y  low ( T a b l e  2 ) .  O b s e r v a t i o n  of t h e  f i l t e r . p a p e r  under  

U . V .  r a d i a t i o n  showed t h e  c h a r a c t e r i s t i c  v i o l e t  f l u o r e s c e n c e  o f  Rap. 

The poor reproducibility f o r  t h e  u n f i l t e r e d r e t o r t w a t e r  samples  i s  

p r o b a b l y  caused by a d s o r p t i o n  of BaP on t h e  suspended m a t e r i a l  i n  u n f i l t e r e d  

r e t o r t  w a t e r ;  no  BaP was found i n  t h e  f i l t e r e d  r e t o r t  w a t e r  samples .  When 

250-ml samples  o f  u n f i l t e r e d r e t o r t w a t e r  were  f i l t e r e d  th rough  a  medium-fr i t  

g l a s s  f i l t e r ,  BaP was n o t  d e t e c t e d  i n  t h e  f i l t r a t e .  .1 ,2-Dichloroethane was 

p a s s e d  o v e r  t h e  r e s i d u e s  i n  t h e  g l a s s  f i l t e r s ,  c o l l e c t e d ,  and e v a p o r a t e d  t 6  

d r y n e s s .  The r e s i d u e  was d i s s o l v e d  i n  n-hexane and s e p a r a t e d  a s  d e s c r i b e d  

under  "Exper imenta l"  a t  t h e  end o f  t h i s  s e c t i o n .  BaP was d e t e c t e d  v i s u a l l y  

on c h r o m a t o p l a t e s  i n  b o t h  samples .  F u r t h e r  work i s  n e e d e d ' t o  deve lop  a  

method f o r  d e t e r m i n i n g  t h e  BaP adsorbed  on suspended m a t e r i a l ;  t h e  l i m i t e d  

number of samples  a v a i l a b l e  made i t  i m p o s s i b l e  t o  pursue  t h i s . .  Saxena e t  a l .  

[ 2 ]  sugges ted  t h a t  p a r t  of t h e  i n c r e a s e d  e f f i c i e n c y  of r e t e n t i o n  of  BaP, on 

porous  p o l y u r e t h a n e  foam, by h e a t i n g  t a p  w a t e r  c o n t a i n i n g  BaP, was r e l a ' t e d  

t o , t h e  d e s o r p t i o n  of BaP f rom suspended p a r t i c l e s  i n  t h e  w a t e r .  Suspended 

' m a t e r i a l  i n  w a t e r  can have a pronounced e f f e c t  [ 3 ]  on t h e  e x t r a c t i o n  e f f i c i e n c y  

of PAH from w a t e r .  It i s  i m p o r t a n t  t o  d i s t i n g u i s h  between d i s s o l v e d  BaP 

and Rap adsorbed  on suspended m a t e r i a l .  The method deve loped  i n  t h i s  work 

a c c u r a t e l y  d e t e r m i n e s  d i s s o l v e d  BaP i n  w a t e r  samples  t h a t  a r e  r e l a t i v e l y  

f r e e  of suspended m a t e r i a l .  The l i m i t  of d e t e c t i o n  f o r  BaP i n  f i l t e r e d  

r e t o r t  wa te r  e x t r a c t ,  d e f i n e d  a s  d e s c r i b e d  p r e v i o u s l y  [ 4 ]  was 0 . 9  ppb. 

Idhen 100 ~1 of  f i l t e r e d  r e t o r t  w a t e r  e x t r a c t  was s p o t t e d ,  t h e  background 

s i g n a l  was t h e  same a s  t h a t  f o r  5  y 1 ,  and t h e  l i m i t  of d e t e c t i o n  was 0.08 ppb, 



which could be decreased even more by spotring more sample on the chromato- 

plate. 

EXPERIMENTAL 

Apparatus 

The determination of BaP and the recording of fluorescence emission 

spectra have .been described [4]. 

Materials 

The dry column consisted of a 28-cm section of polyethylene tubing 

(0.25 in. i.d., Curtin Matheson Scientific, Inc.), 23 cm of which was packed 

with aluminum oxide, activity I1 to I11 according to Brock.man (ICN Life 

Sciences Group, Cleveland, Ohio). The bottom of the column was plugged 

with glass wool. All solvents used were reagent grade. Distilled n-pentane 

was obtained from Burdick and Jackson Laboratories, Inc., Muskegon, Michigan. 

Precoated, 20 x 20-cm 30%-acetylated cellulose chromatoplates were used for 

thin-layer chromatography (t.1.c.) work (Cel 300 AC/30-22 Brinkmann Instru- 

ments, .Inc., Westbury, New York). The 99+% BaP was obtained from Aldrich 

Chemical Co., Milwaukee, Wis. A 10-~1 Hamilton syringe was used in spotting 

the chromatoplates. A Selectasol chromatography chamber (Schleicher and 

Schuell, Inc., Keene, New Hampshire) was employed in determining the eluants 

to be used in the t.1.c. work. 

The retort water samples were obtained from the Laramie Energy Research 

Center, Department of Energy, Laramie, Wyoming. Unfiltered and filtered 

(0.4 um) retort water samples used in development of the analytical method 

were obtained from the Omega-9 collection (internal designation used 'by the 



Laramie Energy Research Center f o r  p rocess  wa te r s  obtained dur ing  t h e  i n -  - 

s i t u  o i l  s h a l e  r e t o r t i n g  experiment a t  S i t e  9  nea r  Rock Spr ings ,  Wyoming, 

i n  1976.). The a c q u i s i t i o n ,  p roces s  and s t o r a g e  of t h e  Omega-9 r e t o r t  water  

ha s  been descr ibed  [ I ] .  The Omega-9 r e t o r t  water  c o l l e c t i o n  and t h e  samples 

used were maintained under r e f r i g e r a t e d  cond i t i ons .  Chemical parameters  

i n d i c a t i v e  of t h e  cnmposition of t h e  Omega-9 water  used a r e :  3,4702830 mg 1" 

+ - .  
NHI, ; 2,740+730 mg 1 - ' ~ 2 0 ~ ~ - ;  15,940 mg ~ - ' H c o ~  ; pH 8.6k0.3; 1,030+105 mg 1-' 

t o t a l  o rgan ic  carbon,  and 14,510+690 mg 1- I  t o t a l  d i s so lved  s o l i d s  [ 5 ] .  

Procedures  

An a c c u r a t e l y  measured, f i l t e r e d  o r  u n f i l t e r e d ,  r e t o r t  water  o r  

d i s t i l l e d  water  sample was added t o  a  1-1 sepa ra to ry  funne l .  The sample 

was e x t r a c t e d  f o u r  t imes wi.th n-pentane, f i r s t  w i t h  100 m l  f o r  1 0  min and 

then  w i t h  t h r e e  50-ml p o r t i o n s  f o r  5 min each. The n-pentane l a y e r s  were 

combined. I n  t h e  f i l t e r e d  o r  u n f i l t e r e d  r e t o r t  water  samples,  a  t h i r d  

l a y e r  appeared du r ing  t h e  e x t r a c t i o n s .  Th i s  middle l a y e r ,  which was more 

cloudy w i t h  u n f i l t e r e d  samples and appeared t o  be a i r  and n-pentane t rapped 

w i t h i n  t h e  suspended m a t e r i a l  of t h e  r e t o r t  water ,  was e l imina t ed  p a r t i a l l y  

by app ly ing  s u c t i o n  t o  t h e  s e p a r a t o r y  funne l  w i th  a  vacuum l i n e .  After 

removal of t h e  n-pentane l a y e r  f o r  t h e  l a s t  e x t r a c t i o n ,  t h e  middle l a y e r  was 

c e n t r i f u g e d  and t h e  r e s u l t i n g  n-pentane l a y e r  was p i p e t t e d  i n t o  t h e  o t h e r  

n-pentane l a y e r s ;  t h e  combined. l a y e r s  were evaporated t o  dryness  a t  room 

tempera ture  i n  an Erlenmeyer f l a s k .  For d i s t i l l e d  water  samples and 

f i l t e r e d  r e t o r t  water  samples,  t h e  evaporated r e s i d u e  was d i s so lved  i n  1 m l  

of n-hexane and t r a n s f e r r e d  t o  a  1 - m l  vo lumet r ic  f l a s k  where t h e  n-hexane 



was evapora ted  t o  d r y n e s s .  The Erlenmeyer f l a s k  was r i n s e d  w i t h  n-hexane 

and t h e  r i n s i n g s  were added t o  t h e  1 - m l  v o l u m e t r i c  f l a s k .  The volume was 

t h e n  d i l u t e d  t o  1 m l  w i t h  n-hexane. For  u n f i l t e r e d  r e t o r t  w a t e r  samples ,  

t h e  e v a p o r a t e d  r e s i d u e  w a s  d i s s o l v e d  i n  1 - m l  o f  n-hexane t r a n s f e r r e d  t o  a 

2-ml v o l u m e t r i c  f l a s k  fol lowed by t h e  Erlenmeyer f l a s k  r i n s i n g s .  The volume 

was t h e n  d i l u t e d  t o  2  m l  w i t h  n-hexane. A 1 m l  volume o f  n-hexane concen- 

t r a t e  from e i t h e r  f i l t e r e d  o r  u n f i l t e r e d  samples  was added t o  t h e  aluminum 

o x i d e  column, which was deve loped  w i t h  5 m l  of n-hexane-ether ( 1 9 : l ) .  A f t e r  

development t h e  column was obse rved  w i t h  a  U . V .  handlamp and t h e  p u r p l e  

f l u o r e s c e n t  band was s l i c e d  w i t h  a  r a z o r  b l a d e  from t h e  column t o  g i v e  a  

5.-cm s e c t i o n .  The m i g r a t i o n  d i s t a n c e  t o  t h e  c e n t e r - o f  t h e  BaP band was 6 . 5  

cm f o r  RaP i n  d i s t i l l e d ,  w a t e r ,  8  cm f o r  BaP i n  f i l t e r e d  r e t o r t  w a t e r ,  and 

.8.5 f o r  BaP i n  u n f i l t e r e d  r e t o r t  w a t e r .  To d e t e r m i n e  t h e  e x a c t  m i g r a t i o n  

d i s t a n c e  f o r  BaP from d i s t i l l e d  w a t e r  and r e t o r t  wa.ter samples ,  a  known 

amount of BaP was added t o  t h e  samples  and t h e  s p i k e d  samples  were  c a r r i e d  

th rough  t h e  e x t r a c t i o n  and column s e p a r a t i o n  s t e p s .  The m i g r a t i o n  d i s t a n c e s  

f o r  t h e  s p e c i f i c  samples  were v e r y  r e p r o d u c i b l e ;  a f t e r  t h e  m i g r a t i o n  

d . i s t a n c e s  had been d e t e r m i n e d ,  i t  was n o t  n e c e s s a r y  t o  r u n  s p i k e d  samples .  

The aluminum o x i d e  f rom t h e  s l i c e d  s e c t i o n  was s t i r r e d  f o r  30 min w i t h  

20 m l  o f  1 , 2 - d i c h l o r o e t h a n e .  A f t e r  t h e  s o l v e n t  had been d e c a n t e d ,  t h e  

aluminum o x i d e  was washed t w i c e  w i t h  1 0  m l  a l i q u o t s  o f  1 , 2 - d i c h l o r o e t h a n e ;  

t h e  l a s t  wash was f i l t e r e d  r a t h e r  t h a n  d e c a n t e d .  The combined e x t r a c t s  

were evapora ted  t o  d r y n e s s  under  vacuum a t  room t e m p e r a t u r e  and t h e  r e s i d u e  

was d i o s o l v c d  i n  1 m l  o f  n-hexane. 

T h i s  s o i u t i o n  (5  p1) was s p o t t e d  i n  d u p l i c a t e  on a  30% a c e t y l a t e d  

c e l l u l o s e  chromatop la te .  S tandard  s o l u t i o n s  o f  BaP i n  n-hexane a t  con- 
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c e n t r a t i o n s  of 2 ,  6 ,  and 10 ng p 1  ,were a l s o  s p o t t e d  (5'pl amounts) i n  

d u p l i c a t e .  The p l a t e  was developed t o  ZO cm w i t h  methanol-n-hexane-acetone 

(7 :3 :2 )  f o r  d i s t i l l e d  w a t e r  and f i l t e r e d  r e t o r t  w a t e r  samples .  For u n f i l t e r e d  

r e t o r t  w a t e r  samples  two developments were  r e q u i r e d  because  of a  f l u o r e s c e n t  . 

i m p u r i t y  immediate ly  above Rap on t h e  chromatop la te .  ' The f i r s t  development 

was c a r r i e d  o u t  w i t h  methano l -wate r -ace t i c  ac id -ace tone  (20:5:3:3) and t h e  

second w i t h  methanol-n-hexane-acetone (7 :3 :2 ) .  The c h r o m a t o p l a t e  was t h e n  

a i r - d r i e d  and t h e  f l u o r e s c e n c e  i n t e n s i t y  was measured w i t h  t h e  Knotes  . 

d e n s i t o m e t e r .  Each s p o t  was scanned p e r p e n d i c u l a r  t o  t h e  d i r e c t i o n  o f  

development .  Recorded peak h e i g h t s  c o r r e s p o n d i n g  t o  f l u o r e s c e n c e  i n t e n s i t y  

of t h e  s t a n d a r d s  were p l o t t e d  v e r s u s  nanograms of  BaP. The unknown amount 

of BaP on t h e  c h r o m a t o p l a t e  was o b t a i n e d  f rom t h e  c a l i b r a t i o n  c u r v e  and 

c a l c u l a t e d  a s  nanograms of Rap p e r  m l  of r e t o r t  w a t e r  (ppb) .  

To i d e n t i f y  BaP, t h e  f l u o r e s c e n c e  emiss ion  s p e c t r a  were measured 

d i r e c t l y  from c h r o m a t o p l a t e s  by t h e  p rocedures  d e s c r i b e d  p r e v i o u s l y  161. 

D i s t i l l e d  w a t e r  and r e t o r t  wa te r  samples were s p i k e d  w i t h  a c e t o n e  
\ 

s o l u t i o n s  o f  BaP. S o l u t i o n s  of BaP i n  a c e t o n e  ( 1  ug ml- '  and 2  pg .ml-') 

were  employed t o  p r e p a r e  5-ppb and 10-ppb s p i k e d  samples ,  r e s p e c t i v e l y .  



B. PROGRAMMED MULTIPLE DEVELOPMENT (PMD) 

PMD is  d e f i n e d  a s  t h e  r e p e a t e d  development o f  a  TLC p l a t e  w i t h  t h e  same 

s o l v e n t  i n  t h e  same d i r e c t i o n  f o r  g r a d u a l l y  i n c r e a s i n g  d i s t a n c e s .  A Reg i s  

PMT) u n i t  was used  i n  t h i s  work. PMD w a s  n o t  used e x t e n s i v e l y  but  some use- 

f u l  i n f o r m a t i o n  was o b t a i n e d .  on f i v e  r i n g  p o l y c y c l i c  a r o m a t i c  hydrocarbons  

(PAH) i n  some s h a l e  o i l  samples .  The f i v e  r i n g  PAH were i s o l a t e d  by dry-  

column chromatography and t h i n - l a y e r  chromatography and t h e  s e p a r a t i o n  pro- 
. . 

c e d u r e s  w e r e . d e s c r i b e d  p r e v i o u s l y  ( 4 ) .  F i g u r e  1 compares t h e  r e s u l t s  of con- 

v e n t i o n a l  TLC w i t h  PMD f o r  f o u r  PAH s t a n d a r d s .  A s  i n d i c a t e d  i n  F i g u r e  1, 

the.  a d d i t i o n a l  PMD s t e p  g i v e s  v e r y  good r e s o l u t i o n . o f  t h e  f o u r  compounds. 

F i g u r e  2 compares t h e  r e s u l t s  w i t h  a  f i v e  r i n g  PAH f r a c t i o n  f rom a  s h a l e  o i l  

sample (SOA 70-97);. As shown w i t h  t h e  a d d i t i o n a l  PMD s t e p ,  s e v e r a l  d i s t i n c t  

s p o t s  were  o b t a i n e d .  

Ni t romethane w a s  found by Sawick i ,  e t  a l .  ( 7 )  t o  quench t h e  f l u o r e s c e n c e  

of  PAH e x c e p t  t h o s e  w i t h  a  f l u o r a n t h e n i c  n u c l e u s .  T h i s  t e s t  was a p p l i e d  t o  

some o f  t h e  components i n  t h e  f i v e  r i n g  PAH f r a c t i o n  from t h e  s h a l e  o i l  sam- 

p l e .  S p o t s  2 ,  3 ,  and 4  i n  F i g u r e  2 remained f l u o r e s c e n t  w h i l e  t h e  f l u o r e s -  

cence  of  s p o t s  1 and 5 was quenched.  From p r e v i o u s  work i t  was d i s c o v e r e d  

t h a t  s p o t  1 was benzo(a )pyrene .  Spot  4  was p o s t u l a t e d  t o  be. benzo( .k)f luoran-  

t h e n e  on t h e  b a s i s  of f l u o r e s c e n c e  d a t a .  For example,  t h e  f l u o r e s c e n c e  emis- 

s i o n  spec t rum of s p o t  4 ,  o b t a i n e d  d i r e c t l y  from t h e  c h r o m a t o p l a t e ,  matched 

v e r y  w e l l  w i t h  l i t e r a t u r e  s p e c t r a  of b e n z o ( k ) f l u o r a n t h e n e .  Spo,ts 2 . a n d  3 

probably  a r e  components wi rh  t h e  f l u o r a n t h e n i c  n u c l e u s  because  they  remained 

f l u o r e s c e n t  i n  t h e  p r e s e n c e  of n i t r o m e t h a n e .  



L i t t l e  a d d i t i o n a l  work was done w i t h  PMI); however, PMD shou ld  be  e x p l o r -  

ed f u r t h e r  f o r  i t s  p o t e n t i a l  t o  s e p a r a t e  PAH. 
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C. DETERMINATION OF BENZO[A]PYRENE AND CHARACTERIZATION OF POLYCYCLIC AROMATIC 
HYDROCARBONS (PAH) I N  SHALE-OIL SAMPLES, AND REMOVAL OF NITROGEN HETEROCYCLES -- 

D e t e r m i n a t i o n  of  Benzo[a.]pyrene i n  S h a l e  0 1 1  

Benzo[a ]py rene  (Rap) was deee rmined  i n  s e v e r a l  s h a l e  o i l  s a m p l e s  by 

mechods d e v e l o p e d  by u s  ('4). The a v e r a g e  BaP c o n t e n t  of t h e  s a m p l e s  f rom 

d u p l i c a t e  d e t e r m i n a t i o n s  i s  g i v e n  i n  T a b l e  3 .  

TABLE 3 

Benzo[a ]py rene  C o n t e n t  i n  S h a l e  O i l  Samples  

Sample Number Sample Number BaP Y PPm 
Laramie  Ene rgy  Technology C e n t e r  u n i v e r s i t y  of  Wyoming 

G e n e r a l  C h a r a c t e r i z a t i o n  o f  PAH 

PAH (6- ,5- ,4-  and 3 - r i n g )  were . c h a r a c t e r i z e d  i n  t h e  f i r s t  n i n e  s h a l e  o i l  

s amples  l i s t e d  i n  T a b l e  3 .  O.pen-column, dry-columnand t h i n - l a y e r  chromatography 

were  u s e d  i n  t h e  s e p a r a t i o n  s t e p s .  V i s l b l e  f l u o r e s c e n c e  f rom t h e  s e p a r a t e d  

components  on c h r o m a t o p l a t e s  was measured d i r e c t l y  t o  o b t a i n  f l u o r e s c e n c e  

p r o f i l e s  of t h e  components  d i s t r i b u t e d  on t h e  c h r o m a t o p l a t e s  ( ' 4 , 6 , 8 ) .  B e -  

c a u s e  o f  t h e  e x t e n s i v e  d a t a  o b t a i n e d  i n  t h e  c h a r a c t e r i z a t i o n  of t h e  n ine .  

s h a l e  o i l  s a m p l e s ,  o n l y  a  s m a l l  amount o f  d a t a  w i l l  be  g i v e n  i n  t h i s  r e p o r t .  

Exper imenta l .  p r o c e d u r e s  a r e  g i v e n  a t  t h e  end o f  t h i s  s e c t i o n .  



Snyder [ 9 ]  h a s  shown t h a t  PAH c a n  be  s e p a r a t e d  a c c o r d i n g  t o  r i n g  s i z e  

by u s i n g  an  aluminum o x i d e  s t a t i o n a r y  phase  and a  r e l a t i v e l y  w e a k m o b i l e  

phase;  These c o n c e p t s  were  a p p l i e d  i n  deve lop ing  s e p a r a t i o n  me'thods f o r  

PAH i n  s h a l e  o i l  samples  [ 6 ] .  That work h a s  been expanded f u r t h e r ,  a s  de- 

s c r i b e d  h e r e .  I n  t h e  i n i ' t i a l  dry-column chromatography, aluminum o x i d e  

( a c t i v i t y  11-111) was t h e  s t a t i o n a r y  phase  and n-hexane-ether ( 1 9 r l )  was t h e  

m o b i l e  phase .  Data  from s e v e r a l  PAH s t a n d a r d s  w i t h  d i f f e r e n t  r i n g  s i z e s  

a g a i n  i n d i c a t e d  t h a t  PAH would be s e p a r a t e d  by r i n g  s i z e  w i t h  l i m i t e d  over-  

l a p  of bands .  A f t e r  t h e  p a r t i c u l a r  r i n g  band had been s l i c e d  o u t ,  t h e  

second s e p a r a t i o n  s t e p  w i t h  t . 1 . c .  was used.  The 30% a c e t y l a t e d  c e l l u l o s e  

was employed i n  t h e  t . 1 . c .  s t e p  because  i t  i s  u s e f u l  i n  s e p a r a t i n g  PAH r i n g  

isomer  [ l o ] ,  and many PAH g i v e  i n t e n s e  f l u o r e s c e n c e  s i g n a l s  on 30% a c e t y l a t e d  

c e l l u l o s e  [ 4 , 6 ] .  The mobi le  phase  used gave s m a l l e r  s p o t s ,  b e t t e r  s e p a r a t i o n  

o f  s h a l e  o i l  components, and d i s t r i b u t e d  t h e  components o v e r  a g r e a t e r  d i s -  

t a n c e  on t h e  c h r o m a t o p l a t e  t h a n  t h e  mobi le  phase  r e p o r t e d  p r e v i o u s l y  [ 4 ] .  

The f i n a l  c h a r a c t e r i z a t i o n  s t e p  invo lved  measurement of r e f l e c t e d  f l u o r e s c e n c e  

f rom t h e  chromatop la tes ;  t h u s  a  f l u o r e s c e n c e  p r o f i l e  of t h e  s e p a r a t e d  com- 

p o n e n t s  was o b t a i n e d .  

D i f f e r e n t  sample  s i z e s  f o r  t h e  dry-column s t e p  and d i f f e r e n t  amounts 

s p o t t e d  on t h e  c h r o m a t o p l a t e s  f o r  t h e  TLC s t e p  were tested s o  t h a t  maxj.miim 

r e s p o n s e  and r e p r o d u c i b l e  d a t a  cou ld  be o b t a i n e d .  F i v e  s h a l e  o i l  samples  

were  r u n  through t h e  e n t i r e  p rocedure  a t  l e a s t  t w i c e .  The R v a l u e s  c o r r e s -  
f  

ponding t o  t h e  major  f l u o r e s c e n c e  peaks  i n  t h e  s c a n s  of t h e  c h r o m a t o p l a t e s  

were r e p r o d u c i b l e  (k0.02) and t h e  o v e r a l l  s h a p e s  of t h e  f l u o r e s c e n c e  p r o f i l e s  

of components s e p a r a t e d  on c h r o m a t o p l a t e s  were r e p r o d u c i b l e .  The r e l a t i v e  

f l u o r e s c e n c e  i n t e n s i t y  v a l u e s  f o r  t h e  major  peaks  i n  t h e  p r o f i l e s  cou ld  be  



used a s  a s e m i - q u a n t i t a t i v e  measure of v a r i o u s  components. It i s  n o t  s u r -  

p r i s i n g  t h a t  r e l a t i v e  i n t e n s i t y  v a l u e s  w e r e . n o t  h i g h l y  r e p r o d u c i b l e ;  t h e  

l a r g e  number of components i n  each  r i n g  f r a c t i o n  would i n c r e a s e  t h e  proba- 

b i l i t y  o f  quenching i n t e r a c t i o n s  and o f  components m i g r a t i n g  a t  somewhat 

v a r i a b l e  rates. 

F i g u r e s  3  and 4  compare t h e  f l u o r e s c e n c e  p r o f i l e s  of t h e  4 - r ing  PAH 

f r a c t i o n s  from samples SOA76-173 and SOA77-205, r e s p e c t i v e l y .  The g e n e r a l  

s h a p e s  of t h e  f l u o r e s c e n c e  p r o f i l e s  f o r  t h e  4 - r ing  PAH f r a c t i o n s  a r e  s i m i l a r ,  

s u g g e s t i n g  a  s i m i l a r  composi t ion f o r  t h e  two f r a c t i o n s .  However, t h e  rel- 

a t i v e . i n t e n s i t y  (peak h e i g h t )  f o r  t h e  4 - r ing  f r a c t i o n  from sample SOA76-173 

i s  g r e a t e r  t h a n  t h a t  f o r  sample SOA77-205 i n d i c a t i n g  a  h i g h e r  c o n c e n t r a t i o n  

of 4-r ing PAH i n  sample  SOA-173. Analogous r e a s o n i n g  can  be  a p p l i e d  t o . t h e  

3-r ing f r a c t i o n s  and i t  a p p e a r s  t h a t  t'here i s  a  h i g h e r  c o n c e n t r a t i o n  of 3- 

r i n g  PAH i n  sample 1 3  t h a n  i n  sample 14.  I n  F i g u r e s  5  and 6 ,  t h e  f l u o r e s c e n c e  

band a t  R v a l u e s  of abou t  0.95 was due t o  f l u o r e s c e n t  i m p u r i t i e s  i n  t h e  
f  

chromatographic  system. 

The R v a l u e s  d e t e r m i n e d ' a t  t h e  f l u o r e s c e n c e  maxima f o r  t h e  major 
f  

f l u o r e s c e n c e  peaks  and t h e  r e l a t i v e  f l u o r e s c e n c e  i n t e n s i t y  v a l u e s  f o r  t h e  

major peaks  o b t a i n e d  from t h e  f l u o r e s c e n c e  p r o f i l e s  f o r  samples SOA76-173 

and SOA77-205 a r e  compared i n  Tab le  4. For  a l l  t h e  r i n g  f r a c t i o n s ,  sample 

SOA76-173 y i e l d e d  g r e a t e r  r e l a t i v e  f l u o r e s c e n c e  i n t e n s i t y  v a l u e s  t h a n  sample 

\ 
SOA77-205. T h i s  i n d i c a t e d  t h a t  sample SOA76-173 c o n t a i n e d  a h i g h e r  concen- 

t r a t i o n  o f  6-, 5 - ,  4- and 3 - r ing  PAH t h a n  sample SOA77-205. Comparison o f  

R v a l u e s  a r e  s i m i l a r  excep t  f o r  t h e  6 - r ing  f r a c t i o n .  Also excep t  f o r  t h e  
f  

6-r ing f r a c t i o n ,  each g iven  r i n g  f r a c t i o n  c o n t a i n s  t h e  same number o f  

R v a l u e s .  These r e s u l t s  s u g g e s t  a  g e n e r a l  s i m i l a r i t y  of t h e  compos i t ion  
f 



F i g u r e  3.  F l u o r e s c e n c e  p r o f i l e  of  t h e  4 - r ing  f r a c t i o n  from 
sample  SOA76-173. 



F i g u r e  4 .  F l u o r e s c e n c e  p r o f i l e  of t h e  4 - r i n g  t r a c t i o n  from 
sample SOA77-205. . 



, 
Figure  5. Fluorescence p r o f i l e  of the 3-ring f . r a c t i o n  from 

sample SOA76-173 





TABLE 4  

Comparison o f  R, and . r e l a t i v e  f l u o r e s c e n c e  i n t e n s i t y . v a l u e s  

R e l a t i v e  
Samp l e  F.ing P. R e l a t i v e  Sample Ring f  

f r a c t i o n  . i n t e n s i t y  
Rf i n t e n s i t y  

f r a c t i o n  

of  t h e  v a r i o u s  r i n g  f r a c t i o n s .  For  t h e  6 - r ing  f r a c t i o n s  i n  T a b l e  4 sample 

SOA77-205 gave a g r e a t e r  number of major  peaks  than  sample SOA76-173, i n -  

d i c a t i n g  a  c o m p o s i t i o n a l  d i f f e r e n c e  between t h e s e  two f r a c t i o n s .  S i m i l a r  

compar i sons  were made w i t h  t h e  o t h e r  s h a l e  o i l  samples  i n v e s t i g a t e d .  The 

r e l a t i v e  f  l l io rescence  i n t e n s i t i e s  f o r  t h e  major  f l u o r e s c e n c e  peaks  i n  t h e  

5 - r i n g  PAH f r a c t i o n s  f o r  f o u r  s h a l e  o i l  samples  a r e  compared 111 Figure 7 ;  

a l s o  shown a r e  R ' r a n g e s  f o r  f l u o r e s c e n c e  peaks  and p o s s i b l e  compound t y p e s  f  

and t h e i r  R v a l u e s .  Sample 1 8  (SOA79-1) shows t h e  h i g h e s t  c o n c e n t r a t i o n  of 
f 

5 - r i n g  PAH. 

T a b l e  5 l i s t s  t h e  R v a l u e s  f o r  t h e  PAH s t a n d a r d s  o b t a i n e d  w i t h  t h e  
f  

30%-acetyl .ated c e l l u l o s e  TLC sys tem employed. For  t h e  6-, 5-, and 4 - r ing  
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0.04- 0.07 0.09-0.11 0.13-0.16 0.2 1-0.24 0.27 0.3 2 

BENZO(a1- 
PYRENE 
(0.07) 

I I I I ' I  I l l  I l l 1  I I I I  1 1 1 1  I l l 1  

18. 19 2 0  21 18 19 20  21 18 19 20 21 18 19 2 0  21 18 19 2 0  21 18 19 2 0  21 
SHALE OIL SAMPLE NUMBER 

BENZO(b1- DIBENZ 20 METHYL- BENZO('e1- 

Figure 7. Comparison of 5-ring PAH in four shale oil samples, with R ranges for fluorescence 
f .  peaks, possible compounds and their Rf values. (See Table 3 for sample number 

information. ) 
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PAH, no R v a l u e s  exceed 0 .33;  f o r  t h e '  3 - r i n g  PAH, no R v a l u e s  exceed 
f  f  

0.43.  A l l  t h e  f l u o r e s c e n c e  p r o f i l e s  o b t a i n e d  f o r  t h e  d i f f e r e n t  r i n g  

f r a c t i o n s  i n d i c a t e d  f l u o r e s c e n c e  components beyond t h e s e  Rf l i m i t s  (Tab le  4.). 

T h i s  sugges ted  t h a t  t h e  f l u o r e s c e n c e  beyond t h e  Rf l i m i t s  was n o t  due t o  

PAH b u t  main ly  t o  n i t r o g e n  h e t e r o c y c l e s .  



TABLE 5 

Rf values for polycyclic aromatic hydrocarbons 

Compounds 
Rf Compounds 

6-Ring Systems 
3,4,8,9-Dibenzpyrene 
3,3,9 ,lo-Dibenzpyrene 
2,3-o-Phenylenepyrene 
1,2,4,5-Dibenzyprene 
1,2,7,8-Dibenzchrysene 
Coral-leue 
1,2,3,4-Dibenzpyrene 

5-Ring Systems 
Benzo[a]pyrene 
1,2,6,7-Dibenzphenanthrene 
3,4-Benzof luoranthene , 
20-Methylcholanthrene 
Perylene 
1,2,3,4-Dibenzanthracene 
Benzol el pyrene 

4-Ring Systems 
Chrysene 
9,lO-Dimethyl-1,2-benzanthracene 
1,2-Benzofluorene 
Pyrene 
Tr ipheny lene 
2,3-Benzuf luoseae 
Pluoranthene 

3-Ring Systems 
Phenanthrene 
9 ,lo-DiphenyLanthracene 
1-Methylphenanthrene 
2-Methylphenanthrene 
2-Methylanthracene 
9-Methylanthracene 
9,lO-Dimethylanthracene 
Anthracene 
'Fluorene 
3,6-Dimethylphenanthrene 

Nitrogen Heterocycles 

Aluminum oxide dry-column experiments' with carbazole-type and 

pyridine-type standards and n-hexaneGether (19: 1) as the mobile phase 

showed that some of these compounds migrated on the column. Carbazole 

and 1,2-benzocarbazole did n o t  migrate, but 9-methylcarbazole (distance " 

8.5 cm), 9-ethylcarbazole (~9.2 cm), and 9-n-butylcarbazole (~10.8 cm) did 

migrate. Benzo[c]cinnoline, 2,9-dimethyl-4,7-dlphenyl-1,lO-phenanthroline 

and 1,lO-phenanthroline monohydrate did not migrate. 2,2r-~iquinoline 

("1 cm) , acridine ("1 cm) , phenazine (YO. 7 cm) , 5,6-benzoquinoline ( 4 0 . 5  cm) , 

phenanthridine (40.5 cm) migrated slightly. Bender and Elbert [II] have 

indicated the R values of several pyridines in an aluminum oxide-pentane- I: 



e t h e r  (19:  1 )  sys tem;  t h e y  commented t h a t  compounds w i t h  a  n o n - s t e r i c a l l y -  

h i n d e r e d  a z a  n i t r o g e n  a r e  a t t r a c t e d  more s t r o n g l y  t o  aluminum o x i d e  than  

compounds w i t h  a  s t e r i c a l l y - h i n d e r e d  a z a  n i t r o g e n  and t h u s  have low R v a l u e s .  
f  

S t e r i c a l l y - h i n d e r e d  p y r i d i n e s  can m i g r a t e  a t  r a t e s  s i m i l a r  t o  PAH. From 

some exper iments  done h e r e  w i t h  A1203-n-pentane-ether ( 1 9 : l )  and t h e  r e s u l t s  

g i v e n  by Bender and E l b e r t ,  i t  can b e  concluded t h a t  c a r b a z o l e s  s u b s t i t u t e d  

i n  t h e  9 - p o s i t i o n ,  and s t e r i c a l l y - h i n d e r e d  p y r i d i n e s ,  can  m i g r a t e  w i t h  PAH. 

It a p p e a r s  t h a t  t h e  f l u o r e s c e n c e  beyond t h e  K l i m i t s  f o r  PAH d i s c u s s e d  
f  

above cou ld  b e  due t o  such  compounds. The m i g r a t i o n  d i s t a n c e s  of  compounds 

such a s  2 , 2 ' - b i q u i n o l i n e  and a c r i d i n e  on a n  a l u m h a  column i n d i c a t e d  t h a t  

t h e s e  compounds cou ld  appear  i n  t h e  6 - r i n g  PAH f r a c t i o n . .  The m i g r a t i o n  

d i s t a n c e s  on a lumina columns f o r  t h e  9 - a l k y l - s u b s t i t u t e d  c a r b a z o l e s  i n d i c a t e d  

t h a t  t h e y  could  a p p e a r  i n  t h e  3-,4-, o r  5 - r ing  PAH f r a c t i o n s .  T a b l e  6 . g i v e s  

t h e  R v a l u e s  f o r  s e v e r a l  c a r b a z o l e  and p y r i d i n e  t y p e s  on t h e  a c e t y l a t e d -  f  

c e l l u l o s e  TLC sys tem employed. The R v a l u e s  show t h a t  compounds"of t h e s e  f 

t y p e s  can m i g r a t e  r e a d i l y .  A l l  t h e  compounds i n  T a b l e  6  e x c e p t  2,2'-biquino- 

l i n e  and 9 -methy lca rbazo le  have  R v a l u e s  g r e a t e r  than  t h e  R l i m i t ' f o r  6-, 
f f  

5-, and 4 - r i n g  PAH, namely,  0 .33 .  Also ,  k e v e k a l  o f  t h e  compounds i n  T a b l e  6 

have R v a l u e s  g r e a t e r  t h a n  0 .43 ,  t h e  R l i m i t  of 3 - r i n g  PAH. No s p e c t r a l  
f .  f  

work was done  t o  i d e n t i f y  t h e  components beyond t h e  R l i m i t s  mentioned above.  f  



TABLE 6 

R v a l u e s  f o r  n i t r o g e n  h e t e r o c y c l e s  
,- f  

Compound 
f  Compound 

Rf 

3-Methylcarbazole  0 .42  
9-Methylcarbazole  0 . 3 3  
9-Ethy l c a r b a z o l e  0 . 4 1  
9-n-But y l c a r b a z o l e  0.38 
1,2,3,4-Tetrahydrocarbazole 0 .76  
1,2,7,8,-Dibenzocarbazole 0.36 
7H-Dibenzo(c, g)  c a r b a z o l e  0 . 2 3  
Carbazo l e  0 .39 
2 , 2  ' - ~ i q u i n o l i n e  0 .24  

1 , lO-Phenan th ro l ine  Monohydrate .0.77 
Phenazine  0.69 
2,9-Dimethyl-4,7-diphenyl-1,- 

10-phenant l i ro l ine  0 .55  
4-Azafluorene 0.62 
5 ,6-Benzoquinol ine  0 . 6 1  
Acr id  i n e  0 .65  
Dibenz ( a ,  j ) a c r i d i n e  0 .39 

Removal of P y r i d i n e  Types 

R e s u l t s  o b t a i n e d  i n  t h i s  work and p r e v i o u s  work showed t h a t  many p y r i d i n e  

compounds d i d  n o t  m i g r a t e  w i t h  a  ch lo ro form mobi le  phase  on a. s i l i c a  g e l  

column t h a t  had c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  absorbed a t  t h e  t o p  of t h e  

column [ 1 2 ] .  The e x a c t  mechanism f o r  t h e  i n h i b i t i o n  o f  m i g r a t i o n  of t h e  

p y r i d i n e  compounds i s  n o t  known; presumably t h e  compounds a r e  p r o t o n a t e d  

a t  t h e  r i n g  n i t r o g e n  and a r e  t h u s  s t r o n g l y  adsorbed  o n t o  s i l i c a  g e l .  I n  

t h i s  work i t  was shown t h a t  a c r i d i n k ,  4-azaf l u o r e n e ,  benz ( c ) a c r i d i n e ,  2,2'- 

b i q u i n o l i n e  and 2 ,9-dimethyl-4 ,  7-diphenyl-l,lO-phenanthroline d i d  n o t  

m i g r a t e  o r  m i g r a t e d  o n l y  s l i g h t l y  on t h e  a c i d i f i e d  s i l i c a  g e l  column w i t h  

ch lo ro form a s  a  mobi le  phase .  Carhazo le  compounds m i g r a t e d  r e a d i l y  on t h e  

a c i d  s i l i c a  g e l  column. Another s e p a r a t i o n  s t e p  was added t o  remove p y r i d -  

- i n e  compounds from t h e  s h a l e  o i l  samples .  With t h i s  a d d i t i o n a l  s e p a r a t i o n  

s t e p ,  t h e  o v e r a l l  s e p a r a t i o n  scheme invo lved  an a c i d  s i l i c a  g e l  s t e p ,  a  d ry -  

column aluminum o x i d e  s t e p ,  and f i n a l l y  a n  a c e t y l a t e d - c e l l u l o s e  TLC s t e p .  



S h a l e  o i l  samples  SOA76-173 and SOA77-205 were  i n v e s t i g a t e d  f u r t h e r  

w i t h  t h e  a d d i t i o n a l  s e p a r a t i o n  s t e p .  T h i s  was done by c a r r y i n g  o u t  t h e  

s e p a r a t i o n  p r o c e d u r e  t w i c e ,  once w i t h  t h e  a c i d  s i l i c a  g e l  s t e p  and t h e  

o t h e r  w i t h o u t  t h i s  s t e p .  I n  t h i s  way, two f l u o r e s c e n t  p r o £ i l e s  were 

o b t a i n e d .  One p ro f i - l e  r e p r e s e n t e d  PAH 'and some n i t r o g e n  h e t e r o c y c l e s ,  

and t h e  , o t h e r  PAH w i t h  most  p y r i d i n e  compounds removed. A d d i t i o n a l  work 

i s  needed t o  d e f i n e  ot-her c l a s s e s  of compdunds i n  t h e  f r a c t i o n s ,  b u t  

t h e  r e s u l t s  r e p o r t e d  h e r e  i n d i c a t e  t h a t  m a i n l y  n i t r o g e n  h e t e r o c y c l e s  and 

PAH a r e  found i n  t h e  f r a c t i o n s  w i t h o u t  t h e  a c i d  s i l i c a  g e l  s t e p  i n c l u d e d .  

The f l u o r e s c e n c e  p r o f i l e s  o b t a i n e d  f o r  t h e  4- and 3 - r i n g  PAH f r a c t i ' o n s  

f rom sample  SOA77-205 w i t h  t h e  a c i d  s i l i c a  g e l  s t e p  i n c l u d e d  a r e  compared 

i n  F i g u r e s  8 and 9 .  The f l u o r e s c e n c e  beyond t h e  Rf l i m i t s  d i s c u s s e d  e a r l i e r  

i s  a b s e n t .  Without t h e  a c i d  s i l i c a  g e l  s t e p ,  t h e  f l u o r e s c e n c e  remains  beyond 

t h e  Rf l i m i t s ,  a s  shown i n  F i g u r e s  4 and 6 .  T h e s e r e s u l t s  and t h e  r e s u l t s  

i n  T a b l e s . 5  and 6 i n d i c a t e  t h a t  some n i t r o g e n  h e t e r o c y c l e s  a r e  r e s p o n s i b l e  

f o r  t h e  f l u o r e s c e n c e  beyond t h e  Rf l i m i t s  f o r  PAH. The f l u o r e s c e n c e .  beyond 

t h e s e  l i m i t s  i s  p robab ly  due t o  c a r b a z o l e  t y p e s  and s t e r i c a l l y - h i n d e r e d .  

p y r i d i n e  compounds. 'More work i s  needed t o  c h a r a c t e r i z e  and i d e n t i f y  t h e s e  

nTt rogen  h e t e r o c y c l e s .  



F i g u r e  8. F l u o r e s c e n c e  p r o f i l e  of  4 - r ing  f r a c t i - o n  f r o m s a m p l e  
SOA77-205 u i t h  a c i d  t r e a t m e n t .  



Figure 9. Fluroescence profile of 3-ring fraction from sample 
SOA77-205 with acid treatment. 



P e r c e n t a g e  Recovery o f  ~ e n z o [ a ] p y r e n e  

A s  a  g e n e r a l  check on t h e  p e r c e n t a g e  r e c o v e r y  o f  PAH f o r  t h e  c h a r a c t e r -  

i z a t i o n  procedu ' res  w i t h  and w i t h o u t  t h e  a c i d  s i l i c a  g e l  s t e p ,  t h e  p e r c e n t a g e  

r e c o v e r y  benzo[a ]pyrene  (,BaP) w a s  de te rmined  by a  method developed p r e v i o u s l y  . 

[ 4 ] .  Samples (4 ug) o f  BaP were  added s e p a r a t e l y  t o  a n  a c i d i f i e d  s i l i c a  

g e l  column, an a lumina co'lumn and a  s h a l e  o i l  sample.  The a c i d i f i e d  s i l i c a  

g e l  column was e l u t e d  w i t h  ch lo ro form,  t h e  a lumina column was e l u t e d  w i t h  

n-hexane-ether (19 :1 ) ,  and t h e  s p i k e d  s h a l e  o i l  sample  was run  th rough  b o t h  

an  a c i d i f i e d  s i l i c a  ge l -ch lo ro f  orm sys tem and alumina-n-hexane-ether (19 : 1 )  

sys tem.  F i n a l l y ,  t h e  BaP was de te rmined  by measur ing  t h e  f l u o r e s c e n c e  

r e f l e c t e d  from t h e  a c e . t y l a t e d  c e l l u l o s e  a s  d e s c r i b e d  e a r ' l i e r  [ 4 ] .  For  t h e  

a c i d i f i e d ' s i l i c a  g e l  coiumn, t h e  r e c o v e r y  was 102%, f o r  t h e  a lumina column 

t h e  r e c o v e r y  w a s  98%, and f o r  t h e  s h a l e  o i l  sample t h e  r e c o v e r y  was 103%. 

BaP was a l s o  d e t e r m i n e d . i n  s e v e r a l  s h a l e  o i l  samples  w i t h  and w i t h o u t  t h e  

a c i d  s i l i c a  g e l  s t e p ;  t h e  r e s u l t s  a r e  l i s t e d  i n  T a b l e  7 .  A l l  t h e  r e s u l t s  

i n d i c a t e d  t h a t  BaP can b e ' d e t e r m i n e d  a c u r r a t e l y  w i t h  t h e  a c i d  s i l i c a  g e l  

s t e p  i n c l u d e d .  

TABLE 7  

De te rmina t ion  o f  benzo [ a l p y r e n e  

Sample 
a  

C o n c e n t r a t i o n  of  benzora lpyrene  (ppm) 
. . 

Without a c i d  s i l i c a  g e l  s t e p  With a c i d  s i l i c a  g e l  s t e p  

SOA76-173 . .2 8  3 1 
64 66 SOA77-205 

SOA76-135 7 . 2  8 . 9  
SOA77-231 11 9 .2  

15  SOA77-233 14 

a  
D u p l i c a t e  d e t e r m i n a t i o n s .  , 



EXPERIMENTAL 

A p p a r a t u s ,  r e a g e n t s  and m a t e r i a l s  

A l l  f l u o r i m e t r i c  measurements were made w i t h  a  S c h o e f f e l  SD3000 s p e c t r o -  

d e n s i t o m e t e r  i n  t h e  r e f l e c t i o n  mode. Only an  u l t r a v i o l e t  c u t o f f  f i l t e r  was 
- I 

employed i n  t h e  r e f l e c t i o n  mode s o  t h a t  f l u o r e s c e n c e  e m i t t e d  th roughout  t h e  

v i s i b l e  r e g i o n  was d e t e c t e d .  

I n d i v i d u a l  PAH and o t h e r  samples  were o b t a i n e d  from commercial s o u r c e s  

'and were r e c r y s t a l l i z e d  when needed. The s h a l e - o i l  samples were o b t a i n e d  

from t h e  Laramie Energy Technology C e n t e r ,  Laramie,  Wyoming. 

The 30% a c e t y l a t e d  c e l l u l o s e  thin-layer  c h r m n a t n p l a t ~ s  were Erinkmann 

. p r e c o a t e d  C e l  300 A C / ~ O - 2 0  p l a t e s .  The aluminum o x i d e  ( a c t i v i t y  11-111) 

f o r  dry-column chromatography was o b t a i n e d . f r o m  I C N  L i f e  Sc ience  Group, 

C l e v e l a n d ,  Ohib. The s i l i c a  g e l  60 (MN-Kieselgel 60 0.1-0.2 mm/70-140 mesh 

ASTM) was o b t a i n e d  from Brinkmann. Nylon l a y - f l a t  t u b i n g  was o b t a i n e d  from 

H a l l  Manufac tu r ing  Corp . ,  Mahwah, New J e r s e y .  A 1 0 - ~ 1  Hamilton s y r i n g e  

was used i n  s p o t t i n g  t h e  c h r o m a t o p l a t e s .  A  Buchi Rotavapor-M was used f o r  

e v a p o r a t i o n  of s o l v e n t s .  

P r o c e d u r e s  

C h a r a c t e r i z a t i o n  w i t h o u t  ac'id t r e a t m e n t .  A 28-cm s e c t i o n  o f  ny lon  l ay-  

f l a t  t u b i n g  ( i . d . ,  6.62 mm) plugged w i t h  g l a s s  wool a t  one end was packed 

w i t h  8 .50  g  o f  aluminum o x i d e .  The h e i g h t  of t h e  aluminum o x i d e  was c a .  17 .5  

cm. Aluminum o x i d e  (0 .5g)  was added t o  a  30-ml. e v a p o r a t i n g  f l a s k .  Then a  

0.0500 g  s a o p l e  of s h a l e  o i l  was weighed a c c u r a t e l y  i n ' t h e  f l a s k  and 1 m l  

o f  n-hexane added. The m i x t u r e  was hea ted  t o  30°C i n  t h e  f l a s k  w h i l e ' s t i r -  

r i n g  under  vacuum w i t h  a  r o t a r y  e v a p o r a t o r .  T h i s  s t e p  a s s u r e d  t h a t  t h e  



? 1 

sha le '  o i l  sample was d i s t r i b u t e d  e v e n l y  on t h e  aluminum o x i d e .  The d r i e d  

aluminum o x i d e  w i t h  - s h a l e  o i l  adsorbed  on i t  w a s  t r a n s f e r r e d  q u a n t i t a t i v e l y  

t o  t h e  to,p of t h e  aluminium o x i d e  a l r e a d y  i n  t h e  column. The mobi le  phase  

( 1  ml) , n-hexane-ether ( 1 9 : l )  was used t o  r i n s e  t h e  e v a p o r a t i n g  f l a s k  and 

t h e  r i n s i n g s . w e r e  q u a n t i t a t i v e l y  t r a n s f e r r e d  t o  t h e  column. A f t e r  t h i s  

volume had absorbed i n t o  - the  aluminum o x i d e ,  6  m l  more o f  n-hexane-ether 

( 1 9 : l )  was added t o  t h e  column. A f t e r  development of t h e  column, i t  was 

c u t  i n t o  f o u r  s e c t i o n s .  The 1 e n g t h s . o f  each s u c c e s s i v e  s e c t i o n  s t a r t i n g  

from t h e  i n t e r f a c e  o f  t h e  aluminum o x i d e  t h a t  had s h a l e  o i l  i n i t i a l l y  

adsorbed and f r e s h  aluminum o x i d e  were 0.0-6.5 cm, 6.5-11.5 cm, 11.5-15.0 

cm, and 15.0-20.0 cm. L a t e r  work w i t h  ny lon  t u b i n g  of 7.18 mm i . d .  gave 

s e c t i o n  l e n g t h s  of 0-4 cm, 4-8 cm, 8-1'2.5 c m ,  and 12.5-17 cm. The s e c t i o n s  

con ta ined  maximum c o n c e n t r a t i o n s  o f  6 - ,  5-, -4-and 3 - r ing  PAH, r e s p e c t i v e l y ,  

though f l u o r a n t h e n e  over lapped i n t o  t h e  3 - r ing  f r a c t i o n .  With a  g i v e n  

d iamete r  of t u b i n g  and alumina a c t i v i t y ,  m i g r a t i o n  r a t e s  were v e r y ' r e p r o -  

d u c i b l e .  When t.hese f a c t o r s  changed, a  s t a n d a r d  column was r u n  t o  e s t a b l i s h  

new m i g r a t i o n  d i s t a n c e s .  .An i ' d e n t i c a l  s t a n d a r d  aluminum ox ide  column was 

prepared t h a t  had coronene,  Genzo[a] pyrene ,  t r i p h e n y l e n e ,  f l u o r a n t h e n e  , 

phenanthrene,  and f l u o r e n e  abs6r.bed on t h e  t o p  o f  t h e  column. ' T h i s  column 

was developed i n  a n  i d e n t i c a l  manner a s  t h e  sample column and t h e n  t h e  sample 

column was c u t  i n t o  s e c t i o n s  based on t h e  m i g r a t i o n  d i s t a n c e s  o f  t h e  s t andards !  

The aluminum o x i d e  s e c t i o n s  were s t i r r e d  s e p a r a t e l y  i n  b e a k e r s  f o r  20 min - 

w i t h  1 0  m l .  of  1 , 2 - d i c h l o r o e t h a n e  and ' then t h e  1 , 2 - d i c h l o r o e t h a n e  was d e c a n t e d .  

The ab~.~minl im ox ide  sect ions  were washed w'ith 5  m l  of 1 , 2 - d i c h l o r o e t h a n e ,  and 

t h e  combined e x t r a c t s  from each  s e c t i o n  were evapora ted  i n d i v i d u a l l y  t o  d r y n e s s  

by d i r e c t i n g  a i r  i n t o  b e a k e r s  hea ted  a t  3 0 ' ~ .  A s m a l l  amount of n-hexane 



was added t o  each  b e a k e r  and t h e n  t h e  n-hexane a l i q u o t s  were t r a n s f e r r e d  

q u a n t i t a t i v e l y  t o  a  l - m l  vo lumet r i ' c  f l a s k .  The b e a k e r s  were r i n s e d  w i t h  

a d d i t i o n a l  a l i q u o t s  o f  n-hexane, t h e  r i n s i n g s  were  added t o  t h e  a p p r o p r i a t e  

v o l u m e t r i c  f l a s k ,  and t h e  f i n a l  volume w a s  a d j u s t e d  t o  1 m l .  

Each s o l u t i o n  was s p o t t e d  (5  ~ 1 ) .  2 .0  cm f.rom t h e  bot tom edge o f  a  30% 

a c e t y l a t e d  c e l l u l o s e  c h r o m a t o p l a t e  t h a t  had been c leaned  p r e v i o u s l y  by 

development w i t h  methanol-n-hexane-acetone (20:5:3:3) which had been a l lowed 

t o  e q u i l i b r a t e  f o r  1 h b e f o r e  development of t h e  chromatop la te .  A f t e r  

development ,  t h e  c h r o m a t o p l a t e  was d r i e d  i n  a i r  and then  p o s i t i o n e d  on t h e  

s t a g e  of t h e  s p e c t r o d e n s i t o m e t e r .  The e x c i t a t i . o n  monochromatol: was set a t  

310 nm. The s t a g e  o f  t h e  s p e c t r o d e n s i t o m e t e r  was s t a r t e d  and t h e  v i s i b l e  

f l u o r e s c e n c e  of t h e  components d i s t r i b u t e d  on t h e ' c h r o m a t o p l a t e  r e c o r d e d .  

Scans  w e r e  made from 1 cm above t h e  s o l v e n t  f r o n t  t o  t h e  s p o t  o r i g i n .  

C h a r a c t e r t e r i z a t i o n  w i t h  a c i d  t r e a t m e n t .  A 0.25-g q u a n t i t y  o f  s i l i c a  

g e l  was added t o  a  30-ml e v a p o r a t i n g  f l a s k .  Then an  a c c u r a t e l y  weighed 

0.0500-g sample of s h a l e  o i l  was weighed i n  t h e  f l a s k  and 1 m l  of d i e t h y l  

e t h e r  added. The m i x t u r e  was h e a t e d  t o  30°C i n  t he  f l a s k  while. s t i r r i n g  

under  vacuum w i t h  a  r o t a r y  e v a p o r a t o r .  A f t e r  e v a p o r a t i o n  o f  t h e  d i , e t h y l  

e t h e r ,  t h e  s i l i c a  g e l  w i t h  s h a l e  o i l  absorbed  on i t  was t r a n s f e r r e d  

q u a n t i t a t i v e l y  t o  a  p r e v i o u s l y  p repared  a c i d - t r e a t e d  s i l i c a  g e l  co.1.1lrnn. 

Chloroform ( 1  ml) was used t o  r i n s e  t h e  e v a p o r a t i n g  f l a s k  and t h e  r i n s i n g s  

were added t o  t h e  column. The a c i d - t r e a t e d  s i l i c a  g e l  column was .p repared  

by s l u r r y - p a c k i n g  3 .30 g  of s i l i c a  g e l  i n  d i s t i l l e d  ch lo roform i n t o  a  1 5  cm 

x 1 .05.cm i , d .  g l a s s  column. Then 0 . 2  . m l  of c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  

was a l lowed t o  a b s o r b  i n t o  t h e  s i l i c a  g e l  a t  t h e  t o p  of t h e  column 1121. 

The a c i d - t r e a t e d  s i l i c a  g e l  w i t h  s h a l e  o i l  was e l u t e d  w i t h  9 m l  of c h l o r o f o m ,  



and the  chloroform w a s  c o l l e c t e d  i n  a 30 m l  . evapora t ing  f l a s k  t h a t  contained 

0.5' g of aluminum oxide.  This  sample was then  heated t o  30°C i n  a r o t a r y  

evapora tor  and t r a n s f e r r e d  t o  t h e  aluminum oxide  column a s  descr ibed  above. 



The room t e m p e r a t u r e  phosphorescence (RTP) work was p a r t i a l l y  suppor ted  

under  t h i s  c o n t r a c t .  E i g h t  n i t r o g e n  h e t e r o c y c l e s  were s t u d i e s  i n  d e t a i l  f o r  

t h e i r  p o t e n t i a l  t o  y i e l d  s t r o n g  RTP. ' T h e  r e s e a r c h  i n v o l v e d  d e t e r m i n i n g  t h e  

b e s t  e x p e r i m e n t a l  c o n d i t i o n s  f o r  RTP, d e s i g n i n g  and c o n s t r u c t i n g  a phosphoro- 

s c o p e ,  d i s c o v e r i n g  and e x p l a i n i n g  t h e  i n t e r a c t i o n s  needed t o  induce  RTP, and 

a p p l y i n g  RTP f o r  t h e  i d e n t i f z c a t i o n  o f  n i t r o g e n  h e t e r o G y c l e s  i n  s h a l e  o i l .  

A n a l y t i c a l  C o n d i t i o n s  and Da ta  

To i n d u c e  RTP from n i t r o g e n  h e t e r o c y c l e s  such a s  b e n z o [ f ] q u i n o l i n e  (B[F]Q) 

and o t h e r  compounds, i t  was n e c e s s a r y  t o  a d s o r b  t h e  compounds on s o l i d  s u r -  

f a c e s  such as f i l t e r  paper  o r  s i l i c a  g e l .  (C.D. Ford and R.J .  H u r t u b i s e ,  

Anal.  Chem. 51 , .659  (1979.)  RTP and f l u o r e s c e n c e  a n a l y s i s  of  compounds - -- 
adsorbed on s o l i d  s u r f a c e s  such  a s  s i l i c a  g e l  and f i l t e r  paper  a r e  power- 

f u l  q u a l i t a t i v e  and q u a n t i t a t i v e  a n a l y t i c a l  t o o l s  because  of t h e i r  s e n s i t i v i t y  

and s e l e c t i v i t y .  The phosphnroscope d i s c u s s e d  i n  "Exper imenta l"  a t  t h e  end 

of  t h i s  s e c t i o n ,  and des igned  f o r  u s e  w i t h  a  S c h o e f f e l  SD3000 s p e c t r o d e n s i t o -  

',% .I"- m e t e r ,  works w e l l  f o r  o b t a i n i n g  RTP from compounds adsorbed on s i l i c a  g e l  
, r̂. 

c h r o m a t o p l a t e s  o r  f i l t e r  p a p e r .  Fur the rmore ,  s i l i c a  g e l  was s t r e s s e d  o v e r  

f i l t e r  paper  i n  t h e  RTP worlc because  RTP can b e  combined w i t h  t h e  speed  and 

v e r s a t i l i t y  of TTX on s i l i . c a  g e l  t o  y i e l d  a  v e r y  u s e f u l  a n a l y t i c a l  approach  

f o r  d e t e r m i n i n g  n i t r o g e n  h e t e r o c y c l e s .  C e r t a i n l . y ,  s i l i c a  g e l  u r  f i l r e r -  

paper  can b e  used  i n  c o n j u n c t i o n  w i t h  high-performance l i q u i d  chromatography 

(IIPLC) by c o l l e c t i n g  a  f r a c t i o n  fr0.m a  HPLC column, a d s o r b i n g  t h e  components 

on t h e  s o l i d  s u r f a c e ,  and then  measur ing  e i t h e r  f l u o r e s c e n c e  o r  RTP. 



Silica Gel 

RTP was observed from.compounds adsorbed on aluminum backed and glass 

backed, conventional TLC and HPTLC silica gel plates (EM ~aboratories). 

No RTP was observed from the compounds adsorbed on Brinkmann .(MN) plastic 
A 

backed silica gel TLC plates. RTP was also observed.from compounds adsorbed 

on dried MN-Kieselgel 60 (~uren, Germany) for dry column chromatography; 

however, no RTP was observed for compounds adsorbed on dried Mallinckrodt 

SilicAR TLC-7G for TLC. 

Excitation and Emission Spectra 

The phosphorescence excitation and emission spectra of each compound 

adsorbed on dried silica gel'were obtained using the phosphoroscope accessory 

of the FPF-2A fluorescence spectrophotometer. The uncorrected phosphorescence 

excitation and emission spectra of B[f]Q were obtained at liquid nitrogen 

temperature (LTP) with the protonated compound in ethanol and at room temper- 

ature with the protonated compound adsorbed on a dried aluminum backed silica 

gel chromatoplate (Figure 10). The LTP excitation spectrum of B[f]Q gave 

peaks at. 287 and.367 nm, and the RTP excitation spectrum gave peaks at 291 

and 367 nm. The LTP emission spectrum of the compound in ethanol showed peaks 

at 437, 475, and 509 nm, whereas, the RTP emission peaks were at 434, 488, 

and 516 nm. 
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F i g u r e  10.  The LTP (-) and RTP (---) e x c i t a t i o n a n d  emiss ion  s p e c t r a  o f  B [ f ] Q  i n  e t h a n o l  
(LTP) and on d r i e d  s i l i c z  g e l  (RTP). Phosphorescen-e i n t e n s i t i e s  w e r e . a d j u s t e d  
a r b i t r a r i l y .  



Acid E f f e c t  on t h e  RTP of  N i t r o g e n  H e t e r o c y c l e s .  

The LTP e x c i t a t i o n  and emiss ion  s p e c t r a  of p h e n a n t h r i d i n e  were 

o b t a i n e d  bo th  i n  e t h a n o l  and i n  a c i d i f i e d  e t h a n o l  ( 0 . 1  M HC1) w i t h  t h e  

f l u o r e s c e n c e  spec t ropho tomete r .  A compar ison o f  t h e  s p e c t r a l  d a t a  showed a 

r e d , s h i f t  i n  t h e  e m i s s i o n  s p e c t r a  i n  go ing  f rom e t h a n o l  s o l u t i o n  t o  0 . 1  

PI H C 1  e t h a n o l  s o l u t i o n  of t h e  compound. The LTP i n t e n s i t y  was approx imate ly  

doubled i n  go ing  from a n  e t h a n o l  s o l u t i o n  t o  an a c i d i f i e d  e t h a n o l  s o l u t i o n  

of p h e n a n t h r i d i n e  a t  a  c o n c e n t r a t i o n  of 1 . 0  y g / m ~ .  These d a t a  s u g g e s t  t h a t  

_ p r o t o n a t i o n  of t h e  n i t r o g e n  h e t e r o c y c l i c  compound s e r v e s  t o  enhance t h e  

LTP . 
E t h a n o l  s o l u t i o n s  w i t h  a f i x e d  amount o f  B[f]Q c o n t a i n i n g  from t o  

1 . 0  M H C 1  were  s p o t t e d  i n  d u p l i c a t e  on a s i l i c a  g e l  c h r o m a t o p l a t e  and.  t h e  

p l a t e  was d r i e d .  The RTF of B[f]Q v s .  t h e  c o n c e n t r a t i o n  of H C 1  p l o t  appeared  

a s  a n  S-shaped c u r v e .  Graphs o f  t h e  d a t a  o b t a i n e d  f o r  p h e n a n t h r i d i n e  and 

1 , 1 0  p h e n a n t h r o l i n e  were s i m i l a r  t o  t h a t  f o r  B[f]Q w i t h  t h e  i n c r e a s e . i n  RTP 

o c c u r r i n g  between and 10-'M H C 1 .  T h e r e f o r e  0 . 1  M H C 1  e t h a n o l i c  

s o l u t i o n s  of  t h e  n i t r o g e n  h e t e r o c y c l e s  were employed f o r  t h e  q u a n t i t a b i v e  

RTP d a t a  of t h e s e  compounds adsorbed  on s o l i d  s u r f a c e s . .  

Tab le  8 g i v e s  a  comparison of  t h e  r e l a t i v e  RTP i n t e n s i t i e s  of t h e  

n i t r o g e n  h e t e r o c y c l e s .  The compounds.were s p o t t e d  from e t h a n o l  s o l u t i o n s  

and e t h a n o l  s o l u t i o n s  which were  0 . 1  M i n  HC1 o n t o  s i l i c a  g e l  a n d ' f i l t e r  

paper  and measured i n  a i r .  The d a t a  i n  T a b l e  8 show t h a t  i n  each  c a s e  

p r o t o n a t i o n  of t h e  n i t r o g e n  h e t e r o c y c l e  e n h a n c e s t h e R T P  of t h e  compounds 

adsorbed on d r i e d  s i l i c a  g e l  and f i l t e r  p a p e r .  J u s t  a s  o t h e r  workers  have 

e s t a b l i s h e d  t h a t  a n i o n  and c a t i o n s  o f  c e r t a i n  o r g a n i c  compounds e x h i b i t e d  

more i n t e n s e  RTP on s o l i d  s u r f a c e s  than  t h e  n e u t r a l  compound, i t  seemed 



r e a s o n a b l e  t h a t  t h e  c a t i o n s  of t h e  n i t r o g e n  h e t e r o c y c l e s  shou ld  e x h i b i t  

more i n t e n s e  RTP when adsorbed on s o l i d  s u r f a c e s .  t h a n  t h e i r  n e u t r a l  

c o u n t e r p a r t s  (13-15) . 

TABLE 8 

Comparison of.RTP Data of N-Heteroay.c ies .Spot ted on S i l i c a  Gel  and F i l t e r  
Paper  

. . .  

compounda s i l i c a  f i l t e r  paper  
hex.  lem, n e u t r a l  a r i a  n p i r t r a l  a c i d  
nm nmb R I= RI R I ~  R I  

benzo[f  ] q u i n o l i n e  3  / O  510 5 . 1  55.2 20 .5  100 
phenan thr  i d i n e  3  60 510 3 . 6  42.4 8 . 5  46.0 
4 - a s a I l u o r e n e  .S.S 0 4h9 h . b  2 2 . 8  $7.5 112.0 
1 , lO-phenanthrol ine-H20 325 520 1 . 8  7 . 5  7 .5  17 .5  
4,7-diphenyl-1,lO-phenan- 

3 10 518 N.D. 
e  

t h r  01 i n e  11 .3  4 .5  23.5 
2,9-dimethyl-4,7-diphenyl-1, 
1 0 - p h e n a n t h r o l i n e  330 518 N.D.  12 .0  13 .5  17 .5  
q u i n o l i n e  320 510 N . D .  7 .0  7 .5  20.0 
i s o q u i n o l i n e  330 520 2 .0  8.0 3.7 25.0 - 
a 

Each compound a t  100 n g l s p o t .  b~~~ and maximized f o r  Schoef f e l  u n i t .  
C 

Compounds s p o t t e d  from e t h a n o l  s o l u t i o n s .  d~ompounds  s p o t t e d  from e t h a n o l  
s o l u t i o n s  which were 0 . 1  Pi HC1.  e N . D .  = non-detected.  

A n a l y t i c a l  Data 

T a b l e  9 g i v e s  t h e  l i n e a r  r a n g e  o f  t h e  RTP c a l i b r a t i o n  c u r v e s  o b t a i n e d  

from t h e  compounds adsorbed on dricd silica gel and t h e  RTP 1 , i m i t s :  of de-  

t e c t i o n  (LOD = n g l s p o t  which g i v e s  2X t h e  background s i g n a l ) .  The d a t a  
L 

a r e  g i v e n  f o r  t h e  RTP of t h e  p r o t o n a t e d  compounds measured i n  a i r .  I n  no 

c a s e  d i d  measur ing t h e  RTP of t h e  compound's s p o t t e d  from a c i d  s o l u t i o n s  on 

d r i e d  s i l i c a  g e l  under  N 2  o r  He f l o w  a l t e r  t h e  l i n e a r  r a n g e s ,  o n l y  t h e  LODs 

changed s l i g h t l y .  However, t h e  d a t a  s c a t t e r  of some of t h e  weaker phosphors  

w i t h  N and He was l e s s  t h a n  f o r  a i r .  
2 



TABLE 9  

a  RTP ~ n a l ~ t i c a l  Da ta  from Compounds Adsorbed on Dried S i l i c a  Gel 

Compound l i n e a r  LOD, 

l e x  , , r a n g e ,  n g l  
nm nmb ng s p o t  

b e n z o [ f ] q u i n o l i n e  370 510 0-125 3 
p h e n a n t h r i d i n e  360 510 0-160 6  
4-azaf l u o r e n e  330 465 0-100 1 0  
1, 10-phenanthroline-H2 0 325 520 0-140 25 
4,7-diphenyl-1,lO-phenanthroline 310 518 0-175 1 2  
2,9-d imethyl-4,7-diphenyl-l,10-,phenan- 330 518 0-150 2 0 

t h r  01 i n e  
q u i n o l i n e  320 510 0-100 25 
i s o q u i n o l i n e  330 520 0-250 22 
p-aminobenzoic a c i d  2  87 432 0-150 1 0  
2,5-pyridine-dicarboxy1ic.acid 289. 435 0-120 1 5  

a  
A l l  compounds s p o t t e d  from e t h a n o l  s o l u t i o n s .  which were  0 . 1  M H C 1  e x c e p t  

p-aminobenzoic a c i d  and 8 , ) - p y r i d i n e  d i c a r b o x y l i c  a c i s  whit-h were s p o t t e d  
from e t h a n o l  s o l u t i o n s .  Xe, and Xem were  maximized f o r  t h e  S c h o e f f e l  u n i t .  

R e p r o d u c i b i l i t y  of  RTP 

S i x t e e n  s p o t s  of B [ ~ ] Q  from 0 , l  M HC1 e t h a n o l  s o l u t i o n  a t  100  ng each 

were  p laced  on a . s i l f c a  g e l  . ch romatop la te ,  and t h e  RTP from each s p o t  was 

recorded  i n . a i r  a s  d e s c r i b e d  i n  Exper imenta l .  The s t a n d a r d  d e v i a t i o n  was 

determined t o  be  1 . 5 0  r e l a t i v e  i n t e n s i t y  (RI) u n i t s . .  The 95% c o n f i d e n c e  

l i m i t s  were  c a l c u l a t e d  t o  be  46 .5  ? 0 . 8  R I  u n i t s .  A s i m i l a r  exeer iment  

w i t h  4 -aza f luorene  r e s u l t e d  i n  a  s t a n d a r d  d e v i a t i o n  of 0 .93  RI u n i t s  and 

95% c o n f i d e n c e  l i m i t s  of  1 6 . 7  ? 0 . 5  R I  u n i t s  f o r  s i x t e e n  100-ng s p o t s .  

P l a t e - t o - P l a t e  V a r i a t i o n  of RTP 

Three  aluminum backed s i l i c a  g e l ' c h r o m a t o p l a t e s  were each s p o t t e d  

w i t h  f i v e  100-ng s p o t s  of B[f]Q. A f t e r  d r y i n g ,  t h e  RTP s i g n a l s  were 

recorded  f o r  e a c h  w i t h  t h e  modi f i ed  s p e c t r o d e n s i t o m e t e r .  The a v e r a g e  RTP 



i n t e n s i t i e s  o b t a i n e d  f o r  t h e  t h r e e  p l a t e s  w e r e  62.0  ( p l a t e  l ) ,  54.8  ( p l a t e  2 ) ,  

and 57.6  ( p l a t e  3 ) .  Because of t h e  p l a t e - t o - p l a t e  v a r i a t i o n  i n  RTP of com- 

pounds adsorbed on s i l i c a  g e l ,  any- q u a n t i t a t i v e  method which employs RTP 

from compourids. adsorbed on commercial c h r o m a t o p l a t e s  should i n c l u d e  RTP 

measurement o f . t h e  p roper  s t a n d a r d s  a l o n g  w i t h  t h e  unknowns on t h e  same 

c h r o m a t o p l a t e .  

T o t a l  Luminescence Approach 

S e v e r a l  of t h e  compounds i n  T a b l e  9 a l s o  e x h i b i t e d  v i s i b l e  f l u o r e s c e n c e  

when adsorbed  on d r i e d  s i l i c a  g d l .  F n r  examplej ~ ' [ f l Q ,  p h e n s n t h r i d i n c ,  and 

q u i n o l i n e  e x h i b i t  v i s i b l e  f l u o r e s c e n c e  i n  a d d i t i o n  t o  RTP when adsorbed on 

d r i e d  s i l i c a  g e l .  The f l u o r e s c e n c e  emiss ion  maxima f o r  t h e  t h r e e  compounds 

were 428, 418, and 400 nm, r e s p e c t i v e l y .  There  a r e  c e r t a i n  a n a l y t i c a l  

a d v a n t a g e s  t o  employing b o t h  f l u o r e s c e n c e  and RTP.   or example,  t h e  

. i d e n t i f i c a t i o n  of unknowns i s  a i d e d  by f l u o r e s c e n c e  e x c i t a t i o n  and emiss ion  

s p e c t r a ,  RTP emiss ion  s p e c t r a ,  and t h e  RTP l i f e t i m e  of compounds t h a t  can 

be measured e a s i l y .  Also ,  one i s  n o t  r e s t r i c t e d  t o  a  s i n g l e  . luminescence 

p r o c e s s .  I f ,  f o r  example,  B[f]Q were b e i n g  de te rmined  and t h e  s p o t  c o n t a i n i n g  

B I f l Q  w a s  found t o  c o n t a i n  a  f l u o r e s c e n t  i m p u r i t y  bllt no p h n s p h n r ~ s c ~ n t  

i m p u r i t y ,  RTP cou ld  be .employed t o  q u a n t i t a t e  t h e  B[fJQ i n  t h e  sample .wi thou t  

i n t e r f e r e n c e  from t h e  f l u o r e s c e n t  i m p u r i t y .  

A f l u o r e s c e n c e  c a l i b r a t i o n  c u r v e  was o b t a i n e d  f o r  B[f]Q adsorbed on d r i e d  

s i l i c a  g e l  i n  a i r .  The l i n e a r  r a n g e  was found t o  be 0-100 ng and t h e  l i m i t  

of d e t e c t i o n  was 1 ng. When d r y  He was .blown o v e r  t h e - s p o t ,  t h e  f l u o r e s c e n c e  

s i g n a l  was enhanced by 30X, i n d i c a t i n g  'some O2 quenching w i t h  a i r .  



EXPERIMENTAL 

Apparatus .  

Phosphorescence e x c i t a t i o n  and e m i s s i o n  s p e c t r a  were  o b t a i n e d - w i t h  a  

Perkin-Elmer MPF-2A f l u o r e s c e n c e  s p e c t r o p h o t o m e t e r  equipped w i t h  a 

phosphoroscope a c c e s s o r y .  A 150-W Xe a r c  lamp and a  1P28 p h o t o m u l t i p l i e r  

t u b e  were employed. RTP s p e c t r a  were  r e c o r d e d  w i t h  t h e  e x c i t a t i o n  and 

e m i s s i o n  s l i t s  of t h e  f l u o r e s c e n c e  spec t , ropho tomete r  s e t  a t  1 2  and 14 nm, 

r e s p e c t i v e l y ,  d i r e c t l y  from 100' ng  o f  t h e  compound adsorbed on a  4  cm by 

0 . 8  cm s e c t i o n  of a  d r i e d  aluminum backed s i l i c a  g e l  c h r o m a t o p l a t e .  .The 

c h r o m a t o p 1 a t e . s e c t i o n  was p l a c e d  a t  a p p r o x i m a t e l y  a  45' a n g l e  w i t h  r e s p e c t  

t o  t h e  s o u r c e  and t h e  e m i s s i o n  s l i t .  The mount ing d e v i c e  which h e l d  t h e  

c h r o m a t o p l a t e  was c o n s t r u c t e d  of two 4 cm x  0 . 5  cm x 0 .5  cm aluminum b a r s  which 

were d r i l l e d  a n d . t a p p e d  a t  o p p o s i t e  ends  s o t h e  c h r o m a t o p l a t e  s e c t i o n  

c o u l d . b e  mounted between t h e  m e t a l  b a r s .  With t h e  c h r o m a t o p l a t e  s e c t i o n  

t h u s  f i x e d ,  t h e  d e v i c e  was mounted on t h e  s u p p o r t  f rame o f  t h e  r o t a t i n g  

can p h o s p h o r o ~ c o ~ e  and '  t h e  RTP s i g n a l  from t h e  compound adsorbed  on t h e  

s i l i c a  g e l  p l a t e  was maxim%zed, 

C a l i b r a t i o n  c u r v e s  and r e l a t i v e  RTP s i g n a l s  were measured w i t h  a  

S c h o e f f e l  SD3000 s p e c t r o d e n s i t o m e t e r  w i t h  t h e  i n l e t  and e x i t  s l i t s  a t  

2  and 3 mm, r e s p e c t i v e l y .  A 150-W Xe lamp and R-777 p h o t o m u l t i p l i e r  

t u b e  were employed. 

Because some of t h e  compounds. s t u d i e d  e x h i b i t e d  f l u o r e s c e n c e  which 

i n t e r f e r e d  w i t h  RTP measurements ,  i t  was n e c e s s a r y  t o  modify t h e  s p e c t r o -  

d e n s i t o m e t e r  and t o  d e s i g n  and c o n s t r u c t  a r e f ] . e c t i o n  mode assembly and a  

phosphoros,cope which would be c o m p a t i b l e  w i t h  t h e  S c h o e f f e l  s p e c t r o -  

d e n s i t o m e t e r .  The assembly a l lowed t h e  d i s t a n c e  from t h e  s o u r c e  e x i t  
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t o  t h e  p h o t o m u l t i p l i e r  t u b e  t o  b e  v a r i e d  by means of a n  a d j u s t a b l e  s l i d e .  

Also ,  t h e '  a n g l e  of  t h e  p h o t o m u l t i p l i e r  t u b e  hous ing  cou ld  b e  a d j u s t e d  t o  

maximize t h e  r e f l e c t e d  RTP s t r i k i n g  t h e  l e n s  o f  t h e  p h o t o d e t e c t o r  sys tem.  

The above m o d i f i c a t i o n s  were  n e c e s s a r y  t o  accommodate a  r o t a t i n g  d i s c  

phosphoroscope . 
The phosphoroscope assembly c o n s i s t e d  of  a v a r i a b l e  speed d c  motor 

(0-12V) and a  r o t a t i n g  d i s c  phosphoroscope.  The motor was powered by a  

R a i l i n e  model 37UN t r a n s f o r m e r .  The assembly was d e s i g n e d  f o r  u s e  w i t h  

t h e  modi f i ed  r e f l e c t i o n  mode assembly of t h e  s p e c t r o d e n s i t o m e t e r .  The 

phosphoroscope was c o n s t r u c t e d  of t h i n  s h e e t  aluminum and was p a i n t e d  f l a t  

b l a c k  t o . m i n i m i z e  s c a t t e r e d  r a d i a t i o n .  The d c  motor was mounted i n  a n  

aluminum frame which a l lowed  t h e  phosphoroscope t o  b e  r a i s e d  o r  lowered 

v i a  a n  a d j u s t a b l e  s l i d e .  Also ,  t h e  a n g l e  of  t h e  p h o t o m u l t i p l i e r  t u b e  

hous ing  cou ld  b e  a d j u s t e d  t o  maximlze t h e  r e f l e c t e d  RTP s t r i k i n g  t h e  l e n s  

o f  t h e  p h o t o d e c t e c t o r  sys tem.  The above m o d i f i c a t i o n s  were  n e c e s s a r y  t o  

accommodate a  r o t a t i n g  d i s c  phosphoroscope.  

The phosphoroscope assembly c o n s i s t e d  of a  v a r i a b l e  speed d c  motor  

(0-12V) and a r o t a t i n g  d i s c  phosphoroscope.  The motor was powered by a  

~ a i l i n e  model 370 N t r a n s f o r m e r .  The assembly was des igned  f o r  u s e  w i t h  

t h e  m o d i f i e d  r e f l e c t i o n  mode assembly of  t h e  s p e c t r o d e n s i t o m e t e r .  The 

p l~osphoroscope  was c o n s t r u c t e d  of  t h i n  s h e e t  aluminum and was p a i n t e d  f l a t  

h l a c k  t o  minimize s c a t t e r e d  r a d i a t i o n .  The d c  motor was mounted i n  an  

a.111minum frame which a l lowed t h e  phosphoroscope t o  b e  r a i s e d  o r  lowered . 

via a n  a d j u s t a b l e  s l i d e .  To measure t h e  RTP from compounds adsorbed  on 

s o l i d  s u r f a c e s  under  0 , - f r e e  c o n d i t i o n s ,  a  s i m p l e  g a s  h a n d l i n g  sys tem 

was c .ons t ruc ted .  A p i e c e  o f  copper  t u b i n g  was used t o  d i r e c t  t h e  - f low of  
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i n e r t  g a s e s  o v e r  t h e  adsorbed compounds.. The copper  t u b i n g  ( 5  mm 0 . d . )  was 

24.5 c m . i n  l e n g t h  and plugged a t  o n e ' e n d .  About 1 cm from t h e  plugged e n d ; .  

t h e r e  was a  s m a l l  s l i t  o u t  of  which t h e  i n e r t  g a s e s  f lowed'  o n t o  t h e  adsorbed 

compounds. The copper  t u b i n g  was. mounted i n  a  l e a d  b lock  f o r  s t a b i l i t y .  

The g a s e s  (N,  and He) were  passed  th rough  a  d r y i n g  t u b e  ( a  p l a s t i c  t u b e  

c o n t a i n i n g  CaSO,) b e f o r e  b e i n g  f o r c e d  o u t  t h e  t u b e  and over  t h e . a d s o r b e d  

compounds d u r i n g  t h e  measurement s r e p ,  

Reagen t s  

E t h a n o l  was p u r i f i e d  b y  d i s t i l l a t i o n .  B e n z o [ f ] q u i n o l i n e  (B[f]Q) and 

p h e n a n t h r i d i n e  were  r e c r y s t a l l i z e d  f rom e t h a n o l  and d i s t i l l e d  w a t e r .  w i n o -  
/ 

l i n e  was d i s t i l l e d  a t  r educed  p r e s s u r e  w i t h  a  61-cn b u b b l e  p l a t e  f r a c t i o n a t i o n  

column and c o l l e c t e d  a t  54OC. Both 2 , 5 . p y r i d i n e  d i c a r b o x y l i c  a c i d  and 

p-aminobenzoic a c i d  were  r e c r y s t a l l i z e d  from e t h a n o l ,  and 4 - a z a f l u o r e n e  

was r e c r y s t a l l i z e d  from hexane,  e t h a n o l ,  and d i s t i l l e d  w a t e r .  Each 

compound was checked f o r  luminescen t  i m p u r i t i e s  by. TLC a n d ,  i f  no i m p u r i t i e s  

were o b s e r v e d ,  t h e  compounds were used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  A l l  

o t h e r  compo.unds were r e a g e n t  g r a d e  and u s e d  a s  r e c e i v e d .  The s i l i c a  g e l  

c h r o m a t o p l a t e s  .were aluminum backed (EM L a b o r a t o r i e s ,  E lmsford ,  N.Y.) and 

were developed i n  d i s t i l l e d  e t h a n o l  p r i o r  t o  RTP e x p e r i m e n t s  t o  c o n c e n t r a t e  

any luminescen t  i m p u r i t i e s  a t  one  end of t h e  p l a t e .  The f i l t e r  paper  employed 

was Whatman No. 1 and was used a s  r e c e i v e d .  

A l l  compounds were d i s s o l v e d  i n i . t i a l l y  i n  d i s t i l l e d  e t h a n o l  p r i o r  t o  

s p o t t i n g  on a  s i l i c a  g e l  c h r o m a t o p l a t e  o r  f i l t e r  p a p e r .  For c a l i b r a t i o n  



c u r v e s ,  each compound e x c e p t  p-aminobenzoic a c i d  and 2 , 5  p y r i d i n e  d i c a r b -  

o x y l i c  a c i d  was s p o t t e d  f rom e t h a n o l  s o l u t i o n s  which were  0 . 1  M HC1.  Each 

s o l u t i o n  c o n t a i n i n g  a  n i t r o g e n  h e t e r o c y c l e  was a c i d i f i e d  by mixing 40 uL 

of c o n c e n t r a t e d  H C 1  w i t h  5  mL ( f i n a l  volume), of  t h e e t h a n o l s o l u t i o n  t o  b e  

s p o t t e d .  The a c i d  was added by  means of a Q u i c k p i p e t t e  (Helena Labs ,  

Beaumont, Tex. ) 

C a r e f u l  a t t e n t i o n  was g iven  t o  t h e  s p o t t i n g  t e c h n i q u e  .employed f o r  

RTP work. P r i o r  t o  s p o t t i n g ,  t h e  p l a t e s  o r  f i l t e r  p a p e r s  were marked 

w i t h  a p e n c i l  s o  s t r a i g h t  dashed l i n e s  appeared  i n  t h e  same p l a n e  a c r o s s  

t h e  s o l i d  s u r f a c e .  The Hamilton s y r i n g e  c o n t a i n i n g  t h e  a d s o r b a t e  s o l u t i o n  

was p o s i t i o n e d  c a r e f u l l y  between d a s h e s  s o  t h e  c e n t e r  of each s p o t  l a y  i n  

l i n e  w i t h  t h e  mark ings .  Best r e p r o d u c i b i l i t y  was r e a l i z e d  when s p o t  s i z e  

was main ta ined  a s  c o n s t a n t  a s  p o s s i b l e .  O f  t h e  3 DL s p o t t e d ,  one  t h i r d  of  

t h e  s o l u t i o n  was i n i t i a l l y  p laced  on t h e  p l a t e  o r  f i l t e r  paper .  Care was 

t aken  n o t  t o  i n c r e a s e  t h e  s i z e  of t h i s  i n i t i a l  s p o t  w h i l e  s p o t t i n g  t h e  

r e m a i n i n g  two t h i r d s  o f  t h e  sample s o l u t i o n .  w i t h  some p r a c t i c e ,  t h i s  

t e c h n i q u e  gave good r e p r o d u c i b i l i t y .  

A f t e r  s p o t t i n g  t h e  s i l i c a  g e l  c h r o m a t o p l a t e  i n  d u p l i c a t e  w i t h  3 pb 

o f  each  f i e s l y  p r e p a r e d  s t andard .  s o l u t i o n  w i t h  a  5-uL Hamllton s y r i n g e ,  

t h e  al.uminum backed p l a t e  was a l lowed t o  d r y  i n  t h e  a tmosphere  f o r  5  min 

and was then p l a c e d  i n  a n  oven a t  1.05-llO°C t o  d r y  f o r  an a d d i t i o n a l  30 

min. The p l a t e  was removed from t h e  oven and a l lowed t o  c o o l  t o  room 

t e m p e r a t u r e .  Then t h e  p l a t e  was p o s i t i o n e d  c a r e f u l l y  on t h e  s t a g e  of  t h e  

d c n s i t o m e t e r .  The RTP s i g n a l  was maximized f o r  t h e  most c p n c e n t r a t e d  

s p o t ,  and tl!e s i g n a l s  f o r  a l l  t h e  s p o t s  were  measured by s t a r t i n g  t h e  

moving- s t a g e  of t h e  d e n s i t o m e t e r .  I t  was n o t  n e c e s s a r y  t o  maximize t h e  



s i g n a l  ' f o r  each s p o t  becasue  o f  t h e  c a r e f u l  s p o t t i n g  t e c h n i q u e  employed. 

When f i l t e r  pap,er was employed a s  t h e  a d s o r b e n t ,  3. pL o f  t h e  s o l u t i o n  

c o n t a i n i n g  t h e  n i t r o g e n  h e t e r o c y c l e  was p l a c e d  on t h e  paper  i n  d u p l i c a t e ,  

a g a i n  u s i n g  a  5-LIL Hamilton s y r i n g e .  The f i l t e r  paper  was a l lowed t o  

d r y  i'n t h e  a tmosphere  f o r  5 min b e f o r e  b e i n g  p.laced i n  a n  oven t o  d r y  f o r  

10  min a t  105-1.1O0C. I f  t h e  paper  was p laced  i n  t h e  oven immediate ly  

a f t e r  s p o t t i n g ,  t h e  spots .  of t h e  compound which were a c i d i f i e d  appeared  

blackened a f t e r  d r y i n g .  A f t e r  d r y i n g ,  t h e  paper  was p l a c e d  on. t h e  s t a g e  of  

t h e  modi f i ed  s p e c t r o d e n s i t o m e t e r  and t h e  RTP s i g n a l s  were  r e c o r d e d  a s  

d e s c r i b e d  above f o r  s i l i c a  g e l  p , l a t e s .  No s p e c i a l  d r y i n g  p r o c e d u r e  was 

performed d u r i n g  the-measurement  s t e p  f o r  t h e  d a t a  i n  T a b l e  8 and 9 .  

I n t e r a c t i o n s  r e s p o n s i b l e  f o r  RTP 

The room t e m p e r a t u r e  phosphorescence (RTP) o f  B[f]Q adsorbed on s e v e r a l  

s i l i c a  g e l . s a r n p l e s  . . w a s  i n v e s t i g a t e d  by luminescence,.reflectance, and 

i n f r a r e d  s p e c t r o s c o p y  t o  o b t a i n  a  b e t t e r  u n d e r s t a n d i n g  of t h e  a n a l y t i c a l  

c o n d i t i o n s  needed f o r  s t r o n g  RTP. T h e , r e s u l t s  showed t h a t  s i l i c a  g e l  chroma- 

t o p l a t e s  c o n t a i n i n g  a  p o l y m e r i c ' b i n d e r  w i t h  ca rboxy l  g roups  were  t h e  b e s t  

samples  f o r  i n d u c i n g  s t r o n g  RTP from B[f]Q. The polymer i t s e l f  was e s s e n t i a l  
L> 

f o r  i n d u c i n g  s t r o n g  RTP. It was p o s t u l a t e d  t h a t  B[f]Q was adsorbed f l a t l y  

on the .  s u r f a c e  w i t h  t h e  carboxyl  g roups  a n c h o r i n g  v i a  hydrogen bonding w i t h  

T e l e c t r o n s .  These same i n t e r a c t i o n s  should  be o p e r a t i v e  f o r  o t h e r  n i t r o g e n  

h e t e r o c y c ' l e s .  F u l l  d e t a i l s  o f  t h i s  s t u d y  w i l l  be  p u b l i s h e d  i n  A n a l y t i c a l  

Chemist ry  i n  t h e  e a r l y  p a r t  of 1980, Only snme of t h e  r e s u l t s  w i l l  b e  

g i v e n  i n  t h i s  r e p o r t .  



T a b l e  1 0  l i s ts  t h o s e  b r a n d s  o f  s i l i c a  g e l  which were t e s t e d  a s  s u r f a c e s  

. f o r  B[f]Q and i n d i c a t e s  t h e  r e l a t i v e . m a g n i t u d e  o f  t h e  RTP s i g n a l  obse rved  

f o r  B[f]Q.  

TABLE 1 0  

The S i l i c a  Gel  Brands T e s t e d  a s  RTP.Supports  f o r  B[f]Q 
.RTP RTP 

Brand Descr ip t lo r ,  ( N e u t r a l )  ( ~ c i d )  c .  . 

Br inkrnann 

Brinkmann 

Appl ied 
S c i e n c e  Labs 

Al backed TLC Chromotoplate mod.el-a t e 

Glass Backed 'I'LL Chromatopla te  moderate  

P l a s t i c  backed TLC Chromatopla te  moderate  

G l a s s  backed (HPTLC) Chromato- moderate  
p l a t e  

P l a s t i c  backed N-HR (TLC) Chrom- moderate  
a t o p l a t e  

p l a s t i c  backed Sil-G ('TLC) Chrom- none 
a t o p l a t e  

 lass hacked. (TLC) c h r o m a t o p l a t e  none 

Gl'ass backed Permakotes I (TLC) none 
Chroma t o p l a t e  

S i l i c a  Gel  40,  Column dhrom- none 
atography. 

S i l i c a  G e l  60 ,  Column Chrom- 
a t o g r a p h y  none 

SLrullg 

s t r o n g  

strong 

s t r o n g  

s t r o n g  
w 

none 

moderate  

weak 

none 

'a 
none 

Si1,ica Gel 100 ,  Column 
Chromatography 

none none 

S i l i c a  Gel  60 ,  Column Chrom- none weak 
a t o g r a p h y  

K i e s e l g e l  '60,  f o r  TLC Chrom- none weak 
a t o g r a p h y  

Mall  i n c k r o d t  Si l icAR TLC-7G Chromatography none none 
a 

A l l  work d o n e . w i t h  aluminum backed EM Chromgtoplate u n l e s s  s t a t e d  o t h e r w i s e  
i n  t h e  t e x  . b13[flq s p o t t e d  from e t h a n o l .  B[f]Q s p o t t e d  from 0 . 1 M H C 1  8 
e t h a n o l .  Macherey, Nagel 6 Co. 



T h e r e w a s a  2.4-fold i n c r e a s e  i n  t h e  RTP of BIf]Q s p o t t e d  from HBr 

e t h a n o l  s o l u t i o n  compared t o  B [ f ] Q  s p o t t e d  from HC1-ethanol s o l u t i o n .  The 

r e s u l t s  s u g g e s t ,  i n  a d d i t i o n  t o  t h e  a c l d  e f f e c t ,  some of t h e  RTP enhancement 

can be  a t t r i b u t e d  t o  t h e  heavy atom, ~ r - .  The RTP l i f e t i m e  o f  t h e  H B r  s p o t  

of  B[f]Q was n o t i c e a b l y  s h o r t e r  t h a n . t h e ' H C 1  s p o t  of B[f]Q on a n  EM s i l i c a  

g e l  ch romatop la te .  Also ,  t h e  f l u o r e s e c e n c e ' o f . t h e  compound from H B r  s o l u t i o n  

on t h e  chromatop la te  was l e s s  i n t e n s e  t h a n  t h e  compound s p o t t e d  from H C 1  

s o l u t i o n .  The u s e  of  HBr f o r  t h e  enhancement of t h e  RTP o f  n i t r o g e n  h e t e r -  

c y c l e s  shouId b e  f u r t h e r  s t u d i e s  and developed t o  i t s  f u l l e s t  a n a l y t i c a l  

p o t e n t i a l .  

I n f r a r e d  d a t a  and o t h e r  i n f o r m a t i o n  i n d i c a t e d  t h a t  t h e  po lymer ic  

b i n d e r u s e d i n  EM c h r o m a t o p l a t e s  was. t h e  sodium s a l t  of p o l y a c r y l i c  a c i d .  

Exper iments  were performed i n  wh5ch p o l y a c r y . l i c  a c i d  was mixed w i t h  MN s i l i c a  

g e l  60 f o r  column chromatography t o  g i v e  m i x t u r e s  c o n t a i n i n g  v a r y i n g  p e r c e n t -  

a g e s  of p o l y a c r y l i c  a c i d .  B[ f ]Q . m h i b l t e d  a  weak RTP when adsorbed on MN 

s i l i c a  g e l  (Tab le  1 0 ) .  These  mixtures .  were  p l a c e d  i n  d e p r e s s i o n s  i n  a  b lack-  

ened b r a s s  p l a t e  ( 1 5 ) .  On each of  t h e s e  s i l i c a  g e l  samples ,  600 ng of B[f]Q 

were  s p o t t e d  from 0 . 1  M H C 1  e t h a n o l . s o l u t i o n  w i t h  a  5  ~1 Hamilton s y r i n g e .  

A f t e r  d r y i n g ,  t h e  RTP r e l a t i v e  i n t e n s i t y  of  B[f]Q on each sample was o b t a i n e d .  

The d a t a  i s  g iven  i n  T a b l e  11. From t h e  d a t a  i n  Tab le  11, i t  .can be s e e n  

t h e  RTP s igna-1s  i n c r e a s e d  a lmos t  l i n e a r l y  t o  10% p o l y ' a c r y l i c  a c i d  and de- 

c r e a s e d  above 20% p o l y a c r y l i c  a c i d .  The d a t a  i.n T a b l e  11 a l s o  i n d i c a t e d  

100% p o l y a c r y l i c  a c i d  i s  n o t  a  good s u r f a c e  f o r  i n d u c i n g  RTP. The above 

seems t o  i n d i c a t e  t h a t  a  c e r t a i n  p e r c e n t a g e  of p o l y a c r y l i c  a c i d  i s  i m p o r t a n t  

i n  a c h i e v i n g  t h e  s t f o n g  a d s o r b a t e - s o l i d  s u r f a c e  i n t e r a c t i o n  which i n d u c e s  

enhanced KTP. 
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To d e t e r m i n e  i f  p o l y a c r y l i c  a c i d  cou ld  be  mixed w i t h  o t h e r  i n o r g a n i c  

s o l i d s  and remadn a  s u i t a b l e  RTP s u r f a c e ,  m i x t u r e s  of p o l y a c r y l i c  a c i d  and 

c rushed  NaCl were  p r e p a r e d .  NaCl was chosen  b e c a u s e  no RTP was observed 

f rom B[f]Q adsorbed  on NaC1. The RTP i n t e n s i t i e s  were  measured f o r  600 ng  

o f  B [ f ] Q  s p o t t e d  from 0 . 1  M H C 1  e t h a n o l  s o l u t i o n .  The RTP d a t a  p a r a l l e l e d  

t h a t  of t h e  p o l y a c r y l i c  a c i d  - MN s i l i c a  g e l  m i x t u r e s ,  i n  t h a t  t h e  phosphor- 

e s c e n c e  i n c r e a s e d  t o  20% p o l y a c r y l i c  a c i d  and d e c r e a s e d  above 20% p o l y a c r y l i c  

a c i d .  However, t h e  i n t e n s i t y  o f  t h e  RTP of  BIf]Q adsorbed  on p o l y a c r y l i c  

a c i d  - NaCl m i x t u r e s  w a s  a b o u t  t w i c e  t h a t  of  t h e  compound on' polymer-MN 

s i l i c a  g e l  m i x t u r e s  when compared a t  5% p o l y a c r y l i c  a c i d  ( T a b l e  1 1 ) .  

TABLE 11 

The RTP R e l a t i v e  I n t e n s i t i e s  of 6 0 0 . n g  of  B[f]Q S p o t t e d  on Samples C o n t a i n i n g  
Vary ing  P e r c e n t a g e s  of  P o l y a c r y l i c  Acid i n  FIN S i l i c a  Gel and NaCl 

a 
% P o l y a c r y l i c  Acid R e l a t i v e  intensity R e l a t i v e  I n t e n s i t y  w i t h  N a C l  

With MN S i l f c a  ' ~ 6 1 ~  

0  1 . 0  0 . 0  

30 3 1  4 8 

100 2 .3  2 . 3  

a  
Average from d u p l i c a t e  s p o t s  

The d e t a i l e d  s t u d y  i n d i c a t e d  t h a t  hydrogen bonding was v e r y  i m p o r t a n t  

f o r  i n d u c i n g  RTP. I n  a d d i t i o n ,  p o l y a c r y l i c  a c i d  .b inder  was e s s e n t i a l  f o r  

i n d u c i n g  s t r o n g  RTP. Below a r e  t h e  proposed modes of  i n t e r a c t i o n s  of B [ f ] Q  

w i t h  s i l i c a  g e l  w i t h o u t  b i n d e r ' a n d  s i l i c a  g e l  w i t h  b i n d e r .  
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S i l i c a  g e l  w i t h o u t  b i n d e r  

It i s  g e n e r a l l y  a c c e p t e d  t h a t  a d s o r p t i o n  of compounds on s i l i c a  g e l  

o c c u r s  v i a  hydrogen bonding between t h e  a d s o r b a t e  and t h e  s i l a n o l  g roups  

of t h e  s i l i c a  s u r f a c e .  Snyder (16,17)  i n d i c a t e d  t h a t  g e n e r a l l y  a r o m a t i c  

compounds a r e  adsorbed f l a t l y  .on s i l i c a  g e l  ( i . e . ,  p a r a l l e l  t o  t h e  s u r f a c e  

exper ienced  by t h e  a d s o r b a t e ) .  It seems t h a t  o n l y  a  f l a t w i s e  a d s o r p t i o n  

mechanism would a f f o r d  t h e  compound t h e  r i g i d i t y  n e c e s s a r y  f o r  RTP. 

T h e r e f o r e ,  'any d i s c u s ' s i o n  o f , a n  a d s o r p t i o n  mechanism which f o l l o w s  assumes 

f l a t e w i s e  a d s o r p t i o n  of t h e  a d s o r b a t e  on t h e  s o l i d  s u r f a c e .  Because weak 

RTP was obse rved  from B[f]Q s p o t t e d  f rom 0 . 1  M HCl e t h a n o l  s o l u t i o n  on MN 

s i l i c a  g e l  w i t h o u t  o r g a n i c  b i n d e r ,  i t  seems r e a s o n a b l e  t o  conc lude  t h a t  t h e  

+ 
RTP observed i n  t h i s  c a s e  i s ' a  r e s u l t  o f  hydrogen bonding between B[f]QH 

and t h e  s i l a n o l  .groups.  

The a c i d  s e r v e s  t o  p r o t o n a t e  BI£]Q, b u t  because  i t  must be  added i n  

e x c e s s  of t h e  s t o i c h i o m e t r i c  amount of  B [ f ] Q  t o  o b t a i n  a  s i g n a l  a n o t h e r  

<o. 
r o l e  of  t h e  a c i d  i s  s u g g e s t e d .  Deanin (18) d i s c u s s e d  t h e  S i  S i  bond and 

i t s  l a b i l i t y  t o  a c i d s .  It t h e r e f o r e  seems p o s s i b l e  t h a t  t h e  e x c e s s  a c i d  

would a t t a c k '  s i l o x a n e  g roups  t o  produce 'more  s i l a n o l  g roups  which would 

t h e n  be  a v a i l a b l e  f o r  hydrogen bonding w i t h  t h e  n e l e c t r o n s  of  t h e  n i t r o g e n  

h e t e r o c y c l e s .  Apparen t ly ,  t h e  hydrogen bonding between t h e  s i l a n o l  g roups  

+ 
and B[f]QH hold  t h e  m o l e c u l e s  r i g i d l y  enough f o r  weak RTP t o  o c c u r .  

S i l i c a  g e l  w i t h  b i n d e r  

When ac.idic. pol.ymers o r  t h e i r  salts, such as p o l y a c r y l i c  a c i d ,  a r e  

used a s  b i n d e r s  f o r  commercial  s i l i c a  g e l  c h r o m a t o p l a t e s ,  a n o t h e r  a d s o r b a t e -  

s o l i d  s u r f a c e  i n t e r a c t i o n  i s  i m p l i c a t e d .  The r e s u 1 . t ~  of t h e  a c i d  s t u d i e s ,  
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t h e  luminescence ,  r e f l e c t a n c e ,  i n f r a r e d ,  and b i n d e r  s t u d i e s  c l e a r l y  i n d i c a t e d  

t h a t  enhanced RTP s i g n a l s  were o n l y  o b t a i n e d  when t h e  b i n d e r  was i n  i t s  - 
a c i d i c  form. Fur the rmore ,  t h e  p r e s e n c e  o f  many c a r b o x y l  g roups  d i s p e r s e d  

th roughout  t h e  s i l i c a  e s t a b l i s h e d  si tes f o r  s t r o n g  hydrogen bonding i n t e r -  

a c t i o n .  For  EM c h r o m a t o p l a t e s ,  p o l y a c r y l i c  a c i d  i s  p r e s e n t  i n  t h e  r a n g e  of 

0.1-10% (19) .  I n f r a r e d  r e s u l t s  w i t h  m i x t u r e s  o f  p o l y a c r y l i c  a c i d  and s i l i c a  

g e l  w i t h o u t  b i n d e r  i n d i c a t e d  t h e  amount of b i n d e r  a t  a b o u t  5% by w e i g h t . ,  

+ 
Any r e a s o n a b l e  proposed mechanism o f  i n t e r a c t i o n  between B[f]QH and 

EM s i l i c a  c h r o m a t o p l a t e s ,  which c o n t a i n  a n  a c i d i c  polymer a s  i t s  b i n d e r ,  

must  a c c d u n t  f o r  p o s s i b l e  i n t e r a c t i o n s  between t h e  adsorbed  compound and 

t h e  b i n d e r .  The most l o g i c a l  a d s o r b a t e - s o l i d  s u r f a c e  i n t e r a c t i o n  would be  

t o  p r o p o s e  hydrogen bonding between t h e  IT e l e c t r o n  sys tems  of t h e  a d s o r b a t e  

and t h e  ca rboxy l  g roups  of t h e  b i n d e r .  S i n c e  t h e  a c i d i c  polymer i s  a  

s t r o n g e r  a c i d  t h a n  t h e  s i l a n o l  group,  t h e  c 'arboxyl g roups  would be  expec ted  

t o  form s t r o n g e r  hydrogen bonds w i t h  t h e  n r i n g  System o f  B [ £ ] ~ H +  and 

t h e r e f o r e  ho ld  t h e  compound more r i g i d l y  t o  t h e  s u r f a c e .  For  t h e s e  r e a s o n s ,  

+ 
i t  a p p e a r s  B[f]QH exh i .b i t ed  s t r o n g e r  RTP adsorbed  on polyacid-NaC1 m i x t u r e s  

t h a n  on p u r e . s i l i c a  g e l .  Because t h e  r e f l e c t a n c e  d a t a  and f l u o r e s c e n c e  

+ 
d a t a  i n d i c a t e d  B[f]QH was adsorbed  on t h e  c h r o m a t o p l a t e  i n  t h e  p r o t o n a t e d  

\\ + 
form, i t  seems p robab ly  t h a t  t h e  NH e n t i t y  cou ld  form hydrogen bonds 

,/ 

w i t h  t h e  c a r b o n y l  oxygen of  t h e  c a r b o x y l  g roup ,  
\. 

As a d d i t i o n a l  e v i d e n c e  f o r  t h e  hydrogen bonding mechanism, t h e  hydro- 

ca rbon  a n a l o g  of Rlf l.Q, phenan th rene ,  was placed on a  5% . p o l y a c r y l i c  a c i d -  

N a C l  m i x t u r e  from e t h a n o l  s o l u t i o n .  A f t e r  d r y i n g ,  t h e  phenan th rene  e x h i b i t e d  

il s t r o n g  RTP. Phenan th rene  a l s o  e x h i b i t e d  a  moderate  RTP on EM s i l i c a  g e l  

c l ~ r o m n t o p l n t e s  when s p o t t e d  from 0 . 1  M H C 1  e t h a n o l  s o l u t i o n .  These r e s u l t s  



sugges ted  t h e  e x c e s s  a c i d  c o n v e r t e d  c a r b a y l a t e  g r o u p s  t o  c a r b o x y l . g r o u p s  

which t h e n  i n t e r a c t  . s t r o n g l y  w i t h  ~ h e n a n t h r ~ n e .  Because phenan th rene  h a s  

no he te roa tom,  i t  seems r e a s o n a b l e  t o  conc lude  t h e  main i n t e r a c t i o n  

r e s p o n s i b l e  f o r  t h e  enhanced RTP obse rved  f rom t h i s  coumpound i s  hydrogen 

bonding between t h e  c a r b o x y l  g roups  o f  t h e  b i n d e r  and t h e  T e l e c t r o n  

sys tem o f  phenan th rene .  

The s e p a r a t i o n  o f  b e n z o [ f ] q u i n o l i n e  and p h e n a n t h r i d i n e  from s h a l e  o i l  and 
i d e n t i f i c a t i o n  of RTP 

A method f o r  t h e  s e p a r a t i o n  of ~ [ f  J Q  and p h e n a n t h r i d i n e  (PH) i n  s h a l e  

o i l  employing a  combinat ion of  column chromatography and h i g h  performance 

l i q u i d  chromatography (HPLC) was developed.  The RTP s p e c t r a  o f  t h e  compounds 

adsorbed  on a  d r i e d  a c i d  t r e a t e d  s e c t i o n  o f ' a  s i l i c a  g e l  c h r o m a t o p l a t e  

was used  f o r  i d e n t i f i c a t i o n .  Exper imenta l  d e t a i l s  a r e  g i v e n  a t  t h e  end 

of t h i s  s e c t i o n .  

The i n i t i a l .  s e p a r a t i o n  s t e p  invo lved  a  chromatograph ic  open-column 

aluminum o x i d e  p rocedure  t h a t  was a  m o d i f i c a t i o n  o f  a  method developed by. 

Sch i l . . l e r  and Ma'thiason (20)  . Next, t h e  f r a c t i o n  c o n t a i n i n g  B [ £ I  Q and PH was 

i n j e c t e d  o n t o  a  HPLC ~ B o n d a p a k  C18 column and a  m e t h a n o l t w a t e r  (50:50 "/v) 

mobi.le phase  was u s e d  t o  s e p a r a t e  t h e  f r a c t i o n .  The components co r respond-  

i n g  t o  t h e  B r f ] Q  and PH chromatograph ic  peaks  were c o l l e c t e d ,  t r a n s f e r r e d  

t o  ch lo ro form and then i n j e c t e d  o n t o  a  HPLC pPorasi.1. n -hep tane : i sopropano l  

v  
(99.5:0 .5  /v)  c h r o m a t o g r a p h i c ~ s y s t e m .  The chromatograph ic  peaks  t h a t  

corresponded t o  B[f]Q and PH were c o l l e c t e d  s e p a r a t e l y .  The s e p a r a t e  

s o l u t i o n s  were s p o t t e d  on p r e v i o u s l y  a c i d  t r e a t e d  s i l i c a  g e l  c h r o m a t o p l a t e  

s e c t i o n s ;  t h e  c h r o m a t o p l a t e  s e c t i o n  were d r i e d ;  and t h e  RTP e x c i t a t i o n  and 
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e m i s s i o n  s p e c t r a  r e c o r d e d .  The.RTP s p e c t r a  f o r  t h e  s u s p e c t  components 

matched t h e  RTP s p e c t r a  of t h e  c o r r e s p o n d i n g  s t a n d a r d s .  With t h e  r e t e n t i o n  

t i m e  d a t a  from HPLC and t h e  e x c e l l e n t  match w i t h  t h e  RTP s p e c t r a ,  i t  was 

concluded t h a t  B [ ~ ] Q  and PH were i s o l a t e d  and i d e n t i f i e d .  The RTP approach 

was n o t  a p p l i e d  f u r t h e r  because  t h e  work was done n e a r  t h e  end o f  t h e  

c o n t r a c t  p e r i o d .  The RTP has. s u b s t a n t i a l  p o t e n t i a l  t o  b e  coupled w i t h  HPLC 

a s  shown by t h i s  work. Smal l  samples. can be hand led  r e a d i l y  and i n  a d d i t i o n  

t o  RTP, f l u o r e s c e n c e  d a t a  can  be o b t a i n e d  on many compounds. Thus from 

a  component i s o l a t e d  by HPLC t h e  f o l l o w i n g  infoi inat ior i  r e a d i l y  can be  

o b t a i n e d  f o r  luminescen t  compounds: f l u o r e s c e n c e  e x c i t a t i o n  (o r  phosphor- 

e s c e n c e )  spec t rum,  f l u o r e s c e n c e  emiss ion  spec t rum,  phosphorescence emiss ion  

spec t rum,  a n d . p h o s p h o r e s c e n t  l i f e t i m e  of some compounds. T h i s  i s  a w e a l t h  

of  i n f o r m a t i o n  t h a t  can b e  used  t o  c h a r a c t e r i z e  and i d e n t i f y  components i n  

s h a l e  o i l  and o t h e r  e n e r g y - r e l a t e d  samples  and shou ld  be  developed f u r t h e r .  

EXPERIMENTAL 

Apparatus 

G l a s s  columns,  5001m X llmm i . d . ,  were  employed f o r  t h e  column 

chromatography s t e p s .  The l i q u i d  chromatograph used  was a w a t e r s m o d e l  

A L C / G P C ~ ~ ~  equipped w i t h  a  model 6000-A pump, a  U 6 K  i n j e c t o r ,  a  f r e e  

s t and i .ng  l l l t r a v i o l e t  d e t e c t o r  s e t  a t  254nm, and l h v  s t r i p  c h a r t  r e c o r d e r .  

The HPLC col.umn.s were 3.9mm i . d .  X 30& columns prepacked and o b t a i n e d  

from Waters A s s o c i a t e s ,  Mi l fo rd  Mass. The columris .used were a p P v r a s i 1  

and a ~ B o n d a p a k  C 
18 ' A w a t e r s  SEP-PAK C18 c a r t r i d g e  was employed t o  

pl.nce 3 sample i n i t i a l l y  i n  methanol w a t e r  i n t o  ch lo ro form p r i o r  t o  

' inject-.ion o n t o  the ~ P o r a s i l  column. RTP e x c i t a t i o n  and emiss ion  s p e c t r a  



were o b t a i n e d  w i t h  a  Perkin-Elmer MPF-2A f l u o r e s c e n c e  spec t ropho tomete r  

equipped w i t h  a  phosphoroscope a c c e s s o r y .  A 150-W Xe a r c  lamp and a 1P28 

p h o t o m u l t i p l i e r  t u b e  were  employed'. 

Reagents  

Methanol ,  n-heptane,  and ch lo ro form were HPLC g r a d e .  The methano l  

and ch lo ro form were o b t a i n e d  from J .T.  Baker ,  and t h e  n-heptane was o b t a i n e d  

from F i s c h e r  S c i e n t i f i c  o r  Burdick and J a c k s o n  L a b o r a t o r i e s ,  I n c .  D i s t i l l e d  

w a t e r  was f i l t e r e d  th rough  a  M i l l i p o r e  t y p e  - G-S 0.221~m f i l t e r  and methano l ,  

n-heptane and c h l o r o f  ornl were f - i l  t e r e d  th rough  a  ~ i l l i ~ o r e  type  F-H - 0 . 5 1 ~ ~  

f i l t e r .  The i s o p r o p a n o l  was M a l l i n c k r o d t  SpectrAR-grade and was used w i t h o u t  

f i l t e r i n g .  The n-hexane and t d l u e n e  were  r e a g e n t  g r a d e  and were used wi th-  

o u t  f u r t h e r  p u r i f i c a t i o n .  Abso lu te  e t h a n o l  was d i s t i l l e d .  B[f]Q and PH 

s t a n d a r d s  were o b t a i n e d  from commercial  s o u r c e s  and were r e c r y s t a l l i z e d  

from e t h a n o l  and d i s t i l l e d  w a t e r .  The a lumina used f o r  t h e  cblumn chroma- 

tography  was Brockmann a c t i v i t y  I .  The s i l i c a  g e l  c h r o m a t o p l a t e s  employed 

f o r  t h e  RTP work wexe aluminum backed from EM L a b o r a t o r i e s ,  E lmsford ,  N . Y .  

P rocedures  

Alumina column Chromatography. The column chromatography s t e p s  employed 

were a  m o d i f i c a t i o n  o f  a  p rocedure  developed by S c h i l l e r  and   at hi as on (,20) 

f o r  c o a l -  d e r i v e d  s o l i d s  and h e a v y - l i q u i d s  ., dn ' a c c u r a t e l y  weighed sample of 

s h a l e  0 i l , ~ O . 0 5  g ,  was d i s s o l v e d  i n  abou t  2 m l  of  ch lo ro form.  Two grams of 

n e u t r a l  aluminum o x i d e  were added t o  t h e  samp1.e s o l u t i o n .  The a lumina 

c o n t a i n i n g  t h e  sample was i n  a s m a l l  e v a p o r a t i n g  f l a s k  and 'was  p l a c e d  on a  

Buchi r o t a r y  e v a p o r a t o r  s o  t h e  c.hloroform could  b e  removcd under  vacuum. 
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The f l a s k  was k e p t  a t  a b o u t  30°C by a c o n s t a n t  t empera tu re  wa te r  b a t h .  

The d r i e d  a l u m i n a . c o n t a i n i n g  t h e  s h a l e  o i l  sample was t h e n  p l a c e d  on t o p  of 

a  g l a s s  column c o n t a i n i n g  abou t  3-g of a lumina.  The i n t e r f a c e  of t h e  2 g  

of  a1umin.a w i t h  the '  a d s o r b e n t  w i l l  be  r e f e r r e d  t o  a s  t h e  o r i g i n a l  sample- 

a d s o r b e n t  i n t e r f a c e ,  The sample was e l u t e d  w i t h  20 m l  o f  n-hexane, fo l lowed 

by a  50 m l  t o l u e n e  e l u t i o n .  S t a n d a r d s . w e r e  employed t o  d e t e r m i n e  t h a t .  

B[f]Q.and p h e n a n t h r i d i n e  were l o c a t e d  i n  a band j u s t  under  t h e  o r i g i n a l  

sample-adsorbent  I n t e r f a c e  f o l l o w i n g  t h e  t o l u e n e  e l u t i o n .  ' I 'herefore ,  t h e  

a d s o r b e n t  was removed from the.  g l a s s  column and a  :dark band j u s t  under  

t h e  o r i g i n a l  sample-adsorbent  i n t e r f a c e ,  which c o n t a i n e d  B[f]Q and phenan- 

t h r i d i n e ,  was c u t  from t h e  a d s o r b e n t  and placed i n  an e v a p o r a t i n g  f l a s k .  

The . 2  cm s e c t i o n  c u t  f rom t h e  columi a d s o r b e n t  was d r i e d  under  vacuum i n  

a  c o n s t a n t  t empera tu re  w a t e r  b a t h  o f  30°C. .The d r i e d  sample ,was  p l a c e d  i n  

a n o t h e r  g l a s s  co'lumn on t o p  of 3 g of a lumina and was e l u t e d  w i t h  ch lo roform.  

Only one d a r k  band m i g r a t e d  and t h i s  e n t i r e  band was c o l l e c t e d  i n  a n  

e v a p o r a t i n g  f l a s k  by c o l l e c t i n g  abou t  30-40 m l  of -chloroform from t h e  

column. Th is  sample was e v a p o r a t e d  j u s t  t o  t h e  p o i n t  o f  d ryness . ,  and t h e  

e t h a n o l  s o l u b l e  p o r t i o n  was d i s s o l v e d  i n  ethan.01 and q u a n t i t a t i v e l y  t r a n s -  

f e r r e d  t o  a  1 m l  v o l u m e t r i c  w i t h  3 e t h a n o l  washes.  The sample con t -a in ing  

B[ f  ]Q and p t i enan thr id ine  was t h e n  ready  f o r  f u r t h e r  s e p a r a t i o n  ' s t e p s  v i a  

HPLC , 

High Performance Liquid  Chromatography C S e p a r a t i o n .  The W L C  
18 

s e p a r a t i o n  p rocedures  d e s c r i b e d .  below were  a  modif ied v e r s i o n  o f  a  p rocedure  

f o r  t h e  s e p a r a t i o n  o f  aza -a renes  r e p o r t e d  by Dong and Locke ( 2 1 ) .  A 39 p i .  

p o r t i o n  of t h e  e t h a n o l  s o l u b l e  f r a c t i o n  c o l l e c t e d  from t h e  alumina column 

s t e p s  d e s c r i b e d  above was i n j e c t e d  o n t o  a  ~ B o n d a p a c k  C columrl which had ' 1 a 



been e q u i l i b r a t e d '  w i t h  a  methaol-water '  ( 1 : l  v / v )  m i x t u r e  a t  a  f l o w  r a t e  o f  

1 . 3  r n ~ l m i n .  S t a n d a r d s  of B[f]Q and p h e n a n t h r i d i n e  were r u n  t o  d e t e r m i n e  

t h e i r  r e t e n t i o n  t i m e s .  The samp-les from t h e  -column which corresponded 

t o  t h e  e l u t i o n  of B[f]Q and p h e n a n t h r i d i n e  from t h e  column were  c o l l e c t e d  

i n t o  one c o l l e c t i n g  tube .  Fol lowing sample c o l l e c t i o n  t h e  C column 
1 8  

was purged 'wi th  m e t h a n o l u n t i l  a  r e a s o n a b l e  b a s e l i n e  was e s t a b l i s h e d .  

Sample p r e p a r a t i o n  Using a  C SEP-PAK. Sample p r e p a r a t i o n  was 
1 8  

requ i . r ed  p r i o r  t o  s e p a r a t i o n  on y P o r a s i l  because  i n j e c t i n g  a  w a t e r  sample  

o n t o  a  y P o r a s i l  column c a n  change t h e  a c t i v i t y  of  t h e  column. It was 

. n e c e s s a r y  t o  p l a c e  the, sample which was c o l l e c t e d  from t h e  C HPLC column 
18 

i n  methanol:H20 i n t o  ch lo ro form s o  i n j e c t i o n  o n t o  a  y P o r a s i l  column 

" would have no d e l e t e r i o u s  e f f e c ' t s  on t h e  column. The methano1:water 

sample s o l u t i o n  was evapora ted  t o  1-2 mL by f o r c i n g  Nz a v e r  t h e  s o l u t i o n .  

T h i s  s o l u t i o n  was p l a c e d  on a C SEP-PAK mini-column w i t h  t h e  a i d  of a  
1 8  

s l i g h t  vacuum. The sample adsorbed  on t h e  SEP-PAK column was e l u t e d  

i n t o  a  c o l l e c t i n g , t u b e  w i t h  3 m l  of chloroform.  

High Performance L iqu id  chromatography y  P o r a s i l  S e p a r a t i o n .   he 

ch lo roform sample  c o l l e c t e d  f r o m ' t h e  SEP-PAK column was c o n c e n t r a t e d  t o  

a b o u t  30 pL by blowing- N2 o v e r  t h e  s o l u t i o n .  Care  was t aken  t o  a v o i d  

. t a k i n g  t h e  sample  t o  complete  d r y n e s s ,  because  bo th  B[f]Q and p h e n a n t h r i d i n e  

were found t o  be  v o l a t i l e . a n d  c o u l d  be  l . o s t  i n  t h i s  manner. The e n t i r e  

ch lo ro form sample s o l u t i o n  was i n j e c t e d  o n t o  a  P P o r a s i l  col.umn which had 

e q u i l i b r a t e d  k i t h  n-heptane:  i s o p r o p a n o l  (99.5:  0 . 5  V / v )  a t  a  f low r a t e  of  

1 .5  ml/min. Peaks  of t h e  chromatogram which corresponded t o  t h e  e l u t i o n  

of B[f]Q and p h e n a n t h r i d i n e  from t h e  y P o r a s i l  column were c o l l e c t e d  i n  

s e p a r a t e  c o l l e c t i n g  t u b e s .  



Room Temperature Phosphorescence Identification. The solutions collected 

from the pPorasil column containing the B[f]Q and. phenanthridine suspect 

compounds from a shale oil sample were concentrated to about 10 pL with dry 

N2, again taking care not to take the sample to complete dryness. To the 

concentrated sample solutions one drop of distilled ethanol was added. The 

solutions were spotted with a 10 WL Hamilton syringe on separate sections of 

an EM silica gel chromatoplate which had both been spotted with 3 pL of a 

0.1 M HC1 ethanol solution. After spotting., the chromatoplate sections were 

placed in an oven and allowed to dry for 10 min at 105-llO°C, removed from 

the oven and allowed to cool eo room temperarure before che RTP excitation 
\ 

and emission spectra were recorded with the.fluorescence spectrophotometer. 
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