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This paper descr iber  t h e  use of a screening procedure t o  rank t h e  content  of 
polynuclear a r o e a t i c  (PNA) spec ies  in synfuel samples. T h e  ranking procednre i s  
based on a cos t -e f fec t ive  and rapid screening technique based on synchronous 
luminescence spectroscopy. The one of the  screening procedure as a b a s i s  f o r  
screening of complex mixtures  rill be discussed. 

INTPOATCTION 

An Important c l a s s  of organic  p o l l u t a n t s  a re  PNA compounds becanae m e  of them 
a r e  h t w n  t o  be converted by metabolic a c t i v a t i o n  t o  u l t imate  carcinogens (1,2). 
Consequently, i t  i a  important t o  monitor PNA compounds in synfuel a u p l e a  on a 
rout ine  bas i s .  A v a r i e t y  of ana ly t ica l  procedures have been developed t o  determine 
t h e  concentrat ions of apecif i c  PNAa. nigh-performance l i q u i d  chrcmatography (BRC) 
and gas  chrcmatography/maas s p e c t r m e t r y  (GC/HS) have been used t o  provide d e t a i l e d  
ana lyses  f o r  a v s r i e t y  of PNAs i n  environmental samples (3 .4 ) .  In many monitor ing 
a i t n a t i o n r ,  tho  prec ise  determinat ion of var ious  s p e c i f i c  PNAr may be nnneceasary 
and a prcrcreening phase i s  requi red  to  reduce t h e  cost of environmental ana lys i s .  

This p r e s e n t a t i o n  d e s c r i b e s  t h e  use of a ranking methodology t h a t  can be naed 
t o  screen synfuel samples f o r  t h e i r  PNA content .  The technique of synchronous 
luminescence (SL) is appl ied  t o  flnoreacence and phosphoreacencc meaaurementa f o r  
c s t a b l i a h i n g  a ranking index (RI) f o r  PNA apeciea.  

*Research sponsored by t h e  Office of Eea l th  and Environmental Research, 
U.S. Depsrtment of Energy, under contract  DE-ACO5-840B21400 with Martin 
h S i C t t 8  Enern Systems, Inc. ! 
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HXPERIMENTL 

me Luminescence Screeninn Techniaue 

The screening procedure evaluated in t h i s  study is  based on t h e  rychronous 
lminescence  t e c h n i q w  (5 .6) .  In conventional luminescence spectroacopp, only one 
of t h e  two s p e c t r a l  wavelengths. 4 m  (emission) or Aex ( e x c i t a t i o n ) ,  is scanned 
whi le  t h e  o ther  rmains  f ixed .  For complex samples, t h e  r e s u l t i n g  spec t ra  obtained 
with this convent ional  procedure a r b  of ten  poorly resolved and f e s t n r e l e r s  because 
of *&e rptctrr? overlays of t h s  e i a a i o n r  fzm Indivi.’ua? coziponrnta. Rowever, by 
scanning both & and bx synchronously with a constant  i n t e r v a l  between the  two 
rsvelen@hs (Aem - Aex = M), the  luminescence spectrum becomes more resolved 
with sharp peaks t h a t  a r e  more r e a d i l y  ident i f ied .  

The synchronous e x c i t a t i o n  technique can he appl ied  both t o  f luorescence,  i . e . .  
synchronous f l u o r i m e t r y  ( S F ) ,  and t o  phosphorescence. i . e . ,  synchronous 
phosphorhe t ry  (SP). For SF, t h e  optimum valoe of AA, usua l ly  s e t  st 3 nm, i s  
d e t e l r l n e d  by t h e  Stokes S h i f t ,  i . e . ,  the wavelength d i f fe rence  betwen the  0 t o  0 
bands in emission and absorpt ion.  For SP, the  optimal value of AA i s  determined by 
t h e  s i n i l e t - t r i p l e t  energy d i f fe rence  of PNA s p e c i e s  t o  he monitored by room 
temperature p h o s p h o r h e t r y  (ETP) ( 7 - 9 ) .  

The ETP technique i s  charac te r ized  by t h e  s i m p l i c i t y  and v e r s a t i l i t y  of i t s  
methodology and c o n s i s t s  geners l ly  of four  s t e p s :  (1) s u b s t r a t e  preparat ion 
(opt ional  pre t rea tment  wi th  heavy-atom s a l t s ) ;  ( 2 )  sample de l ivery ;  (3)  drying; and 
( 4 )  spectroacopic  measurement. Three m i c r o l i t e r s  of sample so lu t ion  were then 
spot ted  on t h e  paper c i r c l e s  using microsyringes wi th  s volume of 3 micro l i te rs .  
Since moisture  can  quench t h e  ETP emission, predrying TES achieved with inf ra red  
h e a t i n )  lamps. Continued dry ing  during the measurement was accomplished by blowing 
warm, dry a i r  through t h e  umple  compartment. Phosphorimetr ic  measurements were 
conducted wi th  a commercial Perkin-Elmer s p e c t r o f l w r i m e t e r  (Hodel 43A) equipped 
with a r o t a t i n g  phosphoroscope. Deta i l s  on the  measurement procedures have been 
descr ibed elsewhere ( 7 . 9 ) .  

The presence of heavy atoms i n  t h e  immediate environment of t h e  molecule can 
s i g n i f i c a n t l y  enhance t h e  populat ion of t h e  t r i p l e t  s t a t e  (ex terna l  heavy-atom 
e f f e c t )  and, t h e r e f o r e ,  t h e  phosphorescence i n t e n s i t y .  For PNA compounds. s l a rge  
v a r i e t y  of heavy atom s a l t s  such as thallium and l e a d  a c e t a t e  have been found t o  be 
very  e f f i c i e n t  in enhancing t h e  phosphorescence qruntun y i e l d s .  The detect ion 
l i m i t s  f o r  moat PNA compounds inves t iga ted  can be lowered, in some cases ,  by severs1 
o r d e r s  of magnitude and are in t h e  8ubnsnogr.m range. It i s  a l s o  possible  t o  
s e l e c t i v e l y  enhance t h e  phosphorescence emission of a given compound (or group of 
compounds) in a complex mixture. Select ive t r i p l e t  emission enhancement 
considerably extends t h e  specif  i c i t p  of the  ETP techniqne i n  multicomponent 

The r a t i o n a l e  f o r  ranking t h e  samples f o r  luminescence spectroscopy is based 
upon t h e  f a c t  t h a t  t h e  major i ty  of PNA spec ies ,  e s p e c i a l l y  t h e  polysromatic 
hydrocarbons, f l u o r e s c e  andlor  phosphoresce. Luminescence is known a s  tvo  of the 
most s e n s i t i v e  techniques  t o  d e t e c t  these  compounds. Provided t h a t  a11 t h e  spectral  
in te r fe rences  are accounted for ,  t h e  screening procedure can be based on t h e  
p r i n c i p l e  t h a t  the  h i a e r  t h e  t o t a l  in tens i ty  of the SL bands, t h e  more concentrated 
t h e  samples are  in PNA content .  

aMlp8i a. 
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APR ICATION S 

P r o f i l e s  of  Coal Lian id  S m u l e @  

Figure 1 s h w s  t h e  synchronous f luorescence spec t ra  of f i v e  synfuel products  
co l lec ted  a t  d i f f e r e n t  l o c a t i o n s  of a s y n f w l  product ion f a c i l i t y .  In order  to t e s t  
t h e  c a p a b i l i t y  of t h e  r a p i d  screening  procedures, no p r i o r  a t tempt  had been made t o  

components. A l l  of the  f i v e  samples were d i l u t e d  in ethanol  by s e r i a l  d i l u t i o n  
(103, lor, 105, and 106 d i l u t i o n  f a c t o r ) .  A wavelength i n t e r v a l  of AA - 3 am was 
used in the  synohronoua f lnoreacence  measnrments. With the  use of t h e  AA value.  
the  resulting synchronous f lnorescence peaks correspond approximately t o  t h e  0.0 
band omissions of most PNA compounds. The synchronous p r o f i l e ,  t h e r e f o r e ,  i 8  not 
j u s t  a spec t ra l  f i n g e r p r i n t ,  but  contains  nseful information about t h e  M t l I r C  and 
PNA composition of t h e  samples. 

The main r e l a t i o n s h i p  between t h e  sire of t h e  benenoid s t r u c t u r e  Of a 
polyaromatic hydrocarbon and i t s  f lnoreswnce  omission is the  dependence of i t s  0.0 
band upon the  number of beaxem r ings  (5 ) .  The wavelength p o s i t i o n  of t h e  0.0 band 
of a high-number, l i n e a r  fused-r ing s i z e  c y c l i c  compound genera l ly  occurs  st longer  
wavelengths than t h a t  of a l w e r  number ring-size coepound. 

Synchronous f luorescence  measurements were conducted wi th  t h e  f i v e  products  a t  
var ious  concentrat ions.  The r e s u l t s  indicated t h a t  the  SF p r o f i l e  remained 
unchanged when t h e  samples were d i l u t e d  to 104 fo ld  o r  less. This ind ica ted  t h a t  
spec t ra l  i n t e r f e r e n c e s  d i d  not occur st there concent ra t ion  l e v e l s  f o r  the prodacts  
inVeBtigsted. Without any i d c n t i f  i c a t i o n  and qoant i f  i c s t i o n  procedure. a rap id  
examination of the  synchronous f luorescence p r o f i l e s  of t h e  f i v e  synfuel products  A. 
B, C, D, and E a t  105 f o l d  d i l u t i o n  leve ls  can r e a d i l y  provide t h e  f o l l w i n g  
conclusions (Figure 1 ) .  A r a p i d  comparison of the SL p r o f i l e s  f i r s t  indicate .  t h a t  
product C should c o n t a i n  t h e  l e a s t  mount  of PNA compound. The compound t h a t  
cont r ibu tes  t o  t h e  peak a t  285-290 m in sample C is a monocyclic aromatic  spec ies  
and i t  is a l s o  present  i n  s i m i l a r  amounts i n  o ther  samples (A, B, D, and E). The 
i n t e n s i t y  of t h e  peak a t  abont 305 xm i s  approximately 10- fo ld  less in tense  in 
sample C than in t h e  o ther  samples. Besides a weak shoulder  a t  about 325 Bm, no 
o t h e r  band was d e t e c t e d  in sample C a t  Tavelength8 longer  t h i n  320 nm. 

In order of increas ing  PNA content,  product D is t h e  next sample t o  consider. 
The peak a t  303 am i r  about 10-fold more in tense  than t h a t  of sample C. A rapid 
examination of t h e  SL p r o f i l e  of sample A also shows t h a t  t h i s  product is s imi la r  t o  
product B. Product B, h w e v e r ,  conta ins  s l i g h t l y  more PNA ccmpounds t h a t  have 0.0 
bands a t  346 m, 382 m, 402 um, and 442 am. Although t h e  general  s t r u c t u r e  of the 
spec t ra  for  products  A and D a r e  similar, these r p e c t r a l  d i f f e r e n c e s  a r e  st i l l  
not iceable .  Finally, t h e  synchronous p r o f i l e s  shw t h a t  the  PNA content  of products  
B and E a r e  s imi la r .  These two samples contain more PNA compound wi th  3-5 r ings  
than  samples A, C, and D as i n d i c a t e d  in Figures lb  and le.  

Another example of t h e  screening procedure by R I P  is t h e  c h a r a c t e r i z a t i o n  Of 
another  s e r i e s  of coal l i q u i d s  produced by s s y n f w l  product ion process. The 
r e s u l t s  of this screening  procedure a r e  shown in Figure 2 .  All  the  samples were 
d i l u t e d  in ethanol  by a e r i a l  d i l u t i o n  (10-2, 10-3, 10-4, 10-5. and 10-6) and spot ted 
on f i l t e r  paper (Schle icher  and S c h w l l ,  No. 2043A) t r e a t e d  wi th  a mixture of 
t h a l l i -  a c e t a t e  and l e a d  a c e t a t e .  The e x c i t a t i o n  used t o  o b t a i n  t h e  PTP spectra 
was 315 mm. This wavelength was used t o  exc i te  Boat of the  PNA cmpoonds having 3 
t o  5 fused r ings .  Without 
any i d e n t i f i c a t i o n  and q u a n t i f i c a t i o n  procedure, i t  is p o s s i b l e  t o  rank these 

amlyre t h e w  m p l e s  and o b t a i n  Wmpound-8pecific information about t h e  individ-1 

The w p l e s  shwn in t h i s  f i g u r e  were 10-6 f o l d  d i l u t e d .  
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a m p l e t  as f o l l m s :  B ) A ) D ) C. Note t h a t  a m p l e  C e x h i b i t e d  atronger  
i n t e n s i t y  a t  approximately 600 to  650 nm where pyreno and o t h e r  4- t o  r i n g  PNA 
componnds mainly a m i t .  

Ihe above examples dim t h a t  i t  is possible  t o  o b t a i n  a prel iminary ranking of 
coa l  products a f t e r  a rap id  synchronous scanning procedure. A l l  t h e  umples  were 
screened without any p r i o r  p r e f r a c t i o n a t i o n  or prec leaning  process .  h c h  SL and RTP 
measurement was conducted i n  l e a s  than  f i v e  minutes, a f t e r  t h e  appropriate  
concent ra t ion  range had been se lec ted .  Recently the SL t o c h n i q w  has  been developed 
f o r  measuring important  b iaoarkers  including PNA me.tabo1 i t e a  and PNA-DNA adducta 
prodnced by hmsn exposure t o  PNA p o l l u t a n t s  (10.11). 
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