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DEVELOPMENT.OF AN HPLC GC/MS METHOD FOR ANALYSIS OF HYGAS OIL SAMPLES 

Leo' A. Raphae Zian ' 

Direc t  a n a l y s i s  0.f a  HYGAS o i l  sdmple by gas  chromatography/. 
mass spectrometry (GC/MS) o r  c a p i l l a r y  column GC/MS is  d i f f i c u l t  
.for a t  l e a s t  two reasons: . .  (1) due t o  t h e  l a r g e  number ,(probably 
over 400) of compounds p re sen t  i n  t h e  mixture,  many over lapping  
peaks occur ,  r e s u l t i n g  i n  mass s p e c t r a  t h a t  a r e  o f t e n  confus ing ,  . . 

and (2) moderately t o  h ighly  po la r  compounds a r e  n o t  e a s i l y  
chromatographable. 

. . 

. . 
I n  P a r t  1 of t h i s  s tudy ,  h igh  performance l i q u i d  chromato- , 

' 

graphic  (HPLC) methods f o r  s epa ra t ing  t h e  complex .HYGAS..oil samples 
i n t o  f r a c t i o n s  were inves t iga t ed .  A s a t i s f a c t o r y  s e p a r a t i o n  of a  
HYGAS o i l  sample i n t o  seven f r a c t i o n s  vary ing  from non-polar o r  . 
weakly, po la r  t o  h igh ly  po la r  was achieved on a  ~Bondapak CN column 

, .-.. . . 
. w i t h  a  complex g rad ien t  of hexane t o  THF. 

I n  P a r t  2,  d e r i v a t i z a t i o n  as a means f o r  making p o l a r  com- 
pounds more amenable t o  i d e n t i f i c a t i o n  by c a p i l l a r y  column GCIMS 
was explored.  With t h e  use  of .s tandard phenols ,  ca rboxy l i c  a c i d s ,  
amines, and a l coho l s ,  i t  was found t h a t  BSA (a  s i l y l a t i n g  agen t )  

, . was ~uos t  e f f e c t i v e  i n  d e r i v a t i z i n g  phenols  and a l coho l s  and 
Methyl-8 Concentrate  (an a l k y l a t i n g  agen t )  was most e f f e c t i v e  i n  
d e r i v a t i z i n g  carboxyl ic  a c i d s  and amines. The lower l i m i t  of 
d e t e c t i o n  by c a p i l l a r y  column GC/MS was i n . t h e  range of l e s s  
than 10 t o  20 ng/pL pe r  unde r iva t i zed  compound. 

I n  P a r t  3 ,  a pre l iminary  s tudy  of t h e  methods developed i n  
P a r t s  1 and 2, namely HPLC s e p a r a t i o n  i n t o  f r a c t i o n s  and der iva-  
t i z a t i o n  of t h e , p o l a r  f r a c t i o n s ,  was undertaken on an  a u t h e n t i c  
HYGAS o i l  sample t o  determine whether t h e  methods would make t h e  
sample more amenable t o  a n a l y s i s  by c a p i l l a r y  column GC/MS. It.: 
was found t h a t ,  wi th  HPLC, t h e  complex mixtures  of HYGAS o i l  samples 
a r e . s e p a r a t e d . i n t o  s impler  complex mixtures  and, w i th  d e r i v a t i z a -  
t i o n  of t h e ' p o l a r  f r a c t i o n s ,  t h e  i d e n t i f i c a t i o n  by c a p i l l a r y  
column GC/MS of po la r  compounds n o t  normally chromatographable.  . 

was enhanced. Many previous ly  unreported hydroxy PNAs were 
found . . . .  



1 SEPARATION INTO FRACTIONS BY HPLC 

I .  I INTRODUCTION 

1.1.1 Ob jec t i ve  

The objective of this part of the study was to determine whether high 
performance liquid chromatography (HPLC) could be used to separate HYGAS 
oil samples into fractions that would be more amenable to analysis by 
capillary column gas chromatograp~~y/mass spectrometry (GCIMS) than the bulk 
sample. 

1.1.2 Background 

In preliluinary analyses by GCIMS, it was found that HYGAS oil samples 
contain a'variety of compounds including toluene, the start-up and make-up 
oil, aromatic hydrocarbons, phenols, anilines, pyridines, thiophenes, benzo-, 
nitriles, and PNAs. .Direct analysis of the mixture by GCIMS is at best 
difficult for at least two reasons: (1) due 'to the large number (probably 
over 400) of compounds present in the mixture, many overlapping peaks occur, 
resulting in mass spectra that are often confusing; (2) capillary columns . .  

that give good separation of non-polar compounds are not adequate for the 
separation of polar compounds. Therefore, there is a definite need for a 
preliminary separation of the complex mixtures in HYGAS oil samples. 

Ideally, for use in capillary column GCIMS, thc preliminary separation 
scheme (fractionation) should give non-polar or very weakly polar, weakly 
polar, moderately polar, polar, and very polar fractions. Alternatively, a 
separation scheme that would provide fractions of classes of compounds, such 
as hydrocarbons, alcohols, phenols, amines, etc., would also be useful, 
particularly for use in developing specific derivatizations. 

For the separation of petroleum, fractional distillation, .extraction, 
complex formation, and column chromatography, including adsorption, partition, 
and gel permeation, are among the methods that have been used. Each method '. 

has certain advantages and disadvantages. With fractional distillation, the 
toluene, which represents a major portion of a HYGAS oil sample, could be removed. 

. . 
However, this method suffers from the fact that any distillation, fractional 
or otherwise, requires heat and decomposition and reaction between components 
in the mixture typically takes place, altering the composition. With such. 
.extractions as the acidlbase liquid-liquid type, recoveries of individual 
components of the mixture are not only variable but also often low, particu- 
larly with polar compounds; moreover, some matrix effects.frequent1y occur 
affecting recoveries. Complex formation is not only too.limited to be of 
use but also not applicable in this case since the complexes would pot be 
chromatographable by GC. Column chromatography, although useful, suffers 
from being long and tedious and requires the use and workup of large amounts. 
of solvent; it is not recommended for a large number of samples. 

.It can be stated, generally, that separations that can be done by 
column chromatography can also be done considerably better by HPLC. When 



compared t o  column chromatography, HPLC g ives  much b e t t e r  r e s o l u t i o n ,  much. 
s h o r t e r  run t imes,  and much l e s s  so lvent .  However, t he  amount of sample t h a t  
can be processed pe r  run  i s  cons iderably  l e s s  than wi th  column chromatography. 
To overcome t h i s  disadvantage,  s e v e r a l  runs  of t h e  sample can be made w i t h  ' 

t he  a t t e n d a n t  advantages of t ime, workup of much l e s s  so lven t ,  and r e so lu t ion .  

I n  t h e  petroleum f i e l d ,  HPLC has  been used predominantly f o r  i d e n t i f i -  
c a t i o n  of components i n  mixture1 ' 2  o r  f o r  f i n g e r p r i n t i n g  o i l  samples. 
L i t t l e  a t t e n t i o n  has  been pa id  t o  the  use of HPLC a s  a  means of performing 
gross  s e p a r a t i o n  4-6 al though,  i n  c e r t a i n  i n s t a n c e s ,  i n v e s t i g a t o r s  have 
i s o l a t e d  peaks and i d e n t i f i e d  the  compound o r  compounds by GC/MS o r  mass 
spectrometry.  Although HPLC/MS ins t ruments  a r e  a v a i l a b l e ,  HPLC does not  have 
the  r e s o l u t i o n  c a p i l l a r y  column GC and, a s  a  r e s u l t ,  HPLC/MS i s  no t  a s  u s e f u l  
a s  c a p i l l a r y  column GC/MS f o r  t h e  a n a l y s i s  of complex mixtures .  

A s  mentioned, HYGAS o i l  samples con ta in  a  v a r i e t y  of compounds wi th  
a  wide range of p o l a r i t i e s ,  wi th  to luene  a s  t he  major component. Since many . 
of t h e  compounds of i n t e r e s t  a r e  p re sen t  only i n  low concen t r a t ions ,  t h e  , . 

. . 

problem of i s o l a t i n g  and s e p a r a t i n g  i n t o  f r a c t i o n s  s u f f i c i e n t  q u a n t i t i e s  . o f ,  
. t h e s e  compounds f o r  c a p i l l a r y  column GC/MS a n a l y s i s  must be addressed. 

The use  of HPLC f o r  pre l iminary  f r a c t i o n a t i o n  of samples from c o a l  
conversion p l a n t s  was based on the  fo l lowing  c a l c u l a t i o n s  and assumptions 
(Fig. 1 .1) .  Typica l ly ,  complex mixtures  t h a t  a r e  t o  be analyzed by c a p i l l a r y  
column GC/MS a r e  concentrated o r  d i l u t e d  t o  g ive  a  range of concen t r a t ion  
f o r  each compound'of 500 p g / ~ L  t o  200 ng/pL. The average component i n  such 
a  mixture has a  concen t r a t ion  of 20 ng/pL wi th  t h e  ma jo r i t y  of t h e  components 
f a l l i n g  i n  t h e  range of 10-50 ng/pL. I f  one assumes t h a t  t he  average component 
has a  concent ra t ion  of 20 ng/pL i n  the  sample t o  be i n j e c t e d  i n t o  the  c a p i l l a r y  

c o l u m n  of t h e  GC/MS and t h e r e  a r e  100 components i n  t h e  mixture of one of t h e  
f i v e  f r a c t i o n s ,  then t h e r e  would be 2 p g / ~ L  f o r  each f r a c t i o n  o r  1 mg f o r  t h e  
f i v e  f r a c t i o n s .  I f  one assumes t h a t  95% of t h e  HYGAS sample i s  to luene ,  t o  
i d e n t i f y  t he  remaining components, one would r e q u i r e  20 mg of sample. The 
l i m i t  f o r  HPLC high  r e s o l u t i o n  micro columns i s  20-60 mg of sample. Thus, a 
s e p a r a t i o n  i n  j u s t  one HPLC run of a HYGAS sample i n t o  f i v e  f r a c t i o n s  s u i t a b l e  
f o r  a n a l y s i s  by c a p i l l a r y  column GC/MS appeared t o  be w e l l  w i th in  the  realm 
of p o s s i b i l i t y .  

1.1.3 HPLC Method DeveZopment 

Severa l  approaches t o  t h e ' s e p a r a t i o n  of HYGAS o i l  samples i n t o  f r a c t i o n s  
s u i t a b l e  f o r  a n a l y s i s  by c a p i l l a r y  column GC/MS can be considered.  F i r s t ,  : 
with  r eve r se  phase HPLC, us ing  ~Bondapak C18, f o r  example, p o l a r  compounds 
r e a d i l y  pas s  through t h e  column and r e l a t i v e l y  non-polar compounds a r e  r e t a i n e d  
and sepa ra t ed .  Thus, a  f a i r l y  easy  s e p a r a t i o n  of p o l a r  compounds from non- 
p o l a r  compounds i s  accomplished. However, s i n c e  aqueous systems a r e  used i n  
t h i s  ca se ,  an  a d d i t i o n a l  s t e p  of l i q u i d - l i q u i d  e x t r a c t i o n ,  whose d e f i c i e n c i e s  
have been poin ted  out  above, would be requi red .  



J (assume 100 componentslfract ion)  

2 pglpL1fract ion 

(5 f r a c t i o n s )  

1 mg -- t o t a l  sample l e s s  so lven t ,  to luene  

(20 times f a c t o r  f o r  to luene)  

20 mg -- t o t a l  sample r equ i r ed  f o r  s e p a r a t i o n  i n t o  
f i v e  f r a c t i o n s ,  each of which is  analyzed 
by c a p i l l a r y  column GCIMS 

Fig. 1.1. Schematic Diagram I l l u s t r a t i n g  Amount of 
Sample Required f o r  Separa t ion  i n t o  Five 
F rac t ions  Su i t ab l e  f o r  Analysis  by Cap i l l a ry  
Column GCIMS 

Having considered r e v e r s e  phase HPLC, one can deduce c r i t e r i a  d e s i r -  
a b l e  i n  t h e  HPLC method f o r  s e p a r a t i n g  HYGAS o i l  samples i n t o  f r a c t i o n s  
s u i t a b l e  f o r  use  i n  c a p i l l a r y  column GCIMS. . I d e a l l y ,  t he  pre l iminary  separa-  
t i o n  scheme ( f r a c t i o n a t i o n )  should g ive  nonpolar o r  very  weakly p o l a r ,  
weakly p o l a r ,  and moderately p o l a r ,  po l a r ,  and very  p o l a r  f r a c t i o n s  i n  
t y p i c a l  organic  s o l v e n t s  t h a t  a r e  s u i t a b l e  f o r  GC/MS and d e r i v a t i z a t i o n  and 
t h a t  a r e  e a s i l y  r e m 0 v e d . b ~  evapora t ion  such a s  pentane,  hexane, a c e t o n i t r i l e ,  
methylene c h l o r i d e ,  and THF. It would be p r e f e r a b l e  a l s o  t o  remove the  
to luene  a s  a  s e p a r a t e  f r a c t i o n  s o  t h a t  s u f f i c i e n t  q u a n t i t i e s  of t h e  o t h e r  
components i n  t h e  HYGAS o i l  samples could be i d e n t i f i e d  by c a p i l l a r y  column 
GC/MS. ' 

. 2 

O f  t h e  h igh  r e s o l u t i o n  micro columns a v a i l a b l e  from Waters Assoc ia tes ,  
Inc.  (Table 1 . 1 ) ,  t h e  fo l lowing  columns were considered p o t e n t i a l l y  most 
u s e f u l  f o r  s e p a r a t i n g  t h e  HYGAS o i l  samples i n t o  f r a c t i o n s .  



Table 1..1. S p e c i f i c a t i o n s  of Waters Micro Columns (3.9 mm I D  x 30 cm) 
(Data from Waters Assoc ia tes ,  Enc.) 

P la tes IMeter  a t  Sample Loading 
Column P o l a r i t y  Spec i f ied  Linear  Veloc i ty  Limit (mg) 

~Bondapak C10 Very low 9000 a t  0.44 cmlsec 20-60 

~Bondapak Pheny 1 Low 9000 a t  0.53 cm/sec 20-60 

~Bondapak CN ' Medium 9000 a t  0.53 ck /sec  , 20-60 

~Bondapak NH2 High 9000 a t  0.44 cm/sec 20-60 

It would be expected t h a t  ~Bondapak NH2 columns ( i n  t h i s  c a s e ,  t he  normal 
phase mode) would be  h o s t  u s e f u l  f o r  provid ing  good s e p a r a t i o n s  of r e l a t i v e l y  
non-polar compounds, whereas t h e  more p o l a r  compounds would remain on the  
column and r e q u i r e  e l u t i o n  by backwashing. On the  o t h e r  end of t h e  p o l a r i t y  
s c a l e ,  ~Bondapak C18 columns a r e  too  non-polar t o  be u s e f u l  f o r  s e p a r a t i o n s  
i n  t h e  normal phase mode and, t h e r e f o r e ,  were no t  i n v e s t i g a t e d  i n  t h i s  s tudy .  
It appeared t h a t  the  ~Bondapak Phenyl and ~Bondapak CN columns were t h e  most 
promising f o r  b r ing ing  about t h e  s e p a r a t i o n  i n t o  f r a c t i o n s  of weakly po la r  
through h ighly  po la r  compounds. Although some s e p a r a t i o n  of r e l a t i v e l y  non-' 
p o l a r  compounds, which, a s i d e  from t h e  so lven t  t o luene ,  r ep re sen t  a  l a r g e  
p o r t i o n  of a  HYGAS.oil sample, would take  p l ace ,  r e s o l u t i o n  would n o t . b e  
expected t o  be good. 

Therefore ,  t h e  s tudy of methods development of a  s epa ra t ion  of HYGAS 
o i l  samples i n t o  f r a c t i o n s  s u i t a b l e  f o r  a n a l y s i s  by c a p i l l a r y  column GC/MS 
and/or  f o r  d e r i v a t i z a t i o n  and subsequent a n a l y s i s  by c a p i l l a r y  column GC/MS 
would involve  the  fol lowing:  

I n v e s t i g a t i o n  of t h e  s e p a r a t i o n  a b i l i t y  of ~Bondapak NH2, 
vBondapak.CN, and ~Bondapak Phenyl columns wi th  s o l v e n t s  
e a s i l y  removed by evapora t ion  and s u i t a b l e  f o r  use  i n  
c a p i l l a r y  column GC/MS and/or  f o r  d e r i v a t i z a t i o n  and use  
i n  cap i l l a ry . co lumn  GC/MS. 

Development of a  means of s e p a r a t i n g  t h e  major component, 
to luene ,  from t h e  r e s t  of t h e  compounds p re sen t  s o  t h a t  
s u f f i c i e n t  concen t r a t ions  of compound a r e  a v a i l a b l e  i n  each 
of f i v e  f r a c t i o n s .  f o r  a n a l y s i s  by c a p i l l a r y  co~umn GC/MS 
and/or f o r  d e r i v a t i z a t i o n  and subsequent a n a l y s i s  by c a p i l -  
l a r y  column GC/MS. 

I 

1.2.1 HYGAS O i l  Sample 

The HYGAS o i l  sample (72'/H/G/0/3), a  f u r t h e r  d e s c r i p t i o n  of which can 
be found i n  Appendix A,  was f i l t e r e d  wi th  a  sample c l a r i f i c a t i o n  k i t  (Waters 
Assoc ia tes ,  Inc . ,  Milford,  MA 01757) t o  remove unreacted coa l .  



1.2.2 Standard So Zutions 

With the exception of gallic acid monohydrate, each of the standards 
was dissolved in benzene. Gallic acid monohydrate was dissolved in THF. 
The source of the standards is shown in Table 1.2. 

I 

1.2.3 So Zvents 

For the preparation of standards, Burdick & Jackson Solvents (Burdick 
& Jackson Laboratories Inc, Muskegon, Michigan 49442) were used. For the 
mobile phase in HPLC runs, Waters solvents were used. They were hexanc 
(No. 84911), 2,2,4-Trimethylpentane'(N0. 84915), .THF (UV) (No. 84901), 
methylene' chloride (No. 84913), and acetonitrile (No. 84905). Where low 
concentrations of THF in hexane were used,, such as 1,. 2.5,5, and lo%, the. 
solvents were premixed because solvent gradients at low concentrations led 
to erractic.mixing of solvents. 

1.2.4 HPLC C o Z m s  

The HPLC columns were from Waters and were 3.9 mm ID x 30 cm: 
~Bondapak NH2 (No. 84040), ~Bondapak Phenyl (No. 27198), and ~Bondapak 
CN (No. 84042). 

1.2.5 Equipment 

The HPLC equipment was Waters, consisting of two 6000A Solvent 
Delivery Systems, a 660 Solvent Programmer, U6K Universal Liquid Chromato- 
graph Injector, 440 Absorbance Detector (UV), and R-400 Differential 
Refractometer (ARI). Detection was done at 254, 313, and 365 nm in the UV: 

The flow rate of each pump was determined by measuring the volume of 
solvent at exhaust with a stop watch after which adjustments were made to 
give the desired flow rate. A six-way Valco air-activated selenoid.valve 
was used for backflushing. Flow programming was done by connecting pump "A" 
to the "B" inlet of the solvent programmer normally used for solvent gradients. 

1.3 RESULTS AND DISCUSSION 

. I .  3.1 Separa t ion  o f  Nm-Po Zar and Weakly Polar  Compounds w i t h  ~Bondapak NH2 

  ark^ has done an extensive study of the differences in petroleum- 
based products with ~Bondapak NH2, and n-heptane as' solvent, at a flow rate 
of 2 mL/min. Although the method is useful ..for fingerprinting (for which' 
it was intended), it was found that separation of low PNAs ,was'not.sufficient, 
particularly for collection of fractions. Thus, with constant flow rate, 
the alkyl benzenes and lower PNAs tend to come together making separation , . 

into fractions and collection of those fractions difficult and the higher 
PNAs.take a long time to come off the column, resulting in excessively long 
runs. 



Table  1.2.. . S o u r c e s  o f  S t a n d a r d s  

C a t a l o g  Number 
Compound Company S p e c i f i c a t i o n  o r  K i t .  Number 

a n i l i n e - 2 , 3 , 4 , 5 , 6 - d  Aldr  i c h  99 + atom % 17,569-2 

i 5 
a n t h r a c e n e  Analabs 99% (min) RNH004 

anthracene-d 
1 0  

benzaldehyde 

2 ,3-benzanthracene 

benz ( a )  phenan threne  

benz ( a )  pyrene 

benzo ic  a c i d  

b e n z o n i t r  i l e  

tienzyl a l c o h o l  

benzy l  amine 

c h r y s e n e  

o - c r e s o l  . 

1,2,3,4-dibenzanthrakene 

dibenzof  u r a n  

. S t o h l e r  98 atom % 

A l d r i c h  98 + % 

Analabs 

RFR 

Analabs 

A l d r i c h  

A l d r i c h  

Aldr  i c  h 

A l d r i c h  

Analabs 

P o l y s c i e n c e  

Analabs  

Analabs 

~ l d r i c h  . 

2,6-dimethyl a n i l i n e  Ea s tman 
. . 

9 ,  10-dimethyi a n t h r a c e n e  RFR 

7,12-dimethyl- 
2 ,3-benzanthracene ACL 

9,lO-dimethyl- 
2 ,3-benzanthracene ACL 

3,6-dimethyl phenan threne  ACL 

g a l l i c  a c i d  monohydrate, ,  A l d r i c h  

2 , 4 - l u t i d i n e  , Aldr i c h  

2-methyl a n t h r a c e n e  Analabs 

1-methyl n a p h t h a l e n e  A l d r i c h  

2-methyl-1-naphthol A l d r i c h  

1-methyl phenan threne  Analabs 

2-methyl phenanthrene 

t l -methyl  pyrene 

)-methyl pyrene  

n a p h t h a l e n e  

99%. (rnin) 

95% (rnin) 

98% (min) 

99% 

99% 

99 + % 

99% 

99% (rnin) 

Qua1 

99% (rnin) , . 

99% (rnin) 

98% . 

- - 1736 

99% (min) RAH-24 

99% (rnin) 

Analabs 99% (min) ' RNHO45 

ACL 

ACL 

A l d r i c h  98 % 18,560-4 



Table  1 . 2 .  (Contd.) 

C a t a l o g  Number 
Company . S p e c i f i c a t i o n  o r  K i t  Number 

- -- -- 

1-naph tha lene  a c e t i c  a c i d  A l d r i c h  99% ' N386-4 

1-naphthol  A l d r  i c h  99 + % N199-2 

p e n t a c e n e  

p c r ~ l e n e  

phenan threne  

phenol  

2-pic01 i n e  

pyrene  

p y r i d i n e  

Analabs 98% (min) RNHO48 

Analabs 99% (min) RNHO4 9 

Aldr  i c h  98 + % 

P o l y s c i e n c e  Qual 

Aldr i c h  98% 

Analabs 99% (min) . 

F i s h e r  AC S 

q u i n o l  i n e  Aldr  i c h  96% . 4125-5 

2 , 3 , 5 - t r i m e t h y l  
n a p h t h a l e n e  Aldr  i c h  - - T7,740-2 

t r  ipheny lene  Analabs 99% (min) RNH064 . 

2,4-xylenol  P o l y s c i e n c e  Qua1 179BX 

A l d r i c h  Chemical Co., 940 West S a i n t  Pau l  Avenue, Milwaukee, W I  ,532.33 

Analabs ,  I n c . ,  80  Republ ic  D r i v e ,  North  Haven, CT 06473 . 

S t o h l e r  I s o t o p e  Chemicals,  92 Beckwith P lace ;  R u t h e r f o r d ,  N J  07070 

RFR Corp. ,  1 Main S t r e e t ,  Hope, R . I .  02831 

P o l y s c i e n c e  Corp. ,  8366 Gross  P o i n t  Road, N i l e s ,  IL 60648 

Eastman Kodak Co., Roches te r ,  N .Y .  14650 

ACL: Benzene s o l u t i o n s  (1.00 mg/mL) from A n a l y t i c a l  Chemis,try L a b o r a t o r y ,  
Argonne N a t i o n a l  Labora to ry  

F i s h e r  S c i e n t i f i c  Co., F a i r  Lawn, N . J .  07410 



Since i t  was d e s i r a b l e  t o  modify t h i s  procedure t o  spread ou t  t he  
s e p a r a t i o n  of t h e  a l k y l  benzenes and lower PNAs, a s tudy  was made of t he  
e f f e c t  of flow r a t e  on t h e  r e t e n t i o n  time of some model PNAs, benzene, 
naphthalene,  an thracene ,  chrysene, and 1,2,3,4-dibenzanthracene (Table 1 .3 ) .  
A s  might be expected,  wi th  cons t an t  flow r a t e ,  r e t e n t i o n  time inc reases  
wi th  lower flow r a t e s  and decreases  wi th  higher  f low r a t e s .  

For t h e  b e s t  s epa ra t ion ,  i t  would appear t h a t , i f  one were t o  program 
t h e  flow of so lven t  such t h a t  i t  is  i n i t i a l l y  low and i n c r e a s e s  progres- 
s i v e l y ,  a s e p a r a t i o n  of the, lower PNAs could be accomplished whi le  performing 
the  s e p a r a t i o n  of t he  h igher  PNAs i n  a reasonable  amount of time. (A slow 
so lven t  g rad ien t  was unacceptable  because i t  tended t o  push every th ing  o f f  
t h e  column.) Curve 10 on the  Waters Model 660 Solvent Programmer, w i th  a 
slowly r i s i n g  exponent ial- type s lope ,  was chosen f o r  t h e  flow programming. 
The r e s u l t s  of t h r e e  such runs  on the '  f i v e  model compounds a r e  shown i n  ' 

Table 1.3.  Af t e r  a number of runs  wi th  a v a r i e t y  of PNAs, i t  appeared t h a t  
t he  b e s t  s e p a r a t i o n  could be achieved with'..curve 10 flow programmed from 
1-4 mL over  a time per iod  of 20,minutes .  The r e t e n t i o n  t imes of a number 
of PNAs and benzene under t hese  cond i t i ons  a r e  shown i n  Table 1.4.  It can 
be seen  t h a t  r e t e n t i o n  time f a l l s  i n t o  a s e r i e s  of groups, a s  shown i n  
Table 1 .5 ,  and t h e  condensed 4-ring PNAs f a l l  n i c e l y  between 3 and 4-ring 
PNAs and t h e  condensed 5-ring PNAs f a l l  between t h e  4 and 5-ring PNAs. . . 

The use of t he  pBo.ndapak NH2 a s  a s t a t i o n a r y  phase was e x c e l l e n t  f o r  ' ' 

t he  s epa ra t ion ,  of non-polar o r  weakly p o l a r  compounds; however, wi th  p o l a r  
compounds, t h e  phase was too  r e t e n t i v e  and, a l though moderately p o l a r  com- 
pounds might pas s  through t h e  column wi th  a g r a d i e n t ,  h igh ly  p o l a r  compounds. 
would be r e t a i n e d .  It i s  p o s s i b l e  t o  backwash th'e h igh ly  p o l a r  compounds. 
bu t  no s e p a r a t i o n  i n t o  f r a c t i o n s  of t h e  p o l a r  compounds would be achieved. 
An example of t h i s  i s  shown i n  F igs .  1;2 and 1.3. It can be seen  t h a t  t h e  
po la r  compounds came of f  the'  column a f t e r  backwash as one broad peak. 

Table 1.3. HPLC Retent ion Times of ' a  PNA Mixture w i th  ~Bondapak NH2 Column 
and Hexane a s  Solvent a s  a Function of f low Rate .and ,Flow 
Programming 

Retention Time (Minutes) 
Flow 1,2,3,4-Dibenz- 

(mL/min) Time (min) Curve Benzene Naphthalene Anthracene Chrysene Anthracene 

'Two. runs, almost identical retention times. 



Fig ,  1 .2 .  HPLC of HYGAS O i l  Sample, 7 2 / ~ / G / 0 / 3 ,  Using a ~Bondapak NH2 
Column, Heptane Solvent ,  a 1 . 5  mL/min Flow Rate and Detec- 
t i o n  by A R I  and UV a t  254 nm 

BACKFLUSH 

365 nm 

Fig. 1.3.  HPLC of HYGAS O i l  Sample, 72/H/G/0/3, Using a ~Bondapak NH2 
Column, Heptane Solvent ;  a 1 .5  mL/min Flow Rate ,  and Detec- 
t i o n  by UV a t  313 and 365 nm . 



e 
Table 1.4. HPLC Retentfon Times of Se lec ted  PNAs wi th  ~Bondapak 

NH2 Columh and Hexane a s  Solvent ,  Flow Programmed from 
1-4 d / m i n ,  ~ u r v ;  10,  20 min 

Retention Time 
Compound No., of Rings (min) 

Benzene 1 4.2 

Naphthalene 2 5.0 

1-Methyl naphthalene 2 5.0 

2,3,5-~rime'th~l naphthalene 2 5.8 

Anthracene 3 6.9 

2-Methyl anthracene 3 6.8 

. m-Dimethyl anthracene 3 7.3 

Phenanthrene 3 7.3, 7.5 

,l-Methyl phenanthrene . 3 7.5 

2-Methyl phenanthrene 3 7.3 

. . 3,6-Dimethyl phenanthrene 3 7.2 . 
2,3ZBenzanthracene 4 10.7 

7.12-Dimethyl- 
. . 2,3-Benzanthracene 4 9.3 

9,lO-Dimethyl- 
2.3-Benianthracene 4 .  .7.ea . ' .  

Chrysene 4 . . 1 0 . 9  . . 

Triphenylene 4 10.9 

1,2-~enz(a)~henanthrene 4 10.4 

Pyrene 4 (c) 7.7, .7.8 , ' 

1-Methyl pyrene 4 (c) 8.3 

3-Methyl pyrene 4 ( c )  8.0 

Pentacene 5 . 13.7. 

1,2,3,4-Dibenzanthracene 5 .  14.5 

1,2,5,6-Dibenzanthracene 5 14.7, 15.1 

per;lene 5 ( c )  12.1 

Benz(a)pyrene ' 5 (c) - 11.5 
. . 

a~ppears not to be designated compound 

(c) Condensed ring system 

Table 1.5.  Reten t ion  Time 'Range of Se lec ted  PNAS a s  a Function of 
t h e  Number of Rings (~Bondapak NH2, Hexane Solvent , ,  
Flow Programed 1-4 mL/min, 20 min, 'Curve 10)  

- -- 

Number o f  Retention Time Range (Minutes) 
Kings Noncondensed Condensed 

. . 
1 4 . 2  ( 1 )  N A 

2 5 .0-5 .8  (3 )  NA ' :  

3 6 . 8 - 7 . 5 ( 7 )  . -- 
4 9.3-10.9 (5) , 7 .7 -8 .3  (3)  

5 13.7-15.1,  ( 3 )  11 .5 -12 .1  (2 )  

( ) Number o f  compounds from which range was 
determined 

NA Not Appl icable  . 



Thus, ~Bondapak NH2 can be used t o  s e p a r a t e  non-polar and weakly p o l a r  
compounds i n t o  f r a c t i o n s  b u t  i s  i n e f f e c t i v e  wi th  moderately and h igh ly  p o l a r  
compounds. Such a  s e p a r a t i o n  i n t o  f r a c t i o n s  can be very  u s e f u l  f o r  i den t i fy -  
i n g  a  complex mixture t h a t  con ta ins  predominantly compounds t h a t  a r e  r e l a -  
t i v e l y  non-polar, s i n c e  GC cond i t i ons  can be tailor-made t o  each f r a c t i o n .  
It would be p a r t i c u l a r l y  u s e f u l . f o r ~ i d e n t i f y i n g  .the h igher  PNAs. 

1 . 3 . 2  ~ e ~ a r a t i o $  of Medium and Highly Polar Compounds in to  ~ r a c t i o n s  with 
~Bondapak PhenyZ and ~Bondapak CN 

1.3 .2 .1  Specific ProbZems To Be Addressed i n  the Separation 

Whereas HPLC wi th  a  ~Bondapak NH2 column a f f o r d s  a  good sepa ra t ion  of 
non-polar compounds, i t  is  no t  u s e f u l ,  a s  s t a t e d ,  f o r  s e p a r a t i n g  the  po la r  
compounds i n t o  f r a c t i o n s .  It appeared t h a t  t he  weakly p o l a r  s t a t i o n a r y  
phases ,  ~Bondapak Phenyl and ~Bondapak CN, might be more u s e f u l  i n  t h i s  
regard .  The b e s t  approach appeared t o  be t o  t r y  t o  g e t  t he  non-polar com- 
pounds t o  e l u t e  i n i t i a l l y  as one f r a c t i o n  and then  t o  do a  s e p a r a t i o n  i n t o  
f r a c t i o n s  of t h e  compounds of vary ing  p o l a r i t y  wi th  t y p i c a l  normal phase 
HPLC and g rad ien t  e l u t i o n .  Therefore,  s e v e r a l  c r i t e r i a ,  a s  l i s t e d  below, 
had t o  be met i n  t h e  sepa ra t ion :  

1. The non-polar and weakly p o l a r  compounds should e l u t e  i n  one 
f r a c t i o n ,  p r e f e r a b l y  a long  wi th  to luene ,  t h e  -major component . 

of HYGAS recyc le  o i l ,  s i n c e  a' s u i t a b l e  chromatographic method 
could then be worked out  f o r  t hese  compounds, 

2. The moderately and h igh ly  po la r  compounds should be separa ted  
i n t o  a t  l e a s t  4-6 f r a c t i o n s ,  

3.  The h ighly  po la r  must e l u t e  from the  column so  t h a t  t h e r e  i s  
no need f o r  backwashing, 

4 .  The s e p a r a t i o n  i n t o  f r a c t i o n s  should be complete i n  a  reasonable 
amount of t ime . (say,  w i t h i n  one hour) ,  and 

5. The sepa ra t ion  of a  HYGAS o i l  sample should y i e l d  f r a c t i o n s  
of s u f f i c i e n t  q u a n t i t y  s o  t h a t  ana lyses  by GC/MS and/or  
d e r i v a t i z a t i o n  and ana lyses  by GC/MS could be done s a t i s -  
f a c t o r i l y .  

I n  such an HPLC s tudy ,  t h e  v a r i a b l e s  a r e  numerous; f o r  example, 
s o l v e n t s ,  g rad ien t  curve,  time of s t a r t  of g rad ien t ,  and d u r a t i o n  of g rad ien t .  
Although a  cons ide rab le  number of experiments were performed, only a few 
a r e  descr ibed  here .  

1.3 .2 .2  Deve Zopment of a Method 

I n  i n i t i a l  experiments wi th  a  v a r i e t y  of s tandard  po la r  compounds, i t  
was found t h a t  g r a d i e n t s  of hexane ( a  non-polar so lven t )  t o  a c e t o n i t r i l e  
(a  moderatelj. po l a r  s o l v e n t )  and hexane t o  methylene c h l o r i d e ' ( . a  po la r  so lven t )  



d i d  no t  work a s  w e l l  a s  a  g r a d i e n t  of hexane t o  THF ( a  po l a r  s o l v e n t ) .  With 
a  l i n e a r  10-min g r a d i e n t ,  hexane t o  25% THF i n  hexane, a  group of compounds 
w i th  vary ing  p o l a r i t y  can be s epa ra t ed  on ~Bondapak Phenyl and ~Bondapak CN 
a s  shown i n  Table  1 .6 .  The ~Bondapak CN column appears  t o  provide a l i t t l e  
b e t t e r  s e p a r a t i o n  of t h e  r e l a t i v e l y  non-polar compounds, d ibenzofuran ,  
benzaldehyde, and b e n z o n i t r i l e ,  than  of t h e  more p o l a r  compounds. The 
~ B o t ~ d a p a k  Phenyl column a l s o  appears  t o  be  more r e t e n t i v e  than t h e  pBondapak 
CN column. Although s e p a r a t i o n  appears  f a i r l y  good f o r  t h e s e  model p o l a r  
compounds w i th  a  20 VL HYGAS o i l  sample i t  i s  poor (with a ~Bondapak CN 
column) because of t h e  complexity of t h e  sample (Fig.  1 .4 ) .  The p o l a r  com- 
pounds come o f f  t h e  column too  qu ick ly  and a r e  n o t  s epa ra t ed  i n t o  f r a c t i o n s .  
Even wi th  a  slower change i n  concen t r a t i on  of THF ( l i n e a r  g r a d i e n t ,  0-5% THF 
i n  hexane i n  20 min, 5-10% THF i n  10  min, and 10-100% THF i n  10  rnin), bunch- 
i n g  of t h e  p o l a r  compounds s t i l l  occurs  a t  t h e  beginning of t h e  chromatogram 
and s e p a r a t i o n  i s  poor (Fig.  1 . 5 ) .  I f  one u se s  pure  hexane f o r  5  min and 
then runs  t h e  same program a s  i n  t h e  preceding  example, s e p a r a t i o n  of t h e  
non-polars from t h e  p o l a r s  appears  adequate  bu t  s e p a r a t i o n  of t h e  p o l a r s  
i n t o  f r a c t i o n s  i s  i n a d e q ~ i a t e  (Fig.  1 .6) .  To spread  o u t  t h e  p o l a r  compounds, 
one can hold o f f  t h e  above g r a d i e n t  f o r  1 6  min (Fig.  1 - 7 1 .  The moderately 
po l a r  t o  h igh ly  p o l a r  compounds ( c e n t e r  of chromatogram, around 25 min 
Fig. 1 .7 )  can then  be spread ou t  by going t o  a  s lower i n i t i a l  g r a d i e n t ,  0% 
f o r  16  min, 0-1% i n  10  min, 1-5% i n  10 min, 5-10% i n  1 0  min, and 10-100% THF 

Table  1 .6 .  Re ten t ion  Times of Se l ec t ed  Compounds on ' , 

~Bondapak Phenyl and ~Bondapak CN;. L inear .  
Gradien t ,  Hexane t o  25% THF i n  Hexane i n  
10  min, Flow 2 mL/min 

Re ten t ion  Time (Minutes) 
Compound ~Bondapak  Phenyl ~Bondapak  CN 

B en,z ene 1 ..7 1 .7  

I Dibenzof uran  . . 2.2' . 2.1 

Benzald ehyd e  5 .5  3 . 1  

I B e n z o n i t r i l e  5.8 3 .8  

I 2,  ~ - ~ . i n ~ e t h ~ l  a n i l i n e  6.0 3.3 

Phenol 6.2 7 .6  

I Benzoic a c i d  7.3 6.8 
I 

Quinol ine  . 8.0 6.0 

Pyr i d i n e  8.7 6 . 5 .  



Fig.  1.4 

XPLC of 20 UL HYGAS O i l  Sample, 72/H/G/0/3, 
~Bondapak CN Column, 2 mL/min Flow, Linear  
(Curve 6 )  Gradient ,  0-25% THF i n  Hexane i n  
1 0  min, UV Detec t ion  a t  254 nm 
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MINUTES 

Fig.  1 .5  

HPLC of 20 UL HYGAS O i l  Sanple ,  72/H/G/0/3, 
~Bondapak CN Column, 2 mL/nin Flow, Linear  
(Curve 6 )  Gradien t ,  0-5% i n  20 min, 5-10% i n  
10  min, 10-100% THF i n  Hexane i n  10  min, UV 
Detec t ion  a t  254 nm 
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Fig. 1 . 6  

HPLC of 20 PL HYGAS O i l  Sample, 72r~, /G/0/3,  .pBondapak 
CN Col.umn, 2 m~/min  Flow, Hexane f o r  5 min, L inear  
(Curve 6) Gradien t ,  0-5% i n  20 min, 5-10% i n  1'0 min., 
10-100%- THF i n  Hexane i n  1 0  min, W Detec t fon  , a t  
254 n m  
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Fig.  1 .7  

HPLC of 20 PL HYGAS O i l  Sample, 72/H/G/0/3, ~Bondapak 
CN Column, 2 mL/min Flow, Hexane f o r  16 min, L inear  
(Curve 6)  Gradien t ,  0-5% i n  20 min, 5-10% i n  10  min, 
10-100% THF i n  Hexane i n  10 min, UV De tec t ion  a t  
254 nm 



i n  hexane i n  1 0  min (Fig.  1 .8 ) .  F i n a l l y ,  i n  o r d e r  t o  make t h e  very  p o l a r  
compounds e l u t e  qu ick ly  without  a f f e c t i n g  t h e  s e p a r a t i o n  of t h e  moderately 
p o l a r  compounds, t h e  fo l lowing  g r a d i e n t  was used: 0% THF f o r  16 min, 0-1% 
THF i n  hexane i n  10 min, 1-5% i n  10  min, and 5-100% THF i n  hexane i n  10 min 
(Fig.  1 . 9 ) ;  t h i s . s e q u e n c e  g ives  a  s a t i s f a c t o r y  s e p a r a t i o n  of t h e  HYGAS o i l  
sample i n t o  f r a c t i o n s .  (Under s i m i l a r  cond i t i ons ,  n o t  q u i t e  a s  n i c e  a  
s e p a r a t i o n  i s  achieved wi th  'a pBondapak Phenyl column;. Fig.  1 .10.)  

The preceding chromatograms were run  w i t h  20 pL ( e q u i v a l e n t  t o  approxi- 
mately 20 mg) of HYGAS o i l  sample i n j e c t e d  on t h e  c o l ~ m n .  Although 20 mg 
is s u f f i c i e n t  sample f o r  c a r r y i n g  out  a  s e p a r a t i o n  of a  HYGAS o i l  sample i n t o  
f ive  f r a c t i o n s  and f o r  a n a l y s i s  by c a p i l l a r y  column GC/MS and/or  d e r i v a t i z a -  ' 

t i o n  and subsequent a n a l y s i s  by c a p i l l a r y  column GC/MS of each of t h e  f r a c -  
t i o n s ,  i t  appeared worthwhile t o  determine how much sample could be i n j e c t e d  
on t h e  ~Bondapak CN column be fo re  over loading  and l o s s  of r e s o l u t i o n  t akes  
p l ace .  Conceivably, w i th  l a r g e  q u a n t i t i e s  of sample, t h e  t o luene ,  t h e  major 
component of t h e  mixture  and t h e  f i r s t  peak i n  t h e  chromatogram, could be  
s epa ra t ed  provided t h e r e  was no t  excess ive  t a i l i n g  of t h e  to luene  peak and 
r e s o l u t i o n  of t h e  more p o l a r  compounds was n o t  l o s t .  I n i t i a l l y ,  a  s tudy  01 
t o luene  i t s e l f  was done; . as  can be seen  i n  Table  1 .7 ,  t h e  t a i l i n g  becomes 
exces s ive  a t  above 200 pL. It i s  p o s s i b l e  t h a t  t h e  to luene  so iven t  could 
have an e f f e c t  on t h e  r e s o l u t i o n  of t h e  po l a r  compounds because to luene  i s  
more p o l a r  than t h e  i n i t i a l  e l u t a n t ,  hexane;. hence, an  i n v e s t i g a t i o n  of an  
a c t u a l  HYGAS o i l  sample was undertaken. F igures  1 .9  and 1.11-1.13 a r e  
chromatograms of 20, 50, 100, and 200 pL of HYGAS o i l  sample a s  i n j e c t e d  
on-column and F igs .  1.14-1.16 a r e  comparisons of 20 v s  50 pL, 50 v s  100, and 
100 v s  200, r e s p e c t i v e l y ,  wi th  t h e  a t t e n t u a t i o n  ad jus t ed  s o  t h a t  t h e  chromato- 
grams would be approximately equ iva l en t  i n i n t e n s i t y .  Some l o s s  of r e s o l u t i o n  
i s  apparen t  w i th  200 VL i n j e c t e d  on t h e  column but  l i t t l e  l o s s  of r e s o l u t i o n  
appears  wi th  100 uL. 

To make c e r t a i n  t h a t  h igh ly  p o l a r  compounds w i l l  pa s s  through t h e  
column, g a l l i c  a c i d  was used a s  a  test compound. ( G a l l i c  a c i d  i s  a  p a r t i c u -  
l a r l y  a t t r a c t i v e  compound f o r  such a  t e s t  because bes ides  being p o l a r  i t  a l s o  
h a s  s e v e r a l  s i tes capable  of be ing  adsorbed on t h e  s t a t i o n a r y  phase.)  S ince  
g a l l i c  a c i d  i s  i n s o l u b l e  i n  non-polar and weakly p o l a r  s o l v e n t s ,  t h e  t e s t  was 
run  w i t h  a  r e l a t i v e l y  p o l a r  mobile phase.  Table  1 .8  shows no hold-up wi th  
100% THF and only  a  s l i g h t  holdup w i t h . a  l i n e a r  g r a d i e n t  from 40% t o  100% THF 
i n ' h e x a n e  i n  1 0  min. Thus, i t  i s  expected t h a t  even t h e  most p o l a r  compounds 
w i l l  e l u t e  from t h e  column wi th  approximately 30-40% THF i n  hexane. The 
r e t e n t i o n  t i m e s  of a  number of p o l a r  compounds run  under t h e  same cond i t i ons  
as t h e  HYGAS sample (100%. hexane f o r  16 min, l i n e a r  g r a d i e n t  t o  1% THF i n  . '  

hexane i n  10 min, 1-5% THF and 5-100% THF i n  10  min) a r e  shown i n  Table  1 .9 .  

1.3.3  Swrunary. and ConcZusions 

Based on t h e  r e s u l t s  of t h i s  s tudy ,  

1 )  ~Bondapak NH2 i s  an  e x c e l l e n t  s t a t i o n a r y  phase f o r  t h e  separaf  i on  
of non-polar o r  weakly p o l a r  compounds i n t o  f r a c t i o n s  bu t  i s  no t  
s u i t a b l e  f o r  t h e  s e p a r a t i o n  of more p o l a r  compounds. Such a  
s e p a r a t i o n  can be very  u s e f u l  f o r  i d e n t i f y i n g  a  complex mixture  
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~ i g .  1 . 8  

HPLC of 20 pL HYGAS O i l  Sample, 7 2 / ~ / ~ / 0 / 3 . ,  
~Bondapak CN Column, 2 mL/min Flow, Hexane 
f o r  16 min, Linear  (Curve. 6) Gradient,  0-1% 
i n  10 min, 1-5% i n  10 min, 10-100% THF i n  
Hexane i n  10 min, UV,Detection a t  254 nm 
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Fig. 1.9 

HPLC of 20 VL HYGAS O i l  Sample, 72/H/G/0/3, 
~Bondapak CN Column, 2 .m~/min  Flow, Hexane 
f o r  16 min,   in ear ,(Curve 6) Gradient ,  0-1% 
i n  10 min, 1-5% i n  10 min, 5-100% THF i n  
Hexane i n  10'min,,UV Detect ion a t  254 nm 
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Fig. 1 .10 Fig. 1.'11 

HPLC of 20 PL HYGAS O i l  Sample, 7 2 / ~ / G / 0 / 3 ,  HPLC of 50 JJL HYGAS O i l  Sample, 7 2 / ~ / G / 0 / 3 ,  
~Bondapak Phenyl Column, 2 mL/min Flow, ~Bondapak CN Column, 2 mL/min Flow, Hexane 
Hexane f o r  16  min, Linear  (Curve 6) Gradient ,  f o r  16  min, Linear  (Curve 6)  Gradient ,  0-1% 
0-l%., 1-5%, 5-100% THF i n  Hexane i n  10  min, 1-5%, 5-100% THF i n  Hexane i n  10 min, UV 
UV Detect ion a t  254 nm Detect ion a t  254 nm ' 
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Fig. 1.12 

HPLC OF 100 vL HYGAS O i l  Sample, 7 2 / ~ / ~ / 0 / 3 ,  
pBondapak CN Column, 2 mL/min Flow, Hexane f o r  
16 min, Linear (Curve 6 )  Gradient, 0-1% i n  10 
min, 1-5% i n  10 min, 5-100% THF i n  Hexane,in 10 
min, W Detection a t  254 nm 
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, . Fig. 1.13 

HPLC of 200 PL HYGAS O i l  Sample, 72/H/G/0/3, 
~Bondapak CN Column, 2 mL/min Flow, Hexane f o r  
16 min, Linear (Curve 6) Gradient,  0-1% i n  10 
min, 1-5% i n  10 min, 5-100% THF i n  Hexane i n  
10 min, UV Detection a t  254 nm 
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Fig.  1 .14 

.Comparison of HPLC Chromatograms of 20 pL (Dashed) 
and 50 pL (Sol id)  HYGAS O i l  Sample, 72/H/G/0/3, 
pBondapak CN Column, 2 mL/min Flow, Hexane f o r  1 6  
min,   in ear. (Curve 6) Gradien t ,  Hexane t o  1% THF 
i n  Hexane i n  1 0  min, 0-1%, 1-5%, 5-100% THF i n  
Hexane i n  1 0  min, W Detec t ion  a t  254 nm, curves 
Off set . . 

I I I I I I I I 1 .  I '  I I 
0 5 10 .15. 20 25 30 35 40 45 50 55 

MINUTES 

Fig. 1 .15 

Comparison of HPLC Chromatograms of 50 pL (Dashed) 
and 100 pL (Sol id)  HYGAS O i l  Sample, 72/H/G/0/3, 
pBondapak CN Column, 2 mL/min Flow, Hexane f o r  
16 'min ,  L inear  (Curve 6) Gradien t ,  0-1%, 1-5%, 
5-100% THF i n  Hexane i n  10 min, UV Detec t ion  a t  
254 nm', Curves Of f se t  



0 ' 5 . , 10 15 20 25 30 35 40 45 50 55 
MINUTES 

Fig. 1.16. Comparison of HPLC Chromatograms of 100 pL 
(Sol id)  and 200 VL (Dashed) HYGAS O i l  Sample, 
72/II/G/0/3, ~Bondapak CN Column, 2 mL/min Flow, 
Hexane f o r  16  min, Linear  (Curve 6) Gradient .  
0-1% i n  10  min, 1-5% i n  1 0  min, 5-100% THF i n  
Hexane i n  1 0  min, UV Detec t ion  a t  254 nm, Curves 
Of f se t  

Table 1 . 7 . .  ' ~easu remen t  of T a i l i n g  c h a r a c t e r i s t i c s  of 
Toluene as a Function of Peak Height and ~ i k  

Amount of , Time (min) 
Toluene S t a r t  Downside Downside Downside 

In j ec t ed  (PL) of Peak 0.25 AU 0.10 AU 0.010 AU 

NM Not measured . 
T T a i l i n g  



Table 1.8.  Measurement of  A b i l i t y  of ~ a l l i c  Acid, a 
Very Po la r  Compound wi th  Severa l  ~ d s o r ~ t i v e  
S i t e s ,  t o  Pass  Through a ~Bondapak CN Column 
Programed wi th  a   in ear 10-min Gradient  of 
vary ing  I n i t i a l  Concentrat ions of THE i n  
Hexane t o  100% THE . . 

Gradient  

S t a r t  Concentrat ion Time (min) 
(Percent  THF i n  Hexane) ( S t a r t  of Peak) 

a 
No g r a d i e n t  

b ~ o  holdup s i n c e  i t  t akes  1.7 min f o r  a 
sample t h a t  i s  n o t  adsorbed by t h e  
s t a t i o n a r y  phase t o  reach  t h e  d e t e c t o r  

Table 1.9. Reten t ion  Times of Non-Polar 
and Po la r  Compounds on ~Bondapak 
CN ( see  Gradient  Program below) 

Compound Time (min) 

anthracene-d10 
2,6-dimethyl a n i l i n e  
an i l i ne -d5  . 

pyr i d i n e  
2 ,4 - lu t id ine  
qu ino l ine  . .  . . , 

benzyl  a l coho l  
2,6-xylenol 
phenol ' 

1-naphthol ,  . . 

1-naphtha.lene a c e t i c  a c i d  
benzyl  amine 

Gradient  Program: 100% hexane f o r  16  min, 
l i n e a r  g rad ien t  t o  1% 
THE i n  hexane i n  10  min, 
1% t o  5% THE i n  10  min, 
and 5% t o  100% THE i n  . 

' hexane i n  10 min 



that.  con ta ins  predominantly r e l a t i v e l y  non-polar compounds, s i n c e  
GC cond i t i ons  can be tailor-made t o  each f r a c t i o n .  It would be  
p a r t i c u l a r l y  u s e f u l  f o r  i d e n t i f y i n g  the  h ighe r  PNAs. 

2) ~Bondapak CN, used wi th  t h e  proper  g rad ien t  program, i s  a  s a t i s -  
f a c t o r y  s t a t i o n a r y  phase f o r  t h e  gene ra l  s e p a r a t i o n  of HYGAS o i l  
samples i n t o  a  non-polar o r  weakly p o l a r  f r a c t i o n ,  which con ta ins  
t h e  major component, to luene ,  and a t  l e a s t  f i v e  o t h e r  f r a c t i o n s  
vary ing  i n  p o l a r i t y  from s l i g h t l y  po la r  t o  h igh ly  po la r .  p ~ o n d a ~ a k  
CN appears  t o  be s l i g h t l y  b e t t e r  than ~Bondapak Phenyl i n  t h i s  
s epa ra t ion .  

Thus, t h e  recommended method f o r  a  g e n e r a l ' s e p a r a t i o n  of HYGAS o i l  
samples i n t o  f r a c t i o n s  i s  a s  fo l lows:  

1 )  I n j e c t  up t o  100 UL of t h e  HYGAS o i l  samples onto  a  Waters 
. ~Bondapak CN column (3.9 mm I D  x 30 cm) wi th  a  flow r a t e  of 

2 mllmin. .. 

2) ,Run t h e  fo l lowing  l i n e a r  g rad ien t :  

a )  0-16' min, 100% hexane, 
b)  16-26'min, 0% t o  1% THF i n  hexane, 
c )  . 26-36 min, 1% t o  5% THF i n  hexane, 
d )  36-46 min, 5% t o  100% THF i n  hexane, and, 
e )  beyond 46 min, 100% THF. 

With t h i s  g rad ien t  program, very  polar.compounds such a s  g a l l i c  a c i d  w i l l  
e l u t e  from t h e  column. 

. For,  a s e p a r a t i o n  of t h e  n ~ n - ~ o l a r  o r  weakly p o l a r  compounds of ,  a  
HYGAS o i l  sample i n t o  f r a c t i o n s ,  t h e  recommended method i s  a s  follo'ws: 

1.. inject sample i n t o  a  Waters ~Bondapak NH2 column (3.9 mm I D  x 
30 cm) and flow program from 1 t o  4  mL/min wi th  curve 10 ,  a n  
exponent ial- type curve. 

2. Backwash a f t e r . a p p r o x i m a t e l y  25 min t o  remove t h e  p o l a r  compounds. 



I 2 DERIVATIZATION OF POLAR HPLC FRACTIONS 

~ 2.1 INTRODUCTION 

2 . . 2 .1  O b j e c t i v e  

The objective of this part of the study.was. to determine which deriva- 
tizing agents are suitable for derivatizing the polar compounds typically 
found in HYGAS samples to make the compounds more amenable to identification 
by GCIMS. 

2.1.2  Background 

In preliminary analyses by GCIMS, it was found that HYGAS oil samples 
contain a variety of ~ o ~ ~ o u n d s ,  including toluene, the start-up and make-up 
oil, aromatic hydrocarbons, phenols, anilines, pyridines, thiophenes, 
benzonitriles, and PNAs. Direct analysis of the mixture by GC/MS is at best 
difficult for at least two reasons: (1) due to the large number (probably . 

over 400) of compounds present in the mixture, many overlapping peaks occur, 
resulting in mass spectra that are often confusing; (2) capillary~columns 
that give good separation of non-polar compounds are not adequate for the . 

separation of polar compounds. 

In Part I'of this report, a HPLC method was developed in which complex 
mixtures of HYGAS oil samples could be separated into a number of fractions. 
However, many polar compounds in these fractions, such as phenols, anilines, 
and carboxylic acids are either not chromatographable by GC or give excessively . 

broad peaks, frequently with excessive tailings as well. Therefore;in the 
past, identification of -HYGAS, petroleum, and environmental samples has often 
been limited to the non-polar compounds, such as aliphatic and aromatic 
hydrocarbons, PNAs, thiophenes, and benzonitriles, and the polar compounds 
have been neglected. 

Derivatization of the polar compounds appeared to be the simplest and 
most direct approach to making the'polar compounds'more amenable to identifi- 
cation by GCIMS. Of the numerous methods available for derivatizing polar 
compounds, only two, silylation and alkylation, were investigated in this 
study. Many silylating agents are available commercially (Pierce Chemical 
Co., Rockford, IL 61105). Some of these are: 

For trimethylsilyl derivatives, trimethylchlorosilane, hexamethyl- 
disilazane, N,O-bis(trimethylsilyl) acetamide (BSA), trimethylsilyli- 
midazole, and trimethylsilyldiethylamine; 

For dimethylsilyl derivatives, dimethylchlorosilane, tetramethyl- 
disilazane, N,O-bis(dimethylsily1) acetamide, and 

For chloromethyldimethylsilyl derivatives suitable for electron capture 
detectors, . ~hlorometh~ldi~eth~lchlorosilane. 



Of these,silylating agents, N,O-bis(trimethylsily1) acetamide (BSA) 
and Tri-Sil Concentrate, a 2:l mixture of hexamethyldisilazane and trimethyl- 
chlorosilane, were chosen for study in this investigation on the basis of, 
their high reactivity and wide range of reactivity. Of the various alkylating 
agents commercially available, only dime.thylformamide dimethyl acetal (Methyl-8 
Concentrate) was studied in this investigation. 

2.1.3 Derivatisation Method DeveZoprnent 

It was anticipated that the fractions'obtained from an HPLC run on .a 
HYGAS oil sample could be evaporated under nitrogen to dryness. Each of I these fractions could then be taken up in 50 pL of methylene chloride to 
which the derivatizing agent could be added. Alternatively, the. fraction 
could be taken up in pyridine, which is known to be a good solvent for 
silylation. Thus, the procedure tested was to take the residue up in 50'pL 
of methylene chloride or pyridine, add 50 pL of the derivatizing agent, heat 
to 50-60°C for 5-10 min, and inject 3 pL into the GC. A second,run was done . 

in each case 20 hr later to determine if further derivatization had taken 
. place. This procedure was used on 10 standards: three phenolic compounds,~~~. 
phenol, 2,4-xylenol, and 1-naphthol, three carboxylic acids, benzoic acid, ..'' 

phenoxyacetic acid, and 1-naphthalene acetic acid, three amines, aniline-d5,-.. 
2,6-dimethyl aniline, and benzyl amine, and 1 alcohol, benzyl alcohol. 
(2,4-Xylenol, 2,6-dimethyl aniline, and, to a lesser extent, 1-naphthol have, 
hindered.reactive sites and, are, .therefore, excellent standards for testing 
the reactivity of the derivatizing agents.) The total ion count and a specific 
ion count associated with each of the.derivatized.standards was inspected to 
determine whether identification of the derivatized standard could be made. 
As a rule, when the total ion count of a peak falls below 3000 counts, identi- 
fication of a compound becomes difficult.) 

The various procedures were tested at 100 ng/pL concentration per 
standard (50 ng/pL in the derivatized solution and 150 ng/pL on-column based 
on a 3 pL injection). Procedures that appeared to be the most promising were 
then tested at 50, 20, and 10 ng/pL per standard in order to determine the 
lower. limit of detection for each of the 10 standards. 

No attempt was made to determine the actual yield of derivative for 
each standard. 

I 
\ 2.2 EXPERIMENTAL PROCEDURES 

2.2.1 Standard Solutions 

Ten polar compounds were chosen for investigating the derivatization 
procedures. These compounds were obtained from the following sources 
(Table 2.1) : 
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Table.  2 . 1 .  Sources of Standards 

Compound 
Catalog 

Company S p e c i f i c a t i o n  o r  K i t  No. 

Phenol Polysc ience  ' Qua1 170BX 

2,4-Xylenol Polysc ience  Qua1 170BX 

1-Naphthol A ld r i ch  9 9 + %  N199-2 

Bensoic a c i d  Aldr i c  h 99% PO, 947-9 

Phenoxyacet i c  a c i d  Aldr i c h  98 + % 15,851-8 

1-Naphthalene a c e t i c  a c i d  Aldr ich  .99% N380-4 

Aniline-2,3,4,5,6-d 
5 , Aldr i c h  99 + 'atom '% 17,569-2' 

2,6-Dimethylaniline Eas tman - - 1736 

Benzyl. amine Aldr i c h  9 9% 

Benzyl a l coho l  Aldr i c h  99 + % B1,620-8 

Polysc ience  Corp., 8366 Gross Po in t  Road, N i l e s ,  IL 60648 

~ l d r i c h  Chgmical Co., 940 West S a i n t  Paul  Avenue, Milwaukee, W I  53233 

Eastman Kodak Co., Rochester ,  N.Y. 14650 

The s tandard  s o l u t i o n  was prepared a s  fol lows:  . 0.20 g of each of t h e  phenolic  
compounds and carboxyl ic  a c i d s  was placed i n  a 100-mL volumetr ic  f l a s k  and 
methylene c h l o r i d e  (Burdick & Jackson Labora to r i e s  Inc . ,  Muskegon, M I  49442, 
P e s t i c i d e  Qual i ty)  was added t o  g ive  100 mL of a 2 mg/mL/compound s o l u t i o n ,  
which was d i l u t e d  s e v e r a l  t imes t o  g ive  a 200 ng/pL/compound s o l u t i o n .  Simi- 
l a r l y ,  a 200 ng/vL/compound s o l u t i o n  was prepared of t h e  amines and benzyl  
a lcohol .  The two s o l u t i o n s  were combined t o  g ive  a 100 ng/p~/compound 
s o l u t i o n  from which 50, 20, and 10 ng/vL/compound s o l u t i o n s  were prepared.  

2.2.2 Derivatization of Standard So Zutions 

With MethyZene Chloride as Solvent. To 50 uL of t h e  s tandard  s o l u t i o n ,  
50 pL of t he  d e r i v a t i z i n g  agent  (T r i -S i l  Concentrate  No. 49005, BSA No. 38837, 
o r  Methyl-8 Concentrate  No. 49355, products  of t h e  P i e r c e  Chemical Co., 
P.O. Box 117, Rockford, IL 61105) w a s  a d d e d , i n  a v i a l ,  No. 5080-8712, ob ta ined  
from the  Hewlett-Packard, Route 41 ,  Avondale, PA 19311. The v i a l  was sea l ed  
w i t h  a cap, shaken f o r  one minute,  hea ted  a t  50-60°C f o r  5-10 minutes,  and 
cooled t o  room temperature. '  



With Pgridine as  Solvent. The standard solution (50 pL) was added.to 
a vial and a stream of nitrogen was allowed to pass over the solution until 
all the methylene chloride had evaporated. Silylation grade pyridine, 50 pL, 
(No. 27530, Pierce Chemical Co.) was added to the vial along with 50 pL of 
the derivatizing agent. The vial was sealed with a cap, shaken for one minute, 
heated at 50-60°C for 5-10 min, and cooled to room temperature. 

'2.2.3 GC/MS o f  Derivatized Standard Solutions 

. Analyses of the derivatized standard solutions were performed on a 
Hewlett-Packard GCIMS equipped with a 50 my OV-101 capillary column (No. 009- 
7980, Perkin-Elmer Corp., Norwalk, CT 06856). The GC/MS was a 5982A modified 
with a 5830 GC upgraded to a 5840 GC. . The GC was equipped with a modified 
Hewlett-Packard split/splitless Grob-type injection system and splitless ' 

injection with 3 pL was used in the study. Temperature programming of 
20-240°C at 2"Iminute with 2 min hold at 20°C was.employed. For pyridine 
solutions, the start temperature was 80°C. Mass spectra of each of the 
derivatives along with the retention time,are shown in Appendix B. The data 
system was an HP 5934 consisting of a 21MX Computer, 5948A Data Subsystem 
(AID and D/A Converters), 7900 Dual Disc Drive, and a Tektronix 4012 Display 
Terminal. Peripheral equipment included a Tektronix 4631 Hard Copy Unit and 
a Zeta 130-10 Incremental Plotter. 

The parameters used for scanning were as follows: run time, 120 
minutes; mass range, 40-400 AMU; AID conversions, 1; thresholds, 5, 5; and 
mass offset, -0.2. 

2.3 RESULTS AND DISCUSSION 

2.3.1 Determination o f  the  Best Procedure for Derivatization 

In order to determine. the best procedure for derivatization, a solution 
was prepared containing 10 standards at 100 ng/pL each. It consisted of 
three phenolic compounds, phenol, 2,4-xylenol, and 1-naphthol, three carboxylic 
acids, benzoic acid, phenoxyacetic acid, and 1-naphthalene acetic acid, three 
amines, aniline-dg, 2,6-dimethyl aniline, and benzyl amine, and one alcohol, 
benzyl alcohol. (2,4-Xylenol. and 2,6-dimethyl aniline with a highly hindered 
reactive hydroxy and amine and 1-naphthol with a slightly hindered reactive 
hydroxy were chosen because they wou1.d be expected to be difficult to deriva- 
tize.) The derivatizing agent, Tri-Sil Concentrate, BSA, or Methyl-8 Con- 
centrate (50 ~ I L ) ,  was added to 50 pL of each of the standards that were 
dissolved in either methylene chloride or pyridine.. The mixture was heated 
to 50-60°C for 10 minutes and then analyzed by capillary column GCIMS 
immediately and 20 hr later. The following runs were made: 

1. Tri-Sil concentratelmethylene chloride at' 0.5 hr 
2. ~ri-~il' Concentratelmethylene chloride at 20 hr 
3. Tri-Sil Concentratelpyridine at 0.5 hr 
4. BSAImethylene chloride at 0.5 hr 
5. BSA/methylene chloride at 20 hr 
6. BSA/pyridine,at 0.5 hr 



7. Methyl-8 Concentratelmethylene chloride at 0.5 hr 
8. Methyl-8 Concentratelmethylene chloride at 20 hr 

(Runs of Tri-Sil C~ncentrate/~~ridine and BSAIpyridine at 20 hr were not made 
because results from the 0.5-hr runs were not as good as the corresponding 
runs for Tri-Sil concentrate/methylene chloride and ~~Almethylene chloride.). 
The total ion count and selected ion count for these eight runs of each of 
the 10 standards can be found in Tables 2.2 and 2.3, respectively. 

As shown in the tables, Tri-Sil concentrate does effectively derivatize 
the phenolic compounds and benzyl alcohol but is ineffective in derivatizing 
the carboxylic acids or amines. BSA is effective in derivatizing the phenolic 
compounds, the amines, and benzyl alcohol but is ineffective in derivatizing 
the carboxylic acids. Methyl-8 Concentrate is effective in derivatizing the 
carboxylic acids and amines but gives only poor results with the phenolic 
compounds and apparently gives a non-chromatographable product with benzyl 
alcohol. However, with amines, the products were N,N-dimethyl formamidines 
rather than the expected methylated derivatives. These derivatives were 
easily identifiable by mass spectrometry and had very low limits of detection. 
It can also be seen that there is no distinct advantage in allowing the 
derivatized solution to stand at room temperature overnight. Relative ratings 
of these derivatization procedures for the four types of compounds are shown 
in Table 2.4. 

2.3 .2  Determination of Lower Limit of Detection 

From the results in the preceding tables, it appears that two procedures 
for derivatization are required because the silylating agents do not derivatize 
carboxylic acids (at least, at these low concentrations) and Methyl-8 Concen- 
trate is not useful for phenolic compounds or alcohols. It was decided 
therefore to investigate BSAImethylene chloride and Methyl-8 Concentrate 
further. Thus, runs in methylene chloride were made with the 10 standards 
at concentration levels of 100, 50, 20 and 10 ng/pL per standard spectra 
could be obtained. The total ion and selected ion counts for these experiments 
are shown in Table 2.5. From these results and by inspection of the mass 
spectra of the derivatized standards, estimated detection limits were deter- 
mined as shown in Table 2.6. It can be seen that BSA is usefu'l as a deriva- 
tizing agent for phenols and alcohols and Methyl-8 Concentrate for carboxylic 
acids and amines. Moreover, neither derivatizing agent by itself is acceptable 
for the whole range of polar standards. 

With the use of derivatization, one has to ascertain whether a specific 
compound was or was not actually in the mixture before derivatization. In 
the case of silylation, no ambiguity exists, since trimethylsilyl compounds 
do not occur naturally. With the use of Methyl-8 Concentrate, however, the 
N,N-dimethyl formamidines do not pose a problem, but the methyl esters formed 
from the carboxylic acids can do so. In such cases, Tri-Deuter-8, the 
deuterated analog of Methyl-8 Concentrate, can be used. 

The methods described herein can be said to be fairly foo1proof;easy- 
to-perform methods for the analysis of polar compounds. For example, the 
detection limits could be decreased by working with smaller quantities of 
materials in cone-shaped vials; however, this method would involve somewhat 



Table 2.2. Total Ion Count of Peaks of Ten Derivatized Polar Compounds (50 ng/pl/compound); Derivatizing 
Agents:' Tri-Sil Concentrate, BSA, and Methyl-8 Concentrate 

~ o t a i  Ion Count of Peak ( i n  Thousands) 
. Tr i -S i l  T r i -S i l  Methyl-8 . Methyl-8 

Concentra te /  Concentrate/  T r i -S i l  BSA/ BSA/ concen t r a t e /  concen t r a t e /  
Yethylene Methylene Concentra te /  Methylene Methylene BSA/ Methylene' Methylene 

Chlor ide  Chlor ide  Py r id ine  Chlor ide  Chlor ide  Py r id ine  Chlor ide  Chlor ide  
. Compound . (0.5 h r )  (20 hr)  (0 .5  h r )  (0.5 h r )  (20 h r )  (0.5 h r )  (0.5 h r )  . (20 h r )  

Phenol 9  7  94 5  5 127 100 54 8  8  

Benzoic a c i d  

-- -- -- -- -- Phenoxyacet i c  a c i d  , -- 18 2  5  

' 1 - ~ a p h t h a l e n e  a c e t i c  .ac id  -- -- -- - - -- -- 14 14 

Aniline-d -- -- 3 6  8 3  105 4  2  57 ' 60 
5 

2,6-Dimethyl a n i l i n e  -- - - 10 25 23 9 .  36 56 

Benzyl amine T T -- 11 5 3  17 3  3  NM 

Benzyl a l coho l  103 98 8 6  100 60 -- -- 

. . 
T Trace 

I I n t e r f e r i n g  peak prevented determinat ion  of t o t a l  ion  count 

NM Not measurable 

-- Not found'  . . 



Table 2.3. selected' Ion Count of Peak of Ten Derivatized Polar Compounds (50 ng/~L/compound) ; Derivatizing 
Agents, Tri-Sil Concentrate, BSA, Methyl-8 Concentrate 

S e l e c t e d  Ion Count of  Peak 

b b 

U U $ Q  T r i - S i 1  T r i - S i l  Methjrl-8 Methyl-8 
2 ,  5 7 5 Concent ra te1  Concent ra te1  T r i - S i l  BSA/ BSAI C o n c e n t r a t e l  C o n c e n t r a t e 1  
" m m Methylene Methylene C o n c e n t r a t e 1  Methylene !!ethylene BSA/ Methylene Methylene = C: .2 =7 2.2 
C V - I U  e u h  C h l o r i d e  C h l o r i d e  P y r i d i n e  C h l o r i i e  C h l o r i d e  P y r i d i n e  C h l o r i d e  C h l o r i d e  

Compound O ~ Q  O Q ~ I  (0.5 h r )  (20 h r )  (0 .5  h r )  ( 0 . 5  h r )  (20 h r )  ( 0 . 5  h r )  (0.5 h r )  (20 h r )  
H k C  Y Y C  

Phenol 1 5 1  108 44159 41121 27570 38325 34209 22793 2690 2758 

2,4-Xyledol 194 136 11347 10613 . ' 7100 8133 11049 5925 1299 6340 

1-Naphthol ' 216 158 13665 12176 10556 8397 1 2 4 i 0  3359 985 -- 

Benzoic a c i d  -- 105 -- -- -- -- -- -- 17381 17068 

Phenoxyacet i c  a c i d  -- 107 -- -- -- -- -- -- 5181 6862 

-- 1-Naphthalene a c e t i c  a c i d  -- 141 -- -- -- -- -- 6913 6654 

Anil ine-d5 ' ' 155 153 -- -- 16505 346e4 50067 19254 . 1084 5 11929 

2,6-Dimethyl a n i l i n e  178 132 -- -- . 2362 5941 6391 902 5461 10554 

Benzyl amine 135 162 350 298 . -- 1702 14816 '4751 5606 N M '  

Benzyl a l c o h o l  135  -- ,22099 20640 7288 15487 19401 12008 -- -- 

. , 

NM Not measurab le  

-- Not found 



Table 2.4. Relative Ratings (Poor, Fair, and Good) of Derivatization Methods Investigated 

T r i - S i l  Tr  i-S il ' Methyl-8 Methyl-8 
BSA/ C o n c e n t r a t e l  C o n c e n t r a t e l  T r i - S i l  BSAI ' C o n c e n t r a t e l  C o n c e n t r a t e l  

Methylene Methylene C o n c e n t r ~ t e l  Xethylene  Methylene BSA/ Methy l e n e  Methylene 
C l a s s  of  . C h l o r i d e  Ch lo r ide  ' Pyr i d i n e  Ch lo r ide  Ch lo r ide  P y r i d i n e  Ch lo r ide  C h l o r i d e  
Compound (0 .5  h r )  (20. h r )  ( 0 . 5  h r )  (0 .5  h r )  (20 h r )  . (0 .5  hr.) (0 .5  h r )  (20 h r )  

Pheno l s  GOOD GOOD GOOD GOOD GO OD FAIR FAIR FAIR 

Ca rboxy l i c  Ac id s  -- 

Amines . 

-- - - -- - - ' FAIR TO FAIR TO 
GOOD GOOD 

POOR POOR TO FAIR TO POOR TO . FAIR TO. FAIR TO 
GOOD GOOD . GOOD GOOD GOOD 

Alcoho l s  GOOD GOOD POOR GOOD GOOD FAIR -- -- 

Note: Methyl-8 Concen t r a t e  d e r i v a t i v e s  were r a t e d  somewhat h i g h e r  because  of  easy  i d e n t i f i c a t i o n  and f a v o r a b l e  peak shape .  



Table 2.5. Total Ion Count and Selected Ion Count of Derivatized Polar Compounds as a Function of 
Concentration; Derivatizing Agents: BSA and Methyl--8 Concentrate 

- - 

BSA Elethyl-8 BSA Plethyl-8 BSA Uethyl-8 BSA Methyl-8 
Compound 100 ng/uL 100 ng/uL 50 'ng/uL. 50 ng/uL 20 ng/uL 20 ng/uL 10  ng/uL 10 ng/uL 

Phenol 

2.4-Xylenol 

1-Naphthol 

Benzoic a c i d  -- -- 38662 (17381) -- -- 12644 (5550) -- -- 5955 (2792) -- .-- 2854 (1180) 

Phenoxyacetic a c i d  - -- 17980( 5181) -- -- 9925(2872) -- -- 3805 (1203) -- -- 1409( 413) 

1-Naphthalene a c e t i c  a c i d  -- - - 13838( 6913) -- -- 6098(3266) -- -- 2056(1098) -- -- 1365( 679) 

. . W 

82936(34684) 56876(10845) 35559(1678&) 23950(4323) - 11170(5045) 1(3510(1340) 4085(1895) 4826( 850) 
h) 

Aniline-d5 

2,6-Dimethyl a n i l i n e  24944(59411) 35903( 5461) ' NM ( 132) 8637(1736) - -- 5765(1178) -- -- 2906( 529) 

Benzyl amine . 7859( 1702) 33288( 5606) -- ( 874) 17114(2698) -- ( 1 8 1  6767(1233) -- ( 239) 2587( 558) 

Benzyl a i c o h o l  . 85833(34684) -- -- 54163(10612) -- -- 18620(3833) -- -- 8696(1645) -- -- 

(1)  Ions  used a r e  shown i n . T a b l e  

NM 'Not measurable 



Table 2.6 E s t  imated Minimum Concentration ( ~ e t e d t i o n  Limit) of 
Polar  Compounds Required f o r  Deri 'vat izat ion and 
I d e n t i f i c a t i o n  by Cap i l l a ry  Column GC/MS; ' ~ e r i v a t i z i n ~  
Agents : BSA and Methyl-8 concentratea 

Estimated Detect ion Limit (ng/uL) 
, Compound BSA - Methyl-8 

Phenol < l o  50-100 

Benzoic ac id  > 10-20 

Phenoxyacetic a c i d  , > 20 

1-Naphthalene a c e t i c  a c i d  > 20 

2,6-Dimethyl. a n i l i n e  100 1 0  

Benzyl m i n e  100 10  ' 

Benzyl a lcohol  : . < l o  > 

aAn es t ima te  i s  based not  only on a lower l i m i t  of 5000 counts  
f o r  t h e  t o t a l  ion  count of t h e  peak, s i n c e  mass ' spec t ra ' can  
t y p i c a l l y  be i n t e r p r e t e d  when t h e r e  a r e  a t - l e a s t  3000 t o .  
5000 counts ,  but a l s o  'on v i s u a l  inspect lon  of s p e c i f i c  spec t ra  
of der iva t . ives  t h a t  have approximately 5000 counts  

> Ind ica tes  g r e a t e r  than t h e  h ighes t  concentra t ion  measured, 
t h a t  is, 100 n g / p ~  



intricate procedures that could possibly lead to errors due to contamination. 
It can be said further that by modifying the procedures or substituting 
other derivatizing agents, one might be able to achieve more sensitivity or 
more easily identifiable mass spectra. However, the methods described herein 
do work well and are fairly simple. The hindered phenols, 2,4-xylenol and 
1-naphthol, and the hindered amine, 2,6-dimethyl aniline, also can be deter- 
mined at fairly low levels. 

2.3.3 Recommended Method 

Based on the results achieved in this part of the study, it appears 
that: 

1. No one silylating or alkylating agent is capable of derivatizing 
the whole spectrum of polar compounds. 

2. The preferred silylating agent is BSA and the preferred alkylating 
agent is Methyl-8 Concentrate except where there is ambiguity as 
to the source of the derivatized products. In such cases, the 
deuterated analog of Methyl-8 Concentrate, Tri-Deuter-8, should 
be used. 

3. There is no advantage in allowing the derivatized solution to 
stand for 20 hr. 

Thus, the recommended method for derivatization of polar compounds 
from HYGAS oil samples is as'follows: 

1. Evaporate each fraction from,the HPLC to dryness under a stream 
of nitrogen. 

2. Take up the residue in 100 pL of methylene chloride. 

3. Split the.100 pL solution into two 50 pL solutions and place in 
' two vials sealable with caps. 

4. .Add 50 pL of BSA to one vial and 50 p~ of Methyl-8 Concentrate 
(or Tri-Deuter-8) to the other vial. 

5. Seal each viai with a.cap and heat to 50-60°C for 5-10 min. 

6. Perform capillary column (splitless) GC/MS analysis on each 
derivatized solution. (The starting temperature of the programmed 
run would be 20°C.) 

The preceding method is for the polar HPLC fractions of HYGAS oil 
samples. However, for the initial nonpolar HPLC fraction of HYGAS oil samples, 
there is no need to derivatize. Moreover, this fraction (Fraction 1) contains , 

predominantly toluene, which is difficult to remove. Therefore, the recom- 
mended method for analyzing this fraction is.as follows: 



1. Evaporate the nonpolar HPLC fraction with a stream of nitrogen 
to remove the low-boiling solvents used in the HPLC run to give 
a tol.tiene solution of the notlpolar compounds. 

2. Perform capillary column' (split'less) GC/MS analysis of the 
toluene solution of the nonpolar compounds. (In this case, 

. the starting temperature of the programmed run would be 
approxima~ely 90°C. ) 

2.4 SUMMARY AND CONCLUSIONS 

An investigation was undertaken to determine suitable agents for 
derivatizing the polar compounds typically found in HYGAS samples so that 
these compounds would be more amenable to identification by GCIMS. Of the 
silylating and alkylating agents investigated, no one by itself is capable 
of derivatizing the whole spectrum of compounds. The preferred silylating 
agent was BSA, which-was effective for phenols and alcohols, and the pre- 
ferred alkylating agent was Methyl-8 Concentrate, which was effective for 
carboxylic acids and amines. The lower limit of detection by capillary , 

column GCIMS was in the range of less than 10-20 ng/pL of polar compound. 
' 



3 TESTING OF THE METHOD ON A HYGAS OIL SAMPLE 

3.1 INTRODUCTION 

I n  P a r t  1 of t h i s  r e p o r t ,  an HPLC method was descr ibed  f o r  s e p a r a t i n g  
HYGAS o i l  samples i n t o  f r a c t i o n s .  I n  P a r t  2, methods were presented  f o r  
d e r i v a t i z i n g  t h e  p o l a r  compounds, phenols ,  ca rboxy l i c  a c i d s ,  amines, and 
.alcohols.  I n  t h i s  p a r t  of t h e  r e p o r t ,  a HYGAS o i l  sample w a s  s epa ra t ed  i n t o  
f r a c t i o n s  by HPLC and some of t h e  p o l a r  f r a c t i o n s  were d e r i v a t i z e d  and analyzed 
by c a p i l l a r y  column GC/MS t o  determine whether t h e  s e p a r a t i o n  and der iva-  
t i z a t i o n  methods had ' s imp l i f i ed  i d e n t i f i c a t i o n  of t h e  c o m ~ l e x  rnixtures of 
HYGAS o i l  samples. 

I 3.2 EXPERIMENTAL PROCEDURES 

8~-i 

3.2.1 HYGAS O i l  Sample 

. The'HYGAS o i l  sample (72/H/G/0/3), whose d e s c r i p t i o n  can be found i n  
Appendix A,  was f i l t e r e d  wi th  a sample c l a r i f i c a t i o n  k i t  (Waters Assoc ia tes  
I n c . ,  Mi l ford ,  MA 01757) t o  remove unreacted coa l .  

3.2.2 S o l v e n t s  

For the  mobile phase i n  t h e  HPLC run,  Waters s o l v e n t s  were used. They 
were hexane (No. 84911) and THF (UV) (No. 94801). Where low concent ra t ions  
of THF i n  hexane were used, such a s  1 and 5%, the  s o l v e n t s  were premixed . 
because so lven t  g r a d i e n t s  a t  low conccn t r a t ions  l ead  t o  t h e i r  being mixed 
e r r a t i c a l l y .  The. methylene c h l o r i d e  used a s  a so lven t  f o r  d c r i v a t i z a t i o n  
i s  t h e  Burdick & Jackson p e s t i c i d e  q u a l i t y  (Burdick & Jackson Labora to r i e s  
Inc . ,  Muskegon, M I  49442). 

3.2.3 Equipment 

The HPLC equipment was t h a t  of Waters, Inc . ,  c o n s i s t i n g  of two 6000A 
Solvent  Del ivery  Systems, a 660 Solvent  Programmer, u . 6 ~  Universa l  Liquid 
Chromatograph I n j e c t o r ,  440 Absorbance Detector  (UV), and a ~Bondapak CN 
(No. 84042) column. UV Detec t ion  was a t  254 nm. 

The flow r a t e  o f . e a c h  pump was determined by measuring t h e  volume of .  . . 

so lven t  a t  exhaust  w i t h  a s top  watch, a f t e r  which adj.ustments were made t o  
g ive  t h e  des i r ed  flow. 

Analyses of t h e  f r a c t i o n s  were performed on a Hewlett-Packard GC/MS 
equipped wi th  a 50-m OV-101 c a p i l l a r y  column (No. 009-7980, Perkin-Elmer 
Corp., Norwalk, CT 06856). The GC/MS was a 59828 modified wi th  a 5830 GC 
upgraded t o  a 5840 GC. The GC was equipped wi th  a modified Hewlett-Packard 
s p l i t / s p l i t l e s s  Grob-type i n j e c t i o n  system, and s p l i t l e s s  i n j e c t i o n  wi th .  
3 vL was used i n  t h e  s tudy.  Temperature programming, 20-240°C a t  2O/min 
wi th  2-min hold a t  20°C, was employed. Mass s p e c t r a  of some of t h e  compounds 



found a r e  shown i n  Appendix C.  The d a t a  system was an HP 5934 c o n s i s t i n g  of 
a  21MX Computer, 594811 Data Subsystem (AID and D/A Conver te rs ) ,  7900 Dual 
Disc Drive,  and a Tektronix 4012 ~ i & l a ~  Terminal. P e r i p h e r a l  equipment 
included a  Tekt ronix  4631 Hard Copy Unit  and a  Zeta 130-10 Incremental  P l o t t e r .  

The parameters used f o r  scanning were a s  fol lows:  run time, 120 min; 
mass range,  40-450 AMU; A I D  conversions,  1; th re sho lds ,  5 ,  5 ;  and m a s s . o f f s e t ,  
-0.2. 

3.2.4 Determination of the Flow Time Between the UV Detector and Outlet o f  
the HPLC 

To determine t h e  time l a g  between UV d e t e c t i o n  of a  peak and t h e  o u t l e t  
of t he  HPLC, a  s o l u t i o n  of benzoic a c i d  i n  THF was i n j e c t e d  onto t h e  ~Bondapak 
C N  column and 10-sec f r a c t i o n s  were taken a f t e r  t h e  i n i t i a l  appearance of 
t h e  peak. The f r a c t i o n s  were evaporated t o  dryness  under a  s t ream of n i t r o g e n  
and allowed t o  s tand  a t  room temperature.  The approximate s t a r t  of a  peak 
could then  be determined by looking f o r  t h e  presence of benzoic ac id .  Having 
determined t h e  approximate l a g  t ime,  t he  experiment was repea ted  a t  5- and 
2-sec i n t e r v a l s .  The l a g  time was found t o  be approximately 20 s e c  a t  a  flow 
r a t e  of 2  mL/min. 

3.2.5 HPLC Separation of HYGAS O i l  Sample in to  Fractions 

To determine t h e  approximate time a t  which f r a c t i o n s  should be taken 
and make c e r t a i n  t h a t  cond i t i ons  f o r  s e p a r a t i o n  i n t o  f r a c t i o n s  were s a t i s -  
f a c t o r y ,  a n  i n i t i a l  HPLC run  wi th  100 pL o f .  HYGAS o i l  sample and a . f l o w  r a t e  
of 2  mL/min was undertaken under t he  fol lowing cond i t i ons :  

0-16 min, ' 100% hexane, 0% THF' 
16-26 min, 0-1% THF i n  hexane, l i n e a r  ,(curve 6)  g rad ien t  
26-36 min, . 1-5% THF i n  hexane, l i n e a r  (curve 6)  g rad ien t  
36-46 min., 5% THF i n  hexane t o  100% THF; l i n e a r  (curve 6)  g r a d i e n t  
.46-60 min, 100% THF, 0% hexane 

The run was then  r epea t ed ,  a f t e r  washing t h e  column a t  l eng th  wi th  THF 
under t h e  same cond i t i ons ,  and f r a c t i o n s  were c o l l e c t e d  as shown i n  Fig. 3 .1  
and a s  fo l lows  (with a  time l a g  of 20 s e c ) :  

F rac t ion  Time (Min) 

1 : 1.8-9.4 , ' 

2 9.4-13.4 . 

3 '13.4-21.5 
4 21.5-28.7 
5 28.7-33.0 
6 33.0-40.2 
7 40.2-49.0 

Each of t h e  f r a c t i o n s  was evaporated t o  d ryness ,unde r  a  s t ream of 
n i t r o g e n  and, wi th  t h e  except ion  of F r a c t i o n  1, the  nonpolar o r  weakly p o l a r  
f r a c t i o n ,  was . taken  up i n  approximately 200 pL of methylene c h l o r i d e  and 
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Fig.  3.1. HPLC Separa t ion  i n t o  Seven F rac t ions  of HYGAS 
O i l  Sample; Approximately 2.2 AUFS 

s p l i t  and placed i n t o  two v i a l s  (No. 5080-8712, Mewlett-Packard, Route 41, 
Avondale, PA 19311). The 100 pL s o l u t i o n s  i n  each v i a l  were then  evaporated 
under a s t ream of n i t r o g e n  t o  50 pL a f t e r  which 50 pL of t he  d e r i v a t i z i n g  
agen t ,  BSA o r  Methyl-8 Concentrate ,  was added. The v i a l  was sea l ed ,  shaken, 
heated t o  50-60°C f o r  5-10 min, cooled,  and 3 pL of s o l u t i o n  was i n j e c t e d  
i n t o  t h e  GC column. I n  t h e  case  of F rac t ion  1, t h e  r e s i d u e  was taken up i n  
200 VL of methylene c h l o r i d e ,  t r a n s f e r r e d  t o  a v i a l ,  evaporated t o  50 pL 
under a s t ream of n i t rogen ,  and 3 pL was i n j e c t e d  onto the  GC column. 

3.2.6 Mass Spectral Interpretation 

I n t e r p r e t a t i o n  of t h e  d a t a  was done by in spec t ing  t h e  mass spectrum of 
each peak o r  shoulder  and by gene ra t ing  and in spec t ing  &ssgrams. Mass s p e c t r a  
of s e l e c t e d  compounds found i n  t h e  HYGAS o i l  sample a r e  shown i n  Appendix C .  

3.3 RESULTS AND DISCUSSION 

3.3.1 HPLC Separation of HYGAS 052 Sample in to  Fractions 

A 100 pL sample of p r e f i l t e r e d  HYGAS o i l  sample was i n j e c t e d  i n t o . t h e  
HPLC wi th  a ~Bondapak CN a s  t h e  column wi th  a flow r a t e  of 2 &/min. The 



gradient program was as follows: 

0-16 min, 100% hexane, OX THF 
16-26 min, 0-1% THF in hexane,' linear gradient 
26-36 min, 1-5% THF in hexane, linear gradient 
36-46 min, 5% THF in hexane to 100% THF, linear gradient 
46-60 min, 100% THF, 0% hexane 

Seven fractions were collected at the following intervals, as shown 
in Fig. 3.1: 

Fraction Time (Min) 

No attempt was made to collect a fraction before 1.8 min, which would contain 
predominantly alkanes. 

3.3.2 Derivatization of the Fractions 

In this limited study, Fractions 2, 3, and 4 were derivatized with 
BSA, a silylating agent, Fraction 3 with Methyl-8 Concentrate, an alkylating 
agent, and Fraction 4 with Tri-Deuter-8, an alkylating agent. Fraction 1, 
the nonpolar or weakly polar fraction, was not derivatized. Fractions 5, 6, 
and 7 were not investigated at this time. 

3.3.3 Capillary Colwrm GC/MS Investigation.of the Fractions 

A portion of a typical total ion chromatogram of one of the derivatized 
fractions is shown in Fig. 3.1. Peaks are sharp and resolution is good. 
Poor peak shape is due to overlapping of peaks. This particular fraction 
(Fig. 3.2) contains a variety of hydroxy aromatic compounds that would not 
be chromatographable under normal conditions without derivatization. It is 
noteworthy that, even with fractionation of the original HYGAS oil sample, 
the capillary column GC/MS total ion chromatogram is still complex, indicative 
of the several hundred compounds in the HYGAS oil sample. 

In order to determine how well the separations had taken'place, an 
analysis of the derivatized fractions was undertaken. The identification 
and total ion count (in thousands) of the BSA derivatized compounds in 
Fractions 2, 3, and 4 is shown in Tables 3.1-3.3. A summarized table 
(Table .3.4) permits comparisons of these fractions. The retention time 
ranges are shown in Fig. 3.3. Surprisingly, these fractions contain not 
only some alkylated phenols but also some higher hydroxy PNAs, which have 
not been reported previously. By careful inspection of the spectra and. 
retention times for these three fractions, only a small overlap of compounds 
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Fig. 3.2. Portion of Total Ion Chromatogram of 
Fraction 4, Derivatized with BSA 
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Fig. 3.3. Retention Time Ranges of Some Phenols and Hydroxy PNAs, 
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Table 3 . 1 .  Tentat;ive Ident i f icat ion and ,Total Ion Count ( i n  
: .  . 

. . thousands)' of Compounds' '.(as TMS  ether,^) in  Fraction 2 

Hydroxy- 
s tyrenes  

c1 c2 .  c3 c4 

Reten- 
t i o n  
( )  

Hydroxy- 
indenes 
c2 c3 

Phenols 
c2 c 3 .  c4 c5 

Hydroxybenzo- I Hydroxy- 
thiophenes 

c 2 I biph;:yls 

T Trace 



� able' 3 . 2 .  T e n t a t i v e  1dent.if i c a t i o n  and T o t a l  Ion  Count 
( i n  thousands) of Compounds ( a s  TMS e t h e r s )  
i n  ~ r a c t i o n  3  

T Trace 

(E) Estimated due t o  overlapping penks 



Table 3.3. Tenta t ive  I d e n t i f i c a t i o n  and Tota l  Ion Count ( i n  thousands) of 
Compounds (as  TMS e t h e r s )  i n  Frac t ion  4 

T Trace 

(E) Estimated due  t o  overlappfng peaks 

Reten- 
tion 
(min)  

41.7 
45.8 
46.2 
50.9 
51.2 
51.9 
53.0 
53.4 
54.6 
59.7 
61.3 
61.8 
62.6 
63.4 
64.1 
64.3 
65.2 
65.7 
66.2 
67.0 
67.3 
68 . 3  
68.5 
70.1 
71.1 
71.8 
72.2 
73.7 
74.0 
74.2 
75.1 
76'.2 
76.8 
77.2 
77.7 
78.2 
78.6 
79.3 
80.0 
80.4 
80.8 
81.3 
81.5 
81.8 
82.4 
82.7 
83.0 
83.2 
83.4 
83.6 
83.8 
84 .5  
84.8 
85.0 
85.2 
85.6 
85.8 
86.0 
86.2 
86.4 
86.7 
87.0 
87.4(2) 
87.7 
88.3 
88.5 
89.3 
89.0 
90.1 
90.3 
91.0 
91.9 
92.5 
93.0 
93.5 
93.7 
94.9 
96.1 
99.7 

100.1 
101.0 

Hydroxy- 
biphenyls  

Co C1 C* C3 

Hydroxy- 
f l uo renea  
Co Cl 

Phenols 
Co C1 C2 

T 
T 
T 

T 
T 
T 

T 

. 

' . 

. , 

. . 

\ .> 

Naphthols 
Co Cl. C2 C3 

89  

279 

. 

22(8) 

2 5 
. . 

39 
186 

38 
T 

6 .  

T 

T 
2 5 0 3  

7 

5 
17 

3' 
. 

ao 

a -  

T 

I 
. . 

..: . I 

Hydroxy- 
s t y r e n e s  

Co Cl C2 C3 C4 . , 

11 

T 
6 
5 
6 

T 

3 

T 

, . 

. 

Hydroxybenzo- 
thiophenes 

Co Cl C2 C3 

19 

43  

67 
23 

5 
22(E) ' 

28 
5 .  

22 m 

1 0  

T 
. 11 

. , T - T 

T 

6 
7 

T 

T 

6 

, 

3. . 

. - 
56 

15(E) " 

s .  

. . 

22 

2 6 

3 

1 0  
' 1 3  

12 
18  

l l ( E ) l l ( E )  
T 

13(E) 
9(E) 9(E) 

Hydroxy- 
indenes 
Co C1 

T 

14 
1 6  

6 

. . 

l l ( E )  

15 
13(E) 

9(E) 
T 
T 
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. . Table  3.4 Summary of Tables  3.1, 3 .2 ,  and 3.3 Allowing Comparisons of T o t a l  Ion Count 
( i n  thousands) of ' Clas se s  of  Compounds Versus F rac t ion  

F r a c t i o n  F rac t ion  
Type of Compound 2 3 4 Type of Compound 2 3 4 

Phenols Naphthols 

84(8) 255(7) - C t+ Hydroxybenzot hiophenes 
17 (2) c 5 9 (3 )  - . . 

co - - 152 (4) a 

15(3)  92(6) * 
Hydroxys t y r e n e s  C 1 

C 2 4 (2) 23(5) 42(10) . - - 
C o .  . . 13(2)  C J - - 3(1)  
C1' 27 (1) 97 (3) 19 (4) 
c P 144 (8) 154 (7) 19 (7) Hydroxybiphenyls 
C 3 80(15) . 77(13) 3(1) - - c 0 C c 14 (2) 8 ( 4 ) .  2(1) '  . C1 . - 30(5) lO l (7 )  

71(2) 

Hydroxy indenes 



was found in certain instances, that is, compounds appearing in two adjacent 
fractions. By inspection of the total ion chromatograms and massgrams, there 
appears to be over three hundred of these phenolic-like compounds! This 
estimation does not include the higher hydroxy PNAs for which the chromato- 
graphic conditions were not suitable. 

It is interesting to note that, as expected, the more highly alkylated 
compounds appear in the earlier fractions, since they are relatively more 
nonpolar than the less highly alkylated compounds. Fraction 2 contains pre- 
dominantly the more alkylated phenols and hydroxystyrenes; Fraction 3 contains 
large quantities of partially alkylated phenols, hydroxystyrenes, hydroxy- 
indenes, and naphthols; and Fraction 4 contains the parent hydroxy aromatic 
compounds along with some partially alkylated derivatives. 

The presence of a variety of alkylated phenolic-like compounds in 
Fraction 3 (Table 3.5) was verified in the sample derivatized with Methyl-8 
Concentrate. Some C2 and Cg-pyridines were found as well. Pyridine and 
picolines could not be identified because the by-products of the derivatiza- ' 

tion interfere with the detection of these compounds. (This condition applies 
to silylation with BSA.) No anilines or carboxylic acids were found in 
Fraction 3; these compounds probably occur'in later fractions. 

Verification of the presence of a variety of phenolic-like PNAs in 
Fraction 4 was found in the Tri-Deuter-8 derivatized sample (Table 3.6). 
However, by-products of the derivatization interfere with the determination 
of lower boiling compounds. 

As expected, Fraction 1 contains a variety of the weakly polar PNAs 
as shown in Table 3.7. Alkyl benzenes were missing, apparently because of 
workup conditions. (Evaporation of the sample to 100 VL of toluene, rather 
than to dryness, would probably prevent the loss of the alkyl benzenes.) 
The higher PNAs were also missing, due to the chromatographic conditions,. 

3.3.4 ProbZems with the Analysis and Modifications that  Might Lead t o  
Better Analysis 

Although only a limited study'of the HYGAS oil sample was undertaken, 
a few minor problems seem to be associated with the procedures outlined 
in parts 1 and 2 'of this report. These problems are due in part to the 
complexity 0.f HYGAS oil samples wherein there is a wide range of boiling 
points and polarities of compounds in the mixture. 

With respect' to Fraction 1, evaporation of toluene results in the loss 
of the lower alkyl aromatics.' (With a higher temperature pro,gram or shorter 
column, the higher PNAs would elute from the column.) In regard to the other 
fractions, a split of each fraction into three parts would allow derivatization 
with BSA and Methyl-8 Concentrate, along with the possibility of injecting 
the sample "as is" to detect'the underivatized pyridines and sulfides. A 
higher temperature program also tiould permit identification df the higher 
hydroxy PNAs. Finally, the total ion chromatogram of Fraction 4 contains too 
i n y  oierlapping peaks so that 'further separation by slowing down the gradient 
is warranted. 



Table 3.5. . A ' p a r t i a l  L i s t i n g  of ~ e n t a t i v e  I d e n t i f i c a t i o n s  
of Compounds i n  t h e  Methyl-8 concent ra ted  
~ e r i v a t i z e d  F rac t ion  3 

Retent ion Time 
(Minutes) T e n t a t i v e  1 d e n t i £ i c a t i o n a  

Aniso le  
L u t i d i n e  
Methyl a n i s o l e  
Methyl a n i s o l e  
Hydroxystyrene, methyl e t h e r  
C -Anisole 

. 8 2 
C2-Anisole 
C -Anisole 2 
C -Anisole .  2 
C -Anisole 

2 
C3-Anisole 
C -Anisole 

3 
C -Anisole 3 
C -Anisole 

3 
C Aniso le  

3- 
C -Anisole 

3 
~ ~ - ~ n i s b i e  
C4-Anisole 
C -Anisole 4 
Methyl hydroxystyrene, methyl e t h e r  
Methyl hydroxystyrene, methyl e t h e r  
c4-Ani&ole 
C4-Anisol e 
Methyl hydroxystyrene, methyl e t h e r  
C Hydroxystyrene, methyl e ther ,  2 - 
C -Hydroxystyrene, methyl e t h e r  2 
C Anisole  

5- 
C5-Anisol e 
C -Hydroxystyrene, methyl e t h e r  

2 
C -Hydroxystyrene, methyl e t h e r  

3 
C Hydroxystyrene, -methyl e t h e r  3- 
C -Hydroxystyrene, methyl e t h e r  

3 
C -Hydroxystyrene,:methyL e t h e r  

3 Methyl methoxynaphthalene 
Methyl methoxynaphthalene 
C2-Methoxynaphthalene 

. C  -Methoxynaphthalene 
2 

. C -Methoxynaphthalene 2 
C2-Methoxynaphthalene 
C,-Methoxynaphthalene 

a ~ h i s  r e p r e s e n t s  on ly  a l i s t i n g  of '  compounds 

. . . . 
i n  t h e  Methyl-8 Concentrate  d e r i i a t i q e d  ~ r a c t  i.on 3. 



Table 3.6. A Partial Listing of Tentative Identification 
of Compounds in the Tri-Deuter-8 Derivatized 
Fraction 4 

R e t e n t i o n  Time 
(Minutes)  T e n t a t i v e   denti if i c a t i o n a  

68.7 Hydroxybenzothiophene, methyl-d3 e t h e r  

73.8 Methyl hydroxybenzothiophene,  methyl-d3 e t h e r  

74 .0  Methyl n a p h t h o l ,  methyl -d j  e t h e r  

75 .1  .. Methyl n a p h t h o l ,  methyl-d3 e t h e r  

78 .1  - , Hydroxybiphenyl ,  methyl-d3 e t h e r  

.79.2 Hydroxybiphenyl ,  methyl-d3 e t h e r  

82 .0  C -Naphthol ,  methyl-d3 e t h e r  
2 

83 .6  C1-Hydroxybiphenyl, methyl-d3 e t h e r  

83 .9  C -Hydroxybiphenyl,  methyl-d3 e t h e r  1 
85 .0  . C1-Hydroxybiphenyl, methyl-d3 e t h e r  

86.7 C Hydroxybiphenyl ,  methyl-d3 e t h e r  
1- 

87 .0  . C -Hydroxybiphenyl,  methyl-d3 e t h e r  ' 
1 

8 7 . 5  , C1-Hydroxybiphenyl, methyl-d3 e t h e r  ' 

89 .0  C2-Hydroxybiphenyl, methyl-d3 e t h e r  

91.8 ' C -Hydroxybiphenyl,  methyl-d3 e t h e r  
2 

92 ..7 C,-Hydroxybiphenyl, methyl-d, e t h e r  

a ~ h i s  r e p r e s e n t s  o n l y  a p a r t i a l  l i s t i n g  o f  compounds 
i n  t h e  Tri-Deuter-8 d e r i v a t i z e d  F r a c t i o n  4.  

3 . 3 . 5  Recommended Modifications for the AnaZyticaZ Method 

Although the modifications,alluded to in the previous section may 
make the analysis of HYGAS oil samples unduly.complicated, it must be 
remembered that HYGAS oil samples contain such a wide variety of compounds 
that analysis must involve several procedures. The major problems in the 
present analytical scheme are: 

1. Analysis of higher boiling PNAs is not possible with the 
present temperature program or chromatographic,conditions. 

2. Under the preparative conditions used for '~raction 1, 
certain lower boiling aromatic compounds are lost. 

3 .  Certain lower boiling pyridines and sulfides cannot be 
detected due to derivatization by-products. 

Thus, the modifications or additions to the procedures outlined in parts 1 
and 2 of this report are: 

1. Run all fractions, including those derivatized, on both 
a 50-meter OV-101 column and a 20-meter OV-101 or similar 
column. 



Table 3.7. A Partial Listing of Tentative Identifications 
of Compounds in Fraction 1 

Retent ion 
(min) 

55.1 
56.3 
61.0 
61.3 
61.7 
52.0 
62.4 
62.4 

..62.4 
63.5 
63.7 
64.9 
65.8 
65.8 
67.6 
67.8 
68.3 

~. 68.7 
68.9 
69.1 
69.5 
69,9 
70.4 
70.7 
71.6. 
.71.8. 
72.6 
72.8 
74.1 
74.3 
74.6 
76.6 
77.5- . 

78.0 
79.1 
80.9 
81.6 
82.0 
83.0 
83.2 

Tentative Re ten tion Tentative a a 
Identification (min) Identification 

Methyl naphthalene 
Methyl naphthalene 
Biphenyl 
C2-Benzothiophene 
C2-Naphthalene 
C2-Benzothiophene 
C2-Benzothiophene 
C2-Nayh thalene 
C2-Naphthalene 
C2-Naphthalene 
C2-Naphthalene 
C2-Naphthalene 
C2-Naphthalene 
C2-Naphthalene 
~cena~hthene 
Methyl biphenyl 
Methyl b ip heny 1 
C 3-Naphthalene 
C 3-Benzothiophene 
C3-Naphthalene 
C3-Naphthalene 
C3-Naphthalene 
Methyl biphenyl 

. Cg-Naphthalene 
C 3-Naphthalene 
C 3-Naphthalene 
C 3,-Naph thalene 
CQ-Naphthalene 
C 3-Naphthalene 
Fluorene 
Methyl acenaphthene 
C2-Biphenyl 
C2-Biphenyl 
C2-Biphenyl 
Dibenzothiophene 
Methyl fluorene 
Methyl fluorene 
Me thy1 f luorene 
C 3-Biphenyl 
C 3-Biphenyl 

C3-Biphenyl 
C2-Acenaphthene 
C2-Acenaphthene 
Phenanthrene 
An thracene 
Methyl 
dibenzothiophene . .  

Methyl phenanthrenel 
anthracene 

Methyl phenanthrenel 
anthracene 
Methyl phenanthrenel 
anthracene 
Aceanthrene 
Pyrene 

a 
This group represents only a partial listing of compounds in 
underivatized Fraction 1 



. 2. Evaporate Fraction 1 to 100 pL.of..toluene solvent rather . . 
than to dryness. 

3 . ,  Prepare a split of three rather than two of the, polar 
fractions and analyze,an.,underivatized sample for each 
fraction. 

3.4 S U W Y  AND CONCLUSIONS 

A preliminary study of the methods for analysis of complex oil samples 
as described in,parts 1 and 2 of this report, namely, HPLC separation ,int.o 
fractions and'derivatiiation of polar fractions, was undertaken on an authentic 
HYGAS oil sample to determine whether the method would make HYGAS oil samples 
more amenable to analysis by capillary column GC/MS. It was found that: 
. . 

HPLC do'es separate, based on polarity, the complex mixtures ,! 

of HYGAS oil samples into less complex mixtures. 
. . 

Derivatization.of. the polar fractions does enhance the . . 
identification of compounds by capillary column GC/MS. 8 ,  . 

Small modifications or additions of the, method will be 
required for analysis of pyridines, sulfides, and other 
underivatized polar comp.ounds that'are highly volatile, due, 
to interferences.from by-products of the derivatization 
reactions. 

4 .  Additional capillary column GC/MS identifications unhdr 
slightly different conditions wi1.3. he required for analysis. 
of the higher boiling PNAs and hydroxy PNAs. 

. . 

A wide variety of previously unreported hydroxy PNAs were found in.the HYGAS 
oil sample. 
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APPENDIX A 

ANL Bulk Sample L o g - I n  R e c o r d  



ANL BULK SAMPLE LOG-IN RECORD 

SAMPLE I . D .  NO. 72/H/G/0/3 

P i l o t  P l an t :  HYGAS 

Run No. : 7 2  

Date Co l l ec t ion :  25 May 78 

Time Col lec ted :  1150 h r  

Transpor t  t o  ANL 

Person : Sa t  her  

Time : 2:30 

Date: 25 May 78 

Descr ip t ion :  "F Code 1053 4040" 
O i l  S l u r r y  Auto 
DT3012 
.I-1 g a l .  b o t t l e  

Comments : . . 

The sample was taken dur ing  a  s t eady- s t a t e  per iod  of .  t e s t  run  72 from 
t h e  p i l o t  p l a n t  o i l -char  s l u r r y  f eed . s t r eam which is  t h e  r e c i r c u l a t i n g  o i l  
s t ream t o  s l u r r y  t h e  c o a l  p r i o r  t o  i n j e c t i o n  i n t o  the  r e a c t o r .  I n i t i a l l y ,  
t h i s  s t ream con ta ins  commercial-grade to luene ,  which i s  g radua l ly  rep laced  
dur ing  a t e s t  run wi th  product o i l . .  

Spec ia l  Comments: 

500 p s i  run 



APPENDIX B 

Mass S p e c t r a  of D e r i v a t i z e d  S t a n d a r d s  



2 e z e n t  i o n  Time 40.6  minu tes  

0 LO 20 30 40 SO 60 30 00 80 LO0 L I O  120 LBO 140 LSO 160 170 LBO LBO 200 710 ??O 230 240 250 

Mass Spectrum of Phenol,  T r i m e t h y l s i l y l  E t h e r ,  TMS D e r i v a t i v e  o f . P h e n o l  

R e t e n t i o n  Time 51.2 m i n u t e s  

- 

- 
. 

Mass Spectrum of  2,4-Xylenol,  ~ r i m e t h y l s i l y l ,  E t h e r ,  TMS D e r i v a t i v e  o f  2,4-Xylenol 



. 

Reten t ion  T i m e  71.5 minutes  

Mass Spectrum of 1-Naphthol, T r i m e t h y l s i l y l  E the r ,  TMS D e r i v a t i v e  of 1-Naphthol 

P 

Reten t ion  Time 49.7 minutes  1 

Mass Spectrum of  N-(Trimethyls i lyl )  Aniline-d TMS D e r i v a t i v e  of Ani1i11e-d~ 
5 " 

I OD. - 
- 
- 

- 
- 
- 

- '  

0 ' LO 20 10 40 SO 60 70 I 0  80 LOO 110 170 130 140 LSO 160 170 180 LBO 100 ?LO 220 130 260 ?SO 



Retention Time 56.5 minutes 

Mass Spectrum of N-(Trimethylsilyl) 2 , 6 - ~ i m e t h ~ l  Anil ine,  TMS Derivat ive of 2,6-Dimethyl Ani l ine  

Retention Time 50.5 minutes 

100 - 
- 
- 

- ". 
a t b  2 b  3b d b  sb rb 7b rb ~b t b o  t i o  i i o  t i o  t i o  t s o  t t o  t i o  t i 0  160  2 0 0  2 i c  240 230  2 i o  ?:o 

Mass Spectrum of N- (Tr imethyls i ly l )  Benzyl Amine, TMS Derivat ive of Benzyl Amine 



Retent ion Time 46.4 minutes 

Mass Spectrum of  Benzyl Alcohol, T r ime thy l s i ly l  Ether ,  TMS Der iva t ive  of Benzyl Alcohol 

. . 
Retent ion Time 27.4 minutes 

. . - - - 

- 
I I I I I I I 

a 1 zb sb tb sb sb 7b 8b ob tbo t;o 1;o lie 11.0 L ~ O  L;O L;o tho tho zoo 211.1 no 230 z t o  zso .  
. , . . .  

Mass Spectrum of ~ e t h o x ~ b e n z e n e ,  Methyl-8. Der iva t ive  of Phenol 

. . .  



Retention Time 41.2 minutes 

Mass Spectrum of 1-Methoxy-2,4-Dimethyl Benzene, Methyl-8 Derivat ive of 2,4-Xylenol 

. , 

Retention Time 66.1 minutes 

Mass ' ~ ~ e c t r u m  of 1-Methoxy Naphthalene, Methyl-8 Der ivat ive  of 1-Naphthol 



Mass Spectrum of Methyl Benzoate, ~ e t h ~ l - 8  D,erivative of Benzoic Acid, 

. .. 

Mass Spectrum of Phenoxya~et i c  Acid, Methyl Ester, Methyl-8 Derivative of Phenoxyacetic Acid. 



. . Retention Time 82.2 minutes 

. -  . 

u t b  26 ro r o  so so 70 so oo t o o  L L O  1 x 1  L ~ O   to i s o  LSO 170 180 loo l o o  2 1 0  220 230  2 4 0  ?SO 

Mass Spectrum o f  1-Naphthalene Acetic Acid, Methyl Ester, Methyl-8 Derivative of 1-Naphthalene Acetic Acid 

Retention Time 61.7  minutes 

Mass Spectrum of N,N-Dimethyl-N'-Phenyl-d Formamidine, Methyl-8 Derivative o f .  Aniline-d5 5 



Mass Spectrum of N,N-Dimelhyl-N"-(2,-6-Dimethylphenyl) Formam%di.ne, Methyl-8 Derivative of 2,6-Dimethyl hiline 

Mass Spectrum of N,N-Dimethyl-N'-(Benzyl) ~orm&itd;d:ine, fiethYl-8 Derivatfie of Benzy-1 Aniine 
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APPENDIX C 

R e t e n t i o n  Time 
(Minutes) 

REPRESENTATIVE MASS SPECTRA OF COMPOUNDS 
I N  FRACTIONS 1 , 2 , 3 ,  AND 4; 
TENTATIVE IDENTIFICATIONS 

F r a c t i o n  

2 
2 
2 
? 
2 
2 
2 
2 
2 
2 
2 ,  
2 
2 
2 
2 
2 
2 
2 
2 

, 2  ' 

3 
3 
3 
3 
3 

. 3  
3 :  
3 
3 
3 ,  
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

Compound 

C2-Phenol, TMS e t h e r  
C2-Phenol, TMS e t h e r  
C2-Phenol, TMS e t h e r  
C3-Phenol, TMS e t h e r  
C3-Phenol, TMS e t h e r  
C4-Phenol, TMS e t h e r  
C4-Phenol, TMS e t h e r  
C3-Phenol, TMS e t h e r  
C1-Hydroxystyrene, TMS e t h e r  
C4-Phenol, TMS e t h e r  
C2-Hydroxystyrene, TMS e t h e r  
C -Hydroxystyrene,  TMS e t h e r  2 
C -Hydroxystyrene,  TMS e t h e r  

2 
C2-Hydroxystyrene, TMS e t h e r  
C2-Hydroxystyrene, TMS e t h e r  
C -Hydroxystyrene,  TMS e t h e r  

3 
C -Hydroxyst y r e n e ,  TMS e t h e r  

2 
C -Hydroxystyrene,  TMS e t h e r  

3 C3-Hydroxystyrene, TMS e t h e r  ' 

C -Hydroxystyrene,  TMS e t h e r  
4 

C r e s o l ,  TMS e t h e r  
C r e s o l ,  TMS e t h e r  
C2-Phenol, .TMS e t h e r  
C2-Phenol, TMS e t h e r  
C2-Phenol, TMS e t h e r  
C2-Phenol, TMS e t h e r  
C -Phenol,  TMS e t h e r  

3 
C3-Phenol, TMS e t h e r  
C3-Phenol, TMS e t h e r  
C3-Phenol, TMS e t h e r  
C3-Phenol, TMS e t h e r  
C3-Phenol, TMS e t h e r  
C4-Phenol, TMS e t h e r  
C3-Phenol, TMS e t h e r  
C4-Phenol, TMS e t h e r  
C1-Hydroxystyrene, TMS e t h e r  
Hydroxyindene, TMS e t h e r  
Hydroxyindene, TMS e t h e r  
C4-Phenol, TMS e t h e r  
C4-Phenol, TMS e t h e r  
C -Hydroxystyrene,  TMS e t h e r  

2 
C2-Hydroxystyrene, TMS e t h e r  
C5-Phenol, TMS e t h e r  
C -Hydroxystyrene,  TMS e t h e r  

3 

Page 



Reten t ion  Time 
(Minutes) 

69.4 
69.8 
71.0 
71.2 
73.8 
74.8 
76.9 
78.5 
53.0 
59.7 
61.8 
64.1 
64.3 
66.2 
70.1 
71.1 
71.8 
72.2 
74.0 
76.2 
77.2 
79.3 
80.0 
80.4 
80.8 
81.8 
83.0 
85.8 , 

86.4 
87.0 
87 -4  
87.7 
88.3 
91.9 
92.5 
93.7 
28.1 
28.4 
35.1 
39.4. 
40.9 
41.. 6 
41.8 
42.6 
44.2 
48.1 
48.4 

F r a c t i o n  

APPENDIX C (Contd.) 

C -Hydroxystyrene, TMS e t h e r  
2 

Methyl hydroxyindene, TMS e t h e r  
C -Hydroxystyrene, TMS e t h e r  

3 
C -Hydroxystyrene, TMS e t h e r  3 
C -Hydroxystyrene, TMS e t h e r  3 
C Hydroxystyrene, TMS ether 4 - 
C2-Hydroxyindene, TMS e t h e r  
Methyl hydroxybenzothiophene, TMS e t h e r  
Hydroxystyrene, TMS e t h e r  
C -Hydroxystyrene, TMS e t h e r  1 
C Hydroxystyrene, TMS e t h e r  1- 
Hydroxyindene, TMS e t h e r  
Hydroxyindene, TMS e t h e r  
C -Hydroxystyrene, TMS e t h e r  2 
Methyl hydroxyindene, TMS e t h e r  
Hydroxy benzothiophene, TMS e t h e r  
Naphthol, TMS e t h e r  
Hydroxybenzothiophene, TMS e t h e r  
Hydroxybenzothiophene, TMS e t h e r  
Methyl hydroxybenzothiophene, TMS e t h e r  
Methyl hydroxybenzothiophene, TMS e t h e r  
Methyl naphthol ,  TMS e t h e r  
~ e t h ~ l  naphthol ,  TMS e t h e r  
Methyl hydroxybenzothiophene, TMS e t h e r  
Methyl naphthol ,  TMS e t h e r  
C2-Hydroxybenzothiophene, TMS e t h e r  
Hydroxybiphenyl , TMS e t h e r  
C2-Naphthol, TMS e t h e r  
C -Naphthol, TMS e t h e r  

2 
C2-Naphthol, TMS e t h e r  
Methyl hydroxybiphenyl,  TMS e t h e r  
C2-Naphthol, TMS e t h e r  
Methyl hydroxybiphenyl , TMS e t h e r  
Methyl hydroxybiphenyl,  TMS e t h e r  
C2-Hydroxybiphenyl, TMS e t h e r  
Hydroxyfluorene, TMS e t h e r  
Aniso le  
C -Pyr id ine  

2 
Methyl a n i s o l e  
Hydroxyst y rene ,  methyl e t h e r  
C -Anisole 2 
C2-Anisole 
C -Anisole 2 
C2-Anisole 
C -Anisole 2 
C3-Anisole 
C -Anisole 3 

Page 

88 
88 
89 
8 9 
90 
90 
9 1 
91 
9 2 
92 
9 3 
93 
94 
94 
9 5 
9 5 
9 6 
9 6 
9 7 
97 
9 8 
9 8 
99 
99 

100 
100 
101  
101  
102 
102 
103 
104 
105 
106 
107 . .. 

108 
109 
109 
11 0 
110 
111 
111 ' 

11 2 
112 
11 3 
113 
114 ' 



APPENDIX C (Contd.)  

R e t e n t i o n  Time 
(Minutes ) F r a c t i o n  Compound Page 

C -Anisole  3 
114 

C3-Anisole 11 5 
C A n i s o l e  3 - 1 1 5  
C4-Anisole 116  
C -Aniso le  4 

116 
C4-Anisole 117 
Methyl hydroxys ty rene ,  methyl  e t h e r  117 
C -Hydroxystyrene,  methyl  e t h e r  2 

118 
Hydroxybenzothiophene,  methyl-d e t h e r  118 

3 
Methyl n a p h t h o l ,  methyl-d3 e t h e r  119  
Hydroxybiphenyl,  methyl-d3 e t h e r  119  
Hydroxybiphenyl,  methyl-d e t h e r  120  
C Hydroxybiphenyl,  methy?-d e t h e r  1- 3 

1 2 0  
C1-Hydroxybiphenyl, methyl-d3 e t h e r  1 2 1  
C -Hydroxybiphenyl, methyl-d3 e t h e r  2 

1 2 1  
C2-Hydroxybiphenyl, methyl-d3 e t h e r  122  
Methyl n a p h t h a l e n e  122 
C2-Napht h a l e n e  1 2 3  
Methyl b i p h e n y l  123  
C3-Naphthalene 124 
C -Naphthalene 

? 
124 

F u o r e n e  1 2 5  
C2-Acenaphthene 1 2 5  
C2-Acenaphthene 126  
C3-Acenaphthene 1 2  6 
C3-Acenaphthene 127 

127 
128 

Ant h r a c  e n e  128  
Aceant hrene/Acephenanthr e n e  129  
Pyrene  1 2 9  



C2-Phenol, TMS e t h e r  

J 

Retent ion  Time 50.2 

~ C2-Phenol, TMS e t h e r  

- 

- 

~ e t e A t i o n  Time 51.2 

I I , , I - . I  - -  ..--I---- .---I.--. ...-,.-.. ..-.,.... "" ,.". ....,.... ....,.... ....,.. " " ..,... . "" "" "","" "" "" "" "" "" "" '"' 'W' 'W. I I I I I r"'- 
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C -Hydroxystyrene, TMS e the r  2 
Retention T i m e  69 .4  
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C2-Naphthol, TMS ether Retention Time 86.4  
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