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DEVELOPMENT OF H I G H  PRESSURE L l Q U l D  
CHROMATOGRAPHY (HPLC) FOR FRACTIONATION AND 

FINGERPRINTING OF PETROPORPHYRIN MIXTURES* 

Sa leh  K .  HajIbrahim 
Department of Chemistry,  F a c u l t y  of Sc ience  

Riyad U n i v e r s i t y  
Riyad, Saudi  Arab ia  

ABSTRACT 

A method i s  desc r ibed  which pe rmi t s  t h e  a n a l y s i s  
of  f o s s i l  porphyrin mix tu res  by HPLC. T h i s  method 
i n v o l v e s  t h e  f r a c t i o n a t i o n  of  t h e  d e m e t a l l a t e d  p c t r o -  
porphyrin mix tu res  on s i l i c a  columns followed by 
rechromatography of t h e  t rapped f r a c t i o n s  on ODS 
columns. T h i s  coupl ing of t h e  two modes of HPLC 
prov ides  a f a s t  and e f f e c t i v e  method f o r  t h e  separa-  
t i o n  of i somer i c  porphyrins  and f o r  t h e  pe t roporphyr in  
f i n g e r p r i n t i n g  of g e o l o g i c a l  ( o i l / s h a l e )  samples. 
R e p r e s e n t a t i v e  examples of a n a l y s i s  a r e  d i s c u s s e d  i n  
t e r m s  of t h e  p o t e n t i a l  a p p l i c a b i l i t y  of t h e  t echn ique  
i n  t h e  a r e a s  of s t r u c t u r e  e l u c i d a t i o n  and geochemical 
c o r r e l a t i o n s .  

I N T R O D U C T l O N  

Porphyrin mixtures  e x t r a c t e d  from g e o l o g i c a l  

samples ( p e t r o p o r p h y r i n s )  t y p i c a l l y  c o n t a i n  series of 

n i c k e l  and vanadyl complexes of a l k y l  s u b s t i t u t e d  

pe t roporphyr ins  of two major s k e l e t a l  t ypes ,  e t i o  

( I ,  R = H  o r  a l k y l )  and desoxophy l loe ry th roe t io  (DPEP,  11, 

R = H  o r  a l k y l )  and a minor type,  rhodo ( t e n t a t i v e l y  

a s s igned  a s  1 1 1 ) .  S t r u c t u r e s  a r e  shown i n  F i g u r e  1. 

The a l k y l  s u b s t i t u c n t s  c o n t a i n  from E. 6 t o  E. 19 
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750 HAJIBKAHIM 

THE THREE MAIN STRUCTURAL TYPES OF PETROPORPHYWNS 

ETO - TYPE DPEP- TYPE RHODO- TYPE 

R! In Rs = olkyl groups 

FI(:ITHI.: 1 .  Thc t h r e e  m a i n  s t r u c t u r a l  typc’s of 
pc’t roporphyr ins . 

carbon atoms L1,2]. However, t h e  e x a c t  naturc’ of t h c  
s u b s t - i t u e n t s  and t h e  a c t u a l  s i t c . s  of s u b s t i t u t i o n  

have n o t  bccn f u l l y  d(3termined [ 3 ] .  I n  a d d i t i o n ,  

s t r u c t u r a l  isomers a r p  known t o  occur  i n  petrolcum [ 2 - 3 3 ,  

The chromatographic methods p rev ious ly  used t o  

f r a c t i o n a t e  pc t roporphyr ins  ( e . g .  ‘I‘LC, column chroma- 

tography)  afford i n s u f f i c i e n t  s e p a r a t i o n  and a r e  
1 abor  i o u s  arid t ime-consumi nq , t h u s  r ende r ing  t.kwm 
impract i c a 1  for s k r u c t u r e  c l .uc  i dat.j.on and geochemical 
c o r r c l a t i o n  s tud ic : s .  Direct  a n a l y s i s  of t h e s e  pigmcrits 

by qc i s - l i qu id  chromatography i s  hi ndcred by t h e i r  
i n v o l a t i l i t y  and/or thermal  i n s t a b i l i t y .  

Rrvx’ntly, HPLC ( s i l i c a  columns) was in t roduced  as 

a tcchri i quc! f o r  t h e  f r a c t i o n a t i o n  and f i r i ge rp r in t  i r i q  

of pc t roporphyr in  mix tu res  [ 4 ] .  Howcvcr, t h i s  t echn ique  
h a s  t w o  shortcomings: namely, incomplete s e p a r a t i o n  of 

t h e  compotwrits and t h e  i n a b - i l i t y  t o  r e s o l v e  p o s i t i o n a l  
isomers ,  T h i s  work describes development of t h e  s a i d  
t echn ique  t o  ovc:rcome t h e s e  shortcomings.  T t  a l s o  

d i s c u s s e s  thv  p o t e n t i a l  appl ic:abi 1 i t y  of t h e  nc‘w mcxthod 

i t i  s t r u c t u r e  e l u c i d d t i o n  of pe t roporphyr ins  and i n  
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FRACTIONATING PETKOPORPHYRIN MIXTURES 751 

c o r r e l a t i o n  of o i l s  w i t h  o i l s  arid w i t h  sou rce  r o c k s  based 

on t h e i r  po rphyr in  d i s t r i b u t i o n .  

EX PE I-? IME WI'A L 

The d e m e t a l l a t e d  po rphyr in  mix tu res  w e r e  i s o l a t e d  

from t h e i r  h o s t  environment a s  d e s c r i b e d  p r e v i o u s l y  [ 3 , 5 ] .  

The p rocess  i s  summarized i n  F i g u r e  2 .  

The HPLC system i s  comprised of a Waters Assoc. 

ALC/CPC 244 L i q i i d  Chromatography (Waters  Assoc.,  

M i l f o r d ,  Mass., U.S.A.) i n c l u d i n g  second M600OA s o l v e n t  

d e l i v e r y  system, M660 programmer, M450 v a r i a b l e  wave- 

l e n g t h  d e t e c t o r  and U 6 K  uni.versa1 i n j e c t o r .  Samples 

( 2  pl; i n  C I l C 1  ) were in t roduced  from a 10 1-11 s y r i n g e .  

De tec t ion  ( u v / v i s )  was i n  runs  a t  400 run. 
IIPLC a n a l y s e s  w e r e  c a r r i e d  o u t  on s i l i ca  

3 

( P a r t i s i l - 5 ,  Whatmari L td ,  Maidstone, Kent, U . K . )  o r  O D S  

columns. The s i l i c a  columns ( s t a i n l e s s  s t ee l ,  2 5  c m  X 

4 . 6  mm I . D . )  w e r e  packed by t h e  balanced d e n s i t y  

ne thod  i l O ] .  The ODS c o l u m n s ,  purchased  prepacked, 

w e r e  Wdters A s s o c .  ur3oridapdk C 1 0  o r  DuPont ( W i l m i  ngton, 

D c l a . ,  U.S.A. ) nonaqueous r e v e r s e  phase (XARP)  . 
Thc mobile phase,  u s i n q  q r a d i e n t  e l u t i o n  on t h e  

s i l i c a  columns, was t o l u e n e  and hexane (1:9 v/v)  a s  

a s  s o l v e n t  A ,  and t o l u e n e  dnd ch loroform (l:.? v/v) a s  

solvent 8, proqrammcd ( 4 0  min) from 20% t o  100% B 
( c u r v e  9 )  and a flow r a t e  of 1 . 5  m l / m i n .  Analyses  under  

i s o c r a t i c  c o n d i t i o n s  w e r e  c a r r i e d  o u t  u s inq  30% 13. 

Thf? s o l v r n t s  used w e r e  IWLC g rade  (Ruthburn Chemicals,  

S c o t l a n d ) .  The ch loroform con ta ined  0.5% E t O H  ( a s  

p r e s e r v a t i v e )  . 
Analyses on t h e  

ou t  u s i n g  a c e t o n i t r i  

t h e  mobile phase and 

pBondapak C18 columns were 
e : w d t c . r  (17:3 v/v; i s o c r a t  

a f low r a t e  o f  2 ml/min. 

c a r r i e d  

c )  a s  
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FRACTIONATING PETROPORPHYRIN MIXTURES 753 

Analyses on the NARP columns were carried out 
either isocraticly (chloroform:MeOH:water, 1:18:1 v/v; 
2 ml/min) or using gradient elution with acetonitrile 
and water (17:3 v/v) as solvent A and acetonitrile, 
water and chloroform (18:l:l v/v) as solvent B. Etio- 
type petroporphyrins were chromatographed usinq a linear 
program (100 min) from 15% R to 60% B, whereas the DPEP- 

type petroporphyrins were analyzed using a linear 
program (100 min from 50% B to 90% B. The flow rate in 
both cases was 2 ml/min and the temperature was ambient. 
Other operating conditions are indicated on the 
corresponding chromatograms. 

The trapping of certain cuts or individual peaks 
from the silica column was carried out manually, and 
after the removal of the mobile phase, the fractions 
were rechromatographed on ODS columns. Peaks carbon 

numbers were assigned by coinjection with previously 
charactcrized petroporphyrins 111 3 .  Peak area ( % )  

was calculated by integration. 

RESULTS h DISCUSSION 

The HPLC fingerprints, on Partisil-5 silica 
column and gradient elution, of demetallated petro- 
porphyrin mixtures obtained from a wide variety of 
geoloqical samples, showed the presence of seventeen 
distinct peaks [ 2 ] .  The major differences in these 
fingerprints lie in the relative abundance of the 
peaks. The individual peaks for three of the samples 
were trapped for mass spectrometric ( E T )  analysis [ l l ] .  

The data (e.g. Table 1) showed that the silica column 
enabled the separation of the etio-type (peaks 1 to 9 
and 11, Table 1) from the DPEP-type (peaks 10 and 12 to 
17, Table 1). It also separated structural-type 
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TABLE 1 

Nass S p e r t r a l  C h a r a c L e r i s t i c s  of th(' Mdjor Peaks i n  thc  
I.iquid Chrorn,iI oqr,irn of Demetallat  ed Porphyriri Mixture (e. I3oscriri o i l )  

1 

L 
3 

4 
- 
J 

6 

7 
n 
9 

1 0 

11 

1 2  

1 3  

1 4 

1 5  

1 6  

17 

b Pct.roporphyrin Molecular Tons 
Major Minor 
rornporicnt component ( s )  (%)  

c 
a 

tR 
( m i n )  

3.. 5-7.5 

t $  * 00 

~ 1 . 0 0  

3.5 
11.00 
12.5 
1 4 . 2 5  

16.00 
18 .oo 
2 0 . 7 5 
2'3 * 75 
26.27 
2'3 .00 

30.5 
33 .oo 
35.00 
37.00 
3c, .00 

c 3 p  

c 3 p  
c 30R 
C 3 2 E  

c -  I.: 23 

c .  1.: 29 
c. E .1 1 
c .  E L tl 

c30E 
(3 30D 

C : J I D  

C32D 

C j l D  

C30D 

c , E: 29 

2qD 

C -  D .I  2 

C 3 4 D (  74) 
C 3 3 D (  71) ; C3"D( 53)  

-- 

a ,  Absolute, rctx?rition t i m e  on P a r t i s i l - 5  s i l i c a  column 
using qradier i t  cl .ut-ion. R e p r o d u c i b i l i t y ,  +1 min. 

h .  Frorii t h e  E l  mass spc'c:tril of the t r apped  peaks 
c.xprr-.sscd a s  carbon numbcr; E = o t i o - t y p e ;  
D = DPRP-  t.yp(? a 

c .  R f 1 l ; i t  ivc! to t h e  major ion = 100 .  Thc p resence  of the. 
same porphyriris  i n  t h e  mass spc'ctrti o f  adjacenC peaks 
i s  l i k c l y  due t o  ove r l app ing  of t h e  pntiks r a t h e r  
t.hari d i f f e r e n t  isornc?rs. 
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FRACTIONATING PETROPORPHYRIN MIXTURES 755 

isomers. 
pc2aks 4 and 9 c o n t a i n e d  a C30-c t io ;  peaks  6 and 11 

c o n t a i n e d  a CZ9-e t io ;  peaks  10 and 1 7  contained a 

C. - D P E P ;  and peaks  1 2  and 16 c o n t a i n e d  a C -DPEP 

( T a b l c  1 ) .  On t h e  o t h e r  hand, s e v e r a l  o f  the peaks  

((1.4. 1, 2 ,  4 ,  1 2 ,  1 3 ,  and 15 ,  T a b l e  1)  c o r r e s p o n d  t o  

nlore t h a n  one  compound. Y a n i p u l a t i o n  o f  t h e  v a r i o u s  

ch romatograph ic  p a r a m e t e r s  T a i l e d  t o  s e p a r a t e  t h e s e  

compounds on P a r t i s i l - 5  s i l i c a  columns.  I n  a d d i t i o n ,  

a l l  eff0rt-s 1.0 r e s o l v e  p o s i t i o n a l  i somers  ( e . q .  E t i o  1 

and I T  I ) on t h e  s i l l  c a  column were u n s u c c e s s f u l .  These 

d i f f i c u l t i e s  were overcomc u s i n g  ODS columns a s  d e s c r i b e d  

below.  

‘I’hus, peaks  3 arid 7 c o n t a i n e d  a C31-etio; 

.3 0 31 

F i g u r e  3 p r c s c n t s  the LC r e c o r d s  for  peak  1 2  

( T a b l e  1) on P a r t i s i l - 5  s i l i c a ,  pBondapak C 1 8  and NARP 

columns.  Thci d r a s t i c  improvement i n  t h e  s e p a r a t i o n  of 

t h e  components on t h e  ODS col.umns o v e r  t h e  s i l i c a  

column is sel f-evidc’nt.. The. compar ison  of F i g u r e  3a 

w i t h  3b  shows tha t :  t h e  N A R F  column a f f o r d s  be t t e r  

s c p d r d t i o n  o f  t.hp p o r p h y r i n s  i n  q u e s t i o n  t h a n  t h e  

unondapak C18 column, a l t h o u q h  t h e  a n a l y s i s  t i m e  on 

t h e  NAHP column i s  approx ima te ly  t w i c e  a s  l o n g .  

A t t empt s  t o  o b t a i n  bet . tcr  r e s o l u t i o n  on t h e  pnondapak 

C18 column by risinq g r a d i e n t  e l u t i o n  were u n s u c c e s s f u l ,  

The major advant-aqc of t h e  N A R P  column, however,  was 

i t.s a b i l i t y  t o  resolvr! p o s i t i o n a l - t y p e  i s o m e r i c  a l k y l  

p o r p h y r i n s  a s  s een  i n  F i q u r c  4 a ,  which shows t h e  

s e p a r a t i o n  of c t i o  I and I11 s t a n d a r d  p o r p h y r i n s .  

T h e w  i somors have Lhe sarnc? s t r u c t u r e  except t h e  

mt.thy1 and e t h y l  subs t i tue t1 t . s  i n  p o s i t i o n  7 and 8 

( I ,  F i q u r e  1) a r e  r e v e r s e d .  

e t i o  isomf’rs i n  which the  two e t h y l  s u b s t i t u e n t s  

(1-he ot-hr.r s u b s t i t u e n t s  drc? methyl  g r o u p s )  a r e  l o c a t e d  

on a d j a c e n t  p y r r o l e  r i n g s  ( i  .e .  h o r i z o n t a l )  o r  on 

o p p o s i t e  o n e s  ( i . p .  d i a g o n d l )  w e r e  r e s o l v e d  on t h e  NARP 

S i m i . l a r l y ,  t h e  two C30 
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A. - 
polar 

R. PrnH( 
less polar 

c. PEAKS Chll 

both 

7 59 

0 15 15 15 30 
MIN 

FI(:UIIE 5. LC tracc.s o f  C L C )  e t i o  isomers (ex. G i l s o n i t c )  
on the. ul3ondapak c l f ?  columns. A .  p o l a r  isomer ( e . q .  peak 
11, Table  1). B. less p o l a r  isomer ( e . g .  peak h ,  
Tab le  1 ) .  C .  :i mixture  of both i somers .  
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w e r e  made t o  a s s u r e  t h a t  t h e  amount of o v e r l a p p i n g  was 

i n s i g n i f i c a n t .  
( i i )  The  two major  e t i o - t y p e  s t r u c t u r a l  i somers  

f a l l  i n  d i f f e r e n t  f r a c t i o n s .  
( i i i )  The c t i o - t y p e  compounds a r e  s e p a r a t e d  from 

t h e  DPEP-type. 

R e t e n t i o n  t i m e s  and i n t e r n a l  marke r s  werc u s e d  t o  e n s u r e  
t h a t  t h e  c u t t i n g  p o i n t s  f o r  d i . f f e r e n t  m i x t u r e s  were 

a lways  the same. The i n t e r n a l  marke r s  used  w e r e  e t i o  I 

and C 3 0  e t i o  s t a n d a r d  compounds whi.ch c o e l u t e d  w i t h  
p e a k s  6 and 9 ,  r e s p e c t i v e l y  ( F i g u r e  6 ) .  T o  e n s u r e  

r e p r o d u c i b i l i t y  o f  r e t e n t i o n  t i m e s  ( and  t o  s h o r t c n  t h e  

a n a l y s i s  t i m e  by e l i m i n a t i . n g  the need t o  e q u i l i b r a t e  

the column a f t e r  e a c h  r u n )  f r a c t i o n a t i o n  was c a r r i e d  o u t  

u n d e r  i s o c r a t i c  c o n d i t i o n s .  These  c o n d i t i o n s  w e r e  
deve loped  so a s  n o t  t o  compromise t h e  d e g r e e  of 

s e p a r a t i o n  ach ieved  u s i n g  g r a d i e n t  e l u t i o n  (see T a b l e  1) .  

However, peaks  i n  F i g u r e  b and T a b l e  1, hav ing  the same 

number, do n o t  n e c e s s a r i l y  co r re spond  t o  t h e  same 
p o r p h y r i n  compound( s) . 

A f t e r  removing t h e  s o l v e n t s ,  t h e  s i l i c a  f r a c t i o n s  

a r e  t h e n  f i n g e r p r i n t e d  o n  t h e  NARP column. A c a s e  
s t u d y  is p r e s e n t e d  i n  F i g u r e  7, d e p i c t i n q  the f i n q c r -  
p r i n t s  of the t h r e e  s i l i c a  f r a c t i o n s  on  t h e  KARP column. 
V i s u a l  i n s p e c t i o n  o f  Figures 6 and 7 c l e a r l y  shows the 

s e p a r a t i o n  o b t a i n e d  on t h e  N A R P  column is f a r  better t h a n  
t h a t  o b t a i n e d  on the s i l i c a  column, unde r  the c o n d i t i o n s  
used ,  w i t h  r e s p e c t  t o  f r a c t i o n s  1 and 2 .  However, 
r e t e n t i o n  t i m e  d a t a  showed t h a t ,  had t h e  t o t a l  porphyr i r i  
m i x t u r e  n o t  been  p r e - f r a c t i o n a t e d  on  the s i l i c a  column, 
s e v e r a l  of the peaks  from t h e  d i f f e r e n t  f r a c t i o n s  would 

c o - e l u t e  from t h e  NARP column. T h i s  was conf i rmed  by 
i n j e c t i n g  the t o t a l  m i x t u r e  o r  c o - i n j e c t i n g  f r a c t i o n s  1 
and 2 on  t h e  NARP column. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
3
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



762 HA.JIBRAHI?I 

a- 
*. I 

I ~ I G U ? E  7 .  A .  LC f i n c j e r p r i n t  on NARP ( q r a d i e n t  e l u t i o n )  
of t h e  s i l i c a  f r a c t i o n s  z. 81-3 o i l  i n  F i q u r e  6 .  

CONCLCTSI O N S  

The method rc!port.r?d here f o r  HI'LC <iria.Lysc's o f  

foss i l  p o r p h y r i n s  p r o v i d c s  f o r  t he  s e p a r a t i o n  of i s o m e r i c  

p o r p h y r i n s  as w e l l  a s  f o r  thc p e t r o p o r p h y r i n  i i n y e r -  

p r i n t i n q  o f  t h e i r  h o s t  cnvironmcints.  Csed i r i  con juc t ion  

w i  t.h c x i s t  inq  a n a l y t i c a l  techniques, t h i s  method should 
provc' u s c f u l  i n  de te rmi i i iny  t h e  s t r u c t u r e  of  sincJ1c 

p p t r o p o r p h y r i n s  and i n  rr:I.atiny the c r u d e  o i l s  and 

source rocks.  

Thci r c s u l t s  ob td i i ied  i l l  t h i s  s t u d y  c l e a r l y  

demonstr-ate  t h e  rwcd t o  cmploy more t h a n  one phase  of 

Lc' w h e n  a n a l y z i n g  complex m i x t u r e s  such a s  f o s s i l  

p o r p h y r i n s .  
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