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A number of d i g i t a l  methods have been proposed f o r  t h e  q u a n t i t a t i v e  a n a l y s i s  of 
fused  peaks  commonly observed i n  h igh-pressure  l i q u i d  chromatography ( F e l l  e t  a l ,  
1983) .  These methods, i n c l u d e  t r a n s f o r m a t i o n  of  t h e  e l u t i o n  p r o f i l e  ( A , t )  t o  i t s  
f i r s t ,  second or h i g h e r  d e r i v a t i v e  (dA/dt, d2 A/dt2 , . . . ) . The q u a n t i t a t i v e  
performance of t h i s  technique  i s  h i t h e r t o  u n c h a r a c t e r i s e d .  T h i s  work p r e s e n t s  
t h e  f i r s t  s tudy  of t h e  q u a n t i t a t i v e  performance of  f irst  and second d e r i v a k i v e  
chromatography, a p p l i e d  t o  t h e  a n a l y s i s  of t h e  trace a l k a l o i d s ,  noscapine (NOS) 
and papaver ine  (PAP) . 
and are of  i n t e r e s t  i n  q u a l i t y  c o n t r o l  and f o r  f o r e n s i c  purposes .  

Chromatograms w e r e  run on a column (lOOx 5mmID) packed w i t h  5-WII amino-propyl 
s i l i ca .  A rapid-scanning LKB 2140 UV-detector capable  of scanning  e l u e n t  o v e r t h e  
range  from 190 t o  370 nm w a s  used. T h e d e t e c t o r  w a s  i n t e r f a c e d  wi th  a n  IBM 
Personal  Computer and p e r i p h e r a l s ,  so t h a t  t h e  data m a t r i x  ( A , X , t )  a c q u i r e d  dur ing  
chromatography could  b e  s t o r e d  f o r  post-run e v a l u a t i o n  i n c l u d i n g  t i m e  domain 
d e r i v a t i v e  t ransformat ion .  V a r i a t i o n  i n  t h e  r e s o l u t i o n  of  NOS and PAP was 
r e a d i l y  achieved  by s e l e c t e d  mobile  phase r a t i o s  f o r  w a t e r - a c e t o n i t r i l e  i n  t h e  
range  (30:70, v/v)  t o  (5:95, v / v ) .  
Although Heroin i s  w e l l  s e p a r a t e d  from o t h e r  trace a l k a l o i d s  (Baker & Gough, 198u, 
it i s  d i f f i c u l t  t o  e s t a b l i s h  t h e  presence  and r e l a t i v e  amounts o f  NOS and PAP, as  
r e q u i r e d  i n  c h a r a c t e r i s i n g  t h e  source of i l l i c i t  drug.  A t r a n s f o r m a t i o n ,  d2A/dt2 ,  
of t h e  convent iona l  chromatographic  p r o f i l e  a t  a f i x e d  wavelength improved t h e  
non-homogeneity d e t e c t i o n  l i m i t  of  co-e lu t ing  symmetrical NOS and PAP peaks 
( A t ,  2 2.4 sec) from a minimum r e q u i r e d  s e p a r a t i o n  o f  0.50 G t o  0.18 tE where 

minimum s e p a r a t i o n  i s  expressed  i n  terms of t h e  r a t io  of t h e  d i f f e r e n c e  i n  
r e t e n t i o n  t i m e ,  (At,),to t h e  average  ful l -bandwidth a t  h a l f - h e i g h t  (i). 
Q u a n t i t a t i o n  of NOS and PAP i n  t h e  presence  of  each o t h e r  can b e  achieved using 
t h e  opt imised  time-domain d e r i v a t i v e  of  t h e  e l u t i o n  p r o f i l e .  
op t imised  peak ampl i tudes  of  t h e  f i r s t ,  ID, and second d e r i v a t i v e ,  ‘D, f o r  
mixtures  of  t h e  a l k a l o i d s  i n  t h e  range 5:3 t o  3:5 w/w,  were compared wi th  t h e  
corresponding single-component systems. The recovery  of  each a l k a l o i d  w a s  found 
t o  be  dependent on t h e  r a t i o  AtR:= ,  o t h e r  f a c t o r s  b e i n g  t h e  e p s i l o n  r a t i o  of  t h e  
components a t  t h e  o b s e r v a t i o n  wavelengths ,  and t h e i r  r e l a t i v e  c o n c e n t r a t i o n s .  I n  
Table  1 t h e  percentage  r e c o v e r i e s  o f  f i x e d  c o n c e n t r a t i o n s  of  PAP and NOS are 
p r e s e n t e d  when us ing  t h e  optimum ID and 2D measurements, and compared w i t h  t h e  
convent iona l  zero-order  ( l D )  peak h e i g h t  d a t a ,  f o r  a s e p a r a t i o n  of  0.8 W (4 .5  Set). 
I n  g e n e r a l ,  i t  w a s  found t h a t  i n  the f i r s t  a n d  second d e r i v a t i v e  chromatogram 
ampl i tudes  f u r t h e s t  away from t h e  p o t e n t i a l l y  i n t e r f e r i n g  component, gave t h e  
b e s t  recover ies .  I n  t h e  second d e r i v a t i v e  s e n s i t i v i t y  may be  r e a d i l y  increased  
by u s i n g  t h e  peak minimum f o r  each component. The mult iwavelength c a p a b i l i t y  of 
t h e  d e t e c t o r  system p e r m i t s  a 3-dimensional b i p l a n a r  p r o j e c t i o n  of  d e r i v a t i v e  
chromatograms t o  be p r e s e n t e d  f o r  v i s u a l  i n s p e c t i o n  of peak homogeneity. 
PAP:NOS(w/w) NOS recovery  a t  310nm ( % )  NOS:PAP(w/w) PAP r e c o v e r  a t 2 8 0 n m  

These a l k a l o i d s  characterise t h e  impur i ty  p r o f i l e  of  heroin 

Measurement of  t h e  

g)  OD ID 2D OD YD 
0.33: 1.0 105 99 100 0.33:l.O 105 98 99 
0.66: 1 .O 109 101 98 0.66:l.O 110 1 0 2  100 
1.0 :1.0 112 100 101 1.0 :1.0 118 1 0 2  98 
1.33: l .O 116 98 101 1.33:l.O 1 2 1  97 97 
1.66: 1 .O 1 2 1  97 103 1.66:l.O 124 93 98 
Table  1: Recoveries  of NOS and PAP i n  v a r i o u s  c o n t r i b u t i o n s .  
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