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A COMPUTER PROGRAM FOR THE IDENTIFICATION OF 

THE ELUTION ORDER OF P E A K S  IN HIGH PERFORMANCE LIQUID CHROMATOGRAPHY] 

Haleem J .  Issaq* and Karen L. M c N i t t  

Chemical Carc inogenesis  Proqram 
NCI-Freder ick Cancer Research F a c i l i t y  

F r e d e r i c k ,  MD 21701 

INTRODUCTION 

High performance l i q u i d  chromatoqraphy (HPLC) i s  a r a p i d l y  growing sepa- 

r a t i o n  technique.  I t s  p o p u l a r i t y  i s  due t o  i t s  r e l a t i v e l y  l ow  c o s t ,  s e l e c -  

t i v i t y ,  ease o f  o p e r a t i o n  and t h e  a b i l i t y  t o  separa te  d i f f e r e n t  compounds 

( s t r u c t u r a l l y  and c h e m i c a l l y ) ,  o f  l a r g e  and sma l l  m o l e c u l a r  s i z e .  

can be q u a n t i f i e d  q u i c k l y  and e a s i l y .  

The most d i f f i c u l t  aspect  o f  HPLC i s  t h e  s e l e c t i o n  o f  a m o b i l e  phase t h a t  

The r e s u l t s  

g i v e s  good r e s o l u t i o n  o f  t h e  components o f  a m i x t u r e  i n  a reasonable t i m e ,  

w i t h  optimum separa t i on .  Recen t l y ,  many research  papers have sugqested a sys-  

t e m a t i c  approach t o  mob i l e  phase s e l e c t i o n  f o r  t h e  optimum s e p a r a t i o n  o f  a 

m i x t u r e ,  by u s i n g  s t a t i s t i c a l  methods o f  a n a l y s i s .  G l a j c h  

_ _  e t  a1 ( 2 )  have used such a techn ique  based on t h e  work o f  Snee ( 3 )  which em- 

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

would g i v e  op t ima l  separa t i on .  To e s t a b l i s h  such a m o b i l e  phase, t h e  a n a l y s t  

shou ld  r u n  7-10 exper iments u s i n g  d i f f e r e n t  s o l v e n t  comb ina t ions  o f  t h r e e  

fl ( 1 )  and I s s a q  

*Author  t o  whom correspondence 
lP resen ted  i n  p a r t  a t  t h e  Druq 
Meet ing,  PA,  May 6, 1982. 

shou ld  be addressed. 
Metabol ism D iscuss ion  Group Meet inq,  Plymouth 
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1772 ISSAQ AND MC NITT 

Experiment # I l/ 
% Solvent  A 

% Solvent  B 

% Solvent  C 

TABLE 1 

RATIO OF SOLVENT COMBINATIONS USED 

2 1 B 1 :  1 1 1 7  1 8  1 9  1 1 0  

0 50 50 33 20 20 60 

100 50 50 33 60 20 20 

0 100 50 50 33 20 60 20 

Note: Other  s o l v e n t  combinat ions may be used; t h e  a n a l y s t  needs 10 d a t a  
p o i n t s .  The r a t i o s  can be d i f f e r e n t  froin those  above. 

o rgan ic  so l ven ts  (Tab le  1 ) .  The s o l v e n t s  se lec ted ,  based on Synder 's  s o l v e n t  

Synder 's  s o l v e n t  s e l e c t i v i t y  t r i a n g l e  ( 4 ) ,  shou ld  have d i f f e r e n t  chemical  prop-  

e r t i e s  i n  o rde r  t o  g i v e  d i f f e r e n t  s e l e c t i v i t i e s  o f  t h e  s o l u t e s .  

on t h e  o t h e r  hand, used 17 comb ina t ions  o f  t h r e e  s o l v e n t s  t o  ach ieve  an optimum 

mob i le  phase. 

s e l e c t i o n  o f  GC mixed phases, and which would r e q u i r e  a minimum o f  10 e x p e r i -  

ments t o  achieve an optimum mob i le  phase i f  t h r e e  d i f f e r e n t  s o l v e n t s  were used. 

Others ( 7 - 9 )  have used s t a t i s t i c a l  approaches which i n  t h e  end l e d  t o  an i s o -  

c r a t i c  mob i l e  phase t h a t  e f f i c i e n t l y  separated t h e  components o f  t h e  m i x t u r e  

under s tudy.  

B e l i n k y  (5), 

Laub (6 )  used t h e  window techn ique ,  which was developed f o r  t h e  

F i n d i n g  a mob i l e  phase t h a t  would separa te  t h e  components of a m i x t u r e  

u s i n g  s t a t i s t i c a l ,  o r  any o t h e r ,  t echn ique  can be t i m e  consuming because, i n  

each o f  t h e  exper iments,  s o l v e n t s  o f  d i f f e r e n t  s e l e c t i v i t i e s  a r e  used, and 

t h i s  can l e a d  t o  a d i f f e r e n t  e l u t i o n  o rde rs  o f  t h e  components, ( r e f .  2 g i v e s  

a good example), 

e l u t e d  peak a t  t h e  end o f  eve ry  exper iment .  Assuming t h a t  a m i x t u r e  i s  com- 

posed o f  s i x  components, and t h a t  t h e y  e l u t e  o f f  t h e  column i n  each o f  t h e  10 

r e q u i r e d  exper iments i n  an average o f  15 min, i t  would t a k e  a chromatographer  

app rox ima te l y  12-15 hours  o r  2 days t o  i d e n t i t y  t h e  peaks i n  a l l  10  exper iments.  

This  means t h a t  t h e  a n a l y s t  would have t o  i d e n t i f y  each 
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COMPUTER PROGRAM FOR ELUTION ORDER OF PEAKS 1773 

DuPont (10)  have developed t h e  Sen t ine l  System whereby e l u t e d  peaks a r e  i d e n t i -  

f i e d ,  i f  t h e r e  i s  no peak c rossovers ,  by a s t a t i s t i c a l  t echn ique .  The company 

has n o t  re leased  t h i s  i n f o r m a t i o n .  I f  peak c rossover  t a k e s  p l a c e ,  s tandard  

s o l u t i o n s  shou ld  be i n j e c t e d  and e l u t i o n  t imes  compared t o  i d e n t i f y  t h e  compo- 

s i t i o n  o f  t h e  peaks. I n  t h i s  case, t h e  a n a l y s t  needs t o  know i f  peak c rossover  

t a k e s  p lace,  which i s  d i f f i c u l t  t o  a s c e r t a i n  u n l e s s  s tandards a r e  i n j e c t e d  and 

e l u t e d .  James (11)  desc r ibed  wavelength chromatography f o r  t h e  i d e n t i f i c a t i o n  

o f  e l u t e d  coinponents, which i s  based on a m u l t i w a v e l e n g t h  m o n i t o r i n g  system ein- 

p l o y i n g  a d iode  a r r a y  spect rophotometer .  Th i s  i s  undoubtedly  an accu ra te  and 

r a p i d  method, which a l s o  r e q u i r e s  t h e  use o f  a computer, and t h a t  t h e  s o l u t e s  

shou ld  absorb l i g h t  i n  t h e  200-800nm range. 

We p resen t  he re  a computer program (Append x 1 )  which can i d e n t i f y  t h e  

p e a k ' s  e l u t i o n  o rde r ,  t a k i n g  i n t o  c o n s i d e r a t i o n  ( a )  peak r e v e r s a l :  ( b )  peaks 

coa lesc ing ,  i .e .  s i x  peaks i n  one run  b u t  f i v e  peaks o r  l e s s  i n  ano the r ;  and 

( c )  peak s p l i t t i n g ,  i.e. f o u r  peaks i n  one m o b i l e  phase and s i x  i n  another .  

The peak e l u t i o n  o r d e r  i d e n t i f i c a t i o n  i s  based on one f i n a l  r u n  o f  t h e  s tandards.  

The peaks a r e  i d e n t i f i e d  by t h e  a rea  r a t i o  o f  each peak compared w i t h  t h e  o t h e r  

e l u t e d  peaks i n  t h a t  exper iment .  It i s  assumed t h a t  t h e  peaks a r e  Gaussion and 

symmetr ica l ,  w i t h  no peak f r o n t a g e  o r  t a i l i n g .  Since a b s o r p t i o n  i s  a f u n c t i o n  

o f  t h e  number o f  molecules p resen t ,  t h e  shape o f  t h e  peak due t o  d i f f u s i o n  

shou ld  n o t  a f f e c t  t h e  area under t h e  peaks. I n  HPLC t h e  peak which e l u t e s  

f i r s t  i s  sharper  t h a n  i t  would be i f  i t  e l u t e d  l a s t  because o f  d i f f u s i o n .  

i s  a l s o  p o s s i b l e  t h a t  t h e  e x t i n c t i o n  c o e f f i c i e n t  o f  a compound can chanqe from 

one s o l v e n t  t o  another .  Since m i x t u r e s  o f  s o l v e n t s  a r e  used t h i s  phenomenon i s  

m in im ized  (Tab le  2 ) .  

It 

Th is  computer program i s  a l s o  s u i t e d  f o r  use w i t h  r a d i o l a b e l e d  compounds 

and t h e i r  m e t a b o l i t e s ,  s i n c e  t h e  number o f  coun ts  i s  d i r e c t l y  p r o p o r t i o n a l  t o  

t h e  amount o f  r a d i o a c t i v i t y .  A s e l e c t e d  h y p o t h e t i c a l  example w i l l  be p resen ted  

which i l l u s t r a t e s  t h e  va lue  o f  t h i s  computer program. 
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1 7 7 4  ISSAQ AND MC N I T T  

TARLI. 2 

Effect of Mobile Phase Composition on the O h  Peak Areas of Anthraquinone (A), 
Methylanthraquinone (MA), and Ethylanthraquinone (EA) 

~~ 

CH3CN:HzO I64:36 

CH30H:HzO I 75:25 

THF:H20 I45:55 

CH30H:CH3CN:H20 I 38:32:30 

CHQOH:THF:H~O I 38:22:40 

CH3CN:THF:HzO I 32:22:36 

CH3OH:CHsCN:TH F:H20 I 25:21 :I 5:39 

CH3CN:THF:CH30H:H20 I 42:7.5:12.5:38 

CH3CN:THF:CH30H:H20 I 11:30:12.5:46.5 

CH3CN:THF:CH30H:H20 I 11:7.5:50:31.5 

A (%) MA ("/o) EA (%) 

22.5 40.6 36.9 

22.2 41.1 36.7 

23.6 40.7 35.7 

22.4 40.8 36.7 

22.8 41 .O 36.2 

22.7 40.8 36.5 

23.3 40.7 36.0 

23.2 40.0 36.8 

23.4 41 .O 35.6 

23.1 40.6 36.3 

Mean f Standard Deviation: 22.9 & 0.5 40.7 2 0.3 36.3 -c 0.5 

EXPERIMENTAL 

M a t e r i a l s :  S o l v e n t s  were  g l a s s  d i s t i l l e d  ( B u r d i c k  and Jackson) .  Chemica ls  

were a n a l y t i c a l  g rade ( A l d r i c h  Chemical  Co.) and used w i t h o u t  f u r t h e r  p u r i f i -  

c a t i o n .  

Appara tus :  A modu la r  HPLC sys tem c o n s i s t i n g  o f  L a b o r a t o r y  Da ta  C o n t r o l  (LDC) 

Cons tamet r i c  1 and I 1  pumps a t t a c h e d  t o  an LDC G r a d i e n t  M a s t e r ,  a Chromat ron ix  

dua l - channe l  uv absorbance d e t e c t o r ,  Rheodyne i n j e c t o r ,  and a s t r i p - c h a r t  r e -  

c o r d e r  o p e r a t e d  a t  0.2 in/min. was used. 

The RP-18 r e v e r s e d  phase column (Merck )  was 250 mm x 4.6 mm p repacked  w i t h  

10  urn p a r t i c l e  s i z e  m a t e r i a l s .  10  n l  samples were  i n j e c t e d .  Exper imen ts  were  

run  a t  room te inpe ra tu re  u s i n g  a m o b i l e  phase f l o w  r a t e  o f  1.2 ml /min .  R e t e n t i o n  

t i m e s ,  peak a reas ,  and peak a r e a  p e r c e n t  were d e t e r m i n e d  w i t h  a H e w l e t t - P a c k a r d  
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COMPUTER PROGRAM FOR ELUTION ORDER OF PEAKS 1775 

1865 A/D conver te r  connected t o  t h e  UV d e t e c t o r  o u t p u t  o f  t h e  l i q u i d  chromato- 

graph. The o u t p u t  f rom t h e  da ta  system was recorded on a 9866A thermal  l i n e  

p r i n t e r  (Hewlet t -Packard) .  

COMPUTER PROGRAM 

The PKSEP program which i d e n t i f i e s  peaks by peak area pe rcen t  i s  w r i t t e n  

i n  Bas ic  f o r  a Hew le t t  Packard 3354 Lab Data System. Th is  system uses a model 

2100 CPU w i t h  32 K o f  core. C u r r e n t l y ,  t h e  program a l l o w s  f o r  as many as 12 

runs w i t h  up t o  15 peaks i n  each run,  s t o r i n g  r e t e n t i o n  t imes,  peak area per-  

cen ts  and r e s u l t s  o f  t h e  a n a l y s i s  f o r  each run. 

E lu ted  peaks a r e  i d e n t i f i e d  by comparing t h e  peak area pe rcen ts  o f  t h e  

t r i a l  run peaks t o  those  o f  a s tandard  run. Peak area pe rcen ts  a r e  computed 

a u t o m a t i c a l l y  by t h e  HP 3354 Lab Data System. C u r r e n t l y  t h e  r e t e n t i o n  t imes  

and area percent  f o r  each peak a r e  en te red  i n  t h e  program, b u t  t h e  program can 

be m o d i f i e d  t o  accept  t h e  r e t e n t i o n  t i m e  and area pe rcen t  f rom t h e  processed 

da ta  f i l e s  o f  each LC ana lys i s .  

The run w i t h  t h e  most peaks i s  chosen as t h e  s tandard.  I f  t h e r e  a r e  sev- 

e r a l  runs t o  choose from, t h e  l a s t  one en te red  i s  used un less  t h e  use r  s e l e c t s  

another .  The s e l e c t e d  run must have t h e  maximum number o f  peaks. 

The a n a l y s i s  f o r  each t r i a l  run  i s  as f o l l o w s .  For  each t r i a l  peak, t h e  

s tandard  peak o r  sum o f  two peaks which b e s t  match t h e  t r i a l  peak area pe rcen t  

i s  chosen. Peak summing i s  n o t  used a t  t h i s  p o i n t  i f  t h e  t r i a l  r u n  has t h e  

same number o f  peaks as t h e  s tandard  run. I f  a s tandard  peak i s  chosen which 

d e f i n e d  a p rev ious  peak, b o t h  t r i a l  peak d e f i n i t i o n s  a r e  rechecked and o n l y  t h e  

b e t t e r  area percent  match i s  kept .  I f  t h e  t r i a l  run  has t h e  same number o f  

peaks as t h e  s tandard,  s tandard  peaks a r e  n o t  summed i n  t h i s  i n i t i a l  s e l e c t i o n .  

I f  t h e  area pe rcen t  o f  t h e  s tandard  s e l e c t e d  d i f f e r s  f rom t h e  t r i a l  by more 

than lo%,  a warn ing message i s  p r i n t e d .  Mis-matches o f  t h i s  s i z e  w i l l  most 

p robab ly  be reso lved  i n  t h e  i d e n t i f i c a t i o n  o f  l a t e r  t r i a l  peaks. This  i n i t i a l  

s e l e c t i o n  produces no peak i d e n t i f i c a t i o n  c o n f l i c t s ,  b u t  a l l  t r i a l  and s tandard  
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1776 ISSAC! AND MC NITT 

peaks may n o t  have been matched. A l l  unused t r i a l  peaks a r e  t h e n  compared 

a g a i n s t  a l l  unused standards and t h e  bes t  a v a i l a b l e  area pe rcen t  f i t  i s  used, 

i f  t h e  areas match by  90% o r  more. Note t h a t  n o t  a l l  s tandard  peaks a r e  f o r c e d  

t o  match a t r i a l  peak due t o  t h i s  90% requi rement .  A l l  s e l e c t e d  peaks, warn ing  

inessages and r e - d e f i n e d  s tandards a r e  p r i n t e d  o u t  d u r i n g  t h e  a n a l y s i s .  

A summary r e p o r t  o f  each t r i a l  run  i n  e l u t i o n  o r d e r  o f  t h e  s tandard  r u n  i s  

p r i n t e d  out ,  showing t h e  co r respond ing  t r i a l  peak number, r e t e n t i o n  t i m e  and 

area $, o r  a message i s  g i ven  t o  i n d i c a t e  t h a t  t h e  s tandard  peak cannot  be 

i d e n t i  f i ed. 

F i n a l l y  a summary t a b l e  g i v i n g  t h e  e l u t i o n  o r d e r  f o r  each r u n  i s  p r i n t e d  

ou t .  

A HYPOTHETICAL EXAMPLE 

A m i x t u r e  c o n t a i n i n g  seven components was s e l e c t e d  as an example. The 

o u t p u t  i s  l i s t e d  as f o l l o w s :  

ENTER R I ,  AREA X FOR EACH PEAK FROfl RUN 1 

:'? i . l , b %  
:? ? .7,4% 
:? il,?OX 
:?  21.4 ,15% 
:? 23.7,14% 
:' 34,212 
:? 37,19% 
7 -1 , - 1  

E N D  U I T H  - 1  , - 1  

ENTER Hl, A F  
END U I T H  - 

: 7  1 .1 ,20% 
:? t i  .2,<30% 
:? 22.3,10% 
:? 35.7,40% 
:? -i,-i 

ENTER H T .  afi  

A X FOR EACH PEAK FROH RUN 2 
,-I 

R Z FOR EACH PEAK FRON RUN 
END U I T H  -i,-i 

:? 1 , i o x  
:? i 2 , 1 9 . 5 1  
:? 23.2,14.9% 
:'? 24.7,14.1% 
: ?  35.7,40% 
:? - i , - 1  
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COMPUTER PROGRAM FOR ELUTION ORDER OF PEAKS 1777 

E N T E R  RT, AREA Z FOR EACH PEAK FRO# RUN 4 

:?  1,5.9% 

:? 11 .3 ,30 .1% 
:? 23.1,14.8X 
: ?  27.3,14.1% 
:? 35.2.20.91 
:? 3 7 . 8 , l Y . l X  

END U I T H  - 1 , - 1  

:? 2.4 ,4 .1% 

:? - 1 , - 1  

ENTER R T ,  AREA % F O R  EACH PEAK FRON RUN 5 

:? 1,5.8% 
END U I T H  - 1 , - t  

:? 2.1 ,4 .2% 
:? 11.1,20.1% 
:? 13.4,14.9% 
:? 15.8,14.1% 
:? 24.7 ,21 .9% 
:'? 31.2,18.6% 
:? - 1 , - 1  

ENTER R T ,  AREA Y. FOR EACH PEAK FRON RUN 6 
END U I T H  - 1 , - 1  

:? 1,481: 
:? 2.4,6% 
:? 13.2,15% 
:? 21.7,14% 
:? 25.7,17.4% 
:? .-1,-1 

E N l E R  RT, AREA % FOR EACH PEAK FRO8 RUN 7 
END U I T H  - 1 , - 1  

:'? 1,102 
:? 2.3 ,20% 

: ?  - 1 , - 1  

:? 3.5,30% 
:? 4.8,40% 

These a r e  t h e  seven r e q u i r e d  runs t o  pe r fo rm an optimum s o l v e n t  m i x t u r e  

a n a l y s i s  u s i n g  seven d i f f e r e n t  m o b i l e  phases. 

t h e  areas i n  these  seven runs t o  de te rm ine  which area belongs t o  which peak/ 

peaks. 

The n e x t  s t e p  i s  t h e  a n a l y s i s  o f  

Run # 1 i s  s e l e c t e d  as t h e  s tandard ;  i t  has t h e  maximum number o f  peaks. 

The computer w i l l  i d e n t i f y  t h e  peaks i n  t h e  rema in ing  s i x  runs as follows: 

ANALYSIS FON HUN #2 
PEAK 111 - 20 s r D  a 3  - 20 
P E A K  12 - 30 s'rD 14 - i'i t n5 - 14 = 29 
PEAK 1 3  - 10 S T D  111 - 6 + W2 - 4 1 0  
PEAK # 4  - 40 STD #.S - 21 + #7 - 19 = 40  
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1778 ISSAQ AND MC NITT 

ANAILYSIS F O R  HUN n3 
PEAK #i - 10 srD n i  - 6 + 12 - 4 = 1 0  
PEAK # 2  - 19.5 S l n  #7 - 19 
PEAK U3 - 14.Y SID 1 4  - 15 
PEAK 1 4  - 14.1 S T D  n5 - 14 
PEAK n 5  - 40 S I D  n6 - 21 + n7 - i~ : 40 

*** R E D E F I N I T I O N  OF STD 7 *** 
PEAK 1 2  NAY B E  STD #3 

A N A L Y S I S  FOR RUN U4 
PEAK # I  - 5.9 srD n i  
PEAK wz - 4 . 1  sru I I ~  
PEAK 13 - 30.1 STU U6 

***PE(IK AREAS D I F F E R  BY )lo11 .* 
PEAK #4 - 14.8 S1U 14 

PEAK XI - 2 0 . 9  SIU H6 

PEAK #7 - 19.1 SID N7 

P E A K  n5  - 14.1 S I U  #5 

* * *  R E D E F I N I T I O N  OF STD 6 

- 6  
- 4  
- 21 

- 15 
- 14 
- 21 

- 19 

** 

* I *  

A N A L Y S I S  FOR RUN I5 
PEAK n i  - 5 . 8  s'ru a i  - 6 
PEAK U2 - 4 . 2  STU 12 - 4 
PEAK 1 3  - 20.1 STD 13 - 20 
PEAK 1 4  - 14.9 S'ID 14 - 15 

PEAK 46 - 21.9 SIKI 16 - 21 
PEAK 17  - 18.6 STU # I  - 19 

PEAK 15 - 1 4 . 1  STU 15 - 14 

A N A L Y S I S  IFOR HUN H6 
PEAK # l  - 48 SIB #3 - 20 t 16 - 21 

*** PEAK M Y  BE Sun OF 3 OR HOHE STUS &*): 

PEAK #2 - 6 STD n i  - 6 
PEAK a3 - 15 STU a4 - 15 
PEAK 1 4  - 1 4  STD ns - 14 
PEAK 15 - 17.4 STU 112 '- 4 

P E A K  15 HAY BE STD 47 
*** R E D E F I N I T I O N  OF STD 5 '**:* 

INALYSIS FOR RUN a7 
PEAK # 1  - 10 STD 11 - 6 
P E A K  12 - 20  S T D  13 20 
P E A K  n3 - 30 S'TD w4 - 1 5  
PEAK 14 - 40 STD U6 - 2 1  

t #5 - 1 4  

+ # 2  .- 4 

t n5 .- 1 4  
+ n7 - 19 

= 41 

= 18 

= 10 

= 29 
= 40 
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COMPUTER PROGRAM FOR ELUTION ORDER OF PEAKS 

SUiiMARY OF RESULTS 

RUN II 2 
STD PEAK H 
1 -1.1 
2 -2.7 
3 - 1 1  
4 -21.4 
5 -23.7 
6 -34 
I -37 

RUN # 3 
STD PEAK II 
1 - 1 . 1  
2 -2.7 
3 -11 
4 -21.4 
5 -23.7 
6 -34 
7 -37  

RUN n 4 
sro PEAK II 
1 -1.1 
2 -2.7 
3 -11 
4 -21.4 
5 -23.7 
6 -34  
I -37 

RUN W 5 
STD PEAK X 
1 -1.1 
2 -2.7 
3 -11 
4 -21.4 
5 -23.7 
6 -34 
I -37  

I N N  W 6 
STD PEAK W 
1 -1.1 
2 -2.7 
3 -11 
4 -21.4 
5 -23.7 
6 -34 
7 -37 

PEAK # 
3 
3 
1 
2 
2 
4 
4 

PEAK # 
1 
1 
2 
3 
4 
5 
5 

RT 
1 1  
11 
1 . 1  
2.7 
2.7 
21.4 
21.4 

HT 
1.1 
1.1 
2.7 
11 
21.4 
23.7 
23.7 

STD AREA X 
6 
4 
20  
1 5  
1 4  
21 
1 9  

s i n  AREA x 
6 
4 
20  
15 
14  
21 
1 9  

PEAK # RT STD AREA X 
1 1.1 & 
2 2.7 4 
- PEAK NOT I D E N T I F I E D  
4 21.4 1 5  
5 23.7 14  
& 3 4  21  
7 37 1 9  

PEAK X 
1 
2 
3 
4 
5 
6 
7 

RT 
1.1 
2.7 
1 1  
21.4 
23.7 
3 4  
37 

STD AREA Y. 
6 
4 
20  
1 5  
1 4  
21 
19  

PEAK X RT STD AREA Y. 
2 2.7 6 
- PEAK NOT I D E N T I F I E D  
1 1.1 2 0  
3 11 15 
4 21.4 14  
1 1.1 21 
5 23.7 1 9  

PEAK AREA Y. 
10 
10 
20  
3 0  
3 0  
40 
40 

PEAK AREA X 
10 
10 
19.5 
14.9 
14.1 
40 
40 

PEAK AREA Z 
5.9 
4.1 

14.8 
14.1 
20.9 
19.1 

PEAK AREA X 
5.8 
4.2 
20.1 
14.9 
14.1 
21.9 
18.6 

PEAK AREA Y. 
6 

4 8  
1 5  
14  
4 8  
17.4 
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1780 ISSAQ AND MC NLTT 

HUN n 7 
srD PEAK n 
1 - 1 . 1  
2 - 2 . 7  
3 - 1 1  
4 -21.4 
S - 2 3 . 7  
6 -34 
I -37  

PEAK 4 
1 
1 
2 
3 
3 
4 
4 

R T  
1 . 1  
1 . 1  
2 . 7  
1 1  
1 1  
21.4 
2 1 . 4  

STD AREA I 
6 
4 
20 
1 5  
1 4  
21 
1 9  

PEAK A R E A  Y. 
10 
10 
20 
30 
30 
40 
40 

Note t h a t  i n  t h e  a n a l y s i s  o f  r u n  #3, s tandard  peak 7 was s e l e c t e d  as a 

match t o  peak 2, t hen  s e l e c t e d  aga in  as match ing peak 5. 

n o t  i n i t i a l l y  s e l e c t e d  as match ing any t r i a l  peak, b u t  was matched t o  peak 2 

when t e s t i n g  a l l  u n i d e n t i f i e d  peaks. However i n  r u n  #4, s tandard  peak 6 was 

matched f i r s t  t o  peak 3, t hen  t o  peak 6, and s tandard,  and t r i a l ,  peak 3 a r e  

l e f t  u n i d e n t i f i e d  even a f t e r  t e s t i n g  a l l  unmatched peaks, and i s  recorded as 

-1, which means t h a t  t h a t  peak has n o t  been i d e n t i f i e d .  I n  t h i s  case, t h e  

chromatographer w i l l  have t o  use o t h e r  means t o  i d e n t i f y  t h a t  peak. 

Standard peak 3 was 

C u r r e n t l y  t h e  program sums o n l y  two s tandard  peaks if summing i s  requ i red .  

The program can be m o d i f i e d  t o  search f o r  t h e  sum o f  more than  two  peaks. 

t h e  summed area pe rcen t  i s  10% l e s s  than  t h e  t r i a l  peak area pe rcen t ,  a message 

such as t h e  one i n  r u n  #6 i s  p r i n t e d ,  i n d i c a t i n g  t h a t  t h r e e  o r  more s tandard  

peaks may be represented i n  t h e  t r i a l  peak area. 

I f  

F i n a l l y ,  t h e  computer w i l l  l i s t  t h e  summary o f  t h e  above 

a n a l y s i s ,  i n  t a b l e  form, (Table 3 ) .  

S T U  n 1 2 

1 1 3  
2 2 3  
3 3 1  
4 4 2  
5 5 2  
6 6 4  
7 7 4  
BASIC 
> 

TABLE 3 

RUN 4 
4 5  

1 1  
2 2  
- 1  3 
4 4  
5 5  
4 6  
7 7  

I 8  9 1 0  
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COMPUTER PROGRAM FOR ELUTION ORDER OF PEAKS 1781 

CONCLUSION 

A computer program has been w r i t t e n  which can i d e n t i f y  t h e  peak e l u t i o n  

o r d e r  acco rd ing  t o  t h e i r  area percent .  

"By acceptance o f  t h i s  a r t i c l e ,  t h e  p u b l i s h e r  o r  r e c i p i e n t  acknowledges t h e  
r i g h t  o f  t h e  U.S. Government t o  r e t a i n  a nonexc lus i ve ,  r o y a l t y - f r e e  l i c e n s e  
i n  and t o  any c o p y r i g h t  cove r ing  t h e  a r t i c l e . "  

Th i s  work was suppor ted by Con t rac t  No. N01-CO-75380, wi th  t h e  N a t i o n a l  Cancer 
I n s t i t u t e ,  N IH ,  Bethesda, MD 20014. 
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APPENDIX - Program Listings 

10 DIH AKl801,TC180I,PC1801,N~l21 
2 0  DEF fNZ(X)=IN1(100.*X+.5)/100 
30 P R I N T  
40 PRINT "PEAK I D E N T I F l C A T I O N  B Y  AREA PROGHAH - 4/82" 
5 0  PRINT 
60  FOR 1.1 TO 180 
70 LET F"II:-l 
80 NEXT I 
9 0  L E I  k=O 
100 LET I.=l 
1 1 0  LET N1:O 
120 LET T 2 = O  
130 P R I N T  
140 P R I N T  "EN'lEH RT,  A R E A  X FOR EACH PEAK FROM RUN " ; I  
150 P R I N T  " END U l T H  - 1 , - 1 "  
1 6 0  FOR J= l  TO 15 
170 PRINT ":"; 
180 INPUT T 1 , A l  
185 LE.1 K=(I-1 )*15+J 
190 IF T I + A l i O  THEN 2 9 0  
210 11: IliT1 I l i E i Y  2.10 
220 mii+r " P E A K S  U U I  OF O R I I E R "  
230 GOTO 110 
240 LET T C K I = ' I l  
250 L E T  12-11 
260  LET A C K l = A l  
270 LET N l = N l * l  
280 NEX'I J 
290 I F  Ni.:H THEN 320 
300 LET M = N 1  
310  LET 11.1 
320 I F  N1<1 THEN 360 
330 LET NCII=Nl 
340  LET I = I + l  
350 I F  K 1 3  THEN GOTO 1 1 0  
360 LET N5-1-1  
370 P R I N T  
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COMPUTER PROGRAM FOR ELUTION ORDER OF PEAKS 1783 

380 
390 
400 
410 
420 
430 
440 
450 
4bO 
470 

480 
490 
500 
510  
520 
5 3 0  
540 
550  
560  
570  
580 
590 
600  
610  
6 2 0  
6 3 0  
640 
650 
6 6 0  
670  
680  
690  
700 
710 
1 2 0  
730 
740 
750 
760 
770 
780 
790 
800 
810 
8 2 0  
830 
840  
850 

P R I N T  "RUN W "iI1;" USED A S  STANDARD" 
P R I N T  "OKAY"; 
I N P U T  N$ 
I F  NSCI , I  J # " N "  THEN 440 
P R I N T  "RUN U OF STD "; 

L E T  N Z = N C I  11 
IF H=N? THEN 4 8 0  

I w u r  11 

r R " r  r lhxit iun n OF F E A K S  I H  I?UN " ; I ]  
mia 420 

ILET 1 9 : = ( 1 1 - t ) # 1 5  
FDl? K = 1  TO N2 
LET P C I 9 + K l = K  
NEXT K 

L E T  A C I 9 + N 2 + 1 1 = 0  
FOR K = 1  T O  N 5  
I F  K=II THEN 850 
L E T  K9=(K-1 ) *15  
P R I N T  
PRIN'T " A N A L Y S I S  FOR RUN #" ;K  
LET N I = N C K I  

FOR J=l TO N1 

L E T  A2=AIK9+JJ 
FOR I = l  T O  N 2  
LET K8=It1 
I F  N Z = N I  THEN LET K8=N2+1 

n=iooo 

FOR I2 -K8 TO N 2 t 1  
GOSUB 1620 
NEXT I2 

LET A8=ACI9+KII 
L E T  A9:AC19+K21 
L E I  4 i=A8-+A?  
P R I N T  " PEAK #";J;"- ";A2;TAB(25); 
I F  K2>N2 THEN 7 7 0  

N E X i  I 

P R I N T  *aS'TD #";Kl;lv- " ; A 8 ; + * +  # * l ; K 2 ; + L  ";A9;"= " ; A ,  
IF ~ 2 > 1 . 1 * ~ 1  THEN PRINT 11 :a** PEAK n A y  BE surr OF 3 OR NORE srDs * . a * "  
G O T 0  790 
P R I N T  " S T D  #" ;K l ; " -  " ; A C I 9 + K l I  
I F  N/A2.>.1 'THEN PRIN'T " :*:k*PEAK AREAS D I F F E R  BY : ? lo% : k : l * "  

GOSUB I150 
I F  F>O THEN 830 
L E T  P C K S t K I  l = J  
L E T  PCKY+K21=J 
N E X ' I  J 

GOSUB 1370 
NEXT I< 
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1784 ISSAQ AND MC NITT 

860 P R I N T  
870 P R I N T  "SUNMARY OF RESULTS" 
880 FOR 151 T O  N5 
8 9 0  If 1.11 THEN 1 0 1 0  
9 0 0  P R I N T  
9 1 0  PRINT "RUN n " ; I  
9 2 0  PRINT " S T D  PEAK w PEAK n 
9 3 0  P R I N T  " PEAK AREA X "  
9 4 0  FOR ~ = i  T a  NZ 
9 5 0  L E T  K 8 = ( 1 - 1 ) * 1 5  
9 4 0  LET J l = P C K B + J I  
9 7 0  L E T  J 2 = 1 9 + J  
9 8 0  I F  J1;O THEN P R I N T  J;" -" ;FNZ(TCJ2 l ) ;TA8(20 ) ; " -  PEAK #[IT I D E # T I F I E U "  
9 9 0  I F  J1,O THEN PRINT J ; " - " ; F N L (  T C J 2 1 )  ;TAH~?O) ;J l ,TCJ1 l ,~LJ~J ,ACKB+J11 
1 0 0 0  NEXT J 
1 0 1 0  NEXT I 
1 0 2 0  F k I N T  
1030 P R I N T  
1 0 4 0  P m r  $ 3  HUN 11" 
1050 P R I N T  "STD t4 1 2 3 4 5 6 7 8 9 1 0 "  
1 0 6 0  F O R  1=1 T O  N2 
1070 P R I N T  
1080 P R I N T  I ;  

1 1 0 0  P R I N T  P C ( J - l ) # 1 J t I I ;  
1 1 1 0  NEXT J 
1 1 2 0  NEXT I 
1 1 3 0  STOP 

1 0 9 0  FOR J=I r o  ~5 

> 

1 1 4 0  
1 1 5 0  
1160 
1 1 7 0  
1 1 6 0  
1 1 9 0  
1200 
1 2 1 0  
1 2 2 0  
1 2 3 0  
1 2 4 0  
1 2 5 0  
1 2 6 0  
1 2 7 0  
I280  
1 2 9 0  
1300 
1310 
1 3 2 0  
1330 
1 3 4 0  
1 3 5 0  
1 3 6 0  
1 3 7 0  

> 

REH *.kFIND REDEFI6ED PEAK - U H I C H  USE I S  BETTER F I T  
LET F = 0  
L E T  K R - N P t l  
L E T  J l = P C K 9 t K l  1 
LET I:=kl 
I F  J 1 0  'THEN 1,740 
LII T  J 1 .:PC K9 +K2 1 
L E T  12=1:2 
IF JI>O A N D  K 2  <= 6 2  THEN 1 2 4 0  
RETURN 
P R I N T  " .**.I R E D E F I N I I I U N  OF S'TD ";I2;":r*.k" 

FOR K5.1 TO N 2  
I F  K5.12 THEN 1280 
I F  P C K Y + K S l = J I  'THEN L E T  K8.=K5 
NEXT K 5  

L E T  A B = A C I Y + I 2 1  
L E T  A9=AC19+K81 
L E T  A I = A 8 t A 9  
I F  A H S ( A l - A C K 9 + J l I ) < l i  'THEN 1340 
LET P I K 9 t I ? I = - l  
ILET PCK9tK81:-1 
HETUHN 
L E T  I'=l 
HETURN 
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COMPUTER PROGRAM FOR ELUTION ORDER OF PEAKS 1785 

1380 
1390  
1400 
1410 
1 4 2 0  
1430 
1440 
1450  
1460 
1470 
1480 
1490 
I500 
1510 
1520  
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610  
1620 
1630 
1640 
1650  
1660 
1670  
1680  
1 AVO 

> 

R E 8  :#*FIND U N D E F I N E D  PEAKS - DO ANY H A T C H  
F O R  J = l  TI) N1 

F O R  1.1 r o  NZ 
I F  P C K 9 + I l = J  'THEN 1590  
NEXT I 

LET i I=1000 
LET A2=A[K9+Jl 
LET P C K 9 + N 2 t l l = - l  

FOR 1.1 'ro ~2 
I F  PCK9+I l :>O THEN 1520 

F O R  I2::1+1 TO N2+1 
I F  PCKV+IZ I .~O THEN 1510  
GOSUB 1620 
NEXT I2  

NEXT I 
IF fi/A2>.1 THEN KETUHN 
P R I N T  I' PEAK #";J;" MAY B E " ; T A B ( Z S ) ;  
I F  C2 <= N2 THEN PRINT "STD # " ; K l ; "  i # " ; K 2  
I F  K?;N2 THEN F'HINT " S T D  # " ; K 1  
LET PCKS+Kl I=J  
IF K2<N2+1 THEN LET PCK9tK21-J 
NEXT J 

RETURN 
REfi .$*DIFFERENCE I N  AREA ROUTINE 
LET A l = A C I 9 + I I + A C I 9 t I 2 1  
LET D=ABS(AI-AZ) 
I F  D>M THEN RE'IURN 
LET f i = D  
LET K 1 . I  
LET K2.12 
RETURN 
END 
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