
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Computers in Quantitative TL-Chromatography
V. Pollaka

a Professor, Chairman, Div. of Biomed. Eng. University of Saskatchewan, Saskatoon, Sask., Canada

To cite this Article Pollak, V.(1980) 'Computers in Quantitative TL-Chromatography', Journal of Liquid Chromatography
& Related Technologies, 3: 12, 1881 — 1899
To link to this Article: DOI: 10.1080/01483918008064777
URL: http://dx.doi.org/10.1080/01483918008064777

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918008064777
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CKROMATOGRAPHY, 3(12), 1881-1899 (1980) 

COMPUTERS I N  QUANTITATIVE TL-CHROMATOGRAPHY 

V. P o l l a k ,  P r o f e s s o r ,  Chairman, Div. of Biomed. Eng. 
U n i v e r s i t y  of  Saskatchewan, S a s k a t o m ,  Sask., Canada S7N OW0 

ABSTRACT 

The paper  p r e s e n t s  a d i s c u s s i o n  o f  the u s e  of  computers ,  
mainly of t h e  micro-processor  v a r i e t y ,  in d e v i c e s  f o r  t h e  photo- 
m e t r i c  q u a n t i t a t i o n  of  TL-chromatograms. F i r s t  a b r i e f  survey  is 
g iven  of t h e  p r i n c i p a l  f e a t u r e s  of  contemporary photometers  
s p e c i f i c a l l y  des igned  f o r  chromatographic  a p p l i c a t i o n s .  The most 
s o p h i s t i c a t e d  and expensive o f  t h e s e  are d u a l  wavelength i n s t r u -  
ments and a t  t h e  p r e s e n t  s t a t e  of development only  t h e s e  have as 
y e t  been computerized. It is, however, a n t i c i p a t e d  t h a t  in t h e  
n e a r  f u t u r e  t h e  u s e  of  computers w i l l  s p r e a d  a l s o  t o  t h e  less 
s o p h i s t i c a t e d  s i n g l e  wavelength d e v i c e s  w i t h  a moderate  p r i c e  t a g .  
The advantages are ease of  o p e r a t i o n  as w e l l  as s u p e r i o r  per for -  
mance c h a r a c t e r i s t i c s .  The former is achieved u s i n g  a computer t o  
c o n t r o l  t h e  i n t e r n a l  o p e r a t i o n  of  t h e  photometer  and some of  t h e  
p o s s i b i l i t i e s  open in t h i s  r e g a r d  are d i s c u s s e d .  The improvement 
i n  performance i s  achieved i n  a d i f f e r e n t  way. Photometr ic  quan- 
t i t a t i o n  of TL chromotograms r e q u i r e s  a number of mathematical  
o p e r a t i o n s  upon t h e  signal on its pa th  between t h e  l i g h t  s o u r c e  
and t h e  o u t p u t  d i s p l a y .  The computer p e r m i t s  t h e  u s e  o f  almost 
any k ind  of signal t r a n s f o r m s ,  t ransforms which would be  comple te ly  
i m p r a c t i c a l  t o  c a r r y  o u t  by t r a d i t i o n a l  techniques .  The a c q u i r e d  
and preprocessed s i g n a l ,  which in a convent iona l  d e v i c e  would be 
d i r e c t l y  f e d  t o  t h e  o u t p u t  r e c o r d e r ,  can be  s u b j e c t e d  t o  " a f t e r -  
p rocess ing"  w i t h  a s u b s t a n t i a l  f u r t h e r  g a i n  i n  performance. The 
r e s u l t s  ob ta ined  by computerized a n a l y s i s  are a v a i l a b l e  in alpha-  
numer ica l  form. Both hard  and s o f t  copy d e v i c e s  can be  used. If 
d e s i r e d  a g r a p h i c a l  d i s p l a y  in  ana log  form can a l s o  be  obta ined .  
The o u t p u t  in format ion  provided by t h e  computer can be s t o r e d  i n  
extremely compact form on magnet ic  t a p e  o r  d i s c  wi th  v e r y  f a s t  
a c c e s s  and retrieval. 

INTRODUCTION 

In today's a n a l y t i c a l  t h i n  l a y e r  chromatography t h e  a b i l i t y  

t o  perform q u a n t i t a t i v e  d e t e r m i n a t i o n s  is o f  almost e q u a l  impor- 
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1882 POLLAK 

tance as t h e  a b i l i t y  t o  s e p a r a t e  i t s e l f .  

aches  t o  t h i s  purpose o p t i c a l  methods are wide ly  p r e f e r r e d .  The 

c o n s i d e r a t i o n s  o f  t h i s  paper apply  s p e c i E i c a l l y  o n l y  t o  t h i s  

approach t o  q u a n t i t a t i v e  a n a l y s i s .  

however, many of  t h e  p r i n c i p l e s  d i s c u s s e d  are a p p l i c a b l e  a l s o  t o  

o t h e r  r e l a t e d  methods of q u a n t i t a t i o n .  n o t  o n l y  of  TL-chromatograms, 

b u t  a l s o  t o  l i q u i d  (mainly HP) and gas  chromatography. 

O f  t h e  v a r i o u s  appro- 

With a p p r o p r i a t e  m o d i f i c a t i o n s ,  

With t h e  growing interest in t h e  o p t i c a l  q u a n t i t a t i o n  of chroma- 

t o g r a p h i c  s e p a r a t i o n s  t h e  number of  s p e c i a l  purpose d e v i c e s  de- 

veloped f o r  t h i s  purpose h a s  e q u a l l y  increased .  They range  today 

from r e l a t i v e l y  s imple  and inexpens ive  i n s t r u m e n t s  f o r  low t o  

moderate performance t o  ex t remely  s o p h i s t i c a t e d  (and correspond-  

i n g l y  c o s t l y )  systems f o r  t h e  h i g h e s t  demands. (1) I n  t h e  l a tes t  

ins t ruments  of  t h i s  class automation u s u a l l y  coupled w i t h  computer 

c o n t r o l  is widely e x p l o i t e d .  

acqui red  d a t a  by an e x t e r n a l  o r  b u i l t - i n  computer i s  capable  of 

improving t h e  performance c h a r a c t e r i s t i c s  of t h e  system f u r t h e r  by 

perhaps an a d d i t i o n a l  o r d e r  o f  magnitude. But computer hardware 

h a s  become almost r i d i c u l o u s l y  inexpens ive .  The main p o r t i o n  of  

t h e  c o s t  is on t h e  sof tware  s i d e ,  t h a t  i s  in t h e  development of  

s u i t a b l e  programs and a lgor i thms.  Once t h i s  h a s  been achieved and 

s u f f i c i e n t  exper ience  been c o l l e c t e d ,  t h e r e  seems t o  be  no 

o b s t a c l e  t o  t h e  i n t r o d u c t i o n  of computerized c o n t r o l  and process ing  

also t o  less s o p h i s t i c a t e d  and c o s t l y  equipment. I n  t h e s e  d e v i c e s  

automation and d a t a  p r o c e s s i n g  w i l l  p robably  be  kept  a t  a lower 

level of s o p h i s t i c a t i o n ;  n o n e t h e l e s s  a c o n s i d e r a b l e  pay-off in 

terms of performance and o p e r a t i n g  comfort  can almost w i t h  

c e r t a i n t y  be  a n t i c i p a t e d .  

C l a s s i f i c a t i o n  o f  O p t i c a l  Methods of Q u a a t i t a t i o n  

"After"-processing of  t h e  raw 

O p t i c a l  (o r  photometr ic)  methods f o r  q u a n t i t a t i v e  chromato- 

graphy can by and l a r g e  be d i v i d e d  i n t o  two classes, which may be  

l a b e l l e d  "denaitometry" and "f luorometry".  Both t e r n  are h e r e  

used in a broader  s e n s e  than t h e  conunon meaning of t h e  words and 

some e l a b o r a t i o n  is, t h e r e f o r e ,  warranted.  
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COMPUTERS IN QUANTITATIVE TLC 1883 

The term "densitometry" inc ludes  he re  both t ransmiss ion  

d e n s i t m e t r y  ( o r  "densitometry" in t h e  narrower sense) and re- 
f l e c t m e t r y .  As a matter of f a c t  t h e  latter mode is used much 

more widely d e s p i t e  t h e  t h e o r e t i c a l  s u p e r i o r i t y  of t ransmi t tance  

measurements. The simple reason f o r  t h a t  is t h e  r e l a t i v e l y  high 

o p t i c a l  dens i ty  of most s tandard  sepa ra t ion  l a y e r s  e s p e c i a l l y  in 

t h e  UV. 
quent ly  no t  a b l e  t o  provide s u f f i c i e n t  l i g h t  t o  in su re  an adequate 

s i g n a l  t o  no i se  r a t i o  a t  the  inpu t  of t he  e l e c t r o n i c  p a r t  of the  

system. (2) 

In consequence of t h i s  transmiasion dens i tozwtry  is f r e -  

The o p t i c a l  response of blank TL-media can be cha rac t e r i zed  

by two bas i c  parameters: t he  c o e f f i c i e n t s  of abso rp t ion  and 

scatter. 
it is des i r ab le ,  t h a t  t he  va lues  of both c o e f f i c i e n t s  show as 

l i t t l e  po in t  t o  po in t  f l u c t u a t i o n  over t h e  whole a c t i v e  a r e a  of 

the  chromatogram as poss ib le .  

ought t o  be c l e a r l y  cons tan t  everywhere and e x h i b i t  l i t t l e  depen- 

dence upon the  ranqe of o p t i c a l  wavelengths. For t h e  purposes 

envisaged here  t h i s  range extends from the  far red o r  nea r  in- 

f r a r e d  a t  about 800 nm t o  t h e  medium UV a t  perhaps 200 nm. There 

is a marked tendency towards broadening t h i s  range at  both  ends. 

Generally i t  is assumed t h a t  t he  presence of separa ted  (and 

For t h e  app l i ca t ion  of  o p t i c a l  methods of q u a n t i t a t i o n  

Also t h e i r  mean s p a t i a l  va lues  

the  case  given s u i t a b l y  dyed) substance a f f e c t s  only the  co- 

e f f i c i e n t  of absorp t ion ,  bu t  no t  t h a t  of s c a t t e r .  (3) The o p t i c a l  

response of the medium ( t h e  term covering both t ransmi t tance  and 

r e f l ec t ance )  depends, however,an both pa rane te r s  in a complicated 

way. As a genera l  r u l e  t h e  presence of separa ted  material can only 

increase  absorp t ion  and consequently reduce t h e  o p t i c a l  ou tput .  

The essence  of dens i tomet r ic  q u a n t i t a t i o n s  i n  chromatography is, 

t h e r e f o r e ,  t he  determination of t h e  change i n  o p t i c a l  response of 

the  medium i n  zone areas compared t o  blank reg ions .  Using s u i t a b l e  

mathematical transforms ( f r equen t ly  based upon empir ica l  da t a )  , 
t h e  increment i n  absorp t ion  causing the  measured response change 

is  derived and from the  la t ter  t h e  underlying concentration. 
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1884 POLLAIC 

The p r i n c i p a l  d i f f e r e n c e  between dens i tomet ry  and f luorometry  

is, t h a t  in the la t ter  t h e  i l l u m i n a t i n g  r a d i a t i o n  serves o n l y  to 

e x c i t e  t h e  examined material t o  emit  secondary r a d i a t i o n  a t  a 

somewhat longer  wave l e n g t h  than t h e  o r i g i n a l .  The b i g  advantage 

of f luorometry  is, t h a t  i d e a l l y  areas of t h e  chromatogram n o t  

c o n t a i n i n g  s e p a r a t e d  s u b s t a n c e s  appear  b l a c k  and t h e  base  l i n e  of  

t h e  record ing  ought ,  t h e r e f o r e ,  t o  be  p e r f e c t l y  f l a t .  In p r a c t i c e  

t h i s  i s ,  o f  c o u r s e ,  o n l y  p a r t i a l l y  t h e  case. An o t h e r  advantage 

is t h a t  t h e  o p t i c a l  o u t p u t  changes l i n e a r l y  w i t h  c o n c e n t r a t i o n . ( 4 )  

This is in marked c o n t r a s t  t o  t h e  g e n e r a l l y  h i g h  non- l inear  rela- 

t i o n s h i p  between t h e s e  tvo parameters  in dens i tomet ry .  

For many s u b s t a n c e s  f l u o r e s c e n c e  h a s  t o  be  induced by coup- 

l i n g  t o  a s t r o n g l y  f l u o r e s c i n g  a g e n t .  In  many r e s p e c t s  t h i s  pro- 

cedure can be  l i k e n e d  t o  t h e  s t a i n i n g  commonly r e q u i r e d  f o r  

dens i tomet ry .  

A number o f  o t h e r  methods e x i s t  which employ, d i r e c t l y  o r  

i n d i r e c t l y ,  o p t i c a l  r a d i a t i o n  f o r  t h e  d e t e c t i o n  a n d / o r  q u a n t i t a t i o n  

of material ana lyzed  by chromatographic  o r  r e l a t e d  procedures .  

S i g n i f i c a n t  as many of  them are, t h e y  u s u a l l y  s e r v e  s p e c i a l i z e d  

narrow purposes  and use s p e c i a l  purpose equipment, which f r e q u e n t l y  

has  few f e a t u r e s  i n  common w i t h  t h e  more g e n e r a l  purpose photo- 

metric q u a n t i f i e r s  which are  t h e  s u b j e c t  of  t h i s  d i s c u s s i o n .  

Acknowledging t h e  e x i s t e n c e  of  t h e s e  d e v i c e s  may. t h e r e f o r e ,  

s u f f i c e  f o r  t h e  p r e s e n t  purpose , leaving  them t o  t h e s p e c i a l i z e d  

l i t e r a t u r e  of  r h e  f i e l d s  they serve. 

There is also a number of  devices  i n  u s e ,  which employ 

d i f f e r e n t  k i n d s  of  non-opt ica l  r a d i a t i o n .  Many o f  t h e  arguments 

used i n  t h e  context of  t h i s  paper  f o r  o p t i c a l  measurements can be  

extended t o  t h e s e  as well. Space does,  however, no t  permit  t o  

c o n s i d e r  t h e s e  cases and t h e  m o d i f i c a t i o n s  t h e y  r e q u i r e  i n  any 

d e t a i l .  

C l a s s i f i c a t i o n  of Photometr ic  Devices 

C o m e r c i a l l y  a v a i l a b l e  photometr ic  equipment f o r  a p p l i c a t i o n  

In chromatography can be  roughly d i v i d e d  i n t o  s i n g l e  wave l e n g t h  

and d u a l  wave l e n g t h  devices .  ( 5 ) , ( 6 )  
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COMPUTERS IN QUANTITATIVE TLC 1885 

Single  wave length  devices  represent  t he  vast ma jo r i ty  of 

a l l  photometers in curren t  we. 
and t h e i r  c o s t  is ,  the re fo re ,  r e l a t i v e l y  moderate. The i r  per for -  

mance is adequate f o r  most rou t ine  app l i ca t ion .  Generally they 

are designed as multimode instflrmMts, which can be used in any 
of t h e  modes of opera t ion  discuseed in t h e  preceeding paragraph. 

This des ign  can be kept  simple 

As a l r eady  ind ica t ed  by t h e  name, s i n g l e  wave l eng th  devices  

employ a s i n g l e  near monochromatic beam of l i g h t  t o  scan t h e  sur -  

f ace  of t he  aualyzed chromatogram. The s p e c t r a l  width and posi- 

t i o n  of t he  beam is usual ly  ad jus t ab le  us ing  f i l t e r s  o r  a mono- 

chromator. When w e d  f o r  f luorescence  measurements, b e t t e r  

instruments permit independent a d j u s m e n t  of t h e  s p e c t r a l  pos i t i on  
of t he  e x c i t i n g  beam and of t h e  measuring beam. Modern requirements 

c a l l  f o r  a very wide s p e c t r a l  range which cannot be covered by a 

s i n g l e  l i g h t  source. It is then customary t o  employ two s u i t a b l e  

l i g h t  sources ,  one f o r  t h e  long and one f o r  t h e  s h o r t  end of t h e  

spectrum. The i n t e n s i t y  of i l l umina t ion  ought t o  be kept a s  

s t a b l e  a s  poss ib le .  It must be ad jus t ab le  t o  match t h e  o p t i c a l  

c h a r a c t e r i s t i c s  of d i f f e r e n t  media. 

Most s i n g l e  wave length  devices  work wi th  a s l i t  shaped 

ape r tu re .  The length  of t h e  ape r tu re  s l i t  is usua l ly  ad jus t ab le  

t o  match chromatograms with d i f f e r e n t  t r a c k  widths. A sli t  shaped 

ape r tu re  y i e l d s  a signal which is p ropor t iona l  t o  t h e  mean l i g h t  

i n t e n s i t y  over the  length  of t h e  s l i t .  But due t o  t h e  gene ra l ly  

non-linear r e l a t i o n s h i p  between concent ra t ion  encountered and the  

l i g h t  i n t e n s i t y  rece ivad ,  a s l i t  shaped ape r tu re  can y i e l d  mark- 

ed ly  erroneous r e s u l t s  un less  t h e  concent ra t ion  p r o f i l e  along the  

s l i t  i s  kept c lose ly  cons tan t .  This does not  apply t o  fluorescence,  

the  i n t e n s i t y  of which is a c l o s e l y  linear funct ion  of concentra- 

t i on .  To obta in  t h e  t o t a l  amount of subs tance  In a zone, t h e  con- 

c e n t r a t i o n  va lues  obtained from each s l i t  pos i t i on  have t o  be 

added ( in t eg ra t ed ) .  But t o  f i n d  t h e  concent ra t ion  va lue  even 

wi th in  a single ape r tu re  f i e l d ,  the  response c h a r a c t e r i s t i c  has  

t o  be f i r s t  l i n e a r i z e d  in terms of concent ra t ion .  Simpler i n s t ru -  

m e n t s  employ t o  t h i s  purpose an empir ica l ly  obtained sequence of 

c a l i b r a t i o n  poin ts .  More soph i s t f ca t ed  devices  use mathematical 
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1886 POLLAK 

t ransforms most ly  implemented e l e c t r i c a l l y  by ana log  c i r c u i t s .  (7) 
The f i n a l  i n t e g r a t i o n  over  t h e  whole zone area is u s u a l l y  performed 

manually from the record ing  s t r i p ,  where r e s u l t s  of  t h e  a n a l y s i s  

are d isp layed .  

The performance of  any measuring method is u l t i m a t e l y  l i m i t e d  

by n o i s e .  Photometr ic  methods f o r  chromatography are e s s e n t i a l l y  

a f f e c t e d  by two t y p e s  of  n o i s e .  One is of  e lec t r ica l  o r i g i n  and 

can be  reduced almost a r b i t r a r i l y  by a d o p t i n g  a s u f f i c i e n t l y  h i g h  

i n t e n s i t y  of i l l u m i n a t i o n  and by choosixig low n o i s e  e l e c t r o n i c  

components. The o t h e r  and u s u a l l y  d e c i s i v e  component is o p t i c a l  

n o i s e .  The I n t e n s i t y  of  t h e  o p t i c a l  n o i s e  component is l a r g e l y  

determined by t h e  o p t i c a l  homogenity of  t h e  s e p a r a t i n g  medium. 

L i t t l e  can b e  done t o  improve it f u r t h e r  in s i n g l e  wave l e n g t h  

devices .  

Far  reaching  compensation of t h e  o p t i c a l  n o i s e  component is 

t h e  main r a i s o n  d ' & r e  of  d u a l  wave l e n g t h  ins t ruments .  

should ,  however, be 'no ted ,  t h a t  t h i s  advantage a p p l i e s  on ly  t o  a 

r e l a t i v e l y  small degree ,  when t h e  ins t rument  is used i n  t h e  

f luorescence  mode. 

I t  

Dual wave l e n g t h  s c a n n e r s  have a l s o  a number of o t h e r  though 

less s i g n i f i c a n t  advantages.  

bined by r a t i o  forming, n o t  by s u b t r a c t f o n ,  i n t e n s i t y  f l u c t u a t i o n s  

of  t h e  l i g h t  s o u r c e  are l a r g e l y  e l i m i n a t e d .  

kind u s u a l l y  employ i n s t e a d  of a f i x e d  s l i t  a p e r t u r e  a f l y i n g  

spot scanning  system. This f e a t u r e  aboLishes t h e  n e c e s s i t y  t o  

keep t h e  transversal concentration p r o f i l e  c o n s t a n t  and g i v e s  t h u s  

g r e a t e r  freedom in  t h e  a p p l i c a t i o n  of t h e  sampsle. 

When t h e  two beam s i g n a l s  are com- 

Ins t ruments  of t h i s  

(1) 

The main drawbacks of  d u a l  wavelength photometer; are com- 

p l e x i t y ,  h i g h e r  demands upon t h e  s k i l l  o f  t h e  o p e r a t o r  and con- 

c u r r e n t l y  h igh  c o s t .  Dual wavelength o p e r a t i o n  i s ,  however, t h e  

method of c h o i c e  when t h e  u l t i m a t e  i n  performance is r e q u i r e d  and 

investment c o s t s  come second. Computer process ing  of t h e  a c q u i r e d  

d a t a  can f u r t h e r  c o n s i d e r a b l y  improve performance and t h e  r e s u l t -  

i n g  c o s t  increment  is n o t  that h igh  in p r o p o r t i o n  t o  t h e  b a s i c  
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COMPUTERS I N  QUANTITATIVE TLC 1887 

p r i ce .  It is, t h e r e f o r e ,  no t  s u r p r i s i n g  that dua l  wavelength 

photometers were t h e  f i r s t  ones t o  be considered f o r  teaming up 

wi th  a computer and later f o r  i n t eg ra t ed  computer design. 

The Role of t h e  Computer 

The p o t e n t i a l  of computer processing in TL-chromatographyhad 

been recognized a t  a f a i r l y  e a r l y  da te .  One of t h e  f i r s t  papers 

in this regard is probably a r e p o r t  by t h e  p re sen t  au thor  pre- 

sen ted  at a symposium i n  Phi lade lphia  i n  1971 and later published 

in p r i n t .  (8), (9) A t  t h a t  time: computers powerful enough t o  

handle even t h e  b a s i c  requirements of t h e  chromatographer were 
bulky and expensive. Few workers in t h e  f i e l d  of chromatography 

had then even an elementary understanding of t h e  p r i n c i p l e s  of 

programming and s i g n a l  process ing .  The concept of signal t o  noise  

r a t i o  as the  bas i c  l i m i t a t i o n  f o r  performance w a s  a l s o  r e l a t i v e l y  

new i n  t h i s  a r ea ,  though it had a l ready  proven its power in many 

o the r  d i s c i p l i n e s .  It is  thus  no s u r p r i s e  t h a t  f o r  many years  

l i t t l e  p r a c t i c a l  p rogress  uas made. 

The tu rn ing  po in t  came wi th  t h e  advent of t he  micro-processor 

and assoc ia ted  break-throughs i n  the  technology of l a r g e  scale 

in t eg ra t ed  e l e c t r o n i c s .  

device wi th  the  same d a t a  handling c a p a b i l i t i e s  a s  a minicomputer 

of 1970 c o s t s  a f r a c t i o n  of t h e  p r i c e  of t h e  lat ter even i n  today’s 

i n f l a t e d  do l l a r s .  Power requirements,  s i z e  and weight were a l s o  

d r a s t i c a l l y  reduced. Permanent i n s t r u c t i o n  sets a r e  r o u t i n e l y  

s to red  i n  low cos t  “read-only” (ROM) memories with l a r g e  ssorage  

capac i ty .  T rans i t i on  from one set of i n s t r u c t i o n s  t o  another  can 

be made by simply r ep lac ing  one preprogrammed ROM unit  by another 

one. Fundamental p rog raming  knowledge is today f a i r l y  widely 

spread; a s i g n i f i c a n t  advantage in t h i s  regard is. t h a t  even very 

small machines can today be p r o g r m d  i n  one of  the  popular high 

l e v e l  languages (Basic,  Pasca l ,  e t c . ) ,  which enable an opera to r  

even wi th  l i t t l e  computer experience t o  c a r r y  ou t  some independent 

programming and adjustment of e x i s t i n g  programs according t o  h i s  

i nd iv idua l  needs. 

A contemporary micro-processor based 
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1888 P0LLA.K 

Other  s i g n i f i c a n t  developments opening t h e  road t o  a much 

wider  a p p l i c a t i o n  of  computer technology were f a r  r e a c h i n g  Fm- 

provements and c o s t  r e d u c t i o n  o f  o u t p u t  d e v i c e s  both  o f  t h e  s o f t  

( p i c t u r e  t u b e ,  CRT) and h a r d  copy ( p r i n t )  v a r i e t y .  Where a r c h i v a l  

q u a l i t y  is n o t  r e q u i r e d ,  t h e  r e s u l t s  o b t a i n e d  can also be s t o r e d  

semi-permanently on magnetic t a p e  o r  d i s c .  This makes f i l e  

keeping and retrieval much easier and f a s t e r .  Simple alphanumeri- 

ca l  d i s p l a y s  can f o r  l i t t l e  e x t r a  c o s t  be  supplemented by g r a p h i c  

c a p a b i l i t i e s  i f  necessary  in c o l o r .  The o p e r a t o r  communicates 

w i t h  t h e  machlne u s u a l l y  via  s p e c i a l l y  designed keyboards.  Impor- 

tant progress  w a s  a l s o  made in many o t h e r  a s p e c t s  of computer 

technology,  which h e r e  cannot be covered in any d e t a i l .  J o i n t l y  

a l l  t h e s e  advances were i n s t r u m e n t a l  i n  t r i g g e r i n g  t h e  so c a l l e d ,  

"Computer revolu t ion" ,  which is a f f e c t i n g  a l l  a s p e c t s  of  contemp- 

o r a r y  l i f e .  

Microprocessors  a r e  today  even i n c o r p o r a t e d  i n t o  a v a s t  

v a r i e t y  of consumer p r o d u c t s  and p r o f e s s i o n a l  d e v i c e s .  I n  t h e  

f i e l d  of TL chromatography t h e  i n r o a d s  made are,  however, s t i l l  

few and in  between and t h e r e  is ample room f o r  more. The fol low- 

ing pages w i l l  be devoted t o  a survey  oE what t h e  p r e s e n t  s i t u a -  

t i o n  is and t o  t h e  p o t e n t i a l  f o r  f u t u r e  development. 

TLC Analysis  Systems With I n t e g r a t e d  Microprocessor  

Computers are today e x t e n s i v e l y  used in conjunct ion  wi th  

a n a l y s i s  systems of many k inds .  Two approaches can h e r e  be  d i s -  

t inguished .  I n  t h e  f i r s t ,  t h e  o l d e r  one ,  t h e  computer t o g e t h e r  

w i t h  a s u i t a b l e  i n t e r f a c e  f o r  d a t a  t r a n s f e r  is s imply  added t o  

t h e  system. It m u a l l y  o p e r a t e s  upon the d a t a ,  which would 

normally appear  a t t h e o u t p u t  o f  t h e  analysis system and does n o t  

a f f e c t  t h e  i n t e r n a l  o p e r a t i o n  of  t h e  lat ter.  Its main purpose is 

t h e  improvcmenc of t h e  q u a l i t y  of  t h e  o b t a i n e d  r e s u l t s  and br ing-  

ing them i n t o  a form, which is mre convenient  f o r  p e r u s a l  by 

t h e  a n a l y s t .  

In t h e  second approach,  which evolved later,  t h e  computer 

forms an i n t e g r a l  p a r t  of  t h e  system. In a d d i t i o n  to  o p e r a t i n g  
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COMPUTERS I N  QUANTITATIVE TLC 1889 

upon t h e  output d a t a  of t h e  system, i t  e x e r t s  c o n t r o l  over mst 
of its i n t e r n a l  func t ions .  A b u i l t - i n  computer is usua l ly  a b l e  

t o  perform bes ides  its func t ion  as a c o n t r o l l e r  a l l  t h e  t a s k s  of 
an add-on external processor;  t h e r e  seems t o  be, t h e r e f o r e ,  no 

need f o r  a sepa ra t e  d iscuss ion  of t h e  latter a l t e r n a t i v e .  The 

use of a micro-processor as i n t e g r a l  p a r t  of t h e  photometer has  

become economically attractive and t e c h n i c a l l y  f e a s i b l e  as a 

d i r e c t  consequent of t he  technologica l  progress  d iscussed  before.  

I n  most ca ses  t h e  "brain" of t h e  system w i l l  be a micro-processor. 

The r e l a t i v e l y  s l o v  processing speed of t hese  devices  compared t o  

t h a t  of a mini-computer is i n  app l i ca t ions  of t h i s  kind usua l ly  

no obs tac le .  The use  of an " i n t e l l i g e n t "  c o n t r o l l e r ,  as micro- 

processor  equipped devices  are f requent ly  dubbed, permi ts  t o  

achieve an otherwise unobtainable degree of automation and 

performance. In t h i s  contex t  i t  may be worth mentioning, t h a t  

microprocessors are intended p r imar i ly  f o r  l o g i c a l  dec i s ion  

making and f o r  numerical computations only i n  t h e  second place.  

The Control Functions of t h e  Bui l t - in  Computer 

I n  i t s  func t ion  as a c o n t r o l l e r  t he  b u i l t - i n  microprocessor 

provides signals which i n i t i a t e ,  superv ise  and te rmina te  v i r t u a l l y  

a l l  phases of a p a r t i c u l a r  ana lys i s  opera t ion .  To t h i s  purpose 

t h e  processor has t o  rece ive  on a continuous b a s i s  a l l  d a t a ,  

which a r e  re levant  f o r  t he  t r a n s i t i o n  f romoneopera t iona l  s t e p  t o  

the  nex t  one. It  must a l s o  d ispose  of a set of l o g i c a l  equat ions  

(a  program), i n t o  which t h e  d a t a  a v a i l a b l e  t o  t h e  machine a t  any 

given moment are i n s e r t e d  as va r i ab le s .  With these  d a t a  t h e  pro- 

gram equat ions  provide unambiguous i n s t r u c t i o n s  f o r  the  nex t  s t e p  

of the  ope ra t iona l  sequence. In present  systems It is i n e v i t a b l y  

assumed, t h a t  the  a v a i l a b l e  d a t a  a r e  adequate t o  a r r i v e  at such a 

dec is ion .  I n  t h e  few except iona l  s i t u a t i o n s  where t h i s  may no t  

be t h e  case the  p r e r a m  is a r r a g e d  so a s  t o  c a l l  f o r  ope ra to r  

a s s i s t ance .  It is q u i t e  probable t h a t  in t h e  f u t u r e  alternate 

modes of dec is ion  making w i l l  be adopted, where t h e  dec i s ion  

l o g i c s  need not  be completely spec i f i ed  in advance by the  pro- 
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1890 POLLAK 

grammer, bu t  where i t  is g r a d u a l l y  e s t a b l i s h e d  and r e f i n e d  through 

a " learn ing"  p r o c e s s ,  which u t f l i z e s  p a s t  exper ience  s t o r e d  in t h e  

memory of t h e  machine. 

The form in which t h e  e l e c t r o n i c  and e lec t ro-mechanica l  

s u b u n i t s  of t h e  system are a b l e  t o  g e n e r a t e  d a t a  and t o  r e c e i v e  

i n s t r u c t i o n s  may d i f f e r  c o n s i d e r a b l y  f r t m  t h e  form i n  which t h e  

central  processor  a c c e p t s  o r  transmits t h e s e  d a t a .  " I n t e r f a c i n g "  

t h e  heterogeneous p a r t s  o f  t h e  o v e r a l l  system becomes then a key 

problem, which may not always be easy  t o  s o l v e .  

Consider now t h e  i n d i v i d u a l  f e a t u r e s  which might  be  s u b j e c t  

t o  microprocessor  c o n t r o l .  For b r i e f n e s s  o n l y  d u a l  wavelength 

d e v i c e s  w i l l  be d iscussed .  V i r t u a l l y  a l l  o p e r a t i o n s  which might 

be s u i t a b l e  f o r  automation i n  a s i n g l e  beam d e v i c e  are needed a l s o  

by double beam ins t ruments .  By s imply o m i t t i n g  f e a t u r e s  not re- 

qui red  by t h e  former,  t h e  d i s c u s s i o n  which fo l lows  can immediately 

be a p p l i e d  t o  b o t h  types.  

The t o p i c  is perhaps b e s t  covered by fo l lowing  t h e  o p e r a t i o n a l  

r o u t i n e  of a t y p i c a l  device.  Details may, of  course ,  d i f f e r  f o r  

d i f f e r e n t  models. A f t e r  f i t t i n g  t h e  chromatogram t o  be analyzed 

t o  t h e  suppor t  t a b l e  and s w i t c h i n g  on power, t h e  o p e r a t o r  may kev 

i n  t h e  s p e c t r a l  windows f o r  t h e  two beams o r ,  in a more s o p h i s t i -  

c a t e d  arrangement ,  s imply s p e c i f y  t h e  s u b s t a n c e s  he i s  looking  f o r  

and t h e  development procedures  used. The p e r t i n e n t  s p e c t r a l  d a t a  

would i n  t h i s  c a s e  be r e t r i e v e d  from memory. In e i t h e r  c a s e  t h e  

machine t a k e s  then  care of  t h e  ad jus tment  of  t h e  p o s i t i o n  and,  

where n e c e s s a r y ,  of t h e  w i d t h  of t h e  monochromator s l i ts  o r  of  

t h e  p o s i t i o n i n g  of t h e  f i l t e r  wheels. 

The next  s t e p  is t h e  ad jus tment  of  t h e  i l l u m i n a t i n g  i n t e n s i t y  

f o r  both beams t o  o b t a i n  t h e  b e s t  o b t a i n a b l e  b a l a n c e  and a conven- 

i en t  l i g h t  ampli tude a t  t h e  p h o t o d e t e c t o r  i n p u t ,  i n  t h e  case of 

p h o t o m u l t i p l i e r s ,  wi thout  danger  of over load .  (10) 

F u r t h e r  magnitudes t o  be  keyed in are t h e  transversal and 

l o n g i t u d i n a l  scanning  v e l o c i t y ,  t h e  u s e f u l  wid ths  of t h e  s c a n  and 
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COMPUTERS IN QUANTITATIVE n c  1 8 9 1  

t h e  number of  tracks on t h e  chromatogram. The p r o c e s s o r  c o n v e r t s  

t h e n  t h e  r e c e i v e d  numer ica l  i n s t r u c t i o n s  i n t o  t h e  cor responding  

s e t t i n g  of t h e  c o n t r o l  e lements  f o r  the r e s p e c t i v e  o p e r a t i o n .  

For optimum results it is also d e s i r a b l e  t o  change t h e  electrical  
bandvid ths  of  t h e  electronic c i r c u i t s  to  conform v i t h  the chosen 

scanning  v e l o c i t y .  Execut ion o f  t h e  keyed in i n s t r u c t i o n s  is con- 

f i rmed by d i s p l a y i n g  t h e  set v a l u e s  011 the d i s p l a y  and u s u a l l y  also 
on t h e  hard copy p r i n t  o u t .  To s h o r t e n  t h e  a n a l y s i s  t h  t h e  

machine can b e  i n s t r u c t e d  t o  u s e  a h i g h e r  scanning  speed  over 

b lank  p o r t i o n s  of  t h e  medium and r e t u r n  t o  t h e  d e s i r e d  o p e r a t i n g  

v a l u e s  only  when a zone area is  discovered .  

Another parameter  which can be  a u t o m a t i c a l l y  c o n t r o l l e d  is 
t h e  s e n s i t i v i t y  a n d l o r  measuring range.  The range  s e t t i n g  is 

a u t o m a t i c a l l y  taken  i n t o  account  d u r i n g  t h e  subsequent  mathemati- 

c a l  o p e r a t i o n s  and may appear  on t h e  p r i n t  ou t  o r  g r a p h i c a l  o u t p u t .  

The machine can a l s o  be i n s t r u c t e d  t o  advance a u t o m a t i c a l l y  

from one t r a c k  t o  t h e  n e x t  one.  It is d e s i r e a b l e  t o  u s e  f o r  t h e  

r e t u r n  t o  t h e  o r i g i n  a h i g h e r  speed t h e n  t h e  one used for 
scanning.  In many d e s i g n s  t h i s  is d i f f i c u l t  t o  a c h i e v e .  A s imple  

expedient  i s  then  t o  s imply reverse t h e  d i r e c t i o n  of  t h e  scan.  

S i n c e  t h e  d a t a  can be kept  in memory and t h e  sequence r e v e r s e d  

b e f o r e  be ing  d i s p l a y e d ,  t h e  reversal of t h e  scan  d i r e c t i o n  does 

not  appear  on t h e  o u t p u t  graphs.  When t h e  d e s i r e d  number of 

t r a c k s  h a s  been scanned, t h e  sys tem s w i t c h e s  i t s e l f  a u t o m a t i c a l l y  

o f f  and a signal t o  t h i s  r e g a r d  appears  a t  t h e  o p e r a t o r s  command 

console .  

The list of a u t o m a t i c a l l y  c o n t r o l l e d  f u n c t i o n s  quoted above 

is c e r t a i n l y  not  complete;  i t  is  in tended  o n l y  as an i l l u s t r a t i o n  

of t h e  tasks a b u i l t - i n  p r o c e s s o r  i s  a b l e  t o  perform. I n  most 

c a s e s  t h e  o p e r a t o r  will have t h e  a b i l i t y  t o  o v e r r i d e  au tomat ic  

i n s t r u c t  ions. . 

Mathematical Opera t ions  

Automatic c o n t r o l  of  t h e  equipment of  t h e  t y p e  d e s c r i b e d  in 

t h e  preceeding  paragraph is merely a convenience,  though a v a l u a b l e  
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one.  It h e l p s  t o  speed up o p e r a t i o n s  and reduces t h e  demands 

upon t h e  ski11 of t h e  o p e r a t i n g  personnel .  The main c o n t r i b u t i o n  

of t h e  b u i l t - i n  computer i s ,  however, i t s  a b i l i t y  t o  perform com- 

plex mathematical  o p e r a t i o n s  upon t h e  signal, o p e r a t i o n s  which 

f r e q u e n t l y  may be  d i f f i c u l t  i f  n o t  imposs ib le  t o  c a r r y  o u t  by 

c o n v e n t i o n a l  ana log  c i r c u i t r y .  Manual a f t e r - p r o c e s s i n g  of  t h e  

r e q u i r e d  d a t a  is In most cases too  t i m e  consuming and cumbersome 

t o  be a rea l i s t ic  alternative. But t h e  a b i l i t y  t o  perform t h e s e  

o p e r a t i o n s  may b e  a p r e r e q u i s i t e  f o r  a f u r t h e r  s u b s t a n t i a l  improve- 

ment of t h e  performance parameters of t h e  system. 

The mathematical  o p e r a t i o n s  involved can  be d i v i d e d  i n t o  two 

classes: Opera t ions  which are b e s t  performed on-l ine d u r i n g  t h e  

course  of  s i g n a l  a c q u i s i t i o n  and t h o s e  which can wi thout  s i g n i f i -  

c a n t  de t r iment  b e  performed o f f - l i n e ,  i . e .  when t h e  b a s i c  informa- 

t i o n  f o r  t h e  a n a l y s i s  has  a l r e a d y  been acqui red .  A b u i l t - i n  

i n t e g r a t e d  p r o c e s s o r ,  i f  p r o p e r l y  d imtns ioned ,  is u s u a l l y  a b l e  t o  

perform both f u n c t i o n s  on- l ine  i n  a d d i t i o n  t o  t h e  s u p e r v i s o r y  and 

c o n t r o l  f u n c t i o n s  mentioned in t h e  p r e v i o u s  paragraph.  An add-on 

machine is u s u a l l y  s u i t a b l e  o n l y  f o r  o f f - l i n e  o r  t r u e  "af te r" -  

process ing .  S ince  t h e  c o s t s  involved i n  both  approaches do not  

s i g n i f i c a n t l y  d i f f e r ,  t h e  b u i l t - i n  a l t e r n a t i v e  seems t o  b e  a lmost  

always p r e f e r a b l e .  T h i s  a p p l i e s  even when an a l r e a d y  e x i s t i n g  

computer is a v a i l a b l e  f o r  a f t e r - p r o c e s s i n g .  The reason  f o r  this 

seeming paradox is t h e  r e l a t i v e l y  h i g h  c o s t  of i n t e r m e d i a t e  d a t a  

s t o r a g e  and i n t e r f a c i n g  equipment t o g e t h e r  w i t h  t h e  expenses  f o r  

t h e  necessary  s o f t w a r e ,  which i n  t h e s e  cases may have t o  b e  custom 

developed. 

The most impor tan t  r e s u l t s  of q u a n t i t a t i v e  TL-analysis i s  t h e  

amount of s e p a r a t e d  subs tance  conta ined  In a given zone. To o b t a i n  

t h i s  magnitude t h e  c o e f f i c i e n t  of e x t i n c t i o n  of t h e  analyzed 

s u b s t a n c e ( s )  must be  known. I n  a computerized d e v i c e  t h i s  v a l u e  

can f r e q u e n t l y  be  fe tched  from memory, where i t  had been s t o r e d  

d u r i n g  a previous  run. Otherwise r o u t i n e  c a l i b r a t i o n  procedures  

have t o  b e  f o l l o v e d ,  t h e  r e s u l t s  of which are then t r a n s f e r r e d  

t o  memory. 
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COMPUTERS I N  QUANTITATIVE TLC 1893 

To obta in  t h e  t o t a l  amount of substance in a zone t h e  measured 

changes of t he  o p t i c a l  response of t h e  medium in zone areas 
(compared t o  blank por t ions  of t he  chormtogram) have t o  be inte- 

gra ted  over the  width of t he  zone. 

only one s t e p  of i n t eg ra t ion ,  in t he  long i tud ina l  d i r e c t i o n ,  is 
required.  Flying spot devices r equ i r e  two s t e p s  of i n t eg ra t ion :  

One t r ansve r sa l ly  and one longi tudina l ly .  

With s l i t  scanning devices  

In t eg ra t ion  is equiva len t  t o  addition. Addition is, however, 

f e a s i b l e  only,  i f  t he  system response is  linear in tenns of 

concentration. With fluorometry t h i s  is almost always t h e  case  

and no s p e c i a l  s t e p s  towards l i n e a r i z a t i o n  are needed. 

t i on  is  q u i t e  d i f f e r e n t  f o r  d e n s i t m e t r y .  

of t he  photometer is almost always a h ighly  non-linear func t ion  of 

concentration. Before in t eg ra t ion  (o r  summation) can t ake  place,  

t he  output of the  device has t o  be l i nea r i zed  with respec t  t o  con- 

cen t r a t ion .  Rela t ive ly  simple mathematical transforms f o r  t h i s  

purpose were derived by the  author.  (11) These transforms can 

be implemented by analog c i r c u i t s  o r  d i g i t a l l y .  I n  the  l a t t e r  

case i t  may sometimes be p re fe rab le  t o  use empir ica l ly  determined 

look-up t a b l e s  i n  conjunction wi th  an in t e rpo la t ion  algorithm. 

E i the r  way d i g i t a l  transformations can be made much more accura te  

and s t a b l e  with time. 

The s i t u a -  

The o p t i c a l  response 

The transform values are then added poin t  by point in the  

c e n t r a l  processor u n t i l  t h e  boundaries of t h e  zone are reached. 

C r i t e r i a  f o r  determining t h i s  can vary from simple threshold  

s e t t i n g s  t o  f a i r l y  soph i s t i ca t ed  curve f i t t i n g  and i n t e r p o l a t i o n  

procedures. These c r i t e r i a  were, of course,  a l ready  decided upon 

during the  software development f o r  the  system. 

When in t eg ra t ion  over a zone area is  completed the  d a t a  a r e  

s h i f t e d  i n t o  s torage  and kept t he re  f o r  later use, e.g. f o r  p r in t -  

ou t  andlor  d i sp lay .  

results obtained toge ther  with supportive information required f o r  

later i d e n t i f i c a t i o n  on magnetic tape  o r  d i sk ;  from t h e s e  s to rage  

media t h e  results can be r e t r i eved  by automatic search  procedures. 

Sometimes it may be des i r eab le  t o  s t o r e  the  
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1894 POLLAK 

Magnetic s t o r a g e  o f  in format ion  i s  extremely compact and re- 

trieval is f a s t  and easy.  It h a s ,  however, t o  be  kept  in mind 

t h a t  t h e s e  s t o r a g e  media are not  s u i t a b l e  f o r  v e r y  l o n g  term 

p r e s e r v a t i o n  w i t h  archival q u a l i t y .  

Process ing  may be s topped  a f t e r  i n t e g r a t i o n  and t h e  o b t a i n e d  

r e s u l t s  are t h e n  u s u a l l y  d i s p l a y e d  on a CRT s c r e e n  f o r  p r i n t - o u t  

t o g e t h e r  w i t h  t h e  n e c e s s a r y  a u x i l i a r y  informat ion .  Formatt ing o f  

t h e  pr in t -out  and t h e  suppor t  d a t a  is u s u a l l y  a l r e a d y  e s t a b l i s h e d  

by t h e  b a s i c  program. However, t h e  o p e r a t o r  may t y p e  i n  any 

a d d i t i o n a l  in format ion  he  f e e l s  d e s i r e a b l e  t o  b e  r e t a i n e d .  The 

b u i l t - i n  keyboard which serves f o r  a l l  communication between t h e  

system and Its environment can b e  used also f o r  t h i s  purpose. 

Af te r -process ing  

The results a v a i l a b l e  a t  t h i s  s t a g e  can be c o n s i d e r a b l y  

improved by f u r t h e r  p r o c e s s i n g  t h e  d a t a  which would normally 

r e p r e s e n t  t h e  o u t p u t  in format ion .  The fo l lowing  o p t i o n s ,  i n d i v i -  

d u a l l y  or j o i n t l y ,  are a v a i l a b l e  f o r  t h i s  purpose.  Other  proce- 

d u r e s  may become available as development proceeds and f u r t h e r  

exper iences  are ga thered .  A n  a t t rac t ive  f e a t u r e  o f  t h i s  technique  

is, t h a t  the performance of  t h e  system can be s u b s t a n t i a l l y  im- 

proved f o r  l i t t l e  a d d i t i o n a l  c o s t .  The computer hardware n e c e s s a r y  

f o r  process  c o n t r o l  and t h e  b a s i c  mathematical  t ransforms is 

u s u a l l y  capable  of handl ing  t h e  requi rements  of a f t e r - p r o c e s s i n g  

wi thout  much expansion.  The c o s t  invol.ved i s ,  t h e r e f o r e ,  l a r g e l y  

r e s t r i c t e d  t o  t h e  c o s t  of t h e  necessary  sof tware  only .  The f i r s t  

and p o a s i b l y  the most significant s t e p  in a f t e r - p r o c e s s i n g  is t h e  

es tab l i shment  o f  a smooth s y n t h e t i c  b a s e  line. This reduces v a s t l y  

the I n f l u e n c e  of  random f l u c t u a t i o n s  of t h e  o p t i c a l  response  of 

t h e  blank medium ( o p t i c a l  n o i s e )  which is t h e  main f a c t o r  c o n t r i -  

b u t i n g  t o  base  line n o i s e .  But t h e  e f f e c t  of f l u c t u a t i o n s  due t o  

e lectr ical  n o i s e  is a l s o  s t r o n g l y  diminished.  The b a s e  l i n e  may 

a l s o  show s y s t e m a t i c  t r e n d s  r e f l e c t i n g  non-random changes of  t h e  

o p t i c a l  t r a n s f e r  of  t h e  medium. These are u s u a l l y  t h e  consequence 

of non-uniform development and/or  dry ing .  Base line s h i f t s  of  
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COIQUTERS IN QUANTXTATIVE TLC 1895 

t h i s  kind can f requent ly  be abolished or a t  least reduced by 

s u i t a b l y  modifying these  procedures. 

Base l i n e  no i se  is usual ly  reduced (complete e l imina t ion  is 
even t h e o r e t i c a l l y  not poss ib le )  by some kind of smoothing 

algorithm, e. g. by mean square i n t e r p o l a t i o n  or f i l t e r i n g .  

Systematic base line changes r equ i r e  a d i f f e r e n t  approach. 

However, i f  t h e  chromatogram has  been proper ly  processed these  

become no t i ceab le  only a t  the  h ighes t  s e n s i t i v i t y  s e t t i n g s .  

Base l i n e  smoothing improves t h e  accuracy of t h e  r e s u l t s  

obtalned s ince  the  amplitude of the  s i g n a l  obtained from zone 

areas is  always measured wi th  respec t  t o  t h e  base line as zero 

l eve l .  

I n  dual wave l eng th  devices o p t i c a l  base l i n e  no i se  is 

almost completely compensated; e l e c t r i c a l  no i se  remains then a s  

the  p r inc ipa l  source of  base l i n e  noise.  ( I t  should be noted t h a t  

e l e c t r i c a l  no ise  is not reduced by the  dual wavelength p r i n c i p l e ,  

bu t  on the  cont ra ry  s l i g h t l y  increased.)  

e r e n t  when a zone of separated substance is encountered. Here 

even wi th  d u a l  wavelength scanning and under i d e a l  condi t ions  some 

r e s i d u a l  o p t i c a l  no ise  remains. With adequate design and properly 

chosen opera t ing  conditions the t o t a l  no ise  encountered i n  zone 

a reas  i s  almost exc lus ive ly  determined by the  o p t i c a l  component. 

It can be s u b s t a n t i a l l y  reduced by af te r -process ing  employing 

s i m i l a r  techniques as those used f o r  t he  compensation of base l i n e  

noise .  In  both cases the  noise  content of t h e  signal is reduced 

by minimizing the  random devia t ions  of t h e  measured slgnal from 

an i dea l i zed  curve, t h e  charac te r  of which has  been e s t ab l i shed  

before hand, the  exact pos i t ion  o f  which is, however, no t  known. 
An underlying assumption is  t h a t  the  medium is macroscopically 

homogeneous along t h e  whole length  of t he  chromotogram, an 

assumption which wi th  todays c o m e r c i a 1  media is mostly j u s t i f i e d .  

The s i t u a t i o n  is d i f f -  

For base l i n e  compensation the  cume t o  be minimized is a 

In  the  absence of sys temat ic  t rends  i t  is a l s o  s t r a i g h t  l i n e .  

known t h a t  t h i s  l i n e  has zero slope.  For t h e  compensation of 
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1896 POLLAIC 

zone n o i s e  t h e  i d e a l i z e d  contour  is c u r v i l i n e a r .  B a s i c a l l y  two 

approaches are a v a i l a b l e .  The f i r s t  one s p e c i f i e s  o n l y ,  t h a t  t h e  

contour  be  smooth. Mathematical ly  t h i s  can be  achieved by u s i n g  

t h e  so c a l l e d  "sp l ine"  f u n c t i o n s  u s u a l l y  of t h e  t h i r d  o r d e r .  

second technique  assumes t h a t  t h e  c o n c e n t r a t  i o n  p r o f i l e  w i t h i n  t h e  

zone fo l lows  piece-wise a Gaussian curve ;  t h e  parameter  U2, which 

is t h e  main c h a r a c t e r i s t i c u m  of  a Gaussian funct ion,may have 

d i f f e r e n t  v a l u e s  a t  t h e  l e a d i n g  and a t  t h e  t r a i l i n g  edge of  t h e  

zone. I f  t h e  sample h a s  been a p p l i e d  in  line form a t  t h e  o r i g i n ,  

t h e  i so-concent ra t ion  c u r v e s  are approximate ly  s t r a i g h t  lines per -  

pendicular  to  t h e  axis of  t h e  chromatogram. When s p o t t i n g  is used ,  

t h e  i so-concent ra t ion  curves  become approximately s e m i - c i r c u l a r  o r  

s e m i - e l l i p t i c a l  (11). The s p l i n e  technique  r e q u i r e s  more 

computat ional  e f f o r t ,  b u t  h a s  t h e  advantage t h a t  t h e  zone contours  

are obta ined  almost  a u t o m a t i c a l l y .  The second approach is easier  

t o  implement, e s p e c i a l l y  i f  t h e  i so-concent ra t ion  lines can b e  

assumed t o  be approximately parallel s t r a i g h t  l ine  o r  c o n c e n t r i c  

c i rc les ;  t h e r e  seems t o  be  l i t t l e  d i f f e r e n c e  in t h e  accuracy  of 

bo th  methods. 

The 

Once base  l ine and c o n c e n t r a t i o n  p r o f i l e  of zone areas have 

been smoothed and t h e  s i g n a l  ampl i tudes  w i t h i n  t h e  l a t t e r  d e t e r -  

mined by s u b t r a c t i n g  t h e  smoothed zone s i g n a l  from t h e  i n t e r p o l a -  

t e d  base l i n e ,  i n t e g r a t i o n  can be c a r r i e d  out us ing  any one of  

t h e  s tandard  procedures  f o r  numerical  i n t e g r a t i o n .  The s i m p l e s t  

of t h e s e  is probably s t r a i g h t  summation of t h e  sample v a l u e s  

u s i n g  a s t a i r c a s e  approximation t o  t h e  smoothed c o n c e n t r a t i o n  

p r o f i l e .  The v i d t h  of  t h e  i n d i v i d u a l  s t e p  is t h e n  determined 

from the s p a c i n g  between samples  which in t u r n  ought  t o  b e  appro- 

x imate ly  e q u a l  t o  t h e  width of  t h e  scanning  a p e r t u r e .  I n  most 

s i t u a t i o n s  a degree  of  o v e r l a p  between a d j a c e n t  scan elements is 

encountered,  which h a s  t o  be  c o r r e c t e d  b e f o r e  o r  a f t e r  i n t e g r a t i o n .  

The lat ter method r e q u i r e s  less computa t iona l  e f f o r t .  

Displays 

When process ing  is completed, t h e  r e s u l t s  o b t a i n e d  have t o  

be  r e t u r n e d  f o r  f i n a l  i n t e r p r e t a t i o n t o t h e  o p e r a t o r .  The computer 
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COMPUTERS I N  QUANTITATIVE TLC 1897 

output are c l e a r l y  d i g i t a l  da ta .  It can i n  t h i s  form be  d isp layed  

on a CRT screen; an assoc ia t ed  p r i n t e r  is usua l ly  des i r ed  t o  

provide a "hard copy" vers ion  of t h e  output  which I s  demanded in 

most cases.  Usually both numerical d a t a  and explana tory  v e r b a l  

t e x t  a r e  provided; t h e  latter m y  p a r t l y  be p r in t ed  under program 

con t ro l ,  with t h e  rest being keyed in manually by t h e  ope ra to r ,  

who decides  also (within l i m i t s )  t h e  format of t he  d isp layed  

message. 

The choice of d a t a  t o  be output ted  is completely f l e x i b l e .  

Data d isp layed  under program c o n t r o l  map t y p i c a l l y  comprise t h e  

c h a r a c t e r i s t i c  d a t a  of each zone, e.g. pos i t i on  of t h e  peak, t h e  

i n t e g r a l  of t h e  o p t i c a l  response,  c a l i b r a t i o n  cons tan ts ,  t h e  

i n t e g r a l  of concent ra t ion ,  range s e t t i n g ,  monochromator adjustment,  

d a t e  and perhaps time of the  day of a n a l y s i s  e t c .  The information 

typed i n  f o r  d i sp l ay  by the  ope ra to r  may conta in  d a t a  spec i fy ing  

the  procedures used l i k e  so lvent  system, development technique, 

o r i g i n  of t he  sample and i t s  quan t i ty ,  a code symbol f o r  t h e  

ope ra to r  and/or ana lys t  e t c . ;  vhen an automated system f o r  f i l i n g  

and retrieval is used, t h e  ope ra to r  may a l s o  have t o  key in t h e  

appropr ia te  f i l e  code and i d e n t i f i c a t i o n  number. Besides the  

p a p e r  print-out s to rage  of t he  output d a t a  on magnetic t ape  o r  

d i s c  may a l s o  be des i r eab le .  Magnetic s to rage  is extremely 

compact and lends  i t s e l f  t o  fas t  r e t r i e v a l  by an automated system. 

However as a l ready  remarked before ,  magnetic s to rage  media have 

only a l imi ted  r e t e n t i o n  time f o r  t h e  s tored  information and a r e ,  

t he re fo re ,  no t  s u i t a b l e  f o r  a r c h i v a l  purposes. 

Chromatographers so f a r  have been accustomed t o  a g raph ica l  

ou tput  i n  the  form of a curve d i sp lay ing  concent ra t ion  wi th  re- 

spec t  t o  d i s t ance  from the  o r ig in .  Display techniques of t h i s  

kind are usua l ly  l a b e l l e d  "analog" as opposed t o  t h e  above men- 

t ioned d i g i t a l  format. Though d i g i t a l  p re sen ta t ion  is more 

p rec i se  and i n  most cases  more informative,  many chromatographers 

w i l l  f i nd  a conventional analog record ing  use fu l .  To t h i s  purpose 

it becomes necessary t o  convert  f o r  each scanning line t h e  o p t i c a l  

response o r  concent ra t ion  va lue  suppl ied  by t h e  computer i n  numer- 
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1898 POLLAK 

ical  form, t o  an "analog" v o l t a g e  va lue .  

be  regarded  as  e q u i d i s t a n t l y  p laced  samples  of  a c o n v e n t i o n a l  

recording.  They can be recorded  by a p o i n t  p r i n t e r  o r  j o i n e d  

i n t o  a cont inuous curve  u s i n g  low pass f i l t e r i n g ,  l i n e a r  i n t e r -  

p o l a t i o n  o r  a n o t h e r  s u i t a b l e  technique.  The curve  can be viewed 

on a s t o r a g e  o s c i l l o s c o p e ,  i f  hard  copy o u t p u t  is n o t  reques ted .  

The conver ted  d a t a  can 

P l o t t i n g  d e v i c e s  w i t h  d i r e c t  numer ica l  c o n t r o l  by t h e  computer 

are also a v a i l a b l e ,  b u t  f a i r l y  expensive.  For t h e  purpose envisa-  

ged t h e  approach d e s c r i b e d  above appears  t o  be  more economic and 

t o  y i e l d  s a t i s f a c t o r y  r e s u l t s .  

Xany c u r r e n t  ana log  r e c o r d e r s  can be f i t t e d  w i t h  an alpha-  

numer ica l  p r i n t i n g  device  as accessory .  D i g i t a l l y  c o n t r o l l e d  

d e v i c e s  can a l s o  be i n s t r u c t e d  t o  w r i t e  .alpha-numerical c h a r a c t e r s  

under program c o n t r o l .  E i t h e r  technique permi ts  t o  r e t a i n  a l s o  

on t h e  ana log  r e c o r d i n g  some of  t h e  numer ica l  and v e r b a l  informa- 

t i o n  a v a i l a b l e  on t h e  d i g i t a l  p r i n t - o u t .  

CONCLUSION 

The b u i l t - i n  computer o f f e r s  almost unl imi ted  f l e x i b i l i t y  i n  

d e s i g n  and opera t ion .  The a s p e c t s  of computer c o n t r o l  and pro- 

c e s s i n g  i n  t h e  f i e l d  of q u a n t i t a t i v e  photometry f o r  TL-chromato- 

graphy, which a r e  d i s c u s s e d  in t h i s  paper ,  should  t h e r e f o r e  in no 

way be regarded as e x h a u s t i v e  and cover ing  t h e  whole area. On 

t h e  c o n t r a r y  t h e  i n t e n t i o n  h a s  been o n l y  to i l l u s t r a t e  t h e  possi- 

b i l i t i e s  which e x i s t  f o r  t h e  u s e  of computers i n  t h i s  f i e l d  and 

t h e  advantages which can be expec ted  from t h i s  approach. 
progress  advancing a t  t h e  p r e s e n t  rate new f e a t u r e s  and a p p l i c a -  

t i o n s  w i l l  c e r t a i n l y  evolve i n  t h e  near  f u t u r e .  It can a l s o  be 

a n t i c i p a t e d  t h a t  t h e  use of computers w i l l  f a i r l y  r a p i d l y  spread  

from t h e  most s o p h i s t i c a t e d  d e v i c e s  Fn t h e  h i g h e s t  p r i c e  c l a s s ,  

which are a t  p r e s e n t  i t s  exclusive domaine. t o  t h e  s i m p l e r  and less 

expensive i n s t r u m e n t s  used i n  everyday ' s  l a b o r a t o r y  p r a c t i c e .  

With 
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