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ADVERSE EFFECTS OF LAG FILTERS USED FOR DETECTOR 
BASELINE NOISE SUPPRESSION I N  

HIGH PERFORMANCE L I Q U I D  CHROMATOGRAPHY 

P.R.Haddad, R.W.Keating and  G.K.C.Low 
Department of  A n a l y t i c a l  Chemistry 

U n i v e r s i t y  of New South Wales 
P.O. Box 1 Kensington,  New South Wales, 

A u s t r a l i a  '2033 

ABSTRACT 

Most d e t e c t o r s  used f o r  High Performance Liquid  Chromat- 
ography employ a l a g  f i l t e r  f o r  s u p p r e s s i o n  of b a s e l i n e  n o i s e .  
T h i s  f i l t e r  i s  c h a r a c t e r i s e d  by i t s  t i m e  c o n s t a n t ,  T. A t  h i g h  
v a l u e s  of T ( i n  excess  of 0 .5  s e c ) ,  t h e  l a g  f i l t e r  s e r i o u s l y  
d i s t o r t s  t h e  shape  of a chromatographic  peak, caus ing  reduced 
peak h e i g h t s ,  a l t e r e d  r e t e n t i o n  t i m e s  and i n c r e a s e d  peak wid th .  
These changes r e s u l t  i n  s i g n i f i c a n t l y  decreased  r e s o l u t i o n  and 
decreased  p l a t e  counts .  These e f f e c t s  are i n v e s t i g a t e d  
q u a n t i t a t i v e l y .  

INTRODUCTION 

The e f f i c i e n c y  of  a column used f o r  High Performance Liquid  

Chromatography (HPLC) i s  g e n e r a l l y  expressed  as t h e  number of  

t h e o r e t i c a l  p l a t e s ,  N ,  which i s  c a l c u l a t e d  accord ing  t o  t h e  

fo l lowing  g e n e r a l  e q u a t i o n  based  on peak wid th  and r e t e n t i o n  ' 

where A is a c o n s t a n t ,  t is the peak r e t e n t i o n  t i m e  and w is 

t h e  peak width.  The va lue  of A i s  dependent on t h e  manner used 

t o  measure w: A = 16 when w r e p r e s e n t s  the b a s e l i n e  d i s t a n c e  

between tangents  drawn t o  each s i d e  of the peak; A = 25 when w 

r e p r e s e n t s  t h e  peak width a t  4.4% of peak h e i g h t ;  A = 5.54 when w 
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854 HADDAD, KEATING, AND LOW 

r e p r e s e n t s  the  peak width a t  h a l f  h e i g h t .  The abovementioned 

c a l c u l a t i o n  methods f o r  N are c a l l e d  t h e  4a method, t h e  5a method 

and t h e  h a l f - h e i g h t  method, r e s p e c t i v e l y .  

The c a l c u l a t e d  va lue  of  N i s  used t o  assess t h e  performance 

of a column when purchased and a l s o  as a r o u t i n e  assessment  of i t s  

d e t e r i o r a t i o n .  Decreased v a l u e s  of N are u s u a l l y  a t t r i b u t e d  t o  

voids  o r  channels  i n  t h e  packing material or t o  extra-column e f f e c t s  

such a s  e x c e s s i v e  dead volume i n  connec tors ,  tub ing  and t h e  detec-  

t o r  (1 -3 ) .  Since  the  c a l c u l a t e d  v a l u e  of  N i s  o f t e n  used as a 

c r i t e r i o n  f o r  d e c i d i n g  i f  a column i s  t o  b e  d iscarded ,  i t  i s  v i t a l  

t h a t  t h e  N v a l u e  used t r u l y  r e f l e c t s  t h e  performance of  t h e  column 

and is n o t  per turbed  by extra-column e f f e c t s .  

One f a c t o r  which profoundly i n f l u e n c e s  t h e  c a l c u l a t e d  v a l u e  

of N is d i s t o r t i o n  of t h e  chromatographic  peak by e l e c t r o n i c  n o i s e  

suppress ion  c i r c u i t r y  i n  t h e  d e t e c t o r .  This d i s t o r t i o n  h a s  been 

d iscussed  i n  g e n e r a l  terms ( 4 )  and we  have r e c e n t l y  g iven  a series 

of recommendations f o r  minimising peak d i s t o r t i o n  ( S ) ,  however no 

q u a n t i t a t i v e  d a t a  i s  a v a i l a b l e  on t h e  manner in which e l e c t r o n i c  

n o i s e  f i l t e r s  i n f l u e n c e  c a l c u l a t e d  v a l u e s  of  N .  

A wide range of e l e c t r o n i c  n o i s e  f i l t e r s  i s  used i n  s c i e n t i f i c  

ins t rumenta t ion  i n  o r d e r  t o  reduce b a s e l i n e  n o i s e .  The most 

s imple  of these  f i l ters ,  and a l s o  t h e  most wide ly  used i n  W 

d e t e c t o r s  f o r  HPLC, i s  t h e  l a g  f i l t e r  which i s  shown below 

qm 
A fundamental p roper ty  of t h i s  f i l t e r  i s  I ts  t i m e  c o n s t a n t ,  

T, which i s  def ined  as t h e  t i m e  r e q u i r e d  € o r  t h e  ampli tude of t h e  

o u t p u t  s i g n a l  t o  reach  63.2% of  t h e  ampl i tude  of a s t e p  i n p u t  

s i g n a l .  The o u t p u t  s i g n a l  reaches  99.7% of t h e  input s i g n a l  

a f t e r  a t i m e  e q u a l  t o  5-r, which i s  sometimes r e f e r r e d  t o  as the  

"response t i m e " .  T i m e  c o n s t a n t  may b e  c a l c u l a t e d  us ing  t h e  formula: 

T = '/RC 
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ADVERSE EFFECTS OF LAG FILTERS 855 

I f  R i s  i n  ohms and C i s  i n  Farads,  then t h e  u n i t s  of ‘I a r e  

seconds. 

I n  add i t ion  t o  smoothing the  b a s e l i n e  by damping pu l se  no i se ,  

t he  l a g  f i l t e r  a l s o  d i s t o r t s  peak shape by r e t a r d i n g  t h e  d e t e c t o r  

response t o  r a p i d  s i g n a l s  occur r ing  dur ing  the  rise and f a l l  of a 

peak. 

i t  is evident  t h a t  N w i l l  be dependent t o  some e x t e n t  on the  t i m e  

cons tan t  of t he  d e t e c t o r  no i se  f i l t e r .  The purpose of t h i s  paper 

was t o  q u a n t i t a t i v e l y  examine the  r e l a t i o n s h i p  between T and N and 

t o  i l l u s t r a t e  o t h e r  e f f e c t s  of peak d i s t o r t i o n  by l a g  f i l t e r s .  

S ince  t h e  c a l c u l a t i o n  methods f o r  N are based on peak shape,  

EXPERIMENTAL 

Ins t rumenta t ion  and Reagents 

The l i q u i d  chromatograph used cons i s t ed  of a Waters Model 

6000 so lven t  pump, Model U6K i n j e c t o r ,  Model 450 v a r i a b l e  wave- 

l eng th  d e t e c t o r  and an Omniscribe Model B5217-1 recorder .  

purchased, t h e  d e t e c t o r  was f i t t e d  wi th  a cont inuously a d j u s t a b l e  

v a r i a b l e  t i m e  cons t an t  c o n t r o l  pe rmi t t i ng  the  use of t i m e  cons t an t s  

from 0 . 1  t o  1.1 secs. The t i m e  cons t an t  va lue  ind ica t ed  cons i s t ed  

of a r e s i d u a l  component of 0 . 1  sec r e s u l t i n g  from the  d e t e c t o r  

e l e c t r o n i c s ,  t oge the r  wi th  a v a r i a b l e  component (0-1 sec )  r e s u l t i n g  

from t h e  v a r i a b l e  l a g  f i l t e r  supp l i ed  i n  the d e t e c t o r .  

the  v a r i a b l e  f i l t e r  c o n t r o l  w a s  d i f f i c u l t  t o  se t  reproducib ly ,  i t  

was rep laced  by a 10 pos i t i on  swi tch  wi th  d i s c r e t e  r e s i s t o r s  

i n s t e a d  of the  cont inuously v a r i a b l e  potent iometer  formerly f i t t e d .  

Use of t h i s  swi tch  enabled s e t t i n g s  of t i m e  cons tan t  i n  the  range 

0 .1  t o  1.1 secs i n  increments of 0 . 1  sec. No a t tempt  was made t o  

compensate observed chromatographic d a t a  f o r  t h e  response charac- 

t e r i s t ics  of t he  recorder ,  s i n c e  the  same recorder  w a s  used f o r  

a l l  measurements. 

When 

Because 

Ana ly t i ca l  Grade methanol was t r i p l y  d i s t i l l e d  from a l l  

g l a s s  appara tus .  

grade) and water  was d i s t i l l e d  using Mi l l i po re  M i l l i  Q Water Pur i f -  

i c a t i o n  System. A l l  o t h e r  reagents  were used as purchased wi thout  

f u r t h e r  p u r i f i c a t i o n .  

A c e t o n i t r i l e  was purchased from Ajax (Spectro- 
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856 HADDAD, KEATING, AND LOW 

Chromatographic Procedures  

Separa t ion  by HPLC was accomplished us ing  a 11-Bondapak C 1 8  

column (30 cm x 3.9 mm O.D. ,  Waters A s s o c i a t e s ) .  The mobile 

phases  used w e r e  a c e t o n i t r i l e - w a t e r  ( 6 0 : 4 0  v/v)  f o r  the f i r s t  t es t  

s o l u t i o n  and ( 5 0 : 5 0  v/v)  a c e t o n i t r i l e - w a t e r  f o r  the  second tes t  

mixture .  The mobile phase f low rate  w a s  2.5 ml/min producing a 

back p r e s s u r e  of 2000 p s i  and t h e  d e t e c t o r  w a s  o p e r a t e d  a t  254 nm 

w i t h  a s e n s i t i v i t y  s e t t i n g  o f  0.1 AUFS. 

conta ined  26 mg acenaphthene i n  100 m l  of 60 :40  v / v  methanol /water ,  

and t h e  second test mixture  conta ined  phenol  (20 .3  mg), p -creso l  

(19.3 mg), 2 ,5-xylenol  (19.9 mg), a n i s o l e  (20.5 mg) and pheneto le  

(20.5 mg) i n  100 m l  of 40:40 v / v  methanol /water .  

15 !~1 of t h e  r e s p e c t i v e  test s o l u t i o n  w a s  i n j e c t e d  u s i n g  a 25 p 1  

s y r i n g e .  A l l  s e p a r a t i o n s  were c a r r i e d  o u t  a t  2OoC w i t h  a r e c o r d e r  

c h a r t  speed of 2 inches /minute .  

shown i n  the  r e s u l t s  s e c t i o n  i s  t h e  mean of f o u r  r e p l i c a t e  i n j e c t i o n s .  

The f i r s t  t es t  s o l u t i o n  

I n  a l l  runs ,  

Each d a t a  p o i n t  on t h e  f i g u r e s  

When the column w a s  removed from t h e  system, t h e  i n l e t  and 

o u t l e t  tubes t o  t h e  column were j o i n e d  by a s u i t a b l e  connector .  

The sample s o l u t i o n  c o n s i s t e d  of 0.1 m l  of  ace tone  i n  100 m l  of  

methanol and 10 1.11 of t h i s  s o l u t i o n  were i n j e c t e d .  The mobile 

phase w a s  pure methanol w i t h  a flow rate  of 0.5 ml/min. 

d e t e c t o r  wavelength w a s  254 nm,  t h e  s e n s i t i v i t y  w a s  0 . 1  a .u . f . s .  

and t h e  r e c o r d e r  c h a r t  speed w a s  12  cm/min. 

The 

For t h e  s t u d y  of t h e  e f f e c t s  of t i m e  c o n s t a n t  on r e s o l u t i o n ,  

10 p1 of the  second test mixture  ( d e s c r i b e d  above) w a s  i n j e c t e d ,  

us ing  a mobile phase of 70:30 CH3CN:H20, 

10 cm/min and a d e t e c t o r  s e n s i t i v i t y  of 0.1 a . u . f . s .  

a c h a r t  speed of 

The number of t h e o r e t i c a l  p l a t e s ,  N ,  w a s  c a l c u l a t e d  us ing  

t h e  formula d iscussed  p r e v i o u s l y ,  and t h e  peak asymmetry, S ,  w a s  

c a l c u l a t e d  accord ing  t o  Saunders ( 6 ) .  

RESULTS AND DISCUSSION 

Fig.  1 shows the e f f e c t  of t i m e  c o n s t a n t  on peak shape  and 

h e i g h t .  A s  d e t e c t o r  t i m e  c o n s t a n t  w a s  i n c r e a s e d ,  peak h e i g h t  w a s  
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ADVERSE EFFECTS OF LAG FILTERS 857 

FIGURE 1. E f f e c t  of d e t e c t o r  t i m e  cons tan t  on peak shape. 

( - T  = 0.1, --- T =  0 . 4 ,  ... T =  0.7, -.- T = 1.1 s e c ) .  

reduced, peak asymmetry was increased  and the  pos i t i on  of the peak 

maximum was a l s o  a l t e r e d .  

I n i t i a l l y ,  the column w a s  removed from t he  system and acetone 

i n  methanol was i n j e c t e d  using a mobile phase of methanol and with 

varying s e t t i n g s  of time cons tan t .  The r e t e n t i o n  t i m e s ,  asymmetry 

and he igh t s  of t he  r e s u l t i n g  peaks were measured and the r e s u l t s  
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FIGURE 2. Var i a t ion  of peak he igh t  ( H ) ,  asymmetry (S) and 
r e t e n t i o n  t i m e  (T) w i th  t i m e  cons t an t .  The 
column has  been removed from the  system. 

A r e t e n t i o n  t i m e  ( sec)  
0 peak he igh t  (m) 
0 peak asymmetry 

a r e  shown i n  Fig.  2.  Of p a r t i c u l a r  i n t e r e s t  was the  behaviour  of  

peak a s y m e t r y ,  S ,  which when c a l c u l a t e d  wi th  the  column removed, 

i s  f requent ly  used t o  assess peak broadening r e s u l t i n g  from e x t r a  

column e f f e c t s .  Fig.  2 shows t h a t  S a lmost  doubled i n  va lue  a s  T 

was increased  from 0 . 1  t o  1.1 sec. The l i n e a r  r e l a t i o n s h i p  between 

'I and S f a c i l i t a t e s  ex t r apo la t ion  t o  zero  t i m e  cons tan t  t o  ob ta in  
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ADVERSE EFFECTS OF LAG FILTERS 

the  t r u e  va lue  of S,  which can then b e  used t o  a s ses s  the  magnitude 

of e x t r a  column e f f e c t s .  

The column w a s  rep laced  i n  the  chromatograph and a series of 

i n j e c t i o n s  of acenaphthene was made using 60:40 v /v  MeOHIwater a s  

mobile phase and wi th  varying s e t t i n g s  of T .  

were used f o r  t h e  measurement of peak h e i g h t s ,  asymmetry and f o r  

c a l c u l a t i o n  of t he  number of t h e o r e t i c a l  p l a t e s .  The r e s u l t s  a r e  

shown i n  F igs ,  3 and 4 from which i t  can b e  seen  t h a t  peak h e i g h t  

aga in  decreased l i n e a r l y  wi th  t i m e  cons t an t ,  whi le  peak asymmetry 

increased  wi th  T. I t  is noteworthy t h a t  a sha rp  inc rease  i n  

asymmetry r e s u l t e d  a t  h ighe r  va lues  of T ,  t h a t  i s ,  those va lues  

p re fe r r ed  f o r  heavy damping of b a s e l i n e  no i se .  

The r e s u l t i n g  peaks 

The number of t h e o r e t i c a l  p l a t e s  (N) w a s  c a l c u l a t e d  us ing  

each of the  methods d iscussed  previous ly  and the  r e s u l t s  are shown 

i n  Fig.  4 .  A s  expected,  t he  h i g h e s t  va lue  of N a t  a p a r t i c u l a r  

va lue  of T w a s  ob ta ined  using the  ha l f -he ight  c a l c u l a t i o n  method, 

whi le  t he  lowest  was obtained using the  5a method. The p l o t  of 

N us. ‘I f o r  each method w a s  l i n e a r  and the  s lopes  of t he  p l o t s  

w e r e  very s i m i l a r ,  i n d i c a t i n g  t h a t  each method of c a l c u l a t i o n  was 

inf luenced  t o  the  same ex ten t  by changes i n  T. The l i n e a r  r e l a t ion -  

s h i p  between N and T f o r  a l a g  f i l t e r  f a c i l i t a t e s  nega t ion  of the 

e f f e c t  of t i m e  cons tan t  on ca l cu la t ed  e f f i c i e n c y  by e x t r a p o l a t i o n  

t o  zero  t i m e  cons tan t .  This can be  achieved convenient ly  only 

when the  d e t e c t o r  i s  f i t t e d  wi th  a c a l i b r a t e d ,  v a r i a b l e  t i m e  

cons tan t  con t ro l .  This  f e a t u r e  i s  not  commonly provided.  The 

da ta  provided i n  Fig. 4 enables  a c o r r e c t i o n  f a c t o r  t o  be appl ied  

t o  the  p l a t e  count va lues  obtained w i t h  d e t e c t o r s  having a known, 

f i x e d  t i m e  cons tan t .  While not  supplying a s  r e l i a b l e  a r e s u l t  a s  

t h a t  provided by ex t r apo la t ion  t o  zero t i m e  cons t an t ,  t h i s  method 

does g ive  a s a t i s f a c t o r y  e s t ima te  of N .  

A sugges t ion  commonly encountered i n  i n s t r u c t i o n  manuals f o r  

d e t e c t o r s  f i t t e d  wi th  v a r i a b l e  t i m e  cons tan t  con t ro l s  i s  t h a t  the  

t i m e  cons tan t  used should no t  exceed one t en th  of peak width.  

This  r u l e  of thumb is proposed t o  minimise peak d i s t o r t i o n  f o r  
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FIGURE 3. V a r i a t i o n  of peak h e i g h t  (H) and asymmetry (S) w i t h  
t i m e  c o n s t a n t .  The column is inc luded  i n  t h e  system. 

0 peak h e i g h t  
8 peak asymmetry 

g e n e r a l  chromatography. 

t h e  peak produced was t o  be  used as the  b a s i s  of an e f f i c i e n c y  

c a l c u l a t i o n .  The r e s u l t s  are shown i n  Fig.  5 which i l l u s t r a t e s  

t h e  dependence of normalised peak h e i g h t  and p l a t e  count  on t h e  

r a t i o  of  'I t o  peak width w. 
excess  of 0.01 gave more t h a n  10% e r r o r  i n  t h e  c a l c u l a t e d  va lue  of 

N. which i n d i c a t e d  t h a t  the  abovementioned r u l e  o f  thumb was most 

W e  have examined the  s p e c i a l  case where 

I t  can b e  s e e n  t h a t  v a l u e s  of T/W i n  
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5000 r 

FIGURE 4 .  The dependence of t h e  number of t h e o r e t i c a l  p l a t e s  (N) 
on t i m e  c o n s t a n t .  

0 N c a l c u l a t e d  u s i n g  peak wid th  a t  h a l f  h e i g h t  
0 N c a l c u l a t e d  u s i n g  t h e  40 method 
El N c a l c u l a t e d  u s i n g  t h e  5U method 

i n a p p r o p r i a t e  when the  peak was t o  be  used f o r  a n  e f f i c i e n c y  cal- 

c u l a t i o n ,  I n  t h i s  case a v a l u e  of  T/W of 0 .01  should  b e  used. 

The peak d i s t o r t i o n  in t roduced  by a l a g  f i l t e r  r e s u l t e d  i n  

an apparent  change i n  r e t e n t i o n  t i m e ,  s i n c e  the  peak maximum w a s  

s h i f t e d  towards l o n g e r  r e t e n t i o n .  The magnitude of  t h i s  e f f e c t  i s  

shown i n  Fig.  2 .  I t  is expec ted  t h a t  s h i f t s  i n  peak maxima would 

b e  most pronounced f o r  peaks e l u t i n g  a t  v e r y  s h o r t  r e t e n t i o n  times, 

s i n c e  t h e s e  peaks are u s u a l l y  s h a r p  and so would b e  most prone  t o  

d i s t o r t i o n  by a l a g  f i l t e r .  

t h e  measurable  e f f e c t s  of i n c r e a s e d  t i m e  c o n s t a n t ,  such as reduced 

peak h e i g h t ,  i n c r e a s e d  asymmetry and low v a l u e s  of t h e  number of 

Indeed t h e  same can b e  s a i d  of any of  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



862 HADDAD, KEATING, AND LOW 

0.02 003  
r, 

W 

0 

98 

9 3  

HIH, 

E B  

'8 3 

78 

FIGURE 5 .  V a r i a t i o n  of normalised peak h e i g h t  and number of 
t h e o r e t i c a l  p l a t e s  wi th  t h e  r a t i o  of t i m e  c o n s t a n t  
t o  peak width.  

0 H / H  
H i s  peak h e i g h t  a t  zero t i m e  c o n s t a n t .  

N / N o  where N i s  the  number of t h e o r e t i c a l  p l a t e s  
c a l c u l a t e d  a t  t i m e  c o n s t a n t  T and N, i s  t h e  number 
of t h e o r e t i c a l  p l a t e s  c a l c u l a t e d  a t ' z e r o  t i m e  
cons tan  t . 

where H i s  peak h e i g h t  a t  t i m e  c o n s t a n t  T and 
0 

0 
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1 J 

2 3 4 5 
ka 

FIGURE 6. Percentage decrease  i n  peak he igh t  ( 0 )  and number of 
t h e o r e t i c a l  p l a t e s  (0) r e s u l t i n g  from a t i m e  cons tan t  
change from zero t o  1.1 secs p l o t t e d  a g a i n s t  capac i ty  
f a c t o r  of t he  peak ( k ' ) .  

(A = phenol, B = parac reso l ,  C = Z,S-xylenol, 
D = a n i s o l e ,  E = pheneto le) .  
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t h e o r e t i c a l  p l a t e s .  To i n v e s t i g a t e  t h e  r e l a t i o n s h i p  between 

c a p a c i t y  f a c t o r  and t i m e  c o n s t a n t  e f f e c t s ,  a test s o l u t i o n  w a s  

i n j e c t e d  c o n t a i n i n g  a group of s o l u t e s  having  c a p a c i t y  f a c t o r s  

ranging  from 1 t o  5 ,  us ing  s e v e r a l  t i m e  c o n s t a n t s .  . The r e s u l t s  

are shown i n  F i g .  6 ,  which w a s  p repared  by comparing t h e  peak 

h e i g h t  and number of t h e o r e t i c a l  p l a t e s  measured f o r  each s o l u t e  

a t  zero  t i m e  c o n s t a n t  w i t h  tha t  obta ined  a t  t h e  maximum t i m e  

0.1 SEC 

1 I I I I I 
1 2 3 3.5 

Time (mins) 

FIGURE 7 .  E f f e c t  of t i m e  c o n s t a n t  on r e s o l u t i o n .  The solutes are 
l i s t e d  i n  Fig.  6 and t h e  t i m e  c o n s t a n t  for each run  is 
marked on t h e  diagrams. 
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0.5 SEC 

L I I I I 1 
1 2 3 3.5 

Time (mins) 

FIGURE 7 B  

1.1 SEC 

1 1 I I I I 

1 2 3 3.5 
Time (mins) 

FIGURE 7C 
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c o n s t a n t  of  1.1 s e c s .  Fig. 6 shows t h a t  t h i s  i n c r e a s e  i n  t i m e  

cons tan t  produced smaller corresponding r e d u c t i o n s  i n  peak h e i g h t  

and p l a t e  count va lue  f o r  l o n g e r  r e t a i n e d  peaks.  E x t r a p o l a t i o n  

of the  p l a t e  count  curve i n  Fig.  6 sugges ted  t h a t  use of a s o l u t e  

w i t h  a capac i ty  f a c t o r  of 6 f o r  e f f i c i e n c y  c a l c u l a t i o n s  would g i v e  

an e r r o r  of about  25% f o r  a d e t e c t o r  t i m e  c o n s t a n t  of 1.1 secs. 

S i n c e  many f i x e d  t i m e  c o n s t a n t  d e t e c t o r s  use  a t i m e  c o n s t a n t  i n  

t h e  reg ion  of 1 s e c  and recommended procedures  f o r  e f f i c i e n c y  

c a l c u l a t i o n s  employ a s o l u t e  w i t h  a c a p a c i t y  f a c t o r  o f  5-6, then 

e r r o r s  i n  p l a t e  count of more than  25% can  b e  expec ted  w i t h  t h e s e  

d e t e c t o r s .  

Resolu t ion  between a d j a c e n t  peaks i s  a l s o  a f f e c t e d  by t h e  

d e t e c t o r  t i m e  c o n s t a n t  due t o  peak d i s t o r t i o n  e f f e c t s .  This  w a s  

i n v e s t i g a t e d  by i n j e c t i n g  the same s o l u t e  mixture  as used f o r  t h e  

prev ious  s e c t i o n ,  however a h i g h e r  percentage  of o r g a n i c  m o d i f i e r  

w a s  used t o  b r i n g  t h e  peaks c l o s e r  t o g e t h e r .  The r e s u l t s  are 

g i v e n  i n  F ig ,  7 which i l l u s t r a t e s  t h e  apparent  decrease  i n  reso lu-  

t i o n  between phenol  and p a r a c r e s o l  as t h e  d e t e c t o r  t i m e  c o n s t a n t  

w a s  i n c r e a s e d  from 0 . 1  s e c  t o  1.1 sec. Q u a n t i f i c a t i o n  of t h e  areas 

of these  two peaks w a s  r e l a t i v e l y  s i m p l e  a t  a t i m e  c o n s t a n t  of 

0.1 sec, b u t  became very  d i f f i c u l t  a t  a t i m e  c o n s t a n t  of 1.1 sec .  

CONCLUSIONS 

The use of  a l a g  f i l t e r  t o  suppress  b a s e l i n e  n o i s e  i n  HPLC 

d e t e c t o r s  r e s u l t s  i n  a p p r e c i a b l e  peak d i s t o r t i o n  f o r  va lues  of t i m e  

c o n s t a n t  i n  excess  of 0.1 sec. 

i n  t h e  c a l c u l a t i o n  of column e f f i c i e n c y  and an apparent  l o s s  of  

r e s o l u t i o n  by t h e  column. A s  a g e n e r a l  r u l e ,  t h e  t i m e  c o n s t a n t  

f o r  a d e t e c t o r  f i t t e d  w i t h  a l a g  f i l t e r  should  n o t  exceed 0.1 sec 

f o r  normal chromatographic use and should  be  i n c r e a s e d  only  when 

b a s e l i n e  n o i s e  suppress ion  i s  e s s e n t i a l  f o r  the d e t e c t i o n  of trace 

amounts of s o l u t e .  Values of t h e  number of  t h e o r e t i c a l  p l a t e s  

should b e  c a l c u l a t e d  a t  z e r o  t i m e  c o n s t a n t  where p o s s i b l e .  

This  peak d i s t o r t i o n  causes  e r r o r s  
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