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COPPUTATION OF HPLC PARArYlETERS & COMPARISClN OF NOISF 
LEVELS O f  A DUAL PISTON R E C I P R O C A T I N G  AND A TRIPLE 

P I S T O N  PUMP 

N.C.S.GOPAL* AND C.SHARMA 
(ISOMED, E.A.R.C., BOf'lEAY 400 085) 

ABSTRACT 

Amongst HPLC p a r a m e t e r s  such as k ' ,O( ,  N, R, 
and t a i l i n g  f a c t o r  ( T ) ,  t h e  f i r s t  two  a r e  computed 
from Eq. 1 and 2 wh ich  a r e  u n i v e r s a l l y  used. F o r  
c o m p u t a t i o n  o f  N, R & T t h e r e  a r e  a v a r i e t y  o f  equa- 
t i o n s .  N and R a r e  b e s t  computed f r o m  Eq. 4 and 7, 
and T f r o m  Eq. 12. By ' t '  and 'F' t e a t s  i t  i s  shown 
t h a t  t h e r e  is n o  s i g n i f i c a n t  d i f f e r e n c e  in t h e  n o i s e  
l e v e l s  o f  8 d u a l  p i s t o n  r e c i p r o c a t i n g  and a t r i p l e  
p i s t o n  pump, a t  t h e  commonly used  f low r a t e s  (1-5 m l /  
min), and a t  a r e a s o n a b l y  h i g h  s e n s i t i v i t y  (0.01 AUFS), 

INTROOUCT I O N  

S e p a r a t i o n  o f  a m i x t u r e  o f  compounds by HPLC i s  

i n f l u e n c e d  b y  t h e  n a t u r e  and p a r t i c l e  s i z e  o f  co lumn 

m a t e r i a l ,  d i m e n s i o n s  o f  column, number o f  t h e o r e t i c a l  

p l a t e s  p e r  co lumn 1 9 n g t h  or e f f i c i e n c y  o f  co lumn ( N ) ,  

co lumn t e m p e r a t u r e ,  m o b i l e  phase c o m p o s i t i o n ,  and  

mode o f  s e p a r a t i o n  (adsorption/partition/ion exchange/  

i o n  p a i r ) .  The compounds a r e  c h a r a c t e r i z e d  b y  t h e  

r e t e n t i o n  t i m e  (tn). 
c h a r a c t e r i z e d  b y  t h e  c a p a c i t y  f a c t o r  (k '  1, r e l a t i v e  

The degree  o f  s e p a r a t i o n  is 
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870 GOPAL AND SHARMA 

r e t e n t i o n  o r  s e l e c t i v i t y  (A) ,  r e s o l u t i o n  (R), and 

t a i l i n g  f a c t o r  ( T ) .  

and T as g i v e n  i n  v a r i o u s  t e x t s  a r e  a i v e n  below. W h i l e  

t h e  e x p r e s s i o n s  f o r  k '  and & d o  n o t  d i f f e r  i n  v a r i o u s  

t e x t s ,  t h o s e  f o r  N ,  R and T do d i f y e r .  

The e x p r R s s i o n s  f o r  k ' , d ,  N,  R 

k; - (tn/to) - 1 ,  (Eq.1) ('*') whare tn and to  

a r e  t h e  r e s p e c t i v e  r e t e n t i o n  t i m e s  f o r  t h e  nth 

component and t h e  n o n - r e t a i n e d  component. 

oL= (tntl- to) / (tn - to), (Eo.2) ( 1 , 2 )  

Nn - 1 6  tn 2 2  /Wy,n, (Eo . J ) ' ,  where W = t h e  peak 
Y,n 

w i d t h  of  t h e  n th component a l o n g  t h e  base  l i n e  ( i . e .  
a t  y - R$ o f  t h e  peak h e i g h t ) ;  i t  is t h e  i n t e r c e p t  on 

t h e  b a s e l i n e  made by t h e  t a n g e n t s  t o  t h e  Gauss ian  

c u r v e  ( t a n g e n t  method). 

i s  Nn - 5.54 tn/ 2 2  W ( E q . 4 ) ( 2 ) ,  where W 

Nn = 4 t,/Wy,n 2 2  ( € q . S ) ( ' ) ,  where y = 60.76; o f  

Rn,n+l' 1.198(tn+,-tn)/(w + w 1 ( ~ a . 7 )  (4) 

Y,n Y,n 
t h e  w i d t h  a t  y = 50% o f  t h e  peak h e i g h t  o f  t h e  n th  

component ( h a l f - w i d t h  method). 

peak h e i g h t  of  t h e  n th  component, 

Rn,n+l= 2( tn+l - tn) / (Wy,nf  Wy,n+l ), ( E c 1 . 6 ) ( ~ * * )  

y,n y,n+l 

where Y - 53q6 o f  peak h e i g h t .  - 

k' = (kk + k,!,+,)/2, and N = (Nn+Nn+1)/2. 

R A  ,n+1 = A B / A C ,  ( E ~ . l o ) ( ~ )  where C i s  t h e  p o i n t  

o f  i n t e r s e c t i o n  o f  t h e  base  l i n e  and t h e  p s r p e n d i c u l a r  
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COMPUTATION OF HPLC PARAMETERS 87 1 

a t  8 ( t h e  v a l l e y  p o i n t )  t o  t h e  b a s e l i n e ,  and A is t h e  

p o i n t  o f  i n t e r s e c t i o n  o f  t h e  p e r p e n d i c u l a r  and t h e  

l i n e  j o i n i n g  the  a d j a c e n t  peak maxima. 

t h e  peak w i d t h  o f  n th  component a t  y = 5% peak h e i g h t  

and f i s  t h e  d i s t a n c e  between t h e  p e r p e n d i c u l a r  

d ropped f r o m  t h e  peak maximum and t h e  l e a d i n g  edge 

o f  t h e  nth peek a t  y = 5% peak h e i g h t .  

Y,n 

T = (Wy,n-fy,n)/fy,n (Ea.12) where Y ~ qc&,8,9) 

15%("), o r  60.65% (I1) o f  peak h e i g h t  of  t h e  nth 

component. 

Modern micro-computers and d a t a  a c q u i s i t i o n  

t e c h n i q u e s  p e r m i t  o n - l i n e  c o m p u t a t i o n  o f  co lumn 

e f f i c i e n c y  (by s t a t i s t i c a l  momants) ( 1 2 )  and peak 
symmetry (13). 

I n  th is a r t i c l e ,  we compere t h e  v a r i o u s  e q u a t i o n s  

for e manual c a l c u l a t i o n  o f  N , R and T , and t h e  n o i s e  

l e v e l s  encountered  w i t h  a d u a l  r e c i p r o c a t i n g  pump end 

t r i p l e  p i s t o n  pump. 

APPARATUS 

D u e l  r e c i p r o c a t i n g  HPLC pump, Conetammetr ic  I 1  
( L a b o r a t o r y  D a t a  C o n t r o l ,  N.J. ,  USA) 

T r i p l e  p i s t o n  HPLC pump, Mode l  870 (DuPont, 

DE, USA). 

OuPont 850 HPLC's t h e r m o s t a t e d  column compa r t-  
ment (DuPont). 

Septumless i n j e c t i o n  v a l v e  70-10 w i t h  10 p l  l o o p  

(Rheodyne, B e r k l e y  , USA). 

F luorescsnce/Absorbence d e t e c t o r ,  Model 836 w i t h  

254nm f i l t e r  (DuPont) .  

D u a l  pen r e c o r d e r  Model  7130A (HP, C a l i f ,  USA) 
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872 GOPAL AND SHARMA 

(Mote: A l l  were connec ted  t o  ma ins  s u p p l y  t h r o u g h  

a v o l t a g e  s t a b i l i z e r ) .  

AATEA I ALS 

T y r o s i n e ( 1 )  ( F l u k e ,  p u r i s s ) ;  b e n z o i c  a c i d  G R ( 2 ) ;  

0 - p h t h a l i c  a c i d  C A ( 3 )  and s a l i c y l i c  a c i d ( 4 ) ,  (E.Plerck); 
( 4 )  was r e c r y s t a l l i s e d  f r o m  wa te r .  

M o b i l e  phase(U): c i t r a t e - p h o s p h a t e  b u f f e r ,  

0.0225 A(pH 3.8). 

S o l u t i o n  f o r  i n j e c t i o n  c o n t a i n e d  0.7, 2.5, 3.6 

and 29.9 m ic rog ram o f  ( I ) ,  ( 2 ) ,  (3) and ( 4 )  r e s p e c -  

t i v e l y  i n  10 m i c r o l i t r e  o f  ( V ) .  The c o n c e n t r a t i o n s  

W E ~ B  so chosen as t o  g i v e  peak h e i g h t s  o f  a b o u t  80 
d i v i a i o n s  on t h e  r e c o r d e r  c h a r t .  

Column: Zipax-SAX (2.lrnm x Im) (DuPont)  

PROCEDURE 

(i) The compounds ( 1 1 ,  ( 2 ) , ( 5 )  a n d  ( 4 )  were s e p a r a t e d  

a t  5 O o C  by i n j e c t i n g  10 m i c r o l i t r e s  o f  t h e i r  s o l u t i o n  

on t h e  column c o n n e c t e d  t o  pump ( A ) .  E l u t i o n  was 

c a r r i e d  o u t  w i t h  m o b i l e  phase ( V )  a t  a f l o w  r a t e  o f  

l m l / m i n .  D e t e c t o r  a t t e n u a t o r  was s e t  a t  0.04 AUFS. 

The chromatograma were r e c o r d e d  a t  a c h a r t  speed o f  

1 i nch /m in .  

The v a l u e s  o f  r e t e n t i o n  t i m e s  (tn), peak h e i g h t s  

(h) and widths (W ) were measured f r o m  t h e  ch romato -  

gram (F ig.1)  f o r  c a l c u l a t i o n  o f  k ' , O ( ,  N, R and T 
f r o m  t h e  e q u a t i o n s  g i v e n  e a r l i e r .  The peak h e i g h t s  

were measured f r o m  t h e  c o r r e c t e d  b a s e  l i n e s .  

(ii) The n o i s e  l e v e l s  were r e c o r d e d  f o r  a b o u t  30 mln 

a t  f l o w  r a t e s  o f  1, 2, and 3 m l / m i n  w i t h  pumps ( A )  

and (8) c o u p l e d  a l t e r n a t e l y  t o  t h e  co lumn m a i n t a i n e d  

a t  5 O o C  and u s i n g  w a t e r  a8 m o b i l e  phase and d e t e c t o r  

Y 
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COMPUTATION OF HPLC PARAMETERS 873 

c 

0 4 0 12 16 20min 

FIGURE 1 
HPLC p r o f i l e  o f  a m i x t u r e  o f  ( 1 )  t y r o s i n e ,  ( 2 )  b e n z o i c  
a c i d ,  ( 3 1 0 - p h t h a l i c  a c i d  and ( 4 )  s a l i c y l i c  a c i d  on Z ipax-  
S A X  Column 

a t t e n u a t o r  s e t  a t  0.01 AUFS. The c h a r t  s p e e d  was 
1 inch /min .  The a m p l i t u d e s  o f  t h e  s i g n a l s  ware 
measu red  i n  10 p o r t i o n s  o f  t h e  50 min r e c o r d i n g .  

RESULTS AND D I S C U S S I O N S  

( i )  P a r a m e t e r s  

The v a l u e s  o f  tn ,  h ,  k ’ , o ( ,  N and T a r e  g i v e n  
i n  T a b l e  1. 

Column E f f i c i e n c v  

The e l u t i o n  t ime o f  (1 )  was u s e d  a s  to. 

The v a l u e s  o f  N-5, as d e t e r m i n e d  by u s i n g  Eq.3 

a r e  l e s s  t h a n  N-4 and N-5 o b t a i n e d  from fq.4 and 5 
r e s p e c t i v e l y .  Eq.5 l a c k s  p r e c i s i o n  a s  t h e  d r a w i n g  
o f  t a n g e n t s  is s u b j e c t  t o  c o n s i d e r a b l e  e r r o r .  Eqs.4 

h 5 a r e  more p r e c i s e  a s  W0,5h and  ‘0.6065h c a n  b e  
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876 GOPAL AND S H A M  

more r e l i a b l y  measured and g i v e  n e a r l y  c o n c o r d m  t 

v a l u e s .  

d i f f e r e n c e  between N-3, N-4 and N-5 a r e  n o t  s i g n i f i -  

c a n t .  

s i g n i f i c a n t l y  f r o m  N-4 and N-5. 

T a i l i n g  f a c t o r  

1 ( l )  b u t  i t  i s  o f t e n  i n  t h e  

range  o f  1.2 t o  3.0 ( 1 1  874f. Some HPLC column manufac- 

t u r e r s  g u a r a n t e e  t h e i r  columns w i t h  T = 0.9 - 1 .4  

u s i n g  Eq.11 and 12 a t  v a r i o u s  v a l u e s  of y )  a r e  compared, 

i t  i s  seen t h a t  t h e  d i f f e r e n c e s  a r e  n o t  s i g n i f i c a n t  

f o r  t h e  n e a r l y  Gauss ian  p r o f i l e s  o f  ( 2 )  and ( 3 ) ,  but 

s i g n i f i c a n t  f o r  t h e  asymmet r i c  p r o f i l e  o f  ( 4 ) .  as 

can be seen f rom T a b l e  1 and t h e  f o l l o w i n g  a d d i t i o n a l d a t e :  

F o r  Gauss ian  p r o f i l e s  c # , , ( 2 )  and (3) ,  t h e  

For t h e  a s y m m e t r i c  p r o f i l e  o f  (4), N-3 d i f f e r s  

' T '  s h o u l d  b e  i d e a l 1  

( 9 )  

- 1 . 8  (lo). I f  t h e  T v a l u e s  ( c a l c u l a t e d  b y  
O r  Tmax 

$ h o f  peak ( 4 )  ( 2 0 )  (30) ( 4 0 )  

T ( E q . 1 1 )  (2 .1  1 ( 2 . 1 )  (2.0) 
T(Erl .12) ( 3 . 2 )  (3.2) (3.0) 

The above d a t a  i n d i c a t e s  t h a t  Eq.17 c o n t a i n i n g  t h e  

t e r m  ( W  -f ) i s  a b l e  t o  e x p r e s s  t h e  degree o f  asym- 

m e t r y  b e t t e r  t h a n  Eq.11 wh ich  g i v e s  d e c e p t i v e l y  l o w  

v a l u e s ,  and tha: measurement made a t  1 0  o r  15% may 

b e  p r e f e r r e d .  

R e s o l u t i o n  

Y Y  

The r e s o l u t i o n  R and A as c a l c u l a t e d  f r o m  
2.3  3 94 

Eqs. 6 ,  7 ,  8 ,  9 and 10 are  g i v e n  below: 

EqS. 6 7 8 9 -  10  

2.5 2,3 

3 94 3 ,4  

a b c a  b c  

2 .4  2 .6  1.8 1.9 1.9 1.6 1.6 1.6 R' 0.97 

1.8 2.1 1.2 1 .4  1.6 1.4 1.5 1.6 R' 0.99 

A 

R 

(No te :  a,b,c: For N-5, N-4 and N-5 r e s p e c t i v e l y )  
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COMPUTATION OF HPLC PARAMETERS 877 

I f  R 3: 1 , t h e  s e p a r a t i o n  is 98% and i f  R = 1.5, i t  i s  

a l m o s t  comp le te  s e p a r a t i o n ( 1 5  *I6). Eq.6 i s  s u b j e c t  

t o  c o n s i d e r a b l e  e r r o r  ow ing  t o  t h e  u n c e r t a i n t y  due t o  

t a n g e n t  drawn and t h i s  error  i n c r e a s e s  w i t h  peak 

asymmetry. Eqs.8 and 9 g i v e  g e n e r a l l y  l o w e r  v a l u e s  

t h a n  Eqs. 6 & 7 whether  N-3, N-4 o r  N-5 i s  used. 

Though Eqa.8 k 9 c o u l d  be l e s s  a c c u r a t e  t h a n  Eq.6, 
t h e y  a r e  u s e f u l  f o r  a n a l y s i s  o f  e f f e c t s  o f  N, k' and 

o n  R ( 6 ) *  A c c o r d i n g  t o  Eq.lO, w h i c h  is n o t  commonly 

u s e d  by ch romatog raphers ,  t h e  i d e a l  v a l u e  o f  R '  i s  1, 

and as o v e r l a p p i n g  i n c r e a s e s ,  t h e  v a l u e  o f  R '  becornps 

T a b l e  2 : N o i s e  l e v e l  ( m i c r o a b s o r b a n c e  u n i t )  a t  v a r i o u s  
F low Ra tes  f o r  Pumps A and B 

F l o w  Ra te  ( m l / m i n )  

1 2 3 
A B A B A R 

M ic roabsar  bance u n i t s  

2 * 1 0  t17,0,05 = '*'' t17,0.05 = 2.11 tl 8 ,O .O5 

F 1.30 1.92 2.47 

= 4 * 3 6  F9,8,0.05 = 4.56 F9 ,9,0.05= 4*03  F9 ,8,0.05 
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p r o g r e s s i v e l y  l e s s  t h a n  1. However, f o r  c a l c u l a t i o n  

o f  R ,  Eq.7 appears  t o  b e  more s a t i s f a c t o r y  t h a n  Eu.6 

a s  t h e  peak w i d t h  a t  h a l f  h e i g h t  wou ld  b e  more p r e c i s e  

t h a n  on t h e  b a s e l i n e .  

ii) The N o i s e  l e v e l s  

( a c c e p t a b l e  by Chauvenet 's  c r i t e r i o n  (17)), s.d., 

and R.s.d.($), t h e  ' t '  v a l u e s  o f  t h e  means, and t h e  

I F '  v a l u e s  o f  t h e  v a r i a n c e s  a r e  g i v e n  i n  T a b l e  2. 
The ' t '  and IF* t e s t s  shou t h a t  t h e  d i f f e r e n c e s  

i n  t h e  means o f  n o i s e  l e v e l s  and t h e i r  v a r i a n c e s  

for t h e  d u a l  r e c i p r o c a t i n g  and t r i p l e  p i s t o n  pumps 

a r e  n o t  s i g n i f i c a n t  even  a t  a r e a s o n a b l y  h i g h  

s e n s i t i v i t y  o f  0.01 AUFS. 

The mean (;)of t h e  a m p l i t u d e s  o f  t h e  s i g n a l s  
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