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DETERMINATION OF ZERO RETENTION TIMES 

BY TEMPERATURE DEPENDENT REVERSED PHASE 
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I n s t i t u t  f u r  A r b e i t s p h y s i o l o g i e  a n  d e r  U n i v e r s i t a t  Dortmund 
G e s c h a f t s f i i h r e n d e r  D i r e k t o r :  Prof .Dr .  H . G .  Wenzel 
A r d e y s t r .  6 7 ,  D - 4 6 0 0  Dortmund 1 

ABSTRACT 

F o r  a g i v e n  r e v e r s e d  phase  HPLC sys tem t h e  z e r o r e t e n t i o n  
t i m e  ( t  ) c a n  b e  d e t e r m i n e d  by measur ing  b r u t t o  r e t e n t i o n  
t i m e s  a? d i f f e r e n t  t e m p e r a t u r e s .  For  c a l c u l a t i o n  of to 

I f  a t  l eas t  two compounds a r e  s e p a r a t e d  on t h e  column h a v i n g  
a l m o s t  t h e  same s o r p t i o n  e n t h a l p i e s  a more s i m p l e  i n t e r -  
s e c t i n g  p o i n t  method can  b e  p r a c t i s e d .  I n  t h i s  case o n l y  
t w o  t e m p e r a t u r e  p o i n t s  a r e  n e c e s s a r y  f o r  g r a p h i c  e v a l u a t i o n .  
The p r e s e n t e d  methods f o r  d e t e r m i n a t i o n  o f  to v a l u e s  are 
proved  f o r  n o r a d r e n a l i n e  and  a d r e n a l i n e  under  s e l e c t e d  
e x p e r i m e n t a l  c o n d i t i o n s  u s i n g  aqueous s o l u t i o n s  of a l k a l i n e  
p e r c h l o r a t e s  as m o b i l e  p h a s e s .  Thus to v a l u e s  can  b e  d e t e r -  
mined w i t h  a n  a c c u r a c y  and a p r e c i s i o n  of  less t h a n  5 3 % .  

v a l u e  t e m p e r a t u r e  i n t e r v a l s  must be e q u i d i s t a n t  i n  1/T.  

INTRODUCTION 

F o r  a g i v e n  s e p a r a t i o n  problem a HPLC s y s t e m  can  be  d e s c r i b e d  

by a set  o f  d i r e c t  and d e r i v e d  c h r o m a t o g r a p h i c  v a l u e s  which 

depend on  v a r i o u s  p a r a m e t e r s  l i k e  column l e n g t h  and d i a m e t e r ,  

p a r t i c l e  t y p e  and  s i z e ,  f l o w r a t e ,  c o m p o s i t i o n  and pH of t h e  

m o b i l e  p h a s e ,  t e m p e r a t u r e ,  e t c .  and o f  c o u r s e ,  on t h e  com- 
pounds t o  b e  s e p a r a t e d .  The most c o n t r o v e r s i v e l y  d i s c u s s e d  

p o i n t  i s  t h e  z e r o  r e t e n t i o n  t i m e  ( to ) ,  which i s  n e c e s s a r y  f o r  

c a l c u l a t i o n  of m a s s  d i s t r i b u t i o n  c o e f f i c i e n t  ( k ' ) ,  r e l a t i v e  

r e t e n t i o n  ( a ) ,  r e s o l u t i o n  (R) and e f f e c t i v e  number o f  p l a t e s  ( N ) .  

1875 
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1876 NEIDHART, KRINGE, AND BROCKMANN 

The l a t t e r  v a l u e s  are  i m p o r t a n t  f o r  i d e n t i f i c a t i o n s ,  

s e l e c t i v i t y  and p o l a r i t y  c o n t r o l ,  c o n s e q u e n t l y  f o r  r a t i n g  

and o p t i m i z a t i o n  of t h e  whole c h r o m a t o g r a p h i c  s y s t e m  ( f o r  

g e n e r a l  rev iew see r e f e r e n c e s  c i t e d  by Berendsen e t  a l . ( l ) ) .  

The to v a l u e  

i n  t h e  mobi le  p h a s e ,  and s h o u l d  t h u s  b e  t e m p e r a t u r e  inde-  

p e n d e n t .  Q u i t e  a few e x p e r i m e n t a l  methods are  known, by which 

to c a n  be  e v a l u a t e d .  

is  d e f i n e d  as  r e t e n t i o n  t i m e  o f  t h e  compounds 

P r a c t i s e d  methods are: 

- I n j e c t i o n  o f  s l i g h t l y  m o d i f i e d  m o b i l e  phase  and 

measur ing  w i t h  a R I  d e t e c t o r ,  

- i n j e c t i o n  of O 2  s a t u r a t e d  mobi le  p h a s e  and measur ing  

0 a b s o r b a n c e  w i t h  a n  UV d e t e c t o r ,  2 

- doping of  t h e  m o b i l e  p h a s e  w i t h  a f l u o r o p h o r e  ( c h i n i -  

n e s u l f a t e ) ,  i n j e c t i o n  o f  undoped m o b i l e  p h a s e ,  and 

measur ing  t h e  d r o p  i n  f l u o r e s c e n c e ,  

- i n j e c t i o n  o f  d i s s o l v e d  sma l l  m o l e c u l e s  - s o  c a l l e d  

" n o n - r e t a r d e d "  s u b s t a n c e s  - and measur ing  by  v a r i o u s  

d e t e c t i o n  methods. 

Fol lowing  r e c e n t l y  p u b l i s h e d  p a p e r s  (1 ,21 ,  t h e s e  methods 

do n o t  allow t h e  d e t e r m i n a t i o n  o f  t h e  e x a c t  to v a l u e  b e c a u s e  

o f  i t s  dependency on  t h e  p o r o u s  s t r u c t u r e  o f  t h e  s t a t i o n a r y  

p h a s e .  Thus, most o f  t h e  mere ly  e x p e r i m e n t a l  d e t e r m i n e d  to 

v a l u e s  are t o o  h i g h ,  which l e a d  t o  smaller  k' v a l u e s .  I n  

o r d e r  t o  overcome t h i s  problem a m a t h e m a t i c a l  t r e a t m e n t  of 

e x p e r i m e n t a l  d a t a  of homologous compounds i s  recommended. 

Up t o  now, e x c e p t  t i m e  consumption,  t h i s  method s e e m s  t o  b e  

t h e  b e s t  p r o c e d u r e  f o r  t h e  d e t e r m i n a t i o n  o f  to v a l u e s .  One 

d i s a d v a n t a g e  of  t h i s  method is due to t h e  f a c t ,  t h a t  f o r  

most of t h e  p r a c t i c a l  s e p a r a t i o n  problems s i m p l e  homologous 

series do n o t  e x i s t .  Consequent ly ,  t h e r e  i s  s t i l l  an u r g e n t  

need f o r  a n  u n i v e r s a l  method, which would a l l o w  t o  d e t e r m i n e  

correct  to v a l u e s .  
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DETERMINATION OF ZERO RETENTION TIMES 

OBJECTIVES 

1877 

Facing  t h i s  aim, an i n v e s t i g a t i o n  was s t a r t e d  wi th  t h e  

assumption, t h a t  chromatographic p rocesses  a r e  s t r o n g l y  

dependent on tempera ture  whereas to i s  n o t .  This  l e d  t o  
a f i r s t  work hypo thes i s :  With i n c r e a s i n g  tempera ture  t h e  

b r u t t o  r e t e n t i o n  time ( t  ) should dec rease  approaching 
t h e  r e a l  to va lue  . Thus, by mathematical  t r ea tmen t  of tem- 

p e r a t u r e  dependent tR va lues  t h e  c a l c u l a t i o n  of to should  

be  p o s s i b l e .  A f i r s t  series of tempera ture  dependent tR 

measurements for norad rena l ine  ( N A )  and ad rena l ine  ( A )  

(chromatographic cond i t ions  a r e  desc r ibed  below) r e s u l t e d  

i n  exper imenta l  curves (F ig .  I), which showed a monotone 

R 

2.0 t I I 1 1 1 

0 10 20 30 LO 50 60 
Tcolurnn C'c3 

Figure  1 :  In f luence  of tempera ture  on b r u t t o  r e t e n t i o n  

t i m e s  f o r  nosad rena l ine  ( 8 )  and a d r e n a l i n e  (0) 

(column: n u c l e o s i l  10-Cl8; m o b i l e  phase: 

0.1 M HC104) 
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1878 NEIDHART, KRINGE, AND BROCKMA” 

d e c r e a s e  o f  tR w i t h  i n c r e a s i n g  t e m p e r a t u r e  and which,  a t  
l eas t  v i s u a l l y ,  approached  t h e  same l i m i t  v a l u e  f o r  b o t h  

compounds. T h i s  r e s u l t  i n d i c a t e d ,  t h a t  t h e  above s t a t e d  

h y p o t h e s i s  w a s  p o s s i b l y  found t o  b e  correct. Such a method 

would be  advantageous  f o r  d i r e c t  d e t e r m i n a t i o n  o f  to w i t h  a 

p a r t i c u l a r  chromatographic  s y s t e m  under  r ea l  e x p e r i m e n t a l  

c o n d i t i o n s .  The s y s t e m a t i c  i n v e s t i g a t i o n  w a s  performed 

w i t h  c a t e c h o l a m i n e s  (NA and A ) ,  as i n  c o n n e c t i o n  w i t h  occu-  

p a t i o n a l  p h y s i o l o g y  s t u d i e s  a q u a n t i t a t i v e  a n a l y s i s  o f  t h e s e  

compounds became n e c e s s a r y  ( 3 ) .  

- EXPERIMENTAL 

Appara tus :  Waters model M 6000A was u s e d  as h i g h  p r e s s u r e  

pump c o n n e c t e d  t o  a Rheodyne model 7 0 1 0  i n j e c t i o n  v a l v e  

w i t h  100 ~1 sample l o o p .  Thecolurms w e r e  packed w i t h  nu- 

c l e o s i l  1 0 - C l 8 ,  5-C18 and 10-C8 (Macherey + Nagel )  and 

column dimens ions  were SS 250/6 .4 /2 .9 ,  SS 2 0 0 / 6 . 0 / 4 . 0  and 

SS 250/6.0/4.0 r e sp . .  For  t h e r m o s t a t i c  c o n t r o l  a K r y o s t a t  

(Desaga F r i g o s t a t )  w a s  used and d e t e c t i o n  w a s  performed w i t h  

a n  Aminco-Bowman-Spectrophotofluorometer ( 8  p l  f low t h r o u g h  

c u v e t t e )  connec ted  t o  a Corning  Recorder  840. 

Reagents :  A l l  c h e m i c a l s  w e r e  of a n a l y t i c a l  g r a d e .  Aqueous 

s o l u t i o n s  o f  H C 1 0 4 ,  L i C 1 0 4 ,  NaC104, K C 1 O 4  and. K C 1 0 3  w i t h  

c o n c e n t r a t i o n s  of 0.0025, 0.005, 0.01, 0.02, 0 . 0 5 ,  0.1 and 

0 . 5  M w e r e  used  as mobi le  p h a s e s .  

Procedure :  The m o s t  i m p o r t a n t  r e q u i r e m e n t s  f o r  t e m p e r a t u r e  

dependent  measurements are d e f i n i t e  and c o n s t a n t  tempera-  

t u r e s  o f  t h e  c h r o m a t o g r a p h i c  sys tem d u r i n g  t h e  e x p e r i m e n t .  

I n  o r d e r  t o  f u l f i l  t h i s  p r e r e q u i s i t e ,  t h e  t e m p e r a t u r e  g r a d i e n t  

of t h e  mobi le  phase  a l o n g  i t s  pathway from i n j e c t i o n  v a l v e  

t o  end of column w a s  i n v e s t i g a t e d  f o r  d i f f e r e n t  i s o l a t i o n  

mater ia ls  and segments  u s i n g  f o u r  therrvocouples  a t  a t i m e .  

Thus, it c o u l d  be shown, t h a t  a t  f low rates o f  1 m l / m i n  
t h e r m o s t a t i c  c o n t r o l  of a t  l ea s t  2 0  c m  of t h e  s t a i n l e s s  s teel  
c a p i l l a r y  i n  f r o n t  of  t h e  column i s  s u f f i c i e n t  i f  t h e  tempe- 

r a t u r e  of  t h e  column i t s e l f  i s  r e g u l a t e d .  I n  p r a c t i c e  

30 c m  o f  t h e  c a p i l l a r y  t o g e t h e r  w i t h  t h e  column are i n c a p s u l e d  

i n  a b r a s s  t u b e  ( i . d . 2 . 4  c m )  which i s  w e l l  i s o l a t e d  and 
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DETERMINATION OF ZERO RETENTION TIMES 1879 

th rough which t h e  c i r c u l a t i n g  l i q u i d  (isopropanole/water:l/l) 
i s  pumped ( 1 4  1 - min - ' ) .  The e x p e r i m e n t s  w e r e  r u n  a t  

t e m p e r a t u r e s  o f  0,  10, 2 0  up  t o  60° C a t  a f l o w r a t e  o f  

1 ml/min f o r  t h e  mobile  p h a s e .  The p r e s s u r e  i n  t h e  s y s t e m  

w a s  dependent  on t e m p e r a t u r e  and t y p e  of RP s t a t i o n a r y  

p h a s e  and r a n g e d  between 4 0 0  p s i  f o r  70-C8 a t  60° C and 

3800 p s i  f o r  5-CJ8 a t  Oo C .  C o n c e n t r a t i o n s  o f  NA and A w e r e  
100 ng/ 100 p l  and  50 ng/100 p 1  r e s p .  and d e t e c t i o n  w a s  
performed f l u o r i m e t r i c a l l y  ( e x c i t a t i o n  2 7 5  nm/emission 317 nm). 

F o r  b e t t e r  e v a l u a t i o n  o f  t h e  chromatograms t h e  r e c o r d e r  

w a s  se t  t o  a v e l o c i t y  o f  10 c m  - min . -1 

MATHEMATICAL MODEL 

A common e q u a t i o n  o f  t h e  A r r h e n i u s  t y p e  i s :  

A (  A I : )  -~ 
k '  = ko . e R T  

where k '  : 

ko : 

A (  A H )  : 

R :  

T :  

mass d i s t r i b u t i o n  c o e f f i c i e n t  

p r o p o r  t i ona 1 i t y  c o n s t a n t  

d i f f e r e n c e  i n  t h e  s o r p t i o n  

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

compound f o r  s o r p t i o n  a t  t h e  

s t a t i o n a r y  p h a s e  ( 4 )  

u n i v e r s a l  g a s  c o n s t a n t  

a b s o l u t e  t e m p e r a t u r e  

b u t  
+ c 

0 

S u b s t i t u t i n g  k' f rom eq .  ( 1 )  by e q .  ( 2 )  one g e t s  

A (  A H )  
( 3 ) .  

+ to  tR = ko . to . e RT 

E q u a t i o n  3 i n d i c a t e s  t h a t  a t  i n f i n i t e  t e m p e r a t u r e  

tR = ko . to + to, which means, t h a t  w i t h  i n c r e a s i n g  tempe- 

r a t u r e s  tR approaches  t 
F o r  t h i s  case t h e  s t a t e d  work h y p o t h e s i s  i s  correct .  

i f  ko i s  n e g l i g i b l y  smaller  t h a n  to. 
0 
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1880 NEIDHART, KRINGE, AND BROCKMANN 

Under t h e  assumpt ion ,  t h a t  ko and 

d e p e n d e n t ,  which a t  l e a s t  i s  j u s t i f i e d  w i t h i n  t h e  e x p e r i m e n t a l  

T i n t e r v a l ,  t h e  z e r o  r e t e n t i o n  t i m e  c a n  b e  c a l c u l a t e d  ( 5 )  : 

A ( A H )  are  t e m p e r a t u r e  i n -  

The t R ( T )  v a l u e s  are  e x p e r i m e n t a l l y  d e t e r m i n e d  b r u t t o  r e t e n -  

t i o n  t i m e s a t  d i f f e r e n t  t e m p e r a t u r e s ,  w i t h  t h e  c o n d i t i o n ,  

t h a t  T , ,  T2  and T 3  are c h o s e n  s u c h ,  t h a t  t h e  

become e q u i d i s t a n t  ( e . g .  Oo C ,  20° C, 4 3 O  C ) .  

1/T v a l u e s  

Thus, t h e  error o f  to i s  d e t e r m i n e d  by t h e  p r e c i s i o n  o f  t h e  

e x p e r i m e n t a l  tR v a l u e s .  I n  o r d e r  t o  minimize  t h i s  e r ror ,  
t e m p e r a t u r e  i n t e r v a l s  s h o u l d  b e  as wide as p o s s i b l e ,  and 

t e m p e r a t u r e  s h o u l d  b e  e x a c t  a n d  c o n s t a n t .  The t e m p e r a t u r e  

i n t e r v a l ,  n a t u r a l l y  g i v e n  by t h e  chromatographic  s y s t e m  

and  t h e  s e p a r a t i o n  problem, r a n g e s  p r a c t i c a l l y  be tween 

Oo C and 80° C .  

Using t h e  above d e s c r i b e d  p r o c e d u r e  to c a n  b e  d e t e r m i n e d  

w i t h  one component o n l y .  I n  p r a c t i c e ,  however ,  one h a s  t o  

d e a l  mos t ly  w i t h  mult icomponent  s y s t e m s .  F o r  s u c h  cases 
a more s i m p l e  method f o r  t h e  d e t e r m i n a t i o n  o f  t can  b e  

p r a c t i s e d ,  i f  g i v e n  c o n d i t i o n s  are  f u l f i l l e d .  
0 

S t a r t i n g  w i t h  a m o r e  common e q u a t i o n  f o r  m a s s  d i s t r i b u -  

t i o n  c o e f f i c i e n t s  

k I A  = a gA(T)  and  k I B  = b + gg ( T )  ( 5 )  

A , B  : components A and B 

a , b  : t e m p e r a t u r e  i n d e p e n d e n t  f a c t o r s  

and w i t h  t h e  c o n d i t i o n  

g ( T )  = g B ( T )  f o r  a l l  e x p e r i m e n t a l  t e m p e r a t u r e s  A 

f 01 1 ow s 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



DETERMINATION OF ZERO mTENTION TIMES 1881 

tR,A(B) ( T )  : b r u t t o  r e t e n t i o n  t i m e  f o r  

component A ( B )  a t  tempera ture  T.  

I n  t h i s  ca se  t h e  tempera tures  m u s t  n o t  n e c e s s a r i l y  be  

e q u i d i s t a n t  i n  ’ /T .  

The i d e n t i t y  of gA(T) and qg(T) means p r a c t i c a l l y ,  t h a t  

t h e  s o r p t i o n  e n t h a l p i e s  o f  t h e  two components a r e  equa l  

o r  a t  l e a s t  very  s i m i l a r ,  which is  t h e  case  f o r  many chemi- 

c a l l y  r e l a t e d  subs tances .  Hereof it r e s u l t s  au tomat i ca l ly ,  

t h a t  t h e  s e l c t i v i t y  c o e f f i c i e n t  a i s  tempera ture  indepen- 

d e n t .  

For p r a c t i c a l  de t e rmina t ion  of  t t h e  fo l lowing  procedure 

is recommended: 

1 .  measurement of t and t a t  two d i f f e r e n t  tempera- 
R r A  R , B  

T 2 ’  t u r e s  ( T 1 ,  

2 .  p l o t t i n g  of t and t f o r  bo th  tempera tures  a t  
R , A  R ,  B 

a r b i t r a r y  p o s i t i o n s  of t h e  a b z i s s e s  X1 and X2 respec-  

t i v e l y  

3 .  Y value  o f  p o i n t  of i n t e r s e c t i o n  of t h e  two s t r a i g h t  

l i n e s  f o r  T., and T 

va lue .  

is i d e n t i c a l  w i th  t h e  e x a c t  to 
2 

Again, i n  o r d e r  t o  minimize t h e  e r r o r  of t t h e  range  

between T1 and T2 should be  a s  wide a s  p o s s i b l e .  
0 

- RESULT’S AND DISCUSSION 

For  proving  t h e  mathematical  model q u i t e  numerous expe r i -  

ments w e r e  performed a t  v a r i o u s  tempera tures  wi th  d i f f e r e n t  

t y p e s  and c o n c e n t r a t i o n s  o f  t h e  mobile phase and f o r  

t h r e e  d i f f e r e n t  R P  m a t e r i a l s .  A s  t h e  chosen compounds IJA 

and A a r e  chemica l ly  r e l a t e d ,  t h e  i n t e r s e c t i n g  p o i n t  method 

w a s  used f o r  t h e  c a l c u l a t i o n  of ze ro  r e t e n t i o n  t i m e s .  An 

example f o r  g raph ic  eva lua t ion  o f  to i s  shown i n  F i g .  2 .  

I n  t h e  fo l lowing  t a b l e s  ( 1 , 2 )  mean to va lues  a r e  l i s t e d  

which w e r e  c a l c u l a t e d  from exper imenta l  t R ( T )  va lues  us ing  
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1882 NEIDHART, KRINGE, AND BROCKMA" 

NA A 

F i g u r e  2 :  G r a p h i c  e v a l u a t i o n  of to v ia  t e m p e r a t u r e  

dependent  tR v a l u e s  of n o r a d r e n a l i n e  and 

a d r e n a l i n e  

(column: n u c l e o s i l  1 0 - C l 8 ;  m o b i l e  p h a s e :  

0 .1  M HC104)  

e q u a t i o n  6 .  I n  o r d e r  t o  keep  t h e  i n f l u e n c e  of e r r o r s  o f  

s i n g l e  tR v a l u e s  s m a l l ,  t h e  mean to v a l u e s  w e r e  c a l c u l a t e d  

from i n t e r s e c t i n g  p o i n t s  of a t  least  5 t e m p e r a t u r e  p a i r s  

which w e r e  o b t a i n e d  by c y c l i c  p e r m u t a t i o n  of d i f f e r e n t  

e x p e r i m e n t a l l y  g i v e n  t e m p e r a t u r e s .  

T a b l e s  1 and 2 d e m o n s t r a t e ,  t h a t  t h e  z e r o  r e t e n t i o n  t i m e s  

of t h e  sys tems under  i n v e s t i g a t i o n  are n e i t h e r  d e p e n d e n t  

on t h e  mobi le  p h a s e  nor  on i t s  c o n c e n t r a t i o n ;  s t a n d a r d  

d e v i a t i o n  i s  a b o u t  2 3 % r e l . .  A compar ison  of t h e s e  to 

v a l u e s  w i t h  t h o s e  c a l c u l a t e d  from e q u a t i o n  4 showed t h e  

results i n  e x c e l l e n t  agreement  (Tab. 3,4). 

The m a t h e m a t i c a l  model w a s  p roved  by t h e  e x p e r i m e n t s .  By 

p l o t t i n g  I n  k' v e r s u s  ' / T  s t r a i g h t  l i n e s  w e r e  o b t a i n e d  from 

which ko v a l u e s  and 

v a l u e s  w e r e  found t o  be  i n  t h e  r a n g e  of 1 0  , which means, 

A ( A H )  v a l u e s  w e r e  c a l c u l a t e d .  ko 
- 4  
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DETERMINATION OF ZERO RETENTION TIMES 

N a C 1 0 4  

TABLE 1 

K C 1 0 4  

1883 

2 . 0 6  2 0 . 0 6  

2 . 1 0  2 0 . 0 7  

mean t v a l u e s  [rnin] c a l c u l a t e d  from e q .  6 f o r  d i f f e r e n t  

t y p e s  and c o n c e n t r a t i o n s  of t h e  mobi le  phase  

(column: n u c l e o s i l  1 0 - C l 8 ;  s t a n d a r d  d e v i a t i o n  f o r  n 2 1 0 )  

0 

2 . 0 3  f 0.04 

2 . 0 5  2 0.03 

0 . 0 0 5  

0 . 0 5  

L i C 1 0 4  

2 . 0 2  2 0 . 0 6  

2 . 0 0  2 0 . 0 5  

2 . 0 7  0 . 0 5  

2 . 0 6  2 0.06 

2.05  f 0 . 0 4  

I 
2 . 0 6  2 0 . 0 3  

2 . 0 8  2 0 . 0 6  

2 . 1 0  2 0 . 0 5  

KClO-, 

2 . 0 9  2 0 . 0 7  

2.06 2 0.06  

2 . 0 7  f 0 . 0 3  

TABLE 2 

mean to v a l u e s  [rnin] o f  d i f f e r e n t  column t y p e s  c a l c u l a t e d  

from e q .  6 f o r  v a r i o u s  c o n c e n t r a t i o n s  of H C 1 0 4  as mobi le  

p h a s e  ( s t a n d a r d  d e v i a t i o n  f o r  n 2 10) 

0 . 0 0 2 5  

0 . 0 0 5  

0.01 

0 . 0 2  

0 . 0 5  

0.1 

0 . 5  

10-c1 

2 . 0 3  2 0 . 0 2  

2 . 0 5  2 0 . 0 3  

2.04 2 0 . 0 5  

2 .07  f 0.02 

2 . 0 9  0 . 0 7  

2 . 0 6  0 . 0 3  

1 0-ca 

3.09  0.05 

3.08  f 0 . 0 5  

3 . 0 8  2 0 . 0 6  

3.08 2 0 . 0 6  

3.15 2 0 . 0 7  

3 . 1 2  f 0 . 0 5  

5 - c ~  8 

2 . 2 5  f 0 . 0 5  

2 . 2 6  2 0 . 0 6  

2 .21  0 .05  

2 . 2 3  2 0 . 0 6  

2 . 2 0  i 0.06  

2 . 2 5  0 . 0 4  
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1884 

LiC104 N a C 1 0 4  

e q . 6 ,  2 .04  2 0 . 0 2  2 . 0 9  f 0 . 0 2  

T d e p e n d e n t  

e q . 6 ,  2 .06  f 0.06 2.08 _f 0.06 

c d e p e n d e n t  

e q . 4 ,  2 . 0 3  0 . 0 6  2 .11  k 0 . 0 3  

T d e p e n d e n t  

TABLE 3 

KC104 KC103 

2.04 f 0 . 0 2  2 . 0 7  2 0 . 0 3  

2.04 5 0.04 2 .10  2 0.06 

2 . 0 6  f 0 . 0 4  2 . 0 8  f 0 . 0 3  

NEIDHART, KRINGE, AND BROCKMA" 

eq. 6, 
T d e p e n d e n t  

eq. 6 ,  

c d e p e n d e n t  

eq. 4 ,  

T d e p e n d e n t  

10-c1 10 -cg  5-c1 8 

2 .05  2 0.01 3 . 1 0  f 0 . 0 2  2 . 2 4  2 0 . 0 2  

2 .06  k 0.05  3 . 0 7  f 0.06 2 . 2 8  0 . 0 5  

2 . 0 8  f 0 . 0 3  3 .11  0.04 2 . 2 6  2 0 . 0 2  

* w e i g h t e d  mean ( n 1 3 )  of t h e  mean ( n 2 1 0 )  

TABLE 4 
Q 

mean t 

or c o n c e n t r a t i o n  d e p e n d e n t  e q u a t i o n s  f o r  t h r e e  co lumn t y p e s  

a n d  H C 1 0 4  as mobi le  p h a s e  ( c o n c e n t r a t i o n s  see t a b l e  2 )  

v a l u e s  [min] c a l c u l a t e d  f r o m  d i f f e r e n t  temperature 
0 

* w e i g h t e d  mean ( n  2 3 )  of t h e  mean (n  2 1 0 )  
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DETERMINATION OF ZERO RETENTION TIMES 

t h a t  t h e  s t a t e d  work hypothes is  i s  c o r r e c t .  A ( A H )  va lues  
w e r e  found t o  be  i n  t h e  range  of 15 kJ mole-' and w e r e  
a lmost  i d e n t i c a l  f o r  t h e  two compounds under g iven  expe r i -  
mental  cond i t ions  ( type  and concen t r a t ion  of mobile phase,  
t y p e  of s t a t i o n a r y  phase ) ,  which i n  f a c t  l e d  t o  tempera ture  

independent a va lues .  

A s  tR va lues  a r e  a l s o  dependent on t h e  concen t r a t ion  o f  
m o b i l e  phase,  one may th ink  about t h e  p o s s i b i l i t y  of 

de te rmining  t h e  ze ro  r e t e n t i o n  t i m e s  by concen t r a t ion  
dependent RP HPLC. Using t h e  i n t e r s e c t i o n  p o i n t  method, 
to values  were c a l c u l a t e d  on b a s i s  o f  eq .  6 a f t e r  r ep lace -  
ment of t R ( T )  by t , ( c ) .  Tables 3 and 4 show t h e  r e s u l t s  
i n  q u i t e  good agreement, b u t  s tandard  d e v i a t i o n  of t h e s e  
to va lues  a r e  obvious ly  l a r g e r  than  those  r e s u l t i n g  from 
t h e  tempera ture  dependent measurements. I t  seems a s  i f  
t h e  tempera ture  method is  less s e n s i t i v e  t o  l i t t l e  changes 
i n  t h e  chromatographic system than  t h e  concen t r a t ion  method. 

For  comparison to va lues  w e r e  a l s o  determined u s i n g  t h e  
exper imenta l  methods l i s t ed  i n  t h e  i n t r o d u c t i o n .  I n  s o m e  
c a s e s  agreement w a s  q u i t e  good b u t  i n  o t h e r  cases ext remely  
bad. This  confirms t h e  s t a t emen t ,  t h a t  " c l a s s i c a l  methods" 
must no t  n e c e s s a r i l y  l e a d  t o  exac t  zero r e t e n t i o n  t imes .  

- CONCLUSIONS 

For  a g iven  chromatographic RE' system t h e  ze ro  r e t e n t i o n  
t i m e  can be determined by measuring tR va lues  a t  d i f f e r e n t  
tempera tures  (n, > 2 ) .  The tempera ture  i n t e r v a l s  must be  
e q u i d i s t a n t  i n  
on t h e  column having a lmost  t h e  same s o r p t i o n  e n t h a l p i e s  
a more simple i n t e r s e c t i n g  p o i n t  method can be p r a c t i s e d .  
I n  t h i s  case  only  two tempera ture  p o i n t s  a r e  necessary  f o r  
g raph ic  eva lua t ion .  

'/T. I f  a t  least  t w o  c ~ u n d s  are s e p a r a t e d  

The presented  methods f o r  de t e rmina t ion  o f  to va lues  are, 

of course  only  proved f o r  two compounds (NA and A )  under 
s e l e c t e d  exper imenta l  cond i t ions .  Although, f u r t h e r  expe r i -  
ments a r e  needed t o  e l u c i d a t e  t h e  a p p l i c a b i l i t y  and t h e  
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1886 NEIDHART, KRINGE, AND BROCKMANN 

limitations of the methods, we believe, that this procedure 
can be utilized to very many practical problems. This will 
have the advantage of working with a given system without 
any changes of those chromatographic parameters, which might 
influence the zero retention time. 
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