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INDIRECT DETECTION IN HIGH- 
PERFORMANCE LIQUID CHROMATOGRAPHY 

Daido Ishii and Toyohide Takeuchi 
Department of Applied Chemistry 

Faculty of Engineering 
Nagoya University 

Chikusa-ku, Nagoya 464, Japan 

ABSTRACT 

I n d i r e c t  d e t e c t i o n  i n  h i  h performance l i q u i d  chromatography 
i s  described.. I t  i s  c l a s s i f i e i  i n t o  t h r e e  c a t e g o r i e s  a c c o r d i n g  t o  
t h e  i n t e r a c t i o n  between t h e  a n a l y t e  and t h e  v i s u a l i z a t i o n  agent .  
S e n s i t i v i t y  of i n d i r e c t  d e t e c t i o n ,  d e t e c t o r s  and e s t i m a t i o n  o f  
t h e  s i g n a l  i n t e n s i t y  of t h e  induced peak a r e  d i s c u s s e d .  Some ap- 
p l i c a t i o n s  a r e  demonstrated.  

INTRODUCTION 

Flame i o n i z a t i o n  d e t e c t o r s  (FID) or  Mass s p e c t r o m e t e r s  have 

been commonly employed in  g a s  chromatography (GC). These d e t e c -  
t o r s  a r e  u n i v e r s a l ,  s e n s i t i v e  o r  v e r s a t i l e ,  which i s  one of t h e  
r e a s o n s  why GC has  been widely u t i l i z e d  a s  a s e p a r a t i o n  t o o l .  
Mass s p e c t r o m e t e r s  a r e  promis ing  a s  t h e  v e r s a t i l e  d e t e c t o r  f o r  

high-performance l i q u i d  chromatography (HPLC), and v a r i o u s  ion- 

i z a t i o n  techniques  and i n t e r f a c e s  have been i n v e s t i g a t e d  f o r  

c o u p l i n g  HPLC and mass s p e c t r o m e t r y  (MS). However, t h e  s t a t e  of 

t h e  a r t  of HPLC/MS i s  s t i l l  f a r  from t h a t  of GC/MS. 
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1866 ISHII AND TAKEUCHI 

Refractive index detectors have been employed as the univer- 
sal detector in HPLC in spite of their poor sensitivity and inap- 
plicability to gradient elution. 

Indirect detection is expected to be universal and sensitive 
in HPLC. It allows detection of ions (or ionic species) as well 
as nonionic species (1). Indirect UV (ultra-violet) detection in 
ion chromatography, which was initiated by Small and Miller ( 2 1 ,  
i s  one of  the most successful application of indirect detection. 
Indirect detection is defined in this paper as the case that the 
analyte is transparent and visualized by the variation of the 
background or by the detection of  the separate species produced 
by postcolumn interaction. 

CLASSIFICATION OF INDIRECT DETECTION 

Indirect detect 
accoding to the type 
ualization agents:O 
tion: (3 no interact 

on can 
of the 
mobile 
on (di 

In the first case, the 

be classified into three categories 
interaction between analytes and vis- 
phase induced: 0 postcolumn interac- 
ut i on). 
mobile phase component visualizes 

analytes via interaction such as displacement, ion-pair forna- 
tion, perturbation of partitioning process, etc. In this case, 
the mobile phase component maintains a background, and the ana- 
lytes are detected owing to the variation of the background. In- 
direct UV detection in ion chromatography is an example of this 
case, in which analyte ions displace the mobile phase ions in 
order to maintain neutrality of the charge in the analyte band 
( 2 ) .  

When the analyte perturbs the dynamic partition process of 
the mobile phase component (visualization agent), variation of 
the concentration of the latter species over the separation col- 
umn takes place. Detection of  ionic species in ion-pair chroma- 
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15 

T i m e .  min 

F i g u r e  1 I n d i r e c t  UV d e t e c t i o n  of an a r t i f i c i a l  mix ture  

Wavelength of UV-detec t ion ;300p nm. (Re roduced from r e f e r e n c e  
w i t h  permiss ion  from E l s e v i e r  Sc ience  h b l i s h e r s  BV) .  

of 

'f x 

3 

tography or  uncharged s p e c i e s  i n  reversed-phase HPLC a r e  a l s o  in- 

volved i n  t h i s  case .  

F igure  1 d e r o n s t r a t e s  t h e  i n d i r e c t  U V  d e t e c t i o n  of an a r t i -  

f i c i a l  mix ture  of hydrocarbons (heptane t o  pentadecane)  and com- 

ponents  i n  k e r o s i n e  us ing  benzo[alpyrene as t h e  v i s u a l i z a t i o n  

a g e n t  ( 3 ) .  The r e t e n t i o n  t i n e  of  t h e  system peak c o i n c i d e s  wi th  

t h a t  of benzo[a]pyrene. The a n a l y t e s  e l u t e d  b e f o r e  t h e  system 
peak g i v e  p o s i t i v e  peaks, whi le  t h e  a n a i y t e s  e l u t e d  a f t e r  t h e  
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1868 ISHII AND TAKEUCHI 

systeme peak g i v e  n e g a t i v e  peaks. The a n a l y t e s  e l u t e d  c l o s e  t o  

t h e  system peak g i v e  l a r g e r  s i g n a l s .  

I n  t h e  second c a s e ,  postcolumn i n t e r a c t i o n  g e n e r a t e s  t h e  

s e p a r a t e  s p e c i e s  cor responding  t o  t h e  a n a l y t e s ,  which a r e  sub- 

j e c t e d  t o  adequate  d e t e c t i o n .  I n  t h i s  case ,  t h e  v i s u a l i z a t i o n  

a g e n t s  a r e  loaded on t h e  postcolumn, and t h e  mobile phase compo- 

nent  does not  g e n e r a l l y  provide  any background. 

Postcolumn ion-replacement  i n  ion chromatography (4) and en- 

zyme r e a c t i o n  (5) can be involved  i n  t h e  second case .  A n  example 
o f  t h e  former c a s e  i s  dual-column ion chromatography wi th  ion-re- 

placement. When t h e  a n a l y t e  ion p a s s e s  through t h e  p o s t s u p p r e s s o r  

ion-replacement  column ( o r  membrane), i t  c o e l u t e s  w i t h  t h e  rea-  

g e n t  ion w i t h  t h e  o p p o s i t e  charge ,  or d i s p l a c e s  t h e  r e a g e n t  ion  

w i t h  t h e  same charge.  When t h e  r e a g e n t  ion  responds t o  t h e  de tec-  

t o r ,  t h e  a n a l y t e  ion can be i n d i r e c t l y  d e t e c t e d .  

F igure  2 demonst ra tes  t h e  i n d i r e c t  UV d e t e c t i o n  of  an a r t i -  

f i c i a l  mixture  of  monovalent c a t i o n s  v i a  p o s t s u p p r e s s o r  ion r e -  

placement  ( 6 ) .  /3 -naphtha lenesulphonate  ( p  NS) i s  used a s  t h e  

chromophoric ion. The a n a l y t e  c a t i o n s  c o e l u t e  wi th  BNS from t h e  

ion-replacement  column and a r e  d e t e c t e d  a t  225 nm. The concent ra -  

t i o n  of each a n a l y t e  i s  1 mM, c o r r e s p o n d i n g  t o  0 .14 t o  0 . 7 8  ng of 

t h e  i n j e c t e d  amounts. The d e t e c t i o n  l i m i t s  a t  S/N=2 were ca. 0 . 0 1  
a#,  and t h e  mass d e t e c t i o n  l i m i t s  were ca.  0 . 2  pmoles. 

Various o r g a n i c  compounds a r e  i n d i r e c t l y  d e t e c t e d  a f t e r  

pos tco luan  enzyme r e a c t i o n .  The enzyme r e a c t i o n  commonly produces 

hydrogen peroxide  and a reduced form of P - n i c o t i n a m i d e - a d e n i n e  

d i n u c l e o t i d e  (NAD), NADH, which a r e  s u b j e c t e d  t o  adequate  de tec-  

t i o n .  This  type r e a c t i o n  i s  g e n e r a l l y  s p e c i f i c  and s e n s i t i v e .  

F igure  3 demonst ra tes  t h e  f l u o r o m e t r i c  d e t e c t i o n  o f  an a r t i -  

f i c i a l  mix ture  of b i l e  a c i d s  ( 7 ) .  The 3 a - h y d r o x y  group in  b i l e  

a c i d s  i s  o x i d i z e d  t o  a k e t o  group by t h e  enzyme r e a c t i o n ,  while  
N A D  i s  reduced t o  NADH.  Hydroxys tero id  dehydrogenase (HSD) immo- 

b i l i z e d  o n t o  t h e  porous g l a s s  beads is used i n  F i g u r e  3. The de- 

t e c t i o n  l i m i t s  a t  S/N=2 were 0. 13-0.28 pmoles. 
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Figure 2 Indirect-UV detection of an artificia! mixture of 
monovalent cations usin NS as the chromophorlc ion. Co1uan:IC-Cation (50 x 8. !? 5 BIB i.d.): su ressor (OH--fora' 40 x 
0.35 mi i.d.); ion-replacement coluwn (Lfk3-form- 30 x 0 . 3 5  m m  
i.d.). Eluent:2 rM nitric acid. Flow rate:2.8 f i  i/min. Saw les: 
1 aM each. Wayelength.of .UV detection:225 nu.. (Reproduced froui 
reference 6 with permlsslon from Vieweg Publishing). 
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1870 ISHII AND TAKEUCHI 

I 

I I 1 1 I I 

0 20 40 60 80 100 
5 I M E (inin) 

Figure 3 Indirect fluorometric detection of an artificial 
mixture of bi le acids. 
Colyon:ODS, 200 x 0.26 m m  i. Guard colusn:ODS, 5 x 0. 20 mm i. d. 
Mobi le phase-60 m M  hosphate?pH=9.8)/60 mM phosphate pH=8 9 
containin 18 m M  NA~/acetonitrile(70:10:20) (A). 60 PA phok hate 
{r;H=9.5)/80 nM phosphate (pH=8.9) covtaining NAb/acetoni trife 
0:10:60) (B); radient rofile as indicated. Postcolumn:HSD, 20 

x 0 . 3 4  m m  1. d. fiavelengti:excitation, 365 nm; emissio?, 470 ny. 
Samples:19-23 n$ each. (Reproduced from reference 7 with permis- 
sion from Elsevier Science Publishers BV). 
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INDIRECT DETECTION IN HPLC 

Some c a s e s  of chemi lum 
t h e  second case.  

In t h e  t h i r d  case ,  no 

nescence d e t e c t i o n  can be invo 

n t e r a c t i o n  between t h e  a n a l y t e  

1871 

ved i n  

and 

t h e  v i s u a l i z a t i o n  agent  i s  involved,  i . e . ,  t h e  c o n c e n t r a t i o n  of 
t h e  v i s u a l i z a t i o n  agent  i s  v a r i e d  by d i l u t i o n  w i t h  t h e  a n a l y t e .  

T h e r e f o r e ,  t h e  s e n s i t i v i t y  of t h i s  c a t e g o r y  i s  poor ,  a s  d i s c u s s e d  
l a t e r .  

DETECTORS 

Various d e t e c t o r s  have been used i n  i n d i r e c t  d e t e c t i o n ,  in- 

v o l v i n g  UV a b s o r p t i o n ,  f l u o r e s c e n c e ,  e l e c t r i c a l  c o n d u c t i v i t y ,  

flame e o i s s i o n .  e t c .  All t h e  d e t e c t o r s  f o r  HPLC can be b a s i c a l l y  

employed f o r  i n d i r e c t  d e t e c t i o n ,  among which t h e  UV d e t e c t o r  has  
been most commonly used. When t h e  background i s  main ta ined  t o  

some degree ,  e . g . ,  t h e  f i r s t  and t h i r d  c a s e s ,  t h e  dynamic r e s e r v e  

p l a y s  an impor tan t  r o l e  i n  s e n s i t i v i t y .  The dynamic r e s e v e  i s  de- 
f i e n d  a s  t h e  r a t i o  of t h e  background l e v e l  t o  i t s  n o i s e  l e v e l  

(8). The l a r g e r  t h e  dynamic r e s e r v e ,  t h e  smal le r  d e t e c t i o n  l i m i t  

i s  achieved.  The t y p i c a l  dynamic r e s e r v e s  a r e  2x10' f o r  UV d e t e c -  
t i o n  (9), 5x103 f o r  double-beam f l u o r o a e t r i c  d e t e c t i o n  w i t h  high-  

f requency  modulat ion (8, l o ) ,  2 . 5 ~ 1 0 '  f o r  o p t i c a l  a c t i v i t y  d e t e c -  
t i o n  (111, and l o 6  f o r  r e f r a c t i v e  index  d e t e c t i o n .  The l a t t e r  two 
d e t e c t o r s  work wel l  a s  a u n i v e r s a l  d e t e c t o r  because they  provide  

l a r g e r  dynamic r e s e r v e s .  

DETECTION LIMIT 

The d e t e c t i o n  l i m i t  a t  S/N=n achieved  by i n d i r e c t  d e t e c t i o n  

is g i v e n  by t h e  f o l l o w i n g  e q u a t i o n  (9): 
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1872 ISHII AND TAKEUCHI 

where C I  i. is the detection limit of the detector, Cn is the con- 
centration of the visualization agent, DR is the dynamic reserve, 
R is the displacement ratio (defined as the number of the visual- 
ization agent species which are displaced by one analyte spe- 
cies), Vn and V, are molar volumes of the visualization agent 
and the analyte, respectively. This equation was derived by as- 
suming that the mixing volume is additive. 

In case the valence of the analyte ion is equal to that of  

the mobile phase ion in ion chromatography, Eq.l is rewritten by 
substituting R = I  and by assuming that Vn=Vs: 

C I  i m  = nC./DR (2) 
Eq.2 indicates that the lowest detection limit is achieved with 
the lowest concentation of  the visualization agent if the dynamic 
reserve and the retention volume of the analyte ions are main- 
tained. This encourages us to use a visualization agent having a 
high response factor to the employed detector. However, a sta- 
tionary phase with a lower ion-exchange capacity, which allows 
elution of the analyte ions in a reasonable time, must be used, 
otherwise the improvement of  the detection limit will be can- 
celled. 

When only dilution is involved, Eq.l is rewritten by substi- 
tuting R = O :  

In this case, the detection limit is independent of the concen- 
tration of the visualization agent, but is inversely proportional 
to the dynamic reserve. Therefore, the sensitivity achieved in 
this case is much poorer than that achieved according to Eq.2. 

SIGNAL INTENSITY OF INDUCED PEAK 

The signal intenisty of the induced peak in ion chromatog- 
raphy is easily estimated from the valences o f  the visualization 
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INDIRECT DETECTION IN HPLC 1873 

agent and the analyte ions as well as the response factor of 
these species to the employed detector. The peak direction is 
generally negative in indirect detection in ion chromatography. 

On the contrary, it is more difficult to estimate the signal 
intensity in ion-pair or reversed-phase modes. The signal inten- 
sity in indirect detection has been discussed by Schill and Cror- 
#en. They derived equations for both charged and uncharged ana- 
lytes (1) : 

as 
hck = 8 .  __ 

1-a s 
(4 )  

a s  
1-a 

hck = - ( I - @ )  - ( 5 )  

where hck is the change of the concentration of the mobile phase 
component k, 8 is the fractionai coverage of the solid phase by 
k, and a, is the retention of the analyte j relative to k, i.e., 
a %=kj ’/kk ’. Eq. 4 i s  for uncharged analytes, while Eq. 5 is valid 
when j and k have opposite charges. 

The authors derived an empirical equation for the reversed- 
phase HPLC (12):  

where S is the peak area of the induced peak, P is a response 
factor, cas is the concentration of the visualization agent, W b 0  

is the amount of the analyte injected, c is the coefficient ac- 
counting for a degree of the variation of the capacity factor of 

the visualization agent, 6 is the phase ratio, ks’ and k b ’  are 
the capacity factors of the visualization agent and the analyte, 
respectively. E q . 6  indicates that the peak area of the analyte 
increases with increasing k a ’  and kb’ and decreasing a difference 
bewteen k,’ and kb’. This means that the detection limit of the 
analyte can be improved by the careful selection of the operating 
conditions. 
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1814 ISHII AND TAKEUCHI 

The peak d i r e c t i o n s  i n  ion-pa i r  and reversed-phase modes a r e  

complex. The d i r e c t i o n s  a r e  g iven  from Eqs .4  and 5. 

I n  c o n c l u s i o n ,  i n d i r e c t  d e t e c t i o n  i n  HPLC p r o v i d e s  h i g h  sen- 

s i t i v i t y  by t h e  c a r e f u l  s e l e c t i o n  of t h e  mobile phase c o n d i t i o n s  

o r  t h e  t y p e  of t h e  postcolumn i n t e r a c t i o n .  D e t e c t o r s  w i t h  a h i g h  

dynamic r e s e r v e  shoud be developed f o r  u n i v e r s a l  d e t e c t i o n  i n  

HPLC. 

REFERENCES 

1. G. 
2. H. 
3. T. 
4. s. 
5. s. 

Hi 
6. T. 

t e  
7. D. 
8. 8 :  
9. T. 

10. T. 
11. D .  
12. T. 

gr 

S c h i l l  and J. Crqmmen. Trends Anal. Cherr.. 6 ,  l l l ( 1 9 8 7 ) .  
Small and T.E. M I  11~:;  J r . ,  Anal. Cher. 54, 46 (198 1. 
Takeuchi and D. I s h i i ,  4. Chromato r., 396, 149t1987f 
Okuyama, N. Kokubun S H i  a s h i d a t e ,  D. Umenura and Y. 

W. Downey and G.M. H i e f t J e ,  Ana!. Cai rn .  Acta, 153, l ( l 9 8 3  
rata.  Chem. L e t t . .  1h43'(1978). 

D. f s h i  i .  Chromatographia. submi Takeuchi, E.  Suzuki  and-  - -  
td f o r .  pub1 i c a t i  on. 

I s h i i ,  S. Murata and T. Takeuchi ,  J. Chromatogr., 282, 5 
983).  

Mho and E. S. Yeung Anal. Chem., 57,  2253 (1985). 
Takeuchi and D. I s h i i ,  J .  ChroNatogr., 393 419 1987) 
Takeuchi and E. S. Yeung, J. Chromatogr. 3k6 1 5(19  6). 

R. B o b b i t t  a n d  E.S. Yeun Anal. Chem. 56,  157lA1984! 
Takeuchi ,  S. Watanabe fi: Murase a n d  b. I s h i i ,  hromato- 

a p h i a ,  in  p r e s s ( # 2 ,  1988) .  

). 

t- 

69 

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


