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ABSTRACT 

A m p l i f i c a t i o n  o f  d e t e c t o r  response by means of d e t e c t o r - s e n s i t i v e  
i o n - p a i r i n g  reagents demonstrates good s e n s i t i v i t y ,  l i n e a r i t y ,  and 
p r e c i s i o n  f o r  t h e  q u a n t i t a t i o n  of a l k y l s u l f o n a t e  ions by means o f  
u l t r a v i o l e t  absorbance d e t e c t i o n  a t  254 nm. 

INTRODUCTION 

UV d e t e c t i o n  o f  non-UV-absorbing samples was r e c e n t l y  shown t o  be 

f e a s i b l e  i n  reversed-phase LC systems by us ing  d e t e c t o r - s e n s i t i v e  " ion-  
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390 SACHOK, DEMING, AND BIDLINGMEYER 

p a i r i n g "  reagents i n  t h e  e l u e n t  (1 -5) .  T h i s  v i s u a l i z a t i o n  techn ique i s  

accomplished w i t h o u t  t h e  a i d  o f  any r e a c t i o n  t y p e  d e t e c t o r  o r  e x t r a c t i o n  

step, and p rov ides  novel  methods f o r  c o n t r o l l i n g  bo th  r e t e n t i o n  and de tec t -  

a b i l i t y  which a r e  o f  va lue  t o  a n a l y t i c a l  chemis t r y  methodology from b o t h  

p r a c t i c a l  and mechan is t i c  p o i n t s  o f  view. The e x p l a n a t i o n  o f  UV v i s u a l -  

i z a t i o n  i n  t h i s  reversed-phase system i s  based upon t h e  i o n - i n t e r a c t i o n  

model (1 ,  4, 6 )  which has r e c e n t l y  been suppor ted  by o t h e r s  ( 7 ,  8). T h i s  

paper i d e n t i f i e s  t h e  c o n s t r a i n t s  i n  t h e  use of t h e  UV v i s u a l i z a t i o n  as a 

q u a n t i t a t i v e  t o o l  and suggests some g u i d e l i n e s  f o r  i t s  success fu l  app l i ca -  

t i o n .  

EXPERIMENTAL 

The chromatographic system has been descr ibed elsewhere (6) and 

18 cons is ted  o f  a Model 6000A pump (Waters),  4-cm x 4-mm i .d .  Porapak C 

precolumn (Waters),  and a 30-cm x 4-mm i.d. VBondapak C , *  main column 

(Waters).  The UV d e t e c t o r  s i g n a l  was d i g i t i z e d  by a Model ADC-12QZ 

ana log - to -d ig i t a l  conve r te r  (Analog Devices) i n t e r f a c e d  t o  a Model 9830A 

d i g i t a l  computer (Hewlet t -Packard) (9). Chromatograms were drawn from 

t h e  d i g i t i z e d  da ta  on a Model 9862A p l o t t e r  (Hewle t t -Packard) .  

The mob i le  phase was prepared f rom HPLC grade methanol and d i s t i l l e d  

water  c o n t a i n i n g  s t a t e d  amounts o f  phenethylamine ( F i s h e r )  o r  p -e thy l  

benzenesul fonate (Rutgers-Nease). The mob i l e  phase was ad jus ted  w i t h  

h y d r o c h l o r i c  a c i d  o r  p e r c h l o r i c  a c i d  (1M) t o  a nominal s t a t e d  pH as 

measured by a g l a s s  e lec t rode .  

(Eastman Red Labe l )  were u s u a l l y  prepared i n  t h e  e l u e n t .  

2.0 m l h i n u t e  flow r a t e  t h e  back pressure  o f  t h e  column was approx imate ly  

Sodium pentane- and hexanesu l fonate  samples 

A t  25OC and 

1.4 x 10' Pa. 
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QUANTITATION OF ALKYL SULFONATES 

RESULTS AND DiSCUSSlON 

39 1 

Response S e n s i t i v i t y  O f  Method 

A mob i l e  phase c o n s i s t i n g  o f  6 mbJ phenethylammonium ion  i n  methanol- 

water  35:65 was used t o  v i s u a l i z e  non-UV-absorbing s t r a i g h t  c h a i n  a l k y l  

su l fona tes .  F igu re  1 A  shows t h e  r e t e n t i o n  behav io r  o f  i n c r e a s i n g  amounts 

'II 

I l l  n\ 

I i i r s s i  I 
T I  ME/ M I NUTE5 

F igu re  1. V i s u a l i z a t i o n  o f  a l k y l s u l f o n a t e s .  UV de tec to r ,  254 nm. Mob i l e  

phase was methanol-water 35:65, 6 m z  phenethylammonium ion, 

pH = 3 w i t h  h y d r o c h l o r i c  ac id .  A l l  samples were made u p  i n  t h e  

mob i le  phase. A :  Chromatograms ob ta ined  f o r  1, 3, 5, and 

10 pL o f  10 rnbJ phenethylammonium ion .  B: Chromatograms ob ta ined  

f o r  1, 2, 5, 10, and 15 uL o f  50 mbJ pentanesu l fonate .  C: 

Chromatogram ob ta ined  for  10 UL of 25.0 m z  each pen tanesu l fona te  

(3.5 min) and hexanesul fonate (6.0 rnin).  
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392 SACHOK, DEMING, AND BIDLINGMEYER 

of phenethyiammonium i o n  i n j e c t e d  as a sample. F igu re  1B shows chromato- 

grams obta ined f o r  i nc reas ing  amounts o f  pentanesul fonate i n j e c t e d  as a 

sample. The p o s i t i v e  peak a t  about 3.5 minutes i s  caused by t h e  co- 

e l u t i o n  o f  excess UV-absorbing phenethylammonium i o n  w i t h  t h e  

non-UV-absorbing pentanesul fonate (10) .  The two d e f i c i e n c y  peaks a t  

approximately 1.5 and 1.8 minutes a re  a r e s u l t  of t h e  d e p l e t i o n  of 

phenethylammonium ion  from t h e  b u l k  mobi le  phase. Note t h a t  t h e  second 

d e f i c i e n c y  peak occurs a t  t h e  same r e t e n t i o n  t i m e  as phenethylammonium 

ion  i n  F igure 1A.  Response s e n s i t i v i t y  from t h e  i n j e c t i o n  o f  phenethyl-  

ammonium ion  (F igu re  1 A )  was 2.62 AU-sedymole. S e n s i t i v i t y  t o  pentane- 

su l fona te  (F igu re  15) was 2.08 AU-sec/pmole, suggest ing t h a t  approx imate ly  

equal numbers o f  phenethylammonium and pentanesul fonate i ons  co-e lu te.  

F i n a l l y ,  F igure 1C shows t h e  UV d e t e c t o r  responses f o r  t h e  separa t i on  o f  

pentanesul fonate and hexanesul fonate us ing  phenethylammonium ion  as t h e  

UV-absorbing i on -pa i r i ng  reagent.  

C a l i b r a t i o n  Methods 

The chromatograms o f  F igu re  2A are t h e  r e s u l t s  of cons tan t  volume 

i n j e c t i o n s  o f  s e r i a l  d i l u t i o n s  o f  25.0 m y  each o f  pentanesul fonate and 

hexanesul fonate.  The samp.les were made up i n  and d i l u t e d  w i t h  t h e  mob i l e  

phase. Chromatograms i n  F igure 28 r e s u l t e d  f rom d i f f e r e n t  volume 

i n j e c t i o n s  o f  t h e  25.0 my sample o f  pentanesul fonate and hexanesul fonate.  

Both t h e  d e f i c i e n c y  peak areas and the  p o s i t i v e  peak areas a r e  seen t o  be 

r e l a t e d  t o  t h e  amount o f  sample i n j e c t e d  and n o t  t o  t h e  concen t ra t i on  o r  

volume in jec ted .  

i n j e c t i o n ,  p o s i t i v e  and nega t i ve  peak areas were equal w i t h i n  measurement 

u n c e r t a i n t i e s  i n d i c a t i n g  t h a t  t h e  phenethylammonium ion  was depleted f r o m  

t h e  e l u e n t  and e l u t e d  l a t e r  w i t h  t h e  pentanesul fonate ion. 

I n t e g r a t i o n  o f  peak areas showed t h a t  f o r  a g i ven  
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QUANTITATION OF ALKYL SULFONATES 393 

I z 3 Lf 
TI ME/ M I NUTE’i 

Figure 2. Comparison of constant volume and constant concentration 

injections of pentanesulfonate (2.8 min) and hexanesulfonate 

(4.3 min). UV detector, 254 nm. Mobile phase was methanol- 

water 35:65, 5 r n l  phenethylamrnonium ion, pH = 3 with perchloric 

acid. A l l  samples were made up in the mobile phase. A :  16 pL 

of 1.6, 3.1, 6.3, 12.5, and 25.0 m! each pentanesulfonate and 

hexanesulfonate. 6: 1 ,  2, 4, 8, and 16 pL o f  25.0 my each. 

Comparison of the peak retention times of Figure 2 ( 5  m x  phenethyl- 

ammonium ion) and Figure 1 (6 mbJ phenethylammoniurn ion) indicates increased 

retention of the sulfonates with increased concentration of phenethyl- 

ammonium ion as expected ( 6 ,  9 ) .  

Table I contains regression parameters ( 1 1 )  for eight sampling 

situations, showing the sensitivity linearity, and precision obtained in 

each case. Figure 3 is a representative regression plot of peak area vs. 
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a 

t l  I CADMOLE5 I NLIECTED 

F igu re  3. Regression p l o t  o f  peak area  vs. umoles i n j e c t e d .  Data f rom 

16 uL i n j e c t i o n s  o f  1.6, 3.1, 6.3, 12.5, and 25.0 my pentane- 

su l fona te .  UV de tec to r ,  254 nm. Mob i l e  phase was methanol- 

water  35:65, 5 mE phenethylammonium ion, pH = 3 w i t h  p e r c h l o r i c  

ac id .  A l l  samples were made up i n  t h e  mob i le  phase. Conf idence 

bands a r e  f o r  t h e  99.9% l e v e l .  

umoles o f  sample i n j e c t e d  ( 1 1 )  f o r  cons tan t  c o n c e n t r a t i o n  i n j e c t i o n s  o f  

pentanesu l fonate .  A t  h i g h e r  d e t e c t i o n  s e n s i t i v i t y ,  a r e l a t i v e  imprec i s ion  

( s tandard  deviat ion/mean) o f  35% a t  3 nanomoies o f  pentanesul  f ona te  was 

ob ta ined.  I t  can be seen from Tab le  I t h a t  t h e  s lope  i s  n o t  a f f e c t e d  by 

t h e  mode of  c a l i b r a t i o n  ( cons tan t  c o n c e n t r a t i o n  o r  cons tan t  volume); 

however, cons tan t  volume c a l i b r a t i o n s  appear t o  g i v e  s m a l l e r  abso lu te  

i n t e r c e p t .  
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396 SACHOK, DEMING, AND BIDLINGMEYER 

I t  has been repo r ted  t h a t  i n  UV v i s u a l i z a t i o n ,  v a r i a t i o n  o f  k' w i t h  

sample s i z e  has l i m i t e d  q u a n t i t a t i o n  when us ing  peak h e i g h t s  (5). Th is  

da ta  conf i rms t h a t  observa t ion ,  b u t  suggests t h a t  t h e  use o f  peak area can 

improve t h e  q u a n t i t a t i o n .  Furthermore, t h e  k' change as sample c o n c e n t r a t i o n  

increases seems t o  be independant o f  t h e  charge on t h e  " i on -pa i r i ng "  

reagent.  F igu re  4 demonstrates t h e  a p p l i c a b i l i t y  o f  t h e  v i s u a l i z a t i o n  

0.02 RU I n 

2 9 6 I0  
T I ME/ M I NUTES 

F igu re  4. V i s u a l i z a t i o n  of octylammonium i o n  by p-e thy lbenzenesu l fonate  

ion .  UV de tec tor ,  254 nm. A l l  samples were made up i n  t h e  

mob i le  phase. Mob i l e  phase was methanol-water 50:50, 5 mbJ 

p-ethylbenzenesulfonate, pH = 3 w i t h  h y d r o c h l o r i c  a c i d .  

Chromatograms ob ta ined  f o r  2, 5, 6, 10, 15, and 20 uL o f  

octylammonium ion  a t  25.0 my. S e n s i t i v i t y :  4.80 +/- 0.01 

AU-Sec/pL octylammonium ion .  
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QUANTITATION OF ALKYL SULFONATES 397 

technique i n  a system o f  interchanged charges; i.e., a n e g a t i v e l y  charged 

" i on -pa i r i ng "  reagent  and a p o s i t i v e l y  charged sample. UV chromatograms 

f o r  a sample o f  octylammonium ion  were ob ta ined  f o r  a mobi le  phase t h a t  

conta ined 5 mfi UV-absorbing p-ethy lbenzenesul fonate i n  methanol-water 

50:50 a t  pH 3. 

Table I a l s o  shows t h a t  t h e  s lope  o f  t h e  c a l i b r a t i o n  cu rve  f o r  an 

i o n i c  species i s  decreased by t h e  presence o f  o t h e r  a l k y l  s u l f o n a t e s  i n  

t h e  sample. Therefore,  when us ing  t h i s  technique f o r  q u a n t i t a t i v e  

ana lys i s ,  it w i l l  be impor tant  t o  i n v e s t i g a t e  t h e  c o n t r i b u t i o n  o f  o t h e r  

ions, bo th  i no rgan ic  and organic,  present  i n  t h e  sample m a t r i x .  

F igu re  5 i s  a p l o t  o f  t h e  d e t e c t i o n  s e n s i t i v i t i e s  f o r  pentane- and 

hexanesul fonate vs. t h e  square r o o t  of t h e  c o n d u c t i v i t y  o f  e l u e n t s  

c o n t a i n i n g  5 m! phenethylammonium ion and added amounts o f  potassium 

pe rch io ra te .  The lower i o n i c  s t r e n g t h  mobi le  phases g i v e  more s e n s i t i v e  

v i s u a l i z a t i o n .  The s lope o f  t h e  l i n e  f o r  hexanesui fonate i s  about t w i c e  

t h a t  f o r  pentanesul fonate i n d i c a t i n g  t h a t  i n  t h i s  s tudy t h e  less r e t a i n e d  

compound i s  less a f f e c t e d  by increased i o n i c  s t reng th .  

D e f i c i e n c y  Peaks 

F igu re  6 i s  a s e t  o f  chromatograms f o r  cons tan t  vo ume i n j e c t i o n s  of  

d i f f e r e n t  concen t ra t i ons  o f  t h e  s i n g l e  sample, hexanesu fonate.  As t h e  

concen t ra t i on  o f  hexanesui fonate i s  increased, both o f  t h e  nega t i ve  

d e f i c i e n c y  peaks increase i n  area, and t h e  r a t i o  o f  t h e  f i r s t  d e f i c i e n c y  

peak t o  t h e  area of  t h e  second d e f i c i e n c y  peak remains constant .  Again, 

i n  each chromatogram t h e  two d e f i c i e n c y  peaks have t h e  same t o t a l  area as 

t h e  p o s i t i v e  peak. This  i n d i c a t e s  t h a t  t h e  two d e f i c i e n c y  peaks a re  n o t  

an e f f e c t  a r i s i n g  f rom t h e  number o f  sample components b u t  i ns tead  a r e  

c h a r a c t e r i s t i c  o f  pa i red - ion  chromatography, it i s  be1 ieved t h a t  t h e  f i r s t  
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B I .Li I :e 2: 2 , 
5QRt MILL I5 I EMEN5 I 

6 

F igu re  5.  S e n s i t i v i t y  vs. c o n d u c t i v i t y  o f  e l u e n t .  Mob i l e  phase was 

methanol-water 35:65, 5 m g  phenethylammonium ion, pH = 3 w i t h  

p e r c h l o r a t e . a =  pentanesu l fonate  ( i n  mixture),.= hexanesu l fonate  

( i n  m i x t u r e ) .  

peak i s  induced by e q u i l i b r a t i o n  of t h e  l o c a l  e l u e n t  compos i t ion  upon 

i n j e c t i o n ,  and t h a t  t h e  second d e f i c i e n c y  peak i s  a vacancy peak f o r  t h e  

" i on -pa i r i ng ' '  reagent  ( 6 ,  12, 13).  

Mixed Ion-Pa i r  Reagents 

I n  reversed-phase ion -pa i r  LC, mixed reagents  have been used t o  

c o n t r o l  r e t e n t i o n .  However, i n  UV v i s u a l i z a t i o n  t h e  presence of a d d i t i o n a l  

ions can reduce t h e  s e n s i t i v i t y  of t h e  method. Therefore,  a s tudy  was 

undertaken t o  demonstrate t h e  i n a d v i s a b i l i t y  o f  u s i n g  a non-UV-absorbing 
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ion-pairing reagent to adjust the retention time of the sample and a second 

UV-absorbing ion-pairing reagent to visualize the sample. Mobile phases 

composed of methanol-water 35:65 with 5mM octylammonium ion (the retention 

adjusting reagent) and either 1.0 IT! or 2.0 mM phenethylammonium ion (the 
visualizing reagent) were prepared. The sensitivities in Table 2 confirm 

that both octylammonium ion and phenethylammonium ion participate in the 

retention of alkyl suifonate (4,101. Thus, less of the UV-active phenethyl- 

ammnium ion co-elutes with the alkyl sulfonate, which results in a 

decreased sensitivity for the alkyl sulfonate ( 6 ) .  
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CONCLUS I ON -- 

The use of  d e t e c t o r - s e n s i t i v e  i on -pa i r i ng  reagents  f o r  t h e  q u a n t i t a t i o n  

o f  o the rw ise  non-detectable i o n i c  compounds i s  an a l t e r n a t i v e  t o  pre- and 

post-column d e r i v a t i z a t i o n  techn iques .  

charge a r e  v i s u a l i z e d  by a UV-absorbing i o n - p a i r i n g  reagent,  t h i s  techn ique  

en joys  an a d d i t i o n a l  s e l e c t i v i t y :  t h e  d e t e c t i o n  of n e u t r a l  and s i m i l a r l y  

charged compounds w i l l  n o t  be enhanced (2, 61. Al though t h i s  work has 

used UV-absorbing i o n - p a i r i n g  reagents  t o  demonstrate t h e  a m p l i f i c a t i o n  o f  

d e t e c t o r  response i n  reversed phase systems, t h e  techn ique i s  a p p l i c a b l e  

t o  o t h e r  forms o f  d e t e c t i o n  as w e l l ,  (e.g., e lec t rochemica l  or f l uo resence  

d e t e c t i o n ) .  Th i s  v i s u a l i z a t i o n  techn ique o f f e r s  a un ique mechan is t i c  p robe 

i n t o  t h e  fundamental na tu re  o f  i o n i c  i n t e r a c t i o n s  i n  l i q u i d  chromatography. 

Because o n l y  compounds o f  oppos i te  
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