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REVERSED PHASE HIGH PERFORMANCE LIOUID CHROMATOGRAPHY 

USING CARBOXYLIC ACIDS I N  THE MOBILE PHASE 

John J. Na1ewa.y and Norman E. Hoffman’ 

Todd Wehr Chemistry B u i l d i n g  

Marquette Un ive rs i t y  

Milwaukee, Wisconsin 53233 

ABSTRACT 

This r e p o r t  describes the use o f  d i f f e r e n t  carboxyl i c  ac ids  
as mobi le phase modif iers.  
length,  pH, and e luen t  composit ion f o r  a se r ies  o f  phenylalkanols, 
phenol, and the amines a n i l i n e ,  N-methylani l ine, and benzylamine 
i s  discussed. The r e t e n t i o n  o f  both neu t ra l  and p o s i t i v e l y  charg- 
ed compounds i s  in f luenced by the d i s s o c i a t i o n  e q u i l i b r i u m  o f  the 
carboxy l i c  a c i d  i n  the  mobi le phase. By us inq  1-pentanol t o  coat  
excess exposed s i l a n o l  groups on the reversed phase column used, 
the i n f l e c t i o n  i n  the r e t e n t i o n  o f  both neu t ra l  and charged so l -  
utes as pH i s  changed occurs a t  the pK, o f  the a c i d  i n  the  mobi le 
phase. I n  add i t ion ,  by using an a c i d  and amine w i t h  the  same o r  
s i m i l a r  pKa values, se lec t i ve  i on -pa i r i nq  o f  t h i s  p a i r  over o thers  
w i t h  d i s s i m i l a r  pKa values can be promoted. App l i ca t i on  o f  t h i s  
technique t o  the se lec t i ve  r e t e n t i o n  o f  amino acids and pept ides 
was unsuccessful.  

The e f f e c t  on r e t e n t i o n  of  a c i d  cha in  

INTRODUCTION 

Ion-pai r i n q  p a r t i  t i o n  high-performance 1 i q u i d  chromatography, 

as introduced by Eksborg and S c h i l l  (2,3) has been app l i ed  t o  
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1324  NALEWAY AND HOFFMAN 

numerous s e p a r a t i o n s  i n  r e c e n t  yea rs  (4-6) .  

t e n t i o n  mechanism o f  t h i s  process i n v o l v e s  v a r i o u s  e q u i l i b r i a  in -  

c l u d i n g  i o n i z a t i o n  of b o t h  sample and c o u n t e r - i o n  soecies,  pa r -  

ti t i o n i n g  o f  b o t h  species and t h e i r  i o n - p a i r  between s t a t i o n a r y  

and mob i l e  phases, i n - s i t u  i o n  exchange e q u i l i b r i a ,  a d s o r p t i o n  

processes, m i c e l l e  fo rma t inn ,  and comp lexa t ion  between t h e  spe- 

c i e s  i n v o l v e d  ( 7 ) .  

complished through c a r e f u l  s e l e c t i o n  o f  e l u e n t  pH, c o u n t e r  i o n  

concen t ra t i on ,  and s o l v e n t  compos i t i on  t o  e s t a b l i s h  an optimum 

e q u i l i b r i u m  p o s i t i o n  f o r  separa t i on .  

The t h e o r y  o f  t h e  r e -  

Con t ro l  of  t h e  s e p a r a t i o n  process can be ac- 

The coun te r  i o n s  used f o r  r e t e n t i o n  o f  b a s i c  samples have 

t y p i c a l l y  been t h e  a l k y l  s u l f o n i c  a c i d s  (8-12) o r  s u l f a t e s  (13, 

14), d i -  o r  t r i c a r b o x y l i c  a c i d s  (15 ,16 ) ,  p i c r i c  a c i d  (17 ) ,  o r  

p e r c h l o r i c  a c i d  (18,19). The pH o f  t h e  m o b i l e  phase has been cho- 

sen f o r  p r o t o n a t i o n  o f  t h e  a n a l y t e  base and f u l l  i o n i z a t i o n  o f  t h e  

c o u n t e r  i o n .  

as t h e  s u l f o n i c  a c i d s  o r  a l k y l  su l fona tes ,  complete i o n i z a t i o n  

c o u l d  be assured ove r  a wide pH range. 

a number o f  b a s i c  samples w i t h  d i f f e r e n t  pKa va lues c o u l d  be 

a t t a i n e d  i n  complex m i x t u r e s  (20-22). 

By choosinq c o u n t e r  i o n s  w i th  l o w  pK, va lues,  such 

Therefore,  i o n - p a i r i n g  o f  

I n  t h e  p r e s e n t  s tudy ,  we have i n v e s t i g a t e d  the  use o f  carbox-  

y l i c  a c l d s  as i o n - p a i r  reagen ts  under c o n d i t i o n s  o f  p a r t i a l  i o n -  

i z a t i o n .  

p a i r i n g  reagent ,  i t  was though t  t h a t  t h e  n e u t r a l  spec ies  would a c t  

as an o r g a n i c  m o d i f i e r  o f  t h e  mob i l e  phase, s i m i l a r  t o  methanol o r  

Wh i le  t h e  i o n i z e d  spec ies  was expected t o  a c t  as  an i o n  
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CARBOXYLIC ACID MOBILE PHASE MODIFIERS 1325 

a c e t o n i t r i l e  when used as organ ic  mod i f i e rs  i n  reversed phase 

high-performance l i q u i d  chromatography. 

EXPERIMENTAL 

Mater ia ls :  Solvents and reaqents were go ld  l abe l  spectrophoto- 

me t r i c  qrade and reaqent qrade respec t ive ly ,  fmm A l d r i c h  Chemi- 

cal  Company (Milwaukee, W I ) ,  and were used w i thout  f u r t h e r  p u r i -  

f i ca t i on .  Columns were 30 x 0.42 mm ( i .d.)  packed with 10 

Sheri sorb ODS (Phase Separations , Clueensferry, C1 wyd . , UK) as des- 

c r i b e d  below. 

ALC 202 l i q u i d  chromatograph (Waters Associates, M i l f o rd ,  MA, 

USA), equipped w i t h  a model 660 so lvent  p rogramer ,  two model 

6000 pumps, a 254 nm d i f f e r e n t i a l  UV detector,  R401 d i f f e r e n t i a l  

r e f r a c t i v e  index detector,  and a U6K 2 mL sample loop i n j e c t o r .  

Retent ion volumes were measured by c o l l e c t i n g  and measuring the  

e luen t  a t  the e x i t  p o r t  from the  t ime o f  i n j e c t i o n  t o  the  top o f  

each peak us inq  10 mL graduated cy l inders .  The vo id  volume was 

measured usinq a saturated NaC1/H20 so lu t i on .  

void volume was independent o f  the mobi le phase composition, and 

the standard value o f  2.92 mL was used i n  a l l  ca l cu la t i ons .  Mo- 

b i l e  phases were prepared f o r  a pressur ized so lvent  r e s e r v o i r  (24) 

i n  500 mL a l i quo ts .  

s a l t  o r  a c i d  was weighed and d i l u t e d  t o  about 450 mL, the  pH ad- 

j us ted  t o  the desired value using 1.0 M HCl  o r  concentrated 

NHqOH, and then the s o l u t i o n  was d i l u t e d  t o  exac t l y  500 mL. 

kJ 

The chromatographic system consisted o f  a Waters 

I n  general,  the 

For a l l  aqueous mobi le phases, t he  organic 

The 
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1326 NALEWAY AND HOFFMAN 

pH d i d  n o t  change a f t e r  t h i s  second d i l u t i o n .  

t a n o l  s t a t i o n a r y  phases, t h e  m o b i l e  phase was s a t u r a t e d  w i t h  s t a -  

t i o n a r y  phase b e f o r e  t h i s  second d i l u t i o n .  

H20/MeOH s o l u t i o n s  were p repared  by  d i l u t i n q  t h e  o r g a n i c  s a l t  o r  

a c i d  w i t h  150 mL methanol and 350 mL H20, and then  a d j u s t i n q  t h e  

pH. Th is  "apparent  pH" was measured u s i n q  a Beckman Zeromatic ph' 

meter  ( F u l l e r t o n ,  CA) .  

u tes  u s i n g  an u l t r a s o n i c  b a t h  (L  II R Manufactur inq,  Kearney, NJ) 

before pumping. 

When u s i n q  l -pen-  

The 70%/309: ( v / v % )  

M o b i l e  phases were degassed f o r  10 min- 

S t a t i o n a r y  Phase C o a t i n p  

Coat ing w i t h  t h e  s t a t i o n a r y  phase 1-pentanol  o r  1 -oc tano l  was 

performed u s i n g  a m o d i f i e d  i n - s i t u  method o f  K i r k l a n d  and D i l k s  

(25). The column was e q u i l i b r a t e d  w i t h  a b s o l u t e  e t h a n o l ,  f o l l o w -  

ed b y  100 mL o f  a 10% ( v o l  %) s o l u t i o n  o f  t h e  s t a t i o n a r y  phase 

i n  acetone a t  a f l o w  r a t e  o f  1.0 mL/min. F i n a l l y ,  t h e  mob i l e  

phase (aqueous s o l u t i o n )  s a t u r a t e d  w i t h  t h e  s t a t i o n a r y  phase was 

pumped through t h e  column a t  a f low r a t e  o f  2.0 mL/min, u n t i l  a 

s t a b l e  b a s e l i n e  was ob ta ined .  The passaqe o f  about  100 mL o f  mo- 

b i l e  phase was u s u a l l y  r e q u i r e d .  Con t ro l  o f  t h e  temperature was 

e s s e n t i a l ,  and each mob i l e  phase was k e p t  a t  t h e  same temperature 

as t h e  column. 

The amount o f  s t a t i o n a r y  phase on t h e  column was determined 

by gas chromatoqraphy a f t e r  e l u t i o n  o f  t h e  s t a t i o n a r y  phase w i t h  

a b s o l u t e  e thano l .  

matograph (Hewlett-Packard, Pa lo  A l t o ,  C A )  was used f o r  a n a l y s i s .  

A H e w l e t t  Packard HP339OA i n t e g r a t i n q  qas ch ro -  
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CARBOXYLIC ACID MOBILE PHASE MODIFIERS 1327 

The loading was 0.095 qram/qram o f  support f o r  1-pentanol and 

0.077 gram/gram o f  support f o r  1-octanol .  

Column Packinp 

30 x 0.42 mm ( i .d . )  columns were s l u r r y  packed as fo l lows. 

4.0 grams o f  d r i ed  1011 Sherisorb ODS was weiclhed i n t o  a 75 mL 

graduated t e s t  tube. 

anol was added t o  the support and the mix tu re  shaken f o r  30 min. 

on a r o t a r y  shaker. This mix tu re  was al lowed t o  s e t t l e  on an 

angle and the top  layer  o f  methanol was removed by p i p e t t e  as 

much as possible.  25 mL of r e d i s t i l l e d  cyclohexanol was then 

added t o  the wetted support, and t h i s  mix tu re  placed on a r o t a r y  

shaker f o r  30 min. The column i n t e r i o r  was cleaned w i t h  conc. 

HNO3, d i s t i l l e d  H20, and acetone, and d r i e d  i n  a stream o f  N2(q). 

The cyclohexanol-support m ix tu re  was degassed i n  an u l t rason ic  

bath f o r  8 min. The mix tu re  was then added t o  a solvent r e s e r v o i r  

connected between a model 6000 pump and the column w i t h  “no dead 

vo l  ume” ‘i tti ngs between the  column and rese rvo i r .  

was completely f i l l e d  w i t h  f resh  cyclohexanol, l eav ina  no a i r  i n  

the  reservo i r .  

s o l u t i o n  pumped through the column and r e s e r v o i r  as q u i c k l y  as 

poss ib le  maintaining maximum pressure a t  o r  near 6000 ps i .  

column was heated from the bottom as the  support was packing w i t h  

a heat gun (Master Appliance Corporation, Racine, W I )  being care- 

f u l  on l y  t o  heat already packed po r t i ons  o f  the column. 

i n g  was completed when pump pressure dropped t o  normal values 

1 5  mL o f  d ry  spectrophotometric grade meth- 

The r e s e r v o i r  

The pump was primed w i t h  n-heptane, and t h i s  

The 

The pack- 
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1328 NALEWAY AND HOFFMAN 

(1000 p s i ) .  Th i s  pack ing  procedure showed e x c e l l e n t  r e s u l t s ,  

w i t h  column p l a t e  coun ts  i n  excess o f  18200/m, o b t a i n e d  u s i n g  

naphthalene as s o l u t e  and 80%/20% (v /v%)  MeOH/H20 as e l u e n t .  

RESULTS AND UISCUSSI' 

The chromatographic behav io r  o f  phenol and p h e n y l a l k a n o l s  

( i - i i i )  was i n v e s t i g a t e d  as a f u n c t i o n  o f  DH i n  a r e v e r s e d  phase 

system w i t h  an aqueous 0.4 M ammonium a c e t a t e  s o l u t i o n  as  m o b i l e  

phase. 

shown i n  F igu re  1. 

The pronounced chanqe i n  r e t e n t i o n  as  pH i s  changed i s  

1.3; 

I?- 

8- 
0-  - 

w- ~ - -  

+-, -.' , . , , . , . , , 

5 4 5 6 7  

Pt- 

FIGURE 1 

E f fec t  o f  pH on t h e  c a p a c i t y  f a c t o r  f o r  phenol ( 0 ) ,  benzy l  a l -  
cohol  ( 0 ),  and phenethy l  a l c o h o l  (0  ) u s i n g  a 0.40 M a m n i u m  
a c e t a t e  mob i l e  phase. 
a c i d  i s  a l s o  shown (-.-). 

A c a l c u l a t e d  d i s s o c i a t i o n  cu rve  f o r  a c e t i c  
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CARBOXYLIC ACID MOBILE PHASE MODIFIERS 1329 

The c a p a c i t y  f a c t o r  shows a s iqmoldal  i n c r e a s e  w i t h  pH and an 

i n f l e c t i o n  p o i n t  a t  abou t  pH = 5.2. A c a l c u l a t e d  d i s s o c i a t i o n  

cu rve  f o r  a c e t i c  a c i d  i s  a l s o  shown, w i t h  i t s  i n f l e c t i o n  p o i n t  a t  

4.75. An e x p l a n a t i o n  f o r  t h i s  change i n  r e t e n t i o n  a t  o r  n e a r  t h e  

pKa o f  t h e  o r g a n i c  a c i d  m o d i f i e r  o f  t h e  mob i l e  phase i s  found i n  

the  degree o f  d i s s o c i a t i o n  o f  t h e  a c i d  a t  v a r i o u s  pH's. 

pH, a n e u t r a l  spec ies  e x i s t s  i n  s o l u t i o n  a c t i n q  as an o r g a n i c  

mod f i e r  o f  t h e  m o b i l e  phase and l o w e r i n g  i t s  p o l a r i t y .  

pH, t h e  c a r b o x y l a t e  s a l t  i s  t h e  predominant spec ies  a c t i n g  t o  i n -  

crease t h e  i o n i c  s t r e n q t h  o f  t h e  mob i l e  phase and i n c r e a s e  r e t e n -  

t i o n  o f  these n e u t r a l  s o l u t e s  th rough  a " s a l t i n g  o u t "  mechanism 

o r  b y  i n c r e a s i n g  t h e  s u r f a c e  t e n s i o n  o f  t h e  m o b i l e  phase ( 2 3 ) .  

A t  l o w  

A t  h i g h  

To mimic t h e  behav io r  o f  t h e  e q u i l i b r i u m  system i n  F i g u r e  1, 

m b i  1 e phases were prepared con t a  i n i ng c a l  c u l  a t e d  concen t r a  t i on s 

o f  e thano l  and ammonium c h l o r i d e  equal t o  t h e  e q u i l i b r i u m  concen- 

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

pH's. Resu l t s  f o r  t h e  r e t e n t i o n  o f  phenol (i) and p h e n y l a l k a n o l s  

(ii, iii) u s i n g  these s o l u t i o n s  a r e  shown i n  F i g u r e  2. The shape 

o f  t h e  curves and t h e  magnitude o f  t h e  e f f e c t  e x h i b i t e d  by etha-  

n o l  and ammonium c h l o r i d e  a r e  s i m i l a r  t o  t h a t  o f  t h e  amnonium 

a c e t a t e  system. 

The same comparison was made f o r  t h e  r e t e n t i o n  o f  (i-iii) 

u s i n q  a 1 -bu tano l  and ammonium c h l o r i d e  system t o  mimic t h e  r e -  

t e n t i o n  o f  v a l e r i c  a c i d  a t  v a r i o u s  pH values. 

a l s o  s i m i l a r  i n  shape and t h e  maqnitude o f  t h e i r  e f fec t .  

The cu rves  were 
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251 

23 1 
k' 

151 

FIGURE 2 

Capac i t y  f a c t o r  f o r  phenol ( 0 ), benzy l  a l c o h o l  ( o ) ,  and phen- 
e t h y l  a l c o h o l  ( 0  ) u s i n g  s o l u t i o n s  c o n t a i n i n g  e thano l  and a m -  
nium c h l o r i d e  i n  t h e  same c o n c e n t r a t i o n s  as  a c e t i c  a c i d  and ace- 
t a t e  i o n  o f  F i g u r e  1. 

As a d d i t i o n a l  ev idence t h a t  r e t e n t i o n  i s  c o n t r o l l e d  by 

d i s s o c i a t i o n  o f  t h e  ac id ,  t h e  r e t e n t i o n  o f  t h e  a l c o h o l s  (1) and 

(14) was examined as a f u n c t i o n  o f  pH u s i n g  a m o b i l e  phase con- 

t a i n i n g  malonic  a c i d .  

curves show two i n f l e c t i o n  p o i n t s  a t  pH's o f  3.3 and 5.8. 

i n f l e c t i o n  p o i n t s  correspond t o  t h e  two pKa's  f o r  m l o n i c  a c i d  

o f  2.83 and 5.69 r e s o e c t i v e l y .  As before, c a l c u l a t e d  d i s s o c i a -  

t i o n  curves f o r  t h e  two i o n i z e d  species a r e  a l s o  shown f o r  com- 

These r e s u l t s  a r e  shown i n  F i g u r e  3. The 

These 

p a r i  son. 
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20- 
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k' 
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5- 

1331 

/ / 
\ 

FIGURE 3 

E f f e c t  o f  pH on the capac i ty  f a c t o r  f o r  phenol ( 0 ) and benzyl 
a lcoho l  ( 0 ) us ing  an aqueous 0.4 M malonic ac id  mobi le phase. 
The d i ssoc ia t i on  curves f o r  the mono and d ian ion  species of 
malonic a c i d  a re  a l so  shown (---I. 

The no t i cab le  d i f f e rence  between the  p o i n t  o f  i n f l e c t i o n  i n  

these graphs, using both malonic and a c e t i c  ac id ,  and the  pKa 

values f o r  these acids can be explained bv the a c i d i t y  of r e s i -  

dual exposed s i l a n o l  func t ions  on the column which supress the  

i o n i z a t i o n  o f  the  a c i d  through t h e i r  own i o n i z a t i o n ,  as i s  shown 

i n  Equation 1 below. 
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1332 NALEWAY AND HOFFMAN 

Coat inq  t h e  column w i t h  a 1-pentanol  o r  1 -oc tano l  s t a t i o n a r y  

bonded phase, succeeded i n  b l o c k -  phase, i n  a d d i t i o n  t o  t h e  C-18 

i n 9  t h e  e f f e c t  o f  t hese  a c i d i c  s i l a n o l  m o i e t i e s  and t h e  i n f l e c -  

t i o n  i n  the  curves f o r  r e t e n t i o n  o f  b o t h  n e u t r a l  and p o s i t i v e l y  

charqed s o l u t e s  i n  t h e  presence o f  c a r b o x y l i c  ac ids ,  n n r e  c l o s e l y  

p a r a l l e l e d  the  d i s s o c i a t i o n  o f  t h e  a c i d  used. 

i n  F i g u r e  4 f o r  t h e  e f f e c t  o f  pH on t h e  r e t e n t i o n  o f  amines. By 

u s i n g  1-pentanol  i n  t h e  s t a t i o n a r y  phase, t h e  i n f l e c t i o n  f o r  t h e  

r e t e n t i o n  o f  these amines occu rs  a t  t h e  pKa o f  v a l e r i c  a c i d  

(pKa = 4 . 8 2 ) ,  wh ich  was used i n  t h e  mob i l e  phase. 

An example i s  shown 

The use o f  1-pentanol  i n  t h e  m o b i l e  phase a l s o  se rves  t o  

s o l u b i l i z e  v a l e r i c  o r  o c t a n o i c  a c i d s  used as w e l l  as m a i n t a i n  a 

s a t u r a t e d  c o a t i n g  on t h e  s t a t i o n a r y  phase. The e f f e c t  o f  a s a t -  

3 
k' 

2. 

FIGURE 4 

Ef fec t  o f  pH on t h e  c a p a c i t  
amine ( 0 ) ,  and a n i l i n e  (6) u s i n q  an aqueous 0.4 M sodium 
v a l e r a t e  mob i l e  phase and a 1-pentanol  c o a t e d  s t a t i o n a r y  phase. 

f a c t o r  f o r  p h e n y l a l a n f n e (  A ), benzy l  
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CARBOXYLIC ACID MOBILE PHASE MODIFIERS 1333 

ura ted  pentanol mobile phase alone causes a marked reduc t i on  i n  

the r e t e n t i o n  o f  a l l  so lu tes  by approximately h a l f  t h e i r  value i n  

a pure water mobi le phase, and i t s  e f f e c t  on the i o n - p a i r i n g  and 

i n - s i t u  i o n  exchange processes i s  unknown. However, i t  does n o t  

seem t o  a f f e c t  the i o n i z a t i o n  e q u i l i b r i a  o f  the species i n  solu- 

t i o n  as i s  evidenced by the foreqoing data f o r  the pKa's of  the  

var ious acids. An attempted use o f  a nonaqueous so lvent  system 

r e s u l t e d  i n  a suppression o f  i o n i z a t i o n  o f  the  acid.  

70%/30% (v/v%) H20/MeOH so lven t  system was used i n  con junc t ion  

w i t h  a m n i u m  va le ra te  as the  mobi le phase f o r  the separat ion 

o f  phenol and phenylalkanols ( i - i i i ) ,  the  i n f l e c t i o n  i n  the curve 

o f  pH versus k '  occurred a t  about 6.5, and an even g rea te r  s h i f t  

i n  the d i ssoc ia t i on  e q u i l i b r i u m  was found f o r  ace t i c  acid.  

a non-aqueous so lvent  i n  con junc t ion  w i t h  ca rboxy l i c  acids as 

mobi le phase mod i f ie rs  i s  t he re fo re  no t  use fu l  f o r  i on -pa i r i ng  

because too h igh  a pH i s  needed t o  produce r e p l e t e  i o n i z a t i o n  o f  

the  acid.  

above 8. 

When a 

Use o f  

Present reversed phase columns preclude the  use o f  pH's 

F i n a l l y ,  i t  was o f  i n t e r e s t  t o  exp lo re  the case where pKa's 

of  so lu te  bases were s i m i l a r  t o  the pKa o f  the a c i d  i n  the mobi le 

phase. From the  preceding r e s u l t s  f o r  a lcoho ls  and amines, one 

would expect t h a t  a maximum i n  r e t e n t i o n  can occur a t  a pH equal 

t o  the pKa of bo th  species. 

i on i zed  species o f  the i on -pa i r  e x i s t  i n  so lu t i on .  

mum d i d  occur fo r  the r e t e n t i o n  o f  amines ( v i )  and ( v i i ) ,  as i s  

shown i n  Figure 5. Both a n i l i n e  ( v i )  and N-methylani l ine ( v i i )  

A t  t h i s  pH, a maximum amount o f  bo th  

Such a maxi- 
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FIGURE 5 

S e l e c t i v e  i o n - p a i r i n q  us inq  a 10 mM sodium octanoate m o b i l e  phase 
an a 1-pentanol coated s t a t i o n a r y  phase: ( A )  phenyla lan ine;  (8, a n i l i n e ;  ( 0 ) benzylarnine; (0) N-methy lan t l ine .  

have s i m i l a r  pKa's t o  the  pKa o f  oc tano ic  a c i d  used i n  t h e  mob i le  

phase. The pKa o f  benzylamine (v ) ,  on the  o t h e r  hand, i s  much 

h i g h e r  (see Table 1 ) .  Over the  e n t i r e  pH range shown, benzy la-  

mine e x i s t s  as i t s  p ro tonated  ammonium species, and t h e r e f o r e  i t  

e x h i b i t s  s i m i l a r  behav io r  t o  t h a t  d iscussed e a r l i e r ,  b e i n g  con- 

t r o l l e d  by the  d i s s o c i a t i o n  o f  the  ac id .  For  a n i l i n e  and N-meth- 

y l a n i l i n e  new f a c t o r s  e n t e r  i n t o  the  e q u i l i b r i a .  The curves i n  

F igure  5 f o r  these compounds can be thouqht  o f  as c o n t a i n i n q  

t h r e e  d i f f e r e n t  sec t ions ;  below, a t ,  and above pH 4.8, which i s  
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CARBOXYLIC ACID MOBILE PHASE MODIFIERS 1335 

TABLE 1 

Analyte Species And The i r  I o n i z a t i o n  Constants 

R 'a P Ka cmpd . name 

i phenol 

ii benzyl a lcohol  

iii phenethyl a lcohol  

i v phenyl a lan ine  

v benzylamine 

v i  a n i l i n e  

v i  i N-methylani 1 i n e  

OH 1.28 x 9.89 

CHEOH 

CH2CH20H 

CH2CH(NH2)COOH 2.63 x l o m 3  2.58 

5.75 x 10-10 9.24 

CH2NH2 4.67 x 10'" 9.33 

NH2 2.34 10-5 4.63 

NHCH3 1.41 10-5 4.85 

the c o m n  pKa o f  both the bases and the  octanoic a c i d  i n  the 

mobile phase. A t  pH's below 4.8, the amines are  protonated, 

and neut ra l  octanoic a c i d  e x i s t s  i n  the  mobi le phase. 

above 4.8, the octanoic ac id  e x i s t s  as i t s  octanoate i o n  and the  

amines are  neu t ra l  species. A t  a pH equal t o  about 4.8, the  

maximum amount o f  both ion ized species e x i s t s  i n  the mobi le phase. 

Maximum ion -pa i r i ng  of these species a t  t h i s  pH, o r  maximum 

i n - s i t u  ion-exchange i s  responsible for the  maximum i n  r e t e n t i o n  

observed. By choosing appropr ia te  acld-base p a i r s  o f  t h i s  type, 

w i t h  common pKa values, one should be able t o  s e l e c t i v e l y  promote 

A t  pH's 
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1336 NALEWAY AND HOFFMAN 

i on -pa i r i ng  o f  t h i s  p a i r  over others i n  a mix tu re  by ad jus t i ng  

the pH o f  the e luent .  

Attempted use o f  decanoic ac id  as a pa i red- ion  reagent 

f a i l e d  due t o  the i n s o l u b i l i t y  o f  t h i s  a c i d  i n  saturated 1-pentanol 

or 1-octanol so lu t ions .  

Using these same carboxy l i c  acids as i on -pa l r  reaqents fo r  

the re ten t i on  o f  amino acids o r  peptides was unsuccessful. 

p les o f  these experiments are shown i n  Figures 4 and 5 fo r  the  

re ten t l on  o f  phenylalanine ( i v ) .  I n  general * these amphoteric 

compounds were unaffected by the  type o f  a c i d  used o r  PH, and 

t h e i r  re ten t i on  volumes were sho r t  i n  a l l  cases. This behavior 

i s  consistent with the foreqoing explanat ions given fo r  the  re -  

t en t i on  behavior o f  neut ra l  and charqed solutes.  These amphoter- 

i c  species e x i s t  as charged so lu tes  a t  a l l  pH's, and cannot ex- 

h i b i t  the " s a l t i n g  ou t "  e f f e c t  o f  neut ra l  solutes.  Ion-paired 

species, i f  formed, conta in  a second charge and are therefore 

repe l l ed  by the hydrophobic column. 

shown a t  a l l  pH values. 

Exam- 

Low r e t e n t i o n  i s  therefore 

Current research i s  underway t o  develop ion-pal  r i n g  reagents 

It i s  expected t h a t  t h i s  technique f o r  amino acids and peptides. 

w i l l  prove useful  i n  the separat ion o f  compounds on the  basis o f  

t h e i r  pKa values. 

Reversed phase columns w i t h  s t a b i l i t y  a t  h igh pH values w i l l  

be needed fo r  development o f  the  use o f  alkylamines as organic 

modif iers of  the mobile phase i n  a p a r t i a l  i o n i z a t i o n  mode f o r  

the Separation of  ion ized acids and o the r  anionic species. 
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