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ION INTERACTION CHROMATOGRAPHIC 
SEPARATION OF AMINO ACIDS USING A 

MOBILE PHASE 
BASIC-TETRAALKY LAMMONIUM SALT 

Pantelis G. Rigas, Steve J .  Arvanitis, 
and Donald J .  Pietrzyk* 

The University o f  Iowa 
Chemistry Department 
Iowa City, Iowa 52242 

ABSTRACT 

s a l t  was used t o  enhance t h e  r e t e n t i o n  o f  f r e e  amino acids (AA) i n  
t h e i r  anion form on a po lys ty rene d iv iny lbenzene copolymeric 
(Hamil t on  PRP-1) nonpolar s ta t i ona ry  phase adsorbent. Major 
var iab les ,  which can be r e a d i l y  manipulated t o  a l t e r  t h i s  
r e t e n t i o n  and r e s o l v e  complex AA mixtures, are: s t r u c t u r e  and 
concent ra t ion  o f  R4N+ s a l t ,  t ype  and amount o f  organic mod i f i e r  i n  
t h e  mob i le  phase so lvent ,  concent ra t ion  and s e l e c t i v i t y  o f  t h e  
counteranion present, and mob i le  phase pH and i o n i c  strength. 
Mob i l e  phase grad ien ts  based on a pH change, o r  an i o n i c  s t rength  
change and t h e i r  combination, w h i l e  a1 1 o ther  v a r i a b l e s  are 
constant, were eva lua ted  f o r  t h e  separat ion o f  complex AA 
mixtures. Detec t ion  was accomplished by absorbance o r  
f luorescence a f t e r  a post-column ortho-phthalaldehyde reac t ion .  

A basic mob i le  phase conta in ing  a tetraalkylammonium (R  N') 

;INTRODUCTION 

Most high performance 1 i q u i d  chromatographic (HPLC) 

s t ra teg ies  f o r  t he  separat ion o f  amino acids (AA) u t i l i z e  e i t h e r  
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2892 RIGAS, ARVANITIS, AND PIETRZYK 

ion exchangers or reverse stationary phases. 

usually with cation exchangers, AA are separated as cations using 

an acidic mobile phase while in the latter the AA are first 

derivatized and these AA derivatives are subsequently separated. 

In the former and 

Several recent reviews have surveyed these kinds of HPLC 

methodologies for AA separations and have focused on the 

chromatographic parameters, resolution, efficiency, detect 

sensitivity, accuracyI and scope of application (1-4). 

Recently, we reported on the use of alkylsulfonate sa 

on, 

t s  as 

mobile phase additives (ion interaction reagents) for the ion 

interaction chromatographic (IIC) separation o f  AA (5,6) and small 

chain peptides (7). An acidic mobile phase was used to convert 

the AA and peptides into cations. The enhanced AA and peptide 

retention is the result of two major equilibria. One describes 

the retention of the I1 reagent onto the stationary phase and the 

other an ion exchange-llke selectivity between the AA and peptide 

cation and the 11 reagent countercatlon or other countercations in 

the mobile phase. 

these equilibr$aI subsequently leads to resolution of the AA or 

peptides. Evidence supporting IIC (5-9) and applications of IIC 

reagents (ion pairing reagents) in AA and peptide separations 

(5-7#10,11) are discussed elsewhere. 

Manipulation of the parameters which influence 

This report focuses on the use of tetraalkylammonium (RqNt) 

salts as moblle phase I1 reagents to enhance the retention of 

underivatized AA and subsequently to resolve complex AA mixtures. 

Since the AA are separated as anions, AA elution order differs 
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BASIC-TETRAALKYLAMMONIUM SALT MOBILE PHASE 2893 

from c a t i o n  exchange, reverse phase, and RS03- I1 reagent 

separat ion s t ra teg ies .  

UF- 

-. Amino acids, 2-mercapto- 

ethanol, and ortho-phthalaladehyde (OPA) were obtained from 

Sigma Chem. Co. 

from Eastman Kodak and A l d r i c h  Chemical Co. Conversion t o  a 

s p e c i f i c  counteranion form was achieved by passing an aqueous 

s o l u t i o n  o f  t h e  R4N+Br- s a l t  through a strong base, anion ex- 

changer (Amber l i te  IRA-400) charged i n  t h e  appropr ia te  anion form. 

A l l  o ryan lc  solvents were LC Qua l i t y  and LC water was prepared by 

passing d i s t i l l e d  water through a SybrodBarnstead water p u r i f i c a -  

t i o n  un i t .  A DuPont 8800 grad ien t  c o n t r o l l e r  and 870 pumps a 

Rheodyne 7125 i n j e c t o r  and a Beckman 160 f i x e d  wave-length de- 

t e c t o r  (340 nrn) were used. Post column d e r i v a t i z a t i o n  was 

achieved w i t h  an OPA s o l u t i o n  a t  1.1 mL/min using a Beckman llOA 

pump, a Lee Visco J e t  M ic ron ixe r  mix ing  T(10 UL i n t e r n a l  volume), 

and 0.01 inch  i d  SS connecting tubing. PRP-1 columns were 

obtained from Hamil ton Co, as 5 vm spherical,  polystyrene 

divinylbenzene copolymeric beads prepacked i n  4.1 mm x 150 mni SS 

column tub ing  and end f i t t i n g s .  

Tetraalkylammonium (R4N+) s a l t s  were purchased 

-. Aqueous AA samples o f  about 1 mg/SmL were used. 

Typ ica l  cond i t i ons  were a t  l e a s t  1 hr  column e q u i l i b r a t i o n  w i t h  

t h e  R4N' s a l t  mob i le  phase f o l l o w i n g  the  R4N+ column breakthrough, 

2 t o  10 pL sample al iquots,  1.0 nL/min f l ow  rate, i n l e t  pressure 
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2894 RIGAS, ARVANITIS, AND PIETRZYK 

of 500 t o  1200 p s i  depending on t h e  mob l e  phaser and a column 

temperature o f  25OC. Mixed solvents i n  i soc ra t i c  and grad ien t  

e l u t i o n  are percent volume. Mobile phase pH was maintained by 

addlng Na2C03 and i n e r t  s a l t s  were added t o  es tab l i sh  i o n i c  

s t rength  and/or introduce s p e c i f i c  counteranions. 

through volumes were determined (5) and these data were used t o  

ca l cu la te  apparent anion exchange capacit ies. 

Column break- 

The OPA so lu t i on  f o r  post column d e r i v a t i z a t i o n  (3,l.Z) was 

made by mixing 0.5 g OPA, KOH so lu t i on  t o  y i e l d  pH = 10.0, and 

10 mL o f  1.43M 2-mercaptoethanol w i t h  an aqueous so lu t i on  con- 

t a i n i n g  0.10 mole o f  K3B03 and d i l u t i o n  o f  t he  mix tu re  t o  1 L. 

For gradients and i s o c r a t i c  mobile phases, where organlc mod i f i e r  

amount was appreciable, organic solvent was a lso  included i n  t h e  

OPA so lu t ion .  

( f r e s h l y  made a f t e r  2 days). 

The OPA reagent was re f r i ge ra ted  when no t  i n  use 

w 
When using a R 4 k  s a l t  as a mob118 phase Ion  i n t e r a c t i o n  

reagent two major e q u i l i b r i a  con t r i bu te  t o  enhanced AA retent ion.  

These are: 

t i ona ry  phase, A, (see eq. 11, and 2) an ion exchange l i k e  selec- 

t i v i t y  between t h e  counteranions, C-, provided by t h e  R4N+ sa l t ,  

t h e  i o n i c  s t rength  sa l t ,  and/or b u f f e r  s a l t s  i n  t h e  mobi le phase 

and t h e  AA a n a l y t e  anion, X', (see eq. 2). 

1) re ten t i on  o f  t h e  R4N+ s a l t  on t h e  PRP-1 sta- 

By u s i n g  a b a s i c  

A + R ~ N +  + c- = A...R~N+c- (1) 

A * .  8 R4N'C- + X' Z A.*-R4N+X' + C- ( 2 )  
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BASIC-TETRAALKYLAMMONIUM SALT MOBILE PHASE 2895 

mobile phase, the AA is converted to and maintained in its anionic 

form. If the AA side chains also contain an acidic groupt these 

will also be in their anionic form because o f  the mobile phase pH 

used. 

If an ion Interaction enhanced retention (see 5-9 for suppor- 

ting experimental evidence) as shown in eqs. 1 and 2 describes the 

major equilbria, the controllable experimental parameters are 

those that influence these equilibria. These are: 1) the type 

of reverse stationary phase (the PRP-1 was used throughout these 

studies because of its stability in a basic environment), 2) the 

hydrophobic character of the R4Nf salt, 3)  the R4N+ salt mobile 

phase concentration, 4)  mobile phase pH, 5) the presence o f  an 

organic modifier, its type, and concentration, 6) mobile phase 

ionic strength and 7) 

the R4N+ salt, the buffer, and the ionic strength salt. 

the mobile phase counteranions provided by 

R4N+ Salt. Figure 1 correlates the enhancement in AA reten- 
I-. 

tion to R4N+ salt structure. 

property) increases, which is expressed as total carbon number in 

Fig. 1 (only symmetrical R4N+ salts were studied), AA retention 

and selectivity increases sharply initially and then decreases, 

depending on the AA structure, at higher R4N+ salt carbon numbers. 

The letter result is due to the retention of the AA itself onto 

the PRP-1 stationary phase. 

increases, AA retention on PRP-1 increases and this reverse phase 

interaction competes with the R4Nt salt retention (see eq. 1) 

resulting in a reduced apparent anion exchange capacity. The net 

effect reduces AA retention. 

A s  alkyl chain lenyth (hydrophobic 

A s  the AA side chain hydrophobicity 
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2896 RIGAS, ARVANITIS, AND PIETRZYK 

10 - 

k' 

5- 

I I i 
12 16 20 24 

Carbon Number 

FIGURE 1 

E f f e c t  o f  R4Nf Carbon Nunbsr on AA R e t e n t i o n  

A 4.1 nirn x 1 5 0  rilrri, 5 pio PIIP-1 c o l u m n  and 99.5: 0.5 H2G:CH3CN, 
1.0 mM R4NBr, 0.50 R I M  Na2C03, pH = 10.0 m o b i l e  phase 
a t  1.0 nL/ r i in .  

I f  R4N+ s a l t  m o b i l e  phase c o n c e n t r a t i o n  increases, t h e  equi -  

l i b r i u m  amount o f  R4N+ r e t a i n e d  by t h e  PRP-1 inc reases  (see eq. 

1). 

an ion  exchange c a p a c i t i e s  due t o  t h e  r e t a i n e d  R4N+ s a l t  can be 

ca l cu la ted .  

column and a L O m M  (pentyl)4MF (TPeAF), 1:4 CH3CN:H20 m o b i l e  phase 

t h e  e q u i l i b r i u m  amount o f  TPeAF reta ined,  which i s  a l s o  a measure 

o f  t h e  e q u i l i b r i u m  generated column anion exchange capaci ty ,  i s  

about  17 umoles/colunln. 

From R4W+ s a l t  column breakthrough measurements (13) apparent  

Fo r  example, f o r  a 10 prn, 4.1 m m  x 150 m m  PRP-1 

I n c r e a s i n g  t h e  m o b i l e  phase o r g a n i c  rnodi- 
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Val 12 7 

10 - 

8-  

k' 6- 

4- 

2- 

0 
0.000 0.002 0.004 0.006 0.008 0.010 

TPeABr Concentration, M 

FIGURE 2 

E f f e c t  o f  TPeADr Concentrat ion on Amino Acid Retent ion 

Sane as F igure  1 except varying TPeABr concentrat ion. 

f l e r  decreases the  e q u i l i b r i u m  re ten t i on  (and the  apparent anion 

exchange capaci ty)  due t o  the  re ta ined TPeAF (13). 

The enhanced r e t e n t i o n  o f  t h e  AA ana ly te  anion i s  a f fec ted  by 

t h e  R4Nt s a l t  mob i le  phase concentrat ion. 

s a l t  AA r e t e n t i o n  i s  low (13) and Increases sharply as R4Nt s a l t  

concentrat ion approaches about 0.5 mM. Th is  e f f e c t  i s  i l l u s t r a t e d  

i n  Fig. 2. Above 0.5mM. AA r e t e n t i o n  drops even though t h e  reten- 

t i o n  o f  t h e  R4N+ s a l t  and t h e  r e s u l t i n g  apparent anion exchange 

I n  t h e  absence o f  R4Nt 
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2898 RIGAS, ARVANITIS, AND PIETRZYK 

capac i ty  due t o  R4N’ s a l t  r e t e n t i o n  continues t o  increase. 

maximum i n  re ten t i on  r e s u l t s  because o f  t h e  presence and increased 

concent ra t ion  o f  counteranion t h a t  takes p lace  as it i s  introduced 

w i t h  t h e  R4N+ s a l t .  

it competes more f a v o r a b l y  w i t h  t h e  AA ana ly te  f o r  t he  apparent 

anion exchange s i t e  as shown i n  eq. 2. 

maximum and t h e  r e t e n t i o n  o f  t h e  AA a t  t h e  maximum are both de- 

pendent on the  type  o f  counteranion and t h e  AA ana ly te  s t ruc tu re .  

Counteranion s e l e c t i v i t y  in f luences  t h e  former ( the  grea ter  t h e  

anion s e l e c t i v i t y  i s  the  lower the  AA re ten t i on  becomes) w h i l e  t h e  

l a t t e r  e f f e c t  depends on t h e  AA s ide  cha in  hydrophobic i ty s ince 

t h e  more hydrophobic t h e  s ide  cha in  i s  t h e  more r e a d i l y  the  AA 

competes w i t h  t h e  R4N’ s a l t  by a reverse phase re ten t i on  process 

onto t h e  PRP-1 surface. 

A 

As t h e  counteranion concentrat ion increases. 

The p o s i t i o n  o f  t he  

M o b i l e  Phase Dtl. The major e f f e c t  o f  mob i le  phase pH i s  

t h a t  it determines the  charge o f  t h e  AA analyte.  

d i r e c t i o n  t h e  AA an ion ic  form i s  favored and enhanced r e t e n t i o n  

o f  t h e  AA i n  t h e  presence o f  t h e  R4N+ s a l t  i s  t h e  greatest. As 

t h e  z w i t t e r i o n  pH i s  approached AA re ten t i on  decreases. A 

carbonate s a l t  ra the r  than NaOH was used t o  achieve a bas ic  mob i le  

phase pH even though C03-’ i s  a stronger e l u e n t  anion than OH’. 

When using NaOH, AA r e t e n t i o n  t imes were found t o  decrease i n  

r e p r o d u c i b i l i t y  studies. Th is  was shown t o  occur because t h e  

e luen ts  conta in fng  NaOH were s l o w l y  absorbing atmospheric C02. 

Using C03-‘ s a l t s  f o r  pH c o n t r o l  e l im ina tes  t h i s  problem. The 

increased e l u t i n g  s t rength  o f  C03-2 was compensated f o r  by a low 

mobi 1 e phase C03-’ concentrat ion. 

I n  a bas ic  
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a i c  Mod i f ie r  . Increasing t h e  organic mod i f i e r  i n  t h e  

mob i le  phase decreases R4N+ s a l t  r e t e n t i o n  on PRP-1. 

i n  a lower  apparent anion exchange capac i ty  (see eq. 1) and con- 

sequent ly a lower AA retent ion.  The ex ten t  o f  t h i s  change i n  re- 

t e n t i o n  i s  i l l u s t r a t e d  i n  Table I where AA re ten t i on  i s  l i s t e d  as 

a func t i on  of CH3CN:H20 ra t i o .  EtOH:H20 produces t h e  same e f f e c t  

except t h a t  t he  decrease i n  AA r e t e n t i o n  i s  more gradual as EtOH 

concent ra t ion  increases. 

Th is  r e s u l t s  

Mob i l e  Phas-ic Stren-ion Effe cts. F igure  3 

demonstrates t h a t  inc reas ing  t h e  counteranion concent ra t ion  

decreases AA ana ly te  anion retent ion.  

mob i le  phase TPeABr concent ra t ion  i s  constant and counteranion 

concentrat ion i s  increased by adding NaBr t o  t h e  mob i le  phase. 

When d i f f e r e n t  counteranions are compared t h e  e f f e c t  can be 

c o r r e l a t e d  t o  counteranion i o n  exchange s e l e c t i v i t y .  The more 

favo rab le  the  counteranion s e l e c t i v i t y  ( o r  i t s  e l u e n t  power) t h e  

more rap id  t h e  decrease i n  AA ana ly te  anion r e t e n t i o n  (see eq. 2). 

Thus, f o r  common ha1 i d e  e l u e n t  anions e l u t i n g  power f o l l o w s  t h e  

order I- > Br- > C1- > F-. 

I n  these experiments t h e  

-. The data i n  Fig. 1 t o  3, Table I, and o the r  

p r e l  iminary experiments es tab l  i s h  t h e  major mob i le  phase para- 

meters t h a t  enhance AA r e t e n t i o n  and how these can be manipulated 

i n  o rder  t o  achieve optimum r e s o l u t i o n  i n  AA separations. 

parameters and t h e i r  e f f e c t s  a re  summarized i n  t h e  fo l low ing .  

Inc reas ing  t h e  hydrophobic i ty w i t h i n  1 i m i t s  o r  t h e  concentrat ion 

o f  t h e  R4N+ sa l t ,  increases R4N+ s a l t  r e t e n t i o n  and the  e q u i l i b r i u m  

The key 
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FIGURE 3 

RIGAS, ARVANITIS, AND PIETRZYK 

1 1 I I I I 
10 0.005 0.010 0.015 0.020 0.025 0.030 

Ionic Strength, M 

E f f e c t  of NaBr Concentrat ion on Amino Acid Retent ion 

Same as F igure  1 except 100% H20 and vary ing  NaBr concentrat ion.  

apparent anion exchange capac i ty  on the  PRP-1 surface (see eq. 1); 

t h i s  p roper ty  i s  a l so  counteranion dependent. AA r e t e n t i o n  in-  

creases up t o  t h e  p o i n t  where t h e  counteranion competes favorab ly  

w i t h  t h e  AA anion f o r  t h e  apparent exchange s i t e  (see eq. 2 ) .  The 

more hydrophobic t h e  AA s ide  chain* t h e  more it competes w i t h  R4N+ 

s a l t  r e t e n t i o n  and mixed reverse phase-ion i n t e r a c t i o n  re ten t i on  

o f  t h e  AA occurs. 

re ten t i on  of t h e  R,N' s a l t  and t h e  e q u i l i b r i u m  apparent anion 

2) Inc reas ing  t h e  organic mod i f i e r  reduces t h e  
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TABLE I 

E f f e c t  o f  Organic  M o d i f i e r  on Amino Ac id  R e t e n t i o n  

C a D a c i t v m r  bl. 
Percent  CH3CNa 

2901 

L-Lys 

G l Y  

L-A1 a 

L-Ser 

L-Asn 

L-G1 n 

L-Th r 

L-His  

L-Val 

L-Met 

L - I l e  

L-Leu 

L-N1 e 

L-Phe 

L-Tyr 

L-Trp 

L - A s ~  

L-G1 u 

L-cys 

a5 L p ~ l L Q ~ 2 z n  
0.0 0.0 0.0 0.0 0.0 0.0 

1.54 1.21 1.03 0.83 0.76 0.64 

2.83 2.61 2.35 1.96 1.75 1.36 

3.26 2.83 2.41 1.97 1.72 1.35 

3.28 2.93 2.58 2.11 1.90 1.44 

3.37 2.96 2.59 2.14 1.96 1.49 

3.55 2.98 2.54 2.08 1.87 1.45 

4.60 3.69 2.90 2.30 2.02 1.53 

6.19 4.46 3.25 2.40 2.06 1.55 

11.2 6.11 3.75 2.80 1.88 

11.6 6.00 4.08 2.51 

6.31 4.04 2.43 

15.8 7.15 4.54 2.59 

7.96 4.91 2.73 

20.5 10.0 4.49 

13.0 5.64 

16.9 6.19 

20.8 11.9 

22.6 12.4 

16.2 

a. A H20-CH3CN m o b i l e  phase con ta . i n ing  1.0 mM 
TPeAF and 0.50 mM NazC03 a t  1.0 mL/min f l o w  
r a t e  on PRP-1 column. 

b .  Vo = 1.42 t o  1.22 mL f o r  L-Arg. 
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2902 RIGAS, ARVANITIS, AND PIETRZYK 

exchange capaci ty on t h e  PRP-1 surface which r e s u l t s  i n  lower AA 

retention. 3) The more favorable t h e  anion exchange s e l e c t l v i t y  

for t h e  counteranion, t h e  stronger i t s  e luent  strength and t h e  

more it reduces AA retention. 4) An increase i n  counteranion 

( i o n i c  strength) concentrat ion leads t o  two competing ef fects.  

One causes AA re ten t i on  t o  decrease by mass ac t i on  (see eq. 2 )  

wh i le  t h e  o ther  causes AA re ten t i on  t o  increase because t h e  reten- 

t i o n  o f  t h e  R4N+ s a l t  and the  equ i l i b r i um apparent anion exchange 

capaci ty increases w i t h  i o n i c  strength increase. Over a modest 

i o n i c  s t rength  change, i n  general, t h e  f i r s t  e f fec t ,  p a r t i c u l a r l y  

for these counteranions t h a t  have favorable anion exchange selec- 

t i v i t i e s ,  i s  more s ign i f i can t .  5) Mobi le phase pH enhances AA 

re ten t i on  i f  t h e  pH i s  adjusted t o  favor AA d issoc ia t i on  i n t o  i t s  

an ion ic  form. The counteranion and i t s  concentrat ion provided by 

t h e  b u f f e r  s a l t  a l so  in f luence AA retention. 

F igure  4 i l l u s t r a t e s  i s o c r a t i c  separations o f  a se r ies  o f  AA. 

The e l u t i o n  order i s  po la r  and baslc AA e l u t e  f i r s t  fo l lowed by 

nonpolar and a c i d i c  AA. 

w i t h  t h e  a c i d i c  AA s ince t h e  basic mobi le phase pH causes dis-  

soc ia t i on  o f  ac id i c  s ide  chains and format ion o f  d ian ion ic  charged 

AA which leads t o  h igh  retention. I n  ca t i on  exchange (1-4) and 

RS03- mobi le phase mod i f ied  I I C  (5,6) a c i d i c  amino acids are i n  

t h e  po la r  group and basic AA are i n  t h e  nonpolar group. 

Fig. 4 A  AA re ten t i on  i s  reduced because t h e  organic mod i f i e r  

concentrat ion i s  high. 

re ten t i on  increases. For example, i n  Fig. 48, where r e t e n t i o n  o f  

The pH e f f e c t  i s  p a r t i c u l a r l y  s i g n i f i c a n t  

I n  

When t h e  organic mod i f i e r  i s  reduced AA 
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L-4s 

l:Ll 
L-A 

9) 
0 
C 

B 

A 

$ n 
4 

I I I I I 
0 10 20 30 40 

mL 

2903 

I I I 
10 20 30 

mL 

FIGURE 4 

E f f e c t  o f  Organic M o d i f i e r  on t h e  I s o c r a t i c  
Separation o f  Alnino Acids 

Same as F igure  1 except 4:l H20:CH3CN i n  ( A )  and 95:5 H20:CH3CN 
i n  ( 5 ) .  

on ly  t h e  po la r  AA are shown, CH3CN concent ra t ion  i s  reduced t o  5%. 

Although no t  shown, changing TPeA’ counteranion t o  a stronger 

e luent  counteranion decreases AA retent ion.  For example, usf ng 

t h e  cond i t i ons  i n  Fig. 46 and TPeAF, TPeABr, and TPeAI capaci ty 

f a c t o r  f o r  t h e  re ten t i on  o f  L-Val changes i n  the order 11.2, 6.92, 

and 3.76, r e s p e c t i v e l y .  
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2904 RIGAS, ARVANITIS, AND PIETRZYK 

Whi le  i s o c r a t i c  e l u t i o n  i n  t h e  presence o f  R4N+ s a l t s  i s  

a p p l i c a b l e  t o  t h e  separat ion o f  s imp le r  AA mixtures on PRP-1, 

r e s o l u t i o n  o f  more complex AA mixtures i s  more r e a d i l y  obtained by 

grad ien t  e lu t i on .  Furthermore, a change i n  s o l  ven t  composit ion 

(see Table I), i o n i c  s t rength  (see F igure  3 ) ,  o r  counteranion and 

t h e i r  combination i n  a step o r  l i n e a r  g rad ien t  i s  possible.  

a pH grad ien t  i s  a l s o  feas ib le ,  t h e  former s t ra teg ies  p rov ide  t h e  

b e t t e r  g rad ien t  cond i t ions .  

Whi le  

F igure  5A shows t h e  i s o c r a t i c  separat ion o f  nonpolar AA. 

Because o f  t h e  c o n t r i b u t i o n  o f  t h e  hydrophobic s ide  cha in  t o  

retent ion,  re ten t i on  i s  high and t h i s  i s  compensated f o r  by using 

a high organic mod i f i e r  concentrat ion. 

l i n e a r  g rad ien t  i s  used as i n  Fig. 5B1 r e s o l u t i o n  o f  t h e  e a r l y  

e l u t i n g  nonpolar AA i s  improved. F igure  6 11 1 us t ra tes  t h e  separa- 

t i o n  and improved r e s o l u t i o n  (compare t o  Fig. 4) o f  p o l a r  AA using 

a step grad ien t  where CH3CN:H20 s o l v e n t  composit ion changes 

(Fig. 6A) and where both s o l  ven t  composit ion and Br-counteranion 

concent ra t ion  changes (Fig. 68). 

was used i n  Fig. 6A and B i n  combination w i t h  Br- a modestly 

s t rong e luen t  counteranion. 

TPeA s a l t s  as i o n  i n t e r a c t i o n  reagents are smal l  when complex 

mixtures o f  AA are compared, however, f o r  s imp le  AA mixtures 

reso lu t i on  tends t o  be more favorab le  w i t h  the  TPeA' s a l t  when a l l  

I f  an organic modif ier ,  

Te t rabu ty l  ammonium (TBuA') s a l t  

The d i f f e rence  between TBuA' and 

+ 

o ther  f a c t o r s  are equal. 

F igure  7A and B i l l u s t r a t e  t h e  separat ion o f  a complex m ix tu re  

o f  AA us ing  step gradients. I n  Fig. 7A a changing CH3CN:H20 r a t i o  
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FIGURE 5 

Comparison o f  I s o c r a t i c  and Organic M o d i f i e r  L inear  
Gradient f o r  t h e  Separation o f  Nonpolar Amino Acids 

Same as F igure  1 except 4:l H20:CH3CN i n  (A) and a l i n e a r  g rad ien t  
o f  
CH3CN and B so lven t  of t h e  same except 4:l I-?$:CH3CN i n  b). s o l  v e n t  o f  1.0 mM TPeAF. 0.50 mM Na2C0 99.5:O.S H 0 :  

i s  used i n  combination w i t h  F' a weak counteranion a t  constant 

concentrat ion. Since a 1:s CH3CN:H20 r a t i o  i s  achieved a t  t h e  

t h i r d  step, r e t e n t i o n  times, p a r t i c u l a r l y  a t  t h e  l a t t e r  stages o f  

t h e  separat ion are s i g n i f i c a n t l y  reduced. I n  Fig. 78 t he  so lvent  

i s  100% water and Br- a stronger e luent  counteranion than F- i s  

increased i n  concent ra t ion  i n  th ree  steps. The f i n a l  e l u t i o n  
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A 

100 

I I I I I I I A 10 20 30 40 6 10 20 30 

FIGURE 6 

Separation o f  Po la r  Amino Acids w i t h  an Organic Mod i f i e r  
Step Gradient ( A )  and an Organic M o d i f i e r I o n i c  Strength 

Step Gradient 

A 4.1 mm x 150 mmr 5 MI PRP-1 co lumn and a s t e p  g r a d i e n t  o f  A 
s o l v e n t  o f  1.0 mM TBuABr, 0.50mM Na CO 99.5:0.5 H O:CH$N and B 
s o l v e n t  o f  1.0 mM TBuABr, 0.50 mM &,C8ir 95:S.O H%:CH3CN i n  (A) 
and t h e  same i n  (B) except B s o l v e n t  which a l s o  conZains 10 mM 
NaBr a t  1.0 mL/min. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



BASIC-TETRAALKYLAMMONIUM SALT MOBILE PHASE 2901 

I I I I I I I I I I I I I I 

0 10 20 30 40  SO 0 10 20  30 40 50  60 70  
mL d 

FIGURE 7 

Comparison o f  Amino Acid Separation by Organic Mod i f i e r  Step 
Gradient and I o n i c  Strength Step Gradient 

A 4.1 mm x 150 mmr 5 pm PRP-1 co lumn and a s t e p  g r a d i e n t  o f  A 
s o l v e n t  o f  1.0 mM TPeAF, 0.50 mM Na CO , 99.5:0.5 H20:CH CN and a 
8. s o l v e n t  o f  t h e  same except 4:l H &$CN i n  (A) and a ?wo step 
grad ien t  o f  an aqueous ,@ s o l v e n t  o$ 1.0 mM TPeABr, 0.50 mM Na2C03 
and a B so lvent  o f  t h e  same w i t h  20 mM NaBr a t  1.0 mL/min. 

m ix tu re  i n  t h i s  case i s  a weaker e luen t  than i n  t h e  l a t t e r  stages 

o f  t h e  organic mod i f i e r  g rad ien t  (Fig. 7A) and consequently AA 

r e t e n t i o n  t imes  are higher. 

F igure  8 shows a separat ion where both t h e  CH3CN:H20 r a t i o  

and counteranion are changed i n  a l i n e a r  gradlent. The counter- 

anion changes from Br- (TPeABr) t o  t h e  stronger I' counteranion 

(TPeAI). I f  t h e  weaker e luent  counteranion F' i s  maintarned, 

r e t e n t i o n  t imes  are longer. S im i la r l y ,  i f  t h e  so lvent  composi t ion 

i s  changed more gradua l ly  o r  i f  t h e  percent organic m o d i f i e r  i s  
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t I I I I I 

0 10 2 0  30 40 50 
mL 

FIGURE 8 

Separation of Amino Acids Using an Organic 
Modif i e r - I o n i c  Strength L inear  Gradient  

Same as Figure 7 except t h e  
Na2C03, 9 : l  H20:CH3CN. 

s o l v e n t  i s  1.0 mM TPeAI, 0.50 mM 
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BASIC-TETRAALKYLAMMONIUM SALT MOBILE PHASE 2909 

l ess  than t h a t  achieved i n  t h e  Fig. 8 gradient, r e t e n t i o n  t imes  

are longer. Th is  i s  p a r t i c u l a r l y  t r u e  f o r  nonpolar AA because o f  

a mixed AA re ten t fon  due t o  i on  i n t e r a c t i o n  (see eq. 1 and 2) and 

reverse phase r e t e n t i o n  due t o  i o n  i n t e r a c t i o n  (see eq. 1 and 2) 

and RqN+ s a l t  i n  r e t e n t i o n  on to  t h e  PRP-1 surface. 

Figures 4 t o  8 demonstrate t h e  scope o f  t h e  major e l u t i o n  

parameters and t h e i r  in f luence i n  i s o c r a t i c  and grad len t  e l u t i o n  

and i n  AA resolut ion.  AA e l u t i o n  order can a lso  be a l t e r e d  and 

t h i s  op t i on  can be used advantageously i n  AA separations. F i r s t ,  

s ince AA are being separated as anions, bas ic  AA e l u t e  e a r l y  and 

a c i d i c  AA e l u t e  late.  

s t ra teg ies  i n v o l v i n g  t h e i r  separat ion as cations. Furthermore, 

a l t e r i n g  mobi le phase i o n i c  s t reng th  (compare Figs. 6A t o  68 and 

7A t o  78) a l t e r s  e l u t i o n  order f o r  a c i d i c  AA acids. Other AA 

reversa ls  are poss ib le  and depend on t h e  mobi le phase va r iab le  

t h a t  i s  altered. I n  a l l  examples studied AA chromatographic peaks 

were w e l l  def ined and reproducible. 

organic mod i f i e r  gradient, an i o n i c  s t rength  grad ien t  i n  t h e  

absence of o r  a t  low organic modif ier, or t h e i r  combination appear 

t o  be t h e  most ve rsa t i l e .  

are ava i l ab le  and t h e  optimum one depends on the  AA mixture. 

Th is  Ss opposi te t o  most o ther  AA separat ion 

For complex AA mix tures  an 

For s imp le  AA mix tures  several  op t ions  - 
P a r t  o f  t h i s  work was supported by AM28077 awarded by t h e  

Nat iona l  I n s t i t u t e s  o f  Health. 

t h e  Twenty - f i rs t  Midwest Regional ACS Lleeting, Kansas City,  MO, 

November, 1986, Paper 222. 

P a r t  of t h i s  work was presented a t  
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