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CHROMATOGRAPHIC SEPARATION OF THYROMIMETIC 

IODOAMINO A C I D S . *  

Suew-Jane Su, B o r i s  Grego and M i l t o n  T.W. Hearn**rt. 
Immunopathology Research U n i t ,  

Medical  Research Counci l  o f  New Zealand, 
Otago U n i v e r s i t y  Med ica l  School ,  

P.O. Box 913, Dunedin, 
New Zealand. 

ABSTRACT 

The i n f l u e n c e  o f  i o n i s a t i o n  e q u i l i b r i a  on the  r e t e n t i o n  
behav iour  o f  iodoamino ac ids  and r e l a t e d  compounds on m ic ro -  
p a r t i c u l a t e  o c t a d e c y l s i l i c a  suppor ts  has been examined. The 
chromatographic da ta  f o r  these ionogen ic  s o l u t e s  have been 
d iscussed i n  terms o f  c u r r e n t  concepts f o r  r e v e r s i b l e  solvo- 
phob ic  i n t e r a c t i o n s  w i t h  t h e  hydrocarbonaceous s t a t i o n a r y  
phase. T h i s  t rea tmen t  pe rm i t s  t h e  c o n d i t i o n a l  e f f e c t s  of t h e  
mob i l e  phase compos i t ion  and pH on s o l u t e  r e t e n t i o n  t o  be 
assessed and t h e  r e l a t i o n s h i p  between t h e  mo lecu la r  su r face  area 
o f  a s o l u t e  and i t s  r e t e n t i o n  t o  a non p o l a r  s t a t i o n a r y  phase 
eva l  ua t e d  . 

INTRODUCTION 

Reversed phase h i g h  performance l i q u i d  chromatography 

(RP-HPLC) has gained wide p o p u l a r i t y  ove r  t h e  p a s t  few yea rs  

* 
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t Present  address: S t  V i n c e n t ' s  School of Medical  Resezrch, 
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and P r o t e i n s ,  P a r t  X X X I V .  For P a r t  X X X I I I  see r e f .  [11. 

V i c t o r i a  Parade, Melbourne, V i c t o r i a  3065, A u s t r a l i a .  

1709 

Copyright 0 1981 by Marcel Dekker, Inc. 

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



SU, GREGO, AND HEARN 17  10 

for the separation of ionic  substances,  pa r t i cu la r ly  those of 
biological or ig in .  The la rge  majority of these substances 
contain ionogenic functional moieties such a s  carboxyl, amino 
o r  phosphate groups. 
a l l y  been the method of choice fo r  the separation o f  such 
components. Recent developments i n  RP-HPLC have demonstrated 
t h a t  t h i s  technique i s  eminently su i t ab le  f o r  the  separation 
of amino ac ids ,  peptides and proteins  provided due regard i s  
placed on the r o l e  which secondary chemical equ i l ib r i a  can play 
in the chromatographic d i s t r ibu t ion  process. Attention has been 
focused on the  use of RP-HPLC with e luents  containing a var ie ty  
of anionic o r  ca t ion ic  reagents in hydro-organic solvent  
mixtures. Excellent control over s e l e c t i v i t y  f o r  amino acids  
and peptides on chemically bonded micropart iculate  a1 kyls i l  i cas  
can be achieved with these reagents via  spec i f i c  pair ing ion 
in te rac t ions .  The more l i poph i l i c  of these pair ing ion reagents 
a re  known t o  a c t  as sur fac tan ts  and modify the  non-polar surface 
o f  the  sorbent t o  the  equivalent o f  a dynamic l iqu id- l iqu id  
ion-exchanger. 
s tud ies  t h a t  the  level o f  so lu te  ion isa t ion  plays a very 
s ign i f i can t  r o l e  in the re ten t ion  processes when ionogenic 
substances a re  chromatographed on a l k y l s i l i c a s .  Detailed exper- 
imental s tud ies  with the protein amino acids  and small peptides 
have shown [i-51 tha t  the physico-chemical basis  of t h e i r  
chromatographic sorption-desorption processes can be in te rpre ted  
in terms of solvophobic theory [6 ,71 .  This exacting theore t ica l  
treatment allows the parameters a f fec t ing  so lu te  re ten t ion  t o  
be individual ly  evaluated. In e a r l i e r  s tud ies  we have described 
l8-101 methods f o r  the separation of t he  thyromimetic iodoamino 
acids  by RP-HPLC.  
extended [g,ii-i31 t o  the analysis  o f  the  iodoamino acids in 
biological samples. In t h i s  paper we examine the  e f f e c t  of 
pro t ic  ionisat ion on the  chromatographic re ten t ion  of these 

Ion exchange chromatography has t r ad i t i on -  

I t  has a l so  been demonstrated in a var ie ty  of 

Subsequently, these methods have been 

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



IONISATION EFFECTS 1711 

s o l u t e s  and eva lua te  t h e  chromatographic behav iour  i n  terms o f  

t h e  solvophobic model f o r  s o l u t e  r e t e n t i o n .  

MATERIALS --- 
Chromatographic Apparatus. 

A Waters Assoc. ( M i l f o r d ,  Mass., U.S.A.) HPLC system was 

used which cons is ted  o f  a M6000A s o l v e n t  d e l i v e r y  u n i t ,  a U6K 
u n i v e r s a l  l i q u i d  chromatograph i n j e c t o r  and a M440 UV absorbance 

d e t e c t o r  coupled t o  a Rikadenki  double channel reco rde r .  The 

pBondapak C18 columns (lOpm, 30 x 0.4cm I .D . )  were purchased 

f rom Waters Assoc. (Aus.) Pty. L t d .  Sample i n j e c t i o n s  were 

made w i t h  Pressure-Lok l i q u i d  sy r inges  (0-25111) Ser ies  B l l O  

f rom P r e c i s i o n  Sampling (Baton Rouge, La. , U.S.A.). 
and d i s s o l v e d  iodoamino a c i d  samples were f i l t e r e d  us ing  
AP2500 f i l t e r s  f rom M i l l i p o r e  Corp. (Bedford, Mass., U.S.A.) 

Reagents . 
Methanol was supp l i ed  by Waters Assoc. (Aus.) Pty. L td .  

Orthophosphor ic a c i d  and potassium dihydrogen phosphate were 

f rom May and Baker (Dagenham, Great B r i t a i n ) .  The iodoamino 

and t h y r o a c e t i c  ac ids  were ob ta ined  f rom Sigma Chemical Co. 

( S t .  Lou is ,  Mo., U.S.A.) and from Henning (Berl in,G.F.R.). 

Stock s o l u t i o n s  o f  t h e  iodoamino and t h y r o a c e t i c  a c i d s  were 

prepared by d i s s o l v i n g  t h e  compounds i n  1% methano l ic  NH40H 

a t  a concen t ra t i on  o f  a 10mg/ml. 

So lvents  

METHODS 

A f l o w  r a t e  o f  2ml/min was used th roughout  t h i s  study. 

A l l  b u l k  and e l u t i n g  s o l v e n t s  were. 
The so l  ven t  r e s e r v o i r s  , preco l  umn de l  i very  systems and c o l  umns 

were main ta ined a t  18'. 

prepared and degassed as r e p o r t e d  preViOUSly[81. A l l  columns 

were e q u i l i b r a t e d  t o  new e l u t i o n  c o n d i t i o n s  f o r  a t  l e a s t  30 min.  

The c a p a c i t y  f a c t o r s  were c a l c u l a t e d  i n  t h e  usual  way. The 
r e t e n t i o n  t ime  o f  an un re ta ined  s o l u t e  can be r e a d i l y  c a l i b r a t e d  
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1712 SU, GREGO, AND HEARN 

with NaN03 o r  D20. 
squares method was performed on a Burroughs 6700 computer with 
a modified Biomedical Computing programme (BMD-07RY Univ. of 
Cal i fornia ,  Ca. U.S .A . )  writ ten i n  Fortran language. The 
ionic  s t rengths  of the  e luents  were chosen on the  basis  of prev 
ious experimental s tud ies  [3,8,14-161 with simple ac ids ,  amines 
and peptides.  

The ana lys i s  of the data  by the  l e a s t  

RESULTS A N D  DISCUSSION 
Theoretical Considerations. 

In the basic ligand adsorption mode 
of iodoamino acids  and re la ted  ionogenic 

f o r  the separat  
so lu t e s ,  the chr 

on 
m- 

atographic process i s  viewed as  a revers ib le  associat ion of 
the so lu t e  , Si , with the hydrocarbonaceous octadecyl 1 i gand L ,  
bound t o  the surface of the micropart iculate ,  porous s i l i c a .  
The equilibrium associat ion constant K i  , of the so lu t e  Si , i s  
g i ven by 

[SiLI 
[Sil  [ L I  . . . . (1) K i  = 

I f  i t  i s  assumed tha t  the  sorption process does not 
involve ionic  o r  hydrogen bonding in te rac t ions  between the 
so lu te  and the s ta t ionary  phase, then the capacity f ac to r  of 
the  so lu te  Si  can be expressed by 

where $ i s  the phase r a t i o  of the column. 

thyroacet ic  ac id ,  as  a function of pH can be evaluated[i41 from 

k i  = $ - K i  . . . . ( 2 )  

The capacity f ac to r  f o r  a d ip ro t i c  ac id ,  such as  diiodo- 

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



IONISATION EFFECTS 1713 

where k o ,  k l  and k2 a r e  the capacity fac tors  of the undissociated,  
mono-dissociated and f u l l y  dissociated d ip ro t i c  acid and KalYm 
and KaZym a r e  the corresponding acid d issoc ia t ion  constants .  

Similar ly ,  the capacity f ac to r  fo r  tyrosine and re la ted  
ampholyte analogues as  a function of pH i s  given [3,10,141 by 

where ko,  k l ,  k2 and k3  a re  the capaci ty  f ac to r s  of the zwit ter-  
ion ic ,  ca t ion ic ,  anionic and doubly anionic charged species ,  
respec t ive ly ,  and Kal 
a t ion  constants.  A given polyprotic ampholyte wil l  in general 
be character ised by a set  of l imi t ing  capacity f ac to r  values 
corresponding t o  the  undissociated (zwi t te r ion ic ,  i s o e l e c t r i c )  
form, k o ,  the  monodissociated form kl, the  di-dissociated form, 
k 2 ,  ........ f u l l y  dissociated from, k n ,  with a corresponding 
s e t  of PKaly pKa2 ... . .... pKan values. 
values o f  the  k o ,  k l  .... ... . k, and pKal, PKa2 .. .. .... pKa, 
parameters, l imi t ing  conditions of the  k’ versus pH, dependency 
fo r  ionisable  so lu tes  can be assessed. Figure 1 i l l u s t r a t e s  
the  computed curves f o r  the pH dependence of the  capaci ty  f a c t o r  
fo r  some typical cases of d ip ro t i c  acids  and ampholytes using 
t h i s  approach. 

n o t  take in to  account the e f f e c t  of an organic solvent  on  the  
pH o f  a n  aquo-organic solvent  mixture o r  on the pK of an iono- 
genic solute .  I t  i s  now well recognised t h a t  the pK values of 
a pa r t i cu la r  ionogenic so lu te  var ies  from eluent  t o  e luent  by 
v i r tue  of spec i f i c  solvation e f f e c t s ,  as well a s ,  changes in 
d i e l e c t r i c  propert ies  of the  mobile phases [i71. With simple 

and Ka3,m a r e  the three  d issoc i -  Ka2 ,m 

By choosing appropriate  

The above discussion on the dependence of k’ on pH does 
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17 14 SU, GREGO, AND HEARN 
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Figure 1. 

Plots  of the capacity f ac to r  of d ip ro t i c  weak acids  ( A )  and 
t r i p r o t i c  ampholytes ( 6 )  versus the pH of the mobile phase. 
The curves were calculated from eqns. 3 and 4 using the 
l imit ing values of the parameters shown on each graph. 

monoprotic ac ids ,  theory predicts  an increase in PKal with 
increasing organic solvent  content.  
experimentally although ApKa var ia t ions  with solvent  percentage 
in general a r e  non-linear.  For example, a one un i t  increase 
in pKa fo r  benzoic acid occurs [ ia ]  w i t h  water-methanol mixtures 
when the methanol content i s  increased from 20% to  60%. When 
the pHs of hydro-organic mobile phases a r e  near a pK value of 
a so lu te  s ign i f i can t  differences i n  s e l e c t i v i t y  and retent ion 

This has been observed 
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IONISATION EFFECTS 1715 

behaviour a r e  thus expected f o r  e luents  of d i f f e r e n t  organic 
solvent  content.  

According t o  solvophobic theory,  solute re ten t ion  can be 
expressed in terms of the overall  standard uni tary f r e e  energy 
changes associated with the t r ans fe r  of the  so lu t e  from the 
mobile t o  the s ta t ionary  phase such t h a t  

AGassoc , i  
RT 

Horvath and h is  coworkers [6,71 have 
in terms of the associat ion of the so lu t e  
gas phase and the t r ans fe r  of the  so lu t e ,  

i n  k i  = R n  I) - ....( 5) 

evaluated AGaSSOc , i  
and the  l igand i n  the  
the l igand and thc 

complex individual ly  in to  the e luent .  
an ionised so lu t e  can then be expressed as 

The can,acity f ac to r  of 

AGes, i AGcav, i 
RT R n  k; = const - - - RT . . . (6 )  

where the  e l e c t r o s t a t i c  component A G e s , i ,  i s  the  energy 
associated with placing an ion ic  species  i n t o  the solvent  system 

a n d  AGcav,i 
surface ared ident ical  t o  tha t  of the so lu te .  The  f r e e  energy 
term associated with cavi ty  formation can be evaluated from 

i s  the f r e e  energy required t o  make a cavi ty  with a 

1/ 
-AGcav , i  = y[NAAi + 4.836N ' ( K ~  - 1 ) Y  "3 1 . . . (7) 

where y i s  the surface tension of the  e luent ,  N i s  Avogadro's 
number, V i s  the  molar volume of the e luen t ,  K~ the microscopic 
cavi ty  f ac to r  and A A ~  i s  the hydrophobic contact  area.  
l igands of r e l a t i v e l y  la rge  molecular dimensions and e luents  of 
s imi la r  molecular s t ruc tu re ,  i . e .  i s o c r a t i c  phases, AAi i s  l i k e l y  
t o  be proportional t o t h e  hydrophobic surface a rea ,  A ,  of the so lu te .  
I t  follows t h a t  p lo ts  of R n  k', corrected f o r  e l e c t r o s t a t i c  
e f f e c t s ,  versus the hydrophobic surface areas  of the  various 
so lu t e  molecules should y ie ld  s t r a i g h t  1 ines under e lu t ion  
cond-itions where the mobile phase composition i s  f ixed.  Further- 

With 
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17 16 SU, GREGO, AND HEARN 

more, the slope of the plots of Iln k' versus the total molecular 
surface area, AM, of the solutes will remain constant For eluents 
of the same composition but different pH only in the absence of 
pronounced polar interactions in the sorption process or solvation, 
molecular aggregation and stacking effects specific to the solutes. 
The slope values will thus respond to changes in the surface 
tension and dielectric constant of the mobile phase. 
Effect of pH on k'. 

stationary phases to exposure to aqueous solutions at pH values 
Because of the chemical instability of octadecylsilica 

higher than pH 7 . 5  for extended periods of time, we 
our investigations t o  mobile phases have the operat 
limit of pH 7.0. As a consequence, it was not poss 

restricted 
onal upper 
ble to 

TABLE 1 
Structures of Iodoamino Acids and Related Compounds. 

No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8 .  

9 .  

10. 

Abbreviation 

Di ac 

Triac 

Tetrac 

TYr 

MIT 

DIT 

To 

T2 

T3 

T4 

Structure 

3,5-Diiodothyroacetic acid 

3,3',5-Triiodothyroacetic acid 

3,3'5,5'-Tetraiodothyroacetic acid 

Tyros i ne 

3-Iodotyrosine 

3,5-Di iodotyrosine 

T hyron i n e 

3,5-Diiodothyronine 

3 , 3  ' , 5-Tri i odot hyroni ne 

3,3',5,5'-Tetraiodothyronine 
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IONISATION EFFECTS 1717  

examine the retent ion behaviour of the compounds l i s t e d  in 
Table 1 over the pH range where the phenolic groups were 
completely ionised,  i . e .  g rea te r  than 99.9% i n  the phenoxide 
form, o r  the  amino groups were f u l l y  deprotonated. Previous 
s tud ies  [i4,161 with hydroxylphenylacetic acids  and aromatic 
amino acids  have demonstrated, however, t h a t  s u f f i c i e n t  data  
can be obtained t o  allow the  retent ion behaviour of simple 
ionogenic so lu tes  over t h i s  r e s t r i c t e d  pH range t o  be analysed 
in terms of the above theore t ica l  considerations.  

a c e t i c  ac ids ,  (1) - (z), i s  shown i n  Fig.2. 
re la ted  s tudies  on mono- and d i -pro t ic  weak organic ac ids ,  
sigmoidal shapes fo r  the dependence of the capacity f ac to r s  of 
compounds (1) - (3) on the apparent pH of the mobile phase were 
observed. Least squares f i t  of the  data  confirmed t h a t  the  
the  experimental data was e s sen t i a l ly  i n  agreement w i t h  the  
re la t ionship  e x p l i c i t  t o  eqn. 3 .  
divergence from expected behaviour was evident .  
may be due t o  the influence t h a t  s i l anoph i l i c  in te rac t ions  have 
on the retent ion process under these low pH conditions [5,191. 

With d ip ro t i c  so lu tes  which exhib i t  widely separated PKa values,  
as i s  the case w i t h  the  thyroacet ic  ac ids ,  the shape of the  k’ 
versus pH p lo t  can be considered a composite of the  respect ive 
d issoc ia t ion  curves. However, over the  pH range examined, the  
ion isa t ion  of the 4’-hydroxy- group of compounds (1) - (2) does 
not appear t o  s ign i f i can t ly  per turb the basic sigmoidal 
behaviour cha rac t e r i s t i c  of mono-protic acids .  
vations have been noted 1141 with hydroxyphenylacetic acid 
analogues. As t he  pH i s  increased both the carboxylic and 
phenolic groups wil l  progressively become more ionised. Since 
so lu t e  re tent ion i s  dependent on the extent  of ion isa t ion ,  a 
progressive decrease in the k’ values wil l  ensue un t i l  l imit ing 
values a r e  reached. 

The pH dependence of the capacity f ac to r s  f o r  the  thyro- 
In common w i t h  

A t  values below pH 3.0, some 
This e f f e c t  

Similar  obser- 
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17 18 SU, GREGO, AND HEARN 

I -  

6 -  

5 -  
k' 

0 

3 -  

1 -  

3 4 5 6 1 
DH 

Figure 2. 

Capacity fac tors  f o r  several  thyroacet ic  acids  as a function 
of the pH of the  eluent .  
YBondapak C18; flow r a t e ,  2ml/min; temperature, 18O; e luent ,  
50% methanol-50% water-25mM KH2P04. 
acronyms i s  given in Table 1. 

Chromatographic conditions:  column, 

The legend t o  the 

The data f o r  the capacity f ac to r s  of the iodoamino acids  
(4) - (lo) a r e  shown in Figs. 3 and 4. 
studied with these iodoamino ac ids ,  t he  level of amino group 
protonation wil l  remain e s sen t i a l ly  constant ,  i . e .  the  pKNH2- 
pH will  generally be la rger  then 3.0 with the  percentage in 
the protonated form ranging from ca 99.9990 t o  ca 99.90. 
Following the  procedures out l ined e a r l i e r ,  the  data  were 
evaluated by l e a s t  squares f i t  ana lys i s  in terms o f  eqn. 4.  

Over the pH range 
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8 -  

1719 

F igu re  3. 

P l o t s  of  t h e  c a p a c i t y  f a c t o r  versus t h e  pH o f  t h e  e l u e n t  f o r  
t y r o s i n e  and t h e  i odo ty ros ines .  Chromatographic c o n d i t i o n s :  
column, VBondapak C18; f l o w  r a t e ,  Zml/min; temperature,  18O; 
e l u e n t  5% methanol-95% water-50mM KHzP04. The legend t o  t h e  
acronyms i s  g i ven  i n  Table 1. 

The chromatographic behaviour o f  t h e  iodoamino a c i d s  under t h e  

exper imenta l  c o n d i t i o n s  employed i n  t h i s  s tudy  i s  c o n s i s t e n t  

w i t h  t h e  general  fo rm o f  t h e  express ion  f o r  t h e  k’ o f  p o l y p r o t i c  
ampholytes as a f u n c t i o n  o f  t h e  pH o f  t h e  mob i l e  phase, t a k i n g  

i n t o  account s o l v e n t  e f f e c t s  on i o n i s a t i o n .  

t heo ry  p r e d i c t s  ma jor  d i f f e r e n c e s  i n  t h e  shapes o f  t h e  k ’  versus 
pH p l o t s  even when t h e  r e l e v a n t  l i m i t i n g  parameters o f  t h e  

s o l u t e s  a re  s i m i l a r .  

ope ra t i ona l  upper l i m i t s  f o r  t h e  mob i l e  phase pH, complete 

k’ versus pH p l o t s  can be achieved [161 and p r e c i s e  PKa va lues  

determined f rom t h e  chromatographic da ta .  

Wi th  ampholytes, 

By us ing  s t a t i o n a r y  phases w i t h  h ighe r  
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1720 SU, GREGO, AND H E M  

9 & 7 = - T 0 ' 0  
3 L 5 6 I 

PH 

F igu re  4. 

Capaci ty f a c t o r s  f o r  severa l  t h y r o n i n e  d e r i v a t i v e s  as a 
f u n c t i o n  o f  t he  pH o f  t h e  e l u e n t .  Chromatographic c o n d i t i o n s :  
column, UBondapak C 8 ;  f l o w  r a t e ,  2ml/rnin; temperature, 180; 
e l u e n t ,  40% methanol-60% water-50mM KH2P04. The legend t o  t h e  
acrynoms i s  g iven  i n  Table 1. 

E f f e c t  o f  Hydrophobic Sur face  Area on k'. 

There i s  now general  consensus t h a t  amino a c i d  and p e p t i d e  

r e t e n t i o n  i n  RP-HPLC can be i n t e r p r e t e d  i n  terms o f  hydrophobic 
i n t e r a c t i o n s  between these ionogen ic  s o l u t e s  and t h e  hydrocar-  

bonaceous l i g a n d  a t tached t o  t h e  su r face  o f  t h e  s i l i c a  m a t r i x .  
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IONISATION EFFECTS 1721 

Wi th  u n d e r i v a t i s e d  amino ac ids ,  s e l e c t i v i t y  depends, i n t e r  a l i a ,  

upon t h e  l i p o p h i l i c i t y  o f  t h e  s i d e  cha ins ,  i . e .  t h e i r  chemical 
f u n c t i o n a l i t y  and d i f f e r e n c e s  i n  i o n i s a t i o n  s t a t e .  Solvophobic 

t h e o r y  p r e d i c t s  t h a t  t he  k’ values f o r  a s e r i e s  o f  ionogen ic  
s o l u t e s  e l u t e d  under i s o c r a t i c  c o n d i t i o n s  should f o l l o w  changes 

i n  t h e  r e l a t i v e  i n t e r f a c i a l  su r face  area, AAi, o f  t h e  s o l u t e  i n  
c o n t a c t  w i t h  t h e  s t a t i o n a r y  phase which can be i n d i c a t e d  by - the  
molecu la r  hydrophobic su r face  area, A, o f  t h e  s o l u t e .  I f  eqn. 7 
ho lds ,  then l i n e a r  r e l a t i o n s h i p s  of  Rn k’ f o r  compounds (1) - - 
(lo) as a f u n c t i o n  o f  A a r e  a n t i c i p a t e d .  Shown i n  F ig .  5 a r e  

120 140 160 i ao 200 220 2LD 

A,[A21 

F igu re  5. 

P l o t s  o f  t h e  l o g a r i t h m  o f  t h e  c a p a c i t y  f a c t o r s  versus molecu la r  
su r face  area f o r  t h e  compounds (L)-(a). Data ob ta ined  f o r  t h e  
t y r o s i n e  d e r i v a t i v e s  a t  pH 3.0, pH 5.0 and pH 7.0 a re  shown i n  
p l o t s  ( a ) - ( c )  w i t h  the  f o l l o w i n g  r 2  and s lope co -o rd ina tes  f rom 
a l e a s t  squares ana lys i s ,  (a), 0.9942, 0.1038; (b )  0.9980, 0.0953 ; 
( c )  0.8316, 0.0715. The da ta  f o r  t h e  t h y r o a c e t i c  ac ids  and 
thy ron ine  d e r i v a t e s  ob ta ined  under s i m i l a r  pH c o n d i t i o n s  a r e  
shown i n  p l o t s  ( d ) - ( f )  and ( 9 ) - ( i )  r e s p e c t i v e l y  w i t h  t h e  f o l l o w i n g  
r2 and s lope va lues :  (d )  0.9930, 0.0534; (e )  0.9900, 0.0537, ( f )  
0.9853, 0.0507; (9 )  0.9956, 0.0602; ( h )  0.9946, 0.0591 and ( i )  
0.9868, 0.0529. Chromatographic c o n d i t i o n s  a re  g i ven  i n  F igu res  
1-3. 
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1722 SU, GREGO, AND HEARN 

t h e  p l o t s  o f  Rn k’ f o r  compounds (1) - (10) determined a t  
pH 3.0, 5.0 and 7.0, versus t h e  t o t a l  mo lecu la r  su r face  areas, 
AW, c a l c u l a t e d  from t h e  group su r face  increments o f  Bondi w i t h  

t h e  approp r ia te  crowding c o r r e c t i o n s  [20,2iI. Each f a m i l y  o f  
compounds - t y ros ines ,  t hy ron ines  and t h y r o a c e t i c  ac ids  - 
y i e l d e d  l i n e a r  p l o t s  f o r  Rn k’ versus AM and s i m i l a r  r e l a t i o n -  
sh ips  were e v i d e n t  w i t h  p l o t s  o f  Rn k’ versus hydrophobic 

su r face  areas c a l c u l a t e d  by summation o f  t h e  area increments f o r  
carbon, hydrocarbon and iodo-groups o n l y .  The displacement o f  

t h e  l i n e s  f o r  t h e  t h r e e  f a m i l i e s  o f  compounds can be accounted 

f o r  by t h e  d i f f e r e n c e s  between t h e  d i p o l e  moments o f  t he  
s o l u t e s  and t h e  compos i t ion  o f  t h e  e luen t .  

t h e  s lope o f  t h e  p l o t s  w i l l  be p redominant ly  c o n t r o l l e d  by t h e  

su r face  tens ion  y, o f  t h e  e l u e n t .  

s lopes o f  t he  p l o t s  f o r  t h e  t y r o s i n e  d e r i v a t i v e s  (determined 
a t  5% methanol ) a r e  n o t i c a b l y  d i f f e r e n t  t o  t h e  cor respond ing  

values f o r  t h e  thy ron ines  (determined a t  40% methanol)  and t h e  
t h y r o a c e t i c  ac ids  (determined a t  50% methanol)  i s  i n  accord w i th  
the  a n t i c i p a t e d  t r e n d .  The changes i n  s lope  f o r  t h e  p l o t s  o f  
Rn k’ versus AW, ev iden t  f o r  bo th  iodoamino a c i d  f a m i l i e s  as t h e  

pH o f  t h e  e l u e n t  was va r ied ,  a r e  suggest ive  o f  t h e  p a r t i c i p a t i o n  
o f  s i l a n o p h i l i c  and pH dependent s p e c i f i c  s o l v a t i o n  e f f e c t s  i n  
t h e  r e t e n t i o n  process. I n  f a c t ,  i t  i s  l i k e l y  t h a t  s o l u t e - s i l a n o l  
i n t e r a c t i o n s  and s p e c i f i c  s o l v a t i o n  o f  i o n i z e d  groups i n  general  
p l a y  impor tan t  secondary r o l e s  i n  s e l e c t i v i t y  modu la t ion  f o r  amino 

ac ids  and pep t ides  on reversed phases For example, such e f f e c t s  
a re  p robab ly  i n v o l v e d  i n  the  e l u t i o n  o rde r  r e v e r s a l s  exper ienced 

by some isomer ic  pept ides  when t h e  pH o f  t h e  mob i le  phase i s  
changed as w e l l  as t h e  s e l e c t i v i t y  d e v i a t i o n s  seen w i t h  po l y -  

pept ides  w i t h  mob i l e  phases o f  h igh  o rgan ic  s o l v e n t  content[4,19,211 

Al though t h e  t h r e e  f a m i l i e s  o f  s o l u t e s  a r e  n o t  homologous, i t  
can be seen from t h e  da ta  t h a t  t h e  iodo-group e f f e c t i v e l y  has a 
cons tan t  incremental  e f f e c t  on r e t e n t i o n  f o r  a l l  t h r e e  groups. 

According t o  eqn. 7 

The obse rva t i on  t h a t  t h e  
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IONISATION EFFECTS 1723 

The p rog ress i ve  enhancement o f  r e t e n t i o n ,  a r i s i n g  f rom t h e  

hydrophobic n a t u r e  o f  t he  iodo-group, has been recogn ised i n  
p rev ious  s tud ies  on t h e  separa t i on  o f  iodo-compounds by RP- 
HPLC. For example, we have demonstrated [8,91 t h a t  t h e  p l o t s  

of Rn k’ versus number o f  i o d i n e  atoms pe r  a romat ic  nucleus 
and Rn k’ veraus p a r t i t i o n  c o e f f i c i e n t s  a l s o  f o l l o w  l i n e a r  

r e l a t i o n s h i p s  f o r  these compounds. 

can a l l  be asc r ibed  t o  t h e  common physicochemical  phenomenon 
t h a t  governs t h e  r e t e n t i o n  o f  amino ac ids ,  pep t ides  and p r o t e i n s  

t o  chemica l l y  bonded reversed phases. 

o f  i o n i s a t i o n ,  and o t h e r  secondary e q u i l i b r i u m  processes which 

these ionogen ic  molecules undergo i n  s o l u t i o n  can be u s e f u l l y  
a p p l i e d  i n  t h e  s e l e c t i o n  o f  mob i l e  phase c o n d i t i o n s  which a l l o w  
opt ima l  chromatographic r e s o l u t i o n .  The a p p l i c a t i o n  o f  such 

o p t i m i s a t i o n  s t r a t e g i e s  has r e c e n t l y  been d iscussed [ z , 4 , 5 1  f o r  
t h e  separa t i on  o f  amino ac ids ,  pep t ides  and o t h e r  ionogen ic  
s o l u t e s  by RP-HPLC. 

C o l l e c t i v e l y ,  these r e s u l t s  
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