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ABSTRACT 

Chmm~o~apNc ~ e m s  with silva dynam~M~ moNfied ~th  a series of hydmNne deriv~N~ 
were ~uN~ as a po~iNe M~mafive to tho~ ~ chem~ally bonded ~ n a ~  pha~s. The w o p e ~  of 
the~ new ~ e m s  w~e comp~ed ~ ~ o ~  ~convenfional mve~ed-pha~ ~stems and systems contaim 
~g fi~a dynamically moNfed by c~rim~e. As in ~ e & p h a ~  chmm~ogmphy on ~emi~l~  bond~ 
M k ~ l ~ ,  s~vophoNc i ~ a ~ n s  ~em ~ be ~e m~n ~ ~ o n ~ N e  ~r  ~n f ion .  It ~ shown that 
dynamic modfficafion of ~lica ~th  ~agen~ ~fl?fing in chem~M structure can lead to ~ e m s  with 
difl?mm se l~ f i~ .  Betai~s and q u e e n l y  ammonium and hydmN~um ~mpounds act ~miNrly as 
moNfi~s of ~l~a bm am ~ Nffe~m ~ iompNring agents. The resM~ of ~ r i m e n ~  ~rform~ ~ N  
mod~e~ of Nffe~m hydmphoNd~ and ~ vafio~ pH ~ l ~ s  demon~m~ fiat ionic NnNng ~ n~  oNy 
m~haNsm ofimmoNlizafion on ~e ~H~ s u r ~ .  h N ~own that ~e ~ a ~  ofp~ks oNN~d ~r  NgNy 
pM~ and ba~c ~lums is usuM~ b ~ r  in dynam~ mod~cation chmma~gmphy ~an in m ~ e & p h a ~  
~mm~ogmphy on M k ~ N ~ .  ExamN~ of ana~ficM ~pamfions of pMy~nctionM o~aNc s u ~ m ~  
and some ~organ~ anions on dynam~Mly mottled ~l~a am preened. 

INTRODUCTION 

High-performance  liquid chromatography  (HPLC) on dynamical ly  modified 
silica can be a promif ing  a l~rnaf ive  to ~ p a r a t i o n s  on covMenty  bonded  ~af ionary  
phases. Owing to its Mighty a~dic  nature,  silica can bind organic cations that are 
added to the m o N ~  phase by way of ion exchange in a ce~a in  pH range [1 1~. The 
organic layer thus gene ra~d  on the surface can act as a ~a t i ona ry  phase in the 
ch romatograpNc  process. Q u a ~ r n a r y  a m m o N u m  salts have so far been the most  
popular  moNfier~  It has b e e n . s h o w n  that d y n a m ~  moNfica t ion  of silica with 
ce t f im~e  ~ e t y l t r i m ~ h ~ a m m o ~ u m  b r o m i d ~  yields ch roma tog raph~  sysmms that 
are very ~mHar to ~ v e ~ e d - p h a s e  sy~ems with Mk~fil icas as ~a f ionary  phases. One of 
the advantages  of this method is that d y n a m ~  mo~ f i c a t i on  is a more ~ p r o d u N N e  
procedure than chemical modif icat ion and the properties of the sy~ems obtained are 
only slightly dependent  on the type of siHca. 

It is obvious that the selectivity of sy~ems with dynamic  modif icat ion shoMd be 
dependent  on the chem~M structure of the moNfiers.  When  one modifier can be eas~y 
mNaced with ano the~  a broad spec~um of sdecf i~ ty  can be obta ined using only one 
c ~ u m n  packed with si lva.  N e v e ~ h d e s ~  oNy a ~ w  o r g a n ~  bases have so far been used 
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for dynamic modification and no sysmmafic studies on the selecti~ty of  such sy~ems 
have been published. 

The aim of this work was to evaluate the sele~ivity of a series of  new modif ie~ 
based on hydraNne derivatives and to demons~ate  certain advantages of  this 
separation mode in applied HPLC. 

EXPE~MENTAL 

R~enfion was measu~d  ~ a Gi~on HPLC sys~m eq~pped  with a H ~ o c h r o m e  
s p e ~ r o p h o ~ m ~ f i c  d ~ e ~ o r  ~ t  at 254 nm. D y n a m ~  moNfication was p ~ r m e d  on 
Silasorb 600 silica and NNsorb Cas was used as a ~ n c e  packing (both ~ o m  
Lachema, Brno, Czecho~ovaN~.  S t i N ~ e d  c~umns  (150 m m x  4.6 mm I.D.) 
were packed by Diagnostikum (Mo~ow,  U . ~ R +  

The dynam~  mo~f iers  ~ d u d e d  quamrnary hyd rahNum salts and betaines with 
difth~nt alkyl substituents and functionM groups. C ~ r i m ~  the most thorougMy 
studied moNfie~ was used as a ~ n c e  s u b , a n t e .  The ~ r u ~ u ~ s  of the moNf i~s  a ~  
shown in Fig. 1. The a b b ~ a f i o n s  u ~ d  ~ this work d e ~ 6 b e  lhe ~ p e  of mo~f ie r  ~ n  
(Q and B for q u m ~ n a r y  salts or b ~ N n e ~  respectively, the nature of  basic group (A 
and H ~ r  a m m o N u m  and hyd rahNum defivafive~ r~pec t ive l9  and its hydro- 
phobldU,  the number of  carbon atoms ~ the ~ n g e ~  N k ~  chain in the m o ~ c ~ e .  For 
example, the a b b ~ a f i o n  for the quamrna~y salt h e x a d e c g t r i m ~ h ~ a m m o N u m  
bromide is QA16. 

The set of  test solutes used to chara~erize the sys~m selecti~U ~ d u d e d  acidic, 
basic, amphomfi~  polar and non-pMar substance~ i o N c o f i N c  acid (PyCOOOH),  
phen~acetic  acid (BzCOOOH), acemnil~e (PhNHCOMe),  ~ m ~ h ~ p y f i N n e  (MeP~,  
acmophenone (PhCOM~,  nhrobenzene (PhNO2) and benzene (Phil), where Py = 
pyridyl, Bz = benzyl, Ph = phenyl and Me = mmhg .  

The capacity N ~ o ~ ,  k', were calculated according to the conventional 
e x p r ~ o n :  

k '  = (V~ - V o ) V o  (~) 

where V~ is the re~nfion time of the solute under ~udy and Vo the re~nfion time of an 
unretained solute. The problem of the correct choice of unr~Nned solutes for 

(cH3h~ ~ ~ ~ (Cetrimide~ 

C.H~, 

n=t6 (BHI~; n-15~m~12(BH~2);~(BHg) 

(C~SHCH2CH,~CN ~ (<HI~ 

C~H~ 

Fig. 1. ~ m ~  of the modifies studied. 
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convent ion~ m o d ~  of ch rom~ography  has been d~cussed in the hterature (see, e~.,  
re~. 11 and 12). This task is even more difficult ~ r  dynamic mo~ficaf ion 
ch rom~ography  because the amount  of  the s~t ionary  phase ~ ~ r o n ~ y  dependent on 
the compofi t ion of the m o ~  phase. T h ~ e f o ~ ,  accurate m e a s u ~ m e n 6  of capadty  
~ o ~  and thor  c o ~ e ~  ~ r p r e t a t i o n  a ~  ~ g h ~  pro~emat ic  in this c h r o m ~ o g r a p ~ c  
mode. We belie~ e that for practical pu rpos ~  of retention and ~lectivity comparison it 
is ~ w a ~ e  to assume Vo to be constan~ V0 was measu~d  for the ~ l~a  c ~ u m n  
g ra~m~f i c~ ly .  The c ~ u m n  was filled with wa~r ,  then ~aced  in the oven of a gas 
c h r o m a ~ g r a p h  ~ t  at 120°C and purged wilh hdium for 3 h. Vo was c a ~ e d  ~ o m  
the c ~ u m n  w~ght  ~ in ~ experiment. Fu~her  heating under the same con~fions  
did not lead to an o b ~ r v a ~ e  w~ght  lo~,  ~ c a t i n g  t h ~  all water except the strongly 
chemisorbed layer on the sur~ce of s~ica had been ~moved .  

RESULTS A N D  DISCUSSION 

The course of  dynam~ modification of filica can be eas~y monitored during 
column equilibration with an duent  containing a dynamic modifie~ For exampl~ the 
~art ing duent  can be a buffer containing a c e ~ n  amount  of  methanol or acetonkfi~.  
Under these conditions the sys~m can be regarded as a normS-phase  sys~m with 
a very strong mob i~  phase. N a t u r ~ ,  relativdy non -pohr  solutes (e.g., benzen~ 
should not be re t~ned in such a sy~em. When the sy~em is swkched to an eluent 
cont~ning a modifier, a non-polar stationary phase is genera~d and the whole sys~m 
is conve~ed into a reve~ed-phase type. The re~nfion of the modifiers under study is 
very s~ong, and therefore the modifier is ~mos t  completdy adsorbed during this 
process. This is accompanied by an increase in the retention time of the test solute. 
When the dynam ~  modification is over, capad ty  facto~ r em~n  constant p rodded  
that the mobile phase compofifion is constant (Fig. 2). Such curves can be used to 
determine the a p p r o ~ m a ~  amount  of adsorbed modifier. It was found that fil~a 
adsorbs about 1.1 ~mol/m 2 of  BH12 and about  0.9 ~ m ~ / m  2 of QH16 from an eluent 
c o n t ~ n g  20% of acetonitri~. The l a t e r  result was confirmed by an independent 

b ~  ~ 
6 

0 i ~ i ~ i 

0 8 0  1 0 0  1 8 0  2 0 0  2 8 0  

Eluent volume, rnl 

Fig. 2. Equilibration of fifica with the d y n a m ~  modifier BHI2. Mobile phase: 0.01 M BHI2, 20% 
acetonitfi~ in 0.2 M acetate buffer (pH 6.0). 
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TABLE I 

CAPACITY FACTORS OF BENZENE 

MoNk pha~: 0.01 M d~amk morris, ~% ~on~f i~  in 0.2 M ammoMum ~ a ~  bur r  (pH 6.0). 

Column packing Dynamic modifier k' 

Silasorb C~8 None 16.8 
QAI6 13.8 
BH16 15.8 

Silasorb 600 QA 16 8.1 
BH[6 13.0 
BHI5 12.0 
BHI2 5.9 
BH9 0.6 
QHI6 10.6 

method. The eq~librated column was purged with one volume of wamr to remove the 
modifie~contNning mobile phase and some packing was removed ~om the column 
and dried. ElementM analy~s showed the con~nt  of carbon to be 11.7%. The content 
of dynamically immobilized carbon depends primari~ on the structure of the modifier 
and on the concentration of organic solvent. It can reach about 20% in eluents 
containing no acetonRrik. The mobik  phase volume req~red for comNem modifica- 
tion of a given column depends on the concen~ations of orgaNc soNent and dynam~ 
modifier. UsuMly it lies b~ween 50 and 200 ml for 150 mm x 4.6 mm I.D. analytical 
HPLC columns packed with Silasorb 600 ~lica. 

The re~ntion ~rength of dynamk modifiers can be evNua~d by measuring the 
k' values of a test solute with a series of mobile phases differing only in the type of 
dynam~ modifier. The data presenmd in Tabk  I show that with modifie~ contaiNng 
C~,~C~6 Mk~ chNns the column capadty relative to benzene is slightly lower than that 
of the chemically bonded M k ~ c a  column. The sy~em with BH9, contNNng a C9 
alkyl chain, showed an unexpectedly low retention of benzene. 

It is known that remntion values in reversed-phase chromatography are 
dependent on the concentration of organic solvent in the mobile phase. This 
r~afionship can be described by several models. We chose the following expres~on 
[13]: 

log k' = b - p log C (2) 

where C is the molar concentration of organic solvent. It has been shown pm~ouMy 
[1 ~ in invesfigat~ns of hundreds of sMutes that mve~ed-pha~ m~nfion data follow 
this rdaf ionsh~ and the quality of the appro~mafion N not worse than that with other 
linear models. In contrask in the expefimenB on dynamic mo~f ica t~n  the log k' 
values did not follow either this relationship (Fig. 3) or other forms of linear models. 
The tyNcM log k' ~. log C curve is very ~milar to the curve expres~ng the rdafionship 
between the amount of adsorbed mo~fier  and log C. The observed k' values were 
divided by the amount of adsorbed hydraNne derivative for each concentration of 
ac~onitri~. The msMting vMues 0og U per 1 mg of the ~ationary phas~ am shown in 
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Fig, 3. influence of aceton~fi~ concentration in the movie phase on c ~ o m a ~ a p h ~  p a r a m e ~ ,  (A) 
Capaciff ~cto~ of benzene ~ conventional reversed-phase chroma~grap~ on S~asorb C~; (B) capa~ty 
~ o ~  of benzene in ~ n a ~ c  m o ~ o n  chrom~o~aphy on ~ s o r b  600 ~ t h  QAI6; ~ )  amou~ of 
adsorbed QA16; ~ )  capa~ff ~ o ~  per 1 mg of adsorbed QAI6. 

Fig. 3D. The r~ationship is ~most  finear and the slope is ~mi~r  to that in 
reversed-phase chromatography on Sflasorb C18 (Fig. 3A). Consequend~ the 
non4inearity of the re~tionship b~ween log U and log C is due to the fact that the 
amount  of the active ~ationary phase (Le., adsorbed modifie~ is not constant in this 
chromatographic mode but decreases with increasing organic solvent concentration. 
When the volume fraction of acetonitri~ in the mobi~ phase reaches 40%, the degree 
of modification becomes neghgible and so do the retention v~ues of most solutes. 

The s~ecfi~ty of  modifiers was compared in mobile phase con~sting of 20 % of 
acetonR61e in 0.2 M ammonium acetate buffer at pH 6.0. The concentration of the 
dynamic modifie~ was 0.01 mol~. The ~ solu~s were arranged in order ofincrea~ng 
retention in conventional reversed-phase chromatography on Sflasorb C18. The 
"sdect i~ty  plots" for ~lica and octadecyl~hca are shown in Fig. 4. It can be seen that 
the s~epness of some segmen~ of the plots is not identical for the nine chromato- 
graphic sys~ms used, indicating that the introduction of  different modifiers ready 
leads to variations in separation selecti~ty. 

The influence of two typic~ modifiers on the retention of test solutes on 
octadec~silica ~ demon~ra~d  in Fig. 4a. It can be seen that the ~ution order o fba~c  
and neutral solu~s ~ typic~ of reversed-phase chromatography in the three sys~ms. 
On the other hand, solvophobic interactions dominating in the reve~ed-phase mode 
are not the only ~gnificant interactions in the presence of modifiers. ~ follows from the 
comparison of plots for no modifier (N) and QAI6 that addition of the quaternary 
ammonium salt ~ads to a ~ r o n ~ y  enhanced (20 50 times) retention of adds owing to 
the ion-pairing effect .  Such effects are ~ dear  when octadecyl~hca is modified with 
the hydra~nium betaine BH16; the only difference between plots N and BH16 is the 
shghfly enhanced retention of phen~acetic a~d in the dynam~aHy modified sy~em. 

A comparison of  chromatographic behaviour on ~lica and o c t a d e c ~ l ~ a  is 
presen~d in Fig. 4b. The experimen~ were performed on octadecyl~fica and 
unmodified ~hca in the presence of  QA16 and BH16. It can be seen that the c h e m ~  
nature of the sorbent surface is not a c r u ~  factor. The elufion order of ba~c and 
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Fi~. 4. S~e¢fivity plots. Mob i~  phas~ 0.01 M dynam~ modi~cr, 20% acetomtr i~ in ammonium acetalc 
buffer (pH 6.0). (a) Retention on Silasorb C ~  with no modi~er (N) and with C ~  ammonium and 
hydra~nium modifiers; (b) role o[sorbents: ~ ,  ~ c a  $ilaso~b 600; + ,  octadecyM~a Si]asorb C~ ;  (c) role 
o[chain ~n~th o [hydra~n ium bet~ne de~vafive~ (d) comparison oFproperties o [ ( ~  } quaternary and ( + ) 
betaine modi~er~ 

neutral solutes on silica dynamically modified with fairly hydrophob~ bases was 
~milar to that on the chem~ally bonded stationary phas~ indicating that solvophobic 
interactions play a dominant role in dynam ~  modification chromatography fimilafly 
to bonded reversed-phase chromatography.  Of  course, the retention mechanism for 
acidic solutes in the dynam~ modification mode is expected to include ion-p~fing 
effects. This leads to enhanced retention of phenylacetic and ~onicotinic aods,  as 
shown in Fig. 4b. 

The properties of  four hydra~nium betaine modifiers are compared in Fig. 4c. 
The system capa~ty  with respect to the relatively non-polar acetophenon~ nitro- 
benzene, benzene decreases almost proportionally to the length of the longest carbon 
chain in the modifier molecules. On the other hand, the retention of m o ~  solutes is 
negligible with the less hydrophob~ modifier BH9, containing nine carbon atoms in 
the longest chain. The only exception is 4-meth~pyfidine,  which is retained even 
sWonger than in the presence of more hydrophobic modifiers. Retention measured on 
a silica column without modifier showed a p p r o ~ m a t d y  the same behaviour for all 
solutes as in the presence of BH9. Consequendy, no modification takes place with this 
substance and the rdaf ivdy  high retention of methylpyfidine can be explained by 
direct interaction of this basic solute with the charged ~lanols on the surface. This low 
retention of non-polar solutes with BH9 is unexpected. The degree of modification is 
believed to be approximatdy  constant for B H I 6 - B H 9  because of the very ~milar 
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ionogenic properties of these homo~gues.  A posfible explanation might be that ion 
exchange is not the only mechanism responfible for binding of modifier to the silica 
surface. The ionmxchange binding of the modifier shouN be suppressed at low pH of 
the m o N ~  phase because of the neNiNNe extent of sifica ~Nzation.  No retention 
shoMd be observed under such condition~ Our expefimen~ with BH16 and a m o N ~  
phase o f p H  2.5 showed that MI the solutes under study still are retained ~gNficanfl~ 
the capadty f a ~ o ~  bNng about 40% of the values observed at pH 6.0. This is e~dence 
for another mechanism ofmoNfier  rmention. The pNafity ofNfica ~ lower than that of 
the wate~fich m o N ~  phase used, and therefore it was assumed that this materhl  can 
act as a weak reversed-phase sorbent [1 ~. An examp~ of such a kind of r~ention of 
nonqoNc solums, Mk~benzenes ~om w a ~  has been published pre~ouNy [1~. We 
believe that a f imihr  mechanism could be respon~ble for the sorpfion of the 
hydrophob~ mo~fiers under study. 

The selecti~ties obtained with two betaines and two quaternary sNts on silica 
are compared in Fig. 4d. It is dear  that the four substances are fimilar in acting as 
"reve~ed-phase dynam~ moNfiers ' \  whereas the qua~rnary compounds are much 
more effident ion-pNfing agents. O b ~ o u ~  the dift?rent properties of these two 
groups of modifiers can be e x p h ~ e d  by the presence of a charged c a r b o x ~  group in 
the betaines which partially prevents ion pairing with acidic solutes. Comparison of 
sys~ms with QH 16 and QA 16 shows that the quaternary ammoNum and qua~rnary 
hydraNNum ~agmenU have very ~milar eft~cts on retention and selecti~ty towards 
the test solutes (this may not be the case for groups of closely related subs~nce~. The 
presence of an addit~nal  - N H ( C H ~ h C N  ~agment ~ the mMecMe of modifier QH16 
does not influence the selecti~ty very much. Consequenfl~ the hexadec~ group is the 
main ~agment responfiNe for selecti~ty. 

Ce~Nn ~ a t u ~ s  of HPLC with dynam~ moNfication are impo~ant  ~om 
a practical point of view. It has been observed that the column effidency for neutral 
and a d d ~  solutes is not lower than the effidency of modern columns for reversed- 
phase chromatography. It N known that many extremdy polar basic solutes show poor 

Fig. 5. Chromatograms of pyraNne-2,5-d~arboxyl~ add on SHasorb C18 (a~z) and SHasorb 600 (d). 
Mobi~ phase~ (a) 0.01 M sodium dodecylsulphat~ 2.5% acetic and,  97.5% watec (b) 1% tetrabutyl- 
ammonium phosphate in water (pH 2.5); (c) and (d) 0.01 M QAI6 and 23% acetonitrile in 0.2 M acetate 
buffer (pH 6.0). 

d 

~ i ~ ~ ~i~ 
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p e a k  ~ m m ~  and  e~ficiency. T h e  a d ~ f i o n  o f  b u t l e r ,  salts  ~ ~ m p N f i n g  a ~ n ~  to 
• e m o N ~  phase  is no t  a u N v ~ s N  so lu t ion  to the  p m N e m  and  in m a n y  ~ a n ~ s  the  

p e a k  shape  a n d  ~ m m e ~ y  r e m N n  u n ~ t i s N ~ o ~ .  O n e  o f  the  a d v a n t a g e s  o f  d y n a m i c  

i i i d i ~ 

i i i ~ ; ~ 

~g. 6. C~ommo~aphy of anfiNofi~ and m m r m e O a ~  I = AminocephMo~ora~c ac~; 2 = ammo- 
p e n ~ a ~ c  ad~  3 = cephNe~m 4 = amNcillin. MoNK pha~: (a) 5% ac~oNtfi~ ~ 0.2 M ac~a~ buffer 
~ H  6.~; (b) 0.01 M QA16, 10% acew~td~ ~ 0.2 M accrue buffer ~ H  6.~; ~) 0.01 M QHI~ 7% 
acao~tf i~  ~ 0.2 M acetate buffer ~ H  6.~. C~umns: ~) NNsorb C~a; (b) and (c) Silaso~ 600. 
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moNfication chrom~ography is that the column effidency is usuN~ h~her and the 
peak shape ~ bet~r than on bonded non-pNar ~ationary phase. This N probably due 
to the l~s find Nn~ng of Mk~ chains to the fil~a m~fix and the grea~r fle~Nfi~ of 
stationary phase reoccurs compared with the bonded ~ationary phase. An examNe ~ 
the chrom~ography of pyraNne~,~d~arboxylic add. This highly hyd~opNl~ solute 
is not ~tNned ~om the aqueous buffe~ Ua~fionM~ u~d as eluents in reversed-phase 
chrom~ography. Ad~tion of the ~n-pNfing agent sodom dodec~sMpha~ ~sM~ ~ 
a ~ight increase in retention, but the peak of the solute ~ still unaccepmNy wide (Fig. 
5~. Enhanced retention of this solute was ach~ved by addition of q u ~ n a r y  
ammoNum moNfiers to the moN~ pha~. N e v e ~ h e ~ ,  the peak shape ~mained 
u n s a f i s ~ o r y  when oc~dec~sil~a was u~d as the cNumn pacNng (Fig. 5b and ~. 
Con~quent~, chem~M~ bonded Nk~silica cannot be the optimum sorbent for some 
classes of solutes. The use of a c~umn packed with unmoNfied silica resulted in an 
increased ~mntion v~ume and fimMmneou~y improved ma~keNy the effidency and 
peak symm~ry for this solute (Fig. 5d). Nm~ar improvements in peak shapes were 
observed for many bafic solu~s. These observations suppo~ the oNNon that poor 
peak shape in bonded reversed-phase chrom~ography in some instances can be 
explained not by the presence of ~fiduN s~anol groups on the sur~ce of sorbent but 
by s~fic ~ a c c ~ N f i ~  of such groups [17]. T~s effect may be espec~Hy important ~ 
the HPLC of m~tifunctionM bases. 

a 2 

i i ~ i ~ 

2 

~ 1 ~ i ~ 

Ng. 7. ~ m ~  ~ ( 1 )  m ~  ~ ~ ~ m m ~ :  ~ ~ ~ C18, ~ ~ e  0.2 M acetate b u r r  
~ H  6.~; b on Nhsorb 600, moN~ phase 0.01 M QH16 in 0.2 M acetate b u r r  ~ H  6.~. 
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1 

~g.  8. ~ n  of ~ ionm 1 - a ~ t m ~  2 - mtfim; 3 = niffam. MoNle ph~e: 0 .~7  M BHI6, 3% 
~ N o N ~  97% 0.04 M p h ~ p h ~ e  b u r r  ~ H  6.~. CMumn: Silasorb 600. 

3 

~ ~.~ ~ a~ 

HPLC in ~smms dynamically moNfied with hyd~NNum d~Nafives offe~ 
adNtionM pos~Nhfim of ~ c t i ~ t y  con~ol in ~ e  ~paration of some mixtures of 
pracficN ~mm~.  Two examNes are shown in Figs. 6 and 7. 

Another area of pos~ble appficafion of hydmNNum derivatives as dynamic 
modifies is anion anMyfi> A posfiNe mechaNsm of sorption ~ ~is  fimNe procedure 
involves the ~rm~ion of a dynamically coated layer of the ~afionary phase and its 
interaction with the ion pair con~sting of the solute anion and moNfier cation. 
A chrom~ogram ~ r  the ~paration of some UV-absorNng anions is shown in Fig. 8. 
It is obvious that the cdumn effidency and peak symmmw are better than those 
typ~M~ observed in ion chrom~ography. 
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