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Abstract

The chromatographic effects on a reversed-phase liquid chromatography (RPLC) phase were established with the use of chelates sy:s
cobalt(lll) and iron(ll) with 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol as the test probes. Both chelates have the same octahedeal structt
M:L =1:2, the former chelate is cationic and can be used to probe the ion-exchange phenomena on a RPLC phase, whereas the latter is not ch
and can be used as reference molecule with respect to the charged one. Based on well-established LC phenomena referred in the literatur
suitability of the chelate system for examining some chromatographic effects was tested. It was concluded that the proposed test method is sen
towards the ion-exchange phenomena on the LC phase and the hydrogen bonding between the solvent eluent and the LC phase. In adc
chromatographic effects due to the presence of ultrasonic field or due to the presence of aromatic amines in the eluent were observed with the
of the proposed test method. Based on molecular computation, the properties of chelates were compared with properties of quaternary amine
probes most frequently used for testing LC phases, and the possible differences in an interaction of the mentioned compounds with a surface
RPLC phase were indicated.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction stationary phaspt]. This group of tests is used for the discrim-
ination of LC retention mechanism and to estimate the chro-
The dynamic development of chromatography has becommatographic activity of silanol groups. Among these tests, the
possible thanks to a wide variety of chromatographic colummprocedures used for characterizing silanol activities of a pack-
packing. The silica-based liquid chromatography (LC) stationing are outstandingly important (recently reviewt) and are
ary phase is still the most used and investigated LC pHas3}. based mainly on base—acid or ion-pairing properties of amines.
It was concluded that LC separation is a highly complex proces¥he new test based on the retention of the simpledation
where (adsorption, ion-exchange and steric exclusion) interadtas been published recenfl§]. Although, a number of these
tions between the solute and the stationary phase do take plapeocedures do exist, there is no universally accepted procedure
simultaneously, and these depend on the structure of the solute date. This is in agreement with rgf], where the correlation
and the stationary phase as well as on the composition of a mobiamong different tests is found to be low. The reason for this is
phase. the mixed retention mechanism which involves the hydrophobic
Organic compounds, grouped into a variety of different testsproperties of the packing, the silanol properties of the packing
have played the main role in the characterization of the LCand the degree of ionization of amines. As both, the kind as well
as the content of organic phase being in eluent do affect ligth p
of the silanol group andiy, of the test amine, there is a high level
* Tel.: +48 22 628 33 39; fax: +48 22 628 33 39. of uncertainty in the correct estimation of the chromatographic
E-mail address: slaosw@ch.pw.edu.pl. effect.
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In the present work, metal ion chelates are introduced athe ultrasonic bath. Computer programsipac 8, (Semichem,
test probes for characterization of a reversed-phase liquid chr&hawnee, USA) andlyperChem 7 (Hypercube, Gainesville,
matography (RPLC) stationary phase as well as for charactetdSA) were applied for molecular computations.
ization of LC retention in the case of modification of a RPLC
stationary phase. So far, only a few examples of application 02.2. Reagents
chelates in this regard are found in literat{®e-11]. The rare
use of chelates for estimating chromatographic effects is due to: Allreagents used were of analytical-reagent grade. Cobalt(l1)
(i) the existence of additional equilibria for chelate and chelatestock solution (1 mgmit) was prepared from cobalt(ll) sul-
conditional stability {(pH, kind of solvent, ionic strength), and phate heptahydrate and iron(ll) stock solution (1 mgHl
(ii) low parametrization of metal ion—ligand bonding. On the from Mohr's salt (Fe(NH)2(SOy)2-6H20). Salts were dis-
other hand, chelates are regarded as a group of interesting protsved in water (500 ml) with addition of 1 ml of concentrated

for characterization of interfacial phenomdtha—14] provided
that the applied measuring system is well characterized.

sulfuric acid. 2-(5-Bromo-2-pyridylazo)-5-diethylaminophenol
(5-Br-PADAP) (Fluka, Buchs, Switzerland) solution of a
concentration 5 10~3moll~1 in methanol was used. Water

/R3 solution of 2.5x 10~2moll~! sodium 1-dodecanesulfonate
T //N N\ (SDeS); 2.5¢< 10~2mol =1 sodium salt hexane-1-sulfonic acid
R, \ / N R, (SHS), 2.5x 10-2mol |1 sodium salt propane-1-sulfonic acid
N ud (SPS); 0.1molt! 3-(N-hexadecylv,N-dimethylammonio)
propane sulfonate (SB-12) (Sigma—Aldrich) were used.

_ Tetramethylammonium bromide (TMABYT), tetraethylam-
Ligand R R R monium bromide (TEABr), tetrapropylammonium bromide
5-Br-PADAP Br GHs CoHs (TPABY), tetrabutylammonium bromide (TBABT), tetraoctylam-
5-Br-PAPS Br GH7 CsHeSO;™Na"  monium bromide (TOABr) and hexadecyltrimethylammonium
5-NO,-PAPS NG CsH C3HeSO;~Na*

bromide (CTAB) (Avocado, Lancashire, England) were taken.
Tetraalkylammonium bromide salts were dissolved in eluents.
Acetonitrile (ACN) and methanol (MeOH) of HPLC grade (Lab-
Scan, Dublin, Ireland) and water deionized and double distilled
were used throughout.

2-Pyridylazo ligands discussed in the present work.

2. Experimental

2.1. Apparatus 2.3. Eluent

The chromatographic system was composed of a Hewlett- Eluents were prepared in a 250 ml calibration flask by mixing
Packard HP 1100 liquid chromatograph (Waldbronn Anal. Div.,solvents in appropriate proportions with or without the presence
Germany) consisting of a G1310A isocratic pump, G1315A0f an appropriate additive. The composition of each eluent is
diode array detection (DAD) system, a Rheodyne Model 7725given as a description in a figure, which illustrates an appropriate
injection valve equipped with a 201 sample loop (Cotati, CA, effect. Such prepared eluents were degassed in an ultrasonic bath
USA) and analytical column. The column was connected by gmixture of solvents) or by filtering, using 0.4&n PTFE filter
polyether ether ketone (PEEK) capillary. The following columnsunder suction (solvent with a salt component).
were used: PEEK column tube PE 150/4.6 Nucleosil 100-5
C18 e.c. (150 mnx 4.6 mm, 5um) (Macherey-Nagel, Oren,  2.4. General procedure for separation of Co(Ill)/Fe(II)
Germany), Zorbax, Eclipse XDB-C18 (250 4.6 mm) and  chelates with 5-Br-PADAP
Zorbax, SB-C18 (250 mm 4.6 mm) (Agilent, Palo Alto, CA,
USA). The columns were not new but the performed test (phenol, In a 10 ml calibrated flask 0.3 ml of 5-Br-PADAP solution,
naphthalene and anthracene) showed that reduced plate heiditig of Co(ll), 1 g of Fe(ll) and 5 ml of methanol were added
for columns was in the range of 7—11. Thus, the columns can band the solution was filled with water up to the mark. A20
regarded as good. The chromatographic system was controllgmbrtion of the solution was injected onto the column. The flow
by a Pentium MMX (200 MHz, 64 M RAM) personal computer rate of the eluent was 1 mlmid and the eluate was simul-
equipped with a LC Chemstation 2D (Hewlett-Packard) pro-taneously monitored at 440 nm (5-Br-PADAP), 590 nm (Co(lll)
gram, which also stored and handled the data. The absorptiarhelate) and at 555 and 740 nm (Fe(ll) chelate) using DAD detec-
spectra were recorded on a Specord spectrophotometer (Zeigsr. Columns were equilibrated with eluent not less than 40 min
Jena) with 10 mm glass cells controlled by a personal combefore the sample injection. The valuelofvas measured by
puter. For pH measurement an ELPO-N517 pH meter (Polandjouble injection (triple when difference in retentions was higher
was used. Ultrasound wave was generated in an ultrasonic batian 5%). Note that the concentration of iron(ll) chelate in the
(Sonic-6 bath, Polsonic, Poland; output powetr 80 W, vibra-  pH range below 3.5 of an eluent should be increased for visu-
tion frequency 40 kHz). The dimensions of the bath were lengtfalizing the peak of the chelate, as the efficiency of formation of
30.5cm, width 14.5 cm, height 14 cm. It was filled with water iron(ll) chelate is found to be lower below pH 3.5. Alternatively,
to a height of 7.5 cm. Columns were positioned at the bottom othe peak of ligand (5-Br-PADAP) can serve as the reference peak
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as retention of both iron(ll) chelate and ligand (5-Br-PADAP) istration of a surfactant in the eluef5]. The deviation in the

found to be close for the whole pH range of the eluent. retention of cobalt chelates with azo ligands in RPLC has been
reported26,27].

3. Results and discussion The second chelate used in this work is Fe@}lwhich has
already been used in many applications dealing with determina-

3.1. Criteria for choice of metal ion chelates as LC probe tion of ironion by RPLC method. The chelate has been described

in refs.[28,29]

Chelates of metal ions with azo ligands are used most fre- Inthe present work, measurement system (application of two
quently in metal ion determination, due to high chelate stabilitychelates Co(lll)k*/Fe(I)L,°) was used for the characteriza-
in wide range of pH and high optical molar absorption coeffi-tion of some LC effects. It was proposed that Co(Ifjlcan be
cient ensuring low level of detection. These include chelatesised as a molecular probe sensitive toward cation exchange/ion-
of PAR, PAN and 5-Br-PADAP, which have been reviewed pairing properties of LC phase, whereas the Feff)was
recently[15,16] In the present work, the chelates of Co(IBJL  regarded as reference molecule. Testing a RPLC phase by a
and Fe(I)LL° (L°=5-Br-PADAP) were applied in order to probe consisting of two molecules is accepted and frequently
examine some LC effects. Both chelates have the same strugsed in chromatographic practice (e.g., Tanaka test (benzy-
ture, metal ion:ligand = 1:2, cobalt chelate is positively chargedamine/phenol) or Waters test (amitriptyline/acenaphtalene)).
(Co(llL %), whereas iron chelate is neutral (Fe(4f). The  However, it was claimed that for structurally different molecules
Co(lllL,* chelate is interesting. It has been reported that theised as test probes the non-specific interactions may be differ-
chelate once formed is stable in a wide pH range, from fairlyent depending on an applied separation condition. The present
concentrated acid (e.g., 3mof hydrochloric acid) to pH at system (Co(lll)lo*/Fe(I)L,°) is different from those applied
least 10[17]. The same was reported for other pyridylazoso far. As both chelates have the same structure (octahedral,
chelates of Co(lll)[16]. Further, the outstanding ion-pairing M:L =1:2), the non-specific interactions (hydrophobic or shape
properties of the cationic Co(lll) chelates with 2-pyridylazo dependent) between the LC phase and chelate should be similar.
ligands toward negatively charged species have been report@&bth chelates have theimaxin the VIS spectral region and this
as follows (anion determined/chelate used)sBfEo(lll)(5-  allows investigation of the retention using a RP phase, which
CI-PADAP) [18], anionic surfactants/Co(lll)(5-GFPADAP) is modified by various compounds, usually having thgjgx in
[19])/Co(Ill)(PADAP) [20]/Co(ll)(5-CI-PADAP) [21] and the UV range.
albumin/Co(ll1)(5-Br-PADAP)[22]. The formation and parti-
tion constants of ion associates formed between the cationi¢2. Choice of eluent solvents and LC phases
cobalt(lll) complexes and counter anions (GIQ SCN-,
Br~ and CI") [23] were established and these factors mostly Based on the description in the previous section assump-
depended on the bulkiness and the polarity of the pyridytions about the character of interaction of Co(I4jFe(I1)L,°
lazo compounds. Next, both voltammetric and electrophoretichelates with RPLC stationary phase were examined using
techniques were applied for the characterization of Co(@}lf)L silica-based RP phases: (i) with diisobutybctadecylsilane lig-
chelate (I°=5-Br-PADAP)[24]. In the present work, the basic and (Zorbax SB-C18) and (i) dimethytoctadecylsilane ligand
properties of Co(lIDl.* chelate were established by the spec-(Nucleosil 100-5 C18 e.c. and Zorbax Eclipse XDB-C18). The
trophotometric method and these are presentdaliie 1 mentioned phases have been recently characterized {30&f.

Studies on RPLC retention of metal ions (Cu, Co, Fe, Ni, Vin terms of seven basic RP variables and in [&f.in terms
and Pd) as 5-Br-PADAP chelates by RPLC showed that only thef selectivity parameters. It should be noted that the determined
retention of Co(lll) chelate is affected by varying the concen-variables in ref[30]: hydrophobicity &ch,), total ion-exchange

capacitypg/p pH 7.6 and acidic ion-exchange capaaityjp, pH

Table 1 2.7, for phases applied in the present work (Nucleosil C18: 1.44,
The basic properties of Co(lll)(5-Br-PADAP) chelate determined by spectropho?.18, 0.13; Zorbax, Eclipse XDB-C18: 1.5, 0.35, 0.09; Zorbax,
tometric measurement SB-C18:1.49, 1.46,0.13, respectively) showthat all these phases
Parameter Co(lll(5-Br-PADAP)  have similar hydrophobicity but different ion-exchange proper-
Optimum pH range® > 10 t|e§. The concentration of silanol group (internal, surface and
Amas (NM) 590 shielded) for Zprbax phase (Rx-C18 and SB-C18) has already
Molar absorptivity €) (Imol~1cm1) 1.1x 10° been reported in ref31].
Metal to ligand ratid ; 1:2 In the present work, these three C18 phases were chosen
Stability constant (log) 11.8 according to their diversity in the retention of Clchelate with

a Chelate once formed is then stable in 3m3dIHCI [17], 3mol "1 H,SOy the use of pure solvents as eluefdlfle 2. Thus, no elution of
or 1.8 mol 1 HNO3 [16]. CoL," was observed on Nucleosil C18 phase using both ACN

b The cobalt(lll) ion in chelate is not prone to a reduction in the presence ofand MeOH eluents. Using Zorbax SB-C18 phase the Lol
reducing agents up to pH[32]. o chelate was not eluted by ACN but eluted by MeOH, and on

¢ In 50:50 MeOH/water solution. The value bf,ax Was stable in different Zorbax Ecli XDB-C18 the chel | d by both ACN
solvents: ACN/water, from 20% to 100% of ACN or in MeOH/water mixture, orbax Eclipse Bt the c e a'te V_Vas eluted by bot
in the same proportions. and MeOH solvents. This behavior indicates that the content of

9 The Bent-French method. silanol groups available for interaction with CglLdecreased
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Table 2 ColL,"/MeOH
Comparison ok of CoL,*, Fel,? and L species on different RP-LC columns 29 ColL,/ACN  FeL,”/MeOH
using pure solvents (ACN or MeOH) as elu&nt 15 4
ACN MeOH '

~ FeL,ACN
Col,* L Fel® Coly* L Fel® 2 05 1

|

0

Nucleosil 100-5 C18 e.c. v T
No elution 1.53 1.73 No elution 0.86 1.24 0,5 1.3_/-\1// 15

Zorbax, SB-C18

—
Y
=
-
L

No elution 0.81 1.01 0.92 0.40 0.51
. 2
Zorbax, Eclipse XDB-C18 T . o
3.22 0.77 0.98 0.17 0.41 0.45 154 Col,/ACN Fel, /MeOH
1
a (Column cleaning) column was purged by 0.05 mdl H,SOy for 30 min ';, 05 - ‘_FiLi/éCil\i/‘ /
and next it was left stand in 50:50 MeOH:water for 1 day, otherwise the column S

behaves as if the separation was performed with the use of acidic eluent.

0 L] L] L] L L]
-0,5 13 14 15 16 *_ 18 19 20

by -1 - CoL,"/MeOH

in the same order and this is in agreement withdBg order
for these phases, mentioned ab{®@]. The differences in elu- 37 =8, Py + 8, Py
. + . . -
tion ?f Col,” by ACN and MeOH are dlscu_ssed in detail in Fig. 1. Retention of Cop* Fel,? and L° species as a function of mobile phase
Section3.9. To overcome the lack of retention of Cglon composition. The correlation of Idgof these species with the solubility parame-
Nucleosil or Zorbax SB-C18 columns, the ion-pairing reagenter (t); (a) Zorbax, SB-C18 column, eluent: organic phase (ACN, MeOH):water
(NaCIQy) in concentration of k 103 moll-1 (Nucleosil) or  containing 5x 10~*molI~1 NaClQy. (b) Zorbax, Eclipse XDB-C18, eluent:

4 -1 _ ; oy 1. Organic phase (ACN, MeOH):water, without IP reagent. Solubility parameters
S X 107" moll (ZorE)ax'SB C.l8) was added n order to visu for MeOH, ACN and water: 15.85, 13.15 and 25.52€aim~% were taken
alize the peak of Coy™ (with a higher concentration of NaClO ¢ o 8.
no further influence on the value bbf the chelate).

In the present work (ACN:water) and (MeOH:water) mix- out IP reagentHig. 1b). For Fel?, ion-pairing has no effect on

tures as eluent were examined. First, these solvents are mq bk=#s5) and slopes for FeiC in the presence or absence of
often applied to a RPLC separation and the second, we woul n-pairing reagent (NaClg) were similar to each other and this

like to compare the present results with those obtained in re# - :
[8], where metal chelates with 5-Br-PAPS and 5-NEAPS ?nogﬂgwigig:;lt?:ng the Ff chelate as reference molecule
(structures are presented in Sectibnhave been applied for

examining the LC retention phenomena. In &, the cor-
relation of logk with solubility parameterséj was found to
be linear for MeOH:water eluent, whereas for ACN:water elu-
ent the correlation was curved for (5-Br-PAPS, 5-NRAPS)
chelatesFig. 1a shows the present results obtained for £olL
and Felo? (L% =5-Br-PADAP) chelates with the use of eluents
(ACN, MeOH) containing NaCI@ (5 x 10~4moll~1) as ion-
pairing (IP) reagent. It was found that for F&Lusing both
(ACN, MeOH) eluents, the correlation lagf(8) is linear and
the slope is found to be independent from the column applie(i
(for MeOH eluents the slope is 0.20-0.22 and for ACN eluents
it is 0.58-0.61). For Co}”, the relation log =£() is curved,
especially for the region with high content of the organic sol-
ventinthe eluent (>80%), whereas for content of organic solvent 20 o A
<80%, the observed relations are linear. In the second experi-
ment Fig. 1b) eluents without IP reagent were examined. Only o
Zorbax Eclipse column was permitting for observation of the 10 -
retention of Cok* and Fel.? in the absence of IP reagent in —— .

the eluent Table 3. ComparingFig. 1a and b, the greatest dif- 5 1 —//

ference is observed for Idg=£(8) relation for Col,™ chelate

in ACN eluent. Thus, ion-pairing (Cat" - - - ClO4~) seems to R A O S

be effective in an eluent which contains high content of ACN pH

.(> 80%), whereas for the lower AC_N fomem' such aSSOCiatiorlliig. 2. Influence of pH on retention of Cet and Fel® chelates—two dif-

1S replacgd by the other (CetL - -- SIC_) ) as the Value,Of log ferent columns with the same eluent (MeOH:water, 80/20, v/v, containing
of CoL," in ACN/water eluent containing IP reagefig. 18) 5, 10-4molI-! NaCIQy). Labels, (A and C) denote Cet, (B and D) Fel?;
reaches the level of ldgof ColL," in ACN/water eluent with-  columns: Nucleosil, 100-5 C18 e.c. (A and B), Zorbax, SB-C18 (C and D).

3.3. Influence of pH of the eluent

Itis well recognized that in the silica-based LC phase differ-
entsilanol groups are pres¢8®]. It was found that two different
pK5 values of silanol were found on a bare silica as well as on a
RPLC phas¢6] and a particular i, of silanol at the bare silica
is different from appropriate found on a RP bonded silica
[2]. In the present work, the influence of pH of an eluenton
f both (Colo*/Fel,?) chelates using the RPLC columns were
xamined Fig. 2). The results obtained here indicates that in

25 1

157
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A[Na'] 10 - pH7.3
t—>
8 H6
29 Col',pH7.4 Col,"; pH 2.1 P CoL,*
. BN PP PP Y, - e - --- 6 pH 5,7
8’ 14 k=" ook i = 4 H
ke = ] pH 5,3
0.5 Col,"; pH 4.5 4 PHS52 Fel,
0 T T T 1 24 Ln
-5 -4 -3 -2 -1
+ 0 T T T
log [Na’] 0 10 20 30 40 50 60
Fig. 3. The relationship between I6®f (Col,*, Fel,?) and log[NaCl] being TEA/10° mol I”!

in the eluent. The solid lines denote retention of gbat different pH, whereas

dashed lines denote retention of R&lat pH 7.4 and 4.5 (bottom) or%at  Fig. 4. Influence of triethylamine (TEA) ahof CoL,*, Felb? and L° species

pH 2.1 (upper). The labeA[Na*] denotes the concentration of NaCl in eluent examined in the present work. Column: Zorbax SB-C18; eluent: AGR;H
necessary to start the ion-exchange process, and this reflects the column id8:20, v/v containing NaCIgX(5 x 10~* molI~1) and TEA. The pH of the eluent
exchange capacity at different pH. is shown in the figure.

the pH range 2-4.5, the hydrophobic interaction between botAce or Alltima columns (with the help of quaternary amin@3)
chelates and the RP phase is found to be the main retentighus the content of silanol group is expected to be higher at the
mechanism as the slope biersus pH for both Fe(ll)t° and  Nucleosil phase than on these (Ace, Alltima) columns. Another
Co(lll)L2* is the same. Above pH 4.5, the hydrophobic interac-possible explanation is about a different interaction of cobalt
tion remains the main factor governing the retention of Feg)L  chelate than the test quaternary amine with a stationary phase
chelate, whereak of Co(lll)L,* is the superposition of both andthisis discussedin Secti®ri2 The analysis of another rela-
hydrophobic and the continuously increasing the ion-pairingionship ¢ =£1/[Na']) revealed that a decrease in an intercept
(SiO™ -- - CoLy) interactions between the Cgl.and the LC  with an increase in pH of the eluent was observed. Taking into
phase. Thus, theof Fe(Il)L,° reflects the non-specified inter- account the criteria presented in rfg], such behavior points
action common for both chelates, whereas the increasing dige the increasing contribution of ion-exchange process between
similarity betweerk (CoL,") andk (FeL,?) reflects an increase Col,* and LC phase in the total retentidfig. 3 shows some

in the specific chromatographic effect (Si© - ColL,™) dueto  additional features of the experiment. It was found that for elu-

an increase in the pH of the eluent. ent (pH 2.1), the eluent with the lowest organic solvent content
(MeOH, 65%) was sufficient for elution of both chelates (only
3.4. Analysis of log k versus log [C* ], plot RP mechanism), whereas eluent (pH 7.4) needs greater content

of organic phase (MeOH, 80%) due to (RP +IC) mechanisms.
Analysis of k of a test solute in function of the counte- Also, an increase in pH of eluent leads to the situation where

rion concentration in eluent ([Q,,) is accepted for the dis- the counterion [C],» concentration in eluent has to be higher
crimination of LC retention mechanisii3]. In the previous to start the ion-exchange process (denoteafa’], Fig. 3),
Section it was postulated thatof Col,* versus pH of the Which points to the growing cation exchange capacity of the
eluent can be divided onto two parts. In the pH range of th&olumn with an increase in the pH of the eluent.

eluent up to 4.5 the hydrophobic separation mechanism domi-

nates, whereas for pH above 4.5 superposition of hydrophobi& 5. Modification of RPLC stationary phase by aliphatic

and ion-exchange mechanisms is governed the,Caokten-  R3N amines

tion. In this section, curves=£C*],, were registered in the

first pH range at the pH (2.1 and 2.9) as well as in the sec- The tertiary aliphatic amines are used in chromatographic
ond pH range (pH 4.5 and 7). As the counteriorf ]| the  practice for screening of free silanols grou@2]. The pro-
Na" (as NaCl) was chosen as the"Chnion that has the low- posed mechanism is the hydrogen bonding between free silanol
est ion-pairing properties among (GJO, SCN~, Br— and CI)  group and BN amine (Si-O- - - H - - - NR3) [32] and the amine
anions[23]. Careful study ofFig. 3 shows (the lowest, mid- concentration proposed for it is in the range of 3ol I=1.

dle and highest pH were shown in the figure for clarity) that theln the present experiment, the eluent based on MeOH or ACN
obtained regressions and slopes for the curvek+gglog[Na']) was modified by addition of aliphaticdRl amines. For this,
for Col,* were as follows: log=—-0.048log[Nd]+1.13, R3Namines, where R = C¥IC,Hs, C4Hg, C1oH21 Were applied
R?=0.9518 (pH 2.1); log =—0.07 log[N&]+1.15,R°=0.971 in the concentration range, up tox110~*mol1~! in the elu-

(pH 2.9), k=-0.353log[Nd] — 0.132,R2=0.9789 (pH 4.5); ent. This experiment allows checking whether suppression of
logk=—0.558 log[N&d] +0.007,R?=0.9946 (pH 7). Thus, tak- silanol groups has an effect on the retention of €dEel,°

ing the relation log=/[C"],, into account, an increase in the chelates. The obtained resultBig. 4) shows that the fast
slope for Colo* chelate due to anincrease in pH of the eluent wasncrease irk of Co(lll)L " due to the presence o§R in eluent
observed and no-influence of pH of the eluent on the slope fof>1 x 10-°molI~1) was observed. This is evidently an effect
FeLy? or L9 was noticed. In the present work the slope obtainedf the high K, of RsN (e.g., Ka 9.9, R=CH; pKa 10.5,
forlogk=f[C*],, for CoL,™ is higher than the slope reported for R=CHs), which leads to the effective ionization of silanol
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9
7 COLZ*
X
< ° Fel 0
3 L°
0 I ] |}
1 none C,SO, C,SO, C,S0,
! ) ) I L v 1
none NH,” TMA" TPA" TBA" CTA" TOA RSO, Na" (1 x 10° mol I")
(@) tetraalkylammonium salt (R,N"Br)

Fig. 6. Influence of sulphonate salts on retention of oand Fel,°. Col-
umn: Nucleosil 100-5 C18 e.c., eluent: ACN:water 80:20, v/v and RG"
(1 x 10~3moll~1), (in absence of RS§ Na* salt, 80:20, viv ACN:water with
NaClQy, 1 x 16-3mol -1 was used).

TOA'
~ \ work were calculated using the PM3 wavefunctigreQ.62,
TMA*; ¢=0.57, TPA; ¢=0.58, TBA") and partition coef-
o 7 5 s wd4 o3 5 7 ficients P of transfer of bromide quaternary ammonium salt
9 7 5 3 hdi1 3 5 7 9 - ;
(b) log P from water to 1,2-dichloroethane, used as the representation of

WBoE R4N* hydrophobicity, were taken from ref34] (10°Pwipck,

Fig. 5. (a) Influence of RN*Br~ salt on the retention of Cef* and Fel® 1.6x 1077 TMA; 6.2 x 1073 TPA; 1.16 TBA, 158 CTA). It can

chelates and 1 ligand. (b) Relationship betwedrof Col,* and logPwpce of be concluded that a decreasekirof Co(|||)|_2+ is related to

R4N*Br* salts PW,DSE_:partition coeffic_ient: Wziter—1,2—dich|oroethane). Con- hydrophobicity of BN+, as the charges of allJRl+ are similar

centration of RN*Br~ inthe eluent Ix 10-3 mol I=1. Column: Zorbax SB-C18, . . -

eluent: ACN/water 70/30, v/v (in the absence af\R salt, 70/30, v/iv ACN/water and even Sllghtly lower for hlgher R. T_he correlation between

with NaClQy, 5x 10-% mol -1 was used). of CoL," and logPwpce of R4N* salts is found to be excellent
(k=—0.4778logPw/pce + 1.21 R?=0.9938)) and is presented

groups, because the small amount @NRadded to the eluent in Fig. 5b. There is a huge disparity between Rygpce for

leads to drastic increase in the pH of the eludfig(4). This  TMA™and TOA" and the LC effect due to the presence of TOA

means that the pH effect described in Sec8dis dominating i not expressed properly. In addition, the effect of the type of

the Co(lll)Lo* retention in the present experiment. However,a LC phase on a change bfof CoL," (Nucleosil > Zorbax)

taking into account thak of (FeL® or L%) was unchanged due and effect of the eluentAk, ACN> Ak, MeOH) were also

to an increase in the concentration aNRin the eluent it canbe observed.

concluded that the chromatographic effect related to an interac-

tion of free silanol groups with chelate (SiGH ML3) has no  3.7. Modification of RPLC stationary phase by

influence on the retention of these species. alkylsulphonate salts (RSO3~ Na*)
3.6. Modification of RPLC stationary phase by It was expected that, the modification of RPLC station-
tetraalkylammonium salts (R4N*Br~) ary phase by an addition of RGONa" salt to the eluent

leads to a reverse effect to the effect which was observed in

The tetralkylammonium salts are able to screen the ionprevious section. This is consistent with rg85], where the
ized silanols groups due to ion-pairing effect{Si™ - - - NTRy) RP.LC phase modified by alkylsuphonate salts is described as
as well as free silanol groups due to hydrogen bondingation-exchange LC phase. The examined R9@" salts were
(Si-HO- - - H-R4N*) [32]. The amount of adsorbed ammo- R=CsH7, CgH13 and G2Has and lthesfe were dissolved in the
nium compound on the RP phase depends on an alkyl cha®luent ¢rsona = 1 x 10~ mol 1), Fig. 6 shows the typical
length of RN* and can reach a maximum surface concentragffect due to the modification RPLC phase by eluent containing
tion of 2.5-3umol m~2 [33]. In the present work, the examined RSQ;~Na" salt. As in the previous section, the change in reten-
R4N*Br— salts were: TMA, TPA*, TBA*, TOA*, CTA*, all  tion is observed for Co(lll)k" chelate but to a much lesser
bromide salts. The eluent based on MeOH or ACN solventsgxtent. Also the increase df of Fel? due to the presence
containing RN*Br— atconstantconcentrationd10-3mol =1~ of RSQ;~"Na" salts in the eluent was observed, especially for
was used. The eluent pH for alkR* was 6.3-6.5. Itwas found higher R (G, Cy) salts. This means that the coverage of the
that a decrease in the retention of Co(ldfLwas observed Pphase by RS@ Na’ salt can be different than that by the¥
irespective of the kind of RN* salt applied, whereas for saltas the former clearly leads to an increase in hydrophobicity
the not charged species (Fe(i$fLand L°) the retention was ©Of the RPLC phase. It should be pointed out that, like in previous
unchanged in this respedtig. 5). This is in agreement with the section, thé of Co(lll)L 2" does rely on R of RS§ Na”
the effect observed for Co(llly* and Fe(Il)L,° chelates with ~ Salts as the negative charge of RS®a" is found to be simi-
azo ligands using several RP coluni§]. Using RN salt  lar for all RSG~Na'. In addition, the degree of an increase in
in modification of RPLC phase two parameters are found tdetention of Co(lll)L,", thus the degree of RP phase modifica-
be important: (i) charge of nitrogen atom ofI®, and (i)  tion, does depend on the kind of RP phase examined tere (
hydrophobicity of RN*. Charges of BN* used in the present 0f Co(lll)L2" on Zorbax > Nucleosil).
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3.8. Modification of RPLC stationary phase by zwitterionic 149 . .
salt (SB-12) 12\ -Si0"Co(ll)L,
Zwiterionic salts (RNT—R,—S05 ™) are an interesting group 81 -Si07>-Si0™"H"OMe
of compounds used in modification of the RPLC phase. The
dynamic coating of the RP phase allows for simultaneous
retention of cationic and anionic species. The process has
already been characterized in the rg86]. In the present 0 20 40 60 80
work eluents (MeOH/water, 80/20; ACN/water, 80/20) con-
taining 5x 10~4moll~1 NaClOy and SB-12 in the range of
0-6x 103 mol I~ were applied. It was established that reten- 20
tion of both Co(ll)Ly* and Fe(I1)L,° were not influenced by
SB-12 concentration in the eluent, which indicates that such

k

(a) MeOH/%

Col,"/organic phase: water, 65:35, v/v

15

modification did not lead to formation of ion-exchange proper- =< 10 Col,"/organic phase:
ties of RPLC phase. Such observation is in agreement with ref. 5 I water, 80:20, viv
[37], where MeOH/water eluent containing SB-12 was applied

to modify the Spherisorb ODS phase and no ion-exchange prop- 0 20 0 60 80
erties of such prepared phase was detected (one of the explana- (b)
tions is presented in ref37]).

To summarize the results presented in Secti8ris-3.8 Fig. 7. The application of Col* chelate to the determination of degree of inter-

which were based on modifications of RPLC phase it can b%ction of methanol with RPLC stationary phase (Zorbax, Eclipse XDB-C18).
’ pper, (a) the strong interaction of Cgllwith stationary phase is observed using

+ 0 .
COOCIUdEd that the CO(Il!)i_ /Fe(lI)L2 system can b'e an inter- the eluent 20:80, v/v, water:organic phase (ACN + MeOH) with the content of
esting test probe for testing the LC chromatographic effects anfleoH up to 20% (viv). At the MeOH concentration (>20%) the interaction of
the obtained results were in agreement with many publication§oL," with stationary phase is replaced by the interaction of MeOH with sta-
presentedin literature. In the following sections the proposed tegenary phase. It should be noted tiaif Felo® and L° were insensitive about

: i : anges in eluent composition, which indicates that £ak a specific test
method was applied for establishing chromatographic effects Oi;{1obe. (b) Comparison of retention of CglLusing two different eluents, which

. ; . r
the RP phase, which have not been reported in the literature %ﬁicates that the specific interaction between organic solvent and stationary

far. phase (20:80, v/v water:organic phase eluent) is replaced by water—stationary
phase interaction when eluent 35:65, v/v water:organic phase (ACN + MeOH)

MeOH/%

3.9. Hydrogen bond formation between stationary phase was applied.
and methanol
In the present work the retention of both chelates using

The influence of a solvent (ACN versus MeOH) on reten-pure solvents (MeOH and ACN) was investigated (Sec3@h
tion of chelates has already been observed in the previouEable 3. Two conclusions can be drawn from the experiment.
work [14], where retention of Fe(NN§* chelates (NN =1,10- The first conclusion is given in Secti82 (relative content of
phenathroline and its derivatives) was examined using C silanol groups on a particular phase). The second conclusion is
RPLC phase with ACN:water or MeOH:water eluents. Itthat the retentivity of Co(ll)l2* using both pure solvents were:
was observed that for the former eluent the order wa% (ACN eluent) >k (MeOH eluent) Table 2. As both solvents
kchelates< kigands Whereas for the latest one, the reversed(MeOH versus ACN) possess similar values of dielectric con-
order, kchelates™ kigands has been observed. Also, in the pres-stant €), values of association constant (SiO - Co(lll)L2™)
ence of SDS (£SO, Na*) in an eluent, mixed retention in both solvents should be similar in respecteofTherefore,
mechanism for these chelates (RP + SEC) has been observiw: reduced retention of Co(llI3 in MeOH is due to influ-
[14]. ence of the hydrogen bonding between the MeOH and the LC

The difference in interaction of ACN or MeOH with the phase(SiO --- H-OMe) onion-pairing (SiO - - - Co(lll)L2T),
RPLC stationary phase has already been discusddGen-  because of highervalue for MeOH (Abraham’s hydrogen bond
erally, it was pointed out that MeOH is prone to the forma-acidity). The following experiments were performed with the
tion of hydrogen bonding with silica-based LC phase, whereaaim of confirming the observation. In the experimdfi( 7a),
ACN does not possess such an ability. Both solvents poshe retention of all species (Co(IIDE, Fe(I)L,? and L% was
sess similar permittivity gpeon=32.7, eacn =37.5) but dif- observed using the eluent: 20% water and 80% mixture of
ferent values of Abraham’s hydrogen bond acidityyéon  organic solvents (ACN + MeOH, in various proportions). At the
0.43, apcn =0.07) and Abraham’s hydrogen bond basicity beginning the ACN/water (80:20, v/v) as eluent was applied fol-
(Bmeon =0.47, Bacn =0.32) [38]. In addition ion-pairing or lowing by gradual increase in the MeOH content in the eluent. It
ion-exchange depends on solvents properties, e.g., dielectréan be concluded that the initial good conditions for ion-pairing
constant. An example is the observation of values of associgSiO™ - - - Co(lll)L,™) in ACN gradually diminish owing to the
tion constantKassy) of TBA* with Br~ (Kassdsolvent dielectric  presence of hydrogen bonding (Si© - HO—Me) caused by
constant): 103/19 and 0.6/189], thus the ion association is an increased concentration of MeOH in the eluent. This fact
favorable in low polarity solvents. is confirmed by next experiment, where the eluent 35:65 (v/v)
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16 CoL,"/Nucleosil sy
14 2
0 [}
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Fig. 9. Influence of ultrasonic field on retention of GolFel,? chelates

Fig. 8. Modification of RPLC phase by aromatic amine (DMA—dimethy- reflected by log =log[Na'] curve (see Sectio8.4). Column: Nucleosil 100-5

laniline). Solid lines, Nucleosil 100-5 C18 e.c.; dashed lines, Zorbax SB-C18C18 e.c., eluent: MeOH:water, 80/20 containing NaCl, pH 4.5. Descriptions:

Eluent: MeOH/water = 80/20, v/v; NaClQ4 x 103 mol -1, “no-ultr” denotesk of chelate in the absence of ultrasonic field and description
‘ultr’ in the presence of the field.

water:organic phase (ACN + MeOH, in various proportions) was
applied Fig. 7). It was found that in this case theof CoL,*  charge due to the fact that amines are basic compounds and dif-
was at the same level, in spite of the relatively large concentraerences in structure of these RP phases may induce such effect,
tion of MeOH in the eluent. Thus, the influence of MeOH on and (ii) itis possible to assume that aromatic amines bound to RP
interaction (SiO - - - Co(lll)L,™") (Fig. 7a) was hidden due to phase are protonated by the most active silanol groups, which
the strong interaction between water and the stationary phaseleads to formation of ionized silanol group ready for interaction
To summarize the present experiment, it can be proposedith a cationic chelate. Although the effect is well established, it
that Coly* is sensitive toward hydrogen bonding between a solseems to be that additional experiments are needed for adequate
vent and a stationary phase and the influence of the parametexplanation of the effect.
(¢ Abraham’s hydrogen bond acidity) can be detected in real
chromatographic Condl,tlons' . . . 3.11. Influence of ultrasonic field on retention of
The second conclusion from the experiment is that the '”terCoL2+/FeL20 chelates
action of MeOH with RPLC phase is stronger than ACN with
RPLC phase. Beginning with the methanol-based eluent and g yrasound field has been recently introduced into the
increasing contents of the ACN in the eluent, all the time thechromatographic practici#0,41} Also the field was applied
retention was similar to that obtained at the beginning, despitg, rder to differentiate interactions of the metal ion with sur-
the high content ofACNinthe_ eluent..Onthe otherhand,startiqgactants[zsl_ The aim of the present experiment is applying
from ACN-based eluent and increasing the content of MeOH iRy jrasonic field in order to differentiate separation mech-
the eluent the retention was fast adapting to current conditions;nisms with the help of Cof*/Fely? chelates as molecular

probes. In the experiment the relationship tegflog[Na'])
3.10. Modification of RPLC stationary phase by aromatic was applied (SectioB.4) as the relation is allowing estimation
amines tested by present method of the degree of (hydrophobic versus ion-exchange) interac-
tion of a solute with a LC phas€&ig. 9 shows the relationship

Aromatic amines are useful in detection of silanol activity between lod =f(log[Na']) for CoL,* and Fel® on Nucleosil
in RPLC phasg32]. Aromatic amines haveky lower than  phase, in the presence or absence of the ultrasonic field. As was
aliphatic ones, thus the pH effect due to the presence of amine stated previously, the former chelate is sensitive to ion-exchange
the eluent, reported in the Secti®®, could notbe observed. The phenomena, whereas the latest one is sensitive to non-specific
application of aromatic amines (pyridine, aniline and dimethy-interaction on the RPLC phase. It was observed.(9) thatk
laniline), as eluent additive, in modification of the RP phase leadfor both Fel,? and Colo™ is shifted to the same extent (denoted
to the formation of two chromatographic effecisd. 8). First,  asAk), which indicates that for both chelates a common factor
an increase it of Co(lll)L,* in relation tok of Fe(I)L,° was  influences the retention of both probes to the same extent. The
observed due to an increase in the concentration of amine in thext observation is that the efficiency of the fieldkaf chelates
eluent (for all concentrations of amine the pH of the eluent wass related to a decrease in back pressure (pressure of the eluent
similar (pH 5.2-5.5)). Second, the effect was observed on thin the absence of the field minus pressure in the presence of the
RPLC phase with the highest content of silanol group (Nuclefield) noticed for a particular eluent. Taking the eluent (80:20,
osil), whereas on the phase (Zorbax) with the lowest content afrganic phase:water) into account, in ACN:water eluent, where
silanol group the effect was not observed. The observed effecthe decrease in back pressure is much lower than in MeOH:water
is not an ion-pairing (amine/Col’; charge of nitrogen atom eluent, the effecAk, due to the presence of ultrasonic field is sig-
in amines is low, e.g., pyriding,= —0.08, PM3), because such nificantly smaller. However, taking into account the value\af
effect should be independent from the phase used. Two mechérig. 9) it can be concluded that ultrasound effect in affordable
nisms can be proposed: (i) the partition of an aromatic amine taC conditions is related with hydrophobic interaction between
Cis phase can induce the formation of areas with the negativihe probe and the LC phase and not with ion-exchange, as the
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slope fork = f[Na*] for CoL," was left the same antlkis related ~ Table 3

with a decrease ih of FeL2°. The influence of TMA interaction with Ct on the TMA" parameters
N*t...CI~ Angle Charge of Energy
3.12. Rationalizing the observed effects with the help of distance &) C-N-C () N aton? (kcal/molf
molecular computation—comparison of cationic probes 3.2 (optimal) 109.5 0.71 _52.1
2.5 114.8 0.76 —26.9 (AE=+25.2)
In this section we would like to compare cationic probes use@.” 118.4 0.81 —19.2 (AE=+32.9)

for characterization ofion-exchange properties of a RPLC phasea (ym+, Hyperchem), the angle 108.&as determined for the free TMA
by means of the molecular computational methods. First, charggiion.
of metalioninthe chelateE+0.45, Co(III)LZJr by DFT method b The charge of N atom was determined (PM3) at the appropriate Tgéam-
(B88-LYP functional with DZVP basic set) was established andety- Bo_th AMl_ and_PMS (Hyperchem) were indicatgd an increase in N charge
this is an additional argument fortreating the Co(lﬂ)lchelate duetodipperdistortion c_)fTMAgeometry; values obtained by PM3/Hyperchem
. are close to these obtained by AM1/Ampac.
as the cationic probe. Also, structures (octahedral) and molare gpergy of molecule at the appropriate geometry (mm-+, Hyperchem). The
volumes (Van der Waals volume: vaiy(, = 1646A3% and  (AE) denotes energy of the molecule at its distorted geometry minus energy of
VAdWreL, = 1648,&3) of both chelates obtained yperChem  molecule at its optimal geometry.
are found to be similar, which indicates that the structurally © Restrained distance.
dependent interactions between these chelates and the LC phase
should be similar. In this section the quaternary amines used foesults in anincrease in the charge of the nitrogen atefi 4%,
testing the LC stationary phases: (i) bretylif@h, (ii) recently  at the reduced N- - - CI~ distance of about 1/1). The second
introduced berberinf42]), along with (iii) tetramethylammo- effect (Table 3, an increase in TMAenergy due to distortion of
nium (TMAY) cation as an example of the simplest quaternaryTMA* geometry was observed, which shows that distortion of
amine, were analysed and compared with the cationic,CoL TMA* geometry is an energy consuming process. In such a situ-
The obtained charges of these amines are higher than the chamfion it is necessary to compare the energy gain for Tdie to
of CoL,* chelate (nitrogen atom, PM3 method: TM£0.62),  hydrophobic interaction with the energy required for distortion
bretylium (0.60), berberine (0.50)). Thus, taking into accountof TMA* geometry, due to binding of TMAto negative site.
the Coulombic interaction between the probe and the anionitn other words, if energy gain due to hydrophobic interaction is
site, the cationic quaternary amines are advantage probes. Hoamall in relation to the energy of TMat a given geometry (due
ever, additional factors are important for the RPLC separation afo binding of TMA* to negative site), the ion-pairing process
these probes. Both, the change in a charge of a probe, due to thlkeould dominate, whereas reversed energy proportion indicates
presence of various solvents and an influence of one interactidhat the hydrophobic interaction dominates over the electrostatic
(between probe and a hydrophobic site on a RP phase) on tlme with some consequences. The interaction of TMi&h the
second interaction (between probe and a charged site on a phadgt surface containing carbon atoms, designed by multiplying
should be considered. The former was detected by Ampac prékhe antracene skeleton (rectangles 3keleton), was assumed
gram, which has built-in the SI88] package allowing modeling as the equivalent of hydrophobic interaction for TMAThe
in various solvents. It was established that the solvents have rabtained binding energyAE = Ecomplex— (ETMA + Eflatsurfacd
influence on the charged quaternary amine, having the synfer TMA* was negative-£38 kcal/mol) and the energy gain is
metry (point group §, TMA™) and this is due to the lack of higher than the energy required for distortion of TKMgeom-
dipole moment of the molecule. For amines without point sym-etry due to its binding to the negative site as close ah2.1
metry (e.g., bretylium, dipole moment 11.4 D) the decrease irf+33 kcal/mol, Table 3. Thus, the binding of TMA to the
charge of nitrogen atom of amine is evident (5%, SM 5.2 or 10%hydrophobic site can reduce the distance (N- charged site)
COSMO methods; from water to butanol). The second factorto be much shorter than the optimal distance. This situation
the influence of the non-specified interaction on the specifiedenotes the distortion of the TMAgeometry and change
one is explained by taking TMAas an example. The com- in TMA* charge ¢+14%, at the reduced N --CIl~ dis-
bined effect (ion-exchange + hydrophobic interactions in RPLC}ance), factor which is important in ion-exchange process. Tak-
has recently been postulatg] and the effect (hydrophobically ing into consideration the facts presented above the rest of
assisted ion-exchange process) is claimed to be the dominatipgobes were analysed. Shortly, these results are presented in the
process in RPLC separation for charged solutes. In the presefailowing manner: N - - - CI~ optimal distance/energy of the
theoretical experiment, the energy effects being a result of intemolecule at this geometry, followed by the restraingd N- Cl~
action of TMA* with anionic site were determineddble 3 distance/AE =energy of a molecule at its distorted geometry
and compared with energy gain due to interaction of TNith  minus the energy of a molecule obtained at its geometry, where
hydrophobic surface. In this experiment the molecular mechanibl™ - - - CI~ distance is optimal) and finally, the value of the
(mm-+/HyperChem)was applied. The energy effectdueto TMA  energy due to hydrophobic binding of the molecule to the flat car-
interaction with anionic site (e.g., Cl(HyperChem)) is pre-  bonsurface (all energiesin kcal/mol): (i)bretylium,§/4~159,
sented inTable 3 A similar problem (the interaction of NA 2.6A/(AE=+17), 2.15\/(AE=+49), binding energy =124;
with BF4~) has been reporteft3]. From Table 3it can be (i) berberine, 2.64/—55, 2.1A/(AE = +15), 1.7A/( AE = +40),
concluded that on bringing TMAcloser to the anionic site binding energy =24; (iii) CoL,*, (Co" ---CI7) 2.97A/-78,
the bigger distortion of TMA geometry was observed, which 2.5,&/(AE= +2.5), 2.]A/(AE= +22), binding energy is positive
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(+19). Taking these data into account, the distortion of g10] C. Baiocchi, F. Cantone, A. Marchetto, M.C. Gennaro, E. Mentasti, C.
molecule parameters (geometry, charge), due to molecule inter- Sarzanini, Chromatographia 23 (1987) 736.
action with a negative site, which is enforced by hydropho{ll S- Oszwaldowski, K. Pofe M. Jarosz, Talanta 51 (2000) 817.

s . . . [12] S. Oszwatdowski, Colloids Surf. A 214 (2003) 287.
bic bmdlng, is more probable for bretylium than for berberine|; 51 5 os,waidowski, W. Kuszewska, Colloids Surf. A 233 (2004) 117.
or Colp" chelate. This leads to another important conclusiorji4] s. oszwatdowski, D. Marchut, Anal. Chim. Acta 540 (2005) 207.
that parameters of a quaternary amine can be conditional dums] S. Oszwatdowski, M. Jarosz, Chem. Anal. (Warsaw) 42 (1997) 739.
ing RPLC separation, and this can be an additional argumemﬁ] L. Sommer, J. Dolezal, Scripta Fac. Sci. Nat. Univ. Masaryk. Brun. 26
that concerns the problem with the low correlation between (1996) 65.

. . 17] J. Miura, Analyst 114 (1989) 1323.

results Obta_med by vanoug testes, based on prOtonated (q 8] I. Kasahara, S. Hosokawa, N. Hata, S. Taguchi, K. Goto, Analyst 118
ternary) amineg$7]. Regarding the Coj* chelate, three facts (1993) 1205.
are important. First, the Co(lll) configuratimg’beg indicates the [19] I. Kasahara, Analyst 120 (1995) 1803.
well-separated areas of low and high charge densities arouiéf] S. Taguchi, K. Goto, Talanta 27 (1980) 289.

the metal ion and such a charge distribution is achieved eveAll g"leTagucm' |. Kasahara, F. Fukushima, K. Goto, Talanta 28 (1981)
when the chelate geometry is distorted (e.g., John-Taller effect?zz] L Mori, K. Taguchi, Y. Fujita, T. Matsuo, Anal. Lett. 28 (1995)

Second, for Cok* chelate, no change ihmax Of Coly* was 295,
observed in the present work, in solvents (20—100% of ACN 0(23] T. Yasui, F. Miyake, H. Yamada, Anal. Sci. 17 (Suppl.) (2001) i1349.
MeOH; in solvent/water mixtures) (lack of solvatochromism),[24] D.A. Oxspring, T.J. Maxwell, W.F. Smyth, Anal. Chim. Acta 323 (1996)
th'Ch(;.s pointsto s_table C.QE geometr_y, Inspite dqftlhe presence 5] Y. Zhao, C. Fu, Anal. Chim. Acta 230 (1990) 23.
of media pOSfe_zssmg various properties, e.g., dielectric const_a[ 6] P. Jans, Anal. Chim. Acta 414 (2000) 113.
Finally, Col,™ is not a acid—base probe, so the problems with27] 3. miura, Fresenius J. Anal. Chem. 344 (1992) 247.
pH, mentioned for amines (e.g., benzylamj@p do not refer  [28] S. Oszwaldowski, A. Pikus, Talanta 58 (2002) 773.
to the chelate as the LC probe. [29] S. Oszwatdowski, M. Puchalska, J. Witowska-Jarosz, Chem. Anal. (War-
saw) 49 (2004) 481.
[30] M.R. Euerby, P. Petersson, J. Chromatogr. A 994 (2003) 13.
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