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ABSTRACT 

In the description ofa liquid chromatographic method the European Pharmacopoeia (ph. Eur.) and other 
official compendia do not mention the brandts) ofstationary phase that has to be used in order to obtain 
sufficient selectivity. Column selection presents difficulties since there are no column characterisation 
methods in the Pharmacopoeias, while more than 600 RP-LC (Reversed Phase Liquid Chromatography) 
columns are available on the market. Therefore this project was started to determine chromatographic 
parameters that would enable the selection ofan appropriate column. 

First a suitable test procedure is needed that allows the measurement ofa number ofparameters which are 
representative for different groups ofstationary phases. Stationary phases will also be tested according to 
methods ofPh. Eur. monographs for a number of substances. The correlation between the general test 
procedure results and the separation parameters obtained in the monograph separations will be examined 
to define criteria for stationary phase performance, ifpossible. In this paper the focus is on the first step, 
namely the description ofa suitable test procedure to characterise column properties. .
Test methods described in the literatureforcharacterisation ofRP-LC columns are reviewed. it is shown that 
none ofthe described methods is sufficient to characterise all properties ofstationary phases. Therefore a 
combination oftests is proposed in a new test procedure, taking into account literature data. Thefinal test 
procedure was tried out on 4 columns. 

KEYWORDS: RP-LC columns, characterization, chromatographic test, test parameters. 

1. INTRODUCTION	 [3]. This information is considered by the authors to 
be insufficient to choose a suitable column from a 

Many HPLC methods are described in the Ph. Eur. market offering more than 600 different brands. 
and most use reversed phase (RP) C 18columns. In the 
description of a liquid chromatographic method the Engelhardt et al. performed the determination of 
Ph. Eur. [I] or other official compendia such as the impurities of salicylic acid according to the Ph. Eur. 
USP [2] give the eluent composition but they do not on three different commercially available RP col
mention a brand ofthe stationary phase(s) that can be umns [4]. With one of the columns all acidic solutes 
used in order to obtain sufficient selectivitv. Thus co-eluted with the solvent, on the other cch:mns 
monographs do not give precise informatioiI about changes in the elution sequence were observed. This 
column identity, which would give correct and repro example demonstrates the problem that may occur if 
ducible results. Instead ofmentioning the brand name, the column properties are not sufficiently described. 
which is not allowed to be communicated in the Steffeck et al. also draw the attention to the difficul• official monograph, the Ph. Eur. prescribes a system ties related to RP-LC colunm selection [5].
 
suitability test and further refers to a description ofthe
 
stationary phase in the reagents section with particle Many scientific papers proposed different rather sim

size, pore size, specific surface area and chain length ple chromatographic tests [5-45], which allow char

(1)	 Katholieke Universiteit Leuven, Laboratorium voor Farmaceutische Chemie en Analyse van Geneesmiddelen, Van Evenstraat 4. B·3000 
Leuveu, Belgium. 

(2) Vrije Universiteit Brussel, Department of Pharmaceutical and Biomedical Analysis. Laarbeeklaan 103. B·I09u Brussels, Belgium. 
(3) Wetenschappelijk Instituut Volksgezondheid, 1.Wytsmanstraat l a, 8-1050 Brussels, Belgium. 
(4)	 Semmelweis University, Department of'Pharmaceutical Chemistry,Hogyes E. u. 9. H-IOn Budapest, Hungary. 

•	 Corresponding author. 

© PHARMEUROPA Vol. 14, No.2, April 2002288 

&ilUm'lfl~~~U1'l::f'1~l6"nJ;·rm'l1ft~'t1m0f1m'&~\:1:l 'YIfT: .1;,D, '\J / 



j 

":; '>;,'" .-l ':' .•'''!'}'"_~,l\f''' -r ""!",'11':'~"""l""'-' -,. '''''~.!¥IIi!!lWq,Q.(I,iifi40\''~~: 

~ 

SeleDUfie Notes 

acterisation ofcommercial columns. However, it h~ 
never been verified sufficiently whether columns 
having closely related characteristics as determined 
by these chromatographic tests are suitable for the 
same chromatographic separation. 

The chromatographic tests described in the literature 
have been reviewed and a selection ofthese methods 
was made in order to measure column efficiency, 
hydrophobicity, silanol activity, ion-exchange capac
ity, steric selectivityand presence ofmetal impurities. 
They were tested on one column and in function ofthe 
results obtained, some changes were made to the 
methods. Finally an adapted test procedure, including 
8 different test methods, was proposed and re-tested 
on 4 new columns of different type. Based on these 
results a final test procedure is proposed. 

In a future study, this test procedure will be applied to 
a series ofcolumns. Since it is not feasible to examine 
all the stationary phases available on the market, a 
selection will have to be made. Columns will be 
examined in different laboratories in order to demon
strate the reproducibility of the results. These test 
results will be examined in order to classify columns 
based on their chromatographic performance. 

In collaboration with the Ph. Eur. laboratory, repre
sentative separations will be selected from the official 
monographs and will be carried outon these station
ary phases. This latter analytical work will also be 
organised in different laboratories so that reproduc
ibilityofthese results will also be checked. Finally the 
correlation will be examined between the results of 
the test procedure and the chromatographic behaviour 
ofthese columns in the compendial analyses. The test 
procedure proposed here is complex. It is the intention 
to simplify it, if possible, .in function of the results 
obtained. 

The aim of this project is to formulate a chromato
graphic test procedure for the characterisation of 
stationary phases in order to facilitate selection of 
appropriate columns and to control the performance 
of a column at any time of its life cycle. 

This paper focuses on reviewing the different test 
methods described in the literature and on the devel
opment ofa protocol which allows to test the different 
column properties. 

2. REVIEW OF RP-LC COLUMN TESTS 

A number offactors influence the properties ofsilica 
based reversed phases. The nature of the silica is 
characterised by the particle diameter, specific sur
face area, pore diameter, pore volume, chemical pu
rity and acidity. The silane bonding, e.g. length ofthe 
alkyl group, the use ofmono-, di- or trichlorosilanes, 
the surface concentration ofbonded alkyl groups and 
the amount of unreacted, accessible silanol groups 

.. --also affect the properties of the RP stationary phases 
[6]. 

Properties ofRP-LC stationary phases can be charac
terised by both non-chromatographic and chromato
graphic methods. Carbon content, amount of metal 
impurities, particle size, surface area, pore size, pack
ing density and acidity can be determined by non
chromatographic methods. However, these techniques 
are not readily performed and cannot be carried out on 
the packed column without destruction. 

Properties such as column efficiency, hydrophobicity, 
silanol activity, ion-exchange capacity, steric selec
tivity and the amount of metal impurities can, how
ever, be characterised by chromatographic tests. 

2.1. COLUMN EFFICIENCY AND HYDROPHOBICITY 

Column efficiency is usually measured using non

polar compounds, especially aromatic hydrocarbons
 
(benzene, toluene, ethylbenzene, butylbenzene and
 
amylbenzene), Efficiency is generally characterised
 
in terms oftheoretical plate number, theoretical plate
 
height or reduced theoretical plate height [7, 8] and by
 
retention factor (le') [9, 10]. Simple methanol- water
 
or aqueous buffer mixtures are generally used as
 
eluent.
 

Hydrophobicity is measured by the selectivity fac

tor (a) between non-polar alkyl benzenes in a
 
homologous series, differing by one methylene
 
group. The selectivity factor ofethylbenzene/tolu

ene or amylbenzene/butylbenzene pairs is typi ~
 

cally determined for this purpose. using methanol!
 
water or methanol/aqueous buffer mixtures as
 
mobile phases [11-18].
 

Claessens et aZ. [19] compared 5 different test meth

ods for RP-LC columns. It was found that column
 
efficiency and hydrophobicity results from different
 
tests are usually interchangeable and column classifi

cation by these methods will provide similar patterns.
 

2.2. SUANOL ACTIVITY 

Silanol groups, remaining on the surface due to in
complete derivatization, play an important role in the 
retention mechanism [20]. It was an early observation 
that the small retention factor of nitrobenzene com
pared to naphthalene or benzene using n-hexane as _. 
eluent (normal phase mode) indicates a lack ofsilanol 
interactions [21-23]. Later, basic compounds were 
used to indicate silanol activity in reversed phase 
rnode[17,24-26].Poorpeaksymmetry[5,18,27]and 
long retention times ofbasic compounds [24] indicate 
the activity and accessibility of free silanols on the 
silica surface. Aniline derivatives [26], pyridine [28
29] and basic drugs (propranolol, amitryptiline) [30] 
have been employed for these measurements. Separa
tion of ortho-, meta- and para-toluidine indicates 
active silanol sites because oftheirdifferent basicities 
whilst their hydrophobic properties are identical [26, 
28, 31]. Large selectivity factors for aniline/phenol or 
caffeine/phenol-arealso indications of free silanol 
groups (32-35]. 
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Claessenset 01, [19]foundthat differentsilanolacti;. 
ity test resultsweregenerallynot inmutual agreement 
and not interchangeable, so column classification on 
silanol activity depends on which test method is 
applied. This may beexplained partly by the fact that 
someauthors use buffers, which reduce the dissocia
tion of silanol groups. 

2.3. ION-EXCHANGE CAPACITY 

It has been shown that ion-exchange capacity and 
silanolactivity are not the same properties [36]. Ion
exchangecapacity can be characterised by measuring 
the differencein selectivity coefficients ofa base and 
a neutral compoundboth at lowand relativelyhighpH 
values. The differenceshould be small. In most cases 
the selectivities ofbenzylarnine and phenol are com
pared at pH 2.3 and 7.6 [32-34,37-38]. . . 

2.4. STERIC SELECTIVITY 

Shape selectivity can be determined using two aro
matic hydrocarbons one of which is twisted and the 
other is planar. Polyaromatic hydrocarbon pairs e.g. 
triphenylene (planar) and ortho-terphenyl (twisted) 
and mobile phases containing methanol/water are 
generally used in this test [32-34]. The selectivity 
factor of the compoundsshould be large [29, 37-38]. 

2.5. PRESENCE OF METAL IMPURITIES 

Presently manufacturers prepare RP-colunms from 
highly purified silica. The stationary phase can be 
contaminatedwithmetal ionsfrom mobilephases and 
fromthecartridge. Metal contaminationmayenhance. 
silanol activity, polarity and the potential for chelate; 
formation. 

Metal impuritiesonthe silicasurface can beexamined 
using chelating agents. Peak tailing of the following 
compounds, acetylacetone [39-40],2,2'-dipyridyl [29] 
or 2,3-dihydroxynaphthalene [29, 37], is observed in 
the presence ofmetal contamination. Small theoreti
cal plate numbers, strong retention and poor peak 
symmetryof these compounds are also indicators of 
metal ions on the silica surface [41]. Such measure
ments have to be carried out at the optimum pH at 
which these compounds can form complexes with 
metal ions. 

A comparative study of the different methods to 
verifytrace metalpresence has not beenreported. It is 
unclear whetherdifferenttests described in the litera
ture provide similar information. 

2.6. OTHER PROPERTIES 

Several stationary phases contain polar functional 
groupsother thansilanolgroups (e.g.polar embedded 
columns) and their properties can be examined by 
polar but not basic compounds [26]. Phenol, benzoic 
acid[42],o-hydroxyhippuricacid, acetylsalicylicacid 
[27], parabens [30] or phthalate esters [9] are fre
quentlyusedfor this purpose. Long retentiontimeand 

peak tailing ofthese compoundsindicatethe interac
tion with polar groups on the surface [41]. 

1t-1t interactions are measured with aromatic deriva
tives [43-45]. These effects have not been as well 
definedas hydrophobicityfor example,but they may 
play an important role in the separation mechanism. 
These interactionshave not been examinedin detail. 

2.7. PRINCIPLES FOR THE SELECTION OF TEST METHODS 

Somerecommendations and requirements for a "good 
columntest method" are discussedbelow. 

Generally,the tests shouldbe ableto demonstratethe 
differencesbetweenvarious stationaryphasesand the 
test conditions should be close to the chromato
graphic conditions generally employed. 

Retention of test compounds should be in the 
0.5<k'<10 range and analysis time should be kept to 
a minimum. Wheneverpossible,easilyaccessibleand 
stable drugs or chemicals should be used as probes. 
Probe mixtures shouldincludeacidic, basic and neu
tral compounds, that are easily detectable 
(UV 254 nm). Expensive or toxic chemicals should 
not be used. The results should not be dependenton 
the concentration of the test substances at least in a 
relatively smallconcentration range. The sampleover
loadingeffectshouldbe avoided. Mobilephaseprepa
ration by weight is preferable for reasons of 
reproducibility. Temperature control is necessary, 
40 O( being the io·..vest ~CiUrTIll temperature at which 
analysts can work reproduciblyin a laboratory with
out air conditioning [42]. Measurements should be 
performedat least twice. 

A singletest methodmeetingall the above mentioned 
parameters and that also meets the selection princi
ples cannot be found in the literature. Thus a test 
procedure including different tests is proposed for 
characterisation of RP stationary phases. Finally, 
after careful consideration of the literature, 8 methods 
were chosen [27, 29, 37, 39, 42] for testing RP 
columns.The selectedmethodsare widelyused in the 
literature, permitting several properties of RP-LC 
stationary phases to be tested. Allare rather simpleto 
perform (see section 4, Results and Discussion). 

3. EXPERIMENTAL 

Analyses were carried out using a Varian (Walnut 
Creek, California, USA) 9010 LC pump, a 9100 
autosampler and a 9050 UV-VIS detector with 
ChromPerfect 4.4.0 software (Justice Laboratory 
Software, Fife, UK) for data acquisition. 

Columntemperaturewas maintainedby immersionin 
a water-bath at 40 ± 0.1 °C, the laboratory was air
conditioned at 25°C. 

Solventswere ofLC grade,otherchemicals wereAR 
grade. Methanol was from BDH (Poole, England), 

.
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acetonitrile was from Biosolve (Valkenswaard, The" Sample: phenol (12 mg), benzylamine (12 mg) dis
Netherlands), all othersubstances were obtained from 
Acros Organics (Beerse, Belgium). 

A Consort C831 (Consort, Turnhout, Belgium) pH 
meter equipped with a Hamilton (Bonaduz, Switzer
land) combination glass electrode was calibrateddaily 
according to the Ph. Eur. [46] with 0.05 M potassium 
.phthalate (4.01) and 0.05 M potassium tetraoxalate 
(1.78) or 0.01 M borax buffers (9.18) (entries in 
parentheses are buffer pH values at 25 "C).The pH of 
aqueous buffers of mobile phases was adjusted With 
concentrated ~PO or 2 M NaOH before mixing with 
organic solvents. Helium was used to degas mobile 
phases. 

A Supelcosil LC-ABZ (Supelco) column (250 x 

4.6 mID, particle size:5 umjwhichbadbeen previ

solved in 10.0 ml of mobile phase. 

METHOD 5 (M5) [37] 

Mobilephase: methanol/D.02 M potassium phosphate 
buffer pH 7.3 (30:70 V/JI) 

Sample: phenol (12.7 mg), benzylamine (12 mg) 
dissolved in 10.0 ml of mobile phase. 

METHOD 6 (M6) [39]
 

Mobile phase: methanol/Of % C~COONa (60:40
 
V/JI) 

Sample: acetylacetone (3 mg) dissolved in I 0.0·in! of 
methanol. - . . 

METHOD 7(M7) [27] 
ously used for other separations was examined first.. . . . . 
Thereafter, Hypersil ODS (ThermoQuest), Hypersil 
BDS (ThermoQuestj.. Nucleosil (Macherey-Nagel) 

and Kromasil (Macherey-Nagel) columns (all 250 x 

4.6 mID, particle size: 5 um) were use~ for checking 
the proposed .test procedu.re.The statl0narr phases 
were fl~sh~~ with.!he mobilep~ase for 9,0mmutes to 
ensure equilibration ofthe system before any sample 
was injected. A flow rate of I mVrnin was used and 
20 JlI of sample was injected. 

Samples were prepared by dissolving the chemicals in 
the corresponding mobile phase except in Method 6, 
where acetvlacetone was diluted with methanol and in 
Method 8:where compounds were dissolved in ac
etonitrile. Composition ofmobile phases and samples 
were the following: 

METHOD 1 (Ml)129] 

Mobile phase: methanol/water (80:~0 VIV) 

Sample: thiourea (0.2 mg), phenol (1.8 mg), toluene 
(7.7 mg), ethylbenzene (7.4 mg), butylbenzene 
(19 mg), amyl benzene (18 mg), o-terphenyl (0.7 mg), 
triphenylene (0.06 mg) dissolved in 10.0 ml ofmobile 
phase. 

METHOD 2 (M2) [42] 

Mobile phase: methanol/water (50:50 w/w) 

Sample: uracil (0.3 mg), phenol (3 mg), toluene 
(25 mg), ethylbenzene (25 mg),p-ethylaniline (3 mg) 
dissolved in 10.0 ml of mobile phase. 

METHOD 3 (M3) [29] 

Mobile phase: methanol/water (30:70 V/V) 

Sample: thiourea (0.3 mg), caffeine (0.8 mg), theo
bromine (0.6 mg), theophylline (1 mg), phenol 
(10 mg), pyridine (I mg), 2,2'-dipyridyl (4 mg), 2,3
dihydroxynaphthalene (16 mg) dissolved in 10.0 ml 
ofmobile phase. 

METHOD 4 (M4) [37] 

Mobilephase: methanoVO_02 M potassium phosphate 
buffer pH 2.7 (30:70 V/JI) 

Mobile phase: acetomtn!elO.1 M potassium phos
phate buffer pH 2.3 (312.680 w/w) 

Sample: nicotinic acid (1.5 mg), diphenhydramine 
(20 mg), o-hydroxyhippuric acid (2 mg), acetylsali
cylic acid. (7mg),. 5-p-methylphenyl-5
phenylhydantoin (MPPH) (12 m~), diazepam 
(1.5 mg), toluene .(45mg) dissolved In 10.0 ml of 
mobile phase. 

METHOD 8(M8) [37] 

Mobile phase: acetonitrile/0.025 M C~COONH4 
(75:25 VIV) ,. 
Si.7!'!7!J!£: 2~3-dih"t:·drox"t...nanhthalene (J 8 rng), 2,7
dihydroxynaphthalene"(IO'mg) dissol~ed in ~I 0.'0 ml 
of acetonitrile. 

All samples were diluted 2.5, 5 and 10 times with the 
appropriate solvent so that 4 different concentrations 
were examined. The chromatograms were recorded 
three times at 254 run. . 

Caiculations of the parameters reported below were 
performed with ChromPerfect 4.4.0. software. 

4. RESULTS AND DISCUSSION 

Important parameters of the column were examined 
using 8 different methods (Methods 1-8). Whilst 
Methods I, 2, 3 and 7 permit assessment of several 
parameters simultaneously, the others are specific for 
only one parameter. Theoretical plate numbers and 
retention factors ofaromatic hydrocarbons (Methods 
I,· 2) or MPPH (Method 7) are characteristic for 
column efficiency, Hydrophobicity was measured by 
the selectivity factor ofethylbenzene/toluene (Meth
ods I and 2) and amylbenzene/butylbenzene (Meth
od I). Peak symmetry of basic compounds, e.g. 
p-ethylaniline (Method 2) and diphenhydramine 
(Method 7) or selectivity factor ofthe caffeine/phenol 
(Method '3) are indicators of silanol activity. Ion
exchange capacity can be'Characterised by Methods 4 
and 5. The selectivity factor of tripltenyJ~n~L9rtho-_ . 
terphenyl is typical for steric selectivity (Method I). 
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Table I -Injected amounts and calculated parameters ofthe original tests 

METHOD 1 
In'ected amount of compounds !IJ~) Calculated parameters 

A B E TP oT n (A) k' (A) aNB aEIT a TP/o-T 
3.07 3.29 1.23 0.01 0.11 39562 2.552 1.406 1.318 2.642 
5.17 5.54 2.07 0.02 0.19 41162 2.548 1.410 1.320 2.647 
10.16 10.88 4.07 0.04 0.38 42279 2.544 1.408 1.320 2.639 
30.60 32.78 12.27 0.11 1.14 44622 2.544 1.409 1.321 2.644 

METHOD 2 
Injected amount cA comoc unds (lIQ) Calculated parameters 

T E pE n(T) k'(T) aEIT PS (pE) 

4.33 4.98 0.49 38075 3.647 1.667 1.510" 
8.31 9.57 0.94 39668 3.649 1.668 1.462" 
17.21 19.81 1.94 40654 3.652 1.669 1.516" 
48.24 55.53 5.45 44253 3.661 1.675 1.470· 

METHOD 3 
Injected amount of comPOUnds JQ) Calculated parameters 

C P PY DP DN2,3 aClP PS (PY) k' (DP) k'(DN2,3) PS (DP) PS 
(DN23) 

0.17 2.06 0.2 0.79 3.33 5.007 1.934· 3.910 -". 2.446* "" 
0.28 3.32 0.32 1.28 5.36 5.017 1.831" 3.917 18.34 2.166" 2.751" 
0.55 6.47 0.63 2.49 10.45 5.008 1.804· 3.910 17.61 1.884· 4.922" 
1.69 19.85 1.92 7.65 32.06 4.972 1.710' 3.889 ·17.09 1.702· 4.944" 

METHOD 4 
Injected amount of 
cornpoonds (119) 

Calculated parameter 

BA P aBAlP 
2.42 2.44 4.344 
4.49 4.53 4.319 
8.83 8.89 4.298 

22.90 23.06 4.228 

METHODS 

Injected amount of 
comoo nd lual 

Calculated parameter 

BA P aBAlP 
2.32 2.31 2.079 
4.89 4.87 2.085 
9.13 9.09 2.066 

25.49 25.39 1.992 

METHOD 6 
Injected amount of 

compound (lJg) 
Calculated parameters 

AA n PS PV'J5O% PHIlA PAIPH 
0.61 4483 2.127 0.240 30240 0.374 
1.31 5384 1.847 0.228 34501 0.360' 
1.97 5892 1.765 0.207 36581 0.329 
5.85 7224 1.383 0.187 43475 0.304 

METHOD 7 
Inlected amount of compounds (1IC1) Calculated parameters 

T DIP MPPH DIA n (MPPH) K' (T) a DIAIMPPH PS (DIP) 
8.57 3.66 2.39 0.27 42436 6.22 1.233 1.493' 
13.58 5.80 3.78 0.42 41546 6.21 1.234 1.558· 
25.32 10.82 7.05 0.79 40455 6.23 1.231 1.620" 
82.47 35.22 22.97 2.56 40063 6.27 1.235 1.849" 

METHOD 8 
Injected amount of 
compounds (1l9) 

Calculated parameter 

DN2.3 ·DN2,7 DERT 
4. 29 2.51 00·· 
8.86 5.19 6.25" 

20.77 9.05 1.01· 
36.58 18.56 0.88· 

A: amylbenzene, AA: acetylacetone, S: butylbenzene, BA: benzylamine, C: caffeine, DIA: diazepam, DIP: diphenhydramine, ON:;: 2,3
dihydroxynaphthalene, ON",: 2,7-dihydroxynaphthaJene, DP: 2,2'-dipyridyl, E: ethy/benzene, pE: p-ethylaniline, MPPH: 5-p-methylphenyl-S
phenylhydantoin, P: phenol, PY: pyridine, T: toluene, oT: o-terphenyl, TP: triphenylene 
a: selectivity factor, DERT: theoretical plate numbet,~ / theoretical olate number _ (efficiency ratio test). k ': retention 
factor, n: theoretical plate number, PAlPH: peak area/peak neignt, '1lHIIA: peak heightlinjecteJ"amount, PS;"'peak symmetry, PW,...: peak width
 
determined at 50% of peak height
 

• RSD> 5%
 

•• 2,3-dihydroxynaphthalene did not give a peak when less than5 fig was injected
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~etention and peak symmetry of 2,2'-dipyridyl and 
2,3-dihydroxynaphthalene (Method 3) and the pa
rameters of Methods 6 and 8 are indicative of metal 
contamination. 

Typical chromatograms obtained with Methods 1to 8 
are shown in Figures 1to 8, the calculated parameters 
on the Supelcosil LC-ABZ column are reported in 
Table 1. Chromatograms and parameters have been 
compared to the results published in the original 
papers. 

Chromatograms obtained were similar to those re
ported in the literature and the repeatability was 
excellent. However, some small differences to the 
originally reported results were observed and were 
the following: the peak of aromatic hydrocarbons 
(Method 1) was slightly wider than in the original 
tests. The extremely long retention time and poor 
peak symmetryof2,3-dihydroxynapthalene (Figures 3 
and 8) and also the broad peak of acetylacetone 
(Figure 6) indicated a significant amount ofmetal ions 
on the surface of this column. 

Concentration dependence of the calculated param
eters was also studied (for data see Table I). It was 
observed that selectivity factors were usually inde
pendent of the amount of compound injected, while 
theoretical plate numbers and retention factors were 
slightly dependent on this factor. However, signifi
cant variations were observed for peak symmetry 
factors for each compound examined with a relative 
standard deviation greater than 5 % in each case. In 
Method 6, only the peak area /peak height ratio was 
slightly concentration dependent. 2,3-Dihydroxynaph
thalene was not detected by Methods 3 and: 8 when 
small amounts were injected. Several parameters de
pended on the amount injected, therefore it is impor
tant to use the same concentration(s) to compare 
different columns. 

5. IMPROVING THE TEST PROCEDURE 

Some changes were made to improve the test proce
dure according to the principles reported above. 

Different compounds (thiourea, uracil, nicotinic acid, 
nitrate) which are unretained by the stationary phase 
have been cited in the literature as markers by which 
the hold-up volume can be measured [47]. Thiourea, 

uracil and potassium nitrate were employed in those 
methods that require a hold-up volume marker. Hold
up obtained with different compounds in the different 
methods are reported in Table 2. It has been noted that 
the retention time of potassium nitrate is highly de
pendent on the mobile phase used and its peak shape 
is very poor in Methods 1 and 7. Thiourea did not 
dissolve completely in the mobile phase 7. Thus 
uracil, which is also widely used and accepted in the 
literature, was selected as the marker ofchoice since 
the retention time ofuracil is quite independent ofthe 
mobile phase, the peak shape is excellent and this 
compound is readily soluble in all mobile phases. 

Different phosphate buffer concentrations (e.g. 
0.02 M, 0.1 M) were used in the original methods. But 
a 0.2 M potassium phosphate buffer has been intro
duced, so that buffer concentrations given in the 
literature are reached by dilution with water (e.g. see 
Method 4). The appropriate pH of 0.2 M potassium 
phosphate buffers is set by mixing 0.2 M Hl04, 

0.2 M KH,P04and 0.2 M K.,HP04 solutions. phos
phate concentration can be kept constant in this way. 
Water and organic solvents are added afterwards. 
Composition ofmobile phase is performed by weight 
(w/w). 

The two lowest concentrations were selected from the 
four tested, in order to minimise the number of sam
ples and the amounts of compounds to be injected. 

Phenol and other acids (ortho-hydroxvhippuric acid, .. 
acetvlsalicvlic acid) were left in the test mixtures to 
examine polar interactions between the sihca surface 
and the analytes. 

The adapted test procedure was performed twice on 
4 new columns ofdifferent type. Mobile phases in the 
consecutive methods are ofsuch a nature that intenne
diate column washing between different mobile phases 
is not necessary unless one is returning from mobile 
phase 8 to 1. After Method 8, the column was flushed 
with acetonitrile/water/1M phosphoric acid (50:45:5), 
then with methanol/water (50:50 w/w) (mobile phase 
in Method 2) and finally with acetonitrile, each for 
90 minutes. Then, Method 1 was applied again. 

In general, excellent repeatability between series was 
observed. Exceptions were Methods 2 and 3 where 
the mobile phases are non-buffered andtest solutions 
contain a basic compound. It can be seen for example 

Table 2 - Hold-Up values in Methods 1, 2, 3 and 7 using different markers 

Marker Method 1 
(min) 

Method 2 
(min) 

Method 3 
(min) 

Method 7 
(min) 

Potassium nitrate 2.87 2.73 2.74 3.85 

Thiourea 2.66 2.67 2.77 2.51 

Uracil 2.64 2.65 2.79 2.53 
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Column: Hypersil ODS 

in Figure 9 thatp-ethylaniline gives different peaks on 
the Hypersil ODS column in the first (lower chroma
togram) and the second (upper chromatogram) test 
series. The same phenomenon was observed on the 
other columns and also in Method 3, for pyridine. It 
seems that silanol groups .were non-protonated ini
tially so thatp-ethylaniline gives a very broad peak in 
the first test series. However, before the second test 
series there is an acidic washing step, silanol groups 
become protonated, resulting in a sharper peak with 
second test series. 

Therefore, an amended protocol was developed, in 
which the sequence of the methods was reversed for 
the study. The fmal sequence and protocol can be seen 
in Table 3. Neutral mobile phase (Method 5) was used 
before the non-buffered methods in order to approach 
the original conditions of the columns as closely as 
possible. The final protocol was tried out on the four 
columns twice. Excellent repeatability was observed 
even in the non-buffered methods. Three consecutive 
runs of Method 2 can be seenin Figure 10. The 
chromatograms are similar to the lower one in Fig
ure 9. . 

6. CONCLUSION 

After a study ofliterature data a new test protocol was 
developed for characterising RP-LC columns. Eight 
methods were selected and applied to one column. 
The properties ofthe stationary phase were character
ised by the parameters that were applied in the origi
nal papers. To simplify and improve the original 
methods, some modifications were made. The final 
test protocol should allow objective comparison ofall 
important properties ofRP-columns. 

In a future study this test protocol will be applied on 
a large numberofRP-columns in order to characterise 
and classify them on the basis of measured param-. 
eters. It is intended to study. the performance of the 
stationary phases to separate impurities ofpharrna
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Figure 10 - Three consecutive runs ofMethod 2
 
performed according to the final protocol (Fable 3)
 

where Methods M8 to Ml were applied in
 
descending order
 

Column: Hypersil ODS
 

ceutical substances using the liquid chromatographic 
methods described in the monographs ofthe Ph. Eur. 
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