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G. RADECZKYl, AND A. SHALABY2 
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Semmelweis Medical University 
Budapest, Hungary 

'Department of Pharmaceutical Chemistry 
University of Zagazik Zagazig, Egypt 

ABSTRACT 

The cetylpyridinium chloride (CPC) which contains an 
aromatic ring and a hydrophobic cetyl group differs in its 
structure from the generally used cationic counter ions. Thirteen 
of antiphlogistic acids and their derivatives were investigated. 
Silica as a stationary phase and an eluent containing CPC were 
used.-The conclusion can be drawn that CPC functions as an ion 
pairing agent and its use in the aqueous eluent results in the 
formation of a "dynamically modified" silica surface. The 
adsorption isotherm for CPC on the bare silica also was 
determined. Comparative data are shown on the retention of 
several antiphlogistic acids with CPC and cetrimide containing 
aqueous eluents. 

INTRODUCTION 

In the last years several papers have appeared describing 

high-performance liquid chromatography (HPLC) on bare silica 

 dynamically modified" by the addition of different quaternary 

ammonium salts to the eluent. In our opinion, standard papers on 
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2336 SZASZ ET AL. 

this topic are those published by Hansen et al. [l-61, who 

developed the work of Ghaemi and Wall [7]. Hansen at al. mainly 

used long-chain quaternary ammonium salts in aqueous eluents. 

They studied the circumstances of formation of the dynamically- 

coated stationary phase. In keeping with the report by Ghaemi and 

Wall, they found that, by this means, they could create station- 

ary phase functions opposed to a polar eluent as a reversed 

phase. It was established, that the N-acetyl-N,N,N-trimethylam- 

monium ion (cetrimide,CTMA) is dynamically adsorbed to silica 

gel, displacing a proton of the silanol group and the hydrocarbon 

chains are pointing away from the silica surface, thus the system 

behaves as an ion pair forming reversed phase. The various 

investigations clarified the roles of the composition of the 

mobile phase i.e. the CTMA concentration, the pH and the ionic 

strength in the retention of organic compounds (1,Z). Gazdag, 

Szepesi and Hernyes [ B ]  reported data on the degree of CTMA 

binding on silica gel as a function of the experimental con- 

ditions. They published the retention diagrams of 15 acidic 

compounds as functions of the pH of the mobile phase and its CTMA 

and methanol concentration. Budvdri, Szdsz et al. [ 9 ]  studied 

acidic compounds, belonging to three groups of drugs also in 

silica gel and CTMA containing systems, to obtain further data 

on structure-HPLC behaviour and possibilities of drug analytical 

app 1 i cat i on. 

As it is expected, the adsorption of the counter-ion and the 

selectivity of the chromatographic process largely depend on the 

number of carbon atoms in the used quaternary ammonium counter 

ion and on its structure. It seemed of interest to study the 

behaviour of such a quaternary ammonium counter-ion which 
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ANTIPHLOGISTIC ACIDS 2337 

contains both a long alkyl chain and an aromatic ring. I t  

might be assumed that an aromatic nucleus in the counter-ion will 

result in a nucleophilic interaction and occasionally influence 

the selectivity of the chromatographic process. On the other 

hand, the aromatic nucleus can exert a similarly important effect 

in the binding on the silica surface. Following this logic our 

interest turned to the cetylpyridinium cation, which simul- 

taneously contains an aromatic ring and a hydrophobic cetylgroup 

and has a quaternary ammonium ion character. It should be 

expected, that a cetylpyridinium salt adsorbs on a silica surface 

and functions as a reversed phase due to the hydrophobic nature 

of the cetyl group. 

Cetylpyridinium chloride (CPC) was used in a HPLC system by 

Bidlingmayer and Warren [lo]. They worked with a pBondapak CI8 

column, and the mobile phase contained CPC as counter-ion. The 

interaction between the alkylsulphonates they studied and the 

counter-ion (CPC) in the mobile phase resulted in the formation 

of ion-pairs, the alkylsulphonates thereby becoming W-active. 

It was established, that CPC bonded in a considerable degree on 

the CIS column. 

We set the aim to carry out more detailed research on the 

usefulness of CPC in HPLC systems. In our present experiment the 

retention times of antiphlogistic acids were found to depend on 

the concentration of CPC in the eluent, while the strong 

adsorption of CPC on the silica surface was also established. The 

conclusion can be drawn that the use of CPC in a methanol-water- 

phosphate buffer eluent results in a "dynamically-modified@l 

surface on the silica. The acids migrate as ion-pairs. 
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Fig. 1 Structures of the investigated antiphlogistics 

EXPERIMENTAL 

Model substances 

Salicylic acid (Pharmacopeia Hungarica VII.), Diclofenacum 

natrium (Biogal, Debrecen, Hungary), Phenoprofen (Chinoin, 

Budapest), 2-(3-Phenoxyphenyl)-2-cyanopropionic amide (Chinoin), 

3-(Phenoxypheny1)-cyanoacetic acid methyl ester (Chinoin), 

Ketoprofen (Chinoin), Ibuprofen (Chinoin), 4-Aminohydratropic 

acid ethyl ester (Chinoin), 4-Acetaminohydratropic acid methyl 

ester (Chinoin), Naproxen (Syntex), Nifluminic acid (Gedeon 

Richter, Budapest), Nicotinic acid N-oxide (Gedeon Richter), 2- 

Chloronicotinic acid (Gedeon Richter). 
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ANTIF'KLOGISTIC ACIDS 2339 

Chemicals 

Methanol (Reanal, Budapest), Potassiumdihydrogenphosphate, 

Sodium hydrogen phosphate (Reanal, Budapest, Hungary), Cetyl- 

pyridinium chloride (Fluka), Cetrimide (Reanal), LiChrosorb Si 

60, 10 pm (Merck). 

Chromatoarawhy 

Chromatographic testing was performed on a Liquochrom, Model 

2010, high-pressure liquid chromatograph (LABOR MIM, Budapest). 

A variable-wavelength W detector (LABOR MIM) was used. 

All experiments were performed on a 250~4.6 mm I.D. column, 

packed with LiChrosorb Si 60 (10 pm) (Chrompack, Middelburg, the 

Nederlands). The eluent was methanol-water-phosphate buffer (pH 

= 5) (60:30:10) with the addition of various concentrations 

(0.002 - 0.05 M) of CPC and (0.002 - 0.04 M) cetrimide. 
Buffer solution: 0.178 g of disodium hydrogen phosphate was 

dissolved in 100.0 ml of water, and 0.680 g of potassium 

dihydrogen phosphate was dissolved in 500.0 ml of water. 495.25 

ml of the latter solution and 4.75 ml of the former solution were 

mixed. This gave a buffer with pH = 5. The pH of the eluent, if 

necessary, was adjusted to 5, using 0.1 M solution of sodium 

hydroxyde or phosphoric acid. 

The column was equilibrated with the mobile phase overnight. 

The flow rate was 1 ml/min. Following each experiment the column 

was broughttothe initial state by elution with water-phosphoric 

acid (1:l) mixture then methanol, and prior to the next ex- 

periments the column was equilibratet with the eluent. 

RESULTS AND DISCUSSION 

The relationships between the concentration of CPC in the 

eluent and the retention times of the antiphlogistic acids are 
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13. 2-Chloronicotinic 
acid 

Table 1 

Retention data of the compounds 

134 159 170 194 231 282 374 

SZASZ ET AL. 
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ANTIPHLOGISTIC ACIDS 2341 

given in Table 1. On the increase of the CPC concentration in the 

eluent, the retention times of the acids are lengthened. We 

presume that ion-pair formation occurs between the acids (anions) 

and CPC ions, the resulting ion-pairs are bound more strongly 

than the free acids (anions) on the dynamically-coated stationary 

phase. Table 1 also reveals that elevation of the concentration 

of CPC in the eluent increases the difference between the 

retention times of the acids. 

The synthesis intermediates No. 5 and 9 show that they can 

not interact strongly with the stationary phase, and increase of 

the concentration of CPC on the silica surface does not influence 

the retention times of these esters. The acid amide (compound No. 

4 )  shows a light retention increase. 

The behaviour of 4-amino-hydratropic acid ethyl ester 

(compound No. 8) must be emphasized. On increase of the con- 

centration of CPC in the eluent, the retention value for this 

compound increases considerably. This is presumably attributable 

to the larger alkyl group of the ester. 

Table 1 reveals that the application of CPC in the mobile 

phase increases the selectivity of the chromatographic system. 

For some acid-pairs the sequence of chromatographic migration is 

reversed. 

The amount of the adsorbed CPC was determined by the break- 

through method of Bartha and Vigh [ll] with an adjustment we 

applied earlier for the determination of camphorsulfonic acid's 

adsorption [12]. The results are shown in Fig. 2. It can be seen, 

that the amount of CPC adsorbed is dependent on the CPC con- 

centration of the eluent. On the other hand, the pH of the mobile 

phase has also a strong influence on the CPC-binding by the 
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pH = 5,O - 
F i g .  2 The adsorption isotherm of CPC 

silica. The amounts of the bonded CPC are similar to those have 

been reported for CTMA at pH = 5 by Gazdag et a1 [8] as well as 

for palmityl ammonium propanesulfonate (PAPS) at pH = 7.5 by 

Hansen and Tjdrnelund [13]. The fact, that the amount of the 

adsorbed CPC increases parallel with the CPC concentration of the 
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Table 2 

2343 

System: Silicagel/Methanol-Water-Phosphate buffer (pH = 5) 
60:30:10 CPC or CTMA. 

eluent, and no maximum or saturation is observable may be a 

consequence of the fact, that the critical micellar concentration 

(CMC) for CPC is at about 0.04  M (determined by conductance 

measurement). Due to solubility problems eluents with CPC 

concentration higher than 0.04 M have not been used in these 

experiments. Hansen and Tjdrnelund [13] found that the adsorption 

of PAPS showed a steep increase after reaching the CMC value. 
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2344 SZASZ ET AL. 

Fig. 3 Variation in retention times of naproxen as a func- 
tion of cetylpyridinium chloride concentration 

To estimate the retaining property and selectivity of the 

HPLC systems containing silica stationary phase modified by CPC 

and CTMA respectively the retention data for a series of acidic 

compounds are collected in Table 2. 

Fig. 3 shows a series of naproxen's chromatograms as a function 
of cetylpyridinium chloride concentration. 
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