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INTRODUCTION TO ELUEX�MAGÁN ��








If you are a chromatographer who has to develop a great number of reversed phase high performance liquid chromatographic (RP-HPLC) separation methods on a C18 column, you can save a lot of time and solvents by using ELUEX.  With ELUEX your efficiency and speed will increase significantly.


 


ELUEX includes the knowledge and experience of a team of advanced chromatographers with decades of practice in developing various chromatographic methods.


  


If you are a newcomer to the field, you will benefit greatly from ELUEX and the information it provides you on how to start an analysis. For chromatographers, ELUEX will considerably shorten development time for new methods. 





ELUEX is also useful for experts in the field saving them considerable time and energy by checking their ideas of eluent composition when investigating a control run with ELUEX. In addition, ELUEX seems to be an excellent tool for studying structure-HPLC parameters relationships.





     


�MAGÁN ��Why use a Computer for HPLC Separation?�tj "Why use a Computer for HPLC Separation?"�





If you are a chromatographer in a well-equipped analytical chemistry laboratory, your HPLC investigations are already computer-con�trolled. This means you have experience in  using a computer for control of your HPLC pump, data acquisition from your detector, and evaluation of your chromatographic results.


 


The only thing you are still missing is direct assistance in setting up the HPLC conditions for solving your separation problems. 








�MAGÁN ��Why Use an Advisory System?�tj "Why Use an Advisory System?"�





Although chromatography has a great number of theoretical approaches, the development of separation methods for certain mixtures of compounds is still a field where the trial and error approach is prevalent. It takes years before most chromatographers can develop a "feeling" for the possible eluent composition that might be suitable for the separation of a particular mixture by looking at the structural formulae of the components. ELUEX provides this expert "feeling" by acting as an additional HPLC expert working with you in your laboratory. The "knowledge" of the expert system has been, and will continue to be, collected from systematically measured chromatograph�ic data of a large number of compounds under various chromatograph�ic conditions. The program uses rules developed and accepted by chromatographers highly respected in their field.





How Can ELUEX Help You?





The program calculates a initial eluent composition from the structural formulae of the compounds to be separated, and making some (in most cases not more than three) chromatographic runs with the help of the program you will get a chromatogram with optimally separated peaks.





ELUEX uses compound databases that can be updated and/or increased by drawing the structural formulae of compounds. After setting the desired k' range, and selecting the organic modifier type and compounds to be separated, ELUEX will suggest the mobile phase composition, the pH and additives. If your compounds can not be eluted under isocratic conditions, ELUEX will suggest a gradient method.





Every time you make an experiment with the suggested eluent, you must enter the experimental data into the program, and the program will recommend another mobile phase composition to get a better separation than the previous one. If you follow the suggestions of the program, you should get a chromatogram with symmetric peaks in the 0.5-15 k' range on the first experiment. By the third experiment your peaks will be in the k' range you set previously, with a good separation, and a quick run time.





If there are  compounds with unknown chemical structures you can assign names to them and they will be handled from the second step. Matrix peaks are handled differently. They will not be separated from  each other, but just from the other peaks with identified structures.





After the first measurement you will have input data for more complex optimization, if needed. After finishing the session with EluEx the result will in most cases be a satisfactory chromatogram.








Limitations of the Current Program





To use ELUEX effectively and efficiently it is important that you are aware not only of its powerful capabilities, but also of those areas in which the program is not yet able to assist you.





1. There are "difficult compounds", like peptides, or biopolymers for which the current program will not produce satisfactory results. Decreasing the number of "difficult compounds" that the program cannot handle successfully is an ongoing project. Future versions of ELUEX will reflect the continual research and development that is currently focused on solving these challenging problems.





2. ELUEX will not tell you what detection wavelength you should use, since this is outside the present scope of the program. If, however, you have a diode array detector, you will not lose any peaks. If any of the components have no UV absorbance, even at very low wavelengths, you must first solve the detection problem.





3. The program will search for the optimum separation in the binary system selected, by changing the percentage of the organic phase. If you want to use a more complex optimization procedure,(ie. ternary or quaternary system) ELUEX is only the first step in the process.





The Basics of EluEx





In reversed-phase chromatography the retention is governed mostly by hydrophobic forces. Calculations of the hydrophobicity of the compounds, combined with human experience results in the prediction of chromatographic behavior of the compound for  reversed-phase chromatography.





Hydrophobicity and lipophilicity are often considered synonymous terms, but actually denote partition behavior between polar and aqueous phases, respectively. They have proven to be very important molecular descriptors, often well-correlated with the biological activity of chemical entities. The most widespread characterization of hydrophobic properties of the compounds is the logarithmic value of n-octanol/water partition coefficients1 (log P). Partition coefficients can be measured experimentally by several techniques,  whether it is by the simple "shake-flask" technique or another method. But, fortunately, there are numerous theoretical approaches allowing increasingly accurate prediction of log P values.





Partition coefficients can be built up from hydrophobic fragmental values. This approach applies the additive-constitutive nature of log P. (The term "additive" means that fragmental values can be summed up and "constitutive" refers to variations in fragmental effects due to different environments.) After entering the structural formulae of the compounds to be separated, the log P values will be calculated based on Rekker's2 fragmental method2,3.





There are more than 100 publications which describe reasonable relationships between log P and reversed-phase chromatographic retention data (mostly log k' value, the logarithm of capacity ratio, which can be calculated from the dead time and the retention time). These relationships were acceptable, however, only when the compounds were structurally related, or when n-octanol and water were used during the chromatography. Valkó4,5 described a general relationship between reversed-phase chromatographic retention data and log P values of structurally unrelated compounds. Later, Szepesi and Valkó6 developed equations by which suitable organic phase concentrations could be predicted from the hydrophobicity values.





pKa (the negative logarithm of the dissociation constant) is also very important information for predicting the behavior of a solute in a chromatographic system.  If the pH of the solvent is higher than  the pKa  value of an acidic solute, it is  mostly in ionic form. The same is true for a base if its pKa value is higher than the pH.  To get symmetrical peaks, which is a requirement in HPLC practice, usually ionization of the solutes should be suppressed. If it is not possible, for example when the solutes are highly acidic, or basic, the use of an ion-pair agent is advised.





pKa can be predicted by using Hammett and Taft equations8. These equations appear as follows:





	pKa = pKa0 + r S s	(1)





where pKa0 and r characterize the acidic or basic group in the compound., and the s values describe the effects of substituents on the acidity or basicity. 





The retention behavior of a solute system can be simulated from data of at least two experiments using the same buffer, column, etc., but a different percent of organic.  The following equations can be used:





	log k' = af + b	(2)


or


	log k' = af2 + bf + c.	(3)





where k' is the capacity factor of a solute, f is the volume fraction of  the organic modifier, and a, b, and c are constants. Equation (2) can be used after two experiments, and (3) after three or more experiments.





Before beginning method development using EluEx the user can select the solutes from the compound database, and choose the preferred solvent, ion-pair agents, pH range, k' range, min. Rs and platenumber.





With the help of the above-mentioned equations for log P and pKa, and using a library of more than a thousand functional groups, EluEx calculates the mobile phase composition, to obtain retention times in an appropriate range, and symmetrical peaks.. If the calculations reveal that one can not find a single eluent composition for all of the compounds, but a linear gradient could help, a gradient profile is suggested.





Sometimes the successful separation of the investigated compounds is not carried out after the first step. In these cases you should enter the chromatographic data from your experiment into the program, and it will calculate another composition. If you follow the steps suggested by the program and you will get an optimized separation. Of course if the chromatogram is satisfactory before the final step, you may end the session.





After measuring the retention times of the compounds by using the suggested eluent composition,  the obtained retention times and peak symmetry values are used as inputs for the program. From the peak symmetry values, information about the possible dissociation of one of the components during chromatography, at the given pH, can be obtained. If there are asymmetrical peaks, the program suggests another pH and/or the use of an ion-pair agent. When all peaks are symmetrical (the peak asymmetry factor is between 0.8 and 1.8) the program suggests a change in percent organic to obtain more data for the optimization.





When the data of at least two experiments (with symmetrical peaks) are entered, the program will suggest an optimized eluent composition. The aim of the optimization is to get the shortest possible run time (with k' values in the user-defined range), and good separation (with Rs values greater than the min. Rs defined by the user). At this stage the chromatogram for any percent organic can be simulated graphically. If the solutes can not be separated satisfactorily, and a linear gradient would significantly improve the separation, the program will suggest an optimized linear gradient.





Summarizing the operation of the EluEx advisory system, in most cases the user can get a satisfactory chromatogram following the first suggestion, and an optimized one in the third experiment.








Main Fields of Use





The ELUEX expert system can provide an excellent source of help in every chromatography laboratory. It is especially helpful in the quality control laboratories of pharmaceutical manufacturers where hundreds of separation problems might occur yearly. The advisory system can be used in research laboratories where HPLC is used as a valuable tool in a given research field, (e.g., organic chemistry, kinetic studies of organic reactions, biochemistry, or pharmacology), in medical laboratories.





As mentioned above, knowledge of the structural formulae of the components is advised, although not necessary for using ELUEX. When you have to analyze the metabolites of a given drug molecule by HPLC, CompuDrug's METABOLEXPERT7 can provide the structural formulae of the possible metabolites.
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�
Hardware Requirements





ELUEX requires only basic equipment for operation. You will need the following:





	*	an IBM Personal Computer XT/AT, PS/2 or IBM PC-compatible  computer


	*	640 Kbytes of RAM


	*	an MS-DOS operating system version 3.1 or later


	*	a Hercules, CGA, EGA or VGA card and monitor


	*	one floppy disk drive


	*	one hard disk drive with at least 3 Mbytes free space


	*	a mouse


	*	optional: an Epson or HP Laserjet-compatible printer
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