
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Dynamic Behaviour of C18 HPLC Columns by Stimulus-Response Analysis
Part II: Determination of Dispersion Coefficients Via Peclet Numbers
Mehmet Mutlua; Vural Gökmena; Jale Acara

a Food Engineering Department Beytepe, Hacettepe University, Ankara, Turkey

To cite this Article Mutlu, Mehmet , Gökmen, Vural and Acar, Jale(1996) 'Dynamic Behaviour of C18 HPLC Columns by
Stimulus-Response Analysis Part II: Determination of Dispersion Coefficients Via Peclet Numbers', Journal of Liquid
Chromatography & Related Technologies, 19: 19, 3193 — 3199
To link to this Article: DOI: 10.1080/10826079608015817
URL: http://dx.doi.org/10.1080/10826079608015817

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/10826079608015817
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. LIQ. CHROM. & WL. TECHNOL., 19( 19), 3 193-3 199 (1996) 

DYNAMIC BEHAVIOUR OF C18 HPLC COLUMNS 
BY STIMULUS-RESPONSE ANALYSIS 

PART 11: DETERMINATION OF DISPERSION 
COEFFICIENTS VIA PECLET NUMBERS 

Mehmet Mutlu. Vural Gokmen, Jale Acar 

Hacettepe University 
Food Engineering Department 

Beytepe, 06532 Ankara. Turkey 

ABSTRACT 

In this study, the dispersion coefficients of acetonitrile. 
ascorbic acid, patulin, 5-hydroxymethylfurfural, 2,4- 
dichlorophenoxy- acetic acid, 4-chlorophenoxyacetic acid and R- 
naphtoxyacetic acid are determined by using the stimulus- 
response technique. The system was pulse stimulated with 10 pL. 
of each tracer with definite concentrations at the flow rate of 1 
mL/min. The resulting chromatograms, so called response "C" 
cunw, were obtained for each tracer, individually. The Peclet 
numbers of each tracer were calculated and evaluated to get 
dispersion coefficients. The relative dispersion coefficients, 
based upon the non interacting tracer Acetonitrile (D: 1 . 8 3 ~ 1 0 - ~  
cm?/s). were calculated as follows: acetonitrile: 1 .OO, ascorbic 
acid: 3.72. patulin: 1.34, 5-hydroxymethylhrfural: 1.68, 2,4- 
dichloro-phenoqacetic acid: 2.3 2, 4-chlorophenoxyacetic acid: 
3.23 and A-naphtoxyacetic acid, 2.70. 
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INTRODUCTION 

MUTLU ET AL. 

Stiniulus-response methods have been well established in chemical 
engineering processes for measuring rate and equilibrium parameters such as 
mass transfer coefficients, difisivities and adsorption rate The 
moments of the response curves to pulse inputs have been extensively used in 
the analysis of packed bed 

The stimulus-response approach can also be used to investigate the 
dynamic interaction between mobile and stationary phases for high 
performance liquid chromatography (HPLC) systems. Two c18 HPLC columns 
have been examined using this technique, in order to compare their dynamic 
behaviours by  US.^ 

Acetonitrile has been used as non-interacting tracer through the columns 
and than, Peclet number, which is the basic indication of the dynamic flow 
characteristic of the column and dispersion coefficients, have been determined.8 
The dispersion coefficients, calculated based upon the observed Peclet numbers, 
may give us an idea about how an analyte particle is retained in the column for 
a definite chromatographic condition. 

In this study, the stimulus-response technique was employed to get the 
dispersion coefficients of acetonitrile, patulin, 5-hydroxymethylfurfural (5- 
HMF), ascorbic acid, 2,4-dichlorophenoxyacetic acid (2,4-D), 4- 
chlorophenoxyacetic acid (4-CPA) and D-naphtoxyacetic acid (BNOA). The 
column was pulse stimulated with 10 p.L solution of each tracer and the 
responses of the column were measured individually. 

EXPERIMENTAL 

High Performance Liquid Chromatograph 

Varian Star model liquid chromatograph was used. It was equipped with 
a Rheodyne model 7161 six-way injection valve, 10 pL loop, and a Varian 
model 9050 variable wavelength UV-VIS detector set at 276 nm for patulin and 
5 - M .  254 nm for ascorbic acid and 270 nm for 2,4-D, 4-CPA and BNOA to 
obtain the highest sensitivity. Varian model 4400 integrator was used with a 
chart speed of 2 crdmin to record the resulting chromatograms. 
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Columns 

A column (Shin&&@) supplied from Shimadzu. made of stainless steel, 
250 s 1 mm (id), packed with CI8 octadecyl groups (5 p). operated at ambient 
temperature. was used. 

Mobile Phase 

Mixture of water:acetontirile (953, v/v) filtered through a regenerated 
cellulose acetate membrane (0.45 p) and degassed ultrasonically. was used as 
the mobile phase with the flow rate of 1.0 mL/min. 

Test Tracers 

Chemicals used were all obtained from Merck, Germany. Acetonitrile 
was HPLC grade and used without any further purification. Patulin and 5- 
HMF solutions were prepared in pH 4.0 water to a concentration of 2 &mL. 
Ascorbic acid solution. at a concentration of 10 pg/mL, was prepared dissolving 
an appropriate amount of ascorbic acid in water. It was then stabilised adding 
1 mg of dithiothreitol for each mL of solution. 2,1-D. 4-CPA and BNOA 
solutions were prepared in a mixture of isopropano1:water (75:25. v/v) to a 
concentration of 1 pg/mL. 

Stimulus-Response Analysis 

The system was "pulse" stimulated by injecting 10 pl of acetonitrile as 
inert tracer or the other test tracers, separately, to the mobile phase at flow rate 
of 1 mL/min to determine the reference response of the column. Then, the 
column was stimulated with interacting tracers, individually. The column 
responses. which are so-called "C" curves, were determined by following the 
absorption of the tracers in the eluent stream. In each case, the absorption was 
detected by a UV-VIS detector, All the experiments were carried out at 
ambient temperature. 

RESULTS AND DISCUSSION 

The response "C" curves obtained in the stimulus-response experiments 
for the chemicals used in that group of study was given in Figure 1. It is clearly 
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Figure 1. Response "C" curves of pulse-stimulated ShimF'akm column for different 
chemicals 

observed that, the non interacting tracer "acetonitrile" leaves the column first, 
than the others follow it, according to their interactive behaviour with both RP- 
HPLC column packing material and the mobile phase. It is well known that, 
due to interaction of chemicals with column packing material, the response of 
the column for a particular compound would delay, but such an interaction does 
not cause any loss of material. Therefore, the total amount of tracer injected to 
the column could be collected to obtain "C" curves. The area under the "C" 
curves was calculated and normalized to be unity, according to the analysis 
method given el~ewhere.~ 

The principle mathematical analysis method, so called "parameter 
estimation by cybernetic moment technique", to obtain the individual Peclet 
numbers. Npe from "C" curves are given in our previous paper.* The equation 
describing the Peclet number is: 
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where: 

Npe : Peclet number, dimensionless 
u : interstitial velocity, cm s-' 
dp : particle diameter, cm 
D : dispersion coefficient, cm2d 

The response "C" curve which belongs to each chemical, was evaluated to 
obtain Peclet numbers, and by utilising Equation 1, the dispersion coefficients 
were calculated. The relative dispersion coefficients based upon the non 
interacting tracer Acetonitrile was also calculated, and the results are given in 
Table 1. 

It is very well known that, Peclet number is the ratio of the mass transfer 
by bulk flow to mass transfer by diffusion. The non interactive tracer 
"acetonitrile" is carried through the column by the mobile phase, but due to its' 
non interactive behaviour with column packing material, the dispersion 
through the pores becomes less effective in transportation of molecule. 
Therefore, the dispersion coefficient of acetonitrile (D=l .83~10-~ cm2/s) is 
found as the minimum of all others. Patulin, which is a mycotoxin and 5-HMF 
have similar chromatographic properties, and therefore, separation of patulin 
from S-HMF is difficult as recorded in the literature.''-" 

The dispersion coefficients of patulin and 5-HMF are found to be 
2 .45~10-~  cm2/s and 3 . 0 8 ~  cm's, respectively. Those values are closed to 
each other which confirms the difficulty of separation. 2,4-D, 4-CPA and 
BNOA, which belong to a group of chemicals called "phenoxycarboxylic 
acids", have also shown similar interactive behaviours with the column packing 
material as expected, due to their similar aromatic chemical structures. It is 
thought, that the separation of these acidic compounds may not be easy using a 
common solvent mixture like water:acetonitrile ( 9 5 3 ,  v/v) as can be seen easily 
from their dispersion coefficients and response "C" curves in Figure I .  

The dispersion coefficient of the final compound, ascorbic acid, was found 
to be 6 . 8 0 ~ 1 0 - ~  cm2/s and that value is considerably greater than that of 
phenoxycarboxylic acids'. This can be explained by the molecular structure of 
ascorbic acid which extends polarity of molecule. 

As conclusion, it can be said that, the stimulus-response analysis of 
several compounds to determine their mass transfer behaviour through the W- 
HPLC column may give a brief idea about the separation efficiency of the 
column for a defined chromatographic condition. The preestimation of the 
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Table 1 

Peclet Numbers (N,,J, Dispersion Coefficients (D) and Relative Dispersion 
Coefficients (Re1 D) for Various Chemicals 

Tracer NFJ. D Re1 D 
(Dimensionless) cm2/s (Dimensionless) 

Acetonitrile 36.259 1.83 x 1 .oo 
Patulin 27.077 2.45 x 1.34 
5-hydroxymethylfurfural 21.529 3.08 x 1.68 
2.4-dichlorophenoxylacetic 15.645 4.24 x 2.32 

13-naphtoxyacetic acid 13.420 4.94 x 2.70 
4-chlorophenoxyacetic acid 1 1.225 5.91 x 3.23 
Ascorbic acid 9.746 6.80 x 3.72 

acid 

separability of some complex mixtures can be investigated by suggested 
technique. Studies concerning the generalization of this dynamic test approach 
are still under investigation. 
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