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Experimental and FEMLAB Simulation Study of
Ibuprofen Racemate Separation in HPLC
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FEMLAB is a powerful interactive environment for modeling, solving all kinds of scientific and engineering problems based on
partial differential equations (PDEs). Separation process of chiral compound in HPLC columns was simulated by FEMLAB.
To study change of elution profile with isotherm models, non-competitive and competitive Langmuir adsorption isotherm were
adopted. Separated material was (R, S)-ibuprofen [(R, S)-2-(4-isobutyl phenyl) propionic acid], an anti-inflammatory agent,
which retain the pharmacological activity in the (S)-(+)-enantiomer. Sample concentrations were changed from 0.5 mg/ml to
2.0 mg/nl at a flow rate of 1 ml/min and flow rate varied from 1 ml/min to 3 m!/min at an ibuprofen concentration of
2.0 mg/ml and 20 ul of injection volume. Simulated results were well fitted with experimental data.
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=S5 AIT_EL: The phase ratio of the column (m*/m’)

v, = ?% . The linear velocity of the mobile phase in the

column (")

C ; = concentration of component : in the mobile phase
(molfm’)

7 ; = equilibrium concentration of component ; in the

stationary phase (mol/m’)
v = mobile phase flow (m'/s)

D ;= apparent dispersion coefficient (m’/s)
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H = column height equivalent to a theoretical plate (HETP)
t o = holdup time of the column ( ¢y=L/v )
L = end of the column of length
¥ ; = local average mobile phase velocity

N = number of theoretical plate

{x, t=0)=0 for 0<x<L 3
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K ; = ratio of adsorption coefficient and desorption coefficient
(kolky)

#,; = column saturation capacity
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Table 1. Data for FEMLAB simulation
NAME VALUE UNIT
Column
Size 4.6 X250 mm
packing material 5 um
5 0.53
S (specific surface area) 340 milg
® (column phase ratio) 202 x10° m?/m?
1.667 « 10 [¢5)]
v 3333« 10 ) m 3/s( ml/ min)
5.000 » 10° (3)
D 7.87 « 107 m?s
D 7.87 « 107 mis
1.21 (0.25)
Cq 2.42 (0.5) mol/ m *( mg/ mi)
4.85 (1.0)
1.21 (0.25)
Co 242 (0.5) mol m *( mg/ml)
485 (1.0)
K, 8.05 + 107 m 3/ mol
K, 1.39 + 107 m 3/ mol
"y 735+ 107 molfm*
- 7.06 + 107 molf m?
’ Model navigator |
l | Constant ’
| Variable and Expression |
l ’ Expression I
L Geometry modeling ‘ B l 1D, 2D, 3D ‘

l Boundary condition 1
I Physics setting —I

l Subdomain setting |

L Mesh generation |

| mmpuﬂn} p— {

Postprocessing and
visualization

Figure 1. Flow diagram of simulation in FEMLAB.
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oAF AATE AN F AAEEAPT o]F4 B hexane
(95% n-hexane, J. T. Baker, USA), tert-butyl methyl ether
(t-BME, J. T. Baker, USA), acetic acid (Assay min. 99.7%,
Junsei Chem., Japan)E A}E3}190.2™, hexane, tert-butyl
methyl ethert= WHHS F¥ (022 g GVPP, Millipore,
USA)E 5§ o3 7}4& AZ F sonicator (Brason, USA)
22087 213 ¥ ARt

APFXE o] o]4 T (6000A Solvent delivery
system, Waters, USA)9} 7Z&7] (Model M720, Younglin,
Korea)E A48tk 232 Kromasil KR100-5CHI-TBB
(4.6 mm x 250 mm, particle size = 5 ymn, Eka Chemical,
Swedem® 7ot} AHEETE HlolE 7 Azxdez
Clarity (DataApex. ver. 2.1.0.15, Czech)E& A}-8-3}c}.

Figure 2. Graphic user interface for simulation of (R, S)- ibuprofen
separation.
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10 mg/mle] T2 FYFH.
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to a Theoretical Plate)S AlXh, Eq. ) AMg-sle] &wak
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Figure 3. Retention times of ibuprofen enatiomers at different
concentrations.
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Figure 4. Adsorption isotherm of ibuprofen enantiomers.
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Figure 5. Comparison of simulated elution profiles of ibuprofen with non-competitve and competitive isotherms (A: sample concentration = 0.5

mg/ml, B: sample concentration = 4.0 mg/ml).
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Figure 6. Simulated concentration profiles of R-ibuprofen and S-ibuprofen in the stationary phase (A) and mobile phase (B) during the migration

through the column at times 1, 90, 280 s.
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Figure 7. Comparison of experimental and calculated elution profile of ibuprofen (A; sample concentrations = 0.5 mg/ml, B: sample

concentrations = 1.0 mg/ml at flow rate 1.0 ml/min).
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Figure 8. Comparison of experimental and calculated elution profile
with flow rate from 1 ml/min to 2 mlmin (sample concentrations =
2.0 mg/ml).
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