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Kinetex® 2.6 µm XB-C18 Core-Shell Column for the Rapid, Ultra-High Efficiency USP
Assay for Ibuprofen
Philip J. Koerner, Deborah Jarrett, and Jeff Layne
Phenomenex, Inc., 411 Madrid Ave., Torrance, CA 90501 USA

This technical note describes the application of the new Kinetex
2.6 µm XB-C18 column to the USP assay for ibuprofen to reduce
analysis time and increase sample throughput and productivity, while
improving the sensitivity of the assay for the determination of ibuprofen related compound C, a known degradation product with adverse
health effects.

Introduction

The introduction of Kinetex core-shell columns has brought dramatic benefits to chromatographers. The ability to obtain ultrahigh chromatographic separations on conventional HPLC systems
with significant reductions in sample analysis time has been especially beneficial for laboratories tasked with the routine analysis of
drug products. These laboratories typically have limited resources
and can benefit greatly from faster separations and higher sample
throughput.
Ibuprofen is a weakly acidic, non-steroidal anti-inflammatory drug
(NSAID) marketed under a variety of different trademark brands.
Ibuprofen is available over the counter (OTC) in 200 mg doses in
most countries (400 mg doses in some countries), and by prescription at higher doses. It is commonly used as an analgesic
and anti-inflammatory, but can also relieve arthritis pain and reduce fever (antipyretic). At low doses (< 1200 mg/day), ibuprofen has the lowest incidence of digestive adverse drug reactions;
however, common adverse effects include nausea, upset stomach or ingestion, and gastrointestinal ulceration or bleeding.
Ibuprofen Related Compound C (4-isobutylacetophenone) is a
known degradation product of ibuprofen that causes adverse effects in the central nervous system. As a result, its presence in
ibuprofen tablets needs to be monitored and controlled over the
shelf life of the product. The USP monograph for ibuprofen assay
specifically requires the amount of ibuprofen related compound C
in ibuprofen tablets to be limited to 0.1 % per tablet1. The ability
to detect a low level concentration of such an impurity is critically
impacted by the efficiency of the chromatographic column and
we show here how to easily accomplish this with a Kinetex XBC18 column based on the ultra-high efficiency core-shell particle
technology.

Reagents and Chemicals

All reagents and solvents were HPLC or analytical grade. Chloroacetic acid, ammonium hydroxide, and valerophenone were
purchased from Sigma-Aldrich (Milwaukee, WI). HPLC Grade
acetonitrile and water were purchased from Honeywell, Burdick &
Jackson (Muskegon, MI). USP Ibuprofen reference standard (RS)
and Ibuprofen Related Compound C RS were purchased from US
Pharmacopeia (Rockville, MD).

For additional technical notes, visit www.phenomenex.com

Equipment and Materials
Columns Used:
A fully porous 5 μm C18 250 x 4.6 mm column (as specified by the
monograph) was compared with Kinetex 2.6 μm XB-C18 100 x 4.6
mm column.
Instrumentation:
Agilent® 1100 Series HPLC (Agilent Technologies, Inc., Santa Clara,
CA, USA), equipped with quaternary gradient pump, autosampler,
column oven, and diode array detector (DAD).
Mobile Phase Preparation:
4.0 g of chloroacetic acid was dissolved in 400 mL of water
(1.0 % w/v) and the pH adjusted to 3.0 with ammonium hydroxide,
then 600 mL of acetonitrile was added and mixed well. This mobile
phase mixture was filtered and degassed prior to use.
HPLC Conditions:
Column: Kinetex 2.6 μm XB-C18 100 Å
Dimensions: 100 x 4.6 mm and 75 x 4.6 mm
Part No.: 00D-4496-E0 and 00C-4496-E0
Mobile Phase: Acetonitrile/Water (600:400) with 4 g Chloroacetic acid, pH 3.0
Flow Rate: 2.0 mL/min
Inj. Volume: 5 µL
Temperature: 30 °C
Detection: UV @ 254 nm
Sample: 1. Ibuprofen
2. Valerophenone (IS)
3. Ibuprofen Related Compound C

Standard Solution Preparation:
A solution containing about 12 mg/mL of ibuprofen, 0.35 mg/mL
of valerophenone (IS), and 0.012 mg/mL of ibuprofen related compound C was prepared by serial dilution in mobile phase.
Chromatographic Method:
1 µL of sample was injected with isocratic chromatographic separation using 60:40 acetonitrile/1.0 % (w/v) chloroacetic acid in water, pH 3.0 as the mobile phase at a flow rate of 2.0 mL/min. The
column was maintained at 30 ºC with UV detection at 254 nm.

Results and Discussion

The USP monograph for the assay of ibuprofen specifies using a
250 x 4.6 mm column packed with 5 µm media containing a C18
bonded phase and an isocratic mobile phase as outlined in the
HPLC Conditions above. The system suitability for this method requires resolution between ibuprofen and the internal standard (IS,
valerophenone) and between IS and ibuprofen related compound
C to be not less than (NLT) 2.5, and tailing factors for each peak
to be not more than (NMT) 2.5. Figure 1 shows the chromatogram
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The ultra-high efficiency expressed by Kinetex® core-shell columns has been shown to be beneficial for several other pharmacopoeia methods2,3 in providing significant improvements in resolution. Figure 2 shows the chromatogram obtained on the 100 x
4.6 mm Kinetex 2.6 µm XB-C18 column using the same mobile
phase and flow rate specified in the ibuprofen monograph. As
expected, the shorter column length results in shorter retention
times and a faster analysis time; however, there is no corresponding reduction in resolution. This is because the Kinetex core-shell
column provides much higher efficiency and significantly narrow
peaks, allowing for a shorter column to be utilized without sacrificing chromatographic resolution. Another benefit of the narrower
peaks is the increase in signal intensity, easily allowing for the
determination of low level impurities such as ibuprofen related
compound C at the required limits.
Reducing the analysis time (from approximately nine to three minutes) with the Kinetex XB-C18 column while maintaining system
suitability also provides significant benefits for the laboratory operation by reducing mobile phase solvent usage, while increasing
productivity and throughput. Reducing solvent usage results in
significant cost savings but also reduces solvent waste disposal
costs.
USP General Chapter <621> outlines the allowable adjustments
that can be made to USP monograph methods4. Here, the particle diameter has been reduced by the maximum allowed (50 %
smaller) and column length has been decreased by 60 % (within
the limit of 70 %) to reduce analysis time and improve sensitivity,
without sacrificing chromatographic resolution. Since pressure
is directly proportional to column length, using a shorter column
can significantly offset increases in pressure attributable to the
smaller particle diameter.

Table 1.
Summary of Results
System
Suitability

Fully
porous
5 µm C18

Length (mm)

-

250

100

75

75

Flow Rate (mL/min)

-

2.0

2.0

2.0

1.5

Column

Backpressure (bar)

Kinetex® 2.6 µm XB-C18

-

192

322

306

228

NLT 2.5

7.73

5.51

4.65

4.79

Resolution (2,3)

NLT 2.5

5.93

5.90

4.67

4.68

TF, Ibuprofen

NMT 2.5

1.37

1.61

1.71

1.82

TF, Valerophenone

NMT 2.5

1.04

1.13

1.02

1.02

TF, Compound C

NMT 2.5

1.04

1.13

1.00

1.01

Analysis Time (min)

9

2.5

2.0

2.5

Solvent per run (mL)

18

5

4

3.75

Resolution (1,2)

Figure
19612 1.
Ibuprofen assay on fully porous 5 µm C18 250 x 4.6 mm column, conditions as specified in monograph.
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1
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obtained running the USP method as specified. Resolution between ibuprofen and valerophenone, and between valerophenone
and related compound C, is 7.73 and 5.93, respectively. Tailing
factors (TF) are summarized in Table 1 and are well within the limit
required to meet system suitability. At 2.0 mL/min the backpressure was 192 bar (2785 psi) and total analysis time was less than
nine minutes.
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Figure 2.
Ibuprofen assay on Kinetex 2.6 µm XB-C18 100 x 4.6 mm column, conditions as specified in monograph.
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Figure 3.
Ibuprofen assay on Kinetex® 2.6 µm XB-C18 75 x 4.6 mm column, conditions as specified in monograph.

Figure 3a shows the chromatogram obtained using a 75 x 4.6 mm
Kinetex 2.6 µm XB-C18 column. This column length is reduced by
70 %, the maximum allowed per USP <621>, and the separation
still meets the system suitability requirements (Table 1). Another
adjustment that can reduce the backpressure is to reduce the flow
rate, and USP <621> allows for a maximum adjustment to flow
rate of ±50 % (±1.0 mL/min in this case). Figure 3b shows the
chromatogram obtained at a flow rate of 1.5 mL/min (25 % reduction in flow rate) with the 75 x 4.6 mm Kinetex column and the
results are summarized in Table 1. Reducing the flow rate to 1.5
mL/min has the expected outcome of increasing analyte retention times; however, the overall analysis time is only increased to
about 2.5 minutes, or less than one-third of the original monograph method runtime of nine minutes. Reducing the flow rate
reduces the backpressure to 228 bar, (~3455 psi). The analysis
time is still significantly faster than the monograph method, so
high productivity benefits can be realized in the laboratory.

A 2.0 mL/min
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Conclusions

For the assay of ibuprofen, the shorter 75 x 4.6 mm core-shell column and reduced flow rate (1.5 mL/min) provide a good compromise for increasing throughput versus operating pressure. These
benefits are achieved while maintaining system suitability for the
assay of ibuprofen and fall within the allowable adjustments per
USP <621>.

19661

B 1.5 mL/min
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Austria
t: 01-319-1301
f: 01-319-1300
anfrage@phenomenex.com
Belgium
t: +31 (0)30-2418700
f: +31 (0)30-2383749

beinfo@phenomenex.com

Canada
t: (800) 543-3681
f: (310) 328-7768
info@phenomenex.com

Ordering Information
Kinetex® 2.6 μm Analytical Columns (mm)
XB-C18
C18
C8
PFP
HILIC

nordicinfo@phenomenex.com
Finland

t: (09)4789 0063
f: +45 4810 6265

nordicinfo@phenomenex.com

50 x 4.6
00B-4496-E0
00B-4462-E0
00B-4497-E0
00B-4477-E0
00B-4461-E0

75 x 4.6
00C-4496-E0
00C-4462-E0
00C-4497-E0
00C-4477-E0
00C-4461-E0

100 x 4.6
00D-4496-E0
00D-4462-E0
00D-4497-E0
00D-4477-E0
00D-4461-E0

150 x 4.6
00F-4496-E0
00F-4462-E0
00F-4497-E0
00F-4477-E0
00F-4461-E0

SecurityGuard
Ultra Cartridges‡

Kinetex 2.6 μm MidBore™ Columns (mm)
XB-C18
C18
C8
PFP
HILIC

30 x 3.0
––
00A-4462-Y0
––
00A-4477-Y0
––

50 x 3.0
00B-4496-Y0
00B-4462-Y0
00B-4497-Y0
00B-4477-Y0
––

75 x 3.0
––
00C-4462-Y0
––
00C-4477-Y0
––

100 x 3.0
00D-4496-Y0
00D-4462-Y0
00D-4497-Y0
00D-4477-Y0
––

150 x 3.0
––
00F-4462-Y0
––
00F-4477-Y0
00F-4461-Y0

franceinfo@phenomenex.com

Germany
t: 06021-58830-0
f: 06021-58830-11
anfrage@phenomenex.com
Ireland
t: 01 247 5405
f: +44 1625-501796

Kinetex 2.6 μm Minibore Columns (mm)
XB-C18
C18
C8
PFP
HILIC

30 x 2.1
00A-4496-AN
00A-4462-AN
00A-4497-AN
00A-4477-AN
––

50 x 2.1
00B-4496-AN
00B-4462-AN
00B-4497-AN
00B-4477-AN
00B-4461-AN

100 x 2.1
00D-4496-AN
00D-4462-AN
00D-4497-AN
00D-4477-AN
00D-4461-AN

/3pk
AJ0-8782
AJ0-8782
AJ0-8784
AJ0-8787
AJ0-8786
for 2.1 mm ID

eireinfo@phenomenex.com
Italy

Kinetex 1.7 μm Minibore Columns (mm)

Luxembourg
t: +31 (0)30-2418700
f: +31 (0)30-2383749
nlinfo@phenomenex.com
Mexico
t: (55) 5018 3791
f: (310) 328-7768
tecnicomx@phenomenex.com
The Netherlands
t: 030-2418700
f: 030-2383749
nlinfo@phenomenex.com
New Zealand
t: 09-4780951
f: 09-4780952
nzinfo@phenomenex.com
Norway
t: 810 02 005
f: +45 4810 6265
nordicinfo@phenomenex.com
Puerto Rico
t: (800) 541-HPLC
f: (310) 328-7768
info@phenomenex.com
United Kingdom
t: 01625-501367
f: 01625-501796
ukinfo@phenomenex.com
All other countries:
Corporate Office USA
t: (310) 212-0555
f: (310) 328-7768
info@phenomenex.com

XB-C18
C18
C8
PFP
HILIC

italiainfo@phenomenex.com

www.phenomenex.com
Phenomenex products are available worldwide. For the distributor in your country,
contact Phenomenex USA, International Department at international@phenomenex.com
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50 x 2.1
00B-4498-AN
00B-4475-AN
00B-4499-AN
00B-4476-AN
00B-4474-AN

100 x 2.1
00D-4498-AN
00D-4475-AN
00D-4499-AN
00D-4476-AN
––

KrudKatcher
Ultra In-Line Filter*

SecurityGuard
Ultra Cartridges‡

150 x 2.1
00F-4496-AN
00F-4462-AN
00F-4497-AN
00F-4477-AN
00F-4461-AN

t: 051 6327511
f: 051 6327555

/3pk
AF0-8497
AF0-8497
AF0-8497
AF0-8497
AF0-8497

/3pk
AJ0-8775
AJ0-8775
AJ0-8777
AJ0-8780
AJ0-8779
for 3.0 mm ID

France
t: 01 30 09 21 10
f: 01 30 09 21 11

KrudKatcher™
Ultra In-Line Filter*

/3pk
AJ0-8768
AJ0-8768
AJ0-8770
AJ0-8773
AJ0-8772
for 4.6 mm ID

*KrudKatcher Ultra requires 5/16 in. wrench. Wrench not provided.
‡
SecurityGuard Ultra cartridges require holder, Part No.: AJ0-9000.
Check for availability in your country.

Denmark
t: 4824 8048
f: 4810 6265

30 x 4.6
––
00A-4462-E0
––
00A-4477-E0
––

SecurityGuard™
Ultra Cartridges‡

SecurityGuard
Ultra Cartridges‡

150 x 2.1
––
00F-4475-AN
––
00F-4476-AN
––

/3pk
AJ0-8782
AJ0-8782
AJ0-8784
AJ0-8787
AJ0-8786
for 2.1 mm ID

/3pk
AF0-8497
AF0-8497
AF0-8497
AF0-8497
AF0-8497
KrudKatcher
Ultra In-Line Filter*

/3pk
AF0-8497
AF0-8497
AF0-8497
AF0-8497
AF0-8497
KrudKatcher
Ultra In-Line Filter*

/3pk
AF0-8497
AF0-8497
AF0-8497
AF0-8497
AF0-8497

UHPLC / HPLC Sure-Lok™ High Pressure PEEK™
Male Nut Fittings
Part No.

Description

AQ0-8503

Sure-Lok High Pressure PEEK 1-Pc Nut 10-32,
for 1/16 in. Tubing, 12,000 psi (827 bar)
Sure-Lok Fitting Tightening Tool, Aluminum

AQ0-8530

Unit
10/pk
ea

If Kinetex core-shell technology columns do not provide at least an equivalent
separation as compared to other products of the same phase and dimensions,
return the column with comparative data within 45 days for a FULL REFUND.
Terms and Conditions
Subject to Phenomenex Standard Terms and Conditions which may be viewed
at http://www.phenomenex.com/TermsAndConditions.
Trademarks

Kinetex is a registered trademark of Phenomenex in the United States, European Union, and
other jurisdictions. Phenomenex is a registered trademark, and SecurityGuard, KrudKatcher,
Sure-Lok, and MidBore are trademarks of Phenomenex, Inc. PEEK is a trademark of
Victrex plc. Agilent is a registered trademark of Agilent Technologies.

Disclaimer

Phenomenex is in no way affiliated with Agilent Technologies. Comparative separations may
not be representative of all applications.
© 2011 Phenomenex, Inc. All rights reserved.
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Australia
t: 02-9428-6444
f: 02-9428-6445

