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Abstract

A Waters method for the analysis of aromatic acids was transferred to an Agilent
1290 Infinity LC with an Agilent ZORBAX Rapid Resolution High Definition (RRHD)
Eclipse Plus C18 column, without additional method development. Comparing the
Waters Acquity UPLC CSH C18 and RRHD Eclipse Plus C18 columns on the Waters
Acquity UPLC system showed that the Agilent column generated 10% lower
pressure, while improving peak shape, most notably for salicylic acid, which was
48% narrower and 89% more symmetrical with the Agilent column. Comparing the
Waters Acquity UPLC and a 1290 Infinity LC with the RRHD column showed that the
Agilent system generated 13% less pressure than the Waters system while

producing 3 to 9% narrower peaks and improving resolution by 7 to 14%.

Introduction

This application note demonstrates the complete transfer of a method in a Waters
publication [1] to a RRHD Eclipse Plus C18 column with a 1290 Infinity LC. The
method shows a gradient acetic acid/acetonitrile separation of 7 aromatic acids on
a Waters Acquity UPLC CSH C18, 2.1 x 50 mm, 1.7 pm column with a Waters
Acquity UPLC system [1]. Analysis of 6 of the compounds (2,4-dichlorophenoxyacetic
acid was not available) was transferred stepwise to an RRHD Eclipse Plus C18, 2.1 x
50 mm, 1.8 pm column with a 1290 Infinity LC. Performance improvements were
evident with the Agilent column and the Agilent system compared to their Waters
counterparts.
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Materials and Methods

LC method parameters were kept as consistent as possible.
Table 1 shows the conditions. All chromatograms were
analyzed in Agilent OpenLAB CDS ChemStation Edition
Revision C.01.03. All data were collected within 1 week with
supplies refrigerated or frozen, as necessary, to prevent
degradation. Column and system performance were verified
daily to ensure comparable results over the course of the
experiment.

All aromatic acids shown in Figure 1, and glacial acetic acid,
were purchased as powders from Sigma-Aldrich Corp.

Acetonitrile was purchased from Honeywell International Inc.

Water was 18 Mohm.cm Milli-Q.
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Figure 1. Aromatic acids.
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Table 1. LC method parameters for the analysis of aromatic acids on a Waters Acquity UPLC System and an Agilent 1290 Infinity LC.

Waters Acquity UPLC System

Agilent 1290 Infinity LC

Waters Acquity UPLC CSH C18, 2.1 x 50 mm, 1.7 pm
(p/n 186005296), serial number 01133209515691

0.1% acetic acid, acetonitrile

Column

Mobile phase (A, B)

Agilent ZORBAX RRHD Eclipse Plus C18, 2.1 x 50 mm, 1.8 pm
(p/n 959757-902), serial number USDAY06281, lot number B11188

Gradient Time %B Curve Time
Initial 2 Initial 0.00
5.00 60 6 5.00
5.50 60 6 5.50
5.51 2 6 5.51
6.00 2 6 6.00

Injection 4 pL of 0.01 mg/mL sample in water, partial sample loop with

needle overfill

Detection

Configuration

Flow rate 0.6 mL/min
Column temperature 30 °C

Sample preparation

280 nm, 4.8 nm resolution, 20 points/s, fast filter time constant

Acquity UPLC System (BSM, SM) with Acquity UPLC PDA

time) 80 Hz

%B
2
60
60
2

2

4 pL of 0.01 mg/mL sample in water, ADVR on

Sig = 280,4 nm; ref = off, slit 4 nm, PW > 0.0031 min (0.063 s response

G4220A, G4226A, G1316C, G4212A with Ultra Low Dispersion Kit
(5067-5189), Ultra Low Dispersion Max-Light Cartridge Flow Cell,
V(o) = 0.6 pL (G4212-60038), LC System Rack (5001-3726)

vanillic acid, syringic acid, salicylic acid 2,4-Dichlorophenoxyacetic acid was not available

Stock solution: 1 mL each of individual standards (6 mL total), 0.278 mg/mL each

Sample: 0.5 mL stock solution + 9.5 mL water, 0.0139 mg/mL each

Sample concentration 1.67 mg/mL

Individual standards: each prepared in water:acetonitrile (5:1) Protocatechuic acid, 3,4-dihydroxyphenylacetic acid, 4-hydroxybenzoic acid,



Results and Discussion

Reproducing a Waters method for the analysis of
aromatic acids

The original analysis of aromatic acids was reproduced (top
chromatogram in Figure 2) on a Waters Acquity UPLC CSH
C18 column with a Waters Acquity UPLC System. Retention
times and peak shapes appeared very similar to those
published [1], with the exception of protocatechuic acid
(peak 1), which appeared to tail more in Figure 2 than in the
original publication. Peak heights were slightly increased in
Figure 2 compared to the original due to a slightly higher
sample concentration.

AU
037  Waters Acquity UPLC System with Acquity UPLC CSH C18
P .. =566 bar

0.257

Replacing the Waters Acquity UPLC column
with a RRHD Eclipse Plus C18 column

The Waters column was then replaced with a same
dimension RRHD Eclipse Plus C18 on the same Waters
Acquity UPLC system (bottom chromatogram in Figure 2),
running the same instrument method with the same sample
and mobile phases. Improvements to all peaks are apparent,
including peak width, peak height, and peak symmetry, while
system pressure was reduced by 10%. Most notably, the
salicylic acid peak (peak 6) on the RRHD Eclipse Plus C18
column was 48% narrower and 89% more symmetrical than on
the CSH C18 column (symWaters = 0.36, symAgilent = 0.68).
Minimum resolution for this aromatic acids analysis was also
better with the Agilent column, improving minimum resolution
by 10%, from 2.76 to 3.03.

Protocate- Vanillic Syringic Salicylic
chuic acid DOPAC PABA acid acid acid Average
0.2] T, 1.012 1.076 1.382 1.533 1.601 2632 1.539
PW, , 0.0148 0.0129 0.0158 0.0148 0.0142 0.0367 0.0182
0.157 Rs n/a 27 1251 5.80 2.76 23.83 9.52
o Symmetry  0.72 0.78 0.80 0.85 0.86 0.36 0.73
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Figure 2. Original analysis of aromatic acids on a Waters Acquity UPLC CSH C18 column (top) and an Agilent ZORBAX RRHD
Eclipse Plus C18 column (bottom), both on a Waters Acquity UPLC system. The Waters column performance is similar to
published results [1], while peak shape improvements are evident with the Agilent column.



Transferring from the Waters Acquity UPLC Optimizing extra-column and delay volumes of the

system to a 1290 Infinity LC 1290 Infinity LC

Next, the RRHD Eclipse Plus C18 column was transferred to a Improvements were easily made to the 1290 Infinity LC to
1290 Infinity LC (in its default configuration, as shipped from reduce extra-column and delay volumes. First, the Ultra Low
Agilent). LC method parameters were kept as consistent as Dispersion (ULD) kit replaced the standard 0.12 mm id
possible, while the same mobile phases, sample, and column capillaries with 0.075 mm id capillaries. An Ultra Low

were used (top chromatogram in Figure 3). All peaks were Dispersion Max-Light Cartridge Flow Cell was also installed,
wider, shorter, and eluted later on the Agilent system as and an Agilent LC System Rack was used to arrange the

compared to the Waters system. However, the Agilent system modules such that the shortest possible capillaries could be
generated 17% less pressure than the Waters system (426 bar used. The result was a ULD 1290 Infinity LC with 64% less
versus 512 bar), probably due to increased extra-column and extra-column volume than the default system (4 versus 11 pL)
delay volumes in the Agilent LC system. [2]. All peaks (middle chromatogram in Figure 3) were
noticeably taller, as well as 11 to 16% narrower. Because of

mAU | Adgilent 1290 Infinity LC System (default) with an Agilent ZORBAX RRHD Eclipse Plus C18

3004 P . =426 bar Protocate- Vanillic  Syringic  Salicylic
250 1 chuic acid DOPAC PABA acid acid acid Average
200 1 T, 0.998 1.149 1326 1.520 1.600 2.067 1.443
150 PW,, 0.0158 0.0154  0.0166 0.0162  0.0154 0.0208  0.0167
Rs n/a 5.70 6.47 6.95 2.96 15.13 7.44
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250 1 chuic acid DOPAC PABA acid acid acid Average
200 T, 0.962 1.116 1290  1.490 1.572 2.026 1.409
150 PW,, 0.0134 0.0129  0.0142 0.0136  0.0129 0.0186  0.0143
100 Rs n/a 6.87 151 8.42 3.67 16.91 8.69
1 Symmetry  0.81 0.84 0.87 0.91 0.91 0.69 0.84
504 k
0 ~ _J J\
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max Protocate- Vanillic  Syringic  Salicylic
250 chuic acid DOPAC PABA  acid acid acid Average
200 4 T, 0.887 1021 1195 1379 1.455 1909 1308
150 1 PW, , 0.0124 0.0121  0.0135 0.0132  0.0126 0.0175  0.0136
1004 Rs n/a 6.46 7.94 8.11 3.45 17.69 8.73
Symmetry  0.82 0.86 0.88 0.91 0.91 0.77 0.86
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Figure 3. Analysis of aromatic acids with an Agilent ZORBAX RRHD Eclipse Plus C18 column on an Agilent 1290 Infinity LC in
default configuration (top), ultra low-dispersion configuration (middle), and reduced delay volume configuration (bottom).
Reducing extra-column volume sharpened peaks and improved resolution, while minimizing delay volume reduced gradient
retention and further improved peak shape.



the improved peak width, resolution was also improved by 12
to 24%, with the critical pair increased by 24%, from 2.96 to
3.67 for peaks 4 and 5 (vanillic and syringic acid).

Additionally, a modification to the LC method parameters can
reduce the system delay volume. The automatic delay volume
reduction (ADVR) function built into the software for the
Agilent 1290 Infinity Autosampler effectively reduces system
delay volume by 63% without further hardware adjustments
(123 to 49 pL). The ADVR changes the typical flow path
through the autosampler, where the needle is continually
flushed, to a bypass flow path. Here, the injection valve
switches from main pass to bypass after the injection has
been made and sample has been flushed onto the column.
This removes the needle, metering device, and associated
capillaries from the flow path of the gradient, allowing the
mobile phase to reach the head of the column more quickly
[3.4]. While very fast gradients are affected most by the
system delay volume, improvements are still evident with this
more classic gradient analysis of aromatic acids (bottom
chromatogram in Figure 3). Retention times for all peaks

ULD Agilent 1290 Infinity LC

decreased by 6 to 9%, with early eluting peaks more affected
than later eluting peaks. Peak widths were also slightly
reduced (2 to 7%), most likely due to the shortened retention
times.

Figure 4 illustrates the use of the ULD kit and flow cell as well
as the ADVR function with a 1290 Infinity LC, and it shows
the volumetric changes that result with respect to extra
column and system delay volumes. According to the
published instrument specifications, a standard Waters
Acquity UPLC system has a delay volume of approximately
120 pL, while the system band spread (extra-column volume)
is unreported [5]. The instrument specifications for the
Waters low dispersion Acquity UPLC I-Class is reported to
have a system delay volume of about 100 pL, while the
system band spread is quoted at 6 to 9 pL [6]. While the
standard Waters Acquity UPLC system is used in this
experiment, the volumetric data in Figure 4 indicate that this
optimized 1290 Infinity LC will have lower extra-column and
delay volumes (4 and 49 pL, respectively) than the optimized
Waters Acquity UPLC I-Class system.!

Mobile phase and

Default Agilent 1290 Infinity LC ULD Agilent 1290 Infinity LC with ADVR
sample flow path
| Solvent tray I | Solvent tray I
~— Jet weaver (solvent mixer)
Solvent tray ; A
I I Binary pump Binary pump Pump > ALS capillary
Diode array detector .
2 Metering device, capillaries
3
-\ S —< Needle
. v >
Column s ® Needle seat and capillary
compartment £
(-H Autosampler Autosampler 2 ALS > TCC capillary
>
Autosaﬁlp é — Column/sample heater
o
; TCC = DAD capillary
<
r—— — - Flow cell .
Column Column ULD Agilent
compartment compartment Default Agilent ULD Agilent 1290 Infinity LC
Binary pump —=0—0 —=0—0 1290 InfinityLC 1290 InfinityLC with ADVR
D —————— Extra column volume (pL)
Diode array detector Diode array detector 1 4 4
[ — | [ — | Delay volume (pL)
127 123 49

Figure 4. An Agilent 1290 Infinity LC in default configuration (left), ultra low-dispersion configuration (middle), and reduced-
delay-volume configuration (right). The volumetric impact of these system changes on extra-column and delay volumes are

shown in the table beneath the diagram.

1 These volumes represent an Agilent 1290 Infinity LC customized for this particular analysis. Further modifications to the LC
system volumes are possible depending on instrument requirements for other analyses.



The optimized 1290 Infinity LC (bottom chromatogram in
Figure 3) was compared with the standard Waters Acquity
UPLC (bottom chromatogram in Figure 2) in the analysis of
aromatic acids, using an RRHD Eclipse Plus C18 column. The
lower extra-column and delay volumes in the Agilent system
yielded 1 to 5% shorter retention times, with 3 to 9% narrower
peaks. Resolution improved by 7 to 14%, with the critical pair
improved by 14% from 3.03 to 3.45. While the optimizations to
the Agilent system came at the cost of increased system
pressure (optimized pressure is 4% higher than the default
system), the pressure generated by the 1290 Infinity LC was
still substantially less (13%, 443 versus 512 bar) than the
pressure generated by the Waters LC, allowing for more
flexibility to increase flow rate and column length. Further
flexibility is afforded by the 1290 Infinity LC, as the optimized

setup is completely removable, and the original capillaries can
easily be partially or fully reinstalled for additional pressure
flexibility should an analysis require it.

Comparing the newly transferred Agilent analysis
to the Waters analysis

A final assessment of the original application as performed on
the Waters Acquity UPLC CSH C18 column with a Waters
Acquity UPLC system, compared to the same analysis on the
RRHD Eclipse Plus C18 column with a 1290 Infinity LC,
demonstrated the complete method transfer (Figure 5). The
Agilent solution for aromatic acids generated 22% less
pressure (566 versus 443 bar) than the Waters solution. The
Agilent solution also delivered 6 to 52% narrower peaks that

AU Waters Acquity UPLC System with an Acquity UPLC CSH
037 P =566 bar
0.25 1 Protocate- Vanillic  Syringic  Salicylic
) chuic acid DOPAC PABA acid acid acid Average
021 T, 1.012 1.076 1382 1533 1.601 2.632 1.539
- PW, , 0.0148 0.0129  0.0158 0.0148 0.0142 0.0367 0.0182
0.15 1 Rs n/a 27 1251 5.80 2.76 23.83 9.52
Symmetry  0.72 0.78 0.80 0.85 0.86 0.36 0.73
0.1
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0 0.5 1 15 2 25 3 35 4 45 min
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PW, , 0.0124 0.0121 0.0135 0.0132 0.0126 0.0175 0.0136
1507 Rs n/a 6.46 7.94 8.11 345 17.69 8.73
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Figure 5. The original analysis of aromatic acids with a Waters column on a Waters LC system (from Figure 2) (top). and the
same analysis improved with an Agilent ZORBAX RRHD Eclipse Plus C18 column on an Agilent 1290 Infinity LC (from Figure 3)
(bottom). The Waters solution was improved by transferring this analysis to an Agilent solution; peaks were all substantially
sharper and more symmetrical. Minimum resolution was also improved.



were 6 to 114% more symmetrical; the salicylic acid peak
(peak 6) performance was most improved in both cases with
symmetry improving from 0.36 to 0.77. Resolution was also
improved by more than 25% for all peaks with the Agilent
system and column solution.

Conclusions

An analysis of aromatic acids demonstrated in a Waters
publication was easily transferred to an Agilent ZORBAX
RRHD Eclipse Plus C18 column with an Agilent 1290 Infinity
LC. Both the Agilent column and system provided
performance improvements over the Waters equivalents
without any additional method development.
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For More Information

These data represent typical results. For more information on
our products and services, visit our Web site at
www.agilent.com/chem.
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