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Abstract

The Agilent 220 micro plate sampler (MPS) is an essential part of Agilent's
system for combinatorial chemistry and high-throughput HPLC analysis.

The value of the sampler is in its flexibility. It uses different sample devices
and combines high sample capacity, high speed and sampling/fractionation
capability in one system. The sampler, together with the Agilent 1100 Series
HPLC modules and the Agilent 1100 Series mass selective detector (MSD),
makes up a complete system that fulfills the requirements of combinatorial
chemistry and high-throughput analysis with its robustness, ruggedness,
sensitivity, selectivity and speed. The seamlessly integrated system plus the
single software platform—complete with diode array and mass spectrome-
try detectors—simplify system setup, operation and management of large
amounts of data.
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The Agilent 220 micro plate
sampler hardware

The Agilent 220 micro plate sam-

pler is an XYZ robot that can auto-

mate a number of liquid handling

procedures such as sample injec-

tion, fraction collection and sam-

ple preparation. The standard con-

figuration of the Agilent 220 micro

plate sampler includes:

¢ a 100l syringe

¢ a Rheodyne® injection valve
with a sample loop

¢ 2 needle-rinsing stations

® septum-piercing needles

¢ racks for up to 12 micro plates

¢ safety shields around the
instrument and the needle

The system can be extended by

the use of:

¢ a fraction collection
accessory kit

¢ racks for autosampler vials
and test tubes

e customized racks and plates

The high speed xyz arm moves the
injector needle to the sample and
fraction devices, to the injector
and to the needle-rinsing stations.
The syringe provides injection
volumes up to 100 pl. For injec-
tion of higher sample amounts,
the syringe can be exchanged. The
needle, tubings and the injection
port can be flushed to ensure
minimum carryover. The injector
with an installed loop enables the
injection of a specified sample
amount with high precision.

The Agilent 220 micro plate sam-
pler can handle various types of
sample plates, vials and test tubes
in any combination. Frequently
used rack types that hold plates,
2-ml vials and test tubes are pre-
configured and can easily be
selected from a screen. By default
the sampler is equipped with
racks for up to 12 well plates.
Covers fix the sample devices or
the racks on the work area. The
control software also allows the
programming of customized plates
and racks. To design customized
devices, the operator can type in

Figure 1

the dimensions in the default rack
or plate screens and save these
customized sample devices with a
name of the operator’s choice
(see figure 1). Dimensions can be
entered by the nearest tenth of a
millimeter.

How the Agilent 220 MPS
works

Sampling and injection

During the sampling sequence,
the injection valve bypasses the
autosampler (load position) and
connects flow from the pump to
the column directly. The xyz-arm
moves to the selected sample
well and the needle lowers into
the device. The required volume
of sample is drawn into the
needle by the syringe. (The vol-
ume of the loop determines the
injection volume. The Agilent 220
MPS has a 5 pl loop installed.
Larger volume loops can also be
installed).

Then the needle lifts out of the
well or vial and moves either to
the wash vial to clean the outside
of the needle or directly to the
injector. There it lowers into the
injection port. The injection valve
switches to the inject position and
the syringe flushes the sample
into the sample loop. Then the
injector switches to the inject
position.

This shows the choice of various plates, vials
and tubes which can be used.



In this position, the pump is con-
nected to the sampler loop. All of
the sample is washed out of the
loop onto the column and the
separation begins. If the needle
wash is selected in the injector
program, the needle lowers into
the right wash vial to be cleaned
for a preset time before it moves
to the injector port. After sample
injection (and during sample
analysis), the valve switches back
to the load position and prede-
fined rinsing steps like injection
port and needle rinse inside/out-
side are carried out so that the
needle is always free from sample
residue before the next sampling
sequence begins.

Figure 2
Overview of the sampling and injection mode.
The dotted lines indicate connection capillar-
ies to the Agilent 1100 Series modules.

Injection techniques —
filling modes

loop-

The injector tasks allow two
different injection techniques:
completely-filled sample loop or
partially-filled sample loop. Which
technique is used depends on the
amount of sample available.

Completely filling the sample loop
is the conventional method in
which an excess of sample is used
to overfill the sample loop. This

is about 3 to 5 loop volumes of
sample to achieve 95 % of the
maximum loop volume. Precision
for this technique is typically

0.1 to 1.0 %.

Partially filling the sample loop is
used when only small quantities of
sample are available. For this tech-
nique, a sandwich of air gaps and
sample is injected into the sample
loop. When sample without air
gaps is injected into the loop, it
mixes with the solvent already in
the loop and some sample could
be lost. Injection of sample from a

Start

partially filled loop is generally
less precise (typically 0.5 to 3.0 %)
than for completely filled loop
injection.

Fraction collection

The optional low pressure valve
installed for fraction collection is
an electronically operated 3-port,
2-position valve. The valve, which
is installed in the flow path
between the detector cell outlet
and the injector needle, is in
waste position until the peak of
interest is detected or a prede-
fined collection time is reached.
The software automatically
changes the valve's position when
the peak or fraction of interest
has reached the valve and the
peak is diverted through the injec-
tor needle to a fraction device.
When the well is full the needle is
moved to the next fraction well.
The valve is switched back to
waste when the peak or fraction
of interest has left the needle.
Each new detected peak is col-
lected in a new well.
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Figure 3
Overview of the fractionation mode
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The fraction collection mode is
initiated by an Agilent 1100 Series
DAD, VWD or FLD. Fractions can
be collected based on peak
detection or on time intervals
(see figure 3).

Sample preparation

The sampler can also be used for
sample preparation, for example
sample derivatization and dilution.
For this application, up to two
well plates or racks for other sam-
ple devices on the sampler can be
selected as sources. The program
allows drawing sample from a
sample plate and drawing diluent
or reagent from the sources. The
needle content is then ejected in a
destination plate or rack, where

it can be mixed. This procedure
can be repeated for the next sam-
ple(s) or a specified volume can
be drawn and injected onto the
column for analysis.

How to reduce carryover

The main contribution to carry-
over comes from sample on the
outside of the needle. Washing the
needle after drawing the sample

removes the sample from the sur-
face of the needle immediately.

A rinsing station and a wash

vial help to reduce carryover to an
absolute minimum.

Control of the Agilent 220 MPS

The sampler is controlled by
software (CC-Mode) integrated
into the Agilent ChemStation. This
software allows:

e sample selection and automated
study generation

selection of fractions for
analysis

review of sample results
confirmation of the presence of
specific compounds based on
MS signal

specification of purity require-
ments for quantification and
purity calculation

graphical representation of the
results

printing of sample and fraction
data

e import/export for data exchange
with other applications like
Microsoft® Excel®
customization of well plates and
other sample devices

What is a study

A study in CC-Mode can be
compared with a sequence in the
Agilent ChemStation. It is a series
of instructions that automates the
analysis, data evaluation and
reporting of samples. A study
contains at least one analytical
method that comprises all the
parameters for acquisition and
data evaluation, including integra-
tion and reporting. The system
can be set up to acquire data from
a number of samples by different
methods.

A study includes:

e a list of samples

e a list of fractions

¢ the sampler configuration

e analytical and sampler methods
¢ reporting options

e purity calculation parameters

e the data file structure

All integration parameters can be
set within the analytical method.

The complete information is
stored in a database and can be
retrieved later for sample review
and reprocessing.
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method, may also be imported as a  samples, fractions and expected masses.
comma separated value (CSV) file.



The study parameters screen

The study parameters screen, as

shown in figure 6, enables the

selection of the parameters neces-

sary to run the sample analysis

and to generate reports. The study

parameters screen provides

access to the following tasks:

e Agilent ChemStation method for
sample analysis

e conditional logic to method
execution (optional)

e Agilent 220 MPS sampler tasks

e purity calculations (optional)

e study layout

e sample name format

e data file path

¢ report options

From this screen the Agilent
ChemStation method(s) for sample
analysis and processing can be
selected.

A maximum of nine methods

can be linked to run on the same
set of samples. The selected
method(s) will be used for all sub-
sequent samples added to a study.

The software adds conditional
logic to method execution. When
multiple methods are selected, the
operator can choose under which
conditions the next method will
be run:

e if no target masses are found,

¢ if some target masses are found,
e or if all target masses are found.
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For example, some users screen
wells quickly using a flow injec-
tion method and only switch on to
a chromatography method if the
target mass is found above a spec-
ified level. This can save time and
increase throughput. If the “run
next method” box is not checked,
all methods will be run. In order
to be “found”, the target masses
must be present in high enough
concentration to meet the qualifi-
cation criteria the user has set.

The study layout shows the appli-
cation for which the plates and
racks on the sampler are currently
used (samples = red, fractions =
blue, preparation = gray). The
selected plate type is shown in the
study layout screen with the
appropriate color.

The study parameter screen

Sample Name format and the
Data File Path is selected in the
right part of the study parameters
screen.

The screen also gives access to
the sampler parameters screen
from which the sampler tasks can
be selected.

The CC-Mode software offers a
number of report options such as
multi plot, extended plate report
and UV-chromatogram, mass
spectrum and total ion chroma-
togram (TIC).



The sampler parameters screen

In this screen, the operator selects
all the tasks necessary to prepare
and analyze the sample (see figure
7). The tasks have to be selected
from a list to create an injector
program. The required parameters
for each task can be entered sepa-
rately. The tasks will be executed
in the order in which they appear

in the Task List.
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Figure 7
The sampler parameters screen

To keep sample separated from liquids in the needle/tubing, an air gap
should be included before drawing the sample.

Draw sample

The specified sample volume is drawn from the sample device.
A needle offset can be selected which allows the drawing of a sample
from a defined liquid level.

Enable fraction collection 1. Collect fractions based on peak detection. Three parameters

determine the duration and moment of collection: threshold, peak
slope and maximum fraction duration.

2. Collect fractions based on fixed times. In this mode fraction
collection starts at the first Start Time and ends at the End Time.
This is repeated for each line in the time table; up to 29 collection
windows can be programmed per run (method).

Inject sample

This command moves the needle into the injection port, ejects the
sample into the sample loop, and rotates the injection valve to the inject
position. The pump flow flushes the sample onto the HPLC column.

Partial loop fill

This method is used when only small quantities of sample are available.
Using this technique, a sandwich of air gaps and sample is ejected into
the sample loop. This method is generally less precise than for
completely filled loop injection.

Rinse needle/
injection port/wash vial

These tasks are used to wash the needle inside and outside, for cleaning
the injection port and for an additional needle wash step after the
sample is drawn and before sample injection to reduce carryover to a
minimum.

Sample preparation

This command is used for sample derivatization or dilution.

Draw from destination

The command is used to draw and inject a specified sample volume
from a destination plate.



Sample preparation

This command allows designation
of up to two plates or racks
(Source Zone 1 and 2) for diluent
or reagent for sample preparation
such as derivatization or dilution.
This command allows use of the
Agilent 220 MPS as a dilutor with-
out sample injection, as shown in
figure 8.

After the desired sample is drawn,
the needle moves to Source Zone 1
and 2 and draws a specified vol-
ume of diluent or reagent. Then
the needle moves to the first free
position in the Destination Zone
and the total volume (sample,
source 1 and source 2) is ejected.
The total ejected volume is now
mixed in the destination as speci-
fied by Mix Strokes. The mixed
sample can now be injected onto
the column using the draw from
destination command or another
sample can be prepared as
described above.

Start/reprocess a study

The software can run whole stud-
ies or partial studies, analyze frac-
tions and reprocess whole studies
or partial studies.

The status information screen

The Status screen displays infor-
mation about what is happening
with the Agilent ChemStation and
the Agilent 220 MPS while the sys-
tem is running. This includes
which sample from the study is
being analyzed, the study name,
the plate/rack name, the well posi-
tion and the corresponding data
file name.
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Sample preparation using
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Result review — samples and
fractions Import/export of data

The main window of CC-Mode
shows a diagram of all configured
plates and racks. After a study has
been run, all sample and fraction
wells will be color-coded. The
sample wells are red, the fraction
wells are coded with alternate
light green and dark green colors.
Adjacent wells that belong to the
same peak will have the same
color, for example light green. The
next peak will have wells colored
with dark green, and so on.

The procedure to view samples,
fractions and the corresponding
chromatogram is to click single
wells and the relation between
samples and fractions (if avail-
able) is made visible, as shown in
figure 9.

The software allows the user to
import information such as sample
name, Agilent ChemStation
method and expected masses from
a CSV file using applications like
Microsoft Excel. The spreadsheet
is set up with the information for
each sample and saved as a CSV
file, as shown in figure 10.

In the import options screen the
names of the fields you wish to
import are moved from Available
fields to Fields in CSV File in the
order in which they occur in the
CSV file (figure 11).

Reports can also be exported to
CSV files.
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Easy adding or
removing of import
options

On the status information screen a dot appears
inside the sample and fraction well to indicate
the relation between samples and the corre-

= sponding fractions. The fraction information is



Data analysis software

The optional data analysis soft-
ware allows the operator to set up
the system to confirm the pres-
ence of specific compounds. The
user can specify purity require-
ments for qualification, select
other purity calculations, graphi-
cally display the results, and gen-
erate printed reports.

The purity calculations screen

The purity calculations screen
(figure 12) allows you to specify
the calculations to be used to
determine percent purity. This
information, like that in the
sampler parameters screen, is
stored with the Agilent ChemSta-
tion method.

You can specify:

© adduct ions

® dimers

© user-selected masses for
adducts/isotopes

® background masses to eliminate

In the top part of the purity calcu-
lations screen you can tell the sys-
tem which ions might be formed
for your target compound. The
expected mass is the mono-iso-
topic mass of a compound. The
LC/MSD looks at ions. In atmos-
pheric pressure ionization, several
kinds of ions can be formed from
the sample molecule, depending
on the analytical method and ion-
ization mode. All adduct, dimer,
and isotope ions specified in this
section will be counted as belong-
ing to the expected mass; all other
ions (above the noise threshold)
will be added as impurities. You
can also tell the system which of
the ions present in the sample do
not belong to your target com-
pound. This will keep these back-
ground ions from being added as
impurities.
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Figure 12
Purity calculations screen

Specify actual calculations in the
bottom part of the screen:

¢ flow injection (ion abundance)
e chromatographic separation

e chromatographic calculations
e qualifier level

¢ noise threshold

When you select Flow ingection
(@), the individual compounds in
the sample are not separated.
Therefore the purity calculation is
done by using the ion abundance
of an averaged mass spectrum.
This type of calculation is appro-
priate only for mass spectral data.

When you select Chromatogra-
phic separation (@), you must
specify what signals the system
should use for purity calculations
in the chromatographic calcula-
tions section. You must also select
the calculation used for qualifica-
tion, and set the qualifier level
(percent purity).

In the Chromatographic calcula-
tions area (@) you select which
calculations will be performed
on chromatographic data. From
these calculations, you must
select one to be used for
qualification.

The Qualifier level (®) is the
percent purity that the selected
signal must exceed in order to be
considered present in the sample
("found"). You need to adjust the
qualifier level to reflect the num-
ber of compounds and the relative
amount of each compound
expected.

In FIA, the Noise threshold para-
meter (O) is calculated as the
percentage of the most abundant
ion; for chromatography, the
noise threshold is calculated as
the percentage of the signal
selected for the qualifier.



Purity calculations

For all purity calculations, all
signals below the noise threshold
are ignored. That is, only signals
above the noise threshold are
used in the calculations.

Flow injection
Taking the averaged spectrum
across the largest peak in the TIC
at half-height, the purity is calcu-
lated by summing the abundances
of all the selected ions and divid-
ing this sum by the sum of all the
ions. This ratio is multiplied by
100 for percent purity.

Chromato-
graphic separation
All chromatographic peaks are
first integrated. The purity calcula-
tion depends on whether peak
area or peak height is selected.
For mass spectral data, an extract-
ed ion chromatogram (EIC) for
each selected ion is generated.
The sum of the integrated peak
height or area in the EIC for each
selected ion is divided by the sum
of the TIC. This ratio is multiplied
by 100 for percent purity.

For UV or "other" data, the soft-
ware uses an EIC for each target
mass to locate each peak of inter-
est. The area or height of the peak
of interest is divided by the sum of
the peaks in the chromatogram.
This ratio is multiplied by 100 for
percent purity.

Specify report E
— Reporting — Extended plate repart

™ Disable ChemStation data analwsis report
Inchude in ChemS tation report
¥ Fraction annotation in chromatogram
¥ Fraction table
[~ Estended information

3 [ Summary plate repart

[~ Estended plate report e

-~ Extended information

W Adduct/Dimers/User selected masses
¥ Backaround masses ta eliminate

¥ Purity calculation parameters

[ lonization polarity

— Sample Infarmation

¥ Highest m/z in tallest TIC peak

IV Highest m/z in 2nd tallest TIC peak
— Graphic output E . ;eak
[V Enable multi plot ~— I Ret. time of tallest UY peak
I~ Ret. time of 2nd tallest LY peak
Horizontal plots|2 ¥ Chiomatogram 7
ol s et F Eet. t!me 0: t;ll:st ﬁa"Dif;;k )
Yertical plots I—4 | TIC et. time of 2nd tallest peal
r Puirity results
Help | 0K LCancel
-0 (3] ® Figure 13

The specify report screen

The specify report screen allows
you to set up a variety of printed
reports, as shown in figure 13.

The Summary plate report(©) is
useful for quick screening applica-
tions and for printing a simple
graphical report that shows the
qualification result of each sample
well. Each method for each plate
is printed on a separate page.

The Specify report screen allows you to select
the options for an extented plate report, as
shown in figure 15

The Extended plate report (@)
prints all the selected information
for each sample and each method.
Only results from the extended
report can be exported to a CSV
file.

The Multi Plot option(©) enables
graphical printing, and can give
multiple plots on one page. Three
kinds of information can be plot-
ted graphically: UV chromato-
gram, Mass spectrum (chromato-
graphic data or FIA data), or TIC.
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Data analysis results

The study layout screen shows a
diagram of all configured plates
and wells, as shown in figure 14.
After a study has been run, all
sample wells will be color-coded.
The colors show the results of
the last method run on each well:

¢ Red: no target masses found

® Yellow: at least one of the
target masses found

e Green: all target masses found

The sample data window is
viewed by clicking on a well. The
data for the selected method is
displayed; to view data from
another method, click the box
next to the left of the method
name to select it. The chromato-
grams and spectra are displayed
almost instantaneously for very
fast review of a study.

For a more in-depth data review,
the Goto ChemStation button
loads the appropriate file in the
Agilent ChemStation data analy-
sis. Here extensive data review is
possible, including generation of
MS spectra from any part of the
TIC. For those wanting to do data
review on their desktop PC, this is
also possible with a local copy of
the CC-Mode and Agilent Chem-
Station software that give access
to the study data.



Extended plate report 200000000
Plate number: 7 10 OOO‘OOOO
Plate name:  Plate_07 s 00000000
Study name:  Testdemo g OOO@0000
Study date:  1/6/99 3:46:12 PM ;7 OO0O@000O0
Printdate:  1/12/99 10:25:49 AM s OOO@0OO00O0
s OO0@0000
o O e 00000000
Plate score: % Red 33.3 % Yellow 33.3 % Green 33.3 L 00000000
Plate score and graphics refelct the state after the last method run. 3 00000000
2 Q0000000
Method: cc_pos.m 1 00000000
lonization polarity: Positive
Purity based on: TIC peak area  Qualifier level: 1 ABCDEFGH
Items used in Purity Calculations:
Adducts Dimers User Defined Adducts
M+H(1) <none> 2 M+2
Well Nbr Mass Found %Purity %Purity %Purity %Purity Highest Highest RTof RTof RTof RTof
by by by by m/z in m/z2nd tallest 2nd  tallest 2nd
TICPk TICPk UVPk UVPk tallest tallest TICPk tallest UV Pk tallest
Area Height Area Height TIC peak TIC peak TIC Pk UV Pk
P7A:01 27000 No 00 0.0 0.0 0.0 39920 39905 567 322 311 -
278.00 No 0.0 0.0 0.0 0.0
284.00 Yes 7.1 6.75 100.0  100.0
31000 No 00 0.0 0.0 0.0
P7A:02 27000 No 00 0.0 0.0 0.0 400.00 399.85 5.61 541 - -
278.00 No 0.0 0.0 0.0 0.0
284.00 Yes 2.7 3.03 0.0 0.0
31000 No 059 0.81 0.0 0.0
P7D:01 27000 Yes 1246 1559 1556  23.9 333.05 301.00 477 241 468 231
278.00 Yes  31.17 3112 2359 24.62
284.00 Yes 8.74 9.54 18.6 19.55
310.00 Yes 3859 443 4225 3193
P7D:02 270.00 Yes 11.71 1593 159 2401 33305 301.00 478 242 468 231
278.00 Yes 2807 2996 2363 2454
284.00 Yes 7.55 8.8 18.67  19.58
310.00 Yes 35.32 4425 418 31.87
P7G:01  270.00 No 047 0.58 6123 8225 30900 39535 297 480 287 545
278.00 Yes 1.17 1.2 61.23 82.25
284.00 Yes 5411 5349 6123 8225
310.00 Yes 1.51 2.3 11.52 5.1
P7G:02 27000 No 00 0.0 0.0 0.0 309.00 39990 29 591 287 581
278.00 No 0.0 0.0 0.0 0.0
284.00 Yes 57.87 5967 6523  85.33
31000 No 0.2 0.3 65.23  85.33
Figure 15

Printout of the extended plate report as

specified in figure 12




This flowchart of the software operation shows how
to set up a new study in CC-Mode

Edit Study parameters

Type the name
New Study B | of the new study — Select methods per study
and click OK — Sample names
— Data subdirectory path
— Data directory
Sampler parameters Purity calculations }4—{ Edit method |

No e Another Ye

Specify report method?
Conflgurﬁtlsn menu — Hardware config Close and restart
—» )
click . — Global file paths CC-Mode software
System configuration
N File menu
e i N le
Add samples E%l e——No——— f::)nnﬁoglsv’? /\/;Yes—b click
= ™ - Import configuration
N e P 9
\\w//
N
7 N
Click /// Is \\\ Select plate and
(or click and drag) <—No*<\Well position in/><7 fields fgr imoort
to select wells . the CSV?_~ P
N
T/
Yes
Right click on the F"il?ginu'
plate to get menu Import from CSV file

Add Samples to Edit Study list:

Study
or Study list N Zg;,eﬁcgnrgg&hods per sample
Import samples from — Enter expected masses *
CSV file — Select samples for partial study

Save study n | <

* Skip these steps if the information is contained in the imported CSV file.
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