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In 1986, Shimadzu developed its first ion chromatograph. Shimadzu has been accumulating vast
amounts of ion analysis research and data, and has grown to become a world-leading ion
chromatograph manufacturer, developing both suppressor and non-suppressor systems.

When using ion chromatographs for the measurement of regulated compounds, instrument
performance and analysis conditions must be suited to the objectives. In recent years, a wide
assortment of detection methods has been adopted. In addition to electrical conductivity detec-
tion methods, there are combinations of UV absorption detection and post-column derivatiza-
tion. Accordingly, a degree of perfection is now required of systems, including the basic perfor-
mance of the detector units, as well as optimization of the reaction parts.

Shimadzu has introduced not only ion chromatographs but also general-purpose instrumen-

tal analysis methods for inorganic ions.

"Environmental
Field

Tap water
Drain water

River water

Factory drainage

e Pharmaceutical
< ' and Food Fields

General lon Analysis

Research 5
Development =

Quality control




Selecting a Suppressor/Non-suppressor System

Anion Analysis

In anion analysis, the mobile phase composition and separation vary depending on whether or not a suppressor is used.

In addition to the sensitivity required and the sample concentration, running costs are another issue when selecting a

system.

Non-Suppressor Suppressor
Detection Sensitivity Good Excellent
Degree of Freedom in Separation Conditions Excellent Good
Mobile Phase Composition Excellent Good
(acidic to alkaline) (alkaline)
Additives Excellent Good
Temperature Control Excellent Excellent
Calibration Curve Excellent Good
Running Costs Excellent Good
Maintenance Excellent Good
Additives

Detection sensitivity

Generally calculated from the S/N ratio and standard deviation, this
term is used in the concentration region in which noise affects the
quantitative results. Suppressor systems are effective for improving
the quantitative accuracy in this concentration region, as they provide
peak signal amplification. However, this amplification is only valid for
anion analysis.

Degree of freedom in
separation investigations

As with HPLC, ion separation and detection take advantage of the
target substance’s characteristics. In non-suppressor systems,
analytical conditions can be changed to suit the sample characteristics,
as there are none of the limits on mobile phase when utilizing a
SUppressor.

Mobile phase composition

Anion analysis
The mobile phase in a suppressor system must be a basic solution,
but with non-suppressor systems, a wide variety of solutions can be
used, ranging from acidic to basic. With organic acids, the ion
valence changes with the pH of the mobile phase, and this can
dramatically affect the elution position.

Cation analysis
With non-suppressor systems, the acidic mobile phase alternatives
are extensive, and multiple acids can even be mixed to improve the
separation. Furthermore, the separation arrangement is also
extensive as a variety of additives can be used, including organic
solvents.

Reagents can be added to the mobile phase, with the objective of
improving specific ion separation. With a non-suppressor system, the
possibilities are endless, including crown compounds to improve the
separation of Na and NH,, and a variety of reagent additives to render
the mobile phase composition similar to the sample matrix.

Temperature control

With ion chromatographs from other companies, column and
detector temperature control has largely been overlooked. Yet varying
the temperature is an effective means of controlling elution time for
substances with differing ion valences and hydrophobic regions.
Heating performance can be said to be an important aspect of ion
chromatography.

Calibration curve

With non-suppressor systems, the calibration curve is linear, since
detection occurs under the same mobile phase conditions as
separation. In contrast, with suppressor systems, since the mobile
phase is changed to a weak acid or water, and the pH changes in
accordance with changes to the ion concentration in the sample, with
organic acids and amines, the extent of ionization varies, producing a
nonlinear calibration curve.

Running costs and Maintenance

Maintenance is indispensable in order to maintain the performance of
precision analytical instruments. In addition to parts to maintain
hardware performance, consumables must also be considered. With
non-suppressor systems, attention to suppressor parts is completely
unnecessary, an advantage in terms of both maintenance and running
costs.



Cation Analysis

With cation analysis, ions can be separated with an acidic mobile phase in both suppressor and non-suppressor systems.
However, non-suppressor systems are advantageous for separation investigations as they allow the mobile phase compo-
sition to be arranged in a variety of ways.

Non-Suppressor Suppressor
Detection Sensitivity Excellent Excellent
Degree of Freedom in Separation Conditions Excellent Good
Mobile Phase Composition Excellent Good

(Multiple components
can be mixed)

Additives Excellent Good

Temperature Control Excellent Excellent
Calibration Curve Excellent Good
Running Costs Excellent Good
Maintenance Excellent Good

What Is the Optimal Elemental Analysis Method?

AA and ICP are also available for cation analysis. It is recommend to select an appropriate analytical method according to the purpose such as the type
of sample, the number of samples, elements, concentration, etc.

5 10 ppt 50 100 ppt 500 1 ppb 5 1M0ppb 50 100ppb 500 1 ppm 5 10 ppm 50 100 ppm

5 10 ppt 50 100 ppt 500 1 ppb 5 10ppb 50 100ppb 500 1 ppm 5 10 ppm 50 100 ppm

ICP-MS ICP-AES Furnace AA * These are reference values to serve as a guide in comparing

ICP-AES + Ultra Sonic ICP-AES + HVG Flame AA relative sensitivity. Quantification limits in actual analysis will
differ with the sample matrix.



Anion Analysis System

HIC-ESP —provides stable functionality even over long periods of use

The HIC-ESP is a anion suppressor ion chromatograph with built-in electrodialytic suppressor, boasting the same low
carryover and excellent injection precision characteristic of Shimadzu HPLCs to bring you highly-reliable results. The
HIC-ESP is suitable for applications in a wide range of fields including environmental science, medicine, chemistry and

food science.

Conductivity Detector CDD-10AvrP

A temperature-regulating device in the
detection cell and the placement of the
detection cell in the column oven ensure
precise temperature control. This enables
analysis with low noise conditions and a stable
baseline even using electrical conductivity
detection which is sensitive to temperature
fluctuations.
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Degassing Unit DGU-403

Because the unit adopts an online degassing
system with high performance and low internal
volume, it is easy to replace the eluent and
more stable analysis is achieved. Offline
degassing of the eluent with ultrasonic waves
or decompression is not necessary.

Anion Suppressor Unit ICDS™-40A

This is an electrodialytic suppressor
unit which is built into the top part of
the column oven. It achieves high
performance even with low internal
volume.

Solvent Delivery Pump LC-20ADsp

An inert-type pump that optimizes solvent
delivery control. Detection of low-level noise is
possible even using electrical conductivity
detection which is sensitive to pressure
changes.

Column Oven CTO-405

The forced air circulation oven has extremely
precise temperature regulation, and can be
used with a variety of column lengths up to
300 mm.

Autosampler SIL-20A/20AC (inert kit)

The SIL-20A/20AC is a full-volume autosampler
with very low carryover, which allows
high-accuracy, high-speed injections of
volumes from 0.1 pL up. The wetted parts are
made inert using the inert kit.



Anion Suppressor Unit |CDS'4OA

Achieves high sensitivity, reliability and robustness

With a unique design where the eluent flow path bends back around, combined with optimized
dialytic, the new ICDS-40A anion suppressor unit achieves higher efficiency and stable suppressing

while maintaining a small internal volume (patent pending).
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HIC-SP —Suppressor systems, aiming for further sensitivity

The Shimadzu suppressor is a proprietary cartridge type with electrodes at both ends. Cartridge
type reduce the background electric conductivity by using ion-exchange groups to trap eluent
counter ions within a column packed with an ion-exchange polymer. Because separate processes
are used for analysis and regeneration, there is no noise from regeneration, which enables
low-noise operation. Continuous analysis is possible by alternately replacing the cartridges.
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Note: Anion analysis is also possible with the non-suppressor type. Contact a Shimadzu representative for details.




Cation Analysis System

HIC-NS —Non-suppressor systems, aiming to be simpler, with high sensitivity

The mobile phase conductivity is affected by temperature changes and solvent delivery pump pressure variations, which
can lead to baseline noise and drift. With suppressors, noise is reduced by reducing mobile phase conductivity, the source
of these problems. With non-suppressor systems, however, this problem must be dealt with by improving basic hardware
performance. Shimadzu accomplishes this using its proprietary high basic performance. This includes pulse-free solvent
delivery, which suppresses pressure variations during solvent delivery to a bare minimum, and double temperature
control, featuring detector cells equipped with thermal control functionality arranged within the column oven.

Solvent Delivery Pump
LC-20ADsr

With the pulse-free solvent delivery
pump, which is capable of solvent
delivery at 100 nl/min to 10 mL/min,
conductivity detection, which does not
require suppressors, can be performed.

DG 2080 e

Autosampler SIL-20A/20AC

The total-volume injection system
based on plunger pump measurement,
which is capable of high-speed injection
and high accuracy from 0.1 pL.

Column Oven CTO-20A/20AC

The column oven features forced
air-circulation, which has an
established reputation for HPLC
column temperature control.
Furthermore, thanks to the electronic
cooling function, column temperature
can be controlled from an ambient
temperature of =15 °C. In addition to
columns, this large-capacity oven can
simultaneously accommodate a
suppressor/non-suppressor conductivi-
ty detector cell assembly.

Forced air-circulation system

This temperature control system controls the temperature using a fan installed at the back of the column to provide forced air
circulation within the oven. This is ideal for high-accuracy thermal control of columns and detector cells arranged within the oven,
as well as for post-column reaction parts.



System Variations

Dual Flow-Line Analysis System

With automatic switching of the sample injection valves, a sample loop with 2 flow lines is consolidated into one.
Simultaneous analysis is performed by adding sample to the 2 sample loops with a single sample injection. This system
is ideal for routine analysis of anions and cations as in tap water quality analysis. A UV detector can also be used when
the anion suppressor system is used.
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Flow-line diagram for the dual flow-line analysis system

CDD-10Avr conductivity detector with a 2-channel detector configuration

Adding the optional dual kit NS (non-suppressor system) in the main unit adds non-suppressor (NS) system detector functionality.
The result is a 2-channel detector equipped with 2 detector cell units.

Combustion lon Chromatography System

This system is used to confirm the absence of halogen in electrical equipment
and electronic components, and to measure sulfur compounds in chemical
materials. Plastics, electronic materials and other solid samples are incinerated.
The gases generated by incineration are captured by an absorbing liquid,

which is then analyzed by an ion chromatograph for fluoride, chloride, and
other halogens, and for sulfur and other ions.

Incineration System

F, Cl, Br, S and other
chemicals are gasified

Heated to Captured by
approx. 1,000 °C an absorbing liquid
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Nexera” Organic Acid Analysis System

This system is ideal for organic acid analysis of samples with matrices, e.g. food
products or fermented samples. Combining ion-exclusion chromatography
with Shimadzu’s unique detection technique (pH buffered electric conductivi-
ty detection), the system excels in both selectivity and sensitivity.

pH buffering
reagent
l by buffering action.
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Flow-line diagram for the Nexera organic acid analysis system

Achieves high selectivity and sensitivity

Culture mediums and food samples contain not
only organic acids but also various impurities.
With UV detection, the absorbance varies depend-
ing on the type of organic acid, so quantification
may be difficult due to variations in sensitivity or
the effects of impurities. The organic acid system
is a highly selective, high-sensitivity system. In this
system, organic acids are separated using ion
exclusion chromatography via Shimadzu’s unique
detection technique (pH buffered electric conduc-
tivity detection). Then, a pH buffering reagent is
continuously added to the column eluate in order
to keep the pH level at around neutral and dissoci-
ate organic acids in order to detect electric
conductivity.
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(Japanese Patent #4082309).

Specialty of the Shimadzu Post-Column System

A high-efficiency reaction is a key feature of post-column systems. To ensure high-accuracy
thermal reaction control, Shimadzu adopted a chemical reaction chamber (CRB-40) and column
oven (CTO-40C/40S) featuring a forced air-circulation system that enjoys an established reputation

in HPLC. Each of the special piping parts was designed separately to optimize the reaction system




Complete Support and Ease-of-use
Throughout Your Workflow

Manage analysis, data processing and reports all from LabSolutions™

Settings for analysis parameters, continuous analysis, auto-shutdown, data processing, and report creation can all be
managed from LabSolutions analysis software. Data integrity can be handled with the addition of LabSolutions DB
and LabSolutions CS.

Analysis Anilglszis Analysis Auto- DEYE] Report
preparations Sk sequence shutdown analysis creation
settings settings

Simple, all-in-one checks of calibration curves and peak integration
with the results browser function

@ Filter and display standard/control

samples or unknown samples _Peak .
integration
parameter
Data explorer S == editing : e
e e ]
F | - I;;é' -1
9 £ = 0 Table of H i (100 31 i 3 £ i
_— = . . f— i T TV T
@ Drag and drop — g quantitative Aut tic iud "
batch files to be results u °ma|'c_1“ Igme:‘ S
processed into P — on analytical results
:')he results ® Check statistical results for areas or Results can be checked and errors or
rowser screciy retention times of each peak in the table . .
outliers detected much more quickly,

with the software automatically

(@) scroll between chromatograms

" judging calibration curve validity,
to check results with mouse d > . L. imits f
clicks or arrows on the keyboard UJ J‘_—”\ /// maximum and minimum limits for
e /’;/__ N | Calibration sample values, etc.
Chromatogram I P —_ curve
display information

Quantitative results browser

Easily produce reports and summaries

=== Shimadzu LabSolutions Summary Report ====
Sy Repore Variation of Chloride concentration

Reports with detailed information Summary report compiling Multi-data report with graphs
about individual sample data data from multiple reports of data from multiple analyses

The report function allows the automatic creation of individual analysis or summary reports, as well as multi-data
reports* which can produce graphs and handle other data processing for results from multiple samples. The data can
be automatically imported into a premade template, reducing the time needed to write reports and reducing the
possibility of errors.

* Multi-data reports are an optional LabSolutions DB/CS function
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ICDS, Nexera and LabSolutions are trademarks of Shimadzu Corporation or its affiliated companies in Japan and/or other countries.
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