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The importance of high-performance analytical instruments for monitoring
microscopic quantities of compounds related to environmental pollution
and human health, and for developing and evaluating new, highly
functional materials and chemical products continues to grow.

The GCMS-QP2020 has been designed to meet these needs.

Featuring enhanced instrument functionality, analysis software, databases,

and a sample introduction system, the GCMS-QP2020 will help maximize

the capabilities of your laboratory.
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Ultra High Speed GC-MS
That Offers a Dramatic Leap
in Sensitivity and Productivity

Provides Higher Sensitivity and Reduced Operation Costs

The vacuum system adopts a new differential exhaust turbomolecular pump and achieves
maximum sensitivity under all conditions for GC analysis. In addition to helium, the system can
operate with hydrogen or nitrogen as the carrier gas, which enables operation cost reduction.
In addition, the high-sensitivity, high-speed analysis capability shortens analysis times and
maximizes laboratory productivity.

Dramatic Improvement in the Efficiency of
Multicomponent Simultaneous Analysis

The GCMS Insight software package dramatically improves the sensitivity and efficiency of
multicomponent simultaneous analysis. The Smart SIM method creation program creates
methods that provide higher sensitivity in multicomponent analyses. Furthermore,
LabSolutions Insight, which significantly shortens data analysis times, dramatically heightens
the efficiency of data analysis procedures.

Databases with Retention Indices to Support Analysis

Databases are available to match various requirements, including environmental analysis,
food analysis, off-flavor analysis, and forensic analysis. All the databases include retention
indices, so you can start analysis even without standard samples. The retention indices can
also be used to easily create methods for a variety of more accurate qualitative and
guantitative analyses.

Configure Optimal Analysis Systems to Meet Your Needs

With a sample injection system that matches the sample form and the concentrations of the
components being measured, as well as a 2D chromatography system that makes full use of
the high-speed scan capability, you can configure optimal analysis systems to suit a variety of
your analytical needs. And since all these analysis systems are supported by Shimadzu you can
put your mind at ease when using them.



Provides Higher Sensitivity and Reduced Operation Costs

High-Perforformance lon Source

High sensitivity, stable analysis is achieved by incorporating patented technology for the ion source. In addition, the system is equipped with a
Quick-Cl function that enables checking molecular ions in CI mode without stopping the MS.

This demonstrates its capabilities in both quantitative and qualitative analyses.

* Limited to the NCI model.

Using patented technology, the shield plate suppresses the accelerating voltage and thermal radiation from the filament to
achieve a space inside the ion source that is stable, with few active sites.

®™—shield Phenthoate (5 ppb)

Even though confirmation of molecular related ions is difficult with the
El method, data can be acquired by Quick-Cl immediately without
stopping the MS.
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Adopts a New Large-Capacity Pump

Dithiopyr (5 ppb)
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A new turbomolecular pump with improved exhaust efficiency has been adopted. This significantly improves
performance when not only helium but also hydrogen or nitrogen is used as the carrier gas. In addition, the

differential exhaust system evacuates the ion source and quadrupole separately, thereby achieving the optimal MS
state under all carrier gas conditions.
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(0.01 mg/L, Scan) Mass chromatograms of pesticides (5 ppb, SIM)

Analysis Results with Hydrogen Carrier Gas



High-Performance Gas Chromatograph

Long-term stability is achieved for retention times thanks to AFC (advanced flow control) with built-in compensating technology for room
temperature fluctuations. In addition, the constant linear velocity control mode keeps the linear velocity of the carrier gas constant even if
the column oven temperature changes, so the best GC separation is always achieved.
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Advanced Flow Controller (AFC) Carrier gas linear velocity (cm/sec)

High-Accuracy MS Filter with Pre-Rod

The MS filter incorporates a metal rod to prevent contamination of the quadrupole. This
results in stable MS performance directly after startup. The system covers a wide practical
mass range region, from m/z 1.5 to 1090.
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Mass Scan Spectrum of o-Toluidine (Left) and of Decabromodiphenyl (Right)
Enables highly accurate analysis from high molecular to low molecular compounds.

High-Speed Scan Control Technology
Advanced Scanning Speed Protocol (ASSP™)

The rod bias voltage is automatically optimized during high-speed data acquisition, which
minimizes sensitivity deterioration during high-speed scans of 10,000 u/sec or faster. The
sensitivity obtained is at least five times better than with conventional systems. This is effective
for scan data sensitivity improvements and favorable mass spectrum acquisition, particularly in
high-speed analysis with Fast-GC/MS, simultaneous Scan/SIM, FASST analysis, and applications
using GC x GC-MS. (Patent: US6610979)

Diazinon Black: 1,111 u/sec
Red: 5,000 u/sec
Blue: 10,000 u/sec

Propyzamide

Chromatogram Intensities at Different Scan Speeds
At scan speeds of 10,000 u/sec and faster, the ions are accelerated at the optimal voltage using the ASSP
function, thereby suppressing signal speed reductions across a wide m/z range.

GCMS-QP2020

Gas Chromatograph Mass Spectrometer



Dramatic Improvement in the Efficiency of Multicomponent Simultaneous Analysis

i GCMS Insight Software Package

The new software which packages automatic method creation
function and multi data processing program dramatically
improves the efficiency of daily analysis procedure.

:** More Convenient Multicomponent Analysis

The Smart SIM automatic method creation function automatically configures the SIM program to suit the retention times. Even in cases
where there are a number of compounds and they are apportioned to multiple methods, the methods can be integrated while maintaining
the sensitivity as is. This significantly reduces the number of analysis cycles and the measurement time, improving productivity.
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For the databases used with Smart SIM, Shimadzu GCMS methods currently in use can be used as is.
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High-sensitivity, high-accuracy analysis is enabled in comparison to the group measurement method. In a batch analysis of 434
components, favorable repeatability and calibration curves were obtained, even down to the trace-quantity region, improving
quantitative performance.
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Smart Analysis of Hundreds of Data Files LabSolutions Insight

Multi-analyte Data Review

With LabSolutions Insight software, quantitative results for a complete series of data files can be displayed side-by-side for comparison and QC
review. All of the chromatograms for a selected target compound can be displayed simultaneously, making it easy to review the detected peaks and
confirm the quantitative results. Color-coded QA/QC flags quickly identify any outliers that require further examination.

Color-coded QA/QC Flags

In LabSolutions Insight, quantitative results can be compared to established criteria, and any outliers are color-coded for easy identification and
further review. Five color-coded criteria levels can be defined, making it easy to determine which data points are outliers, and which specific QC
criteria were not met. Any changes made to calibration curves or manual peak integration are immediately reflected in the color-coded flags.

Example of Using Flags for Quantitative Review

The following example illustrates how an orange flag was set to identify moldy odor compound
concentrations that exceeded a defined cautionary limit of 1.0 ppt (part-per-trillion), and a red flag
was used as a warning to identify those which had exceeded 10 ppt. In the figure below, quantitative
results are tabulated at the top of the screen, while the bottom of the screen simultaneously displays
peak identification and integration. Both views include the color-coded flags. I
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System Configurations Using Multiple Client Computers

Data acquired from multiple analytes can be reviewed or confirmed using client computers connected via a LAN or other network. If multiple
systems are used, data obtained from each system can be reviewed from any client computer. Even in the case of multiple analysts using the
same system, the ability to separate analytical work from measurement work improves work efficiency.

GCMS-QP2020
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Databases with Retention Indices to Support Analysis

Databases Using Retention Indices

There are databases for environmental analysis, food analysis, and
biological sample analysis. Retention indices can be used effectively
for the identification of components and the adjustment of
retention times.

Smart Metabolites
Database

Off-Flavor
Database

Simultaneous:
Analysis Database

Retention Indices

Forensic Toxicology,

Database Pesticide Library:

FFNSC Flavor and
Fragrance Library

Other Mass Spectra Libraries

* NIST Mass Spectral Library
Registered with 276,248 spectra.

* WILEY Mass Spectral Library
Registered with 719,000 spectra.

* GU/MS MPW DRUG Library
Drugs, toxicants, pesticides, environmental pollutants (8,650 compounds)

Functions Using Retention Indices
Automatic Adjustment of Compound Retention Time (AART)

The AART (Automatic Adjustment of Retention Time) function can
estimate the retention times of target components from retention

indices and the retention times of an alkane standard mix*.
* Requires alkane mix which is sold separately.

GC/MS Forensic Toxicological Database

Analysis of serum 318.00

233.00

il O

0 235
Chlorpromazine

b

T
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I
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15.0 17‘5 260 22‘.5 25‘0
It is pre-registered with more than 1400 mass spectra including free-, TMS- and TFA-body
types for compounds that are required in forensic toxicological analysis of drugs of abuse,

drugs for psychiatric and neurological disease, and other medicines and pesticides.

Compound Composer Database Software
for Simultaneous Analysis (Environmental Analysis)

Analysis of river water

2600 2650
Bisphenol A

L

L B

5.0 75 10.0 125 15.0 17.5 20.0 225 25.0 275 30.0 325 35.0

Simultaneous GC/MS analysis supporting identification and quantification of 942
environmental pollutants can be performed.

The retention times and calibration curve information of environmentally hazardous
chemical substances are registered, so approximate concentrations can be obtained, even
when it is difficult to obtain standards.

c17 c18 c19
Original registered *
method information I
/f‘\
1700 1735 1800 R.I.
c17 c18 c19
Identificati
Customer’s * Window
Instrument A
/r \
1700 1735 1800 R.I.
20 21 22 Retention time
21.1 min 21.5 min % Analyte
(Calculated RT) (Originally registered RT)

Automatic Adjustment

Quantitation Analysis Without Using Standard Samples

Quick-DB GC/MS Residual Pesticides Database is preregistered with calibration curves created utilizing pesticide surrogates, enabling
quantitative analysis without the trouble of creating methods using standards. A total of 478 components are contained in the database,

enabling the comprehensive quantitative analysis of pesticides.

(Compound Composer Database Software and GC/MS Forensic Toxicological Database also contain this function.)

Example of Analysis of Pesticides in an Actual Sample
(Orange extract, spiked with 10 ng/mL of Each Pesticide)

Ratio on Database

s Intensity Int | Intensity Calibration curves of the relative ratio of internal
. Srt‘aer1I;;]:rd standard substances are preregistered. A
Pesticide Internal ) ) : . .
------- Substance pesticide Standard semi-quantitative value is acquired only by adding
---------- Sybstance an internal standard to a sample. If accurate
— quantitative values are required, be sure to quantify
-------- them using a conventional method.

Ratio on Actual Instrument




Comprehensive Qualitative Functions

With GCMSsolution, multiple retention index groups can be selected, and searches can be narrowed using a variety of conditions. Accurate
qualitative analysis can be performed even for isomers with similar mass spectra.

(These functions can be used with the pesticide library and the toxicological database.)

-

Ret. Index Allowance

+ 10

Narrowed by retention index : e

Up to 10 library files can be configured. In addition to the public NIST and Wiley libraries, a variety of library files can be configured. A
function to create private libraries is provided, so these are easy to create.
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More accurate qualitative analysis is possible by assessing molecular weights from the Cl mass spectrum when searching for unknown
compounds, and by preregistering molecular weights in a post search index when performing El mass spectral searches.
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Configure Optimal Analysis Systems to Meet Your Needs

Various System Configurations

For GC-MS analysis, different system configurations may be required depending on the application and sample-introduction needs. The
GCMS-QP2020 offers a wide variety of system configurations and sample-introduction devices to enable an expanded range of applications.

OPTIC-4 e ) L

EGA/PY-3030D TD-20*

AOC-6000 * Not available in the U.S.

DI-2010 Direct Sample Inlet Device

The DI probe allows a sample to be introduced directly into the ion source without passing through a GC column. It is an effective technique
for obtaining mass spectra of synthetic compounds that do not chromatograph well. A DI system can be incorporated into a standard GC-MS
configuration without making any changes to the GC. It is then possible to switch between conventional GC column chromatography and DI
analysis without making any hardware changes.
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Mass spectrum of
Sn-phthalocyanine KQOSH
118G 632
639
Components that are thermally degradable or difficult to vaporize are not suited to GC analysis. Their 1165
mass spectra can be obtained easily using the DI probe. Above is an example of Sn-phthalocyanine spectra X
obtained using the DI probe. 636
1 W ‘
625 650
El mode

Chemical lonizations

In addition to commonly-used electron ionization (El), both chemical ionization (Cl)
and negative chemical ionization (NCI) are available. Cl is suited for confirmation of
ionized molecular weight. NCI can be used to detect functional groups having a large
electron affinity such as halogens. Tuning is fully automated for any ionization
method: El, Cl, or NCI. Any of three types of reagent gases (methane, isobutane, or

ammonia) can be used. Cl mode
317
The ion source for NCI can be used with either El or CI, making it possible to switch
between ionization methods without having to replace the ion source.
If high-sensitivity measurement is required, use a specialized ion source. ufg ‘TJI”\.E 201 pp235 267 ZTS
bt ot bl bt b 5V 1
50 100 150 200 250 300 350

Mass spectrum of cis-5,8,11,14,17-Eicosapentaenoic Acid Methyl Ester (C20:5n3) in El and CI
In cases where the identification of molecular ions is difficult by El, it is easily accomplished by CI.



Headspace Analysis System

The HS-20 series of headspace samplers provides strong support for all
volatile component analyses, for everything from research to quality
control.

There is a loop model capable of static headspace analysis, and a trap
model capable of trap headspace analysis.

Aqueous VOC Analysis

(x100,000)
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5.04 17

4.0 24
26
11 N

10
3 . 13 1 20
2 12 16 flig [ 21
A T T T ﬁ T T T
15.0 17.5 20.0 225 25.0

75 100 125

o

1. 1,1-dichloroethylene, 2. dichloromethane, 3. MTBE, 4. trans-1,2-dichloroethylene,

5. cis-1,2-dichloroethylene, 6. chloroform, 7. 1,1,1-trichloroethane, 8. carbon tetrachloride,

9. 1,2-dichloroethane, 10. benzene, 11. fluorobenzene (1S), 12. trichloroethylene,

13. 1,2-dichloropropene, 14. bromodichloromethane, 15. 1,4-dioxane-d8 (IS), 16. 1,4-dioxane,

17. cis-1,3-dichloropropene, 18. toluene, 19. trans-1,3-dichloropropene, 20. 1,1,2-trichloroethane,
21. tetrachloroethylene, 22. dibromochloromethane, 23. m,p-xylene, 24. o-xylene, 25. bromoform,
26. p-bromofluorobenzene (IS), 27. 1,4-dichlorobenzene

High-Sensitivity Analysis of Fragrant Components in Coffee

2

(x1,000,000)
Aceticacid

554
5.0

h
Pyridine Furfurylalchol

Acetol Furfurylacetate

Methylpyrazine

2,5-Dimethylpirazine

Alw x5 to x50

60 70 80 90 100 110 120 130 140 150

Trace quantities of fragrant components undetectable with
conventional headspace samplers can be qualified and quantified by
combining the high-sensitivity, electronically cooled trap with GCMS.

(x1,000) Area ratio
] 88.00
7.5 58.00
157.00
] 5.0
5.0
i 25
2.5+
e e e S 0.0 T T T
11.5 12.0 0 50  Concentration ratio

SIM Chromatogram (5 pg/L) and
Calibration Curve (1-100 pg/L) of 1,4-Dioxane

Analysis of a trace amount of volatile organic compounds can be performed with the loop mode.

Thermal Desorption Analysis System

The thermal desorption system heats the sample tube, focuses the gas
released, and introduces it into the GC-MS. It is used for measurements of
VOCs (volatile organic compounds) in air, and for measurements of trace
components released from resins and other samples.

With the TD-20, an electronic cooler is adopted to cool the focusing unit;
therefore, liquid nitrogen and other coolants are not required.

Analysis of Gas Generated from Electrical Parts

(x1,000,000)
E| T
65 Butoxyethoxyethanol (equivalent to 200 ng)  Oil Content Peak
6‘0: 2-Phenyl-2-butanol Thiourea, tetramethyl-
551 Pyridine, 4-benzyl-
5.04
451 (Equivalent to 10 ng)
404 xylenes Sample
354 18000 mL
S Concentration
2.04
154 o P-Dichlorobenzene 8 o &
. c c a w
1.04 g Nonanal a a
0.54 ©° xylenes l
b W ok I B | J Standard sample
’ 10 ng
T T T T T T T
25 5.0 7.5 10.0 125 15.0 17.5

Components Detected with 18 L Outgas (Concentrated) from Electronic
Parts Maintained at 70 °C
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Pyrolysis System

"

EGA-MS
Multi-Shot Pyrolyzer
Sample EGA tubing
(0.1to 1.0 mg) (25mL, 0.15mm 1.D.)
Sample cup
C
’ GC oven: 300 °C
i 7 (Constant temperature)
MS

EGA Thermogram ~ Analysis of thermogram
corresponding to temperature

Qualitative analysis using the
MS spectrum

" 100 — 10°C/min ' 600°C

GCxGC-MS System

ChromSquare Analysis Software

High molecular compounds are subjected to pyrolysis at
temperatures of 500 °C or higher, and the obtained pyrolytic
products are analyzed with GC and GC-MS. These pyrolytic products
reflect the structure of the original high molecular compounds.
Accordingly, they enable the identification and higher order
structural analysis of the polymers.

In addition, search software utilizing a pyrolysis library assists in the
identification.

Single-Shot (Thermal Desorption, TD)
Double Shot (Pyrolysis, PY)-GC/MS

TD: 40-300 °C (20 °C/min)
PY: 550 °C
GC column
30 m, 0.25 mm I.D.

GCoven:
Heating program

MS

Cycle 1: Thermal desorption (TD-GC/MS) - Analysis of additives

Lo

Cycle 2: Pyrolysis (Py-GC/MS) - Analysis of resin

With comprehensive 2D chromatography (GCxGC), chromatographic
separation of complex samples is achieved via 2D separation.

The Py-GCMS chromatogram is very complex, but GCxGC separation
enables a higher degree of separation and qualitative confirmation.

Sl

Methacrylic anhydride

L

Methylphenylacetylene

Ethylstyrene
‘;Butylbenzene

2PSED 90 60



AOC-6000 Autosampler
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This is compatible with three sample introduction methods: liquid injection, HS (headspace) injection, and SPME (solid-phase microextraction)
injection. It can be controlled with GCMSsolution software.

The overlap function, which improves the efficiency of continuous analysis, can also be used. Automatic syringe replacement (10 pL to 1000 pL)
and a stirring function enable sample dilution, the automatic addition of internal standard substances, and the automatic creation of
calibration curve samples.

AOC-6000 Control Software

Aqueous VOC Analysis with Headspace Mode

(x100) (x100)
jz :gggg 0.005 mg/L jz : 173.00 0.0001 mg/L
6.0 — 6.0
5.0 f 5.0 5
4.0 * 4.0 I
3.0 E 3.0 4‘41\
2.0 7 2.0
1.0 — 1.0

100 1125 1150 1175 T T 600 1625 1650

1,4-Dioxane Bromoform Headspace Mode

Analysis of a trace amount of VOC can be performed with the headspace mode using a syringe.

Analysis of Trichloroanisole in Wine with SPME Mode

(x10,000) (x10,000)

1212.00 2.5-212.00
3.09210.00 {210.00

] 2.0
2.5 ]
2.0 1.5 [ |
159 ]

] 1.0 > |«

] q -
1.0+ ] -: -

] 0.5
0.5 ]

= T T T &y = T = T T

14.50 14.75 15.00 15.25 17.00 17.25 17.50 17.75 \

2,4,6-TCA 2,3,4-TCA SPME Mode

A trace amount of odor compounds was detected by concentration effect with SPME mode at high sensitivity. (5 ng/L)

GCMS-QP2020
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OPTIC-4 Multimode Sample Inlet

— QPTIC
Liner

R

Microvial

Liner and microvial

Liquid sample in microvial

Solid sample in microvial

Sy

The OPTIC-4 multimode sample inlet is a GC injection port that enables a variety of sample
injection modes for GC-MS, including large-quantity injection, inlet derivatization, thermal
desorption, and DMI (difficult matrix introduction).

Combining this with an autosampler enables automatic replacement of inserts, improving
productivity in multisample analyses.

DMI (Difficult Matrix Introduction) Mode Simplifies Pretreatment

(x1,000,000)

35 TIC 1. Linalool
2. Citronellol
3.0 3. lonone
4. Lillial
2.5 5. Tetradecanoate
2.0

20.0 25.0 30.0 35.0 40.0 45.0 50.0

An undiluted shampoo solution was placed directly in a microvial and measured in DMI mode,
enabling the selective analysis of volatile components.

Carry In -
T —= = .. Split Flow
n Sl
Sample in I =
microvial
\ rs
OPTIC __ |
: Injector |
Liner 1:
Neck ’

Column Flow

The liner is inserted in the

Liquid or solid samples are
placed in the microvial.

The microvial containing
the sample is placed in the
liner.

inlet. (Automatic liner
replacement is possible as
an option.)

The liner is heated, and
volatile and semivolatile
compounds are introduced
to the separation column.

Nonvolatile compounds
remain in the microvial.

Thermal Desorption Analysis Enables Detection of a Trace Amount of Volatile Compounds
(x1,000,000)

1.75,: 1. delta-Hexalactone

2. delta-Octalactone
1.50 3. delta-Decalactone

4. gamma-Dodecalactone
1.25+ 5. delta-Dodecalactone
1.00 1
0.754 3
0.50 2

] 5
0.25*: 4 )“J

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0

A piece of butter was placed in a vial, headspace gas was collected by an adsorptive agent at ambient temperature, and then a
thermal desorption analysis was performed. Various types of volatile components in butter were detected.



GC/MS Off-Flavor Analyzer

Information Registered in Database
- [T :

Primary odor components  GC/MS analytical conditions Sensory information of odor components
®Retention time information @ Odor characteristics
®MS and calibration curve information @ Odor threshold value

r-causing substances
and sensory information (types of smells and odor thresholds). It provides the
total solution required for off-flavor analysis.

This product was developed in cooperation with Daiwa Can Company.

(x10,000) (x1,000)
2:004195.00 28.8 pg/mg | 257 14.4 pg/m
1753510.00 pg/mg pg/mg
1.503167.00 2.04
1.254 15]
Disinfectant 1.004
. odor 0.754 1.0
Check of the Quality of a Smell Q 0501
051
0253
Lime co:‘m Lnit Thmr:u = ptien 1 3 1750 17.75 1800 1825 2175 22100 2225 2250
Benzophenone i pa/mg | 10.000] Almond, Burnt sugar - . .
[Z4.6-Trboromapheno GREEEE o T r;: ‘ Mass chromatogram of 2,4,6-Trichloroanisole (Left)
: - l— k and 2,4,6-Tribromoanisole (Right) in Food Packaging

Py-Screener Phthalate Ester Screening System

IO

S —

The use of phthalate esters is restricted in toys and food packaging, and they
are expected to be classified as restricted substances in the RoHS(ll) directives.
This system is simple to operate, even for novices. It consists of special software
to support a series of procedures from sample preparation to data acquisition,
data analysis and maintenance, as well as special standard samples and a
sampling toolkit.

Sample Preparation Does Not Require Organic Solvents

Standard samples and test samples can be prepared without using organic solvents.

Standard Samples Containing

Phthalate Ester for Py-GC/MS Preparation of Resin Standard Samples
(x10,000) (x1,000,000) (x100,000) (x1,000,000)
5o 2230 204 2790 1.509 2930 2.57307.0
01 205.0 167.0 i
o 1.25 204
: 1.57 1.00 15
3.0 104 0.754 '
2.0 0.50- 109
1.04 0> 0.25- 0.5
T T T T T T T T T T
4.50 4.75 5.00 7.25 7.50 7.0 8.0 9.0 7.0 8.0 9.0 10.0
1. DBP: 162 mg/kg 2. DEHP: 2577 mg/kg 3. DINP: 4206 mg/kg 4. DIDP: 138973 mg/kg

Mass Chromatogram of Compounds Detected When Measuring a PVC Cable

GCMS-QP2020

Gas Chromatograph Mass Spectrometer
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