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Introduction: Elemental Analysis
Atomic Spectrometry

Atomic Spectrometry

Atomic Spectrometry

Atomic Absorption g;ged O Lightof specific characteristic wavelength
is absorbed by promoting an electron to a

higher energy level (excitation)

Light absorption is proportional to

elemental concentration

Light of specific wavelength
from Hollow Cathode Lamp Ground
(HCL) State

. L ————— Highenergy (light and heat) promotes an
Atomic Emission electron to a higher energy level
(excitation). Electron falls back and emits
light at characteristic wavelength
Light emission is proportional to
elemental concentration

Light and heat energy from high
intensity source (flame or plasma)

©)
High energy (light and heat) gects
Mass Spectrometry electron from shell (ionization). Result is
Light and heat energy from high free electron and atom with positive
intensity source (plasma) charge (lon)

lons are extracted and measured directly
in mass spectrometer
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Atomic Mass and Weight

Atomic Mass and Weight

Atomic Mass and Weight

Nucleus 1 Proton 1 Neutron

Electron shell
or cloud

» Electron

1840
Proton Electrons

Atomic number of an
e ement isthe number of
Neutron Protonsin its nucleus

An atom has an equal number of Protons
(1 +vecharge) and electrons (1 -ve
charge) and soiselectrically neutral.
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Isotopes and Isobars

| sotopes and | sobars

Isotopes and Isobars

| sotopes: Atomic number (number of Atomic number isdifferent, but
protons) isthe same, but number of atomic weight isalmost identical so speci
neutronsisdifferent (e.g. Pb204 & Pb 208) appear at samemass (e.g. Pb204 & Hg204)
Chemical characteristics are same, but Chemical characteristics are different, but
physical properties aredifferent. physical propertiesaresimilar.

| sotopes I | sobars I
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Analytical Techniques for Elemental Analysis

Analytical Techniquesfor Elemental Analysis

Analytical Techniques for Elemental Analysis

FAAS - Flame Atomic Absorption Spectrometry
GFAAS - Graphite Furnace Atomic Absorption Spectrometry
| CP-OES - Inductively Coupled Plasma Optical Emission
Spectrometry = Inductively Coupled Plasma Atomic Emission
Spectrometry (ICP-AES)

- Inductively Coupled Plasma Mass Spectrometry
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Figure 4
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Elemental Analysis: FAAS

Elemental Analysis. FAAS

Elemental Analysis: FAAS

Inexpensive

Rapid for few selected elements

Limited use for organic solvents
Disadvantages

Poor sensitivity (high detection limits)

Single element determination at-the-time

Requires large amount of sample

Narrow linear range
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.. Innovating the HP Way

Figure 5




Introduction: Elemental Analysis
Elemental Analysis: GFAAS

Elemental Analysis. GFAAS

Elemental Analysis: GFAAS

Relatively inexpensive

Requires small sample volume

Excellent sengitivity (low detection limits)
Disadvantages

Single element determination at-the-time

High operating costs (consumabl es)

Very narrow linear range

Cumbersome and time-consuming technique

Not suited for organic solvents

Requires matrix modifiers

%, AgilentTechnologies
.. Innovating the HP Way

Figure 6




Introduction: Elemental Analysis
Elemental Analysis: ICP-OES

Elemental Analysis. ICP-OES

Elemental Analysis: ICP-OES

Good general-purpose technique
Good dynamic range
Accommodates organic solvents
Multi-elemental technique
Disadvantages
Cost of the instrument
Limits of detection
Sample volume requirements
Spectra interferences for unknown/complicated matrices

%, AgilentTechnologies
.. Innovating the HP Way

Figure 7




Introduction: Elemental Analysis
Elemental Analysis: ICP-MS

Elemental Analysis. ICP-M S

Elemental Analysis: ICP-MS

Requires small amount of sample

Excellent dynamic range

Accommodates organic solvents

Multi-elemental technique

| sotope differentiation and determination

Scanning (semi-quant) capabilities

Superior limits of detection

Limited and well defined interferences
Disadvantages

Cost of the instrument

%, AgilentTechnologies
.. Innovating the HP Way

Figure 8




Introduction: Elemental Analysis
Comparison of Elemental Techniques

Comparison of Elemental Techniques

Comparison of Elemental Techniques

Seqguential  Simultaneous

Criterial GFAAS ICP-OES ICP-OES ICP-MS
Detection Limits ppt ppb ppb ppg-ppt
Linear Range 2-3 4-6 4-6 o*
Interferences Moderate Many Many Few
Speed Slow Slow Fast Fast
Elemental Coverage Poor Good Good Excellent
Multi-element No Yes Yes Yes
Simultaneous No No Yes Yes
Sample Size uL mL mL uL or mL
Capital Cost $ $ $$ $$
Operating Cost 555 $$ $$ $

Figure 9
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Introduction: Elemental Analysis
Graphical Comparison of Elemental Techniques

Graphical Comparison of Elemental Techniques

Graphical Comparison of Elemental Techniques

<

(@)

2

> GFAA
=

1%

c

8% @
HEN

low  number of analyses  high

.'.:‘:.'. Agilent Technologies
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Figure 10
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Introduction: Elemental Analysis
Comparison of the Complexity of Multi-elemental Techniques

Comparison of the Complexity of Multi-elemental
Techniques

Comparison of the Complexity of Multielemental
Techniques

# emission lines # (natur al) isotopes
alkali metals
lithium 30 2
cesium 645 1
alkali earths
__magnesium 173 3
calcium 662 6
transition metals
__chromium 2277 4
iron 4757 4
cerium 5755 4
Figure 11

12



Introduction: Elemental Analysis

Users/Applications of ICP-MS

User JApplications of ICP-M S

Users/Applications of ICP-MS

Environmental
Semiconductor

Nuclear
Clinical/Pharmaceutical
Petrochemical
Geologica

Forensic

Academia

%, AgilentTechnologies
.. Innovating the HP Way

Figure 12
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Introduction: Elemental Analysis
Multi-elemental Analysis of Metals

Multi-elemental Analysis of Metals

Multi-elemental Analysis of Metals

GFAAS, ICP-OES & CVAA ICP-OES
Analysis
Sample
Digestion
GFAAS Pata B Data
Sample Analvsis - Compilation Reporting Archival
: y & Review
Logging
Hg
Preparation l CVAAS

Analysis

[Sample > Sample > ICP-MS > Data Review »| Archival

Logging Digestion Analysis & Reporting

':;'.".. Agilent Technologies
Innovating the HP Way

Figure 13
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Introduction: Inductively Coupled Plasma Mass Spectrometry
What is ICP-MS?

What isICP-M S?

What is ICP-MS?

¢ Inorganic (elemental) analysis technique.

e |CP - Inductively Coupled Plasma
high temperature ion source
e MS- Mass Spectrometer
- uadrupole scanning spectrometer
- massrange from 7 to 250 amu (Li to U...)
- separates all elementsin rapid sequential scan
- ions measured using dual mode detector

- pptto ppmlevels
- isotopic information available

%, AgilentTechnologies
Innovating the HP Way

Figure 14
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Advantages of ICP-MS

Advantages of ICP-M S

Advantages of ICP-MS

e Trace and ultratrace measurement of >70 elements - from Li to U

— Agilent 7500 can measure from <1ppt to >500ppm (9 orders linear range)
e Spectral simplicity

— Every element (except In) has an isotope which isfree from direct overlap
e Speed of multi-element analysis

— Typical multi-element acquisition in 1-2 min (~4 min including rinse)
o Flexibility to optimize for specific applications

— Automated set-up and autotuning give improved ease of use
o Fast semi-quantitative analysis - accurate data without calibration

— measurement is based on comparison of relative isotope sensitivity
o |sotope ratio measurements

— nuclear, geological, environmental and nutrition studies

%, AgilentTechnologies
.. Innovating the HP Way

Figure 15
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Agilent Technologies and ICP-MS

Agilent Technologiesand ICP-M S

Agilent Technologies and ICP-MS

1987 - PM S 100 - first computer controlled ICP-MS

1988 - PM S 200 - 2nd generation ICP-M S

1990 - PM S 2000 - featuring Omega lens system - lowest random
background in ICP-QM S

1992 - ShieldTor ch interface developed - interferences
fundamentally reduced for thefirst timein ICP-QMS -
enablesanalysisof K, Ca, Feby ICP-QMS

1994 - HP 4500 introduced - World'sfirst benchtop system

1998 - Over 500 systemsinstalled

1999 - HP 4500 Series 100, 200, 300 intr oduced

2000 - Agilent 7500 series. 7500a, 7500i and 7500s - the next
generation in | CP-MS instrumentation

%, AgilentTechnologies
.. Innovating the HP Way

Figure 16
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Processes in ICP-MS

Processesin ICP-MS

Processes in ICP-MS

Nebulization Desolvation Vaporization Atomization lonization

Aerosol

liquid sample = Desolvation

ti Atomization
Nebulization \F’altlcle
e —» Molecule &+ Atom — lon

/ o T J¢ lonization
Vaporization

Mass analyzer

solid sample

%, AgilentTechnologies
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Figure 17

19



Introduction: Inductively Coupled Plasma Mass Spectrometry
Overview of Agilent 7500 Features

Overview of Agilent 7500 Features

Overview of Agilent 7500 Features

Exclusive ShieldTorch Omega Il off axis lens
techpgl ogy for unrivaled system prQV|Q|ng superior True hyperbolic profile
sengitivity and ion transmission and -
elimination of Ar -based exceptionaly low solid molybdenum
Open architecture : €n Y quadrupole operating at
. ) interferences backgrounds L
sample introduction _. = 3.0MHz, providing
system for ease of / excellent peak shape and

access and connectivity abundance sensitivty

ignultaneous dual mode
detector with high speed
amplifier providing 9

orders of dynamic range

Peltier cooled spray
chamber for superior
stability, low oxide
interferences and
analysis of organics
4 (or 5) mass flow controllers for
improved signal stability and
analysis of organics

Low pulsation peristaltic
pump located close to the
nebulizer for rapid sample
introduction & washout

Computer controlled torch

positioning in 3 planes with Maintenance-free solid state RF

Autotune for effortless, generator. 27.12MHz frequency
Durable stainless steel consistent torch alignment generates highest temperature plasma
chassis, Benchtop design  after maintenance for reduced matrix effects
minimizes the need for
laboratory space

+... AgilentTechnologies
Innovating the HP Way

Figure 18
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Schematic Diagram of Agilent 7500a

Schematic Diagram of Agilent 7500a

Schematic Diagram of Agilent 7500a

Robust Omega Il Hyperbolic Rod  Fast
Interface Off Axis Lens Quadrupole Simultaneous

Dual Mode
, Detector
Peltier 4 i e |
L =

Cooled _
Spray

Chamber T P _
Peri
Pump S
Sample Turbo Turbo
um pump

Novel High
Capacity Vacuum

System Design

1

m a0

%, AgilentTechnologies
.. Innovating the HP Way

Figure 19

e Sample solution is pumped into the nebulizer. The sample stream is
nebulized with argon gas and forms an aerosol of fine droplets.

e Theargon gas carries the finest droplets through the turns of the spray
chamber and into the plasmawhere the sample is atomized and ionized.

¢ |ons are extracted from the atmospheric pressure plasmainto the high
vacuum region of the mass analyzer viathe interface. The interface
consists of two water-cooled orifices called cones.

¢ A three-stage vacuum system provides pressures of 1 Torr between the
cones, 10-4 Torr in the lens chamber and 10-6 Torr in the analyzer
chamber.

e Theion lens system focusesionsinto the analyzer. Light is excluded from
the analyzer and detector regions by the Omega |l ens, which reduces
background noise.

¢ The quadrupole mass filter allows only ions of a specific massto charge
ratio to pass through to the detector at any point in time.
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Schematic Diagram of Agilent 7500a

e The EM detector measures the ion signal at each mass and storesit in the
MCA. Dataisexpressed as counts per second, which is directly
proportional to the concentration of the element at that mass.

22



Introduction: Inductively Coupled Plasma Mass Spectrometry
Schematic Diagram of Agilent 7500s

Schematic Diagram of Agilent 7500s

Schematic Diagram of Agilent 7500s

Robust Omegal ll
Interface Off Axis Lens Hyperbolic Rod Fast
Quadrupole )
, Simultaneous
Dual Mode
}J | Detector

Peltier Y = ET
Cooled N L
Spray B:ﬂ A
Chamber 11

0
Peri [
Pump
Sample Valy 9 Tarbo Turbo
~ um pump

i@zﬂ Novel High Capacity
L] Vacuum System Design

%, AgilentTechnologies
Innovating the HP Way

Figure 20
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Introduction: Inductively Coupled Plasma Mass Spectrometry
ISIS for Application Flexibility

| SIS for Application Flexibility

ISIS for Application Flexibility

.'."'.'. Agilent Technologies
#*2%. " Innovating the HP Way
Figure 21
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Sample Introduction

Sample Introduction

Sample Introduction

Plasma Gas g% ICP Torch
Auxiliary Gas—> =~ & Plasma
Pdltier Cooled ’
Spray Chamber
RF Cail
BlendGas ____, T 1
Carrier Gas g Nebulizer
&3 Peristaltic
Pumps
Internal Standard
Diluent
Sample

%, AgilentTechnologies
.. Innovating the HP Way

Figure 22

The ease of removal of our torch isabig point:
e 1 minute with Agilent
e Sminuteswith VG
e 10— 15 minutes with PE
Especialy with gloved hands, asin a cleanroom.

We are the only company to offer Pt injector torches. Thisisin responseto
demand from Japanese semiconductor users. All other vendors use Al,O3 or
sapphire, which give high Al background.

Also, we are the only ones to use a polypropylene spray chamber:
e VG use Teflon (poor wetting - bad stability and washout)

e PE use Ryton, which isimpure - high Ba, etc. from filler, and also it is not
resistant to H,O4

25



Introduction: Inductively Coupled Plasma Mass Spectrometry

Agilent 7500 Sample Introduction

Agilent 7500 Sample I ntroduction

.'.:‘:.'. Agilent Technologies
%" Innovating the HP Way

Agilent 7500 Sample Introduction

Externally mounted spray
chamber with new Peltier
cooling system

New, low-pulsation 3-channel
sampl e introduction pump -
close-coupled to spray chamber
to reduce uptake time and dead
volume

Open sampl e area protected with
sealed polymer tray - easy access
to sampleintro components and
connection of external devices -

» laser ablation

»LC

» GC

» CE

Figure 23
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Autosamplers

Autosamplers

Autosamplers

ASX -100

ASX -500

w5 AgilentTechnologies
Innovating the HP Way

Figure 24
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Typical Nebulizer

Typical Nebulizer

Typical Nebulizer

Concentric Nebulizer I
Cross-flow Nebulizer

Samplein
” Fme capillary -prone¢
Argon in to blckages

High solids Nebulizer Sample
‘Babbington d&ignz
Sampleﬂ> / >
Ar gasoutlet

':;'.".. Agilent Technologies
Innovating the HP Way

Figure 25
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Specialized Sample Introduction Systems

Specialized Sample Introduction Systems

Specialized Sample Introduction Systems

Organic analysis kit including
exclusive oxygen inlet
connector for safe addition of
oxygen for organics analysis

Inert sample kit with unique
polypropylene spray chamber

Exclusive Agilent Micro Flow
Nebulizer for trouble-free analysis
of microvolume samples

Widest range of 1CP torches
includi n? exclusive platinum
injector forch for HF

and unique photoresist torch for
photoresist matrices

.'.:‘:.'. Agilent Technologies
<727 Innovating the HP Way

Figure 26
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Typical Spray Chamber — Double Pass

Typical Spray Chamber — Double Pass

Typical Spray Chamber - Double Pass
Scott-Type

Small Dropletsto ICP

Nebulizer
Sample solution (High solidstype

Ar carrier gas

-
Large Droplets
to Waste

Sampledrain

%, AgilentTechnologies
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Figure 27
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Droplet Distribution With and Without Spray Chamber

Droplet Distribution With and Without Spray
Chamber

Droplet Distribution With and Without Spray
Chamber

No Spray Chamber

(%) %) With Spray Chamber
0 0
40 5
20
30
15
20
10
10 5
0
8 14 20 26 32 38 44 50 56 62 68 74 80 2 3 45 6 7 8 91011
Particle Size (um) Particle Size (um)
v".‘i'."... Agilent Technologies
*".. Innovating the HP Way
Figure 28
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Introduction: Inductively Coupled Plasma Mass Spectrometry
New Design Agilent ICP Torch Box

New Design Agilent ICP Torch Box

New Design Agilent ICP Torch Box

New torchbox position control
stepper motors (x-, y- and z-
adjustment) are fast and precise.

Quick release torch mounting allows
for easy torch removal and
replacement for cleaning.

Plasma compartment is separated
from the main cabinet, and plasma
gases vented separately direct to the
exhaust duct.

w5 AgilentTechnologies
Innovating the HP Way

Figure 29
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Inductively Coupled Plasma Mass Spectrometry

| nductively Coupled Plasma M ass Spectrometry

Inductively Coupled Plasma Mass Spectrometry

RF L oad Cail

il

Quartz "torch" made

Radio Frequency voltage induces
of concentric tubes

rapid oscillation of Ar ionsand
electrons-> HEAT (~10,000 K)

Auxiliary G ' /\/\/\/\\
_ & A AWAWANR
Carrier or L I I —

I njector or_’I > i |
|

. 1
Nebulizer Gas | ] ] O \
| | \ \ \v _V
- L Sample aerosol iscarried
g g g through center of plasma

->dried, dissociated,
Coolant or_-»

atomized, ionized
Plasma Gas ~6500K.

":".'l.. Agilent Technologies
-, Innovating the HP Way

Figure 30
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Inductively Coupled Plasma Mass Spectrometry (continued)

| nductively Coupled Plasma M ass Spectrometry
(continued)

Inductively Coupled Plasma Mass Spectrometry

e Plasmaiseélectrical discharge, not chemical flame
2 Ar gasused
= plasma at atmospheric pressure -> very high temperature
= (alow pressure plasma is a fluorescent lamp)

= plasmais generated through inductive coupling of free electrons with
rapidly oscillating magnetic field (27 MHz)

= Energy istransferred collisionally to argon molecules

2 plasmais contained in gas flow in a quartz tube (torch)

= sample aerosol is carried through the center of the plasma

= proximity to 10,000 C plasma causes dissociation, atomization and
ionization

2 ions are extracted into the spectrometer

%, AgilentTechnologies
*".. Innovating the HP Way

Figure 31
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Why Argon?

Why Argon?

Why Argon?

e Arisinert
o Arisrelatively inexpensive!
o Ariseasily obtained at very high purity

Most importantly -
o Ar hasalstionization potential of 15.75 electron volts (eV)
- higher than the 1st ionization potential of most other elements (except
He, F, Ne) and
- lower than the 2nd ionization potential of most other elements (except
Ca, Sr, Baetc)
e Sincethe plasma ionization environment is defined by the
Ar, most analyte elements ar e efficiently singly charged

%, AgilentTechnologies
.. Innovating the HP Way

Figure 32
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Introduction: Inductively Coupled Plasma Mass Spectrometry

Distribution of lons in the Plasma

Distribution of lonsin the Plasma

(%)

100
Ar
w,
> Co
.g —_
g 60f 9
& S
L aft S
_cg' 6
z 9
20} mm
| | | |

O |
8 6 4 -2 0 2
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%, AgilentTechnologies
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4 6 8

Distribution of lons in the Plasma

Distance from the work coil

mm 5 100 15 20 25 30

L | 1 1 1 1 1
——
===
[—
——

Cool Plasma

W Sampling Depth

Load coil Normal Plasma
Sampling Depth

Figure 33
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Sample lonization in the Plasma

Sample lonization in the Plasma

Sample lonization in the Plasma

Hottest part of Residencetimeisa
plasma ~ 8000K few milliseconds

%, AgilentTechnologies
.. Innovating the HP Way

By sample cone, analytes

/ present as M+ ions
[ (@) ; S O O*"/Highest M-+ population
ll @ @ should correspond to lowest
polyatomic popul ation

m

Atoms are formed
and then ionized

Aerosol is Dried

Particles are decomposed
and dissociated
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Full Mass Control of All Gas Flows

Full Mass Control of All Gas Flows

Full Mass Control of All Gas Flows

Nebulizer gas flow is an important parameter
to tune for optimizing signal - separate
control of nebulizer gas and total injector
flow (by varying make-up gas) is essential for
optimum performance
Mass flow control (MFC) has the benefits of
superior stability - better short and long
term signal precision
more reproducible set-up and
optimization
electronic control viathe PC

e 4500 Series - 2 MFCs - nebulizer and blend (make-up)
— blend gasisrequired for optimum ShieldTorch analysis, or for organics analysis
e 75004, 7500i - 4 MFCs - plasma, auxiliary, nebulizer, blend

e 7500s - 5 MFCs - plasma, auxiliary, nebulizer, blend, option

w5 AgilentTechnologies
Innovating the HP Way

Figure 35
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Introduction: Inductively Coupled Plasma Mass Spectrometry

Interface
| nterface
Interface
= Sampling cone
= Skimmer cone
Allows introduction of ionsinto the vacuum chamber
Material : Nickel
Platinum
Interface
1.0E-02torr
M ass Spectrometer
Plasma 1.0 E-05 torr
1torr
Sampler Cone
1 mm orifice
) » 1 0 pumps
Skimmer Cone
y 0.4 mm orifice
+*%... AgilentTechnologies
Innovating the HP Way

Figure 36
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Agilent 7500 lon Lens System

Agilent 7500 lon Lens System

Agilent 7500 lon Lens System

Servesto focusions coming from the skimmer into the massfilter. Regjects
neutral atoms and minimizes the passage of any photonsfrom | CP.
« Extraction - Extract and accelerateionsfrom the plasma

= Einzel - Collimate and focusion beam
» Omega - Bend ion beam to eliminate photons and neutrals

« QP focus- Refocusion beam
10 2 Torr 10-5Torr

Extraction | Einzel | Omega QP- Focus
‘

----- Photons / Neutrals
— lons

%, AgilentTechnologies
Innovating the HP Way

Figure 37
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Distribution of lons and Electrons Around the Interface

Distribution of lons and Electrons Around the
| nterface

Distribution of lons and Electrons Around the
Interface

Neutral Plasma

equal numbers of electrons and Sheath
positiveions at high temp ) .
Cooler Interface <¥ L e/z\[e*Ap Ar

does not support ion stability e AFTE AT
neutral Ar sheath forms acting asa
condensor preventing the plasma

from grounding on the cones

Ar

%, AgilentTechnologies
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Figure 38
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Introduction: Inductively Coupled Plasma Mass Spectrometry

lon Energy Distribution in the Interface

lon Energy Distribution in the Interface

lon Energy Distribution in the Interface

lon lenses are optimized for a
particular range of ion energies
(potential + kinetic). Low mass
ions have lower kinetic energy.
Cooaling the plasma increases the
thickness of the sheath,
increasing the plasma potential
and the energy of theions.

— Shiftsthe energy distribution
profile to theright -
increasing low mass
sensitivity.

w5 AgilentTechnologies

2% Innovating the HP Way

Sensitivity

lon lens setting
Y
Li TI
--— lonenergy —»

Figure 39

42




Introduction: Inductively Coupled Plasma Mass Spectrometry
The Electrostatic Lenses

The Electrostatic L enses

The Electrostatic Lenses

lons, photons and neutrals all enter the spectrometer through the
interface

- the detector is sensitive to photons/neutrals, as well asions
e lonsare charged particles

- can be deflected using electric fields

o Photonstravel in straight lines
o If ions can be deflected off-axis, they will be separated from non-
charged species (photons/neutrals)

- must ensure that mass bias is not introduced when ions are deflected

%, AgilentTechnologies
.. Innovating the HP Way

Figure 40
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Why “Off-Axis” ?

Why “ Off-Axis’ ?

Why “ Off-Axis” ?

o Detector must be screened from Plasma
- Plasmaisan intense source of photons and neutrals

— Electron Multiplier is photon/neutral sensitive

o Common approach isto place ametal disc in the light path

- "Photon Stop"
- "Shadow Stop"

o BUT -With the "Photon Stop" or " Shadow Stop" ions must be
defocused around the disc and then re-focused on the other side
- Thisisvery inefficient and will introduce mass bias

%, AgilentTechnologies
2% Innovating the HP Way

Figure 41
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Low Transmission Photon Stop System

Low Transmission Photon Stop System

Low Transmission Photon Stop System

Higher sample uptakerate (0.7-1.0mL/min), lonsre-focused after
small injector tube (2mm), lower temp plasma photon stop,

(40MH?z), fixed sample depth & large cone causing mass bias - loss
orifices (1.1/0.9mm) - inefficient matrix of low massions

=

lons must be defocused around photon stop Simpleion lens- inefficient
- loss of ion transmission. M atrix deposition focusing - must use voltage scan on
on photon stop and lens, causing drift lensto reduceloss of low massions

Low transmission - higher sample uptake, large interface orificesand small
torch injector must be used to compensate.

Higher matrix loading on the system - more frequent ion lens cleaning, and
faster degradation of interfacerotary pump oil

':;'.".. Agilent Technologies
Innovating the HP Way

Figure 42
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Agilent High Transmission Off-Axis System

Agilent High Transmission Off-Axis System

Agilent High Transmission Off-Axis System

L ower sample uptakerate (0.3mL/min), Compound ion lens -
larger injector tube (2.5mm), higher temp efficient focusing, high
plasma (27M Hz), variable sample depth & transmission acrossthe
small cone orifices (1.0/0.4mm) - efficient / massrange

matrix deposition

\D Hun?ﬂﬁ

] ng\
Photons and neutrals removed -

ions are deflected off axisinto
guadrupolewith minimal massbias

Dual extraction lenses prevent loss 0
low massion on exit from interface.
Also serveto protect main ion lenses
by trapping sample matrix.

High transmission - sensitivity maintained with less sample loading on system -
lower sample uptake, small interface orificesand larger diameter torch injector.
Resultsin much lessfrequent ion lens cleaning and extended interface rotary pump

oil lifetime.

':;'.".. Agilent Technologies
Innovating the HP Way

Figure 43

46



Introduction: Inductively Coupled Plasma Mass Spectrometry
lon Focusing — New Omega ll Lens

lon Focusing—New Omegall Lens

lon Focusing - New Omega ll lens

Integrated 1 piece design
for easy cleaning (when
required)

No wires to attach,

makes replacement fast
lons enter and easy
here . .
Givesvery high
. sensitivity and low
The second part is background performance
First 3 lenses are called the Omegal ll. This
an “Einzel” lens. These is where the ions
focus the ions are sent “off axis”
.'.:‘:.'. Agilent Technologies
Sk Innovating the HP Way
Figure 44
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Flat Response Curve — High Sensitivity at All Masses

Flat Response Curve—High Sensitivity at All
M asses

Flat Response Curve - High Sensitivity at All
Masses

70

8
.

. ___:..——-—" ¥ '-------—~3

”/—’

20

M cps/ppm

10

0 50 100 150 200 250
Mass

%, AgilentTechnologies
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Figure 45

Photon stop systems suffer from significant mass bias against low masses due to
space charge effects.
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Agilent 7500 Quadrupole

Agilent 7500 Quadrupole

Agilent 7500 Quadrupole

TRUE hyperboalic rods - precision ground
from solid Molybdenum.

Novel digitally synthesized 3.0MHz RF
generator - produce excellent
transmission, peak shape and abundance

sensitivity
{n
e | Verylow ‘
contributions I
L og scale plot of 1ppm Y solution o | to adjacent
showing excellent peak shape and masses \\ I
abundance sensitivity
- note no tailing at low or high mass 0 \ N
N
RV R
...'.:‘:.'.., Agilent Technologies
Sk Innovating the HP Way
Figure 46
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Introduction: Inductively Coupled Plasma Mass Spectrometry
Resolution and Abundance Sensitivity

Resolution and Abundance Sensitivity

Resolution and Abundance Sensitivity

Resolution

Peak
Heigh
t

Peak Width (amu)
at 50% Peak Height
>\ (typically 0.5 - 0.6)

|
M M+1

%, AgilentTechnologies
Innovating the HP Way

Peak Width (amu) neighboring peaks
at 10% Peak Height

> typically 0.65- 0.75)

Abundance Sensitivity
Abundance
Sensitivity is

4—

ratio of peak
height M to 10% Peak
M-1& M+1 Height

Poor Abundance
Sensitivity.
Peak tailsinto

Good Abundance
Sensitivity.
No contribution
to neighboring
peaks

I I
M-1 M

Figure 47
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Introduction: Inductively Coupled Plasma Mass Spectrometry
NEW Simultaneous Dual Mode Detector & High Speed Log Amplifier
— True 9 Order Dynamic Range

NEW Simultaneous Dual Mode Detector & High
Speed Log Amplifier — True 9 Order Dynamic
Range

NEW Simultaneous Dual Mode Detector & High
Speed Log Amplifier - True 9 Order Dynamic Range

Mass  Element 15 Units
[115 In A= s 4]
CountfCP5(Y) unweighted

count{CPS

1.0E+10—

New true simultaneous detector - with extended 9
order dynamic range - largest in ICP-MS!

Agilent’s unique new detection circuit means
acquisition speed is not compromised when
analyzing in analog mode

Pulse counting mode - min dwell time - 100usec
Analog mode - min dwell time - 100usec!

1.0E-03 1.0E+05 Transient signals such as those from a laser
' Conc.  ppb ablation pulse or chromatography can be measured
over awide dynamic range

%, AgilentTechnologies
2. Innovating the HP Way

Figure 48
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Introduction: Inductively Coupled Plasma Mass Spectrometry
The Detector

The Detector

The Detector

o Electron multiplier
- discrete dynode detector (ETP)
= each dynode gives "cascade" of electrons

= -> signal ismultiplied

| On@ Electrons

%, AgilentTechnologies
2% Innovating the HP Way

Figure 49
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Interferences in ICP-MS
Interferences in ICP-MS

| nterferencesin | CP-
MS

Interferences in ICP-MS

* Mass Spectroscopic Interferences
« |nability to resolve same nomina masses

e Non-spectroscopic Interferences
* Result from sample matrix

‘s%’. AgilentTechnologies
*".. Innovating the HP Way

Figure 50
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Interferences in ICP-MS

Mass Spectroscopic Interferences

M ass Spectroscopic
| nter ferences

Mass Spectroscopic Interferences

« |sobaric
» Polyatomic

o Argides

o Oxides

o Other (i.e. Chlorides, Hydrides, etc.)
« Doubly-charged

..":.. Agilent Technologies
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Interferences in ICP-MS
Isobaric Interferences

| sobaric
| nterferences

Isobaric Interferences

| sotopes AMU
\ 50
Ti 50
Cr 50
Zr 96
Ru 96
Mo 96
Ba 138
La 138
Ce 138

% Abundance
0.25
5.4
4.35

2.8
16.68
5.52

71.7
0.09
0.25
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Interferences in ICP-MS

Polyatomic Interferences

Polyatomic

| nterferences

..":.. Agilent Technologies
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Interferences in ICP-MS
Mass Spectroscopic Interferences

M ass Spectroscopic
| nter ferences

Mass Spectroscopic Interferences

® Choose an isotope free of interferences
> 137Bainstead of 138 Ba

® Optimizeinstrument to minimize interference
> Oxides, Doubly-charged ions

® ShieldTorch
> Reduces polyatomic ions with high ionization potential
> Removes ArO
> Removes ArH

%, AgilentTechnologies
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Figure 54
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Interferences in ICP-MS
Optimizing to Minimize Interference Formation in the Plasma [1]

Optimizing to Minimize Interference Formation in

the Plasma

[1]

Optimizing to Minimize Interference Formation
in the Plasma [1]

Minimize ‘matrix’ loading
low sample uptake rate
reduce water |oading
cooled spray chamber
desolvation
Maximize residence timein plasma
maximum sampling depth
large diameter torch injector for lower aerosol velocity

“s*. AgilentTechnologies
™. Innovating the HP Way

Figure 55
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Interferences in ICP-MS
Optimizing to Minimize Interference Formation in the Plasma [2]

Optimizing to Minimize Interference Formation in
the Plasma

[2]

Optimizing to Minimize Interference Formation
in the Plasma [2]

Maximize available energy for ionization
high forward power
reduce sample and carrier flow
eliminate/reduce matrix easily ionizable elements where practical
dilute if necessary

“s*. AgilentTechnologies
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Figure 56
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Interferences in ICP-MS
Optimizing to Minimize Interference Formation in the Plasma [3]

Optimizing to Minimize Interference Formation in

the Plasma

[3]

Optimizing to Minimize Interference Formation
in the Plasma [3]

Residence time is on the order of milliseconds. It isessentia to
optimize plasma energy input ensure sample matrix breakdown!

By sample cone, analytes
) present asM+ ions

@ % —

® O g
\ Atoms ar e formed

and then ionized

Aerosol isDried  Particles ar e decomposed
and dissociated
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Figure 57
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Interferences in ICP-MS

Effect of Plasma Temperature on Degree of lonization

Effect of Plasma Temperature on Degr ee of

| onization

Effect of Plasma Temperature on Degree of

lonization
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Interferences in ICP-MS
Efficient Aerosol Decomposition

Efficient Aerosol
Decomposition

Efficient Aerosol Decomposition

High sample load, narrow central channel — inefficient matrix decomposition

..@ ..@ @ & & [s] [s] O+ oi o++

& 5 o 4+ o 2
& & O80T o
$ © & 8 SeiE® =

Low sample load, wide central channel — efficient matrix decomposition

Wide bore torch injector resultsin a diffuse aerosol to minimize
localized cooling as the aerosol droplets are dried and minimizes

potential sample deposition on the inner surface

‘s%’. AgilentTechnologies
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Figure 59
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Interferences in ICP-MS

Oxides and Doubly Charged lons

Oxides and Doubly Char ged

lons

Oxides and Doubly Charged lons

Ratio (%)
w

--"""
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--»- Ba2+
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——Ba0
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Interferences in ICP-MS
Dealing with Mass Spectroscopic Interferences

Dealing with M ass Spectr oscopic
| nter ferences

Dealing with Mass Spectroscopic Interferences

* Matrix Elimination
* Chelation
» Chromatography
e ETV
* Desolvation
. membrane
. thermal
* Interference correction equations

%, AgilentTechnologies
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Figure 61
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Interferences in ICP-MS
Interference Equations

| nterference
Equations

Interference Equations

| sobaric
204Hg on 204Pp

Polyatomic

SArCl on 7As

Doubly charged ions

8gr++  on “Ca
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Figure 62
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Interferences in ICP-MS
As Interference Correction

AsInterference
Correction

Relative signal

»*... AgilentTechnologies
Innovating the HP Way

OKr
USe
EArCI
HAs

As interference Correction

SAs= M -{ 77ArCl (*Cl abundance /3’Cl abundance) }
BAs= M - { 7ArCl (3.127) } (@)}

But thereisSeat m/z 77...

TArCl ="M - {8Se ( 7Se abundance/ 82Se abundance) }
TIArCl =7M - {#2Se (0.874) } @)

So equation 1 and 2 becomes:

BAs=7M - {[7M - {82Se (0.874)}] (3.127)}

As=T7M - 7'M (3.127) + 82Se(2.733) 3
But, thereis Krypton at 82...

82Se = &M - { 8Kr ( 82Kr abundance / abundance®Kr) }
82Se= 82M - { 8Kr (1.009) } 4

So equation 3 and 4 becomes:
BAS =M - TM(3.127) + {[#M - {8Kr (1.009)}](2.733)}
BAs = T5M - 77M(3.127) + 8M (2.733) - 8M (2.757)

Figure 63
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Interferences in ICP-MS
Interference Correction Equations - Agilent 7500

| nterference Correction Equations - Agilent
7500

Interference Correction Equations - Agilent 7500

be corrected: 75 Mass Equation
T (441 - (88°0.0271
: (51)*1 - (53)°3.127 + [52]

E-4

(10

T (82)*1 - (83)*1.009

: (98)"1 - (99)°0.146

: (111)*1 - (108]*1.073 + (106)0.764
5: (1151 -[118)*0.016

: [208]1 + [206]*1 + 20771

3127

.H
g
23388

LT

[ Show All Masses

Edit Print | 0K | Cancel | Help |

o
=
8

=
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Figure 64

Interference equations are edited from Top >> Methods >> Edit Interference
Equation... or from Edit Entire Method.

Equations must be simplified and terms combined before entering them into the
Edit Interference Equation dial og box.

The actual values are stored within the method folder as * correct.icp’, atext file
which can be directly edited if desired.

68



Interferences in ICP-MS
Non-Spectroscopic Interferences

Non-Spectroscopic
| nter ferences

Non-Spectroscopic Interferences

= Total Dissolved Solids

= High Mass Elements
* High mass elements affect the signal of low mass
element. (Space Charge)
« Easly lonized Elements
* Limited ionization energy is consumed by easily ionized
elements such as Naand K.

Result from sample matrix

..":.. Agilent Technologies
*".. Innovating the HP Way

Figure 65
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Interferences in ICP-MS
Effect of High Dissolved Solids

Effect of High Dissolved
Solids

Effect of High Dissolved Solids

e Signal suppression
* Deposits on sampler and skimmer cones

* Deposits on ion optics

..":.. Agilent Technologies
*".. Innovating the HP Way

Figure 66
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Interferences in ICP-MS
First lonization Potential

First lonization
Potential

First lonization Potential

First ionization potential

He He 24.58eV

(eV)

Ar 15.75%eV

lonisation potential

Atomic number

»*... AgilentTechnologies
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Figure 67
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Interferences in ICP-MS
lonization Efficiency

| onization
Efficiency

lonization Efficiency

. Co Ru Lanthanides
100 =& Na Al K ScVMnf° Ga RbY Nb| Pd In  Cs —————— Hf TI Pb Ra
1
NG "N sn|ga Re Bi | |A¢
Ti| Fey Ge Tay
Si Ni w P
Cr

8 I Be Os

?\i Zn bt
B
e k
o
S A -Au
%
= 40 |
i) R
= n
g i se Hg
520}
- Ir
o cl @] ne ¢ Ar ., Br ‘ ‘ ‘
0 He ,\ll&o 20 30 60 70 80 %0

. :;'." .. Agilent Technologies

Innovating the HP Way

Figure 68

72




Interferences in ICP-MS
Signal Suppression

Signal
Suppression

Signal Suppression

10ppb Co in NaCl Matrix

1.2
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0.6 +

Sensitivity
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Figure 69
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Interferences in ICP-MS
Matrix Effects — On Low Mass Analyte

Matrix Effects— On Low M ass
Analyte

Matrix Effects - on Low Mass Analyte

——LoweV
—&—High eV

Lithium 7
B Zn
_ 1+ cd Au
© Na
n Cs U
Tl
0 | } .
0 50 100 150 200 250
M ass of Matrix Element
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Figure 70

L Molar Ratio of Matrix Element to Analyte = 1000:1
+*4... AgilentTechnologies




Interferences in ICP-MS
Matrix Effects — On Medium Mass Analyte

Matrix Effects —

Analyte

On Medium M ass

Matrix Effects

- on Medium Mass Analyte

Rhodium 103
B 7n Cd

1 4
g Na Rb Au 4 L ow eV
o 05 Cs Ti —&—High eV

U
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M ass of M atrix Element
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Molar Ratio of Matrix Element to Analyte = 1000:1

Figure 71
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Interferences in ICP-MS

Matrix Effects — On High Mass Analyte

Matrix Effects—On High Mass

Analyte
Matrix Effects - on High Mass Analyte
Thorium 232
B Zn G Au
1,,
B Na Rb  Cs T ——LoweV
c
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Mass of Matrix Element
Molar Ratio of Matrix Element to Analyte = 1000:1
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Interferences in ICP-MS

Space Charge Interface and Lens Region

Space Charge Interfaceand Lens
Region

Space Charge
Interface and Lens Region

%, AgilentTechnologies
*".. Innovating the HP Way

Figure 73

After Extraction Lenses, lon beam is predominantly positive charged.

Strong repulsive forces exist within the ion beam which affect low massions
much more than high mass ions tending to disperse the low mass portion of the
ion beam. Uncontrolled, space charge resultsin loss of low mass sensitivity,
especially in the presence of high mass matrix. Complex, multi-element ion

optics can compensate for this effect.
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Interferences in ICP-MS
lonization Suppression Plasma Region

| onization Suppression Plasma
Region

lonization Suppression
Plasma Region

%, AgilentTechnologies
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Figure 74
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Interferences in ICP-MS
What Can Be Done About Matrix Effects

What Can Be Done About Matrix
Effects

What Can Be Done About Matrix Effects

e Dilution of Sample
e Internal Standardization
e Standard Additions

e Matrix Elimination
- Chromatography
- ETV
« Membrane desolvation

..":.. Agilent Technologies
*".. Innovating the HP Way

Figure 75
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Interferences in ICP-MS
What Can Be Done About Matrix Effects
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Tuning the Agilent 7500
Why Tune the ICP-MS?

Why Tunethe | CP-
MS?

Why Tune the ICP-MS?

= Optimize Sensitivity
e Maximize Signal
e Minimize Noise
= Verify Correct Mass Calibration
= Verify Correct lon Ratio Response
= Minimize Interferences

* Oxides
*  Doubly-Charged lons
e Argides
v".‘i'."... Agilent Technologies
*".. Innovating the HP Way
Figure 76
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Tuning the Agilent 7500
Tuning Procedure Overview

Tuning Procedure
Overview

Tuning Procedure Overview

= TunePlasma Parameters
RF Power
Gas Flows
Peristaltic Pump Flow
Torch Position
= Tunelon Optics
Extraction and lon focusing lenses
Omega Lenses
= Tune Quadrupole Mass Analyzer
Optimum Mass Resolution and Response
Correct Mass Assignments
= Tune Detector
Optimum Sensitivity
Optimum Dual Mode (Pulse and Analog) linearity
= Save Tune Conditions
= Generate Tune Report

'.“'."... Agilent Technologies
-, Innovating the HP Way

Figure 77
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Tuning the Agilent 7500
Agilent 7500 ICP-MS Manual Tune Checklist [1]

Agilent 7500 | CP-M S Manual Tune Checklist

[1]

Agi

See*

lent 7500 ICP-MS Manual Tune Checklist [1]

‘Manually Tuning the HP-4500 | CP-M S’ for detailed instructions

Verify Hardware

vacuum, gas pressuresand flows, peri-pump tubes and connections, error log
examine cones with magnifier

Verify Plasma Parameters

Aspirate tune solution #1, Warm up for 15-30 min

Check sensitivity, and precision

Finetunecarrier and/or blend gasflowsfor maximum signal, minimum RSDs (high
Li RSDsareusually related to worn or damaged cones)

Verify torch position and run torch position autotuneif in doubt

Check oxides (<0.8% isfine). If high: 1. Decreasecarrier and/or blend gasflow. 2.
Decrease peri-pump flow. 3. Increase sampling depth. 4. Increase RF power

lon Lenses
Adjust lon lenses for maximum (or desired) signal and minimum noise and RSDsin this
order :
Extract 1 and Extract 2 simultaneously (maintain ~50V difference)
Einzel 2
Omega Bias, Omega + and Omega - in that order
QP focus if necessary

»*... AgilentTechnologies
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Figure 78
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Tuning the Agilent 7500
Agilent 7500 ICP-MS Manual Tune Checklist [2]

Agilent 7500 | CP-M S Manual Tune Checklist
[2]

Agilent 7500 ICP-MS Manual Tune Checklist [2]

IV. QuadrupoleParameters
= Select Resolution/Axis
Observe peak shapes, optimize by increasing Plate Bias and Pole Biastogether if

necessary
Adjust peak widths (0.7-0.75 AMU at 10%) if necessary with AM U offset for low mass

and AM U gain for mid- and high-mass
Adjust mass calibration (nominal mass +/- 0.05 AMU) with Mass Offset for low mass and

Mass Gain for mid and high mass

V. Detector Parameters
= Automatically: Select SetEM from Tune menu
Run P/A factor Autotune from Tunewhile aspirating 100 ppb standard

V1. SaveTuneand Print Tune Report

. :;'." .. Agilent Technologies

Innovating the HP Way

Figure 79

85



Tuning the Agilent 7500
Autotune Screen

Autotune
Screen

Autotune Screen

I} 1CP-MS Tuning - Autotune Autotune.org =] B3
Autotune.
= ;
SleEE 5xn=E & 2
s o e e
miz 7l 140 205 ]
Range:  [1.0ES[¥%] [2.0e4[¥3]  [zoe4[3E]
Count: 57984 15366 16415
Mean: 491438 12145.1 14030.0
RSDIX]: 2014 19.70 16.91
no 200

RF Power w Enter

L‘ J ﬂ Integration Time: 0.05 sec [ Auto Vert. Range
RF Power - 500 - 1600 [ W | Sampling Period: D16 sec
~Plasma Condition ————————— ~lon Lenses 1 Q-Pole F

W [ Autotune Situation - High Sensitivity Mode ]
RF Matching: v 0% 100%
Smpl Depth: mm [ 35% |
TochH:[14 | mm - = = = -
Toch¥:[03 | mm it
Canier Gas: [115 | Limin [
P ]

EM Resolution  Torch Lens } Tuning
| Axis Position  Plasma Report

Makeup Gas: m L/min oy
Optional Gas: l:| % Increase Mass2 Sensitivity
PeriPump 1: s i
PeiPump2| | ms —
S/C Temp: lzl degC
:;'.".. Agilent Technologies
Innovating the HP Way
Figure 80

Full Autotune should normally only be used when manually tuning the instrument
isunsuccessful. Most adjustments can be made more easily and quickly
manually. Exceptions are Torch Position, SetEM, Axis and Resolution, and PA
factor setting.

Setting realistic tune targets will increase the probability of a successful autotune
and speed up the process.

Setting appropriate and relatively narrow parameter ranges will result in faster
and more consistent autotunes
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Tuning the Agilent 7500
Autotuning of ICP Torch Position and New Target Tune

Autotuning of ICP Torch Position and New T ar get
Tune

Autotuning of ICP Torch Position and
New Target Tune

e Autotuning isused for consistent optimization, against a pre-
defined set of tuning criteria (sensitivity, background, oxides, etc.)

e |CPtorch positioniscritical for obtaining best sensitivity and
lowest molecular interferences - manual |CP torch adjustment is
imprecise and highly dependent on operator skill and experience.
Can also be VERY time consuming.

e Target tune - user can specify the required sensitivity - even at
different parts of the mass range. Target tune gives the novice
user the expertise of an ICP-M S expert!

¢ Not limited to pre-defined suite of tune e ements.

%, AgilentTechnologies
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Figure 81
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Tuning the Agilent 7500
Features of Autotune (1)

Features of Autotune

1)

Features of Autotune (1)

e Customizing
= Tune mass selection
= Target tune set up for sensitivities, etc.(*)
= Tune parameter range set up, fixed tune parameter set up, etc. (*)

e Speed
= Quick Mode Option
= Fix parameter sat up (*)
= Quick measurement

e Visualizing
= Real time display of the Indicator

(*) These items were realized in the Agilent 4500, but enforced in the Agilent
7500

%, AgilentTechnologies
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Figure 82
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Tuning the Agilent 7500
Features of Autotune (2)

Features of Autotune

(2)

Features of Autotune (2)

® Multiple Functions and Abilities
> 4 tuning modes
¢ Extraction,
¢ Soft Extraction,
¢ Cool Plasma
¢ Hot ShieldTorch
> Target Tune
» RSD Option
> Saving function of Autotune’s target set up file
> Skip function
” Intelligence of Autotune sequence

":".'l.. Agilent Technologies
-, Innovating the HP Way

Figure 83
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Tuning the Agilent 7500
Choosing the Autotune Mode

Choosing the Autotune
Mode

Choosing the Autotune Mode

— Autot Mode
Hot Cool
’7(3' Extraction ¥ Soft Extraction HV(" Cool
™ Quick Tune

~Tuning ltems
V EM

¥ Resolution | Axis

¥ Lens } Plasma

¥ Tuning Report

[V Adjust Discriminator

[+ Torch ¥ertical } Horizontal Position

Targets Setting...

Run 0K

Cancel

| Help

»*... AgilentTechnologies
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Figure 84
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Tuning the Agilent 7500
Basics of the Soft Extraction Mode

Basics of the Soft Extraction
Mode

Basics of the Soft Extraction Mode

Extraction Soft Extraction

Plasma Plasma

“

Skimmer /an Extraction Lens

/

Skimmer 2nd Extraction Lens

1st Extraction Lens 1st Extraction Lens

e Extraction: Charge Separation between the skimmer and the 1st extraction lens

e Soft Extraction: Charge Separation between the 1st extraction lens and the 2nd
extraction lens

%, AgilentTechnologies
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Figure 85
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Tuning the Agilent 7500

Comparison of Extraction Modes Settings

Comparison of Extraction M odes

Settings
Comparison of Extraction Modes Settings
Extraction Mode Soft Extraction Mode
Cooal Hot Cooal Hot
Shield Li: 20000 (Li: 200 Li: 6
Torch (Co:1000) [ | -
Y: - Y : 700 Y : 300
TI: 300 |TI:300 TI: 200
BKG: < 1cps |BKG: <20cps BKG: < 1cps
CeO: >>> CeO: 30% CeO: 8%
Non-Shield Li: 15
Torch | —— | |-
Y: 30
TI: 15 Typical Sensitivity for
BKG: < 5cps Each Mode By Agilent
CeO: 0.5 % 7500s (M cps/ppm)
::.. rgilgnﬂecr‘h":;wies
Figure 86
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Tuning the Agilent 7500
Autotune - Target Setting

Autotune - Target
Setting

Autotune - Target Setting

Set Autotune Targets - Extraction Mode

CEM
Tuning Mass [amu]:

© Auto Selection @Manual Setling:

R ion {

F Mass1 ¥ Mass2 ¥ Mass3

Tuning Mass [amu]: 205

~ Torch Position and Lens Pl
Mass1

Tuning Mass [amu]:

5

Mass2 Mass3

~ ~

Increase 5 3 ¥
Lower Limit [cps]: \auuuu \\zuuuuu ||1zuuuu ‘

Decrease Sensitivity: r =i
Upper Limit [cps]: \mununun \ \mnununu \ |1unununu \

W Oxide Ratio
CMassl Gz Cwass [Ty

’—WDuuhly Charged Ratio

s w2 Owass3 B0y

¥ Background Ecps
™ RSD Option
Reset to Default | Load... | Save... | Range Setting...

0K | Cam:ell Help |

Agilent Technologies
Innovating the HP Way

Figure 87
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Tuning the Agilent 7500

Target Setting - Range Setting

Target Setting - Range

Setting

“EM

Set Autotune Targets - Extraction Mode

Target Setting - Range Setting

¢Parameter Range> Current Value

<< Min

Max >>

<< Fix >>

~Plasma P
Tuning Mass [amu]:
RF Power [W]: 1350 @ T
 Auto Selection # Manual Setting
! Torch-H [mm]: 0.5 p .
FMassl  FMassz  [FMass3 Torch¥ [ 0.2
Tuning Mass [amu]: Carrier Gas [Lmin]: 1.22 o
Makeup G in]: 0.00 @
~Torch Position and Lens / P okeup Gas [Limin]
Mass1 Mass2 Mass3 rLens P
Tuning Mass [amu]: Extract 1 [V: -170.0 o
Sensitivi Extract 2 [¥]: -130.0 o
Increase Sensitivity: L L L Einzel 1,3 [V]: -100 @
Lower Limit [cps|: 80000 | [eooooo ] [1zoooo ] ki
Einzel 2 [V]: 5 o
Decrease Sensitivity: [ r o] Omega Bias [V: _45 o
Upper Limit[cps]: ~ [10000000 | [10000000 | [10000000
‘ | I ‘ omegat+) [V: 7.0 e
¥ Oxide Ratio Omegaf] M: 10.0 &
CMassl  GMass2  CMassd [0 o ‘ QP Focus [V: 7.0 I
) Plate Bias [V]: -7.0 o
¥ Doubly Charged Ratio
. 50 Mass P
CMassT  GMass2  (Mass3 o ‘ I T—— p P
7 Background Dtps AMU Offset: 123 0 511
. #xis Gain: 1.0000 09800 1.0200
I"RSD Option
Axis Offset: 0.05 050 050
QP Bias [V]: 0.0 200 200 rfeo |
CEMP
Reset o Default | Load... | Save... | [Range Seting... |
Discriminator [mV]: 9.9 0.0 200.0
0k || Cancel | Help | Analog HY [V]: 1940 0 3500
Pulse HV [V]: 1150 0 2000

Agilent Technologies
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Figure 88

94




Tuning the Agilent 7500
Sensitivity Tuning

Sensitivity
Tuning

Sensitivity Tuning

ICP-MS Tuning - Sensitivity NORMALNS.U M= 3
Fle Iune Acq Paams Meters MainienanceLog Help

Elnl == == & 2

mlz | s3] 205 ] Start
Range: 1000¥%] [ 1000/¥%| [1000[¥%
[rooof23]  [ro0of3%]  [oun[3E] —
Count:
Mean: Help
RSDI%L
n:
Extract 1 [£
EE Integration Time: 010 sec [ Auto Vert. Range
Extract 1 -200.0-10.0[¥ ] Sampling Period: 0.1 sec
Plasma Condition rlon Lense @-Pole Parameters
RF Power:

W || EEETEEELTO v AMU Gair:
v Extract 2: v AMU Offset:
Smpl Depth: mm Einzel 1.3: v Aais Giain:
TorchH: Einzel2:[5__ |V Auis Dffset:
Omega Bias: [45 | v 0P Bias: v
Cariier Gas: [122 | L/min Omega [+): [7.0 v “Detector Paramaters
Makeup Gas: L/min Omega [): v Discriminator: w

Optional Gas: % QP Focus: v Analog HY: v
PariPump 1: s Plats Bias: v Pulse HV: v
PeriPump 2: ps

L1
S/CTemp:[2 | deat
|

Agilent Technologies
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Tuning the Agilent 7500
Peak Shape and Resolution

Peak Shape and
Resolution

Peak Shape and Resolution

7 Quadrupole peaks
tail dightly to the
low mass side

Increasing the Resolution
(narrower peaks) affects
the low mass side more.

Peak height is reduced
and peak center shiftsto
high mass side.

E= == Ed

w5 AgilentTechnologies

*".. Innovating the HP Way

Figure 90
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Tuning the Agilent 7500
Abundance Sensitivity

Abundance
Sengitivity

Abundance Sensitivity

Spectrum.1l [10.409 sec]:YCS8.D#[CPS] [Log] Spectrum.2 [10.409 sec]:YCS9.D#[CPS] [Logl
1.0E7 1.0E7
1.0E6 Va) 1.0E6 yal
1.0E5 / \ . 1.0E5 / \ x

1.0E4

- |
. . |

m/z-> 82 84 86 88

100_

|
|
|
|

10_ )

m/z-> 82 g4 v
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Tuning the Agilent 7500
Quadrupole Mass Filter - Scan Line

Quadrupole Mass Filter - Scan
Line

Quadrupole Mass Filter - Scan Line

U

Mass Resolution dependent on:

RF freguency P13V

Tl

Length of quadrupole
lon speed Y

Resolution o< f2L.2/V

f: Frequency
L: Length of Q-pole
v: Speed of ion

Li

%, AgilentTechnologies
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3056 V

Figure 92
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Tuning the Agilent 7500
Detection Limits in Normal Mode

Detection Limitsin Normal
M ode

Detection Limits in Normal Mode

Unit : ng/L(ppt)

Li Be 3sigma B C N (o] F Ne
5 28 Integration Time :3sec. 11 5000
51 0.9 93 | 82000
Na Mg Upper Vaue: Detection Limit Al Si P S Cl Ar
100 40 Lower Vaue: BEC 10 700 500 | 3000 | 6000
730 110 64 | 16000 | 5200 | 44000 | 38000
K Ca Sc Ti \% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
3000 | 1300 10 2 3 15 2 900 1 4 3 22 3 1 8 80 600
34000 | 14000 | 120 9 8 65 30 [19000| 32 19 15 260 6.2 6 35 460 | 2300
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
0.8 1 0.2 03 0.2 05 0.8 7 1 0.7 0.7 0.1 0.6 0.7 7 70
34 2 0.2 0.3 0.2 0.5 0.8 100 2 14 17 0.2 2 1 7 230
Cs Ba * Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
05 25 30 008 | 03 03 0.2 18 0.8 16 1 1 0.2
27 35 4 0.1 0.5 03 0.2 310 23 12 18 6 0.3
Ra o
* La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
0.1 01 | 008 1 0.7 0.1 04 03 03 | 008 | 03 | 007 | 02 9
0.1 01 [ 009 | 06 0.7 0.1 0.5 0.9 04 | 009 | 02 | 009 | 03 1
i Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
0.2 0.6
0.2 0.8
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Tuning the Agilent 7500

Detection Limits in Soft Extraction Mode

Detection Limitsin Soft Extraction
Mode

Unit : ng/L(ppt)

Detection Limits in Soft Extraction

Mode

.. Agilent Technologies

Innovating the HP Way

Li Be 3sigma B (03 N [¢] F Ne
66 05 Integration Time :3sec. 6
800 11 56
Na Mg Upper Vaue: Detection Limit Al Si P S Cl Ar
200 0.7 Lower Vaue: BEC 2 800 | 1000 | 10000 | 3000
2200 10 17 | 19000 | 13000 | 100000 120000
K Ca Sc Ti \% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
2000 | 90 0.9 05 0.1 42 03 200 0.2 0.1 0.2 06 | 0.08 5 04 8 20
14000 | 2700 23 35 12 74 8 7500 31 0.8 17 25 0.8 47 52 160 830
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
005 | 002 | 001 | 001 | 002 | 01 004 | 004 | 005 | 01 | 004 | 001 | 01 | 004 | 03 1
08 | 003 | 002 | 002 | 01 0.8 008 | 08 0.1 0.2 01 | 002 | 09 0.2 0.7 40
Cs Ba * Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
0.8 0.1 0.1 0.1 0.3 0.05 0.05 | 0.08 0.3 0.8 0.2 0.1 0.03
23 0.2 0.1 0.3 17 | 007 007 | 04 14 84 0.8 04 | 007
Ra [ **
* La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
001 | 001 | 0.008 | 0.03 007 | 002 | 003 | 001 | 009 | 0.02 | 0.08 [ 001 | 0.06 | 0.02
002 | 002 | 001 | 0.08 01 | 003 | 006 | 005 | 0.07 | 002 [ 006 | 0.02 | 008 | 0.02
** Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
0.07 0.05
0.1 0.08
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Tuning the Agilent 7500
Low BECs in Soft Extraction Mode

Low BECsin Soft Extraction

Mode

Low BECs in Soft Extraction Mode

Background Equivalent Concentration (ppt)
Elements |Soft-extraction | Extraction

Li 4 800

Na 190 2200

% 0.005 0.01

Ce 0.004 0.02

Th 0.005 0.1
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Tuning the Agilent 7500
Pulse/Analog (P/A) Tuning

Pulse/Analog (P/A)
Tuning

Pulse/Analog (P/A) Tuning

P/A Factor Tuning [ ]

Mass Element

59
ik}
103
115
138

Add | DEIElel

Load masses from acq. method |

I Merge in the current data

Run 0K Cancel |

.‘;'."... Agilent Technologies
*".. Innovating the HP Way

Figure 96

102



..8%  Agilent Technologies
_."f".t Innovating the HP Way

Maintenance of the Agilent 7500




Maintenance of the Agilent 7500
Maintenance Schedule

M aintenance
Schedule

Maintenance Schedule

e Daily
— Lab conditions, Argon, drain, peristaltic pump tubing, cones
e When Needed
— Cones, nebulizer, peristaltic pump tubing, torch, water filter,
electron multiplier
o Weekly
— tuning solution preparation, torch, spray chamber, nebulizer,
carrier gas line, cooling system
e Monthly
— check rotary pump, oil mist filter, check extraction lens
e 6 months
— clean lenses, change rotary pump ail, replace gas tubing
o Yearly
— replace o-rings, clean penning gauge, check/replace mist filter

w5 AgilentTechnologies
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Maintenance of the Agilent 7500
Running Time Maintenance Screen

Running Time Maintenance
Screen

Running Time Maintenance Screen

Current Maintenance
Time Current Data Period
[Hour(s]] [Count(s]] [Count(s]]
Power ON: EM Total Current: Reset |  [1.00E+015
Vacuum ON:
Plasma ON:
~<¥acuum Running Time: ~<Plasma Running Time
Current Maintenance Current Maintenance
Time Period Time Period
[Hour[s]] [Hour(s)] [Hour[s]] [Hour[s]]

Rotary Pump: 0 Reset [etean the cinzellens ] Reset | @[4320 |
Turbo Pump (Ij: 0 Reset [clean the extractlens | Reset | w[as20 |
Turbo Pump [4): 0 Reset [clean the sampling cone | Reset | @[1320 |
Reset | F‘?ZI] ‘ |cleanlhe skimmer ‘ Reset | p’W‘
Reset | w [4320 || | [change the peri-pump tubs | Reset | @ [4320
Reset | [ [4320 || |[ctean the nebulizer | Reset | v [4320
\
|

[userdefined | Reset | M0 [clean the spray chamber | Resct | [ [4320
user defined Reset | [0 [user defined | Reset | — [0

oK | Cam:ell Help |

Agilent Technologies
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Maintenance of the Agilent 7500
Early Maintenance Feedback (EMF)

Early Maintenance Feedback
(EMF)

Early Maintenance Feedback (EMF)

EMF monitors the
urrent Maintenance B
o Curent Dt mmi | Operating hours of all
[Hour(s]] [Count(s]] [Countfs]] .
Power ON: 1300 EM Total Current; ~ 2.06E+013 Reset | ¥ ma_l or SyStem
Vacuum ON: 1236 Compone"‘ts and
Plasma ON: 234 . .
proactively informsthe
- ¥acuum Running Time: ~<Plasma Running Ti
o Wisinlonanee Current mantenancs | | USEY When:
Time Period Time Period . .
[Hour(s)] [Hour(s)] [Hour(s)] HHour(s)) » maintenanceis

Turbo Pump (I} 1236 Reset [clean the extract lens 234 Reset 4320 raqu”‘

v
Turbo Pump (A: 1236 Reset clean the sampling cone | 234 Reset | @ [4320 } Conwmau e |tems

v

@

883 Reset | ¥ [4320 ||| [ptean the skimmer 234 Reset | @ [a320
123 Rosct | P[0 | | [onge th perpump whe ] 224 ran | wm——|| Should be replaced
1236 Reset | 7 [4320 ]| | [etean the nebulizer | 234 Reset | @

1236 Reset | T8 || [Flean the spray chamber | 234 Reset | wmmm | . .
1236 Reset | ™[0 || | [user defined ] 234 Reset rD Uws can defl ne the' r

| Cancel | Help |

own maintenance
schedule
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Maintenance of the Agilent 7500
Normal Maintenance of the Sample Introduction System

Normal Maintenance of the Sample I ntroduction

System

System

- Sample tubing

- Babington nebulizer

- Crossflow nebulizer

- Nebulizer end caps

- O-rings
Glassware

-Concentric nebulizer

- Spray chamber

- Bdll joint connector
- Torch

%, AgilentTechnologies
*".. Innovating the HP Way

- Peristaltic pump tubing

Normal Maintenance of the Sample Introduction

Non-Glasswar e Components

1. Soak in 1% to 5% nitric acid (5 min.)
2. Clean in ultrasonic bath (5 min.)
3. Rinse with DI water

1. Soak in 1% to 5% nitric acid (5 min.)
or sonicate in 10% Citranox®
2. Rinse with DI water

Figure 100
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Maintenance of the Agilent 7500
Overnight Cleaning of the Sample Introduction System

Overnight Cleaning of the Sample I ntroduction
System

Overnight Cleaning of the Sample Introduction
System

For severely contaminated glassware and non-glassware
components

Procedure

1. Soak in 5% nitric acid overnight or boil in 10%
Citranox® for 1 hour, rinse in 5% nitric acid

2. Rinse with DI water

%, AgilentTechnologies
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Maintenance of the Agilent 7500
Sample Introduction Maintenance

Sample Introduction
M aintenance

Sample Introduction Maintenance

Top Cover

@ /
Sample Transfer Line
Spray Chamber ﬁ
\ f

8]
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Maintenance of the Agilent 7500
Nebulizer Connections

Nebulizer
Connections
Nebulizer Connections
(= i
Blend Gas Carrier Gas
Concentric
Nebulizer = Sample Uptake
Blend Gas & ple Uptake
Babington o Carrier Gas
Nebulizer ]ﬁ%
Blend Gas
Crossflow
Nebulizer
f Carrier Gas
v".‘i'."... IAgiIen}Technl:;\:’g\]/ies Sample Uptake

Figure 103
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Maintenance of the Agilent 7500
Maintenance of a Babington Nebulizer

M aintenance of a Babington

Nebulizer

Removal Tool i
—3N G

Sample Tubing ———

Plate

Babington Nebulizer

Connection Port for

Make-up Gas /

%, AgilentTechnologies
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Maintenance of a Babington Nebulizer

Thumb &rmq %
éc

Teflon Tubin
Tube Connector
Attachment T%nggl
qr ‘

Babington Nebulizer

fﬂ

—)

Disconnecting the tubing connector
using the attachment tool

Wide Groove E Narrow Grove

Figure 104
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Maintenance of the Agilent 7500
Torch Maintenance

Torch
M aintenance

w5 AgilentTechnologies

Torch Maintenance

Auxiliary Gas

Torch

Plasma Gas

*-. Innovating the HP Way
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Maintenance of the Agilent 7500
Interface Maintenance

| nterface
M aintenance

Interface Maintenance

Routine Maintenance
Components

- Sampling cone

- Skimmer cone
Procedure
1. Soak in 1-5% nitric acid (<10 min.)
2. Rinse with DI water

Components
- Sampling cone
- Skimmer cone
Procedure
1. Polish with waterproof abrasive paper
- be careful not to damage the orifice
2. Rinse with DI water

‘s%’. AgilentTechnologies
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Maintenance of the Agilent 7500
Maintenance of the Cones

M aintenance of the
Cones

Maintenance of the Cones

Removal of the Skimmer Cone

/

Removal of the Sampling Cone

%, AgilentTechnologies
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Maintenance of the Agilent 7500
Extraction Lenses Maintenance

Extraction Lenses
M aintenance

Extraction Lenses Maintenance

« Remove skimmer base from vacuum manifold

« Disassemble extraction lenses, screws and spacers

« Polish extraction lenses with waterproof abrasive paper

« Wash extraction lensesin DI water

« Sonicate lenses, spacers and screwsin DI water for 5 minutes
« Sonicate lenses, spacers and screws in acetone for 5 minutes
« Reassemble lenses, spacers and screws on skimmer base

« Install skimmer base on vacuum manifold

%, AgilentTechnologies
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Maintenance of the Agilent 7500
Extraction Lenses

Extraction
L enses

Extraction Lenses

..":.. Agilent Technologies
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Maintenance of the Agilent 7500
Cleaning of the Einzel Lens and Omega Lens Assembly

Cleaning of the Einzel Lensand Omega Lens
Assembly

Cleaning of the Einzel Lens and Omega Lens
Assembly

» Disassemble lenses, remove screws and spacers

« Palish each lens, lens orifice and the curved surfaces of the Omega lenses
using waterproof abrasive paper

« Wash lensesin DI water

» Sonicate lenses, spacers and screws in DI water for 5 minutes

« Sonicate lenses, spacers and screws in acetone or alcohal for 5 minutes

« Reassemble and install the lens assemblies and install them in the
vacuum manifold

« Replace top cover and vent nut and restart system.

%, AgilentTechnologies
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Maintenance of the Agilent 7500
Instrument Shutdown

| nstrument
Shutdown

Instrument Shutdown

| ICP-MS Instrument Control - [ STANDBY |
) et intenance  ALS

i< il 2]
o)

sy =

%, AgilentTechnologies
*".. Innovating the HP Way

Shutdown

J|||“ |
,"“,ﬁh

it

Figure 111
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Maintenance of the Agilent 7500
Removal of the Einzel Lens - Omega Lens Assembly

Removal of the Einzel Lens- Omega Lens
Assembly

Removal of the Einzel Lens - Omega Lens
Assembly

Einzel Lenses- Omega
L ens Assembly

P
2o\
%
7 ~ /
- )
\

Screw 2
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Maintenance of the Agilent 7500
Expanded View of Einzel Lens - Omega Lens Assembly

Expanded View of Einzel Lens- Omega Lens
Assembly

Expanded View of Einzel Lens - Omega Lens
Assembly

-
%//
i

Shaft
5 QP Focus (back)
w~~, QP Focus (front)
{ Omega Bias (back)
& “Omega ()
OCz %‘ Spacer 1
(Sl
Spacer 1 ¢ ! Omega Omega Contact
Spacer 1 Bias (front) If
Base Plate \/

Screw 3
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Maintenance of the Agilent 7500
Plate Bias Lens

Plate Bias
Lens

Plate Bias Lens

Plate Bias L ens

QP Focus Guide

N
M

&

Screw 1

/

&
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Maintenance of the Agilent 7500

Pen

ning Gauge

Penning
Gauge

Penning Gauge

1. Magnet Housing
2. Collar

3. Anode Assembly
4. O-ring

5. Body Tube

6. Cathode Plate

7. Cathode Tube

8. Circlip

w5 AgilentTechnologies
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Maintenance of the Agilent 7500
Rotary Pump Maintenance

Rotary Pump
M aintenance

Rotary Pump Maintenance

« Put system in Shutdown mode (Turn vacuum off)

« Turn off pump circuit breakers on front panel

« Remove ail inlet cap on top of pump

« Remove ail drain plug using aflat blade screwdriver and allow oil to
drain into a waste container

« Replace oil drain plug and add new ail through the oil inlet until the
oil level window is 80% full

« Replace ail inlet cap, turn on pump breakers on front panel, and start
system (Turn vacuum on)

%, AgilentTechnologies
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Maintenance of the Agilent 7500
Changing Rotary Pump Oil

Oil Level -AI]

Gauge

Changing Rotary Pump
Qil
Changing Rotary Pump Oil
Rotary
gL
— T ~0i
o Outlet
6
Drainage
Bucket

Figure 117
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Oil Inlet
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Oil Outlet
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Maintenance of the Agilent 7500
Maintenance Logbook Setting

M aintenance L ogbook
Setting

Maintenance Logbook Setting

Logbook Editor: C:\ICPCHEM\1\maintain\00100800%

—Maintenance Record
[~ Check DrainYessel [ Check Shield Tarch [~ Check Ratary Pump Oil
[¥ Clean Cones [¥ Change Shield Torch [~ Change Rotary Pump Oil
[¥ Change Cones [v Check Torch [ Check Rotary Pump Mistfilter
¥ Clean Nebulizer [~ Change Tarch [~ Change Rotary Pump Mistfilter
[¥ Change Mebulizer [~ Check W ater Filter ¥ Clean Lerses
I FReplace Peripump Tube [~ Change " ater Filter [~ Change EM
Comment:

4 of
0K | Cancel | Help |

" Agilent Technologies
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Maintenance of the Agilent 7500
Maintenance Logbook

M aintenance
L ogbook

Maintenance Logbook

Date Logged | Logbook Folder [ FSDZ%L.. [ Ouide (%) [ Backgr.. | Mass2(. [ Backgr. [ ASD%[.. | Comment |
05/09/2000 101615 00050900 485 052 EE] [T 45 187

05/10/2000 0% 3535 00051000 2.1 .51 a4 83 43 1.54

05/30/2000 0%:38:30 00053000 408 1.02 a0 83 20 579 For B Demo
001 /2000 11:35:31 000B 00 1.00 1.69 a0 83 92 1.95 Before Semi samples
0R/08/2000 16:52:28 OO0E0E00 7.06 043 a5 83 35 238 Demo

0/11/2000 16:55:38 00081100 1.47 0.90 04 83 15 1.20 | samples
061372000 11:05:56 00051 300 00g 0 04 83 15 299 L Wemo
0/13/2000 11:13:04 00051 301 003 0@ 04 83 15 2893 June13Demo
061472000 1000113 00051 400 777 0.0 04 83 15 243 Befare Chris Samples
0/19/2000 115219 00081 300 143 042 42 83 48 1.33

06/20/2000 17:48:24 0062800 125 038 27 83 25 1.27 ® DEMO
08/08/2000 1352:05 00080200 1.04 2.1 20 83 50 1m Demo
03/15/2000 140051 000E1 500 £.95 0.3 an &3 10 274 5 amples
08/21/2000 135800 00082100 142 0.29 28 83 a3 204 © DEMO
08/26/2000 14:10:3 N0052500 1.45 1.07 10 83 20 3454 S amples
09/19/2000 124121 00051900 292 k= 22 89 a2 1.9 | T

Fecord Maintenance Log Wiew Log Delete Log Print List Help
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Maintenance of the Agilent 7500
Sample Introduction Maintenance

Sample Introduction
M aintenance

" Agilent Technologies
Innovating the HP Way

Sample Introduction Maintenance

r Outputs

Optional Gas: %

Optional Gas: 0.00 %

Sample Introduction Maintenace
~Inputs
" Open Ar Gas Valve Ar Gas Tank Press: 0.0 kPa
"' Open OP Gas Valve OP Gas Tank Press: 0.0 kPa
Carrier Gas Press: 0.0 kPa
OP Gas Press: 0.0 kPa
Plasma Gas: Limin Plasma Gas: 0.0 L{min
Aux Gas: Limin Aux Gas: 0.00 L{min
Carrier Gas: Limin Carrier Gas: 0.00 L{min
MakeUp Gas: Limin MakeUp Gas: 0.00 L{min

~ PeriPump

Pump 1: mps
Pump 2: l:l ms

Torch Position

Initialize |
Maintenance |

Close

~Gas Controller

Offset Adjustment |

Help |

Figure 120
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Maintenance of the Agilent 7500

Air

Filters Maintenance

Air Filters
M aintenance

Air Filters Maintenance

« Remove air filters from the instrument
= Remove dust from the filters using a vacuum cleaner
= Wash filters with water if necessary and alow to dry

= Return filtersto the instrument

w5 AgilentTechnologies
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Maintenance of the Agilent 7500
Instrument Start-up

| nstrument Start-
up

Instrument Start-up

e =
RIR=
®

Standby
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Maintenance of the Agilent 7500
Instrument Start-up
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Internal Standardization in ICP-MS
The Role of Internal Standards

The Role of Internal
Standards

The Role of Internal Standards

Correct for variations in response due to:
Matrix Effects
Transport effects
Nebulization effects
loni zation effects
Space-charge effects
Instrument Drift

%, AgilentTechnologies
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Internal Standardization in ICP-MS
How the Internal Standards Work -1

How thelnternal Standards Work -
1

How the Internal Standards Work -1

¢ Added to each sample, standard and blank at identical
concentration

e System therefore expectsidentical response from ISTDsin each
solution

e Ratio of measured ISTD response to expected ISTD responseis
used to correct the response of the non-internal standard
elements accordingly.

..":.. Agilent Technologies
*".. Innovating the HP Way

Figure 124

133



Internal Standardization in ICP-MS
How the Internal Standards Work - 2

How thelnternal Standards Work -
2

How the Internal Standards Work - 2

=In al cases where potential matrix suppression exists, the use of internal
standards is necessary.

= The cdibration curveis plotted using theratio of the analyte signal to IS signal
(i.e. ax/isx), thereby canceling the effect of matrix suppression.

=Each anaytein the sample will then be quantitated using theratio of the IS and

the analyte in the sample.

Calibration Curve Calibration Curve
a4z

I.Sz ””””””””””””””” N
1
;
. a, X
ratio — }----- -4 !
151 ? !
H i
¢ i
H 1
i i
% | |

is N — & .

0 iS5 @
0 X,
0 X4 Xy 0 x1 7S x,
3 concentration concentration
Innovating the HP Way
Figure 125
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Internal Standardization in ICP-MS
Choice of the Internal Standard

Choice of the Internal
Standard

Choice of the Internal Standard

It isassumed that the I S elements behave in the same way that the
analytesdo in the plasma when using this correction. Therefore, selecting
theappropriate | S element isvery important.

These arethethingsto take into consider ation:
= Theelement isnot contained in the sample solution.
= The massnumber isclosetothat of the analyte.
= Theionization potential issimilar to that of the analyte.
= Chemical characteristics

Theionization potential matching isextremely important for analytes
with high ionization potentials.
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Internal Standardization in ICP-MS
Concentration of Internal Standards

Concentration of I nternal
Standards

Concentration of Internal Standards

The IS elements can be added to the sample in 2 ways:

= On-line addition by peristaltic pump
= Spikein each standard and sample

In either case, it isrecommended to add IS in concentration
levels around mid-calibration range (exact concentration is
application-specific)

For environmental applications 50 ppb concentration is usually applied.
For on-line | Saddition use 1 ppm | S stock solution, and use the
peristaltic pumps as recommended.

%, AgilentTechnologies
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Internal Standardization in ICP-MS

On-line Addition of Internal Standards

On-line Addition of Internal

Standards

Y connector sample tubing

M. _» NEBULISER

On-line Addition of Internal Standards

=«On-line Addition

ThelS solution isintroduced by a narrow
tubing (f = 0.19 mm), and is mixed with
thesample at the Y connector. The
dilution factor of the IS by the sampleis
about 1/20. Therefore, a1 ppm solution
in5 % HNO3 would yield approximately
50 ppb in the sample. At least 5%
HNO3 is needed to avoid absorption of
elements to the tubing, as absorptionis
more severe using narrow tubing.

peri pump tubing
$p=0.19mm i & peri pump tubing
. ¢ =1.02 mm
'
.
i [ sample tubing
IS SAMPLE
5., Agilent Technologies
H Innovating the HP Way
Figure 128
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Internal Standardization in ICP-MS
On-line Addition of Internal Standards
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Sample Preparation Techniques for ICP-MS
Contamination

Contamination

Contamination

=" Contamination is the introduction of any component which
affects the numerical value finally attributed to a constituent

relative to the amount present prior to sampling'’
= Types of contamination:

-positive

-negative

—pseudocontamination

D.E. Rabertson "Ultrapurity, Methods and Techniques’,
M. Zeif and R. Speights, Eds., Marcel Dekker, NY, 1972
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Sample Preparation Techniques for ICP-MS
Types of Contamination

Types of
Contamination

Types of Contamination

Positive contamination - results in additive errors. Caused by
»impuritiesin reagents
» |ab environment
» desorption from container walls

Negative contamination - results in subtractive errors. Caused by
»lossesin handling
» adsorption to container walls

Pseudocontamination - resultsin either positive or negative errors.

Caused by

»irreproducibility of experimental conditions

%, AgilentTechnologies
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Sample Preparation Techniques for ICP-MS
Challenges of Trace Analysis

Challenges of Trace
Analysis

Challenges of Trace Analysis

Methodology

%, AgilentTechnologies
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Sample Preparation Techniques for ICP-MS
When a Contamination Can Occur

When a Contamination Can
Occur

When a Contamination Can Occur

= Sample collection
- collection techniques
- collection devices
= Sample storage
- prevention of positive contamination
- prevention of negative contamination
Sample preparation
- reagents
- lab environment
- apparatus
= Sample measur ement
- instrument sample introduction system
- standards

%, AgilentTechnologies
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Sample Preparation Techniques for ICP-MS
Reagents

Reagents

Reagents

= Water

= Nitric acid

= Hydrochloric acid

= Sulfuric acid

= Hydrofluoric acid

= Other inorganic acids
= Hydrogen peroxide
= Alkaline solutions

= Organic solvents

%, AgilentTechnologies
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Figure 133
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Sample Preparation Techniques for ICP-MS
Water - Millipore

Water -
Millipore

Water - Millipore

Millipore Corporation

80 Ashby Road

P.O. Box 9125

Bedford, MA 01730-9903

Tel  1-800-MILLIPORE (1-800-645-5476)
fax ~ 781-533-8873

Internet:  http://www.millipore.com/H20
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Sample Preparation Techniques for ICP-MS
Nitric Acid

Nitric
Acid

Nitric Acid
From Fisher Scientific (1-800-766-7000)

“TraceMetal” - for environmental analysis -
500 mL in glass, catalog # A509-500,
Certificate of Lot Analysisincluded with each shipment

“Optima” - for semiconductor and clinical applications -
catalog # A467-250, 250 mL in Teflon™,
catalog # A467-500, 500 mL in Teflon™,
Certificate of Lot Analysisincluded with each bottle

from Mallinkrodt-Baker (1-800-444-0880)

“INSTRA-ANALYZED” (equivalent of “TraceMetal”),
500 mL in poly coated glass, catal og # 9598-00

“ULTREX I (equivalent of “Optima’)
500 mL in Teflon™, catalog # 6901-05

":".'l.. Agilent Technologies
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Sample Preparation Techniques for ICP-MS
Selected Methods of Sample Preparation

Selected Methods of Sample
Preparation

Selected Methods of Sample Preparation

= Dilution

= Preconcentration

= Filtration

= Acidification

= Digestion
= Open vessal digestion
= Closed vessel digestion
= Microwave digestion

= Fusion
= Matrix separation
= Chromatography
= Electrothermal Vaporization

%, AgilentTechnologies
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Sample Preparation Techniques for ICP-MS
Commonly Used Reagents (1)

Commonly Used Reagents
(1)

Commonly Used Reagents (1)

Nitric Acid (HNO,)
Used to dissolve avariety of materials such as metals, aloys,
biological samples.
Availablein very high purity form.
Most preferable acid for ICP-M S work, as polyatomic ions are not
increased.

Hydrochloric Acid (HCI)
Used commonly for sample digestion.
Generates Cl derived polyatomic ions.
Can be evaporated to dryness and reconstituted in HNO3.

Hydrofluoric Acid (HF)
Used to dissolve silica-based materials and geological samples.
HF attacks glass, therefore the inert sample introduction system must
be used.
Teflon containers are often used.
Extreme health hazard.
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Sample Preparation Techniques for ICP-MS
Commonly Used Reagents (2)

Commonly Used Reagents
(2)

Commonly Used Reagents (2)

Hydrogen Peroxide (H,0,)
Strong oxidizing agent used with other acids for digestion.
Useful for ICP-MS work, as backgrounds are similar to water (H,0O).

Sulfuric Acid (H,SO,)
Oxidizing agent used with other acids for digestion.
Causes numerous polyatomic ion interferences.
Difficult to decompose in plasma due to high boiling point and viscosity.
Deteriorates Ni and Cu interface material.
Not recommended for use if it can be avoided.
Phosphoric Acid (H;PO,)
Used to buffer other acids.
Causes numerous polyatomic ion interferences.
Difficult to decompose in plasma due to high boiling point and viscosity.
Deteriorates Ni interface material.
Should be avoided.

%, AgilentTechnologies
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Figure 138
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Sample Preparation Techniques for ICP-MS
Commonly Used Reagents (3)

Commonly Used Reagents
3

Commonly Used Reagents (3)

Perchloric Acid (HCIO,)

Strong oxidizing agent used with other acids for digestion of
organic materials.

Generates Cl derived polyatomic ions.

More difficult to evaporate than HCI.

Not recommended for use if it can be avoided.

Handle with care as many solid perchlorates are explosive.

Aqua Regia
(1 part conc. HNO; + 3 parts conc. HCI)
Used for metal digestion, especially precious metals.

Generates Cl derived polyatomic ions.
Cl matrix can be removed by evaporation.
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Semi-quantitative Analysis of Samples
Semi-quantitative Analysis

Semi-quantitative
Analysis

Semi-quantitative Analysis

What is Semi-quantitative Analysis

Setting Semi-quantitative acquisition parameters
Analyzing the samples

Semi-quantitative data anaysis

%, AgilentTechnologies
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Figure 140

152



Semi-quantitative Analysis of Samples
What is Semi-quantitative Analysis?

What is Semi-quantitative
Analysis?

What is Semi-quantitative Analysis?

* |Isananalytical procedure used to calculate concentrations
of all elements present in an unknown sample

* Isuseful asascreen prior to Quantitative Analysis
* concentration ranges of analytes
* selection of internal standards

* Does not require an external calibration
* |Isgeneraly accurate to +/- 30% or better on completely
unknown samples
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Figure 141
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Semi-quantitative Analysis of Samples

Data Acquisition

Data
Acquisition

%, AgilentTechnologies
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Data Acquisition

Figure 142
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Semi-quantitative Analysis of Samples
Method Set-up for Semi-quantitative Analysis

Method Set-up for Semi-quantitative

Analysis

Method Set-up for Semi-quantitative Analysis

Towrite comments&\c record updates

Do not check

Method Informati\p

Edit Method

Check method sections to edit:
¥ Method Information
¥ Interference Equation
¥ Acquisition
¥ Data Analysis
QC Paramelers
@& Edit QC Database

& Edit QC Tune Criteria

Method Comments:
semi-quant method Example for Tvaining&lass

0K I Cancel Help

Xgaue Copy of Method With Data

Method Sections To Run:

DPrngun Cmd/Hacro: ‘ |

[ pata Acquisition

¥ pata nanalysis

O Post-Run Cmd/HMacro: ‘ |

| 0K ” Cancel I| Help I

»*... AgilentTechnologies
Innovating the HP Way

Figure 143
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Semi-quantitative Analysis of Samples
Parameters Selection - Spectrum Acquisition

Parameters Selection - Spectrum
Acquisition

Parameters Selection - Spectrum Acquisition

— < Acquisition P:

Acquisition Mode

@'Spedrumz
3 Time Resolved Analysis
 Time Program

O Isotope Analysis

0K I ‘ Cancel | ‘ Help I

[2] Select
M ass Scale

. :;'." .. Agilent Technologies

Innovating the HP Way

M. -] [ Set every Mass
IIIIIIII [Integration ime——————————
20 40 60 80 100 perPnlnl- [sec]
........ [ 100.00 [msec])
120 140 160 180 200
per Mass/ 0.60 [sec]
—————
220 240 260
PBriudicTahIeL Mass Scale I
r Peak Pal ] & isftion Time
T“Al‘l | || Acqujsition: 0.000000  [sec]
d Full Quant [3]
Semi Quant [6] petition:
um (20) otal Time: [sec]

oK ” Cancel ”\ Help ‘|Che|}iA’alameler Il Enter I

V4

[1] Select Semi-Quant peak pattern,
0.1 gpoint, 1 repetition

Figure 144
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Semi-quantitative Analysis of Samples
Parameters Selection - Selection of Masses

Par ameter s Selection - Selection of
M asses

Parameters Selection - Selection of Masses

[2] Exclude unlike, impossible and interfered with masses

Numh of Masses: (

10 Z[I 3[I 4I] 50 60 70 80 90 100

140 150 160 170 180 190 20l

lllllllllﬂﬂﬂﬂﬂﬂﬂﬂﬂHUHH[I[I[II]I]I]I]I]I]!!!!I i

210 220 230 240 250 260 [1] &I &t maS rang$

O Periodic Table |
@ Mass Scale

‘s%’. AgilentTechnologies
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Figure 145
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Semi-quantitative Analysis of Samples
More Acquisition Parameters

More Acquisition
Parameters

More Acquisition parameters

If checked, use the
browse button to select
the appropriatefile

Set Comection

Background File Name

A\ 4

Do not ChECk Browse... i

\Rg]gmed Masses:l | | | | 1\L| |

[ Interference Correction

0K | Cancel Help |

v'.‘;'."... Agilent Technologies

-, Innovating the HP Way

When background is
subtracted, and the

Mstandar dsare

used, exclude up to 4
masses from
subtraction (1S masses)

Figure 146
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Semi-quantitative Analysis of Samples
Report Generation

Report

Generation

Report

Generation

Select Reports

- Quantitation Report

ra
[T Custom Report
[ Update Custom Database

&Iect a QC Report
report W ac Report
- Semiquant Report

\AFSemiquam Repaort

[~ Custom Report
[T Update Custom Database

Semiuant Report Option

LTV CSEID ctailed, Text Onl M

,. D 1i i

[~ Screen

[V Printer

" File : | |

0K | Cancel Help |

~lsotope Heport

[T Isotope Ratio Report
[T Isotope Dilution Report

*... Agilent Technologies
Innovating the HP Way

0K I Cancel

Help

Figure 147
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Semi-quantitative Analysis of Samples
Semi-quant Parameters

Semi-quant
Parameters

Semi-quant Parameters

Semifuant Parameters

Title : |Semiquant analysis

Minimum Peak : _ cps
SemiQuant Factor [cpsi[ppb]]
Element Mass  Output Original Corrected cps Conc[ppb]

TH — OFF 500000 500000 =

2 He — OFF 500000 500000 —
Threshold value | { |} 7 ON 12214000 12214000 —— —

1 Be 9 ON 2358.000 2356000 —— —
(tune-dependent) |} J 1 oN J667.000  3I6EZU00 —— —

6 ¢ — OFF 500000 500000 — —

TN — OFF  s5o0oon 5000 — —

80 — OFF 500000 500000 —

9 F ~ o sonom  soeon —  Select ppbasthe

10 Ne — OFF 500000 500000 — ;

11 Na 23 on  1sa1aom0 1ser3om —  UNits(or ppm)

12 Mg 21 ON  10769.000 10789.000 —— —

13 41 27 ON  14699.000 14699.000 —— —

14si 29 ON 470000 470000 —— —

15 P Z WOFF 500000 500000 — —

163 =V OFF 500000 500000 —
NEgles y/OFF 500.000  500.000 —
repor ted _inar — OFF 50000 5000 — -

(Output = OFF) Correct by Current Data |
Reset Correction | Cone. Unit; m

L Response graph.. | 0K | Cancel | Help
+*%... Agilent Technologi
-, Innovating the HP Way
Figure 148

Set the Minimum Peak threshold to reject results based on noise. The default is
50, but remember, typical response in tuning is 20 million cps/ppm which is 20K
cps/ppb. Therefore at least 200 cps represents a reporting threshold of
approximately tens of ppt, a reasonable value.

Output Mode is either ON, OFF or AUTO. ON - this element will always be
reported; OFF - this element will never be reported; AUTO - thiselement will
be reported IF no significant interference is detected. The acceptable level of
interferenceis stored in WIN.INI and can be edited there.

Concentration Unitsis either user selectable or when set to AUTO, the
ChemStation will select the appropriate units based on the estimated
concentration. Enter the concentration in ppb (or ug/L) of the elementsin the cal
standard. Leave the other concentration fields blank.
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Semi-quantitative Analysis of Samples
Semi-quantitative Data Analysis

Semi-quantitative Data
Analysis

Semi-quantitative Data Analysis

%, AgilentTechnologies
*".. Innovating the HP Way

Figure 149

Semiquant analysis can be used to estimate the concentration of any element for
which a precise measurement can be made by ICP-MS (> 70 elements).

Typicaly, semiquantitation is accurate to within +/- 30 percent on completely
unknown samples. However, semiquantitation is subject to the same interferences
as quantitation. Possible interferences due to oxides, hydrides, argides, dimers
and doubly-charged ions are checked and flagged on the report. Interference
correction equations can be used to minimize these effects where applicable. The
use of internal standards can help correct for matrix differences. Blank
subtraction can be used to eliminate contributions from laboratory reagents and
sample preparation.

The ChemStation comes configured with default SemiQuant response factors.
These factors are based on relative ionization potentials and numbers of isotopes
for each element. These factors can be updated to reflect the tune state of the HP-
4500 by analyzing a calibration mix. At least 3 elements should be used, though
more is better. The ChemStation will then interpolate between analyzed masses
to update all SemiQuant response factors.
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Semi-quantitative Analysis of Samples
Editing Parameters

Editing
Parameters

Editing Parameters

H OI dl ng <Ctr |> b emiQuant Parameters

Title : |These are the default semigquant parameters
select elements te: | Auantp |
Minimum Peak : cps
to bereported P
SemiQuant Factor [cps)(ppb]]
Element Mass  Output Original Corrected cps Conc[ppb]
ON 22392.000 22392.000 — -
ON 34.000 34.000 —_—
Change default ON 13800.000  13800.000 —— —
ON 966.000 966.000 —_— —
massfor Cu ON 13816.000 13816.000 ——
ON 1483.000 1483.000 ——
from 63 te65 ON 16710.000 16710.000 —— -
ON 354.000 354.000 —_—
ON 14042.000 14042000 ——
ON 2968.000 2968.000 ——
ON 8123.000 8123.000 —
ON 1852.000 18s2.000 —
Enter the ON 9082.000 q082.000 — —_—
H ON 2518.000 2518.000 —— —
concentration ON 1739.000  1739.000 —— g
H H 3% ON 165.000 165.000 —_—
Of CajlbraIIon 35 Br a_0ON 270.000 270.000 —_— —_—
36 Kr — OF [0.000 500.000 — — =~
standard —_—,
Correct by Current Data Conc: [100] ppb
Reset Correction Conc. Unit: |ppb _'_J
i Response graph.. 0K i Cancel i Help i
. Agilent Technologi
Innovating the HP Way
Figure 150
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Semi-quantitative Analysis of Samples
Daily Update of the Semi-Quant Parameters

Daily Update of the Semi-Quant

Parameters

Semifluant Parameters

Daily Update of the Semi-Quant Parameters

Title : |These are the default semiquant parameters

Minimum Peak : cps

1 SemiQuant Factor [cpsi(ppb]]
Load a pl’e\/IOUS|y Element Mass  OQutput Original Corrected cps Conclppb]
acquired fileand 31 Ga 63 ON 9082.000 10610803 1.15E+006 P
« 32 Ge 72 ON 2518.000  2933.370  3.00E+002 P ——
select “Correct by 33 As 75 ON 1739.000  2020.000  2.02E+005 P 100.0
» 34 Se 82 ON 165.000 229000  2.29E+004 P 100.0
Current Data 35 Br 73 ON 270.000 393522  AGOE+0D2 P ——
36 Kr —  OFF 500.000 763550 —— —_
37 Rb 95 ON 10459.000  16700.000 1.67E+006 P 100.0
38 Sr 8% ON 12952.000 21000.000 2.10E+006 P 100.0
30y 83 ON 16637.000 26461.648 1.20E+002 P —— o
an zr 90 ON 6195.000  9662.271  5.00E+001 P ——
41 Nb 93 ON 11033.000 16867.775  6.00E+001 P ——
42 Mo 95 ON 1928.000  2888.156  3.20E+002 P ——
43 Tc 93 ON 15000.000 22007.475 1.50E+002 P ——
44 Ru 101 ON 3120.000  4481.330  3.00E+001 P ——
45 Rh 103 ON 15000.000 21082.236  1.50E+002 P ——
45 Pd 105 ON 3800.000  5223.637 1.70E+002 P ——
47 Ag 107 ON 7516.000  10100.000 1.01E+006 P 100.0
a8 cd 111_ON 1370.000  2090.000  2.09E+005 P _100.0
Correct by Current Data |
Reset Carrection | Conc. Unit: m
Response graph.. | 0K | Cancel | Help

»*... AgilentTechnologies
Innovating the HP Way

Figure 151

Correct by Current Data recal culates all semi-quant response factors by first
dividing the supplied concentrations by the responses for those elements. Other,
non-calibrated element response factors are estimated by interpolation.
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Semi-quantitative Analysis of Samples
Internal Standard Correction for Off-line Internal Standard Addition

| nternal Standard Correction for Off-line Internal
Standard
Addition

Internal Standard Correction for Off-line Internal
Standard Addition

Internal Standard Correction [Hormal Mode)
¥ Internal Standard Correction  Auto Add Mode & Normal Mode
/ Internal Standard EI \
[ Semiq Factor IS Conc.
i . i Elements Mass cps{[ppb) Sample [ppb ]
Activating inter nal sc ] 45 31207.975 Off-line addition
standard correction 89 26461.648

| S concentration

0K I Cancel | Help | ;

Selecting internal standard

“s*. AgilentTechnologies
“2%. Innovating the HP Way

Figure 152

Internal Standardization is recommended since it corrects for changesin
instrument sensitivity due to matrix and other effects.

To configure internal standard correction:
Data Analysis >> SemiQuant >> Internal Standard Correction...
Internal standard correction can be applied in two modes:

‘Normal Mode' assumes that internal standards are added to the samples only and
no ISTD reference datafileisrequired. Thiscan be used for analyses such as
Laser Ablation, where a matrix element is used as the internal standard. The

ISTD factor is calculated from the supplied ISTD concentration and the ISTD
response. Up to four internal standard elements can be selected.
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Internal Standard Correction for On-line Internal Standard Addition

I|nternal Standard Correction for On-linelnternal
Standard
Addition

Internal Standard Correction for On-line Internal
Standard Addition

Activating inter nal On-line addition
standard correction

lemal Standard Correction (Auto Add Mode)
@ Auto Add Mode € Normal Mode

¥ Internal Standard Correction

Background File :

Internal Standard Data File
’V Browse... | Interference Correction: OFF

Internal Standard Elements

Elements Mass

Selecting internal standard Bi

Po

“s*. AgilentTechnologies
“2%. Innovating the HP Way

Figure 153

‘Auto Add Mode' assumes that the online internal standard addition configuration
isused. Inthiscase, the exact concentration of the ISTD elements need not be
known since an ISTD reference file used. Only the internal standard masses need
be selected. In this case, the only requirement is that the ISTD concentration in
all samples beidentical to the ISTD referencefile.

The ISTD reference file can be either ablank or a calibration standard containing
online added internal standards.
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Semi-quantitative Analysis of Samples
Example of Semi-Quant Report [1]

Example of Semi-Quant Report
[1]

Example of Semi-Quant Report [1]

B Tmpagntrp - Notepad [_ o]

For Sgna] <200 B Semi-Quantitation Report - Detailed (Text Only) =
cps (thl’ EShOId), a File Name  : SPECTRUM.D

File Path : C:\ICPCHEM\1\DATA\
threshold Method © C:\ICPCHEM\1\METHODS\DEFAULT .M
. Acq Time : Mar 3 1994 11:33 am
Concentr atl on Sample Name : Cinnamon

Sample Type : Sample

H Comments : Sample Data for Spectrum Hnalgsis|
(correspondingto  ferep ditution” : roeo
Auto Dilution : Undiluted

200 Cps) is report Total Dilution : 1.60

Operator Name: Don Potter

Acq Mode : Spectrum

Bkg File pommmmmmes

Bkg Rejected Masses: --------
Interference Correction : OFF
IS Correction: 0

File
I\Element 1

For signal >200
cps (threshold),

H Conc. Counts(CPS) Bkg count Time(sec)
the Concer]tratlon Li 0.91200 ppb 270.0000 --- 0.1
. Be 9 <0.05300 ppb 0.0000000 - 8.1
of the analytels B 11 2.200 ppb 9.160.000 -- 0.1
— Na 23 48.00 ppb 827,930.0 - 8.1
reported g —Zr——)» 330.0 ppb 2,793,430 - 0.1
Al 27 80.00 ppb 843,518.0 --- 0.1 =
| 2
.. Agilent Technologies
22" Innovating the HP Way
Figure 154
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Example of Semi-Quant Report [2]

Example of Semi-Quant Report

[2]

Example of Semi-Quant Report [2]

e e | oun ppu 93,100, 90 v
Sc 45 ©.05900 ppb 900.0000 8.1
Ti 47 3.108 ppb 3,770.000 8.1
U5 8.1600 ppb 2,580,000 8.1
cr 53 8.3500 ppb 600.0000 8.1 OXIDE
Mn 55 210.9 ppb 3,809,950 0.1
Fe 57 84.08 ppb 39,450.00 8.1
Co 59 8.1100 ppb 2,170.000 8.1 ..
Ni 60 0.1900 ppb 900.0000 --- 0.1 oxre  SOftwar e indicates
cu 63 2.500 ppb 27,940.00 0.1 . .
Zn 66 §.108 ppb 24,220.00 8.1 possble inter fer ences
Ga 69 2.908 ppb 36,310.00 8.1
Ge T2 <0.087200 ppb 110.0000 8.1
Aas 75 8.1300 ppb 290.0000 8.1
se 82 <1.100 ppb 70.00000 8.1
Br 79 9.000 ppb 2,910.000 9.1 ARGIDE
Rb 85 12.00 ppb 182,290.0 8.1
sr 88 20.00 ppb 399,070.0 8.1
v 89 0.06000 ppb 1,530.000 0.1
Zr 90 8.1500 ppb 1,990.000 8.1
Nb 93 <1.000E-2 ppb 1490000 8.1
Mo 95 <0.85608 ppb 100.0000 8.1
Te --- ---
Ru 101 <0.04508 ppb 0.0000000 8.1
Rh 103 <8.800E-3 ppb 10.00000 8.1
T}
Agilent Technologies
Innovating the HP Way
Figure 155
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Semi-quantitative Analysis of Samples
Generating a Semi-quant Report

Generating a Semi-quant
Report

Generating a Semi-quant Report

= Automatically as part of Run Method or Run Sequence

2 Manually from Data Analysis

= SemiQuant also allows Custom Reports and Custom Databases
= Use of DoList for multiple reports

%, AgilentTechnologies
*".. Innovating the HP Way

Figure 156
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Manual Verification of the Data

Manual Verification of the
Data

Manual Verification of the Data

%8 |CP-MS DATA BASE [AMU Infarmation]
DataBase View Prewl Nex |ndex. Help

Base AMU: © - - C o
Mass: 134 135 136 137 138 139 140 141 142 142
Xe 10.4 8.9
Ba 2417 6592 7.854 11.23 717
La 0.09 99.91
Ce 0.19 n 25 an an 11 00
Pr [=]Offline Data Analysis - GENERAL.QCC / DEFAULT M / DEFAULT.C / SPECTRUM.D [_ O[]
Nd File Method Spectum TimeChart Calibrate FullQuant SemiQuant Isotope Tools  Options
= e
o T Y e
i[1] Spectrum No.1 [ 152.427 sec]:spectrum.d [Count] [Linear] 8 [ 5
¥ Element.db " Argide.db
™ Oxide.db ™ Chloride.db
" Dimer.db

" Dcharge.db

FECRRS IR+

. Agilent Technologies
Innovating the HP Way

Figure 157
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Manual Verification of the Data
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Quantitative Analysis of Samples
What is Quantitative Analysis?

What is Quantitative
Analysis?

What is Quantitative Analysis?

Quantitative Analysis:

= An analytical procedure used to calculate concentrations of specific
elementsin unknown samples

= Usescalibration curvesbased on the response of one or more levels of
standardsto calculate unknown concentrations

= Allowstheuse of internal standardsto correct for instrument drift
and matrix differences between standar ds and samples

":".'l.. Agilent Technologies
-, Innovating the HP Way

Figure 158
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Quantitative Analysis of Samples
Method Set-up for Quantitative Analysis

Method Set-up for Quantitative
Analysis

Method Set-up for Quantitative Analysis

Stepsin Setting up a Quantitative Analysis:

» Editingthe AMU Select file, if necessary

= Interference correction equations

= Spectrum acquisition parameters

= Peripump program

= Calibration table

= Acquiring calibration standards and updating the calibr ation table
= Analyzing unknown samples

%, AgilentTechnologies
*".. Innovating the HP Way

Figure 159
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Quantitative Analysis of Samples

Step One: Editing the AMU Select File

Step One: Editing the AMU Select

File

Step One: Editing the AMU Select File

= Select AMU Select File

AMU Select File - default.amu

Si

default.amu

°l

£'|9|w

=

Ca
Sc
Ti

-

| 0K I| Cancel || Help I Cr

Mn
Fe
Co
Ni

[=]
=

30

34

40

<43>

48

<53>

<57>

61

36

44

49

54

58

62

46

50

64

48

*

‘ 0K | ‘ Cancel | ‘ Help |

‘s%’. AgilentTechnologies
*".. Innovating the HP Way

From Top >> AcquireData >> Edit AMU Select File (amu)...

Figure 160

The AMU select file is the database from which default isotopes are sel ected
when elements are sel ected from the Periodic Table in Edit Entire Method.

Multiple AMU select files can be created for different applications. For example

AMU select files can be created which automatically select the EPA specified

isotopes when running EPA methods. AMU select files can also be created for
specific matricesin order to avoid known isobaric or polyatomic interferences.

The element needs to have at |east one isotope selected, in order to be accessible

in the method setting. If needed, select isotopesfor P, and Si.
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Quantitative Analysis of Samples
Editing a Method for Quantitative Analysis

Editing a Method for Quantitative
Analysis

Editing a Method for Quantitative Analysis

Select ‘Edit Entire Method’

Edit Method

Check method sections to edit:

¥ Method Information

' | QC Parameters will only be
available if Intelligent
Sequencing is enabled

Wnterference Equationy

 Acquisition

¥ Data Analysis

QC Parameters
@ Edit @C Database

@ Edit @C Tune Criteria

OK | Cancel Help

":".'l.. Agilent Technologies
-, Innovating the HP Way

Figure 161
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Quantitative Analysis of Samples
Method Information

M ethod
| nfor mation

Method Information

Method Information =

Method Comments:
chemical samples: Multitune mode

M Save Copy of Method With Data

Method Sections To Run:

[Pre-Run Cmd/Hacro: ‘ |

Data Acquisition

[“Data Analysis

CPost-Run Cmd/Macro: ‘ |

oK | Cancel| Help |

+... AgilentTechnologies
Innovating the HP Way

Figure 162
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Quantitative Analysis of Samples
Acquisition Modes

Acquisition
M odes

Acquisition Modes

Acquizition Mode
" Spectrum
" Time Resolved Analysis
" Time Program

" Isotope Analysis

@ Spectrum [Multi Tune]

" Isotope Analysis [Multi Tune)

OK | Cancel Help

%, AgilentTechnologies
*".. Innovating the HP Way

Figure 163

Spectrum mode is the most common acquisition mode for standard applications:
e Quant
e Semiquant

Time Resolved Analysis (TRA) and Time Program (more sophisticated than
TRA) are used when atransient signal is measured:

e Electrothermal Vaporization (ETV)

e Laser Ablation (LA)

e Discrete Sampling Analysis (using I1SIS)

e Chromatographic analysis (LC, GC, IC, CE)

Isotope Analysis mode is used when additional precision is needed for isotope
ratio measurements. It is similar to spectrum mode, but with 10X higher
sampling frequency.
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Quantitative Analysis of Samples
Acquisition Modes

Multitune mode is used when during a single acquisition more than one tuning
parameters are needed to accomplish the optimum performance.
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Quantitative Analysis of Samples
Acquisition Parameters - Multitune Method

Acquisition Parameters - Multitune

M ethod

Spectium (M

M

ion Parameters

Integration Time [sec]

Acquisition Parameters - Multitune Method

Tune

0K Cancel Help

CheckParﬁmelErl Enter I

| - Mass Elem.  per Point _per Mass Detector Step
T 1 ntegration ime 70 050 0.0  Aute 2
20 40 G0 80 100 int: 10 B 030 0.0 Aute 1
er Point: sec]
P [sec] 1B 0.30 0.0 Aute 1
( 300.00 [msec])| |23 Na 0.30 0.0 Aute 2
120 140 160 180 200 24 Mg 0.30  0.90 Auto 2
27 Ml 0.30  0.90 Aute 2
T LT T 39 K 0.30  0.90 Aute 2
220 240 260 Detector: [auto =] |0 ca 0.30  0.90 Aute 2
Periodic Table | Mass Scale | ) 45 SiOH 030 080  Aute 2
Tune Step: m 52 Cr 0.30  0.90 Auto 2
-~ o 55 Mn 0.30 0.0 Aute 1
Peak Pattern Acquisition Time ———————— (55 Fe 030 090 Auto 2
TRA (1) 57 Fe 0.30 0.0 Auto 2
_— 58 Ni 0.30 0.0 Aute 2
Full Quant 3] 63 Cu 0.30 0.90 Auto 1
—_——— 64 Zn 0.30  0.90 Aute 1
Semi Quant (6] Repetition: 66 Zn 0.30 0.90 Auto 1
———— 68 Zn 0.30  0.90 Aute 2
Maximum [20] Total Time: 155 [sec] 118 Sn 0.30 0.90 Auto 1
138 Ba 0.30  0.90 Aute 1
Tune Stabilization 157 Gd 0.30 0.90 Auto 3
Step  Tune File Time [sec] Date Updated 197 Au 0.30 0.90 Auto 1
1 Oct 19 2000 07:27 pm
2 coolu 70 Oct19 2000 07:25 pm Tune File: | Browse...
3 normal.u 5 Oct 19 2000 07:27 pm
[ Stabilization Time: [5_|[ceq]
5 —
[ — Remove Tune Step

Agilent Technologies
Innovating the HP Way

Figure 164
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Periodic Table

Periodic
Table

%, AgilentTechnologies
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Periodic Table

Masses

| DI
W

W AR - AR

SRS d=

aTEEE B

S

[ Ba

Clear All | ‘ Mass Table

m
o

SR

EEE
__|
EEE
E
K
Lo

EEEEEE
R
%%HHHH

i
S

A

ﬂﬂ
5
| Zg

@®
o
2
3
=2

 Mass Scale |

(=1
=
o
o
=
]
i,
EE]
=

=‘ Select Isotopes
Element : Hg

tawo [%98] ([Trsa] [T [Tm] [T2on] (r202] [Tenq

[%] 015 9.97 16.87 231 1318 29.86 6.87

| Element Information I | oK ” Cancel I ‘ Help

Figure 165
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Quantitative Analysis of Samples

Mass Table

M ass
Table

ﬁ| Mass Table
Number of Masses: 33
2amu - 100amu 101amu - 200amu 2071amu - 260amu
9 Be 106 [Cd) 202 Hg
27 A 107 Ag 205 TI
45 Sc 108 (Cd) 206 [Pb)
51 ¥ 111 Cd 207 [Pb)
52 Cr 121 Sb 208 Pb
53 _nn 137 Ba 212 Th
b5 ﬁ| SetMasses
59
60 Selected mass [ Se, 82 ] is already set as ' [As] .
63 Overwrite?
65
66
75
77
82 Se
89 Y
98 Mo
99 [Mo)
| Enter g
‘ 0K a ‘ Cancel i ‘ Help a Delete Mass 5
Agilent Technologies

Innovating the HP Way

Figure 166
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Quantitative Analysis of Samples
Peristaltic Pump Program

Peristaltic Pump
Program

Peristaltic Pump Program B

Before Acquisition

Uptake Speed: [ ps

Uptake Time:

[=]
[—]
w
1}
o

Stabilization Time:

—After Acquisition [Probe Rinse]

Rinse Speed: |0.30 ps

Rinse Time[Sample]: I:I SEec
Rinse Time(STD): [1 | sec

—After Acquisition [Rinse]

Rinse Vial: [I ]
Rinse Speed: ps
Rinse Time: SEC
0K I Cancel | Help |

v'.‘;'."... Agilent Technologies

Innovating the HP Way

Peristaltic Pump Program

Maximum Speed should not exceed
0.30 rpswith online | STDs addition

Typical Stabilization Time is 50-60 sec

Probe Rinse should be very short (~1
Sec)

Rinsetimeis sample/matrix dependent
(30-90 sec)

Figure 167
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Quantitative Analysis of Samples
Raw Data Corrections

Raw Data
Corrections

Raw Data Corrections

Subtracts Background

= T spectrum (counts from

counts) before
[ Subtract Background Quantitation

Background File Name

Enables Interference

L— Correction Equations

B Interference Correction

| 0K I ‘ Cancel I | Help I

‘s%’. AgilentTechnologies
Innovating the HP Way

Figure 168
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Quantitative Analysis of Samples
Configure Reports

Configure
Reports

Configure Reports

- Quaniitation Report Enabled with

Quantitation Repors Intelligent

[~ Custom Report wuen(;' ng

[~ Update Custom Database

/1

[QC Report =-| FullQuant Report Option

¥ QC Report

Style: [Summary [s]

rSemig Report /

[ Semiquant Report Destination
[~ Custom Report = Screen

[~ Update Custom Database

[ Printer
1 pe Report )
P O File : |
[T sotope Ratio Report
[T sotope Dilution Report
| 0K I | Cancel I | Help I

0K I Cancel Help

.. Agilent Technologies
Innovating the HP Way

5

Figure 169
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Quantitative Analysis of Samples
Calibration

Calibration

Calibration

¢ Now independent of the method
e Multiple methods can share the same calibration
e Current calibration is displayed on the TOP and Data Analysis title bar

== ICP-M5 Top - GENERAL.QCC / EPAG020.M / EFAGD20.C =] E3

Instrument  AcguireDiata  Datadnalpsis Methods  Sequence  Chained Sequence  Help

e Link between calibration and method is established when method is saved

%, AgilentTechnologies
Innovating the HP Way

Figure 170
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Quantitative Analysis of Samples
Calibration Table

Calibration
Table

Calibration Table

C ation of Standard Soluti

Mass Element Curve Fit Units IS Min Conc Levell Level 2 Level 3 Level 4 Level b

6 Li Excluded ppb — 0.00 20.00 20.00 20.00 20.00 20.00 =

9 Be Y=aX+h ppb 6 65.00E-03 (| 0.00 10.00 50.00 200.00 —

23 Na Y=aX+h ppb 45 5.00E-03 (| 0.00 1000.00 5000.00 2.00E+D4 —

24 Mg Y=axX+h ppb 45 5.00E-03 (| 0.00 1000.00 5000.00 2.00E+D4 —

27 Al Y=axX+bh ppb 45 5.00E-03 (| 0.00 10.00 50.00 200.00 —

39 K Y=axX+bh ppb 45 5.00E-03 (| 0.00 1000.00 5000.00 2.00E+D4 —

13 Ca Y=axX+h ppb 45 5.00E-03 (| 0.00 1000.00 5000.00 2.00E+D4 —

45 Sc Excluded ppb — 0.00 20.00 20.00 20.00 20.00 20.00 |

51 v Y=aX+h ppb 72 5.00E-03 (|0.00 10.00 50.00 200.00 —

52 Cr Y=axX+h ppb 72 5.00E-03 (|0.00 10.00 50.00 200.00 —

53 V) Excluded ppb 72 5.00E-03 (|0.00 10.00 50.00 200.00 —

55 Mn Y=axX+bh ppb 72 5.00E-03 (|0.00 10.00 50.00 200.00 —

56 Fe Y=axX+h ppb 72 5.00E-03 (| 0.00 1000.00 5000.00 2.00E+D4 —

57 Fe Y=aX+h ppb 72 5.00E-03 (|0.00 1000.00 5000.00 2.00E+D4 —

59 Co Y=aX+h ppb 72 5.00E-03 (|0.00 10.00 50.00 200.00 —

60 Ni Y=axX+h ppb 72 5.00E-03 (|0.00 10.00 50.00 200.00 —

63 Cu Excluded ppb 72 5.00E-03 | 0.00 10.00 50.00 200.00 —

66 Zn Y=aX+h ppb 72 5.00E-03 (| 0.00 10.00 50.00 200.00 — =l
Calibration Title: 4| | j
I Weigh
0K | Cancel Help | Added Element: Add | Conc, Multiplyl

s, AgilentTechnologies
"™ Innovating the HP Way

Figure 171

Shortcuts:
e Double click any column selects entire column.

e Fill Acrossisuseful for copying Internal Standard Concentrationsto all
levels.

e Multiple entries can be selected using <Ctrl> plus left click or Shift plus
left click.

e Min. Conc. isthe lower reporting limit, to disable it replace it with *---',
often the reporting limits are entered here.
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Quantitative Analysis of Samples
Save the Calibration and the Method

Savethe Calibration and the
M ethod

Save the Calibration and the Method

Method Save Options B

# Alert when Meth-Calib Link Updated

¥ Use Same Name for Meth and Calib
W Alert when Method is Overwritten
W Alert when Calib is Overwritten

OK | Cancel | Method Save Options =]

W Alert when Meth-Calib Link Updated

¥ Use Same Name for Meth and Calib
v Alert when Method is Overwritten

v Alert when Calib is Overwritten

OK | Cancell

#*s... Agilent Technologies
Innovating the HP Way

Figure 172
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Quantitative Analysis of Samples
Quantitative Data Analysis

Quantitative Data
Analysis

%, AgilentTechnologies
*".. Innovating the HP Way

Quantitative Data Analysis

Figure 173
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Quantitative Analysis of Samples
Standard Data Files

Standard Data
Files

Standard Data Files

Standard Data Files

Level DataPath DataFile Date Acquired Bkg Path
1 taimultit 1009_std.d 009_std.d# Jul 28 2000 05:15 pm —
2 -taimultit™ 1002_std.db 002_std.d# Jul 28 2000 04:29 pm —
3 - taimultit™ 11003 _std.db 003_std.d# Jul 28 2000 04:36 pm —
4 taimultit 13004 _std. 004_std.d# Jul 268 2000 04:42 pm —
5 .taimultit 1005 _std.d 005_std.d# Jul 28 2000 04:49 pm —
6 - taimultit™ 1\006_std.db 006_std.d# Jul 28 2000 04:56 pm —
i - taimultit™1\007_std.d\ 007_std.di Jul 28 2000 05:02 im —
q —

0 —
mn —

12 —

13 —

14 —

1\ —

16 —
7w —

18 —

19 —

20 —

Select File

Remove OK | Help

.. Agilent Technologies
Innovating the HP Way

Figure 174
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Quantitative Analysis of Samples
Calibration Curves

Calibration
Curves

Calibration Curves

External Calibration

Mass  Element ] Units Lv. Conc. Ratio RSD % Al I meaSlJrementS | n

Lore ko Ele I e enee 3
A D smmo psen Pulse counting mode
ies S -
A -
Tmo - Some measurements in Pulse counting
12 — - - 5
nT- - mode, some in Analog made
T - -
1o - -
0 TuZ - -
[ 110.00 220,00+ 19 — — —
Conc.[X) pb 0 — — —

B [ Ener | Mass __Element IS Units _ Lv. Conc. Gatio RSD %
B - 23 Na =l =1 oo 1.26E08g P 9.12E01
r= 1oom Restars Fejfot Rati : 2 1000.00 3.575::&A 4.22E-01
= 1.128E+000%X +5.440E-001 atiofv) unweighted 3 500000  4.20E+03 ‘A 8.35E-01

X= B.867E-0017Y -4.823E-001 Min Conc:[000 | 18E04 4 200E+04 1.62E+404 A 3.18E-01
Next Prev 3 Cancel Help

9.0E+03

0
0 1.1E+04 2.2E+04
Conc)  ppb

Curve Fit: |Y=aXtb =l Enter
r= 1.0000 REstore ;L]

.084E-0017X +6.405E+001

.237E+000%Y -7.923E+001 Min Conc: [5-00E-03
Prey oK Cancel Help

Agilent Technologies
Innovating the HP Way

Figure 175
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Quantitative Analysis of Samples
Examples of the Calibration Curves for “Excluded”

Examples of the Calibration Curvesfor

“Excluded”

“Excluded”

Mass used for correction

Conc. Ratio

Examples of the Calibration Curves for

Tom smEw pam Internal Standard
Ratio] P 2 1000 279E+00 P 6.25E-01
unweighte 3 5000 138E+01 P 3.44E-01
- o 4 mam SaEd P asEs
6 |
7 -
8 — Units __ Lv. Conc.  CounyCPS  RSD %
9 — e 1 2000  20%E+05 P 4.96E01 o
T e PR HE ti Mass used for correction
28401 i R 3 2000  204E405 P 1.38
12— 4 2000  206E+05 P 2.42
13 — | 226405 @ |5 2w ||
° ez * 6 2000
% — M ; g::g Units__ Lv. Conc. Ratio RSD %
002 17— + 9 2000 83 (As) =] 837 =] [peb =1 000 314E-03 P 18.00
L 10 2000 Ratiom - 2 1000  293E03 P 3220
cina 20000 19 — 10 2000 unlihte 3 5000 284E03 P 25.20
onc. - 4
20 12 2000 aoe0s | 4 Wom 3ME0 P 2050
carve i [Betuted 5 1 am i = -
15 20.00 Tz - -
16 20.00 - - -
17 20.00 o
o * 18 20.00 N - - -
0 11.00 2200/« 19 2000 = 20E03 s - - -
Next Prev. oK Concpd  ppb 20 20,00 :g - - -
Curve Fit: [Excluded = . - -
7 16 — - -
= 17— - -
0 =18 — z -
— 0 110.00 220.00(= 19 — - -
ConcX)  ppb 20 — - -
Next Prev
== N . = =
Curve Fit: [Excluded
Restore| [WREjed
Next Prev oK Cancel Help

.. Agilent Technologies
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Figure 176
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Quantitative Analysis of Samples
Examples of the Calibration Curves for “Excluded”

192



..8%  Agilent Technologies
_."f".t Innovating the HP Way

Simple Sequencing (I ntelligent
Sequencing Disabled)




Simple Sequencing (Intelligent Sequencing Disabled)
Sequencing

Sequencing

Sequencing

- Associates alist of sampleswith ALS positions and
analytical methods

= Allows unattended analysis of multiple samples using
multiple acquisition and reporting methods including all
calibration updates.

< Designed to be used with an Autosampler (ASX-500 or
ASX-100), can be used in a manual mode

= Allows automatic shutdown upon completion of the
sequence

%, AgilentTechnologies
*".. Innovating the HP Way

Figure 177
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Simple Sequencing (Intelligent Sequencing Disabled)
ASX-500 Vial Position Nomenclature

ASX-500 Vial Position
Nomenclature

ALS GoTo

{"HOME }

L arge bottles (tuning solution,
rinse solutions, blank)

AN

Rack 1

ID: 21

3 | 1 | 5
Rack 3 Rack 4
1D: 40 ID: 40
J/

/

1
Rack 2
1D: 40
\
Cam:e\ ¥Ip /

NV

Example of 21-40-40-40
configuration

%, AgilentTechnologies
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ALS GoTo
Rack 1

01+

i}

]

1)

=

0

=

0

&

0

=

)

2

0

Do =
-
[mmn
0
000

ASX-500 Vial Position Nomenclature

Vial: 1304

o
o
=
2
i

Vial 1304 =
rack 1, column 3,
raw 04 (two digits)

Figure 178
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Simple Sequencing (Intelligent Sequencing Disabled)
Sequencing

Sequencing

Sequencing

= NT ChemStation Sequencing is Spreadsheet based

= Allows shortcuts such as
>cut,
= copy,
2 paste,
= repeat,
>fill down
= Allows sample list to be inserted from other applications by
=importing .csv file
= copy and paste from other application

%, AgilentTechnologies
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Figure 179
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Simple Sequencing (Intelligent Sequencing Disabled)
Sample Log Table - Sequence Flow and Periodic Block

Sample Log Table - Sequence Flow and Periodic
Block

Sample Log Table - Sequence Flow and Periodic
Block

Edit Sample Log Table - GEN_SEQ.S E2 Edit Sample Log Table - GEN_SEQ.S
Sequence Flow | * Periodic Block =
Block Block [ Period [ Unit | Reset
1 |TUNE 1 |TUNE 480 min
2 |CALIB 2 |CCv 10 samples
3 [SMmPL 3 1
4 [CCV 4
5 [TERM 5
6 6
7 7
i i
9 9

=
=

~
~

iEN iEN
(4| (4|
45 | EER
16 16
7] 7]
18 | 8 |
9] 9]
[20] [20]
[21] [21]
22| 2
23] 23]
24 24
[25] [25]
75 | 76 |
Ea 27|
List Method-Cal Frint List Method-Cal Print

'.“'."... Agilent Technologies
-, Innovating the HP Way

Figure 180

Sequencing is Modular, each functional part of the sequenceis created as a
separate block such as calibration block, sample block etc. Thisis used more
fully by Intelligent Sequencing.
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Simple Sequencing (Intelligent Sequencing Disabled)
Sample Log Table

SampleLog
Table

Sample Log Table

Edit Sample Log Table - GEN_SEQ_5

(G -
Type | Vial | DataFile | Method | Sample [ C [ Divivl [ Acti

1 [Sample 1201 DEFAULT  sample 1 more info 1
2 [Sample 1202 DEFAULT  sample 2 L
3 |sample 1203 DEFAULT  sample 3 G kS
4 |Sample 1204 DEFAULT  sample 4 'EW E":*\CJ
5 |sample 1205 DEFAULT  sample & ase bl
T Irsert
7 Delete ine
8 Insert new line

Sequence block Rleped iR

. il v

selection menu Load i em €51 .
02 Save List bo CSY file...
14
15 Save failed lines to CSY File...
16
17 :
i Shortcut options box
19
20
21
22
73
2
25
26
77

List Method-Cal Print oK Cancel Help

‘s%’. AgilentTechnologies
Innovating the HP Way

Figure 181

Right Click selects shortcut options box.

Left Click or Double Click selects options for Type, Method, Dil/Lvl, Action on
Failure (Intelligent Sequencing Only), and Skip.

Vial positionsincrement correctly by reading ALS rack configuration when
using fill down.

Any numeric charactersin Sample Name, Data File Name, or Comment Fields
will beincremented by using fill down.

To avoid auto-incrementation, use copy and paste instead of fill down.

“List Method-Cal” displays the complete path for the method on each sequence
linewith it’s associated calibration file.
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Simple Sequencing (Intelligent Sequencing Disabled)
Special Features - Keywords

Special Features -
Keywords

Special Features - Keywords

Command - amacro program

M ethpath - specifies a method path (different than the normal
ICPCHEM pathway)

Overwrit - overwrites a data file without asking for confirmation
Pause - pauses a sequence

L otsep - separates sample batches (used mostly in intelligent
sequencing

StdToExt - converts MSA calibration to external calibration
Standby - putsthe instrument in Standby mode

%, AgilentTechnologies
*".. Innovating the HP Way

Figure 182

Keywords are enabled by selecting ‘Keyword Under ‘ Type’ and then selecting
the desired keyword in the Method Column.

If Keyword Command is selected, the Command or Runstring is entered in the
‘Sample’ Column.

For Example to incorporate the shutdown macro into a Sample Log Table:
Keyword Command  Tune*“Macro “shutdown’, go”
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Simple Sequencing (Intelligent Sequencing Disabled)
Running a Sequence

Running a

Sequence

Running a Sequence

Start Sequence DEFAULT.S Last Modified: Tue Jan 27 10:24:38 1996

Method Sections To Run
@ Full Method ]
© Reprocessing Only Data. baICh dl r EC'[OI‘y

¥ Overwrite Existing Data Files

Sequence Qomment‘fc’r training ‘

Operator Na\me:‘Ela |/

Data Batch Directory;‘C:\ICPCHEM\I\DATA\OOJZ?O‘Ja.B\ | Browse |

Pre-Seq Macro."Cmd:‘

Post-Seq Macro.med:‘

Run Sequencel CK | Cancel | Help |

Enter a descriptive comment for this sequence

‘s%’. AgilentTechnologies
Innovating the HP Way

Figure 183

Upon selecting Run Sequence, a data batch directory is automatically created in
theform YYMDDHHX.b, where:

e YYis2digit year
e M ismonth, A=Jan, B=Feb etc
e DD isday HH ishour (24 hour clock)

e Xxisaletter from ato z for the sequence number within a given hour.
This can be appended, deleted, or modified as needed.
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Simple Sequencing (Intelligent Sequencing Disabled)
Chained Sequence

Chained
Sequence

Chained Sequence

=> Allows Multiple Sequencesto be Run in Series
= Allows Different Tune Conditionsto be Used for Each Sequence
=>for example Hot and Cool Plasma

= high and low sensitivity etc.

Tunesto be used in a chained sequence must be created (verified)
prior to running the sequence

":".'l.. Agilent Technologies
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Figure 184
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Simple Sequencing (Intelligent Sequencing Disabled)

Chained Sequence

Chained
Sequence

Chained Sequence

B Edit Chained Sequence -06260YER.CHS [ 5] x]
Sequence File Data Batch Tune File Sta?é':::]tmn n?:im‘r;“ | MEthI:g gﬁﬁtlons

1 CHUCPCHEMY \SEQUENCEIZLEDDYNR.S 0226ckynr 60 Cortinue Full Method
2 CUCPCHEMASEQUENCEISLED MTH.S norimal.u 60 Cortinue Full Method
E] ]

4

5

L]

¥

3

9

10

1

12

13

14

15

16

17

18

19

20

¥ Save Seguence after Run
Start at h_ Print Run QK Cancel Help
. Agilent Technologies
Innovating the HP Way
Figure 185
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Method of Standard Additions (MSA)
External Calibration

External
Calibration

External Calibration

o All Standardsare prepared in one matrix

o A calibration curveisgenerated by plotting the intensity vs.
concentration

e Sample concentration iscalculated using the slope of the
calibration curve

o Internal standardsareused to correct for matrix-related
signal changes
- |S can be added on-line

%, AgilentTechnologies
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Figure 186
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Method of Standard Additions (MSA)
Pros and Cons of External Calibration

Pros and Cons of External
Calibration

Pros and Cons of External Calibration

Pros
Minimal sample preparation
Good accuracy for ssimple matrices

Cons
| S additionsincreases contamination potential
Limited with difficult matrices (Photor esist)
It doesn't work well with cool plasma

%, AgilentTechnologies
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Figure 187
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Method of Standard Additions (MSA)
Method of Standard Addition (MSA)

M ethod of Standard Addition
(MSA)

Method of Standard Addition (MSA)

o Standardsare prepared in the sample matrix

o A calibration curveisgenerated by plotting the
intensity vs. spiked concentration

o Sample concentration is calculated by extrapolating
totheY intercept

o Calibration can be converted into an external torun
subsequent samples of the same matrix.

..":.. Agilent Technologies
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Figure 188
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Method of Standard Additions (MSA)
Pros and Cons of Method of Standard Additions

Pros and Cons of Method of Standard
Additions

Pros and Cons of Method of Standard Additions

Pros
Method of choicefor ultra-trace levels
Good accuracy for all matrices
No need for internal standards
Compensate for differencesin sample nebulization
and transport efficiency
Cons
Different calibrationsfor each matrix
All signal isaccounted for
can't distinguish between true signal or
background
BEC for Ca, Feand K can be affected

..":.. Agilent Technologies
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Figure 189
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Method of Standard Additions (MSA)
Determination of Uranium in Urine by MSA

Determination of Uranium in Urine by
MSA

Determination of Uranium in Urine by MSA

Mass Element 15 Units Lw. Conc. Ratio RSD %%
[238 U Ff[1s9 ] [peb A oo 404E04 P 724
Ratio _ 2 200E-01 137601 P G8IE-01
™ unweighted 3 500E-01 348E-01 P 1.13
_ 4200 1.38E+00 P 9.18E-01
1AE+00 . 5 E00 - =
% [ — _ _
#® 7 — — _
# 0 — — _
* 9 _ _
x 10 — — —
7.0E-01— w11 — - -
# 12 — — —
x 13 — — —
* 14 — _ _
# 19 — — —
® 16 — — —
Reported o * - - -
| * 18 — — —
I 0 220(% 19 — _ _
concentration conc()  ppb e - -

\“w:x%mkg - Enter
r= 10000 GConc.= 1.235E-003  ppb Restore Reject

Y = b.882E-001xX +8.499E-004 +bkg

bkg = 0.000E+000 Min Conc:
—————— Prev oK | Cancel | Help |

»*... AgilentTechnologies
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Figure 190
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Method of Standard Additions (MSA)
Converting from MSA to External Calibration

Converting from M SA to External
Calibration

Converting from MSA to External Calibration

[Z]0ffline Data Analysis - GENERAL.QCC / STADD.M / STADD.C / 004_STD.D

File Method Spectrum  TimeChart JeclldEicl FullQuant SgmiCuant |sotope Tools  Options

@I@I él@lgl_k g::‘:‘i‘ardgalaﬁles...

i E T L ST Celibration Table
Calibration Graph

Blank Subtraction..
Print Blank Conc.

Print Calib Repart...
Print Summary Peport

miz->

Convert from standard addition method to calibration method

»*... AgilentTechnologies
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Figure 191
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Method of Standard Additions (MSA)
Matrix-matched Uranium in Urine External Calibration

Matrix-matched Uranium in Urine External
Calibration

Matrix-matched Uranium in Urine External
Calibration

External Calibration [x]
Mass Element 1S Units Lv. Conc. Ratio RSD %
238 U NI S v 123E03  a04E04 P o724
Ratio ) 2 201E01 _ 137E01 P 6.81E-01
i unweighted 3 501E01 W348E01 P 113
LAEH00— § ; Egg TOGEH0 P 9.1BE01
* b — —
® 7 —
* 8 — —
x 9 _
= 10 — — —
7.0E-01—| * 11— - -
* 12 — — — \
# 13 — — —
nu— - \. Note corrected
* _ _ _
* :g - - - concentrations
* _ _ _
0 T 1 ® 18 — — _
0 1.10 2200« 19 — _ _
Conc.(X) ppb # 20 — — —

Curve Fit: | Y=aX+b j Emvier
r=1.0000 Restore Reject

Y= 6.882E-001%X -2.632E-009

X= 1.453E+0004Y +3.824E-009 Min Conc:[000 ]
Next Prev QK | Cancel | Help |

»*... AgilentTechnologies
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Figure 192
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Off-li
Off-

ne Data Analysis and Sequence Reprocessing
line Data Analysis

Off-line Data
Analysis

Off-line Data Analysis

- Reviews calibration and data for currently running
sequence

= Edits currently running data analysis method

= Saves modifications to currently running data analysis
method (if needed)

= Reprocesses data for currently running sequence

= Reviews/Reprocesses previously acquired data

w5 AgilentTechnologies

*-. Innovating the HP Way

Figu

re 193
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Off-line Data Analysis and Sequence Reprocessing
Procedure for Off-line Data Analysis

Procedurefor Off-line Data
Analysis

Procedure for Off-line Data Analysis

«Start Off-line Data Analysis

oLoad appropriate method

*Verify calibration data files

*Make corrections/modifications (if needed)
*Reprocess data

%, AgilentTechnologies
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Figure 194
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Off-line Data Analysis and Sequence Reprocessing
Off-line Calibration Review of Currently Running Method

Off-line Calibration Review of Currently Running
Method

Off-line Calibration Review of Currently Running
Method

ta Analysis - GENERAL.QCC / CHEM_MM2 M / CHEM_MM?2.C / IRU015B.D# M [=] E3

File Spectum  TimeChart  Calibrate  FullQuant  SemiQuant  lsotope  Tools  Options
Data Correction 9
Select Bepotts 2

Sount] [Linear]

Load Calibration.
Save Callpration

Loed

Save

Saveto Online
“iew Summary.

Run Analysis Method

Review calibration graphs:
1 GAICPGHEMYTUMETHODS! CHEM_MM2 M examinelinear |ty,
2 CHICPCHEMYT\METHODS, UHR M
3 CHICPCHEMYI\METHODS,EPAZOD_E M RSDS,
e inter cepts,

internal standard reproducibility etc.

make any correctionsor changes
Select Method >> Saveto Online

wa-

This procedure updates currently running method

‘s%’. AgilentTechnologies
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Figure 195
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Off-line Data Analysis and Sequence Reprocessing
Using DolList for Off-line Data Reprocessing

Using DoL ist for Off-line Data
Reprocessing

Using DoList for Off-line Data Reprocessing

Dolist automatically reprocesses a batch or list of datafiles
according to the options selected using to the currently
|oaded method and calibration.

DoList does NOT update the method or calibration

%, AgilentTechnologies
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Figure 196

Dolist always uses the currently loaded method, not necessarily the method
originally used to acquire the data.

Dolist does not load the method from disk or resave the method to disk when
finished. Therefore, it is possible to make temporary changes to the method for
reprocessing only (such as different report destination etc.) and not save the
changes permanently to the disk.
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Off-line Data Analysis and Sequence Reprocessing
How to Use DolList

How to Use
DoList

How to Use DolList

Data Analysis >> Tools>> Configure DoL ist
Data Analysis>> Tools >> Dol ist

Configure Dolist

Option List

Selected Options

Fulld - Surnmar: en Fulldl - Summary - Printer

- Summary - Printer Semil) - Detailed Txt Only - Printer

Fullld - Surnmary - File Semil] - Detailed Txt Only - Screen

Fulll) - Detailed - Printer Full) - Update D atabase

Full - Detailed Tat Only - Screen Add -» | Macro

Fullll - Detailed Tt Only - Printer b Select a Heport Option
Fulll) - Detailed Tt Only - File . .
Fulld) - Prirtt Custorn Frepart PC— [ViFullQ - Summary - Printer,
Fulld) - Update D atabaze

Semill - Detailed - Printer

[T SemiQ - Detailed Txt Only - Printer
Semild - Detailed Txt Only - Screen
Semil - Detailed Txt Only - Printer =

|'v

i

[T SemiQ - Detailed Txt Only - Screen
¥ FullQ - Update Database
[ Macro

Go | Cancell

Cancel | Help|

.. Agilent Technologies
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Figure 197
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Off-line Data Analysis and Sequence Reprocessing
Selecting Files Using DoList

Selecting FilesUsing
DoL ist

Selecting Files Using DolList

= Multiple File Select

Directaries: CAHPCHEMMIMDATAMisisvaD_QIUANT BY

[rata File Sample Mame Files Selected for
=T ~| [001CELSD  Blark C-"HPCHEM Y1 \DAT AvisisvD5_SPECE BVI0TS
EXHPCHEM —|002CALS D 100pph C:\HPCHEMY1\DATANisis\DS_SPEC3 B\002S
=1 03CALS.D  200pph C:AHPCHEMAT\DAT ANisis\DS_SPECE BAIES
D 1000poh CAHPCHEMYTADATANsis\AD_OUANT BYI045
%[_u_\m 1000ppb CAHPCHEMATADATANisisWAD_OUANT 850055
121E

: CAHPCHEMYTADAT ANisis\ AD_CQUAMT BNOIDES|
& AD_QUANT B sTD2D 100pph R
[ 001CALS.D STD3D 200 ppb < Remove
L1 002C8L5.0
L1 003CAL5.0
(L1 0045MPLD = ( | .
Dirives:
| = o [5YSTEM] =l Process Cancel Help
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Figure 198
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Sequence - Reprocessing Data Batch

Sequence - Reprocessing Data

Batch
Sequence - Reprocessing Data Batch
Used to reprocess entire (or partial) sequence
Does
L oad methods from disk as specified
Update calibrations in order acquired
Recal culate (Requant) data and regenerate reports
Save updated calibrations to disk
Figur'e 199
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Sequence Reprocessing

Sequence

Reprocessing

Sequence Reprocessing

= Top Menu>> Sequence >> Reprocess Data Batch
= Select Data Batch
= Reprocess Data Batch (click OK)

Select Data Batch Directory ]

cihpchem\1idatal99d2615c.b
| |

[-]
[001SMPL.D]
[002SMPL.D]
[003SMPLD] —
[004SMPL.D]
[005SMPL.D]
[D06SMPL.D]
[007SMPL.D] =

|»

0K Cancel Help
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Figure 200

Reprocess Data Batch uses the sequence stored within the data batch directory for
reprocessing. This sequenceis created at the time of analysis and is named
according to the date and time of acquisition. It is possible to modify the
sequence before reprocessing by removing undesired data files. However, care
must be taken not o remove necessary files such as calibration files or reference
filesfor sample types such as spikes or duplicates.
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Sequence Reprocessing
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Custom Reports and Databases
What You Will Learn

What You Will
Learn

What You Will Learn

e How to create atemplate and generate reports
e how to create a database and update it

%, AgilentTechnologies
*".. Innovating the HP Way

Figure 201

This section will introduce you to the Custom Reports package included in the
Agilent 7500 Series ChemStation Software.

Custom Reports is a windows application with three basic functions:
Q spreadsheet

Q database

a charts

Spreadsheet functions allow to easily design areport template and produce a
report for asingle sample.

Custom databases contain information from many samples.

Charting of the database is useful for trend analysis and/or monitoring QA/QC
samples.

A ChemStation method can have one report template and/or one database
assigned for FullQuant analysis and one report template and/or one database
assigned for SemiQuant analysis.
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Custom Reports and Databases

Custom Reportsand
Databases

Custom Reports and Databases

e When installed, creates
\icpchem\custr pt directory

e Also creates\icpchem\1\r pttmp
e Accessible through FullQuant
and SemiQuant menus

e Custom report templatesare
*.fqt or *.sqt files

e Custom report databasesare
*.fqd or *.sgd files

":".'l.. Agilent Technologies
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Figure 202

The objective of Custom reportsisto provide an interface between the

guantitative features of the Agilent 7500 Series ChemStation and the Visual Basic

Custom Reports. The link between the two programsis provided through a

feature of the Windows environment known as Dynamic Data Exchange (DDE).

Thislink allows easy transfer of information from one program to another.
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Creating and Editing a Report Template

Creating and Editing a Report

Template

Creating and Editing a Report Template

= [eo] @] 1] ]

[B T C TD] E

E

Page Setup
Print Setup.
Piint Prexiew.

Load Hew Datafile.
Data File:
Sample Hame:
Date Acquired:
Bey. Method:
Current Method:

DEFAULT. N

Quantitation Report

d:4 HPCHEM' 14 DATAY Std-05.d
Mar Z 15994 09:43 am

D:% HPCHEM' 14 METHODSY DEFAULT. I

. :;'." .. Agilent Technologies
Innovating the HP Way

e Create new report template
e Edit thecurrent report template
e Specify new report template

Figure 203

Selecting the “New ...” menu item from the Template menu will bring up the

Custom Report / Database Wizard.
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Custom Reports - Report Wizard

Custom Reports - Report
Wizard

Custom Reports - Report Wizard

Repont Wizard

Custom Aepart. | Report Template -

Possible tems for Report Fleport Contents

Cancel | Help |

o Select a Report Contents section from thelist on theright.

e Select an item from the Possible Itemsfor Report list on the left.
e Click the Add button.

* Repeat until all itemsand sections ar e added.

e Click OK.
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Figure 204

The Report Wizard dialog box is used to build a report template with up to two
sections. The header section contains general information about the sample. The
All Elements section contains element specific information arranged into tables.

A plus sign next to an item indicates there are sub-items available. Double-click
on the plus sign to open the sub-item listing. The plus sign becomes a minus sign.
Double-click on the minus sign to close the sub-item listing.

Spectral graphics aswell as calibration curves can be added to a custom report
template. Graphics can NOT be added to a database.

The Graphic section of the possible report items has two main subsections: Draw
Spectrum and Graph of Each Element. Items from the Graphics section can only
be added to the Header section of the Report Contents. The items from the Graph
of Each Element can be added to either section of the report.

The order of the graphicsin the Report Contents listbox of the Report Wizard
determines the position in the report for the graphics. The text items are always
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Custom Reports - Report Wizard

drawn together and cannot be interspersed with the graphics through the Report
Wizard.

Press the Ctrl key and click the graphics to resize or reposition the graphics.
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Custom Reports - Drag and Drop (1)

Custom Reports- Drag and Drop

1)

T Templale Edt Fomat Wiew ‘Window Help

1" Custom Reports - Full Quant Made - [Untitled 1]

0| 2|=| ] s/ s|r|u

X | #00

| %]

Element Full Name
lithium

yrrrium

cerium

thallium

thallium

Sample Name:
Date Avguires

Operatar:

Hisc Info:
Hass

5

89

140

203

205

ar 2 1994 09:43 am

Counts/CP3 Mean
65037.03
155520.80
143303 .59
40159.74
95924.12

Concentration Mean

4.
.95
.08
.77
.75

4
s
EY
4

a1

Agilent Technologies
Innovating the HP Way

Custom Reports - Drag and Drop (1)

,T l— |'lamu 1i  4.313 ppb
A B [ © [ D [ E Pleviols Nest

Sample Name
Date Roquired

-Rog. Method
-Current Method Path
Current Method File
Calibration Path
Calibration File

Operator
“Misc Info

-Dilution Factoxr

Vial Nunber

Nurber of Masses

Data Type

Sample Type
-Background File

-Bkg Rejected Masses
Interference Corection
Scan Number

Data Points

Close:

Figure 205
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Custom Reports - Drag and Drop (2)

Custom Reports- Drag and Drop
(2)

Custom Reports - Drag and Drop (2)

e Accessed by selecting View / Edit Box or clicking Edit Box button of
the toolbar.

e Select an item and drag it to any cell on the spreadsheet.

e Usethe Next button or select from the list to view other elements.

e Thecurrent value for the highlighted item is displayed.

%, AgilentTechnologies
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Figure 206
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Formatting Custom Reports

Formatting Custom
Reports

Formatting Custom Reports

£ Custom Reports - Full Quant Mode - [Untitled 1]
i

Element Full Name Hass Counts/CPS Mean | Concentration Nean
Llithium 7 69037.03 4.91
yrerium a8 155520.80 4.95
cerium 140 143303.53 s.08
whalliwg 203 40159, 74 4.77
thalliwm 208 0502412 4.78

o]

Z

1| S S S S A

e The Report Wizard formats automatically but you can
customize the format using the For mat menu items.

e Highlight the cell(s) you want to for mat.

e Choose a menu item or click aformat button on the toolbar.
e Repeat as necessary.

e Savethetemplate

. :;'." .. Agilent Technologies
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Figure 207

Column width and row height can be controlled form the Format Menu or by
using the Mouse.

Other mouse actions:

select agroup of cells

select arow or column

select multiple rows or columns

select multiple, non-contiguous, single cells

select multiple, non-contiguous, rows and columns

select multiple, contiguous items
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Custom Reports - Printing Set-up

Custom Reports- Printing Set-
up

Custom Reports - Printing Set-up

Page Setup
Cancel |
Footer — Center
&"Courier Mew"§LEOBED &T &CEBEF ERL08Page &P of &M =] .
™ Center Horizontally
LI ™ Center Vertizaly
—Marging————— PrntOptions————————————
TIop Left [ Grid Lines et
[ [o75" I Black & White I Fit To Pagels]
Eottomn Right " Row Heading ﬁ‘"gesﬂ
|1 " ID. I ™ Calumn Heading
Header Footer ~ Page Drder F"Igges i)
ID.E" ID. g
% Top To Bottom Scale
Ugits: [inches | " Left To Right [l %

e Controlshow pagesare printed.
e Controlspaper size.
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Figure 208

The following “Print Options’ are available:

e Grid Lines- letsyou print grid lines (otherwise they are visible on the
screen only)

e Black &White - prints color in black and white on a color printer

If selected, “fit to Page(s) scales the document to print a document to print on a
single or on the number of pages specified in Pages Wide, Page High.

Scale sets the percentage to reduce or enlarge the document when printed.
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Custom Reports - Saving the Template

Custom Reports- Saving the
Template

Custom Reports - Saving the Template

Save As HE

Save in: Ia Ripttmp j il Ig%

CALREP It TC_DET fgt . .

mmwz.mt s TC s fat o Select File/ Saveor File/ Save As

FO_DEF fat . .

\STD_SLI:qu e Default file nameis <method

8] QUANTDET fqt f - ch hi

=] QUANTS UM fq: name. qt>, choosethisor enter
alternatefile name and click OK.

File name: JEFALILT. f Save I

Save as ype: | Custom Reports (= fgt) j Cancel |

e Click Yesto link the template with Use DEFALILT fat as the Report for DEFALLT M 7

the current method
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Figure 209

For the report template name, any legal DOS name is OK.

The default file name will have the same prefix as the currently loaded method.
Notice that all report templates end with either FQT or SQT extension.

After saving the report template the “Link With Method Dialog Box” will appear.
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Printing Custom Reports - Interactively

Printing Custom Reports -
| nter actively

Printing Custom Reports - Interactively

[=]Offline Data Analysis - EPAGEN_QCC / DEFAULT M / DEFAULT.C / STD-05.D
Eile  Method um  TimeChart  Calibrate emiduant lsotope Tools Dptions

e Load adatafile.
e Select FullQuant / Print Custom Report.

Print a custom report

‘s%’. AgilentTechnologies
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Figure 210

A custom report may be interactively printed at any time using atwo step process.
e First, load the datafile.
e Second, select FullQuant / Print Custom Report.
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Printing Custom Reports - Printing Multiple Files [1]

Printing Custom Reports- Printing Multiple Files
[1]

Printing Custom Reports - Printing Multiple Files
[1]

[=] Offline Data Analysis - EPAGEN.QCC / DEFAULT.M # DEFAULT.C / 5T
File Method Spectrum  TimeChart Calibrate  FulQuant  Semiuant sotops

i[1] Spectrum No.1 [ 51.002 sec] std-05.d [Count] [Linear]
1066 22}

l-:FuIIQ - Summary - F‘rinlcr:
[ Full@ - Print Custom Report
[T Full@ - Update Database

Go | Cancel

miz-> L Lt 130 140 150 Lith ik} Li
] i 130

1.5E5

1 21} a0 k1]

na-> fat

Process a batch of files
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Figure 211
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Printing Custom Reports - Printing Multiple Files [2]

Printing Custom Reports- Printing Multiple Files
[2]

Printing Custom Reports - Printing Multiple Files
[2]

[ Multiple File Select
Directones: dAHPCHEMYTADATA
Diata File Sample Mame Filez Selected for
a d | |icpdemo.d Cinnamon
EHPCHEM T |zpectium.d Cinnamon
=) td-05.d

h std-10.d .

20 d Add > | Selected data files
[_JDEFAULT.C <td-50.d i X . X
(I DEFALLT M stebblk. o will belisted in this
[(Jicpdemo.d — [time.d Serum < Hemovs
(23 spectum.d unkrownd LY Ce, Tl Unknown S am box.

(2 std-05.d
[dstd104d -
Drives:
Ig & PWINNT] j Pracess | Cancel Help

Select filesto be processed
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Figure 212

Select files from the Data File listing:
e multiple continuous
e multiple discontinuous

e asinglefile can be removed from the “ Files Selected for Processing” by
double clicking on it.

Click Add to insert those names into the “Files Selected for” Section of the panel.
Click the Process button.
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Databases

Databases

Databases

i+’ Custom Reports - Full Quant Mode

Template Edt Eomat Yiew Window Help

olelm] # slnl[e |

1+ d:\HPCHEM\1\iptimp\FQ_DB.FQD [_[O]x]
Al lan Name X
A I B | C [ E -l

1 |[Ion Hame

2 |Label: Date Acguired Data File Name Operator  Sample Name
3 Mar 2z 1994 09:43 am std-05.d
4 Format 1 (Yes/No)

5 [Format 1 Title

6 [Format 2 (Yes/No)

7 |Format 2 Title

8 |Show X Axis Title

9 |Show Y Axis Title

10 Lines to Chart

A1 | Fowmatr 1 Farmat 9 i

Lot i
[

o
i
a

2

e Create new database
e Edit the current database and/or create charts
e Specify new database
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Figure 213

Selecting the “New...” menu item from the Template menu will bring up the
Custom Report / Database Wizard.
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Database Wizard

Database
Wizard

Database Wizard

Custom Repart |Database: -

Possible items for lepart Fleport Conlents

| Setected Ttems

Add> -Misc Info

Flenent Nane
< Flemove Hass
CountsfCPS Mean
Concentration lean

Calibration Veight
Blank Conc.
Blank Conc. SD

CunemElemert [Tews  Ti 4913 ppb | Colurans n Datebase 27
Prsvius Neit ok | Corcel | Hep |

» Select a Database section from thelist of theright.

Select an item from the Possible Items for Databaselist on the left.
Click the Add button.

Repeat until all items and sections are added.

Click OK.

‘s%’. AgilentTechnologies
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Figure 214

Clicking the Add button will add the selected item to the Database Content list on
theright.

Clicking the Remove button will remove the selected item from the Database
Content list.

Graphics can NOT be added to a database
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Database - Drag and Drop

Database - Drag and
Drop

Database - Drag and Drop

Edit Box: Drag and Diop

&+’ Custom Reports - Full uant Mode - [Untitled 1] ]
[rama 12 412 e =
¥ Template Edit Fomal Miew Window Help B
0)2|=] & @z 5] ]|u 5 || B w2 | net |
— e e
F1&
A | E | [ | D | | F
1 Ion Hame 7 Li 7 Li 7 Li
2 |Labels Date koguired Data File Name Element Name Mass Counts/C
3 Mar 2 1994 09:43 am std-05.d Li 7 ¢
4 |Format 1 (Yes/Ho) [E]ouant £1emen: [N
5 |Format 1 Title Element, Name
6 |Format 2 (Yes/Ho) YES YES -Element Eull Name
7 |Format 2 Title ~Mass
8 |show X Axis Title YES YES - Counts /CPS Mean
9 |Show ¥ RAxis Title Counts/CPS 5D
10 |Lines to Chart Gounts/CPS RSD
" Format 1 Format 2 Baw Counts/CPS Mean
12 |Start of Data X-axis X-axis Raw Counts/CPS SD
13 Mar 2 1394 09:43 am std-05.4 Li ? [ Rawr Count=/CPS RSD
IS Ref
14
15
16 I
17
18 _
B
«
Fleady
v
~Calibration Coef B
~Calibration Coef C LI
Close Help

»*... AgilentTechnologies
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Figure 215

e Accessed by selecting View / Edit Box or clicking Edit Box button of the
toolbar.

e Seect anitemanddragitto any cell inrow 3.
e Usethe Next button or select from the list to view other elements.
e The current value for the highlighted item is displayed.

Be awarethat if you are editing a database, you can only put items from the Edit
Box into row 3. Thisrow contains all the information that you want to keep for
each datafile.

“Next” accesses the next element in the quantitation results. Elements can also be
selected by using the element selection box.
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Database - Formatting

Database -
Formatting

Database - Formatting

E stom Reports - Full Quant Mode - [Untitled 3]
& Template Ed Y view Window Help

T[= 3
==l x|

A3 | u = | o] | 2]
Fant.
Border...
Battem...
Custom Format... B | c | D | ‘ =
1 Ton Har = 6 Li |
2 Labels Columnidth... cuired Data File Mame Sample Mame Misc Info Elewent Harw
3 Row Height. 999 09:44 am O007cali.d 100 pph star Li
4 Format Irisert Fage Bresk
5 |Format
6 Format 2 (¥esfHo)
7 |Format 2 Title
il Show X Axis Title
9 |Show ¥ Axis Title
10 |[Lines to Chart
1" Format 1 Format 2
12 |Start of Data X-axis X-axis
13 Jan & 1999 09:20 am 003calb.d cal blank Li
14 Jan § 1999 09:26 s 004cali.d 1 pph stands Li
15 Jan § 1999 09:32 &m 00Scali.d 10 ppb stanc Li
16 Jan § 1999 09:38 san 006cali.d 50 pph stanc Li
17
16
4
1
Ready

Agilent Technologies
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Figure 216
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Database - Charts

Database -
Charts

Database - Charts

45 Sc Counts/CPS Mean vs Data File Name

620000

B60000
G40000
620000

G00000 4 4 + i
003calb.d D04cali.d 005cali.d D0Gcal.d 007ealid

Data File Name

dutis Print Optian
= IdE Sc Counts/CPS Mean j ICurrenl Chart j
Chart O ptiohs | Previous | Mest | Print | Close | Help |

e The Database Wizard for mats automatically but you
can customize the format using the Chart Options.
e Savethe database.
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Figure 217

“X-Axis’ lets you choose which items to chart on the X-Axis. Column B and C
of the database determine the X-Axisitems. The default item for Column B is
Date Acquired and for Column C is Data File Name.

“Y-AXxis’ lets you choose which items to chart on the Y-Axis. Only numerical
values (such as mass or counts) can be used for the Y-AxXis.

The Print Option lets you print the current chart or print all chartsin the database.

239



Custom Reports and Databases
Global Chart Options

Global Chart
Options

Global Chart Options

Global Chart Dptions
Data Points from end to chart i|

Enter O ta chart all columng of data unless over-ridden in Individual
Chart Options dialog box

- Chart Scaling
Scale iz in Absalute Data Urits

o Automatic Scaling

C Manual Seale [0 o 1100
Scale iz in Percentage
" Momalize to Marimum
i~ Setthe First Data Point to 100 P
~ Control/Limit Lin
= Relative to Mean " Relative to First

=" Percentage Linss

™ Lower Limit |75 %
I~ Upper Limit I1 25 %

™ Standard Deviation Lines

I~ First Lirmit fi STDEV'S
ol ety B STDEVS

0K I Cancel | Help
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Figure 218

By default, all rowsin database are charted. If you enter a number N (other than
0) in the “Data Points from End to Chart” field, then only the last N rows will be
charted. Thisfeatureisuseful when you have added many rows to your database,
but are only interested in the last N files. Y ou can override thisvalue for asingle
chart using the Individual Charts Options dialog box.

Automatic Scaling - The software will automatically choose a range which alows
al of the datato be seen. The datais shown in absolute units. The range chosen
can be dightly larger than the actual data range.

Manual Scale - The manual scale allows you to control exactly what the scale on
the Y axiswill be.

Normalize to Maximum - This scale allows you to chart the data as a percentage
of the maximum value (set to be 100%).

Set the First Data Point to - This scale alows you to chart all pointsas a
percentage of the first row of data.
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Global Chart Options

Y ou can draw up to four control/limits lines on achart. These lines can be
relative to the Mean or to the first value charted.

Y ou can draw the percentage lines or Standard Deviation lines
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Database - Saving

Database -
Saving

Database - Saving

Save As
Savein I {3 Ripttmp
FG_DE.fad
Fi_DBvl.fad
File name: Iﬂl
Save as byper [Custom Reports [*fgd) j Cancel

¢ Click Yesto link the templ
with the current method

‘s%’. AgilentTechnologies
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Link with Method

ate

e Select File/ Saveor File/ Save As
e Default file name is <method
name.fqd>; choose thisor enter
alternate file name and click OK.

Uzse DEFALLT fqd az the Database for DEFALILT b 2

Figure 219
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Updating the Database - Interactively

Updating the Database -
| nter actively

Updating the Database - Interactively

[F=]0ffline Data Analpsis - EPAGEN.QCC / DEFAULT M / DEFAULT.C / STD-05.D
Eile Method Spectium  TimeChart Calibrate [EgWINERE SemiQuant lsotope Took  Dptions

i[1] Spectium Ho.1 [ 51.002 sec] stoEREERE

Lapout Custom Repart...

e Load adatafile.
e Select FullQuant / Update Database.

130 140 150 160 170 150 130 i

Log quant results to database

»*... AgilentTechnologies
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Figure 220
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Update the Database - Multiple Files [1]

Update the Database - M ultiple Files
[1]

Update the Database - Multiple Files [1]

[=]Offline Data Analysis - EPAGEN.QCC / DEFAULT.M / DEFAULT.C 7 5TD-05.D
File Method Spectum  TimeChat Calbrate FulQuant Semifuant  sotope

i[1] Spectrum No.1 [ 51.002 sec]:std-05.d [Count] [Linear] 1

il il
Select a Report Option

" FullQ - Summary - Printer

[TiFull@ - Print Custom Report

¥ Full@ - Update Database

Process a batch of files

»*... AgilentTechnologies
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Figure 221
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Update the Database - Multiple Files [2]

Update the Database - M ultiple Files
[2]

Update the Database - Multiple Files [2]

= Multiple File Select
Directaries: dAHPCHEMYTADATA

Data File Sample Mame Filez Selected for

S dh icpdemo.d Cinnarmon

EJHPCHEM ectium.d  Cinhaman
N5

1

[ADEFAULT.C

| Ao [| selected datafiles
8:2:'5;::;;”1 <-F|em0ve| Wl” be ||Sted |n thlS

(21 spectrum.d unknownd LY .Ce. Tl Unknown 5am bOX

([ std-05.d
[ std10.d

Dirives:
IQ & [WINNT] j Process | Cancel Help

e Select Tools, DoList...
e Select FullQ -- Update Database
e Select filesto be processed

»*... AgilentTechnologies
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Figure 222
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Update the Database - Multiple Files [2]
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Isotope Ratio Measurements

Editing a Method for Quantitative Analysis

Editing a Method for Quantitative

Analysis

Check method sections to edit:
¥ Method Information
Interfarence Equation
 Acquisition
 Data Analysis

QC Parameters
@ Edit @C Database

@ Edit @C Tune Criteria

Select ‘Edit Entire Method’

Edit Method [ ]

Editing a Method for Quantitative Analysis

QC Parameters will only be
availableif Intelligent
Sequencing is enabled

OK | Cancel

Help
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Figure 223
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Isotope Ratio Measurements
Acquisition Modes

Acquisition
M odes

Acquisition Modes

Acquisition Mode
" Spectrum

" Time Resolved Analysis

" Time Program

0K | Cancel Help
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Figure 224

Spectrum mode is the most common acquisition mode for standard applications.
e Quant
e Semiquant

Time Resolved Analysis (TRA) and Time Program (more sophisticated than
TRA) are used when atransient signal is measured.

e Electrothermal Vaporization (ETV)

e Laser Ablation (LA)

e Discrete Sampling Analysis (using I1SIS)

e Chromatographic analysis (LC, GC, IC, CE)

Isotope Analysis mode is used when additional precision is needed for isotope
ratio measurements. It is similar to spectrum mode, but with 10X higher
sampling frequency.
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Acquisition Modes

Multitune mode is used when during a single acquisition more than one tuning
parameters are needed to accomplish the optimum performance.
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Acquisition Parameters for Isotopic Ratio Measurements

Acquisition Parametersfor |sotopic Ratio
M easur ements

Acquisition Parameters for Isotopic Ratio
Measurements

Isotope Analysis Acquisition Parameters

¥ Set every Mass Integration Time [sec]
Cnt tion ti Mass Elem. per Point per Mass Detector
.......... [ 'megration time 204 Pb 3.0 90 ‘Auto
20 40 60 80 100 || int: 206 Pb 0.3 0.9 Auto
| er Point: seC]
P foed] 207 Pb 0.3 0.9 Auto
---------- | 3.00 [sec]]| (208 Pb 0.3 0.9 Auto
120 140 160 180 200 ||
220 240 260 . PR .
Detector: [aute 7] Longer acquisition time
Periodic Tahle | Mass Scale .
for less abundant isotope
-Peak Pattern——————————— 4.0\ jsition Time ‘ |
TRa () | Acquisition: 19.80300 [sec] L
Full Quant(3) | | | |- Usually 5 or 10 repetitions
Semi Quant (6] Repelitinn:m/
Maximum [20] Total Time: 99.0150 [sec]
oK Cancel Help Check Parameter | Enter I

»*... AgilentTechnologies
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Figure 225
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Report Selection

Report
Selection

Report Selection

Select Reports

Q itation Report

[ Quantitation Report
" Custom Report
" Update Custom Database

-QC Report

¥ 0C Report

- Semi Report

[~ Custom Report
[T Update Custom Database

I pe Report

¥ Isotope Ratio Report
[ Isotope Dilution Report

0K I Cancel Help

IR Report Option

Style : |Isutupe Ratio

D

" Screen

oK I Cancel

Agilent Technologies
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Figure 226
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Isotope Ratio Measurements
Setting Parameters for Isotopic Ratios

Setting Parametersfor | sotopic

Ratios

IR Parameters

¥ Bias Correction
- Standard File

Setting Parameters for Isotopic Ratios

CACPCHEMINDATANMRURINEY

Background file :

2IRUOT5C.D Browse... | Interference Correction: OFF
Element: 92y j IR Output Format
i Isotope
Numerator Denominator
Mass Std. Isotope Ratio
234 ] |o.0060 1 235 Total
2 238 Total
25 [ [orm 3 o
F) — —
238 =] [99.2740 5 - -
= j I [3 — —_
7 _ _
& [— - -
- j 9 — —
10 — —

.

— j I
— j Denominator ;gs 4
= A oK | Pk J Help
Total >
. :i'." .. Agilent Technologies
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Figure 227
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Isotope Ratio Measurements
Example of the Isotopic Ratio Report

Example of the I sotopic Ratio
Report

Example of the Isotopic Ratio Report

Help

= e
File Edit Search

Isotope Ratio Report - Isotope Ratio =
File Name : 2IRUD1SB.D
File Path : C:AICPCHEM\IA\DATANIRURINEN
Method : C:\ICPCHEM\1\METHODS\U-IR.M
Acq Time : Sep 5 1997 09:38 pm

Sample Name : standard UB1S
Sample Type : Sample
Comments : + 10 ppb Tb, Ir & Bi
Prep Dilution : 25.80

Auto Dilution : Undiluted
Total Dilution : 25.00
Operator MName: Ela

Acg Mode : Spectrum

Bkg File Pommmmmmms

Bkg Rejected Masses: --------
Interference Correction : OFF

lMass Bias Correction : C:\ICPCHEM\T1\DATANIRURINENZIRUG1SC.D
Element : 92 U
Rep 235/Total  238/Total  235/238
1 0.007270 0.9927 0.007324
2 0.007188 0.9928 0.007240
3 0.007284 0.9927 0.007338
4 0.007236 0.9928 0.007289
S 0.007142 0.9929 0.007193
Aug 0.007224 0.9928 0.007277
sD 0. o. 0. 1
RSD[%] 0.82 0.01 0.82
Coef.  --------  -------- 0.4577 =
" Agilent Technologi 4 | 47
: Innovating the HP Way
Figure 228

254



..8%  Agilent Technologies
_."f".t Innovating the HP Way

Agilent ICP-M S ChemStation and
Windows Overview




Agilent ICP-MS ChemStation and Windows Overview
The Windows Interface

The Windows
| nterface

The Windows Interface

Accessto disk drives and folders

Folder totemporarily hold files, folders,

wr / or objectswhich have been deleted.

Start button to open programs

/Task Bar

| TaInetrument 2 [offine 1} Dat..| [ Miorasoft PawerPoint - [mo..|

i Start| A Distiler Assistant 301

Qs s4zaM

.'.:‘:.'. Agilent Technologies
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Figure 229
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M enus

Agilent ICP-MS ChemStation and Windows Overview
Windows Menus

Windows Menus

Mew Office Document
— i

e Dffce Docurent

Start [=]Miciosoft PowerPoint - [mo...

ll - | Windows NT

e .. Agilent Technologies
*7% " Innovating the HP Way

Programs- Windows NT Explorer, WordPad,
Paint, Agilent 7500 ChemStation

Documents - The last 15 documents
you have worked on

Settings-  Control Panel, Printers,
Taskbar

Shutdown - Select before turning
off your computer

J ) 212PM

Figure 230
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Agilent ICP-MS ChemStation and Windows Overview
Useful Windows Tips

Useful Windows
Tips

Useful Windows Tips

«Add Programs to the first-level
menu instead of cascading
through menus.

«Create Shortcuts by dragging
a document to the desktop with
aright-click of the mouse
button.

«Change the desktop properties
with aright-click of the mouse
button.

oUse Ctrl-Alt-Del to end atask
that is not responding.

w5 AgilentTechnologies
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Backgiound | Screen Saver Appearancel Plus! |5ellings|

Figu

re 231
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Agilent ICP-MS ChemStation and Windows Overview
Maintaining the Computer System

Maintaining the Computer
System

Maintaining the Computer System

Delete temporary files on aregular basis

Use Checkdisk to check for errors on the disk

Defragment the hard drive using a WIinNT utility

Use Virus detection software

Create aWindows NT Emergency Repair disk

%, AgilentTechnologies
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Figure 232
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Agilent ICP-MS ChemStation and Windows Overview
Windows NT Explorer - Enhanced File Management

Windows NT Explorer - Enhanced File

M anagement

Management

Windows NT Explorer - Enhanced File

»*... AgilentTechnologies
Innovating the HP Way

File Edit View Tools Help
All Folders Contents of'T'
|25 Desktop a| |3 4500
£+ Wy Computer {23 7500
& 3% Floppy (A) 13 Calib
cr=] é:J Eg:"ﬂ
@00 A 0101
5o Sy
{1 Chemback S emode
=03 lepchem 5 Rt
a?_‘. |51 Sequence
-0 4500 |21 Chnseq
{3 7500
[ Calib
{11 Chnseg
(3 Data
0 1sis
3 maintain
#-1 Methods
{1 Qcmode
(1 Ppttmp
*.{1 Sequence
4@
{23 Custrpt
-0 Database
3 lepexe
3 lepsetup
£ Moexe
{2 Msmacros
-0 Sys
{3 Iopexe
- pdf
@ Pranram Filas

Click on + sign to open
sublevelsin the left pane.

Click on theitem to
display the contentsin the
right pane asfolders.

Figure 233
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Agilent ICP-MS ChemStation and Windows Overview
Directory Structure of the Agilent ChemStation

Directory Structure of the Agilent
ChemStation

Directory Structure of the Agilent ChemStation

Siclnt Icpchem Winnt

Custrpt Database | cpexe | cpsetup

|
1
I | |
Calib Chnseq Data 7500 Methods Qcmode Rpttemp Sequence
|
|

Icpdemod gy 059 Std-10d
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Figure 234
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Agilent ICP-MS ChemStation and Windows Overview
File Naming

File
Naming
File Naming
Files have the form:
<filename>. <extension>
<up to 8 characters> . <up to 3 characters>
Period Separator
Forbidden characters for filenames:
S\ <space> []|+; ,?2=*<>
Figure 235
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Agilent ICP-MS ChemStation and Windows Overview
ChemStation File Extensions

ChemStation File
Extensions

ChemsStation File extensions

d data"file’ gcc QC mode

.m method "file” gct  QCtemplate

S sequence file fgt  full quant template
.chs  chained sequence fgd database template
.mac macro file u tunefile

.exe program pa P/Afile

Ixt  textfile prm  tune parameters
db  database

log lodfile

..":.. Agilent Technologies
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Figure 236
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Agilent ICP-MS ChemStation and Windows Overview
ChemStation File Extensions
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An Overview of ICP-MS Environmental Applications
Optimizing Agilent 7500 for Environmental Samples Analysis

Optimizing Agilent 7500 for Environmental
Samples
Analysis

Optimizing Agilent 7500 for Environmental
Samples Analysis

>Tuning

Match instrument dynamic range to analyte concentration range
->Detune sensitivity, especialy low mass
2> Dilute samples as necessary (off-line or auto-dilute with 1SIS)

> Minimize Effects of Sample Matrix

= High RF power

= Longer sampling depth ==> longer residence time
> Appropriate use/selection of internal standards

- Appropriate selection of isotopes

“s*. AgilentTechnologies
+*2%. Innovating the HP Way

Figure 237
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An Overview of ICP-MS Environmental Applications
Environmental Tuning

Environmental
Tuning

Environmental Tuning

Three Steps.
Initial Setup and Hardware Checkout
Optimize Physical & Plasma Parameters
Detune Sensitivity vialon Lenses

%, AgilentTechnologies
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Figure 238

Initial setup/hardwar e checkout

When any maintenance is executed, it isimportant to verify that the instrument
can meet specifications for sensitivity, precision, mass calibration, oxides and all
other parameters. Thiswill verify that the hardware is operating correctly.

Physical/Plasma Parameters

Since typical environmental samples can contain relatively high matrix, itis
important to make tuning adjustments that improve the decomposition of the
matrix, such as increasing the plasma temperature or increasing the residence time
of the samplein the plasma.

Detune Sensitivity viaion lenses

Typical compositions of environmental samples include higher concentrations of
low mass elements such as Na, K, Caand Mg, and lower concentrations of mid
and high mass elements such as Se and Hg.
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An Overview of ICP-MS Environmental Applications
Environmental Tuning

To analyze al the elements at the same time, detuning the low mass only can be
an effective technique. However, care must be taken in this process if analysis of
Beisrequired.

Tips

Conditioning of the interface is recommended to improve signal stability, after
cleaning the cones or extraction lenses. For conditioning, run tap water through
the system for 1/2 hour during tune before finalizing tune conditions and prior to
calibration and sample analysis.
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An Overview of ICP-MS Environmental Applications
Three Goals of Environmental Tuning

Three Goals of Environmental
Tuning

Three Goals of Environmental Tuning

Optimize aerosol formation
Maximize analyte exposure to plasmatemperature
Minimize matrix exposure to mass spectrometer components

‘s%’. AgilentTechnologies
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Figure 239

Increasing sampling depth increases the sample residence timein the plasma. The
effect isto allow more time for decomposition (atomization and ionization) of the
analyte elements. Each nebulizer has optimal values for carrier gas flow rate and
sample flow rate. In general, higher carrier gas flow rates create higher carrier
gas pressures thereby generating finer droplets, which lead to better instrument
sengsitivity. However, excessive carrier gas flows cool the plasma, decreasing the
sensitivity and increasing the ratios of oxides and doubly-charged ions
significantly. Excessively high carrier gas flows cool the plasma which increases
low mass (e.g. Li) sensitivity and noise to a non-acceptable level. Lithium signal
should not exceed Yttrium signal in awell tuned system.

Oxides are amost completely controlled by the interaction of four parameters,
spray chamber temperature, sample depth, carrier gas flow and peri-pump flow.
Since we have chosen to maximize sample depth for other reasons and spray
chamber temp should normally be set to 2 C. we must control oxides with carrier
gas flow and peri-pump flow. The goal here isto maximize the efficiency of the
particular nebulizer being used (smallest droplet size and size distribution),
without increasing either flow to the point of over-cooling the plasma.
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An Overview of ICP-MS Environmental Applications
Three Goals of Environmental Tuning

Decreasing the negative voltage on the two extract lenses decreases the number of
ions drawn into the mass analyzer. This decreases the sensitivity of the
instrument. It also decreases theion load on the rest of the mass analyzer which
minimizes the need to clean the other lenses and components. It isimportant that
the correct voltage gradient between the two lenses be maintained. As such, Extl
should be set and then Ext2 fine tuned to give the best results. If large changesin
Ext1 voltage have little to no effect on sensitivity, thisis an indication that the
extract lenses need to be cleaned.
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An Overview of ICP-MS Environmental Applications

Tuning Flow Chart

Tuning Flow
Chart

Tuning Flow Chart

Tuning the Agilent 7500 ICP-M S

for Environmental Applications

Initial Setup/Hardware Checkout

Initial

Setup
New Instrument or after Major System

rital targets: Ui> Bk
Iniialy, all tune parameter gets: > B

houks e et acccring | i
he recanmentd vale B
e 1 (o) ] (GHheC2 1%

PhysicallPlasma Parameters

pass

See Appendix 4

3

Set RF Power

1350. s
(monitor reflected powef
 adjustf necessary wit

Set Carrier Gas Flow

Adjust Sampling Deptl Set Peri-pump
8.9 mm (1) 0.08-01RPS

Moritor axides; it shoud
ot exceed 0.5% (2)

1. Decrease carrer (or
flow

peripump flow (3)

Run Torch Position

Run " Set_EMI™ Check Axis/Resolution

from the Tune Menu Peak widths

o adjust al detector Pass—> 0.75 a 10 % +-0.05.
parameters mass calb.

Pomiral mass +/-0.05

Detune Sensitivity via ion lenses-- target: low mass sensitivity is reduced in sensitivity by 10x_|
1o migand bigh

Agilent Technologies

SetExtl and 2

at low volage. especialy]_

Exi2, which impr

stabilty below -35V.(4)

Achieve Goals
+

[DO NOT ADIUST:
Increase both Omega +

Tune Einzel U3, and 2 Any AMU setiings

Typical values are -60V | Any Axis settings.

and 14V, respeciivly. Dicriminator
Adusiments of these. EM votage
lenses improve signal Last Dynode.
stabilty PIA factors.

Achieve Goals
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Figure 240
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An Overview of ICP-MS Environmental Applications
Recommendations on Interference Equations

Recommendations on I nterference
Equations

Recommendations on Interference Equations

Generally Use Equations Specified in EPA Method 200.8

May require slight adjustment based on measured values

%, AgilentTechnologies
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Figure 241

Arsenic

Since there are lots of polyatomic ions are generated around the mass, it is very
difficult to apply universal equation.

When the contribution of 82Kr is considered, the equation should be changed as
follows:

AS(75) = (1.000)(75C) - (3.127)(77C) + (2.736)(82C) - (2.760)(83C)

However, an unknown peak sometimes appears at mass 83. BrH is also generated
at mass 82. Asaresult, the contribution of Kr is overcorrected, and As might
show a negative result.

Selenium

Generally, the use of 82 rather than 77 or 78 isrecommended. 77 isinterfered
with by “°Ar*’Cl, and 78 isinterfered with by *Ar*°Ar dimer. The 82 isotope

needs to be corrected for the possible presence of #Kr in the Argon gas supply
using the following equation.
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An Overview of ICP-MS Environmental Applications
Recommendations on Interference Equations

Se(82) = M(82) - 11.6/11.5* Kr(83)
= M(82) - 1.0087 * Kr(83)
However, as described the above, the unknown peak might appear at mass 83,
thereby a portion of the signal at mass 83 isused practically. An exampleisas
follows:
Se(82) = M(82) - 0.6 * Kr(83)
The monitoring of mass 77 and 78 is also recommended just in case.
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An Overview of ICP-MS Environmental Applications
More Interference Corrections

More Interference
Corrections

More Interference Corrections

Some correction factors are based on formation of doubly
charged species or oxides rather than on isotope ratios and
need to be updated periodically.

* [ron-54
* Ca-44

‘s%’. AgilentTechnologies
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Figure 242

Vanadium

The interference correction might not be useful. Becauseit is almost redundant
(1% NaCl gives about 1ppb CIO equivalent) and can lead to problems when high
Cr is present.

Iron

The use of 54 rather than 56 or 57 isrecommended. Since mass 54 isinterfered
with ArN, the concentration of HNOs should be the same. If the concentration of
HNOj3 cannot be controlled, the following equation would be useful:

Fe(54) = M(54) - ratio of 54/15* M(15)

In this case, a blank solution must be analyzed at first, and mass 15 and 54 should
be measured. Theratio of 54/15 will be calculated, and this ratio will be entered
into the equation.

CaN isunlikely to give an interference at 200 ppm Ca carbonate.

Calcium
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An Overview of ICP-MS Environmental Applications
More Interference Corrections

Caisnormally included at very high concentration; therefore, thereis no
interference on it.

However, when the mixed standard solution which contains the same
concentration of Caand Sr, the apparent Ca* will be almost double if the system
was calibrated in the absence of Sr. The same problem occurs with Ca™. In this
case, the following equation is useful:

Ca(44) = M(44) - ratio of Sr*/Sr* * M(88)
Sr solution must be analyzed at first to get the ratio of Sr**/Sr™.
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An Overview of ICP-MS Environmental Applications
Calibration Standards

Calibration
Standards

Calibration Standards

Calibrate no higher than necessary
Minimize memory effects and the detector wear
» typical rangesfor ‘trace elements’: 0, 1, 10, 100 ppb
» major elements such as Na, K, Ca, Mg, Fe: 0, 100,
1000, 10,000 ppb
*Hg: 0,0.1,0.5, 1, 5ppb
Major and trace e ements are available in a single solution
with their concentration in 100:1 ratios, respectively
Mercury supplied in a separate solution
Addition of 100 ppb gold to ALL solutions required for
mercury determination

..":.. Agilent Technologies
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Figure 243
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An Overview of ICP-MS Environmental Applications
Linear Range Determination

Linear Range
Deter mination

Linear Range Determination

‘Practical Linear Range’
Reasonable upper range of analyte concentrations after
sample dilution to avoid excessive carryover after
running LRS

Typically:

e ~1 ppm for most elements,

e 10-50 ppm for ‘mineras’,

e <500 ppb for Ag, Mo, Sh, Tl, Pb and other
memory prone elements,

e <20 ppb for Hg!

Much lower than actua I nstrument Linear Range

%, AgilentTechnologies
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Figure 244
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An Overview of ICP-MS Environmental Applications
Interference Check Samples

| nter ference Check
Samples

Interference Check Samples

Purpose is to test effectiveness of plasma conditions and
correction equations:

High concentrations of ‘ Interfering Elements
Trace concentrations (~20 ppb) of analyte elements
Only the analyte elements need be measured

%, AgilentTechnologies
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Figure 245
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An Overview of ICP-MS Environmental Applications
Troubleshooting Environmental Applications [1]

Troubleshooting Environmental Applications

[1]

Troubleshooting Environmental Applications [1]

High Tune % RSDs
Non-linear Calibrations
High Analysis % RSDs

Poor Agreement Between Calibration and ICV

%, AgilentTechnologies
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Figure 246

High RSDsDuring Tune

Incorrectly tuned plasma parameters such as carrier gas or blend gas flow,
peri-pump speed or sample depth.

Dirty cones

Worn peri-pump tubing. Incorrect shoe pressure on peri-pump. Should be
just tight enough to insure a smooth flow of sample (aspirate abubble and
watch its progress through the line).

Non-Linear Calibrations

ICP-MSisalinear technique. Pulse mode calibrations should always be
linear, if not, suspect standard preparation errors or possible incompatibilities
among elements in multi-element standards.

Non-linearity between pulse and analog mode indicates incorrectly set P/A
factors or possible worn out detector.

High % RSDs During Analysis
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An Overview of ICP-MS Environmental Applications
Troubleshooting Environmental Applications [1]

Insufficient uptake, rinse-out or stabilization time. Use ‘Edit Average File' >
‘Tabulate’ to examine individual replicates for upward or downward trends.

I nsufficient signal counts.

May be also be caused by worn peri-pump tubing or bubblesin either the
sample uptake or internal standard uptake tubing. Check the connections at
the ISTD addition “Y” and replace the peri-pump tubing.
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An Overview of ICP-MS Environmental Applications
Troubleshooting Environmental Applications [2]

Tr
[2]

oubleshooting Environmental Applications

w5 AgilentTechnologies

Troubleshooting Environmental Applications [2]

Poor Analyte Recovery in Spiked Samples for Selected Analytes

Carry-over or Memory Effects for Certain Elements

*-. Innovating the HP Way

Figure 247

Poor recovery for selected analytesin spikes.

Severa conditions can cause poor recovery of certain analytesin spiked
samples. Agisespecialy insoluble in the presence of even trace levels of CI°
, therefore the use of HCI should be avoided whenever possible. Severd
elements (Zn, As, Se, Cd) have relatively high first ionization potentials and
may not be as effectively ionized in samples with high concentrations of
easily-ionizable elements such as Naand K. Diluting the sampleif possible,
or selecting an alternative interna standard with a higher ionization potential
may help. Possible alternative internal standards include Ge, Te, and Au.

Carryover or memory interference.

Severa elements are prone to memory effects for various reasons. Ag, Mo
and TI tend to stick to surfaces in the sample introduction system and slowly
rinse into subsequent samples. Keeping the sample introduction system
(sample tubing, peri pump tubing, nebulizer, spray chamber, torch and cones)
clean will help minimize carry-over. Also, rinsing between samples with
relatively high acid concentration rinse blanks (ca. 5% HNO3) will help. If

281



An Overview of ICP-MS Environmental Applications
Troubleshooting Environmental Applications [2]

possible, avoid introducing samples or standards with concentrations of these
elements above afew hundred ppb. Use of the Babington nebulizer should
also reduce carryover of these elements. Li, when analyzed for extended
periods of time or in very high concentrations tends to accumulate on the
back sides of the interface cones. Cleaning the cones will usually reduce Li
background and carryover. Volatile elements, or el ements with volatile
hydrides such as Hg and Sb can also carryover due to off-gassing from
droplets on the spray chamber walls. Stepsto reduce the volatility of these
species are helpful.
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Troubleshooting Environmental Applications [3]

Tr
[3]

oubleshooting Environmental Applications

w5 AgilentTechnologies

Troubleshooting Environmental Applications [3]

Cadlibration Drift Over Time

Poor Internal Standard Recoveriesin Certain Samples
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Figure 248

Calibration Drift over time.

Insure that the instrument is adequately warmed up before initial calibration
(warm-up, while scanning in tune for 15 minutes).

Insure that laboratory temperature does not vary by more than 3 degrees C.
per hour.

Check cones for signs of sample deposits which may be affecting the size
and shape of the cone orifices. Clean if necessary.

Check peri-pump tubing for signs of excessive wear or flattening.

Run SetEM. An electron multiplier which is near the end of its useful life
may be changing in response over short periods of time. If running SetEM
significantly changes the EM voltage from day to day, the EM should be
replaced.

Poor internal standard recoveriesin samples.
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Troubleshooting Environmental Applications [3]

Reduction in internal standard signal is usually caused by high matrix
concentration in samples (especially Na, and K). Dilute the samples. It may
also be desirable to tune the instrument with a matrix matched tune solution
containing appropriate levels of the matrix elements to minimize the effect of
any matrix induced suppression of ionization.
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Troubleshooting Environmental Applications [4]

Troubleshooting Environmental Applications

Troubleshooting Environmental Applications [4]

High Relative Standard Deviations (%RSDs) in
Samples
Standards

High %RSDsin Tune
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Figure 249

High relative standard deviations (RSDs) for analyte or internal standard
elementsduring sample analysis.

Usually caused by insufficient sample uptake or stabilization time. May be
also be caused by worn peri-pump tubing or bubblesin either the sample
uptake or internal standard uptake tubing. Check the connections at the
ISTD addition “Y” and replace the peri-pump tubing. Shoe pressure on the
peri-pump should be just tight enough to insure a smooth flow of sample
(aspirate a bubble and watch its progress through the line).

High RSDsduring tune.

Incorrectly tuned plasma parameters such as carrier gas or blend gas flow,
peri-pump speed or sample depth.

Dirty cones.Worn peri-pump tubing.

Incorrect shoe pressure on peri-pump. Should be just tight enough to insure a

smooth flow of sample (aspirate a bubble and watch its progress through the
line).
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Troubleshooting Environmental Applications [4]

Omega lens settings can also affect tune precision as can parameters which
affect mass peak shape such as plate and pole bias.
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Semiconductor Applications of ICP-MS and Advantages of Agilent 7500s System
Chemicals and Materials Used in Semiconductor Industry

Chemicalsand Materials Used in Semiconductor
Industry

Chemicals and Materials Used in Semiconductor
Industry

I 7 Si, GaAs
Wafer substrate
SiH4, TEOS, NF3, N2
Gases
/ \
N N\
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Figure 250

BPSG = boron phosphorus silicon glass used for doping.
TEOS = tetra ethoxy silane (used for depositing SiO; layers.
TMAH = tetra methyl ammonium hydroxide.

Multielement analysis and ultralow detection limits have made ICP-M S the
technique of choice for the determination of metallic impuritiesin the industry.
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Metals Analysis in the Semiconductor Industry - Customer Groups
and Requirements

Metals Analysisin the Semiconductor Industry -
Customer Groupsand
Requirements

Metals Analysis in the Semiconductor Industry -
Customer Groups and Requirements

o Chemical manufacturers

- need for QC analysis of products
= inorganic chemicals
= Organic chemicals

o Wafer manufacturers
- Characterize bulk polysilicon
- monitor contamination control in wet stations
- analysis of chemicals and various mixes
- wafer surface characterization
« Device manufacturers

- monitor contamination control in wet stations
= analysis of chemicals and various mixes
= photoresist\stripper analysis
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Figure 251
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Semiconductor Applications of ICP-MS and Advantages of Agilent 7500s System
ShieldTorch Interface

ShieldTorch
| nterface

ShieldTorch Interface

« Developed by HP/Y okogawa in 1992
- led to widespread use of "cool" plasmas
o Prevents secondary discharge in the ICP-MS interface
- virtually eliminates many polyatomic interferences
- Shield plate design assures complete discharge removal
o Enablesthe determination of Fe, Caand K at low ppt levels
- 3 orders of magnitude improvement in detection limits
o Improved DLsfor most other SEMI elements
- dramatically reduced interface background
= Sub-ppt DLsfor Na
¢ Operates at higher power levels - up to 1100W
- Other systems must be operated at 500-600W
o NO consumables
- Shield plate lasts indefinitely - never hasto be removed

%, AgilentTechnologies
*".. Innovating the HP Way

Figure 252

The Agilent 7500 has no loss in sensitivity when switching to cool plasma - Other
instruments lose up to 95% of their sensitivity for all Transition metals.

Other Instruments have to run at 600W to reduce ArO - Agilent 7500 can run at
1100W, which means higher sensitivity, lower oxides, and lower matrix effects,
and also analyze As, Se.
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ShieldTorch Interface

ShieldTorch
| nterface

ShieldTorch Interface

i

%, AgilentTechnologies
*".. Innovating the HP Way

Figure 253
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Normal and “Cool” Plasmas

Normal and “ Cool”
Plasmas

Normal and “cool” Plasmas

Normal Plasma Cool Plasma

Forward Power at 1300W Forwerd Ponver at 900W
Sampling Depth at 7mm Sapling Degthat 13nm
Carrier Gas Flow at 1.2lpm Carier GasHowa 1.7pm
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Figure 254

Shield Plate removes potential difference between plasmaand interface, so no
polyatomic ions form behind the sample cone. Cool central channel of plasma
giveslow Ar and Ar-based ion populations. Shield Plate can be used at high
powers.

High temperature gives good ionization and matrix tolerance, but high population
of Ar and Ar-based polyatomic species form in the plasma and behind the sample
cone, due to potential difference between plasma and interface.
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Shield Torch “Cool Plasma”

Shield Torch “ Cool
Plasma”

Shield Torch “Cool Plasma”

Pogrly Grounded Shield Plate

No polyatomicion
formation

Plasma must be operated at
600W to remove polyatomics.
No Shield Plate
Pseudo Cool Plasma achieved using
iveload coil geometry
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Figure 255
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Shield Torch Installation

Shield Torch
| nstallation

Shield Torch Installation

The shield should cover the coil
and the bonnet should cover the
shield

Coi

N
N X XN

Bonnet

Shield

/

4
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-/
> 4

The cail should not be exposed
tothetorch (plasma)

=94
e/

The shield should not be
exposed to the cail

Figure 256
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Cool Plasma Tuning

Cool Plasma
Tuning

Cool Plasma Tuning

Reduce RF Power to 900W

e Increase blend gasto 0.5L/min

o Increase sampling depth to 13mm

o Minimizethe ArO using X,y torch position
Minimize the ArH using the sampling depth
Optimize using the blend gas
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Figure 257
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Advantages of Cool Plasma at Higher Power (900 - 1100 W)

Advantages of Cool Plasma at Higher Power (900 -
1100
W)

Advantages of Cool Plasma at Higher Power
(900 - 1100 W)

o NO loss of sensitivity compared to normal plasma conditions
- Li - 150 Mcps/ppm
- Fe- 40 Mcps/ppm
« Higher ionizing power - greatly expanded anayte range
- many analytical requirements can be performed in one run
o Ability to analyze high matrix samples
- organics, including Photoresists
- H;PO,
- Si matrices
eMeet/exceed HR-ICP-M S performance with new applications
- ppt determination of Asand V in 5% HCI
- low ppt determination of Cr, Mg in organics

“s*. AgilentTechnologies
™. Innovating the HP Way

Figure 258

296



Semiconductor Applications of ICP-MS and Advantages of Agilent 7500s System
Advantages of Cool Plasma at Lower Power (700-800 W)

Advantages of Cool Plasma at L ower Power (700-
800

W)

Advantages of Cool Plasma at Lower Power
(700-800 W)

o Minimal loss of sensitivity compared to "hotter" plasma conditions
- Li -100 Mcps/ppm

- Fe- 20 Mcps/ppm
o Greatly improves the BEC for Ca, Fe and K
- Specidly for the analysis of DI Water, H,O,, and diluted acids

**<... Agilent Technologies
+*2%. Innovating the HP Way

Figure 259
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Detection Limits Study [1]

Detection Limits Study
[1]

Detection Limits Study [1]
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Figure 260
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Detection Limits Study [2]

Detection Limits Study

[2]

Detection Limits Study [2]

%, AgilentTechnologies
*".. Innovating the HP Way
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Automatic Switching Between Normal and Cool
Plasma

Automatic Switching Between Normal and Cool
Plasma

Chained Sequencing allows the user to run a set of samples
under one set of conditions such as cool plasma, then
automatically switch the conditions and rerun the same samples
under hot plasma.

Multitune Mode alows the user to run the same sample under
multiple sets of conditions, automatically switching from one
mode to another and then moving to the next sample

%, AgilentTechnologies
*".. Innovating the HP Way

Figure 262
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Intelligent Sequence Training Text
What is Intelligent Sequence?

What isIntelligent Sequence?

Intelligent Sequence is designed to dramatically improve sample throughput and
reporting accuracy while decreasing the time spent by the operator and data
reviewer. Intelligent Sequence automates a variety of QA/QC control procedures
aswell as all the EPA-mandated quality control procedures (EPA Methods 200.8,
6020 and 6020-CLP) from analysis through reporting.

Features

Intelligent sequence has several unique features.

Smart Sequencing

Intelligent Sequence recognizes all EPA designated QA/QC sample types and,
when used with an autosampler, allows automatic, unattended analysis of batches
of sampleswith all necessary calibrations, checks and controls. During
sequencing, sample results are evaluated for pass/fail against a user-editable
database of QC criteria. If a QC parameter isout of range, sequencing
automatically performs a user-selectable action to attempt to remedy the problem.
All sample results and QC actions are logged and a QC exception report is
created.

QC Reporting

During sequencing, sample-type specific reports are generated and stored for all
runs. A QC summary report is also generated. Thisreport can be viewed at any
time during or after the sequence. The summary report includes, in an easily
reviewed format, alist of samples run and any QC failures which may have
occurred. All batch or Sample Delivery Group relevant data are automatically
stored together in system-generated “batch directories’ for convenient archival
and retrieval.

Tune Compliance Checking

A simple, graphical user interface allows user selectable tune compliance criteria
to be stored with each method. Evaluating a tune sample can be automatic or
manual viaasimple pull-down menu item.
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Typical Analytical Flow

1) Select appropriate QC configuration  Configuration >> QC Mode
2) Load ICP-MS method Methods >> Load
3) Edit method and QC parameters Methods >> Edit Entire Method
e Method Information
¢ Interference Equation
e Acquisition
e DataAnalysis
O Report... Select QC report
Q Cadlibration Table... Select Load Massfrom Current Acg. in New

e QC Parameters
O QC Database
4)  Set unreported el ements Methods >> Set Unreported Elements
5) Savethe method and calibration Methods >> Save
e Verify QC Method
6) Load the tuning method Methods >> Load
7)  Edit method and QC parameters Methods >> Edit Entire Method

e Method Information
e Acquisition
e DataAnalysis
O Report... Select QC report
e QC Parameters
e QC Tune Criteria

8) Savethe method and calibration Methods >> Save

9) Edit the samplelog table Sequence >> Edit Sample Log Table
10) Simulate the sequence Sequence >> Simulate Sequence
11) Savethe sequence Sequence >> Save

12) Run the sequence Sequence >> Run
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Using Intelligent Sequencing

QC Configuration

To use Intelligent Sequencing, the appropriate QC configuration must be selected
in Configuration.

E=ICP-MS Configuration []
" Offline Instrument

~HP-IB ~Prohibited M —

ICP-MS Address:

R te Start

& Don't Use

" Wait until Ready Signal

—Sample Introduction

Type:

IPeristaItic Pump j Setupr.. |

Autosampler:

IASXWU j Setup... |

~EM Protection

o [T [ -
(=] o ra ==

[V Auto setting of integ time in analog mode

-QC Mode
Mode: 6020.QCC Browse...| Advanced... |

Reset to Default | Save

Cancel

Help |

The following QC modes are provided as default.
e EPA2008.QCC --- intelligent functions defined by EPA Method 200.8.
e EPA6020.QCC --- intelligent functions defined by EPA Method 6020.

e EPAG6020C.QCC --- intelligent functions defined by EPA Method 6020
CLP.

e EPAGEN.QCC --- Intelligent functions designed to meet both EPA 200.8
and 6020 requirements

e GENERAL.QCC --- Intelligent sequencing disabled (no expected values
or failure actions defined)

When selecting GENERAL.QCC, the sequencing mode is changed to the general
sequencing mode. When selecting other QC modes, the sequencing mode is
changed to intelligent sequencing mode.

304



Intelligent Sequence Training Text
Using Intelligent Sequencing

For more information about sample typesincluded in each QC mode, see
Appendix of “AGILENT 7500 ChemStation Intelligent Sequence Manual”.

ICP-MS Method

When intelligent sequencing mode is selected, additional menus become available
in the Methods menu.

#im |CP-MS Top - 200_8.0CC / DEFAULT.M / DEFAULT.C [_ [O] <]
Instrurment  AcquireData  Datadnalysis

M Sequence ChainSequence Help

Load and Run Methad...
Bun...

1A 2A 3A 4A 5HA bBA

Edit Entire tethad...
Edit tethad Infarmatian. .

Edit Interference Equation ...

Edit QC Databaze...
Edit GIC Tune Criteria...
Werify QC Method

AL Information

Set Unreported Elements

Load Calibration...
Save Calibration...

Load...
Save...
Frint

= 1 1 CAHPCHEMMIMMETHODSADEFAULT.M - 101 02 Fi03
Ac Th Pa 7 Md Nol Lr
A 2 CMNHPCHEMYIMMETHODSAERACLP. M
E

C:AHPCHEMYTAMETHOD SAEPABDZ0.M

e Edit QC Database... Enables editing of QC related items on a sample
type basis such as high limit values, low limit values and error action.

e Edit QC Tune Criteria... Enables editing of tune compliance criteria such
as sensitivity, mass resolution and %RSD.

e Verify QC Method... Checksthe QC database and QC tune criteriafor
configuration errors.

e QC Information... Indicatesthe QC mode name which was used to make
the current method.

e Set Unreported Elements... Allows the user to select the elements which
are not to be reported on QC custom reports.

Default Methods Provided
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EPA Method 200.8 6020 CLP Remark

QC Mode (.qcc) 200_8 6020 6020CLP

Method (.m) EPA20_8 EPA6020 EPACLP For QC Database
Tuning Method (.m) TN200-8 TN6020 TNCLP For QC Tune Criteria

Edit Entire Method
Use Edit Entire Method to make a complete method including QC parameters.

Edit Method E

Check method sections to edit:
¥ Method Information
¥ Interference Equation
¥ Acquisition

¥ Data Analysis

v QC Parameters
@ Edit QC Database

¢ Edit QC Tune Criteria

Cancel Help

e Method Information... Same settings as general use.
¢ Interference Equation... Same settings as general use.

e Acquisition... Same settings as general use.
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e DataAnalysis... Same except Select Reports.

Select Reports

~ Quantitation Report

ra
[/ Custom Report
["Update Custom Database

~QC Report

¥/ QC Report

—>

- Semiquant Report

[T Semigquant Report
[/ Custom Report
["Update Custom Database

~Isotope Report

[T Isotope Ratio Report
[T Isotope Dilution Report

o |

Cancel | Help

e QC Parameters... New menu
(A) QC Database
(B) QC Tune Criteria

QC Report Dption E2

= Print Only

#Recalculate then Print

Coc |

Cancel Help

Select “QC Report”, and
then “Recalculate then
Print”
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(A) QC Database

For information about how to read comparative expressions (definition of
criteria), see “ Setting Up aMethod” of “AGILENT 7500 ChemStation Intelligent
Sequence Manua”.

QC Database settings are
’/F_’ saved in cal file
Elements referred

from cal curve Comparative expressions
defined in QC configuration

&] QC Database - C:A\HPCHEM\IACALIBAE PAGO20.C

~First Step Second Step
-~ Criteria 1 rCriteria2———— || - Criteg=2 Critoria )
CCW1 Caonc OFF SFF
== COWT Expval © - Sample type
L-Lmt opened currently
<= CCW1 Exp.Val * ===
H-Lmt
[ AIReT Y Blag b e CCW CCW2 CilT " DilZ %" DilRef % Dupt Cup? % DupRef % 1CE %10
Element | Off Exp. Low High Exp. Low High Exp. Low High Exp. Low High |<]
Value Lmt Lmt | Value Lmt Lmt | Value Lmt Lmt | Value Lmt Lmt
19 |56 zn a0 08 1.1
20 |67 In a0 04 11
21 [s2 n 50 03 11 — | Expected Value and |
22 |75 as a0 ufe] 1.1 Low & ngh Limits
23 |76 =e a0 043 14
2 |77 (am Ed a0 03 1.4
25 |32 se s0 0s 1.1
26 |33 (se ki 50 0s 1.1 -

Action on @ I FallEL

INextSmpI j ‘I'Hex.tgmpl j INextSmpI 'l |I\Jext8mp| 'l
Action an Q| Fhilure2:

Error Actions and #Allowed

[NextSmpl 2| | (e 2 vesis | Failures
#Allowed QI Failure:

o . b b
Actiph on ISTD FaiIure:INextSmpl j #allowed [STD Failure: ID

Auto Configuration | F'rint...l 0K | Cancell Help |

AN

\— Click here

.

Off(x) is marked for the elements
for which Excluded is selected as
a curve fit in cal, or used for
interference correction

<Error Actions supported>
e NextSmpl... Next sample
e Abort... Aborttherun
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Blk (Abort) — NextSmpl... Run the blank block then continue (Abort if
all of the samplesin the blank block fail).

Blk (Cont.) — NextSmpl... Run the blank block then continue (Continue
even if al of the samplesin the blank block fail)

Blk (Abort) — SameSmpl... Run the blank block and re-run same sample
(Abort if all of the samplesin the blank block fail).

Blk (Cont.) — SameSmpl... Run the blank block and re-run same sample
(Continue even if all of the samplesin the blank block fail).

Cal — SameSmpl...

Ca —AllSmpls... Recaibrate and re-run all samples since last CCV
block.

NextLot... Run next lot of samples

Recalibrate and re-run same sample.

Run User Macro... Run the user macro which must be placed under the
method currently running, and named “QCUSER.MAC”.

<How proceed Criteria>
Up to four criteriafor each sample type (except ISTD).

r | Area for 1st step Criteria 1

Area for 1st step Criteria 2

Area for 2nd step Criteria 1

Area for 2nd step Criteria 2

TSt Step

nnnnn
Criteria

|- Criteria 1
AlRef Conc

<=LDR Exp.val " H-Lr

OFF

[ ]/ AllRer ¢ B
Off

Calblk  Calsid

Element

Value | Lmt Lmt

COv_ COV_Hi T/ DupZ Y DupRer

B 15 "V LDR V LFB

Exp. | Low | High|| Exp- | Low | High J| Exp. | Low | High[| Exp. | Low [ High
Lmt

Value | Lmt Lmt ffValue | Lmt Lmt Jf¥alue | Lmt

o B
23 Na
24 Mo

al
9 K
43 Ca
s1 v

v
ion on QC Faffurs!

?‘m

|

e xtSmpl
ion on QC Fafure2

| | | |

e Srpl

|

iexismpl
#allowed QC Flilure

ezl B | | | I

Auto Configuration

=
| Print | oK | Can:e\l Help |
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1% step, Criteria 1 » Error action set for
: 1% step Criteria 1

Pass Check to select flag

4 x~_ Fail
1% step, Criteria 2 | P Error action set for

1% step Criteria 2

Pass

S — FILTER

2" step, Criteria 1 »| Error action set for
' 2" step Criterial

Pass { Check to select flag

4 " Fall
2" step, Criteria 2 P Error action set for
2" step Criteria 2

Pass

h 4

Next sample

Normally just one Criteria (1% step Criteria 1), or two Criteria (1% step Criteria 1
& 2" step Criteria 1, or 1% step Criteria 1& 1% step Criteria 2) is used.

<Examples>
o 1% step Criterial
“Check whether the analytical concentrations of certified reference material
(CRM) are 90-110% of the certified values (expected values).”

1% step Criteria 1
Low limit: CRM conc >= 0.9 x CRM expected values
High limit: CRM conc =< 1.1 x CRM expected values

o 1% step Criterial & 2" step Criteria 1

310



Intelligent Sequence Training Text
Using Intelligent Sequencing

“Check whether the analytical concentrations of CRM are 90-110% of the
certified values for elements whose counts are equal or more than 1000 cps’

1% step Criteria 1
Low limit: CRM cps>= 1000
High limit: none

2" step Criteria 1
Low limit: CRM conc >= 0.9 x CRM expected values
High limit: CRM conc =< 1.1 x CRM expected values

e 1% step Criterial & 1% step Criteria 2

“Check whether the analytical concentrations of certified reference material
(CRM) are 85-115% of the certified values. If not, recalibrate and then
anayze again. Also check whether concentrations are 90-110% of the
certified values. If not, have aerror flag on areport.”

1% step Criteria 1

Low limit: CRM conc >= 0.85 x CRM expected values
High limit: CRM conc =< 1.15 x CRM expected values
1% step Criteria 2

Low limit: CRM conc >= 0.9 x CRM expected values
High limit: CRM conc =< 1.1 x CRM expected values
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(B) QC Tune Criteria

QC Tune Criteria settings are
| 4 saved in method file

Masses set in data
acq parameters

\

b 1
Set “Ref” for .
Response Ratio p| Fixedto 1 for Resp
P *1 Ratio Low&High Limits
check
+} QC Tune Criteria Editor - TNCLP.M
Mass Cal | Mass Cal . . . Max. Max. =
- Cone Min.Resp Resp Ratio | Resp io Max.
EEmE M“'{E L‘(’:n';r]m "'(?r'r:;')“t (ug) (cpsiug) | LowLmt Hig/lér‘vt Bk%ﬁ‘;‘;‘;m :Tr::; whsn |
1 |6 Ignare
2 7L Generpl 6.92 7.12 100.0000 a0 0.2000 1.0000 0.0 5.0000
3 |8 Ignarey
4 |58 Ignor
5§ |39 Co Ref 58.83 59.03  100.0000 200.0 020 5.0000
6 |60 Ignare
7 1m Ignore
& 102 Bly 250
9 103 Ignore :
10 |14 Igriore
11 |1151n General 114.80 115.00  100.0000 100.0 0.7500 2.0000 0.90 5.0000
12 |16 Ignore
113|204 Ignare
14 2057 General 204.87 205.07  100.0000 100 0.5000 1.2000 0.0 5.0000
15 |206 Igriore
v Tune / | \ [
Action on Failure: [MextSmpl \ - Print. | QL | Cancel | Help | \

Set “Bkg” for - »{ Only Max. Bkg
Bkg check ™ Count is effective

"1 “Ref” appearsin the Mode list when Response Ratio check is enabled.
"2 “Bkg" appearsin the Mode list when Max Bkg Count check is enabled.
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Notes on Setting a Method

e Use Auto Configuration first, when there are more Off (x) elements other
than the elements for which Excluded is selected as a curve fit in the
calibration table and the elements with parentheses. When Auto
Configuration isused, all Off column settings are always reinitialized.

In the event of asimultaneous QC failure and ISTD failure, the action on
QC failure will take precedence.

The error action for third failure is set in QC configuration on a sample
type basis.

Set equal or more number of acquired elements for #Allowed QC Failure
when the Second Step is used. Otherwise, the First Step does not work as
afilter, and QC check won't go to the Second Step.

Expected values for Reference part (right side of comparative expressions)
always refer to the values set in the First Step Criterial. Expected values
for Measured part (left side of comparative expressions) refer to the
values set in each criteria.

Use Set Unreported Elements, when there are elements which are not to
be reported on QC custom reports.

Before Saving the Method

e Use Verify QC Method to check whether there is any error on settings.
(Click thisin Method Save Options when method is saved.)

Setting Up a Sequence

Structure of Sample Log Table
Sample Log Tableis arranged in subroutines or “Blocks’.
The Sample Log Table is composed of four kinds of sheets as follows:
e Sequence Flow sheet
e Periodic Block sheet
e Individual Block sheet
e Whole List sheet
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Periodic Block

Analyzed every
Sequence Flow = IF’ermdic Black = 10 Samp|es
Block Block [ Period | Unit [ Reset
1 |TUNE 1 |CCv 10 samples  |CCB
2 |CALIB 2 |CALIB 480 min ICE
3 |SMPL 2 1 I 1
4 |TERM

Analyzed every
8 hours (480

Main flow

TUNE Block

CALIB Block Individual Block — CALIB Block

SMPL Block

v TERM Block CALIB -
Type | Vial | DataFile | Method | Sample | Comment [ ik |
[ 1 [CalBlk 110 DEFAULT calibration blank Lewel 1
2 |CalStd 1102 DEFAULT  caliblation STD 1 Lewel 2
13 |CalStd 1103 DEFAULT  caliblation STD 2 Level 3
| 4 |CalStd 1104 DEFAULT  caliblation STD 3 Level 4
[ 8§ e 1105 DEFAULT initial calib. verification 1
6 |ica 1108 DEFAULT  initial calib blank 1
Whole List Keywords which

separate each block are

_ automativcally attached
dit Sample Log Table - 15_SEQ.S
Whole
Type | Wial | DataFile | Method | Sample [ C [ DilAlvl [ Action on Failure | Skip | Result [~
1 |Keyword TUMEEG Start of TUNE
[ 2 |Tune 1 DEFAULT  tuning solution 1
| 3 |Keywaord TUNEND End of TUNE
| 4 |Keyword CALBEG Start of CALIE
[ 8 |CalBlk 1101 DEFAULT  calibration blank Level 1
| 6 [CalStd 1102 DEFAULT  caliblation STO 1 Lewel 2
| 7 [CalStd 1103 DEFAULT  caliblation 3TD 2 Level 3
| 8 |CalStd 1104 DEFAULT caliblation STD 3 Level 4
[ 8 et 1105 DEFAULT  initial calib. verification 1
|10 |ICE 1106 DEFAULT  initial calib. blank 1
[ 11 |Keyward CALEND End of CALIE
[ 12 |Keywiord SWMPLBEG  Start of SMPL
[ 13 |Sample 2108 DEFAULT  sample 1
[ 14 |Sample 2109 DEFAULT sarnple 1
[ 15 |Sarnple 2110 DEFAULT  sarnple 1
|16 [Keyword SMPLEMD  End of SMPL
|17 |Keyward TERMBEG  Start of TERM
[ 18 |CCwi 1201 DEFAULT  cont. calib. verification 1
|19 [CCB 1202 DEFAULT  cont. calib. blank 1
[ 20 |Keyward TERMEMD  End of TERM
[ 21 |Keyword End End of Sequence
|22 |Keyword CCVBEG Start of CCY
|23 |cCv1 1201 DEFAULT cant. calib. verification 1
|24 [CCB 1202 DEFAULT  cont. calib. blank 1
| 28 |Keyword CCYEND End of CCY

Notes on Setting Each Sheet

<Periodic Block>
The upper block setting has priority when there is a conflict with multiple blocks.
<Individual Block>
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Blanks which are analyzed when the error actions “BlK....... " aretaken
should be set in BLANK Block.

Samples which are anal yzed when the sequence is aborted should be set in
ERRTERM Block.

When ISTD check is set, the CalBlk should be set at first except Tune
since the ISTD counts from the CaBlk are used to establish the reference
values.

When recovery, dilution or duplication check is set, areference sample
type should be set prior to recovery, dilution or duplication sample.

Before Running the Sequence

e Use Simulate Sequence to check whether there is any error on settings.

Running a Sequence

Start S5equence DEFAULT.S Last Modified: Tue Jan 27 10:24:38 1998

Method Sections To Run
¥ Full Method
(" Reprocessing Only

¥ Overwrite Existing Data Files

Sequence Qomment:| |

Operator Name:l |

Data Batch Diyemuw;lc:\hpchcmﬂ \DATA\98G2317a.BY | Browse

Pre-Seq acm,-'Cmd:l

|
|
Post-5eq acm.-'Cmd:| |

Run Sequence 0K | Cancel | Help

_

The methods & calibrations used, actual
sample log table and sequence logs as well
as all the data in one sequence are saved in
this directory.

Note on Running a Sequence

¢ Insure the same QC configuration as the one used when the methods and
sequence to be executed were made.

o After editing the sample log table (online) during sequence run, close the
tableimmediately. The sequence is paused while the samplelog tableis
opened.
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¢ |f the data analysis parameters, QC Database or QC Tune Criteriain the
method currently used needs to be changed instantly, load the method
using Offline Data Analysis, and change it. The modified method can be
saved to online using Offline Data Analysis >> Method >> Save to

Online.

Sequence Reprocessing of Data

Two ways for batch reprocessing of data:
A. Reprocessing Data Batch Directory
B. Running a Sequence with Reprocessing Only

(A) Reprocess Data Batch Directory
<Files to be selected and used>

1. Select data batch directory to be

Directory

reprocessed in Reprocess Data Batch

icochem\1\  data\ 98k1109a.b\ 001tuned

002calb.d Data files

050smpl.d

methl.m

(copied automatically)

methl.c

Used for data
reprocessing

(copied automatically)

result.s
(actual sequence*)

methods\ methl.m
(original)

calib\ methl.c
(original)

e Thename for actual sequenceisalwaysresult.s.
(B) Running a Sequence with Reprocessing Only
<Files to be selected and used>
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3. Select data batch directory to be
reprocessed in Start Sequence Dialog
Box

icochem\1\  data\ 98k1109a.b\ 00ltuned

002calb.d Data files

050smpl.d

methl.m
(copied automatically)

methl.c
(copied automatically)

result.s — | 1. Load this sequence

(actual sequence*)

methods\ methl.m
(origindl) \ Used for data

calib\ methi.c _—"| reprocessing
(original)

2. Insure the path for currently loaded method is the
same as the one used for data reprocessing

* The name for actual sequence is aways result.s.

Notes on Reprocessing Data

¢ |nsure the correct method and calibration file are selected when changing
parameters for reprocessing; change the copied method and calibration in
the data batch directory when using Reprocess Data Batch Directory, and
change the original method and calibration when running the sequence
with reprocessing only.

e The header information updated using Data Analysis >> File >> Edit
Header is not reflected when using batch reprocessing (both ways).
Change the Sample Log Table of result.s if needed. However, the
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header information to be printed out is not changed until the header
information is updated using Data Analysis >> File >> Edit Header.
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Setting Up a QC Configuration

QC configuration defines the QC sample type set which contains...

Sample type name

Data name suffix

QC report template

Type category

QC Item nameto be used for ISTD check
Error counting way

Action on 3" failure

Comparative expressions

Error flags for QC report

The Changes in QC Configuration must be implemented with CAUTION asit
affects the settings in the QC Database, QC Tune Criteria, or Sample Log Table
directly.
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Configuring QC Items

[ Offline Instrument
~HP-IB [~ Prohibited M:
ICPMS Address:
- Remote
© Don'tUse
© Wait until Ready Signal
~ Sample
Type:

6
Peristaltic Pump =1 [ Setup...

Autosampler

ASX500 *|  setp...

o[ @
&

EM P
’7l\7 Auto setting of integ time in analog mode

Browse... Advanced... H~

Save | Cancel |

ac Mod
’7 Mode: GENERAL.QCC

[Resetto Default |

Help |

‘B OC Configuration - 6020CLP.QCC

B

ICP-MS Configuration [<]

@ QC configuration changes must be implemented with caution a3 it affects the other AC related parameters. Continue?

OC Configuration  OC Item Reports  Help

QC itern Mame: IAIIRef

¥ Count as a sample

Report File: c_AlRef.get

Browese. . |

Category: ISampIe YI

ISTD ltem: |15 4
Each Type or Vial j

Suffix: IAREF

Error Counting by:

Action on Failure3: |Mext Smpl j
First Step | Secand Step|
Measured Walue Reference “alue Multiplier Flag
- | AlIRef == =i - B[00 Howtimit S
{conc  =|f<==]|LRs l[Expval Zf=[1.00 +High Limit
= =ll> - S 0 o Limi ——
[ < =l =l ZEon High Limit
[T Gotothe second step if check of criteria 1 and 2 passed
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Select “List” to
load QC Item
to be changed

'S QC Configuration - 020CLP.QCC
[C Configuration WEMICGE Fepot:  Help

/'
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GC Item List

CIZ Iterm Mame

CCw2 hd!

0]24 | Cancell Help |

/

Screen for selected
QC Item is opened

List...
New

Suffix: I»’-‘\REF

™ Adopt exact mass

ct Browse. .. |

QT ltern Marr

¥ Count a
Report F

First Step I

Error Counting by: |Each Type or Vial
Actian an Failured: |Mext Smpl

Categary: |Sample vl

ISTD ltem: |1 2

Measyred Value Reference “alue Multiplier Flag
AllRef == \=l|— | 2 | LRI *Lawr Limit
S B - __
Ianc j|<—=ﬂ|LRS jIExp Wal j* |1.DD “High Lirnit
- = > - S FEfo0 ew it

— HRdl-
["|Go to the second step\if check of criteria 1 and 2 passed

*High Limit

= [ |1 o

|

Select “New”
to make new

_

(.

Select “Delete” to delete the
QC Item currently opened
CAUTION: once deleted, it
cannot be recovered
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Special Screens

& OC Configuration - 6020CLP.QCC [ %]

OC Configuration  OC e Repars  Help
QT Item Mame IA\IRef Suffix: JAREF Category: |Sample -
™ Adopt exact mass ISTD Item: Calibration

¥ Count as a sample
Browse. Error Counting by: |Each Type| _l?lank
une
Action on Failured: |MNext Smpl)orp

Exp.val
QuantBlk

Report File: c_AlIRef.gct

First Step | Second Step|
Measured YValue Reference Yalue

T == =~ Ef-  Efo
[cone ][« =][Lrs =] [Exp.vat =] 100
O 3 R B
3 |

™ Gaota the second step if check of criteria 1 and 2 passed

Multiplier

*Low Lim

“High Limit

*Lawy Lirnit

"High Limit

B QC Configuration - 6020CLP.QCC
OC Configuration  OC [tem  Reports  Help

QT ltem Mame: [AllRef

I Gotirit &g 4 sarple

Suffis

I=| dlpt exast mase

Erawse:.

Category

ISTO fterm: |- hd
Error Counting by: |Each Type or Vial =2

Action an Failured: |Mext Smpl b

Repaort File: -

First Step | Second Step]

Measured Value Reference Value Multiplier Flag
=t I jl> jl jl j* |1 oo *Low Limit li
I j|< jl jl S |1 oo *High Limit
) E— o R
I.-. jl( jl--- jl--- j’ I1 oo *High Limit

OC Configuration  OC Jtem  Reports  Help

QT ltem Mame IA\IRef

I™ Count as a sample

Catogory :
ISTD ltem: |- A
Error Counting by: |Each Type or Vial =

Action on Failure3: |Mext Smpl hd

Suffix

™ Adopt exact mass

Browse.

Repaort File: -

First Step | Second Step|
Flag
I™ Mass Calibration
™ Min. Response
™ Response Ratio
I™ Mass Resolution
I R2D
™ Max. Bkg Count

% of Height: |1 %

changed

Screen is completely

Only QC Item
becomes
effective
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Intelligent Sequence Training Text
Setting Up a QC Configuration

Notes on Setting QC Items

e Preservation of the original QC mode files is recommended.

e OnceaQC Itemisdeleted, it will change the setting of related itemsin the
QC Database, QC Tune Criteria, or Sample Log Table even when the
same QC Item in the QC mode is restored.

e Also, once aCategory of aQC Item is changed, it will change the setting
of related items in the QC Database, QC Configuration, or Sample Log
Table even when the same Category for the QC Item isrestored.

e Basically the AGILENT 7500 ChemStation does a mass defect correction.
Therefore, Adopt exact mass should be OFF if not necessary.
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Intelligent Sequence Training Text
Setting Up a QC Configuration

Creating a QC Report Template

- 6020CLP.QCC

QC Configuration  QCltem Reports Help

QC ltem Mame: |AlIRef

Suffiz |AREF Category: |Sample E
I~ Edont exact mass ISTD ltem: IS d

Browse: Error Counting by: |Each Type or Vial  x
Action on Failure3: |Mext Smpl -

Referance Wultiplier Flag

B [iRer =l- j|\ - S0 ow Limi —
ICnnc j|<=j|LR§ lexp “al j* 1h5\*H\gh Lirmit
- 3 -
[ i | a2 | [0 high Limit

™ Go to the second step if chégk of criteria 1 and 2 passed

¥ Count as a sample

Report File: c_AlIRef get

First Step | Second Stepl
Measured Yalue

rz

Select QC Item whose
category is Tune to edit
QC report template for
Tune sample

When Report File is not selected

Report Wizard

Custom Fieport [Fieport Template -

Possible items for Report Rieport Contents
Custom Report Items - Selected Items
o Header Information Header
Data File Path Data File Path
Data File Name Data File Name
- Sample Name add o ~Rog. Method
Date Requirea — A1l Elements
“Rog. Method ‘A1l OC Elements (no ISTDs)
Current Method Path Elenent Name
Current Method File < Remov Mass
-Calibration Path _ - Counts/CPS Mean
Calibration File Low Limit(FC1)
-Operator - High Limit(FC1)
wisc Info ac Flag
-Dilution Factor AL AL1 ISTD Elements
Vial Nunber . Elenent Name
Number of Masses Select |te”|s Counts/CPS Mean
-Data Type ~QC Flag
Sampla Type d
- Backaround File under an

e = | @d€quate place
i | o | o | = 0

" Custom Reports - AC Mode - [Untitled 1]
¥ Tenplste Edit Fomat View Window Help

olela) el slnf slrlx]

Al
A T B T

T I [) I E F [ 6 [ =

Data File Neme: DATA FILE
Date Acquired: DATE ACQUIRED
Acg. Method: METHOD HAME
Semple Neme: SAMPLE HAME
Vial Nunber: VIAL
Current Method File: CURRENT METH FILE
Last Calibration Update: LAST CAL UPDATE

When Report
File is selected

1|
2|
3
| u Eicment Neme | Concentravion Meam Lov Limit(FC] | High Limit(FC] | QC Flag
15| (#1) M55 (41 ELEN MANE (#1)CONC MEAN (§1)LOW LINIT(FC1) (1) NIGH LINIT(FC1] (1)QC FLAG
6
[ 17 | Element Name Counts/CPS Mean Low Limit High Limit QC Flag
| (#1)MASS (#1) ELEN HAKE (#1)CS NEAN (#1)LOW LINIT(FC1) (#1)KIGH LINIT(FC1) (1)QC FLAG
9
[ 20 |
[ 21 |
[ 22 |
[ 23 |
[ 24 |
5 5
i 50
Reach 4
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Notes on Editing QC Report Template

1+ Custom Reports - AC Mode - [Untitled 1]

¥ Templste Edt Fomat View Window Help

Intelligent Sequence Training Text
Setting Up a QC Configuration

The very right cell
which contains

olzl|| & Sl&] ss]u

values is

recognized as the

Current Method File:
Last Calibration Update:

CURRENT METH FILE
LAST CAL UPDATE

Mass Element Name Concentrat

i#1) MASS (#1) ELEN NAME

ion Mean Lo Limit(FC1)

Element Neme

I Counts/CPS Hean
(#1)MASE (#1) ELEN NAME

High Lim:

High Limit [FC1)
(#1)CONC MEAN (#1)LOW LIMIT(FCi] [#1)HIGH LINIT(FC1) (#1]QC FLAG

it QC Flag
(#1)CPS MEAN (#1)LOW LIMIT(FC1)\ (#1)HIGH LINIT(FC1) (#1)QC FLAG|

right end of the
printed area

Q¢ Flag

o il

\

Y

L

Repeated width should be
the same for each area

i*" Custom Reports - QC Mode - [C:'

[-GazH4d |

| H42

D | q

[J ]

|

(#1)CONC MEAN

DILUTION

|=G42"‘H42

K

Ca

Equation using the
reference place

o

4

e Theraw concentrations (not taken into account dilution factor) are aways
indicated. To get the corrected concentration, set Concentration Mean

and Dilution Factor as printed Items.

And then set the equation which

expresses Concentraion Mean multiplied by Dilution Factor using the

reference place.
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Intelligent Sequence Training Text
Setting Up a QC Configuration

e Thereisno function to select the printed area. When thereisacolumn
you don’t want to print out, select the column, and then select Format >>
Column Width >> Hide.

¢ When adding graph (spectrum) on a Tune type template, the repeat setting
cannot be applied. Individual setting is required.
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Laboratory 1. Agilent 7500
Configuration, Startup and Tuning

Reference:
e Agilent 7500 ChemStation Operators Manual
e Agilent 7500 Customer Training Class, Module 4
e Agilent 7500 Customer Training Class, Appendix 2




Laboratory 1: Agilent 7500 Configuration, Startup and Tuning
Configuration

Configuration

1) Close ChemStation if open and open ‘Configuration’ under Agilent 7500
Program Group

2) Check: Offline Instrument — NOT CHECKED

3) Check: Remote Start — Don’t Use except for synchronization with external
sampling devices

4) Check: Sample Introduction as appropriate including peristaltic pump and
autosampler

5) Check: EM Protection — select Auto setting of integration timein analog
mode

6) Check: QC Mode—- GENERAL.QCC
7) Saveand Exit
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Laboratory 1: Agilent 7500 Configuration, Startup and Tuning
Startup and Tuning

Startup and Tuning

1) Review Startup Checklist

2) Initiate Plasma and Warm-up Instrument
Position ALS in distilled water
Goto Tune
Select Tune >> PeriPump program for Autotune, review the values here
Select Sensitivity and Start
(Allow instrument to scan for 10-15 minutes to warm up the quadrupol €)
Place the ALS probe in position 3 (10 ppb tune solution, Li, Y, Ce, Tl)
(Allow time for uptake, 1-2 min)

3) Select Sensitivity >> Start

Watch for awhile
Select File >> Print, (keep thisfor reference as your starting point)

4) Select Tune>> Autotune...
Select Torch Position, Sensitivity, Resolution/Axis and Tune Report
Run Autotune (watch what happens)
Compare the new tune report with the original one which you printed

5) Load “poor_s.u” (This has been deliberately mis-tuned for poor sensitivity)
Using the ChemStation Manual, Student Manual and Tune Flowcharts, fix
thistune

6) Load“high-ox.u”
Try to reduce the oxides in this tune

7) Asktheinstructor to “Fix” the system so that it generates high %RSDs. Fix
this!

8) Saveyour best tune as best.u
9) Placetheinterna standard solution on line

10) Under Acg. Parms select masses 6, 140 and 209 (what are these el ements
and where do they come from, e.g. why would we be interested in
monitoring them?)

11) Allow timefor ISTD uptake and monitor the ISTD counts and %RSDs, do
they make sense?

12) Discuss your results with the instructor.
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Laboratory 1: Agilent 7500 Configuration, Startup and Tuning
Agilent 7500 Startup Checklist

Agilent 7500 Startup Checklist

CHILLER
ARGON
PERIPUMP TUBES CLAMPED
INTERNAL STANDARD MIX

Out for tune

In for analysis
TUNE SOLUTION FULL
BLANK RINSE SOLUTION FULL
DRAIN RESERVOIRS NOT FULL
ALS RINSE PORT RESERVOIR OK
SHIELD IN or OUT (application dependent)
PLASMA ON
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Laboratory 1: Agilent 7500 Configuration, Startup and Tuning
Shutdown Checklist

Shutdown Checklist

ALSIN RINSE SOLUTION, WAIT 1 MINUTE
PLASMA OFF

PERIPUMP TUBES UNCLAMPED

CHILLER
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Laboratory 1: Agilent 7500 Configuration, Startup and Tuning
Shutdown Checklist

(In

Poor Precision

(1
High Oxides and/or
doubly-charged ions

U]

Poor Sensitivity

(high RSDs)

Check Physical Adjust peri-pump Decrease carrier/blend
Parameters: shoe pressure gas flow
(decrease till no signal,
Sample Uptake rate then slowly increase Increase Sample depth
(bubble) just enough for stable
signal) Decrease peri-pump
Nebulization flow
(-visually) Adjust carrier gas flow
(-sodium bullet) (carrier + blend gas <=
1.4 - 1.5 ml/min) very
Torch Position slowly A 4
(x,y visually) .
Fine tune Extract »  Save Tune File
Cone orifices lenses and Omega
lenses
Torch Position
(7-8 mm) Clean or replace coneg

Verify contents of tune
Check mass axis and solution
resolution. Peaks?

Sensitivity
Improved?

Z

E:
k.

Run SetEM

\

Yes Yes

v v

o Set:
Optimize Sample Carrier Gas: 1.2-1.5

Depth and X-Y position Peripump: .1-.15
Ext. 1: -150 to -180

_|Ext. 2: -75t0 -100
Omega Bias: -40

o Omega (+): optimize
between 0 and 10 V
QP Focus: optimize
between -10 and 10

Manual Tune
ves Troubleshooting

(Loem ) o
GO to (Il
Yes

Oxides/Doubly
Charged OK?

L]

HP 4500 ICP-MS
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Laboratory 2. Agilent 7500 Routine
M aintenance

Reference:
e Agilent 7500 Administration and Maintenance Manual
e Agilent 7500 Customer Training Class—Module 5

e Maintenance Log Table




Laboratory 2: Agilent 7500 Routine Maintenance
General

Gener al

1) Removeand examineair filters

2) Examinelevel and color of oil in Rough Pumps

3) Check al fluids, belts and hoses (just kidding)

4) Check for corrosion and wipe down cabinet as necessary with damp cloth
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Laboratory 2: Agilent 7500 Routine Maintenance
Sample Introduction

Sample Introduction

Remove:
e Peri-pump tubes
e Nebulizer
e Spray Chamber
e Torch
Clean or replace as necessary (refer to maintenance manual)
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Laboratory 2: Agilent 7500 Routine Maintenance
Interface

| nterface

1) Remove Sampler and Skimmer Cones and Extraction Lens assembly

2) Sonicate conesin 10% Citranox with occasional careful wiping until visibly
clean (10-30 minutes)

3) Rinse coneswith water, then DI water, blow dry and set aside.

4) Disassemble extract lens assembly, examine lenses and insulators for
discoloration.

5) Sonicate in 10% Citranox and rinse thoroughly as above. Do not sonicate
the insulators unless obvioudly discolored as they take longer to dry.

6) Reassemble and reinstall extraction lenses and interface cones
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Laboratory 2: Agilent 7500 Routine Maintenance
Nebulizer, Spray chamber and Torch

Nebulizer, Spray chamber and Torch

1)

2)

3)

Babbington and Crossflow nebulizers can be sonicated in either dilute
Citranox or, 5-10% nitric acid as needed. Babbington nebulizers can be
unclogged (argon line) with atiny GC syringe cleaning wire if needed.
Rinse well after cleaning.

GLASSWARE SHOULD NOT BE SONICATED! However, torches and
spray chambers can be boiled in hot 10% Citranox and then rinsed well.
This greatly improves the wetability of the spray chamber. Soaking in
strong (10-50%) nitric acid solution overnight may also be necessary for
extremely dirty or contaminated glassware.

Remove the glassware, examine carefully and replace. Be sureal gasand
spray chamber drain connections are leak free.
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Laboratory 2: Agilent 7500 Routine Maintenance
Re-ignite the plasma and check the tune

Re-ignite the plasma and check thetune
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Laboratory 3. Semi-Quantitative Analysis

Reference:
e Agilent 7500 ChemStation Operators Manual
e Agilent 7500 Customer Training Class Manual, Module 08




Laboratory 3: Semi-Quantitative Analysis
Semi-Quantitative Analysis

Semi-Quantitative Analysis

1)
2)
3)

From Top Leve, load default.m
Select ‘Edit Entire Method’

Edit all method sections to create a semiquant method for unknown sample
screening

Do not waste time acquiring nonsense elements such as inert gasses, air, carbon,
halogens etc. Also exclude the transuranic e ements.

4)
5)
6)

7)

8)
9)

10)

11)

12)

Use 0.1 second integration for all elements
Use 60 second uptake, 5 second optional rinse, and 60 second stabilization.

Do not configure the use of internal standards, since we will be using this
method to screen for the presence if internal standard elementsin the
unknown sample.

Examine your tune report and estimate the semiquant response factor
threshold (Minimum Peak in cps) necessary to exclude results lower than
~0.1 ppb from the report.

Save the method as a unique name.

Analyze ablank and a 10 ppb (or 100 ppb) multielement calibration standard
with your method.

Using the blank and 10 ppb (or 100 ppb) standard, enable blank subtraction
and reset the semiquant response factors.

Analyze the unknown sample to screen for the presence of the interna
standard elements, as well as the presence and approximate concentrations
of other analyte elements. Thisinformation will be used to develop a
guantitative method for analysis of the unknown sample(s).

Compare the results with the certified values.

Are semiquant results subject to interferences?

Can they be corrected?
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Laboratory 4: Quantitative Analysis of
Unknown Sample

Reference:
e Agilent 7500 ChemStation Operators Manual
e Agilent 7500 Customer Training Class, Module 09
e HP/Agilent Standard Operating Procedure, EPA Method 200.8




Laboratory 4: Quantitative Analysis of Unknown Sample
Quantitative Analysis

Quantitative Analysis

1) Using your SemiQuant results for the Unknown sample and the EPA 200.8
SOP as guidelines, build a quantitative method for analysis of Ag, Al, As,
Ba, Be, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, Sb, Se, Tl, V and Zn.

2) Include at |least two calibration levels plus a blank for each element. If the
element is likely to trigger analog mode, include a calibration point which
will aso be acquired in analog mode. (Why isthis?)

Multi-element calibration standards will be available in 1; 10; 100; 500;
1,000 ppb concentrations.

3) Build asimple sequence to update your calibration and analyze your
unknown sample at two dilutions.

4) Compare your results with the certified values.
5) Discuss your results with the instructor.
Hints:

Alwaysrun at least 2 calibration blanks at the beginning of a sequenceto insure
adequate flush-out of previously run samples.

Always run ablank after the high calibration standard and before any samples to
detect possible memory effects.

Always analyze a blank and mid-point calibration as samples at theend of a
sequence and every 10 samplesto verify that the system isunder control.
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Appendix 1 — General Information
Professional Organizations

Professional
Organizations

Professional Organizations

sAmerican Chemical Society (ACS) (800) 227-5558
http://www,acs.org
*Environmental Protection Agency (EPA) http://www.epa.gov

*American Association of Clinical Chemists (AACC) (800) 892-1400
*American Board of Clinical Chemistry, Inc.(ABCC) (202) 835-8727

*American Society of Clinical Pathologists (ASCP) (312) 738-1336 x.158
*Clinical Laboratory Management Association (CLMA)  (610) 647-8970

*College of American Pathologists (CAP) (800) 323-4040

#National Committee for Clinical Laboratory Standards (NCCLS)  (610) 688-0100
*Society for Applied spectroscopy (301)694-8122

*SEMI International Standards (650) 964-5111

http://www.semi.org

‘s%’. AgilentTechnologies
Innovating the HP Way

Figure 263
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Appendix 1 — General Information
Journals

Journals

Journals

= Analytical Chemistry

= Journal of Analytical Atomic Spectrometry (JAAYS)
= Applied Spectroscopy (free with SAS membership)
= Spectroscopy (free)

= Spectrochimica Acta, Part B

n AnaIySt

= American Lab (free)

= American Clinical Lab (free)

:':,, Agilent Technologies
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Figure 264
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Appendix 1 — General Information
Selected Web Sites (1)

Selected Web Sites
(1)

Selected Web Sites (1)

* Agilent Technologies

+ Sample Preparation (Duguesne University)
http://www.sampleprep.duq.edu/sampleprep/

* Eastern Analytical Symposium
http://www.eas.or g/

* FACSS
http://facss.or g/info.html

* Pittcon
http://mww.pittcon.or g/

* NIST Standard reference Program

%, AgilentTechnologies
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Figure 265
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Appendix 1 — General Information
Selected Web Sites (2)

Selected Web Sites
(2)

Selected Web Sites (2)

* Spex catalog
http://www.spexcsp.com/crmmain/cat_f.htm

* Spectron
http://www.vcnet.com/spectron/

* Inorganic Ventures
http://www.ivstandar ds.com/

* Michadl Cheatcham’s Instrument pages
http://www.geochemistry.syr.edu/cheatham/I nstr Pages.html

* Plasmachem-L BB
http://www.geochemistry.syr.edu/cheatham/icpmsins.htmi

* US Pharmacopeia
http://www.usp.or g/

‘s%’. AgilentTechnologies
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Figure 266
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Appendix 1 — General Information
Selected Web Sites (2)
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Appendix 2 — Flow Chats
Manual Tune Troubleshooting Flowchart [1]

Manual Tune Troubleshooting Flowchart [1]

Agilent 7500 ICP-MS
Manual Tune

Troubleshooting

10 minutes warm-up

%

Flowchart
Too Low Sensitivity?
g
Ve

In Spec.

es
No
Sample Uptake
Yes Precision ? sSample Uptake
No
Carrier Gas Flo
Ve

9

5

In Spec

0

Yes

s
No
e Carrier Gas Flow
No
Extraction 1, 2 ; ¢
Yes
o

5

=
No
Extraction 1, 2
¢
<>
g Yes
D
OK?Z

No B
Instrument Maintenance

5

Yes
No
In Spec. Instrument Maintenance
Ty Yes
No

Pump Speed

Yes

No

Tnstrument
Maintenance

Resolution / Axis

Set EM Voltage

Set PJA Factor

Save Tune File

Print Tune Report.
Ready for Analysis

Agilent Technologies
Innovating the HP Way

Figure 267
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Appendix 2 — Flow Chats
Manual Tune Troubleshooting Flowchart [2]

Manual Tune Troubleshooting Flowchart [2]

Agilent Technologies
Innovating the HP Way

[0}
Poor Sensitivity

Check Physical Parameters
Sample Uptake rate (bubble)
Nebulization
(-visually)

(-sodium bullet)

Torch Position
(x,y visually)

Cone orifices

Torch Position
(7-8 mm)

Sensitivity
Improved?

Yes

n
Poor Precision
(high RSDs)

Adjust peri-pump shoe
pressure
(decrease till no signal, then
slowly increase just enough
for stable signal)

Adjust carrier gas flow
(carrier + blend gas <= 1.4 -
1.5 mi/min) very slowly

Fine tune Extract lenses
and Omega lenses

Clean or replace cones

(D)
High Oxides and/or
doubly-charged ions

Decrease carrier/blend

Increase Sample
depth

Decrease peri-pump
flow

Save Tune File

NO |

Check mass axis

and resolution.
Peaks?

Verify contents of
tune solution

Run SetEM

T
Yes
A1

h 2
Optimize Sample
Depth and X-Y
position

Gxides/Doubly
Charged OK?,

Set:

Carrier Gas: 1.2-1.5
Peripump: 0.1-0.15
Ext. 1. -150 to -180
Ext. 2: -75t0 -100
Omega Bias : -40

(Omega (+): optimize between 0 and 10 V
-10 and 10

QP Focus: optimize between

Yes
Save Tune File

Agilent 7500
ICP-MS
Manual Tune

Troubleshooting
Flowchart

Figure 268
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Appendix 2 — Flow Chats
Manual Tune Troubleshooting Flowchart [2]
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Appendix 3 — Dealing with Polyatomics
The Problem

The
Problem

The Problem...

Bulk argon from the plasma can combine with entrained
atmospheric gases and matrix constituents to form argon
polyatomic ions.
The resulting polyatomic ions can overlap analyte masses of
interest compromising detection limits
Common examples are:

ArO* interferes with “6Fe

ArH* interferes with 30K

Art  interferes with ©Ca

ArCl*interferes with ™As

%, AgilentTechnologies
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Figure 269
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Appendix 3 — Dealing with Polyatomics
Strategy #1: (High Power) Cool Plasma Analysis

Strategy #1. (High Power) Cool Plasma
Analysis

Strategy #1: (High Power) Cool Plasma Analysis

 Technique first reported in 1988*:
 Reduction of ArH* interference on Casimply by
modifying | CP operating conditions

* lower plasma power

* increased carrier gas flow

* longer sampling depth

* Jaing, Houk, and Stevens, Anal. Chem., 1988, 60, 1217

%, AgilentTechnologies
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Figure 270
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Appendix 3 — Dealing with Polyatomics
Commercialization of Cool Plasma Analysis

Commercialization of Cool Plasma
Analysis

Commercialization of Cool Plasma Analysis

 Developed commercially by HP/Y okogawa in 1992*
featuring patented ShieldTorch Interface

* Cool plasmalCP-MS (using the Agilent ShieldTorch) now

the method of choice for ultratrace metals analysisin the

semiconductor industry

» Over 100 HP 4500's and Agilent 7500’ s performing

routine cool plasma analysis in the semiconductor industry

replacing GFAA, ETV-ICP-MS, HR-ICP-MS

* SekataK et d., Spectrochim. Acta, 1994, 49B, 1027

%, AgilentTechnologies
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Figure 271
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Appendix 3 — Dealing with Polyatomics
Schematic of Agilent ShieldTorch

Schematic of Agilent
ShieldTorch

Schematic of Agilent ShieldTorch

* Shield plate removes
capacitive coupling of the
coail to the plasma

e Plasmaisat true ground
potential

* Cooler central channel

* No re-ionization of
polyatomic species

» Background spectrum is
virtualy free from plasma-
based peaks.

%, AgilentTechnologies
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Figure 272
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Appendix 3 — Dealing with Polyatomics
Not All Cool Plasmas* Are the Same! [1]

Not All Cool Plasmas* Arethe Same!
[1]

Not All Cool Plasmas* Are the Same! [1]

* The ShieldTorch interface is unique to Agilent
* Reduces interferences such as ArH, Ar, ArO, C2, ArC to low
ppt levels, enabling sub-ppt level DLsfor K, Ca, Fe etc
* The key feature of the ShieldTorch isthat it can achieve this at
900-1000W forward power
* other systems can only remove interferences at 600-650WV -
interfering peaks reappear at higher power settings
* operating at 650W givesrise to severe matrix effects, and
reduced anayte range

* Analysis at 600-650W is often referred to as cold plasma analysis

%, AgilentTechnologies
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Figure 273
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Appendix 3 — Dealing with Polyatomics
Not All Cool Plasmas* Are the Same! [2]

Not All Cool Plasmas* Arethe Same!
[2]

Not All Cool Plasmas* Are the Same! [2]

 Advantages of operation at 900 W - 1000 W (High Power
Cool Plasma)
* minimal matrix effects - similar to normal plasma
operation (1200-1300W)
* higher ionizing power - wider analyte range - including
even Znand B
» complete sample matrix decomposition - greatly
reduced possibility of interface and spectrometer
contamination

%, AgilentTechnologies
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Figure 274

359



Appendix 3 — Dealing with Polyatomics
Fe in 31% H202 - 5 ppt Spike Recovery

Fein 31% H.,O,- 5 ppt Spike

Recovery

Standard Addition

Mass  Element 1S Units Lv. Conc, Count RSD %
56 Fe | — (N <[ 1 oo 485000 P 12.80
| JH K 5 2 500 7660.00 P 5.05
Countlx) umelghted 3 10.00 1.09E+04 P 334
count
VBRI ; 20.00 1.68E404 P 2.08
5 — o =
s S == —=
8 — — =
e s ==
10 — - -
9000.00— m — - —
12 — - =
13 — - -
] 14 — = =
15 — - —
16 — - —
17 - - —
0 1 * 18 — — -,
i} 22.00= 19 — s g
Conc.[¥) ppt 20 — - -
Curve Fit: | Y=aX+bibkg - Enter
r= 0.9998  Conc.= 7.975E+000 ppt EERL o)
¥ = 6.010E+002* +4.792E+003 +hkg
bkg = 0.000E+000 Min C,,,,E;
Prev. 0K ‘ Cancel | Help i

‘s%’. AgilentTechnologies
Innovating the HP Way

Fe in 31% H,0O, - 5 ppt Spike Recovery

Excellent linearity even
at 5ppt using high
power cool plasma

DL - 0.3pptinthe
H202 matrix

No callision cell or HR-
ICP-M Sdata reported
to date showing Fe
linearity at Sppt

Figure 275
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Appendix 3 — Dealing with Polyatomics
ShieldTorch Technology Eliminates Interferences Before They Form!

ShieldTorch Technology Eliminates I nterferences
Before They
Form!

ShieldTorch Technology Eliminates
Interferences Before They Form!
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Figure 276
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Appendix 3 — Dealing with Polyatomics
Can Heavy Matrices be Analyzed?

Can Heavy Matrices be
Analyzed?

Can Heavy Matrices be Analyzed?

Example Organicsanalysis
*Until now, carbon-based interferences have prevented the
trace analysis of Mg and Cr in organic samples
*C, interfereswith Mg 24, 25, 26
*ArC interferences with Cr 52, 53
= high power cool plasma (900W) removes these intereferences
down to single figure ppt level
2>AND isstablein all types of undiluted organic sample,
including xylene, toluene and NMP

w5 AgilentTechnologies

*-. Innovating the HP Way

Figure 277
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Appendix 3 — Dealing with Polyatomics
Cr in Undiluted Methanol

Cr in Undiluted
M ethanol

Cr in Undiluted Methanol

Mass Element [ Units Lv. Conc. Count RSD %
52 C 1= = [epb <] 1 oo00 193000 P 5.81
L - J”h 3 e = 2 2.00E-01 7550.00 P 2.88E-01
ount(v) unweighte 3 5.00E-01 1.65E+04 P 5.59E-01
count 4 1.00 318E104 P 1.27
5 2.00 5.92E+04 P 1.93
: . .
g Excellent linearity at ppt
8

level demonstrates
removal of ArC
interference using
ShieldTorch system

0 2.20

Conc]  pb The concentration of Crin

Curve Fit: [y=axvbrokg 7] | the sampleis calculated at
r= 0.9997 Conc.= 7.335E-002 ppb Restore Reject 7 ppt

Y= 2.877E+004%X +2.110E+003 +bkg

bkg = D.000E+000 Min Cone:
I Prev 0K | Cancel | Help |

EEEEEEEEEEEEEE
e
Frrrrrrrrrrrrrrgs

S Agilent Technologies
Innovating the HP Way

Figure 278
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Appendix 3 — Dealing with Polyatomics
Example of Heavy Matrix Analysis

Example of Heavy Matrix
Analysis

Example of Heavy Matrix Analysis

Example Analysis of trace impuritiesin Metal Alloys
Levels required have traditionally been 10's ppm or % in
the solid, but requirements for lower level characterization
areincreasing

1000x dilution typically used for ICP-MS, so
= 1ppm in solid requires measurement of 1ppbin
solution
> easily achieved for most elements by ICP-MS, except
K, Ca Fe
= robust high power cool plasma could be used

%, AgilentTechnologies
*".. Innovating the HP Way

Figure 279
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Calibration for 56Fe in 1000 ppm Pt

Calibration for sFein 1000 ppm
Pt

Calibration for *6Fe in 1000 ppm Pt

Standard Addition
Mass Element 15 Units Lv. Conc. Count RSD %
[56 Fe = =t E 1 oo 416000 P 5.44E-01
! 2 50.00 4440.00 P 1.78
Count(v) umweighted 3 100.00  4610.00 P 1.18 )
4 20000 522000 P 251

720000 1m0 s2e00 po2sl High power cool plasma
re o - (900W)
g _ _ —
g _ _ -
10 — - — . .

3600.00 R - — Fe at mass 56 in matrix
12— - —
+ 11— - - of 1000ppm Pt
« 11 — _ -
* 15 — - —
* 16 — - - .

o C o - - Standard Addition
0 520.00 — _ — i ;
concpd ot L - - calibration at 50, 100,

e i [Vt 3] g 200 and S00ppt
r= 0.9990 Conc.= 7.181E+002 ppt Restore Hejent |

¥ = 5.729E+000%K +4.114E+003 +bkg
bkg = 0.000E+000 Min Conc:

0K | Cancel | Help |

»*... AgilentTechnologies
Innovating the HP Way

Figure 280
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Appendix 3 — Dealing with Polyatomics
Calibration for 66Zn in 1000 ppm Pt

Calibration for e&Zn in 1000 ppm
Pt

Calibration for 66Zn in 1000 ppm Pt

Standard Addition
Mass Element 1S Units Lw. Conc. Count RSD %
[66 2n = et EF 1 ooo B600 P 11.00 ]
Cu;:_:w unweighted g ]Eg[:]gn ;g;gg E g?g ngh pOWGI’ COOI plasrna
140,00 5 s000  T2a0l0 b 159 (900W)
M- Z -
* B — — — . .
9 _ Z - Zn at mass 66 in matrix
* 10 — _ _
700.00— 1 - - - of 1000ppm Pt.
s 12 — _ _
; - - »
DE - - - Standard Addition
0 Cop - - - calibration at 50, 100,
Y comema et VL1 - - - 200 and 500ppt

Curve Fit: [Y=axsbrbkg 7] Enter |
r= 0.9984  Conc.= 2.220E+002 ppt Restors Reject | Zn cannot be measur ed

Y = 1.695E+000*X +3.762E+002 +bkg

bkg = 0.00DE+000 Min cﬂnc: at 600w
Prev oK | Cancel | Help |

‘s%’. AgilentTechnologies
Innovating the HP Way

Figure 281
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Appendix 3 — Dealing with Polyatomics
Determination of Se by High Power Cool Plasma

Deter mination of Se by High Power Cooal
Plasma

Determination of Se by High Power Cool Plasma

Agilent 7500 Operating Parameters
ShieldTorch interface
Higher forward power (1000W)
Higher gas flows
1.2 Lpm carrier gas
0.8 Lpm blend gas
Ar, ionization minimized, but plasma has power to ionize Se

%, AgilentTechnologies
*".. Innovating the HP Way

Figure 282
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Spectrum of 10 ppb Se and Blank

Spectrum of 10 ppb Se and
Blank

Spectrum of 10 ppb Se and Blank

[1]Spectruri Mol [ B7.542 sec] SESCAM.D [Count] [Linear]
1000

[1] Spectum Mol | 57542 seckSEBKSCAN.D [Count] [Linear]
Se 1000

500

500

" A
2073 074 78 7 7778 79 B0 81 B2 B2 B4 5

ol

miz> 71 72 73 74 75 76 F7 78 79 B0 Bl 82 83 84 65

‘s%’. AgilentTechnologies
Innovating the HP Way
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Calibration for 80Se

Calibration for

80Se

Calibration for 80Se

r= 0.9993

»*... AgilentTechnologies
Innovating the HP Way

Y = 1.128E+003*X +3.275E+002
% = B8.863E-004*Y -2.902E-001

Curve Fit: |Y=aXth =

[80 se Fll= Fen =1 voo 133.00 P 8.5
cont i 2l e o
]2':E“+”n";_ 4 500 6170.00 P 2.01
: 5 10.00 1.16E+04 P 2.22

* _ _ _

L8z Z Z

~ g _ _ _

s g _ _ _

s 10 — _ _

6000.00— 1 — — —

NETa _ _

13 _ _ _

14 — _ _

15 — _ _

16 — _ _

17 — _ _

1] T ] * 18 — — —

0 6.00 1200/ 19 — _ _

Conc.[X] ppb = 20 — — —

|y
=l
=
(]

Hestore BEejech

Seat0,1,2 5and
10ppb

No blank subtraction

No interference
correction

No internal standard

Precision and linearity
good

Figure 284
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Detection Limits for Se by Cool Plasma

Detection Limitsfor Se by Cool
Plasma

Detection Limits for Se by Cool Plasma

M ass Bk BLkSD lppb 1ppbRBk 3sDL (opbt

76 121 8.91 786 665 40.23
77 1796 57.43 2234 438 393.05
78 33 6.04 375 342 52.93
80 113 7.63 478 365 62.72
82 211 13.48 873 662 61.06

Detection Limits (3 sigma, n=10) in 4% HCI
Note - Integration times varied for different isotopes

%, AgilentTechnologies
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Figure 285
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Current Research Developments Using the ShieldTorch

Current Research Developments Using the
ShieldTorch

Current Research Developments Using the
ShieldTorch

Trace elementsin organics
Se isotope ratios
Trace Asin chloride matrices
Trace analysis of "difficult" ICP-M S elements
- eg.SS,P
e Removal of isobaric interferences (not possible by

collision cellsor HR-ICP-MYS)
— removal of Hg from Pb at mass 204
— removal of Zr from Sr at mass 90

‘s%’. AgilentTechnologies
*".. Innovating the HP Way

Figure 286
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Appendix 3 — Dealing with Polyatomics
As Calibration in 10% HCI

As Calibration in 10%
HCI

As Calibration in 10% HCI

External Calibration

Lv. Conc. Count

700.00—

T 1
0 600.00 1200.00
Conc.[X]) ppt

EEEEEEEEE
w

Mass Element IS Units
‘91 As0 _.“;H_ _.“;prl _.j 1 0.00 39.70 P 20.20
d 2 0.00 39.30 P 16.90
Count[¥] unweighted 3 10000 13800 P 3.32
count
_ 4 25000 33600 P 1.34
1400.00 5 50000 60100 P 338
6 1000.00 1200.00 P 411
7
8

Curve Fit: ['=aX+b =

Y= 1.162E+000%X +3.451E+001
X = 8.609E-001*Y -2.971E+001

Next Prev

Cancel i

r= 0.9997 Restore Reject

Help 1

»*... AgilentTechnologies
Innovating the HP Way

Asat 0, 100, 250, 500
and 1000ppt
ShieldTorch cool
plasma
— ArCl removed but As
not ionised

— measure AsO at mass
91

As DL - 40ppt (in 10%
HCI)

Figure 287
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Low Level P Calibration

Low Level P
Calibration

Low Level P Calibration

Standard Addition |
Mass  Element 1S Units Lv. Conc. Count RSD %
[ — | T | B R
N . + .
Count(¥] unweighted | 3 1000  422E+05 P 1.85E-01 i
85%”:'[]";7 o 4 20.00 8.51&»[}; P 4.65E-01 d ShIeIdTorCh COOI
. ) .5 - . -
: plasma
Vs 7 — _ _
8 - - - — measure PO at mass
=10 — - -
4.3E+05— B =1 47
12 - - -
5 - - e PDL - 30ppt
& 14 — - -
15 — - -
/ 16 — - -
P 17 — — —
0y 1 * 18 — - -
0 22.00}{= g
Conc.[X) ppb * 20 — — —
Curve Fit: [Y=aXtbibkg | er
r= 0.9999  Conc.= 4.207E-002 ppb testo .
Y = 4.262E+004°X +1.793E+003 +bkg
bkg = 0.000E+000 Min Conc:
Next | Prev OK [ Cancei [ Help [

.. Agilent Technologies
Innovating the HP Way

5

Figure 288
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Appendix 3 — Dealing with Polyatomics
Low Level S Calibration

Low Level S
Calibration

Low Level S Calibration

Standard Addition
Mass Element 1S Units Lv. Conc. Count RSD %
= <][peb <[ 1 o000 1.08E+04 P 9.47€-01
%959 JH - e K 2 500 1.24E404 P 3.48E-01 e Sat0,5, 10, 20 ppb
Count[¥) unweighted 3 1000 1.40E+04 P 4.62E-01 .
| goount o 4 2000  1.77E+04 P 1.94 e ShieldTorch cool
. J: 5 = =
o T - - plasma
/ * — — —
o M - - — measure SO at
¢
$ =10 — - -
9000.00— e 11— - - mass 48
/ * 12 — - -
4 =13 — - - e SDL-06 ppb
14 — — -
* 15 — _ _
4 16 — - -
| 17 — _ _
0 * 18 — _ _
0 22.00* 19 — - —
Conc.) ppb * 20 — — —
r= 09992 Conc.= 3.106E+001 ppb Feject
Y = 3.448E+002*X +1.071E+004 +bkg
bkg = 0.000E+000 Min Conc: [0.00
OK Cancel 1 Help |

.. Agilent Technologies
Innovating the HP Way
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Appendix 3 — Dealing with Polyatomics
Low Level Si Calibration

Low Level S
Calibration

Low Level Si Calibration

|
Mass  Element 1S Units Lv. Count RSD %
44 Si0 <= < {ppb - 1 0.00 211E+04 P 1.27
Ic “I“! o —”| —J] 2 5.00 3.50E+04 P B8.086E-01
“i’;'ﬁﬂ? unweighte 3 10.00 4.62E+04 P 9.98E-01
.BEADA— /o . g 20.00 6.54E+04 P 1.34
y e - _
/,»’4 7 - — —
.
/ 8 — — —
(24
-
g — — -
3.3E+04— ,,Q =1 - — -
/ * 12 — - -
. 13 — _ _
/ 14 — - —
/ 15 — - -
// * 16 — - —
_ 17— - -
o 118 — - -
0 22.00{~ 19 — — —
Cone.[X] ppb * 20 — — —
Curve Fit: | Y=aX+b+bkg ~| Cater
r= 0.9962  Conc.= 1.042E+001 ppb Festore weject
Y = 2.186E+D03*X +2.278E+004 +bkg
bkg = 0.000E+009 Min Conc: |0.00
Next OK | Cancel | Help |

e S a0,5, 10, 20 ppb
e ShieldTorch cool
plasma
— measure SO at
mass 44
e SiDL-12ppb

5

.. Agilent Technologies
Innovating the HP Way
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Appendix 3 — Dealing with Polyatomics
Strategy #2: Resolve the Interferences

Strategy #2: Resolve the
| nter ferences

Strategy #2: Resolve the Interferences

High resolution ICP-M S can be used to separate the analyte and
interferent peak

Increase mass resolution and separate the analyte and interferent
peaks, then make the measurement

%, AgilentTechnologies
*".. Innovating the HP Way
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Appendix 3 — Dealing with Polyatomics
Limitations of HR-ICP-MS

Limitations of HR-I CP-
MS

Limitations of HR-ICP-MS

e Asinoptical spectrometry, thereis atrade off between
resolution and sensitivity
— increasing resolution reduces transmission
— the net result is an inability to determine the analyte at trace
levels.
e A resolution of up to 7500 is required for some
interferences

— at 7500R, signal transmission is only 1% of that at unit mass
resolution (300R)

%, AgilentTechnologies
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Appendix 3 — Dealing with Polyatomics
Resolution vs. Sensitivity

Resolution vs.
Sengitivity

nsitivity

Resolution vs,

I ncreased Sﬁ%o

Sensitivity

%, AgilentTechnologies
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Appendix 3 — Dealing with Polyatomics
Other Facts About HR-ICP-MS [1]

Other Facts About HR-ICP-M S

[1]

o Abundance sensitivity (tailing) is
much worse in a magnetic sector
than a quadrupole

— if the analyte peak is adjacent
to alarge interferent peak, eg
39K next to 4°Ar, the tail from
the Ar overwhelms the K
signal

— inthese cases, increasing the
resolution does not help

%, AgilentTechnologies
*".. Innovating the HP Way

Intensity \

Other Facts About HR-ICP-MS [1]

40A

Mass —

Figure 294
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Appendix 3 — Dealing with Polyatomics
Other Facts About HR-ICP-MS [2]

Other Facts About HR-ICP-M S
[2]

Other Facts About HR-ICP-MS [2]

e Mass calibration iscritical to obtaining accurate
analytical results, however, it is atime consuming

process for HR-ICP-M S instruments
— resolution is defined by changing dlit widths, and these require
calibration/characterization
— since the peak is so narrow at high resolution, the peak
maximum cannot be reproducibly located
— the analyser must be scanned across the whole peak, which
decreases S/N significantly

%, AgilentTechnologies
*".. Innovating the HP Way
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Other Facts About HR-ICP-MS [3]

Other Facts About HR-ICP-M S
[3]

Other Facts About HR-ICP-MS [3]

¢ High resolution
instruments cost >$350k

e Not perceived to be
appropriate for routine
analysis

e Require ahigher level of
operator skill than |CP-

QM S High Resolution ICP-MS

%, AgilentTechnologies
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Appendix 3 — Dealing with Polyatomics
Strategy #3: Dissociate Interferences Within the Spectrometer

Strategy #3. Dissociate I nterferences Within the
Spectrometer

Strategy #3: Dissociate Interferences Within the
Spectrometer

o Utilize collision/dynamic reaction cell technology

¢ Insert acallision cell/dynamic reaction cell within the
spectrometer between the mainion lens and quadrupole
analyser

e Control gas phase chemistry within the collision cell to
dissociate polyatomic ions thereby eliminating the
interferences

%, AgilentTechnologies
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Appendix 3 — Dealing with Polyatomics
Principle of Collision Technology

Principle of Collision

Technology

I nterferent + Reaction Gas
A nalyte+ Reaction Gas

%, AgilentTechnologies
*".. Innovating the HP Way

Principle of Collision Technology

Collision Cdll

=

°8 o>

Gas inlet/outl

Photon Stop

For Apayte aNd | jierserent 10NS OCCUITING &t the same nominal mass:

IRNewMass

No Reaction; Analyte at Same Mass

Analyser Quadrupole

Multipole lon Guide

Figure 298
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Appendix 3 — Dealing with Polyatomics
Selecting a Gas Phase Reagent

Selecting a Gas Phase
Reagent

Selecting a Gas Phase Reagent

e Theideal reagent should:
— have high reactivity with the interferent ion
— result in 100% conversion of the interferent ion into
its constituent products
— result inafinal product that is stable
¢ Unfortunately, no single gas has been found to be
applicable for a complete multielement analysis
e Collision cell chemistries must be tailored for each
individual element and sample matrix

%, AgilentTechnologies
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Appendix 3 — Dealing with Polyatomics
Optimizing the Gas Phase Reagent

Optimizing the Gas Phase
Reagent

Optimizing the Gas Phase Reagent

e Often, more than one reaction gasis required to analyse a
series of different elements

e The need to fill the collision cell with gasfor the analysis
and then vent the cell and refill with another gas, and re-
measure the sample significantly increases analysistime

¢ Not only must the type of gas used be optimized, but the
flow rate of gas through the cell must also be optimized
for best SN

e Few elements optimize using the same type of gas at the
same flow rate. Therefore, compromise conditions must
be used

%, AgilentTechnologies
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Appendix 3 — Dealing with Polyatomics
Side Reactions Are Inevitable!!

Side Reactions Are
| nevitablel!

Side Reactions are Inevitable!!

e Sidereactionsi.e. unexpected reactions of the collision gas with
other matrix components, have always been reported when using
this technology

e For example, when using NH; as a collision gas when Ni is
present in the sample:

Reaction Product
= Ni*+ NH, — Ni(NH,)*
= Ni*+ Ni(NH,)* — Ni(NH,) ,*
= Nit+Ni(NHy) ,+ ——» Ni(NH,) 5"
= Ni*+Ni(NHy) ;5 ——» Ni(NH,) ,*

%, AgilentTechnologies
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Appendix 3 — Dealing with Polyatomics
Side Reactions Create New Interferences

Side Reactions Create New

| nterferences
Side Reactions Create New Interferences
Product |nterferes with
Ni(NH,)* 5As, 77Se
Ni(NH,) ,* 92Zr, 92Mo, %4Zr, %Mo, %Mo, %Zr,
%Mo, %Ru, %Mo, %Ru
NI(N HS) 3+ 109Ag’ 111Cd, 112Cd’ 1128['!, 113Cd’
113|n’ 115|n’ 115Sn
Ni(N H3) 4+ 126Te’ 128Te1 130Te1 13088, 13ZBa
Figure 302
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Appendix 3 — Dealing with Polyatomics

Hydrocarbons Are Particularly Prone To Complex Chemistries Even
at Trace Levels

Hydrocarbons Are Particularly Prone To Complex
ChemistriesEven at Trace
Levels

Hydrocarbons Are Particularly Prone To
Complex Chemistries Even at Trace Levels

Even for smple hydrocarbons:

Art+CH, ___, CHg+Ar+H+*
Art+CH;t ——»  CHy*+Ar+H,
Art+CH,t ——>  CH*+Ar+H,*

,:‘:,, Agilent Technologies
"% Innovating the HP Way
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Appendix 3 — Dealing with Polyatomics
Effects of Sample Matrix

Effects of Sample
Matrix

Effects of Sample Matrix

e “Multipole lon OpticsIn ICP-MS’, Jonathan Batey, 25th
Annual Conference of the Federation of Analytical Chemistry
and Spectroscopy Societies, Paper #661.

e Agpirated 400ppm Cainto acollision cell device

e Cacould be measured at “°Ca, however, strong peaks were
observed throughout the mass spectrum due to CaOH* and
other Camolecular ions

e Conclusion - collisions cells were not appropriate for samples
contai ning significant matrix components

%, AgilentTechnologies
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Strategies to Overcome the Problem of Side Reactions

Strategies to Overcome the Problem of Side
Reactions

Strategies to Overcome the Problem of Side
Reactions

e The collision cell quad can be scanned in concert with
the analyser quad*
— enablesthe collision cell quad to act like a notch filter
— can prevent side reaction ions from entering the analyser quad

* Tanner S.D., Baranov V.I., At. Spectroscopy, 20 (2) 3-4/99

%, AgilentTechnologies
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Limitation of Scanning the Analyzer Quad

Limitation of Scanning the Analyzer
Quad

Limitation of Scanning the Analyzer Quad

e When the collision cell quad becomes contaminated
with sample matrix, it will charge up, and be unable to
follow the scan speed of the analyser quad

e Analyte transmission will fall dramatically

e Quadrupoles are difficult to clean

e Correct realignment is critical to achieve maximum
transmission

%, AgilentTechnologies
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Appendix 3 — Dealing with Polyatomics
Collision Cells Can Create Interferences

Collision CellsCan Create
| nterferences

Collision Cells Can Create Interferences
Through...

¢ |nterferring ions combining with the reaction gasto

shift to a new mass
— This mass cannot always be anticipated due to ion clustering

¢ Reaction gas combining with analytes and matrix
components not previously interferred with

¢ Reaction gas combining with ultra-trace contaminants
in the cell

e The presence of any type of matrix significantly
complicates data interpretation

%, AgilentTechnologies
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In Summary

In
Summary

In Summary...

e High resolution ICP-MS can resolve the interferences, but
isnot easy to use, and in complex matrices, poor
abundance sensitivity givesrise to severe spectral overlaps

e Collision cells must use different gases/gas mixtures and
gas flow rates to meet all analyte requirements

e Coallision cells not only reduce targeted interferences but
create new unpredictable molecular ion clustersin every
individual matrix

e For amost all applications, high power cool plasma has
superior performance

%, AgilentTechnologies
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