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Topics to be covered

 Configurations and Specifications
« Hardware

« Technology and features
 Challenging matrices

» Hydrocarbon samples

 High saline samples
 Software

* Principles of software

» Work flows

« Key features
* Element Finder

* Fully automated method development
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Thermo Scientific™ iCAP™ 7000 Series ICP-OES

» Lowest cost ICP-OES analysis, the highest quality data
® iCAP 7200 ICP-OES - Entry level, cost-effective analysis for low sample thru-put requirements.
® iCAP 7400 ICP-OES - For routine analysis requirements and mid-range sample thru-put.

® iCAP 7600 ICP-OES - Highest productivity and maximum sample thru-put with advanced, flexible
accessory support, such as laser ablation.

A

Thermo

SCIENTIFIC

iCAP 7000 SERIES
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ICAP 7200 ICP-OES

* Entry level, cost-effective analysis for low sample thru-put requirements.
* Perfect analytical solution for restricted budgets

* Powerful analyte detection & resolution

* Analysis-ready sample introduction for
W consistent performance & ease of use

* User selectable method templates for
minimized method development

* Field upgradeable technology to iCAP
7400 ICP-OES

Who’s it for:
* Routine labs with a low budget

* Less demanding liquids applications
* Low sample numbers
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ICAP 7200 ICP-OES — Specification

SIMPLE PRE-OPTIMIZED SAMPLE INTRODUCTION

* Duo plasma viewing

* Pre-set 1150W plasma power

* Manual (pressure regulated) gas flow controls

POWERFUL PERFORMANCE & PRODUCITIVTY

* Powerful resolution and DLs from iCAP 7000 Series ICP-OES

* Optimized productivity for small sample batches (< 100 samples per day)
* Approximately 4 minutes per sample for a 15 element method

* Simple, intuitive software tools for reduced method development
* Pre-loaded methods for Enviro, Food/Toy Safety and WEEE/RoHS applications
* Downloadable methods from the on-line library

* Wavelength range 175-847 nm
* Access to most sensitive As, P, Hg, Tl, Sn and | wavelengths
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Future Proof Field Upgradeable iICAP 7200 ICP-OES

The ICAP 7200 ICP-OES can evolve with the customer’s analytical
requirements and be field upgraded to ICAP 7400 ICP-OES Duo
specification
» ICAP 7200 ICP-OES Upgrade Kit
 Provides full wavelength range of 166-847nm
* Provides MFC controlled nebuliser for enhanced long term stability

* Provides enhanced flexibility for Peristaltic Pump control to enhance
productivity

* Provides enhanced flexibility for Plasma RF power (e.g. for volatile
organics analysis)

« Enhanced productivity (precision mode enables analysis of 15
elements in <2 mins)

 Fullframe for advanced method development and data acquisition
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ICAP 7400 ICP-OES

* For routine analysis requirements and mid-range sample thru-put.

* Ideal for QA/QC laboratories that require highest sensitivity from full
wavelength coverage

-Powerful analyte detection & resolution
*Choice of plasma orientation to enable
enhanced application suitability

*Intuitive software tools for optimized liquid
sample introduction

*Advanced gas flow control for optimized
liquid sample introduction

*Flexible data acquisition modes for routine
method development operations

Who's it for

*Routine analytical laboratories
*Moderate-high throughput liquid
applications
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ICAP 7600 ICP-OES

 Highest productivity and maximum sample thru-put with advanced sprint
valve sample introduction , flexible accessory support

* Best solution for laboratories experiencing the most challenging analytical
demands, such as large contract, or R&D facilities

» Powerful analytical detection & resolution
 Choice of plasma orientation to enable
enhanced application suitability

* Intelligent software for powerful auto-
optimization of the sample intro system

« Advanced data acquisition including
‘Sprint’ modes for ultimate productivity &
versatility

« Comprehensive accessory compatibility
for liquid & solid sampling

Who'’s it for

* Labs requiring the extreme productivity

* Labs who perform highly variable &
demanding research-based applications
 Labs who require solid sampling capability
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Sprint valve system — How does it work?
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Sprint valve system — How does it work?

.. Instrument
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ICAP 7000 Series ICP-OES — Plasma View Configurations

~ N
ICAP 7200 ICP-OES ICAP 7400 ICP-OES ICAP 7600 ICP-OES
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ICAP 7000 RF Generator MK Ill performance prove

ThermoFisher
SCIENTIFIC

® iCAP Q - Dramatically Different

The world leader in serving science
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Thermo Scientific ICAP 7000 Series ICP-OES

Plasma View

A Range

Gas Flow Controls
Additional Gas

Full Spectrum Capture

Spray Chamber/Neb

Detector

Sample Pump

RF Source

Operating Gas Cons. (L/min)

Detection Capability

Software

ICAP 7200 ICP-OES

Duo
175—-847 nm
Pressure/Solenoid
No
No

Aqueous (as std)
Others Available

CID86

3-channel std peri pump

Pre-optimized 1150 W
14
Standard iCAP — 1ppb

Qtegra Basic
Enhanced set of MT

ICAP 7400 ICP-OES

Radial or Duo
166 — 847 nm
Neb/MFC
No
Fullframe

Aqueous (as std)
Others Available

CID86

4-channel mini pump

1500W
16
Standard iCAP — 1ppb

Qtegra Standard
Enhanced set of MT

ICAP 7600 ICP-OES

Radial or Duo
166 — 847 nm
Full MFC
Yes as stand
Fullframe

Aqueous (as std)
Others Available

CID86

4-channel mini pump &
Integrated Loop

1600W
16
Standard iCAP — 1ppb

Qtegra Enhanced
Enhanced set of MT

Method Templates (MT)
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ICAP 7000 Series ICP-OES — IDLs with Axial Plasma Viewing

Element Wavelength (nm) DL (15s integrations) ug/L
Ag 328.068 0.32
Al 167.079 0.12*
Al 308.215 4.1
As 189.042 1.43
As 193.759 2.14
Ba 455.403 0.03
Be 311.107 0.017
Ca 393.366 0.003
Cd 214.438 0.07
Co 228.616 0.51
Cr 205.560 0.21
Cu 324.754 0.39
Fe 259.940 0.25
Hg 184.950 0.14
Hg 194.227 0.66
K 766.490 0.60
Li 670.784 0.03
Mg 279.553 0.010

Element | Wavelength (nm) | DL (15s integrations) ug/L
Mn 257.610 0.07
Mo 202.030 0.38
Na 589.592 0.37
Ni 231.604 0.36
P 177.495 1.55

213.618 2.12
Pb 220.353 1.06
S 180.731 1.05
Sb 206.833 3.25
Se 196.090 3.05
Sn 189.989 1.10
Sn 283.999 4.14
Sr 407.771 0.010
Ti 336.121 0.30
TI 190.856 1.16
TI 276.787 4.40
\% 309.311 0.23
Zn 213.856 0.19

*Not applicable for iCAP 7200 ICP-OES
(All instrument detection limits calculated using the 3o model)
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ICAP 7000 Series ICP-OES - IDLs with Radial Plasma Viewing

Element | Wavelength (nm) | DL (15s integrations) ug/L
Ag 328.068 2.46
Al 167.079 1.51
As 189.042 4.74
Ba 455.403 0.17
Be 311.107 0.07
Ca 393.366 0.02
Cd 214.438 0.19
Co 228.616 1.16
Cr 205.560 0.85
Cu 324.754 2.36
Fe 259.940 0.80
Hg 184.950 1.10
K 766.490 5.10
Li 670.784 0.83
Mg 279.553 0.04

Element | Wavelength (hnm) | DL (15s integrations) ug/L
Mn 257.610 0.21
Mo 202.030 1.11
Na 589.592 1.80
Ni 231.604 2.29
P 177.495 5.66
Pb 220.353 4.50
S 180.731 2.22
Sb 206.833 9.36
Se 196.090 7.36
Sn 189.989 1.57
Sr 407.771 0.04
Ti 336.121 0.58
Tl 190.856 7.33
\% 309.311 0.80
Zn 213.856 0.6

(All instrument detection limits calculated using the 3o model)
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The ICAP 7000 Series ICP-OES Core Technologies

Optical
design

CID detector

L

iCAP

% Senies

EMT torch &
Duo viewing

b
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| Clip-in
sample

| intro

systems

Drain
sensor
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Sample Introduction Kits for ICAP 7000 Series ICP-OES

» Liquid handling kits for Duo & Radial
ICP-OES

» Agqueous Kits
» Organics Kits
« Volatile Organics Kits
 High Solids Kits
* HF Resistant Kits
« All kits include EMT torches
» User selectable injectors tubes
« 1.0, 1.5, 2.0 mm quartz tube
« 2.0 mm ceramic tubes
 Pump tubing is not included
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Open Access Sample Introduction Compartment

* Large fully opening outer door
* Improved user access
* Clear view of plasma source
» Simplifies optimization
» Easy access to sample introduction
« Simple change of components
* Peri-pump
12 roller for smooth flow, micro tension control
* Drain Sensor
« Monitors drain, detects leaks or blockages
» Accessories

« Easy connection of Argon Humidifier, Hydride
Generation and Laser Ablation accessories

“Better user access, compatible with all accessories”

| ———
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EMT Torch for Ease of Use for Routine Maintenance

TORCH ORIENTATION LOCK

* Auto alignment of the torch in the torch
box

* Automatically establishes robust plasma
gas connections

SCREW-THREADED CENTRE
TUBE HOLDER

« Simple routine maintenance
operations with the plasma on!

Still the best torch design and common
ICP-OES/ICP-MS

e
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High Efficiency RF Generator Design

« 27 MHz Swing Frequency design for enhanced stability

 High efficiency (>78%) enables operation at lower power

 Conformal coated PCBs for corrosion resistance

* Reduced thermal stresses on key components
» Re-optimized air circulation
* Re-optimized water flow thresholds
* In-line water filters

« Ease of serviceability and fault diagnosis
« Modular control board and software diagnostic tools
« Modular Power Supply Unit and software diagnostic tools
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ICAP 7000 Series ICP-OES Optics — Fore Optics

* Duo View & Radial View Options

* Telephoto system (concave & convex
mirror)

« Low aberrations (efficient collection
of light)

» Convex mirror (before slit) steerable
In 2 directions

 selects view (in Duo)

« allows peaking of plasma view (in
Radial)
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ICAP 7000 Series ICP-OES Optical Design — Echelle Polychromator

* High optical stability & accuracy
* Compact optical design (thermally insulated with heater control to 0.1 °C)
* Automated optical correction on GetReady
* New wavelength calibration — accurate to <1 pixel
° High resolution and image quality
*7pm @ 200nm
* Aberration compensation over whole chip

* Reduced stray light effects

* Anamorphic magnification focuses all lines on the chip
* High sensitivity

* Compact design with reduced optical surfaces

* Shorter integration times for faster analysis

* UV & Vis slits for optimized light transmission

° Low running costs

* Compact design allows fast purge & reduced gas consumption
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Improving robustness for ICP-OES analysis

Proprietary & Confidential The world leader in serving science



Overview

* What sa dples cause problems for
ICP-OES”

* Types of sample
» Challenges they cause
* How can these problems be solved?

* Nebuliser, spray chamber, torch and
purged radial view window

« Sheath gas (for radial ICP-OES) and
humidifier

- Example applications
* Improving productivity with ICP-OES
 High speed analysis options

« Automated sample preparation and
intelligent dilution

« Automated method development using

‘lll!!lﬂﬁ 2] ]l B
® -3
3
i (=]

——enhanced-software-(ElementHinder)
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What samples cause problems for ICP-OES?

 Types of sample
- Saline matrices (e.g. sea water, brine)
- Metal / metal alloy digests

« Organic materials (e.g. engine
lubrication olls)

» Challenges
* Nebuliser blockage
 Torch devitrification and cracking
* Injector degradation and blocking

 For dual view systems, coating of radial
view window
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How can these problems be solved? - 1

» Nebulisers 7‘" —

 Parallel path — Burgener

- Large capillary concentric devices i
(e.g. SeaSpray)
* V-groove p—
J . —-aa
 Resistant to blocking —

« Spray chamber [ ‘j f]]'jj:t

- Baffled cyclonic type | ’K

- Reduced sample loading on
plasma

- Improved long term stabilit '
b J y [TharmoFisher
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How can these problems be solved? - 2

* Torch
- Ceramic torch: very high tolerance to _‘

aggressive sample matrices, radial and Duo
options

* Fully demountable for simplified maintenance

* Duo design incorporates fibre optic
connection to allow plasma on status to be
detected

* Ideal for saline materials, fusions, metal
digests

. BH{%ed radial view window (iICAP 7000
* Holes in base allow Ar purge gas flow through ﬁ
the window and out through tapered nozzle )

* Prevents sample deposition on base of
window so eliminates related signal drift

 Improves sensitivity, especially in the UV
range and enhanceés long term stability

- Reduces user maintenance |
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How can these problems be solved? - 3

Purged radial view window

Datection Limits (pg kg')

Al 167079 nm P 177.4%5 nm
W Quartz Window Radisl POP Interface
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How can these problems be solved? - 4

» Sheath gas adaptor

» Creates barrier between aerosol and injector surface
» Prevents sample build up on the injector tip
» Enhances the long term stability of high solid samples

» Improves detection limits and avoids contamination by eliminating the
need for sample dilution

» Connects directly to the Thermo Scientific™ iCAP™ 7400/7600 ICP-OES
additional gas accessory

« Argon humidifier, if sheath gas option not available

* Nebuliser gas line fed through chamber containing water
« Water permeates through gas line and wets the argon

» Prevents salting up on nebuliser tip caused by drying
effect of nebuliser gas flow

« Example shown here - ESI pergo system

29
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Example application 1: Analysis of 25% NaCl samples

® iCAP 7400 ICP-OES Radial

* Burgener MiraMist
nebuliser

« Ceramic torch (aka the
D-Torch)

10 h stability in 25% NacCl, A
<230nm
(without internal standard
correction)

4

>

) 0 1 2 3 4 5 6 7 8 9 10

> . .

9 Time in hours

(0]

(04
Al 167.079 Zn 202.548 = Cr 205.560
Sr 216.596 —Ni 221.647

* Long term stability: Recovery =5%
during 10 h analysis

« Detection limits: Mostly single digit ppb
(see later slide)

* Reduced wash time of 30 sec.

10 h stability in 25% NacCl, A
>230nm (without internal
standard correction)

— . ___ __ ___ ____}

Recovery (%)
HHS
[er s ectna=to]
AUDOTOD

0 1 2 3 4 5 6 7 8 9 10
Time in hours

Fe 238.204 Mn 257.610 Mg 279.553

Cu 324.754 — Ba 455.403
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Measurement without sheath gas adaptor

» Without sheath gas

- Completely blocked injector tube after < 2h,
signal lost

- lisheatbiggsoptmnaatavalaklesargon
humidiierdyotldubenterqaliistendaadiditional cost,

CompIeXIty correction
e
1=

0 1 2 3 4 5 6 7 8 9 10
Time in hours

Al 167.079 Sr 216.596 ——Ni 221.647
——Mg 279.553 Ba 455.403 +10%
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25% NaCl analysis results summary

Internal Known Measured
ﬂiﬁﬁ%}; gﬂ? wsgw?:lgﬁrg{:h cuncseF:llh;tion co ncsee:r;tion Recovery (%)
(nm) (ng-L) (ng-L7)
Al 167.079 0.9997 Y 224.306 500 497.2 9r.2 44
Ba 455.403 1.0000 Y 317.030 500 499.9 99.9 0.9
Co 228.616 0.9999 Y 224.306 500 500.6 100.6 10.6
Cr 205.560 0.9999 Y 224.307 500 500.5 100.5 4.5
Cu 324.754 0.9999 Y 324.228 500 501.7 101.7 13.0
Fe 238.204 0.9995 Y 320.332 500 503.2 103.6 8.8
Mg 279.553 0.9999 Y 320.332 500 501.0 101.0 0.5
Mn 257.610 0.9999 Y 320.332 500 50141 1011 1.7
Ni 221.647 0.9999 Y 224.306 500 500.8 100.8 8.0
Sr 216.596 0.9999 Y 224.306 500 501.3 101.3 10.2
Zn 202.548 1.0000 Y 224.306 500 499.9 99.9 2.0
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Example application 2: Concentrated metal digests

Aqua regia 10g/L vanadium concentrate analysis using iICAP 7400 Duo, without internal standard correction

110 —@— P_1774-Axial
——P_1774-Radial
—o— P_1782-Axial
—— P_1782-Radial A ———
—— S_1820-Axial
—e— S_1820-Radial
—0— As1890-Axial
—aA— Zn2025-Axial
—A— Zn2025-Radial
—aA— Zn2062-Axial
—A— Zn2062-Radial
—— Fe2084-Axial
—A— Zn2138-Axial
A Zn2138-Radial
—o— P_2136-Axial
©- P_2136-Radial
—x— C02286-Axial
—aA— Ba2335-Axial
—A— Ba2335-Radial
—8— Al2373-Axial
—0— Al2373-Radial
O Ca3181
A Mg2790-Radial
30 —o- Ti3349-Radial

—o-— Sr4077-Radial ‘ .-‘

< Na5895-Radial -

20 T T T T T T —B-— Li6707-Radial
00:00:00 00:28:48 00:57:36 01:26:24 01:55:12 02:24:00 02:52:48 03:21:36 | _¢_K_7664-Radial

Repeat analysis over 3 hours using the standard quartz radial view
window: Axial (red) signals stable, but radial signals drift
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Example application 2: Concentrated metal digests

Aqua regia 10g/L vanadium concentrate analysis using iICAP 7400 Duo, without internal standard correction

1

1

1

= 100)

Relative Intensitat (Kal

105
100 /
95
90
85

80
00:00:00 02:24:00 04:48:00 07:12:00 09:36:00 12:00:00 14:24:00 16:48:00 19:12:00 21:36:00 00:00:00

20

15

10

—e—P_ 1774
—e—P_1774R
—a—P_1782
—a—P_1782R
—a—S_1820
—8—S_1820-R
- — Zn2062

Zn2062-R
—Zn2138

Zn2138-R
— Cr2055
— Fe2178
- —Ni2316
—&—Ba2335
—&— Ba2335-R
—®—— AI2373

®  AI2373-R
—— Mg2790-R
——=—Mn2576

+— Ca3181-R
—+—— Cu3247
Na5895-R
K_7664-R

%X X 4+ 4+

o > 4

Messzeit (hh:mm:ss)

Repeat analysis over > 21 hours using the purged radial window:
Axial (red) and radial (blue) signals both stable
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Results summary for concentrate metal digests
analysis

300 samples monitored over > 21 hours, results normalised to 100%
Data obtained with purged radial view window, with Y internal standard correction

Line Observation Avg RSD

ax/rad Ya % U5 ) e
P_1774 axial 98,6 1,2 96,1 100,0 39
P_1774-2 radial 100,5 0,6 984 101,5 3.1
P_1782 axial 100,5 0,6 a8,7 1014 2,7
F_1782-2 radial 102,0 0,7 100,0 1035 1.5
5_1820 axial 100,6 04 99,3 1014 2,2
5_1820-2 radial 100,8 0.5 99,2 102,0 2.8
As1890 axial 99,6 0,6 ar.7 101,2 1.5
Zn2025 axial 96,5 1,9 a3 100,1 7.0
Zn2025-2 radial 96,8 1,7 93,9 99.9 6,0
Cr2055 axial 100,1 04 99,0 101,0 2,0
Zn2062 axial 99,0 0,9 a7.,2 100,9 3,7
Zn2062-2 radial 99,0 0,6 ar4 100,1 2,7
Fe2084 axial 98,9 1,0 ar 100,2 31
P_2136 axial 100,1 04 99,3 1011 1,8
F_2136-2 radial 100,2 0,3 99,3 100,9 1,6
Zn2138 axial 99,2 0.5 281 100,2 2,1
Zn2138-2 radial 99,9 0.3 98,5 100,5 2,1
Fe2178 axial 100,1 03 98,9 100,7 1,8
Pb2203 axial 100,9 0,6 99.8 102,2 24
Mi2216 axial 101,2 0.8 Q9.7 102,6 29
Co2286 axial 99,9 0.5 99,2 101,2 2,0
Mi2316 axial 101,0 0.5 99,9 102,0 2.1
Ba2335 axial 99,5 0.5 98,5 100,9 24
Ba2335-2 radial 100,2 0.3 99,3 1011 1,8
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Example application 3: Analysis of engine lubrication
olls

* ICAP 7400 ICP-OES Radial

-
* V-groove nebuliser —
« Ceramic D-Torch J;»g -—
- Baffled cyclonic spray chamber ” aa

« Wear metals in oil materials analysed
® Quartz 7000 oil (unused — New)
® Quartz 7000 oil (200 hours use — Intermediate)

® Quartz 7000 oil (400 hours use - Old)

» Samples diluted 10x with xylene and
measured 8 consecutive times

* Y used as internal standard
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Engine lubrication olils analysis results

Element and Intermediate Element and Intermediate
wavelength oil wavelength oil

Ag 338.389 nm 0.76 0.87 Mo 281.615 nm 0.16 0.38
Al 308.215 nm 0.09 0.05 0.05 Na 589.592 nm 5.71 52 3.7
B 208.959 nm 214 1.63 2.46 Ni 231.604 nm 0.73 0.59 0.48
Ba 223.527 nm ND 0.46 0.82 P 178.284 nm 972.4 1045 9841
Ca 184.006 nm 1103 2293 3014 Pb 220.353 nm 16 124 8
Cd 214.438 nm 0.15 047 0.27 S 180.731 nm 5731 5776 5134
Cr 267.716 nm 0.12 115 2.54 Si 212.412 nm 745 10.3 10.8
Cu 324.754 nm 0.58 2.03 3.49 Sn 283.999 nm 7 4.58 2.53
Fe 238.204 nm 2.76 23.2 30.8 Ti 334.941 nm 0.4 0.48 0.51
Mg 279.553 nm 870.8 631.2 323.4 V 309.311 nm 2.2 1.46 0.7
Mn 293.930 nm 0.21 0.63 0.89 Zn 213.856 nm 1038 1143 1106

« Results in mg/kg in the undiluted oll
* Increased concentration of key elements indicative of engine wear
* Ca, Cr, Cu, Mn, Fe

« Certain elements (e.g. Mg) decrease with oil use; Mg sulfonates used as detergents to help keep engines
clean so possibly lost by precipitation as oil ages with engine use
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Improving productivity with ICP-OES

Achieving higher sample throughput with less manual labour

Automated Sample
Preparation and
Intelligent Dilution

Ultrafast
Sample
Introduction

Automated and simplified method set up:

Element Finder™
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Ultrafast sample introduction (standard with ICAP
7600

* Rapid sample introduction with automated Sprint Valve Position 1
" . (Load)
* 6 ports, 2 positions (load, inject) %
+ Fast sample loading into injection loop using
integrated vacuum pump > 3
« Short connection from valve to nebulizer — rapid o
uptake time when valve switches to inject position
. . Position 2
+ Fast washout when loop switches back to load position (Inject)
analysis
4+~ complete @///@
= analysi 4} was " E
stime 1 h 1 8
analysis \~,~ standard N

: : : ICP set
_,Completei : up

Sprint Valve

1 2 3

P— - .
e —— I ———=—S e —
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Sprint valve operation applied to lubricating oils
analysis - summary

« Samples diluted 10x with white spirit solvent

APPLICATION NOTE 43161

* Yttrium internal standard used

+ Sprint valve method

 Total analysis time per sample - sample load, inject, uptake and Sprint analysis of lubricating oils using the
" . _ . Thermo Scientific iCAP 7000 Plus Series ICP-OES
acquisition time = 1 minute

» Acquisition parameters = 2 repeats, 5 seconds integration time
per repeat

* Number of analytes = 22

+ Detection limits (3 x standard deviation of 10 consecutive
blanks) in the range 0.5 to 50 mg/kg in undiluted samples

: o ‘ oo
* For more details see application note AN 43161
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Automated sample preparation and intelligent dilution

Teledyne CETAC ESI prepFAST
SDXppip * Online dilution }“’

- Syringe systen g

. -

[}
i
-
Both systems are capable of Prescriptive Dilution and Intelligent
Dilution
Qtegra software used to define dilution parameters

Fully integrated with iCAP 7000 Plus Series ICP-OES and iCAP Qnova Series ICP-MS with the Qtegra

ISDS Software
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Auto-dilution systems — Prescriptive dilution

» Autodilution

® Prescriptive dilution allows sample specific dilution in
a single analytical run

® Advantage over fixed dilution approaches such as:

¢ Liquid dilution via ratios of peristaltic pump tubing internal

diameters

¢ Manual off-line dilution with fixed sample and solvent volumes

TELEDYNE CETAC
SDXppLo
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I Dilution of one stock standard I

» Autodilution

Bl:l; A\;ER;-\;EEE;LK 1 2 1
BLK AVERAGE BLK 1 2 1'
BLK AVERAGE BLK 1 2 1|
. . . . . 0.010 STD 4 stock 1 3 400
- Automatic generation of 0.01 to 4 ppm calibration line e & . — m}
from single stock standard il il frmsid o/ 208
0.040 ppm |STD 4 ppm stock 1 3 100'
w 3,080 ppm |STD P 3 3 50'
350 F T e A e — - ojeoppm STD 4PDfﬂ$tOCk 1 3 25I
ao 1 : L 1| werera [pors ] O4ppm |STD 4 ppm stock 1 3 1(‘
Z’q‘:s.mm ::u 0.8 ppm STD 4 ppm stock 1 3 5I
& 250
g_ 2 ppm STD 4 ppm stock 1 3 2'
E 2 Zppm  |STD 4 ppm stock 1 3 |
"‘é‘ 150 .,
é 100 :
1 | R2= « Dual stocks can be used to further extend automated
S : ; 0.99997 . )
Concentatin 5o calibration ranges
R‘; 1099597 |
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Auto-dilution systems — Intelligent Dilution

» Autodilution

® Advanced, intelligent auto-dilution of analyses based on specific
criteria, e.g.:

® QOut-of-range analyte concentration with respect to calibration curve

* Internal standard suppression indicating that matrix concentrations

#

i
-

ESI prepFAST

are too high |

. . . . @

¢ Auto-dilution setting is automatically calculated and applied on a
sample by sample basis
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Qtegra™

Intelligent Scientific Data Solution™

The world leader in serving science




ICAP 7000 Series ICP-OES - Qtegra driven!

What is Qtegra?

Qtegra is a workflow driven software platform for
analytical instruments which allows a complete
Intuitive and state of the art user experience.

It is for sample measurement and data processing
In consideration of traceability and transparency
to meet formal guidelines such as electronic
records and signatures as described in FDA
regulation 21 CFR Part 11.
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The four pillars of Qtegra ISDS

Workflow

Scalability Compliance

Data

Management

« PRODUCTIVE

» Simple workflow
*Dashboard
* Protocol
*LabBooks

» Time saving
*One click ‘Get Ready’
*5 clicks to LabBook

* Relevant Results
* Relevant Reporting

* Feel / Ease of use

 Start-up
« Commonality

47  Proprietary & Confidential

* Large and growing * Regulations
number of instruments * Security
on Qtegra « Data integrity

* Large number of * Simplified validation
peripherals supported * Commonality

* Tree of techniques
* Interfaces

* Inputs

* Plug-ins

* Training

» Commonality

» Data connectivity
* LIMS connectivity
* Data search and

amalgamation

* Report outputs
* Relevant reporting
« Commonality

e ————

ThermoFisher
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Workflow — How to get from sample to results

Qtegra intelligent workflows drive to results:

- Simplified pathways

* Reduced number of steps
« Save time with automation
* Reduce training

* Increase productivity

QTEGRA
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Workflow from a template to a LabBook

Get Ready ' Analytical Method

Il Dashboard B Template
I Sample Details
|

and QA/QC Protocol . Manual
fom L ~— M Bar/QR Code
M LabBook ‘! IMS
| Create LabBook |
|
I |
| |
1 |
B LabBook }
: Results and Report |
N o - _/J

o ———————— =
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Workflow - Dashboard - ‘Get Ready’

Qtegra - [Home Page]

neter

[} Interlocks

8230 W

ETD Lot E% iCAP, Manual Sampling

0000 Lmin P
0000 L/min The following Options are available
0000 Lmin iCAP OES Spectrometer
[7] Spectrometer Optimization 5 min
Run Performance Checks 30 min
65535 rpm

[7] Use Manual Sampling

Uptake time (s}

Total time (estimated) 5 min

Wamup 1 Minutes

0K
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Workflow - Dashboard — ‘Get Ready’

B Cet Ready - Prepares system for
-k Performance Check analysis
TN « Confirms performance
AutoTune

|

|

|

: | Corrective Action (e.g. calibration) Improves quality of results
|

|

Performance Check

y » Saves time
Vy :
Performance OK - Reduces requirement for
" — Il User Action training

' * Improves productivit
B Process Queued Labbooks P P y
|

B Export Data
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Workf

low - Qtegra LabBook

P
fgd Experiment Editor - [Ho

Home Page

me Page]

-

Dashbecard

Templates

Results

Manage Files

Help

S

Analysis

Q Create LabBook
Create a new LabBook based on an existing Template,or LabBook

Enter a Name for
Name US EPAMETHOD 200.8 (FAST) 1
the Labbook
Location LabBooks

@ Create a new LabBook from an existing Template

Template Name  US EPAMETHOD 200.8 (FAST) o

Samples 75 [ Import from C5V

() Create a mew LabBook from an existing LabBook

Mame | Final DVT_HighMatrixSingle Blement_Suppression_QUICK MASTER

() Create a new LabBook from a blank Template

eQuant

Create LabBock

p VPO L VUL EVE W Tan SR U T T W NPT W N ¥

Open LabBook

W™ irttt =i

i
r-:d M?_;P:TW*"‘QE"@E“J R T Y g -—“"-4-““\")

—————
—
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* Prepared in 4 clicks

* LabBook contains:

Method

Analytical protocol
Intelligent sequence checks
Data

Results

Report

Audit logs

nfidential

ThermoFisher
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Four steps to an EPA compliant analysis

LabBooks
i'e Create LabBook

Create a new LabBook based on an existing Template or LabBook
g

1. Insert a name

MName [ EPA 2008

Location LabBooks

N

(@) Create a new LabBook from an exdsting Template SeIeCt a template
[Template Name |EPA 2008 v] 3. Enter the number
[Sarnples 100 ] [ Import from CSV of Samp]es or

import from LIMS

(") Create a new LabBook from an exdsting LabBook

EPA 2008 4. Click create

() Create a new LabBook from a blank Template

eCuant

[ Create LabBook f
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LabBook Sample List

- List of samples for analysis: Standards, Unknowns & QC
- Can be modified whilst the sample list is running

f] OFS Sample listpng - Windows Photo Viewer "I 0 W T -l | - | | ]

‘ file v Print * E-mal  Bum ¥ Open + O‘

Qtegra - [eQuant - 004+] =)

E OES Test Solution
STD OES Test Solution
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
ONKNOVN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN

cle olececeelceoeeleceoeeeeeeoeeoeeeeoee e

& Schediier ' Completed LabBooks | ) 160 View |
iCap-OES dle Empty queve “eQuant - 004 completed successfully.

ermorisner
SCIENTIFIC
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Comprehensive guality control tests

Blank Verification Continuous Calibration Blank (CCB)
Initial Calibration Blank (ICB)
Memory Blank Test (MTB)
Preparation Blank (PRB)

Calibration Verification Continuous Calibration Verification (CCV)
Initial Calibration Verification (ICV)
Laboratory Control Standard (LCS)
Quality Control Standard (QCS)

Paired Sample Tests Duplicate (DUP)
Serial Dilution (SER)
Matrix Tests Laboratory fortified Blank (LFB)

Matrix Spike (MXS)
Post Digestion Spike (PDS)

Continuous Tests Regression Coefficient Verification (RCV)
Relative Stability Verification (RSV)
Internal Standard Test Internal Standard Test (IST)
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Data presentation

Guiding principle:
Present only data which are valuable to a certain time

* Hide data set complexity

» Guide user in an intelligent way to the required data set
* Bring attention to suspicious data

» Offer tools to simplify laboratory workflows
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Workflow — LabBook Data presentation

g
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kRS

Time
202412012 3:00:20 PM
224/2012 3:01:20 PM
224/2012 3:06:07 PM
224/2012 3:07:04 PM
224/2012 3:08:03 PM
224/2012 3:09:02 PM
224/2012 3:10:00 PM
21242012 3:10:57 PM
212412012 3:11:53 PM
22412012 3:12:49 PM
22412012 31348 PM
22412012 3:14:45 PM
22412012 3:15:42 PM
22412012 31638 PM
22412012 31734 PM
22412012 31832 PM
22412012 31930 PM
22412012 32027 PM
22412012 32124 PM
22412012 32223 PM
212412012 32320 PM
212412012 3:24:20 PM
212412012 3:25:18 PM
224/2012 3:28:41 PM
2124/2012 3:25:38 PM
2124/2012 3:30:35 PM
22412012 33131 PM
212412012 33228 PM
212412012 3:33:25PM
212412012 33421 PM
2124/2012 3:35:19 PM
224/2012 3:36:16 PM

(2412012 337

BLK

STD
UNENOWWN
QC-ICV
QC-ICB
UNKNOWWN
UNKNOWWN
UNKNOWWN
QC-ICV
QC-ICB
UNKNOWN
UNKNOWN
UNKNOWN
UNKENOWN
UNENOWN
UNENOWN
UNENOWN
UNENOWN
UNENOWN
UNENOWN
UNENOWN
QC-ICV
QC-CCB
UNENOWN
UNENCWN
UNENCWN
UNENOWN
UNENOWN
UNENOWN
UNENOWN
UNENOWWN
UNKNOWWN

1
Sample Type v Label *7| 51V (KED) [ppb] 4 52Cr (KED) [ppb] = 55Mn (KED) [ppb] + 56Fe (KED) [pphb] -i::
0.000 0.000 0.000 0.000
RINSE 0.010 0.007 0.011 0.027
ICW 49 839 (99.7%) 50.330 (100.73%) 51018 (102.0%) | 519533 (103.9%)
ICE 0.001 0.000 0.005 -0.074
ICSA 0.190 0533 0630 200,019.137
ICSAB 1592087 182 BEBR 197.997 194,072.929
LLCCY 0.985 1.028 1.042 14.946
CCW 42 8 5] 49 2380 (98.6%) 50201 (100.4%) | 508572 (101.7%) 1
ICB / 1 0.462 j
Tl . - . 351
T The initial display 725
TwS 209.094
VS focus on the most 210532 |
Tl . 3851
~w | important values - the 5778
TwS = [ 215,145
e final concentrations 2o
Tl 345'3"
Tl ; A 191 7.003
LLCCW 1.002 1.018 1.066 10.365
CCV 48 588 (97.2%) 49,626 (99.3%) 50,608 (101.2%) | 514.245(102.8%)
CCB 0.005 0.000 0.000 D084 2
Tw 0.031 0.023 0.133 3422
T 0.028 0.038 0.205 7.086
TwWS 19.565 15.954 21.044 208.265
TwWS 15.634 15.865 20810 212177
Tw 0.030 0.037 0.154 3367
Tw 0.026 0.039 0.225 7157
TwWS 19.576 20.160 21230 214 227
TWwS 19.446 15.962 20854 211.176
Tl 0.028 0.037 0.203 3345

o
]

ThermoFisher
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Workflow — LabBook Data presentation

Concentrations 3
& No Time Sample Type ¥ Label 7 51V (KED) [ppb] & 52Cr (KED) [ppt] 8 55Mn (KED) [ppb] & 56Fe (KED) [ppb] 41 59Co [K%
8 1 22412012 30020PM BLK 0.000 0.000 0.000 0.000 d
% | 2| 2242012 3.01:20PM [ STD
) Calibration
& 2| 22472012 3.0120PM [STD CALIBRATI 1.015 (1.000) 1.054 (1.000) 1.061(1.000) | 10.351 (10.000) 1
8 22472012 3:02.18 PM | STD CALBRATI | 9917(10.000)| 10226(10.000) |  10.399(10.000) | 101.348(100.000) | 100
& 212472012 3.03.18 PM | STD CALIBRATI | 19.662(20.000)| 20273(20000) |  20.639(20.000) | 209.149(200.000) | 199
8 22472012 3:04:14 PM | STD CALIBRATI | 49560(50.000)| 50609 (50000) | 50717 (50.000) | 504.026(500.000) | 48
& 42012 3.05.11PM |STD CALIBRATI | 100.296(100.000 | 99.618(100.000) | 99.473(100.000) | 996.019(1.000.00 | 100.57
Calibraion / P
A (KED) [ppb] -5 52Cr (KED) [pph] 8 55Mn (KED) [ppbl 5| 56Fe (KED) [ppb] | 53Ca (K
- . ) . 0.010 0.007 0.011 0.027 »
- More detailed information 7%) | 50330(1007%)| 51.018(1020%)| 519533 (1039%) oA
& . ) o 001 0.000 0.005 0074
« | is available by clicking the pw= 0533 060 20001813
& - - 0 057 182,555 197.997 194,072.929
R + fOI' each ana|y5|s ) 985 1.028 1.042 14.946 m;
& Po%)|  49280(986%)| 50201 (1004%) 508572(1017%)| 5.
& 0.001 0.000 0.001 0.462 H
- 15| 22472012 3:1348PM |UNKNOWN | Tw 0033 0.031 0.154 3971 '
- 16| 22472012 31445PM UNKNOWN | Tw 0.031 0.035 0211 7298
- 7| 22472012 3:15:42PM | UNKNOWN | TWS 19.402 19.962 20705 20.094
& 18| 22472012 3:16:38PM | UNKNOWN | TwS 19.385 19.804 20610 210532
& 19| 22472012 31734 PM | UNKNOWN | Tw 0.032 0.034 0.185 3851
- 20| 21242012 3.18:32PM UNKNOWN | TW 0032 0.038 0214 779
& 21| 21242012 31930 PM UNKNOWN | TwS 19.256 19.966 20772 215.145
- 22| 21242012 32027 FM |UNKNOWN | TwS 19.446 19.885 20838 211552
& 23| 21242012 321:24PM UNKNOWN | TW 0.031 0.040 0208 3480 i
& 24| 20242012 32223PM UNKNOWN | TW 0.030 0.039 0.191 7.003 1
- 25| 21242012 32320 PM UNKNOWN | LLCCV 1.002 1018 1.066 10.365
ettt o R W) 2 QLR Ll Lol o [ I A DT 0 o i DR LA UG (LT3 mettP s Wkt oy o
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Workflow — LabBook Data presentation

Sensitivity, regression
information as well as
Detection Limits

120

Farameter Value ince Delta at 30% StdErr Rel. StdErr [3]
b 4114343 +-441123 306.37, 0.745
a 21212 +-0.000 0.000 0.000
R 1.000
BEC 0.001 ppb
IDL(LOD) 0.002 ppb
I e —— N S N

P

i
B o Time Sample Type W Label 7 52Cr (KED) [ppb] 41 55Mn (KED) [ppb] 1 55Fe (KED) [ppb] -5 53Co (KED) [ppb] 4| 60Ni (KED) [ppb] 4| 65Cu (KED) ~
=8 2| 2/24/2012 3:01:20 PM |STD |
B Calibration | p
8 2| 2242012 301:20PM | STD CALIBRATI | 1.054(1.000) 1.061(1.000) | 10.351(10.000) 1.032 (1.000) 1089 (1.000) | 11.272(
8 3| 22472012 30218 FM | STD CALIBRATI | 10226(10.000) |  10.339(10.000) | 101342 (100.000) | 10.027(10.000)  10.829(10.000) | 110.126(1
B 4| 202472012 30318 PM | STD CALIBRATI | 20273(20000) | 20639(20.000) | 209.149(200.000) | 19.978(20.000) |  21.217(20.000) | 214725(2
B 5| 202472012 30414 PM | STD CALIBRATI |  50.609(50.000) |  50.717(50.000) | 504.026 (500.000) | 48.845(50.000) | 51.143(50.000) | 509.774(5 4
8 6| 2242012 30511 PM  STD CALIBRATI | 99.518(100.000) | 99.473(100.000) | 996.019(1.000.00 | 100.579 (100.000)  99.102(100.000) | 991.143(1 L
Calibration /
..... ’ -B/ 1
4 | 1 o
B
2f Detailed calibration Sasladepized -
4 . . (KED) | || & Add Comment .
< information after = Commenting on
H H Status: Succes . ..
double-clicking a e wined| INAIVidual analyses
. i S b ] e
& calibration icon e
:C_’ 2 Start time:  2/24/2012 4:01:20 P
S p T St 2729012 40217 1
£
'E" sl T ] User comment: EMEA\ulian wills {10/16/2012 12:15:28 PM)
E Initizl calibration for US EPA 200.8 data set
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LabBook Results

e Results can be displayed in concentration, intensity etc

* Top level display plus the ability to drill down to individual replicates

Use for SemiQuant
S T— — — — S— S— S— ——
7/282011 8:29:23 AM[STD Std 1 0.386 (0.400) 101.3103% 0.404 (0.400) 101.4075% 0.159 (0.200) 5.9280 (6.000) 5.959 (6.000) 6.000 (6.000)

a

71282011 8:31:21 AM|STD 0821 (0.800) 707 9655% 0.788 (0.800) 102 8605% 0397 (0.400) 71,878 (12.000) 11.853 (12.000) 11.828 (12.000)
o 772802011 83318 AM[STD 1.241 (1.199) 1026155% 1,156 (1.198) 103.6160% 0536 (0.600) 17.806 (17.928) 17.833 (17.586) 17.769 (17.986)
o 72872011 83516 AM|[STD 1,555 (1.597) 102.1876% 1.598 (1.597) 103.5602% 0804(0.799)|  24015(23967) 24031 (23562 24.004 (23.962)
772872011 83713 AM|STD 2003 (2.000) 707 2180% 2.005 (2.000) 026724% 0533(1.000)|  20.118(30000)] 30095 (30.000) 30,165 (30.000)

L

Status: Success
Creation:  With experiment
Description:

Comment

Stat time:  7/28/2011 10:29:23 AM
Stop time:  7/28/2011 10:31:20 AM

Intensity [cps]
&
3

2
g

Initial calibration for US EPA 200.8 data set.

0.0 0.5 10 15 20
Concentration [ppb]

b 104.831 2.058] 1.964

B 2400 249 103.827
R 0539
EEC 0.023 ppb
IDL{LOD) 0.022 prb

ermorisner
SCIENTIFIC
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LabBook Results

* Check for interference
* Optimize background points

* Overlay data from previous runs

Qtegra - [Metals]

5 X1 [5]| create - [N M 10 (€012 352 80 i coturnn Fiter -

T Summary Date/ Time v Ce535.353 & 71256887 1 Zr267.863 | La333749 + La261.034 & Cedd4 076+ Nd430358 8 Nd406.109 4|
=
4 1, iCAPOES 5.278|
I g Method Parameters 2| 27772013 10:28:56 AM)|standaard BME 393“)1' IZJSJE‘ “)8418‘ 8.‘28‘ 13{}&20‘ 26193‘ 34627‘
4 = Evalustion Results 3| 27712013 10:30:34 AM|standaard BM7 547,008 575,203 159,238 12271 184219 %62 8047
‘ﬂ Concentrations | 1‘ 133,795 513&15' 5&8&56‘ 1&261‘ IZm‘ WGK!B‘ 371H‘ 45622‘
gl Concentration Ratios -
(s s / J AN ENVAUN
| ‘ 2‘ 131@ 56@938' WBMS‘ 159515‘ 12281‘ 134737‘ 3G776‘ ‘SES‘
| ‘ 3‘ 1239“‘ 545173' %309‘ 155538‘ IZDH‘ umm\ 35967‘ 572%‘
[ [ Mean| 1315442] 547.0078 5752034] 159.2377 122713 184.2135]  36.6217]  48.046§|
| I RSD (21| 79[ 03[ 21| 20] 21 18] 6] 4|
| I 24683 1831 120033 31708] 2563 29038 5928
W Ce535353® Zr
27772013 10:4424 AM|sample] 469,295 257,645 148,296 11.027] 74,356 31402
27772013 10:45:03 AM|sample2 [ 121641 485847 235403 142.185] 10362] 71,489 30870] 0358
Semle s ne 3
[¥] [ B8 | ce 535353 {63} (radial) | O ||standaard BM7  ~ | v BB Add Comment
. Gorrected Intensity = 133794.6 Creation:  With experiment
Description:
250 Comment:
Starttime:  2/7/2013 10:30:34 AM
H Stoptime:  2/7/2013 10:32:14 AM
:‘T 200 Username: Appslab7600Duc’\Apps lab 7600 Duo
s
= Quaity cortrol
8150 L ity
S RCV testfailed. RSV test passed.
2
2 o Action: Ignore and cortinue from the next sample:
Reason yve limit for Ce 183} I): Value = 1.00.
50 g 3 § Regression coefficient above it for e 535.363 {63} radial)': Value = 1.00.
Regression coefficient above limit for "La 261.034 {129} fradial): Value = 1.00.
ve limit for "La 333. ) Value = 1.00.
] T i i i T T we imit for N 406,109 (83} fadial) Value
535287 535.309 535.331 535353 535375 535.307 535.419 Regression coefficient above imt for ‘Nd 430,358 (78) gadia): Value
Regression coefficient below the failure limit for Zr 256,887 {131} fradi =090
Regression coefficient below the failure limit for Zr 267.863 {126} (radial)':
| e fe el T JC I &1 Comtrtors D ol o 04 DE53 Fod! 15

[ Tl 5 Completed LabBooks W Log View

< %@Ee

ermorisner
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Qtegra: Data presentation

Concentrations

S O e OO e O O o OO e OO ey O e OO e WO e Ot OO O O OO e O e O e O = OO e W

Details

200 5

Mo Time

3| 6212012 122543 PM
4| 62172012 12:28:06 PM

22 212012
23| s212012
24 E212012
25| 8212012
26| &212012

7 &212012
28| 6212012
3| s=212012
2| s212012
3 s212012
A s212012
35| 6212012
36| &212012
7| e212012
431 §212012
44

6/21/2012

Online monitoring of

1:08:47 PM
1:11:04 PM
1:13:22 PM
1:15:33 PM
1:17:57 PM
1:20:14 PM
1:22:32 PM
1:29:23 PM
1:31:41 PM
1:33:55 PM
1:36:17 PM
1:38:35 PM
1:40:52 PM
1:43:11 PM
1:56:55 PM
1:59:17 PM

Sample Type

BLK

STD

UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN

internal standards

7 Label ¥ 103Rh(KED) = 103Rh(STD) 4 185Re(KED) +
| 100.0% 100.0% 100.0%
|
Sample 2 200x | 103.2% 104.5% 109.0%
. s 04 2% 108.2%
. 0% 107.8%
Manually modified % 109.9%
. . . % 1105%
data is highlighted [ 106
% 110.4%
71% 1114%
Sample 1 400x 109.6% 111.5%
Sample 1 400x 107.9% 109.5%
Sample 1 400x 11.0% 1125%
Sample 1 400x 10.7% 114.7%
Sample 1 400x 110.3% 1M11% 116.6%
Sample 1 400x 12.4% 115.5%
Sample 1 200x 1347% 138.7%
Sample 1 200x 13
Sample 1 200x 137 6%
Sample 1 200x 136.47
Sample list line 4:
| Fi‘ Add Comment l
Status: Suc N
Creaton: W Quality control |
Description: . . }
Commert: warning and failures .
BosEa00 Start time: 6

Stop time: 6

Recovery [%]
8

200085 | 5gedo0e

Sample Number

62  Proprietary & Confidential

——————

easily identified by
colour colding

-4

ThermoFisher
SCIENTIFIC



Customizable reports for tailored data presentation

Intensibies AlIntensities A (& |
Concentrations Concentrations
Summary — — -:
Water samples EPA 200.7 Page 1/5 H o
| | P ge 1/ “*:,QTEGRA
01. March 2013

_ 5 B

“Badr SR Sample 345-12-96-2012
Smple name Fuy ample igencner A ey . .

Acquli,sition date Aoqu?sition date Acquisition date: 01. March 2013 — 12:37:54 Operator: Holger Jeglinski
Acguisition end —{ Operator —
User name 3 w5
Label 5
CDr:ment L | Concentration Run 1 16.567 ppm 7.620 ppm 4.075 ppm 4.054 ppm 24.367 ppm 5.262 ppm
Dilution Factor ;
Amount Concentration Run 2 16.669 ppm 7.847 ppm 3.741 ppm 3.934 ppm 24.632 ppm 5.460 ppm
Final Quanti i
Repe?&; 7 Concentration Run 3 16.394 ppm 8.043 ppm 4.200 ppm 3.677 ppm 24.139 ppm 5.261 ppm
Py i
T Concentration Average 16.480 ppm 7.836 ppm 4137 ppm 3.888 ppm 24.379 ppm 5.327 ppm

SR AT D 0.74% 2.70% 213% 4.95% 1.01% 2.153 %

Ce 535.353 {63} (radial) | A | Ba 455.403 {74} (Axial)
21 267.863 {126} (radial)| | Ca 393.366 {86} (Axial)
(= 333.749 {101} (radial)|— C& 404.075 {83} (radial) —

Nd 430.358 {78} (radial) | |K 766.490 {44} (Axial) Concentration Run 1 47.988 ppm 25.902 ppm 17.992 ppm 18.042 ppm 54.433 ppm 9.564 ppm
Nd 406.109 {83} (radial) | |La 261.034 {129} (radial) .
| Mg 279.553 {120} (Axial)[—| Concentration Run 2 48.429 ppm 25.835 ppm 18.277 ppm 17.837 ppm 54811 ppm 9.401 ppm
Mn 257.610 {131} (Awial) !
NI 221.647 {452} (Axial) Concentration Run 3 48.034 ppm 25338 ppm 18.021 ppm 17.707 ppm 53.612 ppm 9.687 ppm
Cu 324.754 {104} {Axial) .
Zn 213.856 {457} (Axial) Concentration Average 43 150 ppm 25.691 ppm 18.097 ppm 17.862 ppm 54285 ppm 9.550 ppm
21 157.079 {502} (Axial) .
| P 177.455 {450} (Aal) | _ Concentration RSD 0.50 % 1.19 9% 0.86 % 0.94 % \1&% 1.50 %
Concentration 5D A | Concentration per Run A \/
Intensity per Run Concentration average \
Intensity average || Concentration RSD I WYS IWYG
Intensity SO Sample 346-12-96-2012

Intensity RSD < Acquisition date: 01. March 2013 — 12:38:56 Operator: Ho report
Intensity per Run [ .
Lap L generat|0n
BEC —

Correlation coefficient

4075 ppm 4.054 ppm 24 367 ppm

s Easy drag and drop report
generation interface
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Free customizable data exports

# Export data

Exporter: Excel Export

Preview )
P R, i = Multiple export formats
B —— — allow to adapt onto most

__—

| EPA200.7:xds
Open file in Excel after export

(RS LR AR ER ] |

T HENAY -

Filename

(SRR SN R R Y
I ITREN-dieny

LEER LR R

LLLE R

: WYSIWYG
export

generation /

B —————
———————————— .
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Element Finder plug-in Applications and Competition
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What is the Element Finder plug-in?

 An intuitive user-friendly method development tool

» Automated selection of analytical wavelengths, free from potential
Interferences

« Automated plasma optimization, based on the elements of interest and
the elements present in the sample matrix

» The software intelligently selects wavelengths and plasma conditions

E3 7 Create Labbook

I 0
. Q Element Finder .III Plasma Optimization

Theme
.ﬂ Use this method to determine the best combination of .ﬁ Use this method to optimize your plasma conditions for
|'_|,_ lines based on your element selection |'_|,_ a specific analysis.
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How does the Element Finder plug-in work?

NumberofwavelengthsJ -

 User input of analyte elements P

Phosphaomus

« Each element has the number of
wavelengths for analysis

- As more analytes are added the VRN BT
wavelengths are refined and reduced Si P
Silicon Phosphorus
- Selection based on know interferences =l EEEEEEEE:
* The same happens when adding i "
matrix elements Si P e B
- No wavelength selection by the user is =l BEEEEEEE::
taking place B
+°.Jhe user is just selecting ThermoFisher

Alarmoantel



Element Finder — Analysis of an unknown sample

- Takes less than 5 minutes and uses just 8mL of sample!

Qtegra - [20160302 test17]
PR [ 20160301 test 3 B 20160301 test 4

[5]20180302 test 1+ x

B ] Creste Labbook

Steps Element Finder
Element Finder performs Fullframe measurements to identify elements in your sample.
Select Analyte Elements
S e T Element Finder Measurement Elements found in your sample
B 14 15 26 29 48
Element Finder 1: Select Analysis Parameters .
B Si P Fe Cu cd
Resut Sample Type: Aqueous.
Boron Silicon Phosphorus Iron Copper. Cadmium
Autosampler: Manual sampler Analyte
2: Run Element Finder
P Start
= Measure Fullframe Comleie
L
. Processing Fullframe Sl
o
_ ) Elements Scanned
3: Element Finder Result
Analyzed: S
Additional Elements Found: [ )
Added to matrix selection: Elements Found calculate Clean
N Previous Next Cancel
,
Additional Matrix Elements
\
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Element Finder — Analysis of an unknown sample

* Fullframes are used to collect the spectrum of the sample

» The Element Finder plug-in analyses the Fullframes and
confirms the present of a element (when it is present at
multiple wavele

nted
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Element Finder plug-in results of Fullframe

 Elements found by Element Finder are displayed

* Found elements are assumed to be matrix elements (unless already
defined

« User can convert to analyte elements

Qtegra - [20160302 test1%]
GELAEN B 20160301 test 3

B 20160301 test 4

[E] 20160302 test 1* x

a
Steps Result

The elements found by Flement Finder and those selected in previous screens are displayed below. The element type, wavelengths and Measure Mades that have been suggested for your analysis can be modified here.
Select Analyte Elements
Ty Elements originally selected as Matrix or Analyte Elements found by Element Finder

15 14 29 5 3 1a 15 26 29 48
Element Finder A
Result P Si B  [Toggle between Selected| P Fe Cu
- . 5 and Matrix Element {S_— -~
Phosphorus Silicon d d Boron Smeor rhosphorus Iron Copper d I
[hosyee] User defined Elements m = Found Elements

Wavelengths suggested for Analyte Elements that are suited to your analysis

14 Avmlahle Measure
Si

Cadmium
251611 600,000| Automatic Radial 2551044
Sill(cn
m lahl W 20%10~4
15 vailable leasure
ﬂ
P 177.495 150,000 Automatic Radial E 157104
G
Phusphorus E
= 10710%4
29 Avallahle Measure
ﬂ
Cu 223,008 451 1250,000| Automatic Radial WA
Analyte
iy 214438
Wavelength (nm)

Show More Lines

Previous Finish Cancel
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Element Finder — Analysis of an unknown sample

[E] 20160301 test 2 x
B} 7 Create Labbook

Steps Result

The elements found by Element Finder and those selected in previous screens are displayed below. The element type, wavelengths and Measure Modes that have been suggested for your analysis can be modified here.
Select Analyte Elements

S TR Elements originally selected as Matrix or Analyte Elements found by Element Finder

Element Finder

Rt No user defined Elements B Fe

for Analyte Elements that are

5 . ’ Availab R
or ana od Boron
249.773 135 4,000,000 Automatic No Radial Interference with: Fe, 249.782; Interfer
249678 135 2,000,000 Automatic No Radial Interference with: Fe, 249.653; Interfe x
208.959 461 1,500,000 | Automatic Yes Radial \
208.893 461 750,000 Automatic No Radial Interference with: Fe, 208.412; 5.0710+3- \
182,641 484 660,000 Automatic No Radial - \
182.591 484 290,000 Automatic No Radial % 4071043
181.837| 485 73,000| Automatic No Radial é
Al 4 = 3.071043-
201043
1.0%1043- :
240773
Wavelength (nm)

Show Less Lines Previous.

| Finish | ‘ Cancel

ermorisner
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Element Finder — Analysis of an unknown sample

[E]20160301 test 2 x

Bl 7 Create Labbook
Steps Result

The elements found by Element Finder and those selected in previous screens are displayed below. The element type, wavelengths and Measure Modes that have been suggested for your analysis can be modified here.
Select Analyte Elements

e {T s Elements originally selected as Matrix or Analyte

Elements found by Element Finder

5 26
Element Finder
Result B Fe
Boron Iron
Matrix

Preference G LEE
for analysi
B 249773 135 4,000,000| Automatic No Radial Interference with: Fe, 249.782: Interfe
e 249678 135/ 2,000,000 | Automatic | No Radial Interference with: Fe, 249.653;: Interfe 301043
208959 461 1,500,000 Automatic Yes Radial
208892 461 750,000| Automatic Ne Radial Interference with: Fe, 208412; o
182,641 484 660,000| Automatic Ne Radial "
182,501 484 290,000| Automatic Ne Radial %
181,837, 485 73,000 Automatic No Radial g 20710%3
4 » L
1571043
1071043 \_’ — ]
T T T T T
249678
Wavelength (nm)

= |

ermorisner
SCIENTIFIC
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Element Finder — Analysis of an unknown sample

* The wavelength with the highest sensitivity that is free from interferences
will be selected for analysis

 Additional wavelengths can be selected

[E]20160301 test 2 x

B3 7 Create Labbook
Steps Result

The elements found by Element Finder and thase selected in previous screens are displayed below. The element type, wavelengths and Measure Modes that have been suggested for your analysis can be modified here.
Select Analyte Elements

Select Matrix Elements Elements ariginally selected as Matrix or Analyte Elements found by Element Finder

Element Finder

Result B Fe

Wavelengths suggested for Analyte Elements that are suited to your analysis

3 Wavelength Preference f:‘:’:m;': Boron
B 219773, 135 4000000 rutomsatic Mo Radial Interference with: Fe, 249.782: Interfe
P 219678, 135 2000000 frutomsatic Mo Radial Interference with: Fe, 249.653; Interfe i
Analyte 208959 461 1,500,000 fautomatic Yes
208893 451, 750,000 putomatic No Interference with: Fe, 208.412; s
182641 484 660,000 putomatic No .
182.591 484 290,000 flautomstic Mo Radlial E e
181837 485 73,000 flautomstic Mo Radial g
d — B ~ sor102
6071042
4071072
208950
Wavelength (nm)

Previous | Finsh | Cancel

ermorisner
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Methods of element input and selection

Home Page =S . GETARE S E 20160301 test | GETARE S E 20160301 test | Home Page =S .

B} I Create Labbook B) 1 Create Labbook B) 1 Create Labbook B} I Create Labbook
Steps Steps Steps Steps
Select Analyte Elements Select Analyte Elements Select Analyte Elements Select Analyte Elements
Select Matrix Elements I Select Matrix Elements Select Matrix Elements Select Matrix Elements I
Elemeant Finder Element Finder Element Finder Elemeant Finder
Result Result Result Result
® iCAP 7200 ICP- + ICAP 7400/7600 . iCAP 7400/7600 - iCAP 7400/7600
OES ICP-OES ICP-OES ICP-OES
® Manual element * Manual element ¢ Manual element * Element Finder
selection (from selection selection with Fullframe
periodic tables, - Element Finder
Analyte or with Fullframe
Matrix)
——

—___________________ " . - e
e — .
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Wavelength Selection in Just Three Steps!!

« Measure sample using a Fullframe within the Element Finder
plug-in

« Select the elements you would like to analyze

 Import the results in to plasma optimization or directly into a
LabBook

|| - /
@ Element Finder | =L L2

-
= i Use this hd d letermine the best combination of e
l l’é (8 (e baved o lecion. T ——
T ——

iCAP OES
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Manual Wavelength Selection (without Element
Finder)

» Create a basic method to measure within the software

« Select the wavelengths Er e

« Based on knowledge of the sample o

- Based on knowledge of wavelength tables A AN

* Analyze a sample

» Look at the results/peaks o e —

* |s there an interference? I ‘ I . - I B
S NBAAL —3— =

» Repeat for every wavelength | <7 e
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Manual Wavelength Selection (without Element

Finder

inde » Determine what the inference
» Wavelength tables, Spikes, more analysis
* Repeat for every interference

« Modify the wavelength selection

fw.

« Repeat for every interference

« Use the wavelengths in a method and
move on to manual plasma optimization
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Element Finder or Manual?

. —
* Element Finder * Manual
. . « Create a basic method to measure within the software
» Measure sample using a Fullframe in
the Element Flnder p|Ug-In « Select the wavelengths
« Based on knowledge of the sample
» Based on knowledge of wavelength tables
 Select the elements you would like to " Analyze a sample
analyze
« Look at the results/peaks
« Is there an interference?
* Repeat for every wavelength
* Import the results in to plasma - Wavelengih ables, Spikes, more analysis
optimization or directly into a LabBook * Repeat for every interference
* Modify the wavelength selection
*Use the wavelengths in a method and
move on to manual plasma optimization
° Less than 5 minutes and just * Multiple measurements, time
8ml of sample and sample amount unknown!
hermoFisher
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Plasma Optimization

» Plasma conditions can be optimized automatically, following
wavelength selection

- Different elements require different optimal conditions
* A range of elements require a set of comprised conditions

Home Page [l [Z] Test 20160225 C x
3 ] Create Labbook

Available Instruments

| —
. . . Create Plasma Optimization
"1 @ Element Finder ol II Plasma Optimization Use this result to reate 3 new Plasma Optimization.
Date: 2/25/2016 5:58:45 PM
Use this method to determine the best combination of Use this method to optimize your plasma conditions for User: Administrator

| % jies based on your clement selection 9% . pecifc anaiysis

Success

erafom [ Cl ez x

| | Stepe Setect Antyte Elements
- R —
Crp—
[ 1 2
H He
yirgem e

Manual Sample Control

11 13 1 15 16 17 18
Na Al Si P s ] Ar
Sosium Alminian | Slhen Fophos Sl Cline | agan
» B n n E 20 25 Y a7 £ 2 a0 a a2 £ 30 s i
K Sc Ti A Cr Mn Ni Cu Zn Ga Ge As Se Br Kr
Ptz scadim Tenum  vaadum Chomiom angnom e o nicks coppor zine llom  Gomambm  amomic  solerim | s
7 El 20 4 2 4 a a5 45 a7 a 4 30 51 52 53 4
Rb Y Zr Nb Mo Te Ru Rh Pd Ag <d In Sn Sh Te 1 Xe
Rubidm Vim  Zeenim o Moowm  Mobbsm Tl Rabenm  Reocim  Palidum e Gadwim  oum T Ammony  Tehum  wdine Xenen
55 51 7] n k3 5 7% ” 7 7 0 e 82 £ El 8 3
Cs La Hf Ta w Re 0s Ir Pt Au Hg T Pb Bi Pa At Rn
Comirn Usiburom | Halium  Tealam  Tugsien  Fhenum Owium  Widum  Plainm Gald Meway  Thalium Lesd Bmih  Polmum || Asiine | Askn
8 a8 5
Fr Ra Ac
Fancum | Radum  Aginkm
58 58 60 L [>] & B4 65 6 67 68 L3 7 7

B

Ce Pr Nd Pm Sm Eu Gd Dy Ho Er Tm Yb Lu

oM PrEoGUN Neodymim (PUGENS  Semerum  Fuopum  Giodinum  Tebum  DiposUm  Homum  Eowm  Thdom  Vrembom Uotetm

o1 o £ a5 o a7 a ® 100 i 102 103
Pa Np Pu Am Cm Bk CFf Es Fm Md No Lr

Fretsctinrn Nepriom | Muorim | Ameiium | Coum | Beiem | Celamum | Eslerium Fenmum  Mendeledum | Nebsium | Uswtercm

ermorisner
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Plasma Optimization

- Select the wavelengths to optimize
« Can use the wavelengths selected by Element Finder
* Use a sub set of critical performance elements

« Select sample matrix: agueous or organic

« Select the parameter you are optimizing for: intensity, signal-to-
background ratio, detection limits

A set of optimized values will automatically be returned

Perform Optimization

Select the parameters to be used for the optimization process. When the optimization is complete the results will be displayed below.

1: Select Optimization Parameters
Sample Kind: | Aqueous
Optimize for: | Intensity

Autosampler: | Manual sampler

2: Perform Plasma Optimization

P Start P c
Optimization Process
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Plasma Optimization

» The optimization will take place based on a multi-component analysis
« Complete optimization process takes approximately ten minutes

Home Page [ll[Z]Test 20160225 C > iz
B ) Creste Labbook

Steps Perform Optimization

Select the parameters to be used for the optimization process.
Select Analyte Elements

Perform Optimization 1: Select Optimization Parameters

Sample Type: Aqueous -
Optimize for Signal to Square Root of Background Ratio ¥
Autosampler: Manual sampler -

2: Perform Plasma Optimization

P start

2o 3 Complete
Il Optimization Process P
3:Result

RF Power 1130w

Coolant Gas Flow 12.86 L/min

Nebulizer Gas Flow 068 L/min

Previous Finish Cancel

T3 Log View -

vere

o 52Info Messages | &, 0Wemings L 24 DebugMessages o 1 Emor o 0 Fatal Erors |[L3] X €

Level  Message , Sub Category

Measurement result: 234 633540608 — |2/25/2016 18:04:50.14 ICapOES Calculation
|@| RF Power: 1cage88lant Gas Flow: 12.60 Limin, Nebulizer Gas Flow: 0.80 (22572014 . ——— — - —
0 g it 175 se2100ETE5% ~ ==y RF Power: 1,240 W. Coolant Gas Flow: 12.22 Limin, Nebulizer Gas Flow: 0.58 Limin
| @ oveer: 1,175 W, Conlant Ges Flaw: 1284 Ui, Nebulizer Gas Flow: 064 Uimin N 250}

W rosult 3071602568082 225207} =
EDJ R v 1175V Coart o Flew: T278 i, el G Flene 08T i \‘ 225207} 0 Measurement result 20 3356765821647
m Measurement result: 286.223257414916 |2/25/2016] +

- T - r N a i 0 . L

O e ey oD O ,k\ CEL ﬂ RF Power: 1,170, Coolant Gas Flow: 12.93 Limin, Nebulizer Gas Flow: 0.58 Limin
@| RF Pover: 1,180 W, Coolant Gas Flow: 12.55 Limin, Nebulizer Gas Flow: 0.73 Limin y 4 . 21252018}
Nt et 27 16132450757 S/ 257076 o Measurement result 20.1435495598974
|@ g 1.175 V. Coolant Gas Flow: 12.77 Limin, Nebulizer Gas Flow: 0.66 Limin P 4
@] MeasMRagesult 2151010802351 g

—— o RF Power: 1,170, Coolant Gas Flow: 1222 Limin, Nebulizer Gas Flow: 0.65 Limin

ﬂ Measurement result 12 6631525534888

) RF Power: 1.770W, Coclant Gas Flow: 12.22 Limin, Nebulizer Gas Flow: 0.58 Limin
@ Measurement result: 20.5703612166343
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Agilent

* No direct comparison within their software for Element Finder
plug-in

* Expected response

« FACT, may show the echellogram feature
* The echellogram just shows the wavelengths measured in the sample

» Fast Auotmated Curve-fittina Techniaue reauires lots of samples to be
analyzed to bu 1cludes: blanks,
analytes, matri ts of time and effort
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Perkin Elmer

* No direct comparison within their software for Element Finder
plug-in

* Expected response:

« UDA and MSF

- UDA and MSF are both post processing tools (the data is collected and
then corrected)

- UDA requires users to analyze and then look at each sample and
determine if there is an interference on the specific wavelength they are

analyzing

« UDA has not visual display of the wavelengths/spectrum, user has to
manually search the wav = gy )0+ lines/ only ca. 280
possible for PE) —_—

- MSF is matrix correction @ i odels have to be created,

time to analyze the differ ' Y
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Spectro

* No direct comparison within their software for Element Finder
plug-in

» Expected response

 As spectro can measure the most of the spectrum continuously they
may also say they can “see/identify” every element in a sample, just a
spectrum is displayed

* No tool for clear identification of elements
* No suggestion of wavelengths for analysis

* Lot of manual work reauired to identifv elements
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