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precisION overview % isoprime

EXCELLENCE IN ISOTOPES

precisION is a high-performance stable isotope ratio mass spectrometer providing an innovative
platform for scientists to take their research in any direction they need.

Delivered in the most compact footprint possible and powered by IonQOS, precisION provides
exceptional configurability, powerful customization and endless possibilities.




Product History

1997

IsoPrime IRMS
Compact Bench-top instrument
Single Turbomolecular pump
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2013 2014

VisION stable isotope analyzer VvisION stable isotope analyzer
Bundled solutions for geology, Additional AnthrovisION and
ecology, petroleum and food EnvirovisION bundles launched
forensics

. ’ VisION

IsoPrimel100

2010

IsoPrime100 IRMS

Upgrade of amplifier to 100V
dynamic range — the largest
amplifier range available on
the market.

Improvement to base specs

\ IV w10 64bit
O precisION

precisION stable isotope ratio mass spec
High performance IRMS system
Complete flexibility of inlet systems
Novel Inlet Control Module (NICM)

2016
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The right instrument for your situatION % isoprime

EXCELLENCE IN ISOTOPES

Our two completely new stable isotope platforms cater for the broad span of
customer needs and requirements.

visION precisION

A high performance,
premium stable isotope
ratio mass spectrometer.
Full peripheral support
with NICM lets the
scientist pursue any
isotopic research.

A simple, easy to use
stable isotope analyzer
targeted for more
focused applications
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precisION Key Features

100 V amplification for large dynamic
range samples with auto resistor switching

Simultaneous measurement of up to
10 ion beams across a * 25 % mass
range for multi-collector experiments

Improved gas ionization performance of
800 molecules/ion

Improved mass resolution of 110 m/Am
(@ 10 % valley separation)

Handle up to 6 monitoring gases and 5
inlets with centrlON Continuous Flow
Interface System

®
®

®

®
®
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Vacuum grade stainless steel analyzer
for the highest vacuum performance with
optional bakeout.

Bespoke DAC dual resistor
configurations for non-standard
isotopomer distributions

Instant instrument status recognition with
color LED status lights

Powered by lonOS with exceptional
functionality and automation

lonOS Method Designer gives
complete control of the system

Novel Instrument Control Module (NICM)
for developing bespoke control of your instruments




Key Feature: dynamic range
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EXCELLENCE IN ISOTOPES

11th March cl6 ci7 c18 c19 c20 c21
nA 13C nA 13C nA 13C nA 13C nA 13C nA 13C
140ng.  50.86 -30.05  50.34  -30.58  50.24 -30.59 5294 -3259  59.83 -31.66  67.01 -28.35
70ng 3510 -30.20 3431 -30.84 3419 -30.89 3623 -3298 4105 -32.15  47.09 -28.78
35ng 1619  -30.47 1591 -31.01 1607 -31.08  17.11 -32.99  19.94 -3228 2373  -29.02
17ng 847  -30.47 832 -31.10 832 -31.06 8.98 -33.06  10.68 -32.15  12.81  -20.04
8ng 346  -30.38 326 -30.97 318  -30.98 344 3294 421 3212 521  -28.78
4ng 208 -30.48 1.89  -31.08 176 -31.02 174 -33.00 195  -32.24 233  -28.84
2ng 134 -30.32 127 -30.95 123 -30.89 1.26  -32.85 141 -32.08 162 -28.82
1ng 042  -30.17 041  -30.47 041  -31.26 045  -32.61 051 -31.84 058  -28.59
0.5 ng 020  -30.02 020 -31.26 020 -31.53 022 -3313 026 -32.47 031 -29.18
0.25 ng 0.10  -30.73 011  -33.43 0.10  -32.49 012  -31.98 0.14  -32.19 017  -27.89
Ave -30.33 -31.17 -31.18 -32.81 32,12 -28.73
std dev (all concs) 0.22 0.83 0.52 0.34 0.23 0.38
std dev (140 - 1ng) 0.16 0.23 0.19 0.18 0.21 0.22
per mil /nA__ 0.014 0.059 0.038 0.022 0.014 0.019
14th March c16 c17 ci8 c19 C20 c21 VS .
nA 13C nA 13C nA 13C nA 13C nA 13C nA 13C
140ng 60.83 -29.95 6019  -30.39  59.18 -3042 5859 -3260 5803 -31.81  56.79  -28.56
70ng 3538 -30.19 3530 -30.64 3458 -30.78 3433 -3290 3404 -32.16 3332 -29.02
35ng 1814 -30.56 1796 -31.09 1765 -31.03 17.36 -33.15 1717 -32.30 1672  -29.07
17ng 810  -30.37 8.04  -30.96 8.00  -30.90 785 -32.98 772 -32.11 749  -28.89
8ng 402  -30.27 3.93  -30.87 388 -30.73 3.83  -32.82 379 -31.95 370  -28.92
4ng 223  -30.37 210 -31.10 204 -31.04 201  -33.11 197 -32.22 192  -29.05
2ng 126  -30.33 119 -31.03 111 -30.90 1.05  -32.83 1.00 -32.05 095 -28.93
1ng 0.69  -30.40 068  -31.03 067 -31.22 0.64 -3275 060 -32.02 057 -29.02
0.5 ng 0.35 -30.48 035 -30.84 0.35 -31.03 035 -32.88 0.35 -32.21 0.34 -28.88
0.25 ng 0.15  -30.82 015  -30.75 0.15 -31.84 015 -32.15 015 -31.24 015 -28.73
Ave -30.37 -30.87 -30.99 -32.82 -32.01 -28.91
std dev 0.23 0.23 0.37 0.29 0.30 0.16
per mil /nA__ 0.014 0.012 0.024 0.017 0.018 0.009
Total Average -30.35 -31.02 -31.08 -32.81 -32.06 -28.82
st dev (all concs) 0.22 0.61 0.45 0.31 0.27 0.30
stdev (1 - 140ng) 0.17 0.23 0.22 0.18 0.18 0.21
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Key Feature: centrION MAX % isoprime

EXCELLENCE IN ISOTOPES

The flexibility of precisION is delivered by centrION MAX

centrION MAX offers up to 6 monitoring gases permanently
available and connection for up to 5 peripheral inlet systems

« 1 inlet system can be “low flow” (GC)

* 4 other inlets can be “high flow” (EA, iso FLOW, iso
TOC...)

precisION can be automatically switched between all inlet
systems.

Automatic sample dilution for all inlets connected to the high flow
port.

Automatic source isolation valve.
System stand-by.

11.10.2016 Veranstaltung | Firma | Thema 7
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Key Feature: centrION MAX % isoprime

EXCELLENCE IN ISOTOPES

centrION is completely enclosed inside the
precisION instrument chassis

All connecting fused silica is routed internally so
there is no exposed vulnerable silica lines

centrION includes automatic isolation valve
which allows the ion source and vacuum
chamber to be isolated from the gas inlet for
maintenance and sleep/standby functionality

centrION has two water removal membranes —
one for low flow and the other for high flow inlets — Which

perform “selective drying” i.e., they dry only the gas
entering the ion source, not all gas leaving the inlet

11.10.2016 Veranstaltung | Firma | Thema
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Key Feature: Powered by IonOS % isoprime

EXCELLENCE IN ISOTOPES

precisION offers the same exceptional functionality
and automation as visION | ION OS

* Quick Tasks
« Automatic Task Scheduling (eg Early morning!)
« GC Peak Mapping

01_Multiple sample chromato- 0z_User populates the map with the  o3_Additional compounds are added
grams are mapped together first compound of interest as ired until map is

- Multi-Point Isotopic Calibrations /AA AN
« Data Processing for all continuous flow inlet :';f‘“— o
-—_— O
systems G . B e -
« Rapid local and network drive search T o oo
functionality | '

 iArc data archiving
- Demo at users group meeting

11.10.2016 Veranstaltung | Firma | Thema




Key Feature: Powered by IonOS
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& EA CN Demo (Calibrated) - 0 %
lonOS | EA| Layout
GlutamicAcid04 e x
Acquisition (N2) & M Acquisition (C0O2) E- -]
N2
9E-9
8E-9
3 M1 C184N
7E-9 .
6E-9 50 Multi-point
SE-9 A
4E-9 30
3E9 20
o
JE9 g 10 Gradient 1.0038
1E-9 :é 0 Constant  0.2870
0 = 3 R Squared  1.0000
00:00.0 00:50.0 01:40.0 02:30.0 03:20.0 04:10, = .
_20 .
-30 ]
Batch i :
-40-30-20-10 0 10 20 30 40 50 Orginal -4.1545
@ Id Mame Sample Type Sample Group C% Measured Calibrated -2.8834
= GlutamicAcid(4 (6 iterns)
»
6595 GlutamicAciddd M (Sample) GlutamicAcidd 48.06 11.18 -4.22 (€N -3.95
6596 Glutamicicidld M (Sample) Glutamichcidod - 4525 10.81 -4.18 (C1 -39
6597 GlutamicAcid04 M (Sample) GlutamicAcidld 4512 10,61 -417 (€1) -3.90
6598 GlutamicAcidd M (Sample) GlutamicAcidd 017 927 -4.14 (C1) -3.87
6599 GlutamicAcid04 M (Sample) GlutamicAcidod 4505 10,65 -4.35 (C1) -4.08
Avg. 454126 10.5460 -4.20 0.00 -3.93
Std. Dev, 27532 0.6547 0.08 0.00 0.08
= USGS41 (5 items)
6601 UsGsA ® USGSA (1) USGS4 - 4215 9,57 4714 47.60 (1) 47,61
6602 USGS41 @ USGS41 (C1) USGS4T = 4262 1017 47.24 47.60 (C1) 47.70
6603 UsGs4H @ USGSA (O USGS41 = 41.88 9.96 47.30 47.60 (C1) 42.77
< ”7 7"” T o o - »
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Key Feature: IonOS Method Designer
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EXCELLENCE IN ISOTOPES

@ Multi Stage Editor Wrapper
Details Design Tools
Narme | EA 3 Species - Copy2 (,. S of 05 e O O T % . . _— Stages Simple | Flows
Dedgiption | —— S pl d
e B imple and intuitive

| Action | Abort Action

Parameters which [

[ criaFiow

Parameteg | Validation |

graphical view of the

are available for e\ e Method flow
editing and . e

EASampleWeight Dole

EAAcquisitionDela Tim
Lo 1 iR | set Source Inlet Valve
PulscDuration  TimeSpan In

+ Notification

| ContinueNotifcation
4 Dynamic
D Create Dynamic

referenced by the
used method

NumberOfPulses! Integer In
Species! Text in / 2 Collection
| Tuning1 Text I e
blocks iing i 1] crste Caection
Species1PeakDurat TimeSpan In
| Snecie Tesh i Set Sample Type Set Species Q Clear Collection
Remove From Collection
Properties j \;] -
A 4 ADAM-4055
z isifi
Child Flow h D Get Input State
“ Display |
Orientation TopToBottom g [ setoumpu st
“ Misc = ADAM-4013~

ChildFlowlsLocked True D GetTemperature

+ ADAM-4015

D GetTemperature

+ ADAM-4017+

: Dsmnpucwm:

Flow Monitoring Gas Pul: |

4 Parameters
EndDelay 0 «
MumberOfPul... NumberOfPulses1 | &

PulseDelay  Pulsel

Acquire EA Data

Wait For Peak
Complete

PulseDuration  Puls:

Open GC Valve
Properties of the ] seroce e
selected method

block

Wait For Fumace Tempera

Drag-and-drop :
categorized blocks >

4 CentrlON

] ottt Moo

that are used to build
the method

e Dilution Type

mmxlgn
" Calculate Date

D Delay
[ 0o Hothing
O

og Message

D Serialise Dynamic

[ Add To Collection

[ st n Cotection
[ Count Collection

D Get Output Stote
D Waik For Input State

D Wait For Temperature

D Wait For Temperature

D Wait For Input Value
|| cleseacaive

[ setintertace Temperature

[ Wait For Interface Temperature

[ wait For Temperature

D Close Monitoring Gas
D Set Monitoring Gas Beamn
[ setmer

D Open Nafion Flush

[ setsource et vaive
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precisION Inlet Flexibility
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EXCELLENCE IN ISOTOPES

Elemental Analysis

vario vario vario iso
ISOTOPE ISOTOPE PYRO TOC
select cube cube cube
Chromatography
Liquid Gas
Chromatography Chromatography

Gas & Headspace

iso FLOW

Other Inlets

Other non-standard
equipment

Third party
inlet system

Customer designed
novel inlet (NICM)

11.10.2016 Veranstaltung | Firma | Thema




Key Feature: Novel Inlet Control Module (NICM) % isoprime

EXCELLENCE IN ISOTOPES

We regularly receive requests from customers to support inlet systems which
we do not supply. Some are simple, others are not.

Custom-built preparation system for
- o
analysing °H from CH, trapped in ice cores | O vt et .
controlled by IonVantage (Bock et al. RCMS el e T ' .
He 500 mLmin'30 0 J B [ yont
|_| ? O O ‘. 5 | m |
e : ‘:JGCHD"
Hogruo .‘ '. .
I_J L—l | Lk} | T4 — SST P Manual vaive, open
100°C 196°C 23 P Proumatic valve, closed

@ Pressurs Reguaor (0] Jwsy vt

| High Sow: Il Madium fiow: lIL Low flow: V. Isotope
Sampie extraction Methane/alr separation GC separation 8 pyrolysis measuremeant

» 4 Fr 4 P 4 P <

ice bath

Figure 1. Flow scheme of the presented §D(CHy) system.
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Key Feature: Novel Inlet Control Module (NICM) % isoprime
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EXCELLENCE IN ISOTOPES

Generally, requests for interfacing “*home-grown” inlet systems .
come from advanced academic customers —— (] - .
New inlet systems allow labs to do new research, or expand [ = @ o

their capabilities cheaply.

Customers are happy to build these systems themselves, but ‘
face a challenge when it comes to integration and control. \

Before NICM, customers would have to have strong software
programming skills to achieve custom inlet control.

precisION presents a completely new Method Designer and
novel Dashboard Designer where the operator does not need
any programming experience

0 |nlet Pressure '03

11.10.2016 Veranstaltung | Firma | Thema




Hardware for measuring simple gases % isoprime

EXCELLENCE IN ISOTOPES

* Typically, there is one set of hardware for direct measurements, and one set
of hardware for indirect measurements

* |soPrime TraceGas — Direct measurements * |soPrime MultiFlow— Direct/Indirect measurements
LN2 Traps Sample processing built-in

Pre-trap combustion for CH, Integrated DVB isothermal GC
DVB-PLOT Column for purification

11.10.2016 IsoFLOW | Isoprime Ltd. 16




Time for the iso FLOW! % isoprime

EXCELLENCE IN ISOTOPES

* Can we eliminate liquid nitrogen, external recirculation chillers, and slurries?

* Can we leverage Elementar’s technology to enhance and expand the
measurement possibilities?

* Can we combine the MultiFlow and TraceGas into one?

11.10.2016 IsoFLOW | Isoprime Ltd. 17




Typical NCS TPD-Column Separation %
Isoprime

Major Signal
nA EXCELLENCE IN ISOTOPES

|

6 plumns, which are in

N2 Sample Peak
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aration obsolete.
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UltiTrap™ — APT™ for minute amounts % isoprime

EXCELLENCE IN ISOTOPES

* Patented (pending), proprietary design

* Leveraged from Elementar’s Benchmark Advanced Purge and Trap (APT)™ Technology

¢ Extremely compact— 100 cm (L) x 1.6 mm (d) analytical micropacked column with a 6 x 3 x 3 cm footprint.

* Same packing material as used in Elementar’s CUBE series of Elemental Analyzers
* Preconcentration device and separation column in one.
* Dynamic temperature mode for peak focussing — Heats at rates up to 250 °C/min

* Isothermal mode for higher throughput with no degradation in peak shape or quality

ossse — (WWIW) — o & &

]
UltiTrap™
With Solid State Cooling

11.10.2016 IsoFLOW | Isoprime Ltd.




Thermal Electric Cooling

* Temperature profile

* Cooling rates of 30 °C/min (4 minutes from 120 to 0 °C)
* Heating rates of 250 °C/min (30 seconds from 0 to 120 °C)

) Current Temperature (Cal Coentroller 1)
120

100
A

&0 M

% isoprime
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250 200
Time (seconds)

11.10.2016

.-'/.-J-
#
.-"l
P
4
350 400 450
IsoFLOW | Isoprime Ltd.
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UltiTrap™ Performance

» Zero column blank/bleed. Trap held at 10 °C
for 5 minutes, then heated to 120 °C.

* Real Trapping. 500 ppm N,O in a balance of

% isoprime
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air. 100 pL sample loop injection at 10 °C (1 -
min vs. 10 min hold). Release at 120 °C

 Baseline separation. 1% CH, and 1% CO, in a
balance of air. 100 puL sample loop injection

at -5 °C. Release at 120 °C into CuO/Pt/Ni o

ascors

reactor at 1020 °C

H, ,
1 N
AN
Jc/v 50 i\cﬁu_ ‘%
CO2 (Ratio Differentiation)
11.10.2016

IsoFLOW | Isoprime Ltd.
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Chamber Experiment: Engineers’ CO, Emissions

A prototype iso FLOW was connected to a
PrecislON IRMS in “Test Floor B”

A 4 m x 1/16” stainless steel tube was affixed to
the ceiling and connected to the “Sample In”
port of the instrument. A diaphragm pump was
connected to the “Sample Waste” line to pull in
air continuously through the line

Samples were measured every 5 minutes
through a 100 pL Sample Loop in Dynamic
Mode (10 °C to 120 °C)

The PrecislON was re-tuned every 100 injections
(once every 8 hours)

The experiment was carried for one week
without any intervention

% isoprime
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NS

iso FLOW

PrecislON IRMS

Pum
P 1 Sample Loop Injection
iso FLOW PrecisION IRMS
= — (i ——
b 2 L JTIL
Pump

11.10.2016
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Chamber Experiment: Engineers’ CO, Emissions % isoprime
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-10 CORQ isotopes
e 13-Oct
e 14-Oct
-15
—_ e 15-Oct
8
&\, -20 16-Oct
)
o e 17-Oct
Vo)
-25 e 19-Oct
e 20-Oct

-30
0:00:00 4:48:00 9:36:00 14:24:00 19:12:00 0:00:00 4:48:00

Time of the Day

11.10.2016 IsoFLOW | Isoprime Ltd. 23




Chamber Experiment: Engineers’ CO, Emissions

&613C (%o)

-10

-14

-18

Keeling Plot

y = 4E-08x - 28.53 w

[Peak Area]?! (nA*sec?)

11.10.2016
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precisION Key Features

Great Flexibility

Complete integration
of all inlet systems,
including novel inlets

High Sensitivity

Analyze the most
challenging samples
with exceptionally
high ion source
sensitivity

Small Footprint

Almost 50% smaller
than any other
commercial stable
isotope ratio mass
spectrometer

% isoprime
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High Data Quality

Achieve the highest
analytical
performance with
the most precise
instrument available




