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Introduction

This manual is made to be a comprehensive refresher for people who have previously been
trained to use the instrument. It is divided into individual sections which are often interrelated
and may not be next to each other. Refer to the concise operating procedures for either liquids
or laser ablation. In the concise procedures, references will be given to in-depth instructions
located in the document in case you need more information.

In case there are issues, see Section 14. Troubleshooting and Error Help. Make sure you
contact the lab manager with any issues or trouble you are having.

Kyle Mikkelsen The local login for the computer is
Lab Manager required due to proper instrument
mikkelk@wwu.edu file permissions. It is as follows:
Tel: (360) 650-4280 Login: \AMSEC

Password: AMSEC
See the sign outside the office
door for Kyle’s current location.
ES 130 (down the hall from the lab)
Juliet (ES 131) can always
contact me if | am in the office.

AMSEC rev. 11/2020 KTM



Instrument Hazards and Best Practices: ICP-MS

This document will cover the inherent hazards when utilizing this piece of equipment as well as the best
practices and procedures to avoid danger. These hazards will not include basic things that may be
included in the basic safety training document that each user has attested to have reviewed at
fom.wwu.edu/documents.

Lab coats are to be provided by the user unless special hazards exist in which case, they are
located at the PPE station.

Hazards:
- Chemical exposure
- Compressed gases
- Ultraviolet light exposure
- Ultraviolet laser radiation

1. Required PPE

Appropriate laboratory attire is required at all times in the AMSEC laboratories. Whenever
chemicals are being used, an additional requirement of a lab coat is required. Lab coats are to be
provided by the user.

Whenever a user is in the AMSEC labs, the minimum requirement for eye protection is wrap
around impact glasses. Anytime liquid chemicals are present in the same room as the user without a
direct barrier, all users in the lab must wear chemical splash goggles. Splash goggles must be approved
by State of Washington Administrative Code (WAC 296-24-078).

If chemicals being used are considered toxic, caustic, corrosive, flammable solvents,
carcinogenic, mutagenic, or teratogenic, a minimum of disposable nitrile gloves is required. Avoid
chemical transfer by taking off gloves when using anything other than the chemical(s).

2. Compressed gases

All users must have completed the compressed gas and cryogenic liquid training before
accessing this equipment or touching any compressed gas cylinder or cryogenic liquid tank. All prudent
practices dictated in that training as well as associated training documents must be strictly adhered to at
all times.

3. Ultraviolet light exposure

The argon plasma associated with this instrument emits harmful levels and wavelengths of
ultraviolet radiation that is harmful to the eyes. Every effort is taken to reduce the risk of ultraviolet light
exposure; however, it is impossible to eliminate all possibilities, especially when an accessory item such
as the laser ablation is being used which isn’t designed with that in mind.

It is recommended to avoid eye contact with the plasma at all times unless using the properly
shielded window located on the front of the instrument. Placing the protective orange plastic over the hole
where the sample is introduced is also recommended to reduce the possibility of making eye contact.

4, Ultraviolet laser radiation

The ICP-MS is equipped with a laser ablation accessory system. It utilizes a high powered, 213
nm laser to ablate samples. This laser system is designed with many interlocks and safety devices in
place to prevent users from ever being exposed to the laser. Under normal operation, the chances of
being exposed to the laser are almost zero. If any interlocks are not satisfied and cannot be remedied by
the user, the lab manager must be notified, and the user should cease use of the system immediately.

At no time should anyone tamper with or attempt to dismantle or repair any part of the instrument.
Failure to follow these instructions could lead to serious injury or death.
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http://fom.wwu.edu/fom/documents

1. Concise Operating Procedures

The concise operating procedures outline the necessary steps and reference relevant sections
for more detailed instructions.

1.

10.
11.

12.

16.

Check the hardware setup and change to
laser ablation if necessary.

Setup sample in laser and purge cell with
helium flowing.

Turn He flow to 50 before igniting plasma.
Load your tune file

Ignite the plasma.

(Check Configuration File)

Turn gas up to running flow rate.

Load your method file. Edit as required.
Choose Method - Load

Create your batch file.

Setup your scan pattern(s)

Run your scans and acquire data
Export your data.

Turn off the instrument.

a. Shut off plasma if not already off

b. Shut off helium flow and remove sample
c. Turn off laser power supply key

d. Shut off the argon and water chiller
Take your samples and clean up.

AMSEC 2015

Section 3. Hardware Setup

Section 5.1. Loading a Sample and

Section 5.4. Gas Flow

Section 5.4. Gas Flow

Section 10.1. Selecting a Tune File

Section 4. Igniting the Plasma

Section 6.1. Before Starting the Software

Section 5.4. Gas Flow

Section 7. Creating/Editing a Method

Section 9.2.1 Creating a Batch File

Section 5.3.2. Software Layout

Section 5.5. Analyzing a Sample

Section 9.3. Exporting and Viewing Data

Section 12.2. Shutting Down




2. ICP-MS Theory and Operation

2.1. Instrument Operation

2.1.1. Plasma

Inductively coupled plasma-mass spectrometry (ICP-MS) is a technique that utilizes an
extremely hot argon plasma of ~10,000 K for the purpose of atomizing/ionizing any sample for
trace elemental analysis. The sample introduction method for this system is either a liquid
autosampler capable of continuously running up to 200 samples or a laser ablation system
which utilizes a 213 nm high powered laser to ablate a solid sample which a helium flow then
takes to the plasma. Regardless of the sample introduction method, the operation of the
instrument itself follows the sample principles.

The argon plasma is capable of breaking apart any molecule into atoms while
simultaneously ionizing these atoms. lonized atoms and molecules interact with magnetic fields
due to an induced dipole from the loss of an electron, but we only want to measure atoms and
not molecules. Therefore, a series of electromagnetic lenses have been devised to focus the ion
beam and remove any polyatomics that may have been formed by the plasma or recombined
after going through the plasma.

2.1.2. Interferences

The large majority of the ICP-MS system is dedicated to removing interferences. What
exactly are interferences? This term refers to anything that can interfere with the analyte mass
in question. The masses are measured at the end of the instrument by an ion counter. This
counter doesn’t know what is hitting it, it just counts the ions that hit. The quadrupole located
directly before the ion counter is what filters out every ion except the one to be measured, and it
is here that the effects of interferences are seen, but you don’t know it. The quadrupole filters
things by their mass to charge ratio. This means that if you are analyzing an ion of iron such as
%Fe* then the mass to charge ratio is 56/+1. There are other things that can result in the same
mass to charge ratio such as argon oxide, “°Ar'%0O*. This will have the same mass to charge
ratio and every one that makes it to the quadrupole will be detected as if it were *°Fe. This is a
simple example of an interference. You may be thinking that ArO should not be a stable
molecule, especially in an ionized state, and you would be right. This doesn’t apply in a high
vacuum where the time from formation to measurement is very small. You can easily get an
interference with three atoms as well. Four atoms is very unlikely. The other option is a doubly
charged ion. An example of this is easily seen when analyzing a sample for 28Si that also has
iron in it. The silicon will have a mass to charge ratio of 28/+1, but the iron has the possibility of
being doubly ionized to *°Fe?". This would give it a mass to charge ratio of 56/+2 which is
simplified to 28/+1. This means any iron that gets doubly charged will have the same mass to
charge as the silicon and will be counted as such.

2.1.3. Cones

Upon going through the plasma, a portion of the sample is single, ionized atoms, a
portion is ionized molecules, and a portion is neutral atoms and molecules. The first thing the
sample stream comes into contact with is a set of nickel cones. The first cone is called the
sample cone which is aligned such that only the hottest part of the plasma is sending sample
into the lens chamber. This is beneficial since the hottest part has the highest amount of ionized
atoms. The second cone known as the skimmer cone, has a smaller orifice which skims off
even more of the stream that wasn’t going in a straight line and reduces the sample stream to a
smaller, more manageable size. Between the plasma chamber and the lens chamber, the
pressure goes from atmospheric to a rough vacuum of ~10-3 torr. This helps suck in the sample
stream and allows for less collisions with gas molecules to increase the mean free path of the
sample stream.

AMSEC 2015 Back to Concise Procedures 2




2.1.4. Lenses

After going through the set of cones, the sample stream is subjected to a set of lenses
which focus the ion beam while allowing a large portion of neutrals to be sucked away by the
vacuum. The next set of lenses deflects the ion beam by a couple millimeters. This is a key
feature of the lens set since any neutral atoms/molecules that have made it this far will continue
to fly straight and are ran into a plate and subsequently sucked into vacuum. The other reason
for this deflection is to also remove any direct path for photons generated by the plasma to hit
the electron multiplier tube at the end of the instrument as this would damage it. Up to this point
so far, we have atomized and ionized a sample and refined and focused the beam into ionized
atoms and ionized molecules.

2.1.5. Octopole Reaction System

The rest of the analyzer chamber is at a vacuum of around 10 torr and the ion stream is
pulled into the octopole reaction system (ORS). This is a specially designed cell with a set of
eight small rods arranged in a cylinder shape. The rods have an electromagnetic field applied to
keep the ion beam focused and flying straight. Just before entering the cell, the ion beam
passes through an entrance pinhole which has a potential applied to it. Any ionized particle that
doesn’t have enough momentum cannot make it over this potential barrier is removed from the
stream. Once the ion beam enters the ORS, there is one of three configurations that can be
used.

The first is known as nogas mode. In this mode the ORS is under vacuum and simply
focuses the beam to send it into the quadrupole mass analyzer. The second mode is helium
mode. In this mode, also known as collision mode, the ORS is filled with helium gas.
Statistically, larger ions, such as polyatomics, will collide with the helium much more frequently
than the much smaller atoms that are passing through. This will either cause them to be ejected
from the cell and sucked into a vacuum pump, or it will cause them to lose so much momentum
that they will be unable to overcome the cell exit potential barrier. This mode is the most
effective at removing polyatomic interferences.

The third mode is hydrogen mode, also known as reaction mode. Similar to helium
mode, in hydrogen mode the cell is filled with hydrogen gas. Also similar to helium mode,
collisions take place that remove polyatomics. The difference lies in the fact that the hydrogen
can easily react with any ion and form a neutral molecule or a polyatomic with 1 amu added to
the mass. Upon collision and reaction, the now neutral molecule will have changed course since
it will not interact with the field generated by the octopole and will be sucked into a vacuum
pump instead of heading into the quadrupole. Hydrogen mode and helium mode are often used
for only very specific atoms which have specific interferences. Both of these modes severely
lower the overall counts of everything due to collisions and reactions taking place with both
atomic and polyatomic ions in the stream, but the interferences are reduced much more than
the atomic ions.

The sample stream has now been refined to a very uniform ion beam of only single
atoms. This beam now enters the quadrupole mass analyzer which is capable of utilizing strong
electromagnetic fields to “filter” out every isotope that is not of interest. The quadrupole will scan
across the entire range of masses selected by the user to give the mass spectrum of interest.
The integration time as selected by the user, dictates how long signal is collected for each
isotope. Once the isotope of interest is selectively chosen by the quadrupole, it then makes its
way to the end of the instrument to the electron multiplier (EM). In the EM, every atom that hits
the detector plate ejects some electrons, which then cascade into another plate, multiplying the
signal by several orders of magnitude until they are finally read at the end as a current. This
current is proportional to the number of ions detected and results in the counts that are seen on
the screen.
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1) Argon Plasma

2) Sample Cone

3) Skimmer Cone

4) Lens Stack

5) Octopole Reaction System
6) Quadrupole Mass Analyzer
7) Electron Multiplier

8) Turbomolecular Pump 9
9) Roughing Pump H_= m
2.2. Sample and Standard Preparation

Samples for ICP-MS must be kept as clean as possible. Things such as skin oils, dust,
contamination from unclean sample holders, and contamination from user error are all things
that contribute significantly to the error of the measurements obtained with this instrument.
Proper analytical techniques must be applied to ensure the cleanliness and reproducibility of
your measurements.

2.2.1. Laser Ablation

Samples for laser ablation commonly include thin sections of mineral deposits and other
rock formations, samples deposited on a flat substrate, and any other relatively flat solid
sample. Sample preparation for laser ablation is highly specialized to each user and can be
discussed with the user’s research advisor or the lab manager prior to using the ICP-MS. The
main criteria are that the sample will fit in the laser ablation accessory sample chamber, and
that the sample will have a uniform flow for the helium carrier gas. The uniform gas flow over the
surface is very important to ensure reproducibility of measurements.
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3. Hardware Setup
3.1. Current Setup

There are two possible setups for the ICP-MS. One is for laser ablation and the other is for
liquids. The following two pictures display: Laser Ablation (left) and Liquids (right)

e The instructions for changing from liquids to laser ablation are on the following pages.
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3.2. Liquids to Laser Ablation

1) To change from the liquids setup to laser ablation you must first open the torch-box
cover and disconnect the spray chamber ball joint by removing the spring clamp as
seen:

2) Unscrew the two white knurled nobs and remove the spray-chamber cover. Then
disconnect the carrier gas line from the nebulizer (careful as the glass piece is very
expensive) by pushing down on the plastic yellow ring while pulling on the tube, there
should be instructions for this part posted on the instrument as well. Be very gentle as
this setup costs ~$1,000:
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3) Carefully remove the spray chamber and set it down so that the tubing isn’t stressed. If
the drain tube comes out with the chamber, simply detach it.

“ vl
4) Place the laser sample introduction ball joint in place and clamp with the spring clamp.
Then insert the carrier gas line snugly into the other tube attached to the sample
introduction tube going to the laser ablation accessory and close the torch-box cover:

AMSEC 2015 Back to Concise Procedures 7




4. Igniting the Plasma
4.1. Turn on the Water Chiller

o The water chiller is located in ES 128B. This is the small room just adjacent to the ICP-MS
room. The chiller should turn on around room temperature and then cool to ~20°C.
P L L — - . . e

il = _—

F

e You must turn on the water chiller before lighting the plasma. If you forget, it will not damage
the instrument, but you will receive an insufficient water flow error.

4.2. Turn on the Argon
Argon Manifold Operation

When finished: —— -\ . Output er;odi”’w
1. Change tank(s), « - " pressure P 73
if required. o
2. Close both argon Output pressure i‘
tank valves. ‘ adjustment
| Tank pressure

Primary tank
selector

(¢

Argon tanks |l

To operate:

1. Open both argon tanks. Check pressure in each.
2. If one tankis below 250 psi, change according to procedure below.
3. Check that output pressure is between 50 and 100 psi. Adjust as necessary.
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To change a tank:

1. If atank has dropped below 250 psi, it can be changed whether the argon is being used
or not.

Turn arrow knob toward the tank with more argon.

Close tank valve of empty tank.

Disconnect nearly empty tank, cap it, and replace with a full one.

Strap full tank in, remove cap, and attach pigtail hose.

Open tank valve for the tank you just attached.

Slowly open purge valve for the tank you just attached and purge for 5 seconds. You do
not have to purge at a high flow rate, just enough to get any air out of the system.

No v kwnN

This system is designed to offer continuous, uninterrupted gas delivery. You can change a

tank while the system is being used. The arrow knob indicates the primary tank. The primary
tank will be used until it is around 200 psi, this will be considered empty. The system will then
switch to the secondary tank.

You must check the pressure in each tank multiple times during a run. If you empty a

tank, you must change it. Do not leave it for the next person to change.

4.3. Ignite the Plasma

After the water chiller and argon tank has been turned on. You must make sure that your
sample introduction is set to the desired configuration before lighting the plasma. See
Section 3. Hardware Setup for more information.

It is recommended to choose your tune file before igniting the plasma. See Section 6.4. on
the tuning panel for more information.

Go to the instrument control panel in ICP-MS Top and click Plasma On in the plasma menu
or hit the Ignite Plasma icon.

You will be prompted with two dialogue boxes. The first will ask if the exhaust system is
working. Click yes.

The second will ask to verify that the drain tubing is connected. Since you are using Laser
Ablation, click yes and do not worry about this dialogue.

The plasma should light after a few minutes. The status bar of the instrument control window
will show standby --> analysis until it is ready for operation. Once it is ready for use the
status bar will only say analysis mode. See the Section 6.3. Instrument Control for more
information.
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Plasma Vacuum Di; i intel e el il Plasma Vacuum Di;

IRIKE | ?

\Welcome to Instrument Control !

Left: Instrument control window in analysis mode without a reaction gas.
Right: Instrument control window in analysis mode with a reaction gas.
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5. Laser Ablation
5.1. Loading a Sample

To load a sample, you must remove the sample stage from the laser ablation accessory. Simply
unscrew the knurled knob on the front and rotate the bar to clear the bar-seats.

Knurled Knob

The stage will most likely have one of three inset holders installed as seen below. You will need
to choose the appropriate type for your analysis. The left holder is for puck-style samples, the
middle one is a deep-set slide holder, and the right one is a shallow slide holder with reference
slots. Each of these have their own merits and uses. You want to try to fill as much volume as
possible to ensure good aerosol flow through the chamber. Each holder has a rounded corner
which means they can only be inserted in one orientation.

—_— S tter

Once you have your sample loaded with the appropriate inset holder, simply replace the sample
stage by reversing the steps to remove it. Ensure that your sample will not collide with the top of
the chamber as you insert it. Occasionally, the o-ring on the stage will get caught and simply
wiggle the stage up and down slightly will get it to seat properly. There is no need to overtighten
the sample bar, it only needs to be snug.
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5.2. Setting up the Laser

We will discuss here what hardware to set up. There isn’t a lot to do.

e First, make sure to turn on the laser itself. The software will remind you if you don’t by

popping up the following window if the key is not turned.

::alte;y interiock ? ::alte;y interiock ?
Key is off == .
Back Cover/Hemote Back Cover/Hemote
Sample Chamber/H adiation 5 hield E@ Sample Charmber/R adiation Shield San:sprl;::::der
Front Coverd T rinocular Front Coverd T rinocular
Kl Suitch Kill Suitch
Lnuzed unuzed
unused unused
unuzed unuzed

e Once you turn the key, the interlock status box will disappear as long as there are no other
interlocks that are unsatisfied. See Section 5.3.1. on interlocks.

o The laser power supply is located right below the laser system. To turn it on, turn the key to

the right so that the lights on the left come on.

O oN
LRSER oN
PO
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e The last part of setting up the hardware is to turn on the helium tank. Remember this section
only covers the laser ablation hardware. For ICPMS hardware setup, see Section 4. Igniting
the Plasma.

¢ Simply open the tank in the middle on the end of the ICPMS table. Do not adjust the output

pressure or close the small valve on the regulator. When finished you should only close the

tank‘valve.

Airgas

800-224-7427

EMPTY

s‘ RETURN PROMP

) PART FULL )
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5.3. Software

The software for running the laser is on a different computer than the ICPMS software. There
are three monitors on the desk. The left one is for the laser computer and the right two are for
the ICPMS. You can use the one mouse and keyboard to control both computers. Whatever
monitor the mouse is on will dictate what the keyboard controls.

If the computer is off or isn’t logged in, you will have to use the following credentials:
Login: AMSEC

Password: AMSEC

Domain: AMSEC (this computer)

5.3.1. Interlocks

The laser system has interlocks in place to protect the user. These interlocks are usually some
sort of micro switch or magnetic sensor. If these interlocks are not satisfied, then you will get an
interlock status window as seen below.

Interlock Status Interlock Status

Safety interlock Safety interlock
status ? status ?
l.azer @ l.azer
=]

@ Sample Chamber/F adiation 5 hield

@|e|e|e|e|e|e s
@0 @ |8|e

These two are the only interlocks that you should ever see. If any others show up, contact

the lab manager.

o The laser interlock means that the key on the laser power supply is turned off. See Section
5.2. on setting up the laser. Once the power supply is switched on, the interlock should go
away on its own. Occasionally you need to click on the interlock to get it to go away.

o The sample chamber interlock means that the sample door is open and/or not secured
properly. This can be remedied by closing and clamping the door properly. See Section 5.1.
for more information.

e The interlocks will only prevent the laser from firing, the sample can still be viewed, and
scans can be set up.
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5.3.2. Software Layout

On the

desktop, double click the laser ablation icon to open the software. The lgg

window that opens will look as seen below. There are zoomed in regions in red |
boxes below for ease of viewing. Laser Ablation

& New Wave Research - Laser Ablation System

Fle View Posion Lasser System Help

T (o)
T (= T o HEG
Transmited ~ | ,l Zoom (0%)

...... ~

Sample: 0.543mJ _F?": -l .

e . A
& Contiuous  10Hz ¥ S&um  1000% ¥ | pence: 2267 J/cn?

Bypass Puge | Onine| TTass Flow ‘

239 [ 2189 mm < Auciocus [l -

ag, | 26123

ook =~ (L 48 & ‘

Scan Patterns:

Move To | Properties Ngtions ¥

1 Pattens
Time: 0:00:40

B sample Map

[ Run Scans T - Y '

O e [ e

Coax

Scan Patterns: Zoom [0%)

—[EE—

I
Bypass Purge Dnlineé-M— S Flow

LContinuous

L. Positon: | 32120 | 11.251 | 6933  mm & Autoiocus

Move To | Propertiesl Options v|

1 Patterns
Time: 0:00:40

[ Run Scans

- Sample Map

|Click on corners to define selection area |

In the red boxes from left to right we will discuss the buttons of the program.
Scan Pattern Box:

The white area will show all of your scan patterns.

Move To: moves the crosshairs to the start of the selected scan.

Properties: opens the properties pane of a selected scan. Section 5.3.6. has more info.
Options: displays a list of options that will be discussed in section 5.3.5. Pattern Options
Run Scans: how you ablate a pattern.

The sample map displays the map if you have made one and you can navigate by
clicking it. This doesn’t always display properly.

Red Box 1:

The light source can be changed by click either the box or the dropdown. Play around
with the light sources to get the best illumination.

The light intensity can be changed by using the slider bar to the right of the light selector.
Zoom: change camera zoom. This isn’t very useful.

Bypass, Purge, and Online: located below the light selector. These are discussed
elsewhere in Section 5.4.2.

Mass Flow: opens the window to change the flow of helium through the cell. Section
5.4. has more info.
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2 co - a
. - L ) 4 o8 o
[ =%  Continuous 1Hz ¥ 2um 0.0% w

L. Positor: | 32120 | 11.251 | 6933  mm -

Red Box 2:
Continuous: selects between different laser firing modes. Continuous, burst, and single.

Red Box 3:

Continuous is most commonly used.

Hertz: Selects the firing frequency between 1 and 20 Hz. 10 is most commonly used.

pm Selector: Selects the laser spot size between 4 um and 100 um. All spots are round

except for the 65 um square spot.

% Selector: Selects the power of the laser in percentage. 0 — 100% can be selected in

increments of 5.
Position: Shows the current X, y, and z position of the crosshair.

'3
Sample: 0.00 mJ _F\:t + .

Sample: This is not a button, but a readout of the power of the laser to the sample.
Fire: fire the laser manually.

Shutter: manual shutter operation to open or closed. This is overridden by any scan that

is ran.

Black Box: The black box will display an animation when the laser is firing.
Patterns: This changes the mouse tooltip to a Tk — f& LS
pattern drawing tool. The options for this are show to ¥
the right. They are fairly self-explanatory. Play E Raster
around with drawing things if you are curious. To 2521 Grid of Spots
draw things, you must select the type of pattern and -

then left click on the screen, drag to the size and === Line

then left click again. If you would like to continue s== Line of Spots
drawing, then keep dragging. If you want to quit

simply right click on the end point. * Spot
Mouse Box: changes the mouse tooltip to a selector @ Reference Point
tool to move patterns around. Abe Text

Mouse Crosshair: changes the mouse tooltip to
move the crosshair to the clicked position. s Curve
Measure ?: changes the mouse tooltip to a

measurement device. The measurement shows up Set Default Properties...

at the bottom of the window.
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5.3.3. Navigation and Focus

Navigation of your sample is probably the most important part of using the laser. You need to
know where you are and what you are seeing and ablating. Make sure to properly illumination
the sample before trying to navigate.

& New Wave Research - Laser Ablation System

Fle View Postion Laser System Help

R oo a M
O | Q| B - - -
Transmitted J Zoom (0%)

e . A Sample: 0.543mJ
5 Contious | 10Hz ¥ s5um | 1000% ¥ | ppeee

Fluence: 22.87 J/cn?.
o
Bypass  Pun

e | Oriine ms L Posion: [ 26123 [27.359 [ 2163 mm I Autofocus év v

Scan Pattems: [2]

]
| =]
l<— Focus / z-axis
B
7]
3]

Move To | Properties| Options ¥/

1 Patteins

Time: 0:00:40
[ Run Seans

B sarple Map

y-axis =——p

EIT!]I:I

Fast, medium, slow
motor speeds

Click on corners to define selection area

Focus:

The z-axis motor must be used to focus the camera and laser on the sample surface. When the
software is started, it will default the focus to the highest point, which is often far away from the
surface. If finding the surface is difficult and it would not be detrimental to the study, the laser
can be manually fired at the surface to create a crater to focus on. The laser will have to be fired
while focusing if it is very out of focus.

Navigation:

Navigation takes place via the x and y-axis controls as labeled above. The arrows can be used
to control the speed and direction. Alternatively, the slider bar may be dragged, and the motors
will bring the position to that point. Another useful tool are reference points that are placed via
the pattern tooltip. Experiment with what works for you. The next section on Sample Maps is
also relevant to navigation. The mini map on the left can be clicked on to move around your
sample map. You can also keep the sample map window open to navigate as well.
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5.3.4. Sample Maps

The sample maps window can be accessed from the “view” dropdown at the top of the screen
or from right under the “Run Scans” button on the left side of the window.

Sample Map

Maks and manage 3 map of an ar=3 of interest on the sample.

Legend
[ Range of Travel
L1 Cument Position
Il Map Area

~Map Center Location
" Center of Sample Area
& Current Stage Positioré
" User Defined:

::':':'l“" fad - Y: I:E.E”.:l:f i

~Map Size
Width & Height: o
IB Images v (Recall Map...

I7ITumX 2848m | e,

¢ 0K X Cancel I

NOTE: It is very common for the image not to appear on the left hand of the v 1a | Propeties| aptions ¥
screen under the “Run Scans” button. The image fills in sporadically as the L
crosshair moves on the screen. Therefore, using the sample map window is [ Run Seans |
typical over trying to use the small image. B sarple Mop

Getting image 36 of 36 |

The sample map window has a couple options that are critical. The main one being the “Map
Center Location” area. The default option is “Center of Sample Area” which means it will go
to the center of the x and y-axes and start there. Normally “Current Stage Position” is
selected as the center of the map.

The width and height is also important under “Map Size”. It is typically done in images and
usually anywhere from 2 — 10 is chosen. Depending on the feature size of the sample to be
analyzed, the setting will need to be altered. Once a map is made, it is easy to make another
one. The image produced can be save as well.

This window can be left open and the image can be clicked on for navigation, or the smaller
image on the left can be used.
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5.3.5. Pattern Options

« The options for the patterns can be accessed by right  Scan Fattems:
clicking on the pattern, or by selecting the pattern and _mw =
clicking the options button below the scan patterns Properties...
box. Mowve Ta...

e Most of the options are self-explanatory. Some very

i i i : Duplicate Scans. ..
useful options are “Edit Endpoints”, “Recoordinate”, Suplcate Scans

« : N « Translate/Rotate. ..
Reverse Scan Direction”, and “Move Scans to . .
. Edit Endpoints...
Crosshairs”. _
Recoordinate. ..

o Edit Endpoints: allows the exact coordinates of
the pattern to be altered in the x, y, and z-axes.
This is useful to control the exact length of a line

Reverse Scan Direction
Move Scans to Crosshairs

or the position of a spot. Maove Ta | 1

o Recoordinate: allows the pattern to be moved to 1 Patterrs
a new position keeping its current relative Time 000 Explode Scan
proportions.

. . . . . . E Rename Scan
o Reverse Scan Direction: in conjunction with the

move to function is useful for checking the length
of a scan before running it. Simply click reverse,
then click move to and the crosshairs will follow
the scan. Then click reverse and move to again
and it will revert to the original position.

o Move Scans to Crosshairs: must be used with caution. It is useful for moving a scan a
long distance very easily, but it will move all of your patterns to the new crosshair
position keeping their positions relative to each other.

Renumber List

select All
N Dclete

Sample
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5.3.6. Pattern Properties

Pattern properties can be accessed via the button below the scan patterns box, or by right
clicking on the pattern. This portion is very important as it deals with how the laser settings at

the top of the window differ from the laser settings for a pattern.

Pattern Properties - Line #5

[v Enable Ablation Pasz
[ Enable Pre-Ahblation Pazs
[w Cloze Shutter after zcan

Ablatian l Fre-#.blation ] B
Fazzes: & ocan Speed: -
|'I - |1 0 LTI SEC -

Lazer

_f Ilze Current Lager Settings | _f Apply Settings to Lager |

Qutput; & RepRater 4 Spot Size:
100.0 - |1EI Hz w B5pm -

[ Scan Al Pazses in Same Direction

=)

[~ Default B

x Cancel |

e The properties window looks similar for each type of pattern. The settings should be chosen
properly for the type of pattern you are running and for the type of material. For example, a
soft sample such as a polymer might need a slow scan speed, but a lower power like 50 %.
The main thing to pay attention to is that each pattern will have different properties
associated. If you want them all to have the same properties, then after you make the first
one, select the “Default” checkbox at the bottom of the pane and all subsequent patterns will

have the same settings.

e Another easy way to change settings is by using either of the buttons in the middle. You can
apply your setting from the laser to this pattern or apply pattern settings to the laser. This
means the setting in the main window of the software will change or apply the change.

o A number of patterns can be altered at the same time. If multiple patterns of the same type

are selected, then all their settings will change.

AMSEC 2015
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5.3.7. Preablation Pass

From the pattern properties pane, a preablation pass can be performed. A preablation pass is
when the pattern is scanned before the actual scan with a much lower power setting to clean off
the surface of any potential contaminants.

Pattern Properties - Line #5

[v Enable Ablation Pasz
[ Enable Pre-Ahblation Pazs
[w Cloze Shutter after zcan

[ Scan Al Pazses in Same Direction

=)

Ablatian l Fre-#.blation ] B
Fazzes: & ocan Speed: -
|'I - |1 0 LTI SEC -
Lazer
_f Ilze Current Lager Settings | _f Apply Settings to Lager |
Qutput; & RepRater 4 Spot Size:

000 %w [10 Hz w Bprn -

™ Defaul r X Cancel |

o The first thing that must be done is clicking the checkbox at the top to enable the preablation
pass. Once that is done, the second tab of this box will be available, and the setting can be
chosen for the preablation pass.

e The setting one should choose are variable and should be tested out. The sample should not
be ablated during this process so different setting should be chosen to apply the most power
to the surface without ablating the sample.
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5.4. Gas Flow

The gas flow of the laser cell is a very important parameter. The flow should be kept constant
for all experiments of the same type. The flow rate can be tested by ablating a standard and
watching the signals across the screen to see how intense the signal is and how long it takes to
go back to background. This time after ablation for the signal to go to background levels is
called the washout delay. Typical flow rates are 250, 400, and 600 mL/min.

5.4.1. Changing the Flow Rate

To change the flow rate, click on the “Mass Flow” button nextto s e
the bypass, purge, and online buttons. The following window will  B¥P3ss  Furge | Oniine | Mass Flow
appear. Ignore the first tab and go to the second tab.

Mass Flow Control @ Mass Flow Control
Note: The mass flow controller devices take about 15 minutes ta fully E»E ady Nate: The mass flow contraller devices take about 15 minutes to fully  FUEESHINS
warm up. Flow control will not be accurate until the devices are fully — warm up. Flow control will not be accurate until the devices are fully S
warmed up! warmed up!
Setup | Flow Control | Alarms | Setup  Flow Contral I Alams |
Setup the calibration information for the mass flow controller devices. Configure the gas flow rate for each channel.
Controller Setup Channel 1 | Flow Rate Channel 1
Enable/Disable the Flow [v Enabled [ Select the desired flow rate in | | - -
Controller. milliiters/minute. [ l] | l]
: : Gas Gas
Specify gas being used. & Helium & [h:nﬁ;aes:;:’ﬁ:d?g i}
" Argon «
Stop gas flow when ™ Yes I
Specify the maximum range Range Range experiment finishes.
of the Flow Controller. 1 liter/minute =
2 liter/minute 5
/ oK | X « 0K | X Cancel l

To change the flow rate, the value desired can be typed into the box under channel 1. It is
recommended to use the up arrow to change the flow rate when the plasma is lit. This way will
extinguish the plasma less often. Once the desired value is attained, select OK and the box will
close. If cancel is chosen, the value will revert to what it was before the dialogue was opened.

5.4.2. Bypass, Purge, and Online

Bypasz  Purge | Onling | pazz Flow

The bypass, purge and online buttons are important for the analysis as well as for keeping the
plasma running while changing samples.

Bypass: carries the helium around the sample chamber, but the helium gas still is flowing to the
plasma torch.

Purge: flows helium through the sample cell and purges the air to the room, not to the plasma.
After 30 seconds, the purge will finish, and the system will switch to online mode automatically.
NOTE: There must be helium flowing in the Mass Flow window for the purge to work.

Online: sends the helium gas through the sample cell and to the plasma for analysis.
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5.4.3. Helium and Igniting the Plasma

There are different methods recommended for what to do with the helium when igniting the
plasma. The easiest method so far seems to be the following.

- After the software is first opened, click the bypass, purge, and online buttons to get rid of any
built-up pressure that may have been stored in the system.

- Set the flow to the desired flow rate such as 250, 400, or 600 mL/min.

- Purge the cell.

- After purge, set the flow rate to 50 mL/min.

- Ignite the plasma. See Section 4 on plasma ignition.

- Once the plasma is fully lit, use the up arrow in the Mass Flow window to increase the flow
rate to the desired value.

- Pause every two to three seconds to ensure the plasma isn’t extinguished by the increase in
flow.
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5.5. Analyzing a Sample with the Laser

5.5.1. Spectrum Analysis

The trick in analyzing a sample with the laser is the timing between the laser and the ICPMS.
There is a delay between when the ablation starts and when the acquisition occurs that
depends on the gas flow. For 250 mL/min it is about 8 seconds. Usually more time is given as a
safety measure so 10 seconds is recommended. At 600 mL/min it only takes around 4 seconds
for the sample to reach the ICPMS to be analyzed. Five seconds is a safer bet.

e First, make sure the laser and ICPMS are all setup. See the Concise Operating Procedures
for more info and links to other sections.
Load your method file. Section 7.

e Click Method->Run. | prefer to use this option over manual sampling because you get better
control over the timing of the run in spectrum mode. There isn’t much difference between
the two except the second window that pops up. The following window will appear:

Important Parts:

Data Batch: |E:\DATA'\F|ESEAHCH\.&MSEC\TBSL b Browse...

Data File Mame: |DD'| d MNew Batch

Sample Type: |Sample j

Cal Level |1

[ Import D& Method from E xisting Batch
{+ {

Source Data Batch Directony
|E:\DATA\HESEAHCH\SDFIELD\E‘W’ALLI\TDP 1rafall batch. sl

Dizk Space; |343,378M bytes free on drive E:

Operator Narne: | Wial: "I—

Sample Hame: |Test Sample 1|

Misc Info: |

Diilutior; {1.000 Calculate. ..
I5TD Cong: Levell Change...

Custamn 5td Cone: |

Method Sections To Rur:

[ Pre-Fun Macro/Cmd; |

[ Pre-Bun Maonitor

[~ Post-Fiun Macro/Cmd: |

Edit DA Methad ‘ Fiun Method | (u]. ‘ Caticel ‘ Help |

Sample Mame: Describe the sample name

- Data Batch: redirect the file path to your batch folder using the browse button. Section 9.2.
- Data File Name: do not duplicate file name. This can be complex or simple such as 001.d,

002.d, etc.

- Sample Name: this is where it recommended that the sample name is input.

AMSEC 2015
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Once you are ready, you can hit “Run Method”. The following window will appear:
Change Sample Vial.

Sample Mame: Test Sample 1

Sample Yial 1

Abort Help

Once “OK” is pressed in this window, the acquisition will commence. This is where the timing
takes place. Once this box is seen, then the laser part needs to get set up.

Make sure that a pattern is already drawn. See Section 5.3.5. for more information. Also, make
sure that the pattern has the appropriate scan properties. Make sure it is long enough to last the
duration of the acquisition. Once the pattern is drawn and setup and selected, then hit “Run
Scans” in the laser software on the left above the sample map. The following window will

appear:
Run Experiment

Run scans, control walves ?

Patterns to Fun
fe Al Patterns

i Selected Patterns Only

Tatal Patternz: 1
Selected Patterns: 0O

asz Walve Settings
[ Manually Control Valves

Pre-ablation: | Purge -
Ablation: | Online -

Washout Delay &
E5 TEC -

[ Realtime Sample Map Updating
@ Trig InSync Out Options... |
Enable Laser!!!=9{" Enable Laser During Scansz

o B

> Mass Flow Contral... |

FAE X Claze ‘

It is important to check the box “Enable Laser During Scans” or else the laser won’t actually fire.
The laser warmup time is 10 seconds. Once you hit “Run”, the laser will warm up and then fire.
You need to wait until the laser fires and then count between 5 and 10 seconds for the sample
to reach the plasma depending on the flow rate. Then hit OK in the ICPMS software and the
analysis will commence. Then repeat for each sample. Don’t forget about the Washout Delay!!!
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5.5.2. Time Resolved Analysis

Time resolved analysis is very similar to the spectrum mode, except that there is not as much
need for timing the laser firing with the ICPMS acquisition. It is typical to have the background
plotted before the sample is acquired so that the background can be seen as flat and subtracted
out later.

e First, make sure the laser and ICPMS are all setup. See the Concise Operating Procedures
for more info and links to other sections.

e Load your method file. Section 7.

o Click the data acquisition main panel button seen below left. Then click the acquire data
button. The following window will appear:

Data Bateh: |EADATAVRESEARCHNAMSECAT st bY Browse...
Diata File Name : [001.0 New Batch

Sample Type: [Sample -

Cal Level: |1

[ Irnport D8 Method from Exzisting Batch
(e -

Source Data Batch
|E:'\DﬁTf-'-.'\F|ESEf-'-.FI CHYSOFIELDSCAwALLLD |1 nofall. batch. sml

Disk Space; 243377 ME free on drive E:

Operator Wame |

Sample Mame : |Test Cample 1

Mizc. Info |

Dilutian: |'I.|:IEI|:| Calculate..
ISTD Conc: |Level 1 Change...

Custom Std Conc:

[ Pre-Run Monitor

Edi Dﬂhﬂlethnd| Acquire | oK, | Ear‘u:el| Help

Important Parts:

- Data Batch: redirect the file path to your batch folder using the browse button. Section 9.2.

- Data File Name: do not duplicate file name. This can be complex or simple such as 001.d,
002.d, etc.

- Sample Name: this is where it recommended that the sample name is input.

Once you are ready, you can hit “Acquire”.
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9& ICP-MS Acquisition - BRSHELF.M / 001.0 [E=R(F=8"

AcquireData  EditParameters Logs  Help

b4

Status

Acq has finished

Time[secl> 0O 75

¥ CPS ¥ Log

MPs L
1oEs = * Riestart Fun

The acquisition will commence. You will typically go to the laser window and hit run at this point.
This will usually give you about 15 seconds of background.

- Make sure that a pattern is already drawn before hitting acquire. See Section 5.3.5. for more

information. Also, make sure that the pattern has the appropriate scan properties. Make sure it
is long enough to last the duration of the acquisition.

- Once the pattern is drawn and setup and selected, then hit “Run Scans” in the laser software

on the left above the sample map. The following window will appear:

AMSEC 2015

Run scans, control valves ?

Patternz ta Bur
o Al Patterns

" Selected Patterns Only

Tatal Patterns: 1
Selected Patterns: 0O

Gas Walve Settings
[T Manually Control Walves

Pre-ablation: | Purge -
Ablation: | Online -

Wazhout Delay g
B5 TEC

[ Realtime Sample Map Updating
@ Trg InSync Out Options. .. |
Enable Laser!!!==9{" Enable Lazer During Scans

=

& Maszs Flow Contral... |

% Bun X Claose
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It is important to check the box “Enable Laser During Scans” or else the laser won’t actually fire.
The laser warmup time is 10 seconds. Once you hit “Run”, the laser will warm up and then fire.
Once the laser fires it takes between 5 and 10 seconds for the sample to reach the plasma
depending on the flow rate. Time your acquire button press with your laser firing to give
adequate background signal and enough of your required acquisition. This is where the method
setup is very important.

The acquisition will complete and save. Repeat for each sample. Don’t forget about the
Washout Delay!!!

5.5.3. Washout Delay

Between runs with the laser, the lines will need to be purged. This normally is achieved by
waiting between runs. Usually somewhere in the realm of 60 — 120 seconds is adequate for the
lines to be cleared of the previous sample. If you notice your backgrounds climbing, you may
need to increase your washout delay.
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5.6. Analyzing a Sample with a Sequence

An advanced method of using the laser in combination with the ICPMS is available by which
repetitive analyses can be performed. This method utilizes the ability of the laser and ICPMS to
“talk” to each other using a trigger signal. The laser triggers the ICPMS, but the ICPMS does not
send any input back to the laser so precise timing is required.

The first step is to change the Remote Start option in the configuration window to “Wait for
Ready Signal”. We ask users who use this option to remember to change it back to “Don’t Wait”
after analysis as it doesn’t revert to that automatically and will mess up another user’s run.

STy

[~ Offline Instrument

LaM Prohibited Masses
IP Address: | 192, 168 1. 128 14 16 17 18 19
Riemate Start £ *® 33 40 Ll
© Dl EM Protection
I (" Waitfor Ready Signal I v Auto setting of inteq time in analog mode

GC Mode

Mode: GEMERAL.OCC

Sample Introduction

Instrurnent 1 -
1515 Application:
| Hi=
i"““ﬁmﬁ" | ECM Path: [
|N0ne jl |
Miscellansous...
Feset to Default Save | Cancel | Help |

The timing part comes when setting up your scan patterns in the laser software. The scan must
be long enough that the acquisition can complete, but not so long that it goes far past the
acquisition. Your method file needs to have the proper timing as well. Then the washout delay
needs to be adequate but also take into account the fact that the ICPMS software will take a few
seconds to reset after each run and it will wait for the trigger signal that you decide to send it.

The following relates to how the trigger signal works. When you select “Run Scans” in the laser

software window, you are used to seeini the foIIowiniz
Run Experiment

Run scans, control valves ?

Pattens to Rur
& Al Patterns
" Selected Patterns Only

Total Patterns: 1
Selected Patterms: 0

Gaz Yalve Settings
[ Manually Contiol Yakes

Pre-ablation: |Purge -
Ablation: | Online -

Washout Delay &
ES SEC -

[ Realtime Sample hap Updating
@ Trig In/Sync Out O ptions... ‘

[~ Enable Laser During Scans

R

F Mass Flow Control ‘

X Clos=
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If the button “Trig In/Sync Out Options” is selcted the following

Trigger Signal Properties

Trigger Signal Properties

window appears:

Sync Out l Trigger In]
Sync Out Mode
f¢ Dizabled
" Active when Lazer Active
" Active during Pattern Scan

" Active during Entire E zperiment

-

Sync Out Polarity
Switched TTLACMOS
(« Active Closed Active Low

" Active Open Active High

Set properties for trigger signals to and from external devices ?

Sync Out l Trigger In]

Sync Out Mode
" Dizabled

{+ Actve when Laser Achive

" Active during Pattern Scan

" Active during Entire E zperiment

Sync Out Polarity
Switched TTLACMOS
(« Active Closed Active Low

" Active Open Active High

Switched ar TTL
made 1z zet via
[LUMpeErs inzide
the lazer unit.

Set properties for trigger signals to and from external devices

[ Enable Sync Out during Pre-Ahblation

)

OnDelay &
0 IEC -

Off Delay &
0 IEC -

Switched ar TTL
made 1z zet via
[LUMpeErs inzide
the lazer unit.

x Cancel |

x Cancel |

W OK

Change the Sync Out mode to Active when laser active or active during pattern scan. The first
option is the easiest to deal with. They are self explanatory. When it says active when laser
active, then the trigger signal will be sent when the laser turns on.

You may also use the on delay in case you want the laser warmup to be ignored or let the
sample make it to the plasma before collecting data. The off delay is not used since the laser
only tells the ICPMS when to start a collection and not when to stop.

We do not use trigger in because we can’t. The ICPMS doesn’t talk back to the laser. Going
back to the run window will show the last parameter to time and that is the washout delay.

Typically, longer is better and you won'’t have to cut anzthign too close in your timing.

Run Experiment

Run scans, control valves ?

Pattems to Rur
& Al Patterns
" Selected Patterns Only

Total Patterns: 1
Selected Patterms: 0

Gas Walve Settings
[ Manually Control Yalves

Pre-ablation: |Purge -
Ablation: | Orline -

‘Washout Delay o
[} SEC .-

™ Realtime Sample Map Updating
@ Trig In#Syne Out O ptions. .. ‘

[~ Enable Laser During Scans

[0 [

F Mass Flow Contral... ‘

| g Hun ¢

x LClose

After this part is all setup and timed, you can then setup your sequence file and continute with

the acquisition.
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You must have a method created before setting up or running a sequence file. For information
on this, see Section 7. Creating/Editing a Method. You must also have ignited the plasma and
selected your tune file. See Section 1. Concise Operating Procedures for Liguids for more
information.

Set up your sequence file as described in Section 8. Sequence Files.

Once your sequence file is set up and saved, you are ready to begin a sequence.
From the Sequence dropdown, select Run.

The Start Sequence Dialogue will appear.

[ Owenmrite Exizting D ata Files

[ Print Sequence Log at Sequence Temination

Sequence Comment: |

Operator Hame: |
Data Batch Directory: |E:"»D.-“-‘-.T.-’-'-.‘»FEESE.5.FIEH YGEROUPraining. by

[ Import DA Method from Esisting Batch
(* i

Source Data Batch Directory

|E:‘-.D.&T.-’-‘-."~WWLI CLASSSCHEMA3EASPRZC |41615-2 batch.wmi

Fre-Seq Macro/Cmd: |
Post-Seq Macro/Cmd: |

Edit D&, Methnd| Fun Sequence k. | Cancel | Help |

Sequence will pause if a data file already existz

e Unless you are confident that you want to, do not check the Overwrite Existing Data Files
box. This will overwrite any file with the same name.

¢ Next, use the Browse button to locate your batch file. For more information on this, see
Section 11.2. Creating a Batch File.

e Click Run Sequence and the process will begin.

If the Data Analysis window is not already open, it will open, and the data will appear there. For
more information see Section 11.2. on Creating a Batch File.

Note: always stick around for a couple runs to make sure the timing works properly. Also, you
can test your timing out on a piece of glass or with the laser disabled during the scan.
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6. ICPMS Software Overview
6.1. Before Starting the Software

o Before the ICP-MS software can be opened, the configuration must be set properly based
on which mode, Liquids or Laser Ablation, the instrument will be run in.

e First, click on the Configuration icon on the desktop. This must be done
with the ICP-MS Top window closed along with any other masshunter

windows.

Ablation (Bottom), then click save and

AMSEC 2015

[ Difline Instrument

—LaN
IP Address: | 192, 168, 1. 128

— Remate Start
@& Don'tUse
" wait for Ready Signal

S ample Introduction

Periztaltic Pump -

I~ Link to Agilent LC/GE ChemStation

Instrurnent I 1 = l

1515 Application:

[~ Offline Instrumnent

—Lan
IP Address: 192 168 1. 128

— Remote Stark

@ Don'tUse
= Wait for Ready Signal

— Sample Introduction

T Link to &gilent LEAGE ChemSkation

Instrument# I 1 = l

1515 Application:

| =

Autosampler:
I!None v!l Setup... |

Rezet to Default |

— Prohibited Mazse:
[l el il
FEE m

— EM Pratection

W Auto zetting of integ time in analog mode

~OC Mode

Mode: GEMERAL.OCC

Browse... |
Advanced AC... |

- Security
I~ Security

I~ ECHM Irtearation

ECM Path: | _|

Miscellansous... |

Help |

Save I

Cancel |

— Prohibited M asse

il canl ol o
FE R @ @

— EM Pratection

¥ Auta zetting of integ time in analog mode

Browse... |
Advanced OC... |

~GC Mode
Mode: GENERAL.GCC

 Security
I~ Security

I~ ECM Integration

ECM Fath: | _|
Miscellansous... |

Help |

Save I

Cancel |

Back to Concise Procedures

Conflgurat-
1|onv

¢ Once the window opens, ensure that it looks as seen below for either Liqwds (Top) or Laser

proceed to open the ICP-MS Top software:

Liquids

Laser Ablation
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6.2. Layout i
&

e Upon opening the software by clicking BRE ’F" on the desktop, the general layout for the

software will look like this:

SR &HE 7w iN

Method [DEFAULTM — CAICPMHVI\METHODSY

ICP-MS Top - GENERALQCC / DEFAULT. ICP-MS Top - GENERALQCC / DEFAULT.
Instrurment  AcquireData  DataAnalysis Sequence Chained Sequence T Instrument AcquireData  DataAnalysis Methnds Chained Sequence  Tools

m & w @: Load and Run Method... m & ﬁ @fh @7 Load and Run Sequence...
] Y ‘_ L =

Run... Run...

Method |DEFAULT.m — CMCPMHY] Run Method Wizard... Method ‘DEFAULT.m — CAMCPMHA\INMETHOI Edit Sample Log Table...

Edit Entire Method... Positien and Run...
Edit Method Information... Simulate Sequence...

View Sequence Log...
Edit Interference Equation ... PhntSeEenealoy
Select Sample Types... Load...
Load... Save...
Save Print
Save As... More...

Print

Sequence default s Losded DLE

. Most of the important menus and information are in the top left;
f‘-_: ICP-MS Top - GENERALQCC / DEFAULT.

Instrument  AcquireData DataAnalysis Methods Sequence Chained Sequence  Tools  Offline Tools  Run Information  Help
HEH&BE IFi.isieid b b EGag ?

Methed ‘DEFAULT.M — CACPMHVIYMETHODSY j Sequence | default.s — CMCPMH{I\SEQUENCEY

From left to right across the menu bar:
1) Instrument: enter the instrument control and tune panel
2) Acquire data: perform a measurement manually
3) Data analysis: opens the Masshunter online data analysis window for data handling
4) Methods: load, save, edit, and run a method
5) Sequence: load, save, edit, and run a sequence
6) The rest are not typically used
From left to right across the icon bar:
1) Instrument Control
2) Tune Panel
3) Acquire Data
4) The rest are not typically used
From left to right below the icon bar:
1) Method: Displays the currently selected method. The most recently used 4 are in the
dropdown.
2) Sequence: Displays the currently selected sequence file. (LA users don’t typically use a
sequence file, it can be used for repetitive scans)
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6.3. Instrument Control

e To enter instrument control, go through the instrument menu on the menu bar or click the

left-most icon:
7 ICP-MS Top - GENERALQCC / DE
Instrurnent  AcquireData Datafnalysis Methods Sequence Chained Sequence  Tocls  Offline Tools  Run Information  Help

M & E iy & 6 &g ?

|Er|ter the Instrument I:'anell

e When the plasma is not lit, the control window will look like this:

[T} 1CP-MS Instrument Control - [ STANDBY (STANDARD) ] o] @ |3
1Plasma WYacuum Diagnostics Maintenance ALS  Meters  Maintenance Log  Help

2]<:]3<: ?

Welcome to Instrurnent Contral ! IDLE

From the instrument control window, we have the following:
1) The plasma menu where you can ignite or shut off the plasma
2) The plasma ignite icon
3) The plasma shut-off icon
4) The gas flow meters
5) The analyzer (left) and backing (right) pressure gauges
6) The RF generator meters (left) and the water flow meter (right)
7) The spray chamber temperature gauge
Notes:
-to view a meter value, click and hold the meter icon on the diagram.
-the title bar says that the instrument is currently in standby mode. This will indicate the current
status of the instrument.
-to light the plasma, see Section 4. Igniting the Plasma.
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o When the plasma is lit, the instrument control window will look one of two ways. If there is
no reaction or collision gas, it will look as follows:

I 1cP-MS Instrument Control [ ANALYSIS (STANDARD) 1} =l = =]

Plasma Vacuum Diagnostics Maintenance ALS  Meters Maintenance Log  Help

IRIK & ?

Welcome to Instrument Control ! IDLE

e Ifthere is a reaction or collision gas being used, then the window will look as follows:

[I1} 1CP-MS Instrument Contrel {[ ANALYSIS (REACTION) ] | E=nEch="
Plasma Vacuum Diagnostics Maintenance ALS  Meters  Maintenance Log  Help

IQIKE ?

IDLE

Notes:
-On both windows, the title bar says it is in analysis mode. You must wait for it to say this during

ignition before you will be able to access the tuning panel. You can also access the tuning panel
while in standby mode. It is recommended to select a tune file before igniting the plasma.

-The instrument status may show it is standard or reaction mode upon ignition regardless of
what mode the user intends to run in. This is due to the mode the last user ran the instrument in.
As long as the correct tuning file is chosen before or after ignition, the instrument will operate in
the correct mode. See Section 10.1. Selecting a Tune File for more information.
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6.4. Tuning Panel

e To enter the tune panel, go through the instrument menu on the menu bar or click the
second from the left-most icon:

7= ICP-MS Top - GEMERALQCC / DEFAULT.

Instrurnent AcquireData DataAnalysis Methods Sequence  Chained Sequence  Tools  Offline Tools  Run Information  Help

BREE i EM 6 e ?
At |—|“ Enter the Tune Panel[————————————

e The tuning window is shown below:
[HH 1CP-MS Tuning - Sensitivity ATUNE.U e & =]

File Tune Acq.Params ALS Meters Maintenance Log Help
FEHEE BOAEEN Q ?

ITuneFMe\alune.u — caicPMHsony |

[=-Plasma Parameters
]
.-RF Power 1500 s00] ® miz Range CoLnt Mean RSD[%]
--RF Matching 1.65 [1.65] V 7 . 20 J=—‘
- Smpl Depth 8.0 [E.0] mm S—
- Torch-8 0.5 [0.5] mm 53 = =
- Cha renoa oo =
v 0.3 [-0.3] m 20 =
- Carrier Gas 1.01  [1.01] L/min & = =
--Makeup Gas 0.15  [0.15] L/min 208 . Pt
~-Nebulizer Pump 0.10 [0.10] rps -
« 8/C Temp 2 [2] degC 1564140 0 =
[E-Ton Lenses ,—- -
- Extract 1 0.6 [0.6] V 70:140 N
- Extract 2 -102.5 [-102.5] ¥ . po =
- Omega Bias-ce -2 [-26] V
--Omega Lens-ce -0.2 [-0.2] V . 20 =
- Cell Entrance =30 [-30] V
. 20 =
QP Focus 2 [2] v . —
- Cell Exit -30 [-30] V . T
F—
= —
= Integration Time: 0.10 sEC
. [0 =2
Sampling Period: 0.72 e
C-Octpole Parameters . ,2['—' - Help
i 1.DctP RF 160 [160] V n
! ' OctP Bias -6.0 [-6.0] V . 20 =
5 Reaction Cell ™ AutoWert. Range
Reaction Mode OFF [OFF]
E-Detector Parameters

IDLE

The menu bar of the tune window has the following options the user can access:
1) File-load and save a desired tune file
2) Tune-perform autotune and P/A Factor tuning.
3) Acq. Params-change which masses are being monitored in a sensitivity tune
4) ALS-control the autosampler (liquids)
5) The rest are not typically used.
o The Tune File box below the menu icons shows the current tune parameter file.
o The white area on the left displays the current instrument parameters.
e The area to the right of the tune parameters is the sensitivity tuning section.
We generally do not allow student users to tune the instrument. This is for informational
purposes only.

Notes: - The autune.u file is loaded by default. This file is the one that the instrument reads to

run an experiment. The file parameters are equivalent to the parameters the user had loaded
when the tune panel was closed last.
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7. Creating/Editing a Method

The creation of the method file is perhaps the most important part of the analysis using ICP-MS
after proper sample preparation. The method file is what tells the mass spectrometer what to
measure, and it will only measure what is in the method file. In the case of sparsely available or
tough to prepare samples, an error in the method could mean disaster if an isotope wasn’t
measured that needed to be. Take care when making a method and always double check
everything!

e To edit a method, you must choose a method similar to yours to edit or start with the
DEFAULT.M method. To do this, select “load” from the method dropdown menu.

Note: It is not recommended that you edit someone else’s method without their permission as it
is easy to overwrite their configuration.

o Start by selecting “edit entire method” from the method dropdown menu. See Software
Layout for more information. The following box should appear:

=)

Check method zections to edit;
[v tethod Information

[v Select Sample Types

[¥ Interference Equation

lv Acquizition

] | Cancel | Help

o We will go through all four of the options to see what the dialogue looks like. In the future, if
you are editing your own method, you can select only the options you would like to edit.
e Select OK to move on to Method Information
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7.1. Method Information

tethod Comments:

Thiz iz an example comment

[v Save Copy of Method ‘With Data
| Export &A1& format for Agilent LCAGC

[ Export &gilent LCAMSD raw data
[ Ewxport Spectrum to TS File

|v Tabulate Chart to CSW
(+ CPS Data " RawData

tethod Sections To Rur:

[ Pre-Fun Crad/Macro: |

[ Pre-Run Monitor

[ Post-Run Crd/Macro; |

Cancel | Help |

¢ The comment section of the Method Information dialogue can be read when you are loading
a method and is useful for ensuring you are using the correct method.
e The two check boxes selected are optional.

o By saving a copy of the method with the data, you will have a snapshot of your
method file in case you change it in the future and don’t remember what
configuration was used while collecting past data.

o The option to tabulate chart to CSV is only for users running in time resolved
mode, also called time resolved analysis. This will automatically tabulate all your
data in either CPS (counts per second) or in the raw format. If you are unsure of
the difference contact the lab manager for more information.

Note: There have been some issues with checking the “Save Copy of Method With Data”
checkbox when sampling with a sequence file. The user receives “sequence error or user
terminated” error. This indicates that you should uncheck this option and try again.
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7.2. Select Sample Types

e This dialogue allows the user to select which types of samples they will be running on the
instrument. Later in the document, you will see a couple different spots where the sample

Select Sample Types

Selected

Sample Types: Sample Types:

Blgnd
Bl rfy
CalElk
CalStd
Cills
Dilstd
DriftChl
FOEI
lz05td
(] oy
ncz
LC3

Caricel |

Help |

type must be selected. If you remove a sample type, you will not be able to define a sample

as this type.

e The Select Sample Types dialogue is generally ignored. The sample type is set by the user

and, therefore, having all the sample types available is not detrimental to using the

instrument. This means that it is easier to have them all selected than to worry about which

ones you need.
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7.3. Interference Equations

Selecting interference equations is an advanced technique that is not typically used except for
specific circumstances. This technique allows the user to correct for an interference that may be
seen and is used for difficult isotopes such as arsenic, mercury, or lead. It requires extensive
knowledge of the sample matrix and the interferences associated with the difficult isotopes of
interest.

E: 6 - [70.082
115: (1151 - [T18F0.014
208 [208]71 +[206F1 + [207)1

™ Show All Masses == User Defined == - Save. ™ Show All Masses ENVORS - Save.
Edit Frint ak Cancel | Help ‘ Edit ‘ Frint | ak Cancel | Help ‘

e The left side is the default interference eqution dialogue. There is no equation selected in
this frame. A user can use the edit function to define their own equations and save it as a
preselect, or you can select from a premade one using the dropdown box.

e The box on the right shows the preselect of ENVORS. The first line is an internal standard
correction for a sample high in lithium. The second is an internal standard correction for a
sample high in tin. Indium (115) is used as an internal standard and indium has an overlap
with tin (118) and this equation is correcting for this. The third line is a simple way to add up
all the isotopes of lead to simplify the analysis.

e As you can see, the equations used are specific to each user and their samples. You should

consult an experienced ICP-MS user, or the AMSEC lab manager for more help with this
topic.
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7.4. Acquisition

The acquisition portion of the method creation is the most important. This is where the user
selects the mode that they will run in: spectrum, time resolved, or spectrum multi tune. The
following windows appear after finishing with the interference equations or if acquisition is the
only box checked when editing the method. We will cover each section separately.

7.4.1. Spectrum

o The spectrum mode takes a single mass spectrum based on which masses are selected.
Simply select spectrum in the acquisition mode dialogue and press OK.

Acquisition MDdEA

Spectum

Time Resolved Analygiz
Time Program
|zotope Analysis

Spectmm [Muli Tune]

" |zotope Analysiz (Multi Tune)

ak | Cancel | Help |

e The acquisition parameters box is displayed next. The first step is to click on the periodic
table and decide which elements and which isotopes of those elements you want to analyze.
See the section on Preferred Isotopes and Interferences for help with this.

Mazzes [ Setevery Mass

| | | Integration time
I E:EI I 4IEI I E:I:I I 5:|:| I '||I:||:| per PDintiW [zec]
| | | [ 10000 [meec])
120 140 160 180 200 per Maze 0,30 [zec]

220 240 260

Periodic Table bazs Scale |

Acquizition Time

Peak Pattern Acquizgtion: 4640000  [sec)

|
M Repetition: |1

Semi Luant [B] Total Time: 46400 [sec]
b awirnuirmn [20]
k. | Cancel | Help | Check Parameter | Enter |
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e You have the option of choosing the periodic table or the mass scale to select isotopes. The
mass scale is less intuitive so we will only discuss the periodic table since they do the same
thing.

o If you left click on an element, the preferred isotope will be selected. This is not always the
isotope that you want to analyze. Which one you choose is based on information you have
about your sample matrix. To deselect an isotope or element, right click on it.

e I i o

uaa A
T R
I T [

Cs | Ba ‘Hf Ta wl‘nelusln |‘Pt|Au|Hg|‘TI |‘Ph|Fn
I I i
3

B T TR T T
o i

¥ Periodic Table

Clear Al | hazz Table Help |
i~ Mass Scale

o If you want to select a specific isotope, simply double click on the element of interest. All the
possible isotopes are shown. The sample below is for germanium. The natural abundances

are displayed below each isotope.

R
— &

Element : Ge
W oramuy| 7ol (72| 73| 74| 7e] g
I [#] 2123 27EBE 773 3h94 7 i

Elementlnfurmatiunl k. I Cancel Help |
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e The next step is to choose what peak pattern you want to analyze. For spectrum mode you
will only want to choose from Full Quant (left), Semi Quant (center) and Maximum (right).
There are advantages and disadvantages to each.

¢ Full Quant is the most commonly used due to a good sampling with little spectral overlap
and a short sampling time. Semi Quant takes twice as long as Full Quant and is exactly

what it sounds like, semi quantitative. If you are looking for quantitative data, do not choose
this. The maximum takes much longer and, since it samples the entire peak, is prone to
spectral overlap from any nearby peaks in the spectrum. Semi Quant is NOT recommended.

- N
SpectmmA:quis'\tM [S|I spectrum Acquisition Pam—n’_ 5| spectrum Acquisition Pala—nr_ {5

Masses Masses Masses

[~ Setevew Mass [~ Seteven Mass [~ Setevery Mass

Integration time

per Paint: 10,10 [zec]

Integration ime

per Point: |0.10 [sec]

Inteqration time

per Paint: 0,10 [sec]

| | | (10000 [msec]) | | | [ 10000 [meec]) | | [ 10000 [msec])
U920 140 160 180 200| | perMass 0.30 [sec] T20 40 160 180 | 200| | perMass: 060 [sec) T20 140 160 180 200 | perMass 20 [sec]
=0 240 250 20 240 260 220 240 260
Periodic Table | Mass Geale Periodic Tabls | Mass Goale Peiiodic Table | Mass Seale
Acquisiion Time Acqisiion Time Acquisiion Time
Peak Pattem Aequistion; 4640000 [sec] Peak Palien Acquistion: 7520000 [sec] Peak Paltemn Acquisition, 20,9600 [sec]
TRA (1) TRA (1) TRA (1]
Full Quant (3] Repetiion: [1 Full Quat [3) Riepetiion: [1 Full Quant [3) Fiepetition: [1
Semi Huant (8] Total Time: 46400 [sec] Semi Quant [8) Total Time: 7.5200  [sec] Semi Quant (6) Total Time: 209500 [sec]
Masimurn (20) Masimurn (20) Mannum (20]
ok ‘ Cancel | Help ‘ Ehe:kF‘aramelaI‘ Enter | 0K | Cancel | Help | Check Parameter || Enter oK | Carcel | Help | EheckParameler| Enter

o After selecting the peak pattern, you must set the integration time for the elements. The
minimum time is 10 msec. Typically, 100 msec is chosen as shown below. Since we have
chosen Semi Quant, this results in 0.30 seconds per element.

Masses [ Setevery Mass
| | | |nteqration time
' E:EI ' 4IEI ' E:EI ' E:EI ' 'IIIZIEI per Point: (010 [zec]
| | | [ 10000 [msec])
120 140 160 180 200| | perMass 030 [sec]
20 240 260
Periodic Tal:ulel Maszs Scale | S
Acquizition Time
Pesk Pattem Acquisitior: 4.640000  [sec]
TRA 1)
Full Quant [3] Fepetitior: |1
Semi Quart (8 |11 Total Time: 4.6400  [sec]
b i [20]

] | Cancel | Help | Check. F'arameter| Enter |

e Under acquisition time, we must now choose how many replicates we want to perform. One
acquisition will take us 4.64 sec with 8 masses chosen. You will want 3-5 repetitions to get a
data set appropriate for statistical analysis, although some users do more. Five repetitions
are recommended.

AMSEC 2015 43

Back to Concise Procedures




Spectrum Acguisition Para

— Maszzes [V Setevery Mass Integration Time [zec]
bazs Elern.  per Point per Masz Detector

7 Li 1o n.z0 Auto
per Paint; Im [z2c] 45 Sc 010 030 &t

0.60 Auto
[ 20000 [rzec] ]

|ntearation time

—T— Detector: -
240 260 ot <]

Perindic T able | hazs Scale |

—Acquizition Time

~ Peak Pattemn Acquisiior: 4.940000  [sec]

TR&T1] |
Full Quant (3] Repetition: I'I

Semi Quant [E] Tatal Time: 4.9400 [zec]

b asirnum [20] |
(] | Cancel | Help | Check F'arameterl Enterl

e By checking the “Set every Mass” box, the dialogue will extend to the right. This allows you
to set individual masses with different integration times if necessary. This may be useful for
difficult masses that have either low or noisy counts.

e For liquid ICPMS using the internal standards you must always acquire “Li “°Sc
720174G e 103RNK 11510 19T 209Bj and 2%2Th at 0.10 sec integration. If you forget to select
these in the periodic table, your data will not be quantifiable.

e Click OK. If performing liquid analyses go to the section Peristaltic Pump Program, if
performing solid analyses, go to the section Saving a Method.

AMSEC 2015 Back to Concise Procedures 44




7.4.2. Time Resolved Analysis
e The Time Resolved Analysis (TRA) monitors selected masses as a function of time. You can
set which masses you want to view on the screen (up to 12) and which masses you want to
collect data for overall (any amount).
e The spectrum mode takes a single mass spectrum based on which masses are selected.
Simply select time resolved analysis in the acquisition mode dialogue and press OK.
Acguisition Made

Spectium

Time Program

|zotope Analysis

Spectrum [Multi Tune)

|sotope Analyzis [Mult Tune)

ok | Cancel | Help |

e The acquisition parameters box is displayed next. The first step is to click on the periodic
table and decide which elements and which isotopes of those elements you want to analyze.

See the section on Preferred Isotopes and Interferences for help with this.

Time Resclved Analysis Acquisition Parameters

|ntearation Time [zec)

Mazzes v Setevem Mass '
tazs Elem.  per Point  per Mass Detectnr

| | | '”teg'a“'j_” time i OO0 0.0, At
" & " 4o G e qp|| PerPeme[0000 el | 1S3 0E O G0N0 A
| | | - | - [ 10000 [usecl]| |103Rh 0.00010 0.00010 Auta

h  pemoen A
I — oo o] |55 i bl

RealTime Flot |

Perindic T able hazs Scale |

Acquisition Time

Feak Pattem Sampling: 0.020000 [zec]

m Acquisition: |120 [sec]
Full Quant [3]
Semi Quant [E]

(] | Cancel | Help | Check F'arameter| Enter |
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¢ You have the option of choosing the periodic table or the mass scale to select isotopes. The
mass scale is less intuitive so we will only discuss the periodic table since they do the same
thing.

o If you left click on an element, the preferred isotope will be selected. This is not always the
isotope that you want to analyze. Which one you choose is based on information you have
about your sample matrix. To deselect an isotope or element, right click on it.

e I i o

uaa A
T R
I T [

Cs | Ba ‘Hf Ta wl‘nelusln |‘Pt|Au|Hg|‘TI |‘Ph|Fn
I I i
3

B T TR T T
o i

¥ Periodic Table

Clear Al | hazz Table Help |
i~ Mass Scale

o If you want to select a specific isotope, simply double click on the element of interest. All the
possible isotopes are shown. The sample below is for germanium. The natural abundances

are displayed below each isotope.

R
— &

Element : Ge
W oramuy| 7ol (72| 73| 74| 7e] g
I [#] 2123 27EBE 773 3h94 7 i

Elementlnfurmatiunl k. I Cancel Help |
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e For the TRA you must make sure to select TRA in the Peak Pattern section of the parameter
dialogue box.

o After selecting the peak pattern, you must set the integration time for the elements. The
minimum time is 100 psec. Typically, 1 msec is chosen as shown below. You can see the
current sampling time in the acquisition time section.

e ltis important to keep the integration time as small as possible unless you have an element
of low signal, in which case you can click on it and set that mass specifically as seen below

for germanium. If germanium was giving low and noisy counts, you can increase the

integration time to help with this. This is specific to each user’s sample matrix.

Time Resclved Analysis Acquisition Parameters
Mazzes ¥ Seteveny Mass Integration Time [sec]
Intearation time Masz Elerm.  per Point per Maszs Detectar
| | | . 7 L 000070 000010 Auto
e e e s per Paint; [zec] 45 Sc 0000710 0.00010 At
a4 | B 72 Ge D000 00070 Adta
| | | [ 100 [msecl]| [103Rh 000010 000010 Auto
T T T T T T 1 1151n 000070 0.00010  Auto
| 120 |14” 160 180 200 159 Th 0.00010 0.00010  Auto
209 Bi 000070 0.00010  Auto
T T T T T 1 Detector: -
B P o Auto 232 Th 000070 0.00010  Auto
- Real Time Plot |
Periodic T able | Mazz Scale | — -
Acquigition Time
Peak Pattem Sampling: 0.020300  [sec]
TRA ) Acquisition: {120 [zec]
Full Quant [3]
Semi Quant [B]
b asirnum [20]

] | Cancel |

Help | Check F'arameter| Enter |

e Under acquisition time, we must now choose how long we want to acquire data. This is
specific to each user’s applications. Two minutes has been set as an example.
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¢ We will now click on Real Time Plot to choose what we are monitoring on the screen during

[|"Real Time Pict

acquisition.
Real Time Plot
¥ Plot1 ¥ Plot 2
& Total Chart " Total Chart
" Eubract f* Eutract

m
=
@7
[ ]
~lE=

7]
% ]
@
=
@
~Im=

o]

Timerwfinda:

Cancel |

120

Help |

¥ Plot 1

¥ Plot 2

£ Total Chart
" Eutract

w7
B [F ]
@7 ]
5 ]
. ]

™ Total Chart
* Exbract

=
]

£
83
[#4]
#5

[#5]

Timetwindaw:

o]

Cancel |

120

Help |

e You have two plots to view during a run. You can either view all elements summed together

in one line. Or you can select six elements per plot be checking the “Extract” option and
choosing from the drop down (right screenshot) which masses will be monitored.

e Typically, users select one plot with lighter masses on it and the other with heavier masses.

Regardless of which masses are selected to display, all masses selected in the

periodic table will be collected in the data file.

Once finished, click OK on this window and the Acquisition Parameters window.

o If performing liquid analyses go to the section Peristaltic Pump Program, if performing solid

analyses, go to the section Saving a Method.
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7.4.3. Spectrum (Multi Tune)

e The spectrum (multi tune) mode takes multiple mass spectra based on which masses are
selected as in the standard spectrum mode. The difference and main reason this is very
powerful, is that you can have the instrument analyze your samples in up to 6 different
tune modes. For example, you could acquire all of your masses in standard nogas mode
and Helium and Hydrogen mode. You could also sample certain masses in one mode and
others in another. This will all be done automatically by the software and instrument and
doesn’t require switching modes in between runs. Simply select spectrum (multi tune) in the
acquisition mode dialogue and press OK.

Acquisition MDdEA M

Spectrum
Time Rezolved Analysis
Tirme Program

|zotope Analyziz

Spectrum (Muli Tune]

|zotope Analysiz [Mulli Tune]

ak | Cancel | Help |

e The acquisition parameters box is displayed next. The first step is to click on the periodic
table and decide which elements and which isotopes of those elements you want to analyze.
See the section on Preferred Isotopes and Interferences for help with this.

Spectrum (Multi Tune) Acquisition Parameters (3 |
Step 1 Step 2 Step 3
Maszes Integration time Tune File: |nogas.u ﬂ |he.u j |h2.u ﬂ
| | | [P it == [==c] Stahilization Tirme: |30 [zec] 30 [zec] 3 [zec]
a0 40 &0 &0 100 ( - sl Irteq Timelsec] Inteq Timelsec] Irteq Time[sec]
| | | Mazz Elem.  Detector per Poirt  perMaszz perPoint perbass per Point  per Mass
Ta5n T oq4n | 1En | dAm | o 7oL Autka 010 030 010 0.30 010 030
2 9D W e E Detestor: [aio -] | 45 e ko 010 0.30 010 030|010 0.30
72 Ge Autka 010 030 010 0.30 010 030
103 Rk Auta 010 030 010 0.30 010 030
20 20 50 115In mte [0 030|010 030 (010 030
I Periodic T abl I Mass Scal 1589 Th At 010 0.30 010 0.30 010 0.30
SHE s S D | 209Bi Auto 010 0.30 010 0.30 010 0.30
232 Th Auto 010 030 010 0.30 010 030
Peak Patterm Acquigition Time
TRA (1)
Full Quant [3)
Semi Quant (§) Fepetition: |5
M awirrn [20] Total Time: 160 [zec]
Enter |
A

[+ Returm to First Tune Step QK | Cancel Help
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e You have the option of choosing the periodic table or the mass scale to select isotopes. The
mass scale is less intuitive so we will only discuss the periodic table since they do the same
thing.

o If you left click on an element, the preferred isotope will be selected. This is not always the
isotope that you want to analyze. Which one you choose is based on information you have
about your sample matrix. To deselect an isotope or element, right click on it.

e I i o

uaa A
T R
I T [

Cs | Ba ‘Hf Ta wl‘nelusln |‘Pt|Au|Hg|‘TI |‘Ph|Fn
I I i
3

B T TR T T
o i

¥ Periodic Table

Clear Al | hazz Table Help |
i~ Mass Scale

¢ If you want to select a specific isotope, simply double click on the element of interest. All the
possible isotopes are shown. The sample below is for germanium. The natural abundances

are displayed below each isotope.

T
— &

Element : Ge
W oramuy| 7ol (72| 73| 74| 7e] g
I [#] 2123 27EBE 773 3h94 7 i

Elementlnfurmatiunl k. I Cancel Help |
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The next step is to choose what peak pattern you want to analyze. Semi Quant is
recommended. For possibly using other modes talk to your research advisor or the lab
manager for help.

Select the tune files you want to use for each step using the drop-down menu

After selecting the peak pattern, you must set the integration time for the elements. The
minimum time is 10 msec. Typically, 100 msec is chosen as shown below.

r ——
Spectrum (Multi Tune) Acquisition Parameters L'
Step 1 Step 2 Step 3
Masses Integration time Tune File: || nogas.u | [heu | hzu -
| | | I [eAatE | [sec] I Stabilizatian Time: §|30 [zec] 30 [zec] 30 [zec]
20 40 &0 &0 100 [ = [eecl) Irteq Time[sec] Inteq Timelsec] Irteq Time[sec]
| | | Maszz Elem.  Detector per Point perMass perPoint perMass perPoint per Mass
BT T T 7oL Autka 010 030 010 0.30 010 030
LU Detectar: [fin <] | 46 Se ko 010 0.30 010 030|010 0.30
72 Ge Auta 010 030 010 0.30 010 030
103Rh At 010 0.30 010 0.30 010 0.30
20 a0 =0 115In mio |00 030|010 030 (010 030
Periodic T abl Mass Scal 15839 Th Auto 010 0.30 010 0.30 010 0.30
SHE s S | D 209Bi Auto 010 030 010 0.30 010 030
232Th Autka 010 030 010 0.30 010 030
Peak Pattern Acquisition Time
TRA (1)
Full Quant [3]
Semi Quant (5) Repetition: |5
M asimumn [20] Total Time: 160 [sec]

Enter |

A

[+ Returm to First Tune Step ak. | Cancel | Help |

The important thing here is knowing which elements you want to analyze in which mode, or

you can do all of them in all modes. This can be risky since it will use a lot of sample. To
only select certain elements for certain modes, you will want to click on that element in that
specific step and alter the integration time.

To remove an element from a step, click on the element and change the integration time to
“--“ and press enter. Be sure you are entering the integration time where the red box is
located on the above image and to the left.

It is important for each step to select a suitable stabilization time. This is the amount of time
that the instrument is allowed to equilibrate at a new tune mode before acquiring data. A
recommended time is 30 seconds for each. Shorter times may be selected after some
experimentation.

AMSEC 2015 Back to Concise Procedures 51




Under acquisition time, we must now choose how many replicates we want to perform. You
will want 3-5 repetitions to get a data set appropriate for statistical analysis, although some
users do more. Five repetitions are recommended. Be sure to pay attention to the total
amount of time required for each sample. This will be in addition to rinse times for liquid

USers.

-

Spectrum (Multi Tune) Acquisition Parameters

Masses Integration time

| | | per Point; |- [zec]

Ture File: |nogas.u

Stabilization Time: |30 [gec]

Step 1 Step 2 Step 3
j |he.u ﬂ |h2.u ﬂ
30 [zec] 30 [zac]

a0 40 &0 &0 100 ( [scl) Inteq Timefsec) Integ Time[sec] Inteq Timefsec)
| | | Mazz Elern.  Detector  per Point  perMasze perPoint  perbass per Point  per Mass
T kg 7L Auto 010 0.30 010 0.30 010 0.30
B W D Al Detectar: [0t 45 Sc Auto 010 0.30 010 0.30 010 0.30
72 Ge Auto 010 0.30 010 0.30 010 0.30
103 Rh Auto 010 0.30 010 0.30 010 0.30
Z) 40 N 5ln Ao 010 03 |00 030 [0 030
Periadic Tabl Mass Scal 159 Th Auto 010 020 010 0.30 010 020
gt E| D | 209 Bi Auto 010 030 010 0.30 010 030
232Th Auto 010 0.30 010 0.30 010 0.30
Peak Patterm Acquigition Tirme
TRA 1)
Full Quant [3]
Semi Quant (5] Repetition: |5
M awirrn [20] Tatal Time: 160 [zec]
Enter |
A
[+ Retur to First Tume Step ak. | Cancel | Help |

For liquid ICPMS using the internal standards you must always acquire ‘Li °Sc "?Ge

103RK 115In 159Th 299Bj and 2%2Th at 0.10 sec integration. If you forget to select these in
the periodic table, your data will not be quantifiable. Make sure to have them acquired
in all tune modes where a mass depends on that internal standard.

Click OK. If performing liquid analyses go to the section Peristaltic Pump Program, if
performing solid analyses, go to Section 9.6. Saving a Method.
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7.5. Saving a Method

Once you have completed any method edits you should arrive at the following dialogue.
Method Save Option

v itlert when Method iz Ovenaritteri

] Cancel

It is always recommended to check this box to ensure you don’t accidentally overwrite
something you didn’t want to.

Following the previous box is the Save Method As box. You should give your method a
characteristic name such as JohnS.M or JSWater.M. The name must never exceed 8
characters and only numbers and letters can be used.

C:HCPMHYMINAETHODSY

Eile Mame: |DEFAULT.M

Cancel Help

There is no reason to change the directory in most cases. If you were editing your own
method, simply click OK without changing the name. If you were editing another method to
make your own or making a method based on another of yours, enter the new method name
and click OK.

Once you click OK in the save method box, you may be prompted with this dialogue. If you
are confident you want to overwrite, click yes, if not, click no and rename the method or
cancel the save.

You have now created or edited a method successfully!
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8. Sequence Files: Creating/Editing for Automated Sampling

NOTE: For laser ablation users, the sequence file won’t be used unless automated laser
sampling will be performed. This can only be done on routine and repetitive analyses. Ask the
lab manager for more info on this technique.

The large difference between a sequence file and a method file is what they are communicating
with. The method file tells the mass spec what isotopes to measure and the sequence file helps
the laser with timing what sample is running to make sure everything lines up with ablation and

data acquisition.
e To create a sequence, you must start with the

Instrument AcquireData Datafnalysis Methods Chained Sequence Tools  (

DEFAULT.S sequence. To edit one you already M & Gy, 7 ledemdrnse.

Run... d

created, simply load it using sequence - load and i

Method [DEFAULT.M — cMCPMHVIYMETHOL  Edit Sample Log Table...

follow the same procedures listed below. —

Simulate Sequence...

View Sequence Log...

Note: It is not recommended that you edit someone PrintSequence Log
else’s sequence without their permission as it is Losd.

. . . . Save...
easy to overwrite their configuration. print

More...

o Start by selecting “edit sample log table” from the
sequence dropdown menu. The following box should appear:

77| Edit Sample Log Table - DEFAULT.s [
SMPL =) Configure Columns.
Method | Type ‘ Vial | Data File ‘ Sample ‘ Comment | Dil/Lvl | ‘I:?;E ‘ Action on Failure | Skip L‘{;:;;IC ‘ Result
| 1 | CMCPMHMSMETHODSADEFAULT.M | Sample 1202/10M Throwawiay 1.000 Level 1
| 2 | CACPMHMAMETHODS\DEFAULT.M Sample 12041002 Throwaway 1.000 Level 1
| 3 | CMCPMHMSMETHODSADEFAULT.M Sample 1101/1003 Rinse blank 1.000 Level 1
| 4 | CACPMHVISMETHODSADEFAULT.M CalBlk 110/0M 1} Lewel1 Level 1
| 5 | CMCPMHASMETHODSADEFAULT M| CalStd 1102|002 1 Lewel 2 Level 1
| 6 | C:MCPMHMSMETHODSADEFAULT.M CalStd 1102|002 2 Lewel 2 Level 1
| T |  CACPMHMAMETHODS\DEFAULT.M CalStd 1104 004 3 Level 4 Level1
| 8 | CMCPMHMSMETHODSADEFAULT M CalStd 1105|005 4 Lewel 5 Level 1
| 9 | CMCPMHMSMETHODSADEFAULT.M CalStd 1106|006 L} LewelE Level 1
| 10 |  C:MCPMHNISMETHODSADEFAULT M| CalStd 1107|007 [ Lewel 7 Level 1
| 11 | CMCPMHNSMETHODSADEFAULT.M CalStd 1201|002 7 Lewel 8 Level 1
| 12 |  CACPMHAVAMETHODSWDEFAULT.M | Sample 2101/009 Sample 1 1.000 Level 1
| 13 | C:ACPMHNSMETHODSADEFAULT.M | Sample 2102010 Sample 2 1.000 Level 1
| 14 | C:ACPMHASMETHODSADEFAULT.M | Sample 210201 Sample 3 1.000 Level 1
| 15 |  C:ACPMHMSMETHODSADEFAULT M| Sample 2104|012 Sample 4 1.000 Level 1
| 16 |  C:ACPMHNSMETHODSADEFAULT. M| Sample 2105013 Sample § 1.000 Level 1
| 17 |  CACPMHAVAMETHODSADEFAULT.M | Sample 2106|014 Sample & 1.000 Level 1
| 18 | C:ACPMHMSMETHODSADEFAULT.M | Sample 2107|015 Sample 7 1.000 Level 1
| 19 |  C:MCPMHNSMETHODSADEFAULT.M | Sample 2102|016 Sample 8 1.000 Level 1
| 20 |  CMCPMHMAMETHODS\DEFAULT.M Sample 2109 M7 Sample 9 1.000 Level 1
| 21 |  CACPMHMSMETHODSADEFAULT. M| Sample 2110018 Sample 10 1.000 Level 1
| 22 |  CACPMHAVMMETHODSADEFAULT.M | Sample 2111 /m9 Sample 11 1.000 Level 1
| 23 | CACPMHNSMETHODSADEFAULT.M | Sample 2112|020 Sammple 12 1.000 Level 1
| 24 | CACPMHNSMETHODSADEFAULT.M | Sample 220021 Sample 12 1.000 Level 1
| 25 |  CCPMHAVAMETHODSADEFAULT.M Sample 2202|022 Sample 14 1.000 Level 1
| 26 | CACPMHNSMETHODSADEFAULT.M | Sample 2203023 Sample 15 1.000 Level 1
| 27 |  CACPMHMSMETHODSADEFAULT.M | Sample 2204|024 Sample 16 1.000 Level 1
| 28 | C:ACPMHNSMETHODSADEFAULT.M | Sample 2205 025 Sample 17 1.000 Level 1
| 29 |  CMCPMHMSMETHODSADEFAULT.M | Sample 2206|026 Sample 18 1.000 Level 1
| 30 |  CACPMHAVAMETHODSWDEFAULT.M | Sample 2207|027 Samnple 19 1.000 Level 1
| 31 |  CACPMHMSMETHODSADEFAULT.M | Sample 2208028 Sample 20 1.000 Level 1
| 32 |  C:ACPMHMSMETHODSADEFAULT.M Sample 2209029 Sample 21 1.000 Level 1
| 33 | C:ACPMHNSMETHODSADEFAULT M| Sample 2210/030 Sample 22 1.000 Level 1
| 34 | Keypword StandBy
E
736 |
El
EN
39 |
| 40 |
| 41 |
| 42 |
[ Import D& Method from Existing Batch
i~ (@)
Source Data Batch Directory
|EADATANRESEARCHVSOFIELDACWS [CuAaNP2 batch.xml
Print oK | Cancel ‘ Help |
Method CAICPMHAMAE THODSADEFALILT. M
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The important features of this window are as follows:

1) Method column

2) Type column

3) Vial column

4) Data file column

5) Sample column

6) Dil/Lvl column

7) ISTD Conc column

The next pages will discuss the importance and functions of each column type.
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8.1. Method Column

7| Edit Sample Log Table - DEFAULT s

SMPL hd
. . . ISTD
Method Type Vial | Data File Sample Comment Dil/Lvl Conc

L CHCPMHMIAMETHODSADEFAULT M Sample 12031007 Throwaway 1.000 Lewvel 1
| 2 | CHCPMHMIAMETHODSADEFAULT M Sample 1204 1002 Throwaway 1.000 Lewvel 1
3 | CHCPMHMAMETHODSADEFAULT M Sample 11011003 Rinse blank 1.000] Level 1
4 | C:HCPMHYTAMETHODSADEFALLT M CalBlk, 1101 001 1] Lewvel 1 Level 1
5 | C:HCPMHYTAMETHODSADEFALLT M| CalStd 1102 002 1 Level 2 Level 1
| 6 | C:HCPMHYTAMETHODSADEFALLT M| CalStd 1103 003 2 Level 3 Level 1

T C:HCPMHYTAMETHODSADEFALLT M| CalStd 1104 004 3 Level 4 Level 1

[ C:HCPMHYTAMETHODSADEFALLT M| CalStd 1105 005 4 Level 5 Level 1

9 C:HCPMHY AMETHODSADEFAULT M| CalStd 1106 00& ] Level B Level 1

10 C:HICPMHY AMETHODSADEFALLT M| CalStd 1107 007 g Level 7 Level 1
11 | CACPMHVIMMETHODSADEFAULT.M CalStd 1201 008 7 Lewvel 8 Lewel 1
12 | CMCPMHNISMETHODSADEFAULT.M Sample 2101 003 Sample 1 1.000 Level 1
13 | CMCPMHNISMETHODS\DEFAULT.M Sample 2102 1m0 Sample 2 1.000 Level 1
| 14 | CMCPMHNISMETHODS\DEFAULT.M ) Sample 2103 01 Sample 3 1.000 Level 1
15 | CHCPMHMIAMETHODSSDEFALULT .M Sample 2104 M2 Sample 4 1.000) Lewvel 1
| 16| CHCPMHMIAMETHODSSDEFALULT M Sample 2105 M2 Sample 5 1.000) Lewvel 1
17| C:HCPMHMIAMMETHODSSDEFAULT M Sample 2106 04 Sample & 1.000] Lewel 1
l C:HCPMHMIAMMETHODSSDEFAULT .M Sample 2107 M5 Sample 7 1.000] Lewel 1
i C:HCPMHMIAMMETHODSSDEFAULT .M Sample 2108 ME Sample 8 1.000] Lewel 1
A C:HCPMHMIAMMETHODSSDEFAULT .M Sample 2108 M7 Sample 9 1.000] Lewel 1
A C:HCPMHMIAMMETHODSSDEFAULT .M Sample 2110/me Sample 10 1.000] Lewel 1
i C:HCPMHMTAMETHODSSDEFAULT M Sample 2111.m8 Sample 11 1.000] Lewvel 1
A CHCPMHMIAMETHODSADEFAULT M Sample 2112 020 Sample 12 1.000] Lewvel 1
A CHCPMHMIAMETHODSADEFAULT M Sample 2201 021 Sample 13 1.000 Lewvel 1
A CHCPMHMIAMETHODSADEFAULT M Sample 2202 022 Sample 14 1.000 Lewvel 1
| 26 | CHCPMHMIAMETHODSADEFAULT M Sample 2203 023 Sample 15 1.000 Lewvel 1
| 27 | CHCPMHMAMETHODSADEFAULT M Sample 2204 024 Sample 16 1.000] Level 1
| 28 | CHCPMHMT AMETHODSADEFAULT M| Sample 2205 025 Sample 17 1.000] Lewvel 1
| 29 | CHCPMHMT AMETHODSADEFAULT M| Sample 2206 026 Sample 18 1.000] Lewvel 1
| 30 | CHCPMHMT AMETHODSADEFAULT M| Sample 2207 027 Sample 19 1.000] Lewvel 1
31 | CHCPMHMT AMETHODSADEFAULT M| Sample 2208 028 Sample 20 1.000] Lewvel 1
| 32 | CHCPMHMT AMETHODSADEFAULT M| Sample 2203 023 Sample 21 1.000] Lewvel 1
| 33 | C:HCPMHY AMETHODSADEFAULT M| Sample 22101030 Sample 22 1.000] Lewvel 1

kY| ¥ cnnacr A CramdRn

o The method column tells the instrument which method to run the sample with. This is
regardless of which method you have loaded already so you must make sure to put your
method in here. To learn how to make or edit a method, see Section 7.

e Start by double clicking the first cell under method. A dialogue will appear where you can
select your method.

e Proceed to copy and paste this cell into all method cells where a sample or calibration
standard will be present. (This may be done after the following steps.)

o Different method files can be ran for different samples.

8.2. Type Column

e The type column represents the type of samples that is going to be run through the
instrument. Sample will need to be selected for each type for laser analysis.

e To choose a type, simply click on the cell and a dropdown box will appear where you can
find and select said option. Once selected, the cell can be copied to other cells.

e The type column is also used to define the keyword option. This can be seen in a later
screenshot.
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8.3. Vial Column

e The vial column is used for liquids. For laser ablation, the vial column can be filled with a
zero in each row. This can be coped and pasted once a single row has been completed.

8.4. Data File Column

e The data file column is used in conjunction with the type column with keyword selected.
There are a large number of options that can be chosen, but we only use the pause and
standby functions since the others aren’t useful for our purposes.

e NOTE: If using a keyword, you must not put anything in any other columns besides type and
data file or else the system will get confused.

For Non-Keyword Rows:

e The data file column must be filled with nonrepeating values for the sake of saving the data.
You can make the sample name column have anything you want in it for naming, but the
data file column must only contain nonrepeating numbers. It is recommended to use a
system such as 001, 002, 003, etc.
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8.5. Sample Column

e The sample column is for your use to label the sample names. This can be longer names
with numbers and basic characters such as a dash or underscore.

7 Edit Sample Log Table - DEFAULT 5

SHPL -
M - - - ISTD
.ethod ‘ Type ‘ Vial ‘ Data File ‘ Sample Comment ‘ DiliLvl ‘ Conc ‘
1 CAICPMHATAMETHODSADEFALLT M Sample 1203 1001 Throwaway 1.000 Level 1
2 CAICPMHATMMETHODSADEFALLT M Sample 1204 1002 Throwaway 1.000 Level 1
3 CAICPMHATAMETHODSADEFALLT M Sample 1107 1003 Ringe blark 1.000 Level 1
4 CAICPMHSTAMETHODSADEFAULT M CalBlk, 1107 001 1] Level 1 Level 1
5 CAICPMHSTMMETHODSADEFALLT M CalStd 1102 002 1 Level 2 Level 1
6 CAICPMHAIMMETHODSADEFALLT M CalStd 1103 003 2 Level 3 Level 1
T CAICPMHATAMETHODSADEFALLT M CalStd 1104 004 3 Level 4 Level 1
8 CAICPMHATMMETHODSADEFALLT M CalStd 1108 005 4 Level & Level 1
9 CAICPMHATMMETHODSADEFALLT M CalStd 1106 006 5 Level B Level 1
10 CAICPMHSTAMETHODSADEFALLT M CalStd 1107 007 [ Level 7 Level 1
11 CAICPMHSTMMETHODSADEFALLT M CalStd 1207 008 7 Level 8 Level 1
12 CAICPMHATAMETHODSADEFALLT M Sample 2101 009 Sample 1 1.000 Level 1
13 CAICPMHATAMETHODSADEFALLT M Sample 2102 M0 Sample 2 1.000 Level 1
14 CAICPMHATMMETHODSADEFALLT M Sample 2103 011 Sample 2 1.000 Level 1
15 CAICPMHATAMETHODSADEFALLT M Sample 2104 M2 Sample 4 1.000 Level 1
16 CAICPMHSTAMETHODSADEFALLT M Sample 2105 M3 Sample 5 1.000 Level 1
17 CAICPMHSTMMETHODSADEFAULT M Sample 2108 014 Sample & 1.000 Level 1
18 CAICPMHATAMETHODSADEFALLT M Sample 2107 15 Sample 7 1.000 Level 1
19 CAICPMHATAMETHODSADEFALLT M Sample 2108 ME Sample 8 1.000 Level 1
20 CAICPMHATMMETHODSADEFALLT M Sample 2109 M7 Sample 9 1.000 Level 1
4| CAICPMHSTAMETHODSSDEFALLT M Sample 2110 8 Sample 10 1.000 Level 1
22 CAICPMHSTAMETHODSADEFALLT M Sample 21119 Sample 11 1.000 Level 1
23 CAICPMHSTMMETHODSADEFAULT M Sample 2112 020 Sample 12 1.000 Level 1
pi] CAICPMHATAMETHODSADEFALLT M Sample 2201 01 Sample 13 1.000 Level 1
25 CAICPMHATAMETHODSADEFALLT M Sample 2202 022 Sample 14 1.000 Level 1
26 CAICPMHATMMETHODSADEFALLT M Sample 2203 023 Sample 15 1.000 Level 1
27 CAICPMHSTAMETHODSSDEFALLT M Sample 2204 024 Sample 16 1.000 Level 1
28 CAICPMHSTAMETHODSADEFALLT M Sample 2205 025 Sample 17 1.000 Level 1
29 CAICPMHSTMMETHODSADEFAULT M Sample 2208 026 Sample 13 1.000 Level 1
30 CAICPMHATAMETHODSADEFALLT M Sample 2207 027 Sample 19 1.000 Level 1
k| CAICPMHSTAMETHODSADEFALLT M Sample 2208 028 Sample 20 1.000 Level 1
32 CAICPMHATMMETHODSADEFALLT M Sample 2209 029 Sample 21 1.000 Level 1
33 CAICPMHSTAMETHODSSDEFALLT M Sample 2210 030 Sample 22 1.000 Level 1
K anmanrd ChamdARn

8.6. Dil/Lvl Column

e You must make sure that this is always 1.000 for laser ablation.

8.7. ISTD Conc Column

e The ISTD Conc column must always say level one. It is easiest to copy and paste this value

to subsequent cells.

8.8. Helpful Hints

e Toinsert or delete entire lines, simply click on the row and then right click. You can easily

insert a copied line this way.
e To learn about running a sequence, see Section 5.6. Analyzing a Sample with a Sequence.
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9. Data Analysis Window

This section describes the data analysis window. This window communicates with the ICP-MS
Top software and displays the data collected from the current run. There are a few slight bugs
with this software. It is helpful to see Section 13. Troubleshooting and Error Help.

9.1. Software Overview

o The data analysis window can be accessed from the ICP-MS Top window by selecting Main

Panel from the Data Analysis dropdown menu.
ICP-MS Top - GE

Instrument AcquireData | Datafnalysis | Methods Sequence Chained Sequence  Tools  Offline Toels  Run Information  Help
Main Panel...
AR 2 b6 g ?

Method |DEFAULT.m — CMCPMHVIYMETHODS) [

e The window that opens should look like the screenshot below. If it doesn'’t, click the Default
Layout button on the icon bar. Important features are described below this image.

1File Edit View Process DA Method Report Tools Global Help

P % 2 k) | & | Ea | [ DAMethod Editor | 4 ProcessBatch | i@ @E B 8 Default Layout : &3 Conc 23 Count 8 B B Default Columns
abc d e f g
Soer X || Cobbrston Curve x
23 S5@ + s
el TR SR SEERAvE3 2 =11 Lo @ )

Ot

Important features of the software window include:
1. File Menu: save/create/load/export batches and data

2. Icon Bar:
a. Create a new batch file 3. Data display: displays currently
b. Open an existing batch file selected data or ISTD stability
c. Save the current batch file plot.
d. DA Method Editor 4. Calibration Curve Window: Shows
e. Process Batch calibration curves (liquids only).
f. Layout bar: choose default layout to return to this layout
g. Column bar: choose between display modes-concentration, count, user defined

(1-4 presets) and default columns (default is in conc mode).
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9.2. Batch Files

What is a batch file? This is a folder that is read like a file. Yes, you can even open the folder in
a file browser and view the contents. This batch file will contain all the data for your standards
and samples as well as your calibration curve data. If you back up this file, you will have
everything you need to access the data should the file become corrupt. You should save it on
the E-drive under the correct folders.

9.2.1. Creating a Batch File (Time Resolved Analysis)

For time resolved analysis with laser ablation, the Data Analysis window has less of an
important function and acts mainly as an organizational tool. It also allows you to come back at
any time to export data if you have lost or forgotten your files.

o Create a new batch folder and save it in your folder (E:\Data\Research or WWU Classes)

e Click on DA Method Editor
Gniine 17-M5 Date Ay - (Vithed dtor) - -

i File Edit Miew Process DAMethod Report Tools Global Help

=] k| & | 53| B DAMethod Editor | £ ProcessBatch BEEE Default Layout i E8 Conc 8 Count | fl BB BB Default Columns
Method Development Tasks % |[Method Table: Data Analysis Method
[ 1.new M aMethod Task: 6 g
Reset DA Method Data Analysis Method I Sample Template I Batch Template:
Impart DA Methed Only... FullQuant Analysis 3
Import DA Method and Standard Data 0C Check on FullQuant o
Import FQ Parameters from CS Cal s emiQuant Analysis r
| 2. Set up Basic Information ‘ \sotope Ratio Anal r
sotope Ratio Analysis
Data Analysis Method
= Isotope Dilution Analysis r
| 3. Set up Analyte ‘
Open Standard Data File. 1l
P Analysis Mode -
Analyte List ks Sub fExists | Spectum Timechart

4. Set up A is P 1 s
up Analysis Parameters Corection | Acg. Defined

FullQuant

FullQuant Outlier
QC Parameters

Worklist Actions

5. Validate/Return

Validate

Return to Batch-at-a-Glance

¢ Change the analysis mode from Spectrum to Timechart. Then click on Analyte List on the
left-hand side.
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Online ICP-MS Data Analysis - { Method Editor ) -

i File Edit View Process DA Method Report Tools Global Help
i B & Ey | [# DA Method Editor '?,- Process Batch | @ E E E E Default Layout i E Conc E Count E E Default Columns

Method Development Tasks 3 ||Method Table: Analyte List

| L.New Il: oA mMethod Task: [§1 [0 | [y | B 52
Reset DA Method Analyte |Load List From Acquisition Method Int. Result
Import DA Method Only... Mass |Narne" | Analyte/ISTD | Int. Starll Int. End |Correcﬁon Count

Import DA Method and Standard Data..
Impert FQ Parameters from CS Cal..

| 2.5et up Basic nformation |

Diata Analysis Method

| 3.5et up Analyte |

Open Standard Data File...

Analyte List

| 4.5Set up Analysis Parameters |

FullGQuant
SemiQuant

|sotope Ratio

* Advanced Info

The analyst list tells the software what elements you
are collecting data for. It will only show data for

FullQuant Outlier

QC Parameters

orklist Actions elements in this list. To populate the list, click Load

5. Validate/Return List From Acquisition Method. Select the method you
Validate are using to collect this data and click open. The list
Returnto Batchrata-Glance should now be populated.

¢ Next, click on Return to Batch-at-a-Glance. A dialogue will appear asking to update the DA
Method. Click Yes.

ICP-MS Data Analysis

e You have now created a batch file to collect data with. Be sure to save the file before
collecting data as ICP-MS Top won'’t collect with an unsaved batch file.
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9.4.2. Creating a Batch File (Spectrum)

For spectrum analysis of laser ablation samples, the Data Analysis window has less of an
important function and acts mainly as an organizational tool. It also allows you to come back at
any time to export data if you have lost or forgotten your files.

o Create a new batch folder and save it in your folder (E:\Data\Research or WWU Classes)

e Click on DA Method Editor

g

sach o (\EBIEH @ @ 2 D DefouitLayout

DAMethod Task: ) &

Daia Analyeas Mohod | Sample Template J Baxh Template

FuliQuant Analysis

|G Check on Fulluant
[SemiQuant Anatysis

|isotope Rabo Analysis r
[isotope Diuson Analysis r

|Analyess Mode Spectum

14

[Bko Subkaction dExists | Count Subtracsan excest for ISTD

lotertecence Camecton | Aca Defined

[Onkne 0 Analytes - 01STD |

e The window will look as shown above. Click on Analyte List on the left-hand side.
Online ICP-MS Data Analysis - (M _

: Fle Edit View Process DA Method Report Tools Global Help
s ] =] & B3 | [# DA Method Editor @ Process Batch | @) E ﬁ E Default Layout i B Conc E Count ﬁ §§ Default Columns

Method Development Tasks X || Method Table: Analyte List
[ 1.New ll: DAMethod Task: [ [9) | B || %2 3¢
Reset DA Method

Analﬁﬁ Load List From Acqui;it\on Method
Import DA Method Only... Tune Step | Mass | Name | Analyte/ISTD |

Import DA Method and Standard Data. ..
Import FQ Parameters from CS Cal..

| 2. Set up Basic Information |

Data Analysis Method

| 3. Set up Analyte |

Analye List

| 4. Set up Analysis Parameters |

FullQuant
SemiQuant
|sotope Ratio
* Advanced Info The analyst list tells the software what elements you
FullQuant Outier are collecting data for. It will only show data for

QC Parameters

elements in this list. To populate the list, click Load

—— List From Acquisition Method. Select the method you
Validate are using to collect this data and click open. The list
Return to Batch-at o Glance should now be populated.

o Next, click on Return to Batch-at-a-Glance. A dialogue will appear asking to update the DA
Method. Click Yes.

‘worklist Actions
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'ICP-MS Data Analysis x|

pr—

@ Update Data Analysis Method?

e You have now created a batch file to collect data with. Be sure to save the file before
collecting data as ICP-MS Top won'’t collect with an unsaved batch file.
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9.5. Exporting and Viewing Data

This may not be necessary if you chose the option to tabulate chart to CSV in your method
information. If you did this, simply go to your batch folder in a file browser and search “.csv” and
all of your files will show up.

9.5.1. Time Resolved Analysis
To properly view data in time resolve analysis mode. Select Default Columns followed by the

Count option to the left.

#H Conc BB Count

m E E Default Columns

is - 0424156

e Edt Yiew Process DAMethod Report Iools Global Help
7 kd & da [(# DiMethodEditor | % Processterch 4 ;855 B B £ @ Detsuitlayout

0 Canc

Batch Table  Fullusrt

@ Count

The window should look as seen below:

i B @ @ Defoult Columns

ResetDefault Columns

.
i Sample @b B SsmpleType: <Alls | Ansbie 2(23 Ns - Eo FQoutien B TNV F TN ¥
FullQuant
I Sarcie I Zne I s T as e s wa I Al
[¥Tam Data e [ — e — o p———— Gourt | crSRsD | Goum | cRsRsD | om | cPemsO | Gow | GPSRSD | Cows | cFSASD | Gows | cPsRso | com
1 b | T | newaoseasp | 4472015 125032 | Samele N610 000 | 351800 500 500 11200 9790¢
21 | |resrn 442015125417 | Sample s 26400 000 22600 | 1100 400 1600 4200
3 | [tesmn 442015125616 | Semple e | s | ouo | u7s0a | 500 300 10200 000
4 I | TEsTa_nd24150 4247015 10115P | Sample resst 26000 000 130500 400 1200 115,00 9470¢
54, | ™ | TESTSD | 4472015 1:0455P | Sample tests 32000 100| 331000 | 300 300 105.00 95100
6 | N6W0BD ‘qmemsmssp ‘Sa«me NE108 278.00 0.00 13\300. 7.00 11.00 110.00 2020
7 I | N610CD 412472015 11536 P | Sample N610C 24400 1.00 17100 400 1000 109.00 80100
E [ newoo 412472015 11752 F | Sample 28000 100 4300 400 1200 101.00 85000
B | |0 | 447201512706 | Sample 290827 27300 000 | 36500 | 200 1200 10300 1008.0C
10 r | wo 412472015 13000 P | Sample 20827 301.00 1.00 354600 300 300 12100 91200
i r | mn | 424201514100 | Ssmple 20827 20400 om0 | 28300 | 1100 500 10200 J016.00
12 r | wp 472412015 14557 F | Sample 20827 29200 0.00 3456 00 5.00 EL 11700 93100
13 | r 145D 7.1')#"Il)|5|.quP 1 Sample 29827 30200 DUDV 346800 1000 11.00 12200 95800
D 424201520044 P | Sample 20827 27200 100 333100 600 1300 103,00 52400
s ] | a0 [ 424201520254 F | Sample 20827 33000 100 23800 | 7.00 100 8600 s0a0¢ v
Timechari [Calibration Curve - 1/ 4 pages )
P e EHER " R AT »;:xe,s.m =
el s BB 2] 4 & = L8 Lapou 8] [
Full Time Range EICI23) - NE104_042415 0 23 Na . 27 A 28 Si 31 P
0% 5 os § o 5 o g o
- \r\f W A
3 ) \/J V f\J " K K 5 3
R e — e = —
ma(sac) 05 3 oos E oo § os
Ha : Targetl23)
:'_ > G ° 55 ’ B ]
= 5 = =
a2 15 i R btz 1B = 155
i x10" =0 =10 xi0?
K] 306 - 5 3 H
w e " 50 50 50 50
ime{sec) Cone Cone. Cone. Cone:
|Onkine NE10 L) T4 Sametes (74 wusl) |
limechart x
- ¥ e BRE
e The data shows only the first data
. . EEER 1A= Y.
point in the table. The actual time plOt “UllTime Range EIC(23)  NE10A 04241 Graphics Display Mode  »
is shown on the bottom left. This L |t
. x103 = X- AutoScale
window can be expanded, and you ) L - AutoScae
. 3 05
can even close the bottom right 8 W Count Dislay Mose
. . . . Bl Annctate
window which has no function for this 0 A |
. . . y TIE 400
analysis mode. If this isn’t present, IE peskiabels. Lo
press default layout. oy i
. ) ) J: Manual Integration
e To export data, highlight an entire a0z P —
. . 312
sample by clicking on the row : ~lsaas
. . . 3 309 Tabulate Chart » Raw Data to CSV
number. Then right click on the time .
X 306 B3 Copy Ctrl-C CPS Data to CSV
chart in the bottom left pane. Choose & s g —- &
& | Print Preview...
Tabulate Chart > CPS Data to CSV. | Pt Preven -
Export Graphics...
Online
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e Once selected, an excel sheet will open with the tabulated data. A file path is shown at the
_top which shows where this data file is saved.

BN cquired  :4/2/2015 12:50:32 PM using AcqMethod JWApati.m

Qi Time [Sec] Na23
304284
2502584
28418.29
2662174
2852496
30328.21

m2257
29827.29
2977.11
31831.08
2662174
25319.67
2642141
29626.92

27 si28 P31 su s K39 2%  Bald  La139
3517723 50001  500.01 11203.89 97896.86
3494224 100003 500.01 12304.69 9548241
353918.2  800.02 1500.07 1210458 94577.09
3651634 110004 1600.08 12905.16 51459.17
3447235 70002 600.01 13605.73 93370.08
110004 1000.03 12204.61 96085.99
60001  700.02 1130432 97997.47
80002  500.01 1490688 91358.59
60001 70002 900251
60001  700.02 11303.96
40001 120004 1190433
110004 1100.04 14806.79
002 900.03 11003.75
60001 1000.03 930268
40001 1500.07 1170424
50001 1400.06 1210454
40001  900.03 1230469
110004 900.03 11804.32
40001 1100.04 1210454
40001 80002 115041
70002 1000.03 11103.82
40001 1000.03 800198
300 120004 1210454
200 80002 12104.54
60001 900.03 9802.98
60001  900.03 10703.55
60001  600.01 14006.07
1000.03
60001  800.02
800.02  1200.04
50001 1000.03 .48 102928.1
1100.04 82 89850.12
100003 1000.03 .82 84420.84
600.01 .61 98601.15
300 1200.04 103230
93370.08
60001  600.01 9166028
60001  600.01 89548.45
12905.16_100613.5

&

cocBocBBocokl

cBoBEE
Blalololololalelolelalolalelale

Bocleolesesse

ccococcoo0o0c008

ccoBB8BcococoocBoB8EBccc8BcBcoBonccsnccBocas

Celd0  Pri4l  Nd146

Smi47  Euls3 G157  Tblsy

e You must select each sample individually and tabulate all samples that you run. This can be
done as you go or all at the end if you did not choose the option to tabulate chart to CSV in
the method info.

e You can use save as to save each individual file to a location of your choosing. The other
option is to extract all these files from the file browser. Simply open a file browser and
navigate to your batch folder. Then, open your batch folder and use the search bar in the top
right to search “.csv”. All the CSVs in that folder will show up and you can copy paste them
to your own save location such as a flash drive.

7 v Search Results in FIMI5.b » v |4

Organize v (& Open ~ Save search Bum

W Favorites N610-9.csv Date medified: 11/21/2016 4:40 PM
B Desktop E\DATA\RESEARCH\RUSK\CAMPO\FIMLS B\NG10-9.D Intensity Vs Time, CPS Acquired : 11/21/2016 4:38:51  Size: 42 KB
& Downloads PM using AcqMethod ICQtzAu.m Time [Sec]Li7,Be3,B11, Na23,Mg26, AL27,5i29,5i30,P31,534,K39,Cadl3, T, Mn...

: EA\Data\Research Rusk\Campol\FIML5.b\N610-8.0
% Recent Places

(x ;l N610-8.csv Dste modified: 11/21/2016 4:39 PM

4 Libraries EADATA\RESEARCH\RUSK\CAMPOJNFIMLS. B\NG10-8.D Intensity Vs Time, CPS Acquired : 11/21/2016 437405 Size: 4L5 KB
S Documents PM using AcqMethod ICQtzAw.m Time [Sec]Li7,Bed,B11, Na23,Mg26, A127,5i20,530,P31, 534,39, Cad3, TS, Mn...
m £:\Data\Research\Rusk\Campol\FIMLS.b\N610-8.0
usic
&) Pictures Q7-6.csv Date modified: 11/21/2016 4:37 PM

E:\DATA\RESEARCH\RUSK\CAMPONFIMLS BAQ7-6.D Intensity Vs Time,CPS Acquired : 11/21/2016 4:35:11 PM  Size: 371 KB
using AcqMethod JCQezAu.m Time [Sec]Li7 Bed,B11,Na23,Mg26,A127,5i20,5i30, P31, 534,K39,C43, THO,MnS5 F...
E/\Data\Research\Rusk\Campo/\FIML5.b\Q7-6.0

B Videos

% Computer
&, Local Disk (C)
s Manoscope (D:)
a Data ()
5 mikkelk (\kelvintus

Q7-5.csv Date modified: 11/21/2016 4:37 PM
E/\DATA\RESEARCH\RUSK\ CAMPOJ\FIMLS.B\Q7-5.D Intensity Vs Time, CPS Acquired : 11/21/2016 Size: 37.0 KB

using AcgMethod JCQtzAu.m Time [Sec] Li7,Bed,B11,Na23, Mg26,A127,5i29,5i30, P31, 534, K39, Cad 3, Tid9, MnSS F”.
EA\Data\Research Rusk\ Campol\FIML5.6\Q7-5.0

SQ-4.csv Date modified: 11/21/2016 4:34 PM
EADATA\RESEARCH\RUSK\CAMPONNFIMLS B\SQ-4.D Intensity Vs Time, CPS Acquired : 11/21/2016 43138 PM  Size: 364 KB

using AcqMethod JCQtzAu.m Time [Sec]Li7,Be3,B11,Na23, Mq26, A127,5i29,5130, P31, 534, K39, Cad3, Tid, M55, ...

EA\Data\Research Ruski Campol\FIML5.6\SQ-4.D

€ Network

E\DATA\RESEARCH\RUSK\CAMPONFIML5.B\SQ-3.D Intensity Vs Time, CPS Acquired : 11/21/2016 4:29:52 PM  Size: 3656 KB
using AcgMethod JCQtzAu.m Time [Sec] Li7,Bed,B11,Na23, Mg26,A127,5i29,5i20,P31,524,K39, Cad2, Ti49,Mn55, F,
EA\Data\Research\Rusk\Campo\FIMLS.b\SQ-3.0

N612-4.csv Date modified: 11/21/2016 4:34 PM
EA\DATA\RESEARCH\RUSK\CAMPOJNFIMLS B\NG12-4 D Intensity Vs Time, CPS Acquired : 11/21/2016 4:27:52 Size: 404 KB

PM using AcqMethod JCQizAw.m Time [Sec]Li7,Bed,B11,Na23,Mg26,A127 5i20,5i30,P31,534,K39,Ca43,Ti49,Mn...
EA\Data\Research\Rusk\Campol\FIML5.b\N612-4.D

Dste modified: 11/21/2016 4:34 PM
\ DATA\RESEARCH\RUSK\CAMPOJNFIMLS, B\NG12-3.D Intensity Vs Time, CPS Acquired : 11/21/2016 4:26:05 Size: 404 KB

PM using AcqMethod JCQtzAu.m Time [Sec],Li7,Bed,B11, Na23, Mg26,A127,5i29,5i30, P31,534,K39,Cad3,Tid9, Mn...

E\Data\Research\Rusk\Campol\FJML5.b\N612-3.D

INC3.csv Dste modified: 11/21/2016 4:26 PM
E:\DATA\RESEARCH\RUSK\CAMPOJVFIML5. BINC3.D Intensity Vs Time, CPS Acquired : 11/21/2016 4:24:08 PM  Size: 396 KB

)
)
)
%‘iﬂj SQ-3.csv Dste modified: 11/21/2016 4:34 PM
)
)
)

N610-9.csv Date medified: 11/21/2016 4:40 PM Date created: 11/21/2016 4:40 PM
Microsoft Excel Comma Separated Values File Size: 44.2 KE

Search Bar
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9.5.2. Spectrum Analysis

It may help to read the section on Exporting Data for Liquids. This might show other useful

options you may need.

e To properly view data in spectrum mode. Select Default Columns followed by the Count
option to the left.

i B Conc B Count | Bl

Default Columns

Reset Default Colurnns

e The window should look as seen below:
e —_—,—
D% b & da (& DaMethodEditor 4 ProcessBach @ :‘ﬁ:ﬁ B @ E @ pefsutlayout | I Conc 1 Count | [H @l M @@ Defoukt Columns

Batch Table - FullGua x
¢ Sampie 6 B SampleType: <Al> =] Anspm 423 Na (1) - Em TuneStep <al>  ~ ¢ FQOutier 8 TV W W W V¥
(FuliGuant)
| [— 24 Mg (1] 22401 208 (1) 20801} aT)|
[+ e Data File | Acabmetime | Te |Levei|  Sampiebame cps cPs cPsRsD cPs_ -
i sr|r [omp | 542015318297 | sample blankline 1 340939145 113003797 49 mss062 1405892
2 v | I |o002D 5M2015 32054 P | Sample blank line 2 348281740 1148548 84 48 1132233 70 14304 0€
3 |+ [T |omo 542015322517 | Semple blank lne 3 346918788 2117168488 12870057 1aa7Raz
4 v | ™ |oMD 5472015 32442 P | Sample blank line 4 3433306 58 218206850 34 1158719 64 1535294
5 | | osp | 542015 3:2629P | Sample blank ling 5 360259217 2222978383 1171168 78 15846 5§
& ™ [o0sD 542015 32021P | Samole 15 Pd:Au 10bilayers sox 3202810.74 1032587 58
7 v | [ |o07D 542015 3:3133P | Sample 1:5 Pd:-Au 10bilayers sax 3457456.90 112236389
& v | ™ | oD 542015 33337F | Sample 1.5 Pd-Au 10bilayers sox 352479997
8 |r|r oo | 54201533536 F | sample 15 PdAu 10biapers sox 35164895
i r | owo 54201533732F | Sample 15 Pd:Au 10bilapers sox 360014572
1 v T |onp 542015 34134 P | Sample 1:1 Pd:-Au 10bilayers sox
2_|v|T |ozo 542015343307 | Semple 11 P 10bisyers sox
13 v | ™ |oi3D 542015 34527 P | Sample 1:1 Pd-Au 10bilayers sox 2228724979
4 ™ [04D 542015 34714 P | Sample 1.1 Pd:Au 10bilayers sox | 20313478.73 3570328.14 114409315 2254853804
JIS v |omso 542015 34913P | Sample 1.1 Pd-Au 10bilayers sox | 2877000765 348814185 44 1116052 48 22087474.75 17023523 1566081 ~
Spscirum % [[Calibration Curve - 1/(1 pages) x
2% @D BE[E] Twesesl - i e B @D § ProcemBach | Cunvefit - | oigin -] weight - s .
e ZE CEEUEE vl 2 il (0 Leyout A (2
Tune step 1:001.0 23 Na [1] No avail able calibrabion poins. 24 Mg [ 1] No available calibration poms 27 Al [1] Ne available calibsabon ponts 28 51 [1] Noavailable calibrabon ponts
- - 07 =01 =07 gt
P sJ £ o5 g o £ o5 g os
- o Lo
) 0
50 50 50 50
bass Cone Cone Cone Cone
25,51 111 No available calibrabon poarts |32 K111 No available calibraon parts 43 Ca 111 No available cahbr sbon ponts. 105 Pd 111 No available calibrabon ponts.
= 0 01 01 0t
o msJ | £ o5 £ o8 £ oS £ os
&
o
£ E] o o o 0-
B = B B
bass Conc Cone Cone Conc
T 1n 111 Mo avaable calibration s T8 Sa 17 Mo available calibraion poris T7 At (11 W avarlable calibraion pors
= = X0 =107 01
et £ o £ os 5 o
14 & &
£ £
50 50 50
Mgy Cone: Cone Cane
Ol blaek lne 1 i Wa (1] 105 Samghay (105 toal) ‘

e The data is shown for each element and the actual spectrum is in the bottom left pane. The

bottom right pane has no use for this tége of analzsis.

Edit View Brocess DAMethod Report Tools Global Help

New Batch Folder... N BIEE BB Default Layout !
Open Analysis File... Cirl-0
Save Analysis File Cil+s v |Ep IsTD:
Save Analysis File As...
Close
Import All Samples From Batch ype | Level Sample Name
TS ple blankline 1
Export » Export Table... L
15 Page Setup.. Export Selected Area... -
& | print.. =P Export Table with Transposition -
[&| Print Preview... Export Graphics.. E
1: CA\..\Research\Rider\Natasha\05042015.5\05042015 batch xml
ple 1:5 Pd:Au 10bilayers sox
2: C\Data\Research\RuskJared\042415.6\042415 batch.xml
ple 1:5 Pd:Au 10bilayers sox
3: CA\Data\Research'\Ruskiared\test.b\test batch.xml
ple 1:5 Pd:Au 10bilayers sox
5: CA\.ATA\RESEARCH\RUSK\CHASE\05012015.b\05012015 batch.xml
ple 1:5 Pd:Au 10bilayers sox
Exit ple 1:1 Pd:Au 10bilayers sox
{— f

e To export, right click on the data table heading or click the File menu. Go to export and
select which option you would like. Most users prefer Export Table. You can also export
only selected samples and elements with Export Selected Area.

e Try out as many combinations as you want. They are all separate excel files so there is
no downside to experimenting.
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10

. Tuning the Instrument

We do not typically allow students to tune the instrument. This is for various reasons and

mainly maintains the integrity of the data you are collecting and allows for the tracking of the
tune values over time to monitor changes in instrument parameters. The only exception to this is
that when switching from laser to liquids mode you must do a P/A Factor tune.

10.1. Selecting a Tune File
e Before running a sample, you must select the appropriate tune file for the mode you are
running in. To do this, open the Tune Panel. See Section 6. General Software Overview for
more information.
e The Tune Panel will look like this:
ICP-MS Tuning - Sensitivity ATUNE.U o] = ===
File ne Acq.Params ALS Meters Maintenance Log Help
ZldEBE BN AEREE Q@ ?
TuneFile [atune.u — CAICPMHLTY75004
L‘.‘--P.l.asma ::::mebers - P m/z Range Count Mean RSD[X]
ikk: ia:ch:mg isé; {isé;} }:' 7 = 20 :I=:‘
gmme e ne - e =
é;;;:;l; Gas ;GI [;fjf] :ﬂmin &) = 20 :I=:‘
~Makeup Gaa 0.15  [0.15] L/min 205 . [0 ==
‘sq;l;u;z;;r e [HH s 156/140 20 24
HIDDEE:::: 1 0.6 [0.6] V 70:140 I
R W
“Omega Lens-ce 0.2 [-0.2] ¥ . 20 =
e e =
[]"Q.—.l;jallpit'la;ebers e e | 2=
- AMI Gain 130 . o =25
. - . 20 %‘ Integration Time: 0.10 SEC
D“D: E:‘;;l;}:;:aacte -3.0 v . 20 :I=:‘ Help Samgp\ing Period: 0.72 E=0]
?--:l-):cp RF 160 [160] V . 20 %‘ n
| oo pias -6.0  [-6.0] V WD = [ 2o et Rangs
Reaction Mode OFF [OFF]
=] D:atector Parameters )
IDLE

The parameters that are displayed when you open the tune panel are the ones that were
used last and it will always say atune.u. When you select a tune file and close the window,
atune.u is populated with those tune values and is used by the instrument. Do not be
alarmed if you had loaded a tune file and when the window reopened it said atune.u.

To load the tune file you need, check if it is in the dropdown box or click File - Load Tune
File or click the open folder. Select the proper tune file. If you are doing laser ablation,
choose LATUNE.U for standard mode or select whatever tune file you need to. For liquids,
select either nogas.u, he.u, or h2.u depending on what mode you are running in. For
standard mode without the ORS, choose nogas.u. For helium of hydrogen mode with the
ORS, select he.u or h2.u, respectively.

For liquids, you will want to rinse the probe before starting any runs or any tuning. To do
this, simply choose rinse from the ALS drop down menu. After about 30 seconds and
ensuring that the rinse water has made it through the pump, choose ALS->Home.
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11. Preferred Isotopes and Interferences

This section will describe a few simple explanations and examples of what isotopes are
preferred and some common interferences. The periodic table on the next page is a good
starting point for anyone to use but does not apply to everyone’s samples or matrices. You will
need to use your best judgment when choosing what isotopes to choose and how to avoid
interferences. If you routinely have problems with interferences, or you aren’t sure, talk to your
research advisor or the lab manager for more information. Interference equations may be useful
in this case.

Things to consider when choosing isotopes:
¢ What things will add up to the same mass as my sample? Is there a lot of this?

o This can help you narrow down if there will even be an issue. For example, if |
am worried about MgO interfering with my phosphorous 30, but there are
negligible amounts of magnesium in my sample, then | can probably ignore this
and use the helium ORS mode to completely remove this.

o What isotopes have overlap with other elements? Will there be a lot of this overlapping
element?

o If I'am trying to study 8In, but there also exists a 'Sn, then | don’t have to
worry if there is no tin in my sample, but if there is, | may have to consider other
options.

e Do I need to use helium or hydrogen in the ORS? Will this completely remove the
interference, or will | still have to worry about it?

o If the interference masses are heavily prevalent, then you cannot remove them
completely. Most of the time it is easier to choose a different isotope. If this is not
possible, talk to your research advisor or the lab manager for help.

¢ What other isotopes can | run for a selected element? Do | have many options and what
are the natural abundances of these? If the abundance is extremely small, it will not be a
good choice.

o An example of this is iron. 56Fe has a major interference with ArO. As those
elements are very prevalent, we cannot remove this interference. We can look at
the other isotopes of iron. *8Fe is only 0.282% abundant and therefore is a poor
choice when compared to *’Fe which is 2.119% abundant. This means we
should choose to analyze *’Fe over *Fe for interference reasons and *°Fe over
*8Fe for abundance reasons.

This type of questioning and reasoning should be applied to every choice of isotope you make.
This can often be a lengthy process, and this is why method development is crucial to getting
good results and understanding what is happening inside the instrument.

A good resource for looking at isotopes of each element with a lot of information can be found at
PTable.com and then select the isotope tab. Link provided.

AMSEC 2015 Back to Concise Procedures 69



http://www.ptable.com/#Isotope

1 [ L] °
H Acquisition Isotope Recommendations He
Internal Standards and Masses:
Li 6
7 . 617 Slc 45 Typical analytical mass (AMU) |66 68| Typical secondary analytical mass 1 10}12 14 16 19
Li Be S Zn B C N 0 F Ne
nogas nogas Rh 103 Typical tune/ORS mode |He nogas
- - In 115 Secondary tune/ORS mode nogas -
Ib 1?? Most common interferences [$02, SOzH
23 25 Blij 509 27 28 29)31 34 35
Na Mg Al Si P S Cl Ar
nogas nogas He H, He He (HEHe) JHe
He He nogas He (HEHe) [|— — —
C,,CoH BO,CNH [N, cO, coH [NOH OH, 0, O,H, SH
39 44  40/43)45 47  49/48)51 52 53/50]55 56 57/58]59 60 62]63 65]66 68]69 71174 72075 78 80}79 81
K Ca Sc Ti \' Cr Mn Fe Co Ni |, Cu Zn Ga Ge As Se Br Kr
He He nogas He He He He He He He nogas ArNa, He He He He He He
H, H, (40) He nogas nogas nogas ArC,|nogas H, ArO, Ni [nogas nogas PO, TiO, nogas nogas nogas nogas H, nogas
ArH CO,, Sio, Arco.H, sio  |Po, so, ca |clo CIOH, Ar0 KO (56), ArOoH [Mgcl, caOH|ArO, ca0  [so,H S0, SO,H |Ba**, ArP  [cl,, Ars, KCl JArcCl Ary, BrH(80)JAr,H, ArK
85 87]88 86]89 a0 91]93 a5 98|99 101 102§103 105 106§107 109)111 114§115 118 1204123 121§125 128§127
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He He He — — — — — nogas — He He — — — —
Sr(87) Kr(86) BrO, Ru(98) Pd(102) KO Cd(106) MoO Sn(115) Xe(128)
133 137 138)139 178 177)181 182 183)185 187)189 190§193 191§195 194)197 202 200205 203]208 207/206]209 209 210
Cs Ba La Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
nogas nogas nogas nogas nogas nogas nogas nogas nogas nogas nogas nogas nogas nogas nogas
La(138) HoO 0s(187) LuO(191)
87 88 89
Fr Ra Ac
140 1424141 146 143)147 147 149)151 153)160 157)159 163 164]165 166 167)169 172 1734175
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Tune modes and isotopes can be application specific and may not conform to the recommended setting described on this sheet. This is a typical example for common water samples.
(Higher mass elements typically only have interferences from oxides of other high mass elements.)
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12. Shutting Down the Instrument
12.1. Shutting Down with Liquids

To shut down the instrument follow these steps. Most of them are reverse of the setup
procedure.

N

o gk w

© N

9.

Put the ISTD tubing into the 2% Nitric bottle

Release the black peripump clamps and relieve the tension on the three tubes by unhooking

them.

Send the autosampler probe home from the instrument control or tune panel. ALS - Home

Turn off the autosampler and release the peripump tube clamp on the back.

Close all the rinse bottles.

Shut off the plasma if not already done from the instrument control window.

Select Plasma - Plasma off

Turn of the argon.

Turn off the water chiller. Wait at least 10 minutes after turning off the plasma to do this.
(ES 128B)

Remove your samples and clean up any mess.

10. Notify the lab manager if anything needs to be repaired or replaced.

12.2. Shutting Down with Laser Ablation

To shut down the instrument follow the following steps. Most of them are reverse of the setup
procedure.

1.

NGO~ WN

Shut off the plasma from the instrument control window.

Select Plasma - Plasma off

Remove your sample from the laser ablation accessory.

Replace sample holder in laser ablation accessory.

Turn the He flow off in the laser ablation software.

Close laser ablation helium tank.

Shut off the argon tank.

Turn off key on laser ablation power supply.

Turn off the water chiller. Wait at least 10 minutes after turning off the plasma to do this.
(ES 128B)
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13. Troubleshooting and Error Help

If you have an error or something goes wrong. Try to find a solution in the following pages or do
some basic troubleshooting to determine the cause. If you can’t find anything helpful and
resolve the issue by yourself, contact the lab manager and they will assist with the problem.

13.1. Plasma Ignition
If the plasma won't light or shuts off, check the following:

Is the Argon tank on and is there 100 psi output shown on the top gauge of the regulator?
- If not, open the tank(s) and use the knob on the regulator to increase the pressure to
100 psi if necessary.
- Check that the valve on the far left of the regulator is open.
- Check that the liquid argon tank has sufficient internal pressure. See the section on
Liguid Argon Tank Operation for more information.

Is the Argon tank empty?

- If the tank valve is open and the required pressure cannot be obtained, the tank may be
empty.

- Let the lab manager know so they can order a new one.

- Change the regulator from the liquid tank to the compressed argon tank located nearby.
It has a sticker on it that says argon and should have a cap on the tank as well. These
tanks are normally red.

- If you have trouble with this the lab manager can help. If they are not around, try to find
another person who knows how to change a regulator.

Is the water chiller on?
- Typically, if the water chiller isn’t on, you will get an error specifying insufficient cooling
water flow.
- Simply go into the adjoining room (ES 128B) and turn on the chiller.

Is the helium flow too high? (Laser Ablation only)
- If the helium flow is too high to start, the plasma may not light.
- Turn the flow to 50 mL/min and try to light again. After the plasma is fully lit, increase the
flow slowly (by using the up arrow on the mass flow control panel) to the desired set
point. You may have to turn the flow to 0 mL/min.

Did you hook up the drain tubing correctly?
- If the drain tubing wasn’t hooked up correctly, the plasma chamber may be flooded.
- Ifthis is the case, contact the lab manager as this will require cleaning and the
instrument may be offline for a couple days.

If the plasma will not light after following these troubleshooting steps, try to write down the error
produced when it shuts off or doesn’t light and inform the lab manager.
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13.2. Pumping Issues (Liquids Only)
If there are issues with your solution pumping. Try the following steps.

Are there any kinks in any of the lines?
- Check for any kinks or turns in the line that are too sharp and try to straighten them out.

Is the peristaltic pump hooked up correctly?
- The direction of the tubes hookup and the proper hookup are important. See Section
5.1.1 Peristaltic Pump Setup for more information.

Did any of the tubing come undone?
- Occasionally the tubing comes undone and the solution will be pumped out onto the tray.
Check if this is the case and then look at the next question before proceeding.
- Using gloves, hook up the tubing as it should be and push the disconnected tubing back
together.

Is the nebulizer clogged?
- Look at the nebulizer where the tube goes in and look for anything that looks like a clog.
Sometimes they are small and not very noticeable.
- Ifyou find a clog, report it to the lab manager. The instrument is not usable until this is
resolved.

13.3. Issues with Batch Files

Some users experience issues with batch files saving and communicating with the ICP-MS Top
software. Some common issues and resolutions are listed below. For more information see
Section 9. Data Analysis Window for more help with your respective analysis type.

Is the data not showing up after an acquisition finishes?
- Check to see that your DA Method is set up correctly. See Section 9. Data Analysis
Window for more help.
- Is the proper display type selected? Choose from the different options on the right side
of the toolbar to get either counts or concentrations to show up. It helps to select “Default
Columns” and then count or conc mode.

Is the batch file not communicating with the ICP-MS Top software?
- Most of the time, this is due to a batch file name being too long and containing special
characters. Limit the total character count to 8 and only use letters and numbers. Most of
the time it is suggested to use the current date. (i.e. 05142015.b)
- If you made a complicated batch file name and tried to run a sample, you may have to
restart the computer before you will be able to use the new, shorter named batch file to
collect data. The ICP-MS will stay running while the computer restarts.
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13.4. Data not Displaying at all in the Data Analysis Window

The DA Method editor can be a finicky portion of the DA window. If this is not set up correctly,
your data may not show up at all, but fear not! The data is in the file, it just isn’t displaying due to
a configuration error. See Section 9. Data Analysis Window for more help with this.

Is your data analysis type set correctly for your analysis method?
- If you are running a time resolved analysis you need to change to timechart in the DA
Method Editor under Data Analysis Method.
- If you are running a spectrum mode, you must ensure this is selected in the DA Method
Editor under Data Analysis Method.

Is the Analyte List correctly populated?
- Check that you have imported your analyte list from your method file. In the DA Method
Editor, select Analyte List and at the top choose Load List from Acquisition Method.
Select your method.
- (Liquids) Once the analyte list is loaded, be sure to set the internal standards. For a list
and instructions on this, see Section 9.2.1 Creating a Batch File.

13.5. Issues with Noisy Data and High Backgrounds

Occasionally, the instrument will output noisy data and the background signals will be very high
and unstable or drop out suddenly. Try the following to remedy this. If this doesn’t work, contact
the lab manager. The other possibility for noisy signals is sample contamination or dirty tubing.

Does the background signal drop out for no reason?
- Try restarting the plasma to see if there is a torch grounding issue. If this does not work,
try once more.
- See if the gas flows are consistent. Go to the instrument control panel and monitor the
gas flows using the meters.

Is there a high background?

- (Liquids) Try rinsing the tubing with a 5% nitric solution to try to clear out the lines. If this
doesn’t work, the lines may need to be changed or your blank is too dirty.

- (Laser Ablation) Try letting the instrument warm up for longer with the helium flowing at
the rate at which you wish to capture. Watch for the signals plateau with no slope such
that the background is constant.

- (Laser Ablation) Allow more time between sample runs as there may be residual sample
in the line that needs to be purged between acquisitions.
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