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Overview of the Workflow

GC Method Development in Fusion QbD is done using the Fusion Product Development
Module (FPD). Below is a general workflow.

Experiment Setup

Select: Create New File.
Select: Screening or Optimization

Enter your desired GC variable ranges or levels.

v
Generate Experiment Design

Execute the Update Setup Data and Generate Design operations.

\4
Generate a Testing Design

Use the “Standard LC Testing” option.

l

Export the Testing Design to the CDS

Select a Method Set method associated with the target LC System from Experiment Setup.

Build a GC method for each experiment run and include the Run # in the method name. Also
build uniquely named conditioning methods for all needed column conditioning.

Exchange the LC instrument methods in the sample set method for the GC methods.

v
Import and Analyze Results Data

Screening: Import the Trend Response data.

Optimization: Import Named Peak Responses or data for PeakTracker™

A\ 4
Best Overall Answer Search

Acceptable Performance Region

\ 4

Visualize the acceptable performance

Numerically search for “best” .
region.

conditions for all modeled results.
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Create the GC Method Development Experiment Design

The Fusion Product Development module is used for creating GC Method Development
experiments. In this example, we will describe the process for creating a simple GC

experiment using the initial hold time and the temperature programming rate.

1. Launch Fusion QbD. Select the ‘Fusion Product Development’ module.

A Fusion QbD >

Application Module
(C) LC Method Development

() Analytical Method Validation

(@) Fusion Product Development

() Fusion Inhaler Testing

User Role

(@) Fusion Super User

Cancel

2. Select the ‘Create New File’ option.

Welcome to Fusion QbD

] Create New File

@ Create New Template
s7) Open Existing File

%] Close
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3. Set the ‘No. of Mixture Variables’ to zero (0).

Set the ‘No. of Process Variables’ to your desired number (2 in this example). Enter

your variable settings

e Initial Hold Time Continuous LB=0.0 UB=5.0
e Temperature Ramp Rate Continuous LB=10.0 UB =30.0
Name Units Type Lower Bound Upper Bound
[l Fok T [Minutes 581838 [ Comtinuous =l 00 | 50
[ S.’[;“\!laub\a
" Constart
Name Units: Type Lower Bound Upper Bound
Temperature Ranp Rate [DesMin 55838 [Continuous = 700 | 0
S(I:t:aid:\e
" Constant

Note — you can add parameters and set them as ‘State=Constant’ if you want to

document the constant settings used in the experiment.

4. Generate the Design.

H rusion Product Development - GC Study 1.smae
File Edit Activity Tools Window Help
DS HE R & @ ¥ editRunNo.Labels & Export [ Import Images @

Design of Experiments
> Create a Design

Design Reports
Experiment Desian .

Data Entry / Analysis

> Data Entry

* Data Analysis
BestAnswer Searches

o Best Overal Answer

» Acceptable

* Point Predic Name: Administrator
Visualization Graphics Company: S-Matrix

+ Single Resp ies Project: Project 1 (User Defined)

s Multiple Response Series Date: 17 FEB 2020 09:07:40 PST [UTC-08:00]
Reporting Toolkit

* Fusion Reporter N .

+ Audit Log Reporter Experiment Design

Experiment Design Matrix

¥ @i
“&&‘ S-Matrix,

Initial Hold Time Temperature Ramp Rate|
Run No. (Minutes) (DegiMin)
1 50 10.0]
2 25| 200
3 25| 200
4 5.0 30.0
5 0.0 300
6 25| 200
7 0.0 10.0]
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Create the Companion Testing Design

1. In the Data Entry View, click the ‘+ Create Testing Design’ button on the Menu Bar.

Tl Fusion Product Develapment - GC Study 1.smae
File Edit Activity Tools Window Help

DGR S 3 Edit Run No. Labels # Matrix Master [% Create/Edit Response Data [ Show/Hide Responses | Create Testing Design | £ Export [l Sort Grid @

Design of
~ Create a Design Run No.| Initial Hold Time J Temperature Ramp Rate
+ Design Reports 7 5 70
Data Entry /Analysis 2 25 20)
3 25 20}
+ Data Analysis 4 5 30}
BestAnswer Searches 5 0 30}
[ 25 20}
jon 7 {7 0 10]
Visualizalion Graphics

2. Select Standard LC from the ‘Testing Design Type’ list box.

Use the settings shown in the image below.

UK Create Testing Design X
Testing Design Name Testing Design Type
Testing Design (V] Standard LC v
Descriptive Statistics

Replication Scheme
No. of Preparation Repeats 115

No. of Test Repeats per Preparation 15

h— The settings are valid.

Back Finish Cancel
3. Save the file with a unique and recognizable file name.
¥ Fusion Product Development - GC Export.smae - [u] X
File Edit Activity s Window Help
D@meS M| &/|m)| + Creste Testing Design = Delete Testing Design M Create Response i1 Response Fi & Bport & Import Responses @
Response Name Resp Units r ™ Upper Limit Testing Design Type
[ =T LT <=Response <= [ [Standard LT View Testing Desigr
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Export the Testing Design to the CDS

1. Access the Data Entry View and select the ‘Testing Design (1)’ tab.
Click the ‘Export’ button on the main menu bar.

Select on the ‘Export to CDS’ option on the ‘Export Options’ dialog.

T Fusion Product Develapment - GC Study 1smae - [u] x
File Edit Actvity Tools Window Help
DM - BB & |8 + CresteTesting Design = Delete Testing Design 98 Create Response 111 Responze Reductions £ Import Responses @
Design of Experiments
o Risponse Name Response Unik I LowsrLint I UpperLint  Testing Desi
+ Create a Design i
> Design Reparts. [ = | __, [ ¢=Response <= | [Standard L
Data Entry /Analysis
r =
T
1
2
3
4
5 |5
c [6
7 7
Reporting Toolkit
» Fusion Reporter
* Audt Log Reporter
-
« | » [T
Experment Desion | [Testing Design (1)
Ready o

Export Options

Select Export Type
& Export To Chiomatography Data System

" Export to File

Cancel

2. Click ‘Next” on the 1*' Export wizard dialog pictured below.

Export

Selection

-:pn vl to )7 = Export the testing design by | Column hd

107
Run Label >
[ |

1

2

3

4

5

6

7

Next>> | concel |
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3.

Select a valid LC instrument system in the 2"¢ Export wizard dialog pictured below,

and click Next.
Export
General
Inetument instrument Data System
Instument Name Waters Empower
~| | [nstrument Name

Autosampler Configuration

Aliance 1
Instrument Definition
Waters 2690/2695 Alliance

[Iternal Autosampler

Waters 2998 PDA Detector

Tray Name Exteral Switching Valves (contact closure)
[5 Carousel Tray - 120 2L vials ~]
Fitst Vial Last Vial

i X

IPump:Quatemary Pump

Masimum rumt e o injections per vial [ 50 =

I Restart un vial numbering in each experiment sequence.

Cancel ‘ [}

Note — Fusion QbD export automation only works directly with LC instrument
systems and methods. Therefore, you must select a licensed LC instrument system.
You will match this with the Method Set method you select in Step 6 below, which
must be associated with the same LC instrument method and system.

4. Select the ‘None Selected’ option in the Standards Strategy list box within the 3™

Export wizard dialog pictured below, and click ‘Finish’.

Stategy Clear Reset
«peck |[Thean | Firish cocel | @)
5. Log on to Empower using your Empower logon credentials.

fle_dit_ Actvy Tools Window Help

3 5 @ 8 A @[T + Creste Testng Design == Delete Testing Design 7 Create Response. It Response Reductions | £ Export & ImportResponses @

Respanse Nane. i TesingDesin Type

e I LowerLin I Uspari
E—  ——] | RO e T S PO YN

”
Fun o
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6. In Empower, select the Project and Method Set method which will be used to build
the Sample Set method, and click ‘Next’.

Select Project and Method Sets

Select Project I~ Show Methods created by Fusion QbD

Find Filter Reset Method Set
[3) Projects A i
& Customers iﬁ::ﬁl}l Class QDa 1 Base
+ Distributors
= [&] S-Matrix
= [& ADL
0L Tempiste Pojet
% [&) Customers
5] MS_Method Information
&) FIT
#—[&) FMD Tutorial - 9_9_0
& FMV-ALR
# (&) Internal Development
{) RD1 - Demo Screening Expt

{£) RD2 - Demo Optimization Expt
P Tart

[ Enable Shutdown Method

User Types (logged in as ‘Dwner

{ Owner L‘

Information

Ready

IMPORTANT: Be sure the selected template method has the correct structure and properties required for the experiment design you are exporting.

Refer to the onvline Help for detailed information on these requirements.

| Next >» | Cancel

7. Enter a recognizable name which will be used to name the Sample Set method,

Instrument methods, and Method Set methods built as part of the export operation,
then click ‘Finish’.

Enter the Sample Set Name

Sample Set Name

(GC Testing Experiment 1

[~ Set Equiibration Time minutes
Run Time |20 minutes
Injection Volume [1 ul

<< Back | Einish Cancel

IMPORTANT

Run Time and Injection Volume — the level settings you enter here will be
automatically written to the Sample Set method. You should review and edit these
settings as needed in Empower for your experiment run conditions.
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Construct the Required GC Methods within the CDS

1. Log on to Empower using your Empower logon credentials.

2. Use the ‘Browse Projects’ option to navigate to the Empower project in which you

exported your experiment design.

3. Open an existing GC instrument method which correctly operates the GC on which

you will run your experiment design.

4. Edit the method to contain the correct level settings for all GC parameters you did

NOT include in your design in terms of your current sample and this experiment.

5. Execute the ‘File | Save As...” operation to save the file with a recognizable name. In

this example we will use the name “Fusion GC Base Method”.

6. With Empower open, launch Fusion QbD, open your GC experiment design file,

navigate to the ‘Design Reports’ View, and select the ‘Experiment Design’ report

from the ‘Design Reports list box, as pictured below.

i Fusion Product Development - GC Study 1.smae

File Edit Activity Tools Window Help

[ = B &= & editRun No. Labels & Export (=] Import Images @
Design ofBxperiments

Design Reports

» Create a D¢
rrw Expeiiment Design =

Data Entry / Analysis

Name: Administrator & a4
Company: S-Matrix |
Project: Project 1 (User Defined) .
Date: 17 FEB 2020 09:07:40 PST [UTC-08:00] & S-M atrix,
> Fusion Reporter . .
> Audi Log Reporter Experiment Design

Experiment Design Matrix

Initial Hold Time:
Run No. (Minutes)|

Temperature Ramp Rate
(Deg/Min)|

10.0]

25

20.0

25|

20.0

30.0]

0.0

30.0]

25

20.0

S[o[a[e]w[R]=
=

0.0

10.0]

7. Open the GC instrument method from Step 5 above. Referring to the Fusion QbD

experiment design, edit the GC method to reflect the level settings of the variables in

Run No. 1.
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8. Execute the ‘File | Save with Method Set...” operation to save the GC Instrument

method, and its associated Method Set method, with a recognizable name and a Run 1

extension. In this example we will use the name “Fusion GC Study 001”.

n| & GC Method 001 in SMD2019 as System/Administrator - Instrument Method Editor
File | Edit View Help

New Ctrl+N
Open... Ctrl+O
Save Ctrl+S
Save As...

Save with Method Set...

Exit

ature 1 Solvents 1 Channel I

0. Repeat Steps 7 and 8 above to generate the Instrument Methods and associated

Method Set methods required for all the experiment design runs. It is best to do this in

the sequential order of the experiment design — for example:

Fusion_GC_Study_001
Fusion_GC_Study 002

Fusion_GC_Study 007

Note — doing this in sequential order minimizes mistakes, and supports ease of
association of the methods into the associated Sample Set method constructed at the

time of export from Fusion QbD.
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Edit the Sample Set Method within the CDS

1. Select the Sample Set method which Fusion QbD constructed within your target

Empower project, and open it for editing.

(515 Matri ADLVADL Template Project as System/Administrator - Project - o ®

Eile Edit View Jools Database Help
| =] 0| SN 6] ) Eal@|@)

il |

Filer By [Defaul v EdtView | Updste | MaxRows: [1000 M ﬂ ﬂ ﬂ

4]* | sample Sets | injections |Channels| Methods [Result Sets |Results | Peaks | Fractions | Sign Ofts | Curves | view Filters |Custom Fields | Audit Trails |

Method Name Method Type Method Date Method Id 0l id -

.

2 Acquity H Class QDa 1 Base Method Set 8/15/2019 3:31:00 PM EDT 1019

3 Alliance 1 Method Set B/5/2019 3:36:46 PM EDT 1031

4 Acquity 1 Base Method Method Set 8/15/2019 3:31:00 PM EDT 1022

5 Acquity H Class QDa 1 Base Instrument /1572019 3:31:00 PM EDT 1000

L] Adiance 1 Instrument /1572019 3:36:31 PM EDT 1020

. .
7 total

2. For each experiment run (row) in the Sample Set method, use the Instrument method

list boxes within the ‘Method Set / Report or Export Method’ column to exchange the

LC instrument method for the GC method you constructed in the previous section.

o] GC Test 001.1 in SMD2019 as System/Administrator - Sample Set Method Editor - o X
5] 18] 215 ], 73] I aopyTote twcrs orerSememr =]
e e e el B = ot o oy | | S
i fool i formisa]: i
3. Confirm that the run times and injection volumes match the experiment method

requirements, and your method times, and save the edited Sample Set method when

the exchanges and edits are complete.

IMPORTANT

You should carry out a column conditioning run to bake your column prior to starting
your experiment run. You will also need to manually insert rows column conditioning
with appropriately constructed conditioning methods as required to support changes
between experiment runs.
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Run your Experiment within the CDS and Import Your Results

1. Prepare your GC system. Load and execute the Sample Set in Empower.

2. After running the experiment on the GC, process the completed Sample Set into a

Results Set using an appropriate processing method. Review the processed results to

correct any integration issues.

3. Launch Fusion QbD and access the Fusion Product Development module.
4. Open your experiment file, and access the Data Entry View.
5. Select the '"Testing Design (1)' tab, and import your experiment chromatogram results

for analysis and visualization.

T Fusion Product Develapment - GC Study 1smae

File Edit Activity Tools Window Help

Design of Exj ents
+ Create 8 Design

janse Linit

DDE B & |8 + CresteTesting Design = Delete Testing Design 9 Create Response 11 Response Reductions & Export | & Import Responses | @

™ Lower L

I Upper Lt Testing Desi

+ Design Reports [
Data Entry /Analysis

ar

s |

¢=Resporse <= | [Stendard LC

» Data Analysis
BestAnswer Searches

[~ e Jon | fes fro |

Visualiz:

> Muliple Res

Reporting Toolkit
+ Fusion Reporter
» Audit Log Reporier

FIn|

=

[

Experiment Design Testing Design (1

Ready

madiied

Note — refer to the Empower Data Exchange module under the Help menu in Fusion

QbD for tips with integration and the Fusion QbD import operation.
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