GPC SOP

1) open the Agilent GPC by going to start all programs, then to the Agilent technologies , Agilent GPC and select
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To create a new workspace for your analysis, click the tab New

Open Workspace
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You will now be prompted with the window below and you can give a name to your workspace e.g. gpc Triple.
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Instrument Control

The Instrument Control View is accessed from the View menu, Figure 3.
View | Samples Chart Integ
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=1 Information Pane

Reload Default Layout
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Figure 3 Accessing the Instrument Control view from the menu

Alternatively,

|
= gpc Triple
Now Click on the Icon and this opens the above window. Now select your instrument by high lighting the Icon gpc Triple & OK
This will take a few moments to populate with the instrument control window as seen below (Figure 4).

Select the Instrument to connect to and click ok, upon connection the software will automatically synchronize with the current system parameters.

2.1 Overview of Instrument Control View
The Instrument Control View has two main sections, the Instrument Dashboard and the Injection Sequence.



gpc Triple - Agilent GPC/SEC Software o[- ]
Hwompa:e View Instrument Method Instrument Control Device Control  Help Control

Al Bl||rold £ |

Q0 & Not Ready Q9 i Idle DN © @ iV Idle BN © Q@ V] Idle BN © @ & Standby I © © & Not Ready

@) @ ‘ i A% B = @ .
™ = 100.0uL %@_

q I 0.000 mL/min
(4] ] 50mm

218°C

Dashboard tnsrument P G @ 00 o

& Injection Sequence z
PBEFawas|lEtEslve 8 v @

[ [ Batch Name | sampie Name | sample Concentration (majmL) [ Trigger | injector | Vial Location [ Method | Injection Voiume (uL) | Sample Information | ]

Injection Sequence

4[]« ] Record 0 of 0 [ ][] [(#][=][=][][x

Ready | %1¥: ||| Instrument connection initialised || Method: (Not Downloaded, Not Saved)
| = CERCR R T -]

Figure 4

Instrument Dashboard

The Instrument dashboard will show all components of the 1260 Infinity Bio-MDS System with their current status.
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The dashboard will highlight the component status with a colored status bar. When in a Ready state a green bar will appear, a Not Ready state is yellow; if
there is an Error they will appear red. The global status is shown on the bottom right.
Placing the mouse cursor over the yellow bar will provide information on why the system is Not Ready, i.e. if the column oven is heating.
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Figure 1 Dashboard tiles in Not Ready state

Icons show what action(s) the detector is currently performing:

Heat off Heat on

UV lamp off s

Laser off Laser on

Purge off @ Purge on

Balance off == Balance on
More detailed information can be seen by maximizing the dashboard tiles

UV lamp initializing

FiHe &

UV lamp on



Purge the pump line to remove old solvent. (Necessary when changing the solvent/ Bubble in line)

1) Open the pump purge valve anticlockwise.( Only loosen it, don’t open it complete.

2) Right click on the Quat pump and give flow of 5 ml, select all 4 ports and increase the flow gradient to 100 from advance menu=» Click OK.
3) While purging the pressure of the pump should be near to Zero, if pressure of the pump is high during the purge, frit needs replacement.
4) Select port one by one and purge at least for 2 minutes each port.

5) Once purging is done reduce the flow to 0.1 ml then reduce the flow gradient to 0.1

Creating instrument methods/ Loading any existing method.
Upon connection the software will automatically synchronize with the current system parameters. Edit the method from the Instrument Method — Edit
Method

Instrument Method | Instrument C

[i] Default Sample Details

“% Mew/Defaults

3 Edit Method

© Load

Save

Ey  SaveAs..
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Upload From Instrument

¢, Download To Instrument

Or in this case Select New Method; you’ll now be prompted with a new window as seen below:



Instrument Method | Instrument Ce
§m Default Sample Details

i-@ New/Defaults
[ | a Edit Method
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Save
a
b Savehs.
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h
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Instrument Method = e =)
R [vs  [is  [iso.Pump [ Sampler [VWD |
RI (G7801A)
Temperature Advanced
Signal Polarity Autozero
® Not controlled
- ® Positive (+ Prerun
BE c & Positive (+) =
* Negative ()
Sampling Rate
Enable Analysis
1tz - .
© With any temperature
Purge Time © When temperature is within
6] s =10[5] ¢
Automatic Purge
Stop time Posttime
P [ Automatic purge
® As pump/injector ® oFf =
Purge time 601 s
10002 min s 00
Wait time 0002 min
Advanced Parameters
Zero offset (mV) O mv
LED power (% of Full Scale) 100}%
Signal gain 1.001
Signal time constant 1oz =«
Help | [ OKand Download | [ ) [ Cancel |

Now populate each instrument module starting from the Rl detector.




Refractive Index Detector (RI)

Instrument Method =] @
R [vs  [1S  [Iso.Pump [ Sampler [vwD |
RI (G7801A)
Temperature Advanced
Signal Palarity Autozers
@ Not controlled
W e @ Positive (+) [ Prerun
@) Megative (-)
Sampling Rate
Enable Analysis
1Hz -
() With any temperature
Purge Time @ When temperature is within
601 s 102 =
s X P Automatic Purge
top time ost time 1] Avtomatic purge
@ As pump/injector @ Off —
Purge time 0 =
1000 2| min <] 000+ min
Wait time 0.002 min
Advanced Parameters
Zero offset (mV) 05 mv
LED power (% of Full Scale) 1002
Signal gain 1005
Signal time constant 103 s
| Help | \ 0K and Download \ | QK \ | Cancel |
Important parameters
Setting Comments
Temperature Not controlled will turn the heaters off. Setting a temperature will turn the

heaters on and the RI will start to heat to that temperature, 30 — 60 °C

Stoptime Set As Pump/Injector to ensure collection time synchronization
Enable Analysis If set to When temperature is within then the run will not start until the RI
detector temperature is within those limits




Viscometer (VS)

Instrument Method

[T

| 150. Pump | Sampler [ vwD |
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Stop time
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@
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[ Hep ] [ OKandDownload | [
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Important parameters

Setting Comments

Temperature Not controlled will turn the heaters off. Setting a temperature will turn the
heaters on and the Viscometer will start to heat to that temperature, 30 — 60 °C

Purge Time A Viscometer has larger internal volumes than standard detectors, will require
longer purges

Stoptime Set As Pump/Injector to ensure collection time synchronization

Enable Analysis

If set to When temperature is within then the run will not start until the

Viscometer detector temperature is within those limits




Light Scattering Detector (LS)
Instrument Method ’?‘@

[ Jus |15 [kso.Pump [ Sampler [ vWD |

LS (G7803A)

Temperature Advanced

Laser

@ . ..
@ Mot controlled Laser on required for acquisition

WE ¢

Laser power (%) 1005 =%
Sampling Rate
Enable Analysis
1Hz -
() With any temperature
Stop time Post time @ When temperature is within
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10,00 = min [&] 0.00 =] min

| Help | \ 0K and Download \ | QK \ | Cancel |
Important parameters
Setting Comments
Temperature Not controlled will turn the heaters off. Setting a temperature will turn the

heaters on and the LS will start to heat to that temperature, 30 — 60 °C

Stoptime Set As Pump/Injector to ensure collection time synchronization

Laser If selected the run will not commence until the laser is on and ready. The laser
power can be adjusted to suit analysis. Important, the detector constants must
be recalculated if the laser power is changed




Enable Analysis

detector temperature is within those limits

If set to When temperature is within then the run will not start until the LS

Now the pump (Quat Pump)

Instrument Method = ==z
[m [vs [is |Iso.Pump |Sampler [vWD |
Iso. Pump (G1310B) mm mm
Flow Advanced
1000 | mLemin Timetable [empty)
[7] function centric view
e el ¢ am R e
A | THE 000 1000 1.000 120,00
Pressure Limits
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@ As Injectar/Mo Limit @ o
[ 4 |[ FRemove |[ Claal |[ ClaEmpy |
[ ow [ comw [  Pae ][ shitTimes | in
[ Help ][ OKandDownload | [ 0K | [ Cancel |
Setting Comments
Flow Set the flow rate (mL/min)
Solvents Set the solvent composition and what channels should be employed.

Important, SEC is always isocratic. Enter the buffer name and it will be stored
with the sample.

Pressure Limits

to the column guide.

Stoptime
Posttime

The length to collect data
The length after the data is collected before the next injection starts. This is

SEC columns typically have lower pressure limits than standard HPLC. Refer

useful when using a Viscometer to allow the delay peak through.




Compressibility To ensure a smooth flow, enter the correct compressibility setting. For
aqueous 46 is recommended.

Maximum Flow Gradient Reduce this to 0.5 mL/min? to increase column lifetime and ensure detector
stability.

Now the Auto Sampler (Sampler)

Instrument Method '?‘@
‘ RI |VS | LS |]jo, Pump| Sampler | ywD

Sampler (313298) mm
Injection Mode Advanced
Injection wolume: 100,00 2| pL Auiliary =l
@ Stendard injection Diaw speed 20012 pl/min
' Injection with needle wash Eject speed 200 = pldmin
Weedie wash Draw position: 005 mm
Lacation: High throughput
Stopiine Postline [] Enable Optimization =
‘\:;‘
~1 s Pump/Ho Limit @ o
@ 3500 5 min 2] iy minutes after [njection
[ Hep | [ OKandDownload | [ 0k | [ Concel |
Setting Comments
Injection volume Set the volume to be injection onto the column

Stoptime Set As Pump/Injector to ensure collection time synchronization




Column compartment (TCC)
' Instrument Method ?@ |

Viscometer I DLS | Quat. Pump I HiP Samplerl Celumn Comp. | DAD

Column Comp. (G1316C)
Temperature Advanced
Left: Right:
} . Enable Analysis
-- Mot Controlled . Mot Controlled . 1 when front deat open
= W0 T t Left Right
71 s Detectar Cell ) s Detectar Cell ) _
- * wilh any temperature @) With any temperature
@ Combined _ 3
@ ‘When lemperalure is within @ ‘When temperature is within
Stoptime Posttime + 08 °C + 085 °C
@ As Pump/Injector @ oif
Timetable [empty]
| Help | | 0K and Download \ | 0K \ | Cancel \
Important parameters
Setting Comments
Temperature If a temperature is set, the oven still requires turning on. On the dashboard tile

right-click and turn oven on.
Select Combined to ensure column oven temperature consistent across oven
Stoptime Set As Pump/Injector to ensure collection time synchronization
Enable Analysis If set to When temperature is within then the run will not start until the column
compartment temperature is within those limits

Once all parameters have been set the parameters can be sent to the instrument by selecting OK and Download. The method can then be saved Instrument
Method — Save As. The method that is currently on the system is displayed on the lower right of the screen “see below”



Instrument Method | Instrument Ce

; Ll_l Default Sample Details
i oy Mew/Defaults 3
B £} Edit Method
@ Load
Save
E  Save As... :
#,  Upload From Instrument |
¢, Download Te Instrument |

Now go to Instrument Method and click Save As..

Save Instrument t Method ===

- 1. gpe Triple

Method.in...

File name: gpe Triple
Files of type: Instrument it Methed File (*.instmethod)

High Light the gpc Triple Method and type in the file name and Save.



Instrument Control | Device Control  Help
Connect To Instrument.., B
Initialise Instrument Connection

=7 Terminate Instrument Connection

s Select Monitor Itern(s)

Start Run
Start Sequence

Abort Run

Now go to Instrument Control and select Monitor ltems(s)

Menitor Signal Selector @

RID 1: MDS RI Signal
[] RID 1: MDS RI Temperature

[] RID 1: MDS RI Sum Value

VISC 1: MD5 VS DP Signal

[] wISC 1: MDS VS IP Signal

[ WISC 1: MDS VS Temperature

L51: MDS LS 907 Signal

L51: MD5 LS 15° Signal

[]L51: MDS LS Termperature

[] Purnp 1: Isc. Purnp: Pressure

[] Purnp 1: Isc. Purnp: Flow

| K | | Cancel |

Place a tick in the appropriate box(s) to see the signals from these modules. Then drag the monitor signals screen to the bottom right hand corner by
clicking on the left hand side of the mouse and fixing the screen to allocation tabs in the centre of the window below.



Preparing the Detector

e Once the desired pump flow is reached and column is saturated, now RID and Visco Detector needs to be stabilised.
e Maximise the RID, LS and Visco Pane to see the detector values.
e Right click on the Rl and purge the Rl Detector reference cell for 10 minutes and repeat this step 3 times.
e Purge the Visco DP and Purge Visco IP 3 times to 10 minutes each.
e Autozero the Rl and Visco both.
e Once the detectors and all the modules are ready and baseline is stabilised, system is ready for further use.
o If the system is completely stabilised and no run is in progress, Waste flow can be recycled if necessary.
e Reminder: remove the waste tubing from the Solvent bottle before starting the sequence. (if Recycle is done)
EH gpc Triple - Agilent GPC/SEC Software [=Tre =]
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Creating the Sequence.
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[ [atch Name [ sample Name | Sample Concentration (mgjmL) | Trigger | Injector | Vial Location | Method | Injection Volume (L) | Sample Information | |

2728

525 53 545 55 555

7 55.5
Time (minutes)

] recorat oro PR B EIEIEE 55515 L5 907 Sl [ R 150 Rt gl |15 17 OB U5 157 gl | 103 VS 0 |

Ready.
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1349
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Now we need to input the samples that are going to be collected. This is done in the Injection Sequence Screen.

Click on the green button at the bottom of the Injection Sequence screen and the following window pops up.



% Injection Sequence Py =)
= O/’ dada 2| EEEDHE >&E| = @@
|’ Batch Mame | Sample Mame | Sample Concentration {mg/mL) | Trigger | Injector | vial Location | Method | Injection Volume {uL) | Sample Informaton |
IL 16.07.2013 1.000 Extermal Als wial 1 100,00
Record1 of 1 [*][=][=][+][>

This can be populated by the number of samples that are going to be collected, in this case 6 samples by pressing the button 6 times.
Click under the Trigger tab and select External if autosampler is connected for each sample.



&3 Injection Sequence I Ed

= 0O e EEE =S o & e | o
[ | Batch Name | Sample Name | Sample Concentration {ma/mL) | Trigger | tniector | wial Location | Method | Injection Wolume (uL) | Sample Information | 1
# |16.07.2013 Ps 200K 1.000 {External Als wial 1 100.00
16.07.2013 Easivial Red 1.000 MNone 100.00
15.07.2013  Easwial reliow 1.000 100.00
15.07.2013 Easivial Green 1.000 100.00
15.07.2013 Unknowern 1 Z2.000 100.00
15.07.2013 unknown 2 2.000 100.00
=

Wi ||+ |[ < | Record1 of 6 [ |[][][=][— || = |[~=][><]

Then Click under the Method Tab next to the Vial location tab and the screen next to the injection sequence below will pop up.

a Injection Sequence +B Please select the method file @
PO EEEIDe @ ® @
= S e . gpc Triple
| Batch Name | Sample Name | Sample Concentration {ma/fmL) | Trigger | Injector | Vial Location | Method | Injection Volume (uL) | Sample Information |
¥ |16.07.2013  PS 200K 1.000 External Al vial 1 [ 100.00 Method.n..  gpc
16.07.2013 EasiVial Red 1.000 External Als Vial 2 100.00 Triple.inst...
16.07.2013  EasiVial Yellow 1.000 External Als Vial 3 100.00
16.07.2013  EasiVial Green 1.000 External Als Vial 4 100.00
16.07.2013  Unknown 1 2.000 External Als Vial 5 100.00
16.07.2013  Unknown 2 2,000 External Als Vial & 100.00
File name:
Files of type: Method files (*.instmethod]
| Open | | Cancel |
Time {minutes)
#e|[««][«] Record1 of 6 [» ][][wm][+](=|[=|[«][x] LS 1: MDS LS 90°Signal |RID 1: MDS RI Signal |LS 1: MDS LS 15° Signal | VISC 1: MDS VS DP Signal

High Light the gpc Triple Instrument Method and click Open to load the method.



&Injecﬁon Sequence

BOFALuc | EEEI RO ® Q e
...... gpe Triple
Eabd1Na'ne|SaTﬂeNa'ne|SaTdeConoa1haﬁon(mgfrri.}|Tﬁgger |D1jecbor|V|aILo<zﬁon|Meﬁ'\od|mjecﬁonVokmeM)|SaTdelnfomaﬁon| -]-| .
| #[16.07.2013 PS5 200K 1.000 External  Als vial 1 [ 100.00 Method.in... [IIEE
16.07.2013  EasiVial Red 1.000 External  Als vial 2 100.00 Triple.instme
16,07.2013 Easivial Yellow 1,000 External  Als vial 3 100,00 e
16.07.2013  EasiVial Green 1.000 External Als Vial 4 100,00
16.07.2013  Unknown 1 2.000 External Als vial 5 100.00
16.07.2013  Unknown 2 2,000 External Als Vial 6 100,00
File name: |gpc Triple |
Files of type: [Method files (*.instmethod) ~
ﬁ_ Open _ﬂ [ Cancel ]
Time {minutes)

(4] «][ 4] Record1 of6 [ ][w][m][+] =][+ |[]

ﬂ |Ls 1: MDS LS 90° Signal | RID 1: MDS RI Signal [LS 1: MDS LS 15° Signal |v15c !.:mS\FSEPEig'\d|




.3] Injection Sequence

= O FE 52 Ea 15| E dE = o = & e o

|' Batch Mame | Sample Mame | Sample Concentration {mg/fmL) | Trigger | Injector | Vial Location | Method
¢ | 16.07.2013 PSS 200K 1.000 External Als wial 1 WProgramDatalagilent Technologies\GPC\Instrumentsigpc Triple\gpc Trip
15.07.2013 Easivial Red 1.000 External Als wial 2
15.07.2013 Easivial vellow 1.000 External Als wWial 3
156.07.2013 Easivial Green 1.000 External Als vial 4
15.07.2013 Unknown 1 2.000 External als vial 5
15.07.2013 Unknown 2 2,000 External Als wial &

4 (|44 || 4 | Record 1l of 6 IIIIE“EI EIEI |2

Copy down the method to each sample as shown below and select Icon

3% Injection Sequence SR EE
= O e E S e ETE| eS| e o
[ Batch Mame | Sample Mame | Sample Concentration (mg/mL) | Trigger | Injector | vial Location | Method | zrie
» | 16.07.2013 PS 200K 1.000 External Als wvial 1 DWrogrambDataagilent Technologies WGP C\Instrumentsigpc Triple\gpc Triple.instmethod E'

15.07.2013 Easivial Red 1.000 External Als wial 2 C:'WProgramData\Agilent Technologies \ GPC\Instrumentsigpc Triple\gpc Triple . instmethod
16.07.2013 Easivial vellow 1.000 External als wial 3 C:WProgramData\agilent Technologies W GPCInstrumentsigpc Triple\gpc Triple . instmethod
15.07.2013 EasiVial Green 1.000 External Als vial 4 C:\ProgramData\agilent Technologies \GPC\Instrumentsigpc Triple\gpc Triple.instmethod
15.07.2013 Unknaown 1 2,000 External Als wvial 5 C:\WrogramData\Agilent Technologies \GPC\Instrumentsigpc Triple\gpc Triple.instmethod
15.07.2013  Unknown 2 2.000 External Als wial 5 C:'WProgramData\Agilent Technologies \GPC\Instrumentsigpc Triple\gpc Triple . instmethod

e[+ ][« ] Record1 of6 [ [ ] [==][— | =] [~ [z [ <][ L




Injection Sequence

o . |k | . . .
This injection sequence can now be saved by clicking on Icon and typing the file name gpc Triple as shown below

Click Save

This section enables definition of all samples and/or calibrants to be injected into the system. It is good practice to include as much information as is known
as this information in stored within the sample data file and can always be referred to at a later date

&Injech’nn Sequence T@ Save @
’ i =+ ¥ 2 | ¢
OlFaaczl€EEE@e > » o
- - |, RunQueueTemplates
| Batch Mame | Sample Name | Sample Concentration {mg/mL) | Trigger | Injector | Vial Location | Method | Inje
b |16.07.2013  PS 200K 1.000 External Als Vial 1 C:\ProgramData‘\Agilent Technologies\GPC \Instruments\gpe Triplelgpc Triple.instmethod E‘ GPC GPC samples
16.07.2013  Easivial Red 1.000 External Als Vial 2 calibrants... BtoElrg
16.07.2013  Easivial Yellow 1.000 External Als vial 3
16.07.2013  Easivial Green 1.000 External Als vial 4
16.07.2013  Unknown 1 2,000 External Als vial 5
16.07.2013  Unknown 2 2,000 External Als vial 6

File name: gpc Triplel
Files of type: Agilent GPC/SEC Software Run Queue (*.Irg)

|\ Save | | Cancel |

Time (minutes)

Record 1 of 6 [» |[w] (] (#][=][=][+[¢ | " |L5 1: MDS LS 90° Signal |RID 1: MDS RI Signal |LS 1: MDS LS 15° Signal |v15c 1: MDS VS DP Signal |

Example Injection Sequence




Key icons

Icon Command Description

+ Append Add a single line to injection sequence

B Delete Delete highlighted row from injection sequence

B Add Multiple Runs Displays dialog to define number of samples to add to sequence

@ Promote Run Moves the selected run up one row in the sequence

e Demote Run Moves the selected run down one row in the sequence

E Save Injection Sequence  Displays Dialog in which the sequence can be named and saved
-

Open Injection Sequence Load an existing injection sequence - replacing the current

Now go to Instrument Control tab and click Start Sequence. This will start the data collection of the 6 samples.

gpc Triple - Agilent GPC/SEC Software
Workspace View Instrument Method | Instrument Control | Device Control  Help

;_i A lﬁ ﬁ |é | | | % Connect To Instrument...

Initialize Instrument Connection
- LS ? :
< Terminate Instrument Connection
8@ 0 Idle - 4 Select Monitor Item(s)
Start Run
Nt S £ s
™~ @ - M  Start Sequence
- -
Abort Run
~ F A" ~~ -

The following screen will be shown



T apc Triple - Agilent GPC/SEC Software

e [ <=

Workspace View Instrument Method  Instrument Control

Device Control

Help

IEY T A== |
- s -
D @ & Prerun I >
ML [ B ] —n
- - L @:_ =
/, T \'*-... —_—===
23.6 °C 22,0 °C

& Injection Sequence

= O | /& | & & = b o

& |

-

= Prerun I o @ & Not Ready

22.3°C

> 20| | o

100.0pL

| e

[ | Bateh Mame | sample Hame | Sample Cancentration (mg/mL) | Trigger | Injector | vial Location | Method
Als Vial 1

» [18.07.2013 s 200k 1.000 E

C:\ProgramDatalAgilent

Tripleigpe Triple,
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gpc Triple - Agilent GPC/SEC Software (=2 =<
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Figure2

The 1%t sample has finished highlighted in grey. The system will continue until the last sample has been injected.

The Injection Sequence will always run in order, starting from the first non-completed run.

Figure 2 shows an example sequence, the initial run has been completed and are now grayed out, the data will be viewable in the Analysis View. These
lines cannot be rerun, a new line will need to be added and the details can be copy and pasted if required. To remove these completed lines from the
Injection Sequence highlight and Delete.

The next run will highlighted in green while running, the data for this is being collected and will be viewable only once the run has completed. No cells can
be edited at this point.

The lines with a white background are the next to be injected, all entered information can still be edited. If a sample is added at the end of the sequence
but is required to run sooner, Promote run to the top available slot.



Processing of GPC Triple data

Click on the Icon i and your data for the 6 samples will be in the workspace under samples ready to be processed.
Alternatively you can import samples collected previously or load other workspaces in this analysis View.

gpe Triple - Agilent GPC/SEC Software | G|
| [ Workspace wiew Samples Chart Integration Cglumn Calibration  Method System Calibration  Analysis Help Analysis
1B A IEEIRIE =T
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The Analysis View has three main sections, the Workspace Sample List, Sample Chromatogram Window and the Sample Information Window. Once a
sample has been analyzed a fourth section will be added, the Data Results Window.




Highlight the sample PS 186,000, as shown above, and the right side of the screen will show the raw data. This sample will be used to measure the Detector
Constants for the RI/LS & Viscometer and the Inter-detector Delay (IDD).In general this sample should be between Mp 60,000 to 200,00.

lid|

Now put in the base line by clicking on the Icon and clicking on the raw data
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Then put the integration area by clicking on the Icon it and click and drag the area around the sample peak.
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Now click on System Calibration, Advanced, Define System IDDs

System Calibration | Analysis Help
K Calibrate... i

| Advanced ||1._1 Define System IDDs...
=4 Print...

Calibrate Concentration Detector...

Calibrate Light Scattering Detector...
Calibrate Viscometer...

XA A

Import Systern Calibration...




And the following window comes up

i i

Reference Detector

Detector Type |LS 90° ~]

Uncorrected Peak Max RT

i Detector Type Uncorrected Peak Max RT {mins)
* |RI
LS 90 17.87
WS DP 13.17
IDDs
[ Detector Type Current {secs) Mew {(secs)
» |RI
WS DP 0.0 -18.0
Comments
Previous | [ Finish §| [: Cancel ] [ Help :]

Click the Finish tab



Now we need to generate from this sample the detector constants for each of the detectors
Click System Calibration, advanced & Calibrate Concentration Detector as shown below

Systemn Calibration | Analysis  Help
:f{ Calibrate... "

Advanced » | g3 Define System IDDs... L
i i Print... K Calibrate Concentration Detector...
Calibrate Light Scattering Detector...
K Calibrate Viscometer...
| | ':'f Import Systemn Calibration... i
The following screen pops up
e [ =
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This screen needs to be populated with the following information for this sample.
Conc of the sample, dn/dc of PS in TCB is 0.053, Rl of TCB is 1.571, Flow rate of Pump and injection volume

Systern Calibration [T | =]
Concentration Detector Parameters
Concentration |1.130 (gl
dn/sdc  |0.053 L gl
Y Extinction Coefficient 1.0 ML gy o
Experiment Parameters
Refractive Index  |1.571 (RIUD
Floww Rate 1.00 ML mmind
Injecticon YVolurme 200,00 ()
Comments
i Finish 1 [ canca | [ Help )]

Click Finish now

Now we need to calibrate the LS detector
Click System Calibration, Advanced & Calibrate Light Scattering Detector



Systern Calibration | Analysis  Help
K Calibrate... il

Advanced »

= Print...

Define Systern [DDs...

Calibrate Concentration Detector...

Calibrate Light Scattering Detector...

Calibrate Viscometer...

a3y (x| By B

Imnport System Calibration...

Following screen comes up
Sy stern Calibration [ | =]

Light Scattering Detector Parameters

| Detector type Concentration ]
Calculated Concentration (rmgs/ L) = R
rclar Plass |1 [f=Raat=1)]

Laser Wawelength 550 )

Comments

E Fini=h i Cancel 10 Help 1

This screen now needs to be populated with the Mp 186,000 as shown below



Systern Calibration | =]

Light Scattering Detector Parameters

[ Detector type Concentraton 1
Calculated Concentration (ma/mL) | g1 e
PMolar Pass | 1S6000 (g mol)
Laser Wawelength 650 [Galaa)]
Cormments
li Finish 1 [ <ancel 1 Help 1

Click Finish
Now we need to calibrate the Viscometer

Click System Calibration, Advanced & Calibrate Viscometer



Systern Calibration | Analysis  Help
K Calibrate... H

Advanced »

= Print...

Define Systern IDDs...

Calibrate Concentration Detector...

Calibrate Light Scattering Detector...

Calibrate Viscometer...

e

Import System Calibration...

The following window pops up

Systern Calibration [T | [(em-]
Wiscosity Detector Parameters
|‘Det\ecbor twpe Concentration \l
Calculated Concentraticn (mogs/rml]) RI 1.130
[1] Use Constant Inlet Pressure
Inlet Pressure (kPa)
Enown IV (dLs/g) |1.000 CdLs gl

Comments

| Finich H |: Cancel :| |: Help :|




This screen needs to be populate as :
IV is provided for this sample as 0.649 and the Inlet Pressure reading is obtained from the instrument read out (24.9KPa).

Systern Calibration [T | (=]

Viscosity Detector Parameters

| Detector type Concentration ]

Calculated Concentration (ma/mL) | g1 130
Use Constant Inlet Pressure
Inlet Pressure | 24.90 (kPa)
Known IV (dLsg) |0.649| L gl
Comments
I Finish 1 [ cancel ] Help )]

Click Finish

We can now look at the constants generated in the Information window below



[Ei Information PRN |

Do | Ko csboeo | s | Ik o | i ese I

=

Mame | Value | 5
¢ | IDD
| = Detector Constants
] K (RI) (RI) 5168.741
] K (LS 15%) (RI) 9672.021 =
1 kessom (RT) 35068,965
1 kwsom D) 1.046
B Entered Parameters For Concentration L

Entered Parameters For LS

Entered Parameters For Viscometer
System Calibration Information

[+ Concentration Reninns

| %:|¥: ||/Idle | Method: (Not Downloaded, Not Saved)

Now let’s process the unknown samples and start with PE Sample 1
Highlight this sample and set base line and integration area as before:
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K5 909 RI) 36068.965
K5 DP) RD) 1.0%6
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Now go to Analysis, Calculate Triple Distribution as shown below

Analysis | Help
LS Calculate LS Distribution

¢ Calculate GPC Distribution
Calculate VS Distribution
Tri Calculate Triple Distribution

Becalculate

BErint 3




The following screen pops up

1 .

[r] 1[rs

-47.119)

Concentration Options
FE EEmpE 2 Entered |2, (mg/ml)  [] Calculated (mg/mL):
lell
1e10
% Sample Parameters
Entered
1.
dn/de (mL/g) g
1e8
Experiment Parameters
E [¥ILS Calculation Options
T 1e7 *. - -
= Y P!
=
H N, ¥ Triple Calculation Options
1e6 Comments
1e5
(| Concentration Source

8
Time (mins)

Print Preview Report..

| Prevoos | [ Next [ concel | [ Hep |

Click the Next button and the following screen pops up



Triple Analysis Wizard - PE Sample 1 - Peak 1 | [ el

[ wiData | Exthawi Dsrbuton Data | 1v bata || Ro &Rh Data | MerkcHouink | g Conformaten | [ peak tnformaton | partal mm ot |
MW Fit Sub-Region
=
PE Sample 1: 1 Polynomial Order  1(2]  Fitted curve: Valid
1810 120 y=-03057x+ 1094
[/ 115
[ \\ 1o Stat| 15130 (ring End | 2130 (ming
/ \ iz Partial Zimm Plot Setting
1le9 T \c 100
| \ s Time | 1815F] (ming
! \ 90 -
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e \ a0 stat| 153 (ming) End | 2L30[Z] (ming)
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“w \ - T .
| S 65 | [rme Gin) [ (ojmol) [ weighting Factor |
le7 50 m
55
50 5
= 45 & =
o - 4]« ][] Paint 0 of 0 [ | | | ][~ ][+ ][%
3 le H
= ;Z g MW Extrapolated Fit Calculated Statistics (g/mol)
= w2 MW 354057 Mn 140023
= Mp 173042 Mz 791066
1e5 is Mz+l 1214750 My 675488
10 253
z Structural Statistics (Rg)
— = Rgw 10 Rgn 02
10 Rgp 03 Rgz 49
-15 Rgzel 115
P ;2 Structural Statistics (Rh) [Derived]
1e3 s Rhw 172 Rhn 105
35 Rhp 120 Rhz 263
a0 Rhz+l 330
Le2 ;: Structural Statistics (V)
145 15 15.5 16 16.5 17 17.5 18 18.5 19 19.5 20 20.5 21 215 22 Tow 087 n 053
Time (mins) p 0.62 Wz 128

Tzl 158

o Log MW Points/v] — RI LS 15° v — L530° v — V5DP ]

Previous | [ Finish

Bl - 9o w78 ¢ s

Cancel || [ Help |

Set the data fit limits — do not include the upturned part of the data which is created by weak signal from the LS detectors, Move the limits on the above
screen so that the blue line is close to the linear red as above. Data is processed in the yellow area.
Then click Finish button and the following screen will be shown.
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|= Information
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28
T ——
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™0
) Detector Constants
KRD
K{Ls 159
KiLs 90%)
K5 DP)
ntered Parameters For Concentration

ntered Parameters For LS
ntered Parameters For Viscometer
System Calibration Information

[ Concentration Remions

{RI) 5168.741
(RI) 9672.021
{RI) 36068.965
RD) 1.0%6

The Triple GPC analysis results are shown as below.

|| 30,02 mins | ¥1: -30.653 mV | ¥2: 24 MW
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Run Length: 35 mins |
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ﬂ PE Sample 2 PE Sample 1 0.6 | 1 [ oo
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ﬁvmt:pacenemisl KSysthaiianeaaisT i swEDeaaisle‘,_Paakmrnmaam] 7] Triple Analysis Results

The above procedure is also applicable for RI/LS detector options also.

012 i v 0306 v 121 | e




For generating a Universal Calibration we need to perform a column calibration using well chacterised polymer standards.

Generating Universal Calibration

In this example we will use four PS EasiVial Mix standards.
Highlight the first standard file to be processed, as shown below.

gpe Triple - Agilent GPC/SEC Software

[

[[ Workspace View Somples Chart Integrotion Column Calibration Method _System Calibration _ Analysis _Help

Analysis |
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Now set the base line and the integration areas on the peaks as shown below
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=
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Then go to Column Calibration and Select Create Column Calibration

Column Calibration | Method

X

Swstern
Create Column Calibration... |

Add to Current Calibration
Extract Colurmmn Calibration
Import Column Calibration...

Select Current Calibration

e ARG

Display Options




The window below will pop up

Create Column Calibration [ | =]

Calibration Type
@ IGPE Marrow Standardi ) Universal

Calibration Informatiomn

Concentration Detector RI
Sample Name PSS 2 2900000 20300
Calibration Mame 201207 -17-001
Cormments GPC Colurmn Calibration created 17 July 2013 by rbhardwa

Mar k- Howuwwinbc
K {((10e-53 dlLsg} 14.200 Alpha 0700 FRM RT (rmins]) 0000

Assign Peak Molecular Weights

[ Max. BT (mins) | Peak raww )|

> 14,63
19.380 30300

[ oK ] [ cancel ]

Select Universal Calibration as shown below

Calibration Type
() GPC Marrow Standard C

Then populate as below by inputting the Mw values for both peaks with their corresponding accurate Molecular weights.
This will automatically generate the IV values for both peaks.
At this stage you can type in a Calibration name for this calibration. In this example we have called it Universal.



Create Universal Calibration @

Calibration Type
() GPC Marrow Standard (=) Uniwversal

Calibration Information
Concentration Detector RI

Sample Mame PS5 2 3900000 30300

Calibration Mame Uniwversal

Comments Uniwersal Calibration created 17 July 2013 by rbhardwa

FRM RT (rnins}|0.00

Assign Peak Molecular Weights

| Max. RT {mins) s | Peak MWW | Concentration {mg,/mL)} | IV {dLjg)

14.63 3900000 0. 500 5.240

r Ok | [ Cancel |

Then Click OK tab to show the window below
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Now highlighting the 2" sample and put base line and area integration for both peaks as with the 1t sample, and then go to Column Calibration tab and
select Add to current Calibration

Celumn Calibration | Method  Syster

’E LCreate Column Calibration...
| |.1'§ Add to Current Calibration |
Extract Colurmn Calibration

Import Column Calibration...

Select Current Calibration

® R 05

Display Options




This will generate the following window
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As seen above the 4 point calibration has been performed. Repeat for the next 2 standard runs to generate the following 8 point calibration
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To view the created 8 point Universal Calibration go to View ,Select Column Calibration View
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Workspace View Cglumn Calibration  Help Column Calibration
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3
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Ready | 3. || 1dle || Method: (Not Downloaded, Not Saved) |

— T == =

| “Universal
Click on the el and the following calibration window pops up
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You can edit the generated calibration (add or remove points) go to
Column Calibration tab and select Edit Current Column Calibration

Colurmn Calibration Help
[a Create Mew Colurmn Calibration...
E" Edit Current Colurmn Calibration

awe Calibration

Im

dit Parameters

Change Curve Fit

Test Colurmmn Calibration...
Import Column Calibration...

Select Current Calibration

LL K 'r"’ FF

Print Calibration

And click on any point to remove it from the calibration.In this example we have deselected the 4" point (Mp 48,3000) as shown below.
This can be selected again by simply clicking onto the point to reactive it.



Workspace View Calumn Calibration  Help
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The curve fit can also be changed if required. Highlight Column Calibration tab and select Change Curve Fit

Column Calibration | Help
i T Create New Celumn Calibration...
1 Edit Current Column Calibration

Save Calibration

Edit Parameters

Change Curve Fit

Test Column Calibration...
Import Column Calibration...

Select Current Calibration

Wi<A2FF T

Print Calibration

This will show the following window

Change Curve Fit @

Polynomial Crder ﬂl%

I: oK :I I: Cancel :I

Change the order fit 1-5,but generally a good fit is 1-2. And select OK

This will now save your calibration.



Know proceed to Analysis View as below to process the unknown samples

View | Column Calibration Hel

Workspace Pane
Calibration Points
Reload Default Layout
Audit View

Analysis View I

Instrument Contral

Beviewer View
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Branching View

Highlight sample PE Sample 2 put in base line and area integration as before and the following window is seen
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Now go to Analysis lab and select Calculate VS Distribution

Analysis | Help
- LS Calculate LS Distribution
- Calculate GPC Distribution
| VS Calculate VS Distribution
Tri  Calculate Triple Distribution

Becalculate

Brint 3

The following screen pops up
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Click Next to go to the following screen
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Set the data fit limits — do not include the upturned part of the data which is created by weak signal from the detectors, Move the Mw Fit start cursor and

Mw Fit End Cursor to define the liner part of the curve fit.
Once you have done this Click Finish and the following screen is displayed
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Now to see the data for this sample select VS Analysis Results tab
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The following screen pops up
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Now Click on the +Results tab, as highlighted below.
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The results can be seen as below.
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In addition to the molecular weight data, Mark-Houwink , Distribution and Conformation plots can also be displayed, as shown below.
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Each plot can be displayed by selecting their individual tabs



Branching In Polymer Analysis

Introduction

Branching can be measured by LS/Vic by looking at changes in the molecular size (Rg) or Intrinic Viscosity (V) as a function of increasing Molecular Weight.
Branched polymers always have lower Rg & IV values than linear analogs, this is due to presence of branched points. The calculations can be done by either
IV (measured or calculated) or radius of gyration (Rg measured or calculated) data.

The quality of the results depends on the quality of the source data e.g Rg or IV.

Contraction factors are determined from Mark-Houwink (log IV Vs log Mw) or Conformation (log Rg Vs log Mw) plots using the relationship below:

g= (Rg branched/Rg linear)mw

Were g is Radius of gyration contraction factor or branching Ratio

For many polymers and applications this is as far as the branching analysis can be taken

This is especially true if the nature of the polymer is not known or if it is complex, or if the nature of the branches is not certain

At this point a qualitative indication of the level of branching is obtained

The analysis can only be advanced to give values if the exact repeat unit structure of the polymer is understood and the nature and rough distribution of the
branching is known

Many of the methods that are used when measuring branching numbers only really apply to polyolefins

This is because polyolefins have a very simple structure and also because the presence of branching has proved of great commercial significance

The ratio of the intrinsic viscosity or radius of gyration of a branched polymer compared to a linear polymer of the same molecular weight is known as a
contraction factor:



g = Rd (branched) g’ = IV (branched)
Ra (linear) IV (linear)

At any given molecular weight:
* The Rg contraction factor measures a contraction in size

* The IV contraction factor measures an increase in molecular density

and they are not equivalent
The value of g can be obtained from g’ using the following relationship where € is the structure factor, a value between 0.5 and 1.5

g=g (1/e)
All branching models are based on g, therefore for accurate determination of Branching numbers and frequency using a Viscometer, a robust value of € is

required.

Doing Branching Calulations on collected data

Highlight the Linear analogue (Linear PE Sample)
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Draw the base line and area Integration and then calculate the results by selecting Calculate Vs Distribution

Analysis | Help

LS Calculate LS Distribution
Calculate GPC Distribution
VS Calculate VS Distribution

Tri  Calculate Triple Distribution
Becalculate

Print 3




This will give the results molecular weight data for the linear sample, as seen below.
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Now repeat the above steps for the branched PE Sample.

Once you have done this highlight the linear sample again and go to View & select the Branching View

gpc Triple - Agilent GPC/SEC Software
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The following screen pops up
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Then go to Branching Tab and select Properties

Workspace Miew Samples Eranchingl Help

A MBS & |39 Properties |
5= Workspace Print Branching Report [ 23
Files
=+%= 2013-07-16
: E’S Branched PE Sample
&5 PE Sample 2

: Linear PE Sample
Eri PE Sample 1




The window below will pop up. Edit the window with the appropriate information as shown.

P

Branching Parameters @-‘

Source of linear model
() Use reference file Source data UseIV to calculate g |E|

(*) Calculate from data fit

Fit start (1.0 Logh Fit end 2.0 Logh
() Supply slope and intercept

Calculation parameters

Structural model, E 0.70 % If E =1 then calculating g
Branching model |Random Branched - Ternary Mumber &verage |E|
Branching freq. (repeat unit) 1400@
| Set as Defaults | | QK | | Cancel |

Click OK

And the following screen will pop up.
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Move the highlighted region in yellow to get a good linear fit (as shown below)



Peaks
J Log IV (Peak 1) |

II

Feak 1

1e3 led 1e5 1e6

Log MW

|- Peakly| = G I

Log IV = (0.73) x Log MW + (-3.34)

To see the results for the linear sample go to the branching Results window and click on + Peak 1, as shown below.
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Now in order to view the linear highlighted sample go to View tab and select Reload Default layout.
This will show the following window
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Then left click on the Use as reference button to set this sample as the reference model that you will be using.
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Now highlight the Branched sample and go to Branching tab and select Properties
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Then the following window pops up

e -
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Now we need to populate the above window as;



Fo

Source of linear model

() Calculate from data fit

() Supply slope and intercept
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Click OK and the screen below pops up
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Click + Peak 1 tab to get branching data results;
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Reviewer

Once the samples have been collected they can all be viewed in the Reviewer window.
Go to the View tab and select Reviewer.
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This will open the window below where you can select the files that you want to look at and the detector signals can also be selected by going to the
detector traces.
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The results can be exported into excel or word by right clicking the forward arrow in the summary tab.
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Also by selecting the individual tabs
samples can be displayed.
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