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Agilent 7696A Features and Capabilities

Simple Sample Prep:

» Dilution / Aliquoting / Reconstitution
» Additions (standards, reagents, etc)

» Heating (Reactions, Derivatization, etc)
» Mixing — Vortex

Additional Capabilities:

» Sample Tray Heating — 50 vial positions*
» Sample Tray Peltier Cooling — 50 vial positions*
» Dedicated Sample Prep Software

» Liquid/Liquid Extraction

* Option / Accessory
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Typical Manual Sample Prep — ASTM D6584
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WorkBench Sample Prep — ASTM D6584
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Translating Manual Methods to WorkBench
IP 585 — GC/MS Analysis of Trace FAME in Jet Fuel

Method measures 5 to 100 mg/kg total FAME contaminatation in Jet Fuel
GC/MS analysis technique requires and expensive, deuterated internal standard
— Methyl Heptadecanoate-d33 (C17:0d33)

Step 1 — Convert Manual method to a step-by-step script

Step 2 — Scale each step to fit into 2-mL ALS vials

Step 3 — List resources need for each step

Step 4 — Layout resources in WorkBench software

— Chemicals, standards, solvents, reagents, syringes, wash solvents, waste vials
Step 5 — Build method using WorkBench software

Step 6 — Optimize WorkBench conditions
— Syringe conditions, mixing, heating or cooling
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Translating Manual Methods to WorkBench
Step 1 — Convert Manual method to a step-by-step script

FAME M AV

6.3.1 Used containers are permitted provided
can be confirmed they have only been used !
aviation turbine fuel containing <5 mpkg FAM:

. NOTE- New sample contarers are strongly recommended
. |- Sue to concecna over the difficulty Jn removing all traces.
of FAME retained Mom previcus samples.

~ GCMS. » 585

7.2.1 Place the conical flask (5.4) onto the
balance (5.3) and tare. .Using a dropping pipette
{5.6) place 0,1000¢ +.0.0010 g of each FAME
species into the flask and record the masses added
Add dodecane (4.3) to give a total mass of 100 ¢

722

Transfer the BCS to a tightly closed glass

Each rinse shall use product with a volume of

% to 20 % of the container volume. Each rin:
shall include closing ahd shaking the container for
minimumn of 5 secondsand then draining the produc:

Standards pcepalﬂion

7 Internal Standwrd Solution uss» prepara

and store in  rid held at4*C +/.
2* C when not in use and use within theeo months
Before use, examine foi any phase separation or
discoloration, shake vigorously, and et stand to allow
for removal of ax bubbles. Discard the standard if it
shows sedi phase 3 o d

7.23 Calculate the ﬂq‘cl sclution ci
. for each FAME. companent.(Y)

Conc (moikgl of FAME

mass of FAM

Prepare a stock interndl
nominally 1000 mg/L of methyl heptadecanos
d33 internal standard as follows.

7.0.1 Place a 100 mi volumetric flask (5.1
onto the balance (5.3) and 1are. Using & droppi
pipette (5.6), add 100mg «/- 0,5mg of meth

when not in use and use vithin three M
use, examine for any phase separation of

phase separation or du':nlculm
7.2 Bulk Calibration Solutig (BCS) prepara
Prepare ' bulk calibestion

nominally 1000 mo'ko
reference compounds ks

Table 2: Volumetric

.1 Prepare a nominal 100 mg/kg working
standard solution (WSS] by, pipetting 1000 4 of
BES into the T0mMI W ic flask
ml with dodecane. Colqguw the working standacd
solution (WSS) concentration for each FAME
component (Y) using equation (2]

Conc (mgikg) of FAME species Y in WSS =

conc of FAME species Y in BCS 2i
10

. 1" ...........

20, 40, 60, 80 and IED mpikg uf mh rdmu\ce
compound by dll«n-on_ of the WSS (7.3.1)

s for preparing standards in the range 0 = 100mg kg from the 100mgkg WCS

MNomdnal Std concentr.

Tesued under keence 1 ConocoPraics empioyees ony.

{mgkg) Volume WSS () Volume Volume Internal

: Dodecare () * Standard (@)
100 J° 0 ' 10
80 200 10
400 10
600 10

r: S e ¥
1 10 500 10
5 930 i 10
B 360 B 10
2 980 3 10
1] 1000 B 10

P853

Gy sase

wemux,

+ 4+ 0,05 g: Stopper the fhazk and mix the contenes.

dilute 101G |

Prepare a et of wod.m uwumn

Steps
1

2
3
4

e Ioance e and conGEONS. MU NGt be foreanded % wwwmwmwm— Enuras & wwuv -ulv:c‘le?nm .

7 Convert manual method to a “Script” of steps

Manual Prep of 10 mg/kg IP585 Standard

Add 900 uL dodecane to vial

Add 100 uL working standard solution (100 mg/kg)
Add 10 uL ISTD solution (1000 mg/kg C17:0d33)
Mix

Manual Prep of Sample

Add 1000 uL of sample to vial

Add 10 uL ISTD solution (1000 mg/kg C17:0d33)
Mix
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Scaling Manual Prep for 2-mL WorkBench vials
Step 2 — Scale each step to fit into 2-mL ALS vials

Steps Manual Prep Scalli(:;g:jl s WorkBench Prep
1 |Add 900 uL of dodecane to a vial Add 90 uL of dodecane to a vial
2 |Add 100 uL of working calibration standard Add 10 uL of working calibration standard
3 |Add 10 uL ISTD solution Add 1 ISTD solution
4  |Mix Mix

« Manual sample preps must be scaled to fit 2-mL vial

* Reduce amounts of solvents and expensive chemicals

* High recovery vials needed to contain

100 uL of final solution volume




Translating Manual Methods to WorkBench
Step 3 — List resources need for each step

» Four chemical resources are needed for this sample prep

« Syringe size, draw speeds, and dispense speed are optimized for each type of
chemical resource

Tray Syringe | Syringe Draw Syringe
Resource Position Size Speed Dispense Speed
Dodecane 51-52 250 uL 2500 uL/min 5000 uL/min
Stock Standard (100 : :
malkg each FAME) 71 -72 25 uL 250 uL/min 500 uL/min
ISTD (1000 mg/kg : :
C17:0d33) 91 25 uL 250 uL/min 500 uL/min
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Translating Manual Methods to WorkBench
Step 4 — Layout resources in WorkBench software

Sample Prep Resource Layout Editor Yersion 3.1.34.0

Sample Prep Resource Layout Editor, Version 3.1.34.0

Layout Camment:

i o
 Impart Layout  Export Lavout | Lavoob Prnk Preview | Resource Library Help
Tray Resources | washAwaste Vial Assignmant|
Pl e |Internal Standard 7 | Default Syringe Parameters

For Syringe Size (pLl | 25 v

Resource Type: |Chemical Resounce V| Wash Yolume (L] |5 v

Fump “olume [pL]: | 2g v

o T (O Byl Draw Speed [pL/min): 250 S

Usable Volume perial [pL): - Dispense Speed [ul/minf: 500 s

O Bylise Draw Needle Depth Offset [mm] D b

Usze Meedle Depth Offset for Dispense: [v|
Uses per Vial

s Wiscosity Delay [s). |2 =

Air Gap [% Syinge Size] | g v

Display Color: Ovwedfill % Syringe Sizel. |5 e

@]
@]
O
@]
@]
(@]
(@]
(@]
(e]

Wial Range: ‘
N =
Colar Mame Resource Type Vial Range Usage

Dodecane Chemical Resource 51-652 1500 pL

100 ppra Stock, Std Chenmical Rezource

1600 uL

H Save Lapout

i Impork Layout  Export Layout | Layoul Prnk Previen

Resource Library

‘ Tray HeSDurcEsl Wwash/waste Vial Assignment ]

Frant Turmet

Solvent &

Solvent B

Solvent A Yidls: |41-46

| gokentBvials: (8183

Drefault Syringe Parameters

Far Syringe Size [pL] 280 v

Wash Volume (uL:

Draw Speed [pL/min): 625 &

Dispense Speed (pL/min} 1250 £

Default Syiinge Parameters

Far Springe Size (pL): 250 =

ot

Draw Speed [pL/min): 625 =

Dispense Speed [uL/min): 1250 3

‘Wash Volume [uLl: | 1p

I

Draw Speed [pL/min): 750 k5
Dispense Speed (pL/min} | 1500 £
Viscosity Delay (s |2 e

Wiscosity Delay [3): Viscosity Delay (sl |0 E
Waste A Vialg: |WA1 ity Wwaste B Yials: WEB1WEB2
Biack Turret
Solvent & Solvent B
Solvent & ¥isls: | AT:46 | SaiventBvials: 8183 \
Drefault Syringe Parameters Default Syinge Parameters
Far Syringe Size [pL] 5 v For Springe Size (pL]: 25 ~

wahobne 1)

Draw Speed [pL/min}: 750 =
Dispense Speed [uLdmin): 1500 3
Yiscosity Delay (s |2 E

Waste Avigls WAl w3

Waste BVidls:  |wB1WB2
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Translating Manual Methods to WorkBench
Step 5 — Build method using WorkBench software

« WorkBench software builds methods graphically
« “Drag and drop” WorkBench functions into the method program

Setup Method |z| Setup Method |z|
Agilent 76364 5 ample Prep Method | Agilent 76954 Configuration | Agilent 76364 5 ample Prep Method | Agilent 76954 Configuration |
[ Irnpart ] ’ Export ] [ Irnpart ] ’ Export ]
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Setup Method

Agilent PEI5A Sample Prep Method | #gilert PEIEA Canfiguration |

Translating Manual Methods to WorkBench
Step 5 — Build method using WorkBench software

[] ProcessinBatch Mode

Wersion 31.34.0

£8 Edit Add Step

0Of: | Dodecane

Ta: | Sample

Actions Steps
= =S - f 1. W ash with 200 pL of Frant Solvent & 1 times at Front Tower
ﬁ i _ﬁ‘ 5 C S ? m‘b & 2. Add 90 uL of Dodecane to Sample at Front Tower [washes, pumps)
/ -
Add bix Heat W ait Flag as result Move Wash
Pragram
1. Wash

Check box to enable washes or pumps,
then zelect repetitions.

"Tower Selection' and 'Dispense
Settings" are alwayz enabled.

Cancel

[ oK H

H << Advanced ]

Reset Selection to Defaults

Tawer Selection

[ Solvent Prewash 1
[ Solvent Prewash 2
[] Dispense wash
[¥] Dispense Pumps
&l k

[] Salvent Postwash 1

[] Solvent Postwash 2

[izpenze Settings =
Draw Speed [pL/min]: B
Dispensze Speed [pL/min):
Draw Meedle Depth Offzet [mm]:
Ugze Needle Depth Offzet for Dispense: B
Wiscosity Delay [s]: ~
Air Gap [% Swinge Size]: 3
Ovwerfill (% Syringe Size]:
v
ﬂ

Agilent Technologies
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Translating Manual Methods to WorkBench
Step 5 — Build method using WorkBench software

Setup Method E‘
Agilent 76364 Sample Prep Method | Agilent TEIES Conliguration|
[ Import I [ Export ]
ProcessinBatch Mode Wersion 3.1.34.0
Actions Steps
T 1. %/ ash with 200 pL of Front Solvent & 1 times at Front Tower
ﬁf "-.ﬁ-‘l ﬁac g ? ﬁ + f ﬁ $ - { } * 2. &dd 90 ul of Dodecane to Sample at Front Tower [washes, pumps)
___________ ' - = - 3. wash with 5 pL of Back Solvent & 1 times at Back Tower
iadd: i Heat it Flag az result tove Wash Move, Wait & Begin Group  End Group 4. 4dd 10 ul of 100 ppr Stock Standard to Sample at Back Tower [we
Fietum 5. Wash with 5 pL of Back Solvent & 1 times at Back Tower
E. Add 1 ul of ISTD to Sample at Back Tower [washes, pumps)
7. Wi Sample at 2000 RPM for O min 10 sec
Pragram
NIV 7V [/ V]| [T
A
1. Wash 2 Add 3 Wash 4. Add 5. wash E. Add 7. Mix

< >

WorkBench Prep of 10 mg/kg IP585 Standard

Available Resources Tracked By Uze

1 Solvent wash 250 uL syringe (front tower) s T BefE e
Add 90 uL dodecane to vial
Solvent wash 25 uL syringe . o

Awailable Resoun

Resource Name

2
3
4 Add 10 uL working standard solution (100 mg/kg)
5
6
7

ez Tracked By Valume

Resource Type Usable ValumeAd 2

Solvent wash 25 uL syringe (back tower) 510 Chemca Resasce 50040
. Dodecane Chemical | Resouce 1800 pL b |
Add 1 UL ISTD SOlut'On (C17:Od33) 100 ppm Stock Standard | Chemical | Resource 1500 pL
. Frant Salvent & Turret Location 2000 pl
Mix S—r v
< | >
ok ] [ Apply ] [ Cancel ] [ Help

Agilent Technologies

Confidentiality Label

September 26, 2011



Translating Manual Methods to WorkBench

Syringe Bubble Formation
Step 6 - Optlmlze WorkBench condltlons

g "‘!

This Guy Likes Bubbles

WorkBench Does Not ike Bubbls

* Bubble formation in the syringe results in poor precision and accuracy
when dispensing liquids

i.%- Agilent Technologies Confidentiality Label
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What Causes Bubble Formation

 Cavitation
— rapid change in pressure at the face of the plunger

— low-boiling liquids

» Solvent degassing
— I.e. dissolved air in methanol

* In-Vial Vacuum Formation

— usually found when withdrawing
large volumes from vial

— overfilled vials
— viscous liquids

Syringe bubbles

(uladrfol{ytatylr Lefr
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Check box to enable wazhes or pumps,
then select repetitions.

"Tower Selection’ and "'Dizpenze
Seltings' are always enabled.

Reset Selection to Defaults

[#] T awwer S election
[] Solvent Prewash 1
[] Sakvert Prewsash 2
[#] Disperise Wash
Pum|

[#] Diizpense Settings
[] Solvent Pastwash 1
[] Salvent Postwash 2

Dizpenze Pumnps
Murnber of Purnps:
Purnp Yolume [pL):
Draw Speed [uL/min):
Dizpenze Speed (uL/min):
Meedle Diepth Offzet [mm):

Wizcosity Delay (3):

Check box to enable washes or pumps,
then select repetitions.

"Tower Selection' and "Dispense
Seltings'' are always enabled.

Reset Selection to Defaults

Tower Selection
[ Salvent Prewash 1
[ Salvent Prewash 2
Dispenze 'wash

Dispense Pumps

g ngs

[ Salvent Pastwash
[] Salvent Postwash 2

Dizpenze Settings

Diraw Speed [pLmin):

Dizpenze Speed (pL/min]:

Draw Meedle Depth Offset [rm):

Use Meedle Depth Offset for Dispense:
Wizcosity Delay [z):

Air Gap [% Syringe Size):

Owerfill (% Swinge Size):

Ih—d

Check box to enable washes or pumps,
then select repetitions.

"Tawer Selection' and "Dispense
Settings'' are always enabled.

Reset Selection to Defaults

Tower Selectian
[ Salvent Prewash 1
[] Solvent Prewash 2
Dispense 'Wash

Dizpenze Pumps

v B
[ Salvent Postwash 1
[ Solvent Pastwazh 2

Dizpense Sethngs

Diraw Speed [pLmin):

Digpensze Speed (L min]:

Draw Meedle Depth Offzet [mm]:

Uze Meedle Depth Offset for Dizpense:
“izcosity Delay [z):

Air Gap [*% Syringe Size):

Owerfill [ Syinge Size):

Techniques to Prevent Syringe Bubbles

Use Dispense Pumps to blow out bubbles

Slower draw speeds reduce cavitation bubbles

Overfill keeps bubbles in the syringe and
out of the vial

Agilent Technologies
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Eliminating Syringe Bubbles Caused by In-Vial Vacuum

» Pre-slit septa in vial caps
* New needle guide design
« Extended nose on needle

guide opens pre-slit septa New needle guide
- Relieves vacuum inside vial | @ P
« Split reseals after needle - -

withdraw

* Needle guide does not affect
standard septa

’ y € , R

* Not recommended for highly
volatile samples

" Caps with pre-slit septa

g,
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Elimination of Syringe Bubble

* Pre-slit septa and new needle guide
« Slower draw speed (1250 uL/min)
* 5% Syringe overfill

Confidentiality Label
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Running WorkBench Methods Using the Sequence
Queue

4 Instrument 1 {online): Method and Run Control GCC_4.M, GCC_2.5
File Instrument Method Easy Sequence Wiew Abart Help

Ready | () ethod: GCC_4M * MethOdS are run USing

svmemistos [ i CEX Sequence Queue

Idle Active Queue: Data System Accepting Sequences
G e on e ) semenes nine e auene 1| @ O 0| X 4 2l 5w 0@ ||+ Select the Method
rName Time entered inko Qu... | Estimated Completion... | Stakus )
S e e cocz | | BT th b f
0000 pem e ‘o Run Location Marne Methiod Start Time Status ) OOS e e n u m er O
O Frant Solvent & A1:46
[eJelelole] ¥l 1 GOC_4M Pending

) Frant Solvent B B1-B3

. . sample vials to run

0000
Q0000 (O Back Solvent & AT-AE
8 g 8 g 8 O Back SobertB  B1B3 )
8000 OFonosea WAt « WorkBench will keep
Hist
Q000 O Front'aste B WB1WE2 Etoryiusys .
O Back Waste & i wAE Show Sequences that executed in the last 5 hours ] | % [:] | ﬂ | trac k Of reso u rce
23°C (11{§ 26°C 24 °C Off I
() Back Waste B “WwhB1WE2 Mame Time completed ¥ | Status
11 04 PM ete d H
O Pending GCC_2 91212011 7:30:27 PM Completed U S ag e U rl n g
@ InFrocess GCC_2 2121f2011 7:24:16 PM Completed
@ Eiror GOC_? 9i21{2011 7:17:46 PM aborted S eq u e n Ce
@ Dore GCC_2 2fz1f2011 7:14:52 PM Aborted
GCC_2 9/21f2011 7:113:28 PM Aborted
< I > GCC_2 9j21/2011 7:07:52 PM Aborted

urrent Logbook File INSTR1.LOG

Module x Event Message Date Time -]
CF Command Queued tem GCC_2 changed state to Completed, 09/2111  19:33.04
Method Loading Method GCC_4.M 09/21411  13:32:57
Sequence GCC_2.s completed 09/21/11 193254
Loghook, Sequence Loghook file savedin GCC_2.LOG 09/21/11 193254
Sequence GCC_2 s started 03/21/11  13:31:08
CF Command Queued tem GCC_2 changed state to Running. 09/2111  19:31.09
CF Macro Saving Sequence GCC_2.s 09/21/11  19:31:08
coc o o B SO Yo 00t o010

T Instrument 1 u Ready
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Method IP585 — 10 mg/kg Standard Preparation

Steps

WorkBench Prep of 10 mg/kg IP585 Standard

1

~NOo ok~ wWwN

Solvent wash 250 uL syringe (front tower)

Add 90 uL dodecane to vial

Solvent wash 25 uL syringe

Add 10 uL working standard solution (100 mg/kg)
Solvent wash 25 uL syringe (back tower)

Add 1 uL ISTD solution (C17:0d33)

Mix

Agilent Technologies
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Method IP585 — 10 mg/kg Standard Preparation

Steps

WorkBench Prep of 10 mg/kg IP585 Standard

1

~NOo ok, W

Solvent wash 250 uL syringe (front tower)

Add 90 uL dodecane to vial

Solvent wash 25 uL syringe

Add 10 uL working standard solution (100 mg/kg)
Solvent wash 25 uL syringe (back tower)

Add 1 uL ISTD solution (C17:0d33)

Mix

Agilent Technologies
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Method IP585 — 10 mg/kg Standard Preparation

Steps

WorkBench Prep of 10 mg/kg IP585 Standard

1

~No ok WN

Solvent wash 250 uL syringe (front tower)

Add 90 uL dodecane to vial

Solvent wash 25 uL syringe

Add 10 uL working standard solution (100 mg/kg)
Solvent wash 25 uL syringe (back tower)

Add 1 uL ISTD solution (C17:0d33)

Mix

Confidentiality Label
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Method IP585 — Complete Automation of
Calibration Standards and Sample Preparation

» 2 Sets of Five Calibration Standards
— Low Level Set: 0, 2, 46, 8, and 10 mg/kg FAMEs in C12
— High Level Set: 20, 40, 60, 80 and 100 mg/kg FAMESs in C12

« 3 Jet Fuel Samples with Different Amounts of Total FAME

— 3-Step WorkBench Sample Prep:

* Add 100 uL sample to empty vial

 Add 1 uL ISTD to sample

* Mix
— Each sample prepped in duplicate to measure repeatability (r)
— One injection of each sample on 5975C GC/MS system

« Configured for IP method 585

i.%- Agilent Technologies Confidentiality Label
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Comparison of Manual and WorkBench Calibration

Methyl Stearate — Manual Prep Methyl Stearate — 7696A Prep
using 1 mL Cal Stds Using 100 uL Cal Stds
C16:0 C16:0
Response Ratio Response Ratio

40+

20—
0

20—

R2=0.991 R2=1.00

I 1 1 1 1 I 0 I 1 1 1 1 I

0 5 10 0 5 10
Concentration Ratio Concentration Ratio

Better calibrations using fewer amounts of expensive compounds
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WorkBench Prep Sample Precision

\Aﬂ Jet Fuel C, Prep #1

Jet Fuel C, Prep #2

T T T T T T T T T T T T T T
22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00 48.00

4
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WorkBench Prep Sample Precision

Jet Fuel Sample A

Consistent results obtained Rl Rin2 A Subev RSO r(psey
for each sample Gro. ler 163

Ci8:1 16.93 16.70
C18:2 17.22  16.99

Greatly exceeds IP585 . '(IEC:)L'?ai3 11072-.7627 1107i.5105 101.91 1.07 1.05% 1.52 19.63
repeatability (r) specification

at all three levels of FAME 7 T S A 725
content ciro 000 000

C18:0 2.10 2.13
Ci8:1 9.69 9.85
C18:2 28.52  28.90
C18:3 4.67 4.71
Total 51.03 51.76 51.40 0.52 1.00% 0.73 11.39

Jet Fuel Sample C
Runl Run?2 Avg Std Dev RSD r r (IP585)

C16:0 1.20 1.30

C17:0 0.00 0.00

C18:0 0.20 0.20

C18:1 0.90 1.10

C18:2 1.90 2.00

C18:3 0.90 0.90

Total 5.10 5.50 5.30 0.28 534% 0.40 3.86

Agilent Technologies



Summary

Six simple steps used to translate a manual sample prep to an automated
WorkBench Prep

WorkBench hardware provide tools need for many liquid sample prep
techniques

— 2 syringe pipettes, wash solvents, waste containers, heating and cooling
stations, mixing station

WorkBench software provides easy, graphical user interface to build and
run automated sample prep techniques

— resource layout, drag-and-drop functions, Sequence Queue, logbooks

— software automatically keeps track of resource usage

« Warns user when resource are low
« Warns user when resources are full (i.e. waste vials)
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