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Easier Methods Development
and Improved GC and GC/MS
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If you could...

Run more samples in your sequence

Improve detection limits

Automate tedious sample and standard preparation steps
Handle active compounds better than before

Make large volume injections without spending a long time on
method development

Get better precision

...wouldn’t you be happy!

Agilent Technologies




Two New Products from Agilent to Enhance Lab
Productivity
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Agilent Multimode

Agilent 7693A Automatic Sampler Inlet
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New 7693A Automatic Liguid Sampling System

New Injector with 16 New Tray with 150
Vial Positions Vial Positions

Agilent Technologies




/693A Injector & Tray Features

e 16 (Injector) and 150 (Tray) , 2mL samples Setting (injecting | Precision

« Removable, 50 vial sample trays into S/SL inlet) (%0RSD)

* Injections from 1-50% of syringe size in 20% to 50% 0.30%
1% increments 10% 0.80%

 Modular, field repairable 2% 1-2%

« Self Calibrating, alignment like 7683B 1% 3-9%

 LVI (Large Volume Injection to 250ul per injection)
e Single Sample Heater, Barcode reader/ mixer
« Active gripper

« Compatible with all 6890, 7890, 7820 and 6850
(Injector Only)

« Optional heater/chiller plate (requires circulating bath)

Agilent Technologies



Removable 50 Vial Sample Tray for 2 ml Samples

Agilent Technologies



New 16 Sample Capacity in ALS Injector
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Sandwich Injections with 7693A

Injection Type

(3 Standard

L1 air gap: Opl

L2 wolume:; 1|pL
L2 air gap: 0.2 pl

(3 2-ayer §Sandwich

3 Sandwich
© Fayer Sandwic L3 volume: |1 pL

() Mulkiple Injertinns L3 air gap: 0.2 pl

* Sandwich Injections are possible with single tower
« Air gaps are optional

Agilent Technologies



Lifetime and Reliability Testing

» Lifetime before failure — 120,000 injections

= o - — -
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Sample Prep Programming Flexibility

Sandwich injections (up to 3 layers with air gap)
« Examples of Simple liquid manipulation

ISTD addition

Reconstitution

Mixing (Requires Bar Code Reader / Heater/ Mixer option)
Dilution

Derivatization

In Vial Extraction

Ambient In-vial Small-Volume Derivitization Dilution Internal Standard Heating/Mixing
Headspace Extraction Sampling Addition Bar Code

Agilent Technologies



Example Sample Prep Method for Preparing
Standards

Prepare 7 levels of standards, plus a blank
Add varying amount of solvent to vials with inserts (270 — 300 uL )

 Use a wash bottle as a solvent source in rear tower
Add varying amount of standards to 7 vials ( 30 — 0.3 uL)

» Stock standards solution in a front turret position
Add fixed amount of ISTD solution to 8 vials ( 3 uL)

» Stock ISTD solution in a front turret position

Total 100 steps — 50 minutes plus 10 minutes setup

Agilent Technologies




Setup Method
Agilent 78904 | Agilent TEI0A Injector Program

I1ze Injector Program

Commards

Dizpenze
Heat
Load

ki SamEle

Pumps
Return All
W it
Washes

Sampler program zteps

Praaram sten zetpaints

Framm position: | Tray wial

%)

To position: |Ba|:k Tuarret

v

Comment: | move wial from 102 ta b-2

Command help

ial # 1-150
Positior: 1-3

Feturn all wialz

Mowe wal frn:nm tra_l,l wal #1 EIS ko I:nan::k turret p
Load 350 pl from vial ‘wWash 42 with O pl airgap

Laad 70 pl frarm wial Sample 1 with 0 pl airgap

Load 350 pl from vial wash 42 with O pl airgap

Load 55 pl from wial Sample 2 with O pl airgap

Load 350 pl from vial wash 42 with O pl airgap

Load 45 pl from wial Sample 3 with 0 pl airgap

ke wial from back turet pozition #7 to tray vial 101
b owve wvial from back turret pozition #2 to trap vial #102
kove wial from back turmet pozition #3 to tray vial $103

W' azh gyringe in Back tower, drawing from ' azh A1 digpenzing into W aste 47 1 times
b o wal fru:um tra wal 1 EI'I to I:uau:k turret
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Setup Method

Agilent 78904 | Agilent TEI0A Injector Program

I1ze Injector Program

Commands Froaram step setpoints Command help
Dizpenze

EEI Fram injectar: |EE"3k v| Flunger mode: |-'*'-|JSD|utE V|

Mix zample Frarm turret position: | Wash A2 M | Plunger speed: |5':":' pl # min |

Mo vial

Purmp:s Syringe position; |5|:||vent Diraw " | Delay: |Use method walue |

Hetprn Al

ﬁ:ghes Syritige offset: |L|SE rmethod value | Air gap: |EI pL |

Plunger valume: |35EI nl |
Comment: |Load 350ul using S00uL BACK |

Sampler program zteps

Return all vials

W' azh gyringe in Back tower, drawing from ' azh A1 digpenzing into W aste 47 1 times
ke wial from tray vial 107 to back turet position 1

ke wial from tray vial #7102 to back turet position #2

ke wial from tray vial #103 ta back turet position #3

Load 350 pl from vial ‘wWash 42 with O pl airgap

Load 70 pl from wial Sample 1 with 0 pl airgap

Load 350 pl from vial Wash &2 with 0 pl airgap

[

Load 55 pl from wial Sample 2 with O pl airgap

Load 350 pl from vial wash 42 with O pl airgap

Load 45 pl from wial Sample 3 with 0 pl airgap

ke wial from back turet pozition #7 to tray vial 101

b owve wvial from back turret pozition #2 to trap vial #102

kove wial from back turmet pozition #3 to tray vial $103 b

Cut ] [ Copy ] [ bove Up ] [ bove Du:uwn]
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Setup Method

Agilent 78904 | Agilent TEI0A Injector Program

I1ze Injector Program

Commarnds Froaram step setpoinks Command help
Dizpensze
EEI Fram injectar: |EE"3k v| Flunger mode: |-'*'-|JSD|utE V|
Mix sample Frarm turret position: | Sample 2 M | Plunger speed: |5':":' Pl 4 min |
Mo vial
Pumps Syringe position; |5|:||vent Diraw v | Delay: |Use method walue |
Retur Al
" it . .
\wiashes Swritige offset: |L|SE rmethod value | Air gap: |EI pL |
Plunger vaolume: |55 nl |
Comment: |un|u:|a|:| 2950L into b2=102 |

Sampler program zteps

Return all vials

W azh gyringe in Back tower, drawing from ' azh A1 digpenzing into ' aste 47 1 times
ke wial from tray vial 107 to back turet position 1

b ovee wial from tray wvial #102 to back turet pozition #2

ke wial from tray vial #7103 to back turet pogition #3

Load 350 pl from vial ‘wWash 42 with O pl airgap

Laad 70 pl frarm wial Sample 1 with 0 pl airgap

Load 350 pl frorm vial W agh &2 with O pl airgap

[

Load 55 pl from wial Sample 2 with 0 pl arga

Load 350 pl from vial wash 42 with O pl airgap

Load 45 pl from wial Sample 3 with 0 pl airgap

ke wial from back turet pozition #7 to tray vial 101

b owe wvial from back turret pozition #2 to trap wial #102

kove wial from back turmet pozition #3 to tray vial $103 b

Cut ] [ Copy ] [ bove Up ] [ bove Du:uwn]
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Setup Method

Agilent 78904 | Agilent TEI0A Injector Program

I1ze Injector Program

Commards Program step zetpoints Command help
Dizpensze
Heat

Load

bdix sample
ke wial

Return Al Wt st tirme: 2 min
it ]

Wazhes

Comrnent; | end of method Beplace

Sampler program zteps

Dizpenze 3 pl from vial Sample 3 o vial Sample 2 on the Front tower

b owe wvial from front turret position #7 to tray wial $104

ke wial from front turret position $2 to traw wial $103

b ove wial from tray vial #102 to front turret position #1

ke wial from tray vial 107 ta front turret pozition #2

Purmp gyringe in Front tower in Sample 2 vial 3 times

Dizpenze 3 pl fram wial Sample 3 ta vial Sample 1 on the Front tawer

Dizpense 3 pl from wial Sample 3 o vial Sample 2 on the Front tower

kawe wial from front turret position $1 to traw wial 102

ke wial from front turret pozition $2 to traw wial $101

b owe wvial from front turret position #3 to tray wial #1170

W azh syringe in Front toveer, drawing from ' ash A1 dizpenzing into Curent wazste vial 10 times
W' azh gyringe in Front tawer, drawing from ‘wazh B1 dizpenzing into Current waste wial 10 imes
W ait for 0.2 minutes
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7-level calibration set
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New Multimode Inlet for Gas Chromatography
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Current Agilent PTV — Support Issues

Plugged split line Needle binding

Leaks at liner

Broken liner

Small liner
Only cryogenic volume

cooling

Stripped threads

Agilent Technologies



Agilent’s New Programmable Inlet - MMI

7890 standard
pneumatics

Air plus CO2, N2
cryogenic cooling

7890 standard
capillary fitting
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Agilent Technologies

7890 turn-top

Uses 7890 S/SL
liners, septa and
0-rings

Thermocouple
sensing



Agilent Multimode Inlet Features

Hardware
Temperature range of -160°C to 450°C
Heating @ 15°C/sec
Septum/Liner Easily Changeable

Injection Modes: Hot S/SL, Cold S/SL, PTV in pulsed mode, solvent vent mode,
residue removal mode

Support for single stroke injections from 0.1 uL to 250 uL
EPC Compatible with Packed Liners
Compatible with 7890A, 5975C, 7683A/B, CTC Combi PAL
Software
Ten temperature ramps
Solution for solvent vent timing
Integrated into ChemStation, MSD ChemStation, EZChrom, MassHunter

Agilent Technologies



MMI Programmable Temperature
Vaporizing Inlet — injection modes

Hot split/splitless (also pulsed)

« similar to the S/SL inlet using the same liners

Cold split/splitless (also pulsed)

« Significantly more inert than hot splitless
e Can inject 3-5 uL with no solvent venting

» Better sensitivity than hot splitless because large vapor cloud
Is not formed which travels outside the liner and portions are
lost

LVI-Solvent Vent

« An extension of cold splitless
e Large volume injection for maximum sensitivity

Agilent Technologies




Multiple Mode GC Inlet - Cold Injections

No syringe-needle discrimination; Minimal inlet discrimination

No special syringes, liners or consumables

Large volume injection (5ul to 250ul) - lower detection limits

Solvent vent/matrix vent - decrease interference / maintenance

Flexibility (hot/cold split/splitless, temperature programmed vaporization)
Cold trapping in liner - improves chromatographic peak shape, resolution

Capillary column backflush with CFT - decreases cycle time, maintenance

Agilent Technologies



MMI Cold Splitless and SV — Temperature
and Flow Programs

Cold Injection Transfer of sample
from inlet to column GC Separation

| | | 0.9 min : MM |

: : . \Lcooldown |
MMl Temp + 20! ! 350 ! : !

| | | | 1 Oven ramps |
GC Oven ! ! ! QOven =40 : /:
Temp . ! i i | |
Purge : : : ' I :
Status : : | purge off | purge on |
Min O 0.05 0.6 1.5 2.5 26

Agilent Technologies



Multimode Injection of Triazine Herbicides

1uL Cold Splitless injection

1uL Hot Splitless injection

552 554 556 558 560 562 564 5.

1, 2, 3and 4 uL Cold splitless injections (ethyl acetate)

1 I 1
5.55 5.60 5.65 5.70 5.75 5.80 5.85 5.90 5.95 6.00 6.05 6.10 6.15 6.20 6.25

Agilent Technologies




Compare cold to hot splitless S/N using the new
Multimode Inlet on a 7890-5975 GC/MSD system

Ratio

RT Mass Cold S/N:

Hot S/N
y . ., Fluorene 11.152 166 1.36

Most “active

compound  Aldrin 15.205 66 1.33
gives largest 263 1.33
ImprOV{ent‘Mevinphos 90.338 127 1.33

Pentachlorophenol 12.989 266 2.19

Endrin 17.600 263 1.48

p,p'-DDT 18.600 235 1.51

Agilent Technologies




Area Ratios of 1-5 uL Cold SL to 1 uL Hot SL using
the New MMI, single taper helix liner

3.50
3.00
2580
: @1 ul CELF 1ul HSL
2.00 m2 ul CSI/ 1 ul HSL
O3ul C3I/ Tul HSL
. O4ul CSI/ Tul HSL
' flrl m—l m5ul CSI/ 1ul HEL
Normalized hot splitless area =1
N I I I I I I I I I I I I I
o.o0 H
& @ o e R s Q {‘\% r}\ i o
& F & vs N S S < e
3 ¢ i a{\ 5":} 4(\\}0 *"\{&\:r -:5‘;\"-5'\ ‘?’g\ tﬂ&\ "@@ «és\lb ‘%T“Qd\ N «E’QQ Q? Q? ?‘?&\ tﬂi‘{\\
& F ¥ T i & )
o <) & o & & &
\&Q oL .Q'a{\ Q\@Q g’}{\ g’:}{\
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Compare hot-to-cold splitless %RSDs using the new MMI

on a 7890-5975 GC/MSD system, 7 level cal

o Tul H5L
m3ul C5L
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PTV - Solvent Vent (elimination) Mode

Syringe
needle

Baffled
Liner

Vent

Sample
Analyte
‘| Solvent

[ *

[ | : Column

= Set inlet temperature at or
below solvent boiling point

= Set high split ratio

» Inject sample very slowly
into PTV

» Solvent evaporates through
split vent

» Close split vent and ramp
PTV temperature

= Carry out separation on
analytical column

Agilent Technologies




MMI Cold Splitless and SV — Temperature
and Flow Programs

Cold Injection Transfer of sample
from inlet to column GC Separation

| | | 0.9 min : MM |

: : . \Lcooldown |
MMl Temp + 20! ! 350 ! : !

| | | | 1 Oven ramps |
GC Oven ! ! ! QOven =40 : /:
Temp . ! i i | |
Purge : : : ' I :
Status : : | purge off | purge on |
Min O 0.05 0.6 1.5 2.5 26

Agilent Technologies



New Multimode Inlet “Solvent Elimination Wizard” Built-into
ChemsStation for Easy Method Development

Gaient 78300 ot IP Address: A& \‘\ @ =ii U lej j@ @ 1 X @ A I :
130.30.245 72 4 S bl A == : 1.2, |
Serial Mumber; 11510733024 | - 1
Firrwsare Revision: MMI - Front 1pp = Back]
A0110MM_TESTOS
Sucafi_lware Cleiee g MM Inlet Fate Walue HoldTime | FunTime ~
LLEY “LCrin HE min | min =
11:07:00 Ak Heater: P (Initial] -
GC Connection State; Online - 1
[] Pressure: Ramp 1 _ 700
GC RunState: Idie T |
415 Fun State: Idie Total Flow: i 1 18
: i A 3 25
GC Ready State: Ready R Bge B, s t o f i
Famp 4 | 10
Owen Temperature: 500 °C

i Solvent Elimnation

Temperature: 40,1 °C Miode: PT% Salvent Yent £
Pressure: 0174 psi B0 mLémin at 613 I: | | I:

Flowa: 1,374 mL/min s

Septum Purge Flaw: 0.1 Solvent Elimination | N a |:L.| a l:lr. o

il Armir Calculator... . |

100 mlArir

Back Inlet {PP Inlet}: Total Estimated Injection Time:
Temperature: 40,0 °C — :
Fressure: 0,037 pai
Flow: 0,000 L Arnin
Septum Purge Flow: 0.0 Gas Saver [] On /

ml/mit 20 mlL /i After |2 min —1

Front Detector {TCD}:
Temperature: 406 °C b ;
1kt Flowa 71043 ml Amnin Fault O ctection (T N g e
Makeup Flow: -0.016 Btk el
mL/mir
Signal Yalue: 0.0

Back Detectar {FID}:
Temperature: 335 °C ¥

Download with
Audit Trail

Upload tethod
from GC

Apply

y |
Get Signal Info [Download) ‘

oK
(ExittDownload] ‘ Lo

Agilent Technologies




Solvent Elimination Calculation Wizard

Salvent Elimination Calculatar

Agilent Welcome to the Solvent Elimination Calculatorl

Solvent Elimination Step 1

Calculation Wizard . .
Flease supply the following information.

lf wou dan't know the first analyte boiling paint, leawe it at 150 °C.

Solvent:

acebone W

Injection Yolume [ul]
50 L |

Boiling Point of first eluting analwte [*C)
150 °C W

Ll Method Help

Agilent Technologies



Time for Optimal Solvent Elimination Relates to
Temperature, Pressure, Flow, Type and Volume

Solvent Elimination Calculatar

Agilent Calculated walues will change each time an input parameter is modfied.
Solvent Elimination

Calculation Wizard St e p 2

Eliminakion Rate (uLfmin)  27.58 Suggested Injection Rake (pLfminy 13,73 Suggeskted Vent Time (min - 3,63

Inlet Temperature {*C) Yent Pressure (gauge) (5,000 =y O kpa
N

Wenk Flow (mlfmind 100 £ Cwtlet Pressure (gauge) (0,000 5 © psi
) bar

Injected Molure (L)

Salvent | acetone W |

Ll Method Help | ‘ Frevious H Mext J

Agilent Technologies




Upload Parameters to your Method

Solvent Elimination Calculator

Agilent
Solvent Elimination
Calculation Wizard

- & -
All inlet &
Injection parameters
determined for you

Confirm Copy values to Method Editor.

[Check, parameters ta change. )

Inlet temperature
Iritial hold tirme
Firzt ramp rate
Firzt temperature
First biold time

Went time
Went preszure
Went flow rate

Furge time
Furge flaw rate

Injection vaolume
Injection rate

R°C

363 min
BOO *Cmin
325°C

B min

3E3 min
b pai
100 L Amin

B.13 min
B0 mL/min

a0 pL
14 pLdmin

[ ] Owen initial temperature a0 °Cc
\ ] Oveniritial hold time 513 min

(oo |7
opy

Ll Method Help ‘

Agilent Technologies
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25 Pesticide Standards at 40 ppbsin Acetone

L
(plotted on the same sgale) c8 o
_ 24 2 8
§lg o a e N S
g £|B 2 5 2
o8 E2 % £ g
sz 588 5
c ¢ >l s =
8 £ éﬂ gg 5 2
[} = = o —
¢ £ Ry 6 < 5 £ 25-uL Solvent Vent (35C)
5 ) = = ) _E = 3
a me ||E 5 £g 5 —
o= 5 g2 S g
2z g o ) ©
3 5] H g
2 T g
> ¢
%
=
ES]
o
5
<
leu\)

=
-

—=
| —
—
——

10-pL Cold Splitless (30C)

I " . 2-JL Hot Splitless (280C)

4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
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Compare Hot SL, Cold SL and SV - %RSDs of 7 Level Cal
using the new MMI on a 7890-5975 GC/MSD system

O 1uL HSL

m 3uL CSL
O 25uL SV
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MMI LVI-SV, Save Time and money
with Reduced Sample Prep

Assume the concentration of a water sample is 1ng/mL

Concentrate before inj ...  Use LVl instead ...

o Sample Volume = 1000 mL o Sample Volume =100 mL
 Extract 1000 mL and reduce » Extract 100 mL and reduce to

to 1 mL 1 mL
Conc = 1000 ng/mL Conc =100 ng/mL
* Inject 1 uL into the GC  Inject 100 uL into GC

Amount injected = 1 ng Amt injected = 10 ng

Agilent Technologies




New MMI-LVI Methods Development
Where do | start ?

Much easier to develop methods with the new inlet —
liner, column and starting conditions remain intact !

1 ul injection of your standard in splitless mode
3-5 uL injection in cold splitless — stop here if good sensitivity
5 ul injection in solvent vent mode

25 ul injection in solvent vent mode

Move up in volume from here if necessary

Always use an empty vial as a test for LVI single or
multiple injections

Agilent Technologies




Agilent's New GC Products

o Agilent's New 7693A ALS increases sample throughput
— Auto-alignment, easy installation
— 16 position injector and 150 sample tray
— Removable 50 ml vial racks for easy sample loading and storage

 Automation of common sample prep steps with the 7693A
— increases productivity and decreases operator variability

A new "Multimode" GC inlet provides flexibility:
— Hot or Cold Split, Splitless or Large Volume injections
— Facilitates solvent venting, residue venting and backflush
— Easy method development for large volume injections

Agilent Technologies



