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The Speaker

Bruce Quimby is a Senior Applications Chemist in the Chemical Analysis
Solutions unit of Agilent Technologies in Wilmington, Delaware. He received
a Ph.D. in analytical chemistry from the University of Massachusetts
(Amherst) in 1980 and a batchelors degree in chemistry from Mansfield State
College (PA) in 1974 . He has been at Agilent Technologies (formerly
Hewlett-Packard) since 1979, working the first 10 years in research and
development. He has authored or co-authored 18 journal articles and 10
patents in the field of gas chromatography. He is currently working in
Forensic and Homeland Security applications.
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Introducing the 5975 inert MSD
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What’'s Different?

*Does everything a 5973 does, plus...
*Synchronous SIM/Scan

*Extended mass range

«AutoCl and El with CI source

*6850 GC control

*QuickSwap MSD interface
Permanent Effluent Splitters

*Deconvolution Reporting Software
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Functional Front Window — Ease of Use
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Quick Access — Ease of Use

Easy analyzer access —
hinged side cover
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Extended Mass Range — Performance

1050 m/z for 5975 inert MSD

— Quadrupole modified
— New electronics

e 800 m/z for all 5973 MSDs
(Software upgrade does not enable 1050 m/z)
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AutoCl — Performance

*No external manual control
Fully automated setup/tuning
*Flexible Configuration

El capability with Cl Source

*AutoCl — as easy as EI

Agilent Technologies



AutoCl Electronic Flow Control — Ease of Use

 Reagent gas automatically adjusted by
tune

« Ammonia compatibility

 Ensures easy reproduction of
application

Transferline

GasA&B PFEDTD
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lon Source — Improved Response

Data from a production forensic drug lab...

Inert lon source — Improved response

50pg LSD SS Source

Extracted lon 253 m/z
Inert Source

~6x LSD SIN 2.
Improvement!
LSD S/N 16

IR R T R R T S R A S B RS S A B A S R R R S A R S S R R A R A R R B A A R A A R R A AR
. 106.206.306.406.506.606.706.80 6.90 7.00 7.10 7.20 7.30 7.40 7.5C

T T S T S R S R S S R R S S R RN R S S S R T S R TS
Lo e.2o s.20 .m0 .50 6.0 &.70 6.0 2 &.90 -
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Faster Scan Speeds and 5 msec SIM Dwell

Standard Electronics Performance Electronics
TIC: Std gpeed 0 10ng.D 100 TIElCF;ST EEDHDNGD
100 ; I:E;Ez; 2;12:222 ~ 781 amulsec ] TIC: FAS.'EEDSWDNGDZ -~ 781 amu%eC

|

20 ~ 6250 amu/sec

Nearly no fall off
with increasing scan
speed

1
Fall off with
increasing scan
speed

|

50 50]

1 20 ~ 6250 amu/sec

Moving from 23 to 22
doubles:scans

Phenanthrene Phenanthrene

H‘dﬂ ’\ﬁ"\ Hl'\ﬂ H*ﬁ HAH F}l-‘ﬁ "\%ﬂ HJFH
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Opiates, 38 ions (5 msec dwell) in 1 group, 10 SIM
cycles/peak Sa00C

1.75 min
I j Execute I Y.
/ =lol.x|

Abundance lon 379.00 (378,70 to 379.70); RO038.D ZOOOC
ST = dE-dihydrocodeine lon 373.00 (372,70 ta 373.70): ROO3E.D o .
] lon 377,000 (376,70 ta 377,70} ROD3E.D . 20°C/min
] lon 371.00 [370.70 to 371,70} RO03E.D O min
50000 — lon 392.00 [391.70 to 392.70); RO03E.D
. lon 386.00 (385.70 ta 386.70): ROO3E.D
40000 3 lon 435.00 (434.70 ta 435.70); ROO38.D
] T d6-codeine 10 429.00 (428,70 to 429.70): ROD3E.D
30000
] dE-morphing df-hydrocadone
20000 3
1 i codeine
] morphing hydrocodane
10000 3
0 3
|
Tirnp--= 1 RN 1 R0 20n
~ Window #1 =181 x|
Abundance lon 450,00 (449,70 to 450.70); RO038.D

. lon 44400 [443 701 to 444 70} ROD3E.D dB-B-rnarn
15000 lon 405.00 [404.70 to 405.70). ROQ3E.D

lon 339.00 {368 711 to 339 70} ROD3E.D
lon 480,00 479,70 ta 480.70): RODZE.D
i lon 474 004F3 701 to 474 70} ROO3E.D
. lon 535, 00|[534:70 t 535, 70): RODZE.D
10000 — lon 532,00 (53070 to 532.70); RO03E.D

di-hydromaorphone

d3-oxymarphang

hydramarphone

5000 —

| I |
Tirmea--= 1 R0 1R800 200N

[ e[

Ready
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Synchronous SIM/Scan

What is Synchronous SIM/Scan?

Agilent’'s Synchronous SIM/Scan allows for the continuous
collection of both SIM and Scan data in the SAME
acquisition. More data without sacrificing sensitivity or
library searching capability

Great for target analysis (SIM) and identifying unknowns
(Scan)

— SIM data for quantitation of targets
— Scan data for confirmation of unknowns
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Agilent Synchronous SIM/Scan

Alternating SIM (black) and scan (magenta) data collection

SIM + scan in one cycle, alternating rapidly

High sensitivity + high information throughout
the whole chromatogram

Agilent Technologies



Agilent Instrumentation Used

Gas Chromatograph

* 6890N with Autosampler (tray & injector) and split/splitless inlet
» Capillary NPD with extended jet
» G3180B - Microfluidic Splitter with Makeup Gas

Mass Spectrometer

5975 inert MSD with El source
Software

o GC/MSD Chemstation G1701 DA version D.02.00 or higher (includes
RTL and Screener)

Column
e DB-1/MS 15m x 250pum x 0.25um part # 122-4712

‘#ii- Agilent Technologies
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Method Parameters

GC Agilent 6890N
Oven
Ramp 'C/min 'C Hold min
Initial 80 0.00
Ramp 1 20 320 5.00
Runtime 17 min
MSD Agilent 5975inert
Inlet Split/Splitless Solvent Delay 2.5 min
Temp 280'C Scan Range 42 to 450
Mode Splitless Threshold 0
Pressure 23.16 psi Sampling 22 for scan, 2! for SIMSCAN
Purge Flow 50 mL/min Quad Temp 150'C
Purge time 2.00 min Source Temp 280 'C
Total Flow 56.3 mL/min Transfer Line 280 'C
Injector
Sample Washes 0
Column DB-17MS part # 122-4712 Sample Pumps 6
Mode Constant pressure Injection volume 2 uL
Pressure 23.16 psi Solv A washes 4
Initial Flow 3.8 mL/min Solv B washes 4
Outlet Splitter Viscosity Delay 3
Outlet Pressure 3.8 psig Plunger Speed Fast

Agilent Technologies
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Benzodiazepines
0.63 ng each to MSD

Oxazepam
Lorazepam
Diazepam
Flunitazepam
Nitrazepam
Clonazepam
Alprazolam

Abundance

TIC: _5uL_Scan_2.D\DATAMS

95000 3
90000
85000
80000
75000
70000
65000
60000
55000
50000
45000 4
40000 | 2 7
35000 1 6
30000 | )
25000
20000
15000
10000 | sk trestaoener A
5000

8.00 7.00 8.00 9.00 10.00 11.00 12.00  13.00

~No ok WwdNE

Agilent Technologies
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Flunitrazepam- Scan Only Mode

0.63 ng
lon 312
lon 286 j\
lon 266 AA
111 112 . 116 117
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Flunitrazepam- SIM From SIM Only Run

0.63 ng
lon 312
lon 286 /\
lon 285 /\ S/Npypk 911
lon 266 A

111 112 113 114 115 11.6 117
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Synchronous Data

gf Enhanced Data Analysis - NPD_SIMSCAN.M / _5UL_SIMSCAN_Z.D (Mixed Data: Quantitated Mulki PE., Not Reviewed) - |E||1|

File Method Chromatogram Spectrum  Calibrate Quantitabe Tools  Wiew Toolbars  Help
B AL LNT

AP RN I IR Yol Elisl=R el
GMERBRED £ 2 @Bl KW B 090 BRs B 2
I d| Execute Ii

Ay 2] TIC: _Sul_SIMScan_2.D4DATAMS -3 x|
WMhundance]
100000 —

80000 -]

F0000 -]

Scan data file

40000

20000

T = T T = T T T T T T T T T
Time--= 6.00 2.00 10,00 ‘ l 12.00

:_Sul_SIMScan_2.D\DATASIM.MS ] 3

Phundance)
30000

25000

20000

15000—2 SIM data file

10000
5000 -
! ; ; ; ; ! ; ; ; ; i : : i ; | : : :
Time--= .00 8.00 10.00 N4 12.00
Ready [ o v
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Comparison of Scan Only and Scan from SIM/Scan

lon 312

Extracted lons o 286 3.51 Scans/sec

From Scan —

Mode lon 285 S/Npypk 26
lon 266
lon 312

3.59 Scans/sec

A~

SIN ok 32

Extracted Scan !on 286
lons From
SIM/Scan Mode 'on 285

lon 266

>

111 11.2 11.3 11.4 11.5 11.6 11.7
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Comparison of SIM Only and SIM from SIM/Scan

lon 312

6.20 Scans/sec

Extracted SIM lon 286
lons From
Scan Mode lon 285

S/Ngyox 511

25 msec dwell

lon 312

Extracted SIM lon 286 3.59 Scans/sec
lons From
SIM/Scan Mode lon 285 SINpypk 327

25 msec dwell

\
)\
.
.
)\
/\
i
A

lon 266

111 11.2 11.3 11.4 11.5 11.6 11.7
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Flunitrazepam-Advantage for Quant with SIM/Scan

063 n g lon 312 Scan A
Extracted lons  on 286 Scan j\
From Scan =
Mode lon 285 Scan S/Npk-pk 25 7
lon 266 Scan //\k,
lon 312 SIM A
lon 286 SIM K
Extracted SIM
lons From lon 285 SIM A S/Npk—pk 327
SIM/Scan Mode
lon 266 SIM /\

111 112 113 114 115  11.6 117
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Synchronous SIM/Scan — Library Searchable

Average of 11.343 to 11.366 min.: _ SulL_Scan_1.D\DATA.MS (-
285

Flunitrazepam

Scan Only Spectra

@0 NIST Forward
Match 837

. . 3a6 377 406 azo

o T T T T t T T ¥
Abundance 40 60 80 1001201401601L8020022024940260280300320340360380400420440

m/z—-—-=

Average of 11 .335 to 11.365 min.: _ SulL __ SIMScan_ Z2.D\DATA.MS (-
286
1100 31>
1000
oco Spectra from

=ee SIM/Scan

rgelel

266
S00

so0 1" NIST Forward
T o Match 826

300
183

200 210
109

100 so 133
- 16

JM ‘\u S21 358 | 405 1o
- T T T T T T T T
40 60 80 100120140160180200220240260280300320340360380400420440
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Signal to Noise Improvement with SIM/Scan

Ret Time  Compound Tgt lon

9.940 Oxazepam
10.338 Lorazepam
10.490 Diazepam
11.353 Flunitazepam
12.327 Nitrazepam
12.733 Clonazepam
13.168 Alprazolam

267
239
256
285
280
280
308

A

Scan
Only
S/IN

43
87
242
50
6
8
18

pk-p

B C D D/A
SIM/Scan SIM  SIM/Scan Improvement
Scan only SIM factor
k  SIN ok SIN pipk SIN prpk
49 687 676 16
60 787 1098 13
388 2002 2638 11
42 461 097 12
12 115 116 18
11 128 123 15
24 173 192 11
avg 13.6

SIM and Scan performance of SIM/Scan is
comparable to SIM only and Scan only modes

Page 25
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Permanent Splitter System GC/NPD/MSD
1:1 split NPD:MSD

Autp-sampler Effluent Splitter
AUX EPC| |NPD with Makeup

iiii 3.8 psig /
. 0.532m X

0.18 mm id

144 m X
0.18 mm id 5975 Inert

MSD

6890N
GC 30m X0.25mm id X 0.25 um HP-5MS

Agilent Technologies



uFluidic Splitter Hardware

Deactivated microfluidic splitter operates to 350 C.

Uses metal ferrules to eliminate leaks and retightening

— Column in

To NPD

To MSD

Agilent Technologies
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Three Signals from 1 Injection: Scan, SIM, and NPD
1.25 ng Each Compound

Scan TIC
Oxazepam

Lorazepam
Diazepam
Flunitazepam
Nitrazepam
Clonazepam
Alprazolam

~NOoO ok WN R

SIM TIC k A

A A A

N 1| B

9 ' 10 1 12 ' 13 14
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Flunitrazepam  ion 312 scan

lon 286 Scan R
Extracted lons S/Ngy ok 32
From Scan lon 285 Scan -
Mode

lon 266 Scan

lon 312 SIM
Extracted SIM lon 286 SIM
lons From
SIM/Scan Mode  lon 285 SIM SINpypk 327

lon 266 SIM

NPD

— e

SINyypx 766

11.1 11.2 11.3 11.4 11.5 11.6 11.7
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bundance

A
[]
FI l I n I t r a Z e p aI I l Average of 11.335 to 11.365 min.: _ Sul__SIMScan_ 2. D\DATA.MS (-)
286

1100 s12

1.25 ng -

Scan from
SIM/Scan

Use for confirmation

m/z—--=

Use for confirmation
and/or quant

lon 312 SIM A
Extracted SIM lon 286 SIM A
lons From
SIM/Scan Mode  lon 285SIM A S/Npypk 327
Use for quant
lon 266 SIM /\
NPD A S/Npk_pk 766

11.1 11.2 11.3 11.4 11.5 11.6 11.7
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Why Does My NPD Peakshape Look So Good?

NPD

Agilent Technologies



NPD Jets, Standard vs Extended Tip

Extended Tip extends ~ 9mm
Analytes are positioned closer to
the bead, minimizing tailing.

' G1531-80560 Standard Capillary Jet

¢ (1534-80580 Optional Capillary Jet
with extended tip

Agilent Technologies



Drug Standard by NPD using Different Jets

] *NPD1 B, (NPD\0202003.D)
[ *NPD1B, (NPD\0201001.D)

pA
1000

800 [\

600

Red is Standard Tip,

Blue is Extended Tip, more tailing
200; |ESS tailing W
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NPD Jet For Improved Nitrogen on 6890

There iIs a much better jet for nitrogen detection with the NPD:

* G1534-80580 NPD Jet Capillary Det
e G1534-80590 NPD Jet Universal Det

» G1530A-29 Service Note that describes best practices for optimal NPD
operation

 [note: disregard suggested use of narrower collector]

‘7%~ Agilent Technologies



QuickSwap MSD Interface — Ease of Use

Remove column w/o venting Column

Backflush mode

— Inlet maintenance reverse flow |
— Removes heavies from column __
Maintain constant flow to MSD \i

Microfluidic technoloqy

Requires performance turbo for flow rates > 2 cc/min

Agilent Technologies
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3x Speed, 15m, Lemon Oil TIC, no spike

Longer than normal run to elute heavies, another
opportunity to save time using backflush

Elution time of last
h MMM pesticide =14 min
200 400 600 800 1000 1200 1400 1600 1800 2000 2200  24.00

‘ u M 10 min at 320C

needed after last
target compound
to elute oil

=

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00

Agilent Technologies



Permanent Splitter System GC/NPD/MSD
1:1 split NPD:MSD

Autp-sampler Effluent Splitter
AUX EPC| |NPD with Makeup

iiii 3.8 psig /
. 0.532m X

0.18 mm id

144 m X
0.18 mm id 5975 Inert

MSD

6890N
GC 30m X0.25mm id X 0.25 um HP-5MS

Agilent Technologies



How Do You Backflush ?

Program inlet pressure to ~1.0 psi (may have to fine tune)

Program make-up pressure to calculated value after
last target peak elution time

— Use flow calculator to get pressure for make-up to splitter
(aux EPC or PCM). MS restrictor flow < 10 mL/min at
backflush temp

Try a 3 void-times backflush, then run a blank for an
extended time to make sure system is clean

Shorten this time if blank is clean, in 0.5 min steps

Performance Turbo a must

‘7%~ Agilent Technologies



3x Speed, 15m, Lemon Oil TIC, no spike

Blank before backflush run

L - STV

H |

Backflush for 2.5 min at
300C instead of running
an extra 10 min at 320C

yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy

2.00 4.00 6.00 8.00 10.00 12.00 14

Blank after backflush run
J M ) W

00 16.00 18.00 20.00 22.00 24.00
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Spectral Deconvolution

sExtracts cleaner mass spectra from overlap situations — easier,
reliable identification

*Faster data review, a free second opinion from a mass spec
expert

*\When coupled with RTL and NPD data, gives higher quality
identifications

«Can run searches of data not restricted by RT to find “spectral
brethren” like designer drugs

‘7%~ Agilent Technologies



AMDIS Deconvolution Pulls Out Individual Components and their
Spectra

TIC & Spectrum Deconvoluted peaks and spectra
TIC

>
Component 1 majrix \Lﬂ
Component 2 l
Component 3

. intefference
Deconvolution
1 L

|| ||I||| "I I

. .I|L_|||LLL_
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Deconvolution Removes Spectral Interferences
3-Chloro-1,2-dibromopropane overlapped with fuel components

100 — » 155
s Raw Spectrum
55 97 th Kit i
5o 17 70" hit in NIST search
| 1 132
0— wnlh |L |.]:?I?.| 211 227 24|6 26|1 28.0 30.0
0 60 ‘90 120 150 180 210 240 270 300
100 157 :
| Manual Subtraction
50 — 7 2nd hit in NIST search
9
11
o |3_,?_| 1P .j-"- AL Bh L 8B o11 230 245 261 282 300
30 60 90 120 150 180 210 240 270 300
1007 157
- 75 Deconvolved Spectrum
507
. 18t hit in NIST search
3
o ° ) g | . ] 188
| 4|9 61 93 105 179129 141 [f| 187199
01 3 NIST 05 Library
1007 : : |75 : : : I1r’7 : :
30 50 70 90 110 130 150 170 190

Page 42
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DRS: 3 Integrated Processes

Total ion chromatogram

ul o O

Targets are identified by AMDIS 32 deconvolutes spectra

. Deconvoluted Target
locked R.T.s and 3 qualifier and searches target MS .
. .. ) . spectra confirmed by
ions, then quantified using database using locked RT as a :
' i ISTD cal ualifier AMDIS, searched against
t:Lgls 'on area vs ca quatitie NIST02 MS database

Quant Results Confirmed AMDIS hits Confirmed NISTO05 hits

Combined quantitative and qualitative HTML

Summary report

‘#ii- Agilent Technologies



DRS Report

MSD Deconvolution Report
Sample Name: 2 ppmWYOA MIX 3 Only
Cmsdchem'T\DATAN4Z2205AMHS SimScan'2ppmMIX 3_Only simscan.D

Data File:

Date/Time:

05:13:03 PM Friday, Dec 9 2005

The HIST library was searched for the components that were found in the AMDIS target library.

Agilent AWDIS MIST
BT Cas # Compound Mame Chemstation  |Mateh |R.T. Diff sec. |Reverse [Hit

Amount (ni) Match  |Mum.
1.4597 107062 1,2-Dichloroethane 2.27 857 0.6 94 1
1.540 SE3586 1,1-Dichlorapropylene 7.5 100 0.5 95 1
1.867 70875 1.2-Dichloropropane 492 95 0.7 S0 1
1.871 79016 Trichlaroethylene /.58 H3 0.5 91 1
2.330 10061015 cis-1 3-Dichloropropylene 4.29 93 1.0 = 2
2.E77 10061026 trans-1,3-Dichlorapropylene 3.3 g7 1.5 34 1
2.750 73005 1.1 2-Trichloroethane 252 54 1.7 P 1
2961 142289 1,3-Dichlorapropane 3.39 Ha 1.5 92 1
3.273 106534 1,2-Dibromoethane 2.6 81 1.5 76 L
4.032 530205 11,1 2-Tetrachloroethane 5.15 100 1.9 34 1
5. 187 Fo345 11,2 2-Tetrachloroethane 2.38 a5 2.3 Fate, 1
5.322 CE134 1,2 3-Trichlorapropane 1.89 o3 2.5 =kl 1
5.323 FE017 pentachloroethane 0.08 63 2.0 75 1
g, 232 95128 3-Chloro-1 2-dibramopropane 1.62 43 1.6 =r 1
10,439 |87653 hexachlorobutadiene 1645 84 0.9 95 1

- Agilent Technologies




Summary

The 5975 and associated new products bring several new tools
to the forensic analyst:

Auto-Cl
SIMScan
Splitters
« DRS

Agilent Technologies
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