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The GC Usability Gap

Usability lags features and performance

l * Over the years, GC features
and performance have
matured and largely serve
today’s needs

does not meet today's
expectations, especially as
expertise more scarce

Y « Usability has lagged and

Time

e==== Features and performance Usability
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A Time for Change

Shifting Demographics
Seasoned operators retiring; highly
skilled replacements harder to find

GC troubleshooting skills not
necessarily located at point of use

Operators assuming multiple
responsibilities

Challenging Economics

Budgets squeezed, expectations
increased

Capital purchase decisions made on
business NOT technical basis

Agilent



The GC Community Voice

We listened and responded

Improve the User Experience
 Install and setup

* Use and maintain

« Make GC more practical for today’s
busy forensic lab enterprise

Prepare for Next Generation of
Users
Its not only about better analytical

performance - its about better lab
outcomes
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Make GC Easier




Innovating a New Path to GC Productivity

A whole new way to GC

 Easier

 Faster

« Smaller

 Smarter

 Greener

Agilent



Innovating a New Path to GC Productivity

A whole new way to GC
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Innovating a New Path to GC Productivity

A whole new way to GC

No-trim
column

/

Agilent Intuvo
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Innovating a New Path to GC Productivity

A whole new way to GC

Ferrule-free click-and- ______——

run connections
No-trim
column
Agilent |n|tUV°
: Columns .
>l Direct /
# heating
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Innovating a New Path to GC Productivity

A whole new way to GC

\/N Guard chip

Ferrule-free click-and- ______——
run connections »

No-trim
column
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Agilent Intuvo
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Innovating a New Path to GC Productivity

A whole new way to GC

Modular
Intuvo flow chips

\/N Guard chip

Ferrule-free click-and- ______——
run connections »

No-trim
column

/

Agilent Intuvo

G ( l)IU S D ° l
H /

heating
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Flexible Compatible Design

Configurable to any application

SSL, MMI, GSV, LSV inlets

FID, TCD, ECD, NPD, FPD, NCD,
SCD detectors

SQ and TQ mass spectrometers

Headspace, thermal
desorption, purge and trap
samplers

16-, 50-, 150-position
auto-injectors and trays

Software: OpenLAB and
MassHunter

Agilent
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Innovating the GC Flow Path

Conventional
flow path

Inlet

Gold seal

Nuts and ferrules

Classic capillary
column

& To detector
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Innovating the GC Flow Path

Conventional Intuvo
flow path flow path

Inlet Inlet

Guard chip

Gold seal

Nuts and ferrules

Classic capillary
column

& To detector
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Innovating the GC Flow Path

Conventional Intuvo
flow path flow path

Click-and-

Inlet run direct

connections

Guard chip

Gold seal Flow

chip

Nuts and ferrules To detector

Classic capillary Intuvo planar
column column

& To detector
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The Intuvo Chips Installed

Guard chip

Inlet sealing
screw

Clips

Intuvo gasket

Guard chip
compression bolt

Smart ID key
connectors:
Detector

Inlet

Detector chip

Compression
bolt

Inlet chip

Intuvo gasket




Click-and-Run Direct Connections
Eliminating connection uncertainty

No more ferrules
Direct face seal connections

Audible and tactile click lets you know
connection is made

Easier to train
Less unplanned downtime

Fewer batch reruns and precious
samples lost



Intuvo Guard Chip and No-trim Columns
Running more, maintaining less

« Simple disposable design

* No column trimming

* Retention time
reproducibility

 Less maintenance time

 Less recalibration and
requalification

* Less unplanned downtime

Agilent



Install The Guard Chip

Use Torque Screwdriver

Acts as a i
Guard Column g .

-------------------

-----------------------

Use two wrenches
for MMI

Agilent



Install The Column Gasket

Install a new Gasket...

Intuvo Gaskets

‘Hl“iﬂ? 3

<350°C Nickel. <450 °C No hole. <350 °C




Install The Column

* Place the column into position

* Insert the Smart ID in the lower
Column 1 Connector

* Use the Torque screwdriver to
tighten the “Click and Run”

connectors

Secure the Column Clamps




Intuvo Guard Chip and No-trim Columns
No retention time shifts after maintenance

Conventional Column Intuvo Column
Shifts beyond Maintaining
| " retention time retention times
| window |
[—
I (.\
L L
)L \ | NI
0.5 min 0.5 min
Pesticide mix injected before Pesticide mix injected before
and after 300 mm column trim and after guard chip change

Agilent




Autonomous Leak Checking
Avoiding unplanned downtime

2

% Methods Sequences Diagnostics2 Maintenance Logs Settings
lnJ

N

| SIMPLE D1

o)

50.01°C

STATUS: IDLE

Sequence Method Est. Remaining

N/A N/A 00:06

Microfluidic-enabled 6t generation EPC modules allow hands-free leak
checking to confirm and document leak-free operation autonomously.




Intuvo Graphical
User Interface

« System status

Agilent Technologies Intuvo

S000 GC System

Status Methods Sequences Maintenance Apps Settings

11 psi 2 ml/min

]

S/SL ————>

238.7°

Sequence Method Est. Completed
ONA-FeedstockB-20140606 HPI-FID-Calibration-Oven50  15:03

(n)(m)




Intuvo Graphical
User Interface

- System status

* Real-time
chromatograms

Agilent Technologies Intuvo

2000 GC

Status Methods Sequences Maintenance Apps Settings

SEQUENCE RUNNING & Host Name/IP Address

Sequence Method Est. Completed 4D &
ONA-FeedstockB-20140606  HPI-FID-Calibration-Oven50  15:03 L 7" J\ | )

Not Resdy




Intuvo Graphical
User Interface

« System status

* Real-time
chromatograms

« Step-by-step user
maintenance and
troubleshooting

$.o- Agilent Technologies  Intuvo

9000 GC System

< Overview Inlet Maintenance

Replace Guard Chip

Loosen the guard chip compression bolt

- Procedure
o (b 1. Lower the guard chip heater.
= 2. Loosen the compression bolt.
= ST o

? View Previous Steps




Intuvo Graphical
User Interface

° SYS'tem status 57 Agilent Technologies Intuvo e
°® Real_time < Overview Inlet Maintenance ? View Previous Steps
Chromatograms F;Zi?;z;iﬁerttﬁsliner
\'? \ InletAiner®PartMumber@B001-
« Step-by-step user -
maintenance and
troubleshooting

 Finding parts fast




Internet of Things
A full suite of customer support

A | [ ag79/index.htm#t=maintenance.htm

gilent | Intuvo 9000 GC

Home Knowdedgebase Getting Started Maintenance System Operations

O Agilem Techaslagies

Intuvo serves up a
web homepage

User help for
Maintenance,
troubleshooting and
diagnostics

Accessible through
any approved PC or
mobile device
securely on internal
network




Agilent CrossLab Services for Intuvo
A streamlined service experience

Agilent 9000 GC Health Report

Generated: Fri Jul 8 15:46:04 2016

Intuvo 9000 GC Health Report

System Information

Hostname: pfeifer2 Serial Number: US00000002
Firmware Version: A.00.01.094-201606212017

System Configuration
o ege ° o
cteeers oA e o RGN0 P AJ008 Installation and familiarization
Inlei: SS Serial Number: SSL_QO00FD
Detector 1: FID Serial Number: 3456101310315
Detector 2:  ECD Serial Number: 3456101412105
Headspace sampler: [if present] Mass Spectrometer: [if present]

Bus Type D1_D2_SPLIT_10_TO_1 Carrier Board Type: PP

Active Instrument Conditions

Compliance services

State Date/ Time UniqueID Description

It would be nice to be able to query for some additional detail here.

Columns

Column 1 Column 2

Manufacturer:  AGILENT E d H
Catalog Number: 19091J-412 ucatlon
Serial Number: USF163127]
Length: 30
Diameter: 0.32

Eg®

Film Thickness: 250




BAC Dual FID configuration

4. Agilent




Blood Alcohol Concentration Forensic Application Requirements

Determination of blood alcohol concentration requires
rigorous control.

- Many forensic labs use flame ionization detection (FID)
which lacks identification capabilities

- Often a second system with a column having different
retentive properties is used to confirm analyte
identification

Blood alcohol concentration determination and
confirmation can be achieved simultaneously with the
Intuvo 9000 GC.

* An Intuvo 9000 GC system was equipped with a 7697A
Headspace Sampler and configured with an inlet splitter
allowing dual column, dual FID analysis.

NEW BAC Ul columns (123-9334UI-INT and 123-9434UI-
INT) were used which improve resolution of critical
analytes

Agilent



Intuvo Dual Flow Path

Intu Splitter Chip
G454




7697 Headspace parameters

Oven 70°C
Loop 70°C
Transfer line 90°C

Vial equilibration time 7min
Injection duration 0.5min
Vial size 20mL
Vial shaking off

Vial fill mode Default (50mL/min to 15psi (0.1min)) =
Vial fill pressure 15psi
Loop ramp rate 30psi/min
Loop final pressure 1.5psi

Loop equilibration time 0.05min




Intuvo Parameters

Intuvo 9000 GC

Oven

Split/Splitless Inlet

DB-BAC1 Ul (123-9334UI-INT) 30m x 320pum x
1.8um

DB-BAC2 Ul (1230-9434UI-INT) 30m x 320pum x
1.2pm

FID (Front and Back)
H2

Air

N2 (makeup)
Jumper chip

Bus

Front/Back Signal

40°C (6.5min)
split 10:1, 110°C

Constant pressure 21psi

Controlled by column 1

250°C
30mL/min
400mL/min — —
25mL/min
110°C Jumper chip set to the
(—iplet temperature
Default (On 200°C) — Bus temperature
set to default
20Hz




Calibration Results

Calibration standards were made in house
 0.8%t00.01%

- methanol, acetaldehyde (not
quantified), acetone, ethanol, and
isopropanol.

* Headspace vials were made in
triplicate at each level consisting of
450 pL of internal standard (0.3% n-
propanol) and 50pL of standard.

Calibration curves for methanol, ethanol,
acetone, and isopropanol are shown right.

- Ethanol calibration curves yield
0.9996 or better for the dual column
ensemble.

 Slope difference between the two
column/detector pairs is 6.3%

Response

Response

1000
900
800
700
600
500
400
300
200
100

1000
900
800
700
600
500
400
300
200
100

BACUI'1

y=2.0265x +4.254
R2=0.999

.

y=1.1191x + 2.5958

R2=0.9887 —
- ®
R e e V=03281x+0.9655
..... o e R2=0.9973
P T

100 200 300 400 500 600 700

Concentraion (mg/dL)

BACUI 2

® y=2.1435x + 1.2863
.o R%=0.9991

y=1.2208x + 2.8953

» R2= 0.9868
e
.. ........
R R e V=0.3549x+0.5807
----- .",......-.""'.' R2:0.9983
0

100 200 300 400 500 600 700

Concentraion (mg/dL)

y=0.616x - 1.3505

R2=0.9996
".‘. Isopropanol
@ Acetone
@ Ethanol
® Methanol
800 900

y=0.6554x - 1.1943

R?=0.9997
.... Isopropanol
@® Acetone
@ Ethanol
® Methanol
800 900




Calibration Accuracy Verification

 Agilent Ethanol Standards were
evaluated on the Intuvo 9000 GC.

« The concentration of the ethanol
standards were calculated based on
the calibration curves and compared
to the expected concentration.

* Pass or fail was determined with * 6%
error tolerance.

Ethanol
Standard

20mg/dL
(5190-9756)

50mg/dL
(5190-9757)

80mg/dL
(5190-9758)

100mg/dL
(5190-9759)

150mg/dL
(5190-9760)

200mg/dL
(5190-9761)

300mg/dL
(5190-9762)

400mg/dL
(5190-9763)

Calculated

Concentration

DB-BAC1 Ul

19.8mg/dL

50.0mg/dL

79.3mg/dL

96.7mg/dL

152mg/dL

197mg/dL

302mg/dL

384mg/dL

Pass/Fail

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Calculated

Concentration

DB-BAC2 Ul

19.3mg/dL

47.1mg/dL

76.8mg/dL

94.4mg/dL

149mg/dL

193mg/dL

302mg/dL

386mg/dL

Pass/Fail

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass



Area Repeatability

Area repeatability for the 80mg/dL Ethanol 80 mg/dL standard ~ 3.70% 2.80%
standard as well as the Agilent Blood

. Methanol 4.10% 1.40%

Alcohol Checkout mix (5190-9765) was
determined for five replicate headspace Acetaldehyde 2.80% 3.00%
vials. Ethanol 2.30% 1.10%
Isopropanol 3.30% 1.90%
T-butanol 2.80% 2.70%
Propanal 3.40% 3.00%
N-propanol 3.10% 2.10%

4.1% or better!

Acetone 3.40% 2.90%
Acetonitrile 2.30% 2.80%
2-butanol 2.00% 3.00%
Ethyl acetate 3.20% 3.10%

2-butanone 3.10% 3.00%




Retention Time Repeatability

Retention time repeatability for the Ethanol 80 mg/dL standard ~ 0.04% 0.10%
80mg/dL standard and the Agilent Blood

. Methanol 0.01% 0.02%

Alcohol Checkout mix (5190-9765) was
determined for five replicate headspace Acetaldehyde 0.01% 0.02%
vials. Ethanol 0.02% 0.05%
Isopropanol 0.02% 0.04%
T-butanol 0.03% 0.04%
Propanal 0.01% 0.02%
N-propanol 0.03% 0.04%

0.1% or better!

Acetone 0.02% 0.03%
Acetonitrile 0.02% 0.03%
2-butanol 0.04% 0.04%
Ethyl acetate 0.02% 0.03%

2-butanone 0.02% 0.03%




DB-BAC1 Ul Blood Alcohol Checkout Mix

New columns resolve t-butanol and n-propanol from forensic analytes of interest

o | 7 1. Methanol 7. n-Propanol
e = 2.6 2. Acetaldehyde 8. Acetone

] 6 3. Ethanol 9. Acetonitrile
= 2 4. Isopropanol  10.2-Butanol
. 5. t-Butanol 11.Ethyl Acetate

: 6. Propanal 12.2-Butanone
5::1—: 5

: 8 11 12

- 4 9
SD—: 3 10

o \

Agilent



DB-BAC2 Ul Blood Alcohol Checkout Mix
Elution order changes allow confirmation of forensic analyte identification

"] 6 1. Methanol 7. n-Propanol
7 2. Acetaldehyde 8. Acetone
o 3. Ethanol 9. Acetonitrile
2 4. Isopropanol 10.2-Butanol
" 5. t-Butanol 11.Ethyl Acetate
| 6. Propanal 12.2-Butanone
12
80 8
' 5 11
| |
3 9
- 4 10
I 3
- 1
: ,_ UL LL LJ U

Agilent



Conclusions

* Forensic Analysis of blood alcohol can be easily accomplished with Intuvo
— Inlet splitting capability enables analysis and confirmation in a single run on two columns of different phases
— Can be configured as an Agilent Analyzer as well
* Includes a factory method and report template

« New blood alcohol columns (DB-BAC 1 Ul and DB-BAC 2 Ul) yield excellent resolution of all
forensic analytes of interest in the sample

« Excellent linearity, retention time
repeatability, and area repeatability were
achieved

Agilent
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Intuvo Parameter
Optimization

> Starting point for new temperature zones (Guard Chip, Chip Buss)
> How inert is the flow path

> Semi-fast GC method for sample throughput

> General conditions (inlet temp, flow, column type)

> Does atune.u and stune.u respond similarly with Intuvo

» Can background/carryover be reduced via draw out diameter

> How does source temperature affect Intuvo chromatography

Agilent



Fast Method Parameters for Drugs on Intuvo

Ramp °C/min °C Hold min

Initial Temperature 100 1.0

Ramp 1 150 325 2.5

Runtime 5.0 min

Inlet Split/Splitless

Temperature 250 °C

Mode Split, Constant Flow

Flow rate 1.2 mL/min

Head pressure 7.1 psi

Average velocity 49.63 cm/sec

Split Flow 48 mL/min

Split Ratio 40:1

Column DB-5MSUI part # (122-5512U1)
15m x 0.25 mm id x 0.25 pm film

Liner Split, straight 990 pL ultra inert

5190-2294

Injection volume

1.0 UL

MSD
Solvent Delay

Acquisition Mode

Scan Range
Threshold
Sampling
TID

Quad Temp
Source Temp
Transfer Line
Tune

5977B Extractor Source

1.5 min

Scan
40 to 500

150

2

OFF

150 °C
320 °C
280 °C
Stune.u
Gain=1.0

Guard Chip

Flow Chip Bus

250 °C Isothermal

Isothermal 300 °C




Intuvo Guard Chip Temperature Settings
Tracking Oven MCH 250 °C Isothermal MCH

x10 7 |+ TIC Scan MCH_150_AT_1_GC D

165 17 175 18 185 198 1095 5 205 21 215 22 225 23 235 24 245 25 255 26 265 27 275 28 285 29 205 2 205 31 315 32 325 33
Counts wvs. Acquisition Time (min}

'~Agilent




Intuvo GCMS Interface Temperature Settings

x10 & + TIC Scan gc-pve-14.D

5754
5.5+
5254
5_
4754
4.5+
425+

; Cocaine

3.754

Tetracaine

3254

2.?2: c24

254
[ 3]
Heroin
1.754 o o
Quinine
1.254
1 -
0.75-
025
o A
x10 § + TIC Scan go-pve-14-18.0
6254
6_
5754
554
525
5_
475
4 5
4 25
44
3754
3.5
3254
3_
275
2.5
225
2_
1.754
1.5
1.254
1_

0.75+
0.5+
0.25+ f

o-

Cold Spots in the sample path

12 13 14 15 16 17 18 19 2 21 22 23 24 25 26 27 28 29 3 31 32 323 34 35 36 37 38 39 4 41 42 43 44 45 46 47 48 49
Counts ve. Acquisition Time (min}




5977B El Extractor Source Tune Settings
Atune.u

Autotune - 5977

Stune.u

Target Tune - 5977

Tune timestamp: 6/21/2017 9:48 AM (UTC-04:00)

Intuvo 5977

Tune timestamp: 6/21/2017 10:02 AM (UTC-04:00)

Intuvo 5977

D:\MASSHUNTER\GCMS\1\5977\atune_320.u US1711M035 D:\MASSHUNTER\GCMS\115977\stune_320.u US1711M035
Ion Polarity Pos | PFTEA Open ¥ Ion Polarity Pos | PFTBA Open
| Emission 34.6 | Mass Gain 137 Emission 34.6 | Mass Gain 133
Electron Energy 70.0 | Mass Offset -26 Electron Energy 70.0 | Mass Offset 225
Filament 1| amu cain 2533 Filament 1 | Amu Gain 2496
Repeller 32.11 | Amu Offset 137.13 Repeller 19.96 | Amu Offset 141.25
Ton Focus 90.3 | Widthz19 -0.018 fon Focus 73.5 | Width219 0.000
Entrance Lens 20.2 | DC Polarity Pos Entrance Lens 0'_0 DC Polarity Pos
Ent Loms Offoct 13.23 | HED Enable on Ent Lens Offset Dynamic | HED Enable on
Ion Body 0.00 | EM Volts 911.9
Ion Body 0.00 | EM Volts 907.9
Post Extractor 1 0 | Extractor Lens 0.00
Post Extractor 1 0 | Extractor Lens 0.00 . VA
. T T y T ] T o T y | |Post Extractor 2 0| Scan Speed 3
- — ‘ —_ - Post Extractor 2 0 | Scan Speed 3 88 70 218 230 500 502 504 [ 2-101 2 -
62 70 2ie  2do 500 502 804 [ -2-10 1 . . - , JetClean Flow 0| Averages 3
) ) - ) JetClean Flow 0 | Averages 3 Mass (miz) Mass (m'z) Mass (miz) Mass (miz)
Mass (miz) Mass (m/z) Mass (miz) Mass (miz)
Temperatures and Pressures
Temperatures and Pressures Actual m/z Abund Rel Abund Pw50
Actual m/z Abund Rel Abund Pw50 £3.00 249,359 100.0% 0.57 MS Source 320 Turbo Speed 100.0
MS Source 320 Turbo Speed 100.0 ! : ! -
69.00 456,555 100.0% 0.60 M:" ) o0 iV = e 219.00 114,066 45.7% 0.56 MS Quad 150 HiVac n/C
218.90 386,520 84.7% 0.60 = Qua 1vae s01.90 5,548 23% 0.58
501.90 14,517 3.2% 0.58
Low High Step Speed Threshold Peaks Base Abundance Total Ton
Low High Step Speed Threshold Peaks Base Abundance Total Ion 10.00 701.00 0.10 3 100 a7 69.00 240,448 704,890
10.00 701.00 0.10 3 100 145 659.00 441,344 1,575,380 ]
1 08
08 06
06 04
04 02
02 0 : 1 PRV : : Chy t ‘ ; ; ;
| | | 50 100 150 200 250 300 350 400 450 500 550 600 650
0 1 - I P! : ' ! o | ! ! ! ! 1 Mass (m/z)
100 150 200 250 300 350 400 450 500 550 600 650
Mass (m/z) Target m/z Actual mjz Abund Rel Abund Iso m/z Iso Abund Iso Ratio
69.00 69.00 240,448 100.0% 70.00 2,682 1.1%
Target m/z Actual m/z Abund Rel Abund Iso m/z Iso Abund Iso Ratio
219.00 219.00 108,416 45.1% 220.00 4,908 4.5%
65.00 69.00 441,344 100.0% 70.00 4,944 1.1%
502.00 502.00 5,388 2.2% 503.00 636 11.8%
215.00 219.00 359,616 81.5% 220.00 15,211 4.2%
502.00 50z.10 13,097 3.0% 503.10 1,247 9.5% Air/Water Check: H20 ~0.8% N2 ~0.9% 02 ~0.2% CO2 ~0.3% N2/H20 ~122.7%
Column(1) Flow: 1.20 Column(2): 0.00 ml/min Interface Temp: 280
AirfWater Check: H20 ~0.6% N2 ~0.6% 02 ~0.2% COZ ~0.2% N2Z/H20 ~98.6% Ramp Criteria:
Column(1) Flow: 1.20 Column(2): 0.00 ml/min Interface Temp: 280 Ton Focus maximum 90 wvolts using ion 502;  Electron Multiplier Gain 48004.858
Ramp Criteria: Repeller maximum 20 volts using ion 219; Gain Factor 0.4800
Ion Focus maximum 90 welts using ion 502;  Electron Multiplier Gain 44432.000 Mass Gain Values(Scan Speed): 147(3) 157(2) 173(1) 208(0) 269(FS1) 339(FS2)
Repeller maximum 35 volts using ion 219; Gain Factor 0.4443
Mass Gain Values{Scan Speed): 150(3) 149(2) 162(1) 173(0) 226(FS1) 225(FS2 TARGET MASS: 50 69 131 219 414 502 1050
Amu Offset 141.3 141.3 141.3 141.3 141.3 141.3 141.3
TARGET MASS: 50 69 131 219 414 502 1050 Entrance Lens Offset 5.6 5.0 6.4 6.9 131 17.6 17.6
Amu Offset 137.1 137.1 137.1 137.1 137.1 137.1 137.1 Target Abund (%) 1.0 100.0 55.0 45.0 3.5 2.
Entrance Lens Offset 13.2 13.2 13.2 13.2 13.2 13.2 13.2 Actual Tune Abund (%) 0.9 100.0 56.5 45.1 3.8 2.

- Agilent



Draw Out Lens Comparison 3, 6, and 9 mm Diameters
3 mm 6 mm 9 mm

%10 8 [+ TIC 8can OTC_150_1_8T320.D
41 x10 8 [+ TIC 8can OTC_DO_6_3.D %103 |*TIC 8can GTC_DO_9_3D
66
¢ 2.1
39 2051 c
38 6 24 6 62 5
37 4x10 = 2X10 ] 6x10
36 199
58
35 1.854
34 181 58
43 175 54
1.7
32 52
31 1.65
3 167 €
29 155 48
28 151 15
1454
27 44
% 144
135 42
25 a3
-~ 4
X 125 0
& 12
& 1154 i
21 111 34
2 ]
1.05 12
19 1
18 0951 8
17 0.9 28
16 0.851 26
0.8
15 2
14 0.75
13 071 e
12 0.654 2
11 ol 18
1 0.551
0.5 e
09
045+ 14
08
- 04 12
0.354 q
8 0.3
wE 0251 08
e 02 08
03 ]
0.15 04
02 0.1
02
01 ] 0054 L‘, L
D D- D T T T T T T T T T ‘\M_’TJ T T T T T T T T
17 18 19 2 21 22 23 24 25 26 27 28 29 3 31 32 33 34 3 18 19 2 21 22 23 24 25 26 27 28 29 3 31 32 33 34 35 18 19 2 21 22 23 24 25 26 27 28 28 3 31 32 33 34 35
Counts vs. Acguisition Time (min} Counts vs. Acquisition Time (min) Counts vs. Acquisition Time (min)

'~Agilent




Draw Out Lens Comparison 3, 6, and 9 mm Diameters
3 mm 6 mm 9 mm

107 [+ 710 Scan OM5_150_1_813200 106 |+ TIC Scan OM5_DO_6_3.0 106 |+ TIC Scan OM5_DO_9_3D
102 & 211
g sl 2051
098 24
1x 107 2 6x10° = 2x106
094 o aal
092
09 551 1.85
038 564 L]
046 1751
084 54 171
082

527 165+
08
078 5 161
0.76 4& 1554
074 151
iz 461 1454
07
068 444 2
068 2l 1351
064 131
“;é 9 1254
! 2 |
058 i
056 367 1154
054 . 1.1
052 el
05 32 ol
048
045 ] ]
044 28 094
042 |
2 26 085
038 4
) m
036 B2
03 22 074
032 2 0651
e 06
028 181 o5 ]
026 161
024 051
02 144 0451
02 044
018 2

0351
016 1
014 034
0.12 081 0254
01 064 024
008
015

006 044
004 ] 011

02
002 | 0051 H i
0 e — 0 o—

17 18 19 2 21 22 23 24 25 26 27 28 29 3 31 32 33 34 35 18 19 2 21 22 23 24 25 26 27 28 29 3 31 32 33 34 35 " 13 19 2 21 22 23 24 25 26 27 283 29 3 31 32 33 34 35

Counts vs. Acquisition Time (min) Counts vs. Acquisition Time (min) Counts vs. Acquisition Time (min)

'~Agilent




x07

1.54
1.454
1.4
1.35
1.34
1.25
1.24
1.154
1.1
1.05

0.954
0.9
0.854
0.8
0.75
0.7
0.654
0.6
0.554
0.5
0.454
0.44
0.354
0.3
0.25
0.2
0.154
014
0.054

Source Temperature Comparison (225, 275, 325°C)

Cannabinoid Mix

+TIC Scan THC_MIX_325_2.d

I IS Y

b

Cannabinoid Mix ~100 ug/mL

Cannabinol, Cannabidiol, Spice mix, AB FUBANACA

N2

=

i

-

N

66 68 7 72 74 76 78 &

g2 84 86 28

g

97 94 96 98 1

102 104 106 108

Countsfs. Acquisition Time (min)

11

12 114 116 118 12 122 124 126 128




Better chromatography

5| & N

) \
%
»2 104 106 108 11 112 14 16 18 12 122 124 126 128 13 132 134 136 13

‘cquisition Time (min)

B 325°C B 275°C Bl 225°C
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Source Temperature Comparison (225, 275, 325°C)
Toxicology Checkout Standard 5 ng/pL on column

x10€ [+ TIC Scan TexMix_325_5.d

8.5
2954 PCP

7.754
7.5
7.254

5754 Flunitrazepam .

ool .
Meperidine
B p Methadgne Diazepam

5.75 Diacetylmorphine

5.5 Wethamphetamine
5254 :

/ Cocaine /
475 I,fr MDA MDEA
454 ¥ |
425 Alprazolam
44 Codeine ]
375
35
325 Strychnine
3 Oxycodon
2751
2.5
2254 Clonazepam

Verapamil

1.754
1.5
1.254

BEELL%UAJM&JwMWMLJWLLUL L‘-L K - JL*—“JL

4 45 5 55 & £5 7 75 ) 25 g g5 10 105 11 115 12 125
Counts vs_ Acquisition Time (min)




Flunitrazepam | Increased Response I

Diazepam
(o)
Proadifen ! Diacetylmorphine 325°C
Cocaine ."rj I
i /

:! Alprazolam Verapamil 275°C

Codeine
Strychnine
Oxycodong
225°C
Clonazepam
| \.
L VT L_‘J.ﬁ_l (WL XKJ% L\-L k- A

4 76 78 B 82 24 86 88 95 92 94 96 98 10 102 104 106 108 11 112 114 116 118 12 122 124 126 128
Counts vs. Acquisition Time (min)
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Method Parameters for Accelerants on Intuvo

Ramp °C/min  °C Hold min MSD 5977B Extractor Source
Initial 40 2.0 Solvent Delay 3.0 min
Ramp 1 5 120 0.0 Acquisition Mode Scan
Ramp 2 12 300 5.0 Scan Range 33to 300 a.m.u.
_ , Threshold 150
Runtime 38 min Sampling 5
Inlet Split/Splitless TID OFF
Temp 250 °C Quad Temp 150 °C
Mode Split, Constant Flow Source Temp 230 °C
Flow 1.2 mL/min Transfer Line 280 °C
Inlet Press 11.06 psi Tune etune.u
Septum Purge 3.0 mL/min Gain=1.0
Purge Flow 24 mL/min  (Split Ratio 20:1) Guard Chip Tracking Oven Ramp
Initial Temperature 65 °C
Column DB-1MSUI part # (122-0132U1) Flow Chio Bus  Isothermal 300 °C
30m x 0.25 mm id x 0.25 pm film P
Liner Single taper w/wool 900uL ultra inert
5190-2293
Injection volume 1.0 pL Complete cycle time between injections 2 minutes

GC Equilibration Time 0.1 min




ASTM E1618

- 9583
22 10.078-528

25.b51 2773

21.374

11214

0.25

0.15

uf;'%i ) ) L L asses

Cpd w48 Label TR CAS TV RT ¥4 Formula 74 Score (Lib) ¥+ Height ¥4 ‘wWidth ¥+ Area ¥4 D Source T8 File 74 Library 74
ETRN 1 Cpd 1: Toluens . 18218612 41208103 LibSearch E1618_1.D0  MIST14.L
-- 3 Cpd 3: p-¥ylene | 106-42-3 6.987 CBH10 §97.78| 20855558 0.188| 50511553 LibSearch| E1618_1.0| MIST14.L
-- 2 Cpd 2: Octane | 111-85-3 556G CEH1B 9402 11401560 0.135| 23350708 LibSearch| E1618_1.0| HMIST14.L
-- 4| Cpd 4: Benzene, 1-ethyl-2-methyl- | 611-14-3 5583 CoH12 97.04| 21938561 0.178| 60387452 LibSearch| E1618_1.0| MWIST14.L
-- 5| Cpd 5 Benzene, 1-ethyl-Z-methyl- | 611-14-3 10,078 CoH12 96.8| 21557617 0.201| &0752780 LibSearch| E1618_1.0| MIST14.L
-- 6 Cpd & Benzene, 1.2 4-tnmethyl-| 35-62-6 10,528 CoH12 9757 217033 0.201| B1557621 LibSearch| E1618_1.0| MIST14.L
-- 7 Cpd 7: Decane | 124-18-5 11.214 C10HZ2 9472 15120445 012| 37056010 LibSearch| E1618_1.0| HIST14.L
-- 8 Cpd & Dodecans | 112-40-3 17.056 C12H28 969 17927646 0.191| 50540392 LibSearch| E1618_1.0| MIST14.L
-- 9 Cpd % Tetradecane | 623-55-4 21.374 C14H30 9533 23480818 0.152| 45814475 LibSearch| E1618_1.0| MIST14.L
-- 10 Cpd 10: Hexadecane | 544-76-3 23585 C16H34 477 25940694 0.152| 50770216 LibSearch| E1618_1.0| HMIST14.L
-- 11 Cpd 11: Octadecane| 533-45-3 25551 C18H38 95.8| 27674331 0.125| 55515985 LibSearch| E1618_1.0| MWIST14.L
-- 12 Cpd 12: Eicosane | 112-95-8 27673 C20H42 9479 27724586 0.13| 5BR93ZZS LibSearch| E1618_1.0| MIST14.L




x10 7 |+ TIC Scan 285_1.D

% 228 Diesel Fuel (HPD)

1.054

0.95+
0.9
0.851

D&+

0.75

0.7

0.651

06+

0.55+

0.5

0454

0.4+

0.35+ I‘
0.3

0.254

024

0.151

0.1+

0.05

B

4 5 [ 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
Counts vs. Acquisition Time (min)
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Extracted lon Profiles

x108 +EIC(57.0,71.0,85.0,99.0) Scan 288_1D

5 Alkanes

%105 +EIC(91.0,105.0,119.0, 133.0) Scan 288_1.D

+ Aromatics

2]
q | MM A

xig & +EIC(117.0,131.0,145.0) Scan 288_1.D

144
124

0s] Indanes

0.6+
0.4+

%105 +EIC(55.0,69.0,83.0) 8can 288_1D

Olefins/cycloparaffins

D_
x10 8 |+ EIC(128.0. 142.0. 156.0) Scan 288_1.D

N PNAs

0.2

T 7 T 7 T
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3 32 33 34 35 36 37
Counts vs. Acquisition Time (min) v
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x107

2354
234
225+
224
2154
214
2.054
2_
1.954
1.9
1.85+
1.8
1.751
1.7
1.65
1.6
1.55+
15
1454
1.4+
1.35
1.3
1.25+
12
1.151
1.1
1.054
1_
0.95
0.9+
0.85+
0.2+
0.75
0.7+
0.654
0.6+
0.55+
0.5
045+
044
0.354
0.3
025+
024
0154
0.1+
0.054

04

+TIC Scan 296_1.D

296 IsoPar G (iso-paraffinic)

16 17 13 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Counts vs. Acquisition Time (min)
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Extracted lon Profiles

x10 7 +EIC(57.0.71.0. 85.0.99.0) Scan 296_1D

x10 3 +EIC(91.0,105.0,119.0,133.0) Scan 286_1.D

5 Aromatics

"
TN

0l [ T .M)nh T IR - . L wan f

¥10 3 +EIC(117.0,131.0, 145.0) Scan 206_1.D

Indanes

¥10 5 +EIC(55.0,69.0, 83.0) Scan 296_1D

x10 4 [+ EIC(128.0. 142.0. 156.0) Scan 296_1.D

% 17 18 19 20 21 2 23 24 25 2 27 2 29 3 31 32 33 34 3B 3 37
Counts ve. Acguisition Time (min) v
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RT Reproducibility of 6 alkylbenzenes on multiple instruments,
guard chips, and column installations

Fast Retention

Castle Peaks Conventional Retention Time Time

n=8 Range Average %RSD Range Average %RSD
n-propylbenzene 9.3340- 9.3660 9.3493 0.14 4.7280- 4.7790 4.7486 0.48
3-ethyltoluene 9.5640- 9.6030 9.5828 0.15 4.8430- 4.8890 4.8615 0.42
4-ethyltoluene 9.6190- 9.6580 9.6375 0.15 4.8700- 4.9150 4.8883 0.42
1,3,5-

trimethylbenzene 9.8060- 9.8870 9.8460 0.32 4.9560 - 4.9990 4.9739 0.39
2-ethyltoluene 10.0590-10.1500  10.0901 0.26 5.0870- 5.1280 5.1036 0.35
1,2,4-

trimethylbenzene 10.5090-10.5570  10.5321 0.15 5.3100- 5.3440 5.3258 0.27
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AccuStandard Energetics Sample A Extractor Source/7890

x10 5

16+
151
14+
131
121
1.1

0.91
0.8
0.71
0.6
0.51
0.4
0.3
0.2
0.1

+ TIC Scan Sample A_01_1D
2,6-Dinitrotoluene

AccuStd Sample A @ 100 ng/uL

Inj 0.1 uL = 10 ng on column (splitless) _2-Amino-4,6-dinitrotoluene

Ran 20:1 Pulsed Split; split flow = 30 mL/min

= 0.5 ng on column

4-Amino-2,6-dinitrotoluene
2 4-Dinitrotoluene
1,3-Dinitrobenzene
Tetryl
a-TNT
RDX
1,3,5-Trinitrobenzene
SNTERY. PHNP. b . i _Jn- o e ‘thmmumd.\] e ottt s Lot b Wl
4 45 5 55 6 65 7 75 8 85 9 95 10 105 11 115 12 125 13 135 14 145 15 155 16 165 17 175 18

Counts vs. Acguisition Time (min)




AccuStandard Energetics Sample B Extractor Source/7890

x10 5 |* TIC Scan Sample B_01_3.D

3.2

3_.
2.8
26 AccuStd Sample B @ 100 ng/uL

® © o 4-Nitrotoluene Inj 0.1 uL = 10 ng on column (splitless)
- S s| 9 Ran 20:1 Pulsed Split; split flow = 30 mL/min
224 e © = = 0.5 ng on column
2 sl g

8 £ z| Z
18- = Sl
1.6
1.4
1.2

1_.
0.8 3,5-Dinitroaniline

. |

0.6 Nitroglycerin 0.1 ng on column
. \
| L M

N L. I . .

4 45 5 55 6 65 7 75 8 85 9 95 10 105 11 115 12 125 13 135 14 145 15 155 16 165 17 175 18
Counts vs. Acquisition Time (min)




Extractor Source/7890 compared to High Efficiency Source (HES)/Intuvo

w10 7 |+ TIC Scan HES_Sample_A_B_1D
1 "\\ AccuStd Sample A & B @ 100 ng/ulL
Inj 0.1 uL = 10 ng on column (splitless)
2e21 69778 (HES) with Intuvo (9000) GC Ran 20:1 Pulsed Split: split flow = 30 mL/min
High Efficiency Source = 0.5 ng on column

081 2 orders of magnitude increase in response under
0.7 same GC parameters

0.6
0.5
0.4

=10 & t TIC Scan Sample A 01_1.D

2 G-Dintrotoluense

Accustd Sample A @ 100 ng/ulL _ o
1.4 |r|j 0.1 ulk =10 ng on column [s[ﬂiﬂass] .Z—Ammo—d,ﬁ—dlnltrotoluene

132 fnn 20:1 Pulsed Split; split flow = 30 mL/min 4 ino-2.6-dinitrotoluene
= 0.8 ng on coelumn

1.6

2. 4-Dinitrotoluene

1,3-Dinitrobenzene
0.8+ Tetryl
o-THNT

0.5 1
RDX
0.4 1 1,3,5-Tnntrobenzene

k . .

w10 & * TIC Scan Sample B_01_3.D

AccuStd Sample B @ 100 ng/ul
4-Mitrotoluens Inj 0.1 uL = 10 ng on column (splitless)

Ran 20;1 Pulsed Split; split flow = 30 mL'min

= 0.5 ng on column

i

iy
Nitroberzene
2-Nitratoluene
FNitrotol Lens

3, 5-Dinitroaniline
MNitroglycerin 0.1 ng on column

4 45 5 55 6 6.5 7 75 8 85 g g5 10 105 11 115 12 125 13 135 14 145 15 155 16 165 17 175 18
Counts vs_ Acquisition Time (min)




»10 7

3.4
3.2

3
2B
2.5
2.4+
2.2

=
1.8+
1.6+
1.4+
1.2

1=
0B
0.6

7 ppm Cerilliant energetics standard with varying Guard Chip

+ TIC Scan ISAL_TF.OD

L

)

Intues bus @ 3000
7.5 ppm o std ¢ explosves and phihalates

Y

+ TS Scan IGAL_T.D
Imturve bus B 2250
7.5 ppm stad o explosives and phihalates
3 4 10 11 12 12 14 15 18 7 18 18 20 21 22 23 24 25 26 27

CouniE ve. Acguigition Time (rin]
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Restek Energetic Standard @ 100 ppm H, carrier gas

x106 |+ TIC ScanABC_1D

3.8 DMDNB

3.6 2.689
351 2 6-Dinitrotoluene

3.724

2 4-Dinitrotoluene

2.8 4.030

2.7 TATP TNT

2.6
- 2334 4.703 4-Amino-2,6-Dinitrotoluene

2.4 5.616

2 4| Nitrobenzene

2 9 2.308

21 3.694
2 1,3-Dinitrobenzene

5815 2-Amino-4,6-Dinitrotoluene

1.7 1,3,5-Trinitrobenzene
1.6 4 681

1.4 Tetryl
Nitroglycerin RDX 6.151
1.1 3.280 5.390

0.8 EGDN
2072

0.5 HMTD

4.374

19 2 212223242526272829 3 3.132333435363.73839 4 414243444546474849 5 515253545556575859 6 6.16263646566676869 7 7.172737475767.77.879 8
Counts vs_Acquisition Time (min)
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Calibration Curve of Cyclonite (RDX) 5 -150 ppm H, carrier gas

Cyclonite - & Levels, 6 Levels Used, & Poinis. & Points Used, 0 QCs

0 w104] v =587.161381 " x - 3786.244628
o R"2 = 0.93597967
% S+ Type:Linear, Origin:Ignore, Weight:None
2 8.8
864
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64
584
5.6+
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1.025 e ik
38 0078 oeze 2
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224 o5z 135
- 04 13
0.475 0375 125
24 o e =
1o 0428 0325 e
E 0375 03 1.0
0.35. 0275 1
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X 0225 08
4 0278 05
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Cotton Swab Sample Matrix Spiked (RDX, TNT, PETN) Extracted 1 mL Acetone

x106
1 N
0.9754
0.951
0.9254
0.9+
0.8751
0.851
0.825+
0.8+
0.7754
0.751
0.725+
0.7+
0.6754
0_65
0.625+
0.6+
0.5754
0.55
0.525+
0.5
0.4754
0.45
0.4254
0.4
0375+
0.35
0.3254
0.3
0.275+
0.25
0.2254
0.2
0.175+
0.15
0.1254
0.1+
0.075+
0.05
0.0254

u_

+ TIC Scan Swab_RPT_1D

PETN breakdown peak

2.999

4_(j95

TNT

4936

.

RDX

5375

PETN breakdown peak

10 2 212222242526272820 2 31232332342536373830

4

414243444546474849 5
Counts vs_Acquisit

5
ion

152 51_3)514 5556575859 6 6.1626364656667686.9 7 7.172737475767.77.87.9 8

Time (min)]
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Summary

Intuvo was able to achieve separation/resolution, reproducibility, and sensitivity, analyzing
components of forensic interest (volatiles BAC, street drugs, ignitable liquids, and energetics)

Guard chip doesn't interfere with early eluting peaks or peak shape but can be controlled to
produce better chromatography on early eluting peaks similar to a retention gap or pre-column

Intuvos (Multi-mode inlet) MMI cycle time reached 35°C equilibration in 4 minutes and ready for
the next injection and the 7890 MMI took 7 minutes to come ready

Intuvo was able to achieve separation of energetics in a helium and hydrogen carrier gas
environment

Intuvo was able to run under fast chromatographic conditions (150°C oven ramp) without
additional voltage or special oven shroud (120 Vac 15 amp plug)

Retention time differences of 6 alkylbenzene compounds were monitored and found to have
maintained <0.5% RSD while being analyzed on 2 different Intuvo 9000 GCs, multiple column
installations multiple guard chip replacements, as well as routine inlet maintenance replacing septa
and liners
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Thank you for your attention




