DETector Engineering and Technology, inc.

DET : Detection Principles

THERMIONIC SURFACE IONIZATION - Samples form gas phase negative ions by extraction of electrons
from a hot, catalytically active solid surface. Key parameters are the surface composition, surface
temperature, gas composition around the surface, and polarization of the surface relative to a surrounding
ion collector. Multiple detection modes are obtained through systematic changes in these four parameters.
Some modes combine reactive gas phase chemistry to decompose incoming samples, and then ionize the
decomposition products by interaction with the surface. In other modes, intact sample molecules are ionized
by direct impact with the surface with no intervening reactive gas phase chemistry. Some modes are non-
destructive so that sample aromas can be sensed at the detector exit, and series combinations with other
detectors are possible. Several modes use Air as the main detector gas, so that stand-alone applications

involving selective detection of samples in ambient Air streams is possible.

FLAME IONIZATION - Samples decompose and form ions in gas phase reactions with radical species such
as H, O, and OH that are present in self-sustained flames. A polarizer voltage and ion collector located near
the flame effectively measures ions formed by combustion of most organic compounds. Polarizer and
collector electrodes located more remotely downstream of the flame selectively measure only long-lived ion
species.

REACTOR THERMIONIC IONIZATION ANALYSIS (RTIA) - In a non-GC implementation of thermionic
detection, a thermionic ionization transducer is preceded by a heated reactor chamber. The transducer
detects selective vapors thermally evolved from liquid or solid samples placed in the reactor. When the gas
flowing through the reactor and transducer is Air or Oxygen, detected vapors include volatilized sample

constituents as well as products of oxidation of the sample constituents.

CATALYTIC COMBUSTION IONIZATION - A hot catalytic ceramic surface operated in a detector
environment containing Oxygen momentarily ignites a burst of ionization when an individual combustible
compound containing a high concentration of Methylene groups elutes through the detector. The detection
method provides selectivity of Alkanes vs. Alkenes, as well as saturated vs. unsaturated FAMESs, and the
onset of combustion ionization is associated with the thermionic emission character of the ceramic surface.
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lon Sources

STRUCTURE OF ION SOURCES - Thermionic sources are small (0.062 inch diameter x 0.40
inch long) ceramic cylinders composed of a loop of wire coated with layers of ceramic
materials. Additives in the ceramic determine its activity. Source types are identified as TID-1,
TID-2, TID-3, TID-4, TID-5, TID-6, and CFID, according to their chemical formulations and
their work functions for the emission of thermionic electrons. Also available is an FID Probe
consisting of an uncoated loop of wire.

SOURCE MOUNTING CONFIGURATIONS - A standard source mounting is a hexagonal
shaped stainless steel flange which fits all DET structures as well as the Agilent 6890/7890
NPD structure. Also available is a 1/4 inch tube mounting for use in other customer-designed
NPDs such as those in the Thermo Electron Trace GC and the SRI Instruments GC. Sources
mounted in a round flange that fits the Finnigan/Tremetrics 9001 GC are also available.

SOURCE RECYCLING SERVICE - Return depleted DET or Agilent 6890/7890 NPD ion
sources to DET for an environmental friendly disposal. Electrical connector and Aluminum
connector holder can be reused with other new parts in a RECYCLED ION SOURCE ASSEMBLY
priced lower than a new source, but with the same performance.

PRICES (hex or 1/4 tube mounts with connector):
$350 each (new), $315 each (recycled)

Designed Uses of the Ion Source Types:

TID-1, low work function for operation in Nitrogen, Air, or Oxygen; detects electronegative
compounds.

TID-2, moderate work function for NPD-like operation in dilute Hydrogen/Air; detects N or P
compounds with minimal tailing of P peaks.

TID-3, moderate work function for operation in Nitrogen, Air, or Oxygen; detects volatile
Halogenates.

TID-4, moderate work function for NPD-like operation in dilute Hydrogen/Air; provides the best
N response for the NPD.

TID-5, high work function for operation in dilute Hydrogen/Air; selective for Br and I.

CFID, high work function for operation downstream of Hydrogen/Air flame; in Remote FID
detector provides selectivity for Pb, Sn, P, or Si.

TID-6, high work function for operation in pre-mixed high flow of Hydrogen/Air; used in PTID for
selectivity and very high sensitivity for P.
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Modes

TID-1-NITROGEN: selective for some Nitro and Halogenated compounds at femtogram and picogram
levels, most Oxygenates at picogram and nanogram levels with especially large responses for Phenols,
Carboxylic Acids, and Glycols.

TID-1-AIR(OXYGEN): selective for Halogenates and Nitro compounds at picogram levels, some
Oxygenates at picrogram and nanogram levels, water vapor at ppm levels, and microgram levels of
Methylene groups in Linear Chain Hydrocarbons.

TID-3-NITROGEN: selective for volatile Halogenates such as Trihalomethanes with minimal peak
tailing.

TID-2-HYDROGEN/AIR (NPD): selective for N or P compounds at sub-picogram levels with minimal
tailing of P peaks.

TID-4-HYDROGEN/AIR (NPD): our best N-response (femtogram detectivity).
PTID: selective for P compounds with very large signals and suppressed N-response.

FTID (Flame Thermionic lonization): selective for Nitrogen or Halogen compounds at nanogram levels
and above.

REMOTE FID: selective for Pb, Sn, P, or Si compounds with picogram detection.
FID: universal response to all organics.

TANDEM TID/NPD(TID) and TID/FID: simultaneous signals from two detectors with many possible
combinations.

Examples of some applications:

drugs of abuse with NPD (TID-4).

pesticides and environmental pollutants with NPD (TID-2 or TID-4).

nitro explosives with TID-1 and NPD (TID-4).

phenols and carboxylic acids in foods and flavors analyses with TID-1.
oxygenates and N-compounds in petroleum samples with TID-1 and NPD.
trihalomethanes with TID-3.

Pb or Sn in complex matrices with REMOTE FID and organic-fueled flame.
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GC Equipment

Detector Hardware for Retrofit on Thermo Trace, Agilent 6890, Varian, HP 5890, or SRl GC Models -
Compact detector towers made of stainless steel and ceramic mount onto the existing FID or NPD base on
the GC, and use the GC's existing controls for setting detector temperature and gas flows. lon Sources
identical to those used for the Agilent 6890/7890 NPD are on a self-aligning flange that fits the tower top.

Electronics - A stand-alone DET Current Supply provides a precision controlled constant heating current
for the lon Source for best response stability versus time, plus a selection of lon Source polarization for
optimum response in all modes. Thermo Trace NPD electronics provide the most versatile control of
heating current and polarization, while Agilent, Varian, and SRI NPD electronics are more limited. The
Thermo Trace and Agilent 6890/7890 NPD Electrometers, Varian TSD Electrometer, and SRI NPD
Amplifier suffice for signal measurement. Otherwise, a Keithley Model 6485 Picoammeter provides a
stand-alone unit for signal measurement for DET hardware mounted on HP5890 or the Agilent 6890/7890

FID detector base, as well as all DET stand-alone Transducer equipment.

Compact GC Analyzer - DET tower hardware, ceramic lon Sources, and a Detector Current Supply are
combined with a compact SRI model 310 GC. Analyzer features a glass lined flash vaporization injector,
and a 15 m or 30 m x 0.32 mm fused silica column. Connection to a laptop computer provides data
analysis and time programming of column temperature and carrier gas pressure.

Stand-alone Transducers and Detection Modules - TID/NPD transducers are hardware assemblies
fitted with Tube or Swage-type inlet fittings for easy attachment to standard gas line connections.
Detection modules include these transducers in a thermally insulated box containing a temperature
controller and pneumatics controls where required. An RTIA (Reactor Thermionic lonization Analyzer)
module includes a heated reactor chamber as the inlet for the TID/NPD transducer.

Some examples of DET equipment uses:
inexpensive, best performance, highest quality ion source replacements for the Agilent 6890/7890
NPD - TID-2 (black ceramic for sharp P peaks) or TID-4 (white ceramic for best N-response), $350.
each new or $315 each recycled.

more stable Constant Current type ion source heating power for the Agilent 6890/7890 NPD -
substitute DET Current Supply ($1760) for the 6890/7890 Bead Voltage (Constant Voltage type) -
other modes of thermionic detection also accessible with this equipment change.

convert Agilent 6890/7890 NPD to selective detection of Oxygenates or volatile Halogenates - use
DET Current Supply as above and replace NP ion source with TID-1 or TID-3 ($350. ea.).

replace Varian TSD with DET NPD/TID hardware for lower cost ion sources and much improved P-
peak shapes - DET NPD/TID/FID tower ($1650), TID-2 or TID-4 source ($350), and use compatible
Varian TSD electronics. Add a DET Current Supply for detection modes other than NPD.
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TRANSFORM AN NPD TO OXYGENATE SELECTIVE DETECTION

greatly expand applications for the same basic equipment
(O, N, P -the most common heteroatoms in organic chemistry)

DET supplies Agilent Technologies, Thermo Scientific, and SRI Instruments with Ceramic lon

Sour ces (beads) for their NPDs. For selectivities beyond NP compounds, DET has developed a

family of 8 electrically heated, ceramic surfaces having different ionizing/catalytic activities. One
ceramic is identified by the nomenclature “TID-1", and it provides selective ionization for

Oxygenated compounds like Alcohols, Phenols, Carboxylic Acids, Glycols, Phthalates, Water, etc.
Whereas NPD applications are mainly pesticide and drug analyses, Oxygenate selectivity applies to

a much broader range of Food, Flavor, Fragranc e, and Fuel analyses.

1.) CONVERTING AN AGILENT NPD TO OXYGENATE SELECTIVITY:

a.) replace the NP ion source with a TID-1 ceramic;
b.) change the detector gases from Hydrogen/Air to Nitrogen or Air;

c.) improve signal-to-noise for Oxygenates by a factor of 10 by substituting a stand-alone DET
Current Supply for Agilent’s Bead Voltage as the means of ion source power.

2.) CONVERTING A THERMO NPD TO OXYGENATE SELECTIVITY:

a.) repl_as:e the NP ion source by Thermo’s “TS-1 source for ENS mode” (this is DET’s TID-1
ceramic);

b.) change the detector gases as described above;

c.) use Thermo’s NPD electronics to achieve optimum response in all modes of thermionic surface
ioni zation;

Thermo NPD hardware with DET’s NPD/TID/FID tower structure which is compatible with Thermo’s
NPD electronics - DET hardware mounts easily onto Thermo’s detector base, and provides a better
gas seal, more stream-lined gas flow, and moré efficient ion collection within the detection volume

— DET hardware also uses the same universal style ion source mountings as on Agilent GC models.

3.) CONVERTING AN SRI NPD TO OXYGENATE SELECTIVITY:

a.) replace the NP ion source with SRI's TID ion source (this is DET’s TID-1 ceramic);
b.) change the detector gases as described above;
c.) use SRI's NPD electronics for ion source power and signal measurement;

d.) improve reliability of Oxxgenate detection and interchangeability with other detection modes by
replacing the SRI détector hardware with DET’s NPD/TID/FID towér structure for more stream-lined
gas flow and efficient ion collection — DET hardware uses the same universal style ion source
mounting as on Agilent GC models.

e.) improve control of ion source power by substituting a stand-alone DET Current Supply for SRI's
“Bead Volts” supply.

4.) RETROFIT VARIAN AND HP 5890 GC MODELS FOR OXYGENATE SELECTIVITY
AS WELL AS

a.) replace Varian TSD hardware with a DET NPD/TID/FID tower structure which is compatible with
Varian’s TSD electronics - adjust the detector gases accqrdlnPIy — substitute a stand-alone DET
Current Supply for ion source power for 10 times better signal-to-noise for Oxygenates;

b.) replace HP 5890 NPD hardware and electronics with DET's NPD/TID/Remote FID hardware and
DET’s stand-alone electronics for ion source power and signal measurement — adjust detector gases.



5.) SOME SPECIFIC APPLICATIONS FOR SELECTIVE TID-1 IONIZATION:

a.) detection of Ethanol and other Alcohols in Petroleum and Biofuels;

b.) cfetection of Acetic, Formic, and other Carboxylic Acids in Wine and other food and flavor
analyses;

c.) picogram detection of BisPhenol A (BPA) and Phthalates in food packaging products;
d.) detection of Glycerol and Glycols in wine and food products;

e.) low picogram detection of Phenols in environmental samples;

f.) low picogram detection of Vanillin and Salicylates in food flavorings;

8.) exceptional femtogram detection for Nitro explosives like TNT and
,4-Dinitrotoluene, as well as Nitro pesticides like Methyl Parathion;

h.) detection of trace Water in solvents and petroleum samples;

) products of oxidative decomposition that build up in motor oil versus miles of
automobile usage;

k.) selective detection of Methylene groups in linear chain Hydrocarbons and Fatty Acid Methyl
Esters (FAMES) in petroleum and biofuels.
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DET

innovations in chemical detection

DETector Engineering & Technology, inc.

486 N. Wiget Lane, Walnut Creek, CA 94598 USA
telephone: (925) 937-4203 fax: (925) 937-7581
e-mail: DETplp@aol.com www.det-gc.com

SELECTIVE TID-1 THERMIONIC DETECTION OF OXYGENATES
AND HIGH CONCENTRATION HYDROCARBONS
AS RELATED TO ANALYSES OF PETROLEUM AND BIOFUELS

TID-1 Thermionic Surface lonization is a relatively
simple Gas Chromatography detection method that
provides selective responses and chromatographic
peak patterns quite different than any other type GC
detector. A TID-1 detector is comprised of a 1/16
inch diameter ceramic coated ionization source
optimally located on the axis of a concentric
cylinder collector electrode. The TID-1 ionization
source contains within it a wire core that allows it to
be electrically heated to typical operating
temperatures in the range of 400 - 600°C, and it is
polarized at a negative voltage relative to the
collector electrode. Incoming samples impact the
heated ion source, and compounds containing
certain types of electronegative atoms or functional
groups form negative ion species that move through
the surrounding gas to the coliector. The ionization

process can be extremely selective, and the type
compounds detected can depend on whether the
detector gas environment is inert Nitrogen or an
oxidizing environment of Air or Oxygen.

While TID-1 detection can be extremely sensitive to
minute traces of compounds containing strong
electronegative functional groups or atoms like NO,
or Halogens, the focus of this report is the selective
detection of Oxygenates and high concentration
Hydrocarbons as these are of current high interest
due to developments of new petroleum and bio
fuels. Enclosed in this report is a library of
chromatograms illustrating TID-1 capabilities in this
field of chemical analysis.

TID-1 detection is easily and inexpensively
implemented on Agilent 6890/7890 GC models by a
simple modification of Agilent’s NPD equipment. For
TID-1 detection, a TID-1 type ion source is
substituted for the NP ion source, and the detector
gases are changed to Nitrogen, Air, or Oxygen, or

et — some combination thereof. While Agilent's NPD
SOURCE — P o T aIoN electronics suffice to achieve selectivity, 10 times
N - / better signal-to-noise can be achieved by
\ 'L substituting a stand-alone DET Current Supply for
Agilent’s Bead Voltage as the means of heating and
\ ELEOTROMETER} polarizing the ion source. Most of the Agilent data
enclosed in this report used the DET supply.
N .
) TID-1 detection has also been implemented on both
COLLECTOR Thermo Scientific and SRI Instruments GC models,
again by substituting a TID-1 ion source into NPD
? ? ? equipment and supplying the appropriate detector
! i [ gases. However, the original detector hardware
E ; ' SAMPLE INCET structures on both the Thermo and SRI GC models
uun':f ;z) i w:t':: oz) are not the most optimum design for thermionic
: detection, so DET has developed better retrofit
L SAMPLE & Nz (AIR or O2) .
hardware for both these brand instruments.
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HYDROCARBON TEST SAMPLE
FID 32000 pA full scale OCTANE & DODECANE COMPOUND STRUCTURES
. n —-OCTANE
If 9 40 CH,(CH,)sCH,
1= 1.1% Ethanol J iso-OCTANE
(2,2,4-TRIMETHYLPENTANE)
2=11.1% n-C5 10
TID-1-OXYGEN 5 ClHa
3=11.1% Benzene L4
- 3203 22 ?ull scale i CH3CHCH2CCH3
4=9.1% is0-Cy | I
CH; CH,
§=11.1% Toluene 6
e 2 n-DODECANE
6=11.1% n-Cy e J CH,(CH,)nuCH,
7=11.1%is0-C,,  TID-1-NITROGEN v
1 2.50 A ; iso-DODECANE
G Z%etalincae (2,2,4,6,6-PENTAMETHYLHEPTANE)
9=11.1% n-Cy, CllH3 (|3H3
10581, e CH,CCH,CHCH,CCH
U=Impurity CH3 CH3 CHa

This sample illustrates the basic TID-1 response to high concentrations of Hydrocarbons. In a
detector gas environment containing Oxygen, TID-1response increased in magnitude correlated
with the number of Methylene (CH,) functional groups in linear chain Alkanes. In an inert detector
gas of Nitrogen, TID-1 response correlated with the number of branched Methyl (CH,) functional
groups. TID-1-Nitrogen Hydrocarbon responses were much lower magnitude than TID-1-Oxygen
responses, and TID-1-Nitrogen showed traces of Oxygenates (peak 1, Ethanol) and other
Heteroatom compounds (unidentified peak U) with responses greatly m agnified versus the
Hydrocarbons. The aromatic hydrocarbon compounds, Benzene and Toluene, did not exhibit any
TID-1 response in either Nitrogen or Oxygen gas environments.

TID-1-AIR TID-1 response to Hydrocarbons in an
1.2 T I T I Oxygen containing environment

Diethyl Phthalate (e hold i |
I 10F 06— — —0 = — — — — o __ _ o exhibits a threshold in sampile amount
Normalized 410 o s = below which the response drops off

ormailize 0 . . .
Sensitivity ng Diethyl Phthalate sharply. This indicates that the TID-1
1 10l ' o— — S __Ta _ _,‘, | response in the presence of Oxygen is
, due to a burst of gas phase ionization
%m e ,/ n-Hexadecane 7 as each high concentration
normalized to 06 - / - Hydrocarbon pfaak n.10mentarlly ignites
‘;2',‘,‘,';’,,’;‘3322?‘ ! - - sharp decline in sensitivity a flame as it impacts the hot,
- tC ights bel 2 - f f
S Sl R catalytically active TID-1 surface. TID-1
0.2 !/ - responses versus different compound
S ' L ‘ structures can provide interesting
1

% 200 400 600 800 insight on fundamental processes
ng Hexadecane involved in combustion ignition of

petroleum and biofuels.
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Gasoline Samples
(Northern California, 10/06)

Compact GC/TID-1 Detector
Nitrogen carrier & detector gases

Chevron Reg. Grade
--=-=7 % Ethanol

300 mV f.s.

Shell Reg. Grade

less than 0.05 % Ethanol

|

| 300 mV f.s.
W

2006 Gasoline samples. Chevron had Ethanol additive, while Shell did not.
Hydrocarbon discrimination was sufficient to determine that there was no
peak at Ethanol retention time corresponding to 0.05 % or larger Ethanol.
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innovations in chemical detection

5 % Shell Gasoline Diluted in n-Hexane

1 NPD

TID-4 ion source heat=2.68 A
polariz=-3.0V

1 256 pA full scale

FM 3 Lju e b

Undiluted Shell Gasoline

TID-1-Nitrogen
TID-1 ion source heat=2.40 A
polariz.=-90V

64 pA full scale

r—nl

NPD detection of Nitrogen containing detergents added to gasoline - dilution
of sample minimizes interferences from gasoline Hydrocarbons. TID-1
detection provides a different gasoline fingerprint. Thermo GC.
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Motor Oil Analysis on a Compact GC
Used Motor Oil

(5 % in Dichloromethane)

FID
(Hyd./Air detector gases)

1500 mV f.s.

Used Oil: TID-1 Detector

(Nitrogen detector gas)

1500 mV f.s.

Motor Oil
Degradation
Products - -

New Oil: TID-1 Detector
1500 mV f.s.

w

minutes

Selective TID-1 ionization in a Nitrogen detector gas environment reveals motor
oil degradation products that build up with time as the oil is used. TID-1
monitoring of car oil vs. use can be very simple - take oil drop from car dipstick,
dilute 1:3 in n-Hexane, and inject into GC. These data were obtained with
interchangeable FID and TID modes on a compact SRI 310 GC equipped with DET
detector hardware and a DET stand-alone Current Supply.
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D ET 486 N. Wiget Lane, Walnut Creek, CA 94598 USA
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innovations in chemical detection e-mail: DETplp@aol.com www.det-gc.com
TID-1- Nitrogen Auto Diesel Sample
b
f ion source heat
2.40 A
d 128 pA full scale
e
a
C
a

2.30 A
32 pA full scale

a - ethanol

2.20 A
8 pA full scale

H

Undiluted Auto Diesel Sample (Valero, 04/09, N. Calif.). Agilent 6890 NPD with DET TID-1
lon Source and DET Current Supply and Nitrogen detector gas. Data show how
chromatogram peak patterns change with increasing ion source temperature.
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innovations in chemical detection

Gasoline Extraction of Storage Container Constituents

Valero Gasoline after
9 months storage in
a red HDPE can

FID
32800 pA full scale

TID-1 1 Valero Gasoline after
Air=5, Nitr.=60 9 months storage in
64 pA f.s. a red HDPE can
2
ethanol
chromatogram shows
peaks extracted ] 3
from HDPE
ethanol
TID-1 Valero Gasoline after

_— P 9 months storage in
A|g45, :':r' 60 a refrigerated glass vial
PA T.S. sealed with a Teflon cap

no extraneous peaks

‘_jw N N

In a detector gas environment of predominantly Nitrogen, excellent Hydrocarbon
discrimination of TID-1 ionization allows Gasoline to be used as an extracting solvent.
TID-1 chromatogram of Gasoline stored in a commonly used HDPE can exhibits peaks
extracted from the container. Retention time of peak 1 corresponds to that of
DiethylPhthalate. Note that extracted peaks are not detected in the FID chromatogram.
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innovations in chemical detection

B100 BIODIESEL

FID 2560 pA full scale

TID-1-O, F17
256 pA f.s.

F16

Cc15 c17

C13

Comparison of FID and TID chromatograms of a 20mg/mL sample of B100
Biodiesel in a Methylene Chloride solvent. Cx nomenclature refers to linear
Alkanes, F12, F16, and F17 refer to Palmitic, Stearic, and Oleic FAMes,
respectively. TID-1-N, peaks are not yet identified.

12 Website : www.chromtech.net.au E-mail : info@chromtech.net.au TelNo : 03 9762 2034 ... in AUSTRALIA



13 Website : www.chromtech.net.au E-mail : info@chromtech.net.au TelNo : 03 9762 2034 ... in AUSTRALIA



DETector Engineering & Technology, inc.

D ET 486 N. Wiget Lane, Walnut Creek, CA 94598 USA
telephone: (925) 937-4203  fax: (925)937-7581
innovations in chemical detection e-mail DETplp@aol.com Www.det-gc.com

NAPHTHA STANDARD

W

FI1D

TID-1-AIR

water

\ 5

TID-1-Air DETECTION OF WATER IN A NAPHTHA STANDARD
Peaks labeled 1, 3, an 4 in the TID chromatogram refer to detection of CH,
functional groups in the straight chain Alkanes n-C,;, n-C,;, and n-C,,,

respectively.
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I Water in Gasoline
(87 Octane, N. Calif., July 2004)

3

FID

N -

U

2 ethanol

TID-1-Air

Unique TID-1 selectivity allows detection of Water in a complex
Hydrocarbon matrix like Gasoline.
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B20 BIODIESEL
FID 1280 pA full scale UNRESOLVED
o F17 - F2277
c13C14
c11 ©32 015016 12
Cc17
c1o
c1s
F16
co caoll o
I W L‘LJL*__J—
F12
TID-1-O5
c16
256 pA f.s. c14 C15  ca7
F17
c13 c1s
c12
c11 c20 |F16
c10
L Lk
TID-1-N>
128 pA f.s.

c14 Cc16

Comparison of FID and TID chromatograms of a 20mg/mL sample of B20
Biodiesel in a Methylene Chloride solvent. Cx nomenclature refers to
linear Alkanes, Fx nomenclature refers to FAMEs. F12, F16, and F17 are
Palmitic, Stearic, and Oleic FAMEs, respectively. TID-1-N, peaks are not

yet identified.
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OTHER TID-1 RESPONSES OF RELEVANCE TO PETROLEUM ANALYSES

8 2
FID

2190pA
full scale

-

_J“ |

TID-1-Ng

B8100pA oH

5

LARGE RESPONSE OF PHENOLS VS. ALCOHOLS
S=Benzene solvent, 1=260ppm Cyclopentanol,
2=990ppm p-Xylene, 3=51ppm Phenol,

4=350ppm n-Decanol, 5=51ppm 1-Naphthol

1

FID 2
1600 pA f.s. 3f
5
7
6 9
8 10
12
11 / 13
A o 1
2 PAH (350ng each)
TID-1-Nitrogen 1s=Acenaphthylene
2=Flourene
240A 3=Phenanthrene
64 pA f.s. 4=Anthracene
5=Pyrene
6=Benzo{a)anthracene
7=Chrysene

B8=Benzo{b)fluoranthene

9=Benzo(k)fluoranthene
10=Benzo(a)pyrene
11=Inden(1,2,3-cd)pyrene
12=Dibenzo(a,h)anthracene
13=Benzo(ghi)perylene

Lﬁ___,_W\

SELECTIVE DETECTION OF THE 5 MEMBER
HYDROCARBON RING STRUCTURE IN FLUORENE

r

17 Website : www.chromtech.net.au E-mail : info@chromtech.net.au TelNo : 03 9762 2034 ..
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SAMPLE:

1= INDENE
2= NAPHTHALENE
3= QUINOLINE
a= INDOLE

5= FLUORENE
6= CARBAZOLE

TID-1-O2
2.5004A

1 apa

_ L1

SELECTIVE TID-1 DETECTION OF THE PYRROLE
GROUP IN INDOLE AND CARBAZOLE VS. THE
PYRIDINE GROUP IN QUINOLINE. ALSO TID-1
SELECTIVITY TO INDENE AND FLUORENE VS.
NAPHTHALENE. 1=320ng Indene, 2=320ng
Naphthalene, 3=78ng Quinoline, 4=66ng Indole,

5= 320ng Fluorene, 6=66ng Carbazole.

. in AUSTRALIA
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REFORMATE STANDARD

C
FID
65,500 pA f.s.
d
a
e

MAJL’ I
ul TID-1-OXYGEN

128 pA f.s.

uz2
C= 6 -

8
I
8

TID-1-AIR
S 32 pA f.s.

‘,____A__J__‘;J_ JL JL)LlL‘ e o

Agilent 6890 GC. TID-1 ion source in 6890 NPD hardware with DET Current
Supply for ion source power. C=x indicates Carbon number in Linear
Alkanes; a = Benzene; c = Toluene; d = m-Xylene & p-Xylene; e = o-Xylene;
ul & u2 = unidentified components (likely heteroatoms).
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, FAMEs MIXTURE

12 FID
2 -
3 4 6 113% 1280 pA full scale
23-29
«—* 30.37
5 >

—

12

TID-1-0O5
256 pA f.s. 8 16 23 31 36
TID-1 ion source °
2.50 A, 90V a
10 37
7 14 30| 35
5
3 17
1
N\
L

]

12 36

31
TID-1-AIR 46 23
256 pA f.s. s
TID-1 ion source

245 A,90V

TID-1 detection of long chains of CH, groups in Fatty Acid Methyl Esters (FAMEs).
DET Retrofit TID/FID Detector Hardware on Thermo Trace GC and Powered with
Thermo’s NPD Electronics. Only Saturated FAME Compounds Detected with
TID-1-Air. Peak identities on back side.
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ALCOHOLSIGLYCOLS4
1
CARBOXYLIC ACID SELECTIVITY 2 FID
5 4000 3
12 pA f.s.
FID
12800 pA f.s. 1 ]
TID-1-Nitrogen
2.50 A
3 40 4000
/ PAfs. | 5 pPA f.s.
4 10 12 14 600ppm in water
6 8 1=t-butanol 3
L l L | [ 2=ethanol
' 9 3=propylene glycol
4=ethylene glycol
FORMIC ACID - 7 &
‘ 13 15
TID-1-AIR 6 LARGE TID-1 RESPONSE TO GLYCOLS VS.
200 pA f.s. ALCOHOLS.
1 SHIRAZ WINE SAMPLE
2 5 \‘
~ l A A UH—!J\.J
- Glycerol
TID-1-NITROGEN
LARGE TID-1 RESPONSE TO CARBOXYLIC ACIDS very large response
VS. ALCOHOLS, INCLUDING RESPONSE TO to Glycerol vs. other
FORMIC ACID WHICH AN FID DOES NOT DETECT. wine oxygenates
DETECTOR GAS ENVIRONMENT OF AIR HELPS
Compact SRI 310GC
SUPPRESS ALCOHOL RESPONSES RELATIVE TO Ethanol DET Do aeC
THE ACIDS. | DET Current Supply
Sample in Water solution: Alcetic Acid
1=Ethanol (1%), 2=Ethyl Acetate (1%), |
3=Benzene (0.15%), 4=Toluene (0.1%), LL/_\
5=iso-Pentanol (1%), 6=Acetic Acid (0.1%), @ —=rveea AL AL B L R

minutes

7=Formic Acid (0.1%), 8=Propionic Acid (0.1%),
9=iso-Butyric Acid (0.1%), 10=Butyric Acid (0.1%),
11=iso-Valeric Acid (0.1%), 12=n-Valeric Acid (0.1%)  VERY LARGE RESPONSE TO GLYCEROL WITH

13=iso-Caproic Acid (0.1%), TID-1 IONIZATION IN A NITROGEN ENVIRONMENT
14=n-Caproic Acid (0.1%), 15=Heptanoic Acid (0.1%)
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TID-1-Air (air=50, nitr.=5) Agilent 6890 GC
ion source heat=2.30 A
12

16

BIODIESEL (NEAT) 4096 pA f.s.

(0.2 microlLiters)

23
8 l 31 36
f ~ a 2 | N O SO Y ] -~ | N 4‘ and —
12
BIODIESEL

(diluted 1: 250 in

n-heptane) 512 pA f.s.
(0.8 microlL.iter) 16

,_,_JL - -

Agilent 6890 NPD Equipment with DET TID-1 lon Source and DET Current Supply.
All Labeled Peaks are Saturated FAME Compounds. Biodiesel Fuel Sample was
made from Recycled Restaurant Frying Oils. Peaks 12 and 16 are Paimitic and
Stearic FAMEs, respectively. Peaks 8, 23, 31, and 36 are other saturated FAMEs.
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Table 1. Concentrations in wt% of Fatty Acid Methyl Ester compounds in
FAMES sample. Solvent: Methylene Chloride. (Supelco mix #47885-U).

1.) Butyric (C4:0), 4wt%:;

2.) Caproic (C6:0), 4wt%;

3.) Caprylic (C8:0), 4wt%:

4.) Capric (C10:0), 4wt%:

3.) Undecanoic (C11:0), 2wt%:

6.) Lauric (C12:0), 4wt%;

7.) Tridecanoic (C13:0), 2wt%;

8.) Myristic (C14:0), 4wt%:

9.) Myristoleic (C14:1), 2wt%:

10.) Pentadecanoic (C15:0), 2wt%:

11.) cis-10-Pentadecenoic (C15:1), 2wt%:

12.) Palmitic (C16:0), 6wt%;

13.) Palmitoleic (C16:1), 2wt%;

14.) Heptadecanoic (C17:0), 2wt%:

15.) cis-10-Heptadecenoic (C17:1), 2wt%:

16.) Stearic (C18:0), 4wt%:;

17.) Oleic (C18:1n9c), 4wt%;

18.) Elaidic (C18:1n9t), 2wt%:

19.) Linoleic (C18:2n6¢), 2wt%:;

20.) Linolelaidic (C18:2n6t), 2wt%:

21.) y-Linolenic (C18:3n6), 2wt%:

22.) a-Linolenic (C18:3n3), 2wt%:

23.) Arachidic (C20:0), 4wt%;

24.) cis-11-Eicosenoic (C20:1n9), 2wt%:

25.) cis-11,14-Eicosadienoic (C20:2), 2wt%:
26.) cis-8,11,14-Eicosatrienoic (C20:3n6), 2wt%:
27.) cis-11,14,17-Eicosatrienoic (C20:3n3), 2wt%:
28.) Arachidonic (C20:4n6), 2wt%:

29.) cis-5,8,11,14,17 Eicosapentaenoic (C20:5n3), 2wt%:
30.) Heneicosanoic (C21:0), 2wt%:

31.) Behenic (C22:0), 4wt%;

32.) Erucic (C22:1n9), 2wt%;

33.) cis-13,16-Docosadienoic (C22:2), 2wt%:
34.) cis-4,7,10,13,16,19-Docosahexaenoic (C22:6n3), 2wt%;
35.) Tricosanoic (C23:0), 2wt%:

36.)Lignoceric (C24:0), 4wt%;

37.) Nervonic (C24:1n9), 2wt%.
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AN EXTENSIVE LIBRARY OF SELECTIVE DETECTION APPLlCAmns; o
- sub-picogram detection of NP pesticldes and drugs (NPD);

- exceptional femtogram sensitivity for Nitro expiosives like 2 4-Dlnltrotaluene
and TNT, as well as Nitro pesticides like Methyl Parathion (TiD-1 mode). s

- sub-picogram detection for some Halogenated pesticides like: Heptachlor |
Dieldrin, Chlordane, Pentachlorophenol, Atrazine, etc (TID-1 mode); = B

- low picogram detection of Trihalomethane punfication byproducts inf
drinking water (TID-3 mode); .

- selective detectlon of Ethanol and other Alcohols in Petroleum and Blofuels
(TiD-1-Nitrogen mode);

- selective detection of Acetic, Formic, and other Carboxylic Acids in Wlne and
other food and flavor analyses (TID-1 mode),

- selectlve detection of linear chain Hydrocarbons and Fatty Acid Methyl
Esters (FAMEs) in petroleum and biofuels with discrimination betwaen-
saturated and unsaturated Carbon bonds (Catalytic Combustion Ionlzatton),

- picogram detection of BisPhenol A (BPA) and Phthalates In food. Ppackaging
products (TID-1 mode); |

- detection of Glycerol and Glycois in wine and food products (TID-1 -Nitrogan),

- detaction of Poly Brominated Diphenyl Ether (PBDE) flame retardants used
on packaging for computers and other commercial products (TID-3 mode); .

- golective detection of Lead and Tin in environmental samples (Remote FID);

- low picogram detection of Phenols in environmental samples (TID-1);

- low picogram detection of Vanillin and Salicylates in food ﬂavorings (TID-1),
- detection of trace Water in solvents and petroleum samples (TID-1 -Air moda), ;

- simpie detection of the buildup of decomposltion products in motor oil
versus automobile usage miles of the oil (TID-1-Nitrogen mode);

- selective detection of Acrylamlde in processed food products (NPD)
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ATTENTION - users of the Agilent, Thermo, or SRI NPD

RECYCLE USED BEADS

Instead of disposing of depleted ion sources (i.e., beads) as
common trash, send them back to DET for an ENVIRONMENTAL
FRIENDLY salvage of component parts. The Twinex connector and
Aluminum connector holder on all types of Agilent or DET ion
sources can be re-used with otherwise all new parts. DET ion source
assemblies made with these recycled parts have the same
performance as a new ion source, and are less expensive (i.e., $315
vs. $350 for a new source, these prices effective Dec. 1, 2009).

Recycled ion source types available for N or P detection:
TID-2 (black ceramic) provides the sharpest P peaks;
TID-4 (white ceramic) provides best possible N response;
TID-6 (gray ceramic) for P selectivity with suppressed N.

Also available with new or recycled parts - for simple,
inexpensive extended uses of NPD equipment:

TID-1 (very white ceramic) for selective detection of Nitro
compounds, Oxygenates, and some Halogenates;

TID-3 (white ceramic) for selective detection of volatile
Halogenates with sharp peaks;

TID-5 (black ceramic) for selective detection of Br and 1 with
suppressed response to other Halogen atoms.

Contact DET for expert advice on using NP and other types of
thermionic detection on various GC models.
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Ceramic Coated NPD lon Sources from DET
(new prices effective 1 December 2009)

DET ion sources are compatible with the Agilent 6890/7890 NPD, as well as DET NPD/TID hardware
retrofits for Thermo, Varian, SRI Instruments, and HP 5890 GC models.

BEST PERFORMANCE -2 NPD CERAMIC COATINGS ARE AVAILABLE:
TID-2 (Black Ceramic) - for applications requiring P or both P and N detection (e.g.,
pesticides); P DETECTIVITY = 70 fg P/sec with MINIMAL PEAK TAILING;

TID-4 (White Ceramic) - for applications requiring only N detection (e.g., drugs); this
is our best N response - N DETECTIVITY = 70 fg N/sec.

LOWEST COST: new source $350, recycled* source $315. (prices in US dollars).

*recycling - return depleted sources to DET; we can salvage the electrical
connector and Aluminum connector holder and attach them to new source wiring with
anew TID-2, TID-4, or any other DET ceramic coating; recycled sources are tested
for performance comparable to a new source, and are available at a lower cost.

compare DET prices vs. other type NP ion sources - Agilent “Blos” glass
(susceptible to melting), $639; Agilent white ceramic (reportedly now sensitive to
ambient moisture), $415; Varian ceramic (badly tailing Phosphorus peaks), $1090.
(why pay more for less quality?)

HIGHEST QUALITY (30 years experience in ceramic ion source technology):
- unlike glass NPD beads, DET ceramics are robust rigid structures that will not
soften or melt at the 600- 800°C temperatures required for NP detection, and are
tolerant of a wide variety of operating conditions;

- DET ceramics have long operating life, and unlimited shelf life with no special
requirement for protection from ambient moisture.

- DET ion sources are backed by operating/troubleshooting advice from the leading
experts in NP detection.

VISA, MASTER CARD, AMERICAN EXPRESS cards accepted.

Contact DET for advice on simple conversions from NPD to other modes of
thermionic ionization detection such as selectivity to Nitro compounds,
Oxygenates, Halogenates, CH, functional groups , and other compounds.
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innovations in chemical detection

COMPACT GC ANALYZER
for selective detection of
OXYGENATES & NITRO COMPOUNDS
or
NITROGEN-PHOSPHORUS COMPOUNDS
(NPD)
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