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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 FAMEs, and the 
onset of combustion ionization is associated with the thermionic emission character of the ceramic surface.     
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Ion 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 Ionization): 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 SRI 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. Ion 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 Ion Source for best response stability versus time, plus a selection of Ion 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 Ion 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 Ionization 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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NOVEL GC DETECTION BY DETECTOR ENGINEERING & TECHNOLOGY  
  
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 Ion 
Sources (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.) replace 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 
ionization;  
  

d.) improve Oxygenate detection and interchangeability with other detection modes by replacing the 

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 more 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 Oxygenate detection and interchangeability with other detection modes by 
replacing the SRI detector hardware with DET’s NPD/TID/FID tower 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 

BETTER NP DETECTION:  

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 accordingly – 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.) detection 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;  
  
g.) exceptional femtogram detection for Nitro explosives like TNT and  
2,4-Dinitrotoluene, as well as Nitro pesticides like Methyl Parathion;  
  
h.) detection of trace Water in solvents and petroleum samples;  
  

j . )  d e te c t io n  o f

  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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EXAMPLES OF DET HARDWARE STRUCTURES

DET NPD hardware for custom
fit onto Bendix Process GC FlO
base. DET structure is 0.75 inch
hexagonal stainless steel stock,
approximately 1.50 inches tall.
DET structure fits inside Bendix
detector housing with ion
source power wiring (2 wires)
and electrometer signal wiring
(1 wire) connecting to terminals
in base of Bendix detector
housing. Stand-alone DET
Current Supply used to power
ion sources, and Bendix
negative ion electrometer used
for signal measurement.

:----; J 'l

TID Transducer with 0.375 inch Swage
inlet and 0.250 inch Swage outlet.
Standard hexagonal flanged ion source
mounted in top of transducer tower
with fiberglass sleeved cabling
terminating in a Twinex type connector.
Standard signal probe extending from
side of tower has a flexible mid section
for bending as required and a BNC type
connector for cabling to a negative ion
electrometer.

TID Transducer with 0.250 inch outer
diameter inlet tube and 0.250 inch
Swage outlet. Standard ion source and
signal connections as described above.

Other size tube/Swage inlet/outlet
fittings are also possible.

Innovations in chemical detection
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DET innovations in chemical detection

DET NPD/TID/REMOTE FID HARDWARE
MOUNTS ONTO AGILENT 6890 FID BASE OR HP 5890 FID/NPD BASE

THERMIONIC IONIZATION SOURCES
(AVAILABLE WITH OR WITHOUT ELECTRICAL CONNECTOR)

STANDARD HEXAGONAL FLANGE
MOUNTING FITS ALL DET HARDWARE
AND AGILENT 6890 NPD HARDWARE

1/4 INCH TUBE MOUNTING FOR
CUSTOM APPLICATIONS. USED

IN THERMO-FINNIGAN AND SRI GCs.

+61(0)3 9762 2034
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TANDEM TID : 2 SIMULTANEOUS SIGNALS. many signal combinations are possible

...... hOM.... .

Many dillerent tandem SIgnal combinations are
possible. depending on the type of thermionic
SOllfces/FID probe used and the compos it ion of
detector gases supplIed. Some possibi li t ies sre as
follows:
TlO·' -N,IHWCID - simul taneous detection of oxygen·

ates end hydrocerbons in 9asoiines:
TlO_1 .Alr/NPD - simu ltaneous detection of or9anochlo­

nne and nitrogen/phosphorus pe.tic loes;
FIDIFTI0·2 - simulteneous detection of hydrocarbons

and high concentration halogenates;

Response:

•,
i 'LL.LJ

• ~- QA8 .

~- __ 1 " _ -..u~

Each nage requires a thermIonic source or 1'10 probe,
end their seperate heet ing current end polarization
electronics. The simultaneous signels from the twO
51ages require twO negative ion electrometers for
measurement.

,,,,,--...
/ 1''-1 .

In a TANDEM TID. t wo independent ly controlled
thermionic ioni zation detection stages are combined in
a series configuration. The first stag e is a MODIFIED
TID/FlO towe, (Val ian GC mod els) Or a MODIFIED
REMOTE FlO tower (Agilent 6890 and HP 58 90 GC
modelsl t hat mounts onto the e"isting FlO base on the
GC. The . econd stage is a TID TRANSDUCER that
attsches to the exit port 01 the first stage. Two
different delector gase. can be supplied through the
lines in t he detector base which normally supply "H,"
and "air" to an 1'10. A th ird gas inlet in the modif ied
l ilSt stage tOw er provides an addit ional detector gas
flow bet ween the two stages. The two dete<:tion
st ages Can be easrly decoupled to allow separate
operatIon of each Slructure. The firO( oetecnon stage
can be purChased separately. snd the second stage
may be added lete' es needed .

Equipment:



DET innovations In chemical detection

PTID: (Phosphorus Thermionic Ionization) selective detection and very large signals

for P with suppressed N response.

PTID
Equipment:

This detection mode uses a TID-6 type thermionic
source mounted in a PTID Tower. The PTID tower
structure is similar to a Remote FID Tower in
positioning the thermionic source several
centimeters downstream of the jet. However, the
PTID Tower contains a reduced internal diameter
for high gas velocity to prevent flame front
flashback from the hot source to the jet. This allows
higher Hydrogen and Air gas flows to be used than
are possible with an NPD. In the PTID, typical gas
flows are H 2 = 20 - 30 mLlmin, and Air = 250 ­
500 mLlmin. The thermionic source is heated by a
constant current supply and is polarized at - 15 V
with respect to the collector. During operation, the
surface temperature of the source is maintained in
the range of 600 - 800 0 e which produces a visible
orange glow.

Principle:

This mode uses a thermionic source of high work
function operated in an FID-like H2/air environment.
However, unlike an FID, an internal flow restrictor
prevents flame front flashback to form a self
sustaining flame at the jet orifice where H2 and Air
are initially mixed together. Instead, an ignited,
chemically active gas boundary layer is maintained
about the hot source surface similar to an NPD.
Because of the higher H 2 and Air, this PTID
boundary layer has a much higher concentration of
chemically active radical species. NPD thermionic
sources do not hold up well in this harsher
environment, so this mode of detection requires a
more durable ceramic source surface. Like an NPD,
sample compounds are decomposed in the gaseous
boundary layer, and P compounds form

TID-6
THERMIONIC

SOURCE

HIGH GAS VELOCITY
PREVENTS FLASHBACK

OF PLAME TO .lET

... A. ...

:n:n:I I I

Air - - J I L - _ Air
I

Hydrogen
&

Sample

decomposition products which are converted with
high efficiency to gas phase negative ions by
extracting electrons from the thermionic surface.

Response:

PTID response to P compounds is generally more
than 10 times larger than the corresponding
response of an NPD. However, the background and
noise are also larger, so detectivity is comparable to
an NPD (0.07 pg P/sec). The dynamic range of
response of a PTID exceeds 5 orders of magnitude,
and it has excellent selectivity vs. hydrocarbons, as
well as vs. N, 0, CI, Br. S, and Si compounds.

c: +61(0)397622034
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RTIA: REACTOR THERMIONIC IONIZATION ANALYZER

Equipment:

RTIA modules are stand-alone units
containing a thermionic ionization
transducer preceded by a heated reactor
chamber . Each module has a thermally
insulat ed , tem perat ure controlled (50­
400°C) t ransducer and reactor, and
supporting gas flow control elements or an
air sample pump as needed. The transducer
response is determined by the type of
t herm ionic source used, and the type of
gases supplied. Available modes include
TID-1-AirIN 2L TID-3-AirIN 2L or TID-2-H 2/Air

(i .e. , NPD). TID-1-Air is an especially simple
configuration in which the operating gas
may be ambient air drawn in by a pump
attached to the module exit port. Power
and signal measurement for the transducer
is provided by a stand-alone CURRENT
SUPPLY/ELECTROMETER module.

Applications:

T he RTIA selective ly detects
electronegative or NP vapors which
thermally evolve from solid or liquid
samples. Applications include a direct
inject-vaporize procedure f or liquid samples;
a desorb-detect procedure for solid
samples; and a trap-desorb-detect
procedure for vapors in ambient air. The
TID-1-Air mode detects nitrogen oxides and
halogen /halogen oxides evolved in the
thermal oxidation of food products,
f abricat ing materials, oil bearing source
rocks, and contaminated soil/water
samples.

THI!!:RMIONIC
SOURCE

HI!ATINQ
CURRENT

AIR

POLARIZATION
VOLTAGE

__--I ELECTROMETER

HEATED
REACTOR

SAMPLE PACKED
IN GLASS TUBE

Innovations in chemical detection
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Oxygenate Selective Detection for GC

ETHANOL in GASOLINE
Oxygenate Selective Detection for GC

CARBOXYLIC ACIDS

ETHANOL In GASOLINE

i,

4 '0""" Ad..

J Acoue AcW

I

FORMIC ACID IN WINE
( J o h . n n ••burg A.I.UnO)

TIO·l ·AIR

FlO

la rg e r-.pon••
to fOnTllc Acid
and oLhe, vol.We
acid. ,elallve
to Ethanol

negligible , ••pon••
t.o f onnlc Acid

1 i.tJ\oncH

I
Ju.....AJ1'--LI-"-...A.----"_~JJ.-_

L~,--w.,_., ~~ ·P,•••• - ""..

1 Io f'h c . " 1

TID-1 surface
ionization with an
Air detector gas
gives big signals
for Carboxylic
Acids relative to
other Oxygenates
like Alcohols. TID-1
detection includes
Formic Acid which
is not detected by
an FID . TID- 1
detection is also
non-destructive
so component
aromas can be
sensed at the
detector exit. HzO
is also detectable
to ppm levels

FlO

l

- ,
2 min.

128 nA full scale

TID-1-Nltrogen
1 nA full scale

. ethanol

Negative ionization on a ceramic TID·1 surface detects
Oxygenates with good selectivity vs. Hydrocarbons.

T ID • 1 d e te c ti 0 n
provi des a simple
analysis fo r the
Ethanol additive in
gasoline. Only a single
gas supply (Nitrogen)
suffices for both GC
carrier and detector
gases. Short analysis
times can be used
because Ethanol is
easily detected amidst
many overlapping
Hyd roc ar b o n
components. TID-1
also detects Phenols,
Glycols, and other
Ox ygena ted
compounds .

Sample:
12 ppm tetrabutyltin in
gasoline

Detectiv ity of 1 pg/sec for Pb,
Sn, P with a selectivity of
500,000 :1 versus Carbon.

A polarizer and ion collector
located several centimeters
downstream of a flame jet
detect long-l ived ion species
that orig inate in a flame fueled
by H2 - CH. - Air. Ionization
from Hydrocarbon combustion
at the jet dissipates before
reaching the downstream
collector.

Si Coltn. Bleed

FlO

l~pAf.s.

160pAf.s.

REMOTEFil

Pb - Sn - P - Si
(Lead, Tin, Phosphorus, Silicon)

selective detection with a DET innovation

.Q!sanically-Fueled Remote FlOVolatile HALOGENATES
detected with a sensitivity of 1
pg/sec, selectivity of 100,000:1 vs.
hydrocarbons, and linear
response exceeding a range of
10,000 in sample weight.

Unlike other halogen detectors,
TID-3 response to Br is
significantly more than CI.
Detector gas may be Nitrogen or
Air with no requirement for ultra
high purity. This detector is much
easier and less costly to operate
and maintain than an Electrolytic
Conductivity Detector.

"'0
BpA

full •••••

T

, I

BM

TIO-3-N2
BpA

,~ .

TID-3 surface catalyzed nggatlve Ionization process

Selective Detection for GC

TRIHALOMETHANES

Sample analyzed:
640 pg each: 1=CHCI, 2=CHClzBr 3=CHCIBrz 4=CHBr,
47,000 pg each : S=benzene T=toluene
2,500,000 pg : M=methanol Solvent: water

Innovations In chemical detection
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FTID-2
(Flame Thermionic Ionization)

Halogen Selective

PTIO
(Phosphorus Thermionic Ionization)

Phosphorus Selective
1 2 11 12 13 Agilent AED #2 Sample

8
triethylphosphate

HWCID
0 .08 nA f.s.

8

2
11

5 12
4 9

13

3
10

6 7

1

iso-oetane
solvent

PTID
320 nA f.s .

ff
ale

4 (Sr)

FTID-2
6400 pA t.s.

3.40 A , -45 V

I
--

FID
4096

I
0

pAt.s. se

6
4

9 10

3 8
5 7

~ II

10 ( CI )

lll_ll-"-'I.----

Agilent AED test sample #2 components: 1=iso-octane solvent; 2=4.04% n-octane;
3=0.07% 4-fluoroanisole; 4=0.07% 1-bromohexane; 5=0.05% tetraethyl orthosilicate;
6=0.05% n-decane (perdeuterated); 7=0.07% nitrobenzene; 8=0.06% triethyl phosphate;
9=0.05% tert-butyl disulfide; 10=0.08% 1,2,4-trichlorobenzene; 11=4.3% n-dodecane;
12=0.43% n-tridecane; 13=0.13% n-tetradecane.

FTID Principle of Detection: Samples
combusted in a H2-CH 4-Air flame.
Electronegative combustion products
re-ionized by thermionic surface ionization
downstream of the flame.

PTID Principle of Detection: Samples
decompose in an ignited H2-Air chemical
boundary layer around a hot thermionic
surface. High H2 and Air flows suppress N
response and provide very large P signals.

DE c:: +61(0)397622034

Innovations In chemical detection
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.DETector. Engineering & Technology,inc. 
486N. Wiget Lane, WalnutCreek,CA94598 USA 
telephone: (925) 937-4203 fax: (925) 937-7581 DEl· 
e-mail: DETplp@aol.com www.det-gc.com

Innovations In chemical detection 

ATTENT.ION - users of the Agilent, Thermo, or SRI NPD 

RECYCLE USED BEADS
 
Instead of disposing of depleted ion sources (Le., beads) as 
common trash, send them back to DET for an ENVIRONMENTAL 
FRIENOLY salvageof component parts. The TWinex connector and 
Aluminum connector holder on all types of Agilent or ,DET ion 
sources can be re-usedwith otherwise all newparts. DET ion source 
assemblies made with these recycled parts have the same 
performance as a newion source, and are lessexpensive(Le., $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;
 
TIO-4 (white ceramic) provides best possible N response;
 
TI0-6(gray ceramic) for P selectivity with suppressed N.
 

Also available with new or recycled parts • for simple,
 
inexpensive extended uses of NPD equipment:
 
T10-1 (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;
 
T10-5 (black ceramic) for selective detection of Br and I with
 
suppressed response to other Halogenatorns.
 

Contact DET for expert advice on using NP and other types of
 
thermionic detection on various GC models.
 



DETector Engineering & Technology, inc. 
486 N. Wiget Lane 
Walnut Creek, CA 94598 USA DEl Telephone: (925) 937-4203 

innovations in chemical detection	 FAX: (925) 937-7581 
e-mail: DETplp@aoLcom 
website: www.det-gc.com 

Ceramic Coated NPD Ion Sources from DET 
(new prices effective 1 December 2009) 

DET ion sources are compatlble with the Agilent6890/7890 NPD, as well as DEl NPDITID 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 (Whi~e 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 
a new 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 "Bios" glass 
(susceptible to melting), $639; Agilent white ceramic (reportedly now sensitive to 
ambient moisture), $415; Varian ceramic (badly tailing Phosphorus peaks), $1 090. 
(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, CH2 functional groups , and other compounds. 
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DET 
innovations in chemical detection FAX: (925) 937-7581 

NEW PRODUCT ANNOUNCEMENT
 
JUNE 2006
 

COMPACT GC ANALYZER FOR SELECTIVE DETECTION OF
 
OXYGENATES OR NITROGEN-PHOSPHORUS COMPOUNDS
 

DETector Engineering & Technology has combined its cm long direct injection glass liner (Restek part # 20345). 
Thermionic Ionization Detector equipment with an SRI A 4 inch length of uncoated, deactivated 0.53mm fuzed 
Instruments Model 310 GC to provide a compact GC silica tubinq is press-tight sealed into the injector liner, and 
analyzer for the selective detection of either Oxygenates extends into the column oven where it connects to the metal 
and Nitro-compounds, or for the selective detection of capillary column with a low volume stainless steel adaptor 
Nitrogen-Phosphorus compounds (i.e., NPD). Selectivity is fitting which has been deactivated by Restek's Siltek® 
determined by the type of ceramic coated Thermionic Ion process. SRI's original 1/8 inch to 0.8mm Graphite seals for 
Source installed in the detector, and the composition of the injector and detector ends of the column have also been 
detector gases supplied. One type of selective detection replaced by 118 inch tube to 1/16 inch Swaqelok" reducer 
can be easily and inexpensively adapted to the other type fittings and smaller diameter 1/16 inch x 0.8 mm Graphite 
by changing the ion source and reconfiguring the detector ferrule seals. The smaller Graphite ferrules provide a more 
gases. A stand-alone DET electronics module provides reliable seal and are less likely to stick in the fitting upon 
precision controlled power for the Ion Source, while SRI's removal. 
NPD type amplifier provides signal measurement. SRI's 
built-in PeakSimple'" software in the GC allows operational DET Detector Hardware. The Thermionic Ionization 
control and signal processing to be accomplished by hardware includes a ceramic tipped jet structure that guides 
connection to a laptop computer. The equipment is small in the end of the metal capillary column into the heated 
physical size and weight, and is easily transported on the detector base. The detector structure provides a preferred 
seat of a small sedan. ionization geometry with the cylindrically shaped ion source 

located on the axis of a collector electrode cylinder. This 
GC Specifics. Dimensions of the SRI 310 GC are 12.75 configuration provides a streamlined flow of gases through 
inches wide, 14.75 inches deep,12.75 inches tall, and the the detection volume, and an optimum electric field for 
weight is 32.5 pounds. The column oven accommodates collection of ions. Ion sources used in this equipment 
15m or 30m long, 0.53mm diameter metal capillary attach to the detector structure with 3 screws, and are self­
columns (MX~ type from Restek, or Ultra-ALLOY'" type aligning without any additional positioning. These ion 
from Quadrex) formed in 3.0 inch diameter coils. The GC sources are identical in structure, and are interchangeable 
is equipped with a heated Flash Vaporization Injector: a with those used in the Agilent Technologies model 6890 
heated detector base; and electronic pressure control of NPD. 
the column carrier gas and two detector gases. The 
detector gas lines are configured with restriction tubing DET Electronic Module. 
normally used for supplying Hydrogen and Air to the SRI A DET Detector Current Supply module provides precision 
NPD, and signals are measured with the SRI NPD control 0 f the heating current for the ion source, p Ius a 
amplifier. In the case of Oxygenates detection, either selection of several different polarization voltages for 
Nitrogen or Air are supplied through the two detector gas optimizing detector response in all modes of detection. The 
lines. SRI's built-in PeakSimple'" data system provides data DET supply is a stand-alone module that is 6 inches wide, 
acquisition, as well as capability for programmed control of 10 inches deep, 5.5 inches tall, and weighs 7.5 pounds. It 
both column temperature and carrier gas pressure. couples to the SRI GC via a 4 foot long cable. Precision 

controlled constant heating currents in the range of 0 to 
DET Modifications tot he SRI G C. A Twinex chassis 4000 rnA are provided to the ion source via a thumbwheel 
connector is mounted on the right side external wall of the control. A selection of -5, -15, or -45 Volts polarization . 
GC, and a cable is routed internally to the detector vicinity between the ion source and collector electrode is also 
to allow control of ion source power with a stand-alone DET provided. -5 V polarization is used for NP detection, 
module. The Flash Injector is modified by insertion of a 72 whereas - 45 V is used for best response to Oxygenates. 
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EXAMPLES OF SELECTIVE DETECTION WITH A COMPACT GC 

FID
 

Gasoline Sample 
(Union 76, N. Calif.) 

-Ethanol 

TID-1-N2 

o	 7 rni~1 

0.1 %Propylene 
Glycol6.0 %t·Butanol 

TID·1-Nitrogen 

0.1 %Phenol 

ETHANOL IN GASOLINE. Ionization on a T10-1 ceramic 
surface provides excellent selectivity for detection of 
Ethanol amidst the many Hydrocarbon components of 
gasoline. A single Nitrogen gas suffices as both carrier 
and detector gas. For these data, a 0.3 ul, sample of a 
commercial gasoline was injected into the 185°C glass 
insert of the flash vaporization injector. The column was 
a 15 m x 0.53 mm x 5.0 urn MXT-1 type. Column 
temperature program was 45°C - 1.5 min, 45 - 205°C at 
20°C/min, 205°C - 2 min. The carrier gas was also 
pressure programmed at 9.0 psi - 1.5 min, 9.0 - 11.1 psi 
at 0.267 psi/min, 11.1 psi - 2 min. Oue to the excellent 
selectivity of T10-1 ionization, there was no need to 
chromatographically separate overlapping Hydrocarbon 
peaks. However, to prevent buildup of sample 
components on the column, the total analysis time of 11.5 
minutes was used, although the Ethanol peak eluted 
within the first minute. Oetector temperature was 270°C. 
For the T10-1 data, N2 was supplied at 8 psi through the 
"H2" labeled detector gas line, and at 2 psi through the 
"Air"labeled detector gas line. Heating current to the TIO­
1 ion source was 2.50 A, and the polarization was - 45 V. 
FlO data were obtained by replacing the T10-1 ion source 
with an FlO Ignitor/Polarizer Probe element, and by 
supplying H2 at 35 psi and Air at 5 psi to the detector. The 
FlO flame was ignited by raising the heating current to 
3.10 A. Once flame ignition occurred, the heating current 
through the FlO probe was reduced to zero. FlO 
polarization was - 45 V. 

LARGE RESPONSES TO GLVeOlS AND PHENOLS. 
T10-1 ionization responses to some Oxygenate classes 
are substantially bigger than others, although all have 
good selectivity versus Hydrocarbons. Two classes with 
especially large responses are Glycols and Phenols. 
These data demonstrate that a sample containing 0.1 % 
concentrations of Propylene Glycol and Phenol in an iso­
Octane solvent, produced T10-1 responses for those 
compounds which were similar in magnitude to a much 
higher 6 % concentration of t-Butanol. Carboxylic Acids, 
Vanillin, and Methyl Salicylate are examples of other 
Oxygenates havinq large T10-1 responses, while 
Aldehydes, Ketones, Esters, and Phthalates have 
responses comparable to that of Alcohols. Column was a 
30 m x 0.53 mm x 2.0 urn MXT-Wax, temperature 
programmed at 50°C - 2 min, 50 - 190°C at 8°C/min, 
190°C- 1 min. Helium was the carrier gas programmed at 
20 psi - 2min, 20 - 34 psi at 0.8 psi/min, 34 psi - 1 min. 
Detector gas was Nitrogen supplied at 2 psi and 8 psi 
through the "Air" and "H2" detector lines. Injector =190°C, 
detector =250°C, and T10-1 source heat =2.60 A. 
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EXAMPLES OF SELECTIVE DETECTION WITH A COMPACT GC 

NP Test Sample 

- n-Heptadecane 
4000 ns 

FlO 

Malathion 
J 4 n9 

NPO 

Azobenzene
 
2 ng
 

Methyl 
Parathion 

2 ng 

TIO-1-Nitrogen 

NP PESTICIDES. One of the main applications of an NPD 
is the detection of trace level pesticides . The present 
equipment provides that NP selective capability in a 
compact GC package. The sample analyzed here was 
Varian's TSD (i.e., NPD) test sample (Varian part 82­
005048-04). This is the standard used at DET for final 
testing all ceramic coated NP and TID-1 ion sources. It 
contains 2 ng/~L of Azobenzene as a representative N 
compound; 2 ng/~L of Methyl Parathion and 4 ng/~L of 
Malathion as representative Organophosphorus 
pesticides; and 4000 ng/~L of n-Heptadecane as a 
representative high concentration Hydrocarbon. At the 
sensitivities displayed in the 3 chromatograms, an FID 
showed a response only for the Hydrocarbon; an NPD 
showed responses to the Nand P components with only 
minimal response to the Hydrocarbon; and the TID-1 
detector responded to only the Methyl Parathion 
component. 

GC Conditions. 15m x 0.53mm x 5 .0~m MXT-1 column. 
Temperature program = 170 - 230°C at 10°C/min, 230°C ­
1 min. Helium carrier gas program =8 - 10 psi at 0.333 
psi/min, 10 psi - 1 min. Injector =220°C, detector =275°C. 

FID Data. Hydrogen = 35psi, Air = 5 psi. FID 
Ignitor/Polarizer Probe heated to 3.100 Amps to ignite 
flame, then reduced to 0 A. Polarization = - 45V. 

NPD Data. Hydrogen =7psi, Air =2 psi. Ceramic TID-2 
type ion source used. Source heat =3.080 A supplied 
continuously to maintain ignited Hydrogen-Air boundary 
layer chemistry around the ion source surface . Source 
polarization =-5 V. 

TID-1 Data. Nitrogen through "H2" line =7 psi, Nitrogen 
through "Air" line =2 psi. Ceramic TID-1 ion source used 
at 2.500 A heating current and - 45 V polarization. Large 
selective response to Methyl Parathion is due to the 
presence of a strong electronegative N02 functional group 
in a para location relative to other functionalities in that 
molecule, For similar type compounds , TID-1 ionization 
provides better selectivity and detectivity than an NPD. 
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EXAMPLES OF SELECTIVE DETECTION WITH A COMPACT GC 

NITRO EXPLOSIVES 

0.70 ng 

-TNT 

TID-1-Nitrogen 

70.0 ng 

- 4-Nitrotoluene 

reduced 
ion source 
heat during NPDsolvent
 

I
 
J---+
 

15.0 ng 
RDX 

NITRO EXPLOSIVES. Both the NPD and TID-1 modes of 
detection can be applied to the detection of trace levels of 
Nitro Explosives in environmental samples. The sample 
analyzed here was a mixture of 70.0 ng of 4-Nitrotoluene, 
0.70 ng of TNT, and 15.0 ng of RDX in a solvent 
consisting of 93 % Methanol and 7 % Acetonitrile. The 
data demonstrate the exceptional sensitivity of TID-1 
detection for the molecular structure of TNT versus the 
other two Nitro compounds. In contrast, the NPD provides 
a more uniform response to all three Nitro compounds, but 
its detectivity for TNT is not nearly as good as the TID-1 
mode . 

GC Conditions. 15m x 0.53mm x 5.01Jm MXT- 1 column. 
Temperature program =120 - 220°C at aOC/min, 220°C­
2min. Helium carrier gas pressure program = 7 - 10.2 psi 
at 0.26 psi/min, 10.2psi - 2 min. Injector =220°C, detector 
= 270°C. 

TID-1 Data. Nitrogen through "H2" line =a psi, Nitrogen 
through "Air" line =2 psi. TID-1 source heat =2.550 A, 
polarization =-45 V. 

NPD Data. Hydrogen = a psi, Air = 2 psi. TID-4 type ion 
source heat = 3.050 A, polarization = - 5 V. 

The large Acetonitrile component of the solvent presented 
an added complication for this sample since both the NPD 
and TID-1 respond to the Acetonitrile. The NPD 
chromatogram illustrates a method of dealing with an 
overly responsive solvent component. This involved 
extinguishing the H2 - Air chemistry just prior to injection by 
reducing the ion source heating current from 3.050 A to 
2.050 A, and resetting to 3.050 A at 1 minute into the 
chromatogram after most of the Acetonitrile had eluted 
through the detector. This reduction of source heating 
current during solvent elution is easily accomplished with 
the thumbwheel adjustment of source heating current on 
the stand-alone DET Current Supply module . 
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EXAMPLES OF SELECTIVE DETECTION WITH A COMPACT GC 

Poison Eau de Cologne 
2 

FlO 

1
 

TIO-1-Nitrogen 

3 

2 

1 

NPO 

3 

_ ~ " • • a ~ • • ~ 

FRAGRANCES. This analysis provides a good example 
of the selectivity provided by TID-1 and NPD detection 
versus an FID detector. The sample analyzed was the 
commercial fragrance, Poison Eau de Cologne (Christian 
Dior, Paris). Amongst the numerous peaks exhibited in the 
FlO chromatogram, both the TID-1 and NPD detectors 
selectively responded to just a few of the sample 
components. 

Unlike the FID and NPO where the sample is consumed 
in the detector's reactive gas phase H2 - Air chemistry, the 
TID-1 detector is non-destructive to sample components. 
Consequently, aromas of the different fragrance 
components of this sample could be sensed at the exit of 
the T10-1 detector, even at retention times when the 
detector itself was not producing any measurable signal 
for the component eluting from the column. Hence, during 
the evolution of the T10-1 chromatogram, it was possible 
to associate specific aromas with many of the peaks 
known to be present from the FID chromatogram. 

With the present GC system configured originally for either 
TID-1 0 r N PD detection, it is easy and inexpensive to 
convert to the other mode of thermionic detection. In 
addition, conversion to an FID mode is possible for 
comparison versus the selective thermionic modes of 
detection. For users who are interested solely in FlO 
detection with a compact GC, the present system is not 
very economical. A better choice for those users would be 
to simply buy the GC and FID from SRI Instruments . 

GC Conditions. 15m x 0.53mm x 5.0lJm MXT-1 column. 
Temperature program = 60 - 260°C at 10°C/min, 260°C­
3 min. Helium carrier gas program = 13 - 21 psi at 0.4 
psi/min, 21 psi - 3 min. Injector = 250°C, detector = 285°C. 

FID Data. H ydrogen=35psi, A ir=5psi. F lame ignition at 
3.400 Amps, then FID Probe reduced to 0 Amps, 
polarization = - 45 V. 

TID-1 Data. Nitrogen through "H2" line - 8psi, Nitrogen 
through "Air" line=2psi. TID-1 ion source heat = 2.600 A, 
polarization = - 45 V. 

NPD Data. H ydrogen=8psi, A ir=2psi. T 10-4 ion source 
heat=3.160 A, polarization = - 5 V. 
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EXAMPLES OF SELECTIVE DETECTION WITH A COMPACT GC 

DRUGS OF ABUSE 
- Methamphetamine 

(Speed) 

CocaineNPD 

Heroin 
3,4-MDMA 
(Ecstacy) 

TID-1-Nitrogen 

Cocaine 
I 

Heroin 

_ A A 4 • ~ _ • • ~ ~ ~ • ! ~ * ~ • , 
minutes 

DRUGS OF ABUSE. Another important application of 
NPD equipment is the detection of drugs of abuse. For 
applications like this where only compounds containing N 
atoms are of interest, DET provides an exclusive T10-4 
type ceramic ion source which is formulated to provide the 
best possible N response. This ion source produces more 
tailing of Phosphorus peaks than a T10-2 type source, so 
it is not recommended for applications where both Nand 
P detection are required. These data compare the 
responses of NPO (TI0-4) and T10-1 ionization for a 
sample containing 12 ng each of Methamphetamine, 
Ecstacy, Cocaine, and Heroin in a Methanol solvent. The 
NPO detected all four drug compounds , while T10-1 
detection provided selectivity for just the Heroin. 

GC Conditions. 15m x 0.53mm x 5.0lJm MXT-1 column. 
Temperature program =100 - 290°C at 10°C/min, 290°C 
-1min. Helium carrier gas program =13 - 20 psi at 0.37 
psi/mi, 20 psi - 1 min. Injector =280°C, detector =300°C. 

NPD Data. Hydrogen =8 psi, Air = 2 psi. Ceramic T10-4 
type ion source used. T10-4 source heat = 3.050 A, 
polarization =-5 V. 

TID-1 Data. Nitrogen through "H2" line =8 psi, Nitrogen 
through "Air" line =2 psi. T10-1 source heat =2.60 A, 
polarization = - 45 V. 

Aside from the different ceramic coating formulations for 
the ion sources, a major difference between the NPD and 
T10-1 modes of detection is the existence of the ignited H2 

and Air chemistry in the NPO. This gas phase boundary 
layer of highly reactive species causes decomposition of 
sample compounds into products which Ultimatelyextract 
electrons from the hot surface to form the detected 
negative ion current. As a result 0 f t his decomposition 
chemistry, the NPO provides general response to most 
organic compounds containing N or P atoms, irrespective 
of the original molecular structure of the compound . In 
contrast, in T10-1 detection, there is only direct ionization 
by impact of the sample on the ion source surface with no 
intervening gas phase chemistry. Hence, TID-1 detection 
is much more dependent on the detailed molecular 
structure of the sample molecule, and especially on the 
existence of electronegative functionalities within that 
structure. 
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EXAMPLES OF SELECTIVE DETECTION WITH A COMPACT GC 
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\ 
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ethanol acid 
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I 
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GLYCEROL IN WINE. TID-1 response to Alcohols is 
largest when Nitrogen is supplied as the detector gas. 
When Air or Oxygen are supplied as the detector gas, 
Alcohol responses are diminished even more relative to 
high responding oxygenates like Glycols, Phenols, and 
Carboxylic Acids.This characteristic is especially useful in 
analyses 0 fa Icoholic beverages I ike wine. These data 
illustrate the detection of Glycerol in two different wine 
varietals. 1.61.JL of each wine was injected into a 240°C 
glass liner of the injector. The column used was a 30m x 
0.53mm x 2.01Jm MXT-Wax, with a temperature program 
of 100 - 240°C at 8°C/min, 240°C - 1 min. He carrier was 
pressure programmed at 21 - 35 psi at 0.8 psi/min, 35 psi 
- 1 min.TID-1 ion source heat = 2.65 A. The column 
temperature program pushed the upper limit of the 
Carbowax" polyethylene glycol column coating, and there 
was a significant column bleed contribution at the end of 
the chromatograms. This was undoubtedly enhanced by 
the fact that TID-1 ionization provides excellent detection 
for Glycols. 

ACETIC AND FORMIC ACIDS IN WINE. When the early 
segments of the Cabernet Sauvignon and Johannesburg 
Reisling chromatograms are amplified as shown below, 
peaks for Acetic and Formic Acids are clearly indicated. 
One of the attributes of TID-1 detection is that it detects 
Formic Acid, whereas an FID detector does not. Another 
attribute is that TID-1 detection is not destructive , so 
aromas of sample constituents can be sensed by a 
sniffing tube extending from the detector exit port out the 
top of the GC package . 

TID-1-Air ACETIC & FORMIC ACIDS IN WINE 
Cabernet Sauvignon Johannesburg Reisling 

- Ethanol - Ethanol 

- Acetic 

Water 
I Water 

I 

50 mV full scale sensitivity 

- Acetic 

Formic /
I 
I 
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This is a universal thermionic detector power supply that 
can also be used in conjunction with NPD equipment on the 
Agilent Technologies 6890 GC to provide better response 
stability with time, plus the capability of easily changing the 
6890 NPD to other modes of thermionic detection. 

Selective Detection of Oxygenates and Nitro­
Compounds. For this detection, DET's TID-1 type ceramic 
ion source is used in the detector structure, and either 
Nitrogen or Air are supplied via a gas tee to the "H/ and 
"Air" detector gas inlets on the GC. A Nitrogen detector gas 
environment normally provides the best discrimination 
versus Hydrocarbon compounds, while an Air environment 
can be used to suppress responses from certain classes of 
Oxygenated compounds relative to others. Phenols, 
Carboxylic Acids, Glycols, Vanillin, and Methyl Salicylate 
are known to provide especially large TID-1 ion signals in 
comparison to Alcohols, Aldehydes, Ketones, and 
Phthalates. All these Oxygenates are detected with good 
selectivity versus Hydrocarbons. In comparison to other 
Oxygenates, Ethers (e.g., MTBE) are known to have very 
small TID-1 responses. Very, very large TID-1 responses 
are obtained for Nitro compounds like TNT, Methyl 
Parathion, and 4-Nitrophenol which have a strong 
electronegative N02 functional group located in a para 
location relative to other functionalities on a Benzene ring. 

TID-1 detection is compatible with either He or N2 as the 
GC carrier gas. In applications where N2 carrier provides 
adequate chromatographic separation, there is the 
advantage that both carrier and detector gases can be the 
same single gas supply. One notable feature of TID-1 
detection is that it is nondestructive, so aromas of different 
chemical compounds can be sensed at detector exit tubing 
extending out the top of the GC package. Possible 
applications of this compact GC with TID-1 detection 
include the selective detection of Ethanol in Gasoline; high 
sensitivity to TNT and 2,4-Dinitrotoluene versus other 
explosives; high sensitivity and selectivity to nitro pesticides 
like Methyl Parathion; excellent selectivity for detecting 
Heroin amongst other drugs of abuse; and detection of 
Acetic and Formic Acids in Wine. 

Selective Detection of Nitrogen-Phosphorus 
Compounds. NP detection requires supplies of Hydrogen 
and Air to be connected to the GC in addition to the column 
carrier gas. DET manufactures 2 types of ceramic ion 
sources for use in NP detection. One is a Black Ceramic, 
TID-2 type ion source, which has a surface formulated to 
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provide sharp Phosphorus peaks. TID-2 is recommended
 
for user's requiring P or both P and N detection (e.g.,
 
pesticides). A second White Ceramic, TID-4 type ion
 
source, is formulated to provide the best possible N
 
response at the sacrifice of some tailing of P peaks. TID-4
 
is recommended for users requiring only N detection (e.g.,
 
drugs of abuse). Both of these NP ion source types are
 
identical to ion sources used widely on the Agilent
 
Technologies 6890 NPD.
 

Easy and Inexpensive Conversion from One Detection
 
Mode to Another. A GC system originally configured for
 
either Oxygenate or NP detection, can be adapted to the
 
other mode of selectivedetection by simply replacing the ion
 
source (cost $285), and by plumbing in the appropriate
 
detector gases. Some of the accompanying application
 
illustrations also demonstrate that universal FID detection is
 
possible by replacing the ceramic ion source with a bare
 
wire FID ignitor/polarizer element. Selective detection of
 
volatile Halogenates is also a possibility with a ceramic
 
coated TID-3 type ion source.
 

Part Numbers/Prices:
 
001-931-11, Oxygenates/Nitro Analyzer, $13,200.
 
includes TID-1 ion source, gas fittings for same gas through
 
2 detector gas lines as well as carrier gas; 15m x 0.53mm
 
MXT-1 column or equivalent; power strip for 115 Vac.
 
101-931-11, NPD (TID-2) Analyzer, $13,200. includes
 
TID-2 ion source for P and/or both Nand P; 15m x 0.53mm
 
MXT-1 column or equivalent; 115 Vac power strip
 
501-931-11, NPD (TID-4) Analyzer, $13,200. Same as
 
above except includes TID-4 ion source for best N signal.
 

Interchangeable Ion Sources:
 
010-901-00, TID-1 Ceramic Ion Source, $285.
 
use with N2 or Air detector gases, provides selective
 
response to Oxygenates and Nitro compounds.
 
010-902-00, TID-2 Ceramic Ion Source (NPD), $285.
 
requires H2 and Air detector gases, provides selective
 
response to N or P compounds with very sharp P peaks.
 
010-904-00, TID-4 Ceramic Ion Source (NPD), $285.
 
requires H2 and Air detector gases, provides NP selectivity
 
with best possible N response.
 
020-902-00, FlO Ignitor/Polarizer Probe, $195.
 
requires H2 and Air detector gases, provides universal
 
Hydrocarbon response.
 
010-903-00, TID-3 Ceramic Ion Source, $285.
 
use with N2 or Air detector gases, provides selective
 
detection of volatile Halogenates such as Trihalomethanes.
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