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I . GENERAL THEORY 

A. BASIC DETECTOR COMPONENTS 

The basic conf igurat ion of DET detectors is a cy lindrically-shaped t herm ionic/catalytic source 
positioned on the axis of a cy lindrical co llector elect rode. Th is conf igurat ion provides a stream-lined 
gas fl ow through t he detecti on volume, and a radial-shaped electrical field for efficient ion co llect ion. 
The thermionic source is heated by a co nstant current pow er su pply , and is biased at a negat ive 
vo lt age wit h respect to t he collector. Negative ionization current is measured w ith a con vent ional 
elect rom eter. The detector generally mounts onto an NPD or FID type detector base so that at least 
t w o sources of detector gases can be supplied . One of t he detector gases, and often a third 
" Makeup" gas, are int roduced t hrough the center of a sample cond uit tubing, along w ith t he sample 
carrier gas from t he GC. The remaining detector gas sweeps t he out er diamet er of t he samp le 
co nduit t ubing. In many cases, a conventional FID f lame t ip suf f ices as the sample co nduit. 

The mo st important parameters in t his det ect or are t he composi t ion of t he surfa ce of t he source, 
the temperat ure of the source, t he composition of gases surrounding the source, and t he magnitude 
of po larization between the source and collect or. Ent irely different types of detector responses are 
obt ained t hrough variat ions in any or all of these key parameters. Consequently , the basic detect or 
hardw are provides t he capabili ty for a whole family of operating modes. 

B. THERMIONIC IONIZATION DETECTION (TID) 

Samples impact t he heat ed, alkali activated ceramic surface of the sou rce, and are ionized by t he 
extract ion of electrical charge from t he surf ace. This surface ionizat ion process is co ntrolled by the 
surface work fu nction, t he surface temperature , and the composition of gases surrounding t he 
surface . N,P specifi c ity is obtained from a very hot surfa ce of moderat e work funct ion operating in 
a chemically act ive enviro nment co nsisting of a dilute co ncent rat ion of H z mixed wit h air (TID-2­
Hz/Air) . Very high specif icity and sensit ivit y to certain compounds containing electronegati ve 
functional groups is obtained f rom a low work function source operated at moderate t emp erat ures 
in an inert environment of pure Nz (TID-1 -Nz), or in an oxygen cont aining env ironment (TID-1-A ir). 

C. CATALYTIC FLAME IONIZATION DETECTION (CFIDf 

A sou rce comprised of ceramic and a non-alkali additive serves as a combinat ion ignit or, po larizer, 
and catalytic surface in a Hz/air f lame envi ronment. In this CFID, the ionization occurs primarily in 
a gas phase process, and universal responses similar t o t hose of an FID are obtained . The catalyt ic 
surface aids in the combustion process , and provides enhanced responses t o certain compounds 
normally having redu ced responses in convent ional FIDs. 

D. FLAME THERM IONIC IONIZATION DETECTION (FT'D) 

An alkali act ivat ed ceramic source of low w ork f unct ion is operated at moderate temperatures in the 
effluent stream of a Hz/Ai r f lame. Unli ke t he CFID, ionization in the f lame environm ent is normally 
not measured. Instead, the neut ral product s of combust ion are select ively re-ionized by the 
thermionic transducer placed downstream of the f lame. The FTID prov ides specific responses to 
het eroatom compou nds which yield elect ronegative produc t s of combusti on, especially nit rogen or 
halogen compou nds. . 
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E. REMOTE FLAM E IONIZATION DETECTION (REMOTE FlO) 

Simila r to an FTI D, a ceramic source st ruc ture and ionization collect or are located seve ral 
cent imet ers downstream of a flame. Unlike an FTID, t he thermion ic source is operat ed in a manner 
that does not produ ce any additional ionization beyond that origina lly produced in t he f lame. Instead, 
the sou rce functi ons as a polarizer to produce co llection of long lived negative ions emanating from 
t he f lame. The REMOTE FID provides specific responses only t o compounds which produce ve ry 
st able negativ e ions in combustion. Examples are t he specific detection of lead, tin, or phosphorus 
compounds. 

F. TANDEM TID 

TA NDEM TID refers t o a series combinati on of two independ entl y cont rolled thermi on ic ionization 
detection stages. Each stage prov ides a different respo nse, and both responses are obtained 
simultaneously for eac h sample compound . 

G. FLAME IONIZATION DETECTION (FlO) 

FID detection of all organic co mpounds is achieved by using an uncoated loop of Pt/Rh w ire in place 
of t he therm ionic source. 

H. UNIQUE LAYERED CONSTRUCTION OF THE SOURCE 

In the t hermionic ionizat ion process, charge lost from the surface of t he t hermioni c source (1 2) must 
be replaced by a migration of charge through t he bod y of the source (11) ' The present TID sources 
have a separat e non-alkali/ceramic sublayer t hrough which charge migration occurs, and an 
alkali/ceramic surface layer opt imized t o provide the type of select ive surface ionizat ion des ired. 
There are cu rrently available 7 different type thermionic sources identif ied as TID -1, TI D-2 , TID-3 , 
TID-4, TID-5, T ID-6 , and CFID; and an FID ignit or/polarizer probe which is an uncoated Pt/Rh w ire. 

I. GENERAL OPERATING CHARACTERISTICS 

The TID , CFID , FTID and REMOTE FID are mass flow rate sensitive detectors rat her t han 
co ncent rat ion sens itive det ectors. This means t hat relative ly high f low s of det ector gases can be 
used to sweep the detector volume without causing reduced response due t o sample dilut ion effects. 
The composit ion and flow rates of detector gases, however, do influence the surface t emperat ure 
of the source. In most modes of operation, the source temperature w ill be in t he general range of 
400 - BOO°C, whereas t he surrounding detector tow er w ill be at a wall t emperat ure of 100 - 40 0°C 
as set by the detector heater block controls on the GC. The result ant sou rce t emperat ure is a 
balance of the electrical heat input to the source and heat losses due to conduct ion and convection 
through t he gases f low ing past the source. Therefore, t he source temperature is dependent on t he 
magnitude of source heat ing cu rrent , the detector heater block temperat ure, t he t herm al conduct ivi ty 
of the gas mixt ure flowing past t he source, and t he magnitude of the total gas flow through t he 
det ector. In the CFID, FTI D, and REMOTE FID, the sou rce is also heated to some extent by t he 
H2/ Ai r f lame burning around and/or beneath the source. 
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From the above considerations, the foll owing genera l operating characteristics can be 
expected: 

1.)	 At any fixed set of gas flows and detector heater block temperature, t he principal 
means of varying source temperature is via the magnit ude of source heating current . 

2.)	 If the gas fl ow s or detector heater block temperature are changed, a readjustment of 
source heat ing current restores the source to the same surface temperature it had 
before the change. Often t he magnitude of detector background signal or t he response 
t o a standard samp le can serve as a guide to the correct readjustment of source heat ing 
current. 

3.)	 Helium has a much higher t hermal conductivity than nitrogen, so the use of helium as 
the GC carrier gas generally requires higher settings of source heating current than 
when nit rogen is used. 

4.)	 As the tot al gas f low through the detector is increased, generally expect t o supp ly more 
heating current to obtain the same source temperat ure. The present detector has a 
small internal vo lume, so for most TID modes a total gas flow of 80 - 120mLlmin is 
adequate . For the CFID, FTID, and REMOTE FlO, typical gas f lows are 200 ­
250mLlmin. 

5.)	 As the detector heater block temperature is increased, expect to supply less heating 
current to the source to obtain the same source temperature. The detector has been 
designed to operate for extended periods of time at detect or heater block temperatures 
of 400°C. As a general rule, it is best to operate the detector heater block temperature 
as high as is allowable by the application. This minim izes the t emperature gradient 
between the source and the surround ing wall, and helps minimize detector 
contaminati on. 
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