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MIP Theory of 
Operation

Under a concentration 
gradient VOCs move across 
the membrane via diffusion 
and then are transported to a 
series of detectors at the 
surface in an inert carrier gas 
that continuously sweeps past 
the membrane.
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PID 

Photo Ionization 
Detector



Photoionization 
Detector

(PID)

The carrier gas stream flows through the detectors ionization chamber where it is continuously 
irradiated with high energy ultraviolet light.  When compounds are present that have a lower 
ionization potential than the irradiating energy (10.6eV) they are ionized.  The ions that are formed 
are drawn to a collector electrode, which produces an ion current proportional to its compound 
mass.  The resulting current is amplified, and the output signal is received by the MIP controller for 
log generation.  

Operating 
Principle
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Photoionization 
Detector

(PID)

An ultraviolet lamp, typically in the 10.6eV range, is in used in this detector.  The compounds that 
will ionize under that energy are aromatic and carbon double bonds (petroleum and chlorinated 
solvents such as trichloroethylene).  Aliphatic or straight chain hydrocarbon, the resulting 
compounds of petroleum weathering, and single bonded halogenated solvents have higher 
ionization potentials than this and will not be detected by the PID.  The PID is a non-destructive 
detector and is usually configured as the initial detector in a series.  

Operating 
Principle
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Benzene Trichloroethylene
IP = 9.25eV IP = 9.45eV



Photoionization 
Detector

(PID)

An ultraviolet lamp, typically in the 10.6eV range, is in used in this detector.  The compounds that 
will ionize under that energy are aromatic and carbon double bonds (petroleum and chlorinated 
solvents such as trichloroethylene).  Aliphatic or straight chain hydrocarbon, the resulting 
compounds of petroleum weathering, and single bonded halogenated solvents have higher 
ionization potentials than this and will not be detected by the PID.  The PID is a non-destructive 
detector and is usually configured as the initial detector in a series.  

Operating 
Principle
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Butane 1,1,2 - Trichloroethane
IP = 11.2eV IP = 11.0eV



FID

Flame Ionization 
Detector 



Flame Ionization 
Detector

(FID)
Analytes in the MIP carrier gas stream are combusted in a hydrogen flame, creating positive 
ions and electrons. The positive ions are attracted to the negatively-biased collector while the 
(negatively charged) electrons are repelled toward the jet.

The ionized products are past through an electrode which creates a current which is converted 
to a voltage signal and outputted to the MIP controller for log generation.  The voltage output is 
directly proportional to the amount of mass of carbon-based molecules in the carrier gas.  The 
FID output signal voltage is mass dependent.  The FID is a destructive detector and is typically in 
series behind the PID or configured as a stand-alone detector.

Operating 
Principle
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XSD  

Halogen Specific 
Detector
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Halogen Specific Detector
(XSD)

The reactor is operated in an oxidative mode, pyrolyzing 
the effluent from the MIP carrier gas. This oxidative 
pyrolysis efficiently converts compounds containing 
halogens to their oxidation products and free halogen 
atoms.

The cathodic surface is activated by neutralization of alkali 
ions emitted from the anodic surface. The adsorption and 
reaction of free chlorine atoms with this alkali-sensitized 
cathodic surface yields an increased thermionic emission 
comprised of free electrons and halogen ions.

The total current is measured by the electrometer and 
converted to a 0-1 V output signal.

Step

1 2 3

Operating 
Principle
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Halogen Specific Detector
(XSD)

The presence of oxygen in the reactor serves to oxidize 
the analytes and liberate the halogen atoms from their 
parent molecules.This oxidation process serves to make 
the response of the XSD largely independent of the type 
of molecule (e.g. straight chain hydrocarbon, aromatic 
hydrocarbon, etc.).

The response of the XSD is flow rate dependent, and 
corresponds to the residence time of the analyte within 
the detector volume---the higher the total flow rate, the 
less time the analyte has to adsorb on the cathodic 
surface and generate a response, i.e. the emission of 
electrons (measured as a current, and constitutes the 
ΨǎƛƎƴŀƭΩύΦBottom line, the response is nearly inversely 
proportional to the total gas flow rate through the 
detector.

Step

1 2 3

Operating 
Principle



MIP Detector 

Gain Adjustments

Gas chromatograph detectors have a signal output window 
height limit that they cannot go above.  When a peak does go 
ŀōƻǾŜ ǘƘƛǎ ƛǘ  ŀǇǇŜŀǊǎ ǘƻ άŎƭƛǇέ ŀǎ ǎƘƻǿƴ ŀōƻǾŜΦ  

¢ƘŜ ƭƻƎ ŀōƻǾŜ ǎƘƻǿǎ Ƙƻǿ ǘƘŜ CL5 ƘŀŘ ƛǘǎ ǊŜǎǇƻƴǎŜ άŎƭƛǇǇŜŘέ ŀǘ 
the 5V level which is the maximum window height on SRI 
detectors.  The PID and FID should have matching Peak shapes 
throughout the log.

peak            detector      clipped    
height          window         peak

FID peak 
response 
has been 
clipped
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MIP Detector 

Gain Adjustments

¢ƻ ŀǾƻƛŘ ǇŜŀƪ άŎƭƛǇǇƛƴƎέ ǘƘŜ ŘŜǘŜŎǘƻǊ Ǝŀƛƴ Ŏŀƴ ōŜ ŀŘƧǳǎǘŜŘ 
down by the operator.  This divides the detector signal by some 
factor ς10 for example.  

Now the response will fit within the output limits of the 
instrument.  Once the signal is divided at the detector the 
operator then will increase the corresponding detector 
attenuation in the software.  This detector attenuation (10 in 
this case) will multiply the detector signal back to its original 
height for reporting.

Both detectors 
show uniform 
shapes above 
the maximum 
window height

peak gain         detector   peak             software    
height           adjusted     window   outputted   attenuated
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