
This paper describes a modiiied form of the single jet flame ionization detector of 
MCWILLIAM ANI) DEW~\II~. The difference between the modified and the original form 
of the apparatus lies mainly in the electrical circuit of the amplilier. With the ampli-’ 
fying circuits described below the modified form of the detector has cshibited good 
base line stability and high sensitivity. 

The realizable sensitivity of a detector for gas cllroma.tograplly depends upon the 
acceptable signal to noise ratio as presented on the recorder chart, therefore the base 
line drift and noise level of detecting and measuring apparatus should be as low as 
possible. It is convenient to consider separately the two main parts of a flame ioniza- 
tion detector, the combustion chamber (detector) and electronic amplifier, 

A reliable detector is simple to design and construct but a suitable amplifier is 
more of a problem, as it requires to have a very high input resistance, low output 
resistance, low noise level, and a. high degree of linearity between input and output if 
peal; areas are to be measured. 

The amplifiers to be described have all these features, several llavc been con- 
structed, the measured noise level of one ‘i’s stated, and a gas chromatogram using 
this with a flame detector is shown. 

Details of the construction of the detector are shown in the SC& drawing (Fig. r) 
which is self-explanatory. 

Normally hydrogen has been used as the carrier gas, but the apparatus is so 
constructed that nitrogen may be employed when necessary and mised with hydrogen 
after its eniergence’from the column. The narrow bore of the three wjy tube between 
the column and the jet ensures that when nitrogen is used there is no diffusion of 
llydrogen into the column and no escape of eluted material through the tube supplying 
the hydrogen. The air which is supplied to the combustion chamber is filtered through 
glass wool, because, as MCWILLIAM AND DEWAR have observed, even small particles 
of dust cause large disturbances. 

It has been found that electrical insulation of a l?igll order between the probe 
(gauze) and earth, and the use of stationary phases of very low volatility are essential 
for good base line stability. The first of these requirements is.met by using insulators 
with a long tracking path over their surface and made of ceramic, which is a better 
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insulator than glass at high temperatures. Ocasionally it was noticed that the inswla- 
tion deteriorated owing to the deposition of products of combustion on the ceramic- 
to-metal seals, To obviate this a metal screen (not shown in the diagram) was inserted 
between the flame and the seals. 3 

It is necessarywhen designing an amplifier for this application to consider the require- 
ments of the pen recorder which is to he used. Most laboratories using gas chromatog- 
raphy apparatus have potentiomctric pen recorders intended for use with thermal 
conductivity cells. Such recorders have a sensitivity of one or two mV full scale 
deflection and therefore have a limitation regarding the value of electrical resistance 
which may be connected across their input terminals, Usually 500 52 is the masimum 
which may be employed if the correct pen response time is to be obtained. It is of 
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course desirable to keep the *electrical circuits simple in the interests of reliability, but 

unfortunately it is not possjble to design an amplifier using only one battery-type 
electrometer valve if it is to’havc a voltage gain of unity and an output resistance of 
500 $2. Since it is desirable to have l$gh linearity between input and output voltage 
for an input of -t_ and’ - ag V, it is. more convenient to use! one of the multi-valve 
circuits to be described. 

. 

Alternative amplifying circuits arc shown in Figs. 2 and 3. ‘I’hc first is a moditica- 
tion of a circuit clcscribecl by SSC:~~~K;(.;II~~. It is oftcm assllmed that an amplitici- of this 

‘type is inherently stable: but it must be remembcrcd that it is a high voltage gain 
amplifier with negative feedback, and phase shift within the amplifier may possibly 

cause oscillation of a high amplitude. If this happens it may well be that the amplifier 
is operating outside its correct characteristics, saturated, with V, control grid current 
flowing during part of each cycle of oscillation, cshibiting blocking and low input, 
resistance. 50 c/set will be introduced into’the circuit if the 6.3 hcatcr voltage is not 
at a definite fixed potential, and it should be connected to a valve cathode (V,) as 
shown. As a precaution against A.C. pickup on the input circuits, and sxnplifier 
instability, the capacitor C, will short out. alternating voltage, whatever its source, 

‘The zero stability of this type-of amplifier also,requires that the heaters of Vf, V, and 
V, be “aged” by running them for several hundred hours.’ 

Referzuces p. r.54. 
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A potentiometric pen recorder is connected to the output terminals of the 
amplifier through a suitable voltage attenuator. A I mA moving coil recorder can be 
used equally well with this type of ampliIj.er. 

Since the recorders which were available for use with the amplifier would not 
tolerate more than a few per cent of their input signal to consist of alternating voltage 
of Supply frequency, A.C. pickup on the input of the amplifier must be filtered out. 
The amplifier was connected to the collector probe by a few metres of 75 ,Q coaxial 
cable 0.f approsimatcly Too ~L~LI! capacity per mctre, which together with the input 

K I?, R I4 \I I-. 
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resistor used had a time constant of I or z seconds, sufficient to attenuate the AC. 

pickup without appreciably increasing the response time of the pen recorder. Further 
capacitance can be made available, if necessary, by the use of polystyrene capacitors 
connected in parallel with the high value input resistors. These capacitors are sllown 
as C, in the amplifier circuits. 

Each ?mplifter is houscci in a metal bos of about S I. capacity, large enough to 
keep the stray magnetic field of the mains transformer away from tile valves, which 
may be separately screened. If the transformer is rated at much higher output currents 
than the circuit recluircs, so that its core operates well away from magnetic saturation, 
and is supplied in a metal shroud or box, it will not cause trouble. The .coasial cable 
from the detector is taken to tlie amplifier through its front panel without plug or 
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socket and direct to the control grid of the pentoclc valve VI. The moving contact of 
a good quality ceramic switch is also taken directly to the grid, It is important ‘that 

these input components should bd kept clean and dry. The resistors are held with 
$hermal shunts during soldering, their body being untouched, and they are mounted 
away from the other components in the interests of temperature stability. If a slow 
drift of the base line is observed it may be clue to the fact that insufficient tinie htis 
been allowed for all components in the amplifier to reach their final temperature, and 
half an hour or so should be allowed for this. Other possible causes are the use of low 
grade ‘or overrun components, and the mounting of temperature scnsitivc resistors, 
such as the pcntode, anode load resistors R4 ancl 13, too cl.ose to warm components. If 
identical resistors are mounted close together the effects of their resistance change due 
to heating tend to lx cancelled out by the circuit. Tlle,pentocles should be mounte~l 
close together and away from the other valves. All valve holders should lx of good 
quality as leakage across pins could produce noise on the base line. 

Base line instability due to circulating earth currents may he nvoidecl by carthing 
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the whole apparatus at one point, the negative input terminal of the pen recorder. 
The ceramic switch, high value resistors and pentode valves should be screened from 
dust, moisture, light and other radiation. 

When the measurement of peak areas is required an Elect0 Methods integrator 
motor counter can be connected directly to the output terminals of the amplif’ler, 
which is particularly suitable for the purpose on account of its very low output 
resistance and linear input to output voltage over a wide range of input voltage, 
Since sucll a motor requires G or 12 V for full speed, depending on its type, an input 
resistor of IOOO to 3000 MS2 is required for normal sensitivity of detection. Although 
no resistor of more than 10,000 MQ has been useci for routine work, such n high value 
can be employed without adverse effect. 

That second amplifying circuit with a voltage gain of four has a higher output 
resistance of about 500 52, and is suitable for use with a 12 or 24 V motor. 

130th amplifiers supply a higl> voltage to the needle jet through a resistor of I MSZ. 

VOLI’.AG R ATTENUATOR 

Since several volts are produced at the output of either amplifier when an organic 
substance in tlic &fluent stream burns, it is necessary to connect a voltage attenuator: 
between the amplilicr and the pen recorder. 

__..___-_--- .-.-_ . ..- --.. I -._... _._. .___. -__-____.. 

The attenuator circuits used with the amplifier are shown in Fig, 4. Small radio 
type switches are used. The odd and low value resistors are wound with insulated 
constantan wire. It, is sometimes convenient to filter out A.C. by designing the 
attenuator to provide greater attenuation of A.C. than fi:C., a feature of the second 
and third attenuator circuits. 
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An amplifier constructed to the circuit shown in Fig. 2 was tested for noise level’ 
and sensitivity to voltage fluctuations in the supply mains. It was found that changes 
of + and - 5% resulted in output fluctuations of + and -- 2 mV. With a constant 
mains voltage the short term drift was within 200 IAV, and the maximum deviation 
after 4 hours was 500 pV. 

The amplifier was connected to the clet,ector shown in Fig. I and the chroma- 
togram shown in Fig. 5 was obtained with a misture of approx. I pg each of benzene, 
toluene, and gn- and o-xylene. The initial large peak is I mg of ether used as a ‘diluent. 

Using the sensitivity parameter of I>~~xvrn:~r, PER-IXR ;\ND S*I’ROSS~, the measured 
sensitivity of the benzene peak of Fig. 5 is S == ‘c.I* xoO ml~mV/mg, and tllc signal to 
noise ratio 200 to I. 

The column used was a coiled copper tube 4 m long and 4.5 mm internal diameter,, 
filled with a stationary phase of “Apiezon L” grease on fircbriclc, operated at a 
temperature of loo” and an inlet pressure of 142G mm of Hg. The carrier gas was 
hydrogen, flowing at a rate of 31 rnl/min. The chart paper spcecl was r.97 min/cm 
and the area of the benzene peak 4.0 cmz. 
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SUMMARY 

Multi-valve amplifying circuits for use with a gas chromatography flame ionization 
detector are described. With these amplifiers, clesignecl to have a very high input and 
low output resistance and high degree of linearity between input and output, the 
detector eshibits high signal to noise ratio and sensitivity. The various possible causes 
of base line instability are discussed and the approprintc remedial measllres indicated. 


