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Standard Practice for
Using Flame Photometric Detectors in Gas
Chromatography *

This standard is issued under the fixed designation E 840; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope CGA P-1 Safe Handling of Compressed Gases in Contain-

1.1 This practice is intended as a guide for the use of a flame ers o
photometric detector (FPD) as the detection component of a CGA G-5.4  Standard for Hydrogen Piping Systems at

gas chromatographic system. Consumer Locatioris _
1.2 This practice is directly applicable to an FPD that CGAP-9 The Inert Gases: Argon, Nitrogen and Hefflum
employs a hydrogen-air flame burner, an optical filter for CGA V-7 Standard Method of Determining Cylinder Valve

selective spectral viewing of light emitted by the flame, and a _ Outlet Connections for Industrial Gas Mixtufes
photomultiplier tube for measuring the intensity of light CGAP-12 Safe Handling of Cryogenic Liquitis
emitted. HB-3 Handbook of Compressed Gades
1.3 This practice describes the most frequent use of the FPQ Terminology
which is as an element-specific detector for compounds con-’ o o )
taining sulfur (S) or phosphorus (P) atoms. However, nomen- 3.1 Deﬂmhons—qu definitions relating to gas chromatog-
clature described in this practice are also applicable to uses &#Phy; refer to Practice E 355. o _
the FPD other than sulfur or phosphorus specific detection.  3-2 Descriptions of Terms-Descriptions of terms used in
1.4 This practice is intended to describe the operation an§iS practice are included in Sections 7-17. _
performance of the FPD itself independently of the chromato- 3-3 Symbols:SymboisA list of symbols and associated
graphic column. However, the performance of the detector i§Nits of measurement is included in Annex Al.
described in terms which the analyst can use to predict overaﬂ_ Hazards
system performance when the detector is coupled to the ) )
column and other chromatographic system components. 4.1 Gas Handling Safety-The safe handling of com-
1.5 For general gas chromatographic procedures, Practit%essed gases and cryogenic liquids for use in chromatography

E 260 should be followed except where specific changes arg the responsibility of every laboratory. The Compressed Gas
recommended herein for use of an FPD. Association, (CGA), a member group of specialty and bulk gas

1.6 This standard does not purport to address all of theSUPPliers, publishes the following guidelines to assist the
safety concerns, if any, associated with its use. It is thadboratory chemist to establish a safe work environment.
Applicable CG publications include CGA P-1, CGA G-5.4,

responsibility of the user of this standard to establish appro-

priate safety and health practices and determine the applicac’GA P-9, CGA V-7, CGA P-12, and HB-3.

bility of regulatory limitations prior to usef-or specific safety 5 Principles of Flame Photometric Detectors

information, see Section 4, Hazards. .
5.1 The FPD detects compounds by burning those com-

2. Referenced Documents pounds in a flame and sensing the increase of light emission
21 ASTM Standards: from the flame during that combustion process. Therefore, the

E 260 Practice for Packed Column Gas Chromatography FPD is a flame optical emission detector comprised of a

E 355 Practice for Gas Chromatography Terms and Reldlydrogen-air flame, an optical window for viewing emissions
tionshipg generated in the flame, an optical filter for spectrally selecting

22 CGA Standards: the wa\{elength_s of Iight de.tected, a photomultiplier tube for
measuring the intensity of light emitted, and an electrometer
for measuring the current output of the photomultiplier.

5.2 The intensity and wavelength of light emitted from the

1 This practice is under the jurisdiction of ASTM Committee E13 on Molecular FPD flame depends on the geometric conﬁguration of the flame
Spectroscopy and is the direct responsibility of Subcommittee E13.19 on Chroma-

tography.
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burner and on the absolute and relative flow rates of gasebe approximate square of the S-atom flow. Since the FPD
supplied to the detector. By judicious selection of burnemresponse depends on the P-atom or S-atom mass flow per unit
geometry and gas flow rates, the FPD flame is usually designdime into the detector, the FPD is a mass flow rate type of
to selectively enhance optical emissions from certain types adetector. The upper limit to the intensity of light emitted from
molecules while suppressing emissions from other moleculesoth the HPO and $molecules is generally determined by the
5.3 Typical FPD flames are normally not hot enough toonset of self-absorption effects in the emitting flame. At high
promote abundant optical emissions from atomic species in theoncentrations of S and P atoms in the flame, the concentra-
flame. Instead, the optical emissions from an FPD flameions of ground state,Sand HPO molecules becomes sufficient
usually are due to molecular band emissions or continuunto reabsorb light emitted from the radiating states of HPO and
emissions resulting from recombination of atomic or molecularS,.
species in the flame. For sulfur detection, light emanating from 5.6 In the presence of a hydrocarbon background in the FPD
the S, molecule is generally detected. For phosphorus detedtame, the light emissions from the phosphorus and sulfur
tion, light emanating from the HPO molecule is generallycompounds can be severely quenct®d Such quenching can
detected. Interfering light emissions from general hydrocarbomccur in the gas chromatographic analysis of samples so
compounds are mainly comprised of CH and f@olecular  complex that the GC column does not completely separate the
band emissions, and CO + O CO , + hy continuum radia-  phosphorus or sulfur compounds from overlapping hydrocar-
tion. bon compounds. Quenching can also occur as the result of an
5.4 Hydrogen — air or hydrogen — oxygen diffusion flamesunderlying tail of a hydrocarbon solvent peak preceding
are normally employed for the FPD. In such diffusion flames,phosphorus or sulfur compounds in a chromatographic sepa-
the hydrogen and oxygen do not mix instantaneously, so thaktion. The fact that the phosphorus or sulfur response is
these flames are characterized by significant spatial variationeduced by quenching is not always apparent from a chromato-
in both temperature and chemical species. The importarjram since the FPD generally gives little response to the
chemical species in a hydrogen — air flame are the H, O, anbydrocarbon. The existence of quenching can often be revealed
OH flame radicals. These highly reactive species play a majasy a systematic investigation of the variation of the FPD
role in decomposing incoming samples and in the subsequepésponse as a function of variations in sample volume while the
production of the desired optical emissions. Optical emissionanalyte is held at a constant amount.
from the HPO and Smolecular systems are highly favored in - 5.7 The chromatographic detection of trace level phospho-
those regions of an FPD flame which are locally rich inyys or sulfur compounds can be complicated by the fact that
H-atoms, while CH and £light emissions from hydrocarbons sych compounds often tend to be highly reactive and adsorp-
originate mainly from those flame regions which are locallytiye, Therefore, care must be taken to ensure that the entire
rich in O-atoms. The highest sensitivity and specificity for chromatographic system is properly free of active sites for
sulfur and phosphorus detection are achieved only when thgysorption of phosphorus or sulfur compounds. The use of
FPD flame is operated with hydrogen in excess of thakijlanized glass tubing as GC injector liners and GC column
stoichiometric amount required for complete combustion of thenaterials is a good general practice. At near ambient tempera-
oxygen supplied to the flame. This assures a large flamgres, GC packed columns made of FEP TFE-fluorocarbon,

volume that is locally abundant in H-atoms, and a minimalgpecially coated silica gel, or treated graphitized carbon are
fllme volume that is locally abundant in O-atoms. The sensigfien used for the analysis of sulfur gases.

tivity and specificity of the FPD are strongly dependent on the

absplute and relative floyv rates of hydrogen and air. Theg_ Detector Construction

optimum hydrogen and air flow rates depend on the detailed .

configuration of the flame burner. For some FPD designs, the 6-1 Burner Design

flows which are optimum for phosphorus detection are not the 6.1.1 Single Flame Burne(2, 3 }—The most popular FPD

same as the flows which are optimum for sulfur detectionburner uses a single flame to decompose sample compounds

Also, the flows which are optimum for one sample Compoun(ﬁnd generate the optical emissions. In this burner, carrier gas

may not necessarily be optimum for another sample comand sample compounds in the effluent of a GC column are

pound. mixed with air and conveyed to an orifice in the center of a
5.5 Although the detailed chemistry occurring in the FPDflame tip. Excess hydrogen is introduced from the outer

flame has not been firmly established, it is known that theoerimeter of this flame tip so as to produce a relatively large,

intense emissions from the HPO angnSolecules are the result diffuse hydrogen-rich flame. With this burner and flow con-

of chemiluminescent reactions in the flame rather than thermdiguration, light emissions from hydrocarbon compounds occur

excitation of these moleculegl).* The intensity of light primarily in the locally oxygen-rich core of the flame in close

radiated from the HPO molecule generally varies as a lineaProximity to the flame tip orifice, while HPO and, 8missions

function of P-atom flow into the flame. In the case of the S occur primarily in the upper hydrogen-rich portions of the

emission, the light intensity is generally a nonlinear function offlame. Improved specificity is therefore obtained by the use of

S-atom flow into the flame, and most often is found to vary agin optical shield at the base of the flame to prevent hydrocar-
bon emissions from being in the direct field of view. The light

emissions generated in this flame are generally viewed from
4 The boldface numerals in parentheses refer to the list of references at the elme side of the flame. Some of the known limitations of this
of this practice. burner are as follows:



A8y E 840 - 95 (2000)

6.1.1.1 Solvent peaks in the GC effluent can momentarilynarrow-bandpass optical filter with peak transmission at 525 to
starve the flame of oxygen and cause a flameout. This effe®30 nm is generally used. For sulfur detection, a filter with
can be avoided by interchanging the hydrogen and air inlets tpeak transmission at 394 nm is most often used although the
the burnei(5) with a concomitant change in the flame gas flow optical region between 350 to 380 nm can also be employed.

rates to achieve maximum signal-to-noise response. Whereggpically, the filters used have an optical bandpass of approxi-

interchanging the K and air .inIets wiII.eIiminate flameou.t mately 10 nm.

problems,_ this p.rocedure wlll of_ten yield a correspondmg 6.3 Photomultiplier Tube

decrease in the signal-to-noise ratio and hence compromise the . .

FPD detectability. 6.3.1 The photomultiplier tube nsed in the FPD genera]ly
6.1.1.2 Response to sulfur compounds often deviates from'&as a spegtral response extending throug.hout the visible

pure square law dependence on sulfur-atom flow into the flam@PECtrum with maximum response at approximately 400 nm.

Furthermore, the power law of sulfur response often depend20Me Specific tubes that are used are an end-viewing EMI

on the molecular structure of the sample compo(#d 9524B, and side-viewing RCA 4552 or 1P21 tubes or their

6.1.1.3 The phosphorus or sulfur sensitivity often dependgquivalents. For FPD applications, the photomultiplier tube
on the molecular structure of the sample compound. should have a relatively low dark current characteristic (for

6.1.1.4 Hydrocarbon quenching greatly reduces the re€xample, 0.1to 1.0 nA) so that the FPD background signal and
sponse to phosphorus and sulfur compoug®)s noise levels are determined by the FPD flame rather than by the

6.1.2 Dual Flame Burner(2, 5—A second FPD burner Photomultiplier limitations. The photomultiplier dark current
design uses two hydrogen-rich flames in series. The first flam@nd its associated noise (see Section 15) depend strongly on the
is used to decompose samples from the GC and convert thephotomultiplier's operating voltage and its ambient tempera-
into combustion products consisting of relatively simple mol-ture.
ecules. The second flame reburns the products of the first flame6.3.2 Operating voltages are typically in the range of 400 to
in order to generate the light emissions that are detected. 800 V, depending on the tube type. Generally, it is unlikely that
principal advantage of the dual flame burner is that it greatltwo photomultiplier tubes of the same type have exactly the
reduces the hydrocarbon quenching effect on the phosphorgame current amplification at a given voltage. Also, the current
and sulfur emissiong6). Other advantages of the dual flame ampilification of a given photomultiplier tube often decreases as
burner compared to a single flame burner are that sulfughe tube ages. Therefore, it is generally necessary to periodi-

responses more uniformly obey a pure square law responsga|ly adjust the tube operating voltage in order to maintain the
and more uniform responses to phosphorus and sulfur comgme FPD sensitivity.

pounds are obtained irrespective of the molecular structure of

the sample compound. A disadvantage of the dual flame burn%rlevated temperatures, a critical design constraint in the FPD is

is that it generally provides lower sensitivity to sulfur com- . : :
; : the coupling of the maximum amount of light from the flame
pounds than a single flame burner in those analyses Whe{e

hydrocarbon quenching is not a problem 0 the photomultiplier with minimum thermal coupling. In
6.2 Optical Filter—Fig. 1 illustrates the spectral distribu- some FPD designs, optical lenses or fiber optic light guides are
tions of emissions from the ,S, HPO, OH, CH, and € used to allow the photomultiplier to be operated in as cool an
2 ) y ] - . . . .
molecular systemgl). The principle objectives of the optical enwronme_nt as possible. Thermoelectric or cryogenic _coollng
filters used in the FPD are to maximize the transmission ratio&® Sometimes used to further reduce the photomultiplier dark
of HPO and $ light compared to the flame background and €U"ent. - _ _ .
interfering hydrocarbon emissions. For phosphorus detection, a 6.3.4 Although a photomultiplier tube is a device with a
definite lifetime, this lifetime is normally in excess of 2 to 3
years unless the tube is used at conditions of high current levels
394 525 for extended time periods. FPD users are especially cautioned
to avoid exposure of the photomultiplier tube to room light
Sz HPO when the tube operating voltage is on.
6.4 Electronics

6.4.1 Electrometer—The current output from the photomul-
tiplier tube is generally measured using an electrometer.
Typical currents detected range from noise levels of the order
of 10 "*2to 107'° A to maximum signal levels of I8 to 104
c, A.

6.3.3 Since the FPD burner housing generally operates at

INTENSITY

OH CH

6.4.2 Linearizer for Sulfur Responsd3)}—The nonlinear

cH c sulfur response is sometimes linearized by using an electronic
circuit at the output of the electrometer. Usually this circuit is

| | | | , one which provides an output signal proportional to the square

300 350 400 450 500
SPECTRAL WAVELENGTH nm - 600 r_oot (_)f th_e electrometer output. When such a square r_oot
FIG. 1 Spectral Distribution of Molecular Emissions from an FPD “neaﬂzer IS used, the analyst should be aware of the following
Flame considerations:
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6.4.2.1 The sulfur output signal will be exactly linear only if S =AM (1)
the sulfur emission from the flame obeys a pure square law here:
dependence on S-atom flow into the flame. where:

6.4.2.2 The square root of the signal plus baseline offseti’
does not equal the sum of the square root of the signal plus th - ) ;
square root of the baseline offset. Therefore, the flame back?ng 12 rlr;]atshseo;ifjrtorrnnjdlg g;eots:a?;?ft?ﬁg eléF?[F;' generally

ground must be suppressed so that the baseline offset at tgﬁhibits a response that is a nonlinear power law function of

e_Iectromet_er output_is exactly zero ir_1 order to obtain Ogtqunass flow rate of S-atoms into the flame. Therefore, sulfur
signals which vary linearly as a function of S-atom flow Into o\ gitivity requires first a determination of the power law of

the flame. . . e X : !
— . response in accordance with the specifications given in Section
6.4.2.3 Square root circuits tend to be very noisy when th 1. In general, if the FPD sulfur response varies asri

volttagte mput to thet kc)nrcwt appro?ches zerot. tThereff?r:e,ﬂth ower of S-atom mass flow rate, then the sulfur sensitivity is
output noise may not be an accurate representation of the flamig.o mined as follows:

noise.
6.4.2.4 Flame background levels which are drifting in a S = (A /mg) - (Lmg) "t 2)
negative direction will given erroneous sample responses at the
square root output since the square root of negative inpufg5
voltages is not defined. A

Note 1—WARNING: The FPD operates at high hydrogen flow rate. m.
To avoid an accumulation of hydrogen gas and possible fire or explosiony,
hazard, turn off hydrogen flow when removing column or when the FPD S
is not being used.

= phosphorus sensitivity (response), A-s/gP,
= integrated peak area, A-s, and

sulfur sensitivity (response), A/(gSTs)

integrated peak area, A-s,

mass of S-atoms in the test substance, gS, and
mass flow rate of S-atoms in the test substance, gS/s.

o
i ni o

Frequently, the sulfur response of an FPD obeys a pure
7. Data Handling square law, so thah =2 and the sensitivity, expressed in

7.1 All manufacturers supply an integral electrometer tOA/(gS/s)Z, Is as follows:

allow the small electrical current changes to be coupled to S5 = (A Img)(L/ig) (3)
recorder/integrators/computers. The preferred system will in- 8.2 Test Conditions
corporate one of the newer integrators or computers that
converts an electrical signal into clearly defined peak are
counts i_n units such as microvolt-_seconds. These data can th determination of FPD sensitivity may be selected in
be readily used to calculate the Imear_range. accordance with the expected application of the detector. The
711 A_nother method uses peak height measurements. Thr'ést substance should always be well defined chemically. When
method yields data that are very dependent on column perfoE’pecifying the sensitivity of the FPD, the test substance applied
mance and therefore not recommended.

. : . ___must be stated.
7.1.2 Regardless of which method is used to calculate linear 8.2.1.1 The recommended test substance is tributylphos-

range, peak height is thg only acceptable method for deuarm'n|cihate for the phosphorus mode, and sulfur hexafluoride for the
ing minimum detectability.

o . . . . sulfur mode.
7.2 Calibration—It is essential to calibrate the measuring 8.22 The measurement must be made at a sianal level
system to ensure that the nominal specifications are acceptatg%t\'lvéen 20 and 200-times areater than the noise Ie?/el
and particularly to verify the range over which the output of the 8.2.3 For the phosph 9 itivity. th ’
device, whether peak area or peak height, is linear with respect ~ " or the phosphorus sensitivity, the measurement must
to input signal. Failure to perform this calibration may intro- e made W'th'”.th?’ linear range of response of the detector_. F_or
duce substantial errors into the results. Methods for calibratioF'Ee sulfur sensitivity, the measurement must be made within
will vary for different manufacturer’s devices but may include %eersLasngeagn? ﬂlgr\:\l/form power law response of the detector
accurate constant voltage supplies or pulse generating equip- - .
ment. The instruction ngnual gﬁould bepstudie?:l and tho?oughl 8.2.4 The magnitude of the' flame background current for
understood before attempting to use electronic integration fof '€ detector at the same conditions should be stated.

8.2.1 Since the FPD response can depend on sample com-
ound structure as well as sample matrix, the test substance for

peak area or peak height measurements. 8.2.5 Since the output signal of a photomultiplier tube
depends on its operating voltage, the FPD sensitivity is also a
TERMS AND RELATIONSHIPS function of the photomultiplier voltage. Therefore, the type of
photomultiplier tube used and its operating voltage should be
8. Sensitivity (Response) stated.
8.1 Description of Term 8.2.6 The conditions under which the detector sensitivity is

8.1.1 In the phosphorus mode of operation, the FPD genefeasured must be stated. This should include but not neces-
ally exhibits a response that is a linear function of mass flowsarily be limited to the following:
rate of P-atoms into the flame. Therefore, the phosphorus 8.2.6.1 Mode of operation (S or P),
sensitivity (response) of the FPD is the signal output per unit 8.2.6.2 Detector burner geometry (single or dual flame),
mass flow rate of P-atoms in a test substance in the carrier gas.8.2.6.3 Wavelength and bandpass of optical filter,
A simplified relationship for the phosphorus sensitivity is: 8.2.6.4 Hydrogen flow rate,



A8y E 840 - 95 (2000)

8.2.6.5 Air or oxygen flow rate, F, = carrier gas flow rate, corrected to flask temperature
8.2.6.6 Carrier gas, (see Annex A2), criimin.
8.2.6.7 Carrier gas flow rate (corrected to detector tempera-

Note 2—This method is subject to errors due to inaccuracies in

ture), measuring the flow rate and flask volume. An error of 1% in the
8.2.6.8 Detector temperature, measurement of either variable will propagate to 2 % over two decades in
8.2.6.9 Electrometer time constant, and concentration and to 6 % over six decades. Therefore, this method should
8.2.6.10 Method of measurement. not be used for concentration ranges of more than two decades over a

8.2.7 Linearity and speed of response of the recordingingle run. _ .
system used should be such that it yields a true reading of the NoTe 3—A temperature difference of 1°C between flask and flow
detector performance. The recorders shouldeha® to 1 mV measuring apparatus will, if uncompensated, introduce an error of 0.33 %

d . di % of f i|r|1to the flow rate.
range and a 1-s response time corresponding to 90 % of fu Note 4—Extreme care should be taken to avoid unswept volumes

scale deflection. between the flask and the detector, as these will introduce additional errors
8.3 Methods of Measurement into the calculations.
8.3.1 Sulfur sensitivity may be measured by any of five Note 5—Flask volumes between 100 and 500%dmave been found to
methodS, Wh”e only tWO methods are app“cable to the meabe the mOSt COnVenlent Large.r.VOIUmeS ShOUId be avoided due to
surement of phosphorus sensitivity. Methods are as follows: difficulties in obtaining efficient mixing and the likelihood of temperature

8.3.1.1 Experimental decay with exponential dilution flaskgradlems' o _ )
(8) (see 8.4) for sulfur gas samples. 8.5 Method Utilizing Permeation Devices
8.3.1.2 Permeation devi¢®) under steady-state conditions 8-5-1 Permeation devices consist of a volatile liquid en-
(see 8.5) for sulfur gas samples. closed in a container with a permeable wall. These devices
8.3.1.3 Dynamic method with Young'€0) apparatus for provide low concentrations of vapor by diffusion of the vapor
sulfur gas samples (see 8.6). through the permeable surface. The rate of permeation for a
8.3.1.4 Diffusion dilution techniquéll, 12) (see 8.7) for 9iVen device is dependent only on the temperature. The weight
sulfur or phosphorus liquid samples. loss over a period of time is carefully and accurately deter-
mined and these devices have been proposed as primary

8.3.1.5 Actual chromatograms (see 8.8) for sulfur or phos

horus liquid samples. standards. .
P 8.4 ExgonentialpDiIution Method 8.5.2 Accurately known permeation rates can be prepared

by passing a gas over the previously calibrated permeation

8.4.1_Purge a mixing ves_sel of "”OV.V” volume fitted with 4 device at constant temperature. Knowing the permeation rate
magnetically driven stirrer with the carrier gas at a known rate,

The effluent from the flask is delivered directly to the detector.Of Sjatoms in the test sgbstance,_thg sulfur sensitivity can be
. ; obtained from the following equation:

Introduce a measured quantity of the test substance into the

flask to give an initial concentratiolG,, of the test substance S5 = E(60Rs)" (6)

in the carrier gas, and simultaneously start a timer. where:

8.4.2 Calculate the initial sulfur concentration using the S '

equationC,s=Yg C/100, whereYs is the mass percent of ¢ z sulfur sensitivity, A(s/gS)

detector signal, A,

sulfur atoms in the test substance. , _ Rs = permeation rate of S-atoms in a test substance from
8.4.3 Calculate the concentration of S-atoms in the carrier the permeation device, gS/min, and
gas at the outlet of the flask at any time as follows: n = power law of sulfur response (see Section 11).
Cis = Cos €XP(—F;t/V;) 4) 8.6 Dynamic Method

8.6.1 In this method, inject a known weight of S-atoms in a
test substance into the flowing carrier gas stream. A length of
empty tubing between the sample injection port and the
detector permits the band to spread and be detected as a

where:
Cis = concentration of S-atoms in the carrier gas at ttime
after introduction into the flask, gS/cf

Cos = initial concr%ntration of S-atoms introduced into the Gaussian band. Then integrate the detector signal by any
= _ ngrl?érgsé (; flé)w rate. corrected to flask tem eraturesuitable method. This method has the advantage that no special

L (see Angnex A2) th}min P equipment or devices are required other than conventional
t — time. min. and k k chromatographic hardware.
V, = volume of flask, cri 8.6.2 Calculate the sulfur sensitivity as follows:

8.4.4 Calculate the sulfur sensitivity of the detector at any S = (A /mg)(tg/mg)" (7)
concentration as follows: where

Ss = E(60/[C; s F¢)" (5) Ss = sulfur sensitivity, A(s/gS)

here: A, = integrated peak area, A-s,
where. . vty A/(GS) ms = mass of sulfur atoms injected, gS
Ss = sulfur sensitivity, A/(gS/s) ts = peak width at ¥2)" of the maximum peak height, s,
E = detector signal, A, and
Cis = concentration of S-atoms in the carrier gas attime t = _ power law of sulfur response (see Section 10)

after introduction into the flask, gS/Gmand 8.7 Diffusion Dilution Method
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8.7.1 This method is analogous to the permeation devices, = phosphorus sensitivity of the FPD, A-s/gP.
method and may be used for sulfur and phosphorus-bearing testg 1 2 Minimum detectability for sulfur is the mass flow rate
substances that are not volatile enough to pass through & syifur atoms that gives a detector signal equal to twice the

permeation tube. In this method, the test substance is containgdise level and is calculated from the measured sensitivity and
in a diffusion bulb apparatus. The diffusion bulb and a,gise |evel values as follows:

corresponding capillary outlet tube are maintained in a

constant-temperature oven. The oven temperature is suffi- Ds = (2Ns/S5)™" (10)

ciently high to liquify the test substance and the liquid phase, . ..

slowly evaporates and diffuses through the capillary tube duey

to the driving force of the concentration gradient. Carrier gasNz

flows into a mixing chamber attached to the outlet port of the 5 sulfur sensitivity of the FPD, A/(gS/$)and

capillary tube. Since the diffusion rate is constant for a constant, power law of sulfur response (see Section 10).

temperature and a known cross-sectional area of capillary tube, Frequently, the sulfur response of an FPD obeys a pure

various vapor concentrations of the test substance are obtaingauare law, so that =2 and the minimum detectability is as

by varying the diluent flow of carrier gas through the mixing fgj1ows:

chamber. The diffusion rates can be calculated from the

diffusion equation, or measured experimentally from the Ds = VNs/Ss (11)

changes in weight of the diffusion bulb as a function of time. 9.2 Test Conditions-Measure sensitivity in accordance
8.7.2 The sulfur sensitivity is calculated using the equationsvith Section 8. Measure noise level in accordance with Section

in 7.5.2 by replacing the permeation rdkg by the diffusion 14, Both measurements must be carried out at the same

minimum detectability for sulfur, gS/s,
noise level in sulfur mode, A,

rateRs’ of S-atoms in the test substance in gS/min. conditions (see 8.2.6) and, preferably at the same time. When
8.7.3 The phosphorus sensitivity is calculated as follows: giving minimum detectability, state the noise level on which
S, = 60E/R, ' 8)  the calculation was based.
here 9.3 Typical Values
W : 1 -10
S. = phosphorus sensitivity, A s/gP, 9.3.1 For sulfur, 10" to 10 _125/5. »
E = detector signal, A, and 9.3.2 For phosphorus,8 10 °to 5 X 10 - gP/s.
R." = diffusion rate of P-atoms in the test substance,
gP/min. 10. Dynamic Range
8.8 Actual Chromatograms 10.1 Description of Term

8.8.1 This method consists of generatir)g an actual chro- 191.1 The dynamic range of the FPD is that range of mass
matogram of_ a phosph_orus or sulfur-bearing te_st_substanCﬁOW rates of phosphorus or sulfur atoms over which a change
Generally, this method is not preferred because it is COMMO, mass flow rate produces a change in detector output signal.
for the sample to have adverse interaction with the columnyhe |ower fimit of the dynamic range is the mass flow rate
These problems can be minimized by using an inert stablg hich produces a detector signal that is twice the noise level in
liquid phase loaded sufficiently to limit support adsorption 5ccordance with Section 8 for minimum detectability. The

effects. . _upper limit is the highest mass flow rate at which a slight
8.8.2 Calculate the phosphorus sensitivity of the detector iy riher increase in mass flow rate will give an observable
accordance with 8.1.1. increase in detector signal. The dynamic range is the ratio of

8.8.3 Calculate the sulfur sensitivity of the detector iny,q upper and lower limits.
accordance with 8.6.2.

8.9 Typical Values of Sensitivity 10.1.2 The dynamic range may be expressed in three

different ways:

Note 6—These values will depend on photomultiplier voltage. 10.1.2.1 As the ratio of the upper limit of dynamic range to
8.9.1 For sulfur, 2 to 20 A/(gS/5) the minimum detectability. The minimum detectability must
8.9.2 For phosphorus, 20 to 200 A-s/gP. also be stated.
10.1.2.2 By giving the minimum detectability and the upper
9. Minimum Detectability limit o]‘7 dynamic range (for example, from % 10 3 to
9.1 Description of Term 1x 10 gP/s).

9.1.1 Minimum detectability for phosphorus is the mass 10.1.2.3 By giving the dynamic range plot itself with the
flow rate of phosphorus atoms in the carrier gas that gives einimum detectability indicated on the plot.
detector signal equal to twice the peak-to-peak noise level and 10.2 Method of Measurement
is calculated from the measured sensitivity and noise level 10.2.1 For the determination of the dynamic range of the

values as follows: FPD, use the exponential decay method (8.4) or the dynamic
Dp = 2Np /S5 9) method (8.6) for sulfur gases, and actual chromatograms (8.8)
for sulfur or phosphorus liquid samples. The permeation device

where: method (8.5) or the diffusion dilution method (8.7) are usually

D, = minimum detectability for phosphorus, gP/s,

. - not adequate for generating a wide enough range of sample
Np = noise level in phosphorus mode, A, and q 9 g 9 g P

concentrations.
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10.2.1.1 Using the exponential decay method, measure the
detector output signdt at various sulfur atom mass flow rates

ms, wherermg is determined as follows:

mg = CsF;/60 (12)
where C;sandF; are determined as in 7.4.4. PlBtversus

mson log — log graph paper, and draw a smooth curve through
the data points as shown in Fig. 2. The upper limit of the
dynamic range is the mass flow rate at which the slope is zero.
10.2.1.2 In using the dynamic method or actual chromato-
grams, prepare a set of test samples covering a wide range of
concentrations of the test substance. Inject a fixed volume of
each concentration of the test substance and measure the height
H of the resultant Gaussian or chromatographic peaks. For
each peak, also determine the mass flow rate of sulfur or

SULFUR MODE

104

103 j

102 |—

Dynamic Range

PEAK HEIGHT, nA
=
i

™ Slope = 2.00

T

phosphorus atoms as follows:
For the phosphorus mode,

M =M/t (13)

m, = Mmass flow rate of P-atoms in test substance, gP/s,

= mass of P-atoms in the test substance, gP, and
tr = peak width at/z of the maximum peak height, s.

For the sulfur mode,

Mg = mg/tg (14)

mg = mass flow rate of S-atoms in test substance, gS/s,

ms = mass of S-atoms in the test substance, gS,

ts = peak width at¥2)" of the maximum peak height, s,
and

n = power law of sulfur response (see Section 10).

Plot the peak heightl versusmg or ms on log — log graph

paper, and draw a smooth curve through the data points as

103 Pl 1 1 ]
102 101 1 10 102 103
S-ATOM FLOW, ngS/s
FIG. 3 Example of a Plot to Determine the Dynamic Range and
Power Law of Response of an FPD in the Sulfur Mode

10.2.2 When giving the dynamic range or the dynamic
range plot, specify the test conditions in accordance with 8.2.

11. Power Law of Sulfur Response

11.1 Description of Term-In the sulfur mode of operation
the output signal of the FPD generally varies as a nonlinear
function of the mass flow rate of sulfur atoms into the flame.
This relationship is expressed by the following equation:

E = S(mg)" (15)

shown in Fig. 2 and Fig. 3. The upper limit of the dynamic where:

range is the mass flow rate at which the slope is zero.

PHOSPHORUS MODE

104
103 —
102 |
<
c
l; 10 Dynamic Range
g
w
z 1
v -
g " stope = 100
10 |
102
1
103 1 1 1 1 1
104 103 102 101 1 10 102

P-ATOM FLOW, ngP/s

FIG. 2 Example of a Plot to Determine the Dynamic Range of an
FPD in the Phosphorus Mode

E = detector signal, A
Ss = sulfur sensitivity, A/(gS/sS) and
mg = mass flow rate of S-atoms, gS/s.

The value of the parametex, therefore, defines the power
law of sulfur response that the FPD obeys. For most sulfur
compoundsn usually has a value in the range of 1.50 to 2.00.
For those instances wherr 2.00, the FPD sulfur response is
described as obeying a pure square law.

11.2 Methods of Determinatiaon

11.2.1 Since the power law of sulfur response can vary with
compound type as well as with the configuration and operating
conditions of the FPD flame burner, the test substance should
be selected according to the expected application and operating
conditions of the detector. Where the FPD is to be used for
guantitative analysis of many sulfur compounds, the power law
of response should be determined for each compound in
question.

11.2.2 Any of the methods of measurement cited in 8.3 can
be used to determine the power law of sulfur response. The
method used should be capable of generating mass flow rates
of sulfur atoms ranging from the minimum detectability (that
is, detector signal equal to twice noise level) to a S-atom mass
flow rate at least 100 times the minimum detectability.
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11.2.2.1 Using the exponential decay, permeation device, or 12.1.2.2 By giving the minimum detectab_illlty and the upper
diffusion dilution methods, measure the detector output signdimit of linearity (for example, from 5< 10 to 1X 1078

E at various sulfur atom mass flow ratesg, wherergis  9P/S).

determined as follows: 12.1.2.3 By giving the linearity plot itself, with the mini-
(a) For the exponentia| decay method: mum deteCtablllty indicated on the plot
12.2 Method of Measurement
ms = CisF;/60 (see 7.4 (16) 12.2.1 For the determination of the linear range of the FPD
(b) For the permeation device method: in the phosphorus mode, use actual chromatograms as de-
] scribed in 8.8.
Mg = Rs/60 (see 7.3 an 12.2.2 Measure the phosphorus sensitivity at various phos-
(c) For the diffusion dilution method: phorus atom mass flow rates, where . is defined in
s = R /60 (see 7.7 @e) accordance with 10.2.1.2. Plot the phosphorus sensitivity

. . . versus logh, on a semilog graph as shown in Fig. 4. Draw a
PlotE versusis on log — log graph paper as in the dynamic smooth line through the data points. The upper limit of

range graphs in Fig. 2 and F|g._3 and_ determine th_e slope Of.lﬂ1earity is given by the intersection of this line with a value
straight line through the data using a linear regression amalys%.g‘,_-)>< S., where S, is the constant value of sensitivity as

Thlelszlong SS (.jete:rr]mngd IS the Su”ttr’]r gower Iiw rl)arra]lmetetr determined by a least squares fit of the lower three decades of
.2.2.2 Using the dynamic method or actual chroma obhosphorus atom mass flow rate.

grams, measure the integrated peak #ea peak height of L ; : . .
a series of Gaussian or chromatographic peaks obtained l?Méztezstg cggg:xg]r? itr:lzgggggﬁggivﬁrhtgezlmearlty plot, specify

injecting various concentrations of the test substance. On 12.3 Values—For phosphorus, typical values range from
log - log graph paper, plo&; or H versus the mass of sulfur to’ 1 '
atoms corresponding to each peak. Fit a straight line to the data '

and determine the slope by a linear regression analysis. The3. Range of Unipower Response—Sulfur Mode
slope so determined is the sulfur power law parameter 13.1 Description of Term

11.2.2..3. In some instances, the data in 11.2.2..1 or11.2.2.2 13.1.1 The range of unipower response of the FPD in the
may exhibit more than one slope over the rangengfor ms. gyifur mode s the range of sulfur atom mass flow rates over
For example, there have been reports of some FPD sulfyihich the sulfur sensitivity of the detector is constant to within
responses which are lineam (= 1.00) at low sulfur amounts 10 o4 as determined from the plot specified in 13.2.
and follow a square law dependence £ 2.00) at high sulfur 13.1.2 The range of unipower response may be expressed in
amounts. In those cases, the different values afd the range pree different ways:
of mg over which they apply should be stated. 13.1.2.1 Asthe ratio of the upper limit of unipower response
11.2.2.4 To ensure accurate quantitation over a wide rangas obtained from the plot described in 12.2 to the minimum
of sulfur atom mass flow rates, the parameteshould be detectability, both measured for the same test substance as

determined to three significant figures. follows:
11.3 Typical Values—For sulfur compounds, typical values )
for n range from 1.50 to 2.00. UR = MSax/Ds (20)
where:
12. Linear Range—Phosphorus Mode UR = range of unipower response for the FPD in the
12.1 Description of Term sulfur mode,
12.1.1 The linear range of the FPD in the phosphorus modenS ., = upper limit of unipower response, gS/s, and
is the range of phosphorus atom mass flow rates over which th®sg = sulfur minimum detectability, gS/s.
phosphorus sensitivity of the detector is constant to within 5 % If the range of unipower response is expressed by this ratio,
as determined from the linearity plot specified in 12.2. the minimum detectability must also be stated.
12.1.2 The linear range may be expressed in three different 13.1.2.2 By giving the minimum detectability and the upper
ways: limit of unipower response (for example, from&10 " gS/s

12.1.2.1 As the ratio of the upper limit of linearity obtained to 2.5x 1078 gS/s).
from the linearity plot to the minimum detectability, both

measured for the same test substance as follows: PHOSPHORUS MODE
30
LR = P, /Dp (19) g
E 20} g L - ﬂ-——_s—f—_::\
where > \9\55,,
LR = linear range of the detector, 2 ol Linear Range 4
mP,., = Upper limit of linearity obtained from the linear- g
ity plot, gP/s, and “ g L 1 | 1 1
Dp = phosphorus minimum detectability, gP/s. o Frow, ngPls oo
If the linear range is expressed by this ratio, the minimum  FiG. 4 Example of an FPD Linearity Plot for the Phosphorus

detectability must also be stated. Mode
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13.1.2.3 By giving the plot of unipower response itself, with
the minimum detectability indicated on the plot.

13.2 Method of Measurement

13.2.1 For the determination of the range of unipower
response for the FPD in the sulfur mode, use the exponential
decay method (8.4) or the dynamic method (8.6) for sulfur
gases, and actual chromatograms (8.8) for sulfur liquid
samples.

13.2.2 Measure the sulfur sensitivity at various sulfur atom

mass flow ratesi® wheremg is terminal in accordance with
10.2.1.1 or 10.2.1.2 depending on the method used. Plot theFIG. 6 Example of the FPD Noise Level and Drift Measurement

sulfur sensitivity versus logison a semilog graph as shown in

Fig. 5. Draw a smooth line through the data points. The upper 14.2.2 Draw two parallel lines to form an envelope that
limit of the unipower response is given by the intersection ofencloses the random excursions of a frequency of approxi-
this line with a value 0.9 S5, whereSgis the constant value mately 1 cycle/min and greater. Measure the distance perpen-
of sensitivity as determined by a least squares fit of the lowegicular to the time axis between the parallel lines and express

RESPONSE, A

two decades of sulfur atom mass flow rate. the value as amperes of noise.

13.2.3 In giving the rang 14.2.3 Measure the net change in amperes of the envelope

e of unipower response or the corresponding plot, specify thgver 32 h and multiply by two. Express the value as amperes
test conditions in accordance with 8.2. per hour of drift.

13.3 Typical Values—For sulfur, typical values range from = 14.2.4 In specifications giving the measured noise and drift
10 to 10°. of the FPD, the conditions stated in 7.2 must be given.

14.3 Typical Values—For noise, depending on the photo-

14. Noise an_d P”ﬂ multiplier voltage, typical values range from>510 ~*2 to
14.1 Description of Terms 5x 10 A,

14.1.1 Noise—Noise is the amplitude expressed in amperes
or Hertz of the baseline envelope which includes all randoni5. Specificity
variations of the detector signal of the frequency on the order 15 1 pescription of Term
of 1 cycle/min or greater (see Fig. 6). This noise corresponds 10 151.1 The specificity ratio of the FPD for phosphorus with
the observed noise only. The actual amount of noise iS Gespect to carbon is the weight of carbon atoms in the FPD
function of the whole system including the detector, signakiame that is required to generate the same detector output
cables, and the instrument monitoring the signal (recordekjgna| as a unit weight of phosphorus atoms. The specificity
integrator, or computer). Modern integrators and computerg,iig is determined by measuring the phosphorus sensitivity
may contain electronic filters that selectively remove somgg 1 1) and carbon sensitivity (see 15.2.1) with the phosphorus

types of noise and reduce the apparent amount of detect@fier in the FPD, and then applying the following equation:
noise. To effectively use the filtering capacity, the user must

have a basic understanding of how the electronic device Yoo =S /% (21)
monitors the detector output. A lack of understanding of thehere:
device's operation may lead to poor analytical results. Bothx
noise measurements and sensitivity measurements should I, phosphorus sensitivity, A-s/gP, and
made under the same conditions. S carbon sensitivity with the phosphorus filter as
14.1.2 Drift—Dirift is the average slope of the noise enve- described in 15.2.1, A-s/gC.
lope expressed in amperes per hour as measured over a period5.1.1.1 Typical values foXsc range from 16to 5 x 10°
of ¥2 h (see Fig. 6). gCl/gP.
14.2 Methods of Measurement 15.1.2 The specificity ratio of the FPD for phosphorus with
14.2.1 With the detector output set at maximum sensitivityrespect to sulfur is the weight of sulfur atoms in the FPD flame
and adjusted with the zero-control to read well above zerothat is required to generate the same detector output signal as

phosphorus to carbon specificity ratio, gC/gP,

allow at leasty2 h of baseline to be recorded. a unit weight of phosphorus atoms. The specificity ratio is
determined by measuring the phosphorus sensitivity and the
T L L — sulfur sensitivity (8.1.2) with the phosphorus filter in the FPD,
% and then applying the following equation:
E 2 p : v ¥ ¥ *o—\***si- . n—1
> w905, Xps = (S 1S5)(1Urng ) (22)
% s Range of Unipower Response \\
E where:
& l 1 L B Xps = phosphorus to sulfur specificity ratio, gS/gP,
T R TR T2 S. = phosphorus sensitivity, A s/gP,
S-ATOM FLOW, ngss S; = sulfur sensitivity with the phosphorus filter, A/(gS/
FIG. 5 Example of a Plot to Determine the Range of Unipower s)n

Response for an FPD in the Sulfur Mode
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mass flow rate of S-atoms, gS/s, and 15.2.1.2 The exponential dilution method (8.4) is the rec-
power law of sulfur response. ommended procedure for determining carbon sensitivity al-
et?ough any of the other methods described in 8.3 may also be

Mg
n

Note that the phosphorus to sulfur specificity ratio decreas
with increasing mass flow rate of S-atoms because the outp
signal of the FPD varies as tmth power of S-atom flow but
only linearly with P-atom flow.

15.1.2.1 Typical values fokssrange from 16to 1¢° gS/gP
at low sulfur amounts; and from 5 to 5 gS/gP at high sulfur S = E(60Cc Fy) (25)
amounts.

15.1.3 The specificity ratio of the FPD for sulfur with
respect to carbon is the weight of carbon atoms in the FPDg
flame that is required to generate the same detector outpuC,.

15.2.1.3 Using the exponential dilution method, calculate
the carbon sensitivity of the FPD in a manner analogous to 8.4
using the following relationship:

where:

carbon sensitivity, A-s/gC,

detector signal, A,

concentration of C-atoms in the carrier gas at time t

signal as a unit weight of sulfur atoms. The specificity ratio is after introduction into the flask, gC/cinand

determined by measuring the sulfur sensitivity and the carborF; = carrier gas flow rate corrected to flask temperature,

sensitivity with the sulfur filter in the FPD, and then applying cm/min.

the following equation: 15.2.2 Determine the phosphorus and sulfur sensitivities in
e accordance with Section 7, and the mass flow rate of sulfur

Xse = (Ss/S )(ms)"™ (23 atoms in accordance with 9.2.1.

where: 15.2.3 Using values 08,, S and S- measured with the

Xs ¢ = sulfur to carbon specificity ratio, gC/gS, same optical filter in the FPD, calculate the specificity ratios

S = sulfur sensitivity, A/(gS/s}, Xec s Xps: Xge, OF Xgpin accordance with the equations given

S = carbon sensitivity with the sulfur filter, A s/gC, in 15.1.

mg = mass flow rate of S-atoms, gS/s, and

n = power law of sulfur response. 16. Photomultiplier Dark Current and Noise

Note that the sulfur to carbon specificity ratio increases with 16.1 The photomultiplier dark current is the magnitude of
increasing mass flow rate of S-atoms because the output sign@le FPD output signal measured with the FPD flame off.
of the FPD varies as theth power of S-atom flow but only  16.2 The photomultiplier dark noise is the noise (see 13.1.1)

linearly with C-atom flow. associated with the photomultiplier dark current.
15.1.3.1 Typical values fokscare 10° gC/gS at low sulfur 16.3 Both photomultiplier dark current and noise generally
amounts and f0gC/gS at high sulfur amounts. increase with increasing photomultiplier voltage and tempera-

15.1.4 The specificity ratio of the FPD for sulfur with ture.
respect to phosphorus is the weight of phosphorus atoms in the
flame that is required to generate the same detector outpd?. Flame Background Current
signal as a unit weight of sulfur atoms. The specificity ratio is 17 1 Flame background current is the difference in FPD
determined by measuring the sulfur sensitivity and the phos()utput signal with the flame on and with the flame off in the
phorus sensitivity with the sulfur filter in the FPD, and then jpsence of phosphorus or sulfur compounds in the flame.

applying the following equation: 17.2 The magnitude of flame background current will gen-

Xep = (S/Sp)(g)" (24)  erally depend on which optical filter is used.
\)/(vherei y Hoson i o ap/ 18. Chromatographic Test Sample
SSSP _ :Elfﬂ: ts%rl?sig\slirt)yoxlj(sgg/)g)m icity ratio, gP/gS, 18.1 The performance of the FPD can be periodically
S- = phosphorus sen’sitivity with the sulfur filter, A s/gP, monitored by using a chromatographic test sample which

M mass flow rate of S-atoms, gS/s, and allows both sensitivity and specificity to be determined from a
S single chromatogram. Such a test sample should include
compounds containing the heteroatoms in question (phospho-
Tus or sulfur) as well as a hydrocarbon compound, with the
Yoncentration of the hydrocarbon being several orders of
magnitude greater than the heteroatom compounds. The spe-
. cific test substances used should be well resolved by the gas
15.1.4.1 Typical values foXsp are 10 gP/gS at low sulfur - ohromatographic column that is used. One example is a test
amounts and 10gP/gS at high sulfur amounts. sample consisting of 20 ng afi-dodecanethiol, 20 ng of
15.2 Method of Measurement tributylphosphate, and 4000 ng ofpentadecane in an iso-
15.2.1 The carbon sensitivity of the FPD is determinedoctane solvent. These compounds are generally easily resolved
using a relationship analogous to that given in 7.1.1 for theon an OV-101 column.

n power law of sulfur response.

Note that the sulfur to phosphorus specificity ratio increase
with increasing mass flow rate of S-atoms because the outp
signal of the FPD varies as tmth power of S-atom flow but
only linearly with P-atom flow.

phosphorus sensitivity. 18.2 The FPD sensitivity is determined from the absolute
15.2.1.1 Normal-butane is the recommended test substandetector response to the heteroatom compounds, while the FPD
for determining carbon sensitivity. specificity is determined from the ratio of responses of the

10
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heteroatom compounds relative to each other or relative to the

hydrocarbon compound.

19. Keywords

19.1 flame ionization detector (FID); flame photometric
detectors (FPD); gas chromatography (GC); packed columns;
supercritical fluid chromatography (SFC)

Msmax
Xpc
Xps

Xsp

ANNEXES
(Mandatory Information)

Al. LIST OF UNITS AND SYMBOLS

amperes of current

volts

nanometres of optical wavelength

seconds of time

cubic centimetre of volume

grams of a test substance

grams of phosphorus atoms

grams of sulfur atoms

grams of carbon atoms

integrated peak area, A-s

mass of P-atoms or S-atoms, gP or gS

mass flow rate of P-atoms or S-atoms, gP/s or gS/s

detector sensitivity to phosphorus, sulfur, or carbon, A-s/gP, A/(gS/s)", or A-s/gC

power law of sulfur response

concentration of S-atoms in the carrier gas at time t after introduction into a dilution flask, gS/cm®
initial concentration of a test substance introduced into a dilution flask, g/cm?

mass percent of sulfur atoms in a test substance

initial concentration of S-atoms introduced into a dilution flask, gS/cm®

volume of a dilution flask, cm®

carrier gas flow rate corrected to temperature of the dilution flask, cm3min

detector signal, A

permeation rate of S-atoms from a permeation device, gS/min

peak width at (%2 )" of the maximum peak height of sulfur compound chromatographic peak, s
diffusion rate of P-atoms or S-atoms from a diffusion bulb apparatus, gP/min or gS/min
minimum detectability for phosphorus or sulfur, gP/s or gS/s

peak-to-peak noise level in phosphorus or sulfur modes, A

peak height of a chromatographic peak, A

peak width at one half of the maximum peak height of a phosphorus compound chromatographic peak, s
linear range of the detector in the phosphorus mode

mass flow rate of P-atoms at the upper limit of linearity, gP/s

range of unipower response of the detector in the sulfur mode

mass flow rate of S-atoms at the upper limit of unipower response, gS/s

phosphorus to carbon specificity ratio with the phosphorus optical filter, gC/gP
phosphorus to sulfur specificity ratio with the phosphorus optical filter, gS/gP

sulfur to carbon specificity ratio with the sulfur optical filter, gC/gS

sulfur to phosphorus specificity ratio with the sulfur optical filter, gP/gS

11
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A2. CORRECTION OF FLOW RATE TO DETECTOR TEMPERATURE

A2.1 Since carrier gas flow rate is usually measured atT, = detector temperature, K,
ambient (room) temperature, it has to be corrected to express, ambient temperature, K,

conditions at the temperature of the detector. p, = partial pressure of water at ambient temperature, torr,
S . . and
A2.2 The correction is made according to the following p. = ambient pressure, torr.
equation:
Fr =FoTa/Ta(1 = py/Pa) (A2.1) A2.3 The factor (1 9,/p ,) is to be applied only if a wet
Where: (for example, soap bubble) flow meter is used for the
F; = corrected flow rate, mL/min, measurement.

F, = flow rate measured at column or detector outlet and
ambient temperature, mL/min,
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