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INTERNATIONAL

Standard Practice for
Testing Nitrogen/Phosphorus Thermionic lonization
Detectors for Use In Gas Chromatography *

This standard is issued under the fixed designation E 1140; 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 Consumer Locatiorfs

1.1 This practice is intended to serve as a guide for testing CGA P-9 The Inert Gases: Argon, Nitrogen and Heffum
the performance of a nitrogen/phosphorus thermionic ioniza- CGAV-7 Standard Method of Determining Cylinder Valve
tion detector (NPD) used as the detection component of a gas _ Qutlet Connections for Industrial Gas Mixtufes
chromatographic system. CGA P-12 Safe Handling of Cryogenic Liquitls

1.2 This practice applies to an NPD that employs a heated HB-3 Handbook of Compressed Gases
alkali metal compound and emits an electrical charge from th
solid surface. o

1.3 This practice addresses the operation and performance3-1 Definitions: , _
of the NPD independently of the chromatographic column. 3.1.1 For deﬂmtlons of gas chromatography and its various
However, the performance is specified in terms that the analydg’ms, see Practice E 355. - _
can use to predict overall system performance when the 3-2 Definitions of Terms Specific to This Standard:
detector is coupled to the column and other chromatographic 3-2-1 drift—the average slope of the noise envelope ex-
components. pressed_m amps/h as measured dxr. .

1.4 For general chromatographic procedures, Practice E 260 3-2-2 linear range—range of mass flow rates of nitrogen or
should be followed except where specific changes are reconoSphorus in the carrier gas, over which the sensitivity of the
mended herein for the use of a nitrogen/phosphorus (N/Ffjetecftor is constant to within 5% as determined from the
thermionic detector. linearity plot. _, _

1.5 This standard does not purport to address all of the 3.2.3 minimum detectabllhty-the mass f!ow rate ofmtrogen
safety concerns, if any, associated with its use. It is thér Phosphorus in the carrier gas that gives a detector signal
responsibility of the user of this standard to establish appro-€dual to twice the noise level. _ _
priate safety and health practices and determine the applica- 3-2-4 noise (short termj-the amplitude, expressed in am-
bility of regulatory limitations prior to useFor specific safety Peres, of the baseline envelope that includes all random

& Terminology

information, see Section 5, Hazards. variations of the detector signal of a frequency greater than one
cycle per minute.
2. Referenced Documents 3.2.5 selectivity—the ratio of the response per gram of
2.1 ASTM Standards: nitrogen or phosphorus in the test substance to the response per

E 260 Practice for Packed Column Gas Chromatography 9ram of carbon in octadecane.

E 355 Practice for Gas Chromatography Terms and Relaz1 Significance and Use

tionship$
292 CG% Standards: 4.1 Although it is possible to observe and measure each of
CGA P-1 Safe Handling of Compressed Gases in Containth€ several characteristics of a detector under different and
ers unique conditions, it is the intent of this practice that a

CGAG-5.4 Standard for Hydrogen Piping Systems atcomplete set of detector specifications be obtained at the same
operating conditions, including geometry, flow rates, and

temperatures. To specify a detector’s capability completely, its
1 This practice is under the jurisdiction of ASTM Committee E13 on Molecular performance Should be measured at Several sets Of Cond|t|0ns
Spectroscopy and is the direct responsibility of Subcommittee E13.19 on Chrom%ithin the useful range of the detector. The terms and tests

tography. . R . . .

Current edition approved May 15, 1995. Published July 1995. Originally described in this practice are sufficiently general so that they
published as E 1140 — 86. Last previous edition E 1140 — 93. may be used under any chosen conditions.

2 Annual Book of ASTM Standardgol 14.02. 4.2 Lineari n fr n fthe r rder shoul

3 Available from Compressed Gas Association, Inc., 1725 Jefferson DaviaD ) h ﬁa Fyda d Speec(ij. ot respo hse 0. t e 8(;0 de 'Sh Orl: d
Highway, Arlington, VA 22202-4100. e such that it does not distort or otherwise interfere with the
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performance of the detector. Effective recorder response shoufifesence, in the active area of the detector, of an inorganic

be sufficiently fast so that its effect on the sensitivity of material containing an alkali metal, often rubidium. The

measurement is negligible. If additional amplifiers are usednorganic material may be a salt or silicate. It is usually, but not

between the detector and the final readout device, theinecessarily, present in bead form and may be combined with

characteristics should first be established. other components for mechanical support, such as a ceramic
core.

5. Hazards 7.3 The inorganic salt mixture is usually connected to, or
5.1 Gas Handling Safety-The safe handling of compressed supported by, a wire of platinum or other noncorrosive mate-
gases and cryogenic liquids for use in chromatography is théal. In some designs the bead is heated by passing a current
responsibility of every laboratory. The Compressed Gas Assahrough this wire; in others, the bead is heated by hydrogen

ciation, (CGA), a member group of specialty and bulk gascombustion, for example, the burning flame itself.

suppliers, publishes the following guidelines to assist the 7.4 The carrier gas (usually helium or nitrogen) flows
|ab0rat0ry chemist to establish a safe work enVironmentthrough a Jet as in normal FID practice and mixeS, prior to
Applicable CGA publications include: CGA P-1, CGA G-5.4, |eaving the jet, with a small volume of hydrogen. Combustion
CGAP-9, CGA V-7, CGA P-12, and HB-3. gas (usually air) is fed around the jet in some manner and then
moves over or around the bead before exiting from the

6. Application detector. It is worth noting that if this mixture is lean enough,

- 6.1 The N/P thermionic detector is an element-specificue to low hydrogen flow, there will be insufficient fuel to
ionization detector that is essentially a major modification ofaintain a true flame.

the flame ionization detector (FID). As in the normal FID, it

measures increase in ionization current passing between tw® Equipment Preparation
electrodes, one of which is polarized relative to the other.
Usually these are the inorganic salt source and the collecto
with one often being at ground potential. .

6.2 The mechanism of the detector will only be discussec?f component concentrations. . :
briefly in this practice partly because full understanding of the 8.1.1 The detector_s_hall be operated with carrier gas type
detector is not presently available and partly because th hd hydrogen and oxidizer gas flow rates as recpmmended_by
substantial differences in bead chemistry, detector geometr ,gmanufacturer Of. the equmen.t. No a“e”.‘pt will be m.a_de In
and bead heating mechanism prevent a singular view bein)iS Practice to guide the selection of optimum conditions,
given. xcept to state that because selectivity and sensitivity of the

6.3 The addition of a heated alkali metal compound in the\PD are very dependent on the hydr_ogen flow rate, _several
detector area causes enhancement of the response for carb fw rates (in the range 1 to 8 mL/min for the_electrlcally-
nitrogen and carbon-phosphorus bonds. In addition, the sele eated bead detector) should be tested for optimum detector
tivity of response can be further enhanced when the bead Rerformance. -
electrically heated. Lower hydrogen and air flow rates that 8-1-2 The complete set of performance specifications must
diminish the normal flame ionization response for hydrocarbo?® determined at the same operating conditions, since the
compounds can be used. This selective enhancement allows tfBSolute sensitivity and noise vary independently over a wide
NPD to be used for the detection of very small quantities off@"ge depending on the operating conditions. Once selected,
nitrogen- and phosphorus-containing compounds without inth€ operating conditions should not be changed during the
terference from the signal of other molecular species. determination of the detector characteristics.

6.4 The Se|ective response to C-N and C-P bonds means that813 Detector Stablllty over the course of the evaluation is
the detector is not suitable for permanent gas or element&Ssential for meaningful results. This may be monitored by
nitrogen or phosphorus analysis in the true definition of thechecking the bead temperature, the heating current, gas flows,
term. It should be noted, however, that some volatile inorgani@nd other parameters during the evaluation as dictated by the
phosphorous compounds do give a strong response with thigstrument manufacturer. (Some electrically-heated beads tend
detecton Comparab|e to that of organophosphorous Con‘r.o lose SensitiVity Continuously with Operating time and require

8.1 The detector shall be evaluated as part of a gas chro-
r T A
matograph using injections of liquid samples that have a range

pounds. increasing the bead heating current to recover lost sensitivity.)
) 8.2 Column—Any column that fully separates the sample
7. Detector Construction components without causing overload or sample adsorption

7.1 There is a wide variation in the method of constructionmay be used. One suitable colunsa 4 ft by 2 mmglass
of this detector. It is not considered pertinent to review allcolumn packed with 100/120 mesh deactivated chromosorb W
aspects of the different detector designs available, but teoated with 2 wt. % dimethyl silicone oil.
consider one generalized design as an example and recognizeB.3 Gases—With N/P thermionic detectors it is of critical
that many significant variants may exist. Examples of signifi-importance that all gases are pure and that the gas lines are not
cant differences may exist in bead chemistry and method ofontaminated with oils, solder flux, etc. The use of well
heating, space jet and collector configuration, potential appliedonditioned molecular sieve traps in all lines helps to achieve
across the cell, its polarity, and the flow rates and compositiotthis purity. If the chromatograph is fitted with in-line chemical
of the three gases used. filters after the gas regulators and flow controllers, they also
7.2 An essential part of the N/P thermionic detector is theshould be well conditioned to ensure that no contaminants
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reach the column from elastomeric diaphragms contained iand particularly to verify the range over which the output of the
these parts. device, whether peak area or peak height, is linear with respect
to input signal. Failure to perform this calibration may intro-
duce substantial errors into the results. Methods for calibration
will vary for different manufacturers’ devices but may include

h8.4|th<;is C(()jnnefctllonsA(ljl gas tubing _alnd connlec;nolnz accurate constant voltage supplies or pulse-generating equip-
should be made of cleaned copper or stainless steel, includinge \ The instruction manual should be studied and thoroughly

all ferrules and joints within the system. Vesfpel and graph'teunderstood before attempting to use electronic integration for
ferrules may be used for GC column connections provided th eak area or peak height measurements

they are sufficiently conditioned after installation. These step

will minimize contamination problems. 11. Test Substances

9. Sample Preparation 11.1 The test s_ubs_tance and the conditions under Which t_he
. - . . detector sensitivity is measured must be stated. This will

. 9.1 A solution containing _three compoundg dissolved Minclude, but not necessarily be limited to, the following: type of

|sogctane ShOUId. be used, W't.h great emphasis placed on “a%tector, detector geometry (for example, source of alkali

purity of all chemicals and particularly the solvent. Bl_ank run_smetal), carrier gas, carrier gas flow rate (corrected to detector

should be made on the solvent to ensure that no interfering, e ature), detector temperature, detector polarizing voltage,

pegks elute gt th? same time as the compounds of 'ntereﬂydrogen flow rate, air flow rate, method of measurement, and

which would invalidate the results. The three test compound§jactrometer range setting.

are azobenzene for nitrogen response (15.38 % nitrogen), 11 5 azobenzene is the standard nitrogen-containing test

malathion for phosphorus response (9.38 % phosphorus), andsiance. Malathion is the standard phosphorus-containing

octadecane for specificity (84.95 % carbon). Azobenzene andlq; g hstance. Measurement of the test substance must be

malathion should be_ mixed in an gppropriate ratio_ fo allowmade within the linear range of the detector and at a signal
comparable peak heights under the isothermal conditions use@,

. : ! vel at least 100 times greater than the minimum detectability
Typical ra}tlos are between 0.5 anq.Z.O, depending on de'ter.:t?éoo times greater than noise level).
construction and operating conditions. Concentration limits B

between 1 pg/L and 1 mg/L are recommended initial valuesl2. Test Conditions

The octadecane need be checked only at one concentration12.1 Measure the noise level in accordance with the speci-
level for specificity, and the recommended concentration fofications given in Section 13. Measure sensitivity in accor-
this should be 1 g/L. dance with the specifications given in 14.1. Both sensitivity

9.2 Because of the toxicity of malathion, it is recommendedand noise level measurements must be carried out under the
that a dilute solution be used as the starting material, and thaame conditions (for example, carrier gas flow rate and
this solution be purchased from one of the special supplyletector temperature) and preferably at the same time. When
houses that routinely make chemical standards. Precautions fetating the minimum detectability, state the noise level on
handling toxic materials must be followed throughout thewhich the calculation was based.
dilution sequence as standard good laboratory practice.

9.3 Sample Injectior-The recommended procedure for
accurate injection of liquid samples is the “solvent flush,” or
Burke injection technique, in which a carefully washed 10 pL
syringe is loaded with 1 to 2 pL solvent, 1 L air, 3 uL sample,
and 1 pL air. While time consuming, this procedure allows
repeatability of+2 % or better, and minimizes needle volume
effects.

Note 1—To condition a molecular sieve 5A column well, heat the trap
with a slow flow of carrier gas at 350°C for a minimum of 2 h.

13. Procedure for Noise and Drift Measurement

13.1 Noise includes fluctuations of the baseline envelope of
a frequency less than one cycle per minute. The amplitude of
these fluctuations may actually exceed the short-term noise.
Such fluctuations are difficult to characterize and are not
typically to be expected. They are usually caused by other
chromatographic components such as the column, system
) contaminants, and flow variations. These other noise contribu-
10. Data Handling tions may not be derived from the detector itself and are

10.1 All manufacturers supply an integral electrometer tadifficult to quantitate in a general manner. It is, however,
allow the small electrical current changes to be coupled tamportant for the practicing chromatographer to be aware of
recorders/integrators/computers. The preferred system will inthe occurrence of this type of noise contribution.
corporate one of the newer integrators or computers that 13.2 Make noise measurements over short periods of time
converts an electrical signal into clearly defined peak areanly, based on the expected peak width of the sample peaks;
counts in units such as microvolt-seconds. These data can théime suggested time interval is one minute for typical peaks (see
be readily used to calculate the linear range. Fig. 1). This noise corresponds to the observed noise only. The

10.1.1 Another method uses peak height measurementactual noise of the system may be larger or smaller than the
This method yields data that are very dependent on columnbserved value, depending upon the method of data collection
performance and therefore not recommended. or signal monitoring from the detector, since observed noise is

10.1.2 Regardless of which method is used to calculata function of the frequency, speed of response, and the
linear range, peak height is the only acceptable method fdbandwidth of the electronic filtering circuit measuring the
determining minimum detectability. detector signal.

10.2 Calibration—It is essential to calibrate the measuring 13.2.1 With the attenuator set at maximum sensitivity (mini-
system to ensure that the nominal specifications are acceptabteum attenuation) adjust the detector output with the “zero”
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ulf

the detector is constant to withih5 % as determined from the
linearity plot. This range must start at the calculated minimum
detectability.

14.4.2 Method of MeasurementUse the test sample and
injection technique described in Section 8 to determine the
detector sensitivity over a range of mass flow rates. Initial
concetration limits of 1 pg/L and 1 mg/L of azobenzene for
nitrogen or malathion for phosphorus are recommended, but
lower or higher concentrations may be needed to adequately
define the limits of linearity.

14.4.2.1 For each sample, calculate the detector sensitivity
in accordance with 14.1. Determine the mass flow rate by
dividing the mass oN or P injected by the peak base width, as
shown in the following equation:

Detector Signal

Time (min) Mass flow rate=
FIG. 1 Noise and Drift (Volume injectedl (Concentration of test substanc&o N or P)
Peak base width
control to read near mid-scale on the recorder. Allow at |#ast 3)
h of baseline to be recorded. m
13.2.2 Draw two para||e| |ines to form an enve|0pe that _ (Volume in |.l|_) (Concentration in g/L(15.38 forN or 9.38 for F) (10_8)
encloses the random noise excursions with a period less than 1 (peak width ins)

min. Measure the distance between the parallel lines at right Plot the sensitivity versus the mass flow rate Ifbor P for

angles to the edges of the chart paper. Measure five adjacegéch test sample. This graph is called the linearity plot; a

one-minute sections and average the values. Express the valy@ical example is shown in Fig. 2.

as amperes of noise, peak-to-peak. 14.4.3 The linear range may be expressed by giving the
13.2.3 Measure the net change in amperes of the lower linknearity plot itself, with the minimum detectability indicated

on the envelope ove¥2 h and multiply by two. Express the on the plot.

value as amperes per hour drift. 14.4.3.1 The linear range may also be expressed as the ratio

: of the upper limit of linearity (obtained from the linearity plot

14. Performance Evaluation (Fig. 2)) to the minimum detectability (both measured for the

14.1 Sensitivity (Response)Sensitivity (response) of the same test substance) as follows:
NPD is the signal output per unit mass of nitrogen or

phosphorus in the test substance, in accordance with the LR = MinaD “)
following relationship: where:
S= A/m @ LR = linear range of the detector, o _ _
My = mass flow rate at the upper limit of linearity, as

where: obtained from the linearity plot, g/s, and
S = sensitivity (response) in ampergsseconds/gram,A- D = minimum detectability, g/s.

slg If the linear range is expressed by this ratio, the minimum
A, = integrated peak area in A-s, and detectability must also be stated.
m = mass of nitrogen or phosphorus in the test substance,

g.

Sensitivity measurements should be made under the same
conditions as noise measurements.

14.2 Selectivity—Selectivity can be calculated as sensitivity
for nitrogen (or phosphorus) divided by the sensitivity for

carbon, as calculated in 14.1. § —_— s
14.3 Minimum Detectability—-Minimum detectability can 3 Linear Range x ------ s
be determined from the measured sensitivity and noise level & : ?
values as follows: 8 |
D = 2N/S @) ] :
where: 3 :
D = minimum detectability, g/s, |
N = noise level, A, and |
S = sensitivity of the detector, A - s/g. fm,.imug. petectaitly
14.4 Linear Range Mas; Flow R;te of Nitrogen or Phosphorus
14.4.1 The linear range of the NPD is the range of mass flow (grams/sec)
rates of nitrogen or phosphorus over which the sensitivity of FIG. 2 Linear Range and Minimum Detectability
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14.4.3.2 The linear range may also be expressed by givinglso indicates the way these values should be expressed. All
the lower limit of linearity and the upper limit of linearity (for data refer to azobenzene, malathion, and octadecane as test
example, from 1x 10** g/s to 1x 10 *°g/s). substances.
14.4.3.3 As another alternative, the linear range may be
expressed by giving the linearity plot itself, with the minimum 16. Keywords
detectability indicated on the plot. 16.1 flame ionization detector (FID); flame photometric
detectors (FPD); gas chromatography (GC); nitrogen/
15. Standard Values phosphorus detectors (NPD); packed columns; supercritical
15.1 Detector characteristics measured at optimum condfluid chromatography (SFC); thermionic detectors
tions recommended by the manufacturer may be expected to
fall within the typical range of values listed in Table 1, which

TABLE 1 Typical Values for Nitrogen/Phosphorus Thermionic lonization Detector Performance Characteristics

Typical Values

Performance Characteristics

Nitrogen mode Phosphorus mode

Sensitivity, A - s/g N(P)
Selectivity, g N(P)/S

Minimum detectability, g N(P)/s

Linear range
Noise, A
Drift, A/h

0.1-1.0

1 X 10%-5 x 10
5X 10714-2 x 10718
10°-10°

1x 1071 x 10723
5 X 107135 x 10712

1-10

1 %X 10%-5 x 10°
1Xx 10742 x 10713
10%-10°

1% 1071 x 10723
5% 107335 x 10712

APPENDIXES
(Nonmandatory Information)

X1. CORRECTION OF FLOW RATE TO DETECTOR TEMPERATURE

X1.1 Because the carrier gas flow rate is usually measured,
at ambient (room) temperature, it has to be corrected to ther,
conditions at the detector. The correction is made using theR,,

flask temperature, K,
ambient temperature, K,
partial pressure of water at ambient temperature, torr,

following equation: P ambient pressure, torr, and
F = F (T/T.) (PP [1 — (P /P)] (X1.1) P; flask pressure, torr.
where: X1.2 The factor [1 -P /P,)] is only used if a wet (for
Fr = corrected flow rate, mL/min, example, soap bubble) flowmeter is used for the measurement.
F, = flow rate measured at column or detector outlet at
ambient temperature, mL/min,
X2. LIST OF SYMBOLS AND ABBREVIATIONS
A = ampere m = mass of a test substance, g, gC, gN, or gP,
A = integrated peak area, A X's, m= = mass flow rate, g/s, gC/s, gN/s, or gP/s,
D = minimum detectability, g/s,
Mpax = mass flow rate at upper limit of linearity, g/s, gN/s, or
g = grams of a test substance, gPI/s,
gC = grams of carbon atoms, N = noise level, A,
ogN = grams of nitrogen atoms, NPD = nitrogen phosphorus thermionic ionization detector, and
h = hour S = detector sensitivity (response), A - s/g.
gP = grams of phosphorus atoms, s = second
LR = linear range of the detector,
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



