Choosing the proper gas and gas
equipment for the laboratory, Part 1:
Relationship between gas purity and

detection limits in gas chromatography
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any analytical techniques require the use of
M specialty gases (e.g., He, Hy, Np, Ar, Oy, etc.)
and/or their mixtures. The purpose of gases for

an analytical procedure depends on the tech-
nique, and it is a crucial part of the procedure. The qual-
ity of the gas used therefore significantly impacts the
potential results. The laboratory manager must under-
stand the effects of gas purity on the quality of the
results obtained. Most industrial gas companies offer a
range of gas purity levels. Frequently, the effect of the
gas quality on the obtainable results is not well under-
stood. An order may be placed without reference to the
consequences of the purity on the analytical results.
This paper describes the relationship between the gas
purity and the obtainable detection limit for the detec-
tors commonly used in gas chromatography. The
required gases and the effect of various impurities are
first described, followed by a method of estimating the
relationship between carrier gas purity and the obtain-
able detection limit.

Specifications

Gas chromatography is an analytical technique that
normally uses a large quantity of pure gases. The nature
of these gases is shown in Table 1 for the main detectors
in use today.

In gas chromatography, it is well known that water,
oxygen, and hydrocarbons are the major critical impu-
rities for chromatographic columns or detector
response.1 Table 2 shows some disturbances produced
by these classic pollutants.

While the consequences of a reduced column lifetime
are obvious, the baseline disturbances directly affect the
accuracy of the results that are obtainable with the ana-
lyzer. In order for analysts to choose the appropriate gas
quality in coherence with their analytical needs, a com-
plete product range for analytical chemistry and gas
chromatography applications is offered (Air Liquide
Corp., Paris, Cedex, France). For each of the gases, a wide
range of containers includes cylinders and benchtop
generators for on-site production in the case of hydro-
gen, air, and nitrogen. The simplicity of the range allows
the analyst to easily select the appropriate gas purity for
the analytical applications (Table 3).

The laboratory manager must
understand the effects of gas purity
on the quality of the results obtained.

A general guideline for selecting the correct carrier,
fuel, or make-up gases is to use the correct gas purity
that does not interfere with analyses or damage equip-
ment. In other words, if one is working in percent lev-
els, there may be no need for the same gas purity used
for ppm or subppm analysis.

Table 1

Gases used with commonly used detectors
Detector* Carrier gas Fuel gas Make-up gas
FID He, Hy, Ny Air + Hg N, He, Hy
T(D He, Hq None Same as carrier gas
ECD Ny, He, Ar/5% CHy None Ny, Ar/5% CHy
FPD N, He Air +Hg  Same os carrier gas
HID He Air + Hg He
NPD He, Hy, Ng Air + Hg He
PID He, Hy, Ny None Ng, He
ELCD He, Hq Hy None
* FID: flame ionization detector, TCD: thermal conductivity
(or hotwire)

detector, ECD: electron capture detector, FPD: flame photometry
detector, HID: helium ionization detector, NPD: nitrogen phos-
phorus detector, PID: photoionization detector, ELCD: electron
conductivity detector.

Table 2
Disturbances caused by classic pollutants

09 or air (in inert gus)  se—p  Reduce column life

Hq0
(09
( - Bcline disfurbances
Hydrocarhons
Table 3
Alphagaz 1 and Alphagaz 2 pure gases*
Gases Alphagaz 1 Alphagaz 2
H90 < 0.5 ppm
09 < 0.1 ppm
Ar, Hg0 < 3 ppm CyHp < 0.1 ppm
Hy, 09 <2 ppm (0 <0.1 ppm
He, and Ny (Hp<05ppm (09 < 0.1 ppm
Ng < 0.1 ppm in Ar and He
Hg < 0.1 ppm in Ar, He, and No
Air H90 < 3 ppm -

CyHp < 0.5 ppm
*Air Liquide Corp.

While the above concepts may appear to be self-evi-
dent, the question of how to make an appropriate selec-
tion without a series of tests is not evident. Thus, a sim-
ple calculation method is given that can be used to
make the estimation, and charts are provided for the
different detectors.

Calculation method
Relationship between gas purity and detector

When a carrier gas containing an impurity arrives at
the detector, it produces a signal proportional to the
flow rate and to the concentration of this impurity. Also,
a GC detector could be represented following its lowest
detection limit and its domain of linearity (e.g., FID sen-
sitivity limit; about 10712 g of C/sec; domain of lineari-
ty: about 107) or its field of use (FTIR) (see Figure 1).
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Figure 1 Domain of linearity or field of use for various
GC detectors.

Then, considering that Alphagaz 1 is specified to less
than 3 ppm of HyO, 2 ppm of Oy, and 0.5 ppm of
CpHy, as critical impurities, and that the mean carrier
gas_flow rate into the GC is between about 1 and 60
cm?/min (packed or capillary columns, with or without
makeup), the possible range for the quantity of water
arriving to_the detector per sec can be calculated to be
about 1077 g/sec. The same reasoning can provide an
estimation for hydrocarbons and Oy impurities chal-
lenging the detector.

Alphagaz 1 is therefore the appropriate carrier gas for
analyzing samples when more than 1077 g of com-
pound/sec reaches the GC detector. The same calcula-
tion for Alpha%az 2 shows that this grade is adapted for
less than 10-10 g of compound/sec (see Figure 2).
Following this method, the addition of other detectors
is easily done.

More appropriate scale

While Figure 2 is useful, the units are not immedi-
ately evident, since a chemist is more interested in the
relationship between the concentration of the analysis
and the requisite quality of gas. This problem can be
solved by answering the following question: What is
the initial sample concentration corresponding to 107X
g/sec arriving on the GC detector?

For liquid sample injection (about 1 pL or 1 pg), con-
sider, for instance, that 1079 g/sec will be contained in
this 1 pg. Also, it is easy to calculate that the sample
concentration is near 1 mg/L.
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Figure 2 Relationship between gas purity and domain of
linearity or field of use for some GC detectors.

In the case of gas analysis, the injected volume is
about 100 pL or 4.5 10=6 mol of gas. Also, assumingla
mean molecular weight of 80 g, 10~ g/secor 1.2 10~ 1
mol/sec is present in this volume and the initial con-
centration will be about 1 ppm.

Using these assumptions, it is easy to transform the
initial scale to a working scale. Nevertheless, many
hypotheses have been made, and the results must be
taken as indications, not as absolute values.

Conclusions

Figure 3 summarizes the calculations for the fre-
quently used detectors in gas chromatography. It is
essential to consider the stability of the column against
oxygen and/or water. Some columns (containing cyano
groups, for example) may be damaged by these impuri-
ties, irrespective of the sample concentration. In this
case, Alphagaz 2 should be selected as the carrier gas.
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Figure 3 Relationship between gas purity, frequently used
GC detectors, and level of anag/sis. FID: flame ionization
detector, TCD: thermal conductivity (or hotwire) detector,
ECD: electron capture detector, CD: chemiluminescence
detector, DID: discharge ionization detector, PDHID:
pulsed discharge helium ionization detector, ELCD: elec-
trochemical detector, AED: atomic emission detector, PID:
photoionization detector, HID: helium ionization detector,
NPD: nitrogen-phosphorus detector, FPD: flame photomet-
ric detector, FTIR: infrared detection detector, MSD: mass
spectroscopy detector. Scan: full scan operation, SIM:
selective ion monitoring.

In the case of analysis of compounds at concentra-
tions below 100 ppb in gaseous phase or 10 pg/L in
solution, Alphagaz 2 is recommended, along with
appropriate installations and procedures. For example,
a cross-purge assembly will be installed between the
cylinder and pressure regulator to prevent contamina-
tion of the system during cylinder changes. The valves
and pressure regulator parts will be all stainless steel
and their leak integrity will be less than 10‘9
atm.cm3.sec L. Electropolished tubes will be connected
with appropriate fittings or welding. In point of use, gas
purifiers will adsorb the last traces of water, oxygen, and
hydrocarbons that could interfere with analyses at low
concentrations.

Reference
1. Bulletin 898 A. Bellefonte, PA: Supelco, 1997.

Dr. Gastiger is with the Pure Gases and Mixtures Analysis and
Laboratory Market, and Dr. Jurcik is Group Manager,
Application of Gases for Electronics and Laboratories, Air
Liquide Corp., Centre de Recherche Claude-Delorme, 1 chemin
de la Porte des Loges, B.P 126, les Loges-en-Josas, 78354
Jouy-en-Josas, Cedex, France; tel.: 33 (0]1 39 07 62 44; fax:
33(0)1 39 07 64 66; e-mail: benjamin.jurcik@airliquide.com.





