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Abstract

This note compares the

detection limits (MDLs) and

selectivities for several

elements between two different

model GC/AED systems.

Performance was measured on

multiple units of both the

HP G2350A and HP 5921A

AEDs.

Introduction

The technique of gas

chromatography with atomic

emission detection (GC/AED)

provides valuable information on a

wide range of analytical sample

types. The technique is useful for

analyses from the petroleum, food,

environmental, chemical, and other

industries.

The element selective

chromatograms from GC/AED

show the location of all peaks

containing an element of interest.

For example, if chlorinated

compounds are of concern, the

AED chlorine chromatogram

shows where the peaks containing

chlorine are located. The size of

the response on the chlorine

chromatogram indicates the

amount of chlorine in the peak.

The size of the chlorine response

relative to the response on other

element chromatograms indicates

the ratio of chlorine to other

elements. This information can be

used to estimate the empirical

formula for an unknown peak.

With the introduction of the

HP 5921A AED, atomic emission

detection for GC was commercially

available for the first time in a

benchtop instrument. The

HP G2350A AED is a second

generation instrument designed to

provide similar capabilities in a

smaller, lower cost package.

This note reports the results of

performance tests on multiple

units of both AED models. The

average values for MDL and

selectivity are presented for

comparison.

Experimental

The HP 5921A systems used

HP 5890 gas chromatographs

equipped with both split/splitless

and on-column injection ports.

All systems used HP 7673

autoinjectors and trays for sample

introduction. System control and

data analysis was performed using

the HP Pascal Chemstation

The HP G2350A systems used

HP 6890 Series gas

chromatographs equipped with

both split/splitless and on-column

injection ports. All systems used

electronic pneumatic control

(EPC) for inlet gases and AED

reagent gases as well as HP 7673

Series autoinjectors and trays for

sample introduction. All system

control and data analysis was

performed using the HP G2360AA

GC/AED Chemstation PC software.

Detection limits were measured by

calculating the amount of test

element required to produce a

signal-to-noise ratio of 2, and

dividing that amount by the peak

width to report the results in

picograms per second.

Selectivities for most elements

were measured as the ratio of the

response for carbon from an

alkane to the response for the test

element. Isotope label selectivities

were measured vs. unlabeled

compounds containing the test

element.

Table 1 lists the wavelengths

tested, the measurement

compounds used, and a number

corresponding to a column in table

2 for the instrument conditions.

Elements C 193 nm through N 388

nm in table 1 were tested using the

AED checkout sample (HP part no.

8500-5067).
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With the exception of the carbon

and nitrogen isotopes, the

remaining elements were tested

using a solution of the AED

checkout sample blended with the

indicated test compounds. The

isotope samples were blended

using labeled and unlabeld

compounds containing the test

element, as well as hydrocarbons.

Discussion

Table 3 lists the measured MDLs

and selectivities for the elements

tested. The values listed for the HP

5921A represent the averages from

tests on 5 separate systems.

The column labeled �n� in table 3

indicates the number of

HP G2350A systems used in the

average. The percent relative

standard deviation %RSD of the

MDLs and selectivities measured

for the HP G2350A systems are

included as an indication of the

scatter in the data.

Table 3 shows that in MDLs, only C

248, Fe 302, Hg 254, and the carbon

and nitrogen isotopes are

somewhat better on the HP 5921A.

In all other cases the HP G2350A

demonstrates similar or improved

MDL performance demonstrates

similar or improved MDL

performance.

For selectivities measured on the

G2350A, only O 171 , Fe 302 and

the isotopes show somewhat

poorer performance compared to

the HP 5921A. The other elements

all exhibit improved selectivities.

Table 1. Measurement Compounds and Conditions Used

Element Measurement Compound 1Conditions 1Conditions

Wavelength (nm) HP G2350A HP 5921A

C  193 t-butyl disulfide 1 1

C  179 t-butyl disulfide 1 1

S  181 t-butyl disulfide 1 1

N  174 nitrobenzene 1 1

C  248 t-butyl disulfide 1 1

C  264 t-butyl disulfide 1 1

Si 252 tetraethylorthosilicate 1 1

H  290 t-butyl disulfide 1 1

D  293 n-decane, (perdeuterated) 1 1

C  496 t-butyl disulfide 1 1

H  486 t-butyl disulfide 1 1

Cl 479 1,2,4-trichlorobenzene 1 1

Br 478 1-bromohexane 1 1

H  656 t-butyl disulfide 1 1

D  656 n-decane, (perdeuterated) 1 1

F  690 4-fluoroanisole 1 1

C  834 t-butyl disulfide 1 1

Cl 837 1,2,4-trichlorobenzene 1 1

Br 827 1-bromohexane 1 1

O  171 nitrobenzene 1 1

O  777 nitrobenzene 1 1

P  178 triethylphosphate 1 1

P  186 triethylphosphate 1 1

N  388 nitrobenzene 2

V  292 vanadium octaethylporphyrin 3 6

Ni 301 nickel octaethylporphyrin 3 6

Fe 302 ferrocene 4 6

As 189 triphenylarsine 4 7

Se 196 diphenylselenide 4 7

Sn 271 tetrapentyl tin 4 7

Sn 303 tetrapentyl tin 4 7

Sn 326 tetrapentyl tin 4

Hg 254 diphenyl mercury 4 7

Pb 261 tetraethyl lead 5

Pb 406 tetraethyl lead 5

Mn 259 methylcyclopentadienyl manganese tricarbonyl 5

I  183 4-iodoanisole 1

I  206 4-iodoanisole 1

Ge 265 tetrabutyl germane 1 1

12C  177 n-teradecane 1 1

13C  177 nitrobenzene (99 atom % 13C) 1 1

14N  421 3-nitrotoluene 1 1

15N  420 nitrobenzene (99 atom % 15N) 1 1

1 Numbers refer to columns in table 2.
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Conclusions

The test results presented

in table 3 show that for the

majority of elements tested,

the HP G2350A AED exhibits

average MDLs and selectivities

equal to or improved over the

HP 5921A AED.

The MDL and selectivity

averages presented in this

publication should not be

interpreted as specifications.

HP G2350A performance

specifications are detailed

in �HP G2350A AED

Specifications Guide� (HP

publication no. 5964-4220E).

Table 2. Chromatographic Conditions.

1 2 3 4 5 6 7

GC

Inlet Volume (µL) 1 1 0.5 0.5 0.5 1 1

Mode Split Split On-column On-column On-column On-column On-column

Temp (°C) 250 250 Oven track Oven track Oven track Oven track Oven track

Inlet press (psi) 20 20

Split flow (mL/min) 100 100

Column flow (mL/min) 15 15 5 15 15

Oven Init temp (°C) 60 40 60 60 60 50 50

Init time (min) 0 1 0 0 0 0 0

Ramp (°C/min) 30 30 30 30 30 20 20

Final temp (°C) 180 180 325 250 250 350 240

Final time (min) 0 0 20 0 0 20 5

Rramp A (°C/min)

Final temp A (°C)

Final time A (min)

Column Phase HP-1 HP-1 HP-1 HP-1 HP-1 DB-11 DB-11

Film thickness (um) 0.17 0.17 0.17 0.17 0.17 0.15 0.15

Inside diameter (mm) 0.32 0.32 0.32 0.32 0.32 0.530 0.530

Length (m) 25 25 25 25 25 15 15

AED

Temps Transfer line (°C) 250 250 350 250 250 350 250

Cavity block (°C) 250 250 350 250 250 380 250

Gases N2 purge (mL/min) 500 500 500 500 500

HP G2350A H2 reagent (psi) 14 40 14 14 14

O2 reagent (psi) 25 80 25 25 25

N2/CH4 reagent (psi) 25 25 25 25

CH4 reagent (psi) 50

Gases N2 purge (mL/min) 2000 2000 2000 2000

HP 5921A H2 reagent (psi) 70 70 70 70

O2 reagent (psi) 25 25 25 25

N2/CH4 reagent (psi) 70 70 70 70
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Table 3. Performance Test Results from HP G2350A and HP 5921A AEDs.

HP G2350A HP 5921A

Element MDL %RSD Selectivity %RSD n MDL Selectivity

Wavelength (nm) pg/sec pg/sec

C  193 0.6 54% 4 0.2

C  179 5.8 28% 4

S  181 0.6 30% 37,000 4 1.0 20,000

N  174 4.6 12% 7,000 45% 4 15 5,000

C  248 3.4 45% 4 2.6

C  264 130 26% 4

Si 252 0.7 57% 32,000 94% 4 3.0 15,000

H  290 9.1 24% 4

D  293 9.5 33% 75 (vs H) 14% 4

C  496 15.4 17% 4

H  486 1.2 42% 4

Cl 479 14.3 43% 13,000 27% 4 25 10,000

Br 478 18.3 44% 14,000 17% 4 30 6,000

H  656 0.2 13% 4 1.0

D  656 0.6 42% 112 (vs H) 26% 4 2.0 300

F  690 10.7 43% 166,000 39% 4 60 50,000

C  834 110 76% 4

Cl 837 13.0 41% 27,000 19% 4

Br 827 15.3 63% 15,000 90% 4

O  171 43.4 34% 18,000 30% 4

O  777 50 30,000

P  178 1.0 3% 14,000 36% 4 3 8,000

P  186 0.5 6% 14,000 32% 4

N  388 18.1 56% 915,000 59% 4

V  292 0.5 32% 579,000 64% 3 4.0 36,000

Ni 301 0.2 31% 9,000,000 14% 3 1.0 200,000

Fe 302 0.1 17% 4,600,000 89% 3 0.05 35,000,000

As 189 2.2 60% 320,000 79% 3 3.0 39,000

Se 196 2.3 53% 135,000 41% 3 4.0 50,000

Sn 271 1.0 27% 295000 45% 3

Sn 303 1.4 53% 1,500,000 68% 3 1.0 35,000

Sn 326 0.4 29% 3,300,000 63% 3

Hg 254 0.6 75% 258,000 71% 3 0.1 100,000

Pb 261 0.8 62% 314,000 68% 3

Pb 406 0.2 73% 286,000 75% 3

Mn 259 2.0 77% 96,000 47% 3

I  183 2.6 29% 4,000 27% 3

I  206 2.1 6% 10,200 9% 2

Ge 265 0.9 15% 58,000 17% 3

12C  177 9.2 57% 3 10

13C  177 20.1 63% 1400 35% 3 10 2400

14N  421 9.5 60% 8000 102% 3

15N  420 6.1 24% 1200 (vs N) 42% 3 3.5 1500
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