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Trace Level Analysis
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Challenges and Needs of Today’s Laboratories

• Needs
– Lower detection limits
– Improved stability in GC or GC/MS system
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• Challenges
– Qualification/quantification of trace samples
– Keep instrument up and running



1. 1-Propionic acid

2. 1-Octene

3. n-Octane

4 4-Picoline

5. n-Nonane

6. Trimethyl phosphate

7. 1,2-Pentanediol

8. n-Propylbenzene

9. 1-Heptanol 

10. 3-Octanone

11. n-Decane

Competitive 5ms
30m x 0.25mm x 0.25um
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What Does Column Activity look like?
column activity peak tailing and loss 

of response 
reduce sensitivity

Column activity is the loss of detectable analytes to the GC column through 
non-ideal chemical reactions and interactions.



How Important Column Inertness to 
Overall Flow Path Inertness?

GC Flow Path Surface Areas:
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• Not just another column claims better performance

• Not hand picked from standard production based on “exceptional performance”

• New approach to column manufacturing with significantly improved sensitivity 
and accuracy for trace samples

• Treated with new, proprietary processes for surface treatment and deactivation, 
resulting in much better peak shape for acidic, basic, and other active 
compounds 

• The deactivated surface coupled with the low-bleed bonded phases lead to 
much improved analyses and lower detection limits

What is an Ultra Inert GC Column?
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Test Probes and Column Activity QC Testing

• Test probes are vital to ensure the quality and reproducibility of GC columns

– Properly deactivated
– Contain the correct amount of stationary phase
– consistent column-to-column relative retention time

• Test probes can either highlight or mask the deficiencies of a column

• An organic acid 
• A base 
• An alcohol
• Non-active probes (e.g. alkanes)

* Peak tailing or loss response of an acid (or base) indicates the column is basic (or acidic).
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Weak Probes vs. Strong Probes

2,6-Dimethylphenol

2,6-Dimethylaniline

Weak Probes
Acidic and basic portion of the 
molecules are shielded by the 

methyl groups of the 2,6-dimethyl 
substituted phenyl ring

1-Propionic acid

4-Picoline

Strong Probes

Active end of each compound is 
available to interact with any active 

sites on the columns



Grob-Type Test Mixture  - Not Probative
1.   1-Octanol

2.   n-Undecane

3.   2,6-Dimethylphenol

4.   2,6-Dimethylaniline

5.   n-Dodecane

6.   Naphthalene

7.    1-Decanol

8. n-Tridecane

9. Methyl decanoate

Competitive 5ms column
30m x 0.25mm x 0.25um

Agilent J&W DB-5ms 
Ultra Inert 

30m x 0.25mm x 0.25um
(P/N 122-5532UI)

• Elevated oven 
temperature at 120°C 

• Probes sweep past 
active sites and can 
mask solute/column 
interactions.

• Least probative 
probes for column 
activity
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Agilent Restricted



DB-5ms Test Mix – More Probative
1. 2-Ethylhexanoic acid

2. 1,6-Hexanediol

3. 4-Chlorophenol

4. Tridecane

5. 1-Methylnaphthalene

6. 1-Undecanol

7. Tetradecane

8. Dichlorohexylamine

Competitive 5ms column
30m x 0.25mm x 0.25um

Agilent J&W DB-5ms 
Ultra Inert 

30m x 0.25mm x 0.25um
(P/N 122-5532UI)
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Dicyclohexylamine



Ultra Inert Test Probe Mixture – QC Testing 
for Today’s Demanding Applications
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Ultra Inert Test Probe Mixture on a Competitive Column

1. 1-Propionic acid

2. 1-Octene

3. n-Octane

4 4-Picoline

5. n-Nonane

6. Trimethyl phosphate

7. 1,2-Pentanediol

8. n-Propylbenzene

9. 1-Heptanol 

10. 3-Octanone

11. n-Decane
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Sampler: Agilent 7683B, 0.5 µL syringe (Agilent part # 5188-5246), 0.02 µL split injection

Carrier: Hydrogen constant pressure, 38 cm/s 

Inlet: Split/splitless; 250 ºC, 1.4 ml/min. column flow, split flow 900 ml/min., gas saver flow 75 ml/min. on at 2.0 min.

Liner: Deactivated single taper w glass wool (Agilent part # 5183-4647)

Oven: 65 ºC isothermal

Detection: FID at 325  ºC, 450 ml/min. air, 40 ml/min. hydrogen, 45 ml/min., nitrogen makeup 

Fully Probative



1. 1-Propionic acid

2. 1-Octene

3. n-Octane

4 4-Picoline

5. n-Nonane

6. Trimethyl phosphate

7. 1,2-Pentanediol

8. n-Propylbenzene

9. 1-Heptanol 

10. 3-Octanone

11. n-Decane

Sampler: Agilent 7683B, 0.5 µL syringe (Agilent part # 5188-5246), 0.02 µL split injection

Carrier: Hydrogen constant pressure, 38 cm/s 

Inlet: Split/splitless; 250 ºC, 1.4 ml/min. column flow, split flow 900 ml/min., gas saver flow 75 
ml/min. on at 2.0 min.

Liner: Deactivated single taper w glass wool (Agilent part # 5183-4647)

Oven: 65 ºC isothermal

Detection: FID at 325  ºC, 450 ml/min. air, 40 ml/min. hydrogen, 45 ml/min., nitrogen makeup 

fully probative

Ultra Inert Test Probe Mixture on an Agilent J&W 
DB-5ms Ultra Inert column
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Test Probes – What Do We Learn?
• Test probes can highlight or mask the deficiencies of column activity

• Grob-type mix is not probative for inertness

• DB-5ms text mix is a good test for the 90s

• Ultra Inert test mix probes inertness and differentiates an excellent column
from a mediocre one

• Well designed test mix uncovers potential adsorption of acid and base analytes
and raises the bar in inertness QC

Column Inertness - Proof in 
EVERY GC column box – Performance Summary Sheet.



Excellent Inertness and Same Selectivity

10 overlaid TIC for semivolatiles, 2 ng on-column (black-DB-5ms Ultra Inert, red DB-5ms)
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Nitro-PAHs

MRM chromatograms of nitro-PAHs in extract of urban air particulate sample where the concentrations for nitro-naphthalene, 
nitro-anthracene, nitro-fluranthene, and nitro-pyrene were 21 pg/m3, 10 pg/m3, 77 pg/m3, and 14 pg/m3, respectively.

• Deliver high sensitivity.
• Reliable determination of trace level nitro-PAHs in complex air particulate extract 

matrices without labor-intensive sample preparation.  
• The solutes are selectively detected at pg/uL level, corresponding to pg/m3 in air. 

Column: DB-5ms Ultra Inert 15 m x 0.25 mm x 0.25 µm (Agilent part # 122-5512UI)

Carrier: Helium 43.8 cm/sec constant flow

Oven: 70%C (1min) to 310%C at 20%C/min

Inlet: splitness at 250 %C

MSD: 7000A Triple Quadrupole GC/MS, ion source at 300%C and Quadrupole at 150%C

By Frank David 
(RIC) and 

Matthew Klee 
(Agilent)
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Column Technology for Reliable Trace Analysis

• Column bleed is only half the story in trace analysis.

• Only when a column exhibits both low bleed and low activity are results reliable.

• Ultra Inert columns set a new industry standard for column inertness QC testing
– Best columns available for reactive analytes and trace analysis 

– Active analytes adsorbing on the column stops productivity in its tracks. 

– Start with an Ultra Inert Column for guaranteed performance upon installation.
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