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Why is Inertness Important ?
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Discussion of Results

Analysis was carried out on the Agilent 7890A/5975 GC/MS or 7890A/7000 A (Prototype) GC/MS/MS equipped with either a 7683 or 7683B 
Series ALS, split/splitless injection port and triple-axis detector. An Agilent J&W DB-5ms Ultra Inert 15 m x 0.25 mm x 0.25 um coluumn
was used.  The initial GC oven temperature was 70°C, which was held for 0.67 minutes. The oven was then ramped by 75°C/minute to 
150°C, held for 0 minutes and ramped by 9°C/minute to 200°C and held for 0 minutes before ramping by 24°C/minute to 280°C and 
holding for 3 minutes. A six-minute post-run at 320°C was used. Pressure was held constant at 10 psi throughout the run and a split 
ratio of 10:1 for a 1uL injection. An open ended 4 mm helical liner was used (Agilent #5188-5396). The inlet temperature was 250°C and 
transfer line was set to 280°C. In the case of both detectors the source temperature was set to 300°C and the analyzer to 180°C. 
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Always Quality. Always Innovative. Always Agilent.
From the inventors and world leaders in capillary column technology, 
now comes the Ultra Inert capillary GC column line

Raising the bar and setting a new industry standard for column inertness 
QC testing

Selectivity remains the same for consistent predictable separation

Low bleed profiles maintained, minimizing interferences

The bottom line

highest and most consistent inertness performance
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1. N-nitrosodimethylamine
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3. 1,4 dichlorobenzene-D4
4. Benzoic acid
5. Naphthalene- D8
6. Acenapthene-D10
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8. 4-nitrophenol
9. 2-methyl-4,6-dinitrophenol
10. pentachlorophenol
11. 4-aminobiphenyl 
12. Penanthrene-D10
13. Benzidine
14. Chrysene-D12
15. 3,3’-dichlorobenzidine
16. Benzo [b] fluoroanthene 
17. Benzo [k] fluoroanthene
18. Perylene-D12

Ultra Inert Application - Semi Volatile Analysis
GC : Agilent 6890N/5975B MSD
Sampler : Agilent 7683B, 5.0 µL syringe (Agilent part # 5188-5246), 1.0 µL splitless injection, 5 ng on 

column
Carrier: Helium constant flow 30 cm/s
Inlet: Split/splitless; 260% C, 53.7 ml/min. total flow, purge flow 50 ml/min. on at 0.5 min., gas saver 

off
Inlet Liner: Deactivated single taper w glass wool (Agilent part # 5183-4647)
Column: DB-5ms Ultra Inert 30m x 0.25mm x 0.25µm (Agilent part # 122-5532UI)
Oven: 40% C (1 min) to 100%C (15% C/min), 10% C to 210% C (1 min), 5% C/min. to 310% C (8 min) 
Detection: MSD source at 300% C, quadrupole at 180% C, transfer line at 290% C, scan range 50-550 AMU

Sampler: Agilent 7683B, 5 µL syringe (Agilent part # 5181-1273), 1.0 µL split injection, 4 ng each component  
Carrier: Hydrogen constant pressure 37 cm/s 
Inlet: Split/splitless; 250 ºC, 1.4 ml/min. column flow, split flow 140 ml/min.
Liner: Deactivated single taper w glass wool  (Agilent part # 5183-4647)
Oven: 120 ºC isothermal
Detection: FID at 325 ºC, 450 ml/min. air, 40 ml/min. hydrogen, 45 ml/min. nitrogen makeup
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Grob-type mix 
not probative

Sampler: Agilent 7683B, 5 µL syringe (Agilent part # 5181-1273), 1.0 µL split injection, 4 ng each component  
Carrier: Hydrogen constant pressure 37 cm/s 
Inlet: Split/splitless; 250 ºC, 1.4 ml/min. column flow, split flow 140 ml/min.
Liner: Deactivated single taper w glass wool  (Agilent part # 5183-4647)
Oven: 120 ºC isothermal
Detection: FID at 325 ºC, 450 ml/min. air, 40 ml/min. hydrogen, 45 ml/min. nitrogen makeup

min0 1 2 3 4 5 6 7 8 9

pA

5

10

15

20

25

30

35

1

2

3
4

5

6

7
8

9

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

Grob-type mix 
not probative

min0 1 2 3 4 5 6 7 8 9

pA

5

10

15

20

25

30

35

1

2

3
4

5

6

7
8

9

min0 1 2 3 4 5 6 7 8 9

pA

5

10

15

20

25

30

35

1

2

3
4

5

6

7
8

9

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

Grob-type mix 
not probative

Sampler: Agilent 7683B, 5 µL syringe (Agilent part # 5181-1273), 1.0 µL split injection, 4 ng each component  
Carrier: Hydrogen constant pressure 37 cm/s 
Inlet: Split/splitless; 250 ºC, 1.4 ml/min. column flow, split flow 140 ml/min.
Liner: Deactivated single taper w glass wool  (Agilent part # 5183-4647)
Oven: 120 ºC isothermal
Detection: FID at 325 ºC, 450 ml/min. air, 40 ml/min. hydrogen, 45 ml/min. nitrogen makeup

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

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35

1

2

3
4

5
6

7
8

9

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35

1

2

3
4

5
6

7
8

9

Grob-type mix 
not probative

Sampler: Agilent 7683B, 5 µL syringe (Agilent part # 5181-1273), 1.0 µL split injection, 4 ng each component  
Carrier: Hydrogen constant pressure 37 cm/s 
Inlet: Split/splitless; 250 ºC, 1.4 ml/min. column flow, split flow 140 ml/min.
Liner: Deactivated single taper w glass wool  (Agilent part # 5183-4647)
Oven: 120 ºC isothermal
Detection: FID at 325 ºC, 450 ml/min. air, 40 ml/min. hydrogen, 45 ml/min. nitrogen makeup

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

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35

1

2

3
4

5
6

7
8

9

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35

1

2

3
4

5
6

7
8

9

Grob-type mix 
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

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35

1

2

3
4

5
6

7
8

9

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35

1

2

3
4

5
6

7
8

9

Grob-type mix 
not probative

1. 1-Propionic acid

2. 1-Octene

3. n-Octane

4 4-Picoline
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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 
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Over the evolutionary development of GC capillary columns, test compounds used for evaluation 
of column performance have varied widely.  Early in the life cycle of capillary GC columns Grob’s
mix consisting of a series of alkanes, a substituted phenol (acidic component), an amine (basic 
component), an alcohol and a diol was used to evaluate column performance.  This mixture 
worked well to evaluate column efficiency, system suitability for injection, and potential damage 
from exposure to water or oxygen.  Inertness evaluation based on single acidic and basic 
species though valuable does not meet rigorous demands for inertness that applications on 
modern capillary GC columns require.  Modern capillary GC columns demand a more 
comprehensive approach to properly investigate column inertness.
The implementation of a more rigorous testing procedure to certify GC capillary columns is 
illustrated in this presentation.  The test mix selected to evaluate inertness includes 1-propionic 
acid, octane, 4-picoline, trimethyl phosphate, 1,2-pentanediol, propyl benzene, 1-heptanol, 3-
octanone, and n-decane. Key column evaluation criteria include: efficiency of n-decane elution at 
a k’ of 5, probe peak shapes, and peak height ratios of 4-picoline and trimethyl phosphate 
relative to closely eluting alkanes.  This testing procedure raises the bar in qualifying capillary
columns in terms of inertness and provides a more reliable baseline for comparison. 
The implication for the user of these more rigorously tested columns is better assurance of 
inertness performance for challenging applications.  Active analytes such as pesticides, semi-
volatile organics, and drugs of abuse are highlighted in the application section. More highly inert 
columns can lead to better limits of detection and consistently more reliable analytical results.

Ultra inert columns are built on top of existing Agilent J&W GC/MS columns

Better column inertness enables better peak shapes for active analytes
Exceptionally low bleed profile you have come to expect

Ultra inert columns are the result of continuous process improvements 
through Six-σ and Lean Manufacturing programs at our Folsom 
manufacturing site.

New here at Pittcon 2009

HP-1ms UI column family in various formats
DB-1ms UI column famlily in various formats

In addition to HP-5ms and DB-5ms UI series in various formats

Active analytes can give low recoveries or even disappear 
Basic species
Acidic species
Organo phosphates

To accurately quantify low levels of active analyte species
Sharper peaks shapes
Less tailing better integration

Trace analysis
Analysis of Unknowns

Weak versus Strong Probes

2,6-Dimethylphenol

2,6-Dimethylaniline

1-Propionic acid

4-Picoline

2,6-Dimethylphenol

2,6-Dimethylaniline

1-Propionic acid

4-Picoline

Sample: Lavender Oil 1:20 in acetone

Column: DB-1ms  UI 30 m x 0.25 mm x 0.25 µm 

Carrier: He 40 cm/sec constant flow

Oven: 62ºC (12.5min) to 95ºC (3ºC/min), 5ºC/min to 165ºC ,100ºC/min to 310ºC (2.5 min)

Inlet: 250º C 1 μl injection, split 200:1, gas saver 50 ml/min on at 2.0 minutes

MSD 300ºC source, 180ºC quad, 280ºC transfer line temperatures  scanning mode
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30 β Farnesene
31 Germacrene D
32 γ Cardinene
33 Caryophyllene oxide
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GC/Dual ECD:  7890A/G2397A equipped with QuickSwap column flow technology

Sample: 0.5ul injection of 0.02ug/ml EPA 551.1 Standard

Column 1: HP-1ms UI 30 m x 0.25 mm x 1.0 µm 

Column 2: DB-1301  30 m x 0.25 mm x 1.0 µm

Carrier: He 25.057 cm/sec constant flow

Oven: 33ºC (14 min) to 60ºC (5ºC/min), 15ºC/min to 275ºC (7 min)

Inlet: splitless, 200ºC, purge flow 20ml/min at 0.25 min

ECDs: 300ºC, Makeup (N2) = constant col + makeup = 30ml/min

min10 15 20 25 30

Hz

100

200

300

400

500

600

1

2
3

4

5

6

7

8

9

10

11

12

13

14
15

16

17

18
19

20
1. Chloroform
2. 1,1,1-Trchloroethane
3. Carbon Tetrachloride
4. Trichloroacetonitrile
5. Dichloroacetonitrile
6. Bromodichloromethane
7. Trichloroethylene
8. Chloral hydrate
9. 1,1-Dichloro-2-propanone
10. 1,1,2-Trichloroethane
11. Chloropicrin 
12. Dibromochloromethane
13. Bromochloroacetonitrile
14.1,2-Dibromoethane
15. Tetrachloroethylene
16. 1,1,1-Trichloro-2-propanone
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18. Dibromoacetonitrile
19. 1,2,3-Trichloropropane
20. 1,2-Dibromo-3-chloropropane
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8. Chloral hydrate
9. 1,1-Dichloro-2-propanone
10. 1,1,2-Trichloroethane
11. Chloropicrin 
12. Dibromochloromethane
13. Bromochloroacetonitrile
14.1,2-Dibromoethane
15. Tetrachloroethylene
16. 1,1,1-Trichloro-2-propanone
17. Bromoform
18. Dibromoacetonitrile
19. 1,2,3-Trichloropropane
20. 1,2-Dibromo-3-chloropropane

DB-1ms UI Application- Lavender Oil Analysis

HP-1ms UI Application-EPA 551.1

Pesticides and Fire Retardants (US EPA 527)
GC/MSD Conditions

Sample: Pesticide/PBDE standards 1 ng with 5ng IS/SS on column

Column: DB-5MS Ultra Inert 30m x 0.25mm x  0.25um (Agilent part # 122-5532UI)

Carrier: Helium  52cm/sec, constant flow

Oven: 60oC (1min) to 210OC (25O/min), 20OC/min to 310OC (3 min)

Injection: Splitless, 250oC, purge flow 50ml/min at 1min, gas saver 80ml/min on at 3 min 

MSD: Transfer Line 290OC , Source 300OC, Quad 180OC

1. 1,2-Dimethyl-2-nitrobenzene
2. Acenaphthalene-D10
3. Dimethoate
4. Atrazine
5. Propazine
6. Anthracene-D10
7. Vinclozoline
8. Prometryne
9. Bromacil
10. Malathion
11. Thiazopyr
12. Dursban
13. Benthiocarb
14. Parathion
15. Terbus sulfone
16. Bioallethrin
17. Oxychlordane
18. Fenamiphos
19. Nitrophen
20. Norflurazone
21. Kepone
22. Hexazinone
23. Triphenyl phosphate
24. Bifenthrin
25. Chrysene-D12
26. BDE-47
27. Mirex
28. BDE-100
29. BDE-99
30. Perylene-D12
31. Fenvalerate
32. Esfenvalerate
33. Hexabromobiphenyl
34. BDE-153

5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00

1 2 6 23 25 30

3 

4,5

8

7

9-14

15,16

18

19

20

22

24

26

27

28 29

31

32

34
21 33

17

Grob style test mixes not probative for inertness

Ultra Inert mixes fully probative for inertness

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

Same selectivity as corresponding HP-1ms, HP-5ms, DB-
1ms and DB-5ms stationary phases

Sampler: Agilent 7683B, 5 µL syringe (Agilent part # 5181-1273), 1.0 µL split injection, 4 ng each component  
Carrier: Hydrogen constant pressure 38 cm/s 
Inlet: Split/splitless; 250 ºC, 1.4 ml/min. column flow, split flow 100 ml/min.
Liner: Deactivated single taper w glass wool  (Agilent part # 5183-4647)
Oven: 125 ºC isothermal
Detection: FID at 320 ºC, 450 ml/min. air, 40 ml/min. hydrogen, 45 ml/min. nitrogen makeup

1. 2-Ethylhexanoic acid

2. 1,6-Hexanediol

3. 4-Chlorophenol

4. Tridecane

5. 1-Methylnaphthalene

6. 1-Undecanol

7. Tetradecane

8. Dichlorohexylamine

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35

1

2

3

4

5

6 7

8

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35

1

2

3

4

5

6 7

8

DB-5 mix more 
probative

Sampler: Agilent 7683B, 5 µL syringe (Agilent part # 5181-1273), 1.0 µL split injection, 4 ng each component  
Carrier: Hydrogen constant pressure 38 cm/s 
Inlet: Split/splitless; 250 ºC, 1.4 ml/min. column flow, split flow 100 ml/min.
Liner: Deactivated single taper w glass wool  (Agilent part # 5183-4647)
Oven: 125 ºC isothermal
Detection: FID at 320 ºC, 450 ml/min. air, 40 ml/min. hydrogen, 45 ml/min. nitrogen makeup

1. 2-Ethylhexanoic acid

2. 1,6-Hexanediol

3. 4-Chlorophenol

4. Tridecane

5. 1-Methylnaphthalene

6. 1-Undecanol

7. Tetradecane

8. Dichlorohexylamine

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35

1

2

3

4

5

6 7

8

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35

1

2

3

4

5

6 7

8

DB-5 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

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35

1

2

3

4

5

6 7

8

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35

1

2

3

4

5

6 7

8

DB-5 mix more 
probative

Sampler: Agilent 7683B, 5 µL syringe (Agilent part # 5181-1273), 1.0 µL split injection, 4 ng each component  
Carrier: Hydrogen constant pressure 38 cm/s 
Inlet: Split/splitless; 250 ºC, 1.4 ml/min. column flow, split flow 100 ml/min.
Liner: Deactivated single taper w glass wool  (Agilent part # 5183-4647)
Oven: 125 ºC isothermal
Detection: FID at 320 ºC, 450 ml/min. air, 40 ml/min. hydrogen, 45 ml/min. nitrogen makeup

1. 2-Ethylhexanoic acid

2. 1,6-Hexanediol

3. 4-Chlorophenol

4. Tridecane

5. 1-Methylnaphthalene

6. 1-Undecanol

7. Tetradecane

8. Dichlorohexylamine

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35 1
2

3
4

5

6 7

8

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35 1
2

3
4

5

6 7

8

DB-5 mix more 
probative

Sampler: Agilent 7683B, 5 µL syringe (Agilent part # 5181-1273), 1.0 µL split injection, 4 ng each component  
Carrier: Hydrogen constant pressure 38 cm/s 
Inlet: Split/splitless; 250 ºC, 1.4 ml/min. column flow, split flow 100 ml/min.
Liner: Deactivated single taper w glass wool  (Agilent part # 5183-4647)
Oven: 125 ºC isothermal
Detection: FID at 320 ºC, 450 ml/min. air, 40 ml/min. hydrogen, 45 ml/min. nitrogen makeup

1. 2-Ethylhexanoic acid

2. 1,6-Hexanediol

3. 4-Chlorophenol

4. Tridecane

5. 1-Methylnaphthalene

6. 1-Undecanol

7. Tetradecane

8. Dichlorohexylamine

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35 1
2

3
4

5

6 7

8

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35 1
2

3
4

5

6 7

8

DB-5 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

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35 1
2

3
4

5

6 7

8

min0 2 4 6 8 10

pA

5

10

15

20

25

30

35 1
2

3
4

5

6 7

8

DB-5 mix more 
probative


