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Challenges and Needs of today’s labChallenges and Needs of today’s lab
Challenges
• Quantification & Qualification of traces
• Keep the selective detector uop and running
• Reduced investment of knowledge in the lab

Needs 
• Lower detection limits
• Improved stability in GC and GC-MS systems

What can we do:
• Make more inert and stable columns
• Improve Easy of use
• Education
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Lower detection limitsLower detection limits

Need to Increase signal to noise..  

1   Reducing the 
Noise

1   Reducing the 
Noise

2  Increase the 
signal

2  Increase the 
signal

Noise level is directly  related to the background 
of the GC system

“A  system with lower background 
will also have a better performance”

1   Reducing Noise
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Typical background curveTypical background curve

Temperature

Signal of Detector

BackgroundBackground

1   Reducing Noise

Effect of background on noise and peak 
quantification
Effect of background on noise and peak 
quantification

1   Reducing Noise

Reducing Background

Increase in S/N

High Background

Low S/N

Highest sensitivity

Lowest detection limits

Highest sensitivity

Lowest detection limits

S/N =3

S/N =7

S/N =16
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Background: area’s to look at..Background: area’s to look at..

Main Contributions:
Injection system

Septa
Liners
Connections

Carrier gas, detector gases
Column outside coating
Leaks and leak checking
Temperature setting

Type of stationary phases

1   Reducing Noise

Why is  a Low background system  important?Why is  a Low background system  important?

• Less noise on detector signal
• higher signal/noise ratio improved trace analysis
• lower detection limits

• Reduced detector contamination

• Short stabilization times

• Better MS-spectra

• Reduced chance on “ghost” peaks

• Longer column life time

1151
1   Reducing Noise
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The stationary phaseThe stationary phase

Stationary phase will start to decompose when heated at 
elevated temperature

Absolute bleed level depends on:

• The nature of the stationary phase

Type of polymer, stabilization, molecular weight

• The temperature

Every 12°C higher, 2 times higher bleed

• The amount of phase present in the column

Film thickness, length and diameter

1   Reducing Noise

Stabilization of Stationary PhasesStabilization of Stationary Phases
1   Reducing Noise

That’s an area where Restek can help..

Rxi-polymer 
technology

Rxi-polymer 
technology

Introducing a New platform GC phases offering a combination of:

Lowest Possible Bleed   &  Ultra Inertness
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Stabilization of stationary phase using stabilizing groups
Incorporation of “smart” stabilization/crossbonding groups
Long polymers, ladder technology
Allow surface bonding
High purity polymers

Minimization of reactive silanol groups in the polymer 
and fused silica surface

End capping
Unique surface deactivation

Surface bonding of all Rxi polymers
Conditioning under pure carrier gas (water free)

Rxi-technologyRxi-technology

Rxi CharacteristicsRxi Characteristics

• All advantages for using low bleed columns
• Improved trace analysis
• Lower detection limits
• Reduced down time
• Better mass spectra
• Longer column life time

• Superior inertness provides High response for polar 
compounds (alcohols, bases/acids)

• Extremely robust: more analysis per column
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All Stationary phases will form degradation product when 
used at higher temperatures

Stabilization of the stationary phases..

1   Reducing Noise
Rxi-technologyRxi-technology

..need to know the stationary phase 
breakdown process..

The stationary phase breakdown processThe stationary phase breakdown process

Back - biting mechanismBack - biting mechanism

1   Reducing Noise

Initiated by terminal 
silanol groups

Initiated by terminal 
silanol groups
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New FUSION line using Rxi-technology.. 
Stabilization of  Stationary Phases 
New FUSION line using Rxi-technology.. 
Stabilization of  Stationary Phases 

O Si

CH3H3C

H3C CH3

Incorporation of stabilizing groups

Incorporation of “smart” cross bonding

The “back-biting” is made more difficult: 
polymer is more stable and bleeds less..
The “back-biting” is made more difficult: 
polymer is more stable and bleeds less..

CC each intersection represents a
boron atom and each carbon
and boron atom has a hydrogen
bonded to it which has been
omitted for clarity.

Cross-bonding, Surface-bonding, Deactivation and Shielding for 
minimization impact of (re)active silanols

Surface Linked 
deactivation

Surface shielding

Surface bonding via 
deactivation

Cross-bonding

[position, type..]

Rxi technology Stabilization/ deactivationRxi technology Stabilization/ deactivation
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Impact of Rxi technology on bleedImpact of Rxi technology on bleed

• Differences on bleed not very big for most “ms” type columns

• Rxi-technology results in lowest bleed..

• Differences on bleed not very big for most “ms” type columns

• Rxi-technology results in lowest bleed..

Minutes
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927-A

Name
927-A 927-A 927-A 927-A 927-A Columns: 30 m x 0.25mm df = 0.25um

Commercial  5% diphenyl 95% PDMS &
Leading Silarylene modified phases
Detector: FID

350 ºC

Rxi-5ms

330 ºC

Reference Peak
1ng tridecane

Lower detection limitsLower detection limits

Need to Increase signal to noise..  

1   Reducing the 
Noise

1   Reducing the 
Noise

2  Increase the 
Signal

2  Increase the 
Signal

2   Increase the signal
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Increase of signal can be obtained byIncrease of signal can be obtained by

• Concentrate sample
• Inject more onto the column
• Optimization of detector settings (flows)
• Inert injection and detection port sleeves/liner
• Position of column in the detector
• Increase gas velocity or temperature program rate

2   Increasing signal

But also:

Using the most inert capillary column..

But also:

Using the most inert capillary column..

What is the challenge for the next 
generation capillary columns ?
What is the challenge for the next 
generation capillary columns ?

Inertness  !
Professor Walt Jennings, 
ISCC Conference 2004..
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Why is  an inert system important?Why is  an inert system important?

• The components will elute as sharper peaks
• Higher response
• Higher peak area’s (less adsorption)
• No retention time shifting

• Allows polar compounds to be measured at 
increasing  low levels

• Derivatization often not necessary

• More analysis without maintenance

1151
2   Increasing signal

Peak height vs asymmetryPeak height vs asymmetry

Symmetrical peaks;

•Provide highest response (sensitivity)

•Are better for quantitation

Activity in the column will affect 
symmetry and response will decrease..

Activity in the column will affect 
symmetry and response will decrease..

2   Increasing signal
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Strong interaction with residual active 
sites in the column
Strong interaction with residual active 
sites in the column

Peaks starting to look 
like “shark-fins” • Loss of sensitivity

• Quantitation problems

There is also an other effect:  shifting of retention times..There is also an other effect:  shifting of retention times..

2   Increasing signal

Shifting of retention timesShifting of retention times

• Activity in the column will act as a 2nd retention mechanism
• Retention (and RI) depend on degree of activity
• Variations on activity, each column can show a different RI

• Retention time will become a function of concentration
• High levels elute earlier

2   Increasing signal
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Impact of column activity on retention timesImpact of column activity on retention times

Retention time

If more activity, the same component elutes later 
in the chromatogram..

If more activity, the same component elutes later 
in the chromatogram..

Impact:
• Peaks cannot be “found”

• Misinterpretation

• Incorrect data

Impact:
• Peaks cannot be “found”

• Misinterpretation

• Incorrect data

2   Increasing signal

1. ethanol 
2. pentane
3. t-butanol
4. 2-methylbutene-2 

Example: position of Alcohols on 100% PDMS-
type column, ASTM Method D6730
Example: position of Alcohols on 100% PDMS-
type column, ASTM Method D6730

Position of alcohols depend on 
the activity of the surface..

Position of alcohols depend on 
the activity of the surface..

2   Increasing signal

Correct positions, Rxi-Technology

Column : 100m x 0.25mm   PONA-type

Conditions : acc to ASTM 6730

Concentration: The SAME amount injected on every column 

Column : 100m x 0.25mm   PONA-type

Conditions : acc to ASTM 6730

Concentration: The SAME amount injected on every column 



14

Retention time will become a 
function of concentration

High levels elute earlier..High levels elute earlier..

Impact of activity on retention timesImpact of activity on retention times

Retention Time depend on the amount of component presentRetention Time depend on the amount of component present

2 ng

0.4 ng

1 ng

0.1 ng

Retention Time

2   Increasing signal
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Ion 112.00 (111.70 to 112.70): C4090926.D\data.ms

Ion  79.00 (78.70 to 79.70): C4090926.D\data.ms
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Ion 112.00 (111.70 to 112.70): C4090929.D\data.ms
Ion  79.00 (78.70 to 79.70): C4090929.D\data.ms

2.5 ng

2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
Ion 112.00 (111.70 to 112.70): C4090931.D\data.ms

Ion  79.00 (78.70 to 79.70): C4090931.D\data.ms

1.0 ng

Pyridine retention on a typical commercially available columnPyridine retention on a typical commercially available column
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Overlays of  pyridine areaOverlays of  pyridine area
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1.0 ng pyridine

2.202.302.402.502.602.702.802.903.003.103.203.303.403.503.603.703.803.90

Ion  79.00 (78.70 to 79.70): C6012701.D\data.ms

Pyridine response using  Rxi-5msPyridine response using  Rxi-5ms

10 ng Rt = 3.24 min.

Rt = 2.46 min

.202.302.402.502.602.702.802.903.003.103.203.303.403.503.603.703.803.90
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
Ion  79.00 (78.70 to 79.70): C6012601.D\data.ms

Ion 112.00 (111.70 to 112.70): C6012601.D\data.ms

1 ng

202.302.402.502.602.702.802.903.003.103.203.303.403.503.603.703.803.90

Ion  79.00 (78.70 to 79.70): C6012601.D\data.ms
Ion 112.00 (111.70 to 112.70): C6012601.D\data.ms

0.5 ng

Rt = 2.45 min

Rt = 2.48 min

Rt = 3.23 min

Rt = 3.25 min

Retention times NOT 
depending on concentration

Retention times NOT 
depending on concentration
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Rxi-Technology: DeactivationRxi-Technology: Deactivation

New deactivation

• Resulting in a “neutral” surface

• Reproducible

• Temperature stable

• Usable for a series of stationary phases

2   Increasing signal

Stabilization of stationary phase using stabilizing groups
Incorporation of stabilization / cross bonding groups
Long polymers, ladder technology
Allow surface bonding
High purity polymers

Minimization of reactive silanol groups in the polymer 
and fused silica surface

End capping
Unique surface deactivation

Surface bonding of all Rxi polymers
Conditioning under pure carrier gas (water free)

Rxi-technologyRxi-technology
2   Increasing signal
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Critical Test for measuring inertness of columnsCritical Test for measuring inertness of columns

Running the standard mixtures all suppliers use it 
seems that all columns are inert..

We need components that are really CRITICAL and will 
provide additional value to the inertness-status  of a 

capillary column (or system)..

Pyridine

Basic Test Acidic Test

2,4-dinitro phenol

“State of the art” deactivation technology“State of the art” deactivation technology

1,4-dioxane

pyridine

decylamine
2,4-dinitrophenol

phenanthrene

Commercial columns lack 
quality on elution of bases..
Commercial columns lack 
quality on elution of bases..

2   Increasing signal
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New Rxi-deactivation technologyNew Rxi-deactivation technology

1,4-dioxane pyridine decylamine

2,4-dinitrophenol

phenanthrene

Rxi deactivation technology 
fixes the base-problem..
Rxi deactivation technology 
fixes the base-problem..

2   Increasing signal

Zooming in on impact of Rxi-deactivationZooming in on impact of Rxi-deactivation

Note the improvement in peak shape and peak height for 
pyridine peak..(and the position..!!)
Note the improvement in peak shape and peak height for 
pyridine peak..(and the position..!!)

pyridin

pyridin

2   Increasing signal

Typical Commercial column Rxi technology 
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Rxi  Deactivation technology: 
neutral column
Rxi  Deactivation technology: 
neutral column

Minutes

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5

Propionic A
cid

O
ctane

4-Picoline 1,2-Pentanediol

Propylbenzene

1-H
eptanol

D
ecane

650C Isothermal
5ng On-column

Elutes acids, bases and alcohols..Elutes acids, bases and alcohols..

2   Increasing signal

Primary AminesPrimary Amines

Minutes

0 1 2 3 4 5 6 7 8 9 10 11 12 13

1-Octylamine

1-Nonylamine

1-Decylamine

Column : 30 m x 0.25mm Rxi 5ms, Df=0.25um
Sample : 5ng On Column
Oven : 1050C

Column : 30 m x 0.25mm Rxi 5ms, Df=0.25um
Sample : 5ng On Column
Oven : 1050C
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DiolsDiols

Minutes
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5

1,6-Hexanediol

1,7-Heptanediol

1,8-Octanediol

Column : 30 m x 0.25mm Rxi 5ms, df=0.25um
Sample : 5ng On Column
Oven : 1250C

Column : 30 m x 0.25mm Rxi 5ms, df=0.25um
Sample : 5ng On Column
Oven : 1250C

Rxi: tested with CHALLENGING compoundsRxi: tested with CHALLENGING compounds
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Rxi- stabilization technology is succesfully
applied with:
Rxi- stabilization technology is succesfully
applied with:

Rxi-5ms

Rxi-1ms

Rxi-17

Si O

CH3

CH3
100%

Rxi-5Sil MS    Rxi-XLB Si

CH3

CH3

O Si

CH3

CH3

O Si

CH3

CH3

X Y

CH3

CH3

Si

95%

OSi

5%

O

CH3

CH3

Si

50%

OSi

50%

O

Applications of columns 
made with Rxi-technology
Applications of columns 
made with Rxi-technology
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Basic drugs, no derivatisationBasic drugs, no derivatisation

Acidic DrugsAcidic Drugs
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Alkanolamines and glycol on Rxi-5msAlkanolamines and glycol on Rxi-5ms

0 2 4 6 8 10 12

1
2 3

4

1. monoethanolamine 
2. ethylene glycol 
3. diethanolamine 
4. triethanolamine 

Column: Rxi-5 MS  30m, 0.32 ID, 1.0µm (cat.#13454 ) 
Sample: 0.2% solution Ethanolamine standard (custom) in methanol 
Inj.: 1.0µL split (split ratio varied), 20:1 for 0.32ID; 100:1 for 0.25ID 
 4mm base deactivated, single gooseneck, split/splitless inlet liner (cat.#20799-210.5 )
Inj. temp.:  200°C 
Carrier gas:   helium, constant pressure , 10psi, for 0.32ID;  
Oven temp.:  50°C (hold 2 min.) to 250°C @25°C/min. (hold 10 min.) 
Det.:  Agilent 6890N FID @300°C 

 
Near symmetrical peaks for 

alkanolamines
Near symmetrical peaks for 

alkanolamines

Benzo(b)fluoranthene
& Benzo(k)fluoranthene

Standard:  10µg/mL of EPA 8270  
Column:  Rxi-5ms 25m x 0.2mm x 0.33μm  
Standard:       10μg/mL 8270 MegaMix; Surr; IS 
Inject:            1μL injection; 4mm Drilled Uniliner (#20771); 10:1 Split 
Inj. temp.:      250°C 
Carrier gas:  He, constant flow, 1.2 mL/min 
Oven temp.:  50(0.5) to290°C @ 23°C/min (hold 0) to 325°C @6°C/min (1min) 
Scan range:  35-550 amu 
Det.:   MSD @ 280°C 
Instrument:  Hewlett-Packard 5973 MSD and 6890 GC  

EPA 8270D analytes on Rxi-5msEPA 8270D analytes on Rxi-5ms
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Symmetrical peaks for all chemical classes analyzedSymmetrical peaks for all chemical classes analyzed

Amines

Phenols

Ethers

Chlorinated hydrocarbons

Alcohols

Nitro compounds

Acids

Hydrocarbons

Aromatics

Polyaromatic hydrocarbons

CholesterolCholesterol
15m x 0.25mm Rxi-5ms, df = 0.25 um15m x 0.25mm Rxi-5ms, df = 0.25 um

Without derivatization With derivatization

Similar 
Results

Inertness of Rxi-5ms allows determination of cholesterol 
without derivatization

Inertness of Rxi-5ms allows determination of cholesterol 
without derivatization
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Rxi-5Sil MS

Rxi technology applied with:Rxi technology applied with:

Si

CH3

CH3

O Si

CH3

CH3

O Si

CH3

CH3

X Y

Why offering a Rxi-5Silms next to a Rxi-5ms  phase?Why offering a Rxi-5Silms next to a Rxi-5ms  phase?

Both phases are different in selectivity
Most companies consider these phases to be similar

They are NOT !!

Si

CH3

CH3

O Si

CH3

CH3

O Si

CH3

CH3

X Y

CH3

CH3

Si

95%

OSi

5%

O

Rxi-5ms Rxi-5Sil MS
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Comparing 60m x 0.25mm both with 0.25 um filmComparing 60m x 0.25mm both with 0.25 um film

Column : 60m x 0.25mm x 0.25um

Oven : 30 ºC

Column : 60m x 0.25mm x 0.25um

Oven : 30 ºC

Rxi-5Sil MS

Rxi-5ms

Para- and Meta Xylene co-elutePara- and Meta Xylene co-elute

Para- and Meta Xylene base line resolvedPara- and Meta Xylene base line resolved

CH3

CH3

Si

95%

OSi

5%

O

Si

CH3

CH3

O Si

CH3

CH3

O Si

CH3

CH3

X Y

Under identical conditions..Under identical conditions..

Rxi-5ms

Rxi-5Sil MS

Column : 60m x 0.25mm x 0.25um

Oven : 30 ºC

Column : 60m x 0.25mm x 0.25um

Oven : 30 ºC

Meta x Para x
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EquivalencyEquivalency

    Rxi®-5ms Rxi®-5Sil MS  
 
    5% diphenyl- PDMS   Arylene stabilized equivalent of 

5% diphenyl-PDMS 
 
 
Restek    Rtx-5     Rtx-5Sil MS 
 
Agilent    HP-5, HP-5ms, DB-5, Ultra-2  DB-5ms 
 
Varian    CP-Sil 8 CB      VF-5ms,   CP-Sil 8 CB LB/MS  
 
Alltech    AT-5     AT-5ms 
 
Supelco   Equity-5    MDN-12 
 
SGE    BP-5     BPX-5 
 
Phenomenex   ZB-5     ZB-5ms  
 
Mackery nagel   Optima-5    Optima-5ms  
 

Si

CH3

CH3

O Si

CH3

CH3

O Si

CH3

CH3

X Y

CH3

CH3

Si

95%

OSi

5%

O

Bleed behavior of arylene stabilized phasesBleed behavior of arylene stabilized phases

Phase “A”

Phase ”V”

Rxi-5Sil MS

Columns: all “fresh” 30m x 0.25mm Arylene stabilized phases;

Same conditioning treatment..

350 ºC

330 ºC

135 ºC

1 ng C13

Rxi-5Sil MS shows clearly the lowest degradationRxi-5Sil MS shows clearly the lowest degradation
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Minutes

0 1 2 3 4 5 6 7 8 9 10 11

Column: 30m x 0.25mm x 0.25umColumn: 30m x 0.25mm x 0.25um

1-Undecanol
RI = 1372.8 

Acenaphthylene
RI = 1462.0

1,6-Hexanediol 4-Chlorophenol 1-Decylamine

Isothermal test with Rxi-5Sil MSIsothermal test with Rxi-5Sil MS

M in u t e s

2 . 5 2 . 6 2 . 7 2 . 8 2 . 9 3 . 0 3 . 1 3 . 2 3 . 3 3 . 4 3 . 5 3 . 6 3 . 7

Note perfect peak shape for diols, acids and bases..

1,6-Hexanediol1,6-Hexanediol
1-Decylamine1-Decylamine

4-Chlorophenol4-Chlorophenol
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EPA 8270 volatiles using Rx-5Sil MSEPA 8270 volatiles using Rx-5Sil MS
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Ion 252.00 (251.70 to 252.70): 
DD70921_001.D

benzo(b)fluoran
thene

benzo(k)fluoran
thene

benzo(a)pyene
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Ion 276.00 (275.70 to 276.70): DD70921_001.D
Ion 278.00 (277.70 to 278.70): DD70921_001.D

indeno(1,2,3-
cd)pyrene dibenzo(a,h)anthra

cene

benzo(g,h,i)per
ylene

Excellent peak 
shape for Pyridine

EPA 8270 volatiles: key separationsEPA 8270 volatiles: key separations
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Rxi technology:   What does it bring?Rxi technology:   What does it bring?

Better value
Low bleed

•Better signal to noise, quicker conditioning times
•All advantages of low background
•Longer column  life time [phase doesn’t bleed out]

•Inertness
•Run active compounds at lower concentrations
•Better sensitivity
•Wider application [better data]

• Reproducible
•Same retention times & peak elution order : No surprises!!
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