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Analysts routinely use SPME as a qualitative extraction tool 

but are reluctant to use it for quantification because analytes 

are not exhaustively extracted. Numerous publications have 

shown that SPME can quantify samples if good procedures 

are followed. This study will show how to quantify the 

extraction of 1,4 dioxane using SPME. 

Dioxane is commonly used as a stabilizer in chlorinated 

organic solvents, primarily 1,1,1- trichloroethane (TCA). It is 

also used as an industrial solvent in the cosmetic, paint and 

pharmaceutical industries. Dioxane is highly water soluble, not 

easily hydrolyzed or biodegraded, and is included on the US 

EPA list of potential carcinogens. The extraction of dioxane is 

difficult because of its solubility in water.

To properly quantify a sample using SPME, there are certain 

guidelines and steps to follow. This procedure was used to 

determine how to quantitatively extract dioxane from water. 
1. Determine conditions for analysis of dioxane by pre-

ferred analytical technique (GC-MS)
2. Determine appropriate internal standard
3. Select appropriate fiber
4. Determine extraction mode
5. Determine optimum extraction conditions

  a. Time
  b. Temperature

6. Determine effect of sample modification
7. Determine detection limits and linear range
8. Reproducibility of fibers

Optimized Analytical Conditions
 sample: analytes in 5 mL water + 25 % sodium chloride in 10 mL vial
 SPME fiber: 80 µm Carboxen-PDMS metal fiber (57906-U)
 extraction: headspace, 55 °C, 20 min., with agitation, CTC Analytics autosampler
 desorption: 4 min., 310 °C
 column: SPB-1, 60 m x 0.25 mm I.D., 3.0 µm (23304-U)
 oven: 50 °C (1.5 min.), 16 °C/min. to 230 °C (3 min.)

inj.: 310 °C
 MSD interface: 250 °C
 scan range: SIM, m/z 58-66, 87-97
 carrier gas: helium, 1.3 mL/min., constant
 injection: splitless (0.75 min.), Merlin Microseal™

 liner: SPME, 0.75 mm I.D.

A column with a thick film was used to assure that dioxane 

is properly focused. The longer length provides adequate 

backpressure for the flow to be controlled under vacuum. 

Select internal standards that are similar to the analytes in 

properties and extract similarly. When detecting with mass 

spec, deuterated analytes make the best internal standards and 

should be used if possible. For other detectors a good test is to 

change extraction conditions. If the relative response remains 

constant, then the internal standard is behaving similarly. For 

this study, dioxane-d8 was used. Isopropanol is a good internal 

standard for dioxane with other detectors.

Figure 1 shows that Carboxen™ PDMS coated metal fibers 

extract 100-300 times as much as other SPME fibers. The 

small pores in Carboxen 1006 are ideal for retaining low 

molecular weight analytes. 

Determination of Extraction Mode, Temperature, 

Time and Sample Modification

Extraction of samples using SPME can be accomplished by 

directly immersing the fiber into the sample or by placing the 

Isopropanol Isopropylamine 1,4-Dioxane
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fiber in the headspace above the sample. Agitation is usually 

used with SPME, but in some cases it may not be necessary. 

When using headspace SPME, the temperature of the sample 

during extraction is important. Figure 2 shows the compari-

son of the extraction of dioxane by immersion of the fiber 

and by headspace exposure with the sample temperature at 

ambient and at 55 °C. The results clearly show that heated 

headspace with agitation at 55 °C is the best extraction 

condition for this analyte. Although not shown here, detailed 

results of the optimization of extraction time and temperature 

are available in a Supelco presentation. Request IPB on the 

reply card. 

Modifying the sample can greatly enhance sample recovery. 

In this study 25% NaCl was added to the water samples. 

Dioxane does not appear to be affected by pH within the 

range for SPME use of 2-11.

It is also important to determine the linear range for your 

method. The fiber may have greater capacity than the 

detector, so the entire method must be evaluated. It is best to 

prepare a stock solution of buffered salt water and spike 

samples of the water with the analytes of interest at various 

concentration levels, while keeping the internal standard at a 

fixed concentration. 

Extract the samples using the optimized conditions and 

calculate response factors for the analytes. Since response 

factors account for concentration, the number should remain 

consistent. When the response factor increases 3 sigma, that 

is the end point of the linear range. The analyte response can 

be plotted and linear regression can be applied to evaluate 

the range and set detection limits.

Figure 3 shows the results of dioxane. By subtracting the area 

counts of extracted blank samples, the detection limit can be 

lowered to 0.5 ppb. In this study the upper limit was 100 ppb. 

G003515

Figure 3. Dioxane Response versus Concentration
sample: water containing 25% NaCl and 0.05M phosphate buffer, pH 7,

 5 mL in 10 mL vial
fiber: Carboxen PDMS metal fiber

 extraction: heated headspace 55 °C, 20 min. with agitation
 desorption: 4 min., 310 °C

G003507

Figure 2. Dioxane Response versus Extraction Time
sample: water containing 25% NaCl and 0.05 M phosphate buffer, pH 7,

 5 mL in 10 mL vial
fiber: Carboxen-PDMS metal fiber

 extraction: heated headspace 55 °C, 20 min. with agitation
 desorption: 4 min., 310 °C

no agitation

Ambient HS

w/agitation

Ambient HS

no agitation

Immersion

w/agitation

Immersion

w/agitation

HS 55 °C

12

Io
n 

Co
un

ts
 (x

 1
00

0)

8

4

0

16

12

Io
n 

Co
un

ts
 (x

 1
00

0)

8

4

0

Concentration (ppb)
0 20 40 60 80 100 120

 Ion Cts. Dioxane d8

 Ion Cts. Dioxane

y=1269.3x + 619.21

R2=0.9983

Conclusions

This study developed guidelines for developing a method 

using SPME for the quantitative extraction of dioxane using a 

Carboxen-PDMS fiber. The method shows the importance of 

choosing the appropriate fiber, internal standard and 

extraction technique. In addition, the method shows how a 

sample can be modified to enhance extraction recovery. 

In this study, dioxane was extracted down to 0.5 ppb and 

was linear through 100 ppb. This study determined that the 

new metal Carboxen SPME fibers are reproducible by 

evaluating 10 fibers with under 11% relative standard 

deviation. With the use of an internal standard, the %RSD of 

the relative responses between fibers was only 3.5%.

Description Cat. No.

SPME Metal Fiber Assemblies

 Polydimethylsiloxane (PDMS)
100 µm 57928-U
30 µm 57922-U
7 µm 57919-U

Polydimethylsiloxane/Divinylbenzene (PDMS/DVB)
65 µm 57902-U

Carboxen/Polydimethylsiloxane (CAR/PDMS)
85 µm 57906-U

Divinylbenzene/Carboxen/PDMS (DVB/CAR/PDMS)
50/30 µm 57912-U
50/30 µm - 2 cm length fiber 57914-U

Merlin Microseals

For use with Agilent® 5800, 5900, 6890, 1 nut and 2 septa 24814-U
For use with Agilent 5800, 5900, 6890, 1 nut and 1 septum 24815-U
For use with Varian® 3400, 3600 (1077/1078 injectors) 24817-U
For use with Varian 3800 (1177 injector) 22609-U
Replacement septa, all units 24816-U

Vials and Caps for CTC Analytics Autosampler

10 mL round bottom screw cap vial, clear SU860099
10 mL round bottom screw cap vial, amber SU860100
20 mL round bottom screw cap vial, clear SU860097
20 mL round bottom screw cap vial, amber SU860098
18 mm steel screw caps with 1.5 mm thick 
    PTFE/silicone septum SU860103

Featured Products+
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Exactly Why is Inertness Important for 
Capillary Columns?

Michael D. Buchanan
mbuchanan@sial.com

Introduction

In a previous Reporter article (1), the importance of using 

capillary columns with low bleed was discussed. In this issue’s 

article, the importance of inertness will be investigated. In 

particular, how using an inert capillary column, such as 

Supelco SLB™-5ms, assists the user in achieving low detection 

limits and reducing instrument downtime.

Inertness = Sharper Peaks = Lower Detection Limits

As discovered in the previous Reporter article, the greater 

the area counts, the lower the detection limits. This is a 

function of the signal-to-noise ratio. Whereas the previous 

article focused on the use of a low bleed column to reduce 

the noise, here we focus on how inertness results in 

increasing the signal.

Many analytes have some functionality somewhere in 

their structure. The functionality may be subtle, such as a 

double bond, or marked, such as a chlorine substitution, and 

may adversely affect chromatography. Typically, polar 

functionalities, such as a hydroxyl group (-OH) or an amine 

(-NH2) group, are problematic for the chromatographer. This 

is due to their tendency to adsorb to active sites on any 

surface (syringe needle, injection port liner, column, etc.) 

they come into contact with. Adsorption results in broad, 

short peaks. Because more of the peak area is in the noise 

region, it tends to get lost by the software algorithm. 

Adsorption is equivalent to the loss of area counts!

In Figure 1, the Extracted Ion Current Profile (EICP), also 

known as an Extracted Ion Chromatogram (EIC), for 2,4-

dinitrophenol from a US EPA Method 8270D analysis on a 

Supelco SLB-5ms column is shown. This analyte contains a 

hydroxyl group and two nitro groups (-NO2) attached to an 

aromatic ring, and is historically a very troublesome analyte 

for this method. In Figure 2, the EICP of 4-nitroaniline from 

the same analysis is shown. This analyte contains an amine 

group and a nitro group attached to an aromatic ring, and 

also is known to be troublesome, although to a lesser degree. 

Note the sharpness of the traces of the quantitation m/z 184 

and 138 respectively, in Figures 1 and 2. Remember, sharper 

peaks result in greater peak area that is above the noise level. 

Of note is that analytes may contain groups of varying 

functionality. Therefore, it is vital that the column surface not 

have activity of any type.

Inertness = Reduced Peak Tailing = Less Preventative 

Maintenance

As previously discussed, an active surface can lead to 

adsorption. Besides causing broad, short peaks, adsorption can 

cause peak tailing. Many environmental and pharmaceutical 

methods have a peak symmetry test that must be satisfied prior 

to the analysis of samples. Excessive peak tailing makes it 

difficult to pass the test. Failure to pass the test requires the 

analyst to perform maintenance (chemically treating the 

activity, clipping the column, replacing the column, etc.). These 

activities increase instrument downtime, which keeps the 

analyst from analyzing billable samples.

US EPA Method 625 requires that two analytes, one acidic 

and one basic, must pass a daily tailing factor test prior to the 

analysis of any sample extract. Figures 3 and 4 show EICPs on 

Figure 1. EICP of 5 ng on-column of 2,4-Dinitrophenol

Figure 2. EICP of 5 ng on-column of 4-Nitroaniline

m/z 184

m/z 63

m/z 154

m/z 138

m/z 108

m/z 92
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For a complete listing of Supelco Low Bleed SLB-5ms capillary 
columns, request T405130 (IKA) or visit our web site: 
sigma-aldrich.com/capillary-ms

Related Information!

sigma-aldrich.com/capillary-ms

a SLB-5ms column for pentachlorophenol and benzidine, 

respectively, at the method required concentrations. Both 

tailing factors were extremely close to a value of 1, indicating 

excellent peak shape for both analytes in addition to falling 

well within the method required criteria.

Inertness = Great RRFs = Less Preventative 

Maintenance

Many US EPA Methods that employ the use of mass 

selective detection (MSD) require the use of internal stan-

dards, compounds that are structurally similar to the target 

analytes. The internal standards are added to the sample 

extract shortly before analysis and are used to compensate for 

injection discrepancies and drift in MSD response. The 

response for every target analyte relative to the response for a 

specific internal standard is calculated. This relative response 

factor (RRF) is plotted against the calibration curve to 

determine concentration.

These methods list minimum RRF criteria for poor respond-

ing target analytes, sometimes referred to as System Perfor-

mance Check Compounds (SPCCs), as a measure of system 

performance. If a RRF is below the minimum criteria in either 

an initial or a continuing calibration, the analyst must take 

action to correct the problem prior to analysis of samples. This 

usually involves cutting off a section of column from the 

injector end to remove surface activity.

RRF values for several of these poor performing target 

analytes from US EPA Methods 8270D and OLM04.2 SVOA are 

shown in Table 1. Target analytes with polar functionality tend 

to have low RRFs due to adsorption. The observed RRFs clearly 

exceed the minimum RRF criteria specified for these analytes.

Table 1. RRFs of Several Poor Performers
column:  SLB-5ms, 30 m x 0.25 mm I.D., 0.25 µm (28471-U)

oven:  40 °C (3 min.), 20 °C/min. to 100 °C, 10 °C/min. to 200 °C,
 30 °C/min. to 325 °C (5 min.)  

inj.:  250 °C  
 MSD interface:  325 °C  
 scan range:  40-450 amu  
 carrier gas:  helium, pressure programmed, 20 psi (0 min.), 99 psi/min. to

 80 psi (0 min.), 99 psi/min. to 16.5 psi (3 min.), 99 psi/min. to
 25 psi (hold remainder of run)  

 injection:  1.0 µL, splitless (0.75 min.)  
liner:  4 mm I.D., single taper

sample:  50 ng on-column of a 72 component semivolatile standard
 and 8 surrogate compounds, plus 6 internal standards
 (at 40 ng on-column)

Analyte Criteria Observed

N-nitroso-di-n-propylamine  0.500 1.020
Hexachlorobutadiene  0.010 0.153
Hexachlorocyclopentadiene  0.050 0.301
2,4-Dinitrophenol  0.050 0.160
4-Nitroaniline  0.010 0.339
Pentachlorophenol  0.050 0.132

Figure 3. EICP of 50 ng on-column of Pentachlorophenol

Figure 4. EICP of 100 ng on-column of Benzidine

Conclusion

Low bleed is a very critical quality that must be considered 

when choosing a capillary column. However, inertness is an 

equally important, but often overlooked attribute. Choosing a 

column based solely on its low bleed characteristics may result 

in the selection of a column that is not up to the task at hand. 

Increasing signal in addition to decreasing noise is the best way 

to consistently achieve low detection limits. Additionally, a 

column that does not possess good inertness may end up 

reducing profits due to additional labor requirements to keep 

the system in working order. Method required criteria for peak 

symmetry and RRFs must be taken into account during column 

selection. Using a capillary column, such as Supelco SLB-5ms, 

that is highly inert in addition to possessing a low bleed 

characteristic, is an important step in achieving low detection 

limits and reducing instrument downtime.

References
1. Exactly Why is Low Bleed Important for Capillary Columns? (February 2006), The 

Reporter, Volume 24, Issue 1, Sigma-Aldrich.
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Dual Column Analysis of Organochlorine Pesticides 
Using SLB-5ms and SPB-608

Katherine Stenerson
kstenerson@sial.com

Introduction

The analysis of low levels of organochlorine pesticides by 

US EPA Method 8081 demands the use of an electron 

capture detector (ECD), which is highly sensitive, and capable 

of detecting analytes at picogram levels. The highly sensitive 

nature of an ECD, in combination with the low detection limit 

requirements of Method 8081, make it necessary to use GC 

columns with low bleed for this application. In addition, the 

susceptibility of several analytes to degradation and adsorp-

tion make inertness another extremely important characteris-

tic when choosing an analytical column. 

Dual Column Analysis

Method 8081 requires two analytical columns for the 

analysis of samples. The first, often referred to as the 

“primary” column, is used to determine, by retention time 

comparison with a standard, if any of the target analytes 

could be present in the sample. If peaks are found within an 

analyte’s retention time window on the primary column, the 

presence of the analyte must be “confirmed” on a second-

ary or “confirmation” column of different selectivity in order 

to be considered positive.

Primary Column SLB-5ms

The SLB-5ms, developed for use in applications using a mass 

selective detector (MSD), is an excellent choice as a primary 

column for US EPA Method 8081. Its extremely low bleed 

characteristic makes it compatible for used in low-level 

detection with an ECD. The proprietary surface deactivation of 

the SLB-5ms provides the inertness necessary for the analysis of 

compounds susceptible to degradation and adsorption, such as 

organochlorine pesticides. Figure 1 illustrates the analysis of 

twenty Method 8081 pesticides plus two surrogate com-

pounds. Minimal baseline rise was detected, and the last 

analyte, decachlorobiphenyl, could be eluted in less than 20 

minutes. These run conditions were chosen to reduce the 

analysis time, and a slower oven ramp rate can be used if 

increased resolution between endosulfan I and -chlordane is 

desired. Endrin and 4,4’-DDT are susceptible to degradation, 

and must be monitored per Method 8081. On the SLB-5ms, 

these compounds exhibited good response.

Confirmation Column SPB-608

The SPB™-608 is an excellent choice as a confirmation 

column for this method. This column was developed, and is 

tested, specifically for the analysis of organochlorine 

pesticides. Figure 2 illustrates the analysis of the same 

analytes in Figure 1, and under the same run conditions. 

Using these run conditions, between both columns, all 22 

analytes were resolved, making this a suitable column set for 

this application. 

Figure 1. Organochlorine Pesticides on the SLB-5ms
column: SLB-5ms, 30 m x 0.25 mm I.D., 0.25 µm (28471-U)

oven: 100 °C (2 min.), 15 °C/min. to 300 °C (5 min.)
inj.: 250 °C

det.: ECD, 300 °C  
 carrier gas: helium, 0.9 mL/min., constant flow
 injection: 2.0 µL, splitless (0.75 min.)

liner: 4 mm I.D., single taper
sample:  chlorinated pesticide standard (46845-U),

 diluted to 50 ppb in n-hexane

G003511

Conclusion

The characteristics of the SLB-5ms, while making it 

compatible for MSD applications, also make it useful for 

applications requiring the use of other highly sensitive 

detectors, such as an ECD. For the dual column analysis of 

organochlorine pesticides, the SLB-5ms can be used in 

combination with the SPB-608 to provide separation and 

confirmation in the low level detection of these analytes. 

Figure 2. Organochlorine Pesticides on the SPB-608
column: SPB-608, 30 m x 0.25 mm I.D., 0.25 µm (24103-U)

G003512
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Accessories
Supelco Preassembled Sampling Vials

Did you know...?

Every cap and vial has its own tolerance on each specification.
If the cap is manufactured on the low end of the specification, and
the vial is produced on the high end, they will not work together. 
To eliminate components not fitting together, order your caps and
vials from the same source.

 Supelco offers over 100 different preassembled vial and 

cap products for a variety of analytical and chromatographic

applications. Preassembled vial products guarantee your

laboratory that the vial is clean and ready-to-use, and the

thread on the cap fits the vial, eliminating the possibility of

leaks. It also means less storage space is required.

Preassembled vials are available in both clear and amber 

glass, with volumes ranging from 2 mL to 40 mL. Cap 

choices include open-top and solid cap styles in phenolic

and polypropylene materials.

Our preassembled vials are supplied in a corrugated 

container. Inside the container, extra steps have been taken 

to protect the vials. A foam pad is placed in the bottom of

the box to prevent breakage due to sudden impact. A 

partition prevents the vials from contacting each other,

eliminating the possibility of the vials becoming chipped.

Finally, a sheet of paper is placed on the top of the vials to

prevent any cardboard particulates from getting inside the

glass vial. By taking these steps, we are able to guarantee 

your vial purchases arrive in good condition.

A sampling of our preassembled vials is found below. For 

a complete listing, please see our 2005/2006 Supelco 

Chromatography catalog or visit sigma-aldrich.com/vials

Preassembled Screw Top Sampling Vials, Pk of 100

Description Cat. No.

Clear Glass, Open-Top Black Phenolic Cap, PTFE/Silicone Septa

2 mL 27124-U

4 mL 27136

7 mL 27148

15 mL 27159

22 mL 27170

40 mL, 29 x 81 mm 27180

40 mL, 28 x 98 mm 27089-U

Amber Glass, Open-Top Black Phenolic Cap, PTFE/Silicone Septa

2 mL 27005

4 mL 27006

7 mL 27007

15 mL 27008

22 mL 27009-U

40 mL, 29 x 81 mm 27010-U

40 mL, 28 x 98 mm 27121-U

techservice@sial.com

P001056
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Did you know?

The use of regulators with an elastomeric diaphragm is not 
recommended for chromatographic applications. These diaphragms 
off-gas contaminants and are permeable to water and oxygen.

A regulator with a stainless steel diaphragm eliminates these 
problems.

Accessories
Chromatographic Regulators

Frank Kandl, Airgas 

The regulator is the first component of a gas delivery 

system. It reduces and maintains the gas pressure so it is 

suitable for your application. The regulator connects the gas 

source, typically a gas cylinder, to the gas delivery system. 

This connection is the first opportunity for contaminants to 

enter your gas stream. 

When a cylinder in the gas delivery system is replaced, the 

connection between the cylinder and the regulator is 

broken. The system goes to atmospheric pressure. Air, 

moisture, and sometimes hydrocarbons may enter the 

regulator and the gas stream. These contaminants can 

create disturbances in the baseline and shorten column life. 

A regulator should be able to minimize the incoming 

amount of these contaminants and remove them before 

they enter the system. The regulator’s design must also 

ensure the contaminants cannot hide inside the regulator 

and emit at an unpredictable time. 

There are two basic regulator designs, forged body and 

bar stock body. A forged body regulator should never be 

used in chromatographic applications regardless of the 

diaphragm material. The forged body design allows gas 

contaminants to reside in the internal cavities of the 

regulator and emit whenever they choose. Bar stock body 

regulators have smaller internal cavities that contain only 5% 

of the gas volume of a forged body regulator. All gas paths 

in a bar stock body regulator are direct, with no areas that 

are not swept by the gas stream. Therefore, if a contaminant 

enters the regulator, we can predict how quickly it will emit 

from the body.

Supelco offers a full line of single-stage and two-stage bar 

stock design regulators for all your chromatographic needs. 

Please visit our website at sigma-aldrich.com/regulators

Chromatographic Regulators

Description Cat. No.

High Purity Regulators with Purge Valves

Single-stage, CGA 580, 1/8 in. Swagelok® 23876

Two-stage, CGA 580, 1/8 in. Swagelok 23879

Ultra-High Purity Regulators with Purge Valves

Two-stage, CGA 580, 1/8 in. Swagelok 23872

High Purity Regulators w/o Purge Valves

Single-stage, CGA 580, 1/4 in. male NPT 503355

Two-stage, CGA 580, 1/4 in. male NPT 503398

 Ultra-High Purity Regulators w/o Purge Valves

Two-stage, CGA 580, 1/4 in. Swagelok 503339

P000205KO
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New!
Environmental Surrogate
Standard Mixtures Indicators

Our environmental standards product line now includes 

two EPA 8270 surrogate standard mixtures with indicators. 

When the surrogate standards are added to the sample, the 

indicators turn the acid and base neutral aqueous fractions 

red-yellow. This visual indicator removes any doubt that the 

surrogate compounds are present and that the pH is 

properly adjusted.

Each raw material and solvent used in the preparation of 

these mixtures is screened for purity. The mixtures are 

gravimetrically prepared and then assayed by gas chroma-

tography. Both standards are supplied with a certificate of 

analysis. Free data packets are available upon request.

Environmental Surrogate Standard Mixtures Indicators

Description Cat. No.

625/8270C SV Surrogate Spike Mix with Indicator 44671-U

Varied conc., 1 x 25 mL, MeOH  
  2-Fluorobiphenyl 100 µg/mL
  2-Fluorophenol 200 µg/mL
  Nitrobenzene-d5 100 µg/mL
  Phenol-d6 100 µg/mL
  p-Terphenyl-d14 100 µg/mL
  2,4,6-Tribromophenol 200 µg/mL

 Pesticide Surrogate Spike Mix with Indicator 44672-U

200 µg/mL, 1 x 25 mL, Acetone:MeOH (60:40)
  2,4,5,6-Tetrachloro-m-xylene
  Decachlorobiphenyl

Chemical Standards
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Custom Chemical Standard
Services

We can formulate, test, and package custom chemical 

standard mixtures to your exact specifications. Our custom 

standard chemists will gladly discuss stability and solubility 

concerns with you, and make suggestions where needed to 

maximize the quality of your standard.

If you are interested in a custom chemical standard, 

please call 800-359-3041 or e-mail your request to 

techservice@sial.com

These standard solutions include:
Raw materials and solvents screened for 
identity and purity
Your choice of gravimetric, qualitative, or 
quantitative testing
Packaging choices from ampuls to bottles
Manufacturing processes following ISO 
9001/2000 guidelines
Documentation and Material Safety Data Sheets
Strict adherence to all shipping regulations
Free technical support before and after the sale

Looking for an analytical standard? Our NEW Standards Explorer makes sourcing products 

fast and easy. To learn more, visit sigma-aldrich.com/standards and link to the Standards Explorer.

Did you know...?

Supelco overfills each ampul containing a 1 mL analytical 
standard solution by a minimum of 20% to guarantee 1 mL of the 
solution is available for use. Always use a calibrated measuring 
device to withdraw exactly 1 mL for quantitative applications.

TRADEMARKS: Agilent - Agilent Technologies; Microseal - Merlin Instrument Company; PerkinElmer - PerkinElmer Corp.; Shimadzu - Shimadzu Corp.; Ascentis, Carboxen, Discovery, 
Rezorian, SLB, SPB, Supelco - Sigma-Aldrich Co.; Swagelok - Swagelok Co.; Varian - Varian Associates Corp.; Waters - Waters Associates, Inc.
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rwalz@sial.com

Periodically, classes of compounds come under regulatory 

scrutiny: heavy metals, dioxins, pesticides and PCBs, for

example. The attention is usually a result of published

studies on reporting toxicity, mass poisonings or wildlife kills,

spills or site clean-up efforts. Gas chromatography (GC) is

frequently used to monitor levels during the assessment and

remediation processes, and in research aimed at developing

safer alternatives.

Polybrominated diphenyl ethers (PBDEs) have recently

become the focus of such scrutiny. These compounds are 

widely used as flame retardant additives in many consumer

products including plastics, electronics, clothing, cushioning

foams for furniture and automotive interiors. They slow

ignition and rate of fire growth, and increase the time to

escape from a fire involving products to which they are

added. According to the US EPA, world-wide demand in 2001 

for two PBDE congeners, penta-BDE and octa-BDE, was

estimated at 7,500,000 and 3,790,000 kg, respectively (US

EPA, December 6, 2004, 69 FR 70404).

Irrespective of the indisputable life- and property saving

value of these compounds, environmental studies indicate

they exhibit persistence, toxicity and bioaccumulation.

Because they are additives and not chemically bound within

the product, PBDEs can and do leach into the environment (1, 

2) and have been found everywhere, including household

dust, landfill runoffs, ground and surface waters, sewage

uding humans. It is

hyroid hormones is

city in laboratory

eurological in nature

ommunity has

egulations for the

that the phase-out

cs, together with 

heavy metals such

dmium, mercury,

chromium, will

e on January 1,

he EPA proposed a

December of 2004

s of Jan. 1, 2005, all

ufacturers and

orters would be

GC Analysis of PBDE Flame-Retardant Compounds
Supelco SLB-5ms low-bleed capillary columns and Fluka PBDE analytical standards
combine for efficient, reliable analysis of these compounds that are of increasing
environmental concern.

required to notify EPA at least 90 days in advance before 

starting the manufacture or import of certain PBDEs.

A well-defined analytical method is critical to the efficient 

monitoring of PBDEs and includes high quality PBDE stan-

dards and separation technique, which is most often by GC-

MS or GC-ECD. Sigma-Aldrich, as a leading supplier of

chromatography consumables to the environmental market, 

answered this need by providing quantitative Fluka standards

of the most important PBDE congeners and Supelco SLB-5ms 

capillary GC columns. Figure 1 shows the separation of PBDEs

on the SLB-5ms column. This mix contains fourteen of the

most commonly found PBDE congeners.

Figure 1. Polybrominated diphenyl ethers by GC-MS
column: Supelco SLB-5ms, 30 m x 0.25 mm I.D., 0.25 µm (28471-U)

oven:  125 °C (1 min.), 10 °C/min. to 340 °C (15 min.)
inj.:  300 °C

 MSD interface:  340 °C
 scan range:  SIM
 carrier gas:  helium, 1.5 mL/min., constant
 injection:  1 µL, splitless, pulsed (30 psi until 0.2 min.)

liner:  4 mm I.D. single taper
sample:  PBDE standards, 2.5-10 µg/mL

 1. PBDE 17, 2.5 ppm
 2. PBDE 28, 2.5 ppm
 3. PBDE 71, 2.5 ppm
 4. PBDE 47, 2.5 ppm
 5. PBDE 66, 2.5 ppm

 6. PBDE 100, 2.5 ppm
 7. PBDE 99, 2.5 ppm
 8. PBDE 85, 2.5 ppm
 9. PBDE 154, 2.5 ppm
 10. PBDE 153, 2.5 ppm

 11. PBDE 138, 3.8 ppm
 12. PBDE 183, 2.5 ppm
 13. PBDE 190, 2.5 ppm
 14. PBDE 209, 10 ppm

1

2

3

4

5

6

7

8

9

10

12

13

14

11

1

340 °C
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Two features of the separation are noteworthy. First, 

the absence of column bleed and subsequent high signal-to-

noise ratio, even at the analysis temperature of 340 °C, is a 

direct result of the SLB-5ms silphenylene polymer chemistry 

and facilitates low level detection. Unlike traditional methyl 

silicone based polymers, silphenylene polymers incorporate a 

phenyl group into the backbone structure. This increases the 

stability of the polymer by causing steric hindrance of the 

backbiting-scission reaction. Additionally, the polymers used 

in the SLB-5ms undergo extensive cross-linking, further 

reinforcing the stability of the bonded phase.

The second important feature is the baseline resolution and 

excellent peak shape of all PBDE congeners tested on the SLB-

5ms column. This is a critical requirement for trace level 

detection. The inertness of the SLB-5ms column is a result of 

the pre-treatment of the fused silica, which includes a 

proprietary deactivation technique that reduces the preva-

lence of strained siloxane bridges and surface hydroxyl groups 

(silanols) present on the fused silica surface. These structures 

can act as hydrogen bonding sites, resulting in surface activity 

and subsequent reduction in column performance.

Both the Fluka PDBE analytical standards and the Supelco 

SLB-5ms capillary GC columns are examples of Sigma-

Aldrich’s commitment to offer practical, innovative and high-

quality solutions for environmental applications. For more 

information on these products, please call or visit our website: 

sigma-aldrich.com

Supelco SLB-5ms Characteristics:
Phase: Bonded and highly cross-linked; silphenylene 

polymer virtually equivalent in polarity to 5% 
phenyl polymethylsiloxane 

Operating 
Conditions: Chemically compatible with water and other 

injection solvents. Sensitive to strong 
inorganic acids and bases. Stable to low 
levels of HCl in non-aqueous samples. Not 
damaged by organic acids or bases. Columns 
can be rinsed.

Temperature
Limits: 0.20 to 0.32 mm I.D. columns: -60 °C to 

340 °C (isothermal) / 360 °C (programmable)
Guard

Columns: We recommend fused silica guard columns to 
protect the analytical column from damage 
by sample components. The deactivation 
should be chosen to match the polarity of 
the injection solvent.

This column meets USP G27 and G36 requirements.

Fluka PBDE Analytical Standards
Name Description Pkg. Size Cat. No.

PBDE 209 Decabromobiphenyl ether,  1 mL 34120
50 µg/mL in isooctane:toluene (9:1)

PBDE 207 2,2’,3,3’,4,4’,5,6,6’-Nonabromobiphenyl 1 mL 34113
ether,10  µg/mL in nonane

PBDE 138 2,2’,3,4,4’,5’-Hexabromobiphenyl ether, 1 mL 34122
50 µg/mL in isooctane

PBDE 119 2,3’,4,4’,6-Pentabromobiphenyl ether, 1 mL 34121
50 µg/mL in isooctane

 PBDE 85 2,2’,3,4,4’-Pentabromobiphenyl ether, 1 mL 34114
50 µg/mL in isooctane

 PBDE 77 3,3’,4,4’-Tetrabromobiphenyl ether, 1 mL 34115
50 µg/mL in isooctane

 PBDE 75 2,4,4’,6-Tetrabromobiphenyl ether, 1 mL 34116
50 µg/mL in isooctane

 PBDE 71 2,3’,4,6-Tetrabromobiphenyl ether, 1 mL 34118
50 µg/mL in isooctane

 PBDE 66 2,3’,4,4’-Tetrabromobiphenyl ether, 1 mL 34119
50 µg/mL in isooctane

 PBDE 37 3,4,4’-Tribromobiphenyl ether, 1 mL 34123
50 µg/mL in isooctane

Additional PBDE standards are currently under development, please inquire

Featured Products+

References
1. Kuriyama, S. N.; Talsness, C. E.; Grote, K.; Chahoud, I. Environ. Health Perspect. 2005, 

113(2), 149-54.

2. de Wit, C.A. Chemosphere 2002, 46, 583-624.

3. Darnerud, P. O.; Eriksen, G. S.; Johannesson, T.; Larsen, P. B.; Viluksela, M. Environ. 
Health Perspect. 2001, 109, 49-68.

4. Hardy, M. L.; Biesemeier, J.; Manor, O.; Gentit, W. Environment International 2003, 
29(6), 793-799.

Supelco SLB-5ms Low Bleed Capillary Columns
Length (m) df (µm) Beta Cat. No.

0.20 mm I.D. Fused Silica

30 0.20 250 28513-U

0.25 mm I.D. Fused Silica

30 0.10 625 28467-U

15 0.25 250 28469-U

30 0.25 250 28471-U

60 0.25 250 28472-U

15 0.50 125 28577-U

30 0.50 125 28473-U

30 1.0 63 28476-U

0.32 mm I.D. Fused Silica

15 0.25 320 28557-U

30 0.25 320 28482-U

30 0.32 250 28532-U

15 0.50 160 28597-U

30 0.50 160 28484-U

30 1.0 80 28487-U
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Trans fats (trans unsaturated fatty acids) contain double

bonds that cause carbon atoms to bond in a straight configu-

ration. Most naturally occurring unsaturated fatty acids are in

the cis- orientation (bent). Concerns have been raised for 

several decades that the consumption of trans fatty acids may

have contributed to the 20th century epidemic of coronary

heart disease (the raising of LDL or “bad” cholesterol). As a

result, the United States Food and Drug Administration (FDA)

issued a regulation that requires, as of January 1, 2006, food 

manufacturers to list trans fat on the Nutrition Facts panel of

foods and some dietary supplements (1).

The Difficulty of cis/trans FAME Separation

The analytical method specified for this new regulation is

AOAC 996.06, “Fat (Total, Saturated, and Unsaturated) in

Foods”, and is suitable for the analysis in trans fat in a wide

range of foods of varying fat content. In this method, fats are

first extracted from food samples by hydrolytic methods

(acidic and/or alkaline depending on food type) and petro-

leum ether followed by methylation to fatty acid methyl esters

(FAMEs) using BF3. FAMEs are further extracted into a small

volume of hexane prior to GC analysis (2).

The most common trans fats in food are monounsaturated

octadecenoic (C18:1) fatty acids (1), and are also the most 

difficult to resolve on capillary GC columns using a polar

stationary phase such as Supelco SP-2560, 100 m x 0.25 mm 

I.D., 0.20 µm. To simplify analysis, we discuss the use of silver-

ion solid phase extraction (Ag-Ion SPE) to fractionate cis/trans

isomers and other FAMEs prior to capillary GC analysis.

How Does Ag-Ion Work?

In Ag-ion SPE, silver ions are anchored onto SCX SPE 

ounter-ions. As the FAME sample

counter-ion acts

s with

gth of the 

of double

double

). Cis double 

ds offer more

ric accessibility

an their trans
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r polar complex-

Fractionation of cis/trans FAMEs Using 
Discovery

®

 Ag-Ion SPE

es with the stationary phase (Figure 1). As a result, cis fatty

acids are more strongly retained on Ag-Ion SPE than trans 

fatty acids. Differences in retention strength between classes

of FAMEs and silver counter-ions can be exploited allowing

for FAME fractionation prior to GC analysis.

Discovery Ag-Ion SPE was specifically developed for the

fractionation of FAMEs based on degree of unsaturation, 

and for the resolution of cis/trans isomers. The phase is silver

loaded using a proprietary procedure to offer optimal 

resolution, performance, and capacity.

FAMEs Extraction and Fractionation of Microwave 

Popcorn Oil

1.0 g of popcorn oil was scraped from a popped microwave

oven popcorn bag, and mixed with 8 mL DI H2O. The oil-

water extract was further extracted with 4 mL petroleum

ether, centrifuged to remove particulates, and the ether 

supernatant was isolated. The petroleum ether extraction step

was repeated four times, and the supernatant was combined,

evaporated, and reconstituted in 16 mL toluene. 1 mL of the 

toluene extract was transferred to conical reaction vial to

which 2 mL 7% BF3 in methanol was added. The reaction vial

was incubated at 80 °C for 15 minutes using a heating block 

and subsequently cooled to room temperature. 1 mL DI H2O

was added, and FAMEs were extracted twice using 1 mL 

hexane each time. The upper hexane layers were combined

into a fresh vial, evaporated, and reconstituted with 5 mL

hexane and 50 mg anhydrous Na2SO4.

1 mL of the hexane FAMEs extract was loaded onto the 

Discovery Ag-Ion SPE tube, 750 mg/6 mL (54225-U), pre-

conditioned with 4 mL acetone and 4 mL hexane sequen-

tially. Classes of FAMEs were fractionated using the elution

Figure 1. Schematic Representation Ag-Ion SPE interact-
ing with cis-FAME

G003513

SO3
SPE

Support

-
Ag+

C4H8

C11H23

O OCH3

Charge-transfer complex between 
Ag+ and unsaturated bond
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scheme described in Table 1. GC results and recovery data 

are described in Figure 2 and Table 1, respectively.

Conclusion

When silver is immobilized as a counter-ion on an SCX SPE 

phase, FAMEs can be resolved/ fractionated on the basis of 

degree of unsaturation. Discovery Ag-Ion SPE also offers 

sufficient selectivity to resolve structural isomers such as cis/

trans fatty acids. With the new trans fat labeling regulation 

mandated by the FDA, Discovery Ag-Ion SPE serves as a 

powerful tool for simplifying GC analysis and improving 

method accuracy. In this report, we demonstrated its use by 

fractionating cis/trans isomers in microwave popcorn oil 

prior to GC analysis.

References
1. US Food and Drug Administration. 2003. Questions and Answers about trans fat nutri-

tion labeling. Available at: http://www.cfsan.fda.gov/~dms/qatrans2.html

2. Official Methods of Analysis of AOAC International, 17th edition, Revision 1, 2002

3. W.W. Christie, Silver ion chromatography. Available at: http://www.lipidlibrary.co.uk/top-
ics/silver/index.htm

Description Qty. Cat. No.

Discovery Ag-Ion SPE Tubes

750 mg/6 mL 30 54225-U

750 mg/1 mL Rezorian™ Cartridge 10 54226-U

SP-2560 Columns

75 m x 0.18 mm I.D., 0.14 µm 1 23348-U

100 m x 0.25 mm I.D., 0.20 µm 1 24056

Featured Products+

For more information on Discovery Ag-Ion SPE, please request 
T406062 (IRV).

Related Information!

Figure 2. GC Results of cis/trans Fractionation of
Microwave Popcorn Oil

column:  SP-2560, 75 m x 0.18mm I.D., 0.14 µm (23348-U)
oven:  180 °C, isothermal

inj.: 220 °C
det.: FID, 220 °C

 carrier gas:  hydrogen, 40 cm/sec. at 180 °C
 injection: 0.5 µL, 100:1 split

liner: 4 mm I.D., split, cup design

Table 1. Recovery Distribution of FAMEs Fraction of Microwave Popcorn using Discovery Ag-Ion SPE

Fraction No. Eluent (v/v) Vol (mL) 18:0 Trans 18:1 Cis 18:1 Cis/Cis 18:2

1 Hexane:Acetone 96:4 6 100% 100% 2% –
2 Hexane:Acetone 90:10 4 – – 98% –
3 Acetone 4 – – – 100%

G003520

G003521

G003522

G003523

16:0
18:0

18:1t

18:2c/c

16:0

18:0

18:1t

18:1c

18:2c/c

18:1c

Popcorn Oil FAME Extract 
without SPE

Fr. 1: hexane:acetone (96:4)

 saturated fatty acids

 trans monoenes

Fr. 2: hexane:acetone (90:10)

 cis monoenes

Fr. 3: acetone

Description Cat. No.

SP-2380 Columns

30 m x 0.32 mm I.D., 0.20 µm 1 24116-U

30 m x 0.25 mm I.D., 0.20 µm 1 24110-U

Supelco 37 Component FAME Mix

1 47885-U

Related Products+
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David S. Bell, Wayne K. Way and William Campbell
dbell@sial.com

Selectivity differences can be observed between octylsi-

lane (C8) and octadecylsilane (C18) based stationary 

phases. The underlying mechanisms of retention that result 

in such alternative selectivities, however, are often not well 

understood. 

In this report we describe a situation where a difference in 

selectivity was observed between the two alkyl phases. The 

potential for selectivity based on molecular size was 

investigated, but was found to poorly explain observed 

retention characteristics. Surface solvation using different 

organic solvents also yielded no firm explanation of the 

phenomenon. Shape selectivity, based on differences 

between the alkyl phases is tentatively concluded as the 

operative parameter.

Introduction

Octylsilane (C8) and octadecylsilane (C18) based stationary 

phases are most commonly used in modern high performance 

liquid chromatography (HPLC). Since the retention mecha-

nisms are similar between the phases, the choice of which 

phase to use is often arbitrary or based on personal experi-

ence. There are cases, however, where different selectivities 

between C8 and C18 phases have been observed. The 

underlying mechanisms of retention that result in such 

alternative selectivities are often not well understood.

Selectivity differences between C8 and C18 phases and 

indeed between the same bonded phase on differing silica 

substrates for ionic and polar compounds are usually 

attributed to differences in their interactions with the silica 

surface. Differences in selectivity observed for neutral, 

lipophilic compounds are more rare. In a recent test using a 

modification of the Tanaka test for shape selectivity (1), 

drastically different selectivity was observed between a C8 

and C18 phase prepared from the same base silica. This 

observation prompted speculation and subsequent investi-

gation of the cause. Figure 1 depicts the selectivity change 

observed as well as the analytes used in the study. Note that 

peak 2, triphenylene, elutes relatively late on the C18 phase 

as compared to C8.

Several hypotheses were developed to attempt to explain 

this phenomenon. Firstly, the rigid nature of the triphenylene 

molecule as compared to the other test probes suggested 

that size of the analyte might be a factor. The available pore 

diameter to the analyte is a function of the bonded chain 

Selectivity Differences Between C8 and 
C18 Stationary Phases

length and density and thus there is likely a difference in the 

effective surface area for the analyte to interact with 

between the two phases (2). The larger (and more rigid) the 

molecule is, the less surface area it might be able to 

encounter. Secondly, differences in analyte solubility may be 

a factor. Non-polar stationary phases preferentially adsorb 

organic modifier from the bulk mobile phase resulting in a 

layer of semi-immobilized organic-rich solvent on the 

surface. Analytes may then partition between this organic-

rich solvent and the bulk mobile phase. The composition of 

the surface solvent is dependent on the surface chemistry 

and mobile phase composition. It was speculated that the 

difference in retention for triphenylene might simply be a 

result of triphenylene’s solubility in the C18 surface solvent 

composition versus the C8 surface solvent composition. 

Figure 1. Modified Tanaka Shape Selectivity Results on
Ascentis C8 and Ascentis C18

 columns: Ascentis™ C8 and C18, 15 cm x 4.6 mm I.D., 5 µm particles
 mobile phase: 35:65, water:acetonitrile
 flow rate: 1.5 mL/min.

temp.: 35 °C
 detector: UV, 220 nm
 injection: 5 µL

sample: in mobile phase

1. Butylbenzene
2.  Triphenylene
3.  o-Terphenyl
4. Amylbenzene

G003524

G003525

Ascentis C8

Ascentis C18

1

2

3

4

1

2

3

4

Elution order 
is reversed for 
peaks 2 and 3.
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Altering the organic solvent was expected to support this 

latter effect, should it be significant.

Experimental

Several polyaromatic hydrocarbons (PAHs) were utilized as 

test probes to observe for the effect of size on selectivity 

between C8 and C18 stationary phases of differing pore 

sizes. Triphenylene was also included in the probe mixture. 

Both acetonitrile and methanol were used as the organic 

modifier to examine the potential for selectivity based on 

analyte solubility.

Conditions
 columns: Ascentis C8 and C18, 15 cm x 4.6 mm I.D., 5 µm particles
 mobile phase: 30:70, water:acetonitrile or 20:80, water:methanol
 flow rate: 1.0 mL/min.

temp.: 35 °C
det.: UV, 254 nm

 injection: 5 µL
sample: approximately 10 µg/mL in mobile phase

Results and Discussion

Retention (log k´) for the PAH compounds for both the 

C18 and C8 phases are plotted in Figure 2. The linearity of 

the regression line (R2 = 0.9953) indicates that within the 

range studied, molecular size has little effect on phase 

selectivity. If such an effect were real, a break in the plot 

would be expected.

The effect of organic modifier on selectivity was also 

studied. Acetonitrile and methanol were both used in 

isoelutropic strength (70% for acetonitrile and 80% for 

methanol) and similar plots to Figure 2 were constructed 

(data not shown). In both cases linear relationships were 

obtained (R2 methanol = 0.9953 and R2 for acetonitrile = 

0.9939) indicating that differential solubility is not likely the 

cause of the observed selectivity differences between the 

column chemistries.

With molecular size discrimination and differential solubility 

ruled out as possible causes for the observed selectivity for 

triphenylene in the Tanaka test, attention is now being given 

to the investigation of the ability of a phase to distinguish 

based on analyte shape. Several chromatographic parameters 

have been reported to affect shape selectivity including phase 

types, length of alkyl chain, silica pore size, temperature and 

mobile phase composition (3). Although further investigation 

is required, current thought is directed toward the slot model 

of Sander and Wise to explain the observed shape selectivity 

between the C18 and C8 phases, where spaces between the 

alkyl chains are thought to provide slots for analytes to 

penetrate and interact (4). Of the analytes shown in Figure 1 

only triphenylene is planar. The increased retention of 

triphenylene using the C18 phase may therefore be a function 

of greater intercalation of the triphenylene molecule into 

longer alkyl phase. 

For more information on this study, request the PITTCON® 2006 
poster, Unique Selectivity of a Highly Retentive C8, (IPB).

Related Information!

Did you know...?

Ascentis family of columns is the latest HPLC technology available 
from Supelco. The Ascentis family provides low bleed for sensitive LC-
MS applications as well as excellent retention for polar compounds.

Ascentis C8 and C18 Columns (selected dimensions)
ID (mm) Length (cm) Particle Size (µm) Cat. No. Cat. No.

  C8 C18

2.1 5 3 581400-U 581300-U

4.6 15 3 581408-U 581322-U

2.1 5 5 581420-U 581303-U

4.6 15 5 581424-U 581324-U

4.6 25 5 581425-U 581325-U

Featured Products+

Conclusions

Selectivity differences between alkyl phases such as C8 

and C18 may be observed even for neutral solutes. Molecu-

lar size and solubility appear to be of little significance in 

such discriminations. Shape selectivity based on the length 

of the alkyl chain is likely to be the dominant factor. Method 

development scenarios for mixtures with similar polarities 

but differing in planarity should include investigations of 

stationary phases exhibiting differing alkyl lengths.
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Figure 2. log k´ (Ascentis C18) versus log k´ (Ascentis C8)
for PAH probes
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