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Chemical analysis typically is a 
tedious process encompassing 
multiple steps. A flow chart of an 
analysis involving chromatography 
is depicted in Figure 1. Of all these 
steps, sample preparation is often the 
most difficult and time-consuming 
step taking on average 60% of the 
total analysis time. Due to all the 
manual actions, it is also the most 
error-prone step and analytes can be 
lost in this step. Thus, if possible, the 
best sample preparation step is no 
sample preparation. To a lesser extent 
the same holds true for extraction. 
If a sample surface could be probed 
directly, one could forego an 
extraction step and save on solvents 
and time.
	 In 2004 Cooks et al. introduced 
desorption electrospray ionization 
(DESI) [1]. In this technique, a surface 
is bombarded at high speed by 
charged solvent droplets, which 
free analyte molecules. Similarly to 

electrospray ionisation (ESI), charge 
is transferred from the solvent to 
analytes and charged analytes 
molecules are transferred into a 
mass spectrometer for analysis. 
This enabled the analysis of many 
surfaces without extraction or 
sample preparation and started the 
era of “ambient mass spectrometry”. 
Shortly thereafter, the DART (Direct 
Analysis in Real Time) technology was 
introduced by Cody et al. [2]. Recently 
Monge et al. proposed four basic 
characteristics that should be present 
to be called ambient MS. These are: 
1.	 ionization in the absence 

of enclosures (i.e., open air 
operation); 

2.	 no sample preparation (i.e., direct 
analysis); 

3.	 direct interfacing to most 
“atmospheric pressure” mass 
spectrometers; 

4.	 soft ion generation, with amounts 
of internal energy deposited 

equal to or lower than those 
in their atmospheric pressure 
counterparts [3]. 

	 Since 2004, based on the ionization 
mechanism, more than 40 types of 
ambient MS have been published 
[3] but only a few are commercially 
available (Table 1). Roughly they can 
be grouped into ESI-based (e.g., DESI 
and LESA) and APCI-based ionization 
(e.g., DART and ASAP), with ESI 
ionization taking place in a solvent 
and APCI (atmospheric pressure 
chemical ionization) in the gas phase. 
LAESI is a two-step technique in 
which analytes are released from 
the surface by an IR laser pulse. The 
released molecules are taken up in an 
ESI spray where ionization takes place, 
followed by mass spectral analysis [4]. 
All ambient MS methods have the fact 
that they are fast and relatively simple 
in common. Quantitative analyses 
have been reported but they are 
better suited for present/absent 

Figure 1

Figure 1:  Different steps in a chromatographic 
analysis.
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Table 1: Commercially available ambient MS 
interfaces.

Desorption ElectroSpray Ionization 
(DESI)

Liquid Extraction Surface Analysis 
(LESA)

Direct Analysis in Real Time (DART)

Atmospheric Solids Analysis Probe 
(ASAP)

Laser Ablation ElectroSpray 
Ionization (LAESI)

analyses and fingerprinting of 
which there are many in the 
fields of forensics, doping control, 
homeland security, food safety and 
metabolomics.
	 Of course ambient MS has its own 
share of constraints. In principle any 
released and dissolved molecule, 
which is ionized is measured. Thus 
DESI, DART or any other ambient 
MS technique is a dirty sampling 
method requiring additional 
selectivity. This is most conveniently 
and generally achieved by using 
either a high resolution (HRMS) or 
an MS/MS (MSn) instrument. By their 
nature they are less suitable for the 
probing of the interior of samples 
and as the release and ionization is 
somewhat instable, ambient MS is 
less suitable for quantitative analysis. 
In the following we will illustrate the 

Table 1

power of ambient MS by two DART 
applications.
	 With DART (Figure 2) the sample 
is held in an open air (ambient) 
sampling zone where it interacts with 
excited helium species or products 
formed thereof (e.g., protonated 
water clusters or reactive oxygen 
species). Suitable molecules (i.e., not 
too polar and MW < 1000), on the 
surface are ionized, enter the MS 
and are measured. Measurements in 
both (+) and (−)-mode are possible 
and the gas temperature can be set 
from room temperature up to 550 °C. 
Generally less volatile substances 
require higher temperatures although 
often there is an optimum above 
which decomposition can occur.

Application 1: Chinese star anise 
fruits (Illicium verum) are a frequently 
used spice in Asian cuisine. In other 
parts of the world teas are used. The 
morphologically similar Japanese 
star anise (Illicium anisatum) is 
only used for decoration purposes 
because it contains the neurotoxin 
anisatin (Figure 3). Ingestion leads to 
nausea, hallucinations, and epileptic 
seizures. Intoxications of babies as 
well as a large outbreak of toxicity 
among adults in The Netherlands 
have been reported [5,6]. Thus it is 
eminent that the two species can 
be unambiguously distinguished. 
However currently there are no 
reliable simple methods and the only 
excellent and sensitive HPLC-triple 
quad MS method requires extensive 
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region m/z 327.0–327.3 an additional 
peak at m/z 327.072 with as most likely 
elemental composition C14H16O9. This 
could be bergenin, a fairly common 
plant metabolite. It stresses that 
additional selectivity is absolutely 
necessary. The results in (−)-mode 
could be confirmed in (+)-mode 
(Figure 5). In this case not [M+H]+ 
but rather [M+NH4]+ at m/z 346.150 
(C15H24NO8) was obtained for anisatin. 
Ammonium adducts are frequently 
seen in (+)-DART-MS. Again a similar 
“digital” distinction was observed. 
Thus it is possible to classify any intact 
star anise sample by DART-HRMS as 
toxic Japanese or beneficial Chinese 
based on the toxin content. Retail teas 

Figure 3

Figure 3: Chemical structure of anisatin 
(C15H20O8, MW = 328).

Figure 4

Figure 4: Negative mode DART-orbitrap mass spectra from m/z 327.00-327.35 of one carpel of 
Japanese star anise (A) and Chinese star anise (B). Vertical scale in (B) is expanded 4 times. Peak at 
m/z 327.107 is anisatin [M−H]− (C15H19O8) [8].  
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Figure 2

Figure 2: Upper: Schematic presentation of DART ionization source. Lower: DART sampling zone with 
leaf fragment being probed; on the left DART source, on the right entrance of MS.

sample preparation (total of 13 steps) 
and is thus slow [7]. As essentially 
only a qualitative distinction is 
required (is anisatin present — yes or 
no?), ambient MS in the form of DART 
seemed a possible option.   
	 When Japanese anisatin was 
interrogated by DART in negative 

mode at 400 °C, within seconds and 
without any sample preparation, 
a strong signal for deprotonated 
anisatin [M–H]− was seen at m/z 
327.107 (Figure 4). When Chinese 
star anise was analysed, no signal 
or a very weak signal was observed. 
Both mass spectra contained in the 



Figure 5

Figure 5: Positive mode DART-orbitrap mass spectra from m/z 346.00-346.35 of one carpel of Japanese 
star anise (A) and Chinese star anise (B). Peak at m/z 346.148 is anisatin, [M+NH4]+ (C15H24NO8) [8].

containing finely ground ingredients 
could also be distinguished. However 
in that case first a tea was prepared 
and subsequently 2 µL of tea was 
placed on a glass rod and held in 
the DART sampling zone. By internal 
normalisation, even semi-quantitative 
assays proved possible and 1% of 
adulteration could be clearly detected 
[8]. A comparison of the existing 
LC‑MS procedure and the DART-HRMS 
approach with several figures of merit 
can be found in Table 2.

Application 2: An entirely different 
application of DART-HRMS lies in the 
field of organic monolayer analysis. 
Monolayers (1–3 nm thickness) on 
surfaces are of prime importance for 
sensing and antifouling purposes. 

They can be analysed by methods 
such as water contact angle 
measurements, ellipsometry, infrared 
reflection absorption-spectroscopy 
(IRRAS), and X-ray photoelectron 
spectroscopy (XPS). However none 
of these methods provides detailed 
molecular information. Thus it was 
investigated whether DART-MS is 
capable of releasing characteristic 
fragments of molecules making up 
the monolayer, providing in this way a 
fingerprint of the originally deposited 
monolayer. To this purpose the outlet 
of the DART was directed at a 45° 
angle at a few mm of the surface 
placed on a motorized rail with the 
inlet of the MS also a few mm from 
the surface opposite to the DART 

source (Figure 6).
	 Activated esters constitute an 
important group of monolayers 
as they can serve as a stepping 
stone for making a wide variety of 
other monolayers, (e.g., mostly by 
an efficient reaction with amines. 
In Figure 7 the DART-HRMS scan 

of an NHS (N-hydroxysuccinimide 
ester) monolayer on silicon nitride is 
depicted. The modified part is scanned 
thrice and is already recognizable in 
the total ion current (TIC) profile but 
more characteristic are the ions related 
to the released NHS anion and the 
[2M−H]− anion. These are formed after 

Parameter HPLC-MS/MS DART-HRMS

Equipment cost high high

Sample pretreatment 12 steps 0 or 2 steps

Cost for one analysis 
(manpower) high low

Cost for one analysis 
(chemicals) high none

Technical training level 
required high moderate

Sensitivity (LOD) 1.2 µg/kg < 200 µg/kg

Speed of analysis several hours 
(quantitative)

seconds (qualitative) 
< 1 hour 
(quantitative)

Selectivity very high moderate - high

Linearity calibration curve (R2) 0.999 ≥ 0.995 (with 
internal standard)

Reproducibility (intra-day/
inter-day precision) 3.0 / 6.6% 20% / 40% (without 

internal standard)

Robustness fair good

Final outcome
accurate anisatin 
concentration in 
fruit

approximate 
anisatin 
concentration in tea

Table 2

Table 2: Comparison of HPLC-MS/MS [7] and DART-HRMS method [8] for star anise analysis.
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monolayers [10]. DART-HRMS 
combines speed, sensitivity in the 
pmol range, sufficient reproducibility 
and simplicity. A drawback is that it is 
unsuitable for the analysis of alkane 
monolayers. All in all one can 
conclude that DART-HRMS is a new 
and useful complimentary tool for the 
analysis of organic monolayers.
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Figure 8

Figure 8. Right: chronograms (scans) of mixed amide monolayer showing the 3 different released 
amines as well as the corresponding fragments formed after loss of ammonia (TIC and 6 EIC traces). 
Top left: structures of released amines 7, 8 and 9. Bottom left: structure of mixed monolayer on 
silicon nitride (Si3N4) where R corresponds with fluoro, chloro and bromobenzyl (= 7, 8 and 9 minus 
the NH2 group) respectively.
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Figure 7

Figure 7: Right  chronograms (scans) of NHS 
(3, N-hydroxysuccinimide, top left) monolayer 
on silicon nitride (Si3N4, bottom left). The 
sample was passed between the DART and MS 
inlet thrice at 4.1-4.8, 7.0-7.8 and 21.3-22.0 
min. Top right: total ion current (TIC) in (−)-
mode; middle right: extracted ion current (EIC) 
of m/z 114.0184 [M−H]−; bottom right: EIC of 
m/z 229.0460 [2M−H]− (M = NHS).

Figure 6: DART set-up for analysing monolayers. 
Left: DART source with the exit pointing at the 
moving monolayer specimen. Right: entrance of 
mass spectrometer (white ceramic tube).

Figure 6

in situ hydrolysis of the ester in the 
DART sampling zone, followed by 
ionization by loss of a proton from 
the alcohol group. Other esters, such 
as pentafluorophenyl ester behave 
similarly in negative mode. 
	 The amides, which are formed after 
reaction of the above esters with 
amines, can also be analysed. Again 
the mechanism is in situ hydrolysis 
but in this case an amine is released, 
which is subsequently protonated 
and can then be measured in 
positive mode. Aromatic amines 
(benzylamines) also yield a fragment 
by loss of ammonia (formation 
of stable benzyl carbocation). 
An example is shown in Figure 8. 
Here a mixed monolayer of three 

different amides was probed. 
For each of the three amides, the 
corresponding protonated amine as 
well as the characteristic fragment 
formed by loss of ammonia could 
be observed. This result cannot be 
achieved by any other currently 
existing analytical technique. Further 
studies have shown that DART-
MS is also capable of analysing 
non‑hydrolysable monolayers such 
as oligoethylene or polyethylene 
glycol (PEG) monolayers, thioether 
monolayers and sugar-containing 
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Impact of GC Parameters on The Separation 
Part 2: Choice of Column Internal Diameter 
Jaap de Zeeuw, Restek Corporation, Middelburg, The Netherlands.

Inside Diameter of Capillary 
Columns
Where do the different internal 
diameters of capillary columns 
come from? When glass capillary 
columns were used, the standard 
diameters were 0.25 mm, 0.32 mm 
and 0.50 mm (Figure 2). The 
0.32 mm ID was specifically used for 
on‑column injection as this diameter 
was required to be entered with a 
standard on-column needle of 23 
gauge  (0.23 mm) OD. With fused 
silica columns we still have the 0.25 
and the 0.32 mm. Instead of 0.50 

mm, the 0.53 mm was developed. 
This diameter became the standard. 
Such diameters could also 
accommodate a standard 26 gauge 
(0.41 mm) needle.
	 Also smaller diameter capillaries 
have been commercialized. As there 
was no standardization for some 
time, capillary columns with different 
IDs showed up. The ones that are 
mostly used are: 0.22 mm, 0.20 mm,  
0.18 mm, 0.15 mm and 0.10 mm. 
If you look at the supplier of fused 
silica tubing, there are even more 
diameters available [1].

Some Basics on the Impact of the 
Column Internal Diameter on the 
Chromatography
Flow-rate  
The flow through a typical capillary 
roughly goes quadratically with the 
internal diameter. Table 1 shows 
some optimal flow-rates and linear 
gas velocities used for different 
carrier gases and column diameters. 
Wide bore (0.53 mm ID) columns 
offer the highest flow-rates and are, 
therefore, ideal for direct injection 
using uniliner [2] or valve injection. 
They are also often used when high 

loadability is essential. 0.53 mm ID 
columns have been used as a direct 
replacement for packed columns 
using small adaptions to the existing 
GC configuration [3].
	 As diameter decreases, the flow also 
decreases. A 0.10 mm delivers with 
helium a flow of 0.3 mL/min. This is 
the outlet flow. On the injection side, 
where there is a pressure, the flow 
will be about 0.15 mL/min. This puts 
a stress on the injection of samples, 
especially when splitless injection is 
used. A flow of 0.15 mL/min means 

In Part 1 of this series we focused on how to select the stationary phase, which is one of the seven important parameters we need to 
understand (see Figure 1). Once the most interesting stationary phase is selected, the column dimensions must be considered. Here column 
length, diameter and film thickness are the key parameters. In this article we turn our attention to the column internal diameter and its 
relevance.

Cd
The Chrom 

Doctor
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Table 1:  Optimal flows / linear velocities vs capillary diameter.*

ID [mm]                                Optimum range, linear velocity and flow (40 °C)

                            Nitrogen                          Helium                             Hydrogen

                    [cm/s]      [mL/min]          [cm/s]     [mL/min]             [cm/s]     [mL/min]

0.100          13-17        0.1-0.15           30-35     0.3-0.34              48-60    0.4-0.6

0.180          12-15        0.2-0.3             27-32     0.6-0.8                44-54    1.0-1.3

0.250          10-13        0.3-0.44           25-30     1.0-1.3                40-50    1.5-2.0

0.320            8-11        0.4-0.55           22-27     1.2-1.6                37-47    2.0-2.7                

0.530            6-10        0.7-1.3             20-24     2.6-3.0                35-45    4.7-6.1

* Estimated values for thin-film coated columns with coating efficiencies higher the 80%. 
When film thickness increases, the optimal velocities and flows will move to lower values. 
Also for columns that have lower coating efficiencies, the optimum velocities and flows will 
move to lower values

that for transferring the volume of a 
1 mL liner, almost requires 7 minutes. 
Pressure pulse application is almost 
mandatory if analysis time is to be 
optimized. 

Separation efficiency and peak 
width
The plate number increases linearly 
with a decrease in column diameter. 
Table 2 shows clearly that for the 
same nr. of theoretical plates, a 
shorter column length is required 
when the internal diameter is 
reduced. Shorter columns will be 
faster and are also cheaper. The price 
to pay is loadability and robustness. 
Smaller diameter columns will 
give shortest analysis times but 
contamination will have a bigger 
impact on smaller diameter column. 
This translates in more maintenance 

and reduced nr. of analysis per 
column. If the sample contains 
only volatile materials, the smaller 
bore columns really show good 
performance and acceptable life 
time. 
	 The most general purpose column 
diameter that is used in industry is 
the 0.32 mm. This diameter offers a 
good balance between efficiency and 
robustness. The 1–2 micron films are 
particularly preferred.

Pressure 
The pressure required for operating 
smaller diameter columns quickly 
increases with reduced diameter. 
Table 3 shows some values for a 15 m 
column for different carrier gases, 
all set at the same linear velocity. As 
with flow, the pressure increases

Figure 1

Figure 1: The 7 main parameters that impact separations in GC.

Figure 2

Figure 2: Most popular fused silica column ID used: 0.15mm, 0.25mm, 0.32mm and 0.53mm.
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Table 2:  Internal diameter and length needed 
to produce 100.000 theoretical plates.

  ID                  Length for N =100.000 
[mm]                        [m]

0.10                           10
0.15                           15
0.18                           18
0.25                            25 
0.32                            32 
0.53                            53

Table 3: Inlet pressures needed for setting a 30 cm/s velocity using 15 m long 
capillary; values are for 40 °C, atmospheric outlet.

ID                                      Pressure needed for U= 30cm/s 
[mm]                                                     [kPa]

                                Nitrogen              Helium               Hydrogen
0.10                              306                   331                      155
0.15                              127                   137                       66
0.18                               87                     94                        46
0.25                               44                     48                        24
0.32                               27                     29                        14
0.53                               10                     10                          5

Figure 3

Figure 3: Optimum velocities for helium in 0.53, 0.32 and 0.25 mm ID capillary columns.

Figure 4

Figure 4:  A: Fused silica, coiled at different diameters; B: MXT  metal capillary of 0.53mm ID.

quadratically with smaller diameter.
	 A 0.25 mm needs roughly 4x higher 
pressure for the same linear velocity 
then a 0.53 mm. When pressures 
become very high, there will be a 
challenge for increased leaks along 

the needle when injection is done 
through the septum.
	 On the positive side, a higher pressure 
will limit the expansion of sample in the 
liner, allowing larger injection volumes 
with a smaller risk of back-flash.

Speed of analysis, optimal gas 
velocity
As already could be derived from 
Table 1, if smaller diameter columns 
are used, the optimum average 
carrier gas velocity will increase. 

Figure 3 shows the van Deemter 
curve for 0.25, 0.32 and 0.53 mm ID 
columns. For smaller diameter the 
optimum velocity will be even higher. 
Besides that a shorter column can 
be used, it can also be operated at 

11
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higher velocities, all ideal for shortest 
analsyis time.

Loadability
The amount that can be injected on a 
capillary column is directly related to 
the amount of stationary phase that 
is present. In capillaries, this is mainly 
dependent on diameter and the  film 
thickness. To compensate for reduced 
loadability, often a thicker film is 
preferred when using small diameter 
columns. The 0.53 mm ID columns 
can be coated with thick films, which 
make them a very good substitute for 
a packed column.

Column winding diameter
Fused columns show an increased 
ring-tension when wound on smaller 

diameter. If ring tension increases, the 
risks of column breakage will increase. 
The ring-tension reduces with column 
diameter. For example, a 0.53 mm ID 
column can be wound at a radius of 
5 cm, but not smaller. 0.25 mm can 
be wound down to 2.5 cm. Smaller 
diameters capillaries can be coiled even 
smaller. See Figure 4A. The alternative 
is to use MXT (metal) capillary tubing. 
Even 0.53mm MXT can be coiled at a 1 
cm radius (see Figure 4B.)

Which applications are mainly used 
for the different column diameters?
Some typical applications for different 
types of column diameter:

0.10 mm diameter columns
The 0.1mm capillaries are mainly 

used for applications where speed of 
analysis is important but efficiency 
needs to be maintained. They 
perform well if samples are relatively 
clean. Operation is challenging as 
injection needs to be optimized as 
column flow is very low. Loadability 
is rather limited and practically such 
columns need frequent maintenance.
One way to compensate for the 
loadability and increase robustness 
is to use thicker films. Figure 5 shows 
an application of residual solvent 
using a 10 m x 0.1 mm column that 
was coated with a 1.0 micron film of 
Rxi-624Sil MS. This is 10 times thicker 
film than what is typically used. Such 
films are not commercially available 
as standard. Also only limited types 
of stationary phases are available as 
0.1 mm capillary.
	 The 0.1 mm are usually operated 

with splitted injection, as injection 
bands must be very narrow. Inlet 
pressures are relatively high and 
there is a bigger chance for the 
development of leaks. Also detector 
data-collection must be fast as eluting 
peaks can have a peak width < 1 sec.
	 At the end, the 0.1 mm is a perfect 
column from a theoretical point 
of view, but as soon as practical 
operation conditions are considered, 
the 0.1 mm application is limited.

0.15/0.18 mm columns
This diameter is widely used to speed 
up analysis. The 0.1 mm ID columns 
had a number of practical challenges 
that seem not to be a show stopper 
with the 0.15/0.18 mm ID columns. 
This type of column can be used in 
existing instrumentation and allows 
an analysis time reduction of a 

Figure 5

Figure 5: USP residual solvents; Column: 10 m x 0.1 mm Rxi-624Sil MS df = 1.0 μm
Oven: 40 °C, 1 min = > 24 °C, 30 °C/min;  Carrier: H2, 220 kPa, 45 cm/s;  Injection: Split, 1: 40; 
Detection: FID.

Figure 6

Figure 6: Perfume on a 30 m x 0.25 mm and a 20 m x 0.15 mm Rxi-5Sil MS; details ref. 7.



minimal factor of 2 if used to replace 
0.25/0.32mm ID columns.
	 For this several articles have been 
published [4]. Figure 6 shows an 
example where a 30 m x 0.25 mm is 
replaced for a 20 m x 0.15 mm.  When 
column dimensions are changed, it 
is very important to adjust the oven 
temperature program to secure similar 
elution temperatures (and the same 
peak elution order).
	 Another big advantage of 
0.15/0.18 mm columns is that these 
columns are commercially available 
with films up to 2 micrometer, resulting 
in good loadability, high inertness and 
relatively low bleed. They work very 
well with MS detection systems. Peak 
width is not narrower then 1.5 sec 
allowing enough data points for nearly 
all MS systems. 

	 This diameter is also recommended 
to be used for the second dimension 
separation in GCxGC [5]. It performs 
better then a 0.1mm as the 0.15 mm 
is not operated as far from its 
optimum velocity as a 0.1 mm, 
and the capacity is higher. Also for 
0.15 mm there are also more choices 
on phase selectivities. 
	 For splitless injections, a pressure 
pulse is recommended as with a flow 
of 0.3–0.4 mL/ min( at the inlet), the 
transfer times in a standard splitless 
liner become long and solvent effects 
may not be as effective.

0.25 mm ID columns
This diameter has become the 
industry standard for split- , splitless 
and PTV type injection techniques. 
Flow-rates are 1–2 mL/min, which 

allows splitless injection times of 
20–40 seconds using the standard 
4 mm liners. This dimension is also the 
standard used for vacuum operated 
detection systems such as the mass 
spectrometer. In combination with the 
latest phase technologies, columns can 
be used up to 360 °C, not only 100% 
dimethyl siloxanes, but also a range of 
silphenylene stabilized phases. A 30 m 
x 0.25 mm offers approximate 120.000 
theoretical plates, which translates in 
high separation power (see example in 
Figure 7).
	 The 0.25 mm ID can also be used 
in longer lengths, generating plate 
numbers up to 600.000  (150 m 
columns, ASTM D5501) [6].
 
0.32 mm ID columns
The 0.32 mm ID capillary was 

Figure 7

Figure 7: Separation of EPA 8270 semi volatiles using 30 m x 0.25 mm Rxi-5Sil MS (for details see 
ref. 8).

developed primary for using the 
on-column injection technique. The 
needles used for on-column, were 
0.23 mm OD, which was not suitable 
to be used for entering 0.25 mm 
capillaries.  On-column is the best 
injection technique, but it is not 
the easiest and most robust.  The 
0.32 mm column did find several 
other applications. Besides the on-
column, the 0.32 mm capillaries can 
be coated with relative thick-films 
of stationary phase. For non-polar 
phases, up to 5 microns can be 
deposited, resulting in a capillary with 
high capacity, inertness, efficiency 
that also offers the option for high 
flow-rates.
	 It’s a very good diameter if flow 
programming is considered as initial 
carrier gas pressure is only 29 psi for 

Figure 8

Figure 8: Purity analysis of amine products using Rtx-Volatile amines, 60m x 0,32mm ID allows 
thick films while maintaining efficiency, which will provide robust application for basic compounds.
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helium using a 15 m column (see 
Table 3). This can be increased 10‑fold 
to 300 kpa. A 0.25 mm will only 
increase 6-fold.
	 The 0.32 mm columns with films 
up to 1 μm are considered very 
robust columns and are preferred in 
many industrial applications where a 
combination of robustness, inertness 
and efficiency is required. They also 
offer a good loadability and are a 
little easier to work with because of 
the 0.45 OD. They work very well with 
all common injection and detection 
techniques. When MS is used, one 
needs to be aware that the vacuum 
pump can deal with the higher 
flow to maintain vacuum. A 30 m x 
0.32 mm needs to be operated at 
a minimum helium flow of 1.5 mL/
min, to maintain a positive pressure 

in the injection port. Figure 8 shows a 
typical industrial application using a 
thick-film 0.32 mm column that was 
developed for volatile amines. 

0.53 mm columns
0.53 mm is the largest internal 
diameter that is commercially 
available as a fused silica column. 
Attempts have been made to use 
0.75 mm ID, but the ring tension of 
the bended fused silica was too big. 
The 0.53 mm columns will produce 
relative high flow-rate at moderate 
pressures.
	 The first application of the 
0.53 mm columns was to have 
a higher resolution solution in 
an existing (packed) instrument 
configuration, [3]. The 0.53 mm 
column could be coated with thick 

Figure 9

Figure 9: High temperature analysis of hydrocarbons using 0.53 mm ID columns operated under 
high flow. Details see ref. 9.

films and is operated at a flow-
rate that was comparable with 
the packed column. Even under 
those non-optimal conditions, the 
0.53 mm column produced much 
more theoretical plates than a 
packed column. The inertness and 
ease of use, were features that were 
particularly appreciated. Special 
(uni)liner configurations were 
developed that allowed smooth 
direct injection [2]. This makes them 
ideally applicable for valve switching 
applications as are often used in 
analyser systems.
	 Such columns were marketed as 
“Halfmil, NONPAKD, Megabore or 
Widebore”.
	 The use of high flow-rates was 
also used in high temperature 
simdist applications, where 0.53 mm 
columns are operated under 20 mL/
min to elute the heavy boiling 
fractions (see Figure 9).
	 Later the 0.53 mm were often used 
to do gas solid separations with PLOT 
columns. Often these columns were 
used with TCD, as for TCD a higher 
flow-rate was beneficial for sensitivity. 
	 Also when larger injection volumes 
had to be injected as with headspace 
techniques, the 0.53 mm ID columns 
showed useful application.   
	 Lastly 0.53 mm deactivated 
columns are also widely used 
as retention gap for on-column 
injections. This is mainly because 
injection into a 0.53 mm is easier and 
the sample plug  formed is shorter 
compared with 0.32 mm ID.
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Automated Hydrolysis, DPX Extraction and LC/MS/MS Analysis of Pain 
Management Drugs from Urine
Gerstel
This study shows how a typical enzymatic hydrolysis procedure can be easily 
automated using a GERSTEL MultiPurpose Sampler(MPS), combining an 
automated extraction and clean-up procedure with introduction to the LC/MS/
MS, in order to provide high throughput analysis of common pain management 
drugs.

Extraction of Low Level Testosterone and Androstenedione From Human 
Serum Samples Using ISOLUTE® SLE+ 
Biotage
This application note describes the extraction of testosterone and 
androstenedione from female patient serum samples using ISOLUTE SLE+ (96 
well) plates.

Evaluation of Dispersive and Cartridge Solid Phase Extraction (SPE) Cleanups 
for Multiresidue Pesticides in QuEChERS Extracts of Finished Tobacco 
Restek
In this application the QuEChERS sample preparation approach to isolate 
residues prior to analyzing pesticides in tobacco is used. The cleanup efficacy 
and pesticide recoveries for different formulations of QuEChERS dispersive solid 
phase extraction (dSPE) cleanup and the more traditional cartridge solid phase 
extraction (cSPE) cleanup were evalutaed. Comprehensive two-dimensional gas 
chromatography time-of-flight mass spectrometry (GCxGC-TOFMS) was used to 
determine pesticide residues in the resulting extracts.

Basic and Acidic Pesticides by Online SPE-LC/MS
Agilent Technologies
Determination of basic and acidic pesticides at sub-ppt levels in drinking water 
using the Agilent 1200 Infinity Series Online SPE Solution with an Agilent 6460 
Triple Quadrupole Mass Spectrometer system. 

   

A
pplication

 N
ote 

AN762

www.biotage.com

Introduction 

Extraction of Low Level Testosterone and
Androstenedione From Human Serum
Samples Using ISOLUTE® SLE+

Analytes    

Testosterone and androstenedione 

ISOLUTE SLE+ procedure  

ISOLUTE SLE+ 400 Supported Liquid Extraction plate, part number 820-0400-P01. 

Sample pre treatment: dilute human serum (200 µL) with 0.5 mol/L ammonium hydroxide (200 µL) then mix.  

Sample load: load pre treated sample (400 µL) to plate followed by a pulse of vacuum to imitate flow and leave  

for 5 minutes.  

Analyte elution: apply 500 µL of diethyl ether, wait five minutes to allow the solvent to soak, apply a short  

pulse of vacuum if solvent not fully absorbed. Apply a second 500 µL of diethyl ether; allow to soak for five  

minutes,  apply a short pulse of vacuum if not fully absorbed. Apply a third 500 µL of Diethyl ether, allow to soak  

for 5 minutes and then apply another short pulse of vacuum.  

Post extraction: evaporate the eluate to dryness and reconstitute with 400 µL of methanol:water (1:1, vol:vol). 

Additional information: testosterone has an affinity to bind to plastic so the extracts were collected in glass tubes 

held in a 96 well collection plate. 

This application note describes the extraction of testosterone and an-
drostenedione from female patient serum samples using ISOLUTE SLE+ 
(96 well) plates.  

This method has been optimized to extract testosterone and andros-
tenedione from female clinical serum samples. The method has achieved 
very low limits of quantitation for testosterone and androstenedione 0.4 
nmol/L and 0.9 nmol/L respectively.  The recoveries for both analytes 
were greater than 90%.  

Figure 1. Structure of Testosterone 

ISOLUTE SLE+ Supported Liquid Extraction plates and columns offer an efficient alternative to traditional liquid liquid 

extraction formation, and significantly reduced sample preparation time. 
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FEATURED APPLICATIONS

Abstract
Tobacco is a high-value production crop for the United States and ranks 6th in the amount of pesticides applied per acre in Ameri-
can agriculture. Even after the processing of tobacco, some pesticide residues remain on the final product. We used the Quick–
Easy–Cheap–Effective–Rugged–Safe (QuEChERS) sample preparation approach to isolate residues prior to analyzing pesticides 
in tobacco. We evaluated the cleanup efficacy and pesticide recoveries for different formulations of QuEChERS dispersive solid 
phase extraction (dSPE) cleanup and the more traditional cartridge solid phase extraction (cSPE) cleanup. Comprehensive two-
dimensional gas chromatography time-of-flight mass spectrometry (GCxGC-TOFMS) was used to determine pesticide residues 
in the resulting extracts. The results of the cleanup evaluation indicated that the dSPE cleanup formulation with 7.5 mg of carbon 
(verses 50 mg) provided the best recovery of targeted pesticides. The average recoveries for the 500 ppb spike level and 50 ppb spike 
level were 92% (13% RSD) and 91% (22% RSD) respectively. 

Introduction
Tobacco has a rich history in the United States and around the world. Christopher Columbus made notes in his journal about the 
custom of indigenous Americans smoking a “strange leaf ” and within a century tobacco was in global use. Tobacco is now grown 
widely, with China, India, Brazil, the United States, and Turkey producing two-thirds of the world’s supply [1].

Pesticides are used heavily on tobacco in order to increase crop production value. In fact, tobacco ranks 6th out of all crops in the 
U.S. in terms of pesticide application, falling only behind potatoes, tomatoes, citrus, grapes, and apples [2]. Although these fruits 
and vegetables are grown using more pesticides per acre, the final residue levels on these foods is regulated. No such controls ex-
ist for tobacco. Although the U.S. Environmental Protection Agency (EPA) regulates and approves the pesticides that can be ap-
plied to tobacco based on worker safety, environmental quality, and crop protection, it does not set allowable levels for pesticides 
in finished tobacco products. For some time, the U.S. Department of Agriculture (USDA) has analyzed pesticides in tobacco for 
non-EPA approved pesticides on both imported and domestic products, and recently it has also began including pesticides that are 
EPA-approved for application to the tobacco plant. In spite of this additional monitoring, the lack of set regulatory limits creates the 
potential for high levels of pesticide residues to remain on final tobacco products. A few countries that import U.S. tobacco products 
do have regulations on maximum residue levels of pesticides in either cigarettes or the tobacco leaf itself [2].

Food Safety Applications

Evaluation of Dispersive and Cartridge 
Solid Phase Extraction (SPE) Cleanups for 

Multiresidue Pesticides in QuEChERS Extracts 
of Finished Tobacco Using GCxGC-TOFMS

By Michelle Misselwitz, Jack Cochran, and Julie Kowalski

   www.restek.comInnovative Chromatography Products
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Abstract
This Application Note demonstrates the use of the Agilent 1200 Infi nity Series 
Online SPE Solution coupled to an Agilent 6460 Triple Quadrupole Mass 
Spectrometer System for the determination of basic and acidic pesticides and 
herbicides in positive and negative MS ionization modes at sub parts per trillion 
(ppt) levels in drinking water. The method is described in detail to provide a 
starting point for the analysis of basic and acidic pesticides and herbicides, which 
can be set up and verifi ed with an available Agilent LC/MS Pesticide Application 
Kit. In addition, the system performance is demonstrated by linearity, limit of 
quantifi cation (LOQ), limit of detection (LOD), relative standard deviation (RSD) of 
retention time, and area RSD, as well as recoveries.

Detection of Basic and Acidic 
Pesticides and Herbicides at Trace 
Levels by Online SPE LC/MS in 
Drinking Water

Application Note
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Applications for UHPLC 
Merck Millipore
Fast and ultra-fast separations have become particularly important due to the need for high sample throughput and 
higher productivity in daily lab work. Using UHPLC methods with short columns, narrow inner diameters and small 
particles sizes, it is possible to speed up analyses up to ten-fold. Included here is a series of guidelines for appllications in 
high-throughput separations using Chromolith® columns.

Ultra-Sensitive Analysis of Aldosterone in Serum Using the AB SCIEX Triple Quad™ 6500 LC/MS/MS System
AB Sciex
LC-MS/MS has become an important tool for the measurement of steroid hormones in clinical research studies. 
In the work presented here we have employed the new, ultra-sensitive AB SCIEX Triple Quad™ 6500 tandem mass 
spectrometer to improve the limit of quantitation (LOQ) for aldosterone in human serum, compared to current 
methods employing existing LC/MS/MS technology.

Improving Productivity and Reducing Costs by Off-line Sorbent Tube Conditioning
Markes International
Rigorous conditioning of sorbent tubes is an essential part of any sampling and analysis protocol. This Application 
Note will explore the cost savings and productivity enhancements that can be made by off-line conditioning with 
Markes’  TC-20 multi-tube conditioner, rather than on-line with the thermal desorber itself.

Qualitative and Quantitative Analysis of ß-carotene Using UPC2 
Waters
Carotenoids are natural pigments synthesized by plants and some microorganisms. For animals and humans, 
carotenoids play an important part in vision. In this application note fast separations of three common carotenoids 
are described by UPC2 in less than 2 minutes. 

FEATURED APPLICATIONS

Summary
Rigorous conditioning of sorbent tubes is an essential part of
any sampling and analysis protocol. This Application Note will
explore the cost savings and productivity enhancements that
can be made by off-line conditioning with Markes’ TC-20
multi-tube conditioner, rather than on-line with the thermal
desorber itself. In particular, we will focus on the revenue
resulting from running more analytical samples, the
cost-effectiveness of increasing sample capacity by this
approach, and the benefits that stem from using nitrogen
rather than helium. 

Introduction – The need for sorbent tube
conditioning
In any sampling campaign employing thermal desorption
tubes, it is vital that the sorbent bed is free from
contaminants before sampling commences, to avoid
complications during analysis and minimise the potential for
false-positive results.

There are a number of potential causes of such contamination
(covered in more detail in Application Note 006), but in the
vast majority of cases tube cleanliness can be assured by
rigorous conditioning whenever they are:

• Freshly packed with sorbent.
• Stored without being properly capped.
• Heavily contaminated during a sampling procedure.
• Required for trace-level monitoring.

Tubes should be conditioned for at least as long as their
standard desorption time, using clean carrier gas (e.g. grade
5.0 oxygen-free nitrogen or helium, and ideally with a
hydrocarbon filter in the gas line). Temperatures and gas flow

Application Note 109

Improving productivity and reducing costs by
off-line sorbent tube conditioning

Application

Markes International Ltd
T: +44 (0)1443 230935   F: +44 (0)1443 231531   E: enquiries@markes.com

www.markes.com

rates should be higher than those used in the analytical
method – conditions recommended for specific sorbents are
detailed in Application Note 005 and are provided with
shipments of pre-packed tubes from Markes. 

Many commercial thermal desorbers, such as UNITY™ and
TD-100™, offer a dedicated tube conditioning mode. Whilst
this is a useful feature, it can take up valuable analytical
instrument capacity – especially because only one tube can
be conditioned at a time. This Application Note will explore the
cost savings and increased productivity that can result by
instead employing a dedicated TC-20 multi-tube conditioner.

Background to the TC-20

The TC-20™ is a stand-alone unit that can clean (or dry-purge)
up to 20 industry-standard sorbent tubes simultaneously. The
only requirements are power and a clean, high-purity gas
supply (typically nitrogen rather than the more expensive
helium).

The TC-20 operates by passing a uniform flow of gas through
each attached tube, at a rate that is independent of tube
impedance. The temperature and time required are selected
using the controls on the front of the instrument, and the flow
rate is set by adjusting the pressure of gas supplied.

Increased revenue through running more
analytical samples
Using the TC-20 is an excellent way to free up analytical
instrument time to run more samples, and thus increase
revenue. To illustrate this, imagine conditioning 20 tubes
using a typical 1-hour method1 – a process that would take
more than 20 hours on a thermal desorber. Conditioning
these tubes on a TC-20 instead would free up 20 hours to run
more samples.†

More generally, whatever proportion of time your analytical
instrument(s) are used for conditioning, this is the time that
will be released to run analytical samples. Imagine using
those extra 20 hours of instrument time to run samples using
a 40-minute GC run. Up to 30 additional runs could be
completed in this time, resulting in $3000 additional revenue,
at $100 per sample. 

Released: July 2014

† It is also worth noting that the speeding-up of the conditioning
process, as well as improving turn-around times on re-conditioning,
would mean that laboratories with large inventories of tubes may be
able to reduce the number of tubes in service.
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Ultra-Sensitive Analysis of Aldosterone in Serum Using the 
AB SCIEX Triple Quad™ 6500 LC/MS/MS System 
AB SCIEX Triple Quad™ 6500 LC/MS/MS System, with IonDrive™ Technology 

Michael Jarvis 
AB SCIEX, Concord, Ontario, Canada 
 
Introduction 
LC-MS/MS has become an important tool for the measurement 
of steroid hormones in clinical research studies. Historically, 
these analytes have been measured using GC-MS or 
immunoassays. However it is generally accepted that the 
measurement of steroids by immunoassay suffers from a lack of 
specificity due to cross-reactivity, resulting in overestimation of 
serum concentrations for these analytes. Furthermore, 
immunoassay measurements tend to exhibit high variability at 
low concentrations that can provide erroneous and misleading 
results. GC-MS methods for steroids analysis usually require 
extraction and purification steps, as well as derivatization prior to 
analysis, which is less convenient and more time-consuming. 

The trend is to move towards LC-MS/MS for the analysis of 
steroid hormones due to its many advantages, including 
sensitivity, selectivity, and ease of sample preparation. 
Nevertheless, the measurement of aldosterone in serum by  
LC-MS/MS poses analytical challenges owing to the low 
concentrations of this compound, interferences caused by 
endogenous steroids, and the relatively poor intrinsic ionization 
efficiency of this compound. In the work presented here we have 

The AB SCIEX Triple Quad™ 6500 LC/MS/MS system. 

 
The AB SCIEX Triple Quad™ 6500 tandem mass spectrometer, 
featuring IonDrive™ technology, delivers ultra-sensitive detection 
enabling the quantitation of trace levels of steroid hormones in 
biological fluids. 

 

Figure 1. Representative chromatogram for the LC-MS/MS analysis of aldosterone (14 pg/mL) in a human serum sample. 

 

 

14 pg/mL Aldosterone
in human serum

S/N = 108
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UPCOMING
Application of LC-QTOF in the Routine Screening Analysis of Veterinary Drugs and 
Evaluation of LC-QTOF Data
Click here >>

ON-DEMAND
Fast LC Finesse: Maximizing Resolution Using Selectivity
Click here >>

An Introduction to Chromatographic ICP-MS analysis and its Applications to The 
Analysis of Environmental Waters
Click here >>

Solutions for Mass Spectrometry — Tips & Tricks and Applications
Click here >>

Tips and Tricks – Getting the Best out of your GC System
Click here >>

Environmental Profiling for the Detection and Identification of Emerging Contaminants 
in the Environment
Click here >>

Classification of Chamomile Flowers, Essential Oils and Commercial Products Utilizing 
Chemometrics and the Agilent GC/MSD
Click here >>

Solid Phase Extraction: Fundamentals and Recent Developments
Click here >>

A New Dimension in Benchtop GC-MS
Click here >>

Discover the Potential of Label-free High Performance Capillary Electrophoresis 
through a Process Analytical Technology Case Study - A Revolution in CE Technology
Click here >>
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http://www.sepscience.com/Information/Events/Webinars/3098-/Fast-LC-Finesse-Maximizing-Resolution-Using-Selectivity
http://www.sepscience.com/Information/Events/Webinars/3188-/Application-of-LC-QTOF-in-the-Routine-Screening-Analysis-of-Veterinary-Drugs-and-Evaluation-of-LC-QTOF-Data
http://www.sepscience.com/Information/Events/Webinars/3052-/Solutions-for-Mass-Spectrometry--Tips-amp-Tricks-and-Applications
http://www.sepscience.com/Information/Events/Webinars/3097-/An-Introduction-to-Chromatographic-ICP-MS-analysis-and-its-Applications-to-The-Analysis-of-Environmental-Waters
http://www.sepscience.com/Information/Events/Webinars/3033-/Tips-and-Tricks--Getting-the-Best-out-of-your-GC-System
http://www.sepscience.com/Information/Events/Webinars/2686-/Environmental-Profiling-for-the-Detection-and-Identification-of-Emerging-Contaminants-in-the-Environment
http://www.sepscience.com/Information/Events/Webinars/2685-/Classification-of-Chamomile-Flowers-Essential-Oils-and-Commercial-Products-Utilizing-Chemometrics-and-the-Agilent-GCMSD
http://www.sepscience.com/Information/Events/Webinars/2996-/Solid-Phase-Extraction-Fundamentals-and-Recent-Developments
http://www.sepscience.com/Information/Events/Webinars/2666-/A-New-Dimension-in-Benchtop-GC-MS
http://www.sepscience.com/Information/Events/Webinars/2953-/Discover-the-Potential-of-Label-free-High-Performance-Capillary-Electrophoresis-through-a-Process-Analytical-Technology-Case-Study---A-Revolution-in-CE-Technology

