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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. directinterfacing to most
“atmospheric pressure” mass
spectrometers;

4. softion generation, with amounts
of internal energy deposited
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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 APCl-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
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Figure 1: Different steps in a chromatographic
analysis.
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Table 1: Commercially available ambient MS
interfaces.

Desorption ElectroSpray lonization
(DESI)

Liquid Extraction Surface Analysis
(LESA)

Direct Analysis in Real Time (DART)

Atmospheric Solids Analysis Probe
(ASAP)

Laser Ablation ElectroSpray
lonization (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 (MS") 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
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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 (lllicium verum) are a frequently
used spice in Asian cuisine. In other
parts of the world teas are used. The
morphologically similar Japanese
star anise (/llicium 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

Perfect flavor and
perfectly safe?

Perfect taste and flavor will lend your
product wings. Ensuring that it is safe for
the consumer keeps it in the air. Safeguard
your product quality and acceptability with
our GC/MS and LC/MS solutions:

T M Flavors and Fragrances
o5 M Off-flavors
T M Allergens
v/ Pesticide Residues (QUECHERS)
M Contaminants, Mycotoxins

Extraction, SPE,
addition of standards

SPME, SBSE,
Thermal Extraction

i},' Dynamic Headspace
‘." (DHS), Headspace

M Migration from packaging
Olfactory Detection
Port (ODP) What can we do for you?
MAESTRO PrepAhead
productivitiy G&T |
G%grguzep ~

FAMEs with p-wave
digestion

GERSTEL

Agilent Technologies

——Premier Solution Partner

www.gerstelus.com www.gerstel.com



www.gerstelus.com
www.gerstel.com
www.gerstel.com

rleedle electrode electrode 1 insulator cap
1 ,- -;.-4 v/ e
asin glUW open
0y = = discharge € _- 4 sample gap
g 7
grounded electrode  gas heater electrode 2 spectrometer inlet

\

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
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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 3: Chemical structure of anisatin

region m/z 327.0-327.3 an additional
peak at m/z 327.072 with as most likely
elemental composition C, ,H, O,. 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+NH,]* at m/z 346.150
(C,;H,,NO,) 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

(C,;H,,0, MW =328). star anise sample by DART-HRMS as
toxic Japanese or beneficial Chinese
based on the toxin content. Retail teas

[ Figure4

ey 07072
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] 1F5 a B
- 327.07 Zon
ﬁ SE4 b
@ = 1E4
- 5 no anisatin peak

=

327.00 32710 m/z 327.20 327.30

3270 mfz  327.20 32130

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/z327.107 is anisatin [M—H]~ (C__H..0 ) [8].

1571978

separation science — volume 6 issue 4

WWV\/.SE‘DSC/(?HCE‘.COI’T?



i
Costy N
RE-

8F3
anisatin A

g

4

2

6E3

- E.;..wgmg:mg P

4E3

4

. A
346.20

34610 mfz 346.30

bE3

483
no anisatin peak

iz -

145
EEE )
CuHaly Cabuls
1257y (e

34610 m/z  346.20

v B A B B 5 B BB B W B oW @ @

346.00 346.30

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+NH I* (C_H

containing finely ground ingredients
could also be distinguished. However
in that case first a tea was prepared
and subsequently 2 uL 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.

5 Extractionless Analyses By Direct Analysis

NO,) [8].
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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

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 ug/kg <200 pg/kg
seconds (qualitative)

Speed of analysis several hours < 1 hour

(quantitative)

(quantitative)

Selectivity very high moderate - high

o , > 0.995 (with
Linearity calibration curve (R*) | 0.999 internal standard)
Reproducibility (intra-day/ 3.0/ 6.6% 20% / 40% (without
inter-day precision) R internal standard)
Robustness fair good

Final outcome
fruit

accurate anisatin
concentration in

approximate
anisatin
concentration in tea

Table 2: Comparison of HPLC-MS/MS [7] and DART-HRMS method [8] for star anise analysis.

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

separation science — volume 6 issue 4

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
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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).

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
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Figure 7: Right chronograms (scans) of NHS
(3, N-hydroxysuccinimide, top left) monolayer
on silicon nitride (Si3N p 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/z114.0184 [M—H]-; bottom right: EIC of
m/z 229.0460 [2M—H]~ (M = NHS).

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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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 (TICand 6 EIC traces).
Top left: structures of released amines 7, 8 and 9. Bottom left: structure of mixed monolayer on
silicon nitride (Si,N,) where R corresponds with fluoro, chloro and bromobenzyl (= 7, 8 and 9 minus

the NH, group) respectively.

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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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].

8 Impact of GC parameters on the Separation - Part 2

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

separation science — volume 6 issue 4

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

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

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 1.2-16 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

9 Impact of GC parameters on the Separation - Part 2

Figure 2: Most popular fused silica column ID used: 0.15mm, 0.25mm, 0.32mm and 0.53mm.

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

separation science — volume 6 issue 4

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 fora 15 m
column for different carrier gases,

all set at the same linear velocity. As
with flow, the pressure increases

WWW.sepscience.com




Table 2: Internal diameter and length needed Table 3: Inlet pressures needed for setting a 30 cm/s velocity using 15 m long

to produce 100.000 theoretical plates. capillary; values are for 40 °C, atmospheric outlet.

ID Length for N =100.000 ID Pressure needed for U= 30cm/s

[mm] [m] [mm] [kPa]
0.10 10 Nitrogen Helium Hydrogen
0.15 15 0.10 306 331 155
0.18 18 0.15 127 137 66
0.25 25 0.18 87 94 46
0.32 32 0.25 44 48 24
0.53 53 0.32 27 29 14

0.53 10 10 5

[ Figure3
0.53 mm ID ot

_.
(=
l

HETP (mm)
o
[es]
|

0.32 mmID
06 —
— 0.25 mmID
04 —
0.2 —

_ ' .

0 20 40 60 80

Linear gas velocity (cm/s)

\

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

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

quadratically with smaller diameter. the needle when injection is done Speed of analysis, optimal gas Figure 3 shows the van Deemter

A 0.25 mm needs roughly 4x higher  through the septum. velocity curve for 0.25,0.32 and 0.53 mm ID
pressure for the same linear velocity On the positive side, a higher pressure  As already could be derived from columns. For smaller diameter the
then a 0.53 mm. When pressures will limit the expansion of sample inthe  Table 1, if smaller diameter columns optimum velocity will be even higher.
become very high, there will be a liner, allowing larger injection volumes  are used, the optimum average Besides that a shorter column can
challenge for increased leaks along with a smaller risk of back-flash. carrier gas velocity will increase. be used, it can also be operated at

10 Impact of GC parameters on the Separation - Part 2 separation science — volume 6 issue 4 www.sepscience.com




13+ 1 4 16 1 methanol
1 0 2 acetonitrile
7 8
7 3 dichloromethane
4 trans-1,2-dichloroethylene
5 Cis-1,2-dichloroethylene
7 B Tetrahydrofuran
7 Cyclohexane
1 8 Methylcyclohexane
- 9 1 4-dioxane
6 10 Toluene
1 2 11 Chlorobenzene
B 1 5 12 Ethylbenzene
4 5 1 1 13 M-xylene
2 14  P-xylene
9 15 QO-xylene
B M 16 DMSO
L A L L
T T T T T T

30m x 0.25mm Rxi-58il MS, 28 mi
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df = 0.15 um min
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Figure 5: USP residual solvents; Column: 10 m x 0.1 mm Rxi-624Sil MS df = 1.0 pm
Oven: 40 °C, T min = >24°C, 30 °C/min; Carrier:H,, 220 kPa, 45 cm/s; Injection: Split, 1: 40;

Detection: FID.

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 ata 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 0.1Tmm capillaries are mainly

11 Impact of GC parameters on the Separation - Part 2

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.

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
usinga 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

separation science — volume 6 issue 4

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

ref. 8).

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 fora 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 asa 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

12 Impact of GC parameters on the Separation - Part 2

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.

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. A30 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

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

Www.sepsc/ence.com
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Figure 9: High temperature analysis of hydrocarbons using 0.53 mm ID columns operated under

high flow. Details see ref. 9.

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 um 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
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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.

separation science — volume 6 issue 4
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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

Click to automated extraction and clean-up procedure with introduction to the LC/MS/
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MS, in order to provide high throughput analysis of common pain management

drugs.

Extraction of Low Level Testosterone and Androstenedione From Human
=1 Serum Samples Using ISOLUTE® SLE+
= i Biotage
= This application note describes the extraction of testosterone and
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requestcopy  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
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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.

Click to
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—— | particles sizes, it is possible to speed up analyses up to ten-fold. Included here is a series of guidelines for appllications in
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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
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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.
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