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Using Guard Columns and
Retention Gaps in GC (Part 1)

Jaap de Zeeuw, International GC Consumables Specialist, Restek Corporation

Guard columns and retention gaps are used widely in gas chromatography
(GC). Many users have difficulty understanding the difference between
these two products, even though there is a significant difference in appli-
cation. Retention gaps mainly are used for focusing the sample components
when introducing a large (liquid) sample directly onto the column. Guard
columns are used to protect the analytical column from contamination.
When using a retention gap system, the retention gap will also act as a guard column, but its
primary function is to create a focusing effect.

Guard columns and retention gaps both must be coupled to the analytical column, and this
connection introduces a potential point of risk. A new approach is to integrate the retention
gap directly into the analytical column. By applying a “segment” coating technology, the sta-
tionary phase can be deposited in a certain part of the column allowing a deactivated section
at the beginning. Column coupling is not required, and maintenance is greatly simplified.
In Part 1 of this article, we will explore retention gaps and build a foundation for a compar-
ison to guard columns. In Part 2, we will review guard columns and discuss the new segment
coating technology.

Use of retention gaps

In today’s laboratory, GC methods must be simple, fast, and low detection limits are
required. Besides that, sufficient precision must also be obtained. It all starts by introducing
the sample in the smallest possible injection band and making the band migrate through the
capillary with minimal loss of the target components. With on-column injection, a liquid
sample is directly introduced into the capillary column as a liquid while the capillary column
is kept at a temperature 10-15°C below the boiling point of the solvent. During this process,
the sample components are spread in an unreproducible way over the first 20-100cm of cap-
illary while the solvent is evaporating. Parameters like injection speed, carrier gas flow, tem-
perature of solvent and column, type of solvent and pressure all will affect the injection band
width. Additionally, when nonbonded stationary phases are used, the direct contact with liquids
will result in a distortion of the stationary phase film and very short column lifetime. The
majority of today’s stationary phases, like the Rtx® and Rxi® phases, are immobilized by
cross- and surface bonding techniques.

For proper application of the on-column injection technique, the use of retention gaps is
essential.”” The retention gap consists of a 1-3m length of deactivated capillary that is posi-
tioned in front of the analytical column. All the processes described will still take place, but
now the components are distributed over the retention gap. When the oven temperature is

Continued on page 23.

Figure 1 Retention gaps are used to focus components in a tight band at the
beginning of the analytical column

ey = a) Sample introduction: liquid film of
solvent and sample are deposited in
SV the first length of capillary.

b) Oven temperature is increased
(temp. program run): solvent and target
—— compounds are vaporized and travel
T ) unretained through retention gap.

c) When target compunds come in contact
- . with the stationary phase, they are refo-

cused on the analytical column, resulting
in a narrow initial band width.



Environmental

Fast Accurate

Semivolatiles Analysis!
Using Rxi®-5Sil MS GC Columns

By Robert Freeman, Environmental Innovations Chemist

« Ultra-low bleed column saves you time and money with faster baseline stabilization.
« Highly inert for more accurate low-level analysis of active compounds.
+ Guaranteed column-to-column reproducibility.

Semivolatiles methods, such as EPA Method 8270, place stringent demands on the analytical system,
especially the GC column. 5% diphenyl/95% dimethyl polysiloxane (“5” phase) columns often are used
for this GC/MS test method; however, silarylene columns generally perform better with the sensitivity of
mass spectrometers. Silarylene phases are lower bleed and produce improved peak efficiencies for diffi-
cult compounds while maintaining selectivity that is similar to a conventional “5” phase column. Restek
recently improved its silarylene column (Rtx®-5Sil MS) using Rxi® technology. The result is the new
Rxi®-5Sil MS column, a more inert, low-bleed column with improved peak shape and resolution for the
active compounds found in semivolatiles analysis. Continued on page 4.
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Fast, Accurate Semivolatiles Analysis Continued from page 3.

Rxi®-5S8il MS columns are ideal for the analysis of semivolatile analytes such as those found in EPA Method 8270. Low bleed profiles
assure accurate quantification of late eluting compounds, such as polycyclic (polynuclear) aromatic hydrocarbons (PAHs), includ-
ing the challenging separation of benzo(b)fluoranthene and benzo(k)fluoranthene (Figures 1 and 2). The inertness of the Rxi®-5Sil
MS column is demonstrated through the peak shapes and responses of active analytes, such as pyridine (basic) and 2,4-dinitrophe-
nol (acidic), at low levels. Peak symmetry is good and analyte responses exceed method requirements even at single ng on-column
levels (Figure 3). Chromatography, and thus quantification, of many active semivolatile compounds is improved by the inertness of

Rxi®-5Sil MS columns.

The Rxi®-5Sil MS columns most commonly used for semivolatiles analysis are the 30m x 0.25mm ID columns with either 0.25um
or 0.5pm film thicknesses. These dimensions generally offer the best balance of sample capacity, analysis time, and column lifetime.
However, if sample throughput is paramount, shorter narrow bore columns, such as the 20m x 0.18mm ID with either 0.18um or
0.36pm film thicknesses, are preferred. Due to increased peak efficiencies, temperature programs can be accelerated without com-
promising key separations. Regardless of which dimension you choose, the new Rxi®-55il MS columns are ideal for analyzing semi-
volatile compounds.

Figure 1 Separate difficult PAHs easily using a 30m x 0.25mm ID x 0.25um Rxi®-5Sil MS column.
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2,3,5,6-tetrachlorophenol
2,3,4,6-tetrachlorophenol
diethyl phthalate
4-chlorophenyl phenyl ether
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4,6-dinitro-2-methylphenol
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GC_EV00943

Column: Rxi®-5Sil MS, 30m, 0.25mm ID, 0.25um (cat.# 13623)

Sample: US EPA Method 8270D Mix, 1uL of 10ug/mL (IS 40ug/mL), 8270 MegaMix® (cat.# 31850), Benzoic Acid (cat.# 31879), 8270 Benzidines Mix
(cat.# 31852), Acid Surrogate Mix (4/89 SOW) (cat.# 31025), Revised B/N Surrogate Mix (cat.# 31887), 1,4-Dioxane (cat.# 31853), SV Internal Standard
Mix (cat.# 31206); Inj.: 1.0uL (10ng on-column concentration), 4mm Drilled Uniliner® (hole near bottom) inlet liner (cat.# 20756), pulsed splitless: pulse
25psi @ 0.2 min., 60mL/min. @ 0.15 min.; Inj. temp.: 250°C; Carrier gas: helium, constant flow; Flow rate: 1.2mL/min.; Oven temp.: 40°C (hold 1.0 min.)
to 280°C @ 25°C/min. to 320°C @ 5°C/min. (hold 1 min.); Det.: MS; Transfer line temp: 280°C; Scan range: 35-550amu; Ionization: EI; Mode: scan
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Figure 2 Semivolatile compounds resolved on a 20m x 0.18mm ID x 0.18um Rxi®-5Sil MS column.

Column: Rxi®-5Sil MS, 20m, 0.18mm ID,
0.18um (cat.# 43602)

Sample: US EPA Method 8270D Mix, 1uL of
10ug/mL (IS 40ug/mL)

8270 MegaMix® (cat.# 31850)

Benzoic Acid (cat.# 31879)

8270 Benzidines Mix (cat.# 31852)

Acid Surrogate Mix (4/89 SOW) (cat.# 31025)
Revised B/N Surrogate Mix (cat.# 31887)
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Inj.: .OuL (10ng on-column concentration),
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See figure 1 for compound list.

Figure 3 Excellent peak symmetry and
response at 1ng on-column.

2,4-dinitrophenol

RF = 0.054

See figure 2 for conditions.
712 716 7.20 7.24 728 732 7.36
GC_EV00950

4.00 5.00

GC_EV00945

Rxi®-5Sil MS Columns (fused silica)

(Crossbond®, selectivity close to 5% diphenyl/95% dimethyl polysiloxane)

D df (um) temp. limits length cat. #
0.18mm 0.18 -60 to 330/350°C 20-Meter 43602
0.18mm 0.36 -60 to 330/350°C 20-Meter 43604
0.25mm 0.25 -60 to 330/350°C 30-Meter 13623
0.25mm 0.50 -60 to 330/350°C 30-Meter 13638

8270 MegaMix® (76 components)
1,000ug/mL each in methylene chloride, ImL/ampul*
cat. # 31850

*3-methylphenol and 4-methylphenol concentration is 500ug/mL.
For a complete list of components, visit us at www.restek.com/standards

Direct Injection Liners for Agilent GCs

ID* x OD & Length (mm) qty. cat.#

Drilled Uniliner® (hole near bottom)
40IDx 630D x 785 ea. 20756
5-pk. 20771

o5 e www.restek.com
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Complete Resolution of Benzene from

Ethanol in Spark Ignition Fuels
Using a Modified ASTM D3606-06e1 Method and the New D3606 Column Set

By Barry L. Burger, Petroleum Innovations Chemist

- Easy, accurate quantification of aromatics.

« Fully conditioned column set—ready to use out of the box.

« Each column set is tested for method applicability and includes chromatogram.

Laboratories analyzing reformulated spark igni-
tion fuels that contain ethanol for the determina-
tion of benzene and toluene must use a modified
ASTM D3606-06el method to prevent the coelu-
tion of ethanol and benzene. This method modifi-
cation is also a requirement of the US EPA. The
benzene range of determination is 0.1 to 5% by
volume, and the toluene range is 2 to 20% by vol-
ume. The primary challenge in this analysis is
twofold: the tailing of the ethanol peak, and the
retention time shift of the aromatics towards
ethanol, specifically benzene merging quickly into
the ethanol peak and preventing accurate quantifi-
cation.

Restek has resolved these issues by developing a
new D3606 column set for this modified ASTM
D3606-06el application. Column 1isa 6'x'/s" OD
(1.8m x 2mm ID) nonpolar Rtx®-1 phase which
separates components by boiling point. After the
elution of n-octane (C8), Column 1 is backflushed
to prevent heavier compounds from entering
Column 2, the main analytical column. The light
compounds pass into Column 2, a 16' x '/s" OD
(4.9m x 2mm ID) column packed with a new pro-
prietary polymer that fully resolves the aromatic
compounds.

To demonstrate the performance of this new col-
umn set, we installed it in an Agilent 6890 GC
equipped with a flame ionization detector (FID).
Helium was used as the carrier gas at 20mL/min.
in the constant flow mode. The data in Figure 1
show that the aromatic compounds are fully
resolved, and can easily be quantified using the
internal standard, sec-butanol.

This column set is fully conditioned and ready to
use right out of the box. Only a brief (10 min.) car-
rier gas purge at ambient temperature, followed by
a 30 min. hold at 165°C, is required. If your labo-
ratory has been struggling with ASTM method
D3606-06el for reformulated fuels containing
ethanol, Restek’s new column set is the solution.

Figure 1 Complete resolution of benzene from ethanol using a
D3606 column set and modified ASTM D3606-06e1 method.

1.C7
2. ethanol 1 Excellent
3. benzene H
resolution
4. sec-butanol (IS)
5. toluene of benzene
and ethanol! 4
3
2
T T T T T T T — T
0 2 4 6 . 8 |10 12 14 16 min.
GC_PC00961
Column: D3606 Column Set
column 1: 6' x /s" OD (1.8m x 2mm ID), nonpolar Rtx®-1 polymer
column 2: 16' x */¢" OD (4.9m x 2mm ID), proprietary packing
Sample: 0.05ug/uL; C7 (26%), ethanol (10%6) benzene(10%), sec-butanol (26%),
toluene (26%)
Inj.: 0.05uL, direct injection
Inj. temp.: 200°C
Carrier gas: helium, constant flow
Flow rate: 20mL/min.
Oven temp.: 135°C, isothermal
Det.: FID @ 250°C

D3606 Application Column (2 column set) new!

Description
D3606 Application

Column (2 column set)**

Column 1: 6' (1.8m), /5" OD, 2.0mm ID, nonpolar Rtx®-1
Column 2: 16' (4.9m), */s" OD, 2.0mm ID, proprietary packing material

cat.#*

83606-

*Please add column instrument configuration suffix number to cat.# when ordering.
**This column set is for a valving system; therefore, packing material is filled to ends of columns.

General =. ___ Varian 3700, Agilent
Configuration Vista Series, 5880, 5890,
Suffix -800 FID: 5987_, 6890:
S Suffix -820 Suffix -810
. PE Auto System Note: Initial 2" of column will be
g/ EE%%OE%O 61|/2,, 8300, 8400, 8700  empty, to accommodate a needle.
| Suffix -ééO (Not On-Column):  For a completely filled column (not
| Suffix -840 on-column), add suffix -901.
°eH e www.restek.com



Rapid Characterization of Garlic Volatiles i

No Sample Prep Required! -
Using Headspace GC/MS and an Rxi®-5ms Capillary Column N\ i
By Julie Kowalski, Innovations Chemist; Michelle Long, Innovations Chemist; r*

Jason Thomas, Innovations Chemist; and William Goodman*, GC/MS Applications Specialist 7

oy @

« No sample preparation! Eliminate complicated steps required by other methods.

- Rapid screening of garlic-specific flavor and odor compounds.

~ A
« Speedy determination of volatiles profile. \ \ -
Garlic, Allium sativaum (L.), has a rich history in | Figure 1 Rapid screening of garlic volatiles—analyze samples in
cooking and medicinal use. Recently, garlic supple- | less than 11 minutes! (Total ion chromatogram)
ments have gained popularity for boosting immune 4
and cardiovascular health. Chromatographic A. Fresh Garlic
methoc.is for garlic are used bY.the dietary supple- 1. allyl methuisutfide No sam.ple
ments industry to detect volatiles, such as sulfide 2. 3,3thiobis-1-propene extraction
degradents, that may affect the acceptability of 3. allyl mercaptan required!

4. diallyl disulphide
supplements to the consumer. The headspace gas

chromatography mass spectrometry (HS GC/MS)
method for garlic and garlic powder shown here
requires no sample preparation—making the
bench work simple and fast. Other methods involve
steam distillation, solid phase trapping solvent
exchange, headspace solid phase microextraction,
and simultaneous distillation and solvent extrac-
tion, which can be difficult and time-consuming.

This HS GC/MS analysis was done using a 30m x
0.25mm ID x 1.0um Rxi®-5ms column and a
PerkinElmer TurboMatrix 40 Trap Headspace
Sampler. Conditions used are shown in the figure 3
and were set to optimize the comparison. Several
sulfur components were identified including allyl
methylsulfide, 3,3'-thiobis-1-propene, allyl mer-
captan and diallyl disulfide. Diallyl disulfide
appeared to be the dominant component for both
garlic preparations. The fingerprint, or relative )
ratios, of the other components were distinct for 1

fresh garlic and powdered garlic (Figure 1). l I ) J d
Headspace GC/MS is an effective technique for 0L LOL 200501 ADETS0L el | 70180 e0L 100 o1 1201
rapid characterization of garlic and garlic powder 4

samples. The experimental set-up shown here is B. Garlic Powder
ideal for both screening and low-level trace analy-

sis. This method provides a fast assessment of gar-

lic quality and is applicable to the determination of

low-level sulfur containing compounds from

odorless supplements.

2
* PerkinElmer 1 ﬁ
3
— Y w
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Rxi®-5ms Column (fused silica) 55 75 s S 115
(Crosshond® 5% diphenyl/95% dimethyl polysiloxane) -

Column: Rxi®-5ms, 30m, 0.25mm ID, 1.0um (cat.# 13453) with a 5m, 0.32mm ID IP deactivated guard

i column (cat.# 10044); Sample: A. fresh garlic B. garlic powder
ID df (um) temp. "mltso length _ cat. # Inj.: split (10:1); Inj. temp.: 220°C; Flow rate: 1.5mL/min.; Oven temp.: 35°C (hold 1 min.) to 220°C @
0.25mm_1.00 -60 to 330/350°C__ 30-Meter 13453 15°C/min. to 300°C @ 45°C/min.; Det: MS; Scan range: 35-350amu; Tonization: ET; Mode: scan

Headspace Conditions

Instrument: PerkinElmer TurboMatrix 40 Trap Headspace Sampler; Column pressure:15psi (103kPa);
Inj. pressure: 30psi (207kPa); Thermostat time: 15 min.; Vial pressurize time: 1 min.; Withdraw time:
0.2 min.; Injection time: 0.02 min.; Oven temp.: 80°C; Needle temp.: 90°C; Transfer temp.: 110°C

o7 e www.restek.com



Simplify and Speed Up Opiates Analysis

Using LC/MS/MS & an Allure® PFP Propyl HPLC Column

By Kristi Sellers, Innovations Chemist

« 7-minute analysis time, for increased
sample throughput.

Faster sample prep—no derivatization
required.

- Separate compounds with similar mass
spectra.

Opiates are one of the primary drug classes tested
in clinical and forensic laboratories, and most con-
firmation methods use GC/MS. These methods
require derivatization of the target compounds,
which significantly lengthens sample preparation
time. Here we present an alternative confirmation
method, using LC/MS/MS, which can increase
sample throughput by eliminating derivatization
and shortening analysis time. This procedure also
provides accurate confirmation and quantification
of compounds that have similar mass spectra, by
using an Allure® PFP Propyl column to chromato-
graphically separate compounds that share product
ions, allowing positive identification based on
retention time.

In developing this LC/MS/MS method for the
analysis of opiates, our goals were to obtain baseline
resolution of compounds having similar mass
spectra while providing an analysis time of less
than 10 minutes. To accomplish this, mass spec-
trometer conditions, column selection, mobile
phase, and gradient profiling were evaluated and
optimized. Several different stationary phases ini-
tially were evaluated including an aqueous C18, a
biphenyl, a propyl cyano, and a pentaflurophenyl
propyl stationary phase. Consistent column dimen-
sions and base silica (50mm, 2.1mm ID, 5um par-
ticle size, and 60A pore size) were used for all phases;
mobile phase conditions were optimized for each
stationary phase. Mobile phases tested included:
0.1% formic acid in water, 0.1% formic acid in
acetonitrile, and 0.1% formic acid in methanol in
various combinations. A variety of gradient profiles
also were evaluated.

Table I +MRM Transitions for Opiates.

Mass Spectrometer Experiments:

Declustering Collision
Compound QL Q3  Potential (V)  Energy (V)
morphine 286 152 46 79
morphine 286 165 46 51
hydromorphone 286 185 46 41
hydromorphone 286 157 46 55
oxymorphone 302 227 36 37
oxymorphone 302 198 36 55
codeine 300 152 46 85
codeine 300 115 46 89
hydrocodone 300 199 46 39
hydrocodone 300 128 46 69
oxycodone 316 240 31 39
oxycodone 316 256 31 33
6-monoacetylmorphine 328 211 51 55
6-monoacetylmorphine 328 193 51 35

Figure 1 Codeine and hydrocodone share product ions and must
be separated chromatographically.

299.8
A. Codeine
152.2
521974 1436 1654 200 555

580 1028 1392/ he1of 181 w0 2952 2408
O 774 912 [
I' il 1 '|I L ||L| 1 . I Jl | . :
60 80 100 120 140 160 180 200 220 240 260 280 300

m/z, amu LC_PH0457
B. Hydrocodone 3000

199.2
128.0
152.4 183.2
141.2 171.2
554 150 hasel 1652 850 | 232 230
I 77.2 88.495.0 h 1972 i
. l' “ i rI - | LU I’ . 1l . . 1 .
60 80 100 120 140 160 180 200 220 240 260 280 300

m/z, amu LC_PH0458

For conditions see Figure 2.
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Figure 2 Fully resolve opiates with shared product ions on (morphine/hydromorphone and codeine/hydrocodone

an Allure® PFP Propyl column.

3

Compound Mass Sample: opiates
1. morphine 286* Inj.: 10uL
2. oxymorphone 302 Conc.: 25ug/mL Full ion scan
3. hydromorphone 286* Solvent: methanol
4. codeine 300%*
5. 6-monoacetylmorphine 328 Colump. Allure® PFP Propyl 7
6. oxycodone 316 C?t'#' ’ 91669552
7. hydrocodone 300%* Dimensions: 50mm x 2.1mm
’ Particle size: ~ 5um
Pore size: 60A 4
Multiple reaction
monitoring (+MRM) 7
transitions in Table | Conditions: .
Mobile phase: A: 0.1% formic acid in water 9
B: 0.19% formic acid in 80:20,
methanol:acetonitrile
2 Time: %B
0.0 10 1
3.00 50
6.00 50 6
6.10 10
8.10 Stop pumps
6 Flow: 0.40mL/min.
Temp.: 30°C
Det.: Applied Biosystems/MDS
Sciex API 3200™ MS/MS system
Ton source: Electrospray, positive
TonSpray voltage: 5500
Gas 1: 65psi (448kPa) 5
Gas 2: 45psi (310kPa)
Source temp.: 600°C
* and ** indicate compounds with shared productions.

LC_PH0454

7 min.

After mass spectrometry conditions were optimized for each compound, the
resulting mass spectra were used to generate +MRM (multiple reaction mon-
itoring) methods. Since MS/MS was used, we were able to target two +MRM
transitions per compound to verify the identity of each compound. Table I
shows the +MRM transitions and the mass spectrometer conditions.
Standards contained morphine, hydromorphone, oxymorphone, codeine,
hydrocodone, oxycodone, and 6-monoacetylmorphine (6-MAM) in methanol.
The on-column concentration used for column evaluations was 250ng for all
compounds.

Although two +MRM transitions were targeted for each compound, some
compounds, such as codeine and hydrocodone, shared all monitored product
ions (Figure 1). Since these compounds have similar mass spectra, two peaks
appear in the extracted ion chromatograms. This made it necessary to separate
codeine and hydrocodone chromatographically and identify compound peaks
by retention time. Morphine and hydromorphone present the same challenge.
Of the stationary phases tested, pentafluorophenyl propyl phase (Allure® PFP
Propyl column) produced the best chromatographic separation and peak
shape. Baseline resolution of opiates that shared the same product ions was
achieved on an Allure® PFP Propyl column in a total analysis time of 7 min-
utes (Figure 2). Mobile phase gradient and composition had a significant effect
on peak shape and resolution (data not shown) and optimized analytical con-
ditions were used.

The Allure® PFP Propyl column, coupled with an LC/MS/MS, produced positive
identification of opiates while reducing sample preparation time and keeping
analysis time short. Use of the Allure® PFP Propyl column and the LC/MS/MS
method shown here can increase sample throughput and is recommended for
routine opiates analysis.

Acknowledgement

The authors wish to thank Applied Biosystems for supplying the Applied Biosystems/MDS Sciex
API 3200™ MS/MS system used for this work.
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Allure® PFP Propyl Columns (USP L43)
Excellent Columns for LC/MS and ELSD

particle size: 5pm, endcap: fully endcapped
spherical pH range: 2.5t0 7.5

pore size: 60A temperature limit: 80°C
carbon load: 17%

5um Column, 2.1mm cat. #

50mm 9169552

50mm (with Trident Inlet Fitting) 9169552-700

Guard Cartridges qty. cat. #

10 x 2.1mm 3-pk. 916950212

10 x 4.0mm 3-pk. 916950210

20 x 2.1mm 2-pk. 916950222

20 x 4.0mm 2-pk. 916950220

Exempted Drug of Abuse Reference

Materials: Opiates & Metabolites
Concentration is ug/mL. Volume is ImL/ampul.

Solvent
Compound CAS# Code Conc. cat.#
codeine 76-57-3 PTM 1,000 34000

hydrocodone 34195-34-1 PTM 1,000 34002
hydromorphone ~ 71-68-1 PTM 1,000 34063
morphine 6211-15-0 PTM 1,000 34006
oxycodone 124-90-3 PTM 1,000 34007
oxymorphone 76-41-5 PTM 1,000 34065

PTM=purge & trap grade methanol.

For a full product listing for these columns and reference
materials, visit our website at www.restek.com.
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Easy Transfer of HPLC Methods to UHPLC

Using Fully Scalable Pinnacle™ DB Columns

By Rick Lake, Pharmaceutical Innovations Chemist

« Methods on Pinnacle™ DB columns are easily transferred from 3 and 5um to 1.9um, allowing faster analysis without

losing separation quality.

« Pinnacle™ DB columns are 100% Restek manufactured-from base silica to final packed column.

« Restek offers the widest selection of stationary phases for UHPLC—more choices mean better selectivity for your

analytes.

Ultra High Pressure Liquid Chromatography
(UHPLCQ) is a rapidly growing technique that pro-
duces significantly faster analysis times compared
to conventional HPLC. While transferring HPLC
methods to UHPLC can increase sample through-
put, comparable method parameters must be used
to maintain equivalent separations. Here we
review which column properties and operating
conditions should remain consistent and which
need to be optimized in order to maintain selectivity.

In this example, we will perform a scale-down
method transfer for sulfonamides (Figure 1). For
optimal selectivity and faster analysis times, we
used a Pinnacle™ DB Biphenyl stationary phase
for this application (Figure 2). When performing a
scale-down procedure, column pore size, carbon
load, and support material must remain the same.
Changes to other parameters can be made using a
few simple calculations. Let’s go through them
sequentially.

Adjusting Column Size

The first calculation determines the appropriate
column length. Keeping the same column length
while decreasing the particle size increases the
number of theoretical plates. Therefore, column
length can be shortened without losing resolution.
By adjusting the column length properly, using
Equation 1, we can maintain the same separation.

Adjusting Injection Volume

Once we have determined the proper column
length, we can calculate injection volume.
Decreasing the column internal diameter and
length decreases the overall column volume and
sample capacity. Therefore, we must alter the
injection volume as described in Equation 2. Note
that since overall column volume has decreased, it
is important to match the sample solvent to the
starting mobile phase composition. Mismatched
sample solvents can cause irreproducible retention
times, efficiencies, and even changes in selectivity.

Adjusting Flow rate

Next, flow rate must be adjusted to maintain com-
parable linear velocity through a column with
smaller internal diameter. To maintain the same
linear velocity (which is important in maintaining

Figure 1 Chemical structures for example sulfonamides.

H2

Sulfadiazine

o
s7  N— o o N=R
H\N \\5’7 /Uh
<\ SN
N / H
|

Sulfamethoxazole
HaN

Figure 2 A 1.9um Pinnacle™ DB Biphenyl column is more selective
for sulfonamides than a conventional C18 column.

Peak List:

sulfadiazine
sulfathiazole
sulfamerazine
sulfamethazine
sulrfachlorpyridizine
sulfamethoxazole
sulfamethoxine

=

No vk wWND

Sample:
Inj.: 10uL
Conc.: 100ug/mL

Sample diluent: starting mobile phase (80:20 A:B)

7
A. Biphenyl Selectivity

J I

10 20 30 40 50 6.0 7.0 80 9.0
Time rmin) LC_PH0461
Column: A. Pinnacle™ DB Biphenyl
Cat.#: 9409565 B. C18 Selectivity
Dimensions:  150mm x 4.6mm
Particle size: ~ 5um
Pore size: 140A 7
12
Column: B. Conventional C18
Dimensions:  150mm x 4.6mm
Particle size:  5um
§
Conditions: 3 &
Mobile phase: A: 0.1% formic acid in water 4
B: 0.1% formic acid in acetonitrile
Time (min.) %B
0.0 20
1.0 20
6.0 80
8.0 80
Flow: 1.0mL/min.
Temp.: 30°C
Det.: UV @ 254nm
U L
10 20 10 40 50 60 70 a0 90
Time (mir) LC_PH0460
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Equation 1 Adjusted column length can
easily be calculated when scaling from
HPLC to UHPLC.

L., - dp:

L =

c2 d
P
RRMP [ s 130MMToum
€z 5um
L = 57mm L‘ = Column Length
c2 dp= particle size

Equation 2 Changing column dimensions
requires an adjusted injection volume.

2
dcz L] L c;}
Vlz = Vli 8-~ 2 )
dcn o L
Example: I 2,
V, = 10u - 2.1mm 50mm
12 | 46mm? « 150mm |
Vlz = 0‘69|J| V, = Injection Valume

L, - column Length
d{ = Column Diam eter

Equation 3 Changing column internal
diameter requires using an adjusted flow

rate. (d.) 2
c2
= "€ ] e
Fcl d F C1
L Yo
52
E le: 5
HAmple: — [ 21mm | o 1.0 mi/min
c? | 4.6mm |
Fc- Column Flow
2 = 0.208 ml/min d, = Column Diameter

Equation 4 When scaling down a gradient
method, the time program needs to be

adjusted. . s ff 1 (
Fal [de | | L |
t2=t,e . Ak
FC2 J L d c ) L L ¢l ‘
Example:

t . [1.0ml/min} ( 2.1mm? | [ 50mm )
g? = Smin.* . ‘
| 0.2ml/min | 46mm 2] | 150mm)
tgz = 1.7 min t, = Gradient Time
F = column Flow
LE = Column Length
dc -« Column Diameter

Pinnacle™ DB Biphenyl Columns (USP L11)

particle size:

1.9um, & 5pm, spherical
pore size: 1404

carbon load: 8%

endcap: yes
pH range: 2.5t0 7.5

1.9um Column, 2.1mm cat. #
50mm 9409252
5um Column, 4.6mm cat. #
150mm 9409565

For a full product listing, including guard cartridges for these
columns, visit our website at www.restek.com.

temperature limit: 80°C

Figure 3 Restek’s Pinnacle™ DB 1.9um colu
from HPLC to UHPLC and vice versa.

A. Pinnacle DB Biphenyl
1.9um, 50 x 2.Tmm

Scaling down
methods saves

B. Pinnacle DB Biphenyl
5pum, 150 x 4.6mm

mns can easily be scaled

6 5
analysis time! 6
‘2 4
2
1 : 1
3
08 10 12 14 16 18 20 22 24 26 28
LC_PH0462 u
1.0 20 30 40 5.0 6.0 7.0 8.0
Time (min) LC_PH0461
Peak List: Column: A. 1.9um Pinnacle™ DB Biphenyl
1. sulfadiazine Cat.#: 9409252
2. sulfathiazole Dimensions: ~ 50mm x 2.1mm
3. sulfamerazine Particle size: ~ 1.9um
4. sulfamethazine ) . ™ .
5. sulrfachlorpyridizine gglt”;‘_n' gl;gég%%de DB Bipheny!
6. sulfamethoxfazole Dimensions: ~ 150mm x 4.6mm
7. sulfamethoxine Particle size:  5um
Pore size: 140A
Sample: .
Inj.: 10uL Conditions:
conc.: 100ug/mL Mobile phase: ~ A: 0.1% formic acid in water
Sample diluent: starting mobile phase (80:20 A:B) B: 0.1% formic acid in acetonitrile
Time(min.) 9B
0.0 20
1.0 20
6.0 80
8.0 80
Flow: 1.0mL/min.
Temp.: 30°C
Det.: UV @ 254nm

efficiencies), flow rates must be decreased. Also, since smaller particle sizes
give rise to higher optimal linear velocities, isocratic flow rates should be cal-
culated with particle size taken into account. In this example, a gradient elu-

tion was used and, therefore, particle size was n
Equation 3 can be used to estimate the adjusted

ot included in the equation.
flow rate needed for equiva-

lent chromatography. Also, note that since <2um particle sizes are less affect-
ed by flow rate, faster flow rates can be used in isocratic systems without detri-

mental effects on peak efficiency.

Adjusting Time Program

After determining the proper column length, injection volume, and flow rate,
we can calculate the time needed for gradient or step elutions. As an analyti-
cal method is scaled down, the time program also needs to be scaled down to
keep the phase interactions the same. Time can be adjusted using Equation 4.

Conclusion
After determining the equivalent conditions for

scaling-down the analysis of

sulfonamides, we can see that the separations are equivalent, while the analy-
sis time was greatly reduced (Figure 3). By following the procedure described
here to ensure that the columns are equivalent, scaling analytical procedures
from HPLC to UHPLC can easily be accomplished using Pinnacle™ DB

columns.

o] o
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Complete Resolution of 13 Carbonyls as DNPH Derivatives
Using the New Allure® AK HPLC Column

By Randy Romesberg, HPLC Innovations Chemist, and Becky Wittrig, Ph.D, HPLC Product Marketing Manager

« Superior separation of difficult carbonyls—including butyraldehyde and methyl ethyl ketone—compared to

C18 columns.

« Allows the use of a simple water:acetonitrile mobile phase for easier preparation and waste disposal.

- Significantly faster run time than conventional C18 columns—Iess than 12 minutes.

Carbonyls are collected and measured from a vari-
ety of samples, including air, exhaust, and cigarette
smoke. For example, the California Air Resources
Board (CARB) was established in 1967 to address
many aspects of air pollution, including air quali-
ty problems caused by motor vehicles. CARB
Method 1004 is used by the automotive industry
to monitor a range of carbonyl compounds (e.g.,
aldehydes and ketones) in engine exhaust.

Sample collection cartridges impregnated with
2,4-dinitrophenylhydrazine (DNPH), or impingers
containing acidified DNPH, are used to sample air
or exhaust. After conversion to DNPH derivatives,
the carbonyl compounds are collected and analyzed
by HPLC. Since the DNPH derivatives absorb
strongly at 360nm, detection limits below 1ppm
are easily achievable. The original CARB method
uses two Cl18 columns in series for analysis,
although other columns can be used as long as they
provide an equivalent or better separation.

The new Allure® AK HPLC column was developed
specifically for the analysis of aldehydes and
ketones. With a single 200mm column, excellent
resolution of these compounds can be achieved in
less than 12 minutes (Figure 1). While C18 phases
often cannot separate butyraldehyde and methyl
ethyl ketone (MEK), the Allure® AK column shows
excellent resolution of this difficult pair. In addi-
tion, a simple mobile phase gradient of water:ace-
tonitrile can be used with the Allure® AK column,
while C18 phases require the addition of THF to
achieve acceptable resolution.

When analyzing aldehydes and ketones by HPLC,
such as the carbonyls specified in CARB method
1004, the new Allure® AK column will give you the
resolution and fast analysis times that you require.

CARB 1004 Aldehyde/Ketone-DNPH Calibration
Standard (13 components)
acetaldehyde-2,4-DNPH
acetone-2,4-DNPH
acrolein-2,4-DNPH
benzaldehyde-2,4-DNPH
n-butyraldehyde-2,4-DNPH
crotonaldehyde-2,4-DNPH
formaldehyde-2,4-DNPH

3ug/mL each in acetonitrile, ImL/ampul
cat. # 33093

hexaldehyde-2,4-DNPH
methacrolein-2,4-DNPH
methyl ethyl ketone-2,4-DNPH
propionaldehyde-2,4-DNPH
m-tolualdehyde-2,4-DNPH
valeraldehyde-2,4-DNPH

Figure 1 Excellent resolution of carbonyl compounds in less than
12 minutes, using the Allure® AK HPLC column and a simple
water:acetonitrile mobile phase gradient.

Ret. Time
Peak (min.) Sample:
DNPH derivatives of: Inj.: 10uL
1. formaldehyde 474 Conc.: 3ug/mL each analyte, as
2. acetaldehyde 5.78 . aldehyde/ketone
3. acrolein 6.86 Sample diluent: acetonitrile
4. acetone 709 Column: Allure® AK
>. propionaldehyde 731 Cat#: 9159525-700
6. crotonaldehyde 8.19 Dimensions: 200mm x 4.6mm
7. methacrolein 8.55 Particle size: 5um
8. butyraldehyde 8.79 Pore size: 60A
9. methyl ethyl ketone 9.06
10. benzaldehyde 10.03 Conditions:
11. valeraldehyde 10.39 Mobile phase:  A) water : B) acetonitrile
12. m-tolualdehyde 11.08 Time (min.)  %B
13. hexaldehyde 1136 0 60
8 70
10 100
Flow: 1.5mL/min.
Temp.: 30°C
1 Det.: UV @ 360nm

o

3.0 4.0 5.0 6.0 740 8.0 9.0 10.0 110

Time {min)
LC_EV0393

Allure® AK Columns

endcap: yes
pH range: 2.5t0 7.5
temperature limit: 80°C
cat. #
9159523-700
9159525-700

particle size: 5um
pore size: 60A

5um Column, 3.2mm, 200mm (with Trident Inlet Fitting)
5um Column, 4.6mm, 200mm (with Trident Inlet Fitting)

Guard Cartridge qty. cat. #
10 x 4.0mm 3-pk. 915950210
e 12 e www.restek.com
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For Agilent HPLC systems

.
f your systems.
26525 f « Designed and tested for Agilent HPLC system:s.
Capillary SS Tubing /
130mm x 0.17mm ID I;?

with fittings

Capillary Stainless Steel Tubing Assemblies for Agilent HPLC Systems

Description

Capillary SS Tubing, 130mm x 0.17mm ID, with fittings
Capillary SS Tubing, 800mm x 0.17mm ID, with fittings
Capillary SS Tubing, 180mm x 0.17mm ID, with fittings
Capillary SS Tubing, 700mm x 0.25mm ID, with fittings
Capillary SS Tubing, 700mm x 0.25mm ID, with fittings
Seat Capillary, SS Tubing, 0.17mm ID

Capillary SS Tubing, 105mm x 0.17mmID

Mixing Capillary Assembly

Capillary SS Tubing, Valve to Metering Head

Capillary SS Tubing, 150mm x 0.17mm ID

Capillary SS Tubing, 280mm x 0.17mm ID

Capillary SS Tubing, 400mm x 0.17mm ID

'/x" SS Fitting, Front and Back Ferrules

//,
A
/
L
s f,
26530 26527
Seat Capillary, SS Tubing Capillary SS Tubing
0.177mm ID 180mm x 0.177mm ID
with fittings
.
. \ /
¥ 4
f
26529 26532
Capillary SS Tubing Mixing Capillary
700mm x 0.25mm ID Assembly

with fittings

26533
Capillary SS Tubing
Valve to Metering Head

26537
/16" SS Fitting
Front and Back Ferrules

e 13 e

By Becky Wittrig, Ph.D, HPLC Product Marketing Manager

Similar to
Agilent part #

01090-87305
01078-87305
G1313-87305
01018-67305
01078-87306
01078-87303
5021-1816
G1312-67302
G1313-87301
5021-1817
5021-1818
5021-1819
5062-2418

qty.
ea.
ea.
ea.
ea.
ea.
ea.
ea.
ea.
ea.
ea.
ea.
ea.
10-pk.

« Precut, micropolished tubing and preseated fittings for quick, easy maintenance of

{ « Restek offers a full range of high-quality replacement parts for your HPLC systems.

cat.#
26525
26526
26527
26528
26529
26530
26531
26532
26533
26534
26535
26536
26537

Get More!

For more information on

HPLC Accessories,
visit us online at

www.restek.com/HPLC

www.restek.com



Sulfinert® Treated Systems Preserve
ppb Levels of Active Sulfur Compounds

By Gary Barone, Martin Higgins, David Smith (Restek Performance Coatings Division);
Shawn Rowan and Warren J. Gross (O’Brien Corporation); and Phil Harris (Harritec LLC.)

« Sulfinert® treatment prevents adsorption of sulfur compounds, ensuring representative sampling.
« Improved accuracy allows precise control of downstream processes, for better efficiency and profitability.

« Shorter cycles translate directly into increased sample throughput.

Many volatile sulfur compounds adsorb strongly to metal surfaces in sampling, storage, and transfer apparatuses. In addition to caus-
ing inaccurate values, adsorption can prolong analysis cycle times. To compare quantitative losses of active sulfur species, we sam-
pled, stored, and transferred low ppmv to low ppbv concentrations of active sulfur gases, using control (untreated) and Sulfinert®
treated system components.

Preventing Sulfur Compound Losses During Storage

Figure la depicts results from a comparison in which a gas containing 17ppbv of hydrogen sulfide was stored for 7 days in untreated
or in Sulfinert® treated stainless steel sample cylinders. The response ratio for hydrogen sulfide, relative to a stable reference material,
dimethyl sulfide, is steady at approximately 1:1 for at least 7 days in Sulfinert® treated cylinders. The data show a Sulfinert® treated
system will reliably store ppb levels of the active sulfur-containing compound during transport from the sampling site to the ana-
lytical laboratory. In contrast, hydrogen sulfide degraded rapidly in the untreated cylinder, and was lost totally within 24 hours. In a
similar study in which gas containing 18.8ppbv methyl mercaptan was stored for 60 hours in Sulfinert® treated sample cylinders,
recovery of the active sulfur compound was equally high relative to the stable reference material, dimethyl sulfide, as shown in Figure 1b.

Sample Transfer: Adsorption of Sulfur Compounds to Tubing

Comparison of Sulfinert® treated electropolished stainless steel tubing (TrueTube® EPS tubing, O’Brien Corporation, St. Louis,
MO), untreated electropolished stainless steel tubing (TrueTube® EP tubing, O’Brien Corporation), and raw commercial grade 316L
stainless steel tubing showed Sulfinert® treated electropolished tubing has the inertness necessary for quantitatively transferring low
ppmv to low ppbv concentrations of sulfur compounds.

To determine whether an active sulfur-containing compound in a gas stream would adsorb to active sites on the transfer tubing
surface, we monitored the length of time that elapsed before recovery values for a sulfur compound exiting a 100-foot (30.5-meter)
length of tubing were stable and accurate, using helium containing 0.500ppmv methyl mercaptan as the test material, at a flow rate
of 40cc/minute. Figure 2 shows Sulfinert® treated electropolished tubing did not adsorb methyl mercaptan to any measurable extent,
delivering a representative sample with no delay. When adsorption of sulfur-containing compounds is prolonged, desorption from
the surface also is slow. This “memory” of adsorbed compounds can cause long delays in re-equilibrating a sample pathway. In Figure 3,
Sulfinert® treated tubing shows the lowest retention of sulfur compounds, by several orders of magnitude. Samples can be evaluat-
ed,with accurate results and with no delay between them.

Figure 1 Sulfur compounds are stable in Sulfinert® treated cylinders, assuring a representative sample is delivered.

a) 17ppbv hydrogen sulfide in 500mL cylinders b) 18.8ppbv methyl mercaptan in 300mL cylinders

& 2 = 120
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ERE Ifinert” Treated Cyli E
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I o SIS S — | 8
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The authors thank Shell Research and Technology Centre, Amsterdam, for the data used in evaluating sulfur gas uptake and the memory effects of tubing substrates.
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Figure 2 Sulfinert® treated tubing (red) does not adsorb methyl
mercaptan (500ppbv), giving accurate results with no delay.
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Figure 3 Sulfur memory is prolonged in raw commercial grade
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° - -
1878 e 1879 197.9
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stainless steel tubing, increasing cycle time and reducing accuracy.

Sulfinert® Treated Alta-Robbins Sample Cylinder Valves
« All wetted parts are Sulfinert® treated for inertness.

Restek Performance Coatings

Conclusion

We obtained more accurate data, with no delay
between samples, by using Sulfinert® treated elec-
tropolished tubing in the sampling-storage-trans-
port system. In contrast, we obtained significantly
less accurate data, with delays of more than two
hours between samples, by using untreated tubing.
Improved accuracy and reliability of data for sul-
fur mean downstream processes can be more pre-
cisely controlled, with associated cost savings.
Shorter cycles translate directly into more samples
collected and analyzed in a given period of time.
Analysts charged with monitoring sulfur levels can
significantly improve efficiency and profitability
by using Sulfinert® treated tubing and compo-
nents.

Acknowledgement

The authors thank O’Brien Corporation for arranging the
research studies and supplying the electropolished tubing.
To learn more about O’Brien Corporation, visit
www.obrien-analytical.com.

This article is an analytical summary.
For the complete study, visit us at
www.restek.com or call 800-356-1688,
ext. 5 and request lit. cat.# 59082.

2

v
+ Compatible with Sulfinert® treated Swagelok® sample cylinders. 21400 =
+ Large, durable, Kel-F® seat ensures leak-free operation; temperature range: -40°C to 120°C. 2140
Description qty. cat.#
/4" NPT Exit ea. 21400
/4" Compression Exit ea. 21401 21402
!/4" NPT with Dip Tube* ea. 21402
'/4" NPT with 2850psi Rupture Disc ea. 21403
/4 NPT Male Inlet x */4" Female Outlet with 2850psi Rupture Disc ea. 21404 . —

*To order catalog #21402 (Sulfinert Alta-Robbins Sample Cylinder Valve, */s" NPT with Dip Tube), please call Customer Service at
800-356-1688, ext. 3, or contact your Restek representative. Specify dip tube length or % outage when ordering (maximum length =

5.25"/ 13.3cm). Note: End of part will not be treated after cutting tube to length.

Sulfinert® Treated Swagelok® Sample Cylinders

Ideal for collecting and storing samples, such as natural gas or beverage-grade carbon dioxide, because

active compounds remain stable during transport.

q: ‘= 21403
|
21404 ==

=
=

Size qty. cat.#

75cc ea. 24130

150cc ea. 24131

300cc ea. 24132

500cc ea. 24133
1000cc ea. 24134
2250cc ea. 21394

2007 vol. 4 e ]5 e
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Performance Testing VOC
Audit Sample for Air Toxics

By Irene DeGraff, Product Marketing Manager

- Demonstrate your lab’s competence and compare anonymously to competitors.
« Improve your quality program.
« Applicable to US EPA, ASTM, and DIN EN ISO methods.

Restek is pleased to be a source of Performance Testing/VOC Audit Samples for
the Spectra Gases testing program. This is an on-going testing program in which
laboratories, or other users of VOC gas standards, are able to evaluate their own
capabilities and compare their performance with that of other air toxic labs. US
EPA methods TO-14A, TO-15, and TO-17 are used to determine volatile organic
compounds in ambient air. Without an air analysis accreditation program available, a
performance testing program by Spectra Gases provides an invaluable tool allowing labs to
demonstrate their competence with these methods.

As a participant in the program, you will receive a disposable cylinder directly from Spectra Gases
containing multiple unknown VOC components at varying concentrations that are to be identi-
fied, quantified, and reported via the Spectra Gases PT Audit Program form. The results will
then be published and distributed for peer review. The report provided to participants includes
a program methodology overview, compound list with actual concentration, and individual
and summary results for each compound (Figure 1). To ensure confidentiality, all participating
laboratories will be anonymous and only the individual laboratory will know their own results.

The audit sample will be shipped to all labs during the same period, once a year during the
fourth quarter. Analytical results need to be returned to Spectra Gases by January 30 to be included
in this statistical report.

Figure 1 Example graph from program rep.ort lets you cylinder design
anonymously compare your lab to competitors.
TO-14A/T0-15/T0-17 Peformance Test Standard:
Benzene [71-43-2] 2.6ppb +/- 20% Size: 5A disposable (3.2"x 12")
7 Volume/Pressure: 170L @ 2,015psi
= CGA 180 outlet fitting
6 Weight: 2.2Ibs.
7]
a4 = ]
851 11 | r 1 = I TO-14A/TO-15/TO-17
2 I 1 ¥ ? I ! t I ]I_ I Performance Test Standard
& 170 liters @ 2,015psi
1 cat. # 34560
0 e e B B S e e Datapack not available.
A B CDE FGH I J K L
Laboratory

Average =3.06  Std. Dev.=0.78

Don’t miss out on this opportunity to confirm your competence in air toxic analysis—
order now to participate!
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Switch Your GC Carrier Gas to Hydrogen

By Al Carusone, Technical Service

Faced with helium shortages and prices that continue to soar upwards like a
runaway party balloon? Consider switching your carrier gas to hydrogen.
Hydrogen is a safe alternative to helium, and high quality gas is readily avail-
able from either cylinders or hydrogen generators.

Switching to hydrogen is cost-effective and can improve GC performance.
Hydrogen provides shorter (by half if running isothermally) analysis times
than helium and many times yields overall better separations. Also, with split-
less injection, hydrogen’s higher velocities carry the solutes from the inlet to
the column faster and more efficiently, decreasing the potential for band
broadening. However, while hydrogen is a great choice for most GC work, it
is difficult to remove from the MS source and energizing the source without
the pumps running could cause an explosion. Therefore, hydrogen is not typ-
ically recommended for mass spectrometry applications.

The most common concern when considering a switch to hydrogen is the risk
of explosion. Safety depends largely on whether a GC is back pressure regu-
lated or head pressure regulated. Generally older instruments use a pressure
regulator located upstream of the injection port (head pressure regulated). In
the event of a leak the upstream pressure regulator will maintain pressure, but
overall flow can increase dramatically. This situation can lead to an explosion
if hydrogen carrier gas fills the hot GC oven. Check your instrument manual
to make sure your instrument is either back pressure regulated or equipped
with safety features to prevent major leaks. Many instrument companies also
are now recognizing the benefits of using hydrogen as a carrier gas and are
manufacturing their latest models with additional safety features designed to
prevent hydrogen build-up and reduce the risk of explosion.

Hydrogen is available in cylinders, but it can also be produced on-site using a
hydrogen generator. Hydrogen generators are much safer and more cost-
effective than high pressure cylinders. All hydrogen generators offered by
Restek are equipped with built-in sensing circuits that will automatically shut
down the generator in the rare case that a leak is detected. Another advantage
is that hydrogen generators produce hydrogen on-demand, meaning only
small volumes (50-100mL) are stored at any one time. Producing hydrogen
as it is consumed is much safer than using cylinders which each store up to
9,000 liters.

Hydrogen is a safe, dependable alternative to helium, and hydrogen genera-
tors are an ideal way to produce the hydrogen your lab requires. They include
great safety features and are cost-effective; based on cylinder savings alone, a
generator pays for itself in only one or two years. If your lab has been affected
by the current helium shortage and you are considering a switch to hydrogen,
see the titles in the sidebar for more information. You'll find switching to
hydrogen and using a hydrogen generator to supply your lab offers significant
financial and performance benefits.
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Get More!

Information on switching
from helium to hydrogen.

Visit us on-line at
www.restek.com/outofgas
to see the following
technical articles:

“Helium Supply Deflates,
Gas Prices Rise Quickly”

“Parker Hydrogen Generators,
Is Your Lab Wasting Money
on Bottled Gas?”

“Using Hydrogen for
Gas Chromatography”

“Loctite Saves Almost $20,000 per
Year by Generating Its Own
Hydrogen for GC/FIDs”

“Parker Balston® Hydrogen
Generators Fast Facts”
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Parker Balston® PEM Hydrogen Generators

By Sue Benes, GC Accessories Product Marketing Manager

« Cost effective, convenient, and safe alternative to high-pressure gas cylinders.
« Reliably generate 99.9995% pure hydrogen for better chromatography.

+ Quick and easy to maintain; require only minutes a year!

Fuel-grade high purity hydrogen generators are a safe, cost-effective alternative to high-pres-
sure gas cylinders. Parker Balston® hydrogen generators are engineered for safety and fea-
ture a built-in sensing circuit which shuts down the generator automatically if a hydrogen
leak is detected. These generators are also designed for performance and convenience. They
include an exclusive water management system and control circuitry to maximize uptime,
and also feature indicator lighting, which allows at-a-glance status checks and water level
monitoring. Hydrogen generators offer enhanced safety and convenience, and are cost-
effective. Based on cylinder gas savings alone, a hydrogen generator pays for itself in only
C€ one or two years.

Parker Balston® hydrogen generators are reliable and easy to use and maintain. Deionized water is all that is required to generate
hydrogen for weeks of continuous operation. Each generator has an output capacity of up to 510cc/minute—enough to supply
99.9995% pure hydrogen for several GC-FID systems. The new Proton Exchange Membrane (PEM) cell eliminates the need for lig-
uid electrolytes. Maintenance requires only a few moments a year—no inconvenient, extended downtime. Simply change the filters
every six months, the hydration pump biannually, and the desiccant cartridge whenever it turns from beige to clear.

These units are compact, requiring only one square foot of bench space, and come with a set of universal power adaptors for U.S.,
European and Asian plug types. Produced and supported by an ISO 9001 registered organization, Parker Balston® hydrogen generators
are the first built to meet the toughest laboratory standards in the world: CSA, UL, cUL, and CE Mark.

Hydrogen generator technology new &

improved!

Hydrogen generators now come
with a set of universal power
HYDROGEN adapters for US, European, and
OLILET Asian plug types.

PRESSURE GAUGE

WATER/GAS
SEPARATORS

SCRUBBING
AND DRYING I

SUPPLY

PRESSURE
TRANSDUCER

for more info

RELIEF Looking for more information on
PORT Parker Hydrogen Generators?
Download free technical
literature from www.restek.com.

Fast Facts Lit. Cat.# 580053A

DRAIN
PORT

PRIQION EXCHANGED
MEMBRANE CELL

All Parker Balston® hydrogen generators meet NFPA requirements and OSHA 1910.103 regulations governing the storage of hydrogen.

2007 vol. 4 e 18 e 800-356-1688 - www.restek.com



Principal Specifications
Model Number  H2PEM-100 (cat. #23065)  H2PEM-165 (cat. #23066)  H2PEM-260 (cat. #23067)  H2PEM-510 (cat. #23068)

Purity: 99.9995% 99.9995% 99.9995% 99.9995%

Flow Rates: 100cc/min 165cc/min 260cc/min 510cc/min

Outlet Port: 1/8" compression 1/8" compression 1/8" compression 1/8" compression
Electrical: 100-230Vac/50-60Hz 100-230Vac/50-60Hz 100-230Vac/50-60Hz 100-230Vac/50-60Hz
Delivery Pressure: 10-100 psig = 1 psig 10-100 psig = 1 psig 10-100 psig = 1 psig 10-100 psig = 1 psig
Shipping Weight: ~ 40lb (18kg) dry 401b (18kg) dry 401b (18kg) dry 401b (18kg) dry
Dimensions: 1712"Hx 13.46"W x 17.95'D  17.12"Hx 13.46"W x17.95'D  17.12'H x 13.46"W x 17.95'D  17.12"H x 13.46"W x 17.95"D

(43.48cm x 34.19cm x 45.6cm)  (43.48¢m x 34.19cm x 45.6cm)  (43.48¢m x 34.19cm x 45.6cm)  (43.48cm x 34.19cm x 45.6cm)

Description Capacity qty. cat.#
Hydrogen Generator H2PEM-100 100cc/min. ea. 23065
Hydrogen Generator H2PEM-165 165cc/min. ea. 23066
Hydrogen Generator H2PEM-260 260cc/min. ea. 23067
Hydrogen Generator H2PEM-510 510cc/min. ea. 23068
Replacement and Maintenance Components for Hydrogen Generators (for all models listed above)

Replacement Desiccant Cartridge for H2PEM Generators ea. 23069
6-Month Maintenance Kit for H2PEM Generators

(Includes: 1 deionizer cartridge, 1 water filter, 3 environmental filters) kit 23070

24-Month Maintenance Kit for H2PEM Generators
(Includes: 1 deionizer cartridge, 1 water filter, 3 environmental filters, 1 water level
sensor, 1 water pump, and 1 desiccant cartridge) kit 23071

Super-Clean™ Gas Filter and Base Plate Kits

Description qty. cat.#
Carrier Gas Cleaning Kit (includes mounting base plate, !/¢" inlet/outlet fittings, and
oxygen/moisture/hydrocarbon Triple Gas Filter) kit 22019
Fuel Gas Purification Kit (includes mounting base plate, */s" inlet/outlet fittings, and
hydrocarbon/moisture Fuel Gas Filter) kit 22021

Replacement Gas Filters

Description qty. cat.#
Replacement Triple Gas Filter (removes oxygen, moisture and hydrocarbons) ea. 22020
Replacement Fuel Gas Filter (removes moisture and hydrocarbons) ea. 22022
Gas Filter Bundle Kit

« Kit includes two Fuel Gas Filters for FID fuel gases and one Triple Gas Filter for carrier gas.
+ Ideal for use in combination with 3-position base plate—purchase separately.

Description qty. cat.#
Gas Filter Bundle Kit kit 22031

Super-Clean™ Ultra-High Capacity Gas Filters

Description qty. cat.#
Ultra-High Capacity Hydrocarbon Filter ea. 22030
Ultra-High Capacity Moisture Filter ea. 22028
Ultra-High Capacity Oxygen Filter ea. 22029

Filter Base Plates
« Standard base plate fittings are '/s". To adapt to '/s", order '/s" to '/s" tube-end unions.
+ Base plates fit all Super-Clean™ gas filters listed above.

Brass
Description qty- cat.#
Single-Position Filter Base Plate ea. 22025
2-Position Filter Base Plate ea. 22026
3-Position Filter Base Plate ea. 22027
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gas shortage?

Switch to Hydrogen: Safe,
Renewable, and Dependable

Visit us on-line at
www.restek.com/outofgas
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All traps measure:
10°/s" x 13/4" (27 x 4.4 cm)
Each base plate unit
measures:

4"x 4" x 17/s"
(10.2x10.2 x 4.8 cm)
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Warm Up Before You Run
Why conditioning your inlet parts after maintenance is good practice

By Scott Grossman, GC Accessories Chemist

- Eliminate background peaks and avoid

costly reanalysis Figure 1 Eliminate contamination peaks from finger oils by

. warming up the system prior to sample analysis.
« Improve reproducibility and system

performance.

« Demonstrate system cleanliness.

Every good coach tells athletes to warmup before
they run to make sure the body is primed for opti-
mum performance. The same principle applies to
maintaining your gas chromatograph—time spent
warming up the analytical system after mainte-
nance pays big dividends by improving accuracy
and reducing the need for reanalysis. No matter
whose products you purchase, inlet parts, just like
columns, require a brief conditioning before they First Analysis J l O BX00956
are ready for analytical work. Although it is tempt- R

ing to save time by jumping directly into sample . - - - - - T T/ T

Second Analysis

. s . 0 2 4 6 8 10 12 14 16

analysis after maintenance, warming up your system i
hel Its the fi . I Column: Rxi®-5ms, 3_0_m, 0.32mm, 0.25um (cat.# 13424) - ) o

elps you ensure accurate results the first time. In Sample: no sample injected; instrument ran the method conditions with no injection.
this article, we will highlight inlet liners as a perfect Inj.: no injection; splitless mode (hold 0.5 min., split flow 40mL/min.)

.. . 4mm split with wool inlet liner, IP deactivated (cat.# 20782).
example of the need to condition your inlet after Tnj. temp.: 250°C
maintenance to avoid costly coelutions, irrepro- Carrier gas: helium, constant flow
i . N ow rate: 5.0mL/min.
ducible results, and avoidable reanalysis. Oventemp.:  50°C (hold 5 min.) to 320°C @ 30°C/min. (hold 10 min.)
Det.: FID @ 330°C

Sources of Contamination
Even the best liner can exhibit a small bleed pat-

tern if it is used immediately after installation. | Figure 2 Hydrocarbon peaks from nitrile gloves are another

Common sources of contaminants that can cause | axample of contamination from maintenance activities that can
bleed include plastic packaging (e.g. phthalates be eliminated by warming up the system.
used to make plastics more flexible) and fatty acids

from finger oils. To evaluate bleed from contami-
nated liners, we first established a clean baseline
with a control liner, then installed a test liner, and
ran the instrument without making an injection.
Figure 1 illustrates the effect of handling an inlet
liner with bare hands. Even some gloves will
impart hydrocarbon contamination that can be
very prominent and persistent (Figure 2). So, care
needs to be taken when handling your new liners.
Handling liners with clean forceps or lint-free
technical wipes is a good way to prevent liner

contamination.
Reduce Noise by Conditioning Your System
This contamination, also called background ) l o L uj
“noise,” can be eliminated simply by conditioning
: o) 10.0 110 120 130 14.0 15.0
the GC system prior to use. You can condition the Time (min) -

entire inlet a variety of ways. One suggestion is to
make a few preliminary runs using the analytical Column: Rxi®-5ms, 30m, 0.32mm, 0.25um (cat.# 13424)

: Sample: no sample injected; instrument ran the method conditions with no injection.
method parameters (lnlet temperature, oven pro- Inj.: no injection; splitless mode (hold 0.5 min., split flow 40mL/min.)
gram, etc.) to be used in the subsequent analyses, 4mm single gooseneck liner with wool, IP deactivated (cat.# 22406).
. . A Inj. temp.: 250°C
We evaluated several commercially available liners Cortiar gas: helium, constant flow
and determined that liner bleed generally will be Flow rate: 5.0mL/min.
. 8 . Y Oven temp.: 50°C (hold 5 min.) to 320°C @ 30°C/min. (hold 10 min.)
gone by the second or third run (Figure 3). An Det.: FID @ 330°C
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Figure 3 Warmup your system and invest in quality liners to reduce noise and improve accuracy.
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0 10 20 0 10 20 0 10 20
GC_EX00954A GC_EX00954B GC_EX00954C
Competitor A A
A
= 3
o o
o o
g .
= Second Run Third Run
= [llllllllllllllllllll Illllllllllllllllllll
0 10 20 0 10 20
First Run ‘ | I
_ ! Ll | - |
I T T T T 1 1 T LB 'i LB T T T 1 T T T I |‘ T T T T T T T T T l T T T T T T T T T I I T LI T T LI T T I LI T T LI T T T l
0 10 20 10 20 0 10 20
GC_EX00954D GC_EX00954E GC_EX00954F
Column: Rxi®-5ms, 30m, 0.32mm, 0.25um (cat.# 13424) Inj. temp.: 250°C
Sample: no sample injected; instrument ran the method conditions with no injection. Carrier gas: helium, constant flow
Inj.: no injection; splitless mode (hold 0.5 min., split flow 40mL/min.) Flow rate: 5.0mL/min. ) )
4mm split with wool inlet liner, IP deactivated (cat.# 20782). Oven temp.: 50°C (hold 5 min.) to 320°C @ 30°C/min. (hold 10 min.)
Det.: FID @ 330°C

advantage to this technique is that it doesn’t exert

any additional thermal stress on the system, which Figure 4 Conditioning your system above method temperatures is
may mean longer lifetimes for some parts, such as | an excellent way to remove contaminants.

inlet O-rings.

Another method is to elevate the thermal zones in

your instrument for a set period of time. The data | T
in Figure 4 show that a flat baseline is achieved
after just ten minutes of thermal conditioning. If
you use thermal conditioning, be sure to use pro-
gressively hotter temperatures along the sample
flow path. For example, your column should be
hotter than your inlet, and your detector should be
hotter than your column. This prevents condensa-
tion of contaminants in the system which can
appear as “ghost peaks” or poorly shaped peaks
that elute at irreproducible retention times.

Conclusion

We observed that no matter whose product you
buy, you can expect some background noise if you
install an inlet liner and immediately begin analy-
sis. However, these background peaks easily can be
eliminated by either a few warm-up runs or a brief
period of thermal conditioning. Before analyzing
valuable samples, take the time to warm up your
system, ensuring that you are ready to run!

For a full listing of Restek liners, visit us at
www.restek.com

Column:
Sample:
Inj.:

Inj. temp.:
Carrier gas:
Flow rate:
Oven temp.:
Det.:

GC_EX00957
Rxi®-5ms, 30m, 0.32mm, 0.25um (cat.# 13424)
no sample injected; instrument ran the method conditions with no injection.
no injection; splitless mode (hold 0.5 min., split flow 40mL/min.)
4mm split with wool inlet liner, IP deactivated (cat.# 20782).
250°C
helium, constant flow
5.0mL/min.
50°C (hold 5 min.) to 320°C @ 30°C/min. (hold 10 min.)
FID @ 330°C
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« Prevents oxygen from permeating the carrier gas, increasing column lifetime.
« Vespel® ring in top surface reduces operator variability by requiring minimal torque to seal.
« Vespel® ring in bottom surface simplifies installation—eliminates the washer.

Dual Vespel® Ring Inlet Seals
Washerless, Leak-Tight Seal for Agilent GCs

In Agilent split/splitless injection ports, it can be
difficult to make and maintain a good seal with a
conventional metal inlet disk. The metal-to-metal
seal dictates that you apply considerable torque to
the reducing nut, and, based on our testing, this
does not ensure a leak-tight seal. Over the course of
oven temperature cycling, metal seals are prone to
leaks, which ultimately can degrade the capillary
column and cause other analytical difficulties.

Our patented Dual Vespel® Ring Inlet Seal greatly

improves injection port performance—it stays sealed, even after repeated tem-
perature cycles, without retightening the reducing nut! This seal features two
soft Vespel® rings, one embedded in its top surface and the other embedded in
its bottom surface. These rings eliminate the need for a washer, and ensure
very little torque is needed to make a leak-tight seal. The rings will not harm
the critical seal in the injector body, or any other surface, and are outside the
sample flow path. Tests using a high sensitivity helium leak detector show Dual
Vespel® Ring Inlet Seals will seal equally effectively at torques from 5 in. Ib. to

60 in. Ib. (Figure 1).

Why trust a metal-to-metal seal when you can make leak-tight seals quickly
and easily—and more reliably—without a washer, with a Restek Dual Vespel® Ring Inlet Seal. Use a stainless steel seal for analyses of
unreactive compounds. To reduce breakdown and adsorption of active compounds, use a gold-plated or Siltek®-treated seal. The
gold surface offers better inertness than untreated stainless steel; Siltek® treatment provides inertness similar to that of a fused silica

capillary column.
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Washerless, leak-tight seals for Agilent GCs

Figure 1 The Dual Vespel® Ring Inlet Seal
achieves leak-tight seals even at low
torque, reducing the chance of leak-related

problems.
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Torque (in. Ibs.)

0.8mm ID Dual Vespel® Ring Inlet Seal 2-pk. 10-pk.
Gold-Plated 21240 21241
Siltek® Treated 21242 21243
Stainless Steel 21238 21239
1.2mm ID Dual Vespel® Ring Inlet Seal 2-pk. 10-pk.
Gold-Plated 21246 21247
Siltek® Treated 21248 21249
Stainless Steel 21244 21245

Dual Vespel® Ring Inlet Seals are available in gold plating, stainless steel, and Siltek® treated.

Dual Vespel® Ring Cross-Disk Inlet Seals for Agilent GCs new!

+ Ideal for high-flow split applications.

+ Washerless, leak-tight seals.

0.8mm ID Dual Vespel® Ring Cross-Disk Inlet Seal 2-pk. 10-pk.
Gold-Plated 22083 22084
Siltek® Treated 22085 22086
Stainless Steel 22087 22088
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Using Guard Columns and Retention Gaps in GC (Part 1)

Continued from page 2

increased the sample components will start to move (there is very little retention
...that’s why it’s called a retention “gap”). When reaching the analytical column,
the components will focus in the stationary phase resulting in a narrowing of
injection band width (Figure 1). As these retention gaps are mainly used for
on-column injection, the inside diameter is usually 0.32mm up to 0.53mm
since the needle of an on-column syringe must be able to enter the retention
gap. For coupling the retention gaps to the analytical column, we need gener-
ally coupling devices that can deal with different diameter capillary tubing.

Retention gaps and splitless injection

While on-column injection minimizes discrimination and provides the best
quantitative data, especially for thermolabile components, it can be challeng-
ing to perform. Many laboratories will choose a splitless method for ease of
use. For splitless injection we generally do not require a retention gap. The
sample is injected in a hot injection port, evaporated, and transported with a
carrier gas flow of approximately ImL/min. into the capillary. The amount of
solvent vapor that enters the column per unit time is much smaller than with
on-column injection. Although with splitless injection the oven temperature
is also 10-15°C below the boiling point of the solvent, there is little chance of
the solvent condensing. The high concentration of solvent entering the capillary
column will cause a strong focusing effect for the components, generating a
narrow injection band. If, in splitless injection, a method is used where the
initial (injection) oven temperature is much lower than the boiling point of
the solvent, the risk of solvent condensation (forming a liquid plug) will
increase. This can cause unwanted broadening of the injection band. Coupling
a retention gap will also fix this problem.

Wettability of the retention gap

An important factor for good performance is the wettability of the retention
gap surface. It is critical that the solvent spread evenly over the surface. This
means that nonpolar solvents (hexane, methylene chloride, isooctane, benzene)
require non/intermediate deactivated retention gaps and more polar solvents
(methanol) will require polar deactivated retention gaps. If the polarity of the
retention gap and solvent do not match, the solvent will form droplets inside
the capillary. The carrier gas will “push” this droplet along the retention gap
into the analytical column. The result is a broadened injection and possibly
even peak splitting.

Retention gaps for large volume injection

Instead of injection of 1ul on a 1-2m retention gap, one can also inject much
larger amounts on much longer retention gaps. Here we talk about large vol-
ume injection technique where retention gaps of 8-10m are used. Such retention
gaps can be loaded with 100-200pl of sample. Injection must be slow to allow
the solvent to evaporate while passing through the retention gap. With large
volume injection, detection limits can be reduced by a factor of 100. The tech-
nique requires some skill to optimize all the injection parameters.
Additionally, the large volume retention gaps do pollute relatively quickly due
to the large amounts of sample introduced.

Guard columns and retention gaps are useful tools to the practicing chemist
and it is important to understand the difference between them. In Part 2 of
this article, we will review guard columns and discuss a new segment coating
technology that allows retention gaps and guard columns to be built directly
into the analytical column tubing. This new technology eliminates column cou-
pling, substantially reducing analytical problems related to leaks and dead volume.

1 Grob, K., Journal of Chromatography 237:15 (1982). 2 Hinshaw J., LC+ GC Europe 17(9): 460466 (2004).

come!

See the next issue of the Restek Advantage for Part 2 of this article.
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