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Jak bylo ukazano v pfedchazejicich €lancich této série, nejvhodnéjSi nahradou helia jako nosného plynu v plynové chromatografii je
vodik. V tomto ¢lanku jsou diskutovana néktera specifika, kterym je nutné pfi pouZiti vodiku jako nosného plynu vénovat pozornost u riiz-
nych technik nastfiku vzorku na chromatografickou kolonu. Déale je pozornost vénovana vlivu vodiku na pouzitelnost a citlivost rznych
typd detektord pouzivanych v plynové chromatografii zejména s ohledem na aplikace v oblasti pivovarskych analyz.

Horak, T. — Culik, J. — Stérba, K. — Ol3ovsk4, J.: Advantages and disadvantages of substitution of helium as carrier gas in gas
chromatography by hydrogen. Part lll. - Sample introduction and detectors. Kvasny Prum. 59, 2013, No. 9, p. 242-245

As shown in the previous articles of this series, hydrogen is the most suitable choice as a substitution for helium as a carrier gas in gas
chromatography. This paper addresses some specifics concerning the use of hydrogen as carrier gas in different techniques of sample
introduction on chromatographic column. Attention is also focused on the performance and sensitivity of different types of gas chroma-
tographic detectors, especially in brewing analysis.

Horak, T. — Culik, J. — Stérba, K. — OlSovska, J.: Die Vor- und Nachteile der Heliumumwechslung fiir Wasserstoff als Treibgas in
der Gaschromatographie. Teil lll. Mustereinspritzung und Detektoren. Kvasny Prum. 59, 2013, Nr. 9, S. 242-245

Wie in den vorgéngigen Artikeln dieser Serie wurde gezeigt, das beste Medium als Heliumersatz firr Treibgas in der Gaschromatogra-
phie gilt Wasserstoff. Im diesen Artikel werden einige Besonderheiten diskutiert, die unter Anwendung des Heliums als Treibgas bei den
verschiedenen Techniken der Probeneinspritzung auf die chromatographische Kolonne eine Aufmerksamkeit erfordern. Weiterhin wurde
die Aufmerksamkeit auf den Einfluss des Wasserstoffs auf die Verwendbarkeit und Empfindlichkeit von in der Gaschromatographie ange-

wandten verschiedenen Detektortypen insbesondere mit Ricksicht auf die Applikationen im Bereich der Bieranalysen gewidmet werden.
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1 NASTRIK VZORKU

K naneseni vzorku na chromatografickou kolonu se pouziva nékolik
rliznych technik. Pfehled téch nejvyznamnéjsich, které se pouzivaji pfi
pivovarskych analyzach, je uveden v tab. 1. Déle jsou probrany jednotlivé
zpusoby nastfiku vzorku vzhledem k pouZiti vodiku jako nosného plynu.

1.1 Split/Splitless injection

NejrozsifenéjSim injektorem v plynové chromatografii je Split/Split-
less injektor. Jak vyplyva z nazvu, tento injektor je mozné pouzit ve
dvou rezimech — split nebo splitless. Tento typ nastfiku se pouziva
hlavné k nastfiku kapalnych vzorkd, které jsou jesté pfed vstupem do
kapilarni kolony v prostoru injektoru zplynény.

Princip split/splitless injektoru se da popsat nasledovné. Stfikacka
se vzorkem propichne septum, kterym je injektor plynotésné utés-
nén. Poté se vzorek rychle pfenese ze stfikacky do prostoru vyhra-
tého injektoru, kde dojde k jeho rychlému vypareni, a nasledné je
nosnym plynem nanesen na kolonu. V zavislosti na pouzitém rezimu
injektoru mdze byt bud vesSkery vzorek nanesen na kolonu (splitless
mad), nebo ¢ast vzorku muze byt odvedena mimo kolonu (split méd).

Pfi nastfiku v rezimu splitless je pouziti vodiku jako nosného plynu
ve srovnani s heliem vyhodnéjsi. Vzhledem k vySSi linearni rychlosti
vodiku jsou analyty rychleji naneseny z prostoru injektoru do kolony.
Diky tomu se ziskaji ostfejSi piky, coz v koneéném dusledku vede ke
snizeni detekénich limitQ.

P¥i praci ve splitmédu maze byt pfi pfechodu od helia k vodiku nutné
pfenastaveni déliciho (splitovaciho) poméru, zejména pokud se vyu-
zije moznost zkraceni doby analyzy zvySenim linearni rychlosti vodi-
ku. Nastaveni spravného délicitho poméru umozriuje nastavit spravné
mnozstvi vzorku, které se dostane na kolonu. Zbytek vzorku je z in-
jektoru vyveden pry¢ mimo kolonu. Délici pomér je mnozstvi vzorku
vstupuijiciho na kolonu oproti mnozstvi vzorku odvedeného z injektoru.

Délici pomér se obvykle nastavuje experimentalng, a to tak, aby bylo
dosazeno dobré citlivosti a zaroveri piky mély spravny tvar. Pokud bude

Keywords: carrier gas, hydrogen, gas chromatography, sample
introduction, detectors, brewing analysis

1 SAMPLE INTRODUCTION

Several different techniques are used for sample introduction on
chromatographic column. Tab. 1 shows the overview of the most im-
portant methods used in brewing analysis according to sample intro-
duction methods. Individual techniques of sample introduction with
hydrogen as carrier gas are discussed in this paper.

1.1 Split/Splitless injection

The most common inlet for capillary gas chromatography is known
as the Split/Splitless inlet, which can be operated in two modes, split
or splitless. This inlet is used mainly for injection of liquid samples. In
the injector the liquid sample is vaporized into the gas phase prior to
transfer onto the capillary column.

The injection principle of the split/splitless inlet can be described
as follows: A syringe containing the sample is used to pierce a sep-
tum closing the injector. Then the sample is rapidly introduced to the
heated inlet where it is rapidly volatilizes to the gaseous form and
the gaseous sample is swept onto the column by the carrier gas.
Depending upon the mode of operation, all of the sample may be
introduced onto the column (splittess mode) or part of the sample
may be directed away from the column (split mode).

In splitless injection hydrogen is preferred over helium as carrier
gas. Due to its higher velocity the analytes could be introduced faster
into the column. This results in sharper peaks which allows for lower
detection limits.

In split mode the readjusting of split ratio could be required when
moving from helium to hydrogen carrier gas, especially if shorter
analysis is achieved by increasing hydrogen linear velocity. This ad-
justment of the split ratio is necessary to allow for only the correct
amount of sample to enter the column. The rest of the sample goes
to a vent. The ratio of sample entering the column versus that going
to the vent is the split ratio.
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totiz délici pomér pfilis maly, piky
budou Siroké a na svém pocatku

budou vykazovat znémky piehl- ~9as chromatography

Tab. 1 Techniky nastfiku podle nejvyznamnéjSich skupin latek stanovovanych v pivu plynovou chroma-
tografii / Sample introduction according the most important groups of analytes determined in beer by

ceni kolony. Na druhé strané pfi

Analyty / Analytes
pfili§ vysokém splitovacim pomé- vy 4

Technika nastriku / Literatura / References

Sample introduction

ru se na kolonu dostane jen malo
vzorku, coz povede k poklesu cit-
livosti analyzy (Chromacademy,
online).

1.2 Head-space metoda

Head-space technika je za-
kladni a velmi ¢asto pouzivana
technika pro stanoveni tékavych

latek. Je zaloZena na rozdéleni
sledovanych analytd mezi ne-
tékavou kapalnou nebo pevnou
fazi a parni fazi nad kapalnym
nebo pevnym vzorkem.
Head-space analyza muze

Pesticidy, polychlorované bifenyly, chlorfenoly, Splitless Horak et al., 1999; Culik et al.,

estery kyseliny ftalové, halogenoctové 1998; Horak et al., 2008

kyseliny / Pesticides, Polychlorinated

Biphenyls, Phthalic Acids Esters, Chlorinated

Phenols, Halogenacetic acids

Mastné kyseliny, vy$Si aromatické alkoholy / Split Horak et al., 2013; Culik et

Fatty Acids, Higher Aromatic Alcohols al., 1999; Culik et al., 2009 a;
Culik et al., 2009 b

Vicinalni diketony, dimethylsulfid, vysoce Head-space EBC, 2005 a; I0B, 1997 a;

tékavé senzoricky aktivni latky, acetoin,
chlorované alifatické uhlovodiky / Vicinal
Diketones, Dimethyl! sulfide, High Volatile Beer
Flavours, Aliphatic Chlorinated Hydrocarbons

MEBAK, 1996 a; EBC, 2005 b;

0B, 1997 b; MEBAK, 1996 b;

MEBAK, 1996 c; I0B, 1997 b;

MEBAK, 1996 d; MEBAK, 1996
e; Horak et al., 1999

byt provadéna dvéma zpUlsoby.
Pokud je vzorek v rovnovazném

Karbonyly / Carbonyls

Purge and trap Culik et al., 1997

stavu s plynnou fazi v uzavfe-

ném prostoru, potom se tato

metoda nazyva staticka head-space. Pokud nosny plyn proudi nad
hladinou vzorku nebo probublava vzorkem a extrahované tékavé
latky se zachytavaji v sorpéni pasti, pak se tento postup oznacuje
jako dynamicka head-space nebo purge-and-trap (Chromacademy,
online).

1.2.1 Staticka head-space metoda

PFi statickém head-space postupu se ustavuje rovnovaha mezi
tékavymi latkami obsazenymi ve vzorku a v parni fazi nad vzorkem
v plynotésné uzaviené vialce. Po urcité dobé nutné k ustanoveni
rovnovahy je €ast plynné faze odebrana z vialky a nastfiknuta na
kolonu plynového chromatografu. Statické head-space systémy jsou
dvojiho typu — bud k davkovani pouzivaji plynotésnou stfikacku,
nebo ventilovy systém s davkovaci smyckou.

Pfi pouziti systému s plynotésnou stfikackou dochazi po nadavko-
vani vzorku k proplachu stfikacky plynem, a tak se i v pfipadé vzorku
s vysokym obsahem stanovovanych analytli zamezi jejich pfenosu
mezi vzorky. K proplachu stfikacky je vhodné pouzit néjaky inertni
plyn jako je dusik (Kolb, Ettre, 2006; Horék at al., 2012).

U ventilového systému s davkovaci smyckou analyza probi-
ha v nékolika krocich. Nejprve je vialka se vzorkem zahfivana po
pfedem stanovenou dobu pfi uréené teploté. Poté je septum vialky
propichnuto jehlou a prostor vialky je natlakovan plynem. V dal§im
kroku se pfepne ventil tak, Zze se davkovaci smycka naplni parami
head-space prostoru. Nato se ventil opét prepne, a to tak, aby se
plyn z davkovaci smy¢ky vyplachnul do propojovaci kapilary a byl
tak pfenesen na chromatografickou kolonu. Pouziti vodiku k tlakova-
ni vialek neni vhodné, protoze v uzavfeném tlakovaném objemu se
vytvofi hoflava smés (Kolb, Ettre, 2006; Horak at al., 2012).

Pfi head-space analyzach je mozné pouzit vodiku jako nosného
plynu, ale pro proplach nebo tlakovani vialek je nutné pouzit dusik
nebo jiny inertni plyn (Chromacademy, online).

2 DETEKTORY

Uloha vodiku v plynové chromatografii neni omezena jen na nosny
plyn, ale vodik hraje dllezitou roli i v nékterych typech detektort bud
jako palivo nebo jako pomocny plyn, tak zvany make up. Pfehled nej-
pouzivanéjsich detektord, pouzivanych pfi pivovarskych analyzach,
je uveden v tab. 2 (Horak at al., 2011).

V&echny vySe uvedené detektory pouzivaji pomocny plyn. Pomoc-
ny plyn je zaveden mezi kolonu a detektor. Jeho ukolem je zlepsit
pfenos vzorku mezi kolonou a detektorem a dale snizit objem detek-
toru, a tak zamezit rozmyti pikd. Vodik neni vhodny jako pomocny
plyn u detektord, kde dochazi ke shoreni latek (FID, FPD), protoze
stechiometrie hofeni (pomér vodiku a kysliku) mé vliv na odezvu sig-
nalu. Jako pomocny plyn se nejcastéji pouziva dusik. Pfehled plyn(
pouzivanych u jednotlivych typl detektorl je uveden v tab. 3 (Chro-
macademy, online).

2.1 FID a FPD detektory
V tab. 4 jsou uvedeny maximalni hodnoty pratoku vodiku obvyklé
pro vétsinu plynovych chromatografll vybavenych detektorem FID

Tab. 2 Pfehled latek stanovovanych plynovou chromatografii v pi-
vovarské analytice podle typu detektoru. (FID — plamenoionizaéni
detektor, ECD — detektor elektronového zachytu, FPD — plame-
nofotometricky detektor) / List of compounds determined by gas
chromatography in brewing analytics according to detector type.
(FID — flame ionization detector, ECD — electron capture detector,
FPD — flame photometric detector)

Detektor /
Detector

Latka / Compound

Alkoholy / Alcohols

Estery / Esters

Acetaldehyd / Acetaldehyde

Dimethylsulfid / Dimethyl sulfide

Vy$§i aromatické alkoholy / Higher aromatic alcohols
Mastné kyseliny / Fatty acids

Vicinalni diketony / Vicinal diketones

Chlorované alifatické uhlovodiky /
Chlorinated aliphatic hydrocarbons

Chlorfenoly / Chlorophenols

Halogenoctové kyseliny / Haloacetic acids
Polychlorované bifenyly / Polychlorinated biphenyls
Estery kyseliny ftalové / Phthalic acids esters
Dimethylsulfid / Dimethy! sulfide

FID

ECD

FPD

The split ratio is usually adjusted empirically to obtain a good ba-
lance between analytical sensitivity and peak shape. If the split ratio is
too low, peak shape will be broad and may show the fronting behavior
associated with overloading. Of course if the split ratio is too high, too
little sample will reach the column and the sensitivity of the analysis
will decrease as peak areas decrease (Chromacademy, online).

1.2 Head-space

Head-space technique is a primary and very often used procedure
for the determination of volatile compounds. Head-space analysis
can be generally defined as a vapor-phase extraction, involving the
partitioning of analytes between a non-volatile liquid or solid phase
and the vapor phase above the liquid or solid.

Head-space analysis can be practiced in two ways. If the sam-
ple is in equilibrium with the gas phase in closed vessel, then the
method is called a static head-space. If a carrier gas is passed over,
or through, the sample and the extracted volatile compounds accu-
mulated in a sorbent trap, then the procedure is generally referred to
as dynamic head-space or purge-and-trap (Chromacademy, online).

1.2.1 Static Head-space method

In static head-space analysis, the volatiles in the sample are equili-
brated with a gas phase above the sample in a gas-tight closed vial.
After a predetermined equilibration time, part of the gas phase is
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Tab. 3 Prehled plynl pouzivanych u jednotlivych typl detektort /
List of gases used with different detectors

Detektor /| Nosny plyn/ Pomocny plyn / Make-up gas

Detektor Carrier gas Prvnivolba/ | Druha volba/
First choice | Second choice

FID Vodik / Hydrogen | Dusik / Nitrogen | Helium / Helium

Helium / Helium
Dusik / Nitrogen
Argon / Argon

FPD Vodik / Hydrogen | Dusik / Nitrogen
Helium / Helium
Dusik / Nitrogen
Argon / Argon
ECD Vodik / Hydrogen | Argon/methan / | Dusik / Nitrogen

Helium / Helium | Argon/Methane

Dusik / Nitrogen

Dusik / Nitrogen | Argon/methan /

Argon/Methane

Tab. 4 Maximalni hodnoty pratoku vodiku obvyklé pro vétSinu
plynovych chromatografli vybavenych detektorem FID nebo FPD /
Maximum hydrogen gas flow rates which are typically with most gas
chromatographs equipped with FID or FPD

Vodik / Hydrogen Obvykly maximalni
pratok (ml/min) /
Typical maximum
flow rate (ml/min)

Pomocny plyn / Make-up gas 30

Palivovy plyn* / Fuel gas* 35

Nosny plyn / Carrier gas 10

Splitovaci pratok / Split flow 250

Oplach septa / Septum purge 10

*) jesté je zapotrebi okysliCovaci plyn, zpravidla vzduch neprekracu-
jici pratok 400 ml/min / require oxidizing gas usually air at flow rate
not exceeding 400 ml/min

nebo FPD. Nastaveni spravné stechiometrie hofeni (pomér vodiku
a kysliku) je klicové pro dosazeni maximalni citlivosti detektoru. Do-
kud neni ovlivnéna stechiometrie hofeni (pomér vodiku a kysliku),
je mozné pouzit vodik i jako pomocny plyn. Jinak je nutné pouzit
jako pomocny plyn jiny plyn, nejcastéji dusik. Obecné se da ale fici,
Ze u téchto typl detektorl se vodik jako pomocny plyn nepouziva.
(Chromacademy, online)

2.2 ECD detektor

U detektoru typu ECD se pouziva pouze nosny plyn a pomocny plyn.
Detektor elektronového zachytu ECD vyuziva principu, ze vodivost ply-
nd v ionizaéni komUrce se dramatickym zplsobem méni pfitomnosti
nebo absenci kontaminujicich latek v plynu. ECD sestava z ioniza¢ni
komarky obsahuijici radioaktivni zdroj § zafeni, obvykle nikl-63, a trysky
privadéjici inertni plyn, obvykle dusik. B paprsky z ioniza¢niho zdroje
ionizuji inertni plyn a vytvafi tok volnych elektron(i (Horék et al., 2011).
Vzhledem k tomu, Ze ani vodik ani helium za normalnich podminek
v ECD neionizuji, nemohou byt pouzity jako pomocny plyn (viz tab. 3).

2.3 Hmotnostni detektor

Pouziti hmotnostniho detektoru (MS) neni sice pfedepséno v zad-
né pivovarsko-sladarské metodice, ale vzhledem ke svym nespor-
nym vyhodam pfedevsim v kvalitativni analyze se tento detektor sta-
va stéle ¢astéji nedilnou souéasti plynovych chromatografi.

VétSina plynovych chromatografli s hmotnostnim detektorem pra-
cuje s heliem jako nosnym plynem. V tomto systému konec kapilarni
kolony usti do prostoru, kde je vytvafeno vakuum, na rozdil od kon-
vencnich detektorl, kde je atmosféricky tlak. Toto vakuum snizuje
vstupni tlak na hlavu kolony nutny k vytvoreni uréitého priitoku nebo
linearni rychlosti. Tudiz helium, které ma vétsi viskozitu nez vodik,
nasledkem toho vytvari vy8Si vstupni tlak na hlavu kolony a tim potla-
Cuje rozpl’nénl’ nastﬁ’knutého vzorku pfi splitless nastfiku. Vodik d|'ky
objemu nastfiknutého vzorku. V dusledku toho muze dojit k chvosto-
vani a rozsiteni pikd. Tento problém je mozné fesit zvySenim prutoku

withdrawn from the vessel, and injected into a gas chromatographic
column. Static head-space systems are available in two different
modes — syringe-based system or valve and loop-based system.

In syringe based system the gastight syringe is purged by gas for
programmed period after injection of the sample. This is important
when the samples with high concentration of compounds of interest
are determined and so the carry-over can be eliminated. An inert
gas such as nitrogen is recommended for syringe purge (Kolb, Ettre,
2006; Horak at al., 2012).

In valve and loop-based system the analysis includes several fol-
lowing steps. Initially the vial is heated for a length of time at a speci-
fied temperature. Then the vial is pierced with a needle and pressur-
ized with a gas. In the next step the valve is turned so that the flow
of gas changes direction and a portion of the head-space flows into
the sample loop. After that the valve is turned again so that gas in
the sample loop is flushed through the transfer line and into the gas
chromatographic column. Pressurization of head-space vials with hy-
drogen is not recommended as it will create an enclosed pressurized
volume of flammable gas (Kolb, Ettre, 2006; Horak at al., 2012).

Hydrogen carrier gas can be used with head-space samplers if
separate nitrogen or another inert gas is used for purge or vial pres-
surization (Chromacademy, online).

2 DETECTORS

The role of hydrogen in gas chromatography is not limited only to
the use as a carrier gas. Hydrogen is also a significant gas in some
detectors as a fuel or make-up gas. Tab. 2 presents an overview of
the most important methods used in brewing analysis according to
detector type (Horak at al., 2011).

All the above detectors use make-up gas. The make-up gas is deliv-
ered between the column and the detector. The purpose of the make-
up gas is to improve the transfer of sample between the column and the
detector and helps to rapidly sweep the detector volume, thus reducing
peak broadening and distortion. Hydrogen is not the ideal make-up gas
for combustion detectors (FID, FPD) as the stoichiometry of combus-
tion (hydrogen to oxygen) will determine signal response. Nitrogen as
the make-up gas should be the best choice. Tab. 3 presents a list of
gases used with different detectors (Chromacademy, online).

2.1 FID and FPD detectors

Tab. 4 demonstrates maximum hydrogen gas flow rates which
are typical for most gas chromatographs equipped with FID or FPD.
The adjustment of correct stoichiometry of combustion (hydrogen to
oxygen ratio) is necessary in determining the maximum sensitivity
of the detector. The use of hydrogen as a carrier gas and as a fuel
will impose restrictions to the make-up gas. So, for as long as the
stoichiometry of the combustion (hydrogen to oxygen ratio) is not
affected, hydrogen is a valid make-up gas. Otherwise it is necessary
to use another gas, usually nitrogen. Generally, hydrogen is not used
as make-up gas with FID or FPD (Chromacademy, online).

2.2 ECD detector

Only carrier gas and make-up gas are used with ECD. The electron
capture detector ECD utilizes the fundamental observation that the con-
ductivity of gases in an ionization chamber can be drastically altered by
the presence or absence of contamination in the gas. Thus the ECD
consists of an ionization chamber containing a radioactive source,
usually nickel-63, with a stream of inert gas, usually nitrogen, flowing
through it. The B-ray emanation from the source causes ionization of
the inert gas with a consequent liberation of free electrons (Horak et al.,
2011). Neither hydrogen nor helium ionize under normal ECD operating
conditions and should not be used as the make-up gas (see Tab. 3).

2.3 Mass detector

No brewing or malting methods require the use of mass detector, but
this detector has become the most often linked to gas chromatographs
due to its indisputable advantages, especially in quantitative analysis.

Most gas chromatographs equipped with mass detector use he-
lium as carrier gas. Moreover, in this system the column outlet is
kept in vacuum rather than at ambient pressure, as occurs with con-
ventional detectors. This vacuum reduces the column head pressure
required to provide a certain column flow rate (linear velocity). Thus,
helium that has a higher viscosity than hydrogen and, consequently,
a higher head pressure will suppress the expansion of the injection
solvent during splitless injection while hydrogen with its lower viscos-
ity will allow a greater and perhaps uncontrolled solvent expansion
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vodiku. Av§ak disledkem toho mohou vzniknout problémy s vytvore-
nim dostate¢ného vakua na konci kolony, protoze do detektoru bude
pfichazet velky objem vodiku. Tim mize vzristat pocet molekul na
pozadi, které mohou kolidovat s vytvafenymi ionty, a tak mGze dojit
nejen k poklesu citlivosti, ale také ke zméné v relativni odezvé iontl
v hmotnostnim spektru. Nekompatibilitu ziskanych spekter se spekt-
ry v dodavanych knihovnach Ize do urcité miry obejit tvorbou viastni
knihovny spekter pfi pouziti vodiku jako nosného plynu.

Proto je pfi pouziti vodiku jako nosného plynu vyhodné provadét
separace na kolonach s mensim vnitinim pramérem (0,15, 0,18
nebo 0,20 mm), kde se dostate¢ného tlaku v injektoru dosahne pfi
niz&im pritoku a v hmotnostnim detektoru je tak mozné vytvofit do-
stadujici vakuum, a tim eliminovat zmény v hmotnostnich spektrech.

Pri zaméné helia za vodik mlze vodik vycistit systém od konta-
minantl adsorbovanych na zdrsnénych nebo necisténych plochach.
Urcitou dobu pak mUlze trvat, nez se v hmotnostnim spektrometru
opét odstrani zvySeny Sum. Jakmile ale dojde k tomuto ,vycisténi“,
vodik bude udrzovat systém v &istém stavu (Heseltine, 2010).

3 ZAVER

Jak vyplyva ze vSech ffi ¢lankd této série, vodik jako nosny plyn
miiZe byt efektivné pouzit namisto helia pfi mnoha plynové chroma-
tografickych analyzach. Vynika Sirokou pouzitelnosti, poskytuje dob-
rou uc€innost chromatografické separace a chromatografické analyzy
s jeho pouzitim jsou vétSinou rychlejSi nez s jinymi nosnymi plyny jako
je helium nebo dusik. Ve srovnani s heliem je levnéjsi. Snadno a levné
se da ziskat ve velmi vysokeé cistoté pomoci vodikovych generator(.

Pro jeho explozivitu je vSak nutné dodrzovat vSechna bezpeénost-
ni opatreni.

Podékovani

Vysledky byly ziskany vyuZitim poskytnuté institucionalni podpory
Ministerstva zemédélstvi Ceské republiky na dlouhodoby koncepéni
rozvoj VUPS.

Autofi si dale velmi vazi pomoci a rad kolegd, ktefi tak pfispéli
k vytvoreni tvaréi atmosféry v laboratofi.
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volume. Peak tailing or broadening can result. This problem can be
solved by increasing the hydrogen flow rate. But a large volumetric
gas flows into the detector and this makes it slightly more difficult to
pump away for high vacuum equipment. This may increase the num-
ber of background molecules which can collide with the ions formed,
leading to a potential reduction in sensitivity and a change in the
relative abundance if ions within the mass spectrum.

Thus, injection with a hydrogen carrier gas is best performed using
a smaller internal diameter column such as 0.15, 0.18 or 0.20 mm.
Higher linear velocities can be achieved at lower volumetric flow rates
and sufficient vacuum level can be reached within the system and there
should be no substantial changes in the appearance of the spectra.

Hydrogen can act as a scrubber in the flow system because it can
displace contaminants that can be adsorbed on roughened or un-
swept areas when using helium carrier. On the mass spectrometer,
this contamination typically looks like hydrocarbon contamination
and it may take some time to have a completely noise-free system.
However, once cleaned, hydrogen seems to keep contaminants from
building up on filaments and other areas (Heseltine, 2010).

3 CONCLUSIONS

The papers of this series show that hydrogen can be used as an effec-
tive replacement for helium in many gas chromatographic applications.
It is excellent in a wide range of applicability, provides good efficiency
of chromatographic separation, and, for the most part, analyses are
faster than with other popular carrier gases like helium and nitrogen. It is
much cheaper to purchase than helium and can be generated easily and
cheaply with a very high level of purity by using hydrogen generators.

Due to its explosive properties, precautions must be observed in
its use.
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