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Plynova chromatografie je vyznamnou analytickou technikou pouzivanou pfi stanovovani senzoricky aktivnich latek, jejichz obsah je
dualezity nejen pro sledovani kvality jiz findlniho vyrobku, ale téZ pfi testovani novych technologickych postupt. V pivovarsko-sladarské
analytice patfi mezi nejpouzivanéjsi detektory v plynové chromatografii plamenoionizaéni detektor (FID), detektor elektronového zachytu
(ECD) a plamenofotometricky detektor (FPD). Prace se zabyva principy jednotlivych detektor(, jejich prednostmi a omezenimi pfi jejich
pouziti v pivovarské analytice.

Horak, T. — Culik. J. — Jurkova, M. — Cejka, P. — Kellner, V. — Dvofak, J. — Hagkova, D.: Main gas chromatographic detectors used
in brewing analytics. Kvasny Prum. 57, 2011, No. 6, p. 138—142.

Gas chromatography is a very important analytical technique used for the determination of flavors which content is significant not only
for monitoring of quality of final product but also in testing of new technological procedures. In brewing analytics the most frequently used
gas chromatographic detectors are flame ionization detector (FID), electron capture detector (ECD), and flame photometric detector
(FPD). This work is focused on principles of these detectors, their advantages and limitations during using in brewing analytics.

Horak, T. — Culik. J. — Jurkova, M. — Cejka, P. — Kellner, V. — Dvofak, J. — Haskova, D.: Die in der Brauerei-Analytik angewandte
Grunddetektoren in der Gaschromatographie. Kvasny Prum. 57, 2011, Nr. 6, S. 138—142.

Fur die Bestimmung von sensorisch aktiven Stoffen, wichtig fir Qualitatsverfolgung des fertigen Bieres und fiir die Erprobung der
neuen Technologieverfahren, stellt die Gaschromatographie eine wichtige bedeutende analytische Technik dar. In der Gaschromato-
graphie zu den haufigsten angewandten Detektoren in der Brauerei-Malzereianalytik gehéren Flammenionisationsdetektor (FID), Elek-
tronauffangsdetektor (ECD) und Flammenphotometrischerdetektor (FPD) zu. Der Artikel befasst sich mit den Prinzipen von einzelnen

Detektoren, ihren Vor- und Nachteilen und den Beschrankungen beim Ansatz in der Brauereianalytik.
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(FID), detektor elektronového zachytu (ECD), plamenofotometricky
detektor (FPD), pivovarska analytika

1 UVOD

Plynové chromatografické postupy pro stanoveni senzoricky aktiv-
nich latek v pivu jsou souc€asti vSech oficialnich metodik pivovarskych
organizaci jako je European Brewery Convention (EBC), Mitteleuro-
paische Brautechnische Analysenkommission (MEBAK), The Insti-
tute of Brewing (IOB) nebo The American Society of Brewing Che-
mists (ASBC). Touto separac¢ni technikou lze v meziproduktech
a hotovém pivu stanovit jak senzoricky vyznamné latky, tak nékteré
cizorodé latky. Pfehled téchto latek vEetné pouzitého typu detektoru
uvadi tab. 1.

Plamenoionizaéni detektor (FID) se stal bezesporu zéakladnim, nej-
rozsifenéjSim detektorem v plynové chromatografii. Detektor elektro-
nového zachytu (ECD) a plamenofotometricky detektor (FPD) se
oproti FID vyznaduji vétsi selektivitou a citlivosti pro vybrané skupiny
latek, a proto nasly Siroké uplatnéni.

Detektor, ktery ma selektivni odezvu pouze na stanovované latky
a nedetekuje ostatni slou¢eniny, umozriuje dvojim zplsobem zefek-
tivnit analyzu. Jednak neni tfeba vénovat se tak peclivému cisténi
vzorku za U€elem odstranéni interferujicich latek b&hem jeho pfipravy
pro vlastni plynové chromatografické stanoveni. Déle je mozné pouzit
rychlejSi chromatografii, protoze vzhledem k selektivité neni nutné
dosahnout perfektni separace vSech latek obsazenych v analyzované
smesi.

Z téchto dUvodu se selektivni detektory staly velmi oblibenymi. Pres
jejich nesporné vyhody vs$ak jejich pouziti mize nardzet na nékteré
problémy, zplsobené bud nespravnym pochopenim pracovniho
modu detektoru, nebo nedplnym vyuzitim jeho moznosti.

V ¢lanku jsou popsany principy vy$e uvedenych detektor( a prak-
tické aspekty jejich pouziti v pivovarské analytice.

2 PLAMENOIONIZACNI DETEKTOR (FID)

Plamenoionizaéni detektor se vyznacuje velmi Sirokym dynamic-
kym rozsahem a vysokou citlivosti a s vyjimkou nékolika nizkomole-

Keywords: gas chromatography, flame ionization detector (FID),
electron capture detector (ECD), flame photometric detector (FPD),
brewing analytics

1 INTRODUCTION

Official methods of brewery institutions as European Brewery Con-
vention (EBC), Mitteleuropéische Brautechnische Analysenkommis-
sion (MEBAK), The Institute of Brewing (IOB) or The American Society
of Brewing Chemists (ASBC) include gas chromatographic proce-
dures used for the determination of beer flavors. Beer flavors or some
contaminants can be determined by this separation procedure as in
intermediate products as in final beer. The review of these compounds
including used detector is shown in Tab. 1.

Flame ionization detector (FID) is the most useful gas chromato-
graphic (GC) detector available and by far that most commonly used
in GC analyses. In comparison with FID electron capture detector
(ECD) and flame photometric detector (FPD) are characterized by
higher sensitivity and higher selectivity for selected analytes and so
these detectors are also often used.

A detector that can selectively respond to compounds of real inte-
rest in a mixture and ignore those compounds of little interest is po-
tentially able to improve efficiency by two ways. Firstly the amount of
sample clean-up required to remove unwanted and interfering com-
pounds from the sample, may be reduced thereby simplifying pre-
analysis sample handling. Secondly, analysis time on the chromato-
graph may be shortened since it may no longer be necessary to
achieve complete separation of all components in the mixture.

It is for these two reasons that the selective detectors are the most
frequently used ones. However, while selective detectors can provide
undoubted benefits, their use can cause other problems, particularly
when their mode of operation is not fully understood or their capabil-
ities not fully utilized.

In this paper the principles of above mentioned detectors are de-
scribed together with their utilization in brewing analytics.

2 THE FLAME IONIZATION DETECTOR (FID)

The flame ionization detector FID has a very wide dynamic range,
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Tab. 1 Pfehled latek stanovovanych plynovou chromatografii v pivovarské analytice podle typu detektoru. / List of compounds determined by

gas chromatography in brewing analytics according to detector type

Latka / Compound Detektor / Detector Odkaz / Reference
Alkoholy / Alcohols FID 1-4
Estery / Esters FID 1-4
Acetaldehyd / Acetaldehyde FID 1-4
Dimethylsulfid / Dimethylsulphide FID 1-4
Vy$Si aromatické alkoholy / Higher aromatic alcohols FID 5
Mastné kyseliny / Fatty acids FID 6
Vicinalni diketony / Vicinal diketones ECD 7-12
Acetoin / Acetoin ECD 13
Chlorované alifatické uhlovodiky / Chlorinated aliphatic hydrocarbons ECD 14, 15
Chlorfenoly / Chlorophenols ECD 16
Halogenoctové kyseliny / Haloacetic acids ECD 17
Polychlorované bifenyly / Polychlorinated biphenyls ECD 18
Estery kyseliny ftalové / Phtalic acids esters ECD 18
Dimethylsulfid / Dimethylsulphide FPD 19-24

kularnich latek detekuje vSechny latky s uhlikem. Poprvé FID popsali
soucasné Halley a Pretorious [25] a McWiliams a Dewer [26]. Vodik
se smésuje s eluentem z GC kolony a hofi v malé trysce. Cylindricka
elektroda obklopuje plaminek a mezi trysku a elektrodu je vlozeno
relativné vysoké napéti, které sbira ionty formujici se v plameni. Vy-
sledny proud je zesilen vysokoimpedanénim zesilovaéem a na vy-
stupu veden do data akvizi€niho systému. Detektor vyZaduje zpravi-
dla tfi nezavislé plyny spole¢né s jejich pfesnou regulaci. Obvykle se
pouzivaji vodik pro hofeni, helium nebo dusik jako nosny plyn proté-
kajici kolonou a dale pak kyslik nebo vzduch pro podporu hofeni. De-
tektor je vybaven nezavislym vyhfivanim. Odezva FID je na teploté
z4avisla jen minimalné, hlavnim divodem dostate¢ného vyhrivani de-
tektoru je zabranit kondenzaci v detektorovém prostoru.

2.1 Princip FID

V roce 1960 peclivé popsali princip ionizace Ongkiehong [27] a De-
sty [28]. Od té doby tak detailni popis tohoto detektoru nikdo neuve-
fejnil. Plvodné se predpokladalo, ze ionizaéni mechanizmus v pla-
minku FID je podobny ionizaénimu procesu v uhlovodikovém
plameni, ktery intenzivné studoval Calcote a King [29], a dale pak
Schuler a Weber [30] v poloviné 50. let minulého stoleti. V sou¢asnosti
je pfijimano vysvétleni, Ze ionty nevznikaji termaini ionizaci, ale ter-
madini emisi z mikroskopickych uhlikovych ¢asteCek, které vznikaji
béhem procesu spalovani. Proto dominantnim faktorem pfi ionizaci
organickych latek neni jejich ionizaéni potencial, ale zavislost na
uhliku, ktery prfechodné vznika béhem hofeni.

Plasma v plaminku obsahuje jak kladné ionty, tak elektrony, které
jsou sbirany bud na trysce, nebo elektrodé v zavislosti na polarité
vloZzeného napéti. Zpocatku se proud zvySuje s vlozenym napétim,
jeho velikost zavisi na umisténi elektrody. Proud se zvétSuje s vkla-
danym napétim, az doséhne plata, pfi kterém z(stava prakticky kon-
stantni. Napéti, pfi kterém je tohoto plata dosazeno, je také zavislé
na vzdalenosti elektrod. Po vzniku elektroni nebo iontovych pari se
zacind uplatriovat rekombinace. Cim je vétsi vzdalenost mezi elekt-
rodami a/nebo nizsi napéti, tim vétsi je rekombinace. Tuto skute¢nost
dokladaji kfivky naméfené Ongkiehongem, ze kterych vyplyva, ze
Za vSech podminek nastaveni elektrod dosahuje plato stejné hodnoty.
Predpoklada se, ze v plato jsou vSechny ionty a elektrony vzniklé
v plaminku sebrany na elektrodach. V praxi by viozené napéti mélo
byt nastaveno tak, aby vzhledem ke vzdalenosti elektrod bylo zajis-
téno, Ze vSechny elektrony a ionty budou sebrany.

2.2 Fungovani FID

Detektor FID je pravdépodobné nejjednodussim, nejsnazsim a nej-
spolehlivéjsim z pouzivanych detektord. Vhodné pratoky pro jednotlivé
plyny jsou vyrobcem popsany v navodu. Priitok vodiku se obvykle na-
stavuje v rozmezi 20 az 30 ml/min, pritok vzduchu je asi 6krat vétsi
nez vodiku, tedy 120 az 200 ml/min. Pritok nosného plynu kapilarni
kolonou mulze byt mensi nez 1 mi/min. Jako nosny plyn se obvykle
pouziva helium, dusik, argon atd. Vyhodou detektoru je jeho samo-
¢isténi, takze malokdy dojde k jeho kontaminaci, i kdyz tato skute¢nost
také zavisi od analyzovanych latek. V pfipadé pivovarsko-sladarskych
analyz vSak ke kontaminaci detektoru FID dochazi minimalné.

a high sensitivity and (with the exception of a few low molecular weight
compounds) will detect all substances that contain carbon. The first FID
was described about the same time by Harley and Pretorious [25], and
McWilliams and Dewer [26]. Hydrogen is mixed with the column eluent
and burned ata smalljet. Surrounding the flame is a cylindrical electrode
and a relatively high voltage is applied between the jet and the electrode
to collect the ions that are formed in the flame. The resulting current is
amplified by a high impedance amplifier and the output fed to a data
acquisition system or a potentiometric recorder. The detector usually
requires three separate gas supplies together with their precision flow
regulators. The gases normally used are hydrogen for combustion, he-
lium or nitrogen as the carrier gas and oxygen or air as the combustion
agent. The detector is normally thermostatted in a separate oven; this
is not because the response of the FID is particularly temperature sen-
sitive but to ensure that no solutes condense in the connecting tubes.

2.1 The response mechanism of the FID

The ionizing mechanism of the FID was carefully examined by
Ongkiehong [27] and Desty [28] in 1960 and it would appear no such
detailed evaluation of the detector has been carried out since. The
ionization mechanism in the FID flame was originally thought to be
similar to the ionization process in a hydrocarbon flame which was
studied intensively by Calcote and King [29] and Schuler and Weber
[30] in the mid—1950s. The present generally accepted explanation is
that ions are not formed by thermal ionization but by thermal emission
from microscopic carbon particles that are formed during the com-
bustion process. Consequently the dominating factor in the ionization
of organic material is not their ionization potential but the work function
of the carbon that is transiently formed during their combustion.

The flame plasma contains both positive ions and electrons which
are collected on either the jet or the plate depending on the polarity
of the applied voltage. Initially, the current increases with applied volt-
age, the magnitude of which depends on the electrode spacing. The
current continues to increase with the applied voltage and eventually
reaches a plateau at which the current remains sensibly constant.
The voltage at which this plateau is reached also depends on the
electrode distances. Once electron/ion pair production is initiated the
recombination starts to take place. The longer the ions take to reach
the electrode the more recombination takes place. Thus, the greater
the distance between the electrodes and/or the lower the voltage, the
greater the recombination. This is substantiated by the curves ob-
tained by Ongkiehong: the plateau is reached at a lower voltage when
the electrodes are closer together. It is seen that the plateau level is
the same for both electrode conditions and it is assumed that on the
plateau, all ions and electrons being produced in the flame are col-
lected. In practice the applied voltage would be adjusted to suit the
electrode distance to ensure that the detector operates under condi-
tions where all electrons and ions are collected.

2.2 The operation of the FID

The FID is probably the simplest, easiest and most reliable detector
to operate. Generally the appropriate flow rates for the different gases
are given in the detector manual. Hydrogen flows usually range be-
tween 20 and 30 ml per min, air flows are about 6 times the hydrogen
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3 ?EE('.:I-DE)KTOR ELEKTRONOVEHO ZACHYTU

Detektor elektronového zachytu ECD vyuziva principu, ze vodivost
plynl v ionizaéni komUrce se dramatickym zplsobem méni pfitom-
nosti nebo absenci kontaminujicich latek v plynu. ECD sestéva z io-
nizaéni komarky obsahujici radioaktivni zdroj  zafeni — nikl-63 (vy-
znacuje se dlouhou Zivotnosti a stabilitou az do 450 °C) — a trysky
pfivadéjici inertni plyn, obvykle dusik. p paprsky z ionizaéniho zdroje
ionizuji inertni plyn a vytvafi tok volnych elektronl. Tuto skute¢nost
popisuje rovnice (1):

(1) N, + B-paprsek < Ny* + e~

lonizaéni cela je pfipojena ke zdroji nizkonapétového potencialu.
VloZeny potencidl zpusobi migraci volnych elektront k anodé, na
které jsou sebrany, a vysledkem je ustanoveni rovhomérného toku
proudu. Peclivym nastavenim vlozeného potencialu se dosahne usta-
noveni rovnovazného stavu, pomoci néhoz vSechny elektrony uvol-
néné v ionizaénim procesu jsou sebrany na anodé. Mobilita volnych
elektronl je vétsi nez pozitivné nabitych iont(, a proto nez staci dojit
k rekombinaci, tak volné elektrony dospéji k anodé.

Proto je mozné v komUrce v ustaleném stavu méfit konstantni
proud. Prostor mezi zdrojem a anodou, ve kterém se pohybuji volné
elektrony, se nazyva jako oblast plasmy. Kdyz se elektrofilni slouce-
nina dostane do detektorové cely, dojde k reakci mezi touto slouce-
ninou a volnymi elektrony podle nésledujicich rovnic (2,3):

@ e +AB  AB-

) nedisociativni
(3) e +AB « A°+ B-

disociativni

V dusledku téchto reakci rychle pohybujici se elektrony jsou na-
hrazeny pomalymi negativnimi ionty. Tyto pomalé ionty potfebuji vice
¢asu k tomu, aby se dostaly k anodég, a tak nez k ni dospéji, je pod-
statné vétsi pravdépodobnost jejich rekombinace s kladné nabitymi
ionty nez u elektrond. Pfi vstupu elektrofilni latky do detektoru tedy
dojde k poklesu toku proudu v cele, coz zafizeni méfici proud zachyti
jako vznikajici pik.

Vzhledem k tomu, Ze volné elektrony se pohybuji k anodé velmi
rychle, moznost vzniku koliznich reakci se snizuje. Proto je tfeba volné
elektrony zpomalit. K tomu se pouziva tzv. ,make-up gas“, obvykle
dusik. Pohyb elektron( je snizovan pomoci nepruznych srazek s elek-
trony [31].

3.1 Vliv teploty

Reakce mezi molekulami vzorku a volnymi elektrony mize probihat
dvéma zplisoby — disociativné nebo nedisociativné (viz rovnice 2,3).
Pfi disociativnim zplsobu je zapotfebi znaéné energie k tomu, aby
doslo k disociaci molekuly. Pfi zvySeni teploty detektoru se zvySuje
energie jak molekuly vzorku, tak elektronu a v dusledku toho disoci-
ativni reakce probihd snadnéji. AvSak pfi nedisociativnim prabéhu
vzriista energie molekuly vzorku, ktera se rozprostfe a vznikne sta-
bilni komplex. ZvySeni teploty detektoru v tomto pfipadé ma za na-
sledek mensi zménu v prabéhu nedisociativni reakce.

Zjednodus$ené feceno, teplota detektoru maze ovlivnit citlivost de-
tektoru. Pfi nedisociativnim zplsobu pro dosazeni maximalni citlivosti
lotou kolony. PFi disociativni reakci vy$si teplota detektoru zvySuje cit-
livost.

Druh probihajici reakce se da jednodus$e zjistit analyzou vzorku pfi
rznych teplotach detektoru. Podle dosazené odezvy je mozné urcit,
za jaké teploty detektoru by méfeni mélo probihat.

Prikladem uplatnéni téchto dvou mechanizmd je stanoveni vicinal-
nich diketon( (diacetyl a 2,3-pentandion) a alifatickych chlorovanych
uhlovodik( v pivu. Na obr. 1 je vidét, jak se vzrlstajici teplotou se
meéni odezva pro tyto skupiny latek. Pfi detekci vicinalnich diketonl
se uplatfiuje nedisociativni mechanismus a je tedy zadouci nastaveni
nizké teploty detektoru, zatimco u alifatickych chlorovanych uhlovo-
dikd probiha mechanizmus disociativni. Vysledky byly naméfeny
v nasi laboratofi na plynovém chromatografu Thermo Scientific Trace
GC Ultra.

3.2 Praktické poznamky

Pro dosazeni vysoké citlivosti a selektivity je nutné pfi pouzivani
detektoru elektronového zachytu dodrzet nasledujici body:

Teplota detektoru musi byt vzdy nastavena nad maximalni teplotou
teplotniho programu kolonového termostatu, aby nedochéazelo ke
kondenzaci vzorku a/nebo stacionarni faze v detektoru.

flow e.g. 120 to 200 ml per min. The capillary column flow rate may
be less than 1 ml per min for very small diameter columns. The mobile
phase can be any inert gas—helium, nitrogen, argon etc. To some ex-
tent the detector is self-cleaning and rarely becomes fouled. However,
this depends a little on the substances being analyzed. In case of
brewing and malting analyses the possibility of contamination of FID
is minimized.

3 THE ELECTRON CAPTURE DETECTOR
(ECD)

The electron capture detector ECD utilizes the fundamental obser-
vation that the conductivity 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 (characterized by long lifetime
and temperature stability up to 450 °C), with a stream of inert gas
usually nitrogen, flowing through it. The p-ray emanation from the
source causes ionization of the inert gas with a consequent liberation
of free electrons. This may be written simple as (1):

(1) Nz + B-ray < No* + e~

The ionization chamber is connected to a low voltage potential and
a current measuring device. The applied potential causes the liberated
electrons to migrate to the anode where collection occurs and a cur-
rent flow is established. By careful adjustment of the applied potential,
an equilibrium can be established whereby the electrons produce in
the ionizing process are all collected at the anode. This can be
achieved because the mobility of the free electrons is greater than
that of the positive ions and hence free electrons migrate to the anode
before recombination can occur.

Therefore, in the steady state a constant current known as the
standing current, can be measured flowing in the chamber. The area
between the source and the anode where electron liberation is oc-
curring is known as the plasma region. If an electrophilic compound
is now introduced to the chamber, a reaction will occur between this
compound and the free electrons as follows (2,3):

non-dissociative
dissociative

(2) e + AB < AB-
(3) e +AB o A° + B-

As a result of these reactions, the fast moving electrons are re-
placed by slow moving negative ions. These slow negative ions take
longer to migrate to anode and so have a higher probability of recom-
bination with positive ions before reaching the anode than the elec-
trons. Thus the nett results of introducing an electrophilic compound
will be a decrease in the amount of current flow measured in the
chamber.

The free electrons may in fact be moving so fast to the anode after
their production that these necessary collisions and reactions do not
have time to occur before the electron reaches the anode. So it is
necessary to slow down the free electrons. The make-up gas, usually
nitrogen, is used for this. The mobility of electrons is reduced by non-
elastic collisions with the electrons [31].

3.1 Effect of temperature

The reaction between the sample molecule and free electros can
be of two types — dissociative and non-dissociative (see equation 2,3).
The dissociative reaction requires considerable energy for the disso-
ciation of the sample molecule to occur during the reaction. An in-
crease of detector temperature will effectively increase the energy of
both the sample molecule and the electron and so will increase the
ease of the dissociative reaction. The non-dissociative reaction, how-
ever, results in an increase of the energy of the sample molecule
which has to be dispersed before a stable complex can be formed.
An increase of detector temperature in this case would result in less
chance of a non-dissociative reaction occurring.

Very simply then, the detector temperature can influence the sen-
sitivity of the detector. For non-dissociative reactions, as low a detector
temperature as possible, as is compatible with column temperature,
should be used. For dissociative reactions, the higher the detector
temperature the greater its sensitivity.

The type of reaction involved can be easily identified by injection
of the sample at different detector temperatures. A decision can then
be taken on the two responses as to whether the detector should be
operated at a low or high temperature.
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Obr. 1 Zavislost odezvy diacetylu a chloroformu na teploté ECD / Fig. 1 Res-

ponse dependence of diacetyl and chloroform on ECD temperature

The determination of vicinal diketones (diacetyl and 2,3-pen-
tanedione) and chlorinated aliphatic hydrocarbons in beer are
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3.2 Practical notes

For high degree of sensitivity and selectivity of electron cap-
ture detector the following points should be noted and adhered
to:

Always keep the detector temperature well above that of the
column to prevent condensation of sample and/or stationary
phase in the detector.

Use small-sized samples of not more than 1 nanogram of
strongly electron capturing material. The detector is so sensitive

Vzdy nastfikovat malé mnozstvi vzorku (ne vice jak 1 nanogram
v pfipadé latek se silnym zachytavanim elektrond). Detektor je tak
citlivy, ze tyto latky mohou detektor zahltit a saturovat az po nékolik
hodin.

VZzdy je nutné udrzovat vysoky pratok plynu skrz detektor (obvykle
ne méné nez 40-50 ml/min), aby bylo zajiténo vyplachovani celého
mrtvého objemu.

Nikdy nevyhfivat chromatografickou kolonu nad maximalni teplotu,
ktera je doporuc¢ena pro stacionarni fazi kolony. Vzhledem k velkeé cit-
livosti ECD, jiz malé mnozstvi stacionarni faze, které z kolony ,vykr-
vaci“, povede k ztraté citlivosti detektoru. Navic faze uvolnéna z kolony
v tomto typu detektoru neshofi jako v pfipadé plamenoionizaéniho
detektoru, ale zkondenzuje v ECD.

Ztrata ustaleného proudu po kazdém nastfiku indikuje kontaminaci
detektoru slou¢eninami ze vzorku. V tom pfipadé je vhodné vycistit
detektor vyhfatim na maximaini teplotu (bez kolony) pfes noc.

Mnoho rozpoustédel mize zachytavat elektrony (napf. aceton, al-
kohol, ether nebo jakékoli chlorované rozpoustédlo). Nastfik i velmi
malych mnozZstvi téchto rozpoustédel mize zplsobit zahlceni ECD.

Vzhledem k tomu, ze nosny plyn a make-up plyn neustale proudi
skrz detektor, jakakoli i sebemensi necistota téchto plynd se rychle
nahromadi v detektorové cele a snizi hodnotu ustaleného proudu.
Z tohoto dlvodu je nutné pouzivat vysoce Cisté plyny v kvalité pfimo
uréené pro ECD nebo plyny v oby¢ejné kvalité docistovat pomoci spe-
cidlnich filtrG.

4 &L&I\;IENOFOTOMETRICK? DETEKTOR

Plamenofotometricky detektor (FPD) byl poprvé popsan Grantem
[32] v roce 1958. Zakladni princip plamenofotometrického detektoru
vychéazi ze specifické emise svétla o dané vinové délce béhem sho-
feni latky v plameni. Tento detektor se vyuziva k detekci sirnych latek
a slouc¢enin obsahuijicich fosfor.

Konec kapilarni kolony usti v trysce s plaminkem, kde se eluent
misi s vodikem a shofi. Tryska s plaminkem je nastavena tak, aby
svétlo z plaminku dopadalo pfimo do fotonasobice. Blok s tryskou je
vyhfivan, aby se zabranilo kondenzaci. Svétlo emitované nad plamin-
kem nejprve prochazi dvéma filtry a pak pres filtr propoustéjici jen da-
nou vinovou délku dopada do fotonasobi€e. Za spravnych podminek
pfi shofeni latek obsahujicich fosfor nebo siru vznikaji HPO a Sy, které
poskytuji charakteristické emise o vinové délce 526 a 394 nm. Odezva
detektoru na siru je prakticky nezavisla na zménach v nastaveni pri-
toku vodiku. Odezva slou¢enin s fosforem vykazuje maximum pfi ur-
¢itém pritoku vodiku, nicméné se velmi méni s pritokem vzduchu.

4.1 Nelinearni odezva

NejvétSim problémem pfi pouzivani plamenofotometrického detek-
toru je jeho kvadraticka zavislost odezvy v rezimu méfeni siry. Tento
jev se projevi napf. pfi zméné reten¢niho ¢asu pfi detekci velmi ma-
Iého mnozstvi latky. U linearnich detektor(i ma prodlouzeni retenéniho
Casu za nasledek snizeni velikosti piku a z toho divodu se snizi i de-
tekéni limit. Pfi kvadratickém prubéhu odezvy detektoru se vSak tento
efekt nasobi a pfi stanovovani stopovych mnozstvi maze pik zanik-
nout v Sumu.

Z tohoto dlvodu je nutné vénovat pozornost faktordm ovliviujicim

to these compounds that they will overload and saturate the de-
tector even for several hours.

Always maintain a high total flow through the detector (usually not
less than 40-50 ml/min) to ensure that all dead volumes are swept out.

Never use columns at or above the maximum temperature that is
recommended for the stationary phase in the column. Because of the
great sensitivity of the electron capture detector, small amounts of
stationary phase bleed will cause a loss of standing current with a con-
sequent loss of sensitivity. Moreover, any bleed from the column is
not combusted, as on the flame ionization detector, and will tent to
condense in the ECD.

A loss of standing current which is noticed after each injection in-
dicates that contamination of the detector by compounds in the sam-
ple is occurring. If this is experienced, it is advisable to clean the de-
tector regularly overnight by purging at an elevated temperature until
the original standing currents are recovered.

Many types of solvent can be electron capturing (e.g. acetone, al-
cohol, ether and any chlorinated solvent). Even small injections of
these solvents will eventually saturate the ECD.

Since carrier gas and make-up gas is continually passing through
the detector, any contamination in these gases will quickly build-up
in the detector thereby reducing the detector standing current. It is
necessary, therefore, to ensure that gases used with the ECD are
quite clean. This can be achieved by using gases in ECD quality or
by cleaning gases through special filters.

4 iI'Fllll,%)FLAME PHOTOMETRIC DETECTOR

The flame photometric detector (FPD) was described by Grant [32]
in 1958. The fundamental principle of the flame photometric detector
is based on specific emission of light during combustion processes.
This detector is used for the detection of sulphur and phosphorus
compounds.

The end of the capillary column is led into the flame jet where the co-
lumn eluent mixes with the hydrogen flow and is burnt. The jet and the
actual flame is shielded to prevent light from the flame itself falling directly
on to the photo-multiplier. The base of the jet is heated to prevent vapor
condensation. The light emitted above the flame, first passes through
two heat filters and then through the wavelength selector filter and finally
on to the photo-multiplier. Under the correct conditions, the combustion
of phosphorus and sulphur compounds produces two species, HPO and
S,, which give off characteristic emissions at 526 and 394 nm wave-
lengths respectively. The response of the detector to sulfur is fairly in-
sensitive to changes in hydrogen flow rate. However, the response to
phosphorus compounds shows a maximum at a particular hydrogen
flow rate, the magnitude of which varies with the air flow.

4.1 Non linear response

The largest number of user problems with the flame photometric
detector is caused by the square law dependence of the detector
when used in the sulphur mode. This effect shows itself during
changes in retention time in the detection of very small amounts of
analytes. In linear detector a change in retention time will cause a de-
crease in peak height and hence a decrease in the limit of detection.
With a square law detector this effect is exaggerated and in trace de-
termination the peak could disappear into the general noise level.
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$um detektoru. Nadmérny Sum mUze zplisobovat plaminek, coz je
disledkem nespravného nastaveni pratokd jednotlivych plyn(, pou-
zitim plyn(i nedostate¢né Gistoty nebo krvacenim kolony zplisobené
jejim vyhiatim na pfili§ vysokou teplotu. Jinym zdrojem Sumu muize
byt trubice fotonasobice, ktera je nachylna na kondenzaci vlhkosti, ke
které muze dojit pfi velkych zméndach teploty nebo kdyz plaminek
neni zapdlen. Na zagatku méreni, kdyz se zacina od vychladlého de-
tektoru, je mozné, ze Sum je ponékud vétsi. Béhem kratké doby by
kondenzat vsak mél zmizet a Sum by mél klesnout na normalni troven
[31].

5 ZAVER

Vyvoj plynové chromatografie v sou¢asné dobé neni prevratny.

sovéji rozSifené a pro potfeby rutinnich pivovarsko-sladarskych sta-
noveni plné dostacujici.
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From this reason it is important to pay attention to factors influenced
detector’'s noise. Excessive flame noise can be usually caused by not
running the flame at the recommended gas flow rates, by using contam-
inated gas or by column bleeding caused by operating the column at
a too high temperature. Another source of excess noise could be the
photomultiplier tube because it is susceptible to water condensation. This
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when the flame is not alight. It is to be expected, therefore, that on start-
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however, the condensation would clear and the noise decrease [31].

5 CONCLUSIONS

Developments of gas chromatography are now relatively slow. In
the detector sector different types of special mass detector are ex-
tended because the prices of these units depreciate and so these
equipments are easily available. Nevertheless the detectors FID, ECD
and FPD are always wide-spread and for routine brewing and malting
analyses are fully sufficient.
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