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Na laboratore jsou kladeny stéle vy$si naroky jak z hlediska mnozstvi zmérenych vzork(, tak efektivnéjsiho vyuziti nakladné instrumen-
tace a rychlého ziskani pozadovanych vysledk(. Jednim ze zpUsobd, jak se vyrovnat s témito naroky, je pouziti rychlejsi plynové chromato-
grafie. V tomto Uvodnim ¢lanku jsou na zakladé teoretickych poznatku diskutovany vlivy typu nosného plynu a jeho regulace, parametrd chro-
matografickych kolon, teplotnich programu a detektor(.

Horak, T. — Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V. — Dvorak, J. — Haskova, D.: Faster gas chromatography and its utilization
in brewing. Part 1. — Theoretical and practical aspects. Kvasny Prum. 55, 2009, No. 9, p. 250-254.

The interest in analytical laboratories is driven primarily by the desire to higher laboratory throughput, better utilization of high-cost equip-
ment and to reduce the time required to get results. As one of answers to these requirements the attention was focused on faster gas chro-
matographic analyses. In this introductory article the influences of different type of carrier gases and their pressure regulators, parameters
of chromatographic columns, temperature programs and detectors are discussed.

Horak, T. — Culik, J. — Jurkova, M. — Cejka, P. — Kellner, V. — DvoFak, J. — Haskova, D.: Eine schnellere Gaschromatographie und ihre
Ausniitzung in der Brauindustrie. Teil 1. — Theoretische und praktische Aspekts. Kvasny Prum. 55, 2009, Nr. 9, S. 250-254.

Zurzeit werden auf die Labors immer héhere Anspriiche anlasslich der Menge von gemessenen Mustern, einer besseren Ausnltzung der
kostenaufwendigen Messtechnik und schneller Erlangung der Resultate gestellt. Eine Mdglichkeit diesen Anforderungen zu Recht zu kom-
men, ist die Anwendung der schnelleren Gaschromatographie. In diesem Leitartikel werden auf Grund der theoretischen Erkenntnisse die
Einflusse des Traggastyps und seiner Regulation, Parameter der chromatographischen Kolonne, der Temperaturprogramme und Detektor

diskutiert.
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1 UvVoD

Zajem o rychlejsi plynové chromatografickou separaci se datuje uz
k po¢atku plynové chromatografie. Koncept chromatografie plyn-ka-
palina predstavili Martin a Synge v roce 1941 [1]. V praxi ji poprvé
pouzili James a Martin v roce 1952 [2,3]. V roce 1957 Golay poprvé
navrhl pouzit v plynové chromatografii kapilarni kolony s tenkym fil-
mem [4,5].

Uz na zacatku rozvoje plynové chromatografie bylo zfejmé, ze
cesta ke zrychleni separace spociva v miniaturizaci. Miniaturizaci je
mysleno zmens$eni velikosti ¢astic v pfipadé naplriovych kolon nebo
zmenseni vnitfniho prdmeéru v pfipadé kapilarnich kolon. Navic toto
zmen$eni umoznuje jesté zkratit i délku kolony, aniz by doslo ke zhor-
Seni vystupniho rozliSeni, a tak dalSim zplsobem podpofit zrychleni
chromatografické analyzy. PouZiti kapilarni kolony v rychlé plynové
chromatografii poprvé popsali Desty a kol. v roce 1962 [6].

Dal&i rozvoj rychlé plynové chromatografie byl v8ak zpomalen.
Pravdépodobné z toho dlvodu, ze kapilarni kolony se vyznacovaly
velkym rozliSenim [7], a vyzkum se zaméroval prfedevSim na analyzy
komplexnéjSich smési; doba analyzy a selektivita nebyly hlavnim
predmétem vyzkumného zajmu. Ke zpomaleni rozvoje rychlé plynové
chromatografie pfispél i nedostatek vhodné instrumentace. Situace
se zacGala ménit aZz koncem sedmdesatych let a hlavné v pribéhu
osmdesatych let minulého stoleti. Zatim nejrychlejsi chromatograficky
zaznam na kapilarni koloné dosahl Van Es a kol. [8] v roce 1988. Po-
dafilo se jim rozdélit 9 uhlovodikd za pouhych 0,6 s, a to na koloné
dlouhé 30 cm s vnitfnim primérem 50 um. Od devadesatych let vy-
voj rychlé chromatografie pokro€il diky novym zptsobdm umoznuiji-
cim rychlejSi ohfev kolon.

2 DEFINICE RYCHLEJSi PLYNOVE CHROMATOGRAFIE

V minulosti byl pojem rychlé nebo rychlejsi plynové chromatogra-
fie jiz mnohokrat diskutovan [9-14]. Rozhodujicim faktorem pfi po-
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perature programs, detectors

1 INTRODUCTION

The interest in faster gas chromatography dates back to the period
directly after the invention of gas chromatography. The concept of
gas-liquid chromatography was introduced by Martin and Synge in
1941 [1]. James and Martin used for the first time this technique in
practice in 1952 [2,3]. In 1957 Golay proposed for the first time using
of capillary columns with thin film in gas chromatography [4,5].

In the beginning of the development of gas chromatography it was
clear that miniaturization is the way for faster separation. The minia-
turization included reducing size of particles in case of packed co-
lumns or decreasing of internal diameter in case of capillary columns.
Moreover due to this the length of column could be cut down without
losing resolution so the faster chromatographic analysis is suppor-
ted by this way. In 1962 Desty et al. for the first time described using
of capillary column in fast gas chromatography [6].

However another development of fast gas chromatography was slo-
wed down. Probably it was due to big resolution of capillary columns
[7], the research focused its interest to analyses of more complex
mixtures and time of analyses and selectivity were not be very im-
portant. The absence of suitable instrumentations also contributed to
slugging on the development of the fast gas chromatography. Situa-
tion started to change until the end of seventies and especially du-
ring the eighties. In 1988 Van Es et al. reached the fastest chroma-
tographic record by using of capillary column [8]. They successfully
separated up 9 hydrocarbons in only 0.6 s by using column with 30 cm
length and with 50 um of internal diameter. Since the nineties the
advance of fast chromatography has been made possible due to new
techniques enabling faster heating of columns.

2 DEFINITIONS OF FASTER GAS CHROMATOGRAPHY
The definition of fast or faster gas chromatography has been dis-

cussed for some time [9-14]. Concepts relating fast gas chromato-
graphy to run time clearly indicate the bottom-line of getting results
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Tab. 1 Sitka pikl jako funkce vnitfniho priméru kolony. (V&echny ko-
lony mély stejny pocet teoretickych pater.) [15]/ Peak widths as a func-
tion of the column internal diameter. (All columns have the same plate
number) [15]

Vnitini pramér kolony / Sitka piku / Peak width
Column internal diameter
(wm) (s)
530 2,6
320 1,2
250 0,85
200 0,64
100 0,29
50 0,14

suzovani rychlé chromatografie je samozrejmé rychlejsi ziskani ana-
lytickych vysledkud. Nicméné definice zaloZzené vyhradné na dobé tr-
vani chromatografické analyzy opomijeji takova dilezita hlediska,
jako je separace jednotlivych pikd a kapacita pikd. Jinymi slovy,
Spatna separace tii pikl béhem jedné minuty je silné neuspokojiva
ve srovnani s rozdélenim patnacti pik( az na zakladni linii béhem té-
hoz ¢asového intervalu. A¢koliv obé analyzy trvaji pouze 1 min, druha
analyza poskytuje mnohem vétsi separacni ucinnost béhem téze
doby. Proto je dllezité pouzit definici, ktera bude zohledrovat i Ucin-
nost separace v ¢ase. Z tohoto diivodu se jevi jako rozumné pouzit
definici zaloZzenou na $ifce pikd.

V tab. 1 je uvedena zavislost $itky piku na vnitfnim praméru kapi-
larni kolony. Z této tabulky je vidét, ze pro rychlejsi chromatografii ho-
vofi mensi vnitfni priméry kolony. Pfitom v tomto pfikladu byl za-
chovan stejny pocet teoretickych pater u vSech kolon. Jak vyplyva
z tab. 1, pfi zméné kolony o vnitfnim prdméru 530 um na kolonu
s vnitfnim prdmérem 100 um dojde pfiblizné k devitindsobnému zu-
zeni pikd pfi stejném rozlieni a stejné kapacité pikd. To odpovida asi
devitinasobné rychlejsi chromatografické analyze bez zhorSeni roz-
déleni. Tento pfistup, ktery umoziuje porovnavat chromatografické
separace, je tedy zalozeny jak na kvalité rozdéleni jednotlivych latek,
tak na absolutni rychlosti analyzy [15].

3 INSTRUMENTACE PRO RYCHLEJSi PLYNOVOU CHROMATO-
GRAFII

3.1 Nosny plyn a jeho regulace
Vybér nosného plynu ma velmi podstatny vliv na rychlost chroma-

tografické analyzy [16-18]. V kapilarni plynové chromatografii se nej-

Castéji pouziva helium, dusik, vodik nebo argon. Nesporna vyhoda

helia spociva v tom, Ze se da pouzit v kombinaci se vSéemi typy de-

tektor(i, véetné hmotnostnich. Z tohoto dlivodu jde o nejpouzivanéjsi
nosny plyn. Helium a dusik jsou netoxické, nehoflavé a i proto velmi
bezpecné. Na druhé strané cena helia je podstatné vy$si nez cena
ostatnich nosnych plyna. Vodik vytvaFi se vzduchem vybusnou smés,
proto z bezpecnostniho hlediska mize byt pouzivani vodiku ponékud
rizikové. Oproti heliu a dusiku poskytuje vodik vyznamné vyhody

v rychlosti analyzy, citlivosti a rozliSeni na jednotku ¢asu [13]. Porov-

nani relativnich rychlosti analyzy zaloZzené na publikovanych datech

pro tyto nejpouzivanéjsi plyny uvadi tab. 2.

Uginnost chromatografické kolony se da vyjadfit poétem teoretic-
kych pater (N) nebo vySkovym ekvivalentem teoretického patra (H =
L/N, kde L je délka kolony). Vyskovy ekvivalent teoretického patra je
funkci primérné linearni rychlosti nosného plynu (0), kterou pro ka-
pilarni kolony popisuje Golayova-Giddingsova rovnice [5,19]. Tato z&-
vislost je funkci priméru kolony (d,), tloustky stacionarni faze (d;), ka-
pacitniho faktoru (k) a difuznich koeficientll analytu v mobilni
a stacionarni fazi. Pro danou kolonu a dany analyt ziskame pro r(izné
plyny (vodik, dusik, helium) tfi rGzné kfivky (obr. 7).

Z téchto zavislosti vyplyvaji nasledujici dulezité skutec¢nosti [20]:
a) Pro vSechny nosné plyny je minimaini hodnota H prakticky neza-

visla na typu nosného plynu. Z toho plyne, Ze za pfedpokladu na-

staveni optimalni primérné rychlosti nosného plynu vSechny tfi
plyny poskytuji srovnatelnou ucinnost a rozlideni.

b) Optimalni rychlost plynu je nejvy$Si pro vodik ve srovnani s heliem
nebo dusikem. Pro standardni kapilarni kolony (délka 10-50 m,
vnitfni prdmér 0,25-0,32 mm a tloustka filmu 0,1-0,5 um) pfi opti-
malni rychlosti je vodik 1,5krat rychlejsi nez helium a 3,3krat rych-
lejsi nez dusik, pfi¢emz vyskovy ekvivalent teoretického patra je
pfiblizné stejny.

faster. However, definitions based only on run time miss the impor-
tant aspects of peak separation and peak capacity. It means that
a poor separation of three peaks in 1 min is inferior to the baseline
separation of 15 peaks in the same minute. Although all these ana-
lyses are finished in 1 min, the second case provides more separa-
tion power per time. Therefore, it is important to use a definition that
is representative of separation per time. Thus, a definition based on
peak width seems reasonable.

Peak widths as a function of column internal diameters are shown
in Tab. 1. It illustrates the benefit of smaller diameter columns for fas-
ter gas chromatography. The total column efficiency (plate number)
was held constant. As we can see from the Tab. 1, changing column
internal diameter from a 530 um to a 100 wm can generate approxi-
mately 9 times narrower peaks with the same resolutions and peak
capacity. This corresponds with 9 times faster chromatographic ana-
lysis with no loss in separation. This approach allows for the compa-
rison of separations based on the quality of the separation as well as
the absolute speed [15].

3 INSTRUMENTATION FOR FASTER GAS CHROMATOGRAPHY

3.1 Carrier gas and its regulation
The carrier gas choice have a substantial influence on analysis

speed [16-18]. Helium, nitrogen, hydrogen or argon are very often
used in gas capillary chromatography. The great advantage of helium
consists in universal using of all types of detectors, mass detectors
included. From this reason helium is the most extended carrier gas.
Helium and nitrogen are non toxic, non-flammable and so very safe.
On the other hand, helium is much more expensive in comparison
with different carrier gases. Hydrogen is not very popular because of
his high explosivity. Compared to helium or nitrogen the using of hyd-
rogen provides significant advantage in speed of analysis, sensitivity
and resolution in time unit [13]. Tab. 2 shows the comparison of re-
lative speeds for the most used carrier gases based on published
data.

The efficiency of chromatographic column could be expressed as
the number of theoretical plates (N) or as the equivalent of column
plate height (H = L/N, L means the column length). The equivalent of
column plate height is function of the speed average of carrier gas
(0) which is described by Golay-Giddings equation [5,19]. This de-
pendence is the function of the column diameter (d.), film thickness
(dy), capacity factor (k) and diffusion coefficients of compound in mo-
bile and stationary phases. For a given column and a given com-
pound different curves for different gases are obtained (Fig. 1).

These important facts resulted from these dependences [20]:

a) for all carrier gases the value H is almost independent on the type
of carrier gas. So when an optimal average of carrier gas speed
is adjusted all three types of gases give similar efficiency and re-
solution

b) the optimal carrier gas speed is the highest for hydrogen in com-
parison with helium or nitrogen. For current capillary columns
(length 10-50 m, internal diameter 0.25-0.32 mm and film thick-
ness 0.1-0.5 um) and using the optimal speed the hydrogen is 1.5
times faster than helium and 3.3 times faster than nitrogen, res-
pectively. And it is important that the equivalent of column plate
eight is approximately the same

0.04

0,00

— -1
M. Cm.s

Obr. 1./ Fig. 1 H — U kfivky pro nosné plyny vodik @, helium M, du-
sik ® [22] / H versus d curves for carrier gases hydrogen @, helium
W, nitrogen & [22]
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¢) Strmost kfivek klesa v pofadi dusik — helium — vodik. To znamena,

Ze pokud pouzijeme dusik pfi praci s vy$si rychlosti plynu, nez je

rychlost optimalni, dochazi k rychlému poklesu ucinnosti. Naopak,

v pfipadé vodiku Ize rychlost plynu zvySit bez vyrazné ztraty ucin-

nosti. Helium, jak je patrné z obrazku, ma stfedni strmost. Strmost

téchto kfivek je vyznamna pro rychlou plynovou chromatografii. Pfi
zmens$ovani priméru kolony totiz klesa strmost této kfivky, kfivka
se stava plossi a zvysuje se hodnota optimalni rychlosti. V dlsledku
je tedy mozné zvysSovat rychlost nosného plynu bez vyrazného sni-

Zeni ucginnosti.

Pokud se k detekci pouzivaji detektory citlivé na hmotnostni tok,
jako je plamenoioniza¢ni detektor (FID) nebo termoionizaéni detek-
tor (NPD), citlivost je zavisld na mnozstvi analytu, které se dostane
do detektoru za jednotku €asu. Dfive eluujici pik se projevi vysSsi cit-
livosti nez pozdéji eluujici Sirsi pik. Z tohoto diivodu rychla plynova
chromatografie v kombinaci s vodikem jako nosnym plynem posky-
tuje nejvyssi citlivost.

Navzdory témto nespornym vyhodam se vodik jako nosny plyn
bézné nepouziva. Hlavni pfi¢inou je skute¢nost, ze se vzduchem vy-
tvari vybusnou smés. Ve skute€nosti je vSak riziko exploze velminizké.
Jednak je velmi nepravdépodobné prasknuti pruznych kfemennych
kapilarnich kolon a navic pratoky nosného plynu se pohybuiji v fadu
ml/min, a tudiz pravdépodobnost nahromadéni vodiku v koncentraci
vys$8i nez kritické je miziva. Navic vodik se vyznacuje velmi rychlou
difuzi. Moderni chromatografy jsou vybaveny elektronickou kontrolou
pritoku plynu, kterda umozfiuje vypnuti pfivodu plynu, pokud dojde
k poklesu tlaku. Kromé toho jsou dnes k dispozici generatory vodiku,
které eliminuji nebezpedi plynouci ze skladovani a manipulace s vo-
dikovymi tlakovymi lahvemi.

Elektronicka kontrola tlaku se také vyznamnym zplGsobem podili
na zkraceni doby analyzy. Viskozita plynu se totiz zvySuje se vzrQ-
stajici teplotou (pfi pouZziti teplotniho programu), a tak dochéazi k po-
klesu pritoku plynu v koloné a tedy i k prodlouzeni doby analyzy, sni-
zeni odezvy detektoru a ztraté ucinnosti, pokud se rychlost dostane
pod optimalni rychlost [21]. Elektronicka kontrola tlaku umoznuje ply-
nule ménit tlak na hlavé kolony, a tak pracovat s konstantnim prito-
kem plynu béhem celé analyzy, a to i pfi teplotnim programu pece.

Pro regulaci tlaku je u rychlejsi a zejména u rychlé plynové chro-
matografie dllezitd moznost nastavit maximalni vystupni tlak z re-
gulatoru na dostate¢né vysoké hodnoty. Vzhledem k tomu, zZe se v ry-
chlé plynové chromatografii pouzivaji velmi tenké kolony s vnitfnim
primérem 0,1 mm nebo dokonce mensim, je zapotfebi podstatné
vy$8i tlak na dosazeni optimalni rychlosti proudéni plynu kolonou ve
srovnani s konvenénimi kolonami. Pfi praci v modu konstantniho prd-
toku je dllezitym kritériem elektronické regulace kontroly tlaku i ma-
ximalni rychlost nardstu tlaku. To byva ¢asto problém pouZité instru-
mentace, proto se v rychlé plynové chromatografii vétSinou pracuje
pfi konstantnim tlaku [22].

3.2 Parametry chromatografickych kolon

Rychlost plynové chromatografické analyzy Ize vyznamné ovlivnit
délkou, primérem a tloustkou filmu stacionarni faze kapilarni kolony.
Zkraceni délky kolony predstavuje nejjednodussi zplsob, jak zkratit
Cas analyzy. Vzhledem k tomu, ze pocet teoretickych pater je pfimo
umerny délce kolony, tak tento postup Ize aplikovat pouze v pfipadé,
ze je mozné akceptovat nizsi ucinnost kolony. Zkracenim kolony to-
tiz dochazi ke snizeni separacni ucinnosti kolony.

Jak vyplyva z teorie rychlé plynové chromatografie, tak podstatné
ucéinnéjsim zplsobem zrychleni analyzy je pouZziti kolony s mensim
pramérem [13]. JelikoZ pocet teoretickych pater je nepfimo umérny
vnitinimu priméru kolony, tak zmengenim vnitfniho primeéru se zvysi
separaéni ucinnost kolony [23]. To znamena, Ze pfi zmenseni pri-
méru kolony na polovinu se pocet teoretickych pater zvysi dvojna-
sobné. Napt. kolona s primérem 50 um a délkou 5 m ma stejny po-
Cet teoretickych pater jako kolona s primérem 250 um a délkou 25 m
[24]. P¥i snizeni vnitfniho priméru kolony je tedy mozné zkratit délku
kolony a zrychlit tak analyzu, aniz by doslo ke ztraté separaéni ucin-
nosti.

Hodnota linearni rychlosti nosného plynu je dalSim parametrem,
ktery Ize s vyhodou vyuzit ke zrychleni analyzy. PFi snizovani vnitf-
niho priméru kolony klesa strmost H — & kfivky, ktera se zplostuje,
a diky tomu se zvySuje hodnota optimalni rychlosti. Z tohoto diivodu
je mozné zvySovat rychlost nosného plynu, aniz by doSlo k vyraz-
nému zhor$eni ucinnosti. Nékteré typické hodnoty pro helium jsou
uvedené v tab. 3[22].V disledku toho je mozné pouzit vy$sich rych-
losti, nez je optimalni, a pokles ucinnosti je podstatné mensi, nez pfi
pouziti kolon s vétSim vnitfnim pramérem.

Zmen3Sovanim vnitfniho praméru kolony vSak dochazi ke snizovani

c) the slope of curves drops in order nitrogen — helium — hydrogen.
That means, when nitrogen is used in higher speed than the opti-
mal speed is, fast degradation of efficiency is achieved. On the other
hand in the case of hydrogen the gas speed can be increased wit-
hout significant loosing of efficiency. Helium is characterized by the
middle slope (fig. 1). The slope of these curves is important for fast
gas chromatography. With decreasing of the column diameter the
slope of curve drops, the curve becomes more flat and the optimal
gas speed increase. Due to this the considerable speed of carrier
gas is possible without considerable degradation of efficiency.
When the detectors sensitive for mass flow — as flame ionization

detector (FID) or thermo ionization detector (NPD) — are used the
sensitivity depends from the amount of compound of interest inco-
ming detector in time unit. The earlier eluting peak shows higher sen-
sitivity than the later eluting wider peak. From this reason the fast gas
chromatography with hydrogen as the carrier gas gives the best sen-
sitivity.

Despite of these implicit advantages hydrogen is not used very
often. The main reason is that the explosive mixture is formed with
air. In fact the risk of explosion is very low. Partly the break of flexible
silica capillary columns is improbable and moreover the flow rates
are in range of ml/min and so the risk of accumulation of hydrogen
in the concentration greater than critical is very low. Furthermore hyd-
rogen is known for its fast diffusion. Modern gas chromatographs equ-
ipped with electronic pressure control modules enable switching out
the inlet of carrier gas when the gas decrease is detected. Also the
gas generators are available today and so the emergency of stocking
and manipulation with hydrogen bombs is eliminated.

Electronic pressure control is the important factor in faster gas chro-
matographic analysis. The viscosity of gas increases with rising tem-
perature (in the case of temperature program) and so the flow rate
decreases. By this way the time of analyses extends, the response
decreases and the column efficiency lost when the gas speed lets
down the optimal value [21]. Electronic pressure control enable con-
tinuous changing the head pressure and due to the constant flow rate
of carrier gas is possible during the whole analysis including tempe-
rature program.

The maximum output pressure is very important for the pressure
regulation in fast gas chromatography. Inasmuch as very narrow-bore
columns (internal diameter 0.1 mm or less) are used in fast gas chro-
matography the considerably higher pressure is necessary to reach
the optimal gas speed in comparison with conventional columns. Du-
ring analysis in the constant flow mode the important parameter of
the electronic pressure control unit is also the maximum increase of
pressure. This is mostly problem of using instrumentation so the con-
stant pressure mode is often used in fast gas chromatography [22].

3.2 Chromatographic column parameters

The column parameters, as length, internal diameter and film thick-
ness of stationary phase of capillary column significantly influence
the speed of gas chromatographic analysis. The simply way how to
reduce the time of analysis is shortening of column length. Due to
fact that number of column plates is directly proportional to a column
length this procedure could be applied only if lower column efficiency
is acceptable. Shortening of column leads to degradation of separa-
tion efficiency.

As the theory of fast gas chromatography shows that the more ef-
fective way how to increase the speed of analyses is using columns
with narrower internal diameter [13]. The number of column plates is
inversely proportional to column internal diameter, so the separation
efficiency of column enhances by reduction of internal diameter [23].
That means if internal diameter of column decreases on the half, the
number of column plates rises by twice. For example the number of
column plates is the same as with the column of 50 um of internal
diameter and 5 m length as with the column of 250 um of internal di-
ameter and 25 m length [24]. When the narrower internal diameter
of column is used the reduction of column length is possible and due

Tab. 2 Porovnani relativnich rychlosti proudéni riznych nosnych plynd
(doba analyzy je nepfimo Umérna rychlosti proudéni nosného plynu)
[13] / Comparison of relative speeds for several types of carrier ga-
ses (the run time is inversely proportional to the speed) [13]

Nosny plyn / Carrier gas | Relativni rychlost / Relative speed
Vodik / Hydrogen 1
Helium / Helium 0,78
Dusik / Nitrogen 0,24
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Tab. 3 Vliv vnitfniho priméru kapilarni kolony na délku kolony L (pfi
stejném poctu teoretickych pater n=100 000) a primérnou rychlost
nosného plynu u pro helium [22] / The influence of internal diameter
of capillary column on column length (at the same column plates
n=100 000) and on the average velocity G of carrier gas as helium
[22]

Vnitfni pramér / Internal diameter L a
(mm) (m) (cm/s)
0.53 50 23
0.25 25 33
0.15 15 36
0.10 10 40

kapacity kolony. Pro béZzné analyzy je pouzitelny nejmensi vnitini pra-
mér 0,050 mm. Jesté tenci kapilarni kolony jiz maji pfili§ malou ka-
pacitu a nejsou vhodné pro rutinni analyzy [25,26].

3.3 Teplotni program

V rychlé chromatografii je dilezitym parametrem také rychlost
ohfevu chromatografické pece a jeji nasledné ochlazeni umozriuijici
zahajeni dalsi analyzy. Vzhledem ke kratké dobé analyzy je zapotrebi
vyssich rychlosti ohfevu pece. Moderni plynové chromatografy umoz-
Auji vyhfati pece rychlosti 50—100 °C/min. V konvenénich chromato-
grafech rychlému ohfevu brani velky objem pece. Proto, aby se po-
dafilo zrychlit ohfev, se vklada do pece izola¢ni polstaF zmenSujici
objem pece [27]. Timto zplsobem v8ak nelze zvysit rychlost ohfevu
razantnim zpudsobem. Pro velmi rychlé programovani teploty se pou-
zivaji nekonvenc¢ni topna zafizeni. Kapilarni kolona se umistuje do ko-
voveé trubice, ktera je odporové vyhfivana a umoznuje bleskovy a pfi-
tom reprodukovatelny narGst teploty rychlosti az 100 °C/s.

Tato pfidavna topna télesa se vyznacuji nizkou teplotni kapacitou,
proto jejich zchlazeni na pocatecni teplotu je pomérné rychlé
(z 300 °C na 50 °C za méneé nez 30 s) [28,29]. V pfipadé konvenc-
nich chromatografu je mozné vyuzit kryo-chlazeni pomoci stlaéeného
oxidu uhli¢itého nebo dusiku.

3.4 Detektory

V celém systému instrumentace pfi rychlejsi a zejména pak rychlé
chromatografii je dllezité, aby detektor nepfispival k rozsifovani chro-
matografické zény, a tak ve svém dusledku nesnizoval u¢innost ko-
lony. Kritickym parametrem z tohoto hlediska je objem cely detektoru.
Pokud by byl pfilis velky, dochazelo by k vyraznému rozsifovani zény
a v kone¢ném dusledku ke snizovani meze detekce.

U detektort citlivych na hmotnostni pritok, jako je napf. v pivovar-
ské analytice nejpouzivanéjsi plamenoionizaéni detektor (FID), kde
mrtvy objem je v tomto pfipadé prostor mezi koncem kolony a pla-
menem detektoru, se problém fe$i pomoci zvySeného pritoku pfi-
davného plynu, aniz by dochazelo k negativnimu ovlivnéni meze de-
tekce.

DalSim typem detektoru, pouzivanym pfi rozborech piva, napf. pfi
stanoveni vicinalnich diketond, je detektor elektronového zachytu
(ECD). Ten se chova jako koncentraéni detektor, proto je dlilezité, aby
cela byla co nejmensi. Na druhé strané u tohoto detektoru je nutné,
aby se vysokoenergetické elektrony emitované p-zafi¢em mohly sra-
zit s molekulami nosného plynu a mohly tak vzniknout sekundarni
elektrony s niz8i energii. Proto musi byt vzdy zachovana ur€ita vzda-
lenost mezi anodou a katodou. Pro tento Ucel byly zkonstruovany
mikro-ECD detektory [22].

Hmotnostni detektory pfedstavuji dal$i skupinu detektor(, ktera na-
byva na vyznamu. Slouzi nejen ke kvantifikaci, ale také k identifikaci
a potvrzeni latek. Pfispivaji i ke zrychleni analyzy, zejména v kombi-
naci s dekonvoluénimi technikami. Pro skenujici detektory, jako jsou
kvadrupolové hmotnostni detektory nebo iontové pasti, je v plném
scanu mozné ziskat maximalné 10—20 spekter/s. To je na hranici pou-
Zitelnosti pro rychlou chromatografii. Proto je nutné pfi rychlé chro-
matografii pouzit neskenujici hmotnostni detektory typu time-of-flight.
Tyto detektory totiz umozniuji az 500 plnych spekter/s [30].

DalSi naroky v oboru rychlé chromatografie jsou v souvislosti s de-
tektory kladeny na rychlost elektroniky, pfesnéji fe€eno na dostate¢né
velkou vzorkovaci frekvenci. K dobrému popséani chromatografického
piku je zapotfebi minimalné 20 bodu [31,32]. Vzhledem k tomu, Zze
v rychlé chromatografii jsou piky velmi uzké, je tento pozadavek kri-
ticky. Napfiklad pro Sitku piku 50 ms je nutna frekvence sbéru dat
200 Hz. S tim se zaroven znacné zvétSuje objem ziskanych dat, ktery
je pfi soucasné urovni vypocetni techniky bez obtizi zpracovatelny.

to this the speed of analyses accelerates without losing of separa-
tion efficiency.

The value of linear velocity of carrier gas is another parameter for
speed up of analysis time. The slope of H — & curves drops with re-
ducing of internal diameter and these curves become more flat and
the optimal speed increases. From this reason the carrier gas speed
could increased without significant losing of efficiency. Some typical
values for helium as carrier gas are shown in Tab. 3 [22]. So the hig-
her speeds than optimal could be used and the degradation of effi-
ciency is considerably lower in comparison with the columns with big-
ger internal diameter.

However the reduction of the column internal diameter leads to
downsizing of the column capacity. The smallest internal diameter is
0.05 mm for usual analysis. The capacity of furthermore narrow bore
capillary columns is to low and these columns are not suitable for
routine analyses [25,26].

3.3 Temperature program

The maximum allowable heating rate and evidently also the co-
oling time of the chromatographic oven are hence very important
parameters in fast gas chromatography. Due to short time of ana-
lysis higher speed of oven heating is required. The modern gas chro-
matographic ovens allow maximum programming rates of
50-100 °C/min. Higher heating rates are difficult to obtain due to hig-
her thermal mass of conventional ovens. Since the heating and coo-
ling of the oven also depends on the oven dimensions, reducing the
oven size allows faster ramping. Reducing the oven size can be done
by an oven insert (pillow) [27]. Faster ramping cannot be increased
dramatically by this way. For very fast programmed heating non con-
ventional heating blocks are used. The capillary column is placed in-
side a resistively heated metal tube. It provides flash and reprodu-
cible heating rates up to 100 °C/s.

These added heating blocks are characterized by low thermal ca-
pacity and so the cooling is quite fast (from 300 to 50°C in less than
30 s) [28,29]. In the case of usual gas chromatographs the cryo-co-
oling with compressed carbon dioxide or nitrogen can be used.

3.4 Detectors

In the whole system of the faster or fast gas chromatographic in-
strumentation it is important that peak broadening caused by the de-
tector must be small enough to preserve the column efficiency. The
volume of detector cell is a critical parameter from this point of view.
If this volume is too big an expressive peak broadening could appear
and eventuality the decrease of the detection limit resulted.

In brewing analytics the flame ionization detector (FID) is very of-
ten used and it is sensitive on mass flow. In this type of detector the
dead volume is a space among the end of column and the flame of
detector. The problem with peak broadening is solved by enhanced
of flow rate of make-up gas without negative influence on limit of de-
tection.

Another type of detector frequently used for beer analyses, e.qg. for
the determination of vicinal diketones, is electron capture detector
(ECD). This detector works as concentration detector and so it is very
important to be as smallest as possible. On the other hand it is ne-
cessary that the high-energetic electrons emitted by B-source could
push together with the molecules of carrier gas and secondary elec-
trons with lower energy could form. From this reason a minimum
space among anode and cathode must be kept. For this purpose
micro ECD detectors were developed [22].

Mass selective detectors represent another group of detectors
whose importance is rapidly growing. They are primarily used not only
for quantification but also for analyte identification and confirmation.
Mass detection is also a means of reducing the analysis time, espe-
cially if combined with deconvolution techniques. For scanning de-
tectors such as the quadrupole and ion trap instruments a maximum
of 10 — 20 spectra/s in full-scan mode are limited. This is just on the
edge of applicability for fast gas chromatography. So non-scanning
mass detectors, such as time-of-flight analysers, are suitable. These
detectors can provide up to 500 full spectra/s [30].

Other requirements in fast gas chromatography related detectors
consist in speed of electronics. The sampling frequency of the de-
tector must be high enough to provide at least 20 data points across
the peak for an accurate representation of the peak [31,32]. This re-
quest is critical because as in fast gas chromatography the peaks are
very narrow. For example for peak width 50 ms the sampling frequ-
ency 200 Hz is necessary. The amount of collected data significantly
grows up but it is no problem with contemporary level of computer
equipments.
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4 ZAVER

V ¢élanku je ukazan vliv priméru chromatografické kolony a typu
nosného plynu na rychlost plynové chromatografické analyzy. Vyuzi-
tim velmi tenkych kolon v kombinaci s vodikem jakoZto nosnym ply-
nem a pouzitim elektronické regulace tlaku nosného plynu a déle ter-
mostatd s mimoradné rychlym ohfevem lze vyraznym zplsobem
zkratit dobu analyzy. Jako detektory Ize pouzit plamenoioniza¢ni de-
tektor s pfidavnym plynem eliminujici ztratu citlivosti v disledku roz-
myti pikG nebo mikro-ECD detektor. Detektory musi byt vybaveny
elektronikou umoznujici dostate¢né rychly sbér dat.
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