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ABSTRACT 

Temperature-programmed sample mtroductlon IS a very useful approach for the mJectlon of large sample volumes m capdlary gas 
chromatography and also holds promise for hqmd chromatography-gas chromatography coupling The optlmlzatlon of a temperature- 
programmed mJector for both these applications depends on numerous factors such as sample volume, liner design and temperature, 
speed of sample mtroductlon and purge gas flow-rate The maximum allowable speed of mtroductlon of large sample volumes with 
simultaneous ehmmatlon of the solvent 1s determmed by the solvent ehmmatlon rate A theoretical model 1s proposed to predict an 
optimum combmatlon of the speed of sample mtroductlon, the mltlal hner temperature and the purge gas flow-rate The validity of the 
model IS discussed and evaluated The solvent ehmmation rate 1s shown to depend on, amongst others, the vapour pressure of the 
solvent, and can be mcreased by an increase m the purge gas flow-rate and/or by a decrease m the mlet pressure The observed coohng 
effect and the effect of the design of the liner on the solvent ehmmatlon rate are emphasized 

INTRODUCTION 

Temperature-programmed sample mtroductlon 
(also known as PTV mjectlon), proposed by Abel [l] 
m 1964, was developed and apphed for the mtroduc- 
tlon of large sample volumes (up to 20 ~1) m blo- 
medical (steroids) and environmental (pesticides) 
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apphcatlons by Vogt and co-workers m 1979 [2Z4] 
Vogt and co-workers showed that the method 
allowed the simultaneous ehmmatlon of the solvent 
and selective trapping of components with a much 
lower volatlhty m the cold liner, prior to sphtless 
transfer of the deposlted fraction of the sample 
mto the column by rapid temperature-programmed 
heating Temperature-programmed sample mtro- 
ductlon offers many advantages m comparison with 
hot mjectlon methods In 1981 Schomburg (51 and 
Poy et al [6] showed that cold split or sphtless 
mjectlon greatly reduced the dlscrlmmatlon of less 
volatile components Their observations were con- 
firmed by others [7-151 The quantitative perfor- 
mance of the PTV mjectlon system appears to be 
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comparable to that of on-column mJectlon [9-l 1, 
14-181 The negative effect of column contamma- 
tlon due to the presence of residue components m 
the sample m on-column sample mtroductlon can 
be greatly avoided with temperature-programmed 
sample mtroductlon [ 18-201 

The potential and hmltatlons of temperature- 
programmed sample mtroductlon with solvent ehm- 
matlon have hardly been studied so far Some 
mcldental trial on the optlmlzatlon of this technique 
were reported by Herralz and co-workers [21-231 
and Termoma et al [24] 

Further mvestlgatlons of the effects of important 
factors such as inJection temperature, inJection 
speed, split flow, purge time, design of the liner and 
the nature of the solvent on the recovenes of the 
components of interest are required for a proper 
Judgement of the apphcablhty of the temperature- 
programmed injector for the mtroductlon of large 
sample volumes m capillary gas chromatography 
(GC) and to establish its potential as an interface m 
coupled hquld chromatography (LC)-GC 

In this paper we present a method that allows the 
calculation of the solvent evaporation rate m the 
liner of a temperature-programmed injector Fur- 
ther, we discuss the effects of various operating 
condltlons on the solvent ehmmatlon process 

EXPERIMENTAL 

sample supplied by the syrmge pump was trans- 
ferred directly to the injector via a fused-slhca or a 
metal capillary 

For temperature measurements mslde the hner 
during solvent ehmmatlon a Type 870 digital ther- 
mometer (Kelthley, USA) with a Type 8701 thermo- 
couple adapter was used Temperature changes were 
recorded on a BD-40 recorder (Klpp & Zonen, 
Delft, Netherlands) The temperature was measured 
at three different posltlons m the liner at 15, 35 and 
55 mm below the mJectlon point, which comcldes 
with the top of a 13-mm glass-wool plug mslde the 
liner 

Operatmg condltlons 
Helium was used as the carrier gas at an inlet 

pressure of 100 kPa (linear gas velocity % 60 cm/s) 
Selective solvent ehmmatlon was performed either 
at the normal carrier gas mlet pressure or at a 
reduced inlet pressure of 5-20 kPa The purge gas 
flow-rate was varied between 210 and 620 ml/mm 
The sequence of events during sample mtroductlon, 
solvent ehmmatlon and sample transfer 1s depicted 
schematically m Fig 1 The split valve was open 

Cold Sample Separation 

Inject ion 8c Transfer 

Solvent 

Instrumentation Elimination Liner ,- - - - - - -, 
A Model HP 5890 gas chromatograph (Hewlett- 

Packard, Avondale, PA, USA) equipped with a 
flame lomzatlon detector and provided with a 
Model HP 3393A integrator and a Type KAS 502 

I 
I 
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\,temperature 
\ . 
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temperature-programmed mJectlon system (Gerstel, 
Column2 

Mulhelm a/d Ruhr, Germany) was used Sample 
1 temperature 

,,__,,_____J 
mtroductlon was done either by means of an auto- 
sampler (Model HP 7673, Hewlett-Packard) or a 
syrmge pump Two different syrmge pumps were 
used The Type MF-2 “micro feeder” syringe pump 
(Azumadenklkogyo, Japan) allowed sample mtro- 
ductlon with a speed correspondmg with micro-bore 
LC mobile phase flow-rates Usmg this system the 
speed of sample mtroductlon could be varied be- 
tween 0 7 and 83 3 pi/mm A mlcroprocessor-con- 
trolled syringe pump (Dlglsampler, Gerstel) allowed 
the inJectIon of defined volumes of samples up to 
1000 ~1 with a speed between 1 and 2000 PI/mm The 

Oil On 

Off Purge status 

___________ 
Inlet pressure 

Needle 

Time 

Fig 1 The sequence of events durmg sample mtroductlon. 
solvent ehmmatlon and sample transfer 
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during the mjectlon period and an additional time of 
lo-60 s (the additional purge time) Thereafter, 
simultaneously the inlet pressure was increased to 
100 kPa (only if the mtroductlon and solvent 
ehmmatlon were performed at decreased inlet pres- 
sure), the split valve was closed, the temperature 
programme of the column was started and the 
injector was heated to its final temperature (300°C) 
with a heating rate of 12”C/s The mjectlon system 
was kept at this temperature for l-3 mm and then 
cooled to 50-60°C 

For the GC separation, two 25 m x 0 32 mm I D 
non-polar fused-silica capillary columns (Chrom- 
pack, Mlddelburg, Netherlands) were used Col- 
umn A was coated with CP-Sll 5 and had a film 
thickness of 2 33 pm and column B was coated with 
CP-S115 CB and had a film thickness of 1 21 pm The 
GC oven temperature programme for column A was 
mltlal temperature 40°C for 4 mm (isothermal), then 
increased at lO”C/mm to 140°C and at lS”C/mm to 
250°C (held for 10 mm isothermal) In the expen- 
ments with column B the mltlal temperature was 

TABLE I 

SYNTHETIC STANDARD SAMPLES 

40°C (2 mm isothermal) and was then increased at 
lO”C/mm to 280°C 

Test mixtures 
Synthetic standard mixtures were prepared that 

contained n-alkanes (C+&) and components of 
different polarity and volatlhty The concentrations 
of the solutes m samples A and B and the retention 
times of the components on columns A and B, 
respectively, under standard operating condltlons 
are given m Table I Freshly distilled n-hexane was 
used as the solvent for preparing the standard 
samples and for subsequent dilution of the samples 

Procedure for calculation of recoveries 
Normalized peak areas (expressed m area counts 

per ng of injected component) were used for recov- 
ery calculations throughout As a reference, stan- 
dard normalized peak areas were used, which were 
determined by the cold sphtless mjectlon of 1 ~1 of 
the standard solution The amounts of components 
introduced mto the columns correspond to 20-40 ng 

Compound 

n-Nonane 
2-Octanone 
n-Decane 
2,6-Dlmethylphenol 
2,6-Dlmethylamlme 
n-Dodecane 
I-Ammodecane 
n-Tndecane 
(-)-Nlcotme 
n-Tetradecane 
2-Tndecanone 
Fluorene 
n-Hexadecane 
n-Heptadecane 
n-Octadecane 
Anthracene 
Methyl palmltate 
n-Elcosane 

Sample A Sample B 

Concentration 

(ngipl) 

Retention 
time” (mm) 

Concentration 

(ngipl) 

Retention 
timeb (mm) 

35 1 11 85 10 9 7 55 
410 13 41 10 7 8 92 
28 0 14 01 114 9 48 
31 5 15 75 10 5 1098 
31 6 16 76 12 1 1198 
22 6 17 50 113 1294 
39 2 1803 _ _ 

23 4 18 83 10 5 14 50 
42 4 1943 10 9 1497 
23 8 20 02 115 15 96 
28 0 20 94 10 1 1706 
23 2 22 29 - _ 
_ _ 108 18 66 
24 6 23 20 117 19 89 
26 6 24 38 91 2107 
26 2 24 90 _ _ 

210 25 95 10 3 22 29 
27 4 27 47 93 23 25 

’ On column A under standard operating condltlons 
b On column B under standard operating condltlons 
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per compound for sample A and to about 10 ng per 
compound for sample B 

Liner design 
Three different liners were used (Fig 2) (1) an 

empty, baffled liner, (2) a baffled liner with a plug 
(length 13 mm) of sllamzed glass-wool m the upper 
part, and (3) a straight liner packed with sllamzed 
glass-wool (plug length 40 mm) 

THEORETICAL 

Selective solvent elimination is an attractive way 
to introduce large amounts of dilute samples mto a 
capillary GC column Independent of the method 
used for this purpose (retention gap with or without 
so-called concurrent solvent evaporation, cold trap- 
ping, temperature-programmed mJectlon or a com- 
bination of these techniques), the speed of sample 
mtroductlon and the rate of solvent ehmmatlon 
have to be matched 

The saturated vapour volume (V,) at a given 
temperature (T), which corresponds to a defined 
liquid volume (V,), can be calculated accordmg to 
the followmg equation 

where p = density of the solvent, M = molecular 
weight of the solvent, R = gas constant and p, = 
partial pressure of the solvent In derlvmg this 
equation It 1s assumed that the solvent vapour 
exhibits ideal gas behavlour Fig 3 shows the 
calculated saturated vapour volumes as obtamed 
from eqn 1 for a number of different solvents These 
values show the mmlmum volume of gas required to 

A 
InJectIon 

needle 

20 mm 
A_ 1 

T 13 mm 
-f 40 mm 

-T 

Fig 2 SchematIc design of the lmers Hatched part 
glass-wool, lmer length 92 mm, I D 1 3 mm 

sdamzed 

dlchloromethane 

59 6 

0 10 20 

Volume [ml] 

Fig 3 Saturated vapour volumes of 1 ~1 of different solvent at 

20°C 

remove the solvent as vapour from the lmer The 
values of the partial pressures of the solvents were 
calculated from Antome’s equation [25] The satu- 
rated vapour volumes of different solvents at 20°C 
vary between 0 4 ml for n-pentane and 60 ml for 
water For very polar solvents, e g , methanol, 
acetomtrlle and water used m reversed-phase liquid 
chromatography, the vapour volumes ar much 
larger than for non-polar or medium polarity sol- 
vents with slmllar bolhng pomts 

During the mtroductlon of large sample volumes 
the speed of sample mtroductlon mto the liner of the 
injector should not exceed the solvent ehmmatlon 
rate In the steady state the mass flow of hqmd 
solvent entering the liner (or Interface) equals the 
mass flow of the correspondmg solvent vapour at 
the exit of the liner, z e , the amount of liquid solvent 
m the liner remains constant Assummg isothermal 
evaporation condltlons and further assummg that 
the gas leaving the liner 1s saturated with solvent 
vapour, the maxlmum mJectlon speed which equals 
the solvent ehmmatlon rate can be calculated as 
follows 

V ,n,,max =Ve,=- - JfP, PO v 

PRT, P, “’ 

where Vln,,max = maxlmum speed of sample mtro- 
ductlon, V,, = solvent ehmmatlon rate, V,,, = total 
gas flow-rate at outlet condltlons (To and p,,) and 
p, = inlet pressure of the liner 

Eqn 2 indicates that the solvent evaporation rate 
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Temperature [“Cl 
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40 

Fig 4 Dependence of the evaporation rate on the mltial liner 
temperature at different gas flow-rates (dashed hnes, 210 ml/mm, 
solid lines, 620 ml/mm) for (1) hexane, (2) methanol and (3) water 
Values calculated for p,/p, = 1 

1s proportional to the gas flow-rate m the liner given 
by V, ,,pJp, Therefore, reducing the pressure m the 
liner and/or increasing the total gas flow-rate m- 
creases the solvent evaporation rate The influence 
of the liner temperature on the evaporation rate 1s 
illustrated m Fig 4 for hexane, methanol and water 
A temperature increase of 10°C mcreases the evapo- 
ration rate by a factor of 1 5-2 

The approach described above permits the calcu- 
lation of the ehmmatlon rate and, hence, the maxl- 
mum acceptable speed of sample mtroductlon as a 
function of the liner temperature and the purge gas 
flow-rate for various solvents In deriving this 
equation It 1s assumed that the evaporation process 
takes place under isothermal condltlons and that the 
purge gas 1s saturated by solvent vapour 

RESULTS AND DISCUSSION 

In temperature-programmed mtroductlon of large 
sample volumes m capillary GC and m on-line 
LC-GC, two mam steps can be dlstmgulshed In the 
first step a liquid sample 1s introduced mto the liner 
of the injector The solvent 1s selectively eliminated 
during mtroductlon while less volatile compounds 
are retained m the liner In the second step the 
compounds trapped m the liner are transferred 
sphtlessly mto the column In the first step, m which 
selective preseparatlon occurs, the PTV mjectlon of 
large sample volumes has to be optlmlzed with 
respect to solvent ehmmatlon and component recov- 
ery For this optlmlzatlon the followmg factors need 
to be taken mto account design of the liner, inlet 
pressure, mltlal liner temperature, purge flow, speed 
of sample mtroductlon, additional purge time, sam- 
ple volume and physlco-chemical propertles of the 
solvent 

The effect of differences m the liner design on the 
solvent ehmmatlon process can be demonstrated by 
comparing the total amounts of solvent mtroduced 
mto the column (Table II) after solvent ehmmatlon 
It should be noted that this amount of solvent 
consist partly of solvent introduced mto the column 
during split solvent ehmmatlon and partly of resld- 
ual solvent retained m the liner after the solvent 
ehmmatlon process The solvent retained m the liner 
1s transferred mto the column m the sphtless mode 
together with compounds of interest trapped m the 
liner during solvent ehmmatlon When a sample of 
5 6 ,ul 1s introduced into the PTV liner at an initial 
lmer temperature of -30°C m the solvent ehmma- 

TABLE II 

EFFECT OF DIFFERENCES IN THE LINER DESIGN ON TOTAL AMOUNT OF SOLVENT ENTERING THE COLUMN 

Operating condltlons purge gas flow-rate, 210 ml/mm, additional purge time, 45 s, inlet pressure, 100 kPa 

Operating condltlons Amount of solvent 011) 

Liner 1 Liner 2 Liner 3 

Sample volume 5 6 ~1, mjectlon time 40 s, mltlal liner temperature -30°C 2 7 0 5 0 2 

Sample volume 21 ~1, injection time 75 s, initial liner temperature -20°C 2 8 1 1 0 5 
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tlon mode, the amounts of solvent introduced into 
the column correspond to about 2 7 ~1, 0 5 and 0 2 ~1 
of hexane for liners 1, 2 and 3, respectively From 
these results It can be concluded that the solvent 
ehmmatlon rate for liner 11s low, it 1s estimated to be 
about 2 pi/mm For liners packed with glass-wool 
the solvent ehmmatlon rate 1s increased slgmficant- 
ly, correspondmg to about 3 5 &mm for liner 2 and 
about 4 pi/mm for liner 3 These values are lower 
than the evaporation rates calculated according to 
eqn 2, where it was assumed that instantaneous 
saturation of the purge gas with solvent vapour 
occurs From the differences between the calculated 
and the expenmental data it can be concluded that 
the purge gas 1s not fully saturated with solvent 
vapour When larger samples of 21 ~1 were mtro- 
duced at an mltlal lmer temperature of -2O”C, 
liner 1 again appeared to be less effective than the 
liners packed with glass-wool These results Indicate 
that the degree of saturation increases when the 
gas-solvent contact area m the liner IS enlarged 
Packing the liner with glass-wool appears to be an 
efficient means of Increasing the contact area 
Consequently, it can be expected that any modlfica- 
tlon of the liner which results m an increased 
gas-solvent contact area will be beneficial for the 
rate of solvent evaporation and, hence, the analysis 
time 

The solvent evaporation rate, as It 1s proportional 
to the ratio of the outlet to the inlet carrier gas 
pressure (see eqn 2), can be increased by decreasmg 
the pressure m the liner Addltlonally, at a lower 
column inlet pressure the sphttmg ratio will increase, 
because the gas flow through the liner 1s mass-flow 
controlled and the column flow 1s pressure con- 
trolled (back-pressure control) A reduced amount 
of solvent will enter the column during split solvent 
venting at low column inlet pressures This 1s 
demonstrated m Fig 5 The shaded peaks represent 
the total amount of solvent entering the column 
When large sample volumes of 1000 ~1 were injected 
(Fig 5A and B), the amounts of solvent introduced 
into the column at the maximum obtainable purge 
gas flow-rate (ca 600 ml/mm) correspond to about 9 
and 0 5 ~1 at inlet pressures of 100 and 18 kPa, 
respectively At a lower purge gas flow-rate (210 ml/ 
mm) and for sample volumes of 250 ~1 (Fig 5C and 
D), the amounts of solvent introduced mto the 
column correspond to ca 6 and 0 1 ~1 of hexane at 

A 0 C D 

Fig 5 Effect of mlet pressure on the size of the solvent peak 
Operatmg condltlons mlet pressure, 100 kPa for chromato- 
grams A and C, 18 kPa for B and 7 kPa for D, mltlal liner 
temperature, 3O”C, addltlonal purge time, 10 s, shaded solvent 
peaks at attenuation = 2 I6 For more mformatlon, see text 

inlet pressures of 100 and 7 kPa, respectively This 
means that by using reduced inlet pressures during 
solvent ehmmatlon the total fraction of solvent that 
enters the column 1s reduced to less than 0 05% This 
1s a considerably smaller amount than at normal 
column inlet pressures Experiments showed that the 
stepwlse increase m the pressure after solvent ehmr- 
nation to higher pressures during analysis does not 
affect the retention times of the solutes m tempera- 
ture-programmed separations 

Unexpectedly, it was observed that extremely low 
recoveries were obtained when large sample volumes 
were inJected at a sampling speed close to the 
maximum acceptable speed of sample mtroductlon 
predicted according to eqn 2 The results were 
slgmficantly improved by a decrease m the speed of 
sample mtroductlon and also m the sample size The 
effect of the speed of sample mtroductlon on 
recovery 1s illustrated m Fig 6 for components with 
retention times between those of Cl6 and CZO The 
calculated maximum allowable speed of sample 
mtroductlon predicted by eqn 2 under the given ex- 
perimental condltlons (purge gas flow-rate = 620 ml/ 
mm and mltlal liner temperature = 30°C) 1s ca 
700 pi/mm As the evaporation 1s an endothermic 
process, it can be expected that the temperature m 
the PTV liner will decrease significantly durmg 
solvent evaporation A temperature decrease m the 
lmer would result m a reduction m the solvent 
evaporation rate and might easily lead to the 
accumulation of an excessive amount of liquid m the 
liner In this event, part of the introduced hquld 
sample will leave the liner m the hquld state via the 
split vent (right-hand part of Fig 6), which will lead 
to a loss of components and mcomplete recoveries 
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Fig 6 Influence of mJectton speed on the recovery of (V) 
ercosane, (A) methyl palmttate, (0) octadecane, (m) hepta- 
decane and (+) hexadecane Operating condttrons sample 

volume, 250 ~1, mttral liner temperature, 30°C purge gas 
flow-rate, 620 ml/mm, inlet pressure, 18 kPa, addtttonal purge 
time, 10 s, liner 2 

Flooding of the liner explains the poor recoveries at 
high sample mtroductlon speeds On the other hand, 
at too low a speed of sample mtroductlon no hquld 
film 1s formed m the liner In the absence of such a 
hquld film the solutes are only weakly retained and 
might easily escape with the huge flow of purge gas 
(left-hand part of Fig 6) Probably the formation of 
a liquid film 1s essential for the selective retention of 
the components, because this liquid will strongly 
mcraese the retentive power of the liner Packing of 
the liner with a packing material or coating of the 
liner with a liquid layer are possible alternatives for a 
selective increase m the retention of the analytes 

The changes m temperature at different positions 
mslde the liner during solvent ehmmatlon are shown 
m Fig 7 These changes decrease from the top to the 
bottom part of the liner and they depend strongly on 
the mJectlon speed Obviously, the coolmg effect due 
to vaporlzatlon of the sample 1s compensated for by 
heat transfer from the heating zone Consldermg the 
differences m temperature drop at different posl- 
tlons mslde the liner (e g , 12°C at the top and 0 5°C 
at the bottom part at an mJectlon speed of 100 pl/ 
mm), the front of the liquid solvent film m the liner 
will be located nearer the exit of the liner Moreover, 
the lower the actual liner temperature the smaller 1s 
the evaporation rate It follows from the theoretical 
model (eqn 2) that m order to compensate for a 
temperature drop of lO”C, the mjectlon speed has to 
be about halved 

I= I I 
-5- 

-150 

-cI 

0 20 40 60 

Time [s) 

Ftg 7 Temperature at different points msrde the hner durmg 
solvent ehmmatron for various mjectton speeds (numbers on the 
right-hand side indicate mJectton speeds m PI/mm) Operating 
condttrons mrttal liner temperature, 10°C purge gas flow-rate, 
620 ml/mm, inlet pressure, 0 kPa 

The magnitude of the coolmg effect depends not 
only on the mtroductlon speed of the sample, but 
will also depend on the heat of the evaporation of 
the solvent Values of the heat of evaporation for 
different solvents recalculated from the enthalpy of 
evaporation at the normal boiling point [25] are 
presented m Table III The heats of evaporation 
vary between 50 and 100 Cal/ml for most of these 
solvents For the polar solvents used m reversed- 
phase LC, z e , methanol, acetomtrlle and water, the 
heat of evaporation 1s significantly higher This 
means that, m order to vaporize identical volumes of 



112 J Stantewskl and J A Rqks 1 J Chromatogr 623 (1992) 10.5-113 

TABLE III 

HEATS OF EVAPORATION OF SOLVENTS AT NORMAL 

BOILING POINT 

Solvent Heat of Solvent Heat of 
evaporation evaporation 
(Cal/ml) (Cal/ml) 

n-Pentane 53 n-Hexane 53 
Dlchloromethane 104 Ethyl acetate 79 
Acetone 95 Cyclohexane 66 
Chloroform 88 Acctomtrde 143 
Methanol 208 Water 540 
Tetrahydrofuran 87 1,4-Dloxane 102 
Dnsopropyl ether 50 

methanol and n-pentane, four times more energy 1s 
required for methanol For water the difference 1s 
even more pronounced Compared with n-hexane 
water requires ten times more energy for complete 
vaporlzatlon Obviously, this also implies a different 
and much stronger coohng effect for methanol or 
water than for other solvents 

Taking mto account the effects of the operatmg 
condltlons on solvent ehmmatlon discussed above, a 
representative chromatogram for a large-volume 
inJection of sample A (cf, Table I) mto a PTV 
injector 1s presented in Fig 8 The recoveries of the 

I 
/ 

- 
D 

Fig 8 Chromatogram of a large volume of test sample A 
[numbers on the top of peaks indicate recoveries of components 
(%)I, for peak ldentlficatlon see Table I Operatmg condltlons 
sample volume, 150 ~1, concentration, 0 084 16 ng/pl, mlectlon 
speed, 20 8 PI/mm, mitral hner temperature, -2o”C, purge gas 
flow-rate, 210 ml/mm, mlet pressure, 5 kPa, addItIona purge 
time, 45 s, hner 2, column A 

components of interest are dependent on theu- 
volatlhtles The more volatile components present m 
the sample (n-nonane, 2-octanone and n-decane) 
were largely lost However, components with vola- 
tillties lower than or slmllar to that of n-heptadecane 
were more than 90% trapped Selected operating 
condltlons were prehmmary optimized with respect 
to component recoveries Further optlmlzatlon 1s 
required to achieve quantitative trapping of compo- 
nents m a liner of the temperature-programmed 
injector with large-volume sample mtroductlon 

CONCLUSIONS 

The temperature-programmed injector 1s an at- 
tractive sample mtroductlon system for large sample 
volumes m capillary GC and it can also be used as an 
interface for on-line coupling of microbore and 
capillary LC and capillary GC 

Durmg the mtroductlon of large sample volumes 
mto a liner of the PTV injector the speed of sample 
mtroductlon and solvent ehmmatlon rate have to be 
adjusted 

The theoretical model allows the calculation of 
the solvent ehmmatlon rate (the maxlmum allow- 
able speed of sample mtroductlon) for large sample 
volumes for different solvents under given operating 
condltlons assuming saturation of the purge gas 
with solvent vapour and an isothermal evaporation 
process For speeds of sample mtroductlon up to 
about 50 pi/mm the cooling effect during solvent 
evaporation inside the liner can be neglected Under 
operating condltlons that allow a higher mJectlon 
speed to be used, the speed of sample mtroductlon 
can be reliably estimated 

The solvent ehmmatlon rate can be significantly 
increased at increased purge gas flow-rates and a 
reduced pressure m the liner Moreover, owing to a 
reduced pressure m the liner durmg spht solvent 
ehmmatlon, the amount of solvent entering the 
capillary column 1s slgmficantly decreased 

Enlargement of the gas-hqmd contact area lm- 
proves the process of saturation of the purge gas by 
solvent vapour, which 
ehmmation process 

1s beneficial m the solvent 
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