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Evaluation of a transfer technique for direct coupling of reversed-
phase liquid chromatography with gas chromatography
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Abstract

A method that allows direct transfer of liquid chromatographic aqueous eluents into capillary gas chromatography, using a
programmed temperature vaporizer as interface, was investigated. The method involved both the evaporative and
nonevaporative modes of solvent elimination and allowed large fractions of methanol–water eluents to be transferred from
LC to GC. The speed of sample transfer was 1800 ml /min and the internal diameter of the column used in the preseparation
step was 4.6 mm. Working rules of the method were investigated to improve sensitivity for the direct analysis of trace
compounds. Reproducibility was achieved and detection limits ranging from 0.1 to 1.5 mg/ml of ethyl esters covering a wide
range of boiling points were obtained.  1998 Elsevier Science B.V. All rights reserved.
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1. Introduction uncoated precolumns, have hindered its more wide-
spread use.

On-line coupling of high-performance liquid chro- The first attempt at on-line HPLC–cGC coupling
matography to capillary gas chromatography was described in 1980 [2] although only a few
(HPLC–cGC) has become an important analytical microlitres could then be introduced into the GC
technique mainly because the HPLC step provides column. Use of conventional size LC columns at the
far better resolution than conventional procedures of present time often has the same disadvantage and
sample preparation. Also, the reliability of quantita- even with microbore columns (I.D. 1 mm) the peak
tive determinations is significantly enhanced as loss volume (in the range 10–500 ml) that has to be
of sample or contamination during transfer is re- transferred to GC is usually large enough to cause
duced or even virtually eliminated. Consequently, the difficulties. The earliest reported applications of
use of direct HPLC–cGC improves the sensitivity coupled HPLC–cGC referred almost exclusively to
achievable, makes the automation easy and con- micro-HPLC columns in which the peak volumes are
siderably reduces the time required for the analysis so small that the whole fraction of interest can be
[1]. However, a number of difficulties, mainly con- easily transferred to the capillary column [3–6].
cerning the lack of water-resistant deactivation of However, it is clear that the low sample capacity of

micro-columns is a disadvantage for trace analysis.
As far as the HPLC operation mode is concerned,
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cGC have been obtained in the normal-phase LC dimethylpolysiloxane (5:95, v /v) (SE-54, Sugelabor,
mode as transfer of polar solvents, especially water, Madrid, Spain).
is far more difficult because of, e.g. large volume of Tenax TA (80–100 mesh, Chrompack, Middel-
vapour produced per unit volume of liquid, low burg, The Netherlands) was used as packing material
evaporation rates, poor solvent effects and chemical in the glass-liner of the PTV (a silylated glass insert
aggressiveness which can destroy the deactivation of of 75 mm31 mm I.D.32 mm O.D. purchased from

¨the GC column. Gerstel, Mulheim/Ruhr, Germany). Prior to use, the
Although different transfer techniques (i.e., on- Tenax TA was conditioned under a stream of helium

column HPLC–cGC transfer [3,7–9] and those in- at 3508C for 120 min.
volving the vaporization in packed beds and the
intermediate trapping in a solid-phase [10–16]) have 2.2. Instrumentation
been developed in the last few years and a number of
applications have already proven the capabilities of The analyses were carried out using a coupled
on-line HPLC–cGC (reviewed in [17–21]), there is HPLC–cGC equipment. For the HPLC system, a
still a need for methods to extend the application of Hewlett-Packard Model 1050 chromatograph (Wil-
HPLC–cGC. mington, DE, USA) equipped with a manual in-

Our previous research on HPLC–cGC focused on jection valve (Rheodyne, Model 7125; Cotati, CA,
the use of typical reversed-phase eluents and proved USA) having a 20-ml sample loop and an UV
its potential to perform the analysis of rather com- detector was used. All throughout the experimenta-
plex mixtures. However, some important aspects tion the column was maintained at 458C and the UV
concerning the working rules of the method have not detection was performed at 205 nm. Data acquisition
yet been considered. In this work, we present a from the UV detector was accomplished with HP
preliminary study of the range of applicability of a CHEMSTATION (Hewlett-Packard).
transfer technique based on the use of a programmed The HPLC preseparation of the standard solution
temperature injector for RP-HPLC–cGC interfacing. was carried out using a mixture of eluent A (metha-

nol) and eluent B (water) at a flow-rate of 1800
ml /min. Initial conditions (eluent A–B, 55:45, v /v)

2. Experimental were maintained for 0.30 min and followed by a
linear gradient (to 90% A in 0.05 min), then eluent

2.1. Materials and columns A–B (90:10, v /v) was held for 5 min and finally
eluent A–B (100:0, v /v) was maintained until the

A test mixture consisting of 10 ethyl esters in end of the analysis. Before starting a new analysis,
methanol (concentrations ranged from 85 to 100 the Tenax TA was conditioned under a stream of
mg/ l) was used. C and C ethyl esters were helium at 3508C for 20 min. Working under the6 10

purchased from Merck (Munich, Germany), C , C , mentioned conditions, satisfactory blanks were ob-7 9

C , C , C , C and C ethyl esters were tained.11 12 14 16 18

obtained from PolyScience (Evanston, IL, USA) and The GC system consisted of a Perkin-Elmer
C ethyl ester was supplied by Fluka (Buchs, (Norwalk, CT, USA) Model 8500 instrument8

Switzerland). The water used was collected from a equipped with a programmed temperature injector
Milli-Q water purification system (Millipore, Mil- (PTV) and a flame ionization detection system
ford, MA, USA) and methanol (HPLC grade) was (FID). The equipment was coupled to a Model 2600
provided by Lab-Scan (Dublin, Ireland). chromatography software (Perkin-Elmer Nelson Sys-

The LC column was 5 cm34.6 mm I.D. and was tems). The temperature of the GC oven was kept at
slurry packed using Vydac 214 TPB 10 (The Sepa- 458C for 10 min, then programmed to 1008C at
rations Group, Hesperia, CA, USA) as packing 58C/min and again increased at 88C/min to 2508C.
material according to a previously reported pro- Throughout the experimentation an split ratio equal
cedure [22]. The GC column was 25 m30.25 mm to 50:1 was used and the temperature of the FID was
coated with a 0.25-mm layer of SE-54 diphenyl– 2508C.
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2.3. Transfer conditions molecular weight of the solvent, p the vapourj

pressure of the solvent, r the density of the solvent,
Upon elution (indicated by UV detection) of the R the gas constant, p the inlet pressure of the lineri

beginning of the ethyl esters containing fraction, a and V the total gas flow-rate at outlet conditions (Tt,o o

1800-ml volume was transferred to the GC just by and p ).o

switching a multiport valve (Rheodyne, Model 7060) As the purpose of our investigation was the direct
from the waste position to the transfer position. The analysis of trace compounds by HPLC–cGC transfer
PTV injector of the GC system acts as the interface of high-volume fractions (e.g., |1 ml) of aqueous
of the HPLC–cGC coupling and allows the transfer eluents it is clear that under our experimental
of the HPLC effluent to the GC through a line (60 conditions, volumes of vapour as high as 1 l /min or
cm30.32 mm I.D. fused-silica tube) inserted into the even more may be produced. In these circumstances,
septum of the PTV body. During transfer, a helium the heat for evaporation could reduce the interface
flow passes through the injector and once the transfer temperature to such an extent that further evapora-
step was completed, both the initial PTV temperature tion of the HPLC eluent would not occur.
and the helium flow-rate were kept constant during Nonevaporative sample introduction can also be
the purge time. In this work, different helium flow- applied in RP-HPLC–cGC although so far only
rates (i.e., 0, 100, 300, 800, 1000 and 1500 ml /min) relatively low values of both speed of sample
and purge times (0.32, 2, 4 and 6 min) were tested. introduction and transferred volumes have been
Other variables affecting PTV operation during intro- reported [15], thus making the use of some HPLC
duction of large sample volumes into cGC columns columns difficult. For this transfer process, an ad-
were optimised, according to our previous ex- sorbent material placed in a packed bed acts as a
perience [23,24] as follows: initial PTV temperature, solid-phase extraction (SPE) cartridge and the sol-
218C; packing material, Tenax TA (80–100 mesh); vent passes through it as a liquid. The extraction
length of packing material, 4 cm. efficiency depends on the affinity of the solutes for

Before starting the transfer procedure, the GC the packing material and the solubility of the com-
column end from the injector body was removed (to ponents in the solvent.
allow solvent elimination as a liquid) and it was In the present work, experimental values for some
reconnected after the purge time established for each of the variables involved in RP-HPLC–cGC analysis
analysis. Thermal desorption and transfer of the were established on the basis of our previous ex-
trapped material to the GC column was achieved by perience [13,14,23,24] concerning the use of ex-
increasing the PTV at 148C/s to 3508C. The final perimental designs for adjusting the controlling
temperature was kept constant for 11 min. variables affecting large volume transfer from HPLC

into GC. Specifically, in this study, the influence of
both the purge flow (helium flow-rate during trans-
fer) and the purge time (established once the transfer

3. Results and discussion process is completed) was considered from the point
of view of their contribution to both the evaporative

According to the model described by Staniewski and nonevaporative processes of solvent elimination.
and Rijks [25], the maximum speed of sample Fig. 1 gives the recoveries obtained (calculated
introduction which equals the solvent elimination from a cold split injection into the GC of a 5-ml
rate when introducing large volume samples into volume of the standard solution), from the absolute
cGC can be calculated as follows: peak areas resulting from the RP-HPLC–cGC analy-

sis of the standard mixture investigated when the
Mp pj purge time was kept constant (0.32 min). The highesto
]] ]V 5V 5 V (1)inj,max el t,orRT p recoveries were generally obtained when ex-o i

perimentation was performed at the fastest helium
where V is the maximum speed of sample flow-rate while relative standard deviation valuesinj,max

introduction, V the solvent evaporation rate, M the (R.S.D., n53) varied from 9 to 21%. However,el
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Fig. 1. Recoveries obtained at different helium flow-rates during RP-HPLC–cGC transfer of the fraction containing ethyl esters in
methanol–water eluent (90:10, v /v). Purge time: 0.32 min.

unacceptable R.S.D. values (i.e., up to 70%) were min enabled us to obtain the best precision achiev-
obtained if no flow-rate was applied during transfer. able in the RP-HPLC–cGC analysis (i.e., R.S.D.

Experimental problems (e.g., extinction of the values lower, in general, than 10%).
detector flame) were occasionally observed when From Figs. 1–3 and the R.S.D. values, it can be
either no flow-rate was applied during transfer or low concluded that increasing both helium flow-rate
purging times were considered, 100 ml /min being during transfer and purge time leads to the most
the purge flow-rate. Consequently, helium flow-rates satisfactory results. An exception is the C ethyl18

higher than 100 ml /min should always be used to ester. Apparently, not only the thermal desorption of
accelerate solvent evaporation (thus contributing to C ethyl ester from Tenax may be difficult, but also18

eliminating the remaining solvent in the PTV its affinity for the packing material may be limited
chamber) and also to protect both the GC column when working under specific experimental condi-
and the GC detector. tions.

Figs. 2 and 3 show recoveries resulting from However, the fact that higher purge flow gives
experiments performed at different purge times while better recoveries, should not be considered as an
maintaining the helium flow-rates at 100 and 1500 indication that the evaporative mode alone is respon-
ml /min, respectively. Besides resulting in lower sible for the trapping, as transfer to GC of lower
amounts of solvent in the PTV, additional purge time HPLC fractions did not yield equivalent results.
is not responsible for losses of material (although in Moreover, if the evaporative process were exclusive-
some cases the less volatile compounds are almost ly involved in the transfer, the evaporation rate of the
completely lost). As far as the precision of the solvent would restrict the applicability of the system.
analysis is concerned, unacceptable R.S.D. values Eq. (1) shows that complete solvent elimination in
were obtained for some compounds (up to 82% for the evaporative mode may be difficult or even
the ester of C ) when using purge flow-rates as low impossible when large volumes of very polar sol-18

as 100 ml /min, 6 min being the purge time. On the vents (e.g., methanol and water) have to be intro-
contrary, the use of high helium flow-rates during duced into GC. Even significantly increasing the
transfer (e.g., 1500 ml /min) and purge times of 4–6 flow-rate in the liner, the increment of the solvent



G.P. Blanch et al. / J. Chromatogr. A 818 (1998) 77 –83 81

Fig. 2. Recoveries obtained at different purge times during RP-HPLC–cGC transfer of the fraction containing ethyl esters in methanol–water
eluent (90:10, v /v). Helium flow-rate equal to 100 ml /min.

Fig. 3. Recoveries obtained at different purge times during RP-HPLC–cGC transfer of the fraction containing ethyl esters in methanol–water
eluent (90:10, v /v). Helium flow-rate equal to 1500 ml /min.
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Table 1evaporation rate predicted by Eq. (1) would not be
Detection limits (LOD) obtained for the on-line RP-HPLC–cGChigh enough for the discharge of eluent vapours atransfer of a 1800-ml volume of methanol–water (90:10) eluent

produced in our experiments.
bEthyl ester LODThe solvent (expressed as the average volume

(mg/ml)obtained from a minimum of three replicates) which
C 1.5passes as a liquid through the packed bed during the 6

C 0.87HPLC–cGC transfer (collected while the GC column
C 0.78is disconnected from the injector body) varied from C 0.59

1.7 ml (helium flow-rate during transfer of 100 C 0.41 0

ml /min) to 1.5 ml (helium flow-rate of 1500 ml / C 0.31 1

C 0.2min), the purge time being constant. However, 1 2

C 0.11 4increasing the purge time from 0.32 to 6 min does
C 0.11 6not have a significant influence on the volume C 1.01 8

collected at these different helium flow-rates. In-
a Purge flow, 1500 ml/min; purge time, 6 min.creasing both the helium flow-rate during transfer b Calculated as the amount of product giving a signal equal to ten

and the purge time results in smaller solvent peaks. times the background noise (determined from the width of the
Therefore, better conditions for solvent elimination baseline).
are achieved by using the highest helium flow-rate
during transfer and a purge time of 4–6 min. If the
nonevaporative mechanism were clearly predominant As can be seen in Table 1, values obtained ranged
in the process, the application of a high helium from 0.1 (for C ethyl ester) to 1.5 mg/ml (C ethyl16 6

flow-rate would strongly accelerate the passage of ester). The highest detection limits were obtained for
the liquid through the PTV, thus resulting in lower the most and the least volatile compounds (i.e., C6

efficiency for the overall process. However, it was and C ethyl esters) where either effective trapping18

evident from our experimental work that low purge during HPLC–cGC transfer, or subsequent thermal
flow-rates make the analysis difficult or even im- desorption, may be especially difficult.
possible while a purge flow-rate as high as 1500
ml /min yields the best results.

Experimental evidence suggests that the separation 4. Conclusions
method proposed in this work involves both the
evaporative and nonevaporative modes of solvent The method presented is the RP-HPLC–cGC
elimination, with neither clearly predominant. The transfer of high volume fractions at high speed.
relative contributions of each mechanism cannot be Operating conditions should be appropriately select-
easily estimated as recovery of compounds is strong- ed for each specific analysis based on the physico-
ly affected by their boiling points, chemical struc- chemical properties of the solvent and the chemical
tures and retention in the packing material, thus structures of the compounds to be analyzed, but
making difficult the selection of experimental con- satisfactory precision can be obtained even for
ditions for the analysis of some groups of com- partially lost solutes covering a wide range of boiling
pounds (e.g., those covering a wide range of boiling points. Working in operating conditions involving
points such as the ethyl esters considered in this high helium flow-rates during transfer (1500 ml /
work). However, it should also be emphasized that min) and purge times of 4–6 min, detection limits in
although all compounds are partly or almost com- the mg/ml range are obtained and recoveries from
pletely lost, the repeatability of the recoveries re- |20 to 65% are achieved for C –C ethyl esters,6 16

mains at a satisfactory level. With the method R.S.D. values being ,10%. Limitations which
presented here, detection limits were calculated from should be considered are (a) the use of mobile phases
the peaks giving a signal equal to ten times the with a large modifier content may involve losses of
detector baseline noise (determined from the width analytes caused by breakthrough from the packing
of the noisy baseline over a certain period of time). material and (b) the need for effective removal of the
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