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ABSTRACT 

Diffcrcnt ways io increase the sensitivity of UV detection in high-tempcruturc open-tub&r liquid chromatography itrc sddrcsscd. A 
micro ilow (Z-shupcd) cell was cvaluatcd for Ihe possibility of enhancing the signal-to-noise ratio in high-tcmpcrntu= open-tubular 
liquid chromatography. For the same chromutographic technique. u novel approach WnS lakcn with on-column detection. Optical iibrc 
bundles were employed. yielding a significant incrcasu in sensitivity with only u small decrcnsc in cfiicicncy. This approach is also 
feitsiblc for other micro-separation techniques. e.g., capillary clcclrophoresis. Sample prcconccntration and a gmdicnt &lion arc also 
shown to be it powerful means of increasing delcction limits in high-tcmpcraturc open-tubular liquid chromalogmphy. 

1NTRODUCTION 

High-temperature open-tubular liquid chroma- 
tography (HT-OT-LC) suffers from the same prob- 
lems as all the other micro-separation techniques 
t*iz., a lack of sensitivity owing to reduced column 
loadability and limited light path length when on- 
column UV detection is employed. Although, ftuo- 
rescence and elcctrochemicat detection are feasible 
detection modes in OT-LC [l-4], UV detection is 
still preferred. 

Whenever high efficiency is required, on-column 
UV detection is used [S-7]. On-column detection 
reduces the contribution of the detector ceil volume 
to the peak band broadening. However, owing to 
the limited light path length, with capillary columns 
with I.D. < 75 ltm, the sensitivity of on-column UV 
detection is poor. The development of the small- 
volume Z-shaped micro Row cell [S-lo] was a signif- 
icant contribution to UV detection in micro sep- 
aration techniques. In HT-OT-LC, detection has to 
be performed at the same temperature as the sep- 
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aration in order to avoid the coId spots, which have 
an adverse effect on the chromatographic efficiency 
[7,1 l] and may cause sample precipitation. This 
problem can be solved by placing the detector cell 
together with optical fibres in the column oven. On- 
column UV detection using either a single optical 
fibre or a bundle of optical fibres, was assessed for 
its usefulness in HT-OT-LG. Further, the Z-shaped 
micro flow cell was also tested for its applicability in 
HT-OT-LC. A sample focusing technique and gra- 
dient elution were tried as means of increasing de- 
tection in HT-OT-LC. 

EXPERIMENTAL 

The instrumental set-up is shown in Fig. 1. A 
high-temperature liquid chromatograph (consisting 
of two Model 420 pumps. a Model 460 autosampler 
and a Model 450 PC/AT data station was obtained 
from Kontron (Zurich, Switzerland). To generate a 
micro flow through the capillary column, a split T- 
piece [Valco, 1116 in. x 0.01 in. bore f ! in. = 2.54 
cm)] was used in combination with a relief valve 
(R3A series; Swagelok, Willoughby. OH. USA). 
Open-tubular capillary columns were obtained 
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Fig. I _ High-tcmpw~turc chromatograph. 

from Lee Scientific (Salt take City, UT, USA) and 
Mncherey-Nagcl (Ocnsingen, Switzerland). A scr- 
pcntinc tube (400 mm X 0.2 mm I.D.) from Scicn- 
tific Systems (State Collcgc, PA, USA) was fitted 
bctwccn the injection valve and the T-splitter in a 
separate heating body. The preheating tcmpcraturc 
was ususlly set 5- 10°C higher than the column tcm- 
pcraturc, enabling eluents to reach the column tcm- 
pcraturc bcforc cntcring the separation column. To 
maintain the mobile phase in the liquid state. for 
tcmpcratures above the boiling point of the cluent. 
a pressure restriction was ncccssary. The pressure 
restriction at the end of the analytical column was 
achieved by using a fused-silica tube (2 m X 18.5 
jtrn I.D.). The split T-~Gce. the capillary column 
and the detector ccl1 were placed in an oven. The 
oven and the solvent preheating unit wcrc con- 
trolled by a tcmpcrature regulator from Zahner 
Electronic (Kaltbrunn, Switzerland). A Spcctroflow 
783 UV detector (Kratos, Ramsey. NJ. USA) was 
modified to allow the WC of optical fibrcs and thus 
could provide on-column detection in the column 
oven its&. The original dctcc+or flow cell was rc- 
tnoved from the detector. One end of the optical 
fibre (or the round end with the bundle of fibrcs) 
was placed in front of the monochromator to direct 
the light to the capillary. which was placed in the 
holder dcpictcd in Fig . 2. The equivalent fibre was 
placed across the capillary to collect light transmit- 
ted through the capillary and guide the light to the 

photomultiplier. The bundles of fibrcs, with a 
round-end I.D. of 1.57 mm and a line-end bundle 
length and width of 8.8 and 0.23 mm, rcspcctiveiy, 
were obtained from Luxmatic (Baar, Switzerland). 
A schematic diagram of the detection set-up, with 
the bundle of fibrcs, is shown in Fig. 2. The single 
optical fibrcs, with core size 200 itm, were also from 
Luxmatic. The Z-shaped Aow cell (10 mm x 25 itm) 
was purchased from LC Packings (Amsterdam, 
Netherlands) and was installed in a Model 432 UV 
dctcctor (Kontron), bctwccn the column outlet and 
the flow restriction fused-silica tube. 

emitting guide 

capillary co 

collecting @de 

round-end bundle 

Fig. 2. Set-up I’ctr on-column dctcction with the hundic of optical 
fihrcs. 



All solvents were of HPLC grade from Rathburn 
(Walkerburn, UK), Cyclosporin A was obtained 
From Sandoz Pharma (Basic, Switzerland). All oth- 
cr chemicals wcrc from Fluka (Buchs, Switzerland), 

RESULTS AND DlSCUSSlON 

Various methods were tested in order to find the 
most suitable way to increase detectability and at 
the same time maintain a high system c&icncy. 
One way to improve the dctcction limit of a minor 
sample component, without losing eficicncy, is IO 
focus the sample on the top of the column. This can 
be done according to the same principle as in con- 
ventional reversed-phase column liquid chromatog- 
raphy. Sample injection (sample loading) is per- 
formed with a weak mobile phase. so that the sam- 
ple is strongly retarded on the top of the column. 
When this procedure is foIlowed by a gradient elu- 
tion, a significant improvcmcnt in detectability can 
be accomplished. 

Generally, cyclosporins (cyclic peptides) lack a 
chromophorc that yields a low signal in the UV ab- 
sorption range. In order to overcome this problem, 
the amount of substance injected has to bc in- 
creased. To minimize the contribution of the injec- 
tion volume to the total peak broadening, especially 
for the early-eluting peaks [7], and thus maintain a 
high systetn clticicncy, the sample focusing tcch- 
nique is preferred to the injection of the large vol- 
ume in one stroke. A solution ofcyclosporin A in 
methanol (I.25 mg/ml) was prepared. The sample 
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solution was injcctcd (injection volume 80 jd) and 
split (splitting ratio = 1:750) bcforc entering the 
analytical column. Bccausc cyclosporins have a 
pronounced hydrophobic character, sample loading 
of cyclosporin A (several consccutivc injections) 
was pcrformcd utilizing a mobile phase that had a 
low solvent strength. When the injections wcrc com- 
plctcd, the solute was clutcd under gradient condi- 
tions. Signals gcncratcd with on-column dctcction. 
using single optical fibres, for (A) ten and (B) five 
consccutivc injections per minute arc prcscntcd in 
Fig. 3. Sample loading was pcrformcd under iso- 
cratic conditions [acctonitriic-water ( 15:85)] fol- 
lowed by the gradient run (from 15% to 50% accto- 
nitrite in water in 14 min). Doubling the peak area 
counts was accomplished without a dccrcasc in et% 
ciency. 

A solvent gradient is a useful method for optimiz- 
ing the resolution and analysis time and at the same 
time achieve a higher relative peak sensitivity (recip- 
rocal of peak width) in liquid chromatography. An 
increase in the mobile phase strength during the 
separation greatly decreases the retention time and 
increases the rclativc peak sensitivity. There arc scv- 
era1 mechanisms rcsponsiblc for sample retention in 
reversed-phase MPLC (hydrophobic interactions. 
adsorption with residual silanols and soiulc solu- 

bility in the mobile phase) ft 21. The equilibria of the 
proccsscs indicated arc altcrcd when the gradient 
run is performed. Further. solute mass transfer in 
the mobile and stationary phases (kinetic processes) 
is also changed in the gradient mode. Combined 
thermodynamic and kinetic effects in the gradient 
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Fig. 4. On-column dctcction with single optical tibrcs. Scpctra- 
tion column. SB-Methyl-100 (1.5 m x SO pm I.D.), film thick- 
ness 0.25 trrn; column tcmpcraturc. I SO% mobile phase. mctha- 
nol-water (5050); flow-rate. 1 .S Itl/min; injection uolumc. 50 ~11 
with a splitting ratio of 1:670. Peaks: 1 = ttopolanc: 2 = bcn- 
zcnc: 3 = chlorobcnzcnc: 4 = l,4-dich~oro~n~cne; 5 = 1.3.5 
trichlorobcnzcnc; 6 = I .2,dS-tctrachlorobcnzcnc; 7 = penta- 
rhlorobcnzcnc. 

mode lead to peak compression. The concept of the 
gradient separation in HT-OT-LC is the same as the 
gradient strategy for column liquid chromatogra- 
phy. The usual shortcoming with a mobile phase 
gradient is mobile phase mixing. In our experimen- 
tal set-up, static mixing was utilized together with 
thermal mixing. Thermal mixing was induced by 
preheating the mobile phase before it entered the 
analytical column. A temperature increase leads to 
an increase in the kinetic energy of the molecules in 
the mixtures, resulting in rapid mixing. This was an 
additional bcncfit, apart from higher efficiency, of 
working at higher temperatures, Signals obtained 
with on-column detection employing single optical 
fibres with isocratic and gradient elution are shown 
in Figs. 4 and 5, respectively. There was a significant 
improvement in the relative peak sensitivity in the 
gradient mode compared with isocratic elution. 

on-col1itnt1 tietectiort 

On-column detection is usually performed to 
minim& the peak broadening cause by the detector 
cell volume. Single optical fibres arc commonly 
used for on-column detection in micro separation 
techniques. We investigated the use of round to 
line-end bundle optical fibrcs in on-column detcc- 
tion. A segment (15 mm) of the polyimide coating 

i 

0123t5 min 

Fig. 5. Gradient clution separation with column and tcmpcruturc 
as in Fig. 4. Mobile phase: A = methanol :tnd B = water with a 
gradient from 30 to 60% B in 5 min: flow-rate. 1.5 ,I ’ ain: in- 
jcction volume, SO 1’1 with a splitting ratio of 1:6?0. i%k ident% 
cation as in Fig. 4. 

was burned off the analyticat column to make a 
window for UV detection. The window was placed 
in the specially made cell holder, between the linc- 
ends of the bundles, as depicted in Fig. 2. The 
length of the optical window is determined by the 
length of the line-end of the bundle (8.8 mm), while 
its width was limited by the diameter of a single 
fibre in the bundle (0.23 mm). The detection win- 
dow for on-column detection utilizing a single opti- 
cal fibre is limited by the fibre diameter (0.20 mm). 
The light path length in on-column detection is 
equal by the capillary column I.D. (50 ilrn). The 
separation of chlorobenzenes on a biphenyl column 
was studied with the single and bundle optical fibrcs 
and is shown in Figs. 6 and 7. respectivcly. The bun- 
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Fig. h. On-column detcclion with sin& optical fihrcs. SCpitrittion column. hiphcnyl I II) m x 50 pm I.D.). film tltickncss 0.25 pm: mnbilc 
phnsc. :tcclonilrilc-\\‘ttter (4MO): ilow-rntc. 4 itI. min: injection volume. 10 pl with it splitting ratio of 1:9W. I&k identiliwtion ns in I_‘&, 
4. y-Axis is dctwtor rcsponsc (10 pV). 

dled fibrcs provided a tenfold incrcasc in signal-to- 
noise ratio (S/N) compared with single fibrcs. With 
the bundle of fibres a C’U. IS!! decrease in e@iciency 
was observed owing to the large detection window. 
This decrease in cfhciency is tolerable in most rou- 
tine separations, 

A study of two different detection modes. on-col- 
umn detection with the single optical hbres and the 
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Z-shaped micro flow cell, was also pcrformcd. The 
separation of chiorobenzenes was done at 100°C 
utilizing a SB-Methyl-100 capillary column (19.5 m 
x 5 bcrn I.D.) with acctonitrile-water (5050) as the 
mobile phase. A very long column was used in order 
to minimize the contribution of the cell volume to 
the overall band broadening [7f. The length of the 
column outlet section (outside the oven) was 4 cm 
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and that of the cell inlet section was 40 cm. The cell 
and its holder wcrc placed in the dctcctor. which 
was outside the column oven at room temperature. 
Chromatograms obtained with on-coIumn detcc- 
tion with a sin& optical fibrc and the Z-shaped 
micro 43ow cell arc shown in Fig. 8A and 8. rcspcc- 
tivcly. The S, N with the Z-shaped cell is twenty 
times higher than with single fibrc on-column dctcc- 
lion. As the outlet section of the analytical colutnn 
was at a lower tcmperaturc. the dccrcasc in cflicicn- 
cy of tnore rctaincd solutes WIIS expecicd to be 

greater at clawed column tempcntturcs owing to 
the “cold spot” cfkt [7X_ The dccrcasc in cficicncy 
for pcntachlorobcnzenc becomes significant with 
increase of the :o!umn tcmperuturc. This obviously 
results from the additional retardation of the more 
rctaincd solute on the cold stationary phase at the 
outlet section. If the Z-shaped cell is to bc used in 
I-IT-OT-LC, the connection between the column 
and the ccl1 shoutd be as short as possible and. if 
possible. heated. In addition to the “cold spot”. the 
detector ccl1 volume (5.0 nl) can also fcad to ;tn in- 
fcrior cilicicncy. 
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CONCLUSION 

Gradient elution could be easily and successfully 
performed with the HT-OT-LC system. Indeed, the 
sample focusing provided by ~his method may 
prove to be x ery important when improved detec- 
tion limits are ccquircd. When seeking the optimum 
efficiency, one should also take into consideration 
the detection sensitivity. The sensitivity gain with 
the Z-shaped flow cell is impressive. The Z-shaped 
micro flow cell should be applied for separations in 
which detection is the first priority and problems 
associated with some decrease in efficiency duc to 
the "'cold spot" and a prolonged analysis time (long 
column) could be tolerated. Use of an optical fibre 
bundle also significantly enhanced the detection 
limit of the system. This is a very promising mode 
for on-column detection which can be applied to 
some other micro separation techniques. The bun- 
died fibres give the best compromise between in- 
creased sensitivity, dccrcascd efficiency and speed of 
analysis, and therefore arc the best choice for detec- 
tion in HT-OT-LC. 
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