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SUMMARY 

The applicability of fluorescence detection in miniaturized cells using a 
helium-cadmium laser as the excitation source at 325 nm to open-tubular liquid 
chromatography has been studied. The investigated cells were fused-silica capillaries 
of 25 and IO pm I.D., comprising part of the column or being coupled separately to 
it, and a sheath flow cell. The volume standard deviation of the various cells was 
found to be 0.1-2 nl which makes them suitable for the above purpose. The mass 
detection limits were found to be in the attogram range. However, the concentration 
detection limits, were found to be one to two orders of magnitude higher than those 
obtainable with conventional sized fluorescence detectors. This is mainly caused by 
the instability of the laser. 

INTRODUCTION 

The advantages of open tubular liquid chromatography (OT-LC) with respect 
to separation speed and efficiency can be exploited only when the external contri- 
bution to peak broadening is kept to the order of a few nanolitreslJ. As far as the 
injection volume is concerned, this is easily achieved by using split injection tech- 
niques. However, due to optical problems involved when using conventional light 
sources, a decrease in the cell volume is not possible without a severe loss in sensi- 
tivity. Fluorescence detection can be carried out successfully with laser excitation3s4 
because of the possibility to focus all of the available radiation in extremely small 
volumes. 

In OT-LC the values of the time constants are not critical. From the data of 
Knox and Gilbert’, it can be derived that the standard deviations will be over 1 s, 
thus allowing a minimum time constant (r,,-) of 0.3 s. In this respect the situation 
is comparable to that in conventional high-performance liquid chromatography 
(HPLC). 

l The main part of this paper was presented at the 8th International Symposium on Column Liquid 
Chromatography, New York, May 20-25, 1984. 
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In this work we have investigated the limitations of laser fluorescence detectors 
with respect to extra peak broadening and detection limits. We decided to use a 
relatively simple and inexpensive laser which might be considered for a more general 
application in the near future. The study involved the evaluation of three cell designs, 
viz., on-column detection, fused-silica capillary cells and a sheath flow cell. 

MATERIALS AND METHODS 

Chemicals 
The solvents used were analytical and Uvasol grade methanol from Baker 

(Phillipsburgh, NJ, U.S.A.) and Merck (Darmstadt, F.R.G.) respectively, and deion- 
ized water, filtered through a PSC filter assembly (Barnstead, Boston, MA, U.S.A.). 
Prior to use, all solvents were degassed by vacuum suction over OS-pm acetate filters 
(Millipore, Bedford, MA, U.S.A.). 

The test compounds used were anthracene, fluoranthene, pyrene, fluorescein 
(Janssen, Beerse, Belgium) and quinine sulphate (BDH, Poole, U.K.). Stock solutions 
of the polycyclic aromatic hydrocarbons (PAHs) were prepared in methanol, the 
quinine sulphate was dissolved in 0.1 N sulphuric acid and the fluorescein was dis- 
solved in methanol-l M sodium hydroxide (1:l). Spectral data for the PAHs were 
taken from ref. 5. 

Apparatus 
Fig. 1 shows the general experimental set-up. The system consisted of a Series 

4100 constant-flow pump (Varian, Walnut Creek, CA, U.S.A.), a Model 7120 cen- 
tral-port injection valve (Rheodyne, Berkeley, CA, U.S.A.), a home-made splitting 
device, fused-silica capillaries of different lengths and internal diameters (SGE, Ring- 
wood, Victoria, Australia) and various home-made detection cells, which will be 
described below. 

As a light source, a Model 4110 H-uv heliumcadmium laser (Liconix, Sun- 
nyvale, CA, U.S.A) was employed, operated at 325 nm. At this wavelength the spe- 
cified minimum power is 2.5 mW. However, after about 1000 h of use, the power 
had decreased to ca. 1.2 mW. Tube replacement became necessary after about 1700 
h of operation, due to the formation of so-called colour centres in the brewster win- 

Fig. I. Diagram of the experimental set-up. A bandpass filter and an appropriate lens were inserted in 
the laser beam. At the emission side, a lens and a monochromator or a cut-off filter were used. A/V = 
Current-to-voltage convertor; REC = recorder. 
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dows, because of the UV absorption by these centres, laser action at the 325-nm line 
ceases. The line at 442 nm is hardly affected by this effect6. 

Optics 
A 325nm bandpass filter was inserted in the laser beam. In order to focus the 

beam an appropriate quartz lens was used. The focal length,f, was calculated from 
the specified full angle divergence, 8, of the laser using the approximate equation 

f = 2r/8 (1) 

in which r is the radius of the illuminated spot 7. The desired radius can be derived 
from the size and geometry of the cell used, e.g., for a cylindrical fused-silica cell r 
should be smaller than the internal radius. 

The light emitted under a 90” angle was collected by a fresnel lens, f = 16 mm 
and aperture 0.6, then passed through a 420-nm cut-off filter or a Model 82-410 Ebert 
monochromator (Jarrell-Ash, Waltham, MA, U.S.A.) and the intensity was mea- 
sured with a Type 6255 S photomultiplier tube (PMT) (EMI, Hayes, U.K.). The 
resulting current was converted into a voltage by means of a Diomod 72-W amplifier 
(Knick, Berlin, F.R.G.) with adjustable low-pass filter and gain. 

Cell designs 
Three cell designs were investigated: a fused-silica tube which forms the end 

of the open-tubular column (on-column detection), a separate piece of fused-silica 
capillary, coupled to the end of the column (coupled cell) and a sheath flow cell. 

On-column detection. In this detection mode the laser beam is focused on the 
end of a fused-silica column, the protective polymer layer of which has been burned 
off over a short distance. It can be used only if the stationary phase is sufficiently 
transparant at the excitation and emission wavelengths. 

Coupled cells. Coupled cells can be used either when the stationary phase is 
not sufficiently transparent or when the path length of the light becomes unfavour- 
ably short due to the use of columns having small internal diameters, The coupled 
cells were prepared by cutting an appropriate length of tubing, typically 15 mm, and 
burning off the polymer layer ‘over the last 5 mm. Connections were made with a 
l/32-in. T-type zero dead-volume connector with “FS” vespel adapters (Valco, Hous- 
ton, TX, U.S.A.). Cells with internal diameters of 25 and 10 pm were investigated. 

SheathJow cell. The principle of the sheath flow cell is that the column effluent, 
entering a quartz cuvette, is surrounded by a concentric second stream of liquid. 
Provided that the flow is laminar, no noticeable diffusion will occur over a certain 
distance. The use of the sheath flow cell was expected to result in a low background 
signal and background noise, because reflection and scattering at the windows are 
far removed from the measurement area. On the other hand, the manipulation of 
this cell was expected to be more complicated than that of a fused-silica cell. 

The design of the sheath flow cell, which is well known from flow cytometry*, 
was adopted from the cells described by Hershberger et af.9’10 and John et al.‘l. A 
view of the cell is shown in Fig. 2. Contrary to the situation in microbore HPLC, in 
OT-LC the use of a connecting capillary between the column and the cell is not 
necessary. The column is simply inserted into the flow assembly and the laser beam 
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is focused through the quartz window onto a point which is typically 3 mm above 
the column end. The aim of the design was to have a flexible system, in which the 
outer, shield or sheath entry tube can easily be replaced in order to allow adjustment 
of the outlet diameter. Also the inner or effluent entry tube can easily be centered in 
the outer tube. The sheath flow was delivered by a syringe-type LDP 13A constant- 
flow pump (Labotron, Gelting, F.R.G.). 

Splitting device 
Splitting devices were constructed using Swagelock l/16-in. three-way unions. 

The connection between the valve and the union was made by stainless-steel tubing 
(l/16 in. O.D., 0.5 mm I.D.). The fused-silica column was inserted all the way through 
the union and the tubing, as close as possible to the valve rotor. It was sealed at the 
union using appropriately drilled PTFE “no-hole” ferrules. A capillary restriction 
was connected to the remaining end of the three-way union. The splitting ratio was 
varied by adjusting the length and/or the internal diameter of this restriction. 

Using splitting ratios of up to 1: 1000, the external broadening due to the mix- 
ing chamber, present at the top of the column, could easily be minimized. When a 
splitting device is used the fused-silica columns are effectively operated at constant 
pressure. The pump delivers a constant flow to the splitting point. This flow is mainly 
diverted to the restriction and the permeability of the latter and the preset flow-rate 
determine the inlet pressure of the column. 

(A) 

I 

1/16"CAR, SIJFKRT 

S.STEEL Y F.S. CAl?.COLUMN 

Fig. 2. A, Diagram of the assembly of the sheath flow cell, which is connected to a positioner. Of the 
flow assembly, only the outlet tube, with a capillary column, is shown. This assembly can easily be removed 
from the cell assembly by pulling it out of the PTFE holder. B, Picture of the total sheath flow cell. 
1 = Sheath flow entry; 2 = column connection (microbore) or column insertion (OT-LC), 3 = screws 
to adjust the position of the l/16-in. capillary support. 
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Columns 
As the most stringent requirements on external peak broadening apply to unre- 

tained peaks, the columns in our experiments did not contain a stationary phase. 
The dimensions of the fused-silica columns were 450 cm x 25 pm I.D. and 185 cm 
x 10 pm I.D., referred to as the 25 and the lo-pm column. Over the investigated 

range of linear velocities, the columns had volume standard deviations of 5-10 nl 
and of 0.2-0.5 nl respectively. 

Procedure 
Prior to the actual experiments, 175 ~1 of a concentrated fluorescein or pyrene 

solution were injected. Optical alignment was achieved by adjusting the positions of 
the parts of the system with home-made positioners in order to obtain the maximum 
signal. Peak widths were measured at 0.6 of the maximum height. The reported sigma 
values were calculated as half this peak width. 

The performance of the detection modes was tested first by using the 25pm 
and then the lo-pm column, the latter providing a more demanding test. The coupled 
and sheath flow cells were tested by comparing the obtained plate height (H) VS. 
linear velocity (u) plot with the plot resulting from the use of on-column detection, 
assuming that this detection mode would not result in any noticeable extra peak 
broadening. This assumption was checked by comparing the results to the theoreti- 
cally expected plate heights, which can be calculated using the Golay’* and Wilke- 
Changl 3,14 equations. The volume standard deviation of the external peak broad- 
ening can then be calculated according to 

0” = dJL(H,b, - Hd (2) 

in which rc is the internal diameter of the column, L is its length and Hobs and Hcalc 
are the observed and calculated plate heights respectively. 

The detection limits, taken as three times the standard deviation of the noise 
(gN), were determined by injecting 175 ~1 of a solution of the compound of interest 
and measuring the height of the resulting block in the chromatogram. Noise levels 
were measured by recording the baseline over 1-min intervals and taking the average 
of six measurements of the peak-to-peak signal as 4aN. 

RESULTS AND DISCUSSION 

Injection volume 
In the set-up shown in Fig. 1 the 25-pm column was installed and the splitting 

ratio set at 1:360. By partially filling the loop the effective injection volume was varied 
from 22 to 0.6 nl. The maximum allowable injection volume was determined by 
measuring the peak width in the on-column detection mode. The results are shown 
in Table I. It was concluded that an injection volume of 1 nl results in a negligible 
contribution to the external peak broadening in this system. For practical reasons, 
the splitting ratio was altered to about 1:800. 

With the IO-pm column the maximum allowable injection volume was likewise 
determined to be 100 pl. 
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TABLE I 

PEAK WIDTH AS A FUNCTION OF THE INJECTION VOLUME ON A CAPILLARY COLUMN 

Column: 450 cm x 25 pm, fused silica. Splitting ratio: 1:356. u = 28.5 mm/s. Test compound: fluorescein. 
Mobile phase: methanol-water (80:20, v/v). On-column detection. Eff. Vinj is the effective injection volume, 
(I, and o, are the peak standard deviations in time and volume units. 

Total Vi,,j 

($1 

8 22 158 3.1 52 
4 11 158 3.5 49 
2 5.6 158 3.4 47 
1 2.8 158 2.9 41 
0.5 1.4 159 2.5 35 
0.3 0.8 159 2.2 31 
0.2 0.6 159 2.2 31 

Performance of the cells 
On-column detection. Using the 25-pm column, the theoretical H vs. u curve 

was calculated for methanol as a mobile phase. Next, the curve was obtained exper- 
imentally. The results shown in Fig. 3 and Table II for fluoranthene indicate the 
good agreement between calculated and observed values. Using eqn. 2 it can be 
calculated that the difference between the calculated and observed plate height cor- 
responds to an extra volume standard deviation of 2-3 nl over the investigated linear 
velocity range. 

A comparable agreement was found when anthracene was used as the solute 
and when the mobile phase was changed to methanol-water (80:20, v/v). In Fig. 4 
chromatograms are shown for fluoranthene on the 25-pm column, recorded with 
different time constants. 

Similar experiments were carried out with the lo-pm column. The correspond- 
ing H vs. u data are shown in Fig. 5 and Table III. The difference between the 
observed and calculated values corresponds to an extra volume standard deviation 
of only 0.1-0.2 nl. 

From these results it can be concluded that on-column detection fulfils the 
requirements as far as external broadening is concerned. 

Coupled cells. A fused-silica cell having an internal diameter of 25 ,um, pre- 

100 
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Fig. 3. Plot of H versus u for fluoranthene on a 450 cm x 25 pm column. Injection volume: 1 nl. Mobile 
phase: methanol. 0, Observed plate height; p, calculated plate height. On-column detection mode. 













160 H. P. M. VAN VLIET, H. POPPE 

and in the background signal, our first choice would be on-column detection or the 
use of coupled cells, these being the simplest to use. In view of the extremely small 
volume deviations obtained, down to 0.1 nl, we may paraphrase Knox and Gilbert’ 
by concluding that there are more than excellent prospects for capillary LC. 

The laser employed has the advantage of being a relatively inexpensive instru- 
ment. On the other hand, the availability of only two lines, 325 and 442 nm, limits 
the number of fluorophores that can be detected. However, for a large number of 
fluorimetric detection schemes, pre- or post-column derivatization is used. Many of 
the customary reagents, such as dansyl chloride, bansyl chloride and o-phthalalde- 
hyde, are suitable for excitation at 325 nm, while Gluckman et ~1.~~ showed the 
applicability of coumarin based reagents with an excitation maximum near 325 nm. 
We are currently investigating the possibilities of post-column reaction detection on 
the OT-LC scale2 l. 
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