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The construction of the T-shaped post-column flow cell has been changed to enhance the practicability as a 
UV-visible absorbance detector for capillary electrophoresis. In this new design, a rectangular cube-shaped 
inner structure is employed, which completely fits the outer rectangular tubing. This arrangement has greatly 
facilitated the fabrication of the T-cells. In addition, the volume for the auxiliary flow has been dramatically 
reduced down to 300 #L, and its volume flow rate is optimized at 4.2 “L/min. The short optical path length in 
the sheath flows (500 “m on each side) minimizes background absorption, and thus enhances its performance 
in low-UV wavelengths. We have optimized the auxiliary flow rate at 50 “m/s, so that migration times are 
insensitive to the flow rate. This optimization has improved repeatabilities in migration times and peak heights. 
A double-beam detection scheme using a pair of photodiodes is employed to increase the signal-to-noise ratio.
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Introduction

Although capillary electrophoresis (CE) as a separation 
method has the advantages of rapid separation and high 
resolution, one of limitations is its detection capabilities. 
Absorbance, fluorescence, electrochemical, and refractive 
index have been the major detection modalities of CE.1-18 
Among them, on-column absorbance detection has been 
most commonly used for CE. The short path length inherent 
in capillaries of I.D. less than 100 “m, however, limits the 
detection sensitivity that is achieved with absorbance detec- 
tion.19-22 Several attempts have been made to improve the 
detection sensitivity by extending the optical path length. 
Tsuda et al. used rectangular capillaries with widths up to 1 
mm, and reported a 15-fold sensitivity enhancement.23 Xi 
and Yeung developed an axial illumination technique, and 
achieved a 7-fold increase in sensitivity using a 50-“m I.D. 
capillary and 3-mm injection plugs.24 Chervet et al. extended 
the optical path length by bending a capillary into a Z shape, 
and demonstrated a 6-fold improvement in the signal-to- 
noise ratio (S/N) using a Z-shaped flow cell with a 3-mm 
bend.25 Moring et al. reported a 10-fold improvement in 
detection limit with the use of Z-shaped cell.26 Rectangular 
capillaries are fragile in nature and hard to be used in routine 
works. The axial illumination method demands special 
arrangements among the capillary column, the light source, 
and the detector. Although the Z-shaped flow cells seem to 
be promising in that they are easily fabricated and compatible 
with commercial CE instruments, the bends in a Z-shaped 
capillary flow cell induce serious light scattering. In order to 

minimize it, focusing the incident light with a special optics 
and offsetting the optics from the capillary axis are required.

We developed a method of extending the optical path 
length for absorbance detection in CE, where an “upside
down T” shaped flow cell formed by connecting the end of a 
capillary column with a 3-mm microchannel is employed, 
and by axially illuminating the microchannel with light, the 
full length of the channel can be used for the optical path.27,28 
An 8-fold S/N improvement over conventional on-column 
detection was attained. Our T-shaped flow cell has several 
advantages over the Z-shaped one. For example, since the T- 
shaped flow cell doesn’t have any bent parts along the 
optical path, the optical coupling is straightforward. Through 
some simple modifications, post-column derivatization and 
fluorescence detection can be accomplished. Finally, our 
flow cells can be applied to nearly all kinds of coherent or 
incoherent optical detection methods, absorption, fluore
scence, and thermo-optical absorption, to name a few. How
ever, the T-shaped flow cell reported had drawbacks in 
design. The upside-down T channel was formed inside a 
cylindrical structure, whereas the whole flow cell itself was 
assembled using a square quartz tubing. Therefore, it was 
extremely difficult to attain good optical alignment, where 
the axis of the 3-mm microchannel should be normal to two 
opposite faces of the square tubing. In the previous design, 
the volume and rate for the auxiliary flow were not 
optimized, and thus an excessive amount of the fluid was 
consumed and also the repeatabilities in migration time and 
peak height were poor.

In this work, we have improved the design of the T-shaped 
flow cell to greatly facilitate its fabrication and optical 
alignment and to minimize the volume for the auxiliary flow 
and to attain high performance for quantitative analysis. The 
UV-visible absorbance detector setup has been changed to 
enhance practicability by employing a double-beam arrange
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ment with a pair of photodiodes.

Experiment지 Section

T-shaped post-column flow cell. The T-shaped post
column flow cell is similar to those used in our previous 
works.27,28 Therefore, only the modifications made for 
improving its fabrication and performance are described in 
detail. Figure 1 shows the construction of the T-shaped post
column flow cell. The inner part of the cell comprises a 
rectangular cube structure, inside which there is an upside
down T-shaped channel formed by connecting the end of the 
capillary column with a 3-mm microchannel orthogonally 
(Figure 1(b)).

The fabrication process of the T-shaped post-column flow 
cell is shown in Figure 2. In the lower part, a 3-mm micro
channel is formed in the middle of the 3 mm x 6 mm surface 
of a borosilicate rectangular cube (3 mm x 6 mm x 10 mm) 
along the direction of the 3-mm side. The body of the 
channel is made by bisecting a piece of a fused-silica 
capillary (100 〃m I.D. and 375 〃m O.D.; Polymicro Techno
logies, Phoenix, AZ, USA). In the upper part, a groove of 
0.4-mm width and 2-mm depth is made in the middle of the 
6 mm x 10 mm surface of a borosilicate rectangular cube (3 
mm x 6 mm x 10 mm) along the direction of the 10-mm 
side. One end of a 45-cm capillary column (75 〃m I.D. and 
375 pm O.D.; Polymicro Technologies, Phoenix, AZ, USA) 
is fixed with an epoxy in the groove so that the outlet of the

Figure 1. (a) Schematic of the T-shaped post-column flow cell. (b) Anatomy of the rectangular cube-shaped assembly in the flow cell.

Figure 2. Fabrication process of the T-shaped post-column cell: (a) make a groove of 0.4-mm width and 2-mm depth in the middle of the 6 
mm x 10 mm surface along the direction of the 10-mm side; (b) fix a 45-cm capillary column (75 pm I.D. and 375 pm O.D.) in the groove 
using an epoxy, so that the outlet of the capillary is positioned at the center of the 3 mm x 6 mm surface; (c) trim the excess capillary on the 
bottom surface; (d) make a groove of 0.4-mm width and 1-mm depth in the middle of the 6 mm x 3 mm surface along the direction of the 3- 
mm side; (e) fix a 4-mm capillary column (100 pm I.D. and 375 pm O.D.) in the groove using an epoxy; (f) trim the excess capillary and 
grind the fixed capillary by half; (g) put the upper and lower parts together using an epoxy resin so that the cross-sectional center of the 
capillary end sits on the middle of the longitudinal axis of the bisected capillary; (h) insert the rectangular cube-shaped assembly into the 24
mm square tubing; (i) attach the aluminum head and base; (j) complete the fabrication.
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Figure 3. Schematic of CE apparatus with a double-beam UV-Vis absorbance detector employing the T-shaped post-column flow cell.

capillary is positioned at the center of the 3 mm x 6 mm 
surface. The upside-down T-shaped channel is completed by 
putting the upper and lower parts together using an epoxy 
resin so that the cross-sectional center of the capillary end 
sits on the middle of the longitudinal axis of the bisected 
capillary. The outer part of the flow cell is assembled with a 
24-mm square quartz tubing (6 mm x 4 mm, 1/16” thick; 
Wale Apparatus, Hellertown, PA, USA) and aluminum head 
and base.

CE system. Our experimental arrangement of a home
made CE system with the T-shaped post-column flow cell is 
shown in Figure 3. It employs a double-beam type detection 
system. A 300-W Xe lamp (6258; Oriel, Stratford, CT, USA) 
coupled with a monochromator (100M; American Holo
graphics, Elmsford, NY, USA) is used as the monochromatic 
light source. Light is collimated by two plano-convex lenses 
(PLCX-25.4-10.3-UV, PLCX-25.4-51.5-UV; CVI Laser, 
Albuquerque, NM, USA) and then split into two beams by a 
quartz plate (1” x 1”，1/16” thick; Wale Apparatus, Heller
town, PA, USA). The beam transmitted is used as probe 
beam, which is focused onto one end of the post-column 
microchannel of the flow cell by a plano-convex lens 
(PLCX-50.0-77.3-UV; CVI Laser), and then detected by the 
first photodiode (S1336-8BQ; Hamamatsu, Japan) after 
passing through the microchannel. The beam reflected 
serves as a reference beam, and is directly detected by the 
second photodiode (S1336-8BQ; Hamamatsu, Japan).

Before running a CE separation, the intensity of reference 
beam is controlled with a mirror on the rotational stage so 
that the amplitude of the signal from the second photodiode 
is the same as that from the first one. The difference of the 
signals from the two photodiodes is amplified with a current 
amplifier (428; Keithley, Cleveland, OH, USA) and converted 
to a pulse-signal whose frequency is directly proportional to 
the amplified signal level. An IBM XT-compatible computer 

counts the number of pulses and stored it. A high voltage 
power supply (MHP 20-05D; IMACE, Seoul, Korea) is used 
to apply a (+) high voltage across the fused-silica capillary 
of 45 cm length. The buffer solution for auxiliary flows is 
fed into the flow cell with a syringe pump (Syringe Infusion 
Pump 22; Harvard Apparatus, South Natick, MA, USA).

The CE setup for the on-column absorbance detection is 
essentially the same as that for the post-column detection 
except for some differences in detection part. A 70 cm 
fused-silica capillary is used as the CE column. A 100 〃m x 
200 ^m slit is used to define the dimension of incident light 
on the detection window that is 45 cm from the injection end 
of the capillary column.

Reagents. All chemicals were of analytical-reagent grade 
and used without further purification. Rhodamine 6G, dansyl
amino acids, and all other inorganic chemicals were 
purchased from Sigma (St. Louis, MO, USA). Deionized 
water was prepared with a Mega-Pure system (Barnstead, 
Dubuque, IA, USA). Buffer was filtered through a 0.45 呻 
syringe filter (cellulose nitrate; Whatman, Maidstone, UK) 
and degassed by sonication for 5 min just before use. Samples 
for CE were prepared by dissolving pure compounds in the 
deionized water and serially diluted with the running buffer.

Capillary electrophoresis. The capillary column was 
pretreated with 0.1 M NaOH, deionized water, and the 
running buffer in sequence. Each solution was pumped into 
the capillary for 5 min at a flow rate of 10 p,L/min using a 
syringe pump. After each CE running, the column was 
rinsed with the running buffer for 1 min. Sample injection 
was accomplished manually by siphoning with a height of 
20 cm for 5 seconds. To carry out CE separation, a high 
voltage of 250 V/cm was applied to the injection end of the 
capillary column. As an excitation wavelength, 514 nm was 
chosen by the monochromator. In the post-column detection 
method, the auxiliary flow with a flow rate of 50 pm/s (4.2 
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p,L/min) was fed into the detection cell after the high voltage 
was applied.

Results and Discussion

In the previous design of the T-shaped post-column flow 
cell, the inner part has a cylindrical structure.27,28 Therefore, 
when the flow cell is assembled, extreme care must be taken 
so as to make the 3-mm microchannel aligned normal to the 
faces of the square tubing. Although a stereomicroscope, a 
light illuminator, and micrometer-precision rotation/trans- 
lation holders were used in assembling the cells, the success 
rate was less than 10%. The present design provides, how
ever, a rectangular cube-shaped inner structure that com
pletely fits the outer rectangular tubing, and thus in contrast 
to the previous one, slight adjustment of only a single angle 
is required in assembling. This has greatly facilitated the 
fabrication of the T-cells and now the success rate in 
fabrication is over 90%. It should be also noted that the 
volume for the auxiliary flow has been minimized in the new 
T-cells. The old type has the volume of 3800 mm3, whereas 
in the new type, the volume is only 300 mm3. This, over 10
fold reduction in volume minimizes the consumption of the 
auxiliary fluid. In addition to these improvements, we have 
greatly reduced the potential background absorption by 
running buffers. High sensitivity in absorbance detection can 
often be realized by use of low-UV wavelengths. In this 
case, however, the use of minimally absorbing running 
buffers is strongly demanded, because high background 
absorbance increases baseline noise and decreases signal.29 
Compared with the old cell, the optical path length in the 
sheath flows has been reduced 7 times in the new cell, and 
now only 500 pm-thick sheath flows pass the ends of the 
microchannel. All these merits in the new design promise 
practicability in sensitive absorbance detection to the T- 
shaped flow cells.

Figure 4 shows electropherograms of rhodamine 6G, which 
were obtained using the on-column and post-column detec
tion methods. The limits of detection (LODs) (S/N=2) of 
rhodamine 6G in the on-column and post-column schemes 
are 1.4 x 10-6 M and 6.0 x 10-8 M, respectively. Note that by 
using our T-shaped post-column flow cell, a 24-fold enhance
ment in S/N has been achieved. This improvement in 
sensitivity is 3 times better than that obtained with the 
previous system.27 It seems that the change to the double
beam scheme is responsible for the higher gain in sensitivity 
of the present system. Further improvements in the sensi
tivity gain will be attained, if brighter light sources, or 
alternatively more sensitive detectors, such as photomulti
plier tubes and avalanche photodiodes, are employed to 
reduce the background noise level.

In the last work, we observed that the migration time of a 
component, obtained in a system with the T-cell was signifi
cantly longer than that in an on-column system, although the 
length from the injection end of the capillary column to the 
detection window was the same in both cases. The length
ened migration times may be due to hydraulic pressure,

Figure 4. Electropherograms of (a) 2.0 x 10-6 M of rhodamine 6G 
by on-column detection and (b) 1.0 x 10-7 M of rhodamine 6G by 
post-column detection.

generated by the auxiliary flows, on the elute from the 
microchannel. We have investigated the dependence of the 
migration time on the flow rate of the auxiliary flows. As 
shown in Figure 5, the migration time is essentially constant 
up to 150 pm/s, but over 200 pm/s, the migration time 
significantly increases with the flow rate. In the present 
work, we have optimized the auxiliary flow at a flow rate of 
50 mm/s, so that the difference in migration times between 
two systems is minimized. It is clearly shown in Figure 4, 
where we cannot see any discernible difference in the
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Figure 5. Migration times at various rates of the auxiliary flow.
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Figure 6. Linear relationship between concentrations and peak 
heights of rhodamine 6G for CE analysis using the T-shaped post
column flow cell.

migration times of rhodamine 6G.
The hydraulic pressure imposed by the auxiliary flows 

may also transform the plug profile of electoosmotic flows 
into the parabolic profile of hydrodynamic flows, which 
causes the broadening of a band. Therefore, if there is 
serious instability in the rate of auxiliary flows, the width of 
a band fluctuates and so does its peak height. Since in 
contrast to the previous work, the flow rate is now in the 
region where the migration time and thus the peak height are 
insensitive to it, we have accomplished over two times better 
repeatabilities in the migration time and peak height of 
rhodamine 6G (1.8% and 2.4%, respectively).

Because of the improved LOD and repeatability, we have 
obtained a wider linear range of concentration (from 1.0 x 
10-7 M to 1.0 x 10-5 M) and a higher linear correlation 
coefficient (r = 0.996) (Fig. 6). As in the previous study, we 
have observed that the calibration curve begins to flatten at 
about 1 x 10-5 M, but any band broadening and tailing have 
not been observed up to about 1 x 10-4 M. These obser
vations strongly imply that the upper limit of the linearity of 
the post-column flow cells is mainly attributed to stray light. 
Since we have made the surfaces surrounding the ends of the 
microchannel black using an optically opaque epoxy to 
ensure only the axially propagating light to be detected, the 
loosely light-tight homemade system might be responsible 
for the stray light.

Figure 7 demonstrates the practicability of our CE setup 
equipped with the T-shaped post-column flow cell. An equi
molar mixture of four dansyl-amino acids was successfully 
separated by the system. LODs of the dansyl-amino acids 
(216 nm) were almost the same as that of rhodamine 6G 
(514 nm). As mentioned above, absorbance detection at low- 
UV wavelengths necessitates the use of minimally absorbing 
running buffers since high background absorbance signifi
cantly reduces S/N. Many buffers such as HEPES, CAPS, 
and Tris are inappropriate for use in low-UV detection.30,31 
We have used phosphate buffer for the detection of dansyl
amino acids at 216 nm, which minimizes the effect of 
background absorption.

Figure 7. Electropherogram of dansyl-amino acids obtained using 
the T-shaped post-column flow cell. Capillary, 75 pm I.D., 40 cm 
length; buffer, 10 mM phosphate (pH 7.0); sample concentrations 
4.0 x 10-5 M for each dansyl-amino acid; sample injection, 5 
seconds at 20 cm height difference; detection wavelength, 216 nm; 
applied voltage, 10 kV (250 V/cm); Arg = dansyl-arginine; Leu = 
dansyl-leucine; Val = dansyl-valine; Asp = dansyl-aspartic acid.

Conclusions

The T-shaped flow cell for absorbance detection in CE has 
conceptually had many advantages over other detection cells 
with extended optical path lengths. When the concept was 
realized by the old design, several crucial drawbacks were 
found, such as the difficulty in aligning the optical axis of 
the cell, the poor repeatabilities in migration times and peak 
heights due to unoptimized flow rates for the sheath fluid, 
and the excessive cell volume for the sheath flow. In this 
work, by changing the design of the detection cell, while 
keeping the concept, we have solved most of the problems in 
the old design and thus endowed the T-shaped flow cell with 
higher practicability.

However, our T-shaped flow cell has several drawbacks to 
overcome. For example, the capillary column is permanently 
fixed to the flow cell and changing a column should be 
accompanied with fabrication of a new cell, fabrication of 
the flow cell is complicated and difficult, and using sheath 
flows needs additional complications. For practical use of 
the flow cell, a technique for inserting a capillary column 
into the flow cell through a guide tubing, a monolithic micro
fabrication process for the cell, and a simple mechanism for 
circulating the buffer in the flow cell should be developed.

The basic idea in the T-cell is connecting two micro
channels orthogonally. In addition to the possible appli
cations in developing highly efficient micro-detection cells, 
the idea can also be used to develop the injection devices for 
microfluidic systems, like sipping injectors, and to build 
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three dimensional microfluidic systems.
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