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Abstract

A capacitively coupled contactless conductivity detection (CCD) system has been applied for the detection of neutral synthetic polymers in
capillary size-exclusion electrokinetic chromatography (SEEC). Polystyrene standards, that were used as a model compounds, were separate
on a capillary column packed with porous 1t silica particles with an electrokinetically driven mobile phase, and detected by CCD and
UV detection simultaneously. Mass-calibration curves for polystyrene were constructed. Satisfactory results were obtained for the linearity,
the run-to-run repeatability (<0.2% for the relative retention and <4% for the peak area) and the robustness of the detector. One of the major
issues in this preliminary study was to investigate the origin of the peaks observed for the polystyrene standards. The effect of the molar mass
of the polystyrenes on the sensitivity was small. Therefore, the signals obtained could not be explained as the result of an increased viscosity
and a decreased solution conductivity of the solute zone. An alternative hypothesis is suggested, and recommendations for further research
are given.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Detection options for (synthetic) polymers in micro-scale
size-exclusion systems are still limited. In most applications
While in the last decade the use of miniaturized liquid micro LC systems are combined with an UV detector, which
chromatography (LC) systems in (bio)chemical and phar- limits their use to specific polymers. A refractive index de-
maceutical analysis increased radically, in the field of poly- tector has been developed for small-scale $ECbut it is
mer analysis only a limited number of research groups is not (yet) commercially available. Another option is to use a
working on miniaturized separation systems such as size-miniaturized evaporative light scattering detector, as has been
exclusion chromatography (SEC) with microbore or capil- done in capillary reversed-phase chromatogrgpby.
lary columng1-5], or size-exclusion electrochromatography Capacitively coupled contactless conductivity detection
[6,7]. In polymer analysis the smaller sample volume is an (CCD) was introduced by Zemann et §L1] in capillary
issue only in exceptional casgd. Hyphenation with mass  electrophoresis in 1998. In the same year Fracassi da Silva
spectrometry2,3] or with another separation technique in a and do Lagd12] presented a similar detection system. Mod-
multidimensional systerf¥] is a more important argument ifications of these designs have been proposed to provide a
for miniaturization. high sensitivity for the detection of various ionic spediE3.
Limits of detection reported were at a low-ppb level for small
ions. Recently, a miniaturized contactless conductivity detec-
* Corresponding author. Tel. +31 20 5256539; fax: +31 20 5255604, 10N cell with similar sensitivity as the conventional cells was
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Machery—Nagel, Dren, Germany and Sigma—Aldrich,
Steinheim, Germany). All standards had polydispersities
<1.1, as specified by the suppliers. All other chemicals used
were of analytical grade purity and obtained from certi-
fied suppliers. Sample solutions of polystyrenes were pre-
pared inN,N-dimethylformamide (DMF) at concentrations
of 5-50g L. Toluene, used as a marker for the total eluent
volume, was added to the sample solutions at a concentration
of 0.9% (v/v).

Fused silica capillaries of 1Q0m i.d.x 375um o.d.
were purchased from Polymicro Technologies (Phoenix, AZ,
USA). The unmodified silica particles Nucleosil 300-10 used
as packing material were obtained from Machery—Nagel. The

A CCD setup is composed of two electrode rings on the particles had a nominal particle diameter ofilfi and nom-
outside of the capillary that act as capacitors. To monitor the jnal pore diameters of 308.

conductance of the solution in the capillary over the detec-
tion gap (the distance between the electrodes) an ac voltage 2. CCD setup
generated by an oscillator is applied on the inlet electrode

giving a current through the background solution, which is The design of the sensor cell and the electronic com-
picked up by the second electrode and amplified, rectified ponents were similar as in the detector setup developed by
and recorde15]. When an analyte zone with a conductiv-  Mayrhofer etal[15]. Two cylindrical electrodes glued to Per-

ity different from that of the background electrolyte passes spex holders that fitted the capillary column were connected
the detection gap, a change in the ac signal over the am-wjth the oscillator or amplifier and rectifier. A copper-foil
plification unit is measured. The response of the detector iswith a hole slightly wider than the outside diameter of the
related to the displacement of background electrolyte ions by capillary was placed vertically between the electrode hold-
the solute ions, which is determined by their effective Charge ers and connected to ground, to prevent Capacitive |eakage
and mobility. In general, the highest sensitivity is obtained petween the electrodes. In most experiments a detection gap
with the hlgheSt mOblllty difference between the Sample and with a width of approximate|y 1 mmwas used. The input Sig-

background ions. When neutral analytes are present in thena| applied was a square wave with a frequency of 50 kHz
solute zone electrophoretic displacement of the backgroundand an amplitude of 8 V.

ions does not occur. However, ithas been shown that aliphatic  The aluminium CCD housing was placed in a modified

alcohals, separated by micellar electrokinetic chromatogra- capillary cartridge to accommodate both the cell and the elec-
phy (MEKC), can be detected with COM6]. The principle  trical connections as described elsewh@rd. Data acqui-

of the conductivity response was unclear. According to the sjtion and processing was carried out with Maxima software
authors, it might be based on the effect of the dielectric con- of waters Chromatography.

stant of the analytes, on a change of the micelle volume or

on the influence of the solution viscosity on the mobility of 2.3 SEEC system

the background ions. The latter effect could be the basis for

the use of CCD for the detection of Synthetic polymers. SEEC experiments were performed on an Ag"ent CE

In this paper, preliminary experiments on the application system (Waldbron, Germany) equipped with a diode-array

of CCD for the detection of neutral synthetic polymers are detection (DAD) system. The Chemstation software was

described. Size-based separations of polystyrene standardgsed for the control of the instrument and for data acqui-

were performed by size-exclusion electrochromatography sition of the UV detection, which was carried out at a wave-

(SEEC) with simultaneous on-capillary UV and conductivity |ength of 260 nm. Fused-silica capillaries were packed using

detection. Analytical performance parameters have beeng sjurry packing method as has been described previously

established, and the influence of the molar mass of the[18]. Columns were 250 mm long. Close behind the outlet

polymers on the detector response was studied. frit of the column the CCD cell was placed. A UV detection
window was made after the conductivity cell at a distance
of 52 mm from the outlet frit. After installation in the CEC

Fig. 1. Scheme of the CCD device: (a) capillary; (b) ring electrodes; (c)
grounded copper foil.

2. Experimental system, the column was flushed with the eluent by an ex-
ternal high pressure of 10 bar for 1 h. Electrokinetic condi-
2.1. Chemicals and materials tioning was carried out by a ramped voltage gradient up to

20kV. The eluent consisted of DMF containing M LiCl.
Narrow polystyrene standards with molar masses (MMs) Before each series of experiments the column was flushed
between 2100 and 675000 were purchased from differentwith eluent for 10 min at an inlet pressure of 10 bar, fol-
manufacturers (Polymer Labs., Heerlen, The Netherlands;lowed by electrokinetic flushing at 15kV for 15 min. Injec-
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tions were performed electrokinetically typically at 15 kV for 0.1
5s. Separations were performed at a voltage of 15kV. Dur- 0.09
ing the separations a pressure (10 bar) was applied on both _ 0.0

ends of the capillary column in order to prevent gas bub- £ 007
ble formation. Separations were carried out at a temperature = 0.06
of 25°C. 005

For the interpretation of the chromatograms a home- 8 0.04

written Excel algorithm was used. The algorithm included 0.03
baseline construction, translation of the time axis in an MM 0.02
axis using calibration plot data, and the calculation of the 0.01

centralized moments of the peaks. 0+————
0 0.1 0.2

Fig. 3. Separations of polystyrene 18 700 at sample concentrations of (1)
5¢g17%, (2) 1093, (3) 15¢g1?, (4) 2091, (5) 30g?, (6) 409 and
(7) 50g L. Conditions as irFig. 2

3. Results and discussion
3.1. CCD of polystyrenes

~ With the system used it is possible to compare the CCD ¢ centrations of 5-50 g1, are shown irFig. 3. For clarity,
signal for a polystyrene standard with its UV respo$g.2 i, this figure the time-axes of the chromatograms were stan-
shows the SEEC separation, with on-line detection by CCD 4 gized by translation into the retention factomhich is
and UV, of a polystyrene standard with an average molar yefineq as the retention volume divided by that of the unre-
mass of 30 000 at a concentration of 20§ The times-axis  tained solute. The concentration-calibration curves with peak
of the UV signal was adapted in the figure to correct for heights and peak areas were linear with valuedfor 0.99
the difference in the positions of the conductivity and UV .. hoth the CCD and the UV detector.
detectors along the caplllary. . Experiments on the stability and repeatability of the detec-
Itcan be seenthatthe main peak detected by CCD s clearlyjo, signal were performed. Samples of polystyrene 18 700 at
related to the elution of the polystyrene standard. Clo$g to .4 centrations of 20 and 50l were injected seven times
the CCD signal shows a series of positive and negative devia-goch The relative standard deviation (R.S.D,ahe peak
tions that are not well defined; they may have been caused by ejghts and peak areas obtained with CCD in this repeata-
the marker (toluene) or by the matrix of the sample solution. bility study were compared with the results obtained with
An instability of the conductivity signal was observed atthe | j\/ getection Table 3. The variation int observed with
start of all runs. This instability could not be related to the qq,ctivity detection was slightly higher than that with UV
presence of a specific analyte or to a specific experimental yeection. The reason for this might be that the determination
parameter, including the type of injection, the applied voltage o ¢ in the CCD signal was less straightforward than in the
or the pressure on the system. UV signal. With both CCD and UV detection spreading in

Both conductivity and UV peak heights were found 0 ¢ y5jyes for the peak heights and peak areas of polystyrene
be linear with the sample concentration. Chromatograms ob-, o« <504

tained with samples of the polystyrene 18 700 standard, at

3.2. Mass-calibration curves
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For the construction of mass-calibration curves, poly-
styrene standards with average molar masses between 2100
and 675000 were injected. All sample solutions con-
tained a polymer concentration of 20g! With low-MM
polystyrenes symmetrical peaks were obtained, while for the
standards with the highest MM values broad and sometimes

Table 1
Repeatability (as R.S.D., %,=7) of the analysis of polystyrene 18 700 at
different sample concentrations

Concentration T Peak height Peak area
|—1
Fig. 2. SEEC chromatogram of polystyrene 30000 simultaneous de- @™ CCD uv CCD uv CCD uv
tected by CCD and UV absorption. Conditions: column: Nucleosil 300-10
20 0.17 0.03 2.7 15 3.7 1.6
. a4 - R .
(25cmx 100pm i.d.), eluent: 10% M LiCl in DMF; injection 15kV, 55; 50 0.09 0.04 24 3.0 57 24

voltage 15kV.
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Fig. 4. Separations of polystyrene standards with molar masses of (1) 2100 o
(2) 3680 (3) 4000 (4) 7000 (5) 18 700 (6) 30000 (7) 76 700 (8) 212400 (9) Fig. 6. Dependency of the sensitivity of CCD on the average molar mass of
325000 (10) 400 000 and (11) 675 000. Conditions a&ign 2 the polystyrene standards.

double peaks were observed ($gg. 4). It should be noted  containing zone affects the mobility of the background elec-
that even the highest-MM standards used were below the ex-rolyte ions, and therewith the response of the detector. Since

clusion limit of the column. . the viscosity of a polymer solution is related not only to the
~ Mass-calibration curves were constructed using the rela- concentration of the polymer but also to its size, it was ex-
tive retentionr from boththe CCD and the UV signalSig. 5 pected that the CCD response depends on the molar mass of

shows that the shapes of the curves are similar. The differ- polystyrene. To test this hypothesis, the possible effect of the
ences between the two curves may again be explained as thgiscosity on the conductivity response was studied with sep-
result of an inaccurate determinatiortgin the CCD signal.  arations of polystyrene standards with average molar masses
Both curves could be used to determine the polydispersity of in g wide range (MM2100-675 000). In order to correct for
the polystyrene standards. For the calculation of the molar variations of the injection volume, the sample concentration
mass distribution a laboratory-made algorithm developed in and peak dilution, the peak heights for the polystyrene stan-
Excel was used. With the CCD system a polydispersity value dards as obtained with CCD were divided by the UV peak
of 1.06 was found for the 30000 standard, while with UV heights. The relative peak heights are plotted against the mo-

detection a slightly higher value was found (1.08). lar mass of the polymers Ifig. 6. The error bars in the figure
indicate the variation of the results obtained in different se-
3.3. The origin of the CCD signal ries of experiments, performed over a time period of several

weeks. For the low-MM polystyrenes the magnitude of the
The conductance of an electrolyte solution is related to conductivity signal increased with increasing molar mass.
the charge and concentration of the ionic species in solutionHowever, the dependency of the conductivity signal on the
and their electrophoretic mobility. A possible explanation for polymeric size was lower than might be expected from the
the observed sensitivity of CCD for neutral polymers could relation between the intrinsic viscosity and the molar mass
be that the higher viscosity of the solution in the polymer observed for polystyrene in DMFi{[=0.0318x MM 0603
[19]). For the higher molar mass polystyrene standards even

Lo a decrease of the CCD signal with the molar mass of the

polystyrenes was found. Apparently, the hypothesis that the
sl B CCD signal is related to changes in the (bulk) viscosity of the
solution is not correct.
0.90
- os 3.4. Conclusions and suggestions for further research
0.6 ) The experimental work performed so far has shown clearly
—f8— that CCD can be used to monitor the elution of neutral syn-
0.75 thetic polymers from a micro separation system. Repeatable
R signals were obtained, and a mass-calibration curve could be
0.70 . . : T T . . constructed. However, fairly high sample concentrations (in
3 35 4 4.3 J 3.3

the order of grams per litre) were required to obtain useful
results. Signal-to-noise ratios obtained with the CCD were
Fig. 5. Mass-calibrations curves for polystyrene obtained with c@p ( at least one order of magnitude lower than those obtained
and UV detection). with UV detection. Therefore, the main prospect of CCD in

log MM
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