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Abstract

Two commercial liquid chromatography—Fourier-transform infrared spectroscopy interfaces (LC-FTIR), viz. a flow cell
and a solvent-elimination interface have been assessed for use in size-exclusion chromatography (SEC) with respect to their
chromatographic integrity (i.e. peak asymmetry, chromatographic resolution), quantitative and qualitative aspects. A poly-
carbonate/aliphatic polyester (PC/APE) blend and a polycarb@ogbelydimethylsiloxane (P@o-PDMS) copolymer were
selected for the assessment. Both samples were successfully and selectively analyzed. The relatively large volume of the flow
cell and the inherent deposition characteristics of the solvent-elimination interface led to a comparable decrease in the chro-
matographic resolution. The separation of oligomers was diminished in comparison with SEC-ultra-violet (UV). However,
the peak asymmetry was not significantly affected by either interface. For both interfaces, a linear relationship was obtained
for the FTIR response versus the injected concentration. The sensitivity was found to be higher for the solvent-elimination
interface. For the current model compounds, the flow-cell interface detection limits are worse. However, the repeatability
of flow-cell SEC-FTIR, evaluated by means of four SEC—FTIR analyses of polycarbonate, was considerably better than for
solvent-elimination SEC—FTIR. This is probably due to the well-defined optical path length of the sample in the flow cell. By
spectral subtraction, it was very well possible to obtain qualitative (functional group) information for compound identification
also with flow-cell SEC—FTIR.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction
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spectrometric (MS) techniqued—-5]. MS is very istics of these types of interfaces are summarized in
useful in obtaining information on polymer molecu- Table 1and will be discussed below.
lar mass and end-group distributions. MS has great On-line couplings via a flow-cell are based either on
strengths, including high sensitivity, fast scan speed transmission, attenuated total reflection (ATR)9],
and the uniqueness of mass spectra, but also significantor reflection measuremerts0]. In this paper, we will
weaknesses. Quantitative (distribution) data are still focus on the transmission flow-cell interfaces. In this,
hard to obtain due to mass-discrimination. Chemical the spectral window (i.e. detection wavenumber range)
composition information for copolymers is obscured is determined by the infrared characteristics of the cell
by the extreme complexity of the spectra and MS window material and by the absorbance of the solvent
cannot differentiate between structural isomers. Espe- used. Cell windows must be chemically resistant to
cially on-line liquid chromatography (LC)-MS (with  the eluent used in the chromatographic method, with-
electrospray ionization, ESI, or atmospheric pressure stand high pressures and offer sufficient transmittance
chemical ionization, APCI, interfaces) is limited to to maintain a reasonable IR-energy throughput. Prefer-
rather polar and relatively small polymers. Finally, ably, the eluents used in flow-cell LC-FTIR do not
it is difficult to obtain functional-group contribution  exhibit an excessive absorbance, which may obscure
with MS. analyte absorption bands. However, it is almost impos-
Fourier-transform infrared spectroscopy (FTIR) is sible to find IR-inactive solvents. Highly chlorinated
therefore still an important complementary technique (or fluorinated) solvents with strong symmetry, such
for coupling with size-exclusion chromatography as carbon tetrachloride are most attractive due to the
(SEC). Using SEC-FTIR, variations in structural relatively small number of absorption bands and the
detail between molecules can be characterized as abroad transparent windows. However, these solvents
function of the molecular mass, which is related to are very unattractive from a health perspective. This
the molecular mas$6,7]. In this respect, FTIR is leads to severe limitations, with all good LC eluents
much superior to the conventional SEC detectors, being strong IR absorbers. In supercritical-fluid chro-
differential refractive index (dRI), ultra-violet (UV), = matography, carbon dioxide can be used as eluent, but
and evaporative light scattering (ELS) detection, nei- the applicability of this technique is limited. Obtain-
ther of which provides significant information on ing qualitative, molecular information is limited by the
molecular structure. transmission window provided by the mobile phase.
In interfacing LC and FTIR spectroscopy, two main This can partly be overcome by post-column extrac-
approaches can be distinguished. In the first (on-line) tion of the effluent with less strong IR absorb§gt§],
approach, the effluent of the liquid chromatograph is by the use of ATR flow cell§8,9], or by the use of
passed through a flow cell and IR spectra are acquired (expensive) deuterated solvents, in which eluent ab-
on-the-fly. The second approach is based on solventsorption bands are shifted to lower wavenumbers, so
elimination, with the eluent being removed from the that analyte absorption bands may be revefl&.
analyte prior to off-line detection. Typical character- The eluent absorbance can be reduced by reducing the

Table 1

Typical characteristics of flow-cell and solvent-elimination interfaces for HPLC

Condition Flow cell Solvent elimination

Gradient separations No Yes

Qualitative information Limited, depends on eluent Yes

Quantitative information Excellent Limited

Sensitivity Moderate Excellent

LOD Low, eluent dependent High

Spectral signal-to-noise ratio Moderate, spectra collection on-the-fly High, extended post-run scanning possible
Ease of operation User friendly Time-consuming optimization
Application area SEC SEC (gradient) HPLC

For a detailed explanation, see text and experimental description.
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optical path length. Good signal-to-noise ratios (SNR)
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tion in transmission or reflection—absorption (R—A)

can be obtained when the eluent absorbance is ap-mode. Major advantages of solvent-elimination inter-

proximately 0.4. Consequently, there is no universal
path length for all solvents used in L23]. Based

on this criterion, the optimum cell thickness can be
calculated for every single LC eluent, as shown by
Vidrine [7]. For example, typical optical path lengths
are 0.01-2 mm for organic solvents. This strongly lim-
its the sensitivity of this technique, as the solvent ab-
sorption becomes the limiting factor. Usually, a path
length is chosen such that functional groups of inter-

faces are (i) the absence of interfering eluent absorp-
tion bands, (ii) increased off-line scanning time for
signal-to-noise-ratio improvement and (iii) that spec-
tra can be searched against commercially available
KBr-disk libraries. This makes solvent-elimination in-
terfaces more favorable then flow-cell interfaces if
qualitative information has to be obtained. Nonethe-
less, their use as quantitative detectors is limjfe].

To gain maximum sensitivity, as needed for example in

est can be detected within a transparent region of the environmental analysis, the use of an FTIR microscope

eluent and only a few bands are opaque.

Commonly used IR flow-cell volumes are much
smaller than required to minimize band broadening.
The small detector cell volumes render flow-cell FTIR
compatible with microbore-L(J14,15] where the

is a prerequisitg20]. By varying the nebulizer tem-
perature during the chromatographic run mobile-phase
gradients can be used, while maintaining a constant de-
posit quality. However, optimization of the deposition
is time consuming and the deposit quality depends on

chromatographic peak volumes are several orders ofthe nature of the sample (viscosity, tendency to crys-

a magnitude smaller than in conventional LC. How-

tallize, molecular mass, affinity to the eluent, etc.) and

ever, the sample capacity of LC columns decreases inon the evaporation capacity of the interface used.

proportion to their cross-sectional area. When com-

bining interactive LC with IR, gradient elution cannot

In this paper, a comparison is made between a re-
cently introduced flow cell and a solvent-elimination

be applied, as accurate background subtraction with interface. Both systems are commercially available

changing eluent compoasition is virtually impossible.
Despite all the above arguments, the use of flow-cell

LC-FTIR is not completely impractical. The low cost,

instrumental simplicity, ease of operation, low main-

for coupling of SEC with infrared spectroscopy.
By using two model polymer systems consisting
of a polycarbonate/aliphatic polyester (PC/APE)
blend and a polycarbonat®-polydimethylsiloxane

tenance, and the possible use of non-volatile buffers (PC-co-PDMS) copolymer, a comparison is made

stimulate the use of flow cells. Furthermore, detection
in real-time makes it a potential detector for on-line
reaction monitoring and rather fast IR detection. The
analyte can be studied without any orientation or crys-
tallization effects[16,17] oxidative degradatiof6],

or evaporation, which might occur upon collection and
storage in solvent-elimination interfaces. A (limited)

number of specific applications exist in which a flow

cell can be extremely valuable. Specifically, this is the

between the two interfaces on the basis of the peak
shape integrity and the qualitative and quantitative
performance (sensitivity, linearity, detection limits)
in SEC-FTIR. The merits and disadvantages of both
techniques in polymer analysis are discussed.

2. Experimental

case when the separation if not strongly affected by 2.1. Chemicals

the choice of eluent, as in SEC with organic eluents.
Therefore, flow-cell SEC-FTIR can be used in rapid,

HPLC-grade dichloromethane (DCM) was ob-

selective and quantitative analysis to obtain structural tained from J.T. Baker (Deventer, The Netherlands).

information on major constituents of mixtures across
the molecular mass distribution (MMD}8].

Polystyrene standards were purchased from Polymer
Laboratories (Church Stretton, Shropshire, UK). PC

The second approach utilizes a heated nebulizer, of- (My, = 45kg/mol), APE M, = 95kg/mol) and

ten aided with nebulizer gas, to evaporate the efflu-

PC-co-PDMS ¥y, unknown) were obtained from

ent and to deposit analytes on an infrared-transparentGeneral Electric Plastics (Bergen op Zoom, The

substrate, such as ZnSe, Ge, or gaFTIR spec-
tra are acquired on-the-fly or (shortly) after deposi-

Netherlands). Polymer-stock solutions were prepared
by weighing and dissolution in DCM. Blends, i.e.
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solutions of polymer mixtures consisting of 50:50% mum solute deposit and included: 135 nebulizer

(w/w) PC/APE, were prepared by combining the stock temperature, 7 mm nebulizer height and 172 kPa neb-
solutions. Standard solutions of the copolymers and ulizer gas (nitrogen) pressure. Labcon 1.0 software
blends were prepared by dilution in DCM to final con- (Lab Connections) operated the interface. After sam-
centrations in the 0.2—4 mg/ml range for each standard. ple deposition, the collection substrate was manually

All standard solutions were stored in the dark a€6 transferred to an automated optical IR accessory com-
prising two three-times-focussing mirrors and a step-
2.2. Chromatography per motor for substrate rotation. The accessory was

controlled by LCT 1.6.1 software (Lab Connections),

In the flow-cell set-up, an Agilent (Waldbronn, and R-A spectra were acquired by stepwise rotation
Germany) chromatographic system model 1100, with of the substrate. The observed shift in retention time
a vacuum degasser, and thermostatted column com-at the peak maximum for all interfaces igs. 1, 2,
partment was used with an on-line photo-diode array 4, 6 and 7is due to minor differences in the internal
(PDA) UV detector (Agilent 1100 series DAD) set volumes, which were difficult to correct for.
at 264nm. A computer operating Agilent Chemsta-
tion software (version 09.01) was used for instrument 2.4. Spectroscopy
control.

A Waters 2695 Separations Module (Milford, A Perkin-Elmer (Norwalk, CT, USA) spectrometer
MA, USA), equipped with a vacuum degasser and model Spectrum GX, equipped with a medium-band
a thermostatted column compartment, was used in mercury/cadmium/telluride (MCT) detector was used
conjunction with a solvent-elimination interface. for the acquisition of FTIR spectra. Each spectrum
On-line UV-detection was performed with a Waters consisted of 8 accumulated scans and the resolution
PDA model 996 at 264 nm. A computer using Waters was set at 8 cmt. In the flow-cell experiments, a spec-
Millenium 32 (version 3.2) software controlled the trum was acquired every 6s. The sample and detector
system and was used to monitor the detector signals. compartments were continuously purged with dried ni-

All separations were carried out on two 300 hxm trogen gas to minimize interference from water vapor
7.6mm i.d. PL gel columns (porosity: $&nd 18 A; and carbon dioxide present in the atmosphere. Data
particle diameter: fum; Polymer Laboratories) at acquisition was performed using Perkin-Elmer Spec-
21°C and DCM as eluent. A rather high flow rate trum 3.0 software. Background spectra were obtained
of 1 ml/min was used as DCM is readily evaporated. from blank eluent before each flow-cell experiment or

The injected sample volume was gD at unused positions on the substrate (solvent elimina-
tion). Selected IR absorption bands for detection of

2.3. Interfacing liquid chromatography and FTIR APE and PC were the carbonyl-stretching vibrations

spectroscopy at 1724 and 1774 cm, respectively. For PDMS, the

Si—O stretching vibrations (1054 crh) were selected.

The flow cell (Polymer Laboratories) consisted of Measurements of the peak areas of baseline-corrected
two 4 mm thick KBr windows with a clear aperture absorption bands as a function of retention volume
of approximately 8 mm and a 1 mm diamond-shaped were performed by Perkin-Elmer Timebase 1.1.
stainless steel spacer (incorporated in the cell body),
resulting in a cell volume of 7Ql.

A solvent-elimination interface LC-Transform 3. Results and discussion
Model 500 (Lab Connections, Northborough, MA,
USA), based on the principle described by Gagel and 3.1. Band broadening
Biemann[21-23] was used to evaporate the eluent.
The eluting analytes were collected on a 60 mm diam-  For the assessment of the flow-cell and solvent-
eter rear-surface-aluminized germanium (Ge-Al) sub- elimination interfaces, their effects on the peak asym-
strate, continuously moved at a speed of 6 mm/min. metry factor and on the chromatographic resolution
The interface parameters were set to obtain an opti- were studied as measures for peak shape integrity.
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Fig. 1. Overlay of SEC-UV chromatogram (continuous line) and SEC—FTIR functional-group chromatograms for flow-cell (dashed line)
and solvent-elimination (dotted line) interfaces obtained for £€ @ mg/ml). UV detection was performed at 264 nm and functional-group
chromatograms were constructed from the integrated absorption at 177#4 (For comparison reasons, the flow-cell FTIR response has
been multiplied by a factor 5.)

The peak asymmetnAf), the distance from the cen-  1.8). However, the chromatographic resolution for the
ter to the tail of the peak divided by the distance oligomers is partly lost. From the UV chromatogram,
from the center to the front of the peak at 10% of the it can be calculated that the peak volurag o)) for
peak height, was determined from the peak obtained an oligomeric peak (eluting volum&e = 16.9ml) is
for the analysis of a 4 mg/ml PC solution using a UV 272l (opeak = 68 l). The extra-column band broad-
detector or either interface directly connected to the ening introduced by the detector volume is thought to
separation columns. Under these circumstances, thebe insignificant when the flow-cell volume is less than
additional contribution of band broadening introduced about 10% of the peak volumi24]. In the present
by the flow cell and solvent elimination interface can case, the flow-cell volume of 40 represents 26%
be determined under the specific analysis conditions. of the oligomer band width, thus affecting the typi-
At low sample loads, the peak-start and peak-end cancal oligomer separation pattern observed in the UV
merge into the baseline below the detection limit, chromatogram. This discussion suggests the use of a
prohibiting accurate determination of peak tailing. smaller detector cell volume when oligomers are to be
Therefore, a high sample load was chosen for these analyzed. The polymer peal{ = 13.6 ml, opeak =
experiments. 1.08 ml) is not visibly affected by the large detector
The UV chromatogram shows a typical separation volume asov oy = 4.32ml. In principle, flow-cell
of PC with anAs value of 1.8, including separation SEC-FTIR has a much higher potential as a quanti-
of the oligomers in the low molecular mass range tative detector, because all of the sample is detected,
(Fig. 1. The peak asymmetry is not affected by the providing accurate molecular mass data for polymers
flow cell, as indicated by the calculatédvalue As = across a broad molecular mass range.
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Fig. 2. (A) SEC-UV chromatogram and SEC-FTIR functional-group chromatograms for (B) flow-cell and (C) solvent-elimination interfaces
obtained for a PS standard mixture £ 1 mg/ml). UV detection was performed at 264nm and functional-group chromatograms were
constructed from the integrated absorption at 2850%crPeak molecular masses: 488.4, 76.6, 28.5, 5.0 and 1.27 kg/mol.

The peak asymmetry value obtained with the is in the order of 1100g/mol. These low molec-

solvent-elimination SEC-FTIRAs = 1.7) was
slightly smaller than thé\s calculated from the UV
detector. As seen ifrig. 1, the tail of the distribu-
tion appears to be suppressed. As note8eation 1

ular mass components can be pushed towards the
edges of the deposit outside the IR scanning area
during deposition. Despite careful optimization of
the deposition-conditions, they may therefore re-

the success of deposition is affected by the nature main undetectable, causing a suppressed peak tail.

of the polymer. Calibration with narrow PS stan-

Consequently, the calculation of accurate MMD and

dards shows that the molecular mass of the oligomers statistical moments from solvent-elimination data for
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certain low molecular mass polymensl,(, My, M;)
is impeded. This makes the use of solvent elimina-
tion less practical for quantitative analysis and for the
determination oM,,, My, andM,.

The chromatographic resolution was compared for
a four-component polystyrene-standard mixture ana-
lyzed using UV detection. In a previous pag®],
we have shown that the chromatographic resolution
in solvent-elimination interfaces depends mainly on
the substrate moving speed. In addition, the ten-
dency of the polymer to flow on the substrate upon
evaporation of the eluent—influenced by the gas
flow—affects the chromatographic resolution. This
factor is determined by the physical properties of the
polymer (i.e. crystallinity, viscosity) on the substrate.

89

Despite optimization of the substrate moving speed
in solvent-elimination SEC-FTIR, band broadening is
introduced during the deposition process caused by
the nebulizer spray-shape characteristics25] The
resolution was most clearly affected by this process.
This is in contrast with the peak asymmetry data ob-
tained from a PC sample. Probably, PC is more easily
spread out on the deposition substrate, thereby produc-
ing broader traces and pushing deposited analyte away
from the scanning area. This leaves a clean substrate
behind, resulting in an apparently narrower peak. In
contrast, PS remains at the position where it is de-
posited. Even under optimized interface conditions the
nature of the analyte influences the deposition effi-
ciency and this demonstrates the inherent complexity

Consequently, there are no single conditions in terms of LC-solvent-elimination FTIR.

of interface parameters or eluent flow rate that yield

a consistent chromatographic resolution upon depo-

sition. Time-consuming optimization procedures are
therefore required for different samples or for dif-
ferent chromatographic conditions. To allow a fair
comparison between the two SEC-FTIR interfaces,
the substrate moving speed was optimized for the
SEC-column set and the eluent flow rate.

For both SEC-FTIR interfaces, the chromato-
graphic resolution decreases equallig( 2 com-
pared to the UV chromatograms as a result of an

increased peak width at half-height. As discussed pre-

3.2. Repeatability and linearity

The IR transparent regions of DCM are found in the
region 2000-1600 cmt prohibiting the use of (aro-
matic) C—H stretching vibrations for detection of the
model polymers Kig. 3). Therefore, the absorption
band positions arising from carbonyl-stretching vibra-
tions for PC and APE, separated by 50¢mwere
selected for detection. A challenging detection prob-
lem was found in the analysis of PDMS, where the
Si—O vibration (1054 cm!) was in a region where

viously, band broadening arising from an excessive DCM has a strong sloping background, which could
detector cell volume may reduce the chromatographic introduce errors, raise detection limits and result in an
resolution. However, if flow-cell FTIR is to be used inaccurate calibration.

in chromatographic systems, the detector volume is The repeatability of the response at the peak max-
a compromise between sensitivity and the chromato- imum, expressed in terms of the relative standard
graphic resolution. Increasing the detector volume deviation (R.S.D.), was determined for the blend and
while keeping the aperture constant will reduce the for the copolymer from four analyses at the 1 mg/ml
energy throughput, give rise to higher background level at all the detection wavenumbers previously
absorption (if opacity is not obscuring absorption indicated. The repeatability was significantly better
bands of interest) and the acquired spectra will cover when using a flow cell but was still acceptable for the
a larger elution volume reducing the acquired spectral solvent-elimination interface (sékable 3. This can
information and chromatographic resolution. Con- be assigned to the well-defined optical path length
versely, if beam-condensing optics are used to obtain of the flow cell. Solvent elimination and subsequent
a smaller beam diameter, the detector cell volume can sample deposition is subject to irregularities in the
be reduced without loosing sensitivify4]. However, deposit, leading to a larger variance in the observed
oblique rays caused by the optics can be partially absorption band intensity for repeated depositions and
lost by window reflectance. The decreased SNR ob- affects the repeatability as is obvious from the error
served in the flow-cell SEC-IR chromatogram can bars inFig. 4.

be ascribed to the high eluent absorption in the C-H  The linearity of the response for the blend and
stretch region (cfFig. 3). copolymer was studied by injecting concentrations
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Fig. 3. Transmission spectrum for DCM obtained from blank eluent in a 1 mm path length KBr-flow cell. Detection regions for PC, APE,
PDMS and PS are indicated in figure.

ranging from 0.2 to 4 mg/ml and plotting the FTIR re- tion curves for the PC/APE blend are presented in
sponse at the eluting peak maximum versus the con- Fig. 4 and the results for all analyses are summarized
centration. For all selected detection wavenumbers, in Table 2 For the R—A spectra obtained from deposits
linear calibration curves were obtained £ 0.994). on Ge-Al, a shift in the carbonyl absorption band max-
Typical functional-group chromatograms and calibra- imum of 5cnr? towards higher wavenumbers was

Table 2
Statistical parameters, limit of detection (SNR3) and repeatabilityf = 4; calculated as R.S.D.) of the FTIR response for the SEC-FTIR
analysis of a PC/APE blend and of PC-co-PDMS using a solvent-elimination interface (SE) and a flow cell (FC)

PC/APE blend PC-co-PDMS
PC (1774 crl) APE (1724 cnt) PC (1774 crml) PDMS (1054 crit)
SE FC SE FC SE FC SE FC
a 2.08 0.0741 2.84 0.105 1.12 0.0570 0.0178 0.00758
b —0.37 —0.0013 —0.44 0.0048 —0.074 5.8x 1076 —0.0035 0.00033
r 0.997 1.000 0.994 1.000 0.999 1.000 0.996 1.000
LOD (mg/mIy 0.0070 0.051 0.0070 0.034 0.028 0.056 0.14 0.37
Repeatability (%) 4.2 0.48 3.7 0.63 2.9 0.45 4.4 0.73

Model: Y = aX + b; concentration (mg/ml) vs. FTIR response (AU/cm);correlation coefficient.
a8 The S and N were determined from the lowest calibration standard and the LOD was the extrapolated concentration at which the
SNR was 3.
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observed, caused by the absence of solute-solventsorption, prohibiting full qualitative information. For
interactions in solvent-elimination SEC-FTIR. The this reason, we only focussed on the specific absorp-
response at the absorption band maximum was tion bands and report the limit of detection (LOD)
used for detection in solvent-elimination SEC- here (expressed as injected concentration). For both
FTIR. interfaces the LOD based on a signal-to-noise ratio of
Usually, in IR the minimum identifiable quantity three was satisfactory.

(MIQ) is reported. This is the minimum concentration The sensitivity (slope of the calibration curve)
for which at least six absorption bands are discernable obtained with the solvent-elimination interface was
[26]. However, several absorption bands in spectra ob- found to be higher than the sensitivity for the flow
tained using a flow cell are obscured by the eluent ab- cell and the LOD was better for solvent-elimination
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Fig. 5. Spectra subtraction: (A) spectrum obtained from the high molecular mass regig. @f at 7, = 10.2 min; (B) spectrum at the
peak maximum of the APE functional-group chromatogram fréig. 4 at 1. = 123 min; (C) difference spectrum (middle minus top)
indicating the presence of PC; (D) KBr reference PC spectrum. The regions of 206G higher do not contain any information and
are omitted and opaque regions are blanked.
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SEC-FTIR then for flow-cell SEC-FTIR. An im- 3.3. Qualitative analysis
provement of the flow-cell LOD can be expected
when a larger optical path length (up to approx. 3mm)  Isocratic on-line SEC-FTIR using the flow-cell

is used. detector produces IR spectra that are well suited for
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Fig. 6. SEC separation of a PC/APE blend (ca. 1.0mg/ml). Functional-group chromatograms obtained from (A) flow-cell and (B)
solvent-elimination SEC-FTIR. Functional-group chromatograms were constructed from the integrated absorption at1{7é cdashed
line) and 1724 cm! (APE, continuous line). The absorption band ratio (PC:APE) is indicated above the chromatograms.
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Fig. 7. SEC separation of a PC-co-PDMS copolymer (ca. 1.0mg/ml). Normalized functional-group chromatograms constructed from
the integrated absorption at 1054ch(PDMS, continuous line) and 1774 cth (PC, dotted line) obtained from (A) flow-cell and (B)
solvent-elimination SEC-FTIR. The absorption band ratio (PC:PDMS) is indicated above the chromatograms.
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absorption subtraction, because analytes are present Functional-group chromatograms for

in dilute solutions in a constant matrix. Generally,
this eliminates IR band shifts, which may arise
from differing matrix effects, and from spectromet-
ric data in FTIR being measured on an extremely
precise wavenumber sca[6]. However, one must
always be aware of spikes in the region where the
eluent is completely opaque, which can lead to
a false-positive detection of analyte absorption in
the corresponding spectral region. By subtracting
the IR spectrum extracted from the high molecu-
lar mass regiont{ = 10.2min) from the spectrum
extracted at the peak maximum (= 123 min) of
the APE functional-group chromatogranirig. 4),
one can quantitatively analyze the differences on the
PC/APE blendFig. 5shows the result of the subtrac-
tion revealing carbonyl (1774 cm), aromatic C-H
(1505 cntl) and C-O (1200, 1180 cnt) absorption
bands for PC. It is obvious that spectra acquired from
solvent elimination SEC-FTIR contain full spectral
information for interpretation and for library searches
(spectra not shown).

3.4. Compositional analysis

IR is extremely useful in obtaining chemical com-
position information. Hence, SEC-FTIR can be of
great value in the selective quantification of (hon-UV
active) blended polymers or copolymers and this will
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PC and
PDMS and their intensity ratios PC:PDMS reveal a
compositional drift Fig. 7). The high noise level in
the Si—O functional-group chromatogram is probably
caused by the decreased energy throughput in the
low wavenumber region, where solvent absorption
is strong. Inspection of the functional-group chro-
matograms from both interfaces shows a shift in
co-monomer distributions for PC and PDMS where
PDMS is present largely in the high molecular mass
region, while the PC component is present in the
low molecular mass region. It must be noted that
an average chemical composition is obtained as the
separation is based on hydrodynamic volume.

For both interfaces, an offset between the peak max-
ima in the time-direction from the functional-group
chromatograms can be observed as depicted in
Figs. 6 and 7 Unfortunately, this offset is not con-
sistent for the blend or copolymer on a particular
interface. For example, the offset between the peak
maximum of PC and APE functional-group chro-
matograms in the solvent-elimination experiments is
larger than the offset found for the corresponding
functional-group chromatograms in the flow cell ex-
periments Fig. 6). Possibly, this can be ascribed to
phase segregation of the blend during the deposition
process. Especially in the case of solvent-elimination
interfaces, these shifts cannot be corrected for. Al-
though the trend in composition can be easily ob-

be demonstrated by the compositional analysis of a served in the data from both interfaces, the strong

PC/APE blend (50:50% (w/w)) and a R©-PDMS
(80:20% (w/w)). Typical functional-group chro-
matograms for a 1.0 mg/ml blend and for 1.0 mg/mi
copolymer analysis are presentedrigs. 6 and 7

The selective detection of PC and APE in the
blend indicates that APE has a higher molecular
mass compared to P&i¢. 6) and the PC:APE ra-
tio of these functional-group chromatograms shows
an increase towards the low molecular mass. How-

suppression of oligomer signals and the possible oc-
currence of phase segregation jeopardizes the compo-
sitional analysis using a solvent-elimination interface
(Figs. 6 and J.

4. Conclusions

Commercial flow cells offer a suitable (cheap) al-

ever, a change in the slope of the ratio is observed ternative to expensive commercial solvent-elimination
in flow-cell SEC—FTIR when passing the APE peak interfaces for use in SEC-FTIR of synthetic polymers
maximum, indicating a smaller MMD for PC than with respect to peak shape integrity, chromatographic
for APE. Furthermore, in the low molecular mass resolution and quantitation. The chemical composi-
tail the oligomers show up as fluctuations in the tions of a polycarbonate/aliphatic polyester blend and
PC:APE ratio Fig. 6A). As for reasons discussed a polycarbonateo-polydimethylsiloxane copolymer
previously, both phenomena are not observed whenwere successfully revealed and the performance of
using the commercial solvent-elimination interface the two types of interfaces was comparable. The
(Fig. 6B). conditions for the solvent-elimination interface were
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optimized based on considerable experience with

this device. Little time was spent on optimizing the
flow-cell interface. Careful and proper selection of the
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Chemical Systems, vol. 2, Academic Press, New York, 1979
(Chapter 4).

[8] M. Sabo, J. Gross, J. Wang, I.E. Rosenberg, Anal. Chem. 57
(1985) 1822.

eluent, to make the most use of the spectral windows, (g] p. Louden, A. Handly, S. Taylor, E. Lenz, S. Miler, 1.D.

can extend the application area. To maintain the chro-

Wilson, A. Sage, Anal. Chem. 72 (2000) 3922.

matographic resolution for peaks eluting as narrow [10] K.-J. Eichhorn, D. Voigt, H. Komber, D. Pospiech, Macromol.

peaks, such as oligomers or other small molecules, the

flow-cell volume should be reduced. In general, the
use of larger columns (e.g. 7.6 mm or 7.8 mm internal
diameter) is recommended with the current flow-cell
design. Additionally, flow-cell FTIR interfaces may

provide reliable chemical composition data across
the molecular mass distribution in a single analysis,

Symp. 119 (1997) 325.

[11] C.C. Johnson, J.W. Hellgeth, L.T. Taylor, Anal. Chem. 57
(1985) 610.

[12] E.E. Remsen, J.J. Freeman, Appl. Spectrosc. 45 (1991)
868.

[13] P.R. Griffiths, J.A. de Haseth, Fourier-Transform Infrared
Spectroscopy, Wiley, New York, 1986 (Chapter 19).

[14] C.C. Johnson, L.T. Taylor, Anal. Chem. 55 (1983) 436.

[15] C.C. Johnson, L.T. Taylor, Anal. Chem. 56 (1984) 2642.

thanks to the high accuracy and reasonable detection|;e) pRr. Griffiths, S.L. Pentoney Jr., G.L. Pariente, K.L. Norton,

limits. Flow-cell SEC-FTIR can provide structural

Mikrochim. Acta Il (1987) 47.

information to some extent. However, complete spec- [17] G.W. Somsen, E.W.J. Hooijschuur, C. Gooijer, U.A.Th.

tral information without solvent interference is still
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