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ABSTRACT

A simple peak-area calibration method For supercritical tluid chromatography (SFC) with spectrophotometric detectons is prosented,
The method was develaped originally for high-performance liquid chromatography and is based on the molar absorptivity of the
analytes. 1t allows calibration independent of detector specitications, Now coll geometry and operating parameters, The adaptation of
this method to SFC and the particular influcnce of the density variations of the highly compressible SFC eluent on calibration and
reproducibility of results are discussed. SFC hardware requirements and operational and calibration procedures that are prerequisites
tor accurate quantitative SFC results were considered. The method was tested with samples of fatty acid glycerol esters, x-tocopherol
(vitamin E} and its acetate in carbon dioxide -ethanol eluents with two ditferent UV detectors. Errors and shortcomings of the method

that narrow the scope of its applications are discussed.

INTRODUCTION

In the literature published on supercritical fluid
chromatography (SFC), only a few papers have
dealt with quantification other than by internal
standard methods. The latter. however, require the
addition of'a known amount of a standard substance
to the sample solution. The chosen standard sub-
stance should behave in a way similar to that of the
sample constituents as far as retention and detection
properties are concerned. It is not always possible,
however, to find such a standard substance or to mix
it with the sample in a reproducible way. This applies
in the particular situation where SFC is directly
coupled to the source of the sample, e.g.. in systems
with on-lin¢ supercritical fluid extraction (SFE) of
the sample [1] or. as in our case. where SFC is
dircctly coupled with a high-pressure equilibrium
cell for phase composition measurements [2]. In
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these situations it 15 highly desirable to have a
method that links the integrated peak arcas with the
total number of sample molecules, irrespective of
detector type, flow cell geometry and operating
parameters of the SFC equipment.

Such a method was presented by Torsi et al. {3] for
applications in high-performance liquid chroma-
tography (HPLC) and tested experimentally with
different UV-Visdetectors [4]. They found that their
method worked well for some commercial UV
detectors (three out of five), whereas others showed
deviations of up to 20%. These were explained by
deflections of the light beam at the flow cell caused
by cither wedged flow ccll windows or non-ideal
flow causing density gradicnts across the flow cell
diameter. Peck and Morris [5] investigated such
effects. They found window wedge angles of up to 2°
for commercial flow cells and made photographs of
tracer flow patterns in the cell, which exhibit con-
sidcrable deviation from a constant distribution of
sample substance across the width of the light becam.
These effects arc held responsible for bascline drifts
and excess noise of the detector signal.
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SFC exhibits some particular features that distin-
guish it from HPLC: the dense gas eluents arc much
more compressible than the liquid solvents used in
HPLC. Spectroscopic detectors (UV-Vis, IR, fluo-
rescence) for SFC operate at pressures up to 350 bar,
which may affect the optical properties of the flow
cells. As a further complication, SFC requires
back-pressure control devices for releasing the sys-
tem pressure after the detector. The use of passive
restrictors [6] results in pressure-dependent flow,
which is unacceptable in many instances, especially
if absolute quantification is required. Active control
valves are difficult to find or to build for the small
flow-rates of the dense gas eluent, particularly if
packed microbore or capillary columns arc used.
The method presented here requires the determina-
tion of the volume flow-rate of the cluent in the
detector flow cell, which is simple in HPLC but more
complex in SFC, because the SFC cluent density
inside the flow cell depends on pressure, temperaturc
and composition (if mixed cluents or modifiers are
used).

Some aspects of the following theory have been
presented before (in relation to HPLC). However. to
the authors’ knowledge, these have never been
integrated into an applicable calibration method for
SFC, and the effects of major changes in cluent
density have not been treated.

In this paper we discuss the following theoretical
aspects: Lambert-Beer law, the effect of SFC cluent
density changes on peak shapes and integrated peak
arcas and non-plug flow in the detector flow cells.
The validity of the theory is checked against stan-
dard calibration procedures, the measurement and
control facilities required for application of the
mcthod are described and the problems arising are
discussed.

THEORY

The Lambert-Beer law relates light absorbance,
A. to the concentration of the absorling molecules
in the light path, ¢ (mol/1), their molar absorptivity, &
(% 1000 cm*/mol) and the length of the light path. /,
(cm). Considering that in chromatography 4 and ¢
are time dependent, we can write

A;‘(I) = lOg (IO'I)A =6 10 ('(:) (l)

The deduction of this law assumes that sample
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concentrations are small [6) and that solvent effects
on sample spectra are unimportant.

Chromatographic detectors determine the light
intensity /o at the start of a run, thus taking the
initial absorbance of the eluent without any sample
present as the datum value. Problems may arise if
short wavelengths are chosen (<210 nm), where end
absorption of SFC cluents increases, particularly if
they contain modifiers. In such cases there may not
be enough cnergy available for proper mcasure-
ments; artefacts result, as will be shown in the results
for the calibration of oleic acid glycerides.

An ideal detector requires cither an exactly paral-
lel light beam passing through its flow cell, or a
constant refractive index inside the cell, at lcast
during one chromatographic run [4,5]. Parallelism
of light beams depends on the optical sct-up and is
hardly ever fully accomplished, whereas constancy
of refractive index depends on constant density and
constant composition of the cluent. If density is to be
constant, no temperature, pressure or modifier
concentration programming is allowed in SFC.
Changing the density would create detector bascline
drifts and/or disturb quantitation. Temperature
constancy of the flow cell is very important, but
badly neglected in the design of many commercial
HPLC and SFC detectors. Refractive index fluctua-
tions duc to sample peak concentration variations
cannot be avoided. According to Peck and Morris
[5]). no ideal mixing takes place in conventional flow
cells, such that peaks will always cause a certain
increase in signal noise.

There arc several effects of changing the SFC
cluent density. First, it determines the solubility and
miscibility of modifiers and samples. Increasing
density normally enhances solubilities. As high-
pressure phasc cquilibria arc complex, care has to be
taken not to operate in the two-phase region. Failure
to do so would result in uneapected and irrepro-
ducible behaviour of the chromatographic system.
Phase behaviour of the binary system carbon di-
oxide-cthanol was reported by Fanagiotopoulos
and Reid [7]. It exhibits a niarked influence of
temperature on the immiscibility gap., particularly at
low cthanol concentrations (up to 10% cthanol). At
50 Catleast 120 bar are required to keep clear of the
two-phasc region.

The sccond effect of density i in changing the
shape of sample peaks. With a density decrease due
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to cluent temperature rising along the flow path
{e.g.. in the detector), the volume of a peak carrying
the sample expands accordingly, and the maximum
of the local peak concentration function c(x) falls
while the peak width increases.

The third effect of density is in changing the flow
velocity of the cluent. A rise in temperature will
increase the velocity, in proportion to the decrecase in
density, decrcasing the residence time of sample
molecules in the detector flow cell. Consequently,
peak widths of the time-dependent concentration
function ¢(r) “sccn™ by the detector [when a given
peak ¢(x) passes through] decrease.

The point of interest is in knowning the resulting
composite effect of density on the peak arca deter-
mined by integrating the detector signal 4(7). Ex-
pansion of the peak width is compensated for by the
increase in the flow velocity, so that the peak width
in terms of time remains unaffected by an increase in
density, The decrease in the local concentration
maximum, howcver, is not compensated for. We
therefore expeet that integrated peak arcas. a;. will
change proportionally with cluent density in the
detector flow cell pg,:

W = _f ANde = pee (D) )
peak

The third clement of the method is the concept of
residence time distribution in the flow cell and its
cffect on the measured optical absorbance. If the
flow cell is considered as a closed vessel of any
geometry and any flow pattern, being swept by a
stecady-state flow of cluent of constant density, then
the concentration profile of any peak measured at
the inlet, ¢(?), can be related to its profile at the
outlet, co(f), by any normalized exit age distribu-
tion functon E(¢) [8] by the following equation:

t

(.oul(') = j('(t') E(! - f')dt’

0

(mol/D) (3)

where 1" is a dummy variable running from 0 to «.
E(¢”) has the following propertics:

X 1
JE@dr =1 [EG@)dt” = F():
QO O P
VEQ =1 —-Fu)  (4)

Fryvis the fraction of fluid that remains in the vessel
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for a time shorter than r. Levenspicl [8] showed that
F(t) is the normalized outlet response of a step
function at the vessel inlet. Further, we define a
function R(:"):

R(t"M=1~F@")

with
x V-
gk(:")dz" =t=3 © (5)

This is the same R function as used. but not
explained, by Torsi and co-workers [3.4]. The inte-
gral under the R function curve is equal to the mean
residence time ¢ of fluid flowing through the vesscl
(volume ¥) at a given flow-rate,

With these tools we can now determine the
number of sample molecules n, present in the flow
cell volume Vy, from the peak concentration profile
at the inlet, ¢(1), and the residence time distribution
function E(r"). With ¢¢ () being the average concen-
tration in the flow cell at any time ¢ we obtain

ndy = Vi, cfc(r)mf’§(-(:')( § E{:")d:")dr

[\] (-t
{mol) (6}

The inner integrai represents that fraction of the
sample which entered the flow cell at any time 1" < 1
and remains in the flow ocll longer than 1 — ¢ With
eqns. 4 and S, cgn. 6 1s rewritten as

)= l;'jc(:’}[l —Fu—-1ijde'= l:’j'c(t') R —r)dr
o 0
(mol) (N

With the rules for Laplace transformations, this
so-called “convolution integral™ can be integrated
to yield a product of separate and simple integrals:

X

J ety = Ve f ere(n)d = V§ e(e)dt § RUAL = npeart
0 O k¢ ] Q
(mol s} (8)

WHeETE /15,4, 1§ the total numbcer of moles injected with
the sample and conveved in the peak.

It is important to note that the deduction of this
cquation did not require any assumption concerning
ideal flow patterns in the flow ccll. It is therefore
generally valid for constant density. steady-state
flow through a closed flow cell. Assuming that all of
the sample molecules present in the cell arc illumi-
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nated by the detector light beam, and that the
assumptions of the Lambert-Beer law (cqn. 1) arc
fulfilled, we find a simple rclationship between
integrated peak arcas and the amount of sample:

b &4 IO Hpeak €2 ‘0 Hpeax Pre .

o= gAa(")df = l;,p = I;t (s) (9

We find that in addition to the amount of sample
and its molar absorptivity, the length of the light
path, the mass flow-rate and the density of the cluent
in the flow cell determinge the integrated peak arca,
which corresponds to the qualitative considerations
leading to the proportionality eqn. 2.

Eqgn. 9 is rearranged in order to define a calibra-
tion factor that ideally is equal to the molar absorp-
tivity of the sample:

a;, m
= ___.’_....__) =i, (10)
10 Hpeak Prc/ meas,

It follows that the paramcters in eqns. 9 and 10
must be known accurately and be controlled repro-
ducibly in order to be able to usc the molar
absorptivity for detector calibration in SFC. We
explain below how we achicved this goal experimen-
tally.

EXPERIMENTAL

The SFC system developed during this work is
shown in Fig. 1. It was built for the purposc of direct
measurement of high-pressure cquilibrium phasc
compositions,

The first aim is to achicve constant. reproducible
and pulsc-free flow. For that purpose, an Isco 260D
syringe pump is used to deliver liquid carbon dioxide
(99.99%. rccondensed from vapour) at constant
pressurc. A sccond, similar pump (Isco pLCS500,
constant volume flow-rate mode) delivers cthanol
(puriss.. 99.8%) as the polar modifier. Mixing
occurs in a simple tee-fitting, followed by a picee of
coiled capillary tubing. For the purpose of tempera-
ture adjustment these are immersed in the same
water-bath that contains the two high-prossure
sample injection valves.

The valves used arc motor-driven Valco C6W
(2 wl. for light cquilibrium phase) and Valco C14W
(0.06 pl. for heavy cquilibrium phase). followed by a
third valve for injection of calibration solutions
{(Valco CO6W, 20 gul. with automatic filling system),
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Fig. |, Flow diagram of supercritical tluid chromatograph

(shaded: temperature-controlied areas).

This last valve is kept at the column temperature
(typically 30 C) by a metal block thermostat.

A short cartridge columu with Nuclcosil 100-3
packing (unmodified spherical silica. 3 um particle
diameter, 100 A pore diameter, packing dimensions
34 mm x 5.3 mm diameter) separates the sample
components. It allows for typical run times as short
as -5 min.

The UV detectors used are a Perkin-Elmer LC235
{35 diode-array) and an Isco V4 {(variable-wave-
length). A Perkin-Elmer LC1100 integrator is used
to integrate peak arcas.

The second important clement for achieving
constant flow s the pressure release valve, A
Brooks 583SP high-pressure control valve (A, value
2. 1075, orifice diwmeter 0.051 mm) with electronic
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back-pressure controller and pressure transducer
reduces the pressure to 10 bar, thus avoiding the
formation of solid carbon dioxide. The modificr is
precipitated at this pressure and a Brooks S8SOE
mass-fllow controller releases the carbon dioxide
(with small amounts of modifier vapour) to atmo-
spheric pressure.

The system is remote controlled by a personal
computer (Olivetti M24) with data acquisition hard-
ware (Burr-Brown PCI 20000). The software is
written in Turbo Pascal and allows the measure-
ment, storage and statistical cvaluation of all
the important SFC parameters (pressures, tempera-
tures, flow-rates), on-line calculation and display of
non-measurable system parameters (such as cluent
density in the detector flow cell) and time-controlled
chromatographic runs at constant intervals.

The parameters in eqn. 9 were determined in the
following ways.

The length of the flow cell optical light path. /.
was taken from the manufacturer’s specifications. as
we were not in a position to measurce it ai the
operating pressurcs. According to Torsi ¢f «f. {4},
liowever, deviations from nominal valucs of several
percent may occur.

The sample amount, 1, was determined with
calibration substances trom Sigma, dissolved in UV-
grade heptane. Impuritics in the calibration sub-
stances used, inaccuracies of the weighing balance

TABLLE 1
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and cvaporation of the solvent contribute to com-
posite crrors. The volumes of the injection valve
sample loops may deviate widely from nominal
values. It was thercfore determined by filling the
loop with mercury, switching the valve, flushing the
loop with compressed air and consequently weigh-
ing the gjected mercury. For small volumes several
consceutive fill-cject cycles were combined into one
weighing to increase accuracy (results are given in
Table ).

The density of the cluent in the flow cell, p,,.. was
initially measured at different pressures, tempera-
tures and cthanol concentrations by means of a
Paar DMA S12 high-pressurc/high-temperature
oscillating tube densitometer cell. Later it was
caleulated on-line from measured values of flow cell
tempetature, pressure and cluent flow-rate. Flow
cell temperature was measured by means of a
thermocouple and pressure was determined from the
aluc measured at the pump (which was checked
regularly by a dead-weight gauge). diminished by
the system pressure drop calculated from cluent
flow-rates by means of an empirical correlation.
This pressure drop was always smaller than 30 bar.

The mass flow-rate of the cluent was determined
from the signals of the mass-flow controller (carbon
dioxide mass flow-rate, calibrated regularly by
means of a laboratory wet test meter) and of the
cthanol pusip cthanol volume Sow-raie).

NOMINAL AND MEASURED SAMPLE LOOP VOLUMES OF SOME HPLC INJECTION VALVES USED IN THIS WORK

Loop  Type' Nominal  Volume S.D? R.S.D.*  Deviation from
No, volume measured  (ub) (%) nominal value
(1)) {aeh) (o)

i E 20 20.484 0.053 0.26 +2.4

2 E 10 10.713 0.071 0.67 + 7.1

3 E s 6.117 0.031 0.50 +223

<4 £ 2 i.993 0.027 1.38 —0.3

5 1 i (.606 0.0184 2584 -394

6 ] (.5 0.540 00113 24 +~%.0

7 | 0.2 (.186 00082 4.56 ~- 10.0

h i .46 0.06281 +4.7

0.00095  1.52

“ E = External loop: 1= internai loop.
P a= 10,
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Fig. 2. COz~ethanol density: deviation ol values calculated with Peng-Robinson EOS from vadues determined with Beader EOS (pure
CO,). Ethanol content (%) ——— =l oo = v mdi-vnne T S TR 1§
RESULTS

Sample volume

Eight different loop volumes (internal and exter-
nal types) were measured. We obtained the values
given in Table L. The actual volumes deviate by up to
39% from the nominal values.

Eluent density

Many SFC controllers offer density program-
ming, based on measurement of pressure and tem-
perature and calculation of densitics by mcans of
simple cubic equations of state (EOS). requiring
only a tew, fluid-specific parameters. We calculated
density values for pure carbon dioxide with the
Peng-Robinson (PR) EOS model. In the ranges
30-90°C and 100-500 bar the resulting valucs devi-
ate by up to 9% from reference values (Fig. 2. solid
lines). Such a performance is insufficient if egns. 9
and 10 are to be used for calibration.

For the determination of pure SFC cluent densi-
tics, the Bender EOS is much more suitable [9]. This
is a 20-parameter modified Benedict-Webb-Rubin
EOS. It was adjusted for carbon dioxide by Sievers
[10] and deviates by less than 0.5% trom reference
measurements, cxeept in the vicinity of the critical
point.

As we wanted to determine the densitics of carbon
dioxide with small amounts (up to 10 mol%) of a
polar modifier (cthanol). we were sceking EOS
models that perform well for this system. We tried a

PR EOS model with mixing rules proposed and
optimized for carbon dioxide-cthanol by Panagio-
topoulos and Reid [7], which performs well in
predicting phase boundarics. We calculated densi-
ties for various amounts of cthanot (Fig. 2, broken
lines; 2-10 mol% ) and compared them with densito-
mctric measurcments at around 26 'C and between
100 and 300 bar. Whilc the PR EOS model predicts
increasing densities with increasing ethanol content,
measurements (errors +0.7%) indicate that the
cluent densities, in this range. remain virtually
unalfected by small contents of cthanol. Hence
values calculated with the PR EOS model are
generally too high (Fig. 3, closed symbols: deviation
ca. + 7% for 10 mol% cthanol).

As a consequence, we applied the Bende, EOS for
purc carbon dioxide to calculate cluent densities
with less than 8 mol% cthanol. The resulting errors
arc smatller than 1% in the range 150--300 bar (Fig. 3.
open symbols).

UV absorbance of carbondioxide -cthanol SFC eluents

In order to ascertain the absorbance of the
cluents, we measured diode signals and absorption
vilues of carbon dioxide cluents with various con-
tents of cthanol with the LC 235 diode-array
detector. Fig. 4 shows that diode signals at different
wavelengths above 220 nm do not vary significantly
with ethanol contents. At wavelengths below 210 nm
however, the carbon dioxide absorbance increases
and the cthano!l absorbance becomes significant,
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Fig. 3. COz-cthanol density: deviation of values caleubited wath
Peng-Robinson EOS {closed symbols) and with Bender EOS
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lowering the diode signals by two decades at 195 nm,
At this wavelength, the signal is too weak to
distinguish varying cthanol contents, In the normal
operating mode, however, the LC235 detector does
not give any warning that signals are too weak and
Crroneous measurements oceur.

Fig. 5 shows the absorbances of cluents conttin-

detector signal [V]

0.01
200 250 300 350

A [nm}

Fig. 4. UV detector diode-array signals at wavelengths between
1935 aad 350 nm and various cthanol contents of the €O, cluemt
(33 ¢ 245 bury. Ethanol content (mol®%): =0: L = 1986
L= 029 [T = 39T s SARYL <+ e 3972,

1.20

1.00

2
c 0.80
(-3
8 0.0
: 7
> 0.40
0.20 210 nm
0.00
0 s 10
xg {mol-%]

g, 8 UV absorbanee of COy-ethanol cluent (ethanol contents
between 0 and 10 mol%) at 200 and 210 am (33 C, 245 bar),

ing cthanol compared with a purc carbon dioxide
cluent. Whereas according to the Lambert-Beer law
the dependence of absorbance on ¢thanol concen-
tration ought to be lincar, we find that at low
wavelengths (weak detector signals) this is no longer
true: at 200 nm the detector response is strongly
non-lincar,

Crean

it
3

8,7

AT

Fig. 6 Sceparation of underivatized technical grade monoolein
(mixture of mono-, di- and triglycerides). Numbers on peaks
indicate retention times in minutes. Elwent: CO,-5.0 mol®™s
cthanol. Column: 34 x 5.3 mm LD, Nucleosil 100, 3 jan (silica
spheres. unmaodificd), 27 C: cluent density: 929 g 1D .84 ¢ min
CO,. Detector: Perkin-Elmer LC235 210 nm.
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Fig. 7. UV spectrum of 2-monoolein (2 = 2.29 min). SFC parameters as in Fig. 6. The “maxinium™ at 205 nm is an artetact.

Separation and calibration of glycerides

The short columns used in this work performed
very wellin the separation of underivatized technical-
grade monoolein (oleic acid glycerol ester), which is
a mixture of about 40% monoglyceride, 40% di-
glyceride and 16% triglyceride, with small amounts
of free glycerol, fatty acids and non-oleic acid esters.
Fig. 6 shows a typical chromatogram recorded at
210 nm. According to the spectrum output of the
LC235 diode-array detector (Fig. 7). this wavelength
ought to be close to the maximum absorbance of
oleic acid glycerol esters. Only later did we find that
the “maximum™ is an artefact due to the above-men-
tioned weakness of the signals below 210 nm. where
the real absorbance continues to increase.

We tried to quantify the results with runs on pure

2500
— 2000
T B
& 1500 =
5 .y ~i
o o,
S 1000 i e
E o . NPV N .
500
[+]
o 100

mump&o lanil

Fig. 8. Calibration factors for (@) mono-. (8) di- and (4)
triglyeerides vs, sample size.

calibration substances. Fig. 8 shows the marked non-
linearity of glyceride calibration factors (eqn. 10) at
this wavelength. It is not clear whether this is due to
the weakness of the signal (non-lincar range of the
detector) or to measurement too distant from the
absorption maximum, where solvent effects and/or
cluent absorbance might interfere.

Separation and calibraiion of tocopherols

Owing to the difficuitics with glycerides, we chose
substances with a distinct absorbance maximum at
longer wavelengths in the ¢ 7 region. Fig. 9 shows
the separation of a solution of a-tocophcrol and
a-tocopherol acetate at 279 nm with the same short
silica cartridge columns utilized throughout this
work. A very clcar separation of solvent (UV-grade

-

Fig. 9. Separation of a-tocopherol (vitamin E) and x-tocopherol
acetate (solution in heptane). Numbers at peaks indicate reten-
tion times in minutes. Eluent; CO;- 0.5 mol% ethanol. Colunm:
34 % 5.3 mm LD. Iucleosil 100, 3 jon (silica spheres, unmodi-
fied); 30 C: cluent density: 925 gl 2.6 g'min CO;. Detector:
Isco V4, 379 am.
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Fig. 10, Comparison between calibration factors of 2-tocopherol
(vitumin B} Closed symbols) and x-tocopherol acctate (open
symbols) determined from (3. M) literature spectra, (L. A)
measurements with LC238 detector and (0, @) measurements
with V4 detector.

heptane). the acetate and tocopherol is achicved
with low contents of modificr and a high average
column velocity. The detector used initially was the
Isco V4.

The values for ¢; calculated from cqn. 10 at first
did not match the literaturc valucs. Measurements
with various wavelengths showed that the V4 detee-
tor wavelength sclector was maladjusted by 6 nin.
Additional measurements with the LC235 detector
and comparison with literaturc data {11] yiclded the
results presented in Fig, 10

Whercas the LC235 measurements for x-toco-
pherol fit the literature curves exactly, the valuces for
acetate arc 20-30% below the literature values,
although the shape of the spectrum is approximately
preserved. After correction of the wavelength read-
ings by — 6 nm, the valucs obtained with the V4 were
ca. 15% higher than those with the LC2335. Tts values
for tocopherol were higher and those for acetate
were lower than the literature values.

As both substances were injected in the same
sample solution, and as the absorption maxima
match with literature data and the tocopherol values
measured by the LC23S always coincided with the
literature valucs, it is assumed that the lower acetate
absorbance values are caused by interaction of the
SFC clucnt.

As the V4 values arc consistently higher than the
LC235 values for both substances (by 10-15%). the
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Fig. 1. Cadibration fiictors of 2-10copherol (closed symbols) and
a-tocopherol acetate (open symbols) vs. sample size. . @ = V4
detector (279 nm); B = V4 detector, 290 nm; & = LC235 detee-
tor, 290 am.

most probable explanation is that the length of the
optical path in the V4 detector flow cell is greater
than the nominal length by that percentage. This is
casily plausible considering the very small path
length of only | mm. We could not verify this
explanation or check whether the deviation is pres-
surce dependent.

Fig. 11 shows a number of measurcments made to
check the lincarity of the detector responsc with
various amounts of sample. Both detectors were
used and measurements were taken at two different
wavelengths (readings for the V4 detector corrected
by —6 nm) and with different SFC operating
parameters.

The lincarity is satisfactory in the range of mea-
surcment error. The deviations below 50 nmol (V4,
290 nm, large error bars) are caused by integration
problems duc to the very small peaks.

CONCLUSIONS

The method introduced in this paper is well suited
for rough calibration of spectrometric detectors in
SFC and for approxima'c comparison of peak
values obtained on different detectors at different
operating parameters of the SFC. It cuts short the
otherwisc extensive and time consuming calibration
procedurs required for rclating integrated peak
arcas to amount of sample if no internal standard
metnod can be used.
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It requires a knowledge of molar absorptivity
values for the analyte substances and an SFC system
with stable, reproducible flow and equipment for the
determination of mass flow-rate and density in the
detector flow cell, in addition to its optical path
length.

These prerequisites are met neither casily nor
cheaply (hardware requirements). Deviations from
literature values and among the values measured
with the two detectors (Fig. 11) show that it is not
straightforward to apply the method and obtain
accurate quantitative results. Under normal labora-
tory conditions it is difficult to measure the optical
path length of the detector cell and to judge solvent
cffects of SFC cluents on the UV spectra of samples.
For these rcasons, the time-consuming calibration
procedures described here will still be required if
accurate quantitation is to be achieved.

SYMBOLS

A Optical absorbance

a Peak area (integrated)

¢ Concentration

E Exit ape distribution

¢ Calibration factor

F Normalized outlet (response) function of an
inlet step function

I Light intensity

Iy Optical path length

i Mass flow-rate

n Number of moles of samplc

R Residence time di. tribution

t Time

v Volume

Vv Volume flow-rate

U. Meler and Ch. Trepp | J. Chromatogr, 629 (1993) 361-370

Greek letters

¢ Molar absorptivity
y) Wavelength

P Density

T Mean residence time
Subscripts

fc Flow cell

i Integrated

meas. Measured
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