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Calibration of spectrophotometric detectors for 
supercritical fluid chromatography 

In the litcraturc published on supcrcritical fluid 
chromnt\rgraphg (SFC). only a few papers huvc 
dealt with yuantikxtion other than by internal 
standard methods. The latter. botvcvcr. require the 
addition ofa known amount ofa standard substance 
to the sample solution. The chosen standard sub- 
stancc should bchavc in 11 way similar to that of the 
sumpic constituents as f&r its retention and dettxtion 
properties are concerned. It is not always possible, 
howcvcr, to find such a standard substance or to mis 
it with the sample in 3 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-line supercritical fluid extraction (SFE) of 
the sample [I J or. as in our cast. where SFC is 
directly coupled with a high-prcssuro equilibrium 
cell for phase composition measurcmcnts [t]. In 

..---. 

these situations it is highly desirable to have a 
method that links the integrated peak areas with the 
total number of sample molcu-ulcs. irrespective of 
detector type. flow cell geometry and operating 
parameters of the SFC tvuipmcnt. 

Such 3 method was prescntcd by Torsi et 01. [3] for 
applications in high-performance liquid chroma- 
tography (NPLC) and tested experimentally with 
different UV-Visdctectors 141. They found that their 
ntethod 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 Ilow cell caused 
by cithcr w.xig~xI flow cell windows or non-idcal 
flow causing density gradients across the flow cell 
diameter. Peck and Morris [S] 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- 
sidcrabie deviation from a constant distribution of 
sample substance across the width of the light beam. 
Thcsc cffccts arc held rcsponsiblc for baseline drifts 
and excess noise of ths dctcctor signal. 
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SFC exhibits some particular featrpres that distin- 
guish it from NPLC: the dense gas eluents are much 
more compressible than the liquid solvents used in 
HPLC. Spectroscopic detectors (W-V%, IR, flue- 
rescencc) for SFC operate at pressures up to 350 bar, 
which may affect the optical properties of the flow 
cells, As a further complication, SF% requires 
back-pressure control devices for releasing the sys- 
tem pressure after the detector. The use of passive 
rcstrictors 161 results in pressure-dependent flow, 
which is unacceptable in many instances, especially 
if absolute quantification is rcquircd. Active cotttrol 
valves are difficult to find or to build for the small 
flow-rates of the dense gas clucnt, particularly if 
packed microbore or capillary columns arc used. 
The method presented here requires the dctcrmina- 
tion of the volume flow-rate of the clucnt in the 
detector flow cell, which is simple in HPLC but more 
complex in SFC, bws\usc the SFC eluent density 
inside the flow cell depends on pressure, tcmpcraturc 
and composition (if mixed &tents or moditicrs arc 
used). 

Some aspects of the following theory have been 
prcscntcd before (in rclatiott to HPLC). However. to 
the authors’ knowledge, these have ncvcr been 
integrated into an applicablecalibration method for 
SFC, and the cffccts of major changes in clucnt 
density have not been trcatcd. 

In this paper WC discuss the following thcorctical 
aspects: Lambcrt-Beer law. the effect of’SFC clucnt 
density changes on peak shapes and integrated peak 
arcm and non-pfug Bow in the dctcctor flow cells. 
The validity of the theory is checked against stan- 
dard calibration procedures, the measurement and 
control facilities required for application of tlte 
method arc dcscribcd and the problems arising arc 
discussed. 

IWEORY 

The Lambcrt-Beer law rclatcs light absorbance. 
A. to the concentration of the absorting molcculcs 
in the light path, c (mol/l), their molar absorptivity, I: 
( x 1000cn~‘/n~o1) and the lcngth of the light path. ict 
(cm). Considering that in chromatography .4 and (a 
arc time dcpcndcnt. WC can write 

concentrations are small [6] and that solvent effects 
on sample spectra are unimportant. 

Chromatographic detectors determine the light 
intensity lo at the start of a run, thus taking the 
initial absorbance of the elucnt without any sample 
present as the datum value. Problems may arise if 
short wavelengths are chosen ( ~2 10 nm), whcrc end 
absorption of SFC clucnts incrcascs, particularly if 
they contain modifiers. In such cases there may not 
be enough cncrgy available for proper mcasure- 
mcnts; artefacts result, as will bc shown in the results 
for the calibration of olcic acid glyccridcs. 

An ideal detector requires either an exactly paral- 
Icl light beam passing through its fiow cell, or a 
constant refractive index inside the cell, at least 
during one chromatographic run [4,5], Parallelism 
of light beams depends on the optical set-up and is 
hardly ever fully accomplished, whereas constancy 
of refractive index dcpcnds on constant density and 
constant composition of the cluent. lfdcttsity is to bc 
constant, no temperature, prcssurc or modifier 
concentration prograntnting is ailowed in SFC. 
Changing the density would create dctcctor baseline 
drifts and/or disturb quantilation. Tetnpcraturc 
constancy of the flow cell is very important. but 
badly neglected in the dcsigtt of many comntcrcial 
HPLC and SFC dctcctors. Rcfractivc indcs ftuctua- 
tions due to sample pcnk cottccntration variations 
cannot bc avoided. According to Pock and Morris 
[Sl. Ito ideal mixitty lakes place in convcntionai flow 
CIAIS. such that peaks will always cause D ccrtain 
incrcasc in signal noise. 

There arc several cffccts of changing the SFC 
cluent density. First, it determines the solubility and 
miscibility of modifiers and samples. lncrcasing 
density normally enhances solubilities. As high- 
pressure phase equilibria arc contplcx, cart has to be 
taken not to operate in the two-phase region. Failure 
to do so would result in unckpcctcd and irrcpro- 
duciblc bchaviour of the chronratogr.;phic system. 
Phase bchaviour of the binary systcnt carbon di- 
oxide-ethanol was reported by +Yanagiotopoulos 
and Reid [7]. It exhibits a p;U;cd influcnco of 
tcntpcraturc on the itttntiscibility gay;. particularly at 
low ethanol cottccntrations (up to 10% ethanol). At 
50 Cat lcast 120 bar arc rcquircd to keep clear of the 
two-phase region. 

The second cfrcct of density i.. in changing the 
sftupc of sample peaks. With ;I density dccrcasc due 
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to clucnt tempcraturc rising along the flow path 
(e.g., in the dctcctor), the volume of u peak carrying 
the sample expands accorrfingly, and the maximum 
or the local peak concentration function c(s) fulls 
while the peak width incrcascs. 

The third cffixt of density is in changing the flow 
v&city of the elucnt. A rise in tcmpcrature will 
incrcnsc the vt‘locity, in proportion to the dccnzasc in 
density, decreasing the rcsidcncc time of sample 
molcculcs in the dctcctor flow cell. Consclqucntly, 
peak widths of the time-dcpcndcnt conccntrution 
function e(t) “seen” by the dctcctor [when ;I given 
peak C(S) paws through] dccrwu, 

The point of intcrcst is in knowning the resulting 
composite cfRct of density on the peak arcn dctcr- 
mined by integrating the dctcctor signal .4(t). Ex- 
pnnsion of the peak width is compcnsntcd for by the 
incrwsc in the flow vdocity, so that the peak width 
in terms oftime rcmuins unaffcctcd by an increitse in 
density. The decrensc in the local concentration 
maximum, however, is not compcnsatLd for. WC 
thercforc CXpLrt that intcgrntcd peak rrrcus. (fia will 
change proportionally with clucnt density in the 
dctcctor flow cell. pft: 

rcsidcncc time distribution in the flow colt and its 
cffcct on the mcasurcd optical absorbance. If the 
flow ccl1 is considcrcd us a closed wsscl of at*: 
gwmctry and any ffo\v pattorn, being s\~cpt by a 
steady-state flow of clucnt of constant density, then 
the conctxtrntion profile of any peak measured at 
the inlet. c{t), can bc r&ted to its pro& at the 
outlet, c;,Jr), by any normalized exit age distribu- 
tion functon E(t) [S] by the following Luuation: 

C*,,,(J) = fc(t’) E(t - t’)dt’ (t?lol’l) (3) 
Q 

whcrc t’ is a dummy variable running from 0 to f. 
E( f”) has the following propcrtics: 

j E(1”)dt” = I; i E(t”)cit” 5 F(t); 
ii 0 

j E(r”)dt” = I - k-(r) (4) 

t’or a time shorter than r. tcvcnspict [I$] showed that 
F(t) is the normalized outlet rcsponsc of a step 
function at the vessel inlet. Further, we define a 
function R(t”): 

RW) 22 t - F(f) 

with 

jR(P)dr”=r=; (s) (3 
0 

This is the same R function as USL,~. but not 
oxplnincd, by Torsi and co-workers &4]. The inte 
grnl under the R function curve is equal to the mcnn 
rcsidcncc time r of fluid flowing through the vc~ct 
(volunrc V) at 8 giwn tlow-rite. 

With thcsc tools we can now dctcrminc the 
number of sample tnolmulcs ~6, pmscnt in the flow 
cctl vohmw 1”;, from the peak concentration profile 
a the inlet, c(t), and the raidencc time distribution 
function E(t”). With cCG(t) being thcavwagcconccn- 
trution in the flow cell at any time t, WC obtain 

llfC_( I) = l/fe q,( f ) = t--$W(,, 1, ,Etr”ldr“)dr. 

(mot) (6) 

Tht intw intcglui rcprcscnts that fraction of the 
santplc \vhich cntcrcd the flow ccl1 at any time t’ c f 
and remains in the flow txll tongcr than t - I’. With 
cqns. 4 and 5. cqn. 6 is rcwrittcn as 

-b-F;(t - r’)jdt’= l&t’) R(t - t’ldt’ 
0 b 

wm (7) 

With the rules for Laplace transformations, this 
so-callc-d “convolution intcgrai” can be integrated 
to yield a product of separate and simple intc.g&: 

j&,(t) = F~, 3 C&)dr = 6-j Wdli Rtt )dJ = npcakt 
0 0 0 0 

fmol s) (8) 

where trpcalr is the total nuntbcr of ntolcs injcctcci with 
the sample and conveyed in the peak. 

It is important to note that the deduction of this 
equation did not rcquirc any assumption concerning 
idcal flow patterns in the flow cell. It is thcrcforc 
gcner;tlly valid for constant density. steady-state 
flow through a closed flow cell. Assuming that all of 
the sample mofccules present in the ccl1 arc illumi- 



natcd by the detector light beam, and that the 
assumptions of the Lambcrt-Beer iaw (cqn. 1) arc 
fulIillcd, WC find u simple relationship bctwccn 
integrated peak areas and the amount of sample: 

WC tind that in addition to the amount of sample 
and its molar absorptivity, the length of the light 
puth, the mi\ss Row-rutcund thcdcnsity ofthcclucnt 
in the flow cell dctcrminc the intcgrtttcd pcuk urw, 
which corresponds to the qualitative considerations 
leading to the proportionality cqn. 2, 

Eqn. 9 is rcarrungcd in order to dcfinc a calibra- 
tion factor that ideally is equal to the molar absorp- 
tivity of the sample: 

Q-(C ~;~:Jm..*.=i 
(10) 

It follows that the paramctcrs in cqns. 9 and IO 
must be known xcuratcly and be controlled rcpro- 
ducibly in order to bc able to USC the molar 
absorptivity for rjctcctor calibration in SFC. WC 
esplain below how wc achicvcd this go;11 cspcrimcn- 
tally. 

The SK system dcvclopcd during this work is 
shown in Fig. 1. It was built for the purpose of direct 
mcasuremcnt of high-prcssurc equilibrium phase 
compositions. 

The first aim is to achicvc constant. reproducible 
and pulse-free flow. For that purpose, an Isco 2SOD 
syringe pump is used to dctivcr liquid carbon dioxide 
(99.99%. rccondcnscd from vapour) at constant 
pressure. A sccand, similar pump (Isco ~tLC500, 
constant volume flow-rate mode) dclivcrs ethanol 
(puriss.. 99.8%) as the polar modifier. Mising 
occurs in a simpic tee-fitting, folfowcd by a pica of 
coiled capillary tubing. For the purpose of tempcra- 
turc adjustmcnt these iirc immersed in the s;tmc 
water-bath that contains the two high-prcssurc 
sample injection valves. 

The valves used arc motor-driven Valco ChW 
(1 trl. iilr light ~ql~ilibr~lltlt phuscf and Valco C14W 
(0.06 ~tl. for heavy equilibrium phase), followed by it 
third valve for injection of’ calibration solutions 
(Valco C6W. 20 itl. with automatic filling systcrn), 

lluld 
GO2 (0) 

ayrtngo pumps 
p - conat. (200 - 300 bar) 

fIttore (2 wm) 

inpctlan valvosfor: 

light equilibrium phase 
2 Pt 

heavy equilibrrum phase 
CL06 )tl 

callbratlon aolutlon 
20 pl 

solonoid micro valve 

cartridge COiumn. 5.3 x 34 mm 

UWdetector f integrator 

back prossuro controllar 

p-lO.Obar 

modrfier precipitation 

ma55 tlow controller 
m’ = const. 

P-o atm 
‘ . 

‘*aSto gas + + modittcr, samples 

modlitor 
1 (Ethanol) 

This lust VitlVC is kept al thc Column tcmperaturc 
(typically 30 C) by ;I metal block thermostat. 

A short cartridge coluntl~ with Nuclcosil 100-3 
packing (unmodified spltcrical silica. 3 ccm particle 
diamctcr. IO0 A pore diimlctcr. packing dimensions 
34 mm x 5.3 mm diamctcr) separates the sample 
components. It ikllO\VS I’or typical run tittics 3s short 
as I -- 5 min. 

The UV dctcctors used arc a Pcrkin-Elmer LC23S 
(35 diode-array) ntxl at fsc’rj Y4 (vat-iublc-\\avc- 
lcnpth). A Perkin-EImcr LCl I(ifI integrator is nscd 
to intcgrute peak arcas. 

The second important clumcnt tbr achieving 
conskant tlow is the pressure r&ax valve. A 
Brooks 5835P high-prcssurc control valve (k,, value 
2 . IO- ‘, oriticc diamctcr 0.051 mm) with clcctronic 



back-prcssurc controller and prcssurc transducer 
reduces the prcssurc to IO bar, thus avoiding the 
formation of solid carbon dioxide. The modifier is 
precipitated nt this prcssurc nnd u Brooks 58S.E 
mass-flow controller rclcascs thr cilrbon dioxide 
(with small amounts of modifier vapour) to rttmo- 
spheric prcssurc. 

The system is rcmotc controlled by n personi\ 
computer (Olivetti M24) with dirta acquisition hard- 
\vitrt (Burr-Brown PC1 20000). The so~Iw;wc is 
written in Turbo P;\scul and i\llo\vs titc mcasutv- 
tttcttt, storqc uttd statistical cvi\luittion of ail 
the important WC pwamctcrs (prcssurcs. tcmpwu- 
WCS, flow-mtcs), on-lint calculution and displity of 
non-mcasurablc systum parattctcrs (such as cluent 
density in tltc dctcztor flow cell) nnd time-controlled 
chrontatographic runs at consttmt intcrwls. 

The p;wantctcrs in cqn. 9 wcrc dctcrmincd in the 
following ways. 

The length of the flow ccl1 optical light path. It,. 
was taken from the manufacturer’s sp&fications. as 
WC wcrc not in iI position t0 UtCi\SUK I: 11: the 

operating prcssurcs. According to Torsi c’? d. i4j> 
howcwr. deviations front ttontinal wlucs of swxal 
pcrccnt may occur. 

The Wtttp~~ atI?OtUtt, +&a was dctcrmincd With 
calibration substarwvs tiotn Sigma. dissolved in UV- 
gxic hqtanc. Intpuritics in tho calibration sub- 
stunccs used. inaccurxics of the \vci@tinp bakncc 

and cvaporution of the solvent contribute to com- 
posite errors. The volumes of the injection valve 
sample loops mlty deviate widely ftom nominal 
values. It was the&ore dctcrmincd by filling the 
loop with mercury, switching the valve, flushing the 
loop with compnzaed air and consqucntlly weigh- 
ing the ejected mercury. For small volumes sewrat 
consccutivc fill-cjcct cycles wrc combined into one 
weighing to increase nccumcy (results arc given in 
Tabtc I). 

The density of the clucnt in the fiow &I. ofr. was 
initially mewwed nt din’crat prcssurcs, tcmpcra- 
turcs and ethanol concentrations by means of a 
Paar IBM A 5 t 2 high-p~u~/hish-tcrn~~tu~ 
oscillating tube dcrwitomctcr cctf. Later it wits 
culculrtttut on-line from mcasurcd values of flow a.41 
tcmpcmturc, pnxsurc and clucnt flow-rate. Flow 
cell tempcraturc was measured by means of o 
thcrmocouplc and pressure was determined from the 
saluc measured at the pump (which was chtvkcd 
regularly by iI dcttd-weight gauge). diminished by 
the system pwsure drop calculated from cluent 
l&xv-rates by means of an empirical corrclatinn. 
This prcssurc drop was always smaller that 30 bar. 

The mass flaw-rttrc of the clucnt was dctcrmincd 
front the sign& of the mass-flow controller (carbon 
dioxide mass flow-rate. czltibratcd rcgular!y by 
means of a laboratory wet ttst mctcr) and cf the 
uthanol pGGp ;ctlIailoi \~Oillilrc. ‘l ‘.’ -..* 6‘” A-r&&j. 

NOhZtNAL AND MEASUKED SAMPLE LOOP VOLUMES OF SOME HPLC INJECTION VALVES USED IN THiS WORK 



RESULTS 

Eight diffcrcnt loop volumes (internal and cxwr- 
nal types) wcrc mcasurcd. WC obtained the vulucs 
given in Table 1. The actual volumes dcviatc by up to 
39% from the nominal values. 

Many SFC controllers offer density progrum- 
ming, bused on mwsurcmcnt of pressure and tcm- 
pcruturc and calculation of dcnsitics by means of 
simple cubic equations of state {EOS), requiring 
only it fw. hid-specific paramctcrs. WC culculutcd 
density values for pure cwbon dioxide with the 
Pcng-Robinson (PR) EOS model. In thu rungcs 
JO-90°C and 100-500 bar the resulting vulucs dwi- 
ate by up to 9% from rcfcrcwe v&w (Fig. 2, solid 
lines). Such a porformancc is insufkicnt if cqtrs. 9 
and 10 arc lo bc used for calibration, 

For the dctcrmination of pure SFC cluont dcnsi- 
tics, the Bcndcr EOS is much more suitable [9]. This 
is a 20-parameter modilicd Benedict- Webb-.Rubin 
EOS. I( was ndjustcd for carbon diosidc by Sicvers 
[IO] and dcvintcs by less than 0.5% from rcfcrcncc 
mwsurcmcnts, cxccp~ in the vicinity of the critical 
point. 

As we wanted to dcterminc the dcnsitics ofcarbon 
dioxide with small amounts (up to IO molO/;,) of a 
polar modifier (ethanol). WC wcrc scckiny EOS 
models that pt‘rform wtll for this sysicm. We tried a 

PR EOS model with mixing rules proposed and 
optimized for carbon dioxide ethanol by Panagio- 
topoulos and Reid [7], which pcrfarms well in 
predicting phase boundarics. WC calculated dcnsi- 
tics for various amounts of ethanol (Fig. 3, broken 
lines; 2- 10 mol%) and compared them with dcnsito- 
metric mwsurcmcnts at around 26 ‘C and bctwcn 
100 and 300 bar. While the PR EOS model predicts 
incrwsing dcnsitics with increasing ethanol content. 
mwurcmcnts (errors t0.7°Ab) indicate that the 
clucnt dcnsitics. in this rang. rcmuin virtually 
unaffcctcd by smrrll contents of ethanol. Hcncc 
values calculated with thf PR EOS model arc 
gcncrally too high (Fig. 3. uloscd symbols: dcviution 
M. +7% for 10 mol% cthunol). 

As a conscqucncc, wc uppticd the Bcnde. EOS for 
purt carbon dioxide to crtlculatc clucnt densities 
with less thnn 8 mol% ethanol. The resulting errors 
arc smakx khan 1 ‘%I in the rang 150.-300 bar (Fig. 3. 
open symbols). 

U C’trbso~hcirti.cc?l~cc~hon thsids ~~~tliitrtolSI;Tcltrcitts 

In order to ascertain the absorbance of the 
cluonts, wc mcnsurcd diode signals and itbsorption 
values of carbon dioxide clucnts with vwious con- 
tents of cthunol with the LC 235 diodearray 
dctcctor. Fig. 4 shows that diode signills at diffcrcnt 
wvelcngths above 2X nm do not vary signikantly 
with ethanol contents. At wavclcngths below 2 10 nm 
howcvcr, the carbon diosidc absorbance incrcascs 
and the ethanol absorbance bccomcs significant. 
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ing ethanol compavU with t\ purtz wrbon diosidc 
oiucnt. Whcrcas nccording to the Ltlrnbcrt -8cer law 
the dcpcndcncu: of absorbance on ethanol conctxt- 
trztion ought to bc lincur. WC find that at law 
wavelengths (wcuk dctcrtor signals) this is no longer 
trw: at 200 ntv the dctwtor rcsponsc is swan& 
tUM\-litlci~r. 



The short columns used in this work performed 
trery wdl in the separation of undcrivatized technical- 
grade monootein (oleic acid glycerol ester), which is 
a mixture of about 40% monoglyceride, 400/o di- 
glyceride and 16% triglyceride, with small amounts 
of free glycerol, Patty acids and non-olcic 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 WC find that 
the “maximum” is an art&act due to the abovc-mcn- 
tioncd weakness of the signals below 210 nm. where 
the real absorbance continues to increase. 

We tried to quantify the results with runs on pure 

calibration substances, Fig. 8 shows the marked non- 
linearity of glyccridc calibration factors (cqn. 10) at 
this wavelength. It is not clear whether this is due to 
the Weakness of the signal (non-linear range of the 
detector) or to measurement too distant from the 
absorption maximum, where solvent effects andfor 
clucnt absorbance might interfcrc. 

Owing to the diftrcuftics with glycerides, WC chose 
substances with a distinct sibsorbdnce maximum at 
longer wavclcngths in the c. ’ region. Fig. 9 shows 
the separation of a solution of s-tocophcrol and 
r-tacophcrol acetate at 279 nm with the same short 
silica cartridge columns utilized throughout this 
work. A very clear separation of sotvet:; ( UV-grade 
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heptanef, the acetate and tocopi~eroi is achieved 
with low contents of modifier and a high ascrage 
column velocity. The detector used initially was the 
lsco v4. 

The values for ci calculated from eqn. 10 at ftrst 
did not match the literature values. Measurements 
with various wavelengths showed that the V4 detec- 
tor wavelength sciector was maladjusted by 6 mn. 
Additional measurcmcnts with the LCZ35 detector 
and comparison with iitcraturc data {I I ] yicidtd the 
results presented in Fig. Ii). 

Whereas the LC235 n~eitsuTC‘ntet\ts for X-~OCO- 

phcrot fit the Iitcreturc curves csactly, the values for 
acetate are 20-30% below the literature values, 
although the shape of the spectrum is approsimatcly 
preserved. After correction of the wavelength rwd- 
ings by - 6 nm, the values obtained with the V4 wcrc 
w. 15% higher than those with the IX235 Its values 
for tocopheroi wet-c 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 !hc LC23S always coincided with the 
literature vaiucs, it is assumed that the lower acetate 
absorbance values arc caused by interaction of t!?e 
SFC chcnt. 

As the V4 vait~s arc consistently higher than the 
IX235 values for both stJ~st;mccs (by IO- 15%). the 

0 50 100 950 200 250 

most probable explanation is that the length uf the 
optical path in the V4 detector Ilow cell is greater 
than the nominal length by that penxntage. This is 
easily plausible considering the very smali path 
length of only I mm. WC could not verifv this 
explanation or check whether the deviation is pres- 
sure dependent. 

Fig_ 11 shows a number of tneasurements made to 
check the linearity of the detector response with 
various amounts of sample. I3oth detectors were 
used and measurements were taken at two different 
wavelengths (rcadings for the V4 dctcztor corrected 

by -6 nm) and with difkrcnt SFC operating 
pmmwtcrs. 

The linearity is satisfactory in the range of mea- 
surement error. The deviations below 50 nmoi (V4, 
290 nm, lqe error bars) are caused by integration 
probtcms due to the wry small peaks. 

CONCLwSlONS 

The method introduced in this paper is weII suited 
for rough calibration of spcctrometric detectors in 
SFC and for approsima’c comparison of peak 
values obtained on diRerent detectors at different 
operating parameters of the SFC. It cuts short the 
othenvisc extensive and time: consuming: calibration 
procedure required for Elating integrated peak 
urcas to amount of sample if no internal standard 
mctnnd can he 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 easily nor 
cheaply (hardware requirements). Deviations from 
literature values and among the values measured 
with ,,he two detectors (Fig. I 1) 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 
effects ofSFC eluents on the UV spectra of samples. 
For these reasons, the time-consuming calibration 
procedures described here will still be required if 
accurate quantitation is to be achieved. 

SYMBOLS 

A 
(1| 
(. 

E 
(, 

F 

I 
/o 

t! 

R 
t 
V 

Optical absorbancc 
Peak area (integrated) 
Concentration 
Exit age distribution 
Calibration factor 
Normalized outlet (response) function of an 
inlet step function 
Light intensity 
Optical path length 
Mass flow-rate 
Number of moles of sample 
Residence time di. tribution 
Time 
Volume 
Volume flow-rate 

Greek letters 
~: Molar absorptivity 
2 Wavelength 
p Density 

Mean residence time 

Subscripts 
fc Flow cell 
i Integrated 
meas. Measured 
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