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Abstract

Recently we introduced a dynamic approach to determine Henry’'s law constants (HLCs) of volatile organic compounc
(VOCs) in water, and applied it to a series organic compounds dissolved in pure water. Hérst digcuss a further devel-
opment of the original approach such that it can be applied to complex liquid food systems (Qdfam)dwe examine the
impact of non-volatile constituents on the HLC. More specifically, we evaluate the impact of non-volatile coffee constituent
on the HLC of 2-methylpropanal, 3- and 2-methylbutanal, dimethylsulfide, dimethyldisulfide and ethyl-2-methylbutyrate.
Finally, we demonstrate that the concentration on the VOC in solution does not affect the HLC, over the investigated conce

tration range of 10* to 10 ppm.
© 2003 Elsevier Science B.V. All rights reserved.

1. Introduction

This paper is concerned with the partitioning of

of the VOC in the liquid, ang)(gas) the partial pres-
sure in the gas-phase. HLC is the partition coefficient
at standard conditions for an ideal, dilute solution. As

volatile organic compounds (VOCs) between an aque- concentrations and partial pressures increase, devia-

ous solution and air under equilibrium conditions.
Liquid—air partition coefficients are of importance to
a large range of issues, in particular to medij@aB],
atmospheric[4-6], environmental[7-10], and food
related[11-26]topics.

The partitioning of volatiles, under equilibrium con-

tions from Henry’s law may become noticeable.
HLC is just one way of expressing liquid—gas
partitioning. Depending on the field, different defini-
tions are useL0]. One alternative definition used in
food-flavour science iK = ((Mg/L)gas/ (MY/L)iiq) =
c(gas)t(aq), with c(gas or lig) being the concentra-

ditions, between a liquid and a gas can be expressed intions (w/v) of the VOC in the liquid and in the gas,

different ways. Here, we are using Henry’s law con-
stants (HLCs). It is defined as HLE H (M /atm) =
c(aq)p(gas), withc(aq) being the molar concentration

* Corresponding author. Tel./fax:41-21-7858615.
E-mail addresschahan.yeretzian@rdls.nestle.com (C. Yeretzian).

respectively. While HLC expresses the partitioning
as solubility, K defines the partitioning in terms of
volatility. Both definitions are related via the fol-
lowing transformation: HLC= 1/(R x T x K). R
((L atm)/(mol K)) is the ideal gas constant amdK)
the temperature.

1387-3806/03/$ — see front matter © 2003 Elsevier Science B.V. All rights reserved.
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In the late 1970s, Leroi et a[27], Renon and 2. Experimental
co-workers[28,29] and Mackay et al[7] published
bubbling cell designs to measure HLCs. Based on 2.1. The stripping cell design
these, we developed a modified stripping cell cou-
pled to a proton-transfer-reaction mass-spectrometer Fig. 1 gives a schematic overview of the setup
(PTR-MS) [1], to perform truly dynamic measure- used in this study. A flow of clean air or nitrogen is
ments of HLCs. The method was applied to VOCs dispersed through a nozzle, into a solution of VOC
in pure water. Compared to alternative techniques, (Fig. 2). Fig. 3 shows the lower part of the bubbling
it was shown to be accurate, fast and less prone to cell with the gas dispersing nozzle. In the original
artefacts. design, frits were used as gas dispersing elements

The objective of this work is two-foldFirst we [1]. This leads to the formation of bubbles of hetero-
demonstrate how the original method, as discussed ingeneous size distribution. Used in coffee, foam was
Ref.[1], can be modified such that it can be applied to forming already at flow rates below 200 mL/min, in
more complex liquid systems. The example we discuss particular for bubbles with small average size distri-
is liquid coffee, where foaming of the liquid during butions (smaller than 0.5mm). We have, therefore,
gas stripping has to be prevent&kcondwe discuss  opted to generate well defined larger bubbles of nar-
the impact of the liquid coffee matrix on the HLC for  row size distribution.
a series of coffee volatiles, relative to dilute, pure so- A series of Plexiglas nozzles were designed. The
lutions. Various types of interactions between volatile two shown inFig. 2 contain 10 cylindrical holes each
constituents and non-volatile components may occur of 0.2mm diameter and 1 mm depth. Some of the
in coffee, leading to deviations of the HLCs from the holes are indicated with arrows iRig. 2 The bub-
ideal, dilute solution. Finally, we examine the impact bles generated by these nozzles have a diameter of
of the VOC concentration on volatility. approximately 2 mm (more than 70% of the bubble
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Fig. 1. Experimental setup to measure HL[2$. Humidified zero air is introduced through a gas dispersing element into the solution

(V = 100 mL, liquid height= 40cm). The gas bubbles through the solution, removing dissolved VOCs, according to Henry's law. The
concentration of the VOCs as a function of time is measured online by continuously introducing the stripped gas into the PTR-MS.
Experiments were performed with 40-200 mL/min flows of strip gas. Since only 14 mL/min is introduced into the PTR-MS, the additional
gas volume used to strip the solution is released into a gas exhaust line. Tubings are made of stainless steel, with a quartz coating
(silicosteeP, Restec GmbH, Germany), and heated to prevent adsorption and condensation. Here tubings were he&@dvihi&0

is sufficiently above the temperature of the experiment (room temperature) but not too high to limit thermal stress on thermally labile
volatiles. Thermostatised water (jacketed stripping cell) controls the temperature of the experiment.



P. Pollien et al./International Journal of Mass Spectrometry 228 (2003) 69-80 71

(a) (b)

Fig. 2. Two gas dispersing elements to generate gas bubbles of homogeneous size distribution (made of Plexiglas). The pieces are fi
onto a glass tube by tightly inserting the parts marked “top” into the inner diameter of the glass tube. Gas bubbles are released into t
solution through a series of 10 cylindrical holes each of 0.2 mm diameter and 1 mm depth, some of which are indicated by small arrow

diameters were in the range 1.5-2.5mm), as assessec
by image analysis. This was performed by measuring
manually the distribution of bubble diameters on pic-
tures similar to the one shown Fig. 3. While other
designs were tested, these two turned out to perform
well and were used throughout these studies. Both
give identical HLCs and similar bubble size distri-
butions. The nozzle shown iRig. 2a generates the
gas bubbles horizontally on the top side of the disc,
and the bubbles are immediately and completely re-
leased into the solution. The nozzle showrFig. 2b
generates the bubbles vertically on the walls of the
Plexiglas disk. The bubbles rise initially along the
Plexiglas walls, before they detach and are fully sur-
rounded by the solution. The gas dispersing element
is attached to a glass tubing by tightly introducing the
“top” into the inner diameter of a glass tube, through
which gas is delivered to the nozzle.

The cell contains either doubly distilled water and
traces of pure VOCs, or liquid coffee with added
VOCs. On their way up through the solution, VOCs
dissolved in the liquid equilibrate with the gas phase "'9- 3 Picture of the lower part of the stripping cell. It shows

. L . . N . the gas-dispersing element releasing gas bubbles at the bottom of
confined within the air bubbles until equilibrium is the solution. The bubbles rise through the solution and equilibrate
reached, according to Henry's law. Ensuring equili- with dissolved VOCs, during their residence time in the solution.
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bration is one of the key premises of the experiment. By plotting the logarithmic of counts-per-seconds vs.

Therefore, we have explored this issue in a series of time, we obtain a linear relation. The only unknown

experiments that we reported in a separate pgljer in the slope is the HLC. Solving the equation for the

A depth of 20 cm between nozzle and liquid surface HLC we obtain:

was sufficient to ensure that equilibrium is reached for F(L/s)

all VOCs investigated. The gas exiting the cell was H (M/atm) = —

directly introduced into the PTR-MS, and the concen-

tration of the VOCs was measured online. From the @

rate of concentration-change in the stripped gas, the

HLC can be calculated (see below). For details and Since only the ratio between count rates is needed

reviews on PTR-MS, please see R¢8)-35] to calculate the HLC (no absolute values), the sys-
Due to mass transport of dissolved VOC by means tem does not have to be calibrated and experimental

of the air bubbles, the VOC concentration in the solu- errors originating from adsorption on glass surfaces

tion, and thus in the headspace (HS), decreased as and tubings are cancelled o(i89]. Furthermore,

slope(s™) x V (L)
x R (Latm/molK) x T (K)

function of time according to fragmentation or switching reactions via the® x
H3O™ -cluster in the drift-tube do not affect the results
in (€9 = F ¢ )
Co)  "HxVxXRXT [34,40}

whereCy is the initial concentration in the HS, and 2 2 Time-scale of experiment—striping rate

C(t) the concentration at timé F (L/s) is the gas

flow through the vesseH (M/atm) is the Henry's law The accuracy of the method relies, among others,
constant,V (L) is the liquid volume, R is the molar  on the efficacy with which volatile compounds are
gas constant (0.08205 L atm/mol K) afid(K) is the  stripped by the gas. The HLC is determined as the

temperature. o slope from the In(cps) vs. time trace. Considering
The measured quantity is counts-per-seconds (Cps),that a signal of 19cps may have an average noise of
and absolute concentratiod® and C(t) are a priori  approximately 0.5%, one ought to reduce the concen-

not known. Yet, it is one of the features of PTR-MS  tration in the liquid by about 10%, in order to have
that a simple relation can be derived, which relates 4 A{In(cps)} of better than 18 the signal-to-noise.

measured cps to absolute HS concentrat[ar365]. For highly volatile compounds, this can be achieved

Ct) - VOQ] 1 cpgVOC x Ht) :/vith aIrPloderate gafj ﬂ|0W withtir_n minu:_es. For

= = X ess volatile compounds longer stripping times are
erate X thime CpE(H3o+) required p g pp g

2) In order to characterize the time-scale of the ex-

The HS concentration of protonated VOCs, [VOC], periment as dependent on the volatility, we analysed
is proportional to the ratio between measured count three typical coffee aroma compounds in water, which
rates of protonated VOCs, cps(VOL HT) and of have very different volatilities: ethyl-2-methylbutyrate
protonated water, cps@®*), and is inversely pro-  (high volatility), 2-methylbutanal (medium volatility),
portional to the reaction ratég,,. [37,38] and the and 2,3-pentandione (low volatility). Each compound
reaction time/g,,, (*105ps), for proton transfer in ~ was analysed separately and concentrations were kept
the chemical ionisation cell. Using this relationship low enough to ensure that the stripping rate was notin-
between concentration and count rafés, (1)can be fluenced by the initial concentrations of the odorants.
transformed to: Using 100 mL solutions and a flow of 100 mL/min,

F Fig. 4shows the In(cps) vs. time plot for all three com-
Inepsn) = -~ re7 < TNCPw) ) pounds on identical scales. Ethyl-2-methylbutyrate
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Fig. 4. 100 mL solutions of three compounds of different volatility were stripped at a gas flow of 100 mL/min, and their HLCs were
determined. The initial concentrations of the compounds were around 100 ppm in water.

can be stripped to more than 50% within 30 min, 2.3. Partitions coefficients in liquid coffee

which is more than enough for an accurate determi-

nation of the HLC. In contrast, hardly any reduction ~ Liquid coffee was prepared at 2€, as an ex-

is observed in the case of pentanedione within the tract with 0.5% solid content (0.5g coffee solid in

same time scale. This large spread in volatility of 100 mL bidistilled water= 0.5% T¢). Coffee solutions

aroma active compounds in coffee requires adapting Were subsequently spiked at various concentrations

the time-scale for the experimental determination of With one of six coffee flavour compounds: 3-methyl-

the partition coefficients. Under typical experimental butanal from 0.2 to 1ppm (1ppm= 1mg-VOC/

conditions (100 mL/min flow; 100mL solution), as L-H20), 2-methylbutanal (0.2-1ppm), 2-methylpro-

presented irFig. 4, we can state that: panal (0.1-1ppm), dimethylsulfide (0.05-0.2ppm),
dimethyldisulfide (0.2—0.5 ppm), and ethyl-2-methyl-

o for highly volatile compounds (HLG: 1), the slope  butyrate (0.2-0.5ppm). The concentration ranges

can be determined within 1h; were selected to increase the PTR-MS signal inten-
o for medium volatile compounds (& HLC < 10), sities of the respective compounds by more than a

the liquid must be stripped for a few hours; factor of two, relative to their natural concentrations
o for low volatile compounds (HLC> 10), the time in coffee beverage. This allowed to unambiguously

for analysis can exceed 10h. identifying the compound. The HLCs of the solution

] S ~ were determined in the setup shownHig. 1, and

One means of reducing the S“'PP""Q time Is to-|n- the values are reported ifable 1 While the liquid
crease the flow -rate. But there are limits to that, smf:e volume was 100 mL in all experiments, the strip rate
foam forms at higher flow rates. Coffee foams at strip was varied over the range from 40 to 200 mL/min.
rates above 100-200 mL/min. This problem can be
addressed in two ways. Either a modified stripping 2.4. Dependence on VOC concentration
configuration is used as discussed in R&f. Alter-
natively, the gas dispersing element is designed such The effect of the VOC concentration on the liquid—
as to generate large bubbles (approximately 2 mm air partitioning was examined using xylene, 2-buta-
diameter) of homogeneous size distribution, as used none, 2,3-butanedione and propanol. They were
in this study. chosen such as to cover a wide range of volatilities



Table 1
Measured HLCs in water and in coffee atZ5 (if not otherwise noted) with their standard deviations given in percent of their respective values
Compound HLGater Kwater Reference  HLGater Kwater Standard HLCo5%coffee  Ko.5% coffee Standard Y (Kij x Cj)
(M/atm), ((mg/L)/(mg/L)), (M/atm) ((mg/L)/(mg/L))  deviation (%) (M/atm) ((mg/L)/(mg/L))  deviation (%)
literature literature
3-Methylbutanal 2.02(28C) 2.00 x 1072 [49] 2.6 1.6x 1072 3.4 2.6 1.5x 1072 1.4 0.8x 102
2-Methylbutanal 2.51 (30C)  1.60x 1072 [1] 2.3 1.8x 1072 10.0 2.3 1.7x 1072 0.3 3.1x 102
2-Methylpropanal 5.11 0.8 1072 [50] 3.4 1.2x 102 10.9 3.9 1.1x 1072 1.3 13.9x 1072
Dimethylsulfide 0.615 (20C) 6.76 x 1072 [51] 0.5 8.5x 102 — 0.5 8.8x 102 4.9 0.0x 102
Dimethyldisulfide 0.840 (20C) 4.95x 1072 [51] 0.6 6.7 x 1072 0.0 0.6 6.4x 1072 1.4 4.9x 102
Ethyl-2-methylbutyrate  2.68 (3@)  1.50 x 10~2 [52] 0.9 46x 1072 15.6 1.1 3.6x 1072 25 28.4x 1072

Standard deviations were determined based on triplicate or quadruple determinations. No standard deviation is given for dimethylsulfide, sircen@sdurement was
performed on this compound. We also included values from the literature. Personal communication by P. Pollien and D. Roberts.
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Table 2
The effect of VOC concentration in water and coffee on air—water
partitioning was examined over four orders of magnitude

Compounds R2 (water) R? (coffee)
Xylene 1.0000 0.995
2-Butanone 1.0000 0.9993
2,3-Butanedione 1.0000 0.996
2-Propanol 1.0000 0.976

In columns 2 and 3, the regression coefficients from the linear
fits—HS vs. liquid concentration—for each of the four VOCs are
shown. Considering that all regression coefficients are essentially 1,
we conclude that HLCs are not affected by the VOC concentration,
over the investigated concentration range.

(seeTable 2. Two series of experiments were perfo-
rmed, one in pure water and one in 2% coffee solution.
In the first series, solutions of VOCs over the
concentration range 16 to 10ppm &10°% to
10png-VOC/g-H,O) were prepared for each of the
four VOCs in bidistilled water. Each solution was
equilibrated for 60 min at room temperature (Z2
in a closed/sealed vial, and equilibrium HS concentra-
tions were measured by PTR-MS. In a second series

75

liquid coffee solutions at 2% were spiked with the
same amount of VOC as in the pure water experi-
ments and the HS concentrations were calculated via
Eqg. (2) In Figs. 5 and 6we plotted the liquid vs.
the HS concentrations (double logarithmic plots) for
pure water and liquid coffee systems, respectively. In
addition to the all-&% compound peaks, the inten-
sities of the @3 isotopically substituted compounds
were also analysed. For xylene, 2-butanone and
2,3-butanedione, the HS concentrations were calcu-
lated based on the mass spectral intensity of the pure
C12 protonated parent mass intensity as well as of the
singly and doubly &3-substituted compounds. For
xylene this corresponded to the ion massés 107,

108 and 109. For 2-butanone we recorded 73, 74
and 75, and for 2,3 butanedione the ion signalsvat

87, 88 and 89 were recorded. In the case of propanol,
the protonated parent fragments nearly quantitatively
into mass 43 (97%; loss of 4D), with only 2%
appearing at the parent mag&6]. Hence, propanol
was monitored at 43amu (alll®) and 44amu

,(one-C3).

1.0E+04 ; ; = =

—] X i

] 4 xylene —a —~ %
= [ | o g-?t’)uga:oned_ i B - |
o -butanedione . . A
= 2 r‘ouanol — = E/"

] - T -
c — = <Prop 2 = e
) ; o — i
- “ yd [ \ﬁ 4
E A ,/: ™ ,“
T 1.0E+02 2 =) =
o = 7 e
o xi T v 7, o
g >k > 4

K [ g
3 i " «9/ &/_‘
/ v a
QO 1.0E+01 — A -— 2
8 T
% 2 . 7 %4 [ |
© L b ad ¥ watenr
o i P4 2 LAAS S B\ =] |
T i or00 | —=£ B
=
7 A ,'! YR S -
~ ’ 'Y ’/, X .
a o’ g
1.0E-01
10E-11  1.0E-10  1.0E-09  10E-08  10E-07 10E-068  1.0E-05  1.0E-04

Concentration in water [g compound/g water]

Fig. 5. Measured headspace concentrations above pure dilute solutions of xylene, 2-butanone, 2,3-butanedione and prdgaviolq/L0

g-H20 = 1 ppb).
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Fig. 6. Headspace concentrations of xylene, 2-butanone, 2,3-butanedione and propanol above 2% coffee solutions. The coffee solutions
were spiked over a large concentration range. The lines included in the graph correspond to the linear regressions obtained in pure
water Fig. 5. They are included to show potential deviations of the coffee from the pure water values. We see that, except for the low
concentration range, the liquid coffee values fit well with the pure water values.

3. Result and discussion than 1% of the total solif47,48] One consequence
of NVs in coffee is that they may enhance the appar-

3.1. HLCs in liquid coffee: impact of coffee ent solubility of some VOCs. Volatile compounds ex-

non-volatiles ist either in free (hydrated) or adsorbed form, but only

the free form can directly participate in the air—water
The concept of HLC is rigorously valid only in  exchange. One can, therefore, distinguish between the
the limit of infinitely diluted solutions where inter-  pure water HLEY™® and the apparent HLZP, as it is
actions among VOCs can be neglected (typically be- observed in real liquid systems. Chiou and co-workers
low 0.001 mol fraction)10]. Yet, in many real world [41,42] and Staudinger and Roberi$0] have pro-
situations, solute concentrations may exceed 0.01 mol posed a simple relation, which links the apparent HLC
fraction, and the question arises how far into the range to the pure HLC for a particular VOC
of finite concentrations Henry’s law remains valid. It a C HLCPure
is known that organic matter (dissolved or suspended) HLC;™" = _"gas = .
: . . Cijligtotal 1+ ;(Ki j x C))
may reduce the HS concentration of dissolved volatiles
[10,41,42] while salts drive them oi1.0,43-46]Here  where the HLC™ and HLC""® are given in atm/M
we examine whether non-volatile constituents of liquid  (inverse to above definitionf; jiq total is the total con-
coffee affect the partitioning of volatile coffee aroma centration of one specific VQG@n the aqueous phase
compounds. (both adsorbed and free species) in moll, gasis the
The solid content of liquid coffee mainly consists VOC; partial pressure in the gas phase in al; is
of dissolved or suspended organic matter (non-volatile the partition coefficient of VOCwith one particular
~NV), while the volatile fraction accounts for less NV, expressed in L/mol, an@; is the concentration

®)
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of the respective NYin water in mol/L.} (K; j x C)
runs over all NV; present in the solution.

In liquid coffee, we expect various VOC-NV par-
titionings to co-exist, each one with a particulqr;,
in addition to irreversible chemical reactions. Hence,
Eq. (5)is only a rough approximation for liquid cof-
fee. Nevertheless, the degree of VOC-NV interaction

e

ing have been studied by Munz and Roberts, based
on thermodynamic theorfp3]. They predicted an in-
creased solubility with increasing VOC concentration,
yet the effect was relatively insignificant, and they
predicted little, if any, measurable effect. Experimen-
tal studies have confirmed that, for any practical pur-
pose, the HLC is independent of VOC concentration

in coffee solutions can be estimated. We take the value [53-56]

of } (K;; x Cj) as a rough measure of the impact
of the non-volatile coffee constituents on the volatil-
ities of VOG. We call this term thénteraction Fac-

Four VOCs of different volatilities and polarity
were selectedlable 9. These are xylene, 2-butanone,
2,3-butanedione and propanol, in order of decreasing

tor, since it expresses an aggregated measure for thevolatility. According to published values, xylene is

NV-VOC,; interactions.

We have measured the HLCs for six volatile coffee
flavour compounds in pure water and in liquid coffee
at 0.5%T.. Table 1shows the measured values in units
of HLC (M/atm) andK ((mg/L-air)/(mg/L-water)),
together with the standard deviations expressed in
percent of the averagk. Considering the standard
deviations, the partition coefficients in pure wa-
ter and coffee beverage are significantly different
for ethyl-2-methylbutyrate and barely different for
2-methylpropanal. For the other four compounds,
the pure water and liquid coffee values are indistin-
guishable within the precision of the experiment. We
calculated) (K, ; x C;) from the measured apparent
and pure HLCs. They are included in the last column
of Table 1 For 2-methylbutanal, 3-methylbutanal,
dimethylsulfide and dimethyldisulfide, whose parti-
tion coefficients are insignificantly affected by coffee
non-volatiles (within experimental precision), we ob-
tain interaction factors smaller than 6 1072, In
contrast, ethyl-2-methylbutyrate which shows signifi-
cant interaction yields aimteraction Factorclose to
30x 1072,

3.2. Dependence on VOC concentration

the most volatile and least polar one, with a HLC in
the range of 0.12-0.29 M/atr{9,45,57—61] In or-
der of decreasing volatility, the HLCs of 2-butanone,
2,3-butanedione and propanol are 4.1-21M/atm
[39,43,44,46,51,60,62-6737—74 M/atm65,67], and
89-170 M/atm65,66], respectively.

The objective here was to examine the dependence
of the gas-phase concentration (or equivalently the
cps) from the liquid concentrations, and determine
whether it deviates from linearity at higher concentra-
tions. Hence, it was not intended to measure explicitly
the HLC. First we measured the HS concentrations
over a large range of liquid concentrations in pure wa-
ter. We then spiked coffee solutions with the same four
VOCs over the analogous concentration range and de-
termined their HS concentrations.

Plotting the measured HS concentrations vs. the
known concentrations in pure water for all four comp-
ounds, a highly linear relationship over the entire con-
centrations range is found, as can be seen fran5.
Similarly a linear relationship was found between
liquid- and gas-phase concentrations in spiked liquid
coffee, except at very low concentratiosg. 6). This
is confirmed by the linear regressions coefficients,
R2. For all four compounds in water, deviationsR#
from 1 are smaller than 1@ (Table 9. In pure water

In the preceding sections we have discussed thethis amounts to saying that for VOC-concentrations

impact of coffee non-volatiles on the liquid—air par-
titioning of VOCs. Here we will assess whether the
liquid—air equilibrium is affected by the concentration
of the VOC in the liquid (water and coffee). Potential
effects of VOC concentration on liquid—air partition-

smaller than 10Q.g-VOC/g-H,0 100 ppm, no
deviations from the ideal situation are observed.

In coffee, we also obtained regression coefficients
close to one. Yet, at low concentrations, some devi-
ations for 2-butanone, 2,3-butanedione and propanol



78 P. Pollien et al./International Journal of Mass Spectrometry 228 (2003) 69-80

appeared, whereas xylene did not show any deviation significant. We defined ainteractions Factor that
from linearity. We explain these deviations at low roughly aggregates all physical and chemical inter-
concentrations by the fact that we neglected VOCs actions, and helps classify the various coffee VOCs,
already present in coffee. The liquid concentrations based on measured deviations of volatility in coffee,
plotted inFig. 6 correspond only to the amount added relative to water. Interactions for concentrations out-
by spiking coffee. Yet, coffee is known to contain side the range investigated here cannot be excluded.
2-butanone, 2,3-butanedione and propanol, and iso- Examining the impact of VOC concentration in wa-
baric compounds might additionally contribute to ter and liquid coffee on the air-liquid partitioning, we
measured ion intensities, e.g., the intensitynak have found no significant concentration effects for xy-
73 in coffee is mainly due to 2-butanone, but also lene, 2-butanone, 2,3-butanedione and propanol, over
to other compounds (parent or fragment) that con- the liquid concentration range 0.1 ppb to 100 ppm. All
tribute to the PTR-MS intensity at mass 73, such as four compounds showed linear relationships between
butanal and isobutan§B6]. Similar arguments hold  the liquid and the HS concentrations, over four orders
for 2,3-butanedione and propanol and explain the de- of magnitude of liquid concentration.
viations from linearity at low concentrationkig. 6). The significance of this work is two-fold. First we
Overall, our results are in agreement with former stud- introduce an extension of the original approach for the
ies, which did not reveal any significant differences determination of HLCs that can be applied to com-
in HLCs as a function of VOC concentrati¢®3]. plex liquid systems, such as coffee. We then apply
the method to a series coffee VOCs, and demonstrate
that the coffee matrix has little effect on the HLCs
(except for ethyl-2-methylbutyrate). Hence, HLC of
coffee aroma compounds, determined in dilute, pure
Henry's law is strictly valid only for ideal, dilute  water solution, are a good first order approximation
solutions. Yet, liquid coffee contains suspended and of liquid coffee values.
dissolved non-volatile organic matter and finite VOC
concentrations. The question, therefore, arises of how
far into the range of finite concentration the HLC still

holds.
Here we have developed an approach for the dy- We acknowledge Christian Lindinger for technical

namic stripping of volatiles from a coffee solution. 2assistance, O. Breton for machining the gas dispers-
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generates a narrow distribution of bubble sizes with an Manuscript.

average diameter of 1 mm. This prevents coalescence

of gas bubbles and avoids foam formation at the sur- References
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