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A healthy breath is mainly composed of water, carbon dioxide, molecular nitrogen and oxygen and it contains
many species, in small quantities, which are related to the ambient atmosphere and the metabolism. The
breath of a person affected by lung cancer presents a higher concentration of 1-propanol than usual. In
this context, the development of specific sensors to detect 1-propanol from breath is of high interest. The
amount of propanol usually detected in the breath is of few ppb, this small quantity is a handicap for reliable
diagnostic. This can be overcome if the sensor is equipped with a pre-concentrator. Our studies search to
provide an efficient material playing this role. This will contribute to the development of easy to use reliable
lung cancer detectors. For this we investigate the properties of some hydrophobic porous materials (chabazite,
silicalite-1 and dealuminated faujasite). The use of hydrophobic structures is to avoid the saturation of the
material with the water of the exhaled breath. Our experimental and simulation results suggest that the
silicalite -1 (MFI) is the most suitable structure.

I. INTRODUCTION

Volatile organic compounds (VOC’s) are natural toxic
pollutants resulting from combustion, oil evaporation,
paintings and other human activities. The VOC’s are
small molecules of various chemical types (e.g., small
aldehydes, alcohol, benzoic compounds, etc.). They are
characterized by a high volatility and they spread with
ease in the atmosphere. Furthermore, once in the air,
they can react with other gases to generate other air-
borne pollutants.
The exhaled breath contains over 2000 components in-
cluding VOC’s (e.g., ethanol, xylene, propanal, propanol,
etc.), non-volatile organic compounds (e.g., proteins, sug-
ars) and volatile inorganic compounds (e.g., CO2, N2,
H2O). The concentration variation and/or the presence
of certain VOC’s, like 1-propanol, in the breath of a pa-
tient might indicate a gastric cancer1–3, a breast cancer4,5

or a lung cancer6–10. The 1-propanol11–14 is metabolized
and exhaled. Its presence in the breath above a threshold
concentration (5.6-473.3 ppb13, 236.2 ppb15, 4.37-13.15
ppb16) suggests a patient suffering of lung cancer.
This type of cancer is difficult to diagnostic in its early
stage and is considered as one of the most serious pub-
lic health problem of the century given its high mor-
tality rate17,18. Henceforth, researchers are challenged
for developing new non-invasive technologies, exploiting
the biomarkers present in the breath exhalation in less
than an hour. A promising approach is to use gas sen-
sors for trapping 1-propanol. These sensors are equipped
with a pre-concentrator containing a porous material:
zeolites19–21. A non negligeable number of zeolites (over
250 distinct types of zeolite22,23) can be used. They
are known for their high surface area, their thermal sta-

bility, their selectivity for adsorbing different types of
VOC’s24–28. In many industrial applications zeolites are
used for analyzing airborne gases on sensors29.
Human breath contains a high proportion of water and
carbon dioxide in comparison with VOC’s. Hence,
the best zeolites for adsorbing 1-propanol has to be
hydrophobic to prevent a competitive adsorption with
water19,30–33. The most frequent zeolites used for siev-
ing VOC’s in the presence of water are: chabazite (CHA),
silicalite-1 (MFI), de-aluminated Y faujasite (DAY), beta
zeolite, natural stilbite and LTA34–38.
Studies on the adsorption of alcohols by zeolites give the
structure that adsorbs the most30,35,39–41. M. Sakuth
et al.,42 illustrated how the surface polarity affects the
adsorption of a polar and non-polar component such as
1-propanol and toluene. The adsorption of formaldehyde
on the zeolite of type faujasite in the presence of water
has been studied by Bellat et al.,26 their results show an
increase of adsorption for formaldehyde by using DAY.
The work of Gregis et al.,19 is focussed on the devel-
opment of a small breath analyzer of toluene, propanol,
o-xylene, cyclohexane.
Our work consist on studying the adsorption of 1-
propanol, carbon dioxide, molecular nitrogen and water
on three different hydrophobic siliceous zeolites: CHA,
MFI , and DAY. For these, we developed Monte-Carlo
simulations in the grand canonical ensemble (GCMC).
The studies are performed at 20, 35 and 50◦C. Simulated
data obtained at 25◦C are compared with experimental
results for the adsorption of water and 1-propanol on the
three investigated zeolites. The adsorption isotherms,
thermodynamic (isosteric heat of adsorption) and struc-
tural quantities (pair distribution function) are computed
for developing a physical insight about the interactions
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between the adsorbent and adsorbate and determine the
most suitable zeolite to be used as a preconcentrator.
The paper is organised as follows: In Section II we pro-
vide details of the GCMC simulations and experiments.
Next, we discuss the results in section III. Finally, the
main conclusions of our studies are summarised in the
last section.

II. EXPERIMENTAL AND SIMULATIONS DETAILS

A. Experimental details

1. Adsorbents

Experimentally we studied two types of zeolites: a
pure hydrophobic zeolite DAY, supplied by Degussa, and

a purely siliceous MFI zeolite (synthesized in fluoride
medium by the Mulhouse Materials Science Institute).
The chemical formula of DAY is Na2(Al2Si190O384),
that for MFI is Si96O192. In table I are listed the
porous characteristics of the adsorbents, which were
characterized by nitrogen adsorption-desorption at 77 K.

TABLE I: Some physical properties of DAY and silicalite-1 (SBET : specific surface area; Vµ: micropore volume
determined by the t-method; Vmeso: mesoporous volume approximated from the difference between VT and Vµ),

where VT is the total pore volume at a pressure, P ≈ 0.97P0 with P0 = 1atm.

Adsorbent Si/Al ratio 3D Porous system SBET (m2/g) Vµ (cm3/g) Vmeso (cm3/g)

DAY 95 two interconnected sets of α-cages and
and β-cages with a free aperture di-
ameter of around 7.4 Å and 2.2 Å,
respectively

717 0.293 0.087

Silicalite-1 > 500 Two distinct straight and sinusoidal
channels of size 5.3 ∗ 5.6 Å2 along
[010] and 5.5 ∗ 5.1 Å2 along [100],
respectively

750 0.190 -

2. Adsorbates

Distilled water and 1-propanol distributed by Merck
(purity higher than 99.5%) are employed for adsorption
measurements. Prior to use, 1-propanol is transferred to
a flask containing an activated zeolite 3A in order to trap
residual water.

3. Measurements of the adsorption-desorption isotherms
for 1-propanol and water

1-Propanol and water adsorption-desorption isotherms
are measured using a home-made McBain thermobal-
ance, equipped with a quartz spring using the ultra-high
vacuum technology. The gas pressure, inside the balance,
is measured with Baratron sensors.
For eliminating the gases adsorbed at room temperature,
in particular water, 10 to 15 mg of zeolite samples are
first degazed under a dynamic vacuum of 10−5 hPa for
5h at 400◦C. Afterwards, the sample is cooled down to
25◦C. The adsorption branch of the isotherm is obtained

step by step by using a static method: introduce pro-
gressively doses of 1-propanol or water vapor into the
thermobalance. Once an equilibrium state (i.e., constant
mass) is reached the mass value is recorded. Subse-
quently, the pressure is slightly increased for obtaining
a new equilibrium state. This procedure is applied up
to saturation. For the desorption branch, the pressure is
decreased progressively from saturation, in an analogous
way as for the adsorption, down to vacuum (see Refs43–48

for more details). The pressure range investigated starts
at 10−4 hPa up to the saturation pressure (28.00 or 31.64
hPa for 1-propanol and water, respectively). The accura-
cies of temperature, pressure and weight measurements
are ±1◦C, ± 0.001 hPa and ± 0.01 mg, respectively.

B. Models and simulations details

Adsorption of H2O, C3H8O, CO2 and N2 has been
investigated by GCMC simulations in the (µ, V , T )-
ensemble. The simulations are performed with three dif-
ferent types of hydrophobic zeolites: CHA, MFI and DAY
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(see Fig.1). The analyzed temperatures are 20, 25, 35
and 50◦C for distinguishing the impact of the tempera-
ture on the affinity of adsorption. The imposed fugacity
range between 10−2 Pa and 105 Pa. We used the GOMC
software49 for the simulations. This Monte-Carlo pack-
age has been optimized for simulating phase equilibria
and physical properties of complex fluids.
For single gas adsorption, the insertion/deletion move-
ments correspond to 50% of the grand total moves while
the remaining correspond to 10% of rigid body displace-
ment, 10% of rotation, 10% of crankshaft, 10% of re-
growth and 10% of intraswap. The crankshaft move-
ment is a method to improve the sampling of long chain
molecules by turning a part of the molecule around a
bond axis (simulating a rotation or a torsion action).
We used a coupled, biased selection for the intermolec-
ular energy and a decoupled, biased selection for the
bending and torsional energies to make the crankshaft
movement more effective. The intraswap movement is
a technique to remove a molecule from a box and in-
sert it back into the same box using coupled-decoupled
configurational-bias algorithm. The regrowth movement
is a technique to delete and regrow a part of the molecule
using coupled-decoupled configurational-bias algorithm.
The frameworks are considered as rigid. The crystallo-
graphic atomic positions of the zeolites are those given by
the International Zeolite Association22. We applied 3D
periodic boundary conditions to the crystal, see Table II.
The simulations are equilibrated by using a minimum of
3× 107 steps. The analyzed data follows after equilibra-
tion and includes 4 × 107 steps. The cutoff distance for
the van der Waals interactions has been taken as half the
smaller axis of the simulation box. For the Coulomb in-
teractions we used the Ewald method with a precision of
1× 10−6.
The unit cell of the chabazite is composed of 36 Si atoms
and 72 O atoms. The pore diameter of this structure is
7.37 Å. The DAY faujasite contains 192 Si atoms and
384 O atoms with an pore diameter of the supercages is
11.24 Å. For MFI the unit cell has 96 Si atoms and 192
O atoms, its pore diameter is 6.36 Å. The adsorbates

TABLE II: Structural properties of the simulated
zeolites

zeolite type cristaline form S lattice parameter (in Å) supercell

CHA Hexagonal 13.675 * 13.675 * 14.767 3*3*3

DAY Cubic 24.276 * 24.276 * 24.276 2*2*2

MFI Orthorhombic 20.09 * 19.738 * 13.142 2*2*3

and zeolites were modelled using the all-atom model ex-
cepting the methylene (CH2) and methyl (CH3) groups
which are represented by one center of force localized on
the carbon atom. The adsorbate molecules interact with
the zeolites and other adsorbates through the Lennard-
Jones (LJ) potential and the electrostatic interactions:

Uij = 4εij

[(
σij
rij

)12

−
(
σij
rij

)6
]

+
qiqj

4πε0rij
, (1)

where εij and σij are the LJ potential well depth and
diameter, respectively. rij is a distance between a pair of
atoms i and j, qi and qj are the partial charges of atoms
i and j and ε0 is the vacuum permittivity.

The LJ interaction potential parameters and electric
charges have been taken from the literature and given
in Tables (III, IV, IX, X and XI) for the zeolites50, 1-
propanol51, carbon dioxyde52, nitrogen53 and water. For
the last one we used the TIP4P-200554 model and for the
zeolites the force field TraPPE-zeo50.

The electric charges are localized on the atoms. For
N2 a quadripole is modelled by adding a charge on the
center of mass of the molecule. The LJ parameters be-
tween species of different types are obtained from the
Lorentz-Berthelot mixing rules (Eq.2). For reproduc-
ing the experimental isotherm of 1-propanol at 25◦C, for
DAY and MFI, the depth of the LJ potential has been
adjusted for the interaction between propanol and oxy-
gen of the zeolite (Table V). Moreover, this adjustment
has been also used for the adsorption of 1-propanol in the
chabazite. The simulated adsorbates have been consid-
ered rigid, but 1-propanol which includes internal degrees
of freedom (c.f. stretching, bending and torsion) (Tables
VI, VII, VIII).

σij =
σi + σj

2
εij =

√
εiεj (2)

III. RESULTS AND DISCUSSION

A. Adsorption isotherms

The adsorption isotherms are given in Figures 2-5 for
1-propanol, water, carbon dioxyde and nitrogen. They
are presented in terms of number of molecules per unit

cell (molec./u.c.), Nads, as a function of either fugacity f
(for the simulation results) or pressure P (for experimen-
tal data). As expected, Nads increases as the tempera-
ture decreases for a given fugacity and the isotherms are
shifted towards lower fugacities as temperature decreases.
Notice that for DAY the molecules are located in the α
cages and none in the β cages in agreement with previous
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TABLE III: Zeolite interaction potential parameters50, Oz is the oxygen atom of the zeolite.

Atoms ε/kB (K) σ(Å) charge(e)

Si 22 2.3 1.5

Oz 53 3.3 -0.75

TABLE IV: 1-Propanol interaction potential
parameters51. Oa and Ha are the oxygen and hydrogen
atoms of the alcohol function. CH2OH is the function

bonded to the OH group.

Atoms ε/kB (K) σ(Å) charge(e)

CH3 98 3.75 0.0

CH2 46 3.95 0.0

CH2OH 46 3.95 0.265

Oa 93 3.02 -0.7

Ha 0.0 0.0 0.435

TABLE V: Modification LJ parameters for 1-propanol
zeolite interaction.

Atoms ε/kB (K) σ(Å)

CH3 - Oz 74 3.525

Oa - Oz 95.04 3.16

Ha:HPropanol, Oa:OPropanol, Oz :OZeolite .

studies. An overview of the influence of the presence or
absence of cations on the adsorption of water molecules
in zeolites with β cages is given in Refs55–60 .

1. Adsorption of 1-propanol

For 1-propanol, the simulated isotherms at 25◦C with
the parameters of TraPPE-zeo50 does not agree with
our experiments (Figure 1 of Supplementary Mate-
rial). Therefore, we adjusted the ε parameter of the
Lennard-Jones potential for the interaction between the
1-propanol and the oxygen of the zeolite (Table V). This
ensures a better compatibility between simulations and
experiments. For the CHA the adsorption isotherms re-
vealed a classical S-shape. For DAY and MFI the ad-
sorption isotherm obtained seems to occur in two steps,
first a steep increase below a threshold of 30 molec./u.c.
and 8 molec./u.c., respectively and followed by a less
steeper slope. These last indicates a different mecha-
nism of adsorption between CHA and the two other zeo-
lites. At 20◦C, the adsorption starts at 1 Pa for MFI and
CHA and at 10 Pa for DAY. The amount of 1-propanol
increases up to 105 Pa where it tends to a saturated
plateau: around 6 molec./u.c. for CHA, 55 molec./u.c.
for DAY and 12 molec./u.c for MFI, independently of

TABLE VI: Fixed bond lengths.

Stretch type Length (Å)

CH3-CH2 1.54

CH2-CH2 1.54

CH2-Oa 1.43

Oa-Ha 0.945

TABLE VII: Bending parameters.

Ubend(θ) = kθ
2

(θ − θeq)
2

Bend type θ(◦) kθ/kB ( K/rad2)

CH3-CH2-CH2 114 62500

CH2-CH2-Oa 109.47 50400

CH2-Oa-Ha 108.50 55400

θ the bending angle, kθ is force constant.

the temperature. For DAY and MFI the simulation re-
sults are confronted with those obtained experimentally
at 25◦C. It can be corroborated in Figs. 2.b and c where
the isotherms at 25◦C exhibit a good agreement with
experiments. Worthwhile to mention that for DAY the
experimental isotherm starts at 1 Pa. It is plausible that
the presence of some cations may enhance the adsorption
of alcohol groups.

2. Adsorption of water

The simulated isotherms show an abrupt adsorption
starting near ≈ 2.103 Pa at 20◦C. For the other tempera-
tures the intake is shifted to higher pressures. For all tem-
peratures, the saturation thresholds are ≈ 35 molec./u.c,
250 molec./u.c and 40 molec./u.c for CHA, DAY, and
MFI, respectively. At 25◦C, the simulated adsorption of
water starts at fugacities higher than ≈ 3000 Pa (Fig.
3). This pressure is higher than the condensation pres-
sure of the TIP4P-2005 model (801.8 Pa61). Obviously,
these results reflect the fact that the zeolites used are hy-
drophobic. For DAY and MFI, the simulated results are
in good agreement with experimental data.

Some authors55–60,62–68 highlighted the impact of local
defects or cations in zeolites on water adsorption and has
been shown that they affect the adsorption in general.
Simulations and experiments show that the condensa-
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TABLE VIII: Torsion parameters.

Utorsion(φ)= C1[1 + cos(φ)] + C2[1 − cos(2φ)] + C3[1 + cos(3φ)]

Torsion type C1/kB C2/kB C3/kB

CH3-CH2-CH2-Oa 176.62 -53.34 769.93

CH2-CH2-Oa-Ha 209.82 -29.17 187.93

φ the torsional angle, Ci∈(1,2,3) are force constants in K.

TABLE IX: Carbon dioxide interaction potential
parameters52. Cc and Oc is the carbon and oxygen

atom of the carbon dioxyde.

Atoms ε/kB (K) σ(Å) charge(e)

Cc 28.129 2.757 0.6512

Oc 80.507 3.033 -0.3256

TABLE X: Nitrogen interaction potential parameters53

Atoms ε/kB (K) σ(Å) charge(e)

N 36.4 3.32 -0.482

Center of mass - - 0.964

tion transition is shifted (to lower pressure) as the num-
ber of local defects increases. The adsorption starts at
pressure/fugacity values slightly higher than the conden-
sation pressure of bulk water. Our experimental adsorp-
tion isotherm of water on silicalite-1 with small fraction
of defects and with a high Si/Al ratio is in agreement with
our simulated results. Moreover, Krishna et al.30, stud-
ied the adsorption of water using the TIP5PEw model
and showed that CHA, FAU, MFI have a hydrophobic
behavior as we observed in our experiments and simula-
tions.

We obtained that 1-propanol is adsorbed at lower pres-
sures, approximately two orders of magnitude, than wa-
ter. This suggest that zeolites should be selective for
1-propanol. This effect is more pronounced for MFI and
CHA than for DAY.

3. Adsorption of carbon dioxyde and nitrogen

The shape of CO2 and N2 isotherms are rather similar
independently of the zeolite structure. The adsorption
starts at 2 103 Pa, Fig.4 and 5. Worthwhile to remark
that the adsorbed amount of CO2 and N2 is much lower
than 1-propanol and water. This is not surprising since
it is well-known that CO2 and N2 are poorly adsorbed at
room temperature. It is expected that these molecules
should not compete with water and 1-propanol. Our re-
sults are in good agreement with data published in Ref69.

TABLE XI: Water interaction potential parameters54 .
Ow is the oxygen atom of the water molecule.

Atoms ε/kB (K) σ(Å) charge(e)

H - - 0.5564

Ow 93.2 3.1589 -

Center of mass - - -1.1128

B. Isosteric heat of adsorption

For understanding the different behaviors of the adsor-
bates, we have calculated the isosteric heat of adsorption,
Qst, for each zeolite studied. Indeed, in GCMC simula-
tions it is straightforward to calculate Qst from the fluc-
tuations of internal energy U and the fluctuations of the
number N of adsorbate molecules:

Qst = RT − 〈δUδN〉
〈δNδN〉

, (3)

where R is the ideal gas constant, T the temperature,
〈〉 denotes an ensemble average in the grand canonical
ensemble and δX = X − 〈X〉 for a variable X.

Fig. 6 gives Qst as a function of Nads for 1-propanol
(a), water (b), carbon dioxyde (c), and nitrogen (d). In
this figure, the values of Qst are obtained at 35◦C (the
statistical uncertainty of each point is lower than 5%).
These results are very close independently of the temper-
atures. Therefore, we only present the heat of adsorption
at 35◦C. As shown on Figs 6 the heat of adsorption in-
creases with the number of molecules adsorbed on the
porous structure. This effect is more pronounced for 1-
propanol and water in CHA and DAY. This tendency is
enhanced for DAY due to its bigger pores that can trap
more molecules in close contact. Notice that for water
the values of Qst become higher than HV ap for high load-
ings. This can explain the steep step isotherms: when a
molecule of water is adsorbed it creates, by itself, an hy-
drophilic site in the porous structure where additional
water molecules can be trapped. For N2 and CO2, the
heat of adsorption remains almost constant.

Table XII provides the extrapolated values of Qst at
zero loading and the experimental heats of evaporation,
HVap, are also given. If we compare the heat of evapo-
ration of water with Qst the later is significantly lower.
Which corroborates the hydrophobic nature of pure silica
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materials.
For the four adsorptives and for the three zeolites the

calculated values of the heat of adsorption, at zero cov-
erage, are in good agreement with previous data (Table
XII). It is noticeable that the values of Qst are higher
for MFI and CHA than for DAY, excepting N2. We see a
difference of approximately 25 kJ/mol between MFI and
DAY. This energy variation may arise due to the differ-
ence of pore diameters or accessible pore volumes. That
is to say; smaller the diameter is, higher the local density
of molecules inside implying an enhance of interaction
energy. We recall the pore diameters for MFI (6.36 Å)
and CHA (7.37 Å) and DAY (11.24 Å).

For illustrating the difference of heat adsorption for
water and 1-propanol we give an histogram of Qst on
Fig. 7. Once again we remark that the energy difference
is in favour of 1-propanol compare to water and the best
results are obtained for MFI.

TABLE XII: Heats of adsorption at zero coverage and
heat of evaporation of C3H8O, H2O, CO2 and N2 on

CHA, DAY and MFI at room temperature. The
experimental data and simulated values taken from the
literature are given in the exp. and sim. lines, the lines
sim*. are our simulated results. The values are given in

kJ/mol.

C3H8O H2O CO2 N2

exp. .. .. 22.570 13.669

CHA sim. .. .. 23.769 12.569

sim*. 47.8 38.3 24.4 12.5

exp. .. 5065 17.971 ..

DAY sim. .. .. 17.571 ..

sim*. 40.1 32.7 22.6 15.2

exp. 64.972 3873 24.174 16.269 , 15.174

MFI sim. 5475 32.576 , 4377 24.669 13.969

sim*. 64.4 41.2 27.2 15.5

HVap 47.3278 44.0 ,45.5654 16.7 5.57

C. Radial Distribution Function

The Radial Distribution Function (RDF), g(r), char-
acterizes the probability of finding a particle at a given
distance, r, from another particle. This function is used
for studying the local structure of a system, such as the
arrangement of atoms or molecules in a crystal framework
or the dispersion of ions in a solution. The integration of
g(r) yields the average coordination number, CN :

CN = 4π

∫ r

0

ρg(r)r2dr, (4)

where ρ is the density.

1. RDF for water

For gaining a physical insight of the interactions be-
tween the host structures and adsorbates we developed
a local structure analysis inside the zeolites. For this we
computed the RDF’s and CN (Eq.4) at 105Pa, see Figs
8, 9, 10.

For the Owater-Hwater RDF the first peak appears near
0.95 Å and corresponds to the intramolecular OH dis-
tance. The second peak at 1.8 Å is characteristic of the
hydrogen bonds between adjacent water molecules. The
Owater-Owater RDF’s with a first peak around 2.8 Å show
the presence of close water molecules (as we suggested in
the discussion of the isotherms, see Fig.3). The coordina-
tion number, CN of Owater-Owater is approximately of
4.5 for DAY and 3 for CHA and MFI. The bigger the size
of the pore is, the higher is the probability for trapping
water molecules in close contact. This value of 4.5 is close
the coordination number of liquid water (CN=4.7) and
suggest that there is enough space in the α cages allow-
ing, a probable, arrangement of water molecules similar
to a liquid.

The RDF of Ozeo-Hwater, see Supplementary Material,
reveals no peak at 1.8 Å. This last indicates that there
are no hydrogen bonds between H2O and the framework.

2. RDF for 1-propanol

In Figs 11-13 are given the g(r) at different loadings
of 1-propanol in CHA, DAY and MFI. The intramolec-
ular Opropanol-Hpropanol peak appears near 1Å. For in-
termolecular distances, the first peak in the RDF’s of
Opropanol-Opropanol and Opropanol-Hpropanol appears at

2.74 Å and 1.8 Å, respectively. This last peak indicates
the presence of hydrogen bonds between the hydrogen
and the oxygen of the alcohol groups. By integrating
g(r) up to the first peak, the coordination numbers of
Opropanol - Opropanol increases with loading for reaching
the values of 0.8, 1.2 and 0.9 at 105Pa for the CHA, DAY
and MFI, respectively. These values indicate that the hy-
droxyl groups tend to attract each other to form dimers
of alcohols inside the pores.

For water and 1-propanol, the tendency of OH for cre-
ating hydrogen bonds with other OH groups explains the
large increase of the heat of adsorption when the number
of molecules increases.

The RDF of Ozeo-Hpropanol, in Supplementary Mate-

rial, reveals no peak at 1.8 Å. Like for water this indicates
that there are no hydrogen bonds between 1-propanol
and the framework.

IV. CONCLUSION

We developed GCMC simulations for three well-known
siliceous zeolites (CHA, DAY and MFI). The simulation
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work was performed in a range of temperature between
20 and 50◦C and for some of the chemicals present in
the exhaled breath. These simulations were developed
for calculating the isotherms of water, 1-propanol, N2

and CO2. Experimental isotherms of adsorption of 1-
propanol and water in DAY and MFI were also measured
at 25◦C and presented in this study.

Our work is fully oriented to provide the most efficient
zeolite structure that can be used as a pre-concentrator of
1-propanol. This molecule is a biomarker indicating the
presence of lung cancer. The zeolite we search for will
be inside a ready to use cancer sensor, for analyzing the
exhaled breath of patients. For this i) we calculated the
isotherms of water, 1-propanol, N2 and CO2 on three hy-
drophobic siliceous zeolites. These isotherms show that
the starting adsorption pressure of water is greater than
for 1-propanol. This suggest that 1-propanol will be ad-
sorbed in first place. In other words, water will not in-
hibit the adsorption of 1-propanol at low loading and
low partial pressure. ii) The calculated isosteric heat of
adsorption suggest that the best zeolite structure for ad-
sorbing 1-propanol, in the range of temperature investi-
gated, is the MFI. iii) We observe that hydrogen bonding
does not govern the adsorption of 1-propanol molecules

at low loading. This result is particularly interesting be-
cause it corresponds to the operational conditions of the
sensors.

The perspectives of this work will be to study mixtures
of exhaled breath compounds.

SUPPLEMENTARY MATERIAL

The supplementary material presents a comparison
of adsorption isotherms of 1-propanol obtained with
TraPPEZeo potential using original and modified pa-
rameters with our experimental results. It also shows
the radial distribution function of the oxygen atoms of
the zeolites (CHA, DAY, MFI) with the hydrogen atoms
of the adsorbed molecules of water and of the alcohol
group of adsorbed 1-propanol.
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FIG. 2: Adsorption isotherms of C3H8O on three different zeolites chabazite (a), DAY (b), silicalite-1 (c) at 20, 25,
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FIG. 6: 1-Propanol (a), water (b), carbon dioxide (c) and nitrogen (d) heat of adsorption as function of loading, on
the three investigated zeolite structures (CHA:circle, DAY:square, MFI:triangle up).
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of Water molecule.
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FIG. 11: Radial distribution function (full line) and the running coordination number (dashed line) of 1-propanol on
CHA at different loading, (a) rdf between the Hydrogen and the Oxygen of the Propanol, (b) rdf between Oxygen of

the Propanol.
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FIG. 12: Radial distribution function (full line) and the running coordination number (dashed line) of 1-propanol on
DAY at different loading, (a) rdf between the Hydrogen and the Oxygen of the Propanol, (b) rdf between Oxygen of

the Propanol.
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FIG. 13: Radial distribution function (full line) and the running coordination number (dashed line) of 1-propanol on
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the Propanol.


