14258

J. Phys. Chem. C 2009, 113, 14258–14263

Low Energy Ion Scattering Investigations of n-Butanol-Ice System in the Temperature
Range of 110-150 K
G. Naresh Kumar, Jobin Cyriac,† Soumabha Bag, and T. Pradeep*
DST Unit on Nanoscience, Department of Chemistry and Sophisticated Analytical Instrument Facility, Indian
Institute of Technology Madras, Chennai, India 600 036

Downloaded by INDIAN INST OF TECH MADRAS on August 6, 2009
Published on July 15, 2009 on http://pubs.acs.org | doi: 10.1021/jp902020e

ReceiVed: March 5, 2009; ReVised Manuscript ReceiVed: June 8, 2009

We have investigated the interaction of n-butanol (NBA) with thin layers of water ice prepared in ultra high
vacuum in the temperature range of 110-150 K. From the mass spectra of the chemically sputtered species,
created upon the collision of low energy (g30 eV) Ar+ ions, we study the process of diffusive mixing of
NBA with water ice, at the molecular level. The results show that NBA undergoes diffusive mixing with
H2O. Even after depositing 1000 monolayers (MLs) of amorphous solid water (ASW) over NBA, both the
species are observed on the surface. However, when NBA is deposited over ASW, no water is seen on the
surface above 3-5 MLs of NBA. This could be interpreted as the absence of diffusive mixing in this system
or surface segregation of NBA, in view of its lower surface energy just as in the case of liquid alcohols. An
isomeric alcohol, namely, tert-butyl alcohol (TBA), also behaves similarly. Although the presence of NBA
and TBA is detected, in the presence of ASW, they undergo selective ionization, giving specific peaks in the
mass spectrum. D2O behaves in a manner similar to that of H2O. Preliminary experiments with other alcohols;
namely, methanol, ethanol, and propanol were also done, and the results suggest that incomplete diffusion or
surface segregation begins with propanol.
1. Introduction
Ice particles in pure form as well as mixed with several
molecules and ions are spread all over the Earth’s atmosphere.
The study of ice surface becomes interesting because of its
ability to participate in novel chemistry, such as those involved
in the depletion of the ozone layer.1 Surface reactions are totally
different from the analogous process in the homogeneous bulk
phase, and those of ice are no exception.2 This makes reactions
at ice surfaces interesting. Alcohol molecules present in the
atmosphere play a vital role in the chemistry of the troposphere;
especially in the ozone cycle in the upper troposphere.3
n-Butanol (NBA) is notable among the alcohols that are present
in the upper atmosphere, and the need for investigating the
ice-butanol system is due to its environmental relevance. NBA
goes into the atmosphere through various channels; some of
them include evaporation from solvents, sewage treatment,
manufacturing of starch and whiskey, wood pulping, and turbine
emissions. Relatively high concentration of NBA was found at
Point Barrow, Alaska, when compared to other possible simple
hydrocarbons.4 There are a few publications on both experimental and computational studies of simple alcohols, methanol,5
ethanol,3,6 and propanol,11 on ice surfaces. Theoretical studies
exist on NBA and TBA, both in the liquid and in the solid
phases.7 Nishikawa et al.8 studied the structure of TBA and water
mixtures by X-ray diffraction. Souda et al. have done substantial
work on methanol,9 ethanol,10 and propanol11 interaction with
ice films by using time of flight-secondary ion mass spectrometry (TOF-SIMS). To the best of our knowledge, there is no
literature on an NBA-amorphous solid water (ASW) system.
Hence, the present study was performed in order to fill the gap
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in our understanding of the interaction of solid butanol and ice
which may have some relevance to the atmosphere. The present
study is a continuation of our previous work on ice films using
the highly surface sensitive low energy ion scattering technique.12-14
In the first two, we examined atmospherically relevant molecules
on ice surfaces.
The physical properties of a liquid depend on many factors,
which include chain length and structure of the molecule. NBA
is partially miscible with water, and its solubility is approximately 8 g per 100 g of water,15 whereas the first three
primary alcohols are completely miscible with water at all
proportions. The solubility of butanol increases as the chain
branches increase; hence, TBA is completely soluble in water,
whereas NBA is only partially soluble. When looked into the
molecular level details of water-alcohol interaction, many
interesting results were obtained. In one such study, Bako et
al.16 reported the concentration dependent structural changes of
water with methanol. Water forms short chain-like structures
at higher methanol concentrations, but a percolated network
structure is formed at lower methanol concentrations. According
to them, the chain-like structure of methanol molecules changes
into a ring-like structure upon adding water of a particular
concentration. Addition of small amounts of water enhances
the packing and self-assembly of alcohol. Although solvation
of alcohol was known for a long time, the solvation of
methanol17 and TBA18 in water looks different at a molecular
level. Freezing temperature of water increases upon increasing
the number of carbon atoms in the backbone of alcohol.20 It
was also found that shorter chain lengths were associated with
increased molecular motion in the alcohol film, which resulted
in the decrease of hydrogen bond strength between alcohol’s
OH group and the interfacial water molecules.19 Most of the
studies done on butanol and water mixtures are in the liquid
phase, and their solid state behavior was not really explored.
Here, we made an attempt to explain the interaction of these
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atmospherically relevant molecules in the solid phase to probe
their molecular behavior at low temperatures and in UHV
conditions. The results were compared with the analogous
methanol/ethanol/propanol-water ice systems.
There are many experimental techniques available to study
the interaction of atmospherically relevant molecules with ice
particles. Some of them include, temperature programmed
desorption mass spectrometry (TPD MS),20-23 reflection absorption infrared spectroscopy (RAIRS),24-26 secondary ion mass
spectrometry (SIMS), and temperature-programmed time-offlight SIMS (TP-TOF-SIMS).11,27 All of these techniques have
advantages as well as disadvantages, and each one was used in
order to get specific information about the nature of interaction
and the molecular details of the species of interest. Another
promising technique named low-energy ion scattering and the
associated phenomenon called chemical sputtering28 are also
used to study ice surfaces. This is also known as low energy
sputtering (LES), which has been used for surface studies.29,30
It is a hyper-thermal energy process in which charge exchange
between the projectile ion and the surface occurs upon collision
of ions in the energy range of 10-100 eV, and the very top
surface species are released as ions or neutrals.28,31,32 This is
different from normal sputtering during SIMS, where the ionized
particles are emitted when a solid/liquid surface is bombarded
by particles, typically having keV energies. The energy of the
primary beam in SIMS is transferred to the atoms/molecules
on the surface by a cascade of collisions. It is important to note
that the surface sensitivity in low energy ion scattering experiments can be as high as the first few monolayers (MLs) for an
ice film. We have used the chemical sputtering technique for
all of our studies as low energy ions are potential candidates
for probing the surface properties of ice and other molecular
solids. Our present study gives a basic understanding of the
diffusive miscibility of NBA and TBA. The findings from this
study were compared with the previous studies of interaction
of carboxylic acids with ice surfaces.12
2. Experimental Section
The instrumental setup and an outline of the experiment are
given elsewhere.12-14 Briefly, the experiments described here
were conducted in a double-chamber ultrahigh vacuum (UHV)
system with a base pressure of <5.0 × 10-10 mbar. Each region
of the system is pumped by a Pfeiffer (TMU 261) 210 L/s turbo
molecular drag pump. These two pumps are backed by another
Pfeiffer (TMU 071P) 60 L/s turbo molecular pump which is
further backed by a Pfeiffer (MVP 055) 3.3 m3/h dry pump. In
the present experiment, mass selected Ar+ (m/z 40) ions
produced by 70 eV electron impact (EI) of Ar, in a source block
maintained at varying potential, are mass selected and collided
at the ice surface at specific collision energy. By varying the
potential of the ion source block and tuning the rest of the ion
optics, it was possible to produce a beam current of 1-2 nA.
The Ar+ ions collide with the surface at an angle of 45° with
reference to the surface normal, and the scattered ions were
analyzed by a quadrupole mass analyzer (Q3). A high-precision
UHV specimen translator with xyz axis movement and tilt was
used. Polycrystalline copper was used earlier as the substrate
material for preparing amorphous and crystalline ice films.33
We have used the same as the substrate in the present as well
as in our earlier studies.12-14 Substrate plays a crucial role in
determining the quality of the grown film, but in the present
case, the effect of substrate is negligible because of the higher
coverages used. Crystallization induced dewetting,34 and consequent exposure of the underlying copper surface is very
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unlikely at such a large thickness. It has been noted that the
dewetting temperature is much higher (∼160 K) for 50 ML ice
films.35 The ice film grown in ultrahigh vacuum is known to
be amorphous in nature (or amorphous solid water, ASW), while
deposition above 140 K results in crystalline ice (CW).36,37 The
ice surface is prepared by exposing water vapor at specific
pressure as described below. The scattered ions are collected
and mass analyzed. The liquids used in our study, namely, H2O,
D2O, NBA, and TBA, were purified by many freeze-pump-thaw
cycles, before use. NBA was purchased from Rankem chemicals, and TBA was purchased from Spectra chemicals. D2O was
purchased from Aldrich chemicals, and deionized water after
triple distillation was used for preparing solid water. Molecular
surfaces were prepared by depositing the corresponding vapors,
which were exposed to the sample plate through a leak valve.
The gas-line was pumped thoroughly by a rotary pump to avoid
impurities and contamination. The distance between the sample
source tube and polycrystalline copper substrate was adjusted
to obtain uniform sample growth on the substrate. Delivery of
molecules near the substrate ensures that the vapors are not
deposited in unwanted areas. The deposition flux of the vapors
was adjusted to ∼0.1 ML/s. The thickness of the overlayers
was estimated assuming that 1.33 × 10-6 mbar/s ) 1 ML. In
all our experiments, the deposition temperature was kept at 110
K. The partial pressure(s) of the gas(es) inside the scattering
chamber during deposition time was 1 × 10-7 mbar. After
deposition of a given molecule A, a 5 min time delay was
allowed before the deposition of the next molecule B, to prepare
A@B (the symbolism implies the creation of layer B over A).
This was to ensure that B was free from any contamination by
A. Several systems were prepared to study diffusive miscibility
of NBA. For example, 100 MLs of NBA was deposited first on
Cu substrate followed by 100 MLs of ASW, resulting in
NBA@ASW, which was used for the study of NBA diffusion
through ice overlayers. The other systems for the study were
also prepared in the same manner. The temperature dependence
on the structural changes was studied by raising the temperature
at 5 K/min and monitoring the sputtering spectrum as a function
of temperature. Ar+ of 30 eV collision energy was used as
projectile ion in all our experiments. The spectra presented here
were averaged for 100 scans, and the data acquisition time was
approximately 0.5 s per scan. The present instrumental setup
does not allow TPD measurements.
3. Results and Discussion
3.1. Chemical Sputtering of NBA via Low Energy Ar+.
To understand the dissociative ionization of NBA and its
fragmentation pattern induced by low energy Ar+, 100 MLs of
NBA over polycrystalline copper surface (Cu@100 ML NBA)
was made. Chemical sputtering from the NBA surface starts
>25 eV collision energy of Ar+, and it shows that NBA can be
detected by the low energy ion scattering technique. The mass
spectrum, due to 30 eV Ar+ collision, presented in Figure 1a
shows the characteristic features of NBA, but the molecular ion
peak (m/z 74) was absent in all our spectra. In the EI mass
spectra of NBA, the molecular ion peak is only ∼1.5% of the
base peak intensity, and it is absent in the case of TBA.38 This
explains the absence of molecular ion peak in our experiments.
Certain other peaks were also absent, which might be due to
the differences in the nature of ionization in low energy ion
impact. Assignment of the fragmented species was done with
reference to the report by Zavilopulo et al.39 on the dissociative
ionization of ethanol, methanol, and butanol. The peak at m/z
15 is due to CH3+, and the peak at m/z 27 is due to C2H3+. The
peaks at m/z 29 and m/z 31 are due to C2H5+ and CH3O+. Our
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Figure 1. Mass spectra corresponding to 30 eV collisions of Ar+ at
(a) 100 ML NBA and (b) 100 ML NBA@100 ML ASW. Idealized
schematic representations of the samples prepared are shown as insets.

peak assignment differs slightly from that of Zavilopulo et al.,
where they have assigned m/z 41 and 43 to C2HO+ and C2H3O+,
respectively. We believe that the peaks at m/z 41 and 43 are
due to C3H5+ and C3H7+ and not due to C2HO+ and C2H3O+,
respectively. Other than this difference, all the other remaining
peak assignments are the same. The peak at m/z 39 may be due
to C3H3+. The base peak at m/z 56 in the EI spectrum is absent
in the chemical sputtering spectrum. Instead, a peak at m/z 57
is seen, which is assigned to C4H9+. The absence of the peak is
related to the nature of fragmentation, dissociation, and ion
ejection upon low energy ion impact.
3.2. Diffusivity of NBA through ASW. Molecular intermixing of NBA with ice was one of our interests which urged us
to do the present study. To understand the diffusivity of NBA
through water-ice, ASW was deposited over NBA (100 ML
NBA@100 ML ASW). The corresponding mass spectrum is
shown in Figure 1b. The inset of the figure gives a schematic
representation of the sample and shows the situation where no
interlayer diffusion occurs. The sharp boundary between the
phases presents only an idealized view. The substrate temperature was constant at 110 K. From the chemically sputtered
species, the presence of NBA molecules, which appeared over
the ASW layer by diffusion, was confirmed. H2O was present
on the top surface, as seen in the mass spectrum. The peak at
m/z 19 is due to H3O+, which is formed as a result of proton
transfer reaction as a result of Ar+ collsions.40

2H2O f H3O+ + OHThis reaction explains the formation of protonated molecular
ions in the scattering spectrum of pure H2O and D2O surfaces,
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which are shown in Figure S1 (Supporting Information). As in
the case of NBA, and that reported previously,12 chemical
sputtering species from the ASW surface were observed 25 eV
onward. CH3+ is absent when ASW was deposited over NBA
(Figure 1b). The spectrum (Figure 1b) clearly has the features
of both H2O and NBA; however, some of the features seen in
the spectrum of pure NBA are absent. Most significantly, C4H9+
and CH3+ are absent, and several others have varying intensity.
We attribute these differences to the difference in the selfassembled structure of NBA layers on water ice. The presence
of the features of H2O and NBA suggests that both the species
are present on the surface. For it to be present at the H2O surface,
NBA has to diffuse through the water over layers. Presumably,
the structure of NBA present within the ice matrix does not
allow the C4H9+ species to be formed. This can be attributed to
the formation of multiple hydrogen bonding interactions with
several water molecules and subsequent strengthening of the
C-O bond in alcohol, which inhibits the formation of C4H9+.
On the contrary, the species such as C3H5+ and C3H7+ are
formed. This suggests that NBA is unlikely to have a preferred
orientation at the surface with alkyl chains projecting upward
with the OH group anchoring on the surface. Such a geometry
would have allowed ion neutralization at the hydrocarbon chain
ends, allowing the formation of CH3+ and C4H9+. Thus, the
structure of the NBA surface is inferred to be disordered. It
may be noted that the surface structure of the desorbing species
determines the type of ions desorbed upon low energy ion
impact.
3.3. Thickness Dependent Studies of NBA with ASW. The
diffusive nature of NBA through the hydrogen bonded network
of ASW may be inferred from the previous section. However,
this needs to be investigated. For this, NBA was deposited on
top of ASW (ASW@NBA) at various coverages. The chemical
sputtering spectra of this system are shown in Figure 2. When
100 ML NBA was deposited on 100 ML ASW, H2O was not
seen on the surface (see Figure 2a). Diffusion of H2O through
NBA could have taken long for it to reach the surface, and this
might be a possible reason for the absence of H2O. The other
reason might be due to the change in the network structure of
ASW at the interface such that the water molecules present there
are not free to move to the top surface. Self-assembly of the
hydrocarbon chains of NBA could be another reason, which
prevents the diffusion of H2O through it. One may also view
this as due to the lower surface energy of NBA, which makes
it float on the ASW surface, just as in the case of liquid alcohols.
Scan time was increased, and repeated scans were made for
nearly 30 min; still, H2O was not visible in the mass spectrum.
Hence, the latter three appear to be the important reasons. It is
important to note that peaks due to CH3+ and C4H9+ are present
in the spectrum, which suggests that the structure of NBA is
similar to that in its pure state. Figure 2b shows the result of a
similar kind of experiment, but the thickness of NBA was
reduced down to 1 ML in order to see the effect of water
diffusion at such low coverages of NBA (100 ML ASW@1
ML NBA). At this condition, NBA is likely to form island-like
structures.35,43 Hence, H2O was exposed to Ar+, forming H3O+.
Some of the specific fragments of NBA such as CH3+, C3H7+,
and C4H9+ were absent. This is attributed to the disordered
assembly of NBA as in the same situation in Figure 1b. Upon
increasing the thickness of NBA, it alone was observed on the
surface, and this takes place somewhere between 3-5 MLs,
and more than this thickness, diffusive mixing of ASW was
stopped completely. There is no difference in the mass spectrum
upon increasing the thickness of NBA coverage. Figures 2c and
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Figure 2. Chemical sputtering spectra of (a) 100 ML ASW@100 ML
NBA, (b) 100 ML ASW@1 ML NBA, and (c) 100 ML ASW@5 ML
NBA.

a look similar, except for the change in intensity which indicates
that ASW could not penetrate through more than 3-5 MLs thick
NBA, or it always floats on ASW layers as expected in the
liquid state. When NBA diffuses through H2O, the structure of
the former is different. Comparing Figures 1b and 2a, it is clear
that NBA is present on both the surfaces, while H2O is absent
in the second case. It is also clear that the way in which NBA
presents itself on the two surfaces is different. While the CH3+
and C4H9+ features are absent when NBA diffuses through H2O,
they are present when NBA is deposited on ice. These are also
present when it is deposited directly on Cu. These aspects clearly
suggest that the structure of NBA layers deposited on H2O and
Cu is the same, while that of diffused NBA is different.
3.4. Solvation of ASW and Hydration of NBA. To understand the effective thickness at which the diffusive mixing of
NBA is blocked through ASW, increasing ASW layers were
made over NBA. The thickness of ASW was gradually increased
from 100 to 1000 MLs, and NBA molecules were seen even at
the highest coverage (100 ML NBA@1000 ML ASW). The
spectrum shown in Figure S2a (Supporting Information) corresponds to 100 ML NBA@1000 ML ASW. It is clear that NBA
is present on top surface layers. There can be two pathways
through which NBA could possibly diffuse through ASW. One
may be through micropores of ASW and the other one through
the network structure of ASW. Our study does not distinguish the two paths. Assuming a change in orientation of NBA
during the process of diffusive mixing, as revealed by the data,
these molecules are exposed to Ar+ in certain preferred
orientations. It appears that the alkyl chain of NBA is not
standing upright, which makes the preferential ejection of CH3+
impossible. Hence, only selected fragmented ions are formed
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Figure 3. Chemical sputtering spectra of 100 ML ASW@100 ML
NBA at different substrate temperatures, (a) 120 K and (b) 140 K.

from NBA due to ion collision at higher thickness of ASW over
NBA. The H+ and several hydrogen containing carbon fragments are absent in the chemical sputtering spectra. The mass
spectrum shown in Figure S2a (Supporting Information) looks
similar to that of Figure 2b except for some minor change in
the intensity of the peaks. The energy needed for NBA diffusion
might be lower than that of H2O, and hence, the former moves
to the surface, whereas H2O gets retained at the bottom.
3.5. Effect of Temperature on NBA-ASW Interaction.
In order to understand the effect of temperature on NBA-ASW
interaction, the substrate temperature was increased gradually
from 110 to 150 K at a heating rate of 5 K/min with
simultaneous monitoring of the sputtered species at 30 eV
collision energy. The spectra collected at two different temperatures, 120 and 140 K, are shown in Figure 3. It was thought
that annealing at 120 K may help in partially breaking the
solvation sphere. Considering the crystallization temperature of
ASW to be ∼140 K,41 we raised the temperature to this value
and waited to see some changes in the mass spectrum. We
expected H2O to migrate to the surface through NBA, but in
contrast to our expectation, there was no change in the overall
spectrum, and H2O features were still absent as in the case of
ASW@NBA at 110 K (see Figure 2a). There are some changes
in the intensity of NBA features at 140 K which might be due
to the structural difference of solid H2O and enhancement in
the mobility of H2O at 140 K.42,43 During the course of our
experiments, we found the desorption temperature of NBA to
be around 140-145 K, as seen by the pressure gauge. This
temperature is likely to have an error of ( 3K. At this temperature range, there was a sudden increase in pressure,
indicating that NBA molecules are desorbing from the surface.
The desorption temperature of H2O is well above that of NBA,
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Figure 4. Chemical sputtering spectra of (a) 100 ML D2O@100 ML
NBA and (b) 100 ML NBA@100 ML D2O.

but at temperatures greater than the desorption temperature of
NBA, H2O was not seen. The reason for this might be due to
codesorption of H2O with NBA. Such codesoprtion is reported
in the case of alcohols of lower chain length.43
3.6. Proton Transfer between NBA and D2O. Our next
objective was to find if any proton transfer occurs between ASW
and NBA due to LES. To address this problem, D2O was used to
make ASW, and 100 ML D2O@100 ML NBA was made. The
data are shown in Figure 4. From the figure, it is evident that
there is no effect of D2O on NBA in terms of proton transfer;
hence, there is no change in the mass spectrum of the
hydrocarbon fragments, and it looks similar to the one shown
in Figures 1a and 2a, except for the difference in H2O and D2O
features. Both the molecular solids, namely, H2O and D2O,
behave similarly with NBA at 110 K. H/D exchange between
NBA and D2O is likely as NBA diffuses through ASW. This
could be the reason for the increased intensity of the exchanged
peaks (H2DO+ and HD2O+) in comparison to the spectrum
presented in Figure S1a (Supporting Information).
3.7. Diffusion, Proton Transfer, and Temperature Dependent Studies of the TBA-ASW System. We have extended
the studies to an isomer of butanol, namely, TBA, which has a
branched structure. As mentioned earlier, TBA is completely
soluble in water, but its miscibility behavior at the molecular
level in the solid state is in fact a valuable study to answer
some of the fundamental questions of TBA-ASW interaction.
We have repeated all of the experiments performed on the
NBA-ASW system on this system as well. Figure 5a shows
the chemical sputtering spectrum of TBA at 30 eV Ar+, and
Figure 5b shows its diffusive behavior through ASW at 110 K.
In order to see the effect of collision energy on the chemically
sputtered species, we have increased the collision energy to 50
eV and monitored the mass spectrum. More fragmentation was
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Figure 5. (a) Chemical sputtering mass spectrum of 100 ML TBA at
30 eV collisions of Ar+. Mass spectra corresponding to (b) 30 eV and
(c) 50 eV collisions of Ar+, respectively, at 100 ML TBA@100 ML
ASW.

observed with increasing collision energy (Figure 5c). The effect
of thickness of TBA on ASW is shown in Figure S3 (Supporting
Information). It is clear that TBA behaves in a fashion similar
to that of NBA in terms of diffusive mixing. Increase in
thickness of ASW even to 1000 MLs does not block TBA
diffusive mixing through ice, and this is shown in Figure S2b
(Supporting Information). The effect of temperature on the
TBA-ASW system was also studied, and this is shown in
Figure S4 (Supporting Information). No qualitative changes were
seen in TBA, in comparison to those in NBA. We conclude
that both NBA and TBA behave similarly with H2O and D2O
in the solid state. It is clear that structure of the chain may not
be the only reason for inhibiting the diffusion of water through
alcohol overlayers.
We have also done experiments with methanol (CH3OH@
ASW) and ethanol (C2H5OH@ASW) (data in Figure S5,
Supporting Information), which clearly show that water could
diffuse through both the alcohols. However, water could not
diffuse through propanol (C3H7OH@ASW) (see Figure S6,
Supporting Information) because of longer chain length, as in
the case of NBA. The hydrophilic nature and size effect could
be the possible reasons for the observed behavior of methanol
and ethanol. Complexity of the network structure of alcohol
molecules increases as the chain length increases. Self-assembly
of lower chain alcohols might not be continuous over larger
areas and in-turn allows ASW to diffuse through, whereas long
chain alcohols might have greater tendency for self-assembly
with greater packing efficiency. NBA has been investigated more
thoroughly here because of its atmospheric relevance. We find
that both the molecular solids, namely, H2O and D2O, behave
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in a similar manner in terms of their diffusivity and mixing
with the alcohol molecules.
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4. Summary and Conclusions
The ion scattering experiment described here finds the
incomplete diffusive mixing of two alcohol molecules, namely,
NBA and TBA, with water ice in the temperature range of
110-150 K. In all our experiments, we have used Ar+ as the
projectile ion in the 30-50 eV collision energy range. It is clear
that NBA diffuses through ASW layers and that both species
occur on the surface when ASW is deposited on NBA. On the
contrary, water is not seen when NBA is deposited over ASW.
This could be attributed to the absence of diffusive mixing or
surface segregation of alcohols as in the liquid state. Both D2O
and TBA behave in a manner similar to that of their isomeric
analogues. Although the presence of NBA and TBA is detected,
while ASW is present, both the alcohols undergo selective
ionization, which gives specific peaks in the mass spectrum.
The mechanism for this is not known exactly. The diffusive
miscibility of NBA in H2O was observed even up to 1000 MLs
of ASW. The results suggest that long chain alcohols may act
as barriers for H2O diffusion because of their hydrophobic
nature. Increase in the chain length inhibits the motion of H2O.
Self-assembly of longer chain alcohols creating denser overlayers could be the prime reason for the incomplete diffusion
of ASW. While lower chain alcohols, methanol and ethanol,
show complete diffusion or no surface segregation, incomplete
diffusion or surface segregation starts with propanol. The results
may have relevance to the fate of NBA and TBA in the
atmosphere of Earth.
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