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We present homogeneous vapor-liquid nucleation rates of the 1-alcohols (C,H,+;OH, n = 2-4)
measured in the well-established two-valve nucleation pulse chamber as well as in a novel one-piston
nucleation pulse chamber at temperatures between 235 and 265 K. The nucleation rates and critical
cluster sizes show a very systematic behavior with respect to the hydrocarbon chain length of the
alcohol, just as their thermo-physical parameters such as surface tension, vapor pressure, and density
would suggest. For all alcohols, except ethanol, predictions of classical nucleation theory lie several
orders of magnitude below the experimental results and show a strong temperature-dependence
typically found in nucleation experiments. The more recent Reguera-Reiss theory [J. Phys. Chem.
B 108(51), 19831 (2004)] achieves reasonably good predictions for 1-propanol, 1-butanol, and
1-pentanol, and independent of the temperature. Ethanol, however, clearly shows the influence of
strong association between molecules even in the vapor phase. We also scaled all experimental
results with classic nucleation theory to compare our data with other data from the literature. We find
the same overall temperature trend for all measurement series together but inverted and inconsistent
temperature trends for individual 1-propanol and 1-butanol measurements in other devices. Overall,
our data establishe a comprehensive and reliable data set that forms an ideal basis for comparison
with nucleation theory. © 2012 American Institute of Physics. [http://dx.doi.org/10.1063/1.4739096]

. INTRODUCTION

The first step in almost any first-order phase transitions
is nucleation, i.e., the formation of the first initial fragments
or clusters of the new phase out of the mother phase. These
small clusters of only a few molecules form through den-
sity fluctuations in the mother phase and first need to over-
come a free-energy barrier before they can serve as nuclei
of the new phase. Homogeneous vapor-liquid nucleation, the
formation of liquid droplets from condensable vapors in the
absence of any foreign particles or surfaces, has been stud-
ied for over a hundred years.! Several different experimen-
tal devices and methods have been developed to investigate
nucleation as a function of supersaturation and temperature.’
These devices include supersonic nozzles,>* shock tubes,’
thermal diffusion cloud chambers,’® laminar flow diffusion
chambers,”'? and nucleation pulse chambers.'"!> Each of
these experiments cover different temperature and pressure
ranges. Consequently, many orders of magnitude in the nu-
cleation rate J, the number of nuclei formed per unit time
and per unit volume, starting from J = 103 cm™ s7! up to
J = 10" cm™ 57!, are observed altogether.!3 At the same
time, several nucleation theories have been developed, such
as classical nucleation theory (CNT),'#'¢ density functional
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theory,'” dynamic nucleation theory (DNT),!® Reguera-Reiss
theory (RRT),'”?° based on a combination of the extended
modified liquid drop model?"-?> and DNT, the mean-field ki-
netic nucleation theory,”* and some more.?*2> All these the-
ories intend to describe and predict the nucleation behavior
of any arbitrary substances. Nevertheless, despite tremendous
efforts, huge deviations of up to some 20 orders of magni-
tude between these theories and experimental result can still
be found.?®

The 1-alcohols form one class of compounds with sev-
eral advantages for the investigation of nucleation. They are
accessible by most experiments, have experimentally conve-
nient vapor pressures and because condensation occurs above
their respective triple point, their physical properties such as
the equilibrium vapor pressure, the surface tension, and the
density are well known.?’~%° Furthermore, they allow a study
along a homologous series, along which all physico-chemical
parameters vary very systematically. Therefore, it is no sur-
prise that the 1-alcohols have been the subject of many inves-
tigations in the past.3**

Here we present the results of our measurements in the
well-established two-valve nucleation pulse chamber (NPC)
and in a novel one-piston expansion chamber (OPC). The
measuring window for both devices is the same and with nu-
cleation rates of 10° < Jexp/em™ s7' < 107, located in the mid-
dle of the experimentally accessible nucleation rate regime.
We have measured vapor-liquid nucleation rate isotherms of

© 2012 American Institute of Physics
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ethanol, 1-propanol, and 1-butanol in the NPC as well as
of 1-butanol in the OPC using argon as carrier gas. We ap-
pend our data with the I-pentanol data from Iland et al.'?
measured also in the NPC. The data also include a compar-
ison of different carrier gases, helium and argon. We com-
pare all data to CNT as well as to RRT. Using the nucleation
theorem,’*2 the excess number of molecules in the critical
clusters is determined as a function of temperature for each
alcohol, respectively. These experimental critical cluster sizes
are compared to cluster sizes predicted by the classical Gibbs-
Thomson equation and by RRT. Finally, we reduce all experi-
mental data from literature with classical nucleation theory to
compare them with our data.

Il. EXPERIMENTAL TECHNIQUE

The experimental setup and the measuring procedure of
the NPC have already been described in detail by Strey et al.'?
Therefore, we just repeat the principles and fundamental is-
sues here. The two-valve nucleation pulse chamber consists
of three adjacent volumes, the expansion volume, the main
measuring volume in the middle, and the recompression vol-
ume. All of them are separated by a valve while between the
recompression volume and the main chamber volume an ad-
ditional membrane is located.'? A well-defined vapor-carrier-
gas mixture is drawn to the main volume at a defined pressure
po while the pressure in the expansion volume is set to a value
lower than py. The valve to the expansion volume opens and
the mixture expands adiabatically to a lower pressure pex, and,
consequently, to a lower temperature Tcx,. The vapor reaches
the metastable state and the supersaturation S which is de-
fined as the ratio of the actual vapor pressure p, to the equi-
librium vapor pressure p.q of the condensable species at the
given temperature Teyp,

S—wLtoe P (1)
Deq(Texp) Peq(Texp)

where w is the ratio of vapor pressure to the total pressure of
the vapor and carrier-gas mixture, increases. Once the super-
saturation exceeds a critical value S*, nucleation sets in. After
a short time of typically 1 ms the second valve to the recom-
pression volume opens, the membrane separating the recom-
pression volume from the main volume everts and the mix-
ture gets slightly recompressed. Nucleation stops abruptly as
the saturation ratio drops under the critical value but the vapor
phase still remains saturated (1 < § < $*). Thus, nucleation
and growth are effectively decoupled. Only already formed
nuclei are able to grow to microscopic droplets of optically
detectable size.

The number density N of the formed droplets in the main
volume is measured by constant-angle-Mie-scattering.>® Due
to the fact that nucleation and growth are decoupled, the nu-
cleation time At is limited to the length of the plateau of the
pressure pulse at pey, before recompression. The nucleation
rate can then be calculated via

J = AL 2)
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FIG. 1. Technical drawing of the one-piston expansion chamber. The expan-
sion volume is located around the pulse-generating piston.

In addition to the measurements with the two-valve nucle-
ation pulse chamber, we also conducted measurements with a
novel one-piston expansion chamber (see Fig. 1). Therefore,
we changed the setup of the central chamber but did not mod-
ify anything in the remainder of the setup.

This new setup is based on the same principles as the
NPC and reaches the same nucleation rates. The main differ-
ence is that the OPC consists of two volumes, the measuring
volume and the expansion volume, which are separated by a
movable piston (see Fig. 1). Again, the main volume is filled
with a vapor-carrier gas mixture with the pressure py while
the expansion volume is set to a lower pressure. For one mea-
surement, we open the connection between the measuring vol-
ume and the expansion volume by moving the piston forward.
The mixture expands and nucleation occurs. While the piston
moves further forward it closes the connection again. Simul-
taneously, it recompresses the gas mixture in the main volume
by about 5%. This way nucleation and growth are decoupled
as well. The detection setup and the evaluation is analogous to
the one used in the NPC. The advantage of the OPC over the
NPC is the absence of the membrane to provide the recom-
pression. This membrane can be a weak point of the system
through possible deformations of the membrane.

lll. RESULTS AND DISCUSSION
A. Nucleation rates and comparison with theory

Figure 2 shows the experimental nucleation rates J as
a function of supersaturation S. Most experiments were
performed in the NPC using argon as carrier gas. In the case
of 1-butanol some measurements were also conducted in the
OPC (Fig. 2, gray-filled squares). The agreement of results
for 1-butanol taken with the OPC and the NPC (white-filled
squares) is rather good. Nucleation rates are very sensitive to
any deviations or imperfections in the experimental setup or
procedure. Therefore, Figure 2 shows quite impressively that
creating a nucleation pulse with either chamber leads to con-
sistent and reliable results without apparent systematic errors.
For 1-pentanol the measurements with argon (white-filled
diamonds) and helium (gray-filled diamonds) as carrier gas
also show good agreement, which is well in line with a recent
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FIG. 2. Isothermal nucleation rates J for ethanol, 1-propanol, 1-butanol, and
I-pentanol'® as a function of supersaturation § at nucleation temperatures
Texp from 235 K to 265 K. Gray-filled squares for 1-butanol represent mea-
surements taken with the one-piston chamber, white-filled squares with the
two-valve chamber. Gray-filled diamonds for 1-pentanol are results obtained
using helium as carrier gas, instead of argon. Dashed lines represent the pre-
dictions by classic nucleation theory at 235 K, 245 K, 255 K, and 265 K for
each alcohol, respectively.

description of the influence of the carrier gas on nucleation.>*

The complete results of 1—pentanol are discussed in detail in
Ref. 13. Here we included them to compare the nucleation
behavior along the homologous series of l-alcohols more
comprehensively.

The nucleation rate isotherms (Fig. 2) shift to higher
supersaturations with increasing alcohol chain length. This
shift is due to the change in the equilibrium vapor pressure
of the 1-alcohols: the equilibrium vapor pressure drops very
quickly with increasing chain length, leading to a systematic
increase in the supersaturation. The nucleation rate isotherms
of ethanol (hexagons) show an atypical behavior: the two
isotherms at the highest temperatures (265 K and 255 K)
nearly coincide. This effect has already been noticed and in-
vestigated by Katz et al.>> and Strey et al.’®>" and is due to
the high level of association in the vapor phase at higher vapor
pressures and higher temperatures. The influence of this vapor
association on nucleation may be explained in two ways.>>>’

J. Chem. Phys. 137, 054316 (2012)

A first intuition might tell us that associated vapors nucle-
ate faster due to the change in the kinetic process because
of the more frequent addition of dimers or higher n-mers on
route to forming a nucleus. On the other hand, as oligomers
form, the number density of monomers decreases and, thus,
the overall vapor pressure p,. This, in turn, severely reduces
the supersaturation of the vapor and higher supersaturations
are needed to induce or increase nucleation. It turns out that
the former kinetic effect is negligible compared to the latter
thermodynamic one.> Strey et al. offered another explanation
that takes the release of latent heat during cluster formation
in associated vapors into account and also leads to smaller
nucleation rates at higher nucleation temperatures. This ef-
fect amplifies with increasing nucleation temperature as the
amount of condensable and, therefore, also the latent heat
release increases.’®>’ Unfortunately, the present data do not
lend itself to discriminate one explanation against the other.
In fact, it is also possible that both effects play a role and
more systematic studies of just ethanol as well as methanol
are needed in the future.

The experimental data of all measurements of ethanol,
I—propanol, and 1-butanol,’® as well as the 1—pentanol data
are available online.!? The thermo-physical data for all al-
cohols were taken from Schmeling and Strey,”’ Strey and
Schmeling,?® and Frenkel et al.”

The theoretical predictions are calculated via

—AGy,
theory =K exp (kB—TCOFY> (3)
with
_ |20
K =\/=—uN?}, @)
Tm
and for CNT
AGH . — l6r  vio? 5)
CNT™ 3 (kT1nS)?’

Here, K is the kinetic prefactor and AGgy is the Gibbs free
energy of the formation of a critical cluster according to clas-
sical nucleation theory, k is the Boltzmann constant, T is the
temperature, o is the planar surface tension, m is the molecu-
lar mass, v; is the volume of one liquid molecule (calculated
from the liquid density p), and N, is the monomer number
concentration calculated from the vapor pressure and the ideal
gas law. The dashed lines in Figure 2 represent these predic-
tions for the given alcohol and temperatures of 265, 255, 245,
and 235 K, respectively.

The Reguera-Reiss theory'?2° (RRT) uses the same “in-
gredients” in terms of thermophysical properties and the same
Boltzmann-approach (Eq. (3)) but differs significantly in the
cluster definition.?! In CNT, the cluster is defined as capillary
liquid drop of n molecules with radius r. In contrast, the RRT-
cluster is defined as a spherical container of radius R and tem-
perature 7, enclosing a total number of particles N, which are
divided in one capillary (CNT-like) liquid drop of n molecules
and N-n surrounding vapor molecules. Among the myriad of
possible configurations, Reguera and Reiss identified the one
RRT cluster that corresponds as a whole to the critical clus-
ter in an open constant pressure-temperature system, which is
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FIG. 3. (a)-(d) Logarithm of the mean value of the ratio of experimental nucleation rates and nucleation rate predictions by CNT Jexp/JonT (left, (a)) and
RRT Jexp/Jrrr (right, (b)) as a function of the inverse temperature 7. The dashed line denotes perfect agreement between experiment and theory. (c) The

*

experimentally determined critical cluster sizes ngy,

agreement. (d) Same as (c) for RRT.

precisely the system with a minimum in the total pressure of
the RRT cluster. The critical Gibbs free energy of formation
AGhpgr changes and is then given by

AGI*QRT =AF — Vmin(pv - P) + NA,lLo. (6)

In this equation, AF is the total Helmholtz free energy of the
cluster, Vi, is the volume corresponding to a minimum to-
tal pressure of the RRT cluster, P is the average total pres-
sure, and A is the difference in the chemical potentials A pg
= kT 1In(p, / P).

For simplicity, we used the same kinetic prefactor K and
assumption of perfect vapors (as in CNT) also in the RRT
calculations.

In Figure 3, the ratios Jexp/Jont (2) and Jexp/Jrrr (b) of
the experimental nucleation rates and nucleation rates pre-
dicted by CNT or RRT, averaged for each nucleation tempera-
ture, are plotted as a function of the respective inverse temper-
ature. The dashed horizontal lines represent perfect agreement
between experiment and theory.

For 1-butanol (red squares) and 1-pentanol (blue dia-
monds), CNT underestimates the nucleation rate by 4-5 orders
of magnitude, and the deviations increase with decreasing
temperature. The comparison with RRT for these substances
shows practically constant deviations of about two orders of
magnitude with no significant temperature dependence. These

versus the critical cluster sizes according to Gibbs-Thomson ng,. The dashed line indicates perfect

deviations may be due to the CNT prefactor used. Calcula-
tions of RRT with other prefactors of Zandi et al.’® show
a better agreement with experimental results for 1-pentanol
with deviations of less than one order of magnitude over the
whole temperature range.

For 1-propanol (green triangles), the predictions of CNT
underestimate the rate by 1-2 orders of magnitude with a
slight increase with decreasing temperature. In contrast, here
the predictions of RRT show astonishingly good agreement
with experimental results over the whole temperature range
with deviations less than one order of magnitude.

For ethanol (purple circles), both theories fail by several
orders of magnitude. CNT predicts too high nucleation rates
at temperatures above 250 K, and too low rates below this
temperature. At about 255 K, there seem to be perfect agree-
ment. A similar trend is also found for the comparison with
RRT. The main difference between the predictions of these
theories is that RRT predictions are higher by 2-3 orders of
magnitude than CNT predictions and therefore, the tempera-
ture of agreement shifts to 245 K.

CNT typically gives agreement at one nucleation temper-
ature for each substance, as already shown by many groups for
the alcohols®*-3%:41:60 and by Wolk et al.,%" Mikheev et al.,’
and Manka er al.®? for water. Below this temperature, CNT
predictions are too low, and above too high. In contrast,
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RRT does not show any temperature trend for 1-propanol, 1—-
pentanol, and 1-butanol and predicts the nucleation rates for
all three alcohols quite well. However, for ethanol both theo-
ries fail by some orders of magnitude and show strong tem-
perature dependences. As mentioned above, the spontaneous
association of molecules in the vapor phase plays a signifi-
cant role in the nucleation process of ethanol, which makes
it difficult to compare it to the other 1-alcohols and unmod-
ified theories. Nevertheless, the lower temperature isotherms
of ethanol, with rather low total vapor pressures, where such
an effect is smaller, fit quite well into the overall series of al-
cohols and the comparison with theory.

B. Critical cluster sizes

We determined the excess number of molecules in the
critical cluster ng,, by use of the nucleation theorem™ in the

form
« . (0InJ )
e Z\ 3ns ),

We made simple straight line fits to the J vs. S isotherms
and the critical size thus effectively is an average over the
isotherm and mildly neglects its curvature. Assuming a spher-
ical and incompressible cluster as in CNT, we also determined
the “critical radii” via

1
3uing,
= . 8
r < o ) (®)
The results for the critical cluster sizes n* __ as well as the

exp
results for the critical radii r* as a function of temperature are

shown in Figures 4(a) and 4(b), respectively.

The critical cluster sizes ng,, of all 1-alcohols increase
with increasing temperature, except for ethanol. Since the
slopes of the isotherms of ethanol change due to its high
degree of association in the vapor phase, the proper values of

exp are not truly accessible and the apparent critical cluster
sizes change. Regarding the homologous series, the number
of molecules in the critical cluster is smaller the longer the
chain length of the alcohol. In contrast the critical radii are
nearly the same for all 1-alcohols, reaching from ~1.05 nm at
235 K up to ~1.15 nm at 265 K, being the largest for 1-
propanol (about 0.05 nm bigger). This is in good agreement
with nucleation theory, which gives the height of the nucle-
ation barrier as AG* = ogA(n)/3, where A(n) is the surface
area of an assumed spherical cluster.®> In other words, for
similar barrier heights and similar values of surface tension
(like for the alcohols), critical clusters should have the same
surface area or, likewise, the same radius. Our results seem
to confirm that this is indeed the case, supporting at the same
time the consistency of the results generated in the nucleation
pulse chambers.

Additionally, we calculated ng;; for each experimental
value of S using the Gibbs-Thomson equation

2,3
. 327 vjo

==t 7 9
6T = T3 kT1n Sy ©)

J. Chem. Phys. 137, 054316 (2012)
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FIG. 4. (a) and (b) The excess number of molecules in a critical cluster n; oxp
determined by use of the nucleation theorem (a) and the critical radii r*
(b) of the measured 1-alcohols at the different nucleation temperatures 7.
The solid lines are just intended to guide the eye.

and averaged over all values corresponding to one nucle-
ation temperature. The comparison between the critical clus-
ter sizes ngy, and ng;p is illustrated in Figure 3(c).

The agreement between ng,, and ng; is rather good over
the entire range. This demonstrates the importance and accu-
racy of the first nucleation theorem and underlines the funda-
mental significance of the Gibbs-Thomson relation even for
cluster sizes in the nano scale. For 1-butanol and 1—pentanol
the Gibbs-Thomson predictions agree very well with exper-
imental results at small critical cluster sizes. Surprisingly,
the agreement gets worse with increasing cluster size and
likewise, increasing temperature (compare to Figure 3(a) but
is still quite reasonable. For 1-propanol the Gibbs-Thomson
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equation predicts slightly too small critical cluster sizes at
temperatures about 235-245 K (left side of the ideal line)
and at temperatures about 255-265 K the agreement becomes
perfect. Hence, a temperature dependence is also observable
here. As already mentioned, the values of the experimental
critical cluster sizes of ethanol are distorted due to associa-
tion and no true trend can be observed.

We also determined the critical cluster sizes from the
slopes of the Reguera-Reiss isotherms n%p; and compared
them to n;fxp (Figure 3(d). Here, the agreement is similar and

and ng;; since all values move

even better than between ng,
together on the line of agreement.

C. Comparison with data from literature

Scaling approaches are a useful way to unify data sets
measured with different experimental devices in different
temperature and supersaturation regimes. Therefore, we
scaled the available data from literature’**" with classic
nucleation theory (Jexp/Jont) and averaged it over each
measuring series at the corresponding nucleation temper-
ature. Figure 5 summarizes the reduced data for ethanol,
I-propanol, and 1-butanol as a function of inverse tem-
perature. The comparison of l-pentanol can be found in
Ref. 13.

The dashed lines in Figure 5 indicate perfect agreement
of experiment and theory.

For ethanol, all data sets measured in three different
devices; the NPC,%33 the thermal diffusion cloud chamber
(TDCC),*'" and the expansion cloud chamber® lie close to-
gether and nearly parallel to each other. We see a consistent
picture with linear temperature dependence with CNT over-
estimating the nucleation rates above a certain temperature
(~250 K) and underestimating them under this temperature.
This is surprising since the measured ethanol nucleation rates
did not behave consistently.

For 1-propanol we find a similar temperature trend for
all data sets together. Taking a closer look on each measur-
ing series, we can find strong discrepancies from this overall
picture. The data measured in the NPC by Strey et al.’° (blue
squares) and in the TDCC by Brus et al.*> (yellow squares)
show a linear temperature dependence with similar slopes
while our data (red circles) and the data measured in a super-
sonic nozzle (SSN) by Ghosh et aly’ (light blue hexagons)
are nearly constant over the entire range. In contrast, Gral-
mann and Peters®* (gray triangles down) found an inverted
temperature dependence in a piston-expansion tube and the
data by Kacker and Heist®' (violet triangles up) also measured
in a thermal diffusion cloud chamber shows a zig-zag pro-
file. These different temperature trends are surprising since
the data by Strey et al.’® and our data have been measured
with the same experimental technique (NPC) as well as the
data by Kacker and Heist’' and Brus et al.>> are both mea-
sured in a TDCC.

The overall picture for 1-butanol is remarkable since the
data sets altogether show the above-mentioned temperature
trend, but looking at the series of measurement separately,
most series display an inverted temperature trend. Our data
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FIG. 5. (a)-(c) Logarithm of the mean values of experimental nucleation
rates from literature’%-40 scaled with CNT Jexp/JenT as a function of the in-
verse temperature 7 for ethanol (a), 1-propanol (b), and 1-butanol (c). The
dashed lines represent perfect agreement between experiment and theory.

(red circles) and the data by Strey et al. 30 (blue squares), both
measured in the NPC, show the “normal” temperature trend,
whereas the slope of the Strey er al.’® data is much steeper.
The measurement series by Ghosh et al.’” in the SSN (light
blue hexagons), Viisanen and Strey® in the NPC (green di-
amonds), and Brus et al.’>* in the TDCC as well as in a
laminar flow diffusion chamber (yellow squares and violet tri-
angles, respectively) exhibit the inverted temperature depen-
dence. They all lie parallel to each other, separated by 14
orders of magnitude. Although our data, the data by Strey
et al.,** and the data by Viisanen and Strey?® have been mea-
sured in the same device, we find different temperature trends
for each of these series. To date it is not understood if these de-
viations in temperature dependence originate from improve-
ments in the setup of the apparatus, which has been updated
over the years.
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IV. SUMMARY AND CONCLUSION

We measured homogeneous nucleation rates of the 1-
alcohols ethanol, 1-propanol, and 1-butanol systematically at
temperatures between 235 and 265 K in the two-valve nucle-
ation pulse chamber. For part of the 1-butanol measurements
we also used a novel one-piston expansion chamber. Similar
results with both techniques show that either method produces
reliable and reproducible nucleation rates and that no system-
atic error is inherent in our system. Moreover, if there were
a systematic error, the very consistent results obtained for the
homologous series by two different setups (one-piston expan-
sion chamber and the two-valve nucleation pulse chamber)
suggest that such an error should be constant for all measure-
ments. Thus, our data represent a comprehensive and reliable
data set that is ideal for comparison with nucleation theory.
We compared our data, including the 1—pentanol data of Iland
et al.,'? with classic nucleation theory'# and Reguera-Reiss
theory.'®?° For 1-propanol, CNT seems to yield acceptable
predictions with deviations about 1-3 orders of magnitude,
while RRT is able to predict nucleation rates nearly perfectly.
The CNT predictions for 1-butanol and 1-pentanol fail by 3-5
orders of magnitude, increasing with decreasing temperature.
Here, the RRT predictions are too small by about two orders
of magnitude over all measured nucleation temperatures with
no observable temperature trend. This deviation may be re-
lated to the used kinetic pre-factor of CNT. By extrapolating
the nucleation rate comparison with CNT to other tempera-
tures the same trend could be observed for all alcohols: there
is one temperature for each alcohol where CNT predictions
and experimental results coincide, underneath this tempera-
ture the theoretical predictions are too low, above, they are
too high. This temperature trend is not observed for the nu-
cleation rate predictions by RRT. For ethanol, no theory could
provide sufficient predictions underneath and above a defined
temperature, respectively, because of its high grade of asso-
ciation in the vapor phase, which is not considered in either
theory.

We determined the critical cluster sizes ng, and com-
pared them to cluster sizes calculated using the Gibbs-
Thomson equation nf;; and Reguera-Reiss theory n} ;. The
agreement between ng,, and ng is rather good at small clus-
ter sizes, with increasing cluster size it becomes worse but is
still quite reasonable. The comparison between ngy, and ng gy
shows the same behavior but the agreement is even better.

To compare our data to literature data’**" we scaled
it with classic nucleation theory. For ethanol, one tempera-
ture trend for all measurement series can be found. For 1-
propanol, 1-butanol, and 1-pentanol'?® the overall picture also
shows this temperature trend, but taking a closer look on the
individual measurement series, significant differences from
this temperature trend can be found. Overall, no other data
apart from the nucleation pulse chamber appear to yield a con-
sistent trend across the homologous series.
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