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A correlation is presented between the crystalline structure of
monolayers and multilayers of a,0-alkanediols HO-(CHy),,-OH (n =
16, 18, 19, 21, 22, 23, 24, 30) at the air-water interface and their
function as ice nucleators. Structural elucidation was carried out
by the following methods: grazing incidence X-ray diffraction, scan-
ning force microscopy, cryo-transmission electron microscopy and
external reflection Fourier transform-infrared spectroscopy.

INTRODUCTION

In previous studies on induced ice nucleation by monolayers of aliphatic
alcohols, we observed that nucleation is extremely sensitive to the molecular
structure and packing arrangement of the monolayer.! Following the above
investigations, it seemed that monolayers of o,0-alkanediols HO-(CH,),-OH
should be candidates to test for ice nucleation behavior and to correlate their
nucleation efficiency with the structures at the air-water interface. It has
been an accepted model, based on pressure-area isotherms, that single chain
double headed amphiphiles, or bolaamphiphiles, when spread on water, lie
flat on the surface and, upon compression, adopt a bent conformation with

* This paper is dedicated with great admiration to Vlado Prelog on the occasion of his ninetieth
birthday.
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the polar groups anchored at the water and the hydrocarbon chain looped
vertically.??® According to this model, such monolayers should be poor ice nu-
cleators due to disordered arrangement of the chains and possible complex-
ity of several coexisting conformations. We found unexpectedly, that spread-
ing the a,w-alkanediols on water drops induced freezing in a temperature
range similar to that of the aliphatic monoalcohols. This observation trig-
gered a systematic study on a series of a,w-alkanediols of various chain
lengths using modern analytical tools such as external reflection Fourier
transform infrared (FT-IR), grazing incidence X-ray diffraction (GID),* X-ray
reflectivity, cryo-transmission electron microscopy (cryo-TEM) and scanning
force microscopy (SFM).?

EXPERIMENTAL SECTION

Ice nucleation experiments were carried out in a set up and according to the pro-
cedure described in Ref. 1.

Pressure-Area Isotherms were measured on a computer-controlled Lauda film-
balance, placed in a laminar hood and thermostated to 20 °C. Spreading solutions
of 5 x 10* M were prepared in CHCI, (Merck, analytical grade). The water used was
purified by a Millipore purification system to give a resistivity of 18 MW.

FTIR Measurements of the monolayers on the water surface were carried out
by a commercial Specac monolayer accesory, modified to enable thermostating of the
subphase. The angle of incidence was 25° from the normal to the surface. Reflec-
tion-absorption spectra were obtained by ratioing the single beam monolayer spec-
trum on water against the single beam reflectance spectrum of pure water. Each
spectrum was a result of coaddition of 4000 scans at resolution of 2 cm™!. Spectra
were obtained on a Bruker IFS66.

Cryo-TEM Measurements. Samples were prepared on collodion-carbon coated-
400 mesh, bare 1000 mesh or plastic holey EM grids.® The grids were placed on a
stainless steel mesh which was immersed in the water in a specially designed Teflon
trough.” Monolayers were spread on the water surface at 20 °C, after which the sub-
phase was cooled to 5 °C and the water was slowly drained by a motor-driven syr-
inge. The grids with the deposited monolayers were mounted on a plunging device,
the excess of water was blotted by filter paper and the grids were rapidly plunged
into liquid ethane to form vitreous ice. The specimens were loaded into a Gatan 626
cold stage and examined in a Philips CM12 transmission electron microscope oper-
ated at 100 kV. The samples were maintained at —175 °C during examination and
diffraction measuremts. Bright field imaging were obtained after sublimation of vit-
reous ice by raising the temperature to —90 °C and cooling back to —175 °C inside
the electron microscope column.

SFM Measurements. Samples were prepared by the same horizontal transfer
technique as used for deposition on the EM grids. Freshly cleaved mica was placed
onto the stainless steel mesh in the subphase before spreading the monolayer. After
thermal equilibration was reached the water level was lowered by slow draining
with a motor-driven syringe. SFM measurements were made in air using a Topo-
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metrix TMX 2010 stage. Integrated SizN, pyramidal tips, on cantilevers with force
constants between 0.03—0.4 N/m were used. Contact forces of 2-5 nN above the equi-
librium force (signal recorded before contact made) were applied during imaging.

Materials. 12-Hydroxydodecanoic acid, 16-hydroxyhexadecanoic acid, tetra-
cosanedioic acid used as starting materials for synthesis were purchased from
Aldrich and heptanedioic acid and nonanedioic acid from Fluka.

Synthesis of a,w-Alkanediols. Alkanediols with n = 18, 21, 22, 23, and 30 were
synthesized via Kolbe electrolysis.® Diols with n = 18, 22 and 30 were prepared via
symmetric coupling of monomethyl ester of decanedioic acid, 12-hydroxydodecanoic
acid and 16-hydroxyhexadecanoic acid respectively. Alkanediols with n = 21 and 23
were synthesized by cross coupling of 16-hydroxyhexadecanoic acid with mono-
methyl ester of heptanedioic acid and nonanedioic acid respectively. The resulting
monomethyl or dimethyl esters were further reduced to the diols by LiAlH,.

Alkanediols with n = 16 and 24 were prepared by reducing the methyl ester of
16-hydroxyhexadecanoic acid and dimethyl ester of tetracosanedioic acid respec-
tively by LiAlH,. All products were purified by column chromatography on silica gel
using 5% ethanol in CH,Cl, as eluent. Products were analyzed by GC-MS, NMR and
IR spectroscopy.

RESULTS

Ice Nucleation

The ice nucleation efficiencies of the various o,w-alkanediols HO-(CH,),-
OH films were determined by measuring the threshold freezing tempera-
tures of supercooled water drops covered by these at a surface area of 20 A2
per molecule (assuming monolayer formation). The results are compared
with the freezing temperatures induced by the corresponding monoalcohols,!
as shown in Table I. As in the series of aliphatic alcohols, an odd-even effect

TABLE I

Freezing temperatures of supercooled water drops
covered by aliphatic alcohols and by alkanediols

n CHy(CH,),0H HO(CH,),0H
16 e e 6.8+ 0.6
18 L1004 400 58 + 0.4
19 -72 £06 82 + 0.8
21 sS4 —8.0 + 0.7
22 -7.9 + 05 57108
23 -36 £ 0.7 ~95 + 0.9
24 -7.0 £ 0.6 47 05
30 751 05 LA
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was observed; however in the alkanediol series, molecules with n = even nu-
cleate ice at higher temperatures than those with n = odd. For n = even the
nucleation induced by the diols is at higher temperatures than those ob-
tained by the corresponding monoalcohols, the largest difference observed is
for n = 16. For n = odd, ice nucleation occurred at lower temperatures than
that obtained by the corresponding monoalcohols. In contrast to the behav-
ior observed in the aliphatic alcohol series, the influence of alkanediol chain
length on nucleation efficiency is minor.

Pressure-Area Isotherms

Pressure-area isotherms of the a,0-alkanediols HO-(CH,),-OH n = 16,
18, 19, 21, 22, 23, 24, 30 have been measured, of which some examples are
shown in Figure 1. For alkanediols with n = 16, 18, 21, 22, 24 the apparent
areas per molecule obtained were in the range of 10-14 A2 which is lower
than that of the corresponding aliphatic monoalcohols (19-20 A2) and much
lower than the area expected for the molecules in a bent conformation. For
alkanediols with n = 16, 18 and 19 a plateau region of constant pressure
was obtained starting at 65 A2, 100 A2 and 80 A? respectively followed by a
steep rise in pressure at about 14-15 A?. The isotherms of alkanediols with
n = 23 and 30 were more expanded with areas per molecule of 20 and 23 A2
respectively.
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Figure 1. Pressure-area isotherms of «,w-alkanediols HO-(CH,),-OH , (a) n = 16, (b)
n =24, (c)n =23 and (d) n = 30 at 20 °C.
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External Reflection FT-IR

External reflection FT-IR has been used to measure the vibrational spec-
tra of films in this a,0-alkanediol series. The antisymmetric and symmetric
methylene stretching frequencies are known to be conformational sensitive
and can be correlated with the degree of order in the hydrocarbon chain %
Measurements were made on these films in situ at the air-water interface,
at 20 °C and at surface areas of 60, 30 and 20 A2 per molecule. The spectra
obtained for HO-(CH,),-OH with n = 21, 22, 23, 24, 30 were very similar
and thus only the spectra for n = 24 are shown in Figure 2. With a decrease
in average area per molecule upon compression, no shift in the frequencies
was observed, only an increase in band intensities of the antisymmetric and
symmetric CH, stretching vibrations at 2917 and 2848 c¢cm™!. This behavior
indicates increase in the number of molecules per area but no change in or-
der upon compression of the film, suggesting that even at 30% surface cov-
erage the molecules are arranged in a highly ordered phase as characterized
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Figure 2. FT-IR spectra of HO-(CHy)y4-OH measured at the air-water interface at (a)
60 A%molecule, (b) 30 A%molecule and (c) 20 A%molecule at 20 °C using (top) p and
(bottom) s polarized light.
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Figlolre 3. FT-IR spectra of HO-(CHy);5-OH orneasured at the air-water interface at (a)
60 A%/molecule, (b) 30 A%molecule, (c) 20 A¥molecule, (d) 15 A%molecule and (e) 10
A%molecule at 20 °C using (top) p and (bottom) s polarized light.

by the observed frequencies. Furthermore, the frequencies and bandwidths
were similar to those obtained for a monolayer of the corresponding monoal-
cohol under similar conditions.! However, the spectra obtained for n = 16
(Figure 3) and for n = 18, but to a lesser extent, show an additional shoulder
at 2928 cm™ which can be assigned to methylene groups in a conformation-
ally disordered arrangement,'>!? suggesting coexistence of a crystalline
phase with a liquid-like or amorphous phase.

Cryo-Transmission Electron Microscopy (TEM)

It has been recently shown by cryo-TEM that 2D and 3D self-aggregates
of various amphiphiles on a thin layer of water, retain their crystalline in-
tegrity following fast vitrification of the water subphase.” This series of o,0-
alkanediols was also studied by cryo-TEM, a method which allows structural
characterization of the films using both diffraction and imaging modes. The
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Figure 4. (left) Electron diffraction pattern of HO-(CHy),s-OH crystallites on vitreous
ice, (center) dark-field image and (right) bright field image of the crystallites on pla-
stic holey EM grids after sublimation of ice.

a,0-alkanediols were spread on water at 20 °C, to an average area per mole-
cule of 20 A2 (assuming monolayer formation) and the samples were pre-
pared according to a previously described method.!® F igures 4 and 5 show
electron diffraction patterns, bright and dark field images of alkanediols

Figure 5. (left) Electron diffraction pattern of HO-(CHy)s,-OH crystallites on vitreous

ice and (right) bright field image of the crystallites on plastic coated EM grids after
sublimation of ice.
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Figure 6. (left) Bright field image of crystallites of HO-(CHj)13-OH on holey EM grids
and (right) single crystal dif.. iction pattern obtained from the above crystallite after
sublimation of vitreous ice.

Figure 7. (left top) Electron diffraction pattern of a film of HO-(CHs)9;-OH, (left bot-
tom) dark field image and (right) bright field image of the above film on a 1000 mesh
bare grid, after sublimation of ice.
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Figure 8. (left) Electron diffraction pattern of a film of HO-(CHy)93-OH on vitreous
ice, (center) dark field image and (right) bright field image of the above film after
sublimation of ice. Note that the dark areas in the bright field image are due to the
plastic support creating the holey grid and the freely suspended monolayer is obser-
ved inside the holes.

with n = 16 and 24. Single crystal diffraction patterns, obtained either on
vitreous ice or after its sublimation, showed three characteristic d spacings
of 4.2, 3.7 and 2.5 A whose {h,k} indices were ass1gned as {1,1}, {0,2} and
{2,0}, yielding a rectangular cell @ = 5.0 and b = 7.4 A. These cell dimensions
provide fingerprint evidence for a herringbone arrangement of the hydrocar-
bon chains in the orthogonal O, motif.!* Bright and dark field images re-
vealed elongated plate-like crystallites of length 1-5 um, similar to those ob-
served® for alkanediol with n = 22. Bright field images of alkanediol with n
= 18 show plate-like crystallites 5~10 um in size, yielding single crystal dif-
fraction patterns with a large number of high order reflections (Figure 6).
The alkanediols with n = 21, 23 and 30, showed similar diffraction patterns,
either from single crystals or several slightly misaligned crystals, but with
lower intensities and higher sensitivity to the electron beam. However,
bright or dark field images from these alkanediols, obtained after sublima-
tion of vitreous ice, revealed continuous membrane-like films with holes,
foldings and defects (Figure 7, 8, 9), reminiscent of images that were pre-
viously obtained from other amphiphiles that form monolayers.”!315 Thus,
it seems that the number of methylene groups in the alkanediol chain has
an influence on the tendency to spontaneously form either monolayer or
multilayer crystallites, when spread on the water surface.



698 R. POPOVITZ-BIRO ET AL.

Figure 9. (top left) Electron diffraction pattern of a film of HO-(CHy)3,-OH on vitre-
ous ice, (top right) single crystal electron diffraction pattern obtained from a selected
area of the above film and (bottom) bright field image after sublimation of ice.

Scanning Force Microscopy (SFM)

SFM is a tool for studying surface phenomena from nanometer to micron
scale and has been used to study the structures and morphologies of trans-
ferred monolayers and Langmuir Blodgett multilayers on solid supports.6-19
Here we applied this technique to investigate the surface topography and
layer thickness of the films of a,w-alkanediols deposited on freshly cleaved
mica. Figure 10 shows the SFM image and height analysis for a film of al-
kanediol with n = 16 spread on water to 20 A2 per molecule and transferred
onto mica. Similar to the images obtained by electron microscopy, elongated
crystallites of a few microns in length were observed. Cross sectional profile
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Figure 10. A5 pm x 5 um SFM image
and height profile along the indica-
ted line of HO-(CHy);s-OH crystal-
lites on freshly cleaved mica; crys-
tallite thickness is given by the
vertical arrow in the profile.
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Figure 13. A 5 ym x 5 um SFM ima-
ge and height profile along the indi-
cated line of a monolayer of HO-
(CHy)30-OH deposited on freshly
cleaved mica. The monolayer thick-
ness is given by the vertical arrow in
the profile.
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Figure 12. A5 pm x 5 ym SFM ima-
ge and height profile along the indi-
cated line of HO-(CHy)94-OH crystal-
lites on freshly cleaved mica; a step
of monolayer thickness is given by
the vertical arrow in the profile.
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Figure 14. A 5 um x 5 yum SFM ima-
ge and height profile along the indi-
cated line of a film of HO-(CHy)gs-
OH deposited on freshly cleaved
mica. Thickness given by the verti-
cal arrow in the profile corresponds
to a monolayer and the bright area
on the right corner is of bilayer
thickness (not shown in profile).

107
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through several crystallites revealed thicknesses of 24—64 nm corresponding
to 10-30 molecular layers, assuming that the molecules are aligned perpen-
dicular to the layer plane. For alkanediol with n = 18, large areas of the sup-
port were covered by films 3—4 layers thick showing steps of molecular
length. Occasionally, triangular-shaped crystals 20-40 nm thick which cor-
respond to 8-16 layers, were also observed as shown in Figure 11. Elongated
plate-like crystallites of 1-5 um size and with similar morphologies to those
obtained for n = 16 were observed from alkanediol with n = 24. However,
cross sections through these crystallites yielded 4-10 molecular layers and
steps of 3.2 nm, corresponding to a monolayer (Figure 12). Scanning of de-
posited films from alkanediols with n = 23 and 30 resulted in different topo-
graphic pictures than the previous systems. Continuous membrane-like
films with holes of various shapes, were observed for the diol with n = 30
(Figure 13), in agreement with the electron microscopy images. Surface to-
pography across the holes revealed film thickness of 4.0 nm which corre-
sponds to the calculated molecular length in an all-trans extended confor-
mation. Similarly, large areas covered by a monolayer (thickness of 3.2 nm)
with holes was observed from samples of alkanediol with n = 23 (Figure 14).
In addition to the monolayer, regions of bilayers were also observed.
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Grazing Incidence X-ray Diffraction

A detailed structure determination of the multilayer formed by o,n-do-
cosanediol n = 22 on water has been reported.* Here we describe the al-
kanediol series n = 16, 23 and 30. The GID measurements were carried out
using the liquid surface diffractometer on beamline BW1 at Hasylab DESY,
Hamburg. A sealed and thermostated Langmuir trough equipped with a Wil-
helmy balance was mounted on the diffractometer. The films were measured
in the uncompressed state with no detectable surface pressure. The synchro-
tron radiation beam was monochromated to a wavelength of 1 = 1.35 A and
adjusted to strike the water surface at an incident angle of @ = 0.85 «, where
a. is the critical angle of water for total external reflection. The GID pat-
terns from the 2D crystallite monolayers on the water surface arise from a
2D array of Bragg rods, which extend parallel to the vertical scattering vec-
tor g,. In general, thin films composed of crystallites on the water surface
are azimuthally randomly oriented and so may be described as »2D pow-
ders«. Thus the collection of the diffracted radiation using a position sensi-
tive detector (PSD) was made in two ways. The scattered intensity was
measured by scanning over a range along the horizontal scattering vector
Q. (= 47 sin {0/1}) and integrated over the whole g, window of the PSD, to
yield the Bragg peaks. Simultaneously, the scattered intensity recorded in
channels along the PSD, but integrated over the scattering vector in the
horizontal plane across a Bragg peak, produced g, resolved scans called
Bragg rod profiles. The information extracted from measured profiles in-
clude the angular position (20) of the Bragg peaks which yield the repeat
distances d = 2n / q,, for the 2D lattice structure. The Bragg peaks may be
indexed by two Miller indices 4, £ to yield the unit cell. The full width at
half maximum (FWHM) of the Bragg peak in g,, units yields the 2D crys-
talline coherence length associated with the A, & reflection. The intensity at
a particular value of ¢, in a Bragg rod is determined by the square of the
molecular structure factor |F), 4, | (for further details see Refs. 20 and 21).
The variation of intensity I,, along the Bragg rod as a function of g, (i.e. the
Bragg rod profile), may provide precise information on the molecular chain
packing by applying rigid body refinement for an atomic molecular model.

In this series of alkanediols two intense Bragg peaks were observed at
Gy, ~ 1.5 and 1.7 A1 which lead to a rectangular cell, a ~ 5.0 A and b ~ 7.3 A
so that the two reflections are indexed as {1,1} and {0,2} respectively. These
cell dimensions are finger-print evidence of a herringbone motif of the hy-
drocarbon chains, generated by glide symmetry in the unit cell.

The alkanediol with n = 16 was measured at 100—300% surface coverage
assuming monolayer formation. The GID patterns differ in intensity and
hence the number of observed Bragg rods are proportional to the amount of
material. The molecules are packed in a rectangular cell with dimensions
a =5.09 A, b="17.20A. At 300% surface coverage, the GID pattern consists
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Figure 15. Two dimensional intensity distribution I (@xy,q) of the diffraction pattern
of the Cy diol on the water surface. The {1,1} and {0,2} Bragg rods are shown.

of nine observed Bragg rods (Figure 15) with film thickness corresponding
to 5-10 layers The {0,2} reflection peaks at g, ~ 0 A-! and the {2,0} peaks
at g, ~ 0.1 A-1 which suggests a minor molecular tilt along the a direction
within the layer This tilt normally indicates an a-glide symmetry, in the
herringbone motif. However, there is a weak, yet well structured {1,0} re-
flection including distinct intensity modulations. A true a-glide would render
the {1,0} reflection symmetry forbidden. To account for this apparent inconsis-
tency, the glide plane must be relaxed. A satisfactory model, one which fits all
the observed Bragg rods with respect to each intensity profile and a correct dis-
tribution of the overall intensity, was not found. None the less, the intense low
order reflections do indicate a pseudo glide packing with a 1.5° molecular tilt
along the a direction. Contrary to the three dimensional crystal structure,?? in
which the molecules within the layer are related by translation and tilted by
about 35° with respect to the layer plane, in the film the molecules are aligned
almost normal to the water surface in the herringbone motif.

The alkanediol with n = 30 was measured at 100% surface coverage and
consists primarily of a monolayer and of some multilayer phase. The mono-
layer (ca. 85% occupancy vis-a-vis that of multilayer) phase packs in a rec-
tangular cell with @ = 5.00 A, = 7.38 A. The best model was found for
chains tilted by 2.5° along the b axis and leaned by 2° along the a direction
corresponding essentially toa plg1 plane group (i.e. a primitive cell with the
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Figure 16. Observed (crosses) and calculated (lines) Bragg rods intensity profiles

I(q,) of the Cy3-diol bilayer on water.

glide g plane along the b axis) but with the glide somewhat relaxed. The
multilayer phase exh1b1ts two reflections peaking at the same g,, value cor-
responding to a 4.4 A spacing. Assuming a herringbone motif and the need
to satisfy hydrogen bonds we can generate a reasonable model in which the
two reflections correspond to the {1,1} at lower g, value, and {0,2} at high q,.
This assignment yields a 5.1 by 8.8 A cell and a molecular tilt of 35° along
the 8.8 A axis.

The diffraction pattern of an alkanediol with an odd number of carbons

= 23, consists of twelve reflections which were assigned to a rectangular
cell with @ = 5.0 A, b = 7.3 A. The Bragg rod width corresponds to a film
two layers thick. Structure elucidation was aided by the 3D structure of al-
kanediol with n = 9 which packs in the orthorhombic space group P2,2,2,.23
In the three dimensional crystal structure, one end of each molecule adopts
a C,OH gauche conformation about the C;-C, bond and the molecules are
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aligned normal with respect
to the layer plane. This pack-
ing allows formation of both
inter and intralayer hydro-
gen bonds between gauche
and trans end C-OH groups.
Figure 16 shows the ob-
served and fitted Bragg rod
intensity profiles. The model
was constructed by applying
a gauche conformation to one
end of an all ¢rans Cog diol
molecule and generating the
intralayer packing by a two-
fold screw axis parallel to a.
The two layers are related by
a twofold screw axis parallel
to the c axis of length 30.5 A.
The generated orthorhombic
cell contains four symmetry
related molecules. To best ac-
count for the observed inten-
sity profiles, each molecule
in the two layers had to be

PP A A
AP AR A AR AL
AP Pk A g

PP AR A A At

Q

b

b iy

tilted by 1° along the ab di- G

agonal; 'and the top layer has Figure 17. Model packing assignment of the

a partial molecular occu- bilayer of the Cy3-diol on water. (a) (b) (c)

pancy of 70% (Figure 17). views along the b, a, and ¢ axis respectively.
DISCUSSION

In this study ice nucleation measurements and structural elucidation of
this series of o,B-alkanediols have been performed in order to obtain a struc-
ture-function correlation. Both FT-IR and cryo-TEM measurements strongly
suggest that these bolaamphiphiles are self aggregated in highly ordered
crystalline phases with the molecules aligned normal to the plane of the
mono- or multilayer. SFM measurements showing steps of molecular lengths
support this suggestion. For the short molecules n = 16 — 19 a coexistence
with a less ordered or amorphous phase may be present. The self-aggrega-
tion is probably driven by the relatively high energy surface created by the
two dimensional (2D) layer of vertically aligned o,w-alkanediols exposing
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one of the hydroxyl groups to the air, leading to multilayers through inter-
layer hydrogen bonds. The tendency to form multilayers decreases with in-
creasing chain length, where the intralayer methylene-methylene interac-
tions contribute to the stabilization of the monomolecular film. In contrast
to the behavior observed in the aliphatic alcohols,! whose ice nucleation ef-
ficiency increases with chain length for both n = even and n = odd, in the
alkanediol series there are only minor differences among the ice freezing
temperature induced by the corresponding alkanediols (Figure 18). In our
previous study on aliphatic alcohols, the lower freezing temperatures in-
duced by shorter chains were rationalized in terms of a decrease in the
amount of 2D crystalline material and a concomitant increase in molecular
motion and lattice mismatch to that of ice in terms of unit cell area, as de-
duced from GID data.?* According to cryo-TEM and SFM measurements in
the n = even series of the alkanediols, the tendency of the molecules to spon-
taneously form multilayer structures increases with chain shortening. For
example, crystallites 10-30 layers thick were obtained with n = 16, whereas
n = 30 formed mainly monolayer. Thus, the tendency to form crystalline
multilayers, in which the molecular motion is expected to be as in a 3D crys-
tal, cancels out the effect of increasing molecular motion with decreasing
chain length, resulting in an almost constant ice nucleation temperature
(Figure 18). The packing arrangements of multilayers of the alkanediols
(n = 16, 22,* 28 and 30) have been determined by grazing incidence X-ray
diffraction measurements in situ on the water surface. According to the
model derived from these mesurements, the molecular chains in an all-trans
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Figure 18. Freezing temperatures of 10 pl supercooled water drops covered by a film of
alkanediol HO-(CHj,),-OH or alcohol CH5(CH,),OH at 20 A%molecule (100% coverage
assuming monolayer formation) for n = even as a function n.
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conformation are arranged in a herringbone motif and aligned almost perpen-
dicular to the water surface. The layer cell dimensions obtained are a = 5.0 A
b = 7.3 A which match well with the ab layer of ice.?*

It appears that alkanediols in the series with n = odd have a lower ten-
dency to form multilayers than those with n = even. For example, alkanedi-
ols with n = 22 and 24 form multllayer crystallites whereas mainly mono-
layer film was obtained for n 23. However, for n = 21 there is an
inconsistency between the cryo-TEM and the SFM measurements. Cryo-TEM
imaging revealed a continuous membrane-like film whereas 2—10 layer thick
multilayers were observed by SFM measurements. GID data of this al-
kanediol could be assigned to 1-2 layers. This specific inconsistency and in
general the descrepancy between the number of layers obtained from differ-
ent techniques, may well result from the fact that these systems deviate
from equilibrium. Thus a rearrangement of the monolayer into multilayers
may occur during transfer onto the mica support or during sublimation of
vitreous ice in the cryo-TEM measurements.

Ice nucleation by alkanediols from the n = odd series is less efficient
than by the n = even series. This behavior may be rationalized in terms of
the molecular conformation of the odd numbered alkanediols in 3D crystals.
In each molecule one of the two C,-OH bonds adopts a gauche conformation
about the C;-C, bond, such that in a layer trans and gauche end group con-
formations alternate. Such arrangement places the oxygen atoms in a lattice
which has a poor match to that of ice.23
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SAZETAK

Samoagregacija a,0-alkandiola u dvo- i trodimenzijske kristalite
na granic¢noj plohi voda-zrak. Znacéenje za nukleaciju leda

Ronit Popovitz-Biro, Ron Edgar, Jaroslaw Majewski, Sidney Cohen,
Lev Margulis, Kristian Kjaer, Jens Als-Nielsen, Leslie Leiserowitz
i Meir Lahav

Pokazana je korelacija izmedu kristalne strukture monoslojeva i multislojeva

a,w-alkandiola HO-(CH2),-OH (n = 16, 18, 19, 21, 22, 23, 24, 30) na grani¢noj plohi
zrak-voda i njihove uloge kao nukleatora leda. Provedeno je odredivanje strukture
slijedeéim metodama: difrakcijom X-zraka pri malom kutu izmedu povrsine uzorka i
snopa, pretraznom mikroskopijom, transmisijskom elektronskom mikroskopijom pri
niskim temperaturama i FT-IR spektroskopijom.



	scan689
	scan690
	scan691
	scan692
	scan693
	scan694
	scan695
	scan696
	scan697
	scan698
	scan699
	scan700
	scan701
	scan702
	scan703
	scan704
	scan705
	scan706
	scan707
	scan708

