HTML AESTRACT * LINKEES

JOURNAL OF CHEMICAL PHYSICS VOLUME 121, NUMBER 16 22 OCTOBER 2004

Temperature dependence of the structure of Langmuir films
of normal-alkanes on liquid mercury

H. Kraack

Department of Physics, Bar-llan University, Ramat-Gan 52900, Israel

B. M. Ocko

Department of Physics, Brookhaven National Laboratory, Upton, New York 11973
P. S. Pershan

Department of Physics, Harvard University, Cambridge, Massachusetts 02138

L. Tamam and M. Deutsch®
Department of Physics, Bar-llan University, Ramat-Gan 52900, Israel

(Received 1 April 2004; accepted 5 August 2D04

The temperature dependent phase behavior of Langmuir filrmsadkanes] CH;(CH,),_,CHjs,

denote Ch on mercury was studied for chain lengths<19<22 and temperatures b
<44°C, using surface tensiometry and surface x-ray diffraction methods. In contrast with
Langmuir films on water, where molecules invariably orient roughly surface normal, alkanes on
mercury are always oriented surface parallel and show no long-range in-plane order at any surface
pressure. A gas and several condensed phases of single, double, and triple layers of lying-down
molecules are found, depending anand T. At high coverages, the alkanes studied here show
transitions from a triple to a double to a single layer with increasing temperature. The transition
temperature from a double to a single layer is found to 0B °C, lower than the bulk
rotator-to-liquid melting temperature, while the transition from a triple to a double layer is about as
much below the double-to-single layer transition. Both monolayer and bulk transition temperatures
show a linear increase with with identical slopes of-4.5°C/CH, within the range oh values
addressed here. It is suggested that the film and bulk transitions are both driven by a common cause:
the proliferation of gauche defects in the chain with increasing temperatur200@ American
Institute of Physics.[DOI: 10.1063/1.1799993

I. INTRODUCTION methods became available about two decades ageealth

of phases, all of them comprising roughly surface normal

_ Langmuir films of amphiphiles on water have been stud+sjecules with many different types of in-plane order, were
ied intensively for more than a centddyas model systems

, : found, depending on coverag@,(the area per molecule
for two-dimensional mattérand the cell membrafieand

A : surface pressuréw, the difference in surface tension be-
more recently for use in nanoscience and nanotechnélogytWeen a bare and a film-covered surfacemperatureT

These films show a large variety of structures due to a rich, 4 chain lengthn.
array of competing interactions. For example, for simple To investigate the role of the molecule’s headgroup and

fatty acid molecules at the surface of water the nonpolag,| interactions with the subphase in the determination of the
chains are attracted to each other via van der Waals forceEangmuir film's structure, we have studied the structure of

the polar headgroups may have competing interactions qzangmuir films of fatty acid€; 1 alcohols! and alkane

hydrogen bonding with the water and with each other. How-,, mercury, using x-ray and surface tension methods. In ad-

ever, the dominant effect, invariably present for organiCyition to phases with standing-up molecules, similar to those
monolayers on aqueous subphases, is the strong hydrophobjg 5q,e0us surfaces, a variety of phases comprising surface-
repulsion of the nonpolar hydrocarbon tail from the aqueou$yarajiel-oriented molecules were found, exhibiting different
surface. S_mce until very re_cently all subphases employed ”Eﬂ/pes of order ranging from a complete disorder to unidirec-
x-ray St!"d'es of L.angrr.]uw films were aqueous, the mo!ecula[iona| liquid-crystal-like order to two-dimensional crystalline
orientation was invariably found to be along, or slightly o ey |n particular, alkanes, which lack a polar headgroup,
tilted from, the surface normal with the hydrophilic head- oy hibit a number of lying-down phases, all of which are
group residing inside and the hydrophobic tail pointing awayio,nq to be disordered in the surface-parallel direction and

from the aqueous surface. ordered only in the surface-normal direction. Clearly, the

_The phase diagrams of amphiphiles on water, and in pafzjghy adsorption energy of the chain onto the mercury sur-
ticular that of fatty acid molecules on water, have been welk, .o AH 4=5.4 kd/(mol of CH),2 is the main driving

studied by surface specific x-ray methdfiever since these 15rce for the molecular orientation, while the interchain in-

teraction, and the methyl-methyl headgroup interaction are
dElectronic mail: deutsch@mail.biu.ac.il too weak to induce in-plane ordering. The phases were found
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rich and were at least 98% pure. The C22, on which most of
the measurements were made, including the temperature de-
pendent x-ray measurements, was obtained from FLUKA
and had 99.5% purity. All materials were used as received
without further purification. Standard solutions were pre-
pared with molarities in the range ob310"*-8x 10 * us-

ing HPLC grade, 99.9% pure chloroform. Films were depos-
ited from a calibrated micropipette, through a sealable hole
in the trough’s enclosure.

IIl. MEASUREMENT METHODS
A. Surface pressure—molecular area isotherms

The surface pressure varies as a function of the Lang-
muir film’s area per molecul@.? The various features of the

n isotherm, i.e., ther(A) curve, result from, and can be used
FIG. 1. The projection of the room-temperatufes 23 °C, phase diagram {0 th_am information on, the structural changes in the Lang-
of Langmuir films of alkanes on mercury onto the molecular length—surfacemuir film.
pressure if, m) plane. The bold line denotes the film’s collapse pressure,  As in previous experiments’!?the trough was cleaned

separating the listed 3D bulk phases above it, from the quasi-2D film phase . - -
below it. The bulk rotator phase is marked by “rot.” SL, DL, and TL denote éarefu”y’ and then its enclosure was flushed with a pure inert

the film’s single, double, and triple layer phases of lying-down molecules. 9@S(He or Ny) for about 1 h. Mercury was introduced from
a reservoir through a capillary under the inert atmosphere.
The isotherm was then measured by stepwise deposition of
to consist of single layefSL), double layerDL), and triple = measured amounts of the standard solution using a calibrated
layer (TL) of surface-parallel molecules, depending on cov-micropipette, waiting after each step until an equilibrium sur-
erage and molecular lengthA projection of the phase dia- face pressure was reached.
gram at room temperatur&=23°C, on the Q,7) plane is
given in Fig. 1, showing the lying-down phases found. Theg X-ray measurements
figure also shows the three-dimensional bulk phases, which o
are in equilibrium with the two-dimensional phases of the ~ The molecular structure of the Langmuir films was stud-
film at the collapse pressure, shown by a thick line in Fig. 1/€d as a function of temperature at various points of the
To gain a deeper understanding of the phase diagram arpase diagram using surfgce-spemflc x-ray techniques. These
the various phase transitions we present here a study of tfB€asurements were carried out at the Harvard/Brookhaven
temperature dependence of the phase diagram, using X_rgbatlon_al Laboratory(BNL) liquid surface diffractometer at
and surface tension measurements for the alkane molecul@§amline X228, NSLS, BNL, at a wavelengths aof
C19, C20, C21, and C22. This is the richest part of the room=1-271 A. The trough was supported on an active vibration
temperature phase diagram of the Langmuir film, showindSC"a“O” unit, mounteq on the dlﬁractomegelr, an arrangement
phase transitions from SL to DL to TL in the quasi-2D film demonstrated in previous measuremitfts**“to efficiently
and from the rotator to the crystal phases in the 3D bulk&liminate vibrational pickup from the environment.
with the liquid phase being not too far from room A detailed description of the x-ray techniques and the

temperaturd® data analysis methods is available in the literdtit&!’and
will not be repeated here. X-ray reflectivif{XR) measure-
ments yielded the surface-normal electron density profile and
Il. EXPERIMENT

the surface roughness, while grazing incidence diffraction
(GID) probed the in-plane order. As discussed below, none

We used a diffractometer-mounted Langmuir trough, aI—Was found here.

lowing simultaneous x-ray and surface tension measure-
ments, which were carried out under inert Heray) or ni- V. RESULTS AND DISCUSSION

trogen (surface tensiometyy atmospheres. The sample We discuss first the results obtained for docos@@z2)

temperature is controlled by a water circulator#®.2°C. i detail, and then describe the results obtained for the other
For surface tension measurements the Wilhelmy platenolecular lengths 1@n<21.

method was used employing a mercury-amalgamated plati-

num plate. The film balance was based on a linear variabl@. Docosane

differential transformer, which measured the translation of

the plate, hung from a leaf spring, by the force exerted on it:- /sotherms

by the surface tension. Isotherms of C22 measured for 2&0<43.6°C are
Mercury was purchased from Merck Qgriple distilled, shown in Fig. 2, with insetB showing the T=23°C

99.999% purgor Bethlehem Apparatus Céquadruple dis- isothernt? and insetC showing the high coverage region on

tilled 99.999 95% pure Alkanes were purchased from Ald- a magnified scale.

A. Langmuir trough
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FIG. 3. (a) Measured Fresnel-normalized XR of docosane on mercury for a
FIG. 2. (a) Isotherms of C22 at the indicated temperatures in degree celsiusoverage of 40 A/molecule(open circlesat the indicated temperatures and

(b) The previously-published isothetfnat room temperatureT(= 23 °C). fits (lines) by a box model. The corresponding surface pressures are listed in
The dashed line is a fit by the Volmer equation for a 2D gesThe low-A Table I. (b) The surface normal density profiles derived from the fits. SL,
end of the isotherms on a magnified scale. DL, and TL indicate the layer thicknesses of the single, double, and triple

layers of alkanes.

As shown in a previous room-temperature stu@ef. . .
12) C22 atT=23°C forms, with decreasing, successively Ir_1 the lsotherms measured _-ﬁt:_40'_6 C and above only a
a single, a double, and a triple layer of lying-down mol- §|ngle platea_u IS observed,_ indicating that_only the SL pha_se
ecules, indicated by the appearance of three distinct steps I forr_ne_d. W|th|n the_ expenmental uncertainty no_systemahc
the isotherm. The surface pressure during the growth of thg yarlat|on IS fqund in e|thgr the pressure of the first plategu
first layer follows the Volmer equatiofdash line in the inset or in the exclusion area derived from the Volmer equation fits
to Fig. 2 for a two-dimensional hard core gas=kT/(A to the low-coverage part of the isotherms.
—A,) with an exclusion areaA,~138 A%molecule, at o
which coverage a closely packed single layer of lying-down?- X-ray reflectivity
molecules is obtainet! The positions of the second and To confirm the structural hints provided by the iso-
third steps in the isotherm correspond similarly to closedtherms, discussed above, we carried out temperature depen-
packed double and triple layel$All phases of the C22 film dent XR measurements. Measured Fresnel-normalized XRs,
were found to be disordered in-planeTat 23 °C. R/Rg, of docosan€C22 on mercury are shown in Fig(8

The isotherm alf=29.0°C is very similar to that at (open circleg as a function of increasing temperature from
=23°C, showing the same three easily distinguishable platop to bottom, except for the lowest curve, which was mea-
teaus at about the same coverages and roughly the same sswred after recooling td =25 °C from the highest tempera-
face pressures,m;=48 mN/m, m,=58 mN/m, and 73  ture reached]=44°C. All XR were measured on the same
=61 mN/m, respectively. Increasing the temperatureTto film, with a coverage of~40 A?/molecule, slightly above
=34 °C leaves most features unaltered but changes the shafre nominal complete triple-layer coverage; 46 A%/
of the isotherm, especially at higher coveraglesver A’s). molecule. The stepwise film deposition was done at 25 °C up
The distinction between the second and the third plateau i® the onset of the third plateau in the isotherm. The tempera-
smoothed out. The slopes of the second and third plateausre was then raised slowly and gradually up to 44 °C. Every
become considerably larger than the nearly zero slopes &w degrees the scan was interrupted, the temperature
lower T. Nevertheless, even the third plateau can still bereached was held constant for 1.5 h to allow ample film
observed. However, the blurring of the shape indicates thetructure equilibration, and an XR curve measured. Figure
beginning of aT-dependent phase transition from a three3(a) also shows model fitdines) to the measure®/Rg. We
layer to a two layer phase at about this temperature. Raisingsed the same box model and fitting procedures described
the temperature further, 6=35.4°C, causes the third pla- previously!? The model uses a single box of constant elec-
teau to almost disappear, showing only a barely distinguishtron density ofp=0.30 electrons/A for each alkane layer,
able increase inm at the onset of the third platea#y  and several boxes of varying electron densities to represent
=42 A%/molecule. AtT=36.7 °C only two plateaus are ob- the layered surfac¢&of the mercury subphase. This value for
served in the isotherm. The first plate@xtending fromA; p was adopted after extensive set of fits with different com-
to ~60 mN/m) starts approximately at the same pressure dsinations of fixed and free parameters. Changes 686 in
that atT=35.4°C, =48 mN/m. The second platea(sx- this value yield only negligibly small changes in the fit qual-
tending from~55 mN/m down to<30 mN/m) is lower at ity and results, and certainly have no impact on the conclu-
T=36.7°C by 5-6 mN/m than aT=35.4°C, i.e.,, 7w  sions of this paper. The density profiles derived from the fits
~55 mN/m as compared t~60 mN/m. This is very simi- are shown in Fig. &), with z=0 taken at the position of the
lar to the isotherm observed for C19 at room temperdttire. mercury-alkane interface, and the positizeaxis pointing
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TABLE |. TemperatureT, surface pressurer, layer thicknessd, phase, T=44°C. Recooling the film from 44 °C to 25 °C results in
percentage of fill of the uppermost layer Top, the roughnesses of the aIkan(Ehe formation of a full double laver with a 25%-full third
air o5y, and the mercury-alkane,y interfaces, as obtained from fits to the Y .
XR curves in Fig. 3, for a C22 layer of a nominal coverage of layer only, rather than the fully covered third layer found at

40 A%/molecule at room temperature. The numbers in parentheses are ttie beginning of the heating cycle. This indicates that the

estimated uncertainties in the last digit of the number quoted. process is not fully reversible. The assignment of the incom-
T - q Top " ” plete third layer to evaporation of part of the molecules is not
(°C)  (mN/m) (A) Phase (%) (AA')k (,f)g very likely, considering the low temperatures employed here.

Finally, we wish to point out that while the fits of the XR at

2 602 13.65 T 10010 043 043 low temperatures converge to a unique set of parameter val-

29 612 13.65) TL 100(10) 1.0(3) 1.0(3)

34 592)  13.69) T 65200 1.04)  1.04) ues, the smearing due to the large roughness at higher tem-
37 542) 9.3(10) DL 100(10) 3.510)  1.4(4) peratures does not allow to obtain such well-defined fits.

40 4712) 9.315 DL 4030 3.815 1.65 Several combinations of different parameter values yield rea-
44 412 4gly  SL 10080 5019 195  gopaple fits, and a greater spread is obtained in the fitted
25 602  13.4100 TL 25200 17100 1.7(4)

values. We believe, however, that the cross comparison of
the isotherms and the XR data makes our conclusions con-
cerning the structure of the high-phases reasonable and
into the mercury. The previously detected surface layering oféeliable.
mercury?14is clearly observed below the mercury-alkane ~ The variations in the number of layers upon heating and
interface. The quantities derived from the fit are listed incooling imply that the total number of molecules included in
Table I. the surface film also varies. Moreover, this variation is re-
At 25°C and 29°C the XR yields a layer thickness versible (albeit not fully): the molecules that are removed
which is consistent with the interpretation of the isotherm afrom the surface film upon heating up, return upon cooling
showing a triple layer phase TL of lying-down molecules. back down(albeit not all, as only 2.25 layers are found instead
The peak periodicity oAq,=0.46 A~! in Fig. 3a), corre-  of 3). Where do these molecules go? We have no concrete
sponds to a layer thickness di=13.6~3x4.7 A, where experimental evidence to answer this question definitely.
4.7 A'is the thickness of a single lying-down molectdet However, there are several more, and less, plausible possi-
34 °C, where the third step in the isotherm was found to bebilities, which we now discuss. We have no evidence for
very weak and almost washed out, we observe a less cleancovered patches on the surface that could take up the extra
picture in the XR data as well. The oscillations in the XR material as the temperature is changed. It would be anyway
curve are still observed, with peaks at the saeositions,  difficult to justify the reversibility of the observations if this
indicating that the TL phase still exists. However, they arewas the case. The solubility of alkanes in mercury is practi-
clearly weaker than at lower temperatures, indicating that theally nil, so the extra material could not migrate into, and
coverage of the third layer is only partial. Indeed, the fitcome out of, the subphase. The very low vapor pressure of
yields a 65% coverage for the third layer, with a full cover- the alkanes employed at these temperatures, and the revers-
age for the first and second layers. ibility, render unlikely an explanation based on molecular
Increasing the temperature further, to 37 °C, leaves onlgxchange with the vapor, considering the large volume of the
one visible oscillation in the XR curve, of a longer period trough’s enclosure and possible losses of material from the
with a maximum at),~0.65 A~1. The fitted layer thickness vapor to the enclosure’s wall, chiller plate, etc. A more plau-
is 9.3 A and a large surface roughness of 3.5 A is found, asible explanation is the formation ¢hanometer-sized3D
compared to the roughness ofl A at lower temperatures. crystallites or multilayers, at the trough's perimeter. The pe-
The XR fit yields here a thickness equal to that of a doublaimeter would provideinhomogeneousucleatio® sites
layer, in agreement with the conclusion derived above fronwhere the extra molecules could reversibly aggregate, or dis-
the isotherm. These findings indicate that the third layerperse from, depending on the thermodynamic equilibrium
which forms at lower temperatures at this nominal coveragehetween the 3D crystallites and the surface layer at any given
becomes unstable at this temperature. While it is likely thatemperature. A second possible scenario is the nucleation and
the molecules comprising the third layer form 3D aggregatesgissolution of such 3D crystallitdsomogeneously at many
occupying less surface area than a monolayer, we have rgites across the mercury surface. The amount of material that
observations to support this suggestion. Nevertheless, upaemoved and added to the surface film as the temperature is
lowering the temperature again, the three-layer structure igaried is small enough so that if these proto-crystallites are
restored partially, as discussed below. This indicates that theumerous they will occupy a very small fraction of the total
third-layer destabilization process is at least partially reversarea, and will not show up in the reflectivity measurements.
ible. At even higher temperatures, the second layer also dé&hey will be also invisible in the GID measurements, since
stabilizes and is gradually transformed into a single layer ireven if they have crystalline order, their small size will ren-
equilibrium with bulk material, visible as white nonreflecting der their Bragg peaks wide and lo(as predicted by the
specks on the mercury surface. A fit to the measured XRDebye-Scherer formufd and thus preclude their observa-
curve yields a 40%-full second layer a=40°C and a tion on top of the background scattering from the bulk and
single layer without a second layer foe=44 °C. The rough- the surface film. However, as we pointed out above we have
ness in both cases increased fren8.5 A for the double no evidence for such 3D structures either at the trough pe-
layer atT=37-40°C to abou5 A for the single layer at rimeter or on the surface. Clearly, this issue requires further
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FIG. 4. The projection of the phase diagram of docosd@®9) onto the [, 5. Measured isotherms of C21 at the indicated temperatures in degree.
(T, ) plane. The bold line marks the film collapse boundary, separating the

2D film phasegTL, DL, and SD below it from the 3D bulk phases above it.

Points indicate measured values. The dashed lines mark the film's phase )
boundaries, and are guides to the eye only. around ;=45 mN/m andm,=52 mN/m. For even higher

temperatures af=35.9 °C we observe the formation of one
o ) plateau only indicating that only the SL phase occurs at this
study before a definite conclusion can be made. temperature.

Finally, the GID measurements, carried out at each tem- 1o hase diagram derived from the isotherms is shown
perature, do not reveal any diffraction peaks, indicating that, rig 6. It is qualitatively similar to that of C22 in Fig. 4.
the Langmuir films are disordered in-plane at alffor all However, unlike the phase diagram of C22, where the

phases. This is in agreement with the GID measurements fqfonqaries of the phases are horizontal, i.e., independent of
the alkanes studied previously at room temperature, all of

i ) ) ] % emperature, here they have finite slopes, i.e., decrease
which show in-plane disordered lying-down phases. roughly linearly with increasing’. TheT range of existence

of the double layer is roughly the same for the two alkanes.
The main differences are a downward shift in the phase tran-
The XR and isotherm data discussed above yield theition temperatures for the lowar of 4—5°C in theT
phase diagram of C22 on mercury in tig €) plane, shown boundaries of the TL and DL phases. This is reminiscent of
in Fig. 4. then dependence of the phase behavior of Langmuir films of
Below m~47 mN/m a single layer is formed at all tem- fatty acids on water, where all molecular lengths show the
peratures. Raising the pressure produces a double layer feame universalT,7) phase diagram topology, once shifted
temperatures below abot~39°C. We find the double up by~5 °C per each additional GHyroup®*®
layer for 7 between 48 and 57 mN/m. Far<34°C andw We have also measured temperature-dependent iso-
>57 mN/m a triple layer is formed. The range of exis- therms for C19 and C20. Both sets show the same qualitative
tence of the singld0—47 mN/m, double (47-57 mN/m,  phase beahviour as that in Figs. 4 and 6 but with additional
and triple(57—60 mN/m layers seems to be almost indepen-
dent of T. Before drawing further conclusions from the
present phase diagram, we would like to include in our con- gL
siderations results obtained for other molecular lengths in the
vicinity of docosane. These results are presented in the fol-
lowing section.

3. Phase diagram

56 |

B. Molecular length dependence

E

We now summarize results obtained for C19, C20, and2 s, |
C21 in the vicinity of C22. M

Isotherms of C21 for several temperatures are shown in
Fig. 5 with the inset showing a magnified view of the high 4|
coverage-high pressure region. As for C22, at low tempera-
tures, 22.&T=<30.4°C, we observe three distinct plateaus
in the isotherm, indicating the formation of SL, DL, and TL

phases. Similar, again, to C22, at the highrange around “

T=230°C, the second plateau has a relatively large slope anc d

the third step almost disappears. In the 31.8°C isotherm we Teo

observe the formation of two plateaus only, at pressures of FIG. 6. Same as Fig. 4 but for eicosai@21).
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TABLE II. Transition temperatures for the indicated molecular lengths  |ike, shape of the molecule. The distortions render a close

Bulk: rotator-crystal,Tg.x, and rotator-liquid, T, . Langmuir film: SL- packing of these molecules increasingly more difficult with

DL, T,., and DL-TL, T,_3. . . . . .
12 23 increasingT, causing the bulk solid to melt and the layers in

n Trx Tel Tio Ty the Langmuir film to collapse at some temperature.

°C The only difference between the film and the bulk is the
19 220 321 2a) 191) source pf the.order-inducing intgracti.on, i.e., the source of
20 30.7 36.2 3®) 28(2) the barrier which the molecular distortions have to overcome
21 31.2 40.1 385 31(1.5 in order to cause the transition. In the bulk it is the chain-
22 39.0 43.7 3a) 34(1) chain van der Waals attraction. In the film, it is mostly the

adsorption energy onto the surface. The transition tempera-
ture is determined by a competition between these order-
. . inducing interactions and the disorder-inducing effect, the
downward shifts in the transition temperatures. The trans'formation of gauche defects in the chains. While the chain-
tion temperatures among the various phases are listed it} i attraction energy per GH group, ~1kJ/

Table II._ Eig. 7 sho_vvs the transition temperatures for the(mole of CH) (Ref. 15 is smaller than the adsorption en-
Langmuir films and in the bulk for all alkanes addressed 'nergy, ~5 kJ/(mole of CH),2 the difference is offset by the

this study. » . fact that in the bulk each molecule has six nearest neighbors,
The bulk transition temperaturesolid lineg show the and hence a total interaction energy of 6

We||-|'(r']OWH linear behavior for the rotator-liquid melting % 1 kJ/(mole of CH), the adsorption energy per Gidroup

transition, and the_ odd-_even effect for the rota_tqr-crystaks counted only once for each lying-down molecule. It is
transition®® For all investigated alkanes the transition tem- refore reasonable to expect a slightly higher transition
peratures in the filmT,_, (SquaresandT, . (triangles, are temperature in the bulk, due to a slightly higher energy bar-

r_oughly S _and 10°C, respectively,_ '°_W9f than the rOtator'rier, than in the film, as indeed found. Admittedly, this is only
liquid melting temperaturesl. . Within the experimental a zeroth-order approximation, and a more quantitative dis-

uncertainties, these temperatures seem also to be lin@ar in . «<ion will have to take into account smaller, though non-

and no odd-even effect can be claimed to occur. A linear fit ishegligible contributions from, e.g., the 12 next-nearest

shown in dashed lines in Fig. 7. As can be observednthe neighbors in the bulk, thétwo, for SL or three, for DL

slope.s of both the melting temperfa\tgres O_f the me*L,' _ nearest neighbors in a Hg-adsorbed layer, etc. Moreover, the
and film, T,., andT;.3, are equal within their uncertainties: balance between the disordering and ordering effects, and
dTg. /dn=(4.1x0.1) °C and dTi20-8/dN=(4.7  popce the transition temperature, should depend not on the

*1.2)°C, resp_ectively, a value clo_se to the shift per _Carbor}:lbsolute number of gauche defects but rather on fhadr
of the phase diagrams of Langmuir films of fatty acids ONtion of the total number of Chigroups, i.e., the molecular

3,6 . . .
y(\j/ater, Iasl dISCUSS((jEd labove. A.pllau3|ble eprananofn ;‘]or tt)hlength. For a longer molecule, a larger number of gauche
dentical slopes and close transition temperatures of the bu efects, and hence a high€&y is required to reach the same

and film transitions may be obtained by assuming that th?raction which induces a transition at a lowErin a shorter

melting of the bulk and the collapse of the molecular Iayerschain. This implies a positiva slope for the transition tem-

of the surface film are due to a common effect: the pro"fera'peratures, and, since both surface and bulk transitions are

ftion of gauche conformatiqns in the_ molecular chains V_Vithdominated by the rate at which gauche defects are formed as
increasing temperature. This effect distorts the regular, €98 s increased, also an equalslope for the transition tem-

peratures. Both of these expectations are indeed fulfilled by
the data plotted in Fig. 7, within the admittedly small number

® of points and the experimental uncertainties of our data.
Clearly, an extension of the range of the set shown in Fig.
0 7, and perhaps also an increase in its accuracy, would be of
great interest in elucidating the relations between the bulk
phase behavior and that of the lying-down phases of Lang-
Br muir films of alkanes on mercury.
e
3l
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