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The phase diagrams of Langmuir monolayers of heptadecanqig, (@onadecanoic (f), and
heneicosanoic (&) acids have been determined from pressure-area isotherms, and from direct
observations of the monolayers using Brewster angle microscopy. In this paper, we describe the
observed domains, textures and phase boundaries for all mesophases presented by these fatty acids
between 2° and 45 °C. The phase diagrams of the three fatty acids can be superposed moving the
temperature scale according to the number of carbons in the tail of the fatty acids, /lbe phase
transition, which is not detected through isotherms, was observed in all the fatty acids under study.
At low temperaturesCS,L,, andL; phases of  were observed, as well as, the transitions among
them. Also, we observed in,gCa new phase located among the phasg:t;, and L2 This phase

was found recently, in the relative same place, in the fatty @gjdwith a tilting azimuth between

the nearest-neighbor and the next nearest-neighbor directions. In the crystalline phases of the
monolayer of G, L; andCS, we observed localized oscillations. These localized oscillations can

be observed by long periods of time. The number of localized oscillations in the monolayer can be
modified by long periods of relaxation or by heat treatment. Our results seem to indicate that these
localized oscillations are areas with high density of defects, expelling material out of the monolayer.
Therefore, they could be important in the events previous to the collapsel999 American
Institute of Physicg.S0021-960809)71714-9

I. INTRODUCTION tional order;(b) bond or lattice orientational ordef¢) tilt
order, which is the order of the molecular tilt azimuth with
Phase diagrams of Langmuir monolayers of fatty acidgespect to the local orientational ordéd) herringbone order
on the surface of water have been studied intensively fobr broken axial symmetry, which is the staggered ordering of
decades. Nevertheless, significative advances have been ahe planes of all-trans hydrocarbon chains. For these order
tained only in the last years due to new experimental techparameters a distinction has been made between quasi-long-
niques. X-ray diffraction(XRD), using intense and highly range order, in which the order decays accordingly to a
collimated x-rays available from synchrotron, gives the mospower law, and short-range order where the order falls off
explicit information about the monolayer organizatioNev- exponentially with distance.
ertheless, this kind of experiment is time consuming and ex-  Among the experimental techniques mentioned above,
pensive to obtain an entire phase diagram. Other powerfBrewster angle microscop§ probably is the best suited to
techniques have been developed to study monolayer organie used in direct observations during compression of mono-
zation, such as, polarized fluorescence microsd®M)°  Jayers, in a Langmuir trough. This is a technique based on
and Brewster angle microscop§f.These techniques comple- the study of the reflected light coming from an interface il-
ment the information given by XRD experiments, since theyluminated at the Brewster angle, by a laser beam polarized in
survey larger scalesX1 um) providing information about the plane of incidencép). When the angle of incidence of
homogeneity, textures, structure, and dynamics of monolaye |aser beam is the Brewster angle, there is no light re-
ers. These optical techniques are quite sensible for observifigcted, from a clean and perfect interface, i.e., the refractive
very fine details in phase transformations such as moleculgpgex changes abruptly form one medium to another. For a
tilting. All these new experimental techniques have revealeqgg| interface which has a transition region where the refrac-
that singularities in the surface pressure-area isotherms, ofjye index changes smoothly form one value to another, the
served since the time of Stenhagend Lundquist;” are due  refiected intensity at the Brewster angle is a minimum, but it
to phase changes. Each phase has a different molecular ¢fges not vanish completely. The reflected intensity depends
ganization. Bibo, Knobler, and PeterSonave shown that  strongly on the interfacial characteristics, such as, molecular
molecular organization of condensed phases in fatty acidlensity and molecular anisotropy. These properties are par-
monolayers can be seen as a direct analog of some specifig,|arly modified when a monolayer is located at the inter-

smectic phases. Thus, each phase can be (lj]?é”bed in termyQfe Thus, a monolayer on an interface is able to produce
four order parameters. These parameters-are(a) posi-  reflection of light. In tilted phases, the anisotropy is suffi-

ciently strong to have enough light reflection to make quite
aE|ectronic mail: rolandoc@fenix.ifisicacu.unam.mx visible the mosaic of textures due to tilted domains. In un-
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tiited phases with rectangular lattice symmetry, textures aréransitions:® for Lo/Lo/ LY transitions?’ and many more pre-
also visible, but with much less contrast. This is probablysented with detail by Rivie et al*®
due to the anisotropy of the unit celherringbone align- Tilt to an intermediate direction breaks the chiral sym-
meny. Phase transitions are visible either as a dramatienetry of a monolayer. The breaking of inversion symmetry
change in the degree of contrast or as a sudden alteration 8flows nonchiral molecules to arrange in chiral structures.
the mosaic of textures and domain borders. Many of thé’hases in which molecular tilt is intermediate between NN
textures and domain morphologies found in monolayers usand NNN directions have been observed. Durbiral,**
ing the Brewster angle microscoBAM), have been ex- have found a intermediate pha¢ for a monolayer of
plained using model calculations of monolayers with tilted€icosanoic acid () using surface pressure-area isotherms
molecule<10.26 and x-ray diffraction. These authors also found that the tran-
The work of many different groups has contributed tosif[ion from | phase tq an Nll\l-tilt.ed §tructure is first order,
obtain a general picture of the phase diagram of fatty acidVIth @ ~60° change in the tilt direction, whereas, the tran-
monolayers, as well as, the structure of their phases usinﬁt'on to an NNN-tilted structure is apparently continuous.

XRD, PFM, and Brewster angle microscopy. This picture In this paper, we wil present_a detailed study to obtqin
can be reviewed as follows: At very low surface densitiesa" the boundaries in the phase diagrams of three fatty acids:

) 'Heneicosanoic (&), nonadecanoic ({), heptadecanoic
when the average area per molecaejs much larger than ; A ;
. . .. (Cyq7), in the temperature range of 2—45°C. A partial phase

the cross section area of an isolated molecule, an amphiphili . 29
monolayer behaves as a two dimensional Her m Jagram of G, has been presented by Fisctatral Also

ay > gas. Here, @ Moy, o Teeret al28 have presented a whole phase diagram,
epule ina mgnolayer IS ,St'” frge to ShOW_ all the conforma—which has been obtained by shifting the temperature axis
tional entropic contribution without any interference from (6 °C per methylene grolirom other phase diagrams pre-
neighbors. A first-order phase transition from the gas phas@iously reported® Our phase diagrams were determined us-
to a liquid-expandedLE) phase is observed upon compres-jng gyrface pressure-area isotherms and BAM observations.
sion of the monolayer. LE phase is isotropic and moleculegherefore, in this paper, we will show the mosaic of texture
are tilted. The gas-phase side of the transition is of the ordegs the phases as observed with the BAM, as well as, the
of a=300-1500 A/molec, whereas on the LE sideis of  phase transitions between those phases. Fatty acids with an
the order of the cross section area of an isolated chaigdd carbon tail have been less studied than the case of even
(30-40 R/moleg. A second phase transition to a liquid carbon tail acids. For the case of,Cwe present the change
condensedLC) state is observed upon further compressionof textures during the phase transformatioris;—Ouv,
of the monolayera is of the order of 22—25 Amolec. Here, Oy-LS, and L,—LS. As far as we know, they are not pre-
ais just barely larger than the cross sectional area of a fullwiously reported. The same phase changes are presented for
stretched (all-trang chain. Actually, condensed phase is C,q, although we included the,—L,, L,—LS, andL,—S
made up of a variety of mesophases, i.e., phases where th@nsitions. G, is the richest phase diagram, since in addition
translational order of the molecules is short ranged and thg, the mentioned phase transitions, we observed._the_),
orientational order of the bonds between the molecules ignq theL;—CStransformations at low temperatures. Also,
long range. At low surface pressures, there are severgle will report here a new intermediate phase fgg Gvhich
phases showing molecular tilt with distinct symmetty,  has been reported quite recently for the case gf.€ In
phase has a collective tilt towards a nearest neighboaddition, we will present an outstanding observation made
(NN).14.1620-22243Q | and Oy phases tilt to a next-nearest with the BAM in C,;, which has not been reported before, as
neighbor (NNN) molecule**1620-22243%The | , /Oy transi-  far as we know. We observed localized oscillations in the
tion is quite peculiar, since it was found through BAM ob- monolayer, in the crystalline phases and CS. Localized
servations only,’ since it cannot be detected with surface oscillations are related to energy and stress concentration in
pressure-area isotherms, due to the lack of an area/molecuteme relative large areas with high concentration of defects
change during the transitidfi.At high pressure, there are in the monolayer. They could be important in the events
two untilted phases, the super liquid phak&,1°-??®and  previous to the collapse.
the solid phaseS.1*1%20Zstrycture of mesophases can be
locally hexagonalLS) or distorted hexagonal, i.e., centered || ExXPERIMENT

rectangular I ,, L;, Ov, S). In addition to mesophases, 0 o .
crystalline phases have been found with a positional quasi- Cy7 (97%), Cpo (99%), and G, (99% were purchased

long-range order. They show positional correlations IargeFrom Aldrich (U.S.A), and they were used without any fur-

" ther purification. With the aid of an spreading solution, fatty
than 500 A. They ar€S andL, phases, both are centered acids were spread onto a subphase of ultrapure water

rectangular with herringbone ordd:r; is at two-dimensional (Nanopure-UV at pH=2. The spreading solution was made

crystal with a NN-tilt* and CS is untilted™***"**At very  yjth chioroform (Aldrich U.S.A., HPLO. HCI (Merck,
high pressures, all phases collapse in multilayers. The detai'\ﬂexico) was used to modify pH.

of the multilayering process are quite unknown. Textures of Al monolayers were prepared on a computerized Nima
condensed phases and the precise coexistence lines betweehgmuir—Blodgett trougTKB 2410A, Nima Technology

phases have been obtained mainly using PFM and Brewstgtd., England using a Wilhelmy plate to measure the surface
angle microscopy. This is the case 1’0§/Lé and L;/CS pressurdl= y,— v, i.e., the surface tension difference of the
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FIG. 1. Surface pressure-temperature phase diagram ferfaity acid

monolayer. The phase changes were obtained fronileua isotherms W)
and BAM observationsX).
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FIG. 2. Surface pressure-temperature phase diagram ferfaity acid
monolayer. The phase changes were obtained frontloua isotherms W)
and BAM observationsX).

clean subphase and that of the amphiphile covered subphase. ) ) )
The trough is isolated from vibrations using a pneumatic?on tail acids mentioned in the Introduction. The; &ono-
tube incorporated into a steel base. The barriers are made &er (Fig. 1) presents three phases in the worked tempera-

polytetrafluoroethylenéPTFE fitted with stiffening bars de-

fining a working circular area starting at 1000 Tri\ll ex-

ture range:L,, LS, and the relative newDv phase. For
surface pressures above 35—45 mN/m the monolayer is col-

periments were carried out in a dust-free environment. ThéaPsed. The g monolayer(Fig. 2) presents five phases in

speed of compression was in the range of 1-26nblec.min.

the worked temperature rangeg, L,, Ov, S, andLS. The

The BAM observations were performed using a BAM1 monolayer collapses for surface pressures above 45 mN/m,

(Nanofilm Technologie GmbH, Germanyith a spatial

at low temperatures. The collapse occurs at pressures of the

resolution of~4 um. The BAM analyzer gave the best con- order of 70 mN/m for temperatures in the range of

trast while kept at~0 ° or ~180°.

10—25<C. At higher temperature, the collapse pressure falls

The Nima LB trough and the BAM were placed on a down as temperature is increased. As expected, the C
concrete table cemented to the ground floor of our buildingmonolayer(Fig. 3 presents the richest phase diagram, be-
Temperature in the trough was kept constant with the aid ogause high-density phases can be observed. The phases pre-

a water circulator batliCole-Parmer 1268-24, U.S)A.

I1l. RESULTS AND DISCUSSION
A. General features

Figures 1-3 show the different phases found fqr,C

sented in Fig. 3 ard:,, L,, L,, Ov, CS, S, andLS. Here,

we also included thél —a isotherm data of Liret al1* In

this phase diagram, we also show a phasewvhere the
boundary withL, was obtained with isotherms and the
boundary with thel, was determined with BAM observa-
tions. In the same relative place of the phase diagram, re-

Cie, and Gy, in the range of temperatures worked in this cently, Durbinet al*® have reported a similar phase 05y
study (2—45 °Q. The coexistence lines were obtained from fatty acid using XRD. The molecular tilt of this new phase is
the temperatures and the pressures, where phase changesrigrmediate between NN and NNN directions. They named

occur. The phase changes were determined fromlbuma

this phase as phase, so we did the same foy,C The G;

isotherms and from BAM observations. The three phase dianonolayer presents the collapse wHdnreaches values of
grams are displaced in some regular fashion. They follow théhe order of 60 mN/m.

known rule that the addition of one GHyroup to the tail of

In BAM images, all tilted phasek,, Ov, L, , andL,

a fatty acid, displaces the phase boundaries to higher tenshow the same general pattern: A mosaic of irregularly

peratures by a value in the range of 5-8 °C.

shaped domains. The contrast between domains comes from

We identified the phases for the three fatty acids studiedhe different tilting of the all-trans hydrocarbon tails. This
here, with the aid of the information given for the even car-contrast is relatively strong in tilted phases. Each shade of
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70 T T T y T y T 1. Transitions between an anisotropic and an

65 ] isotropic phase (L,~LS, L,—LS, Ov-LS, and
] S-LS)

60 -

1 L,—-LS andOv-LS transitions are visible as a lost of
55 contrast when they are observed with the BAM, due to the
50 lack of tilting in the hexatid.S phase. This lost of contrast
25 ] corresponds to a big kink in the isotherm. These transitions

] are reversible and the mosaic pattern of the tilted phases are
40 recovered on decompressing the monolayer, despite the do-
35 main boundaries in theS phase have disappeared. The lost

m A of contrast is gradual, but rapid in both transitions. This is
30'_ consistent with a continuous decrease in the anisotropy of the
25 monolayer. Figure 4 shows a compression—expansion cycle
2. along the transitioDv—-LS, for C;;. The defects shown in

Joag of o ] Fig. 4 for this monolayer do not change during the transition.
15 "= Thus, in the field of view confined by those defects, we can
0] ] easily see domains of tév phase with different shades of

; gray, at a pressure slightly below the transition pressure.

5‘_ ] These domains disappear when the transit@n—LS is
Qf =y =tan = g mn@e " nm == 5 Sau e reached and they reappear when the pressure drops again.
10 20 30 40 In C,70r C,y, itis not so easy to see domains growing in

theL, —LS phase transition, as in the case qfCIn Cyq, it
is easy to see the how domains of the new phasg®K Ov)
FIG. 3. Surface pressure-temperature phase diagram forfaty acid ~ 9"OW when the monolayer is relaxing from above the coex-
monolayer. The phase changes were obtained fronfiloua isotherms @) istence line. i.e., when pressure drops and the monolayer
and BAM observations X). Here, we included thél —a isotherms data reaches the coexistence line slowly. Figure 5 shows the lost
from Lin et al™ (A). of domains formi_, phase when the pressure is increased and
the L, —LS transition is reached.

We classifyL, —LS and Ov—LS transitions as first or-

Temperature ( °c )

gray corresponds to a different azimuthal tilt direction. At . ) :
low pressure, irL,, the contrast is quite large and the mo- der. Because, when the monolayer is relaxing from slightly

saic pattern is outstanding. As temperature is lowered thgbove the transition line, it is possible to see domains of the

contrast decreases. Also, at low temperatures, the number gFEw tited phases growing steadily. Also, there is hysteresis

mountain-shaped structures and Newton rings increaséd’ the pressure of the ph:';lse change. o )
In Cy; and Gy, the L,—LS phase transition is seen in

These structures are multilayers defects, since it is not pos- . >C
sible to focus them, and they do not change rotating théh€ BAM as a sudden loss of contrast. This transition also

polarizer. The number and occurrence of these mountairfOrresponds to a big kink in the isotherm. The images are
shaped structures or Newton rings depend on how the mon@ité Similar to the case df, LS or Ov-LS, therefore, a
layer is compressed. We will come back to this issue in morspecific observation Of,thIS transition is not presented. It is
detail below. The untilted phasé&sand CS also present a usual to observe in the,—LS phase transition, the shorten-
mosaic of textures, but with a very low contrast betweening of theL, domains during the compression. Nevertheless,
their domains. Here, each shade of gray corresponds to the growing of domains is more clearly seen when the mono-
different lattice orientation of the all-trans alkane chainslayer is relaxing from thé.S phase. We classify this transi-
(herringbone orderL Sis a phase where the contrast is com-tion as first-order transition.

pletely lost in BAM images. This is consistent with the un-

tited hexagonal lattice symmetry of this phase. Here, the

molecules could be rotating freefyotator structurg!®2° 2. Transitions between a highly anisotropic tilted
phase and a weakly anisotropic untilted

B. Phase transitions phase (L,—CS, L,—CS, and L ,—S)

We have followed here, the method for grouping mono- In these phase transitions, the decrease in the level of
layer phase transitions used by Riget al® Therefore, our contrast among domains is a common feature. However, the
phase transition observations were grouped into four categd¥€ak anisotropy irs and CS phases is visible to the BAM
ries described below. Some phase transitions will be illusyet. In G, theL ,—CStransition can be seen in the BAM as
trated with BAM images. In all the images, we have a fewa rapid growing of irregular domains many of them elon-
multilayer defects in the field of viewlike Newton rings or ~ gated and some with a needle shégee Figs. @) and @b)].
mountain-shaped structudesvhich do not disappear during Isotherms show this transition with a big kink. Relaxing the
the phase transition under discussion. These defects help o¥nolayer from theCS phase allows us to see how the
to assure that we are making observations in the same areafgedle-shaped structures start to grow up to irregular do-
the monolayer, before and after the phase transition. mains, when the border of th%' is reached. These needle-
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FIG. 5. Phases observed with the BAM in a compression starting slightly
below theL, —LS phase transition {=15.2 °C andll=29.9 mN/m. L,
phase, upper pandlS phase, lower panel.

phases. This boundary is shown in Fig. 2 @&y (~8.6°0
and in Fig. 3 forC,; (~19.50°Q.

3. Transitions between two anisotropic phases with
approximately the same degree of anisotropy

(Ly—Ly, Ly—Ly, Ly—L,, L,—Ov, and S—CS)

Transition fromL, to Ov is very clear using the BAM,
whereas, it cannot be noticed with isotherms. In spite of the
FIG._4. Phases observed with the BAM in g_compression-expansion cycl?(;:i‘ggre] fé%??ng':lh'\é ttcr)alr:lgtit(;l:rlgéa:ul’r];na.e(:r(]::tl(a).pee:/r:]noltg(?ullgt;ooes
starting below the Ov—-LS phase transition T=16.0°C and II ! ) . o
=27.1-27.3 mN/m Ou phase, upper paneLS phase, medium paneQu not change. Figure 7 presents an example of this transition
phase, lower panel. for a monolayer of ¢;, which is compressed and decom-

pressed on several occasions, around the transition line. The
, change of domain shapes is evident in these pictures. Most of

shaped structures also appear in the transitignCS [see  the times, in this kind of compression—decompression
Fig. 6(c)]. We classified both transitions as first order. cycles, domains reform almost to the same shapes, suggest-

The L,—S transition can be seen as a big kink in theing some kind of memory. Figuredd and 7c) show this
isotherm and as a change in level of contrast in the BAMfeature. Also there, we can observe how the monolayer
This change is not as rapid as in the—L S transition. Nev-  evolves from domains with boundaries with many sharp
ertheless, contrast is not lost completely as inltlecase. It  kinks (L,) to domains with boundaries with an irregular
is possible to see a mosaic pattern with a very low differenceshape Quv). In C;g, the contrast change is not so clear as in
in contrast among domains, as well as, how the contrast ithe case of ¢;, but we can see the same features. Jp,Ghe
advancing in the field of view along the transition. We clas-L, phase is more fluid than in the other fatty acids. Thus, it is
sify this transition as first order. BAM observations mademore difficult to observe the, —Ouv transition. In this case,
possible to estimate where the boundary betw8amdLS it is easy to mistake a phase transition with a rotation of the
phases is, due to the difference in contrast betwe®andS  whole monolayer in the field of view of the BAM. Domains
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(b)

(© ()
FIG. 6. Phases observed with the BAM close to the-CS andL,—CS FIG. 7. Phases observed with the BAM close to the-Ov phase transi-
phase transitiond., phase as seen just below the transition, upper panelfion atT=22.8 °C andll=19.4-19.7 mN/m(a) L, phase slightly below
and CS phase just above the transition, medium parfe ¢.9 °C andIl the phase transitionh) WhenL, phase is compressed, t@ phase ap-
=18.6 mN/m. In the lower panel, we show, phase just starting the pears;(c) Decompressing the monolayér, phase is recovered with almost
transformation taC S phase T=2.2 °C andll=19.0 mN/m. Here, there is  the same domains.

a light-gray needle-shaped structure, which suddenly appeared in the lower
left part of the field of view, in the gray area.

of domain shapes. The contrast between domains is low but
can be seen disappearing steadily from one phiagetp the  clearly visible, as well as the phase transition. These features
other (Ov), decompressing the monolayer. All our observa-can be seen in Fig. 8. The low level of contrast is due to the
tions are consistent with a first-order transition, in agreemengame degree of anisotropy in both phases. We can see how
with the observations of Rivie et al.In C,;, one part of the  rapid domains grow, decompressing the monolayer. We clas-
L, —Ov boundary must be almost vertical since, it was im-sify the transition as first order, however, the lack of contrast
possible for us to catch more experimental points for thispetween domains does not allow to see the growing of do-
phase transition close to 37 °C. See Fig. 3. mains as clearly as in other cases previously mentioned.
The transition from_, —L, was observed with the BAM Compressing thé, phase of G, fatty acid, at low tem-
in C;g and G;. This transition is characterized by a changeperature, allowed us to reach the outstanding phase transition
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(b)

(b)

(c)

FIG. 9. Front passing along the field of view of the BAM in thg—L;
phase transition af=2.2 °C andll=5.3 mN/m.(a) L, phase before the
transition; (b) the front, changing to the new; phase, is visible as bright
irregular domains coming from above) the front has reached the bottom
of the field of view.

(@)

FIG. 8. Phases observed with the BAM close toIIJge—L; phase transition.
CgatT=6.4°C andlI=23.1 mN/m:(a) L, phase andb) L'2. CyhatT
=21.0°C andll=26.5 mN/m:(c) L, phase andd) L,. In both cases, we speed in the range of 150—5&0n/s. In some cases, previ-
can see the same place in the monolgyer, if we use the Q(?fects as a guidedpis to the pass of the front, a deformation of the domain
the eye. Defects do not changed during the phase transition. pattern is observed. In other cases, it is possible to catch how
the change of phase grows up from some regions, like a
growing tree, propagating the change of phase front to rest of
L,—L,. Isotherms show this transition as a small kink.the field of view. Decompressing the monolayer, the domain
Here, suddenly, an irregular change of phase front passgmttern ofL; changes in a way which recalls a melting pro-
along the field of view of the BAM. This front modifies the cess. We classified this transition as a first-order transition.
mosaic of domains. An observation of these events is pre- In the S—-CS phase transition, a mosaic of irregular do-
sented in Fig. 9. The front travels quite rapid, but at a finitemains with a very low level of contrast among them, changes
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FIG. 10. Severall —a isotherms of the & fatty acid (temperatures are
indicated in Centigrade scaleThey show the main phase transformations
for those temperatures, as well as the location of a new phalee area-
axis labels are for the 7.5 °C isotherm; other isotherms are shifted horizon-
tally proportionally to temperature for clarity.

(b)

to another mosaic of domains, also with a very low level ofFIG. 11. Phase transition betwedrL, phases aff=10.9°C andIl
contrast among domains. However, this transition is quite 19.2 mN/m: Defects do not change along_the transition, so th_ey can be
clear, and BAM images allow to see the needle-shaped ddi>¢9 25 @ guide to the eye to localize domain chariges.phase slightly
main characteristics of thES phase. Isotherms show this below the transition line, antb) L, phase slightly above the transition line.
transition with a small kink. In thé ,—L ,, we also observed
a similar change from a mosaic of irregular domains to an,0-8.5°C. That could correspond to theL, phase tran-
other mosaic of irregular domains. However, in this case thgition. Nevertheless, this is not clear from their isotherms.
change occurs more rapid, and the level of contrastiis ~ They did not make any comment about this feature. Our
lower than inL;. observations with the BAM did not allowed us to give a
clear-cut transformation line. This is rather a continuous
transition, where some light gray domains darken slowly be-
coming dark gray domains. This goes into the direction of a
) ) second-order phase transition. Our observations about the or-
As mentioned above, all our observations suggest thafe, of the phase transitions do not agree with the work of
there is a phaséin Cy, with an intermediate tilt between py,ipin et all® They classify them in the reverse way, i.e.,
NN anq NNN dlrect|0n§. One phase of th's. kind ‘i\gas Ob'L2—I as a first-order and—L; as a second-order phase tran-
served in the same relative place ig,Cby Durbinet al.**In sition.
the present work, the phase transitians-1 andl —Lé were
detected in several isotherms as small kinks. Nevertheles% Localized oscillations
they are not so clear to be a conclusive eviderlde- a :
isotherms showing these kinks are presented in Fig. 10. The |n crystalline phases of the,£monolayer, i.e.L, and
transition betweer —L, can be observed easily with the CS, itis possible to observe localized oscillations. These are
BAM. An example is shown in Fig. 11. There is no big localized holes surrounded by Newton rings, which are
change in contrast along the field of view during this transi-blinking, i.e., they appear and completely disappear suddenly
tion, although, there is a clear change in the mosaic of doin the same place of the monolayer. They can be observed
mains. In some cases, it is possible to observe how domairedong the monolayer at several parts of the field of view of
grow. BAM. In Fig. 12, we present an example of these localized
Our borderline for the, —| transition agrees with ex- oscillations in four different images, coming from the same
perimental points of Linet al!* In the isotherms of those area of observation in the monolayer. This images were ob-
authors, there are some small rounded kinks slightly abové&ined from our VCR tape observation records, where the
their C-D transition, in the temperature range of elapsed time from the first image to the last one is less than

4. Transitions between tilted phases (NN or NNN) to
some intermediate position
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of the blinking Newton ringgthe holes in the imagedas a
diameter size of the order of 23—3im. Localized oscilla-
tions can start at low temperatures2—-6 °Q, and at low
pressures compared with the collapse presstr&( mN/m).
However, as the pressure is increased, the number of oscil-
lations sites increases quite notoriously. The oscillations re-
main for a long time until pressure relaxes. In some cases,
these oscillations can be found at the boundary of domains.
We made several experiments to find the origin of those
oscillations. In some of the experiments, we used subphases
previously deaerated to exclude the possibility that bubbles
of air formed during the compression, and localized below
the monolayer, were the origin of the localized oscillations.
Deaeration apparently did not modify the number of local-
ized oscillations when compared with the same experiments,
but using nondeaerated subphases. We also prepared the
monolayer in different conditions to produce a qualitative
modification in the localized oscillation activity. Here, we
make a summary of our experimen{s) A fully expanded
monolayer was deposited in a cold subphase (2-) after
a waiting time of the order of 5 h, the compression process
started on. In this experiment, the number of localized oscil-
lations decreased notoriouslgh) A fully expanded mono-
layer was deposited on deaerated warm subphase (45.0°C
temperature of the subphase was lowered slowly for 2 h.
When 2.3°C was reached, the compression process started
on. Here, there was also a notorious reduction of the local-
ized oscillation;(c) A fully expanded monolayer was depos-
ited on a previously deaerated cold subph@st 3 °0), and
compressed after the volatile solvent of the spreading solu-
tion was evaporated. In this experiment, there were many
fixed defects(fixed newton rings as well as, too many lo-
calized oscillations along all the field of view of the BAM,;
(d) A monolayer was deposited on a cold subphag@ &b 3
°C), subsequently, the monolayer was compressed Up to
=25 mN/m (~24 A%/molec). The next step in this experi-
ment was to increase temperature slowly up 15.52Q),
but maintaining fixed thdl. In this experiment, initially,
there were too many oscillations, but as temperature was
increased the number of localized oscillations decreased, as
well as, the area of the monolayer, i.e., there was a loss of
molecules in the monolayer. In the same way, as temperature
increased, multilayer defects as bright grains and mountain
shaped structures increased in number. It is important to
mention, that in all experiments if the speed of compression
is increased, the same does the number of localized oscilla-
FIG. 12. Four images of a monolayes,Gn a period of time less than a  tIONS. These results about the behavior of localized oscilla-
second, each one showing different localized oscillations. They can be sedions in G4 monolayer suggest that localized oscillations are
as small holes V\_/ith newton rings _surrounding .them. In'real time in thebig areas with a high density of defecttislocations, discli-
BAM, they look like localized blinking Newton rings. Notice that we are .
looking at the same area of the field of view, as it can be assured by thQat'onS’ eto. Consequently’ stress and energy are concen-
persistent fixed defects. trated in those areas. The monolayer apparently relaxes ex-
pelling matter out of the monolayer. Localized oscillations
are quite interesting in themselves and they could explain
a second. Here, some localized oscillations are seen in one 86me events previous to the collapse. We are making
the images, but not in the others. We were unable to measuteangmuir—Blodgett films with monolayers where localized
a characteristic time of oscillation, because the period can goscillations are found, to study them with atomic force mi-
form a half of a second to many oscillation per second, deeroscopy. This study is underway and will be published
pending on the chosen localized oscillation. The central parshortly.
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