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The melting temperature, T, of fatty acid monolayers on
the water surface was evaluated from the relationships between
the subphase temperature dependence of static viscoelastitities
and the aggregation structure of those monolayers. T,s of
myristic, palmitic, and stearic acids in a monolayer state are
ca. 278 K, 301 K, and 317 K, respectively. These values are 26-
50 K lower than those in respective three-dimensional crystalline
states. With an increase of subphase temperature, the
aggregation state of those monolayers on the water surface varied
from an oriented crystalline state, an unoriented crystalline

one, an amorphous one and finally, a dissoluble unstable state.

It has been generally accepted that phase transitions of gas, liquid, 1liquid
condensed, and solid phases occur upon compressing fatty acid molecules on the
water surface. However, it was recently proposed that two-dimensional domains

1 right after spreading a solution of

were grown at the surface pressure of 0 mN-m~
fatty acid on the water surface.122) The aggregation state of monolayer strongly
depends on the value of spreading temperature, Tsp’ in relative to the melting

temperature, T of the monolayer on the water surface. In this study, the

m?
temperature dependence of static viscoelastic properties of monolayers was
investigated in conjunction with morphological observation and electron
diffraction study of monolayers. The crystalline relaxation behavior and the
melting behavior of monolayers on the water surface were also investigated.

Benzene solutions of myristic (Cy,), palmitic (Cyg) and stearic (Cyg) acids
were prepared at the concentrations of 3.7x10'3, 2.8X10"3, and 2.2x10'3 mol'l'l,
respectively. Surface pressure-area (I-A) isotherms were measured at various
TSp with a Micro Proseccer Film Balance System (Sanesu Keisoku Co.Ltd.). The
static elasticity, Kg of monolayer on the water surface was evaluated from the I-A
isotherm by using the following equation.

Kg = -A(dn/dA)

Figure 1 shows the T-A (solid line) and the logKg-A (broken line) 1isotherms for
the stearic acid monolayer at TSp of 293 K. The regions of a-b, b-c, c-d in the
logKg-A isotherm correspond to the phases which are generally called a liquid
expanded, a 1liquid condensed, and a solid phase, respectively. The maximum of

logKg, logKg(nax) was observed around the collapsing point (d), where molecules
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in the monolayer were packed most closely,

ic Aci 30 -
although  locally collapsed domains 70 da Stearic Acid293 K €
1) ) 601 1.70-A isotherm -
overlapped the monclayer. In this 2. 1ogKs-Aisotherm %
paper, the temperature dependence  of Ez,550' 120 =
logKg (pax) was adopted to determine T, of E"O' ‘\ <
S 30F o
the monolayer as  well as the F<30 1 \2 {108
characteristic viscoelastic behaviors of 20r *1 \r*
the monolayer. The monolayer was 101 \ a
AN 1 1
transferred onto collodion-covered copper OO 0'1 0'2 0.3 0.4 0
grids at wvarious Tsp by a vertical Alnmzomolecule-'
dipping method with the speed of

Fig. 1. I-A and logKg-A isotherms
40 mm-min~1 at the surface pressures . .
’ of stearic acid monolayer.
where each monolayer was morphologically

homogeneous.l)

Bright field electron micrographs and electron diffraction (ED)
patterns were taken with a Hitachi H-500 electron microscope. Pt-carbon was
vapor-deposited onto the monolayer samples with the shadowing angle of 25° for

the bright field electron microscopic observation.

Figure 2 shows the TSP dependence of logKg(pa.x) £for the stearic acid
monolayer on the water surface and the ED patterns of the monolayer transferred
at the surface pressure of 20 mN.m~ 1. The slope of the logKg(pax) Vs- Tsp curve
fairly changed at ca. 298 K. In a TSp region lower than 298 K, the ED pattern

was a very sharp hexagonal spot, which indicated a regularly packed crystalline

state. On the other hand, at a higher T region, the electron diffraction spot

sp

tended to be arc along an azimuthal direction with an increase of Ty resulting

p’
in the Debye ring. This indicates that molecular and/or crystalline orientations

become broader or less regular with an increase of TSp above ca. 298 K. The value
of logKg(pax) decreased abruptly at ca. 317 K and the ED pattern at 318 K showed
an amorphous halo. This indicates that T, of stearic acid monolayer on the water

surface is ca. 317 K.

Figure 3 shows the TSp dependence of (1010) spacing evaluated from ED
Stearic Acid (Ci8) Tloip=20 mN-m’”
30F Tac(298 K}
Ic o o |
e 00 OO0 Ol o Tm
Fig. 2. Tgp dependence of = ! O(DO<D (317 K)
logKg(max) and ED §25" E ©o o}
patterns of stearic g ; 0 5
acid monolayers E
transferred at a QZOFE
surface pressure of E?
20 mN-m~1. -
151 »
v N

1 1 1 1
280 290 300 310
Tsp/ K



Chemistry Letters, 1989 1049

patterns for stearic acid
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monolayers of which crystal
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hexagonal. The (1010) spacing %

vs.

o
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TSp curve exhibited a

distinct break at ca. 298 K; the
thermal expansion coefficient of

d1070 /nm

T
—0—
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crystal lattice became greater
. 0.420

above this temperature. In

general, the thermal expansion of

the lattice spacing starts to

deviate from an approximate 0.415} Ew

linear relationship with 4530 260 360 3{0 320
measuring temperature when abrupt Tsp/K

h f hysical
changes o physica or Fig. 3. Tsp dependence of (1010) spacing of

viscoelastic properties 1in the . .
stearic acid monolayers transferred

crystalline region cause an
at a surface pressure of 20 mN-m~1.

3)

increase in contribution from the

anharmonic term for the intermolecular potential energy. Therefore, Figs.2

and 3 indicate that the thermal molecular motion in the stearic acid crystalline
region must be in close relation to the wviscoelastic crystalline relaxation
process; this will be accompanied by the remarkable break of the thermal
expansion of the (1010) spacing.

Figure 4 shows the T dependence of logKg(pax) with the electron micrographs

and ED patterns for thesﬁyristic acid monolayer transferred at 15-mN m~l. The
value of logKg (max) decreased abruptly at ca. 278 and 294 K. The ED patterns at
274 K and 288 K showed a crystalline ring and an amorphous halo, respectively.
Therefore, T, of myristic acid monolayer at the air-water interface is ca. 278 K.
The ED pattern and the bright field electron micrograph of the monolayer at 303 K
showed an amorphous halo and a extremely uniform structure, respectively. In a

T region higher than 294 K, the limiting area of the 1-A isotherm became smaller
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with an increase of Tsp or a ///o/;:uf’/
standing time on the water o—2 T
. 3501 s o T

surface after spreading a o s
solution. This  indicates a X ///0/// e ///,///°
decrease in the number of E ///o - .///'

. . . t [\ 107 /
myristic acid molecules on the € //// ///o

. o ®

water surface, probably owing to t 300k o ./// 3
their dissolution into the water £ ///////
phase. Also, 1in the <case of § O///’
palmitic acid monolayer, the i . 1.0 Fatty Acid(monolayer)
crystalline relaxation /// 2.0 Fatty Acid(bulk)

< ¢ 3. e n—-Paraffin(Broadhurst eq.)
temperature, Toe (291 K), 250 -en-Fara a st eq.
Th (301 K) and Tdis (308 K) were 12 14 16 18 20 22 24 26 28 30
evaluated on the basis of Number ot Carbon
logKg (max)~Tsp behavior. Fig. 5. Variation of Ty with alkyl chain

Figure 5 shows the length for (1) fatty acids in a

variations of Th with alkyl chain monolayer state; (2) fatty acids
length for fatty acids in a in a three-dimensional crystalline
monolayer state, and a three- state; and (3) n-paraffine in a
dimensional crystalline one based three-dimensional crystalline state.

on the DSC measurement together

with those of n-paraffin in a three-dimensional crystalline one. T, of n-paraffin
was evaluated from the Broadhurst®s equation.A) T,s of myristic, palmitic, and
stearic acids in a monolayer state were ca. 278 K, 301 K, and 317 K, respectively.
It is difficult to evaluate the accurate T, of fatty acids with alkyl chain longer
than Cyg 1in a monolayer state due to equipmental limitation on increasing Tsp'
TS of fatty acids in a monolayer state are much lower than those in a three-
dimensional crystalline one as shown in Fig.5. However, the difference between
T,s 1in these two states decreased with an increase of alkyl chain length; this
indicates the formation of more stable monolayer due to an increase of
intermolecular aggregation force with increasing alkyl chain length.

In conclusion, the TSp dependence of logKg(pax) Was strongly related to the
phase transitions of monolayer or thermal motion of amphiphilic molecules. Tac
and T, of monolayer can be evaluated from the temperature dependence of 1@-A
isotherm and morphological or structural informations at different Tsp' It became
clear that T of a monolayer at air-water interface was much lower than that in a
three-dimensional crystalline state.
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