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A Monte Carlo simulation incorporated with the genetic algorithm is presented to describe the defect known as 
"transition from Y-to X-type deposition" of the cadmium arachidate Langmuir-Blodgett multilayer film. Simu
lation is performed based on the detachment models of XY-type deposition. The transition is simulated by in
troducing a probability of surface molecule detachment considering interaction between neighboring molecules. 
The genetic algorithm is incorporated into Monte Carlo simulation to get the optimum value of the probability 
factors. The distribution of layers having different thickness predicted by the simulation correlates well with 
the measured distribution of thickness using the small-angle X-ray reflectivity. The effect of chain length and 
subphase temperature on the detachment probability are investigated using the simulation. Simulation results 
show that an increase (or a decrease) of two hydrocarbon chain is roughly equivalent to the detachment pro
bability to a temperature decrease (or increase) of 15 K.

Introduction

Up to date, the Langmuir-Blodgett (LB) film technique 
has been applied to the fabrication of nanoscale molecular 
thin films with optically, electronically, or biologically use
ful functional properties. Since the ordered structure of LB 
films exhibits the optical and electrical characteristics in the 
molecular level, LB film technique has been applied to the 
molecular electronic devices.1-6 However, due to the defects 
during the deposition, it is difficult to obtain the desired 
films, which prevents the practical application of LB film 
technique. For long-chain fatty acids that have a long hy
drophobic hydrocarbon alkyl chain ("tail”)and hydrophilic 
carboxyl group ("head”)，LB film deposition is comparative

ly easy by their strong head-head and tail-tail interaction.
Long-chain fatty acids form a monolayer at the air-water 

interface when they are spread. This floating monolayer is 
transferred onto a substrate by passing the substrate during 
the upward or downward passage through the air-water in
terface. The transfer ratio is defined as the ratio of the film- 
coated area of the substrate to the consumed area of the 
floating monolayer. In the Y-type deposition, the transfer ra
tio is the same on both upstrokes and downstrokes. Y-type 
film has a centrosymmetric or bilayer structure because of 
tail-to-tail and head-to-head deposition. On the contrary, if 
the monolayer is transferred only on downstrokes, this type 
of film is called as X type. It could be expected that X-type 
film have a non-centrosymmetric structure owing to head-to- 
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tail deposition. Even for some long-chain fatty acid, it has 
been observed that transfer ratio on the upstrokes decreases 
as the film thickness increases, which indie간es the for
mation of defects. This phenomena have been known as 
XY-type deposition or a transition deposition from Y- to X- 
type deposition.7,8 Characteristic of the XY-type film is that 
the film has a centrosymmetric structure like the Y-type 
film according to X-ray diffraction analysis despite the par
tial X-type deposition.7 The mechanisms of the transition de
position from Y- to X- type have been investigated.7"10 
From a morphological point of view, the molecular overturn
ing model7 and molecular peeling model8 were proposed. It 
was proposed that molecules detach during upstrokes and 
then the detached molecules finally return to the film by the 
reattachment or via the floating monolayer. Monte Carlo de
position simulation based on the detachment model using 
the triangular molecular matrix have been performed and 
structure and number distribution of deposited layers are cal
culated using the reflectivity profile of soft X-rays.9 The de
tachment probability factors in that study are measured us
ing trial and error method. The authors have been previous
ly applied the small-angle X-rays with synchrotron radiation 
to measure the thickness and number distribution of layer of 
39 times deposited cadmium arachidate LB film for the in
vestigation of Y- to X- type transition.10 Small-angle X-rays 
are commo끼y and widely used rather than soft X-rays.

In this study, a Monte Carlo simulation incorporated with 
genetic algorithm is done to evaluate the detachment mech
anism and thickness distribution obtained by small-angle X- 
ray analysis. Hexagonal molecular matrix structure of CdA 
LB film is adopted based on the scanning tunneling micro
scopy image.11 The genetic algorithm is incorporated Monte 
Carlo simulation to get the optimum values of the detach
ment probability. Various factors including temperature and 
chain length which affect the detachment probability are 
simulated.

Experimental

Cadmium arachidate (CdA), cadmium beheniate (CdB) 
and cadmium stearate (CdS) were purchased from Sigma 
Chemical Co (St. Louis, USA). LB films of CdS, CdA, 
CdB were prepared using a rectangular Langmuir trough 
(Type 611, Nima Tech., UK). The deionized ultrapure wat
er (>18MQ/cm) with 4x 10 4 M CdCl2 and 5x 10~5 M 
KHCO3 was used as a subphase. The pH of the subphase 
was 6.5 and the temperature was kept at 20 °C. The mono- 
layer was transferred onto the silicon wafer substrate with 
bound two silicon wafers to expose only the polished side 
of the silicon wafer. The substrate was passed through the 
air-water interface 39 times. The drying time during each 
stroke was 1,000 sec. The surface pressure and dipping spe
ed were kept to be 15 mN/m and 0.7 mm/min, respectively. 
Deposition of the measured sample was typically XY type 
as shown in Figure 1. The X-ray reflectivity was measured 
at the Beam Line 3C2, Pohang Accelerator Lab. (PLS) in 
Korea, using monochromatic synchrotron X-ray radiation 
(人=1.608 A) and the four circle goniometer. Beam Line 
structure at PLS is described elsewhere.12 In the profile of 
reflectivity vs. or grazing angle (6) of the small angle X- 
rays (Figure 2), angle intervals and damping out of the os-
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Figure 1. Measured consumption of the floating monolayer of 
cadmium arachidate after every stroke: O—*•, upstroke; •—»O, 
downstroke,-------- , Y-type deposition, —, simulation curve of
monolayer consumption.
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Figure 2. Reflectivity vs. 0 of cadmium arachidate LB film: 
measurement; —, calculation.

cillation represents the average thickness and number dis
tribution of layer.10 From this oscillatory profile, the number 
distribution of layer was obtained (Figure 3a). The average
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Figure 3. Number distribution of layer after the 39th stroke: (a) 
measurement using X-ray reflectivity; (b) simulation.
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Figure 4. Models for detachment mechanism of XY-type LB 
film: (a) Honig's model; (b) Peng's Model.

number of layers was 27.6. Thus the thickness of the XY- 
type film was found to be inhomogeneous while the period
ic structure of the film had not been deteriorated.

Simulation

M이ecukur detachment model. LB films can be fa
bricated owing to the attraction forces between hydrophobic 
headgroups and between hydrophilic tailgroups. The tail- 
groups are the non polar hydrocarbon chains and the in
teraction between tailgroups is a dispersion force. The in
teraction between tailgroups is relatively weaker than that 
between polar hydrophilic groups. So Y- to X-type tran
sition can be occurred by the detachment of tail groups. 
Honig's molecular overturning model7 and Peng's molecular 
peeling model8 for XY-type deposition are shown in Figure
4. According to the Honig's model, in the subphase, some 
molecules detach, overturn and then re-attach to the film. In 
the Peng's model, it is assumed that lipid molecules peel off 
in the subphase and peeled molecules return to the float 
monolayer. Thus the morphological structure and consumed 
area of the monolayer expected by these two models cannot 
be distinguished.

Monte Ca위o simulation incorporated with genet - 
ic algorithm. The detachment mechanism was simulated 
based on the Honig's and Peng's model. It is assumed that 
the required energy for detachment, E, can be described as13

E =E0-mE1 (1)

where Ex is the interaction energy between neighboring 
molecules and Eo is a binding energy in the absence of 
unoccupied site, m is the number of unoccupied first-nearest- 
neighboring site, Using E, detachment parameter, p, can be 
expressed as

p oc exp (~E/kBT) (2)

where kB is the Boltzmann constant and T is the tem
perature of the subphase. From Eq. (1) and (2),

p =产 oc exp (-£o/kBT) exp (mEx/kB T) (3)

where

Po x exp (-£(/^T)

and

Pi 8 exp(-EgT)

The deposition process is simulated in 200 x 200 molec
ular matrix with periodic boundary condition. Based on the 
scanning tunneling microscopy image of CdA LB film,11 
hexagonal lattice structure was adopted, which makes m to 
be 6. Genetic algorithm was incorporated to find the op
timum values of the detachment parameter (p0, pi) in the 
Monte Carlo simulation.

Genetic algorithm is a kind of optimization or search al
gorithm based on the natural selection and natural gen
eration. It is stochastic search method based on the prim 
ciples of three operations (reproduction, crossover and mu
tation) that is inspired by Darwinism evolution theory; a na
tural evolution of selection by fitness.14 It represents the vari
ables in searching into a binary code string which is ref
erred to a chromosome. The detachment probability paramet
ers (p0, pi) are encoded to the binary code strings to be 
used in the genetic algorithm. A population of chromosome 
are prepared and their performances are evaluated by ac
tually applying these binary encoded parameters to the ob
ject system. The advantages using genetic algorithm as an 
optimization method are that mathematical equation or 
model are not involved by encoding parameters and a genet
ic algorithm is performed with a population of data which 
results in the avoidance of local minima problem. The meas
urement of perfonnance is a real number which is referred 
to a fitness value. The fitness function can be described as

Fitness =—---------- --------------- . (4)
E -y： I +(火，-z)2 
1=1

where K is constant, and yset and 乂 are the set point value 
and measured value in the genetic algorithm, respectively. 
The overall process of Monte Carlo simulation incorporated

Figure 5. Overall procedure of Monte Carlo simulation in
corporated with genetic algorithm.
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with genetic algorithm is shown in Figure 5. Optimum p 
values can be chosen at the generation having the highest 
average fitness value with the restriction of the following 
two conditions. One condition was that the calculated av
erage number of layers equaled the measured value. The 
other condition was that the difference in the transitional 
point from Y- to X-type deposition is minimized between 
the simulation and experimental measurement. Maximum 
and average fitness value were increased as the generation 
number increased during the Monte Carlo simulation in
corporated with genetic algorithm as shown in Figure 6. p0= 
0.018, p! =0.086 were obtained at 29th generation having 

Figure 6. Fitness value of individual generation in simulation: 
■••O■•- average fitness; —•一 maximum fitness.

Figure 7, Simulation of surface appearance of cadmium ara- 
chidate LB film after 39th stroke with 200 x 200 matrix di
mension. The 23 rd, 25 th, 27th, 29th and 31st layers are colored 
blue, light blue, green, orange and dark red.
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Results and Discussion

Simulation result. Figure 1 shows the simulation 
result of the variation of consumed area during the deposi
tion with po=O.O18, pt =0.086. The number distribution of 
layer can be obtained by simulation with the parameters of 
detachment probability calculated. The average number of 
layer obtained from the simulation is 27.6 layers. In this 
case, the portion of the 23, 25, 27, 29 and 31 layer are 0.2, 
6.5, 56.7, 36.5, 0.1 percent, respectively. As shown in Fig
ure 3, the number distribution of layer predicted by the 
Monte Carlo simulation corresponds well with that obtained 
from the small-angle X-ray analysis.9 Figure 7 shows the 
surface appearance after the 39th stroke by the simulation. 
The 23rd, 25th, 27th, 29th and 31st layers are represented 
with different colors. The proportion of the each colored 
area to the entire area is shown in Figure 3b. The typical 
size of islands in Figure 7 is about 10 molecules.

Effect of chain length and subphase temperature.
Figure 8(a) shows the consumed area of monolayer of 

CdS, CdA, CdB XY-type LB film during the 39 th strokes. 
Based on the transfer ratio, the average deposited layer 
were 26.4, 27.5 and 28.9 layer for CdS, CdA and CdB LB
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Figure 8. Consumption of floating monolayer after every stroke: 
(a) Measurement; (b) Simulation: curve a, cadminum stearate; 
curve b, cadmium arachidate; curve c, cadmium beheniate; 
-------- ,Y-type deposition.
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Figure 9. Simulation curve of monolayer consumption of cad
mium arachidate: curve a, 278 K; curve b, 293 K; curve c, 318 
K;-------- , Y-type deposition.

film, respectively. In the fatty acid LB film, the attraction 
force between tail group is mainly van der Waals force. In 
the non polar molecules, van der Waals force is proportion
al to the molecular weight. The detachment parameters cal
culated based on above relation are pos=O.O24, pls=0.104, 
Pob=O.O14 and p1B=0.073, respectively, where the subscript 
S and B represents the cadmium stearate and cadmium 
beheniate, respectively. Figure 8(b) shows the simulation 
results of the consumed area of the monolayer using the de
tachment parameters. The average deposited layer was 26.4, 
27.6 and 28.6 for CdS, CdA and CdB LB film, respectively. 
The results of Monte Carlo simulation based on thermodyna
mic model correspond well with the experimental results. 
Figure 9 shows the effect of temperature on detachment pro
bability of CdA LB film. The deposited layer at 278 K, 293 
K and 308 K were 28.7, 27.6 and 26.8 layer, respectively.

Pallas and Pethica measured the k-A isotherms using n- 
pentadecanoic acid (C14H29COOH) and n-hexadecanoic acid 
(Ci5H31COOH) at 25 °C and 30 °C.15 They revealed that an 
increase in temperature has increased the surface pressure 
of the phase transition form expanded to condensed phase 
and a decreases in the hydrocarbon chain length showed a 
similar result. Consideration of the force between the molec
ules in the floating monolayer can explain the above both 
effects. A decrease in the chain length makes van der 
Waals force between the molecules to be decreased, which 
results in cohesion reduction within the film. But a decrease 
in temperature causes less thermal motion, which results in 
les옹 detachment of the molecules. As a rule porposed by 
Pallas and Pethica, reducing the hydrocarbon chain length 
of a long-chain fatty acid by one methylene group is rough

ly equivalent to a temperature increase of 5-10 K. In this 
simulation, thennodynamic detachment probability factors 
considering the interaction (or binding) energy are adopted. 
Simulation results show that a increase of the number of 
methylene group of fatty acid and the reduction of the sub
phase temperature leads to less detachment of LB film. As 
a result, an increase (or a decrease) of 2 hydrocarbon chain 
is roughly equivalent to a temperature decrease (or increase) 
of 15 K, which well satisfies the rule of thumb.
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