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Abstract
X-ray diffraction measurement were carried out on thin

films of cadmium stearate using an X-ray diffractormeter at
Unit Tenaga Nuklear. Structure Characteristic obtained from
the measured diffraction pattern are compared with that of
thin films of manganese stearate reported earlier by Pomerantz
et. al. Some of the structural similarities (such as
inter-planar spacing) and differences (such as the absence of
subsidiary peak between Bragg peaks) are found and discussed.

Introduction

X-ray diffraction studies on Langmuir-Blodgett (LB) films
have been made by many researchers because the structural
information obtained from the diffraction data are related
both to the parameters in the film preparation and the film
properties. Earlier diffraction work on LB films have been
published elsewhere [1,21. For LB films made of stearic acid
or their salt, structural studies have been carried out, for
example by Fukuda et. al. 131 on methyl, ethyl and vinyl
stearates, where samples were prepared both in multi laytrs
and bulk crystal systems.

Another example of X-ray diffraction studies on LB films
is due to Pomerantz et. al. [4], who presented in detail the
qualitative and quantitative interpretation of X-ray
diffraction data from LB films of manganese stearate (MnSt ).
The structural information which they extracted such as
inter-planar spacing, unit cells spacing, distribution of
electron in molecule orientation of molecular chain and
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subsidiary peak between the Bragg peaks are used to interpret
our X-ray diffraction data obtained from LB films of cadmium
stearate (CdSt). Hence, The objective of this paper is to
describe, in terms of the structural parameters mentioned
above, the characteristics of CdSt

Experimental procedures

LB films of CdSt were prepared at the Physics Department
of Lniversiti Kebangsaan Malaysia (UKM) using a system called
KSV LB 5000 Centre, equipped with a computer controlled
facility (IBM/AT) that can automatically perform the film
deposition process.

The materials used were prepared according to
well-established procedure (5|. CdSt films of 5, 19 and 107
layers were deposited on the glass subtractes, whose size (3
cm x 3 cm x 0.1 cm) is suitable for diffraction measurement
using a Siefert X-ray diffractometer at Unit Tenaga Nuklear.
Malaysia. The experimental conditions of film preparations are
summarised as follows : (a) Subphase concentration (Cd *) = i
x 10"3 (b) Subphase pH = 5.00 (c) Temperature = 25 + 1°C (d
Operating pressure = 30 mN/m (e) Rate of deposition = 3 mm/min
(initial) and 10 mm/min (subsequent).

X-ray diffraction measurements were first carried out on
the glass slide subtrate, followed by the CdSt films of 5
layers and 19 layers. The X-ray diffractometer was set to
operate at 30 mA and 40 kV and cover an angular range from 26
= 1.5° to 8.0°, with a scanning speed of 0.07 /sec. The
wavelength of the monochromated and collimated X-ray beam is
1.540598 A The data were collected in the form of the X-ray
intensities versus 26 angle (or inter-planar spacing}, using
the IBM/PS-2 attached to the diffractometer and being used to
control the measurements.

Since the Bragg peaks be detected from these films (see
Figure lb and lc) which we believed to be due to an
insufficient number of layers, we then decided to prepare
films with a higher number of layers. To ensure that such
peaks will appear in the diffraction data, 107 layers of the
CdSt films were deposited on the glass slide substrate for
the X-ray diffraction measurements. The diffraction data were
obtained from both films deposited on the front and back side
of the substrate, Figure le and Id respectively. The Bragg
peaks occur at 28 = 2.2°, 4.0°, 5.9° and 7.7° for the front
sided film and at 20 = 1.9°, 3.8°, 5.6° and 7.5° for the back
side film.
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Results and Discussions

The Bragg peaks (001) in the diffraction pattern for the
CdSt films (Figure Id and le) give the unit cells spacing of
43.7 A ( = average layer thickness of 21.85 A ) and 46.7 A ( =
average layer thickness of 23.35 A ) for the front and back
sided films respectively. These values are comparable with the
molecular lengths of the CdSt obtained by the waveguide probe
measuring technique (61, that ?s 24.2 ± 0.3 A (from TE mode)
and 24.8 + 0.8 A (from TM mode) for films deposited at pH =
5.3, and 23.8 ± 1.3 A (from TE mode) and 25.0 ± 6.3 A (from TM
mode) for films deposited at pH = 5.6. The small differences
which vary from 0.3 A to 3.0 A between the length of molecule
and the observed (average) layers thickness suggest that the
chain of the CdSt molecule are approximately perpendicular to
the film surface. It should be noted here that the same
conclusion |4] was made for the MnSt film whose observed
(average) layers thickness (24.35 A) is very close to its
molecule length (25.2 A).

It can be seen in Figure Id and le that there is a
variation in the amplitudes of the Bragg peaks (001). In order
to interpret this, we refer to the variation of such peaks for
the films of MnSt shown in Figure 2d, 2e and 2f. In Figure 2d,
2e and 2f, the odd peaks are larger than the neighboring even
peaks. This future has been interpreted (4] to be due to the
distribution of electron density, which maximum at the centre
of the unit cell and minimum at the ends. This interpretation
was made using the physical considerations employed in the
calculations of the nth Bragg peaks from the nth Fourier
components of the electron density [7J.

As the Bragg peaks in the Figure Id and le do not behave
like those in Figure 2d, 2e and 2f, it can be concluded the
electron density in the CdSt films prepare by our group has a
different distribution from t h a t in MnSt films mentioned above.
This may be an indication that our CdSt films c o ntain
insufficient numbers of Cd *. This appears to be consistent
with the fact that the pH value (pH = 5) chosen was low. The
pH value was lower than those used in other work 16] made on
the CdSt films.

It can be seen in Figure 26, e and f that subsidiary peaks
occur between the Bragg peaks, where their number increase
with the number of layers. Subsidiary peak numbers are 1-2,
2-3 and 4-4 peaks for the MnSt 5 films of 7, 9 and II layers
respectively. This is in good agreement with that calculated
using the formula of the optical (grating) diffraction [8];
the number of peaks = n/2 - 2, where n is the numbers of



layers. This formula give 1.5, 2.5 and 3.5 peaks for the MnS
films of 7, 9 and 11 layers respectively.

Base on the formula discussed above, the CdSt films of
and 101 layers were expected to produce between tne two Bra;
peaks. 7.5 and 51.5 subsidiary peaks respectively. For t!
filnih of 19 layers, the absence of such peaks (Figure lc) c;
be explained by the fact that the films being unable
produce the Bragg peaks will obviously fail to produce t!
subsidiary peaks.

"The above explanation, is however, not applicable for t
filn.s, of 107 layers since it has the Bragg peaks 'Figure
and !e). There are two possible reasons to explain the absen
of th*- subsidiary -eaks in the film; (i) The film has ma
layers and if the •"ormula of the optical diffraction is to
complied the n u m t r of subsidiary peaks will be 51.:. ThK
a rather large number and it will be impossible for the
peaks to be resolve within a very small angular interv
separating the twc n e a r ^ ' Bragg peaks which is about :
(h) The concentration of Cd 'which is toe low,causes the fi
to have an insufficient number of scattering centres f
producing such peaks.

The background data in the diffraction pattern (Figure .-•
from the MnSt ^ film deposited on the glass slide substrate a
not as smoothTas that from such filrr: deposited cr. silicc
substrate (Figure 3b). This is due tc the differences in Th
surface roughness of the substrates used; glass slide is mo
rough than silicon However, the glass slide used tc depot
tne CdSt film appears (Figure Id ani e) to give a rath
smooth background data as compared *.o that in Figure 3
Ther^fc:e this observation seems tc s.-ggesi that tr.e surfa
roughness of the glass slide is les; sensitive to the CdS
film than the MnS*.̂  film. But, this statement is only valid
there is a possibility that the X-ray beam can reach t
substrate surface and then be diffracted by it

Conclusion

X-ray diffraction analysis have been made on LB-films
CdSto p r e p a r e d for 5, 19 and 107 layers on glass sii.
substrates. Our analysis suggests the following conclusio
(i) If the Bragg an'i subsidiary peaks are to be observed
the diffraction data for the CdSt film of small number
layers for example , below 20 or 10. the concentration
Cd * or pH value of the subphase have to be made higher th;
The present work, (ii! If a smooth background data are to i
obtained in the diffraction data, the use of glass sli<
substrate seems tc be appropiate although silicon substrate
known to have a higher quality surface smoothness. Howeve
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this conclusion is yet to be confirmed in our future work,
which will be carried out based on the conclusion (i).
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FIG. 3 : X-RAY DIFFRACTION PATTERN FROM 11 LAYERS
FILM OF Mn St , DEPOSITED ON TWO DIFFERENT SUBSTRATES 14) .


