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Abstract Cadmium sulphide (CdS) nanoparticles were

formed in 1,3-bis-(p-iminobenzoic acid)indane by exposing

Cd2? doped Y- and Z-type multilayered Langmuir–Blodgett

(LB) films to H2S gas. The growth of CdS nanoparticles were

monitored by UV–visible spectroscopy measurements. It

was observed that CdS nanoparticles in both Y- and Z-type

LB films cause a blue-shift in absorption spectra. The surface

morphology of LB films were characterized with atomic

force microscopy DC electrical measurements were carried

out for these LB films grown in a metal/LB film/metal

sandwich structures with and without CdS nanoparticles. By

analyzing I–V curves and assuming Schottky conduction

mechanism the barrier height was found to be as 1.25 and

1.17 eV for Y-type unexposed and exposed samples; 1.18

and 1.25 eV for Z-type unexposed and exposed samples,

respectively.

1 Introduction

II–VI semiconductor nanoparticles, such as cadmium sul-

phide (CdS) [1] and zinc sulphide (ZnS) [2–4] within

organic multilayer thin film grown by Langmuir–Blodgett

(LB) deposition technique have been studied recently. The

size, shape and distribution of semiconductor nanocluster

in organic LB films are better controlled using LB film

technique. In this technique the size of the nanoparticles

mainly depends on the organic molecules [4] as well as the

growing procedure [5].

CdS have direct bulk phase band gap of 2.4 eV at room

temperature, therefore it is one of the most important II–VI

semiconductor used in light emitting optoelectronic devices

such as LEDs [6]. By shrinking size, such semiconductors

show quantum effect which allows fabrication of very effi-

cient electronic and optoelectronic devices. Therefore, a

great deal of effort has been put recently on both growth and

characterization of such nanoparticles in LB films [7]. The

observation of the blue shift of absorption bands is major

development for the fabrication of light emitting devices [8].

Conductive polymers mixed with semiconducting nanopar-

ticles (CdS, CdSe, CuS, or ZnS) show new properties [9].

It is also well known that group II (cadmium and zinc) ions

interact with carboxylic acid head groups (COO-) and thus the

ions can easily accommodate in a multilayer LB film structure

[10, 11]. When such multilayer assemblies were exposed to

H2S gas, the group II ions reacted with sulphide ions to produce

corresponding II–VI nanoparticles expressed with this reac-

tion ðC23H16N2O4Þ2½X�
2þþ H2S! 2½C23H16N2O4H� þ XS

[11, 12]. Here X is the group II atoms (Zn or Cd).

In this work, we report the growth details of both Y- and

Z-type 1,3-bis-(p-iminobenzoic acid)indane (IBI) multilayer

LB films containing CdS semiconducting nanoparticles and
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the effect of these nanoparticles on electrical properties by

means of UV–visible absorption spectroscopy, atomic force

microscopy (AFM), and electrical measurements.

2 Experimental details

The chemical structure of 1,3-bis-(p-iminobenzoic

acid)indane molecule (IBI) is shown in Fig. 1. While the

IBI molecule has two hydrophilic carboxylic acid sites and

conjugation through all the double bonds it could be

expected that the molecule can hold the Cd2? ions better

than that of molecule which has only one carboxylic head.

The hydrophobic aromatic rings and carbonyl group double

bonds are in conjugation, thus the electrical and chemical

properties of the LB film expected to have different prop-

erties than that of classical amphiphilic molecules.

To prepare solution for the film growth IBI molecules

were dissolved in a 9:1 ratio of chloroform and methanol

solvent mixture. Using a NIMA 622 type alternate layer LB

trough, the cadmium chloride was dissolved in the subphase

as reach to 0.5 mg/ml concentration of solution because it is

well known that cadmium ions interact with carboxylic acid

head group and thus cadmium ion can be easily accommo-

dated in a multilayer LB film structure [11]. IBI solution was

spread onto the water surface and a time period of 15 min

was allowed for the solvent to evaporate before the area

enclosed by the barriers was reduced. The p–A isotherm

graph of IBI with and without Cd2? ions was recorded as a

function of surface area using the compression speed of

25 mm/min. Isotherm graph given in Fig. 2 was repeated

several times and the results were found to be reproducible.

Cadmium ions interact with carboxylic head group of IBI

organic molecules. Therefore, the difference of isotherms

was observed due to the effects of metal ions [13], which is

consisted with the reported data of Ppy with Cu2? ions,

which have slightly smaller areas than that of Ppy without

Cu2? ions [14]. We know that the difference of isotherms

with/without Cd2? ions could result in the difference in

electrical properties [15, 16]. Using the isotherm graph, the

deposition pressure of 20 mN/m was selected to produce

both Y- and Z-type LB films in the thickness of 15 monolayer

for optical measurements. The solution was spread onto the

water surface using a microlitre syringe and approximately

15 min were allowed for the chloroform to evaporate before

the area enclosed by the barriers was reduced. Monolayer at

the water surface were sequentially transferred onto quartz

substrates by the alternate layer LB deposition procedure.

The monolayer of IBI was transferred with a speed of

10 mm/min. The temperature of the water subphase was

controlled using Lauda Ecoline RE 204 model temperature

control unit and all experimental data were taken at room

temperature. Optical measurements were taken by ocean

optics UV–visible light source (DH-2000-BAL deuterium

tungsten light source) and spectrometer (USB4000) in

absorbance mode. The wavelength was changed from 300 to

850 nm by covering the ultraviolet and visible spectral

region. Different layer numbers were chosen for AFM and

electrical measurements. AFM measurements were per-

formed using a Quesant 350 scanning probe microscope. The

scale is set in such a way that light colors correspond to

higher structures. The AFM images were taken using a

standard silicon nitride tip (constant force 12 N/m) in the

contact mode. The surface morphology change of LB films

before and after H2S gas exposure was monitored using AFM

images. For electrical measurements HP 4192A impedance

analyzer, Keithley 228A current source, Keithley 6514

Fig. 1 Chemical structure of 1,3-bis-(p-iminobenzoic acid)indane

(IBI)
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Fig. 2 Isotherm graph of 1,3-bis-(p-iminobenzoic acid)indane (IBI)

with and without cadmium ions
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voltmeter, and Keithley 485 ampermeter were used. All the

data was collected automatically by using GPIB interface

card and labview data acquisition software.

In order to check the effect of CdS nanoparticles within

the LB films the previously prepared samples were cut into

two pieces. One of them was exposed to hydrogen sulphide

gas (H2S) for 45 min and the other half was used as ref-

erence purpose. For the electrical measurements, the LB

film grown on Al-coated substrate was placed into a ther-

mal evaporator for top electrode fabrication right after the

exposure of H2S gas. Top electrodes were fabricated under

8 9 10-7 mbar vacuum by evaporating aluminium using a

mask which has 16 parallel, 1 mm 9 15 mm sized opening

grids on it. Special care is given not to damage the organic

films during the evaporation, such as using the possible

lowest evaporation rate 3 Å/s. The final structure of metal/

LB films/metal configuration and carboxylic head groups

of molecules incorporation with Cd2? in Z- and Y-type LB

films are shown in Fig. 3a. Figure 3b show that CdS

nanoparticles in Z- and Y-type films were occurred after

the films were exposed H2S gas.

3 Results and discussion

3.1 UV–visible results

Figure 4 shows UV–visible absorption spectra of the 15

and 20 monolayer thick Y- and Z-type LB films taken

before and after H2S gas exposure. After the exposure of
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H2S gas to the LB films, some changes at the UV–vis

spectra occurred due to the formation of CdS nanoparticles

in the LB multilayers [2]. When absorption spectra curves

are compared an additional absorption peak appears on the

absorption onset of the exposed sample. We have studied

ZnS nanoparticles previously and found similar changes

[3]. The absorption peak seen at 323 nm on the onset of the

absorption spectra of the Y-type LB film is due to exitonic

absoption band of CdS. The blue shift relative to the bulk

CdS (kg
bulk = 512 nm) is 189 nm. The shift has occurred

due to formation of CdS nanoparticles. For the Z-type LB

film containing CdS nanoparticles it is at around 315 nm,

which is 197 nm blue-shifted relative to the bulk CdS

(kg
bulk = 512 nm) [2]. The existence and the shifts of the

peaks resulting from by exposing the films to H2S gas

support the formation of the nanoparticles and their nano-

particles nature [17]. The shift is the result of the size

quantization and its magnitude is proportional to the size of

the nanoparticles (R) according to the equation [18–20]:

Eð0;1Þ ¼ Eg þ
�h

2p

� �2
/2
ð0;1Þ

2lR2
ð1Þ

where E(0,1) is energy quantum levels for electrons and

holes in the conduction and valance bands, Eg = 2.425 eV

is the energy gap of bulk CdS, m�e = 0.153 is the effective

mass of electrons, m�h = 0.7 is effective mass of holes [12],

/ð0;1Þ ¼ p series of Bessel function roots, and l is the

reduced mass given by:

1

l
¼ 1

m�e
þ 1

m�h
ð2Þ

Using the energy shift in Eq. 1 the values of average

size of the CdS nanoparticles have been estimated as

1.45 nm and 1.40 nm in radius in the Y- and Z-type LB

films, respectively.

3.2 Atomic force microscopy (AFM) results

Figure 5 shows the change in surface morphology for 15

and 10 layer Y- and Z-type LB films before and after H2S

gas exposure, respectively. LB films yield significant

morphological changes after H2S gas exposure. The LB

films roughness increased because of CdS nanoparticles

formation in the LB films layers. In addition, Z-type film

roughness is more than Y-type film roughness.

3.3 Electrical measurement results

Effect of the CdS nanoparticles on electrical properties of

the LB samples is also investigated by measuring room

temperature I–V characteristics. Figures 6 and 7 show I–V

curves for Y- and Z-type LB films before and after H2S gas

exposure, respectively. The I–V curves show exponential

behaviour regardless of film thickness. However, in Y-type

films there is an increase in the current value as opposed to

the Z-type films where current decreases upon formation of

CdS nanoparticles. Type of the LB film significantly

influences the conductivity upon nanoparticle formation.

The aggregation of CdS nanoparticles in Z-type IBI LB

film layers decrease the conductivity value, which is

believed to be caused by the increase in the film thickness

due to formation of CdS nanoparticles [5, 21]. The con-

ductivity for the Y-type IBI film contains CdS nanoparti-

cles increased. CdS nanoparticles were formed within the

Y-type LB film between the head of molecules. The

formed of semiconducting CdS nanoparticles in the Y-type

insulating LB films must affect the film conductivity. The

increase in conductivity is naturally expected [22]. We

considered that these conductivity increments were occur-

red by the semiconducting CdS nanoparticles than increase

in the film thickness. But, we couldn’t answer an exact

solution. Current values for CdS nanoparticles have formed
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in IBI LB film layers are higher than for Cd2? doped IBI

LB film layers [10].

All LB films in the voltage range indicate the expo-

nentially increasing current. In order to explain conduction

process through LB films and the effect of the CdS nano-

particles on conductivity, ln J versus V1/2 are plotted in

Figs. 8 and 9. The relation between ln J and V1/2 shows

rather linear dependence which suggests that conduction is

governed by either Poole–Frankel or Schottky mechanism.

The conduction through the LB films under investiga-

tion can be explained by Schottky conduction mechanism,

which is given by [23]:

I ¼ A
�
� A � T2 exp

�eu
kT
þ bV1=2

� �
ð3Þ

where e is the electronic charge, A is the metal contact area,

T is absolute temperature, k is the Boltzmann’s constant, u

is the potential barrier, A
�

is the Richardson constant, V is

the applied voltage, and b is the Poole–Frankel field-

lowering coefficients given by:

b ¼ e

kT

e

peoerd

� �1=2

ð4Þ

Here er is the dielectric constant of the films, e0 is the

permittivity of free space, d is the film thickness.

The intercept of the linear curve with the ln J axis at

V = 0 can be expressed in terms of barrier height (u) and

temperature using Eq. 3:

ln J ¼ ln A
�
T2

� �
� e

kT

� �
u ð5Þ

Using the value of Richardson constant for free electron

and using the intercept values in Figs. 8 and 9, the barrier

heights were calculated and given in Tables 1 and 2.

Fig. 5 AFM images for a Y-types 15 multilayers before H2S gas exposed, b Y-types 15 multilayers after H2S gas exposed, c Z-types 10

multilayers before H2S gas exposed, d Z-types 10 multilayers after H2S gas exposed
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In literature, the barrier height of 22-tricosenoic acid LB

film is calculated by using a similar approach [24].

Average barrier height for exposed samples is calculated

to be 1.17 eV for Y-type films and shown in Tables 1 and

2. Average barrier height of Y-type LB film is slightly less

than average barrier height of Z-type. Upon H2S gas

exposure all LB Y- and Z-type samples have shown a

consistent decrease in barrier height except for Z-type 20

layers LB film [10]. The change in barrier height after H2S

exposure can be attributed to the partially destroyed layer-

by-layer film order caused by the formation of CdS nano-

particles within the monolayers [5].

From the Tables 1 and 2, after H2S exposure, barrier

potential value for the LB film with CdS nanoparticles is

slightly higher Z-type LB film than that of the Y-type LB

film. This difference in the barrier potential barrier values

could be due to variation of the size of nanoparticles in

Y- and Z-type LB film layers.
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Table 1 Calculation details for barrier height energy of Y-type Cd2?

doped IBI films

Number

of layers

H2S

treatment

Intercept

of ln J axis

Barrier height

u (eV)

5 Before -26.97 1.32

After -21.02 1.17

11 Before -24.60 1.26

After -21.53 1.18

15 Before -20.54 1.16

After -20.06 1.15
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4 Conclusions

Wide band gap CdS semiconducting nanoparticles were

formed within the organic film 1,3-bis-(p-iminobenzoic

acid)indane (IBI) after exposing the multilayered films

containing Cd2? ions to H2S gas. A blue-shift relative to

bulk CdS in UV–Vis absorption spectra in both Y- and

Z-type LB films is observed. AFM images show that the

formation of the CdS nanoparticles in the LB film layer

increase Z-type film roughness than Y-type film roughness.

It was observed that formation of the nanoparticles causes

an increase in current in the Y-type and a decreased in

current in the Z-type LB films. These results were attrib-

uted to the existence of the nanoparticles causing disor-

dering in layer-by-layer structure of the multilayered films.

Small CdS nanoclusters were formed within LB film after

exposure of H2S gas. The size of the clusters was obtained

as 1.45 and 1.40 nm for Y- and Z-type films, respectively.

By assuming Schottky conduction mechanism the average

barrier height was found to be as 1.25 and 1.17 eV for

unexposed samples and 1.18 and 1.25 eV value upon for-

mation of the CdS nanoparticles, respectively in the Y- and

Z-type films.
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