
This article was downloaded by: [University of Haifa Library]
On: 16 August 2012, At: 08:58
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Preparation of Thin Film of
Layer Structured Bismuth
Iodide with a Long Chain
Alkylammonium and its
Nonlinear Optical Property
Takehito Kodzasa a , Hirobumi Ushijima a , Hiro
Matsuda a & Toshihide Kamata a
a National Institute of Materials and Chemical
Research, 1-1, Higashi, Tsukuba, Ibaraki, 305-8565,
JAPAN

Version of record first published: 24 Sep 2006

To cite this article: Takehito Kodzasa, Hirobumi Ushijima, Hiro Matsuda & Toshihide
Kamata (2000): Preparation of Thin Film of Layer Structured Bismuth Iodide with a
Long Chain Alkylammonium and its Nonlinear Optical Property, Molecular Crystals
and Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid
Crystals, 343:1, 71-75

To link to this article:  http://dx.doi.org/10.1080/10587250008023505

PLEASE SCROLL DOWN FOR ARTICLE

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008023505


Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 0
8:

58
 1

6 
A

ug
us

t 2
01

2 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


MoL Cryst and Liq. CryJt., 2000, Vol. 343, pp. 71-75 
Reprints available directly from the publisher 
Photocopying permitted by license only 

Q 7.000 OPA (Overseas Publkhers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Printed in Malaysia 

Preparation of Thin Film of Layer Structured 
Bismuth Iodide with a Long Chain Alkylammonium 

and its Nonlinear Optical Property 

TAKEHITO KODZASA, HIROBUMI USHIJIMA, HIRO MATSUDA 
and TOSHIHIDE KAMATA 

National Institute of Materials and Chemical Research, 1-1, 
Higashi, Tsukuba, Ibaraki, 305-8565, JAPAN 

We have examined to prepare a hybrid thin film consisting of bismuth triiodide and alkylam- 
monium iodide by the conventional spin-coating technique. Their X-ray diffraction profiles 
and UV-Vis-NIR absorption spectra showed that the two-dimensional (Bi212-)x layer was 
sandwiched between alkylammonium layers by the molecular fastener effect. The third order 
nonlinear property of the thin film was estimated by the third harmonic generation (THG) 
measurements. Strong THG signals were observed from the hybrid thin film with stearylam- 
monium iodide, which gave lo-” esu order of 

Keywords: layer structured bismuth iodide; alkylammonium cation: excitonic band; nonlin- 
ear optical property 

values. 

Recently, perovskite-type layered complexes (C,H,,,NH&W (M=Cd(II), 
&@I), Pb(II), Sn(lI), etc; X=I, Br, C1) have attracted much attention due to their 
unique optoeIectronic properties as well as the ease for their film preparation.’ 
They naturally form a twodimensional quantum well structure of halogen- 
bridged m2-). layer with support of alkylammonium cations. Especially, it 
has been known that PbI,-based layered complexes have very stable excitons 
with large binding energy and oscillator strength at room temperatwe. and thus, 
show several unique optical properties such as a strong photo- and electro- 
luminescence* or the third order optical nonliiearity? 

Some trivalent metal halide / methylammonium complexes 
(CH,NH,),M,X, (M=Bi(III), Sb(II1); X=Br, C1) have much interest in their phase 
transition behaviors and ferrmlectric properties? A & octahedra in the 
complex shares three cis-vertices with other octahedra to form a two-dimensional 
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network (M,&’k as shown in Figure 1. Methylammonium cations occupy the 
vacancies inside the corrugated layer. Furthermore, it has been well known that 
absorption spectmm of semiconductive 
Bd3 crystal showed a strong excitonic band 
and large third-order optical nonlinearity 
around the bandgap wavelength. 
Therefore, BiI,-based hybrid complex with 

expected as the third-order nonlinear 
optical material with ease for the film 

In this study, we examined to 
prepare a thin film of hybrid complex 

long chain akylammonium was gtpatly 

Processing. 

consisting of bismuth triidide and 

of obtained films were performed by the 
X-ray d i M o n  (XRD) and UV-Vis-NIR 
absorption spectroscopy. Their third- 

investigated by third harmonic generation Fiw Two-dimedod network 
(THG) meamements. 

w alkylammonium. The characterizations 

zl b 
0 Bi * I  

order norllinear optical properties were 

stndure of 03i21:), . 

Bismuth triiodide BI, and n-akylammonium iodides C,,H2,,+,NH31 (n=l, 2,4,8, 
18), with 2 3  of the molar ratio were dissolved in ethanol. A crystalline solid of 
their hybrid materials was obtained by the slow evaporation of the solvent fiom 
the mixed solution. The elemental analysis: Calculated for (C18H,,NH,),Bi21,: C, 
27.4; H, 5.10; N, 1.77; I,48.2. Found C, 27.4; H, 5.19; N, 1.71; I, 48.4. The 
thin film was prepared on a quartz substrate using a conventional spin-coating 
technique from acetonitrile solution. Almost saturated solutions were dmpped 
onto the substrate and spread with the Spinning rate of 3500-7000 rpm. All 
prepared films have their thickness of about 20-3Onm. 
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PREPARATION OF THIN FILM OF LAYER STRUCTURED [391]/73 

XRD pattems of the films were obtained by a Mac Science MXP-18 
X-ray diffi-actometer with the use of Cu-Ka radiation. UV-Vis-MR absorption 
spectra of the films were taken by Shimadzu UV-3 loOPC ptrophotometer in 
the wavelength m g e  of 200-2400 nm. THG Maker-fringe measurements were 
carried out between 1.5 and 1.8 pm of the fundamental wavelength with 
wavemixing of a Q-switched NdYAG laser and a tunable dye laser. Third- 
order nonlinear susceptibilities ,(’) were calculated by the procedure reported 
e 1 s e ~ a e . 5  

The spin-coated films prepared from 
(CnHw,NH3)3Bi219 ( n 4 ,  8, 18) has high 
transparency with a reddish orange color. 
However, in the case of n=l, 2, their film 
has poor quality with light scattering. 
Figure 2 shows X-ray diihction profiles 
of the films of (CnHW,NH3)’Bi2I9 (n=2,4, 
18). All profiles are characteristic of the 
hybrid complexes; which are different 
from those of akylammonium iodide or 
bismuth triicdide themselves. A mng 
peak at 2 ~ 3 . 1 ”  and a quite weak peak at 
6.2” were observed in the profile of 
(C ,8H37~3)3BiA correspom to a 
long-period spacing of 28.5 A and its 2nd 
reflection, respectively. The obtained 
long spacing were plotted against the 
number of carbon of akylmonium 
cation in figure 3. This shows the long 

10 20 30 
2 theta I deg. 

Figure 2 X-ray diffraction profiles 
of (C,H,+,~3)3Bi21,. 

spacing is setting linearly longer with the number of carbon, indicating tbat 
alkylammonium cation oriented perpendicular to the surface in the film. On the 
other hands, a noticeable dffmce on the XRD profile could not be found in the 
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case of n=l and n=2. Their long spacing 
were almost constant ca. 1.1 nm, as plotted 
in figm 3. R Jalcubas et d.4 reported 
that, in the crystal of (CH3NH3)3Bi21, the 
CH3NH,' cations occupied cavities on the 
rigid polyanions (Bi2J3.lx. This means 
that small size cations such as CH3NH,' 
and GHsNH3c are trapped between the 
(Bi21$lx Iayers, thus can not work as the 
molecular fastener to establish them in the 
thin film. This is the reawn why their 
thin films with a high transparency could 
not be prepared. 

An absorption spe~trum 

OO L-+-+-w 
Number of Carbon 

3 

Figure 3 Plots of long spacing 
length against number of carbon n 
of akylammonium. 

I 

of (CnH2,,+,NHJ3Bi219 (n=l8) thin I 

fihisshowninfigure4. ~hree j 
rd 

major absorption peaks could be 2 
obswved at 244, 350 and 498 nm. 2 
Thealkylammoniumcatiomitself .E! I 8 
do not have any absorption peaks 2 
in this range. So it is thought that 

they come fiom those of (Bi21:)x 
polyanions. Similar spectral 

pattern could be obsewed for n=4, 
8. Colloidal solution of BiI, 
cluster prepared in acetonitrile and 
vapor deposited film of bulk BI, 
were also displayed in figure 4. 
An excitonic band of bulk BiI, 

200 400 600 800 
wavelength / nm 

Figure 4 absorption spectra of 
(C,8H3,NH,),Bi21, (solid line), colloidal 
Bd, (broken lie), and vapor deposited 
fih of Bd, (dotted he).  xcn values for 

be OM& neaf the (cl&?N3)3Bi2I, P I O M  %a 
bandgap at 5%. me spectrum third harmonic wavelength. 
of BI, colloid reveals three peaks at 290,360, and 475~11, which are blue-shifted 
&om the bulk bandgap. The lowest energy peak at 475nm is thought to be 
originated in the quantum well structure." On the analogy of the spectral pattern 
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PREPARATION OF THIN FILM OF LAYER STRUCTURED [393]/75 

the sharp band at 498nm in the spectra of (CnH,+,NHJ3Bi2I9 is thought to be also 
the excitonic band fmm the Iow-dimensional quantum well structure of (Bi2&,”x. 
The red shift and increment of absorption intensity of the excitonic band 
compared with those of BiI, colloid might derive from the anisotmpically 
expansion effect of their quantum well structure. 

Third-order nonlinear Susceptibilities x(3) were also plotted against their 

third harmonic wavelength in figure 4. 1 (r” esu order of x”’ could be obtained 

between 500 and 600 nm of the third harmonic wavelength. This seems to be 
enhanced by three-photon resonance on the excitonic band at 498nm. These 
relatively large x”’ values may be originated h m  delocalized electron in the 

layered (T)i21,.”),. On the other hand, the largest ?3’ value in our study was 
observed at 6OOnm, which is shifted toward lower energy region than excitonic 
absorption at 498nm. Such behavior is resembled to those of the glassy 
semiconductor. 

We prepared the hybrid thin film consisted from BiIl and C,H2,,,NH31 by the 
conventional spin Coating technique. Reddish orange thin films with high 
&insparemy were obtained in the case of @4. It was indicated that long chain 
alkylammonium cations play an important role as the molecular fastener to 
fabricate inorganic-organic hybrid thin film with high quality. From their THG 
measurements, it was suggested that (CnHh+,NHJ3Bi219 (@4) have a high 
potential as a nonlinear optical material, even though it is off resonance condition. 
This result is related to the existence of corrugated two-dimensional network 
structure of (Bi21:)x with delocalized electron. 
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