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Spectroscopic Ellipsometry Study of Thin Film of 
Gold Iodide with Stearylammonium 

TAKEHITO KODZASA, HIROBUMI USHIJIMA and 
TOSHIHIDE KAMATA 

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

Spectroscopic ellipsometry has been used to examine the refractive index changes by a pho- 
toirradiation of the hybrid thin film consisting of gold iodide and stearylammonium iodide. 
The measurements are performed in the wavelength range of 270-1650 nm at room tempera- 
ture. It is found that the significant change of refractive indices occurs in the near infrared 
region, though the film was almost transparent in that region. 

Keywords: hybrid thin film; gold iodide; spectroscopic ellipsometry; photo-reduction 

Some gold iodide cOmpOundS have been much expected as the matmiai for the 
optoelectronic device. Kojima et al. measund polarized ~fleaance spectra of 
G+4u'AumI, single crystal which is a pvskite+typc compound with the mixed- 
valence state of goldcations.[l] Thiscrystal had an intervahx charge transfet 
spread in twodimemionally delocalized field of gold-t&odide naworks, and 
was expected as a material for the optoelectmic device. However, it is 
rhtively difficult to fabkate into a thin film with high mmpamcy. We 
alteady succeeded to fabricate the gold iodide with a long alkyl chain into a thin 
film by the conventional spinaating teChnique.[21 

It has been essential for the development of optoelectmnic devices to 
control the opical Propemes of the material. For this purpose. it is very 
important to know the refractive index and the absorption coefficient with 
acamcy. Spectrosoopic ellipsommy is a superior technique to investigate the 
optical collstants such as a dractive index of the material in the shape of thin 
film. 
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116 TAKEHITO KODZASA er al. 

In this study, we have examined a strucnual change of the gold iodide 
thin film induced by photo ia t im.  and estimated the nfraaive indices using 
spectmwpic ellipsomtry. obtained m l t s  a~ discussed from the viewpoints 
of the cornlation to mlecular structures. 

EXPERIMRNTAL 
Gold eiiodide (Ad3) and stearylammOnium iodide (SAI) were dissolved in 
acetonitrile solution ([AuI,I=0.140 m M ,  [SArJ=0.146 mM). 'Ihe thin Nms 
were made on a quartz substrate by a conventional spincoating technique. The 
solution was dropped onto the substrate and spread with the spinning rate of 
3 5 0 0 p  Aplmt0i-m tothe film was perfonned by SOOW Xenon lamp. 
The partly masked film was placed in h n t  of the lamp house. The film was 
photo-inadiated for about 2 hours without any filter or lens. 

specaophotometer in the wavelength range of 200-2400 nm. Spmmmpic 
ellipsomeby meauuements were perfonned by Jobin-Yvon UVISEL 
q e t r w q i c  phase modulated ellipsomwr in the 27G1650 nm wavelength 
range at room temperature. Classical dielectric function E was used for the 

Absorption spectra Of the films  ere taken by Shimadzu UV-3100 

fitting. 

w h e ~  E, is a high frequency dielectric castant, E, a static fkquenq dielecaic 

constant, 4 an angular mvme fnqtmcy and r,, a &mpmg factor for single 

osciuator. - 
An obtained film was highly hansparent with a Feddish plrple color. Figu~e  1 

shows an X-ray d i l k 3 . h  pf i le  of the SAI-Ad3 thin film Four sharp peaks 

were Obsuved at 2e2.75, 5.50, 8.25, and 11.05". This periodic difhaction 

pmfile may indicate that the hybrid film forms a layemi muctue with 
pepndicularly oriented long akyl chains. Its layer w i n g  is estimated as 
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SPECTROSCOPIC ELLIPSOMETRY STUDY OF THIN FILM 117 

32.lA. 

In Figure 2(a) the solid line shows the absoqt~on spec- of the SAI- 
Ad, thin film. Four absolption bands wem observed at 288,370,537, and 694 
nm. All bands are assigned to the ligand-to-metal charge transfer transition in 

the Aul; (x=2, 4).[3, 41 Especially. strong 537 and 694 nm bands are 
characteristic to the AuL. The longer wavelength region than lo00 run was 

well transparent. This spectral pattern was extmmly changed by 

photoirradiation. The observed spectrum is shown in Fig. 2(a) ( b h n  line). 
Fwr m n g  bands nduced their intensities. The obtained spectral pattern was 

quite similar to that of Ad,'. Such a spectral change could not be obrained by 

simple heating. Therefore, the phenomena can be amibuted to the photo- 
reduction of gold ion from Auk to Ad'. 

We conected spectroscopic ellipsometry data of the thin films before 

and after the photomadhion. Their fitting results on the refrirfive indices were 

shown in Figure 2@). It was found that the sisruficant difennce of nfiactive 

indices occuned not only in W-visible region but also in near infrared region, in 

ui n .  
U 

-. '. -. . '-_.- 

FIGURE 1 X-ray diffraction FIGURE 2 Absorpion spectra (a) 
profie of SAI-AuI, thin film. and refractive indices spectra (b) of 

photoinadiated film ( b h n  line). 
SAI-AuI, thin film (Solid line) and 
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118 TAKEHITO KODZASA et al. 

which their absorption coeficients were nearly equal to zem. The differem 
in the reFractve index (&) wefe 4.30% at 1 . 3 ~  and 2.28% at 1.55pm. 

From the analogy of other AI& compounds.[S] it is suggested that (- 
Au-I-I-Au-) zigzag chain s@wturc with the &localized electric field exists in this 

hybrid thin film before the photoiiatim No network s m m m  with 
delocalizcd electrons in he. solid state was reported in the case of A& 

compound It seems that the network of Ad-I was broken by photoi ia t ion,  
which induce the reduction firom A U ~  to Ad. 'Therefore it is suggested that the 

diffuence between theii refractive indices is concemed with delocalized 
elecoons in the gold-iodide netwd. 

We have examined refractive index changes of the gold iodide thin f h  induced 
by photoitTadiation. It was found that more than 4.30% of r e M v e  index 
changes would be. obsuved in the near infiand region. although this ngion was 

the control of refractive index is possible in the near infixed region with M 
a-on bands would be applicable to the waveguide material. 

quitelxaqmmt for both films before and after the irradiation. ?he finding that 
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