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W X B B Electrochemical self-assembly of CuSCN/Organic dye hybrid thin films

"The wide bandgap p-type inorganic semiconductor CuSCN is often used as a hole transport layer in solar
cells, and it has been reported that it can be directly deposited as a thin film from solution by cathodic
electrodeposition. Furthermore, the electrochemical self-assembly (ESA) of CuSCN/organic dye hybrid thin
films has been observed by adding specific organic dyes to the CuSCN electrodeposition bath, resulting in
spontaneous hybridization of the two materials. This electrochemical self-assembling phenomenon is a
reaction based on the chemistry of both inorganic and organic components, and therefore can be expected to
provide new functions that cannot be achieved independently. This is different from hybrid materials such as
CFRP which is simply a mixture of inorganic and organic components or organometallic compounds which
can be mixed to form new materials. In electrochemically self-assembled hybrid thin films, the inorganic and
organic components remain individual but are hybridized by chemical interactions. In this thesis, T aimed to
clarify the formation principle, complexation mechanism of CuSCN/organic dyes, and the mechanism of
incorporating organic dyes in the electrochemical self-assembly phenomenon.

This Ph.D. thesis is composed of the following nine chapters. In Chapter 1, the history and development
of electrodeposition technology and inorganic-organic hybrid materials are reviewed, and Chapter 2 is
devoted to the electrochemical analysis of the electrodeposition reaction of CuSCN which is the basis for the
contents of the following thesis. In Chapter 3, we investigate the organic dye selectivity of CuSCN in the
clectrochemical self-assembly of CuSCN/organic dye hybrid thin films by hybridizing CuSCN with nine
different organic dyes. The complexation of CuSCN with organic dyes with different structures was
experimentally clarified, and it was found that the complexation mechanism was based on the so-called
HSAB rule in which a hard acid combines with a hard base and a soft acid with a soft base and also on the
partial substitution reaction of cations and Cu(I). This study enabled us to predict the structure of the dye that
complexes with CuSCN. In Chapter 4, I discussed the effect of the hybridization of organic dye with
CuSCN on the crystal growth of CuSCN and the hybridization state. In the case of the hybrid thin films of
CuSCN and stilbazolium dye DAST, when the concentration of DAST in the solution is high concentration
conditions, the dye loading is limited by diffusion of DAS molecules and then obtained hybrid structures
which DAS molecules is occluded into CuSCN crystal grains. On the other hand, at high concentration of
DAST, the dye loading reaction is limited by surface formation resulting in a composite film with a unique
nanostructure in which the two are phase-separated, achieving the creation of different composite structures
such occluded or phase-separation hybrids. Furthermore, a phase transition from B-CuSCN to a-CuSCN
was observed when the highest concentration of DAST was added. In Chapter 5, the mechanism of dye
loading in the CuSCN/DAS hybrid thin films as discussed in Chapter 4 was elucidated. The diffusion

limited loading reaction was described by the Levitch equation while the surface reaction limited loading
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reaction was considered as an equilibrium reaction on the electrode surface. Thus, the dye loading reaction
was successfully interpreted by integrating physical chemistry phenomena such as material diffusion,
equitibrium reaction on the electrode surface, and chemical stability. In Chapter 6, I confirmed the certainty
of the dye-loading mechanism shown in Chapter 5 by using a stilbazolium dye with a different substituent
from DAS. The difference of substituent gives effect to the magnitude of dipole moment and affinity with
CuSCN. Therefore, it should be changed the stability of hybridization with CuSCN depending on each
stilbazolium dyes and it confirmed. Chapters 7 and 8 show the diversity and potential of CuSCN/organic dye
hybrid thin film prepared by electrodeposition for the creation of functional materials as an application
development. In Chapter 7, the cationic dye neutral red (NR) and CuSCN composite films were
electrochemically reduced to metallic CwNR hybrid thin films, and their application to CQz reduction
electrocatalysts was investigated. When the electrochemical characteristics of the Cu thin film obtained by
reducing pure CuSCN without NR and the CwNR thin film obtained by reducing the CuSCN / NR
composite film under carbon dioxide were investigated. The case of Cw/NR hybrid film was found unique
phenomena that the risimg curent expecting CO:RR current shifting to low potential depending on potential
cycles, In Chapter 8, we attempted to fabricate CuSCN/TCNI/TCNQ hybrid films in which charge transfer
(CT) occurs between organic molecules between TCNI and TCNQ for extracting the functions of the hybrid
films. I found that both TCNI and TCNQ can be hybridized with CuSCN respectively. Furthermore,
CuSCN/TCNVTCNQ hybrid films was obtained when both organics add into CuSCN deposition bath. This
hybrid thin film shows the absorption spectra that not just superposition spectra, it observed CT-induced
optical absotption between organic molecules. Chapter 9 summarizes this work and concludes that the
inorganic-organic hybridization phenomenon follows the usual physical chemistty concepts of mass
transport, chemical siability and equilibrium, and reaction kinetics. This Ph. D. thesis dramatically advances
our understanding of the formation principles and phenomena of electrochemical self-assermbly of
inorganic/organic hybrid thin films,
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