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One-dimensional electron systems in condensed matter are an important subject in material science, where charge,
lattice, and spin are dominant factors for non-linear physical properties. Here, I introduced the fundamental knowledge
of the quasi-one-dimensional halogen-bridged metal (MX) complexes and the charge-density-wave-to-Motto-Hubbard
(CDW-to-MH) charge transfer phase transition and its mechanism of the Pd complex with alkyl chain. Then, unique
CDW-to-MH charge transfer phase transition and CDW-MH phase separation and its mechanism of the Pd complex with
weak in-plane ligand field, where the hydrogen bond network induced the perturbation and propagation of the phase
transition and separation. In addition, the CDW-MH phase separation was observed in the macro and nano scale by

optical and scanning tunneling microscopies.
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Fig.1 (a) The structure of quasi-one-dimensional halogen-
bridged metal complex. (b) Extended Peierls—Hubbard model.>
© 1983 Keiichiro Nasu. Originally published in J. Phys. Soc. Jpn.
52, 3865-3873, 1983, Extended Peierls-Hubbard Model for One-
Dimensional N-Sites N-Electrons System. I. Phase Diagram by
Mean Field Theory, https://doi.org/10.1143/JPSJ.52.3865. (c)
Diagram of the charge-density-wave state in MX complexes. (d)
Mott-Hubbard splitting in MX complexes. (¢) Band structure of
CDW and MH states in MX complexes.
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Fig.2 (a) The crystal structure of [Pd(en)2Br](SucCs-Y)2.'> (b)
Temperature dependence of Pd Pd distances of
[Pd(en)2Br](SucCs-Y)2.!>) Reprinted with permission from S.
Takaishi, M. Takamura, T. Kajiwara, H. Miyasaka, M. Yamashita,
M. Iwata, H. Matsuzaki, H. Okamoto, H. Tanaka, S. Kuroda, H.
Nishikawa, H. Oshio, K. Kato, M. Takata, J. Am. Chem. Soc. 130,
12080-12084 (2008). Copyright 2008 American Chemical
Society. (c) Correlation between the Pd---Pd and electronic states.
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Fig.3 (a-c) The crystal structure of [Pd(cptn)2Br]|Brz. (d) Optical
images of single crystal of [Pd(cptn):Br|Br. in various
temperatures.'® Copyright © 2016 WILEY - VCH Verlag GmbH
& Co. KGaA, Weinheim.
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Fig.4 The results of three-dimensional-delta pair distribution
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Fig.5 (a) The Raman spectra of [Pd(cptn)2Br]Br2 in various
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triangles represent Cl- and Br-bridged MX chains, respectively.
Filled, hollow, and double markers show Pt-, Pd-, and Ni-based
MX chains, respectively. Red color represents this work. Data are
shown for [Pt(en)2Cl](ReOs)2 (al),?? [Pt(chxn)>Cl](ClO4)2
(a2),%? [Pt-(pn)2C1](C104)2 (a3),% [Pt(en)2C1](ClO4)2 (ad),> [Pt-
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[Pt(dabdOH)2Br]Br2,3 The highlight lines are guides for the eyes
for each X- ion. (chxn cyclohexanediamine; en
ethylenediamine; etn = ethylamine; tn = 1,3-diaminopropane, pn
1,2-diaminopropane). '® Copyright © 2022 Wiley - VCH
GmbH.
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Fig.7 Hydrogen-bonding structure and its schematic illustration
of of [Pd(cptn)2Br]Br: at (a) RT, (b) 93 K.2V
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Fig.9 The diagram of STM measurement and measured images
of MX complexes. (a) MH state, (b) CDW state. ¥ Copyright ©
2004 WILEY - VCH Verlag GmbH & Co. KGaA, Weinheim
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Fig.10 STM images of [Pd(cptn).Br]Br2 surfaces obtained at (a)
RT (Vo= 1.5V, I = 0.08 nA) and (b) 103K (Vs=4.0 V, .= 0.1
nA). '? Copyright (2016) The Japan Society of Applied Physics.
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Fig.11  Variation in the STM images of the [Pd(cptn)2Br|Br2
surface with decreasing (a-c) and increasing (d, e) sample
temperature, showing the temperature dependence of the phase
transition between the CDW and MH phases. The measurement
conditions (Vs;1t) were (a) (2.0 V, 0.2 nA), (b) (3.5V, 0.1 nA), (c)
(4.0 V, 0.08 nA), (d) (3.3V, 0.08 nA), and (e) (3.8 V, 0.08 nA).
The area ratios between the CDW and MH phases shown above
the STM images were obtained from the average of the STM
images measured over 25 x 25 nm? areas at different locations at
each temperature. (f) Cross section along the 1D chain surrounded
by the dashed rectangle in (d). '? Copyright (2016) The Japan
Society of Applied Physics.
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