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NMP-TCNQ CT Mott 1d AF(TCNQ)

insulator
TTF-TCNQ CT 1d semimetal Peierls transition, CDW,

p-dep.n gigantic conductivity peak, sliding conduction

(CH)x Peierls insulator | doping , carriers as ingap states (solitons)

(Dimer)
TMTCF,X CT metal SDW, SC, AF, Spin-Peierls, CO, ferroelectricity
DCNQLX CT metal CO(Ag), CO-Mott with Peierls (Cu)
BEDTTTF X CT metal Mott Insulator, Charge Ordering, SC
(ET,X)
BETS,X CT metal SC (GaCl),

Mott insulator & Field-Induced SC(FeCl,)

(DT-TTH),[Au(mnt)] | 1/4 -filled Charge Ordering ?

Spin Ladder
(TTM-TTP)I, 1:1 Half-filled Mott Transition

CT metal I; -->FeBr, ,Cl,, :Fet® S=5/2
Ni(tmdt), Single Component | HOMO-LUMO overlap->semimetal,
Au(tmdt), Metal magnetic phase transition




Typical Molecular Conductors

A2B
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(effective pressure)

The distortion of the coordination tetrahedron associated with

the pressure or size effect raises the dxy level, and induces
small extra electron transfer from Cu to DCNQI .

H. Sawa, et al., J. Phys. Soc. Jpn., 63,4302 (1994)
Courtesy: R. Kato




(R,,R,-DCNQI),Cu

Group 1 N T 2
[ Metal ¢u ™
e | 2 N E
2| & / Paramagnetic Insulator
© =1 . '
s | £ : Charge Density Wave
2 | 2| %] | [ narge Density
5|3 o i Cu*: Cu*=2:1
i Antiferromagnetic Insulator
H ]
Pressure—>
TN TN T N T N T N 1 N
N’cz N’cﬁ' N’Cz N’Cg N’C‘} N’Cz
|]:IH |12‘NIH HSCQH Dgcmn Hacmu CIL):)LH
H 1 H Br H CHS o (;[)3 H Br H Cl
c'N c'N C’N C'N c'N c'N
N® Né Ng Né Né N®
n=122 n=128 n=132
0=1223 o=123.1" a=1247 a=1253" q=127.1°

Courtesy: R. Kato

A2 B B - = closed shell

Electrons on 4 molecules

LUMG #i F

LUMO

HOMO

HOMO #¢2 |

Howis this Bloch band described?
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o SR A% T Ll (tight-binding approximation)

1980~ H. &A. Kobayashi, T. Mori, R. Kato,--
=>  Even to designing !

Systematic Studies on
the Electronic Properties of Molecular Solids

Effects of mutual interactions
Extended Hubbard Model
H= Z ti,i+1 ( CisT Ci+1s + h.c. )
+ 2 Unnip+ 2 Vi Ninig

t; .1 : takes full account of molecular orbitals, esp.
anisotropy

H.Seo, C.Hotta, HF, Chemical Reviews 104, 5005(2004)
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NMP-TCNQ CT Mott 1d AF(TCNQ)

insulator
TTF-TCNQ CT 1d semimetal | Peierls transition, CDW,

p-dep. n gigantic conductivity peak, sliding conduction

(CH)x Peierls insulator | doping , carriers as ingap states (solitons)

(Dimer)
TMTCF,X CT metal SDW, SC, AF, Spin-Peierls, CO, ferroelectricity
DCNQIX CT metal CO(Ag), CO-Mott with Peierls (Cu)
BEDTTTF,X CT metal Mott Insulator, Charge Ordering, SC,”neutrino”
(ET,X)
BETS X CT metal SC (GaCly,

Mott insulator & Field-Induced SC(FeCl,)

(DT-TTH),[Au(mnt)] | 1/4 -filled Charge Ordering ?

Spin Ladder
(TTM-TTP)I, 1:1 Half-filled Mott Transition

CT metal I; -->FeBr, ,Cl,, :Fet® S=5/2
Ni(tmdt), Single Component | HOMO-LUMO overlap->semimetal,
Au(tmdt), Metal magnetic phase transition

Single Component
Molecular Metals

A.Kobayashi-Tanaka-H.Kobayashi(2001)




Structure of [Au(tmdt),]

W. Suzuki, E. Fujiwara, A. Kobayashi, Y.Fujishiro, E. Nishibori, M. Takata, M. Sakata, H.
Fujiwara, H. Kobayashi, J. Amer. Chem. Soc., 125 (2003), 1486-1487,
Au-S 2.296(2) A

S S-S S-S S \Z’\. \_’:}\ o S-AuS 89.9(1)°
COIOO~ID] W O
_—-\ /} ' ﬁ ‘E% 34341\f

E ”b\ ,{*\0 {)“’lg‘

Crystal structure of [Au(tmdt),]

Crystal data for [Au(tmdt),]
Empirical Formula C,(H,,S,,Au
Formula Weight 810.05
Color black

crystal system triclinic
space group P 1

a/A 6.4129(1)

b/A 7.5514(2)

c/A 12.1543(3)

al® 90.473(3)

B1° 96.698(2)

y/° 103.008(3)

| L
& 00 10[e/A] Zvalue 1
V/AS 569.21(2)
R,, 0.028
Comparison of electron densities of [Au(tmdt),] and [Ni(tmdt),] R, 0.073

Temperature Dependence of 1/T,

Y. Hara, K. Miyagawa, K. Kanoda (Univ. of Tokyo)

IH-NMR  Static Field 3.66 Tesla  f=155.956 MHz
Powdered Sample
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Ni-> Au, magnetic phase transition at around 110K !
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[Ni(tmdt)2]&[Au(tmdt)2]

28N1, 79Au
S S S. S S S
[esTsenszen)
S S S S S S

DPFREBBERAA=">#ZHFERER)
=>ITRILX—/IN\UR=>Y1 (BiE)

Phthalocyanine, MPc

Figure 1. Molecular structure of metal—phthalocyanines: they consist of
a ring of carbon. nitrogen. and hydrogen atoms. surrounding a metallic fon.

Craciun et al.(2005)

M= Fe, Co, Ni, Cu, Zn, Mg

Cf. Cu(FsPc),Cu(F16Pc): N. Sato
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IT-d Crystals

- Metals in the sea of 7T -electrons -

* DCNQI,Cu : Valence fluctuations

* A -BETS,FeCl,  magnetic field induced superconductivity
(Kobayashi, Uji,-)
*(EDT-TTFVO),FeBr,
ferromagnetic semiconductors (Sugimoto,Noguchi,-)
*ET,4[MnCr(C,0,),] ferromagnetic metals (Coronado)

*TTP[Fe(Pc)(CN),], charge ordering in dense Kondo
(Inabe, Tajima; Hotta,Ogata,HF)
* Single component metals

EXFOU

Histidine

M+~ C00-

Courtesy of Shin
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Atomic configuration near the core
: d—orbitals coupled to 7T —electrons

Cf. Molecular Solids: DCNQIL,Cu

4 possible electronic states of Fe in Myoglobin

By changing the spin and electron Fet+2 Fe*3
valence, Myoglobin catches and releases
the various gases
S=2 S=5/2
deoxy (H,0)
High spin
Histidine 91 p

I Fe? » Fe¥

: 1
Low spin
S=0 S=1/2
Histidine (0,,CO) (CN,Ny)
Courtesy of Shin
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S. Shin (ISSP)
Soft X-ray Emission Spectroscopy (SXES)

MEFDIREFE
EEE
Er BXBEE D TR RER
Wi? mERSETE - 2p3p —
3d
aH BAETELERTE - 3d4d—
4f
BExHE s 1s = 2p

. .., O2p, N2p, C2p DOS

R

hy P hvr Fe 3d DOS
Fe ddhi#2
Shin : SP8 BL17

Theory (Cluster model)

H;= E 33(1([‘)43,:"0‘!1‘0 + 2 52;;33;(:]}":0 + E Sp(r)a;ual'tr Haml|t0nlaﬂ
r.(T Fe 3d m.or Fe 2p r.ﬂ Ligand 2p

+ 2 V(D)(d} pare+ atodro) Fe 3d — Ligand 2p hybridization
. FodTro + dredrs < g p hy

+U; 2 d?~ull'1"ud;-:,,fd1~vur < Fe 3d Coulomb interaction '
(o)== o)

- Ur."r'{zp} Z {{lt‘frdr(y( 1 - p:;(y’pmn’) + Hmulliplul s I

om0’

Fe 2p-3d core-hole potential '
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Good marriage leading to remarkable results !!

DNA XES and XAS

The aim of the basic study on
1. electronic structure

2. transport properties Recent conductivity
measurements on DNA
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“Electronic States of DNA”  Harada-Shin

N1s resonant XES of nucleobases

N1s RXES of nucleobases -N=f& & (imine) ¥ b~ D HIBfhEE
—— calculation —-N=f£ &t A ;Doccupied DOSHAF LN D

O experiment (. siane- ;
o8

—guanine@D A/ I\ RS BELTIRREDY
HOMOZER AL

Intensity (arb.units)

L.l ‘
;

4 12 10 8 6 4 2
Binding Energy (eV)

N2p partial DOS of dimer DNA
Harada et al., Journal of Physical Chemistry A, 2006,110 13227 Kino et al., J.Phys.Soc.Japan 73,2089(2004)

Targets in Bio-Materials Science

HF; JPSJ75(2006)May

1. Metallic ions in proteins: e.g. heme Fe

2. Metallic clusters in proteins:e.g.Fe,S,

3. Functional molecules (%&£ F) in proteins:
e.g. LFF—IL—akTI Y

4. DNA

5. H20

Key factors:
*Local structure
* Associated electronic states (spectroscopy)
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Maybe not immediately, but eventually !
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