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Photoconductors vAg
<] >
ex. CdS, PbS, etc LD < N
Conductlon i
__i_”:ﬂ_; Photoconductor
I L1 |
hv (> Eg)

Battery Battery

Applied to ex.) Laser Printer, Photocopy, Solar Cell, Sensor, CMOS, etc
various imaging & sensor devices

i New (additional) Functions

Information / Communication Technology



New PCs with additional functions™

* Wavelength-selectivity of response
» Different responses to different wavelengths
* Photo-magnetic-conductors

etc
Standard mechanism of photoconductivity ;2+ ;(2+5)+
Charge disproportionation " AX A2+) de” A(2:8)+
. A2+ A(2+0)+
Cation A )

or —————— A2+ m A(2'6)+

Anion X
2+ A(2+8)+
A(2-0)+

Cation A
A(2+0)+

or
Anion X



Merits

NO disproportionation
(for high conductivity)

Standard mechanism Proposed (New) mechanism

_ _ (Localized spins)
Cation - Anion € e

or === - Cat(1-0)+ or . P A (1+0)-
[Anion] X X X X : (Cation}

Cation
Cation

or
or [Anion]
[Anion}
Charge Transfer (€T

hv

Cat(1+5)+




C[Ni(dmit),]
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[Ni(dmit),] salts

Conductivity Ratio (I
Carrier Doping ' Charge Disproportionation
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BPY[Ni(dmit),], Band Calculation ( Extended Hiickel Method )

Red (16 bands) ;

(e.g.) ~37% [Ni(dmit),]”
Green; ~100% BPY?*

Black; ~100% [Ni(dmit),]
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BPY[Ni(dmit),],

Solution
(Absorption)
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A[Ni(dmit),],

Ground state = insulating

In (Rgq/ ohm )

(A =BPY, Mv) (Single Crystal)
GE N, - _
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A[Ni(dmit),], Conduction

Ground state = insulating

In (Rgq/ ohm )

(A =BPY, Mv) (Single Crystal)
GE N, - _
— | H,C—N N—CH
/ \ n : 3C \+ / \ +/ C 3
T \ '/ i MV
—N N :
\ / i " -
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13.0 : - ++ﬁ+
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120 13 4 +++++ ++'+'
115 o
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107 /K 1000 /T [K™]

E, (cond) =0.24 eV
cf. E, (band) ~ 0.06 eV

E, (cond) = 0.56 eV
cf. E, (band) ~ 0.05 eV



A[Ni(dmit),], (Polycrystal)

CELAAIEN Ground state = diamagnetic
(non-magnetic)
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A[Ni(dmit),], Mag. Susceptibility (Polycrystal)

CELAAIEN Ground state = diamagnetic

(non-magnetic)
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A[Ni(dmit),], ; photoconductivity
(Single Crystal)

(375 nm, 11.6 mW cm2, 300 K, in vacuo)
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A[Ni(dmit),], ESR (single crystal, H 1 [010] )

I/ A.U.

. — under dark
A = BPY2+ BP‘ —— under UV
153K : i [Ni(dmit),] o
SN (integrated) gpy2+ [Ni(dmit),]
B ] "X hv
- —— dark
g — UV irradiated
—
< 4 hv
—— dark =
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I/ A.U.

A[Ni(dmit),], ESR (single crystal, H 1 [010] )

< under dark vs. under UV >

2+

BP
A =BPY?* 'y

153K : i [Ni(dmit),] )
SN (integrated) gpy2+ [Ni(dmit),]
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A[Ni(dmit),], ; photoconductivity — I- & T-dependences

(Single Crystal) (375 nm, in vauo)

C-A CT type salts

New Features in Photoconduction o

(1) 0 =0y, +al+ Dbl (I : light intensity)

(2) Wavelength selectivity (Responsive ONLY to ~250-450 nm)

C-A CT bands

Photoconduction mechanism is different from the known mechanism

\ 4




[Ni(dmit),] salts

(Conductivity Ratio () )

Photoconductivity (o))
Dark conductivity (o,

\ J
(Almost) No CT
v DiCC
(n-CitgN
BPY Ru(bpy),
10-1000 40-880 < 2-3
(RT) (200 K)




A-A CT-based PC

( A = Anion, C = Cation )

(A)
T
S Ni S
| 8T S sTms NMQ[Ni(dmit),]*
Ni(dmit); Unique PC
) ~ Sharp wavelength-selectivity
EN\/© (Only ~ 375 nm)
i
nva  (C) Large Oy / Oyar

N

(eg. ~ 40 @300 K, ~ 880 @200 K)

* (in regard to synthesis, crystal structure, and dark conductivity)
J. P. Cornelissen, et al. Inorg. Chim. Acta 1991, 185, 97-102.



Crystal Structure

ca. 0.121 eV
ca 0.012 eV

Negligible C-A interactions
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Band Structure & Conductivity

—> Ni(dmit), band
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XPS & UV-Vis-NIR Spectra

(@) (c)
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New contribution in PC
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Summary; A-ACT

On the verge (or in the middle) of melting of charge-ordered state?

‘ Remains to be clarified

Coexistence of three kinds of (photo)conduction

- Osq = a+ bl +-—l-dl3 Oph. new
S

S-S S-_S p - _B_-—-®
S | OND | 7 - B F -
{ :<s:[s’ \SIS>: 10 o _ - ~T Oph, std
Ni(dmit), %) —@— a .- w ’
_ F 0%y E- b F _ ~® Odark
Q@ 8- di o
h 9 _ -8
CHs 10 %’,.o
NMQ | | |

| 1
2000 220 240 260 280 300
T/K



Optical Doping

YBa,Cu,0, s (T = 90 K) MVINi{dmit),],

Electric current

Chemical doping > Metastable State Irradiation - Photoexcited State

(930°C.5h) - Oxygen deficiency (irrev.) - CTtrans. (rev.)



PHOTOMAGNETIC CONDUCTORS
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Synthesis (Crystallization)

: , Step 1 BPY-Br
A[Ni(dmit),] — excess (CH,Br), L
Step 2 —N N reflux —N N
I ~— Br;
(n-C,Hg),N[Ni(dmit),] (10 mg) / CH,CN (20 ml)
BPY-Br, A X
(10 me) / CH.CN (20 m]) — —
b H3C—N\@/ \@/N—CH3 2
(MV=*)
T. Naito et al, Adv. Mater. 24, 6153 (2012)
a
0.75 mm / \ .
® \ @/ 2 6
—N N
0.50 mm __/
thickness : ~20 um (BPY?*)

Single crystal of MV[Ni(dmit),], laito et al., J. Am. Chem. Soc. 134, 18656 (2012)



Case 1; D-A CT (3)

< ESR tvimnA A Aawl, vir v Al A IJV >

New Features for PC —]

Non-line;‘ég behavior

S S S S © (3)
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T. Naito et al, J. Am. Chem. Soc., 134(45), 18656-18666 (2012)
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A[Ni(dmit),], ; photoconductivity — I- & T-dependences

A = BPY (Single Crystal) (375 nm, in vauo)

m 300K
2.0 ® 280K
n A 260K
.;;'O“ 1.5 v 240K
& 220K 2. T
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o3 Thermally inaccessible to the dark states
S 05 Métallic ckRan@igandard mechanism
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2+ 1-

BPY[Ni(dmit),], 5 72\ C+)
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BPY[Ni(dmit),], Intermolecular Interactions (Extended Hiickel Method)

Ni(dmit),-Ni(dmit), BPY-Ni(dmit),
.f'y&se’
Sy L S, ~ 0.015 S,, S¢~ 0.001
. < G 7' S _
RS s S, ~ - 0.004 5,7~ 0.002_
S \ S,0~ 0.009
AT PAPE S, Sg ~ 0.002
: S.1, S130 S10 < 0.001




BPY[Ni(dmit),], Band Calculation ( Extended Hiickel Method )
Red: (e.g.) ~37% Ni(dmit),

Green: ~100% BPY
Black: ~100% Ni(dmit), Feat. 1) Anion-Cation Mixed Bands

_75 -
83} .
> e -
-i‘.f 91} . 3eV
=) (400 nm)
)
S 99f )
107 E-" (Fermilevel)
’ [ —— —
115 - —— ]
T X M Y Z R

JACS, 18656 (2012)



BPY[Ni(dmit),], Band Structure ( Calc. Extended Hickel Method )
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BPY[Ni(dmit),], Band Structure ( Calc. Extended Hickel Method )

: _ Black: Ni(dmit
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Feat. 4) Narrow and relatively isotropic band at E;
Primary contribution

< Black: Ni(dmit),
Green:BPY
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A[Ni(dmit),], ; photoconductivity — I- & T-dependences
(Single Crystal) (375 nm, in vauo)

<:| Non-linear
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A[Ni(dmit),], ; photoconductivity — I- & T-dependences

A = BPY (Single Crystal) (375 nm, in vauo)

B 300K
2.0 ® 280K
n A 260K
.;;‘O“ 1.5 v 240K
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bI? : a new mechanism
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Photoconductivity — I-dependence (General behavior)

Ogq/ S

2.5x10° -
2.0-

1.5 1
1.0
0.5 -

0.0 -

(Single Crystal)

—@— vacuum
—- air

2 4 6 8 10 12 14 16
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(a)

I/AU.

Table S3. ESR simulation parameters for BPY[Ni(dmit),], (measured on the single crystal with H // [010] at 153 K).

| Spin# | 1(onNi(dmit);) | 2 (on BPY
4.0

110 :
1/2 (*H) 1 (5N)
1/2 1/2
- g 2.035 1.988
- g, 2.020 1.992
g ] 2.040 2.001
2.50 1.30
3.50 0.50
6.00 0.50
12.5 2.50
8.50 2.50
9.20 2.50
0/100 100/0
(b)
| W | — dark
.| —— UVirradiated
integrated D . —— simulation
< -
| — dark e
| — UV irradiated i
—— simulation
JLi Ll SLALY RELEN RERES LGN EERES RESEN ELEEE RALRY | T T[T T T[T T T T[T T T I T T T [T T T[T T[T oo T[T
1.8 1.9 20 21 2.2 18 1.9 20 21 59

g-value g-value



Our previous work; C-A CT

— New Features for PC N\

Metallic conduction
) (Possible) Kondo Effect

s TN =

Ni(dmit),

\ Non-linear dependence on I)

under continuous UV irradiation

MV
- 3.0
- 2.8-
] —+ 200K < —
2007 _o 220K = e < log T
x 1 —% 240K 8 2.4 - o T2
8 1504 < 260K c
Z 1 —a 280K & 2.2- 1
> 1003 -m RT L 5=
= ] —e- RT_ambient @ -
50 o 1.8 -
0_': " T " " T d T T » T T T T T 1 LI I Ll 1 T Ll LI L B | I T
567 2 3 4567
0 5 10 15 10 100
I/ mW om™ Temperature / K

T. Naito et al, Adv. Mater., 24 (46), 6153-6157 (2012)
cf. T. Naito et al, J. Am. Chem. Soc., 134(45), 18656-18666 (2012)



MV[Ni(dmit),], T-dependence of R (single crystal)

Evidence for Interaction between carriers and localized spins

under continuous UV irradiation

p/MQcm

ff ; 3.0

154 1 i y

1% - D 28-
: <L

10] L~ 2.6
i + L q)

: ++* ‘O 2.4 =
51w, 0§ 22-
i ++++++++++ + -.(T) 2 0
ol el gy 42U
220 240 260 260 900 @ 4 g |

T/K o :

Semiconducting

100
Temperature / K

[Ni(dmit),]- —% [Ni(dmit),]o-25-
( Estimated from band calc. & UV spectra )



Kondo Effect

Metallic electronic system

(unpaired electrons for Conduction)

S

Localized spin system

INTERACTION

(unpaired electrons for Magnetism)

XX

Dilute localized spin system (on MV)
Carriers (on Ni(dmit),)




D-AMEERATELof=/\UF (BRFEENNVFEICERD)

[Ni] BPY
(151) BD umo = *Promo Ty (DBF’Y
: T YHowmo
F+—(D)HF : -
; (UV) .
[Ni(dmit),] = ([Ni]) oM ]
+ [Ni] BPY
7ot TE2—(A)SF LUMO + (I)LUMO B(DHOMO

BPYZ* (BPY)

ja® — B
0= a’+ B> o

[Ni(dmit),]- — [Ni(dmit),](-0)"



A[Ni(dmit),], (A =MV, BPY); Fhs2 (LS
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A[Ni(dmit),], (A =BPY, MV)  Summary & Conclusion

Crystal Structure 3D closely packed [Ni(dmit),]~ accommodating
photochemical redox active BPY?* / MV?*
Electronic Structure Isotropic
Strongly correlated (Narrow bands around E)

strong Ni(dmit),—cation interaction

Electronic Properties

Dark semiconducting & diamagnetic

UV irradiated Unpaired electrons on both of cation & Ni(dmit),
(cation = Loc. Spins, Ni(dmit), = Carriers)

cf. Kondo effect (MV salt)
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