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the construction of photofunctional metal complexes 

Luminescent metal complexes which respond to Luminescent metal complexes which respond to 
environmental stimulienvironmental stimuli
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2. 2. Solvatochromic Luminescence Solvatochromic Luminescence 
Based on the Excimer Formation Based on the Excimer Formation 
of Bipyridine Platinum(II) of Bipyridine Platinum(II) 
Complexes with Linear Alkyl Complexes with Linear Alkyl 
ChainsChains
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Red FormRed Form
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Schematic Schematic 
MO diagram MO diagram 

pz (Pt)pz (Pt)

π* (L)π* (L)

π (L)π (L) dσ∗

MMLCT transition 
energy decreases 
with increasing 
Pt···Pt interaction

MMLCTMMLCT

dz2 (Pt)dz2 (Pt)

dσ
Pt

N

N X
X

Pt
X

XN

N

Pt
X

N

N

X

Pt
N

N X
X

monomer monomer

stacked dimer

TemperatureTemperature--dependent Luminescence Spectra dependent Luminescence Spectra 
and Structural Parameters for the Red Form of and Structural Parameters for the Red Form of 

[Pt(CN)[Pt(CN)22(bpy)](bpy)]

Em. 15 K

a) 292, b) 260, c) 240, d) 220, e) 180,  f)160, g) 
140, h) 120, I) 100, j) 60,  k) 45, l) 30, m) 15 K.

Kato et al., Inorg. Chem. 1999, 38,
1638-1641. 
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VapochromismVapochromism of [Pt(CN)of [Pt(CN)22(bpy)](bpy)]
Red Form Yellow FormH2O (g)

H2O (g)

Pt���Pt = 3.3388(1) Å
Pt���Pt���Pt = 168.59(4)º

Pt���Pt = 3.3279(3), 4.6814(3) Å
Pt���Pt���Pt = 132.89(1)º

Kishi & Kato, Mol. Cryst. Liq. Cryst., 2002, 379, 303-308. 

NC
M

NC CN

CN

Pt
C N

C N

CN

CN

R

R

R

R

M Pt Pd R C H
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1. 1. Outstanding Outstanding VapochromismVapochromism and Vaporand Vapor--
induced Selfinduced Self--organization of Platinum(II) organization of Platinum(II) 

Complexes with Complexes with DicarboxybipyridineDicarboxybipyridine

[[Pt(CN)Pt(CN)22(H(H22dcbpydcbpy)])]

Kato et al., Chem. Lett., 2005, 34, 1368.              Eur. J. Inorg. Chem. 2010, 2465. 

NaNa22[Pt(CN)[Pt(CN)22((dcbpydcbpy)])]

Vapochromism
based on the 
change of the 
platinum-platinum 
interaction 

SynthesisSynthesis of [Pt(CN)of [Pt(CN)22(H(H22dcbpy)]dcbpy)]

Pt(CN)2.xH2O
 reflux 4 daysN N

COOHHOOC

+
H2O/NH3 HCl

OO
OHHO

$%&'''pH = 5     4      3       <2
()%'*+,

[Pt(CN)2(H2dcbpy)]-NH(CH3)2

Pt

NN

CNNC

[Pt(CN)2(H2dcbpy)]-2H2O

Recrsytallization:
NH3 aq / HCl or AcOH

[Pt(CN)2(H2dcbpy)]-4H2O

Packing Structure of Packing Structure of 
[Pt(CN)[Pt(CN)22(4,4(4,4’’--HH22dcbpydcbpy)])]..4H4H22O (Red Form)O (Red Form)
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Pt

Comparison of the Packing Structures for the Red Forms Comparison of the Packing Structures for the Red Forms 
of [of [Pt(CN)Pt(CN)22(H(H22dcbpydcbpy)])]··4H4H22O and [Pt(CN)O and [Pt(CN)22((bpybpy)])]

b 66he existence of large cavities is he existence of large cavities is 
characteristic of the characteristic of the dcbpydcbpy complex.complex.

[Pt(CN)2(bpy)]
orthorhombic, orthorhombic, CmcmCmcm
aa = 18.109(2) = 18.109(2) ÅÅ, , bb = 9.334(5)= 9.334(5)ÅÅ,,
cc = 6.645(4) = 6.645(4) ÅÅ, ,
UU = 1123(1)= 1123(1) ÅÅ33,, ZZ = 4, = 4, TT = 293 K= 293 K

a0

[Pt(CN)2(H2dcbpy)]·4H2O
orthorhombic, orthorhombic, CmcmCmcm
aa = 17.381(5) = 17.381(5) ÅÅ, , bb = 18.426(7) = 18.426(7) ÅÅ ,,
cc = 6.525(2) = 6.525(2) ÅÅ, ,
UU = 2089(1)= 2089(1) ÅÅ33,, ZZ = 4, = 4, TT = 298 K= 298 K
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Luminescence Spectral Changes for the Purple Form Luminescence Spectral Changes for the Purple Form 
of [Pt(CN)of [Pt(CN)22(4,4(4,4’’--dcbpy)] upon Exposure to DMF Vapordcbpy)] upon Exposure to DMF Vapor

λmax = 712 nm, τ = 80 ns

λmax = 662 nm, τ = 133 ns

λmax = 617 nm, τ = 594 ns

Pt

NN

CNNC

OO
OHHO

3MMLCT

(A) 0 min(B) 30 min(C) 120 min(D) overnight

λmax = 767 nm, τ = 25 ns

�ex= 400 nm

�Yellow Form

Changes in Powder XChanges in Powder X--ray Diffraction (PXRD) Pattern of ray Diffraction (PXRD) Pattern of 
[Pt(CN)[Pt(CN)22(H(H22dcbpy)] upon Exposure to DMF Vapordcbpy)] upon Exposure to DMF Vapor

crystal

TwoTwo--step Transformationsstep Transformations
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VapochromicVapochromic Transformation for [Pt(CN)Transformation for [Pt(CN)22(H(H22dcbpy)]dcbpy)]

Reconstruction
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Luminescence Spectral Changes of the Purple Luminescence Spectral Changes of the Purple 
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���λex = 400 nmdiverse luminescence changesdiverse luminescence changes

Powder XPowder X--ray diffraction patterns of ray diffraction patterns of [Pt(CN)[Pt(CN)22(H(H22dcbpy)] dcbpy)] 
on on exposure to various vaporsexposure to various vapors

The 1st step for the The 1st step for the 
reconstruction is reconstruction is 
essentially the sameessentially the same..

The complex uptakes 
vapor molecules to vapor molecules to 
f h 3 kf h 3 k

2010/11/92010/11/9 1717

form the 3D network form the 3D network 
structures. structures. 

The Plot of the Emission Energy for The Plot of the Emission Energy for 
[[Pt(CN)Pt(CN)22(H(H22dcbpydcbpy)] in the Solid State Against the )] in the Solid State Against the 
Dipole Moment of Vapor MoleculesDipole Moment of Vapor Molecules

Vapor moleculesVapor molecules
�� higherhigher polaritypolarity

luminescence luminescence 16

17
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�� higher energy higher energy 

Pt���Pt interactionsPt���Pt interactions
�� weakerweaker

Good sensor for Good sensor for 
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eexpansion of 2D network to 3D  structure xpansion of 2D network to 3D  structure 
by using metal by using metal cationscations

VapourVapour--Induced AmorphousInduced Amorphous––Crystalline Crystalline 
Transformation for NaTransformation for Na22[Pt(CN)[Pt(CN)22((dcbpydcbpy)])]

vapochromic multicolor 
system by hydrogen 
bonding interactions
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Preparation of NaPreparation of Na22[Pt(CN)[Pt(CN)22((dcbpydcbpy)] )] 

NN [Pt(CN)[Pt(CN) ((d bd b )])]

NaOMeNaOMe//MeOHMeOH

2020

MeOHMeOH Suspension of Suspension of 
[Pt(CN)[Pt(CN)22(H(H22dcbpy)] dcbpy)] 

NaNa22[Pt(CN)[Pt(CN)22((dcbpydcbpy)] )] 

pale yellow crystals pale yellow crystals 
NaNa22[Pt(CN)[Pt(CN)22((dcbpydcbpy)])]··5H5H22OO

RecrystallizationRecrystallization
(H(H22O/O/MeOHMeOH/Et/Et22O) O) 

pale yellow crystals pale yellow crystals 
NaNa22[Pt(CN)[Pt(CN)22((dcbpydcbpy)])]··2H2H22OO

((1C1C) ) 

drydry

RTRT

Crystal Structure of NaCrystal Structure of Na22[Pt(CN)[Pt(CN)22((dcbpydcbpy)])]··2H2H22O (O (1C1C) ) 

Pt2+

Na+

2121./000./'1'P3M)KQRST'I3M)KQRS'5

exposure time: two 
weeks at RT

Changes in the powder XChanges in the powder X--ray diffraction pattern of ray diffraction pattern of 1A1A
NaNa22[Pt(CN)[Pt(CN)22((dcbpydcbpy)])]··2H2H22OO

Crystalline soild
(1C)

Hydrophilic 
vapors φ = 0.27

Vapor-induced 
self-organization

222222222222

Amorphous solid of 
Na2[Pt(CN)2(dcbpy)]·2H2O
(1A)

p
Transformation Transformation 

φ = 0.42

φ  0.27

Vapor molecules 
were not included 
in the crystal

VapochromicVapochromic Behavior of NaBehavior of Na22[Pt(CN)[Pt(CN)22((dcbpydcbpy)])]··2H2H22O O 
on Exposure on Exposure to to Methanol Methanol VaporsVapors

Luminescence spectral changes Luminescence spectral changes 

MeOH vapor

λex = 400 nm

2323

Summary 1Summary 1

NaNa22[Pt(CN)[Pt(CN)22(4,4’(4,4’--dcbpy)]·2Hdcbpy)]·2H22OO
VaporVapor--induced Selfinduced Self--organizationorganization

[[Pt(CN)Pt(CN)22(4,4’(4,4’--HH22dcbpy)]dcbpy)]

MultichromicMultichromic luminescence luminescence 
controlled by hydrogen controlled by hydrogen 
networks networks 

vapochromic platinum complexes

2010/11/92010/11/9

vapor
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CnH2n+1

Introduction of linear alkyl chains to Introduction of linear alkyl chains to bipyridinebipyridine
platinum(II) complexes platinum(II) complexes 

2. Solvatochromic 2. Solvatochromic Luminescence Luminescence Based on Based on the the 
Excimer Formation of Excimer Formation of Bipyridine Platinum(IIBipyridine Platinum(II) ) 

Complexes Complexes with with Linear Alkyl ChainsLinear Alkyl Chains
Kato et al., Chem. Lett., 2008, 37, 16.

2525

N

N

Pt

X

X

CnH2n+1

� improve  in solubility and 
amphiphilic properties 

� enhance self-assembling 
ability and flexibility

X = Cl−, CN−, n = 5, 7, 9, 11[PtX2(dCnbpy)] 

Synthesis of Synthesis of the Platinum the Platinum ComplexesComplexes

K2[PtCl4]

[Pt(CN) ] H O

dCnbpy
[PtCl2(dCnbpy)]

H2O (acidic)
    reflux

dCnbpy
[Pt(CN) (dC b )]

yellow crystals
(Recrystallized from DMF)

[Pt(CN)2].H2O [Pt(CN)2(dCnbpy)]
DMF / NH3 aq

reflux

white crystals

dCnbpy = 4,4’-dialkyl-2,2’-bipyridine 

n = 5, 7, 9, 11

N N

CnH2n+1H2n+1Cn

(Recrystallized from 
CH3CN/CHCl3)

2626

Crystal Crystal Structure of [Pt(CN)Structure of [Pt(CN)22(dC(dC99bpy)]bpy)]UUCHCH33CNCN

triclinic    Face-to-face 

LayerLayer structurestructure

P 1 (No.2)        
a = 9.829(3) Å
b = 10.325(4) Å 
c = 16.264(6) Å 
α = 84.824(9)°
β = 83.338(9)°
γ = 78.820(9)°
V = 1605(1) Å3

Z = 2
dX=1.442 g/cm3

PtPtUUUUUUPt = 4.984(1) Pt = 4.984(1) ��2727

arrangement of two 
complexes

Emission Spectra of the White Crystals Emission Spectra of the White Crystals 
of of [Pt(CN)[Pt(CN)22(dC(dC99bpy)]bpy)]

RT (τ  = 6.2 μs)

77K (τ = 46 μs)

�� [Pt(�� [Pt(bpybpy)(en)])(en)]2+2+ in in 
MeOHMeOH//EtOHEtOH at 77Kat 77K
-- -- -- [Pt([Pt(bpybpy)(en)](ClO)(en)](ClO44))22
crystals at RTcrystals at RT

Miskowski & Houlding, 
Inorg. Chem. 1989, 28, 1529.

400 500 600 700 800
λ / nm λex = 350 nm

λex = 360 nm

N

N
Pt

N

N

2+

monomer
emission

2828

3ππ*(bpy) of the 
discrete complex

ConcentrationConcentration--dependent Luminescence of dependent Luminescence of 
[Pt(CN)[Pt(CN)22(dC(dC99bpy)] in CHClbpy)] in CHCl33

A B C

higher concentration

2.2V10-4 M
(λex = 340 nm)

1.1V10-3 M
(λex = 394 nm)

5.5V10-3 M
(λex = 404 nm)

2929

Absorption and Emission Spectra of Absorption and Emission Spectra of 
[Pt(CN)[Pt(CN)22(dC(dC99bpy)] bpy)] in CHClin CHCl33 at Different at Different 
ConcentrationsConcentrations

A 4.4 × 10-5

B 2.2 × 10-4 

C 1.1 × 10-3

D 5.5 × 10-3 M

at Room Temperature

3030 2010/11/92010/11/9

2×10-3 M

4×10-5 M
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Excimer Fluorescence Spectra of PyreneExcimer Fluorescence Spectra of Pyrene
A: 10-2 M
B: 7.75 x 10-3 M
C: 5.5 x 10-3 M
D: 3.25 x 10-3 M
E: 10-3 M
G: 10-4 M

Schematic energy diagram 
for excimer formation

J. B. Birks & L. G. Christophorou, Spectrochim. Acta, 1963, 19, 401-410.
3131

Emission Spectra ofEmission Spectra of
[Pt(CN)[Pt(CN)22(dC(dC99bpy)] bpy)] in Methanol at RTin Methanol at RT

A: 1.1 × 10-3

B: 2.2 × 10-4

C: 4.4 × 10-5

D: 8.8 × 10-6 MB

A

��� �	� 	�� 		� 
�� 
	� ��� �	� ���

λ / nm

C

D
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monomer emission

0.4

0.5

0.6

nc
e Em

Emission Emission andand Absorption Spectra ofAbsorption Spectra of
[[Pt(CN)Pt(CN)22(dC(dC99bpybpy)]  )]  in Toluene in Toluene at at RT RT 

Excimer
emission
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0

0.1

0.2

0.3

250 350 450 550 650 750 850
N(7G

ab
so

rb
an

m
ission

W
Intensity

�ex = 340nm
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Emission Spectra ofEmission Spectra of
[Pt(CN)[Pt(CN)22(dC(dC99bpy)] bpy)] in Toluene at 77 Kin Toluene at 77 K

N
NPtNC

NC

N

N

Pt

CN

CN

in frozen 
toluene

monomer emission

1.1V10-3 M at 77 K

2.2V10-4 M  at 77 K

4.4V10-5 M  at 77 K

2.2V10-4M at RT 

in fluid 
toluene

2010/11/92010/11/9

excimer emission

CHCl3/Toluene

100/ 0 %v/v
90/10
80/20
70/30

Emission Spectral Changes of [Pt(CN)Emission Spectral Changes of [Pt(CN)22(dC(dC99bpy)] bpy)] 
in the Different in the Different Ratios of Ratios of CHClCHCl33/Toluene/Toluene

ExcimerExcimer emissionemissionMonomer Monomer eemissionmission

The complex exhibits solventThe complex exhibits solvent--sensitive luminescence sensitive luminescence 
depending on the formation of the depending on the formation of the excimerexcimer. .

c = 5.0 x 10-5 M, λex = 320 nm at RT

60/40
50/50
40/60
30/70
20/80
10/90

0/100 %v/v

1. A series of bipyridine platinum(II) complexes bearing 
linear alkyl chains, [PtX2(dCnbpy)] (X = Cl−, CN−, n = 5-
11) have been synthesized and characterized. 

2.  The layer structures were found for the complexes with 
C7-C11 chains in the crystal states.  

3.  These complexes are soluble in various organic 
solvents and the dicyanido complexes exhibit

Summary 2Summary 2

solvents and the dicyanido complexes exhibit 
characteristic luminescence depending on solvents and 
the concentrations.

4.   The solvatochromic behavior of 
the luminescence is attributed 
to the formation of the excimer. N

NPtNC

NC

N

N

Pt

CN

CN

*
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