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B 1. 252 g4 MAQ 38 Absorption spectra (NIR)
- — — Molecular design Fluorescence
Light Source Characteristics Application (Molecular level) Transition moment

Thermal decomposition |Optical disk, CD-R, Optical card (MO, MM) Dipole moment o
Photoconductivity OPC, Laser printer, Laser plate making Molecular hyperpolarizability
Diode—laser |Photosensitizing Direct plate making (Photoengraving) ﬂ
780~840 nm | Thermal energy transfer|D;Ty (Dye diffusion thermal transfer)
Reflection index Transparence bar—code, Forgery pre— Solid stafte' absorption/fluorescence
vent agent Material design gﬁnducmsty .
Sun light |Heat absorbing Heat shielding material (Aggregate/Crystal) otoconductivity .
un g Nonlinear susceptibility
(Thermal ~ |Heat keeping Agricultural film, Heat keeping fiber Electroluminescence
light)  |NIR absorbing Sun glasses, Goggle
NIR absorbing Electric camera, Automatic expostre ﬂ
(800-1100 nm) meter (camera), NIR cut filter for LB membrane
Halogen lamp PDP Molecular stacking Single crystal
LED  |Fluorescence Forgery prevent agent, Dye laser (MD) Vapor deposited thin film
Photoinitiator Photo—resist Spin coated thin film
Photosensitizer IR photography ﬂ
LED : Laser emitting diode, PDP : Plasma display panel
‘ Establishment of functionality — structure relationship
2l 1. 7|5 MAO| 22X} M.
g oway, AEs, AR, ARy sy ) 1E LIS AR =
Atk olelst SASS AxpA) Txo 424
9 BAZE Qlov] olels BAE oA AFE s B2 M40 8% Nele THY dejo B4 54
% /\‘I-%‘E_é‘l-"o—‘i)%i 7}%6Hﬁq. D e ﬂ’ﬂ]{])\' /’{max A;\‘ D\'e ﬂ’“lﬂ)\’ ﬂ’ﬂ]{])\' A)\‘
AMrEe HEHo=w Hfie Zutaygy e Y€ | (soln.) | (solid) | (o) "7 | (soln.) | (solid) | (nm)
ABZF 7)Ao MAFS Ko ko) A= FS la 541 | 641 | 100 3b 672 | 716 44
o kst S 8ope] 8w otk o 2a 429 | 538 | 109 3d 670 | 760 90
o= HeE S8aiotd] S8 g MO B | 545 | 503 | 49 | e | 664 | 73 | 89
AMEE A0 FA; A AMEE olelgt Alit % | 517 | 587 | 70 | 4a | 560 | 682 | 122
ABZHE Aoy, = S3AS, NI, tho]lE 2 2 431 | 460 29 4b 510 | 628 | 118
HE o] RUE, oux] 29 & o=38 2 ot} Ja 660 | 685 25 e 520 | 644 | 124
7 AANS FEE PPP-MOE AFE3hd A A= Asosia ~ Asotution:
A s ARHOZ AN £ 9lom! BE A
A (o9} 1) 8 TR ab initio MOE AHg-std 3 T ow W o
Ashe WA Txsh WeHE 45T & otk ® L
% ol5 A3kt 334 WY RO ek 5 b T
™ 249 stacking] FFE T YA G 1 & X=NHBy
= b:X=H
374 Wizl B3 FRE AFeh HFEE o]
88 7154 Aae B4 AA wet P 28 B S PN
16 VR ] R 99
S S R4< :%HN
e} O OH
2. a:R=(CHy), 4. a:R=Bu-n
= o b:R=(CH b:R = OBu-
3- A_I-|I_/t_0_| _T'_X‘" gEH %4\_ ﬁﬂEF—Il:-II c:R=g,2-é)63H4 c:R=oct;:-Z
d : R= CH,CH(Me)
715 A5 MAES VAR ARRHE 18R
o Ak e, A3 IR, AF T A 3 §A £ vfo|EE2 A A R EAE] W
S¥ojzich M4 FAE2 A7 23 dlelA ol A el A 3 FARAAEY - AT
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=& A0 FFe) RAF EAO Fast g3ks ¢
ot wEbd B=E AEE NIR M40 59 W
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AmaxSF DA 2FENE] Aar A0l (Adpa) ZA B7HE]
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olglgt MAELS et EA U A} o]Fd T
AAE Hetn glom Ax X879 F, e
A7), &A718 doleol et dFE vt
Z2A A4 lax A E
= njthA ot} 1as} 1bes G4V 7 — %"—‘.*74101‘3%
o529 & AEjNME Apae 718 F
g WF Sk dEk A o)A €] g—rtHOH—c )
A3t 2ol 7k Q1T 1a2 A= 641 nm, 1be] 3%
o= 5634 nmel HojEF S 7HITE whebA
1a8] AAE 100 nmo]H, 1b2] o= A<l 00]
thool2lgh ALE] Afoli= MAe] TA AHS z-x
Ao o]z HE AW EXTE A4 1ag) 1b9
XA Fx Ao gRE 1a9 A= M B
T ZF 4N A 2 FAARE A, 99
HE Hta dvhs 2 & 5 Ak =23 4
A b AFES A 3 A"E 3.3 A
k. 1b9] ¢ FA stackingo] oA = Hwo
olym okl F& g #o] 9lon BA 7k 4
AgE Zig—Zag Ful2 B4 itk A 2).
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X
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a

ab initio AXFC. ZHE 1a2] FHOZFE ] FH
S92 047 Ao, X—A Fx284 43 S8 A

la (3.3 A) 1b (3.4 A/4.4A4)
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TEXAED s A 14 A 1 F 20039 29

B 3.6 Ao® el vk zejuh 2b9] A5l
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z HAgEHE GA FEE F ok webA 2d
o ArE AEE BA D -7 AEE JHAE 2a
9] 1/3 el A=A e=tth 2a9 B¢ 2 #
2 Y FHel gA8k = FEe & wet
FHoE MAEH" o]E2 ]
Atk (38 3).
M 39 A

A¢] o7

r«{m
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-l °‘°1/H—E opbdele] =719 49
(R)J ol wheh B4} b -7 A%
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o

471
o] [e= Roi-NNn =) RS

(3a — 30) ALE SIS} A4 45 olddY B
of X%tE &7 PC VJOM sl & AWM
S vehdich £ el mAe e A4 4a

o] &4 ~HERS OB 4] YeRdlth

28 ARE 122 nm oW A= A W3t gl
olel gk At Frhel AL Aol
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4. 7|15 M=E M

71% AEE NIR 2
off vteR
41 % 7[5 NIR M
4.11NIR MAQS| EX} M|
NIR
oF e AAE T

}_

M AE 2 ko Y A AEE )
Hak g Eo] dasith £ NIR s Fdo
2 Abgehs WA wo] A9 780~830 nm 9

oﬂ | = 7]'Z%o]: zﬂ'ﬂ' NIR

PPP-MO7} AH&Ew o]st AE=

9’] Hl—;\ﬂﬁ]é H/L-l‘ﬁel .{[:

X S JFHor #A4T
MOZHFH= odyA &9, AAUE,
W3l Zo] AXk Ak AR 2718 2 Aa 5 ]
. is Lj] =l fr B OEE]EL & 2= A 37 =93 7l2RY”7] thAl dicyanomethylene
o] AL FE Yo Axte]l ¢E ¥l Indonaphthol o wolAgIgE Ak 59 A o]Eo] o ZH).

A6, T 7

3 HJN5 MEE 42829 S8

MEEY S8 Hoks B 3, 4

B0l B AAG Yol Mnd B T

18! 5. 1&F ool it =

5 Amax 583 nm

+0.05__+0.11 +0.02  -0.07
+0.11 -0.01 -0.03
o N NMe,
+0.12 -0.19
003 ;002 -0.01 +0.08

-0.04

-0.02 +0.03

A 59| TR I He}

o n NIk A NIR AZe] Bz2p Ao 3t o2 Bl 50
LR

Az 52| 55 583 nmoll Auas 7HATE At #o)

o Z=ul 7 A Wrxo]l W3lERE indonaph—

AA 2

R T &ii{_fﬂ Ao ele wAE et
2E A fﬂ%qr Zﬂf & ;FH Ak = —@1*5\_ 5°] aniline
Sow A} gadel Lo ot ¥ e g3k naphthoqu—
- ot} PPP— inoneimine F%#& Ax} A7 28ty Yk
- Mx%%}uh: 1S ojelsh AR - AAUETE S7FE 2(+0.05),

A =

3(+0.11) $fAele] Bt At dak FAd A

Z}Z} 776 nm, 722 nmoll Apax

= 7R =g Ane] & F3AS(e) & PPP-

Functionality Information / Energy Application MOWNA 3 RgAF FE £ =of vlggto=z A
NIR dye Diode laser DRAW, CD-R 20 T T2 o =3 5= U}
Photochromic Laser Erasable recording

Multilayered media

Monolayered Laser/Multiple wavelength

Multiple wavelength
recording

Wavelength changeable laser

PHB : photochemical hole burning.

H 4. Full Color Hard Copy& A4

NC
NEt, (ClOy). = N NMe;
PHB el 8 C . Nc;8. Q ?
2

Amax 776 nm 7 Amax 722 nm

Functionality

Information / Energy

Practical application

Acid developed

Pressure / MC

Pressure—sensitive color former
(Non—carbon paper)

Charge control

Light /Acid VL / Pressure / MC Photo—pressure sensitive color former
(Color printer)
Acid Heat / Thermal head Photo—polymerized photography (Cycolor)
Photopolymerization VL / MC / Pressure Heat—sensitive recording (Facsimile)

/Acid

Radical developer uv Radical photography (Color printer)
Silver halide developer VL Silver halide photography (Video printer)
Diazo developer Heat/Thermal head/UV Thermal printer (Color printer)

Photoconductivity VL Xerography (Color printer)
Photoconductivity Diode laser Laser printer

DoT, Heat / Thermal head Heat sensitive color printer

Charge—piezo

Ink jet color printer

MC : microencapsule, VL : visible light, UV : ultraviolet light.
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4.1.2CD-R, DRAWE NIR A

F 7156 QloiAd Fmel |lEHel= #olA F
| o] 8= AAYF2 wAE Apo)E FRrIE AR
Hr} Fr)x3as 27 7Hsd (Brasable) 7 7
1538 (DRAW)CSZ Fidrh &2A 7Fed2 7]
Z-2A7F 7bsdt Felol 7 7158 i
ARE QYA § A5 T F glon AAnto]
s dt AlAElS ouldi), kR 9lE Eo
w2} = heat ®E9F photon RER TR
Heat 2=29] 7% &gl o& 7|15 wiz)7} o
=& FEjeln, photon BEC] A& FxAb]

O

N

o) Fwa wlAle Faot Ao Wsks
Fejolth. /1% vjA7} Z3olel W QAES o}
of Lherlch.

1) dlolAe] W Qel’) 800 nm FelAe] %
& a5

2) AgAlel= 800 nm FFelx] 15~30%<] W
A

3) 715 A= ST R =S B S
4) A8gel 9 o, FrgA
,]

5) B U4, F=54

6) 2% FHA Tds 715

A o F GRS TA|eA ] M AHETE &
N Adefel vlsl °F 30~50 nm F3pgo® olsst
w Frdle] Fes evkeizich gio]l2 o 24 di-
thiol nickel complexE 74l AlopdAl Aih+=
DRAWHE 7EmiAZ Hx=2 ARHUTE Alopd
A 2 F AT YmA el nickel com—
plex8} 22 Akt A E do]o® ARSES

A Alobd Aaso] 3 AR =S FTAE Utk

i 89 S
=

2 phthalocyaninedl MAE A QH &
2 7Y 71=2uAE BrhE Akt e o)lE

71 Gufel gk gErt wow 7S e}
—1‘0]'7(] Z3}t}. Phthalocyanine®] <41l phen—
vlithioZ| 8 =Y oEZN FFUE A4 olsAlZ
Qom, {71 el digt &AEE ST
Sltt. Phthalocyanine AMAl= 733t #2h7H
of &=t wtot, A s
T AWNE 2o fAlEE T
t}. Naphthalocyaninedl i 4 2]5-o
£ 7HAH vzl A el s
2718 EYAIZezEZs f7] Erjel dish -3

]

o A} AMERS 8 6o ek

a p —1> ¥ My
Rl o Ay 32 B ol

>
djl
tpx
flo
v

DEAE Il A 14 91 5 2003 2€

(%),

Reflectance, , Transmittance
Absorbance (arbitrary)

450 500 600 700 800 900 1000 nm

X X
Ry~ (CH=CH)3-CH: | =R
R' R

18 6. Cyanine 42 89 &4 o BhAF 54,

9 Amax 800 Nm

3k naphthalocyanine®] 73-9- 249 #2} 3
ot 2 SFAVIE AEAOER AWFH
e SAEE o 4 Qirt

32 JIsY H IIEE Mo

G ZAte ot Ao r Aol WE = Q=
WA Aire 27 7Ved 3 715 ARE A
Hrt o] Ax®lelE 242 e s e W
Z3h= 27 E= 3709 do) ATt AREET o]
7152 A9 Aol ARgRTE F A 9] ful-
gide®} spyropyranZl & WA M ZA 9N
of FFE 7HAAl fom, wHE e Aol
Qlt}. Spirothiopyran 102 F-Ao]xut 3 FAfo]

&2 E

_wm¢
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o3 Alebd Feje] 110] A
of FrulE yeRiH, 7R A 98l o] el
o] 2 1002 FZol/lAnt, vkt vk U+
48 JeRA 23l Diarylethenerd] A A
2128 10" AR W A 58E AN 3
AL § A9 F4E VERA] 7] wiiel
o5 Aol AAEYL QT FEIAY (' 7).
4.2 Full Color Hard Copy& A4

Alopd AAEL 29 (AgX) AMXIS Z
2 AREE T Sk 2% AAE AL Aol

o] 700 nm F++

E

2,

=

i

o

i}

Y

=

o

o2

=

>,

(o]

o

T

1=

B~

N

)

Tk o ol
DI TR )

it {0 X

o FhAdelel 249 ool g Aot
4 el AR Foli
o BANA B4

cyanine borate?]

o o Mo T oY N
i
"L
>

Jm oXx
o,

|
i)

5t cycolor A]Z~Elo] full color
hard copy®ll <853 9lth® Triphenyl borateZ
o] &0 2 3} cyanine MAES 717 R, B, G9J
ol 1 A4S 7HH olso] ¥ AR A
stk F At QFl & el zo] A= A
H Bz vtold® e U9 ota¥ d=EAE
A7 mle]la g HE el Alokd # 5
A, ol3E @A, R, G, B A4S SEAI7= A
AFA7; EghE|o] Qlom F A F 7R
Holl g3 mpolaz F&o] I E 7|5 4
b Fwl o} HFsto] Afo] vEebdtt 3 A}
©]%t cyanine borate®] A} o] HEg-> 1988
deyx)7] AFF o, o] JHAIAZ ARG
EARgle] e AF7F s o] Fojxa Qi
£ £9] cyanine borate 139] greeno| FA}5
A singlet state® Zo|Ht} Hol¥ cyanine
borate aniong boranyl 2t]Z [RphsB. & 4k

Mo 2 £ K £ 2 10 [ oY K

Me,
Me  Me wv Me
X —
N's Q NO, VL N+ NO,
Me Me
10 1"
NG CN oV NG ON
7 T
Me/| A\
v N\ Mej v VL y ! Oy
X'me X X" Me¢

Atk BAE boranyl #HZ U9 C-BZA
o] wde) oJa o ez ofa ™ kA
AMAAZ ARGET olelst whg 7|75 8 8l
HERAT

713 %A (OPC) &2 AA ARlT} #lo]A] =
HEfo Qlojx A AEE AREETE OPCE vyt
Aoz M3} WAYAZT (CGL) % H3} ol%5% (CLT)
o% e A (&R 5).

st YA ZE bisazo 14, squarylium 15, tri—
azo 16 A7} AgE) dslo)lsAzE & (hole)
= o] sAI7I7] fl8te] o] 23} H9)7} stolel b,
carbazolehydrazone, arylamine, pyrazolone %
A S0l AH&ET
43 NIR A4 M|

Fluoran F%A4 172 thokst A& JeldH
53] 3 7] BdEA S5 vEiE =4 (ODB -
one dye black) thermal g |0 Alg% 1

ATt

+
ReN 0 8 3-Cl Yellow
S~ 2 2-Cl, 3-Me Orange
1,2-benzo Red
NG CO,H 2-NHPh Green
! 17

2-NHPh, 3-Me  Black
229 F5 ATAE YA oE NIR 449 7
Z8F frAbebe A3 el o) dAEAtS e
7] 3l =Es g87] 5ol =85 lth NIR
A AFAL B 9RST7)THE 8 9ol e
A8 FF A& A HAlelE phthalide 18, 19,
fluoran 20, triphenylmethane 21 5] AF&¥ 1,

[Cy+] [ RF’h3I37] — [ Cy+] *[ RPthj Excitation
[ Cy+] *[RPhgB ] — [Cye*[RPh3B o] Electron transfer
[Cye [RPhsB o] ———— [Cys][R4[BPhs] C-B bond cleavage

[Cys [Re] — [Cy-R] Alkylation

+
[ Cy ] = Cyanine chromophore
.
[Cy 1* = Singly excite state
[ RF’haBi] = Alkyltriphenyl borate

s Me S
L protad T
N N
Et Et

Ph;B-Bu-n

13 Xmax 552 nm for green light

T12! 8. Cycolor A|AEIS 0|8t hard copy.
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H 5. OPCE H5teH A (CGM) 2}t H5to|EH| (CTM)

CGM

CTM

L

OO

P OO NJQ

CH:NfN
° ) O
14 Me
0 HO
N
e { < Do ¥ i~
avava
OH O
15
M e

QHNOC OH
@ DO

RN. X
O (CH CH),— L —C—(CH=CH),—
a1 @rw

Colorless Colored

Ilor
4>
1z
B
1o

[19

z

o
0l0
N
U

a8 9. 2829

LA Qo F4tlE 7FATE Bis(styryl) methane
Al A 229 9ol tosylZ17)F Eel7|2 248t
o (a8 10).

Direct thermal XY AJAEIS] 7S 2=
TA L FF Ah HAFAE AREED glon, o] A
AHo]|= fsq/\l— Az =0] 7A o) ﬁloo}ouq A A
AgA et AAAR A s FEAES 18
2F viig el A7rek & Fol Yol IYAIA ARg-st
o (38 1.

o] A|AEL fax, POS(point of sales) #h#e|
$g5 1 th Thermal papers # %2 AFejolA
Aol 2wk Aol A| 7} 74| A 51do] AR
74]%31 oempﬂ o] HLA}JQ};H_O_ 7]_oﬂ240]r,].
A ARE 254 sebEe] A5 ol

1

41 Jv Srlr of
N o
Ju T

)
o
fiu

o
Kl

2003 24

kl
Ho
]
|

etk 71 Al 4481 %

il

HoPHEE 7|58 7] BEshE el

NM
NMe2 ©2

’CH

/ Q

OMe 2

CH =CH),—CH

18 hmay 750 - 830 nm, Black 19 Xpax 800 - 930 nm, Black

Me,N l l NMe,
NHPh = !
o) g ]
= ZO o]

Me,N

PhHN\©\

20 Lmax ~ 900 nm, Black 21 Green

[o}
m
MSQNOCH:CH 'CH*O*S@Me
2

22}y, 780 - 830 nm

a8 10. 259 54 Ma BA.

=A7E ek

715 ARE BE] faide ntel Al Aa
A7A7 oA o]= 98] H isocyanates)
phthalimide®] Wkg-of °js] 45 e w7}
A AL AEEe] vk (A’ 12).°
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Thermal heat Thermal heat

\A m Leuco dye \ m Leuco dye

Developer

Developer
Binder

Binder

8! 1. 718 ®F9| thermal paper? &AM (a) 7t

0
N—E—NHON/
N A A \
S
- N
mr\m + N@NCO Vi R\// \ ,
Re NH 3 ¢ N—Q—NHO
o

R=CILH

T8 12. HI7le NIR M4 FTRS 27|,

Metal
E

Fio-Pe \ -
F oN—"" ’ NN F
N
F N ‘,M\ N
ON™—____ RX oN s N
F RXH Metal SN F

RXor F CN
F RX or F - XR
RX ForXR

PC : phthalocyanine, X =0, S, NH, R:aryl, alkyl, n=number of RX

o

18! 13. Fluorophthalocyanine2| & .

0.

5.NIR M Aol AM7|&02 S

5.1 EE NIR Ma
H9He Auolng ofw Fdo] RS F5t
A AW g 2AR A7 o] e iy &
b Fhe Wb Heie mdEeR F4
F %9l NIR Akt o A9 Anw A" 5
7} Stk NIR Ait e 324 714 e 2
o] gtk @ A ARE WY, BE, HAAE
SEBER

HE SE&Eh 4 A9 NIR Aae
e Frds 7Y, TRl
Sbotob Hrh ek mEAte] HsEE s &,
e ik W74 7FAof sith o2 7}A] NIR
A zgol A]tE o] glovt AgAQ HE F2He )
AJe]l ol phthalocyanined] FEASS
7} lt}t. Tetrafluorophthalonitriles 98
3} polyarylaminofluorophthalocyanine®] X% o]
&4 vk (a8 13).

52 HAEME JIX|= Pyrazinophthalocyanine|
NIR A

u ol

NC._N. R
'S
T
NCTONTUNTUR

Rs

26 :R® = alkyl

27:R*= < )R

NC. N X

NC._N__Cl NC._NH; I I
) Pz

T I Ny
25

23 2 a: X=Y=Et

b:X=H, Y=— )R
NC._N. R X
T X X )
NG ON R By NN

20
NC. Ny Bu-t =N HN—

§

I/ NN NN
NCTONTON

R X

31:X=H
32: X =0Et

NC. N X
.
T T
NC N (¢ Ph
28: X =CN, COPh
NC. N, Bu-t
.
Y
NC’ N N
R
30

8 14, Pyrazinel 7lsdMA.

B 6. Pyrazineophthalocyanine 4422 4+ 3 J&
sS4
b

Reagent | Product | A* | Metal (/rilﬂr];) (i' I"];‘) (SmSn)
25a 33a - | AIlOH) | 636 | 638 2
25b 33b Cs | ALCH) | 651 656 5
25b 33c Cs | VO | 647 - -
26 33d ¢ AW | 713 | 720 7
29 33e Ph Cu 840 - -
31 33t Cs - 708 - -
32 33 Cs Cu 702 - -

“Number of carbon in n—alkyl group. “Stokes’ shift. ‘R'=
C14, R2:C15, R3=C16.

Pyrazinophthalocyanine> X3¢ dicyanopy—
razineC.Z5-E] FA = LN Ao} a1 Alejol
A 733 P35 Jekdit)k. 2,3-Dichloro—5,6—di—
cyanopyrazine 23S pyrazine FEAE A7) 9
3 F7HA 2 AFEE Y diamino maleonitrile 24 2,3
A7} X849 dicyanopyrazine %54 255 A=
b AbgE o972 249} 3 4—hexanedione® ¥H
O 2XE 255 US 4 29 4-alkylphenyl—
glyoxal#}e] Wh&-O ZHE|= 25b7F Pz}, T
enaminef 9} 239 Wk O 2 XE]E pyrazino—
indole 262 ¥4 4 9129 Ry, Ry, Rzl 242 o}
&7718] E9jo] 7hsdtth. N—aryl =4 27
237} arylamine . Z5¥ 9 H M furane F%
A 282 233} 1,3—dicarbonyl 3}TEZFE Ao
7t} o] glelx 29, 30, 31, 329} ¥ dicyano
S50l &elA o o2 E a|det= ph—
thalocyanine 330] fdojzxt}t (8! 14).

Phthalocyanine 332 &9 33 EAS & 6

o r
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8 15. Pyrazinophthalocyanine 44 33¢ &4049]
=25 9EY.

off vtebslict.

Phthalocyanine #5452 4+ 1t 7—7 A8S
= AQOoE AL = glon o]5o Fumg
E4& 7FZt}. Pyrazinophthalocyanine?] Al |+
SAES A3 red FFS e o 24 A
33¢9] o wE F4ue] wske aB 159 o
Eflon, %o mE F5uY WMt 1204
T @A, Aol A FAol fasict

q.
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