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Fig.1 Structure of CuPc and TiOPc
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Table 1 X-Ray powder diffraction angles of TiOPc

a-TiOPc B-TiOPc

20 (°) d(A) (hkD I, 26 (°) d(A) (hkD) I/I,

7.6 11.6 (010) 86 9.4 9.4 (011) 24

10.3 8.6 (001) 23 10.6 8.3 D 19

12.7 7.0 (101) 34 13.3 6.7 (102) 37

13.3 6.7 (011) 23 15.2 5.8 (210) 18

16.3 5.4 111 30 15.7 5.6 (12D 15

18,4 4.8 (20D) 24 16.2 5.5 (102) 19

22.7 3.92 012) 57 21.0 4.2 (013) 36

24.3 3.66 219 63 23.5 3.80 (113) 18

25.5 3.50 (202) 79 26.5 3.35 (001) 100

28.8 3.11 (212) 100 27. 4 3.25 (014) 47

28.5 3.14 (33D 11
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Fig.2 X-Ray diffraction patterns of TiOPc
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Fig. 4 Absorption spectra of TiOPc
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-+ -1« and B-TiOPc (solution)
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Table 2 Absorption spectra of phthalocyanines a) a-TiOPc b) 8-TiOPc
TiOPc CuPc
Condition A (nm) ¢ (loge) A (nm) ¢ (loge) . q
628 4.19x 10 608 2.19x10* &
(4.62) (4.38) g
Solution 667 3.14x10¢ 643 1,857 x 104 'E‘
(a and p) (4.50) (4.27) g
700 4,42 %155 676 7.31x10% ]
(5. 65) (4.86) &
Solid { 655 — 615 —_
(a) 835 — 720 —
Solid { 660 — 635 — L L
(8 780 - 735 - 800 700 800 700

7 M ORERKE 31, TiOPc ®afitd BHOHEERR 412,
Fio, BB ORI — 27 OB E & e BRI EE 2 18 L
t2o CuPc 0, -z mmr 7 g Lt Licaft & B
11, &b REET TR FIRIECHER L Tu e,
o ie <, 3IER U R EBREE ORI & F - T oo
676 nm | CuPc O4FIEIA Wb, L BRIGHEE (e) ik
7.31x10* THh o1, 608 35 LU 643 nm b WA Hbh, €
BFRFER 2.19x104 1.86x10* Th -7y 676 nm DML
ay—ey (7)) BRICHBEINRSQ- Y VORI TH D, 608 %
J O 643nm DOFIND B THEIN S, CuPc i3, 1-7r R
F 7 5V VERRTH TIRETHEL, Dm 8RR
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Fig. 5 Infrared spectra of TiOPc

Table 3 Infrared spectra of

phthalocyanines
(a) TiOPc
Infrared spectra (¢cm™Y)
a-TiOPc B-TiOPc
728.1 731.9 B
752.6 752.1
774.3 776.2
779.6 784.4
(b) CuPc
Infrared spectra (cm™!)
a-CuPc e-CuPc B-CuPc
722.5 727.0 730.5
754.5 754.0 755.2
770.0 775.3
785.0 781.0

7 aw YT = vy OfEMIPICEKT 5 BRI 0, 700~800
em™ O THE I B, 720~732em™! DIRIY (1) 13
7 C-H, 750cm™ §iE oW (2) % d CgHg, 770~785cm™t o
WAL (3) 12 vC-N Th B, CuPc D&, (1)~(3) &1
W B DR REROKE TR AT > T B, E7, bR
O eI, ak B LoFOMBICBINGSH S, at D
TiOPc o3& CuPe L UHHIAA D 1o Thbb, (1) i3
728.0 235 731.9 ~ 3.9em™ DT b, (2) ik T52.6 b
752.1 ~ —0.5cm™ D7 b, (3) 43 7743 25 T76.2 ~
1.9cm™, 779.6 /56 784.4 ~4.8cm™ v 7 | LTy Th
i, algl R oECERN LicETh b, T, (3) D2
KOBI, 7 & w7 = v RELHFERES HOR A CKRE
L, =0 F 2@ ik iis EaBE ol nk & < i
%o TiOPc O#HL, M6 WRT L5 D 784, 4cm™ O
WHREL, 7207 =2 v T ORAEIAKEL R >TWDEZ
RS SV

8.1.5 BC-NMR R4 bl : BRI~ 2 o 7 415 1§ i
Ik DHlE Lie BC EMAEAOMAERHMSHB ARy b (15C-
NMR : CP-MAS) o#REUTIRY 74 1> 7 = vifu
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Fig.6 Solid-state 3C-NMR spectra of a and
B-TiOPc using the CP-MAS method at
300 K
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Fig.7 Solid-state 8C-NMR spectra of a and
B-TiOPc using dipole dephasing delay of
the CP-MAS method at 300 K
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Fig.8 XPS spectra of TiOPc
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Table 4 Surface composition and chemical shift of XPS spectra

Surface composition (%)

Chemical shift (eV)

1 1 1
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, Temperature (°C)
Fig.9 DSC curves of @ and B-TiOPc
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Shake up 5.7 5.4 Shake up 287.8 287.7
C1s (C-C)/C1s (C-N) 3.1 3.2
Oxygen (O1s) 4.3) (5.1 Oxygen (0O1s)

Ti=O 2.0 2.0 Ti=0O 531.1 531.0
Adsorped oxygen 2.3 3.1 Adsorped oxygen 533. 4 533.4
Nitrogen (N 1s) 16.7 15.8 Nitrogen (N 1s) 398.9 398.8
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(Ti2p 1/2) 463.9 463.9
T T T

=]
v
L
I 10 mW o o 8.8°
N - 7 . 6 -
%
~ 230°C
2 Y
k : :
=
i) ~ °c

5 M
I £
S &
& L
o Z 230°%C

«

o

2

5 W)MA\M

F (N1s) $X0Fx=valis (Ti2p) @4kl Thb
B, EHEINCIRIER CHEThH 7o F, Nls il 4o
— 7 ER LTS, Zhid, TiOPe oo A OZEEEF OBk
BHETHY, 72ro T =2vpThogBRERFEF LKL
T, BEIFIBL WD ERHENIh D, Tk, b¥Ev7 bk
BEFUETHB Z &b, TiOPe HFomTkE (eihis
T SR LB, alR IO B L b icin UlkiBic b B
tEbhbh5,

3.2 TiOPc O#R&xBER

aj & 8% TiOPc mpzEAEMES T (DSC) OfFELE9
Rde BIBIE, 50°C b 550°C & T, 13 & A EFZM A L,
BWNCEEIHERIRETH - o Thic LT, a4 230°C @
20(J/g) DR — 7 BREAShE, ZhikalBnb BTEADR;
R LRAbIc E b e S REE — 2 ThH D LHEE L,
TiOPc @ 230°C 3 CoRMER LN 5 /i, e
HF Cafgh 210, 230, 250 s L 0% 300°C “THERK LT, F Ok
Al O XARHHR 2 IE Lico #EREER 10 1R T, 210°C Tid @
OB DETAR SN AT TH DA, 230°C Tt S04
WTH2 26.5 OL—2snALN, PHADEBIEE > TWD
ZEbh b, 250°C Tt apD - 2 g LA EHRL, 7.6°
DaPDE— 23> THBIEFT, 13T BIBICEERE LTV 5,
300°C wwig B & 7.6° DE—2 7L, ¥ERXBEHNLE TR

10 20 30
26 (degree) : CuK,
Fig. 10 X-Ray diffraction patterns of TiOPc
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Fig. 11 Absorption spectra of TiOPc
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The oxotitanium phthalocyanines having a-phase and p-phase were investigated with the
differences of crystal phase using X-ray powder diffraction, spectroscopic, nuclear magnetic

and photoelectroscopic methods.
locyanines.

The TiOPc was quite different from bivalent metal phtha-

The TiOPc have characteristic X-ray powder diffraction patterns, i.e., the orientation of
the (010) face with: a-phase and the (001) face with p-phase, respectively, were very high

compared with other faces.

Because of the larger intermolecular force, the visible absorption
peak of a-phase shifted toward longer wavelength.

The infrared spectra in 700~800 nm

region showed the vibrational energy in IR region of B-phase was larger than that of
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Solid-state *C-NMR spectra suggested p-phase has high regularity on its nuclear
The XPS spectra of TiOPc gave the proportion of carbon at benzene
ring and bonded to nitrogen in TiOPc molecule. The g-phase has much adsorped oxygen
than «-phase, because of its longer distances of each molecules. For the TiOPc, the
transformation of crystal phases from thermally metastable a-phase to stable f-phase were
suggested by the analysis of the heated samples at various temperatures.

a-phase.
magnetic resonances.




