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High Performance Bottom-contact Organic Thin Film Transistors with
Air-stable N-channel Organic Semiconductors

Student: Chia-Chun Kao Advisors: Pang Lin

Department of Materials Science and Engineering

National Chiao Tung University

Abstract

In our studies, we try to modify chemical structures which can
be useful applied in bottom-contact OTFTs. Naphthalenetetracarboxylic
diimide-bsaed n-type organic semiconductors have been synthesized and
a high mobility of ca. 0.01-0.03 cm® V' s' was measured through
bottom-contact devices in air. In the fabrication of our device, glass was
used as the substrate, tin indium oxide (ITO) was the gate electrode, and
silicon dioxide was the dielectric layer. In addition, we would like to
realize that relations between the organic semiconductor and metal
contact. Three different metals, ITO, molybdenum (Mo), and
molybdenum-tungsten (MoW) were used as source/drain electrodes.

Moreover, we also interested in single structures of our
synthetic organic materials. Single crystals were grown, by a
solvent-evaporation method, from a N,N-Dimethylacetamine. Molecules
that are constructed via the electron-withdrawing groups would

effectively help n-type organic materials to resist oxygen and moisture.
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# Brown <77 3 B f§ » % % 7 1 tetracyanoquinodimethane ( TCNQ)

& ’H ﬁfﬁ“’b’ﬁ %g“i? BB %%Z » H “F'.—"]‘#.'lif'rﬁ;] 1-12 -
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NC CN
NCCj CN
TCNQ

i8] 1-12 tetracyanoquinodimethane it § % 1‘# 5B

i § R ERELTF TOTRIE DT I BB TR MO L GG 3x
10°em® V's'@ o n B Byt 5 4500 F £ > 1995°" & Haddon® % 7 Ceo
Al F 3T LM AT Z40r Ag L T HRE T #ChiE A
Bt e T afd §FRA 2 AAfF L Colwzn o &
* tetrakis(dimethylamino)ethylene (TDAE) & # gd2 ~ i &k 6 5
- HHAR LG R} LB D6 A T g kb
AR B R AP R E R A BT MER A
T2 T A BRET S BE S 0.08cm’ Vs R TRE L 15

i3 h¥ gr§ ¢ o metallophthalocyaninesic 1 « % & f45 & ¥
A3 B kg p-typeshd B R KT %S RY #£E R
FR- B ABNEE 0 F AR AptypeA T L - P TI A
g B (blded )0 g 3 ek BT 3 3 B (LUMO)
AR 0 T OGET F L F %A~ (injection) F oA A+ 0 A
F 5 J netype?) 3¢ e b2 EALHR o & 1998 & Bao ek d g &
p-types F F e T F B A o R Lp-typesnit AL i %

w
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hetypee < ¢ 3T BAED B AT APk £ 22 (CL)s F (ON-)
(F-)- # # rcopper hexadecafluorophthalocyanine (FsCuPc) #11¥
B i Bt 0 B oD Aol 113

e T
; T
R - E 0o°®°" 5 o d -
R 1 . [ = 10? +4 1]
2 R\ R S [ fe ]
R X\ XN—p, FigMPe, Ri=Ro=F, X=C,M = A O I R I A 2
X (™ X Cu,2n,Fe,Co 2 16.5 L 350
i N \ ] ‘emperature (% i
HR1 W Ry CligFePe, R;=R;=Cl, X=C, M=Fe ] E
1 . 2
N X,R1 (CN)sCuPe, Ry=H, Rp=CN, X=C, M=Cu £
A £
R ex {L Ro pycuPc, Ri=Ry=H, X-N.M=Cu =
HQ H] H1 Rg

P - PR | Pl
0 20 40 60 80 100
Drain-source voltage (V)

B 1-13 FCuPeit 5 S fr @ BBl (F4rp < % 32)

S8 Bl end 3 @@‘J‘“ 2 0.03ecm’Visly FomEBE e L 10421070 2%

Afrk S erE A BT F AL F B AL T AF CuPcen 2 A%

B R PR BT AR S BT e
S P S R

5 5 e 2000 # FaCChettiBﬁﬁ’aﬁ‘ 4 7 % — 1B 14 sexithiophene 5 i

v/ thiophene 3 3 e+ = A F 4

(dm

a,o-diperfluorohexylsexithiophene ( DHF-6T ) n-typej #4154 o Sif4r
Bl 1-14:
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FF
BERF s W s N s [N EF pp
AN Fr I CF
F FF FF F o 3

B 1-14 DFH-6T » + i* § 212 B

~ Rt BT R Y T RS B S £ e KB F F T ATRIE
5y 4@@@&;QMaﬁvwhémwwwém%kﬁwﬁ

‘F}f 4 2003 & = B £ T 3E I en! J‘ﬁi{if’%} 1-15:

Bl 1-15 2+ i 8 2458 (48 2 jt 34)

HYnz B ,ﬁem:ﬁ ,M;Jgg:ﬁ =B 50080014 x 107 ¢ 7
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P SRR S SR 0 % A L (A RI-165 2 B A

3) !;‘
Tyl

5

B 1-16 » 5 5 527 0 (fF&rp <k 34)

i # > 2003 £ Pappenfus” & =2 }]?% -
3,4-dibutyl-5,5-bis(dicyanomethylene)-5,5-dihydro-2,2:5,2-terthiophene
(DCMT) > FHpdcBl1-17 -

Bl1-17 DCMTA + it 5 2 4§l

i &4 Fdthiophenes £ =1 8 » CN-% (T pena F 2 > @ ¢ F
% % L (butyl group) 3+ 2.5 7 H 4 s F 3 f2R o DCMT
A G RAF R P R R T R A R - B
ST B 502 em’ Vs Tt >100.
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O bt e AR E 4 £ 4~ Coo > B Uthiophene s A
SSE EHT IR AGE T BE R s T R - R
R R AL T R i BT S A AL 21996
# Katz g & % % &4 01 £ $ 1,4,58-naphthalene tetracarboxylic
dianhydride (NTCDA ) §r1,4,5,8-naphthalene tetracarboxylic diimide
(NTCDI) - &~ & %ﬁ.-&zﬂ%}l-lfﬁ :

H
O 0._0 O N_O
O” O O 0" N O

H
NTCDA NTCDI

®1-18 NTCDA » NTCDI# + it § 242 Bl

®* NTCDAX T3 B g+ X HMpk > LR A kit 54
Bf - BAFFERT TN HELUMOR I} » b n i enfliv) >
FAE 2 F P ELE%E  RiEfoaEr £ TR R T &
BE 5 12um%E 5250 um o § # 4 F NTCDA 3 x 10 torrer/ig 4 T 4¢

y %4

U0

-4

BAB LA G A AER S55C  HWARHL500 Ao A F
i‘r;}ﬁi%%fi'fg’:’fljéﬁ?—;@ﬁxﬁ",—.z.1~3><10 em® Vst e £45 3 -
T TR j;ﬁ‘;—?@,% ¢ 3 1-27 3 (order) T "2 4% o
1R R PR AN B RF fof F A P AR oA d V- B
U & % NTCDI*F = e 2 g;@;@,ﬁa&]ﬁ F310%em’ Vs it

> NTCDA - ¥ 7 2000 # > Katz % T 7 Nature’’ + % % 1
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naphthalenetetracarboxylic diimide > i & #_#%#NTCDA_} #-anhydride
io 29 % 5 imide - Katzf#® § B30 § AL plidaanB 2 AL > B {23
RrLE s R ARTE S B A R FeNT 3 @B S LA
BEF TAAEE S A Y SRR RIS N2 (8 L I3 e 1 1
Ep kb apER @0 - BEFROTF BRI FELGBER
Sl N R R R ‘—ﬁ;fr:@: P BEF 2 N4 B]1-19 0 & E e
BT d 2t it GF R RF AR RR 0 I BT R
ﬁg’ﬁ‘@iﬁ‘—% s wouEd e MNREIFEAE S WE 7T AR
AR S ATE ] A T S B 201em’V's' A3

B 910° -

PP FF F
FFFFFFFF F F F

F N

FFF
FFFFFF F

|
A
280
rlaay
Z \
ras

e
|
H
IR
i
\

";z; - ziP/
R =L
%‘f;rji ’I,Ti'/

/\% ):ﬁ /1\
ESAN R
{/ ‘,ﬁ I
R P« .
-~ - L’i' ’Zir/'

B1-19 NTCDInA 3 i 5 B 4ffol f 271 24 (a2 f237)
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¥oob o Katz{ 1% 7 iz BAE T2 % »cd chn-type ¥ H 4L % & p-type

% ¥4 4 a,w-dihexylquinquethiophene (DHST ) » = 7 & 4 B 4B i&
Foae A I AN R KM L (switching) 7 3 1T T R §
Bls <S5VI|>95Ve & 114 B 1-20 o #7104 &7 ¥n-typed F4 44
@2 T wEd R PECTHMP LS L 2k LI ER
< ARPEITR R BE -

—1L

1L

F1-20 3420 2 S WELE (F&p = r37)

4 7 P HPPDISCN & * ¥ T BN TR~ L84
2006 & > YooF? 7 B[} E :#H#-4 = I PDI-8CNLeni# £ + 4] 5
PR WENF an T RS TR EHET MR E S
3% ZPTCDA L - T o ppepilics: 8 ineefrma dE > H 7Y L4k i
soend Rl R -CNehi 2§ 5 A o 1 B 248 & 2 4o R 1-21

TR o
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NC

6 ~ = B
CHpy N L NG,
0 5 0

¥4 ‘ l

Ti/ Au PDI-8CN, Ti/ Au ||

100 nm SiO,
P* Si substrate

B 1-21 PDI-8CN, &~ + i F gt T i 5 L~ * B4 (F&p ~

;5%38)
~ENE SRl AE ZF MR AARE > AERERESH G £
”%iiﬁ BRI LM B RSP RES - § P By
SR ER Qi & 1\}\3 gw@]@m@ifii_} %ﬁjﬁ&%ﬁﬂiigﬂa

gﬁo;{xguv};k TR p B EE RN E S 2 R AR
AR o s P EFBALESRERAG P PR RERT
BE G L EM ok RS TR TR E i o F %
%% 5% #®* l-octadecanethiol (OTD) ki3 4&F £ 4 o pF > 0| T

BN TR L B 122 957
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-
(=1
&
=y
h
(=]
3
A

W/L=200uym/4 pym =

10} u=0.14 cm*Vs 10.0m §
< = =
L 10¢f Vos =40V {8.om 2
] @
£ 10° {6.0m
© <]
af -—
.510 414.0m E
Dw":"f 12.0m g
=

107 pasass 00 &

40 0 10 20 30 40
(Gate-source voltage (V)

120.0p
——V_=40V
100.0y <
. H] —v— Vg =30V «‘A
< 80.0p —A—V, =20V .,0’.'
= ,, !
£ eoop] ~*Ve=10V 4 v
3 —a—V =0V 47
£ 40.0u1 @ v
g * .‘Jﬂ‘““‘""'“
20.0p ] AL
8990580809888
0.0 ' .

0 10 20 30 40
Drain-source voltage (V)

B 1-22 7 OTD 3 4F ¢ &7 & 48~ 2 B

=H

R TE AT S BEE S S 014em’ VST AR TIREH G

BT B R T g AR E P RS JPFE

A B L TRANMTE~AZ LA A&

w

s

T ‘:*
)

X

=
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S
Iy
il
p 1
A

21 B #

B 2 A BT A F R RS T
(top-contact devices ) 17 i B HHFS R Fl 5§ 4L 4 ¥ W iF
LEETNA R 0§ REDT HM AR TR A
FHLEMEE RN TEOT LA SR g T
BT EO~E B4 ( bottom-contact devices ) o & — £k < )I? oot
BATEAEEHY CAREARES BRI BRI D) £ B
Fenflip N0 B A4 a B Ml b ot haillmiEe ¢ B
FHWEWT LMPBES > RF AN ERAEPRT T L P EZ RN
Fleni Bk R YA 2 B OpE# (channel length) > # & % g 3] ~ &
LERBFEERY WLTERDEBHELZETIRES At T E
RYLHWETHET PRI R Y LT REFLR Y THRT
Q100 k3 o gt b o d N P BF TR B TER S A E4E
BN - H R W A EERES BRE ARG
TR £BREY AR T EZ LR EEF - hf RALAER o d
WP L BB PG A R R § TR b
- iy L ERHRE > TR KR S R hAR o T R A - R
e P R G T W SRR P T RS TR
SHARRT TRAS A ESER S DRRg L R YR -
PR IR B TAA R VT T R T
dopt - RTT LG P L ERMREFILE SRR Al AR P oA R

RRIT G E A St A0 A A R EHT R
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AT WEET LA ORS D R BE RO s T
bR B2 T SR ety o

4L R e L - > T A L

7 W (n-type) &L BT 3G B4 (p-type) o dodi T #1if

4 v S LA B AT AL B TR EF L R A

FHAG AL E R T A LRTRE E BET I L ]

v

hH 7
Ha'i-

)

]

?

-

oo 3 i H Y 7 R QLT R g (T i ATR RS L
AR FOIFREFERE) FEFRFE R AE G T Dl

’

SN

G R £ R LIRS ARER R B BT
P ERBEG T  @T S A A R T F g0

PR T IR U S S SRS BT R T S L g
1

a

4

gl

%;&t’lmrx’ﬁﬁé AR o PRIEE B kAL Fle B 5N
p T BN ERE G RN Dy

THE EekaEET R ¢ B B £ 5> MRS EEWT KA
ToRERRPRERDT A E DT F AR S G o F
BT cH G BLEMA T FEEENS AR aFnlg S

A BT

¥k
P
il
—
=
i
&y
Ju¥e
—=be
&
A
TE
-
“%&
»R;
beits
&
}14..

s
ﬂ@*ﬁﬁ%@iéﬁ?%iﬁﬁﬁﬁ’ﬁ%@ééﬁﬂ%%%ﬁé
PR R RATE S B TS 2 B B

3 % = 27 k= _\ Rl = -
AL D BN B T RS BT A .

N
R
g
!

Acetic anhydride pp Riedel-deHaén
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Acetophenone 99% pp Lancaster

4-Bromoacetophenone ppp  Aldrich
I-Bromooctane ptp Lancaster
Chloroform-dg B Aldrich

a , a -dichloro-p-xylene 98% pLp  Acros
1,5-Dimethylnaphthalene ppp  Aldrich
Dimethyl-dg sulfoxide ppp  Aldrich
4-Fluoroacetophenone 99% pip Lancaster
4-Methylacetophenone 96% pp Lancaster
Hydrochloric acid 37 % ptp Riedel-deHaén
Imidazole pp  Merck
n-Octylamine 98% pp Lancaster

FPutrslz EEE A A ERRY @ FERTT 2 A
acetone ~ ethanol ~ carbotetrachloride ~ chloroform -~ ethyl acetate (EA ) ~
hexane ~ methanol 4 %] p >t Acros ~ Tedia ~ Fisher ~ Merck ~ Fluka ~

Riedel-deHaén ~ J. T. Baker ~ Mallinckrodt % - & o

23 R%&E
(1) ' 3% ik (Mass Spectroscopy) °

% ¢ * JMS-700 double focusing mass spectrometer (JEOL, Tokyo,
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Japan) » 4 10kv gk i7 § /& 4e i & (Xenon, Xe) > £ A B (matrix)
% 3-A 7L F 7 B%(3-nitrobenzyl alcohol)=if i2 T » 12 FAB(fast atom
bombardment) & &_ El(electron impact) = %54 > VB £ H 2 5
Eod R A F R OB AT HATI R AR
(2) ~ 2 % #7 ik (Elemental Analyzer, EA) :
% & * Perkin-Elemer 2400CHNZ|EA » 11 #0403 V1L & 4 i
SHE F 8 - F P R(COy) ~ k(H0) ~ § # (NOy) » £ 4~ 3
REERBHE B FLEF?I RO -2 FO)FN)E
AE G d RE A BT CE A A AR RN -
(3) PiE % 3=k R(NMR) :
% * Bruker-DRX-400 MHz{i g+ Jr L3 &k » &2 v &2 %
e & (DFfr(CO# M & =8 E = ippm-~ & ¥ Bl =2
Hz » # 1 CDCl5('"H87.24 ppm, °C877 ppm) ~ DMSO - d¢ ('H82.50
ppm, °C839.5 ppm)f=CD,Cl,('H55.23 ppm, °C854 ppm) & p & o
B3 4% 1 stk & H 2 (singlet) ~ d & % 4] (doublet) ~ t# £ = A
(triplet)frm & % % 2 (multiplet) °
(4) =+ #* B¢ jicss(atomic force microscopy, AFM):
FSorie * o E L DI-3000 A48 5 0 T i * g s BN o AFM
T EAPREY RS- FREAMN VRSP e FERBN gL
#_d Binnig ~ Quate ¥ Gerber - 1986 £ 4% 4! > #d 5 f|* R+
Bens ~ 504 BHppspeanbl > RF i o B9 e R/ o
(5) # = X-5F5 $E54 & (power X-ray diffractometer) :
% * Bede® DI Al R X-5tRESK > @2 0 &5 50 3
600 > i& 7414 5o 48 2 R o
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(6) H & X-%+ ¥e84 1% (single-crystal X-ray diffractometer) :
% * BRUKER SMART 1000 CCD Diffractometer System 3| X-
SR SR ’ﬁ‘ WHE LN EE BT 2 R oo ‘)Fi
EAFLF A AZELAMTREING -
(7) #1258 7F #E 7 AH % 3 (thermally evaporator) :
AT WEEMAR L B 2R S M 3 S T i
IR G ARG MEZBRYT - EBERILEZEHRIT -
B E 2 @EviE5x 107 torr o
(8) = AT TP o (semiconductor parameter analyzer) :
I8 B 5 HP 4156AA] M 5o 2 B 3 4
FRT SRR Y > BRI E AL > BRI E T A
TR P F TR RESGPF ORI AT INE S Frr
PREFE -HWEELT LS R RILNAFALERET A LA
& T -4 1% % & (Drain current-drain voltage, Ip-Vp)!4 % A&7
s~ & % /& (Drain current-gate voltage, Ip-Vg)&E B > B ¥ Ip-Vp
BT OURR A e fo T B @ Vg RPT U E A
2 enft 3 B H 5 (mobility, p) ~ 7' L B (threshold voltage, Vi)

% B B (on/off ratio) & & & e i fdc o

4 A
S TIEY
BB AR o B PR RAR R AR A o F T AR B

RHT TRASTERAPRHE AL P DTG h TSRS D

Eﬂ

T fe M ety WARARRE 0 R FHEE R

IR {Lbﬁi,}i”ﬁ - ,% Bo A= P AT W ?aaafﬁ;ufi.ﬁéﬂf#é‘f

27



#7832 #&(bottom-contact) * @ Hf #& (gate electrode) % *+ 4 ¢

(dielectric layer) 2. (bottom-gate)o * & ¥ ~ i g hlde = i
AL B4 B 2-1 71 -

(Sputtered Gate, N SID)

170) (5/D= Mo, ITO, MoW)
| (deposition of
(PECVE Si0,) semiconductors)
Source - Drain
1 Gate

Bl 2-1 TEANATEREYT S

Rl

1

Yo AL AT T AR R B R £ 427 BAE (gate) i1 (drain)

=)

frihtk (source) = B Rtk Aw HIETHEE L » A2 gy

it R jf‘i/??ﬁim” F-E R L 100 2 5F indium-tin oxide (ITO)
off w3yt o > T f* plasma-enhanced chemical vapor deposited
(PECVD) et ff = 8- L A - 5 P RE 2 ITO 2 1 - ¥ ik
PR RIBREGE » PEREABRICRIMET A 1T 42
oo R EFEEW L 50030 pm o fedfs i A w0 R B i > BIET
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FRMEFNEZEFES Y SEEEREEY Ry SR

A R PR PG 2 R R R 4
1 (top-contact) » e F H L E & 11 ehj BT F A4
Brd PR TR BT R P A s 2 i
ﬁﬂ%&%%ﬁﬂﬁ”%&%ﬁ?%ﬂQ%Eﬁﬁ@*—ék”P@

T

e

ﬁ\‘-‘ﬂ

2.

(Tt ee 2 B ot ;gégg TR Jf#mﬁﬂﬁ—» TR =Nt A =

BRI B WL B T Bl B AR I AW 2-2 4

Glass substrate

I Organic semiconductor

Gate electrode

e —— Source/drain electrodes

dielectric layer

B
|:

B12-2 TR 2 (e A

Yot ARR AT 0 L MR § A B R S LE
Bzt obis P MRIEEAIES BT R £ BHEL o0

R

F_*

<k

|

~=h
= %

N

2

W3- T

A
LR P o P EALHTIRERT Y SR ES Y A ¢

29



AU N TERAT L RF R B EERT EFLER
R AREE AT AL L EA S .

25 7 BT I AL EMHRE S
LA v g g ? o Katz e g BIRH A E 007 0
naphthalene-tetracarboxylic di-imide (NTCDI-R) 3 i - s 7]|i@ 7§ &
A F W EEMH AR A BEET M o7 Fs H
STRF NS RBRF AR T RZF AP AT R
AR ? N EALTIEG SEEAL G AILAER S e -
dTRMANTERAE TR DB B EEMT R

ML ERT HMAE iR BN TRA L Rehd o 9711 AfT

TREOL R B AT L EMH R A AT RS
TR AT ST A AT A A T A s M

AR OB T A BHAE R AT RAT RS LY AT Rk
BB TE I EAE S 4 Bk A (-OCF;) & F » %
RiEd v gk Katz #2 3 M@t dicnd 4 7 Aot 4 (-CF3) &
F o d 34 U-CEB~R A % 1 INTCDI®R T 3 4| L H4 > A5 v &
‘gﬁ#a ek s8I A 3 R AP sptind G g s o eEE Ay B
AFEREETRG A F YRS At LA &R
PR 0 F WA R LRGBS 2 3 e 2 5 &
G e Wi G R i g7 g LR RS Sl gy

FREFHHAETEAT RSP SRS
fett > A TRANTIERAE DT LKA 2 HME o F B L * aun

RS SPe DS
1}[‘ '1'] AL eTIEL &5 PI-E:-

A24c@] 2-3 BB 2-4> 4o & 2 AR TR 0 & = b -2 g5 2§48 (anhydride)
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&R P~ AL (amine) 4c » sf ek (imidiazole)fs &% & % T LR
3 70~100 °C» #F ok 215 0 4 r RS 24 L PE o 0§ I8
rAIENEL - E RS R S SLE R N R A A
FRL B EARETLF R RAY AP FHEL A XS
EFHiL 22V RL BT IR B EMM a5 B é\»«‘}';”"r'?ﬁ‘

2RI GIEY PREERLEE R THRir 2 AR - e

o ] ,%%zr%; :

HN—
R %,\N

@O imidazole
' - O

70~110°C
6”00 HN O N0

O N O

( R = OCH3, OCF; )

@] 2-3 NTCDI-R & = /i 4% [
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’/(,:j/DCFS
HN—,

S ee
imidazole ‘

+ -

70~110°C @G

F3CO’©)

H;N

B 2-4 PTCDI-OCF; & = /i 4% 18]

it £ #NTCDI-R (-OCHj; ~ -OCF;) > & = = ;¢ :

B~iX L-OCH3 % -OCF;eh & = > ;N % gl » A F %W P 1
-OCF; B~ % 2L 5 &) o 4= 4> % 5 1,4,5,8-naphthalene-tetracarboxylic
dianhydrde (NTCDA ) = 4-(tirfluoromethoxy)benzylamine (-OCF; ) >
P~ 1.5 3.NTCDA{r 2.67 3.-OCF3i® & 10 s.imidiazole » #-8 & + & §
FTEUED 100°CHEEET 0 12 ) PF e BEORR 25 T~ i B OfF
REAA S R B kR IHE AR > A5 T0% @it
PRAAE AL LESXBELFCLESTL AR 7B
Lo B A XG5 50~60% o

NTCDI-OCH; : 'H NMR (500 Hz, CDCls) & 8.74 (s, 4H), 5 7.51 (d, J =
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8.5 Hz, 4H), & 6.84 (d, J = 8.5 Hz, 4H), § 5.32 (s, 4H), & 3.76 (s, 6H); °C
NMR (100 Hz, CDCls) & 162.84, 131.09, 130.81, 126.71, 113.88, 55.23,
43.44; EI-MS: calcd MW, 506.5; m/e =506 (M + H)"; Anal. Found (calcd)
for C30H 6F¢N,O¢: C71.14 (71.12); H4.38 (4.66); N5.53 (5.92).

NTCDI-OCF; : 'H NMR (500 Hz, CDCl;) & 8.76 (s, 4H), § 7.59 (d, J =
8.5 Hz, 4H), 8 7.15 (d, J = 8.0 Hz, 4H), 5 5.36 (s, 4H); °C NMR (100 Hz,
CDCIl;) ¢ 162.75, 148.81, 135.12, 131.29, 130.88, 126.76, 126.63, 121.41,
121.04, 119.36, 43.26; EI-MS: calcd MW, 614.4; m/e = 614.0 (M + H);
Anal. Found (calcd) for C;0H sFsN,O4: C58.64 (58.65); H2.62 (3.04);

N4.56 (4.81).

it & #PTCDI-OCF3 » & = = 3\ ¢

PTCDI-OCF;#1#L & = &2 NTCDI 4 7|48 ¢ > #PTCDA £ "=
it & A {rimidiazole?s - ¥ 5§ THE AR L F I 100 ‘Cygdz 5 12 /)
o ER BR800 B EOFRENE BRI R i@i/,@*’#—ﬁ'i%

FEIREAL > AFEH60% Hit >0V B g cifa =X

BEMEPTL AT R BHF O RAEFHS 40~50% - 11
d HHE o d YRR AR AR R RN ol - PR
LHREFRBR LR EAS IS AEZLATRETHL LS WHAE o
PTCDI-OCF; : Anal. Found (calcd) for C4H,FsN,Og4: C65.05 (64.73);

H2.73 (3.02); N3.79 (3.90).



B3t r B G 44 :s-ﬁ;f@fb;&%wﬁf%i& SRR IR -
AT Rk TS RERE L BET T N A LA
T oA TG R g A SR R RA ]

4T LG AR Ao § A T SRR BB T L A
FEHATR RS TR F A FTHINBBBIER oY E
B FAF B AG < d 8 Katzm 7 B & 2000 £
“Nature”® 74 4 SANTCDI-R 4 7§ 484 3 545 > & 7 1 5 45

e o d WREIA S € FIB R A7 A s p B A 3 57

“Zz}

» & &} #NTCDI-R % s~ % A d J & e-CF3 8 7 2 5 -OCF;
‘*?#Ew*zls P TR A R 2T g G S ] TR R A
(-OCF3) » » + it slcnigse? §4F { 5 Sy Femeip?
ot dp e F Sk 4 RBIEY A SR R RS T RIS TES
BEHOT HHER R3] AT HREFIEI NN HBT I
A+ H# > i & ZNTCDI-R* PTCDI-OCF;% & i § % o fimend
HAE S E LS FENF KA -
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R = -OCHj, -OCF3 F3C\O’©)

# 3-1 NTCDI-R{-PTCDI-OCF; it & % 1‘??}

RARET LA ERELES PEEES IR

3 AT S A G A S N B T e ch M EET S
53
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it % — NTCDI-OCF;£ NTCDI-OCH; 2 ¥ & #icdf

Formula
Crystal system

Space group

Cell
volume(A®)

Density(g/cm’)
a(A)
b(A)

c(A)
BC)

NTCDI-OCF;
C3oH 16F¢N2Og
monoclinic

P1 21/c 1(no.14)
3057.77(259)

1292
20.4261(30)
7.5528(11)

21.3798(32)
112.02(0)

NTCDI-OCHj;
C30H22N, 06
monoclinic

P21/A (no.14)
1164.63 (30)

1.444
15.118(2)
4.3632(6)

18.033(4)
101.74(0)
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