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Abstract

Exciplex formation of excited 4-phenylberzophenone (PBP) triplet with trnethylamine (TEA) in organic solution has been studied by
stendy state and pulse-luser photo-luminescence measurements. Direct evidence for triplet exciplex formation was provided by the obser-
vation of emission at longer wavelengths than that of the phosphorescence of PBP, The quenching mechanism is proposed to involve a
=, =" triplet of PBP to form un exdplex with the ground state of TEA. The difference in the photophysics between ¥ =, %) PBP and Yn, =%)
benzophenone ( BF) probably plays an importunt role in the electron-transfer process,

@ 2007 Published by Elsevier B.V.

B KW ERG

4

e

ALE @
/ o @

1ovn vtk 20 1995 45% B AE] 19 et (LR o]

@&%%%ﬁﬁi

'&‘1991»»2011}

- .

o b e S dEeolE o 55 B H 9 R o

e 1 R 11364 5

i ‘-B'El 100130 E0

1

2005¢ChO
F iy

Cheesiry Blympiad

10194 2E

wiowHES 00w iER



1 el > — 3 — 4 — | 5 s - B |
£,Cs =z Pl 3|z Hu &7 Su s|  _  =ss==ir Buq === [(,RO g ¢
i e " — | i I il o
L Hu The not-so-periodic 1.G€4:
5 16
9 B 10 e 1 12 o
5, Cs 5[z Pl 3 £, SU table of the 1AL
77 78 79 [:To I

13 mmi+ mem'!'s NN 1 ™.

International Chemistry :.Bu:

a1 az 83 84 |
17 18 o 19 zo = z1 E=
i Cs.x|n Nlzz|zHu g Olympiads e Fi . = Ge .
e le™ " I bl el ™
22 HTHR3 =i 24 ™o KRz EEZ \
= Fr gl Plg w Us o —[-t Sl No.s | Cnozl|
'm..__—'_ pff_' . ¢ 9F '\;:. y {94 f-—ﬂ',— o
28 mmlzo—_1*l30 B3 --==37 amm233
Ru Ca Augg=Th .| = Dk In
o l - D PARSEAE - ;
GG i o8 T R 2000 o1 !
Yl — L TR = 3
NI . s 4 » Gr 'l Ge s
L —— "] —— T
g 0z | ‘ n3 04
37 i\-ps-—--""::? 39 == 10 —a |_%‘ Wz ® i3 B = -
' TW+ FKr Ru.il s HQ Gb i[f Jp 3 p e | s "
[+ ). - o0& o7 C-I'IMI 0% 10 1

BB T-(electrons) 3T (photons)

[AZCHE 5]
AR GATT WTO(WTA)  ERSPSSREES I
Internet B Impact HEp B2 feEm
Creative and Vision SIEREERE

[ AZCHE: 5REE L2 57 (] ) 7 i) ]

4 # T (Money Market, Stock, Sorotz) 8 T-(e-business, Bill Gatz) -

o A3L( Economics) B #& (Science,Engineering and Technology)
[ "y MR A (+-) B; Mg A (x/+) B f

-1
¥ ey

i [ 75 S P RS DR AR )
EREmoRe ) —~ B =M e ) — A B 2 MEER.( — A RCEEE

R T)
JEEI(RIIRS004E) —R B (S #R4004F ) —~ B F R 150F) — 5 ME A805F) < (GHIX)




@3

B &

B HEPE -REL CRER - FE@ o BiEh 0P~ 2R B0T fF
SRR AEFE o R g 2 KT I -E”f:’

ZERA . RORA CRESAFECFE AP ERT

¥

"4

B F
H Eﬁ%ﬁ'} (02)77346206
BED :i{?q“—:‘ﬁﬁ (02)77346205
H121:(02)29309074; (02)29352761
‘F‘iﬁn\nfﬂf’{l"‘ (11677) F [JT_I < L [Eﬁ?_‘ M{EE IS 88 B
E-mail scchemts @ntnu.edu.tw(1),scchemtsfang @ gmail.com(2)
AfHE! - http:/ficho.chem.ntnu.edu.tw/fang/index.htm
K| :%Il: ey
BFELINFHL F); RISIEEG F )75 F)
AR fﬁ%?@%u& =5 R
PR FECPAILE PG B 9)F - P
g = - e R4 g VY S Ceil SUER

Tl (5 5 5 - *ﬁg{?ﬁaﬁh i VEo SRSV DLt
B TICINEF RSB ?,Iﬁlf“é’;%z& \1*5%'_43 3EIEE *6543’1 f“‘
SPHRAT 3 ETE 1%% (5516 53, 3 550 (“F RS 16 58 - 3 5

SRS 3 S | T S S )
o %?F%j%- W@
?J%% F'mﬁ ]%‘F’J%?UEE@% [*55 -
| EB (" AP (PR
B SP BART [ s e R RO
= ®E37th 2005( July 16 25)BIEE [ 2P AT EHTE -
F,ﬁ’i“ﬁ[l 24-34 7k ~ 3343 WABIER (S RAFT R E R
| ER S FEENERST

di

N LW

s AT (PhD) MuEAEMS.F I 5 )
WERY AN MR ARFEL:  http://icho.chem.ntnu.edu.tw/new/connect.htm




e

FImEIEFTEE A

ERTIGE)
B

F‘,f

B [ 55 AT
it

i

%.“,f

e

L

il

S B

2

I L

B [ 5 AT
it

ERE TN

B

e R

%
i

9

PP

%@ﬁ
37 "I {2 R
(gt

Y- EEHTT Rl

SR

U B R

24-33 '~ 38~43

TR [ 2 AT
f._‘h
=

= BEL

=

=5 T

1035

T2 AU

2011 = 06 ] ~ 2014
F 05 £

2010 # 11 ] ~ 2013

10 7|

2005 7 01 *| ~ 2005

F 07 %

2002 ¥ 06 £| ~ 2007
F 11 £

2001 = 02 *] ~ 2012
=02 ¥

2000 = 08 *| ~ 2005
= 09 £

2000 & 08 7| ~ 2005
i+ 08 7]

1998 & 08 *| ~ 2000
= 07

1996 i 07 *| ~ 1998
i 06 £

1992 F 10 | ~ 2011
F 09 ¥

1992 &+ 08 £| ~ 1995



R

I BT A
28

=

B NASA

P 5T 11

ABE
-3

it B

LA

BB

SCIIN IR

42

5 £

92

FiAR/ Hr

RIS

%.A,I,

= Nes
=S

JPL

PRI

45

AL
P.D.Bartlettﬁ

Prof.Weber ?T:élt

(==5 2 Prof.
L.A.Singer {4
%"

ot

A
an

e
&h

ﬁﬂ EA A

PERES

TR (2

ER IR

1990 # 08 | ~ 1992
= 07

1986 =+ 11 ] ~ 2011

=07 5|

1985 = 08 *| ~ 2012

# 01 ]

1982 &+ 05 *| ~ 1982
F 08 F|

1981 ¥ 09 *| ~ 1982
F 04 £

1979 # 08 ¥| ~ 1984
= 07

1978 &+ 08 £| ~ 1979

= 07 k|

1978 # 05 *| ~ 1978

= 08 £

1973 = 09 ¥] ~ 1978
# 05 |



B

TR FiAR/ Hr

B B 5P 2R MEEESPOL (=5 BRSSP 1971 5 09 ] ~ 1973

&+ TS TR T F 07 )]
i NBERET SEZa iyl 1970 # 08 *| ~ 1971
- J Py ChemStudy [~ & 08 %]

5

Bt B E'ﬁ?ﬁ‘?b%”ﬁf [“50 %,@?#”Eﬁl (*2% 1969 F 08 | ~ 1970
F g # 07 /|
R T e Ed (% FOp=EPE % 1969 & 08 F] ~ 1970
= 2 # 07 7]

R e 7 ~ 1978 i 06 7|

RIS S Fl 12 Sl [ P v 1971 # 09 | ~ 1973
F 08 |

B e R =5 ] [~ Bl 1965 = 09 #] ~ 1969

s # 06 7

R 15F- BT

(LR SR

98 R iR Rt ST Rt 3



B9 S B

100

100

99

99

98

97

89

85

71

LR eE
B LS RSO 1] 2 20 B T SO
IR

R 2UH PSRRI 2 0=43rd 3 208 2011 IR
S g SRS P e % SU%3 S B I BT T OSCR

S RIS AEISIE 42 1] 14 i 20101ChO = & L7 68 %
FBH PP

P PR ST B B e
ek

}ﬁf[ﬁﬁff&’{@i@d OxBridge 2741 # IChO ﬁ'fﬂz%}ﬁ;%__}f E—F'}TS"‘E[’

{ I (AFTEA) #58(2008.11.16) %5 [ [A42 157
PR

ST =5 (718 2000( 2 89)# 1% [~

R SRR

* 3 b ¥ (1973-2011)

A

MR ﬁﬁ
S
FEF 1 s

e

A ]
sl

PRI
Fil L
I l’%g{gﬁ

(Located in

Taipei)
BRI

il



1. Shun-Chi Chen and Tai-Shan Fang*, 2007, "*Observation of A Novel Emission
from An Exciplex of Triplet 4-Phenylbenzophenone with Triethylamine™
accepted publication in Chemical Physics Letters 450 (2007) 65-70. (Nov.29
published)

2. (a)Tai-Shan Fang, 2006 A First-class Event for First-Class Young
Chemists-37th International Chemistry Olympiad 2005”Chemistry,
International, IUPAC, News Magazine. (b)Tai-Shan Fang, Dec.2005. "2005
Proceedings of The 37th IChQO" Official Report, pp.1-151 with catalyzers
(c)Taiwan's Report on ™ 37thIChO 2005 (2

3. Tai-Shan Fang, Aug.. 2004, Current Youth Science Education Activities in Taiwan,
3rd Beijing APEC Youth Science Fair, Teacher's Forum Paper (English)

4. Tai-Shan Fang, May 2004 "'Science Education Forum for Chinese Language
Culture™: How to Elevate Science Education in Taiwan,01-May-2004,
National Taiwan Science Education Center, Taipei, Taiwan. For a discussion
forum on thesearticles please go to the forum at Complexity Digest No.18.May3 ;
Video Statements(taken by Editor of Complexity Digest).

5. (a)Wen-Kwei Yang and Tai-Shan Fang , June 16, 2000, "problem - solving in
Inorganic Stereochemistry for Novice Science Major Students " Chemical Education
Journal ( CEJ), V. 4. No. 1, URL=http://ce.t.soka.ac.jp/cejed/v4nl/indexE.html
(b)Wen-Kwei Yang, T.S.Fang*, Nov. 22, 1999 “ Problem Solving in Inorganic
Stereochemistry for Novice Science Major Students” , National Taiwan Normal
University, Taiwan, Poster, SACC

6. Che-Yuan Liu , Tai-Shan Fang*, Nov. 22, 1999 The Study on the Cognitive Style of
Study-camp Candidates and Practical Tasks Training of Taiwanese Contestants in
International Chemistry Olympiad , National Taiwan Normal University, Taiwan ,
Poster , ACC.

7. Miao-Hsiang Lin,Yeong-Jing Cheng,Song-Ling Mao, Hong-Ming Guo,
Tai-Shan Fang, Jen-Hong Lin,and Jin-Tun Line,1997,Jan. "Investigation of
the Structure and Dimensionality of ILPS Test Items' Proceedings of the
NSC,ROC,Part D,V.7,No.1,pp46- 65., 1997:NSC-84-2511-S-001-001-

8. Tai-Shan Fang,1997, “Chemical Education in Taiwan”in the monograph
“Chemical Education in Asia-Pacific”ed. by Y.Takeuchi and M.M.lto,
Published byThe Federation of Asian Chemical Societies and The Chemical
Scoiety of Japan. May WWW Ed. http://www.t.soka.ac.jp/chem/ACEN/

9. L.C. Chow, Huey-Fen Tzeng and Tai-Shan Fang, 1992, ""Photoluminescence of
Acenaphenone in Organic Solvent and Aqueous Media' J. Chinese Chem.
Soc. v.39, no.2, pp155-161, NSC-80-0208-M-003-10

10



10.

11.

12.

13.

14.

15.

16

17.

18.

19.

20.

T. -S. Fang and George Tsu-rong Shiau, 1988, ”A Study on the Evaluation of

the Learning Ability in Chemistry ....Students Gifted in Natural Sciences and

Mathematics. Proceedings,1986 Conference on Science Education,

pp429-449.1988

T.-S. Fang and W.P. Mei, 1987,” Ozonation and Chemiluminescence of

8,8,9,9- Tetramethylacenaphtho-(1.2-b)-1,4-dioxin. Evidence for Dual

Resction Pathways”Tetrhedron Letters, V.28, pp.329-332.

T.-S. Fang, W.-P. Mei, T.-H. Chang and S.J.S. -Chen, 1985,” Photochemical

Synthesis and Characteristic of 8,9-Sat’d-acenaphtho(1,2-b)-(1,4) dioxins™ J.

Chinese Chem. Soc., 32(4).

T.-S. Fang, J. Lin, R. Schneider, T. Yamada, and L.A. Singer , 1982, “Studies

on Triplet-Singlet Engergy Transfer

with1.3-Dibromo-9.10-Bis-(phenylethynyl)-anthracene” Chem. phys.Lett., 92,

283.

T.-S. Fang and S.-H. Wu, 1981.06, ”’Fluorescence Separation of

Poly-aromatic Hydrocarbons by Synchronous Resonance Fluorescence

Method” Bulletin of National Taiwan Normal University, No.26.

S.-J.S. -Chen, S.-H. Wu and T.-S. Fang, 1981, “The Anomalous Emission

Characteristics of the Cyalume Fluorescer: 9-10-Bis-(phenylethynyl)

Anthracene” J. Chinese Chem. Soc., 28, 223.

. T.-S. Fang, S.-H. Wu and S.-J.S. -Chen, 1981, A Photo-and

Chemi-Luminescence Device in Teaching Energy Quantized Concept,

Chemistry Chinese Chem. Soc., 39, A31.

Tai-Shan Fang, 1981, “Fluorescence Method in Petroleum Exploration” Report,

Exploration and Development Research Chinese Petroleum Corporation.
“Fluorescence Separation of Poly-aromatic Hydrocarbons” Bulletin of N.T.N.U.

No.26, pp.499-508

P. P. Bartlett, T. Aida, H. K. Chu, T. S. Fang,1980 *“ Chemiluninescence in

the Reaction of a Sulfurane with Alkyl Hydroperoxides” J. Am. Chem. Soc.,

102, 3515 (1980)

T.S. Fang, L. A. Singer, 1978 *“ Wavelength Dependent Photoprocesses in

Acenaphthquinone” J. Amer. Chem. Soc. Vol. 100, p.6276, 1978.

T.S. Fang, L. A. Singer, “Variable Temperature Studies on the

Luminescence from Benzil in a Polymethylmethacrylate Glass. An

Example of Matrix Controlled Photorotamerism” Chem. Phys. Lett., Vol. 60,

p.117, 1978.

11



21. T. S. Fang, R. Fukuda, R. E. Brown, L. A. Singer, 1977 * Triplet-triplet
Annihilation by Diffusive Encounter of Benzophenone Triplets in Benzene
Solution” J.C.S. Chem.Comm., p. 116, 1977.

22.T.S. Fang, R. E. Brown, C. L. Kwan, L. A. Singer, 1977 *“ Photophysical
Studies on Benzil. Time Resolution of the Prompt and Delayed Emissions
and a Photokineic Study Indicating Deactivation of Reversible Eyciplex
Formation” J. Phys. Chem. Vol. 82, p. 2489, 1977.

23.R. E. Brown, T. S. Fang, C.L. Kwan, L. A Singer, 1977“Photostationary and
Transient Studies of Phosphorescence from the Benzil-Anisole System,
Direct Evidence for Reversible Exciplex Formation”Chem, Phys. Lett., VVol.
51, p. 526. 1977.

i #7is

L 31|, Dec. 2011 7 (W0 B =S8 BOHT ] % (1991201 D& 5 (or 7614
W VAT pp.1~91

2. B3|, Oct. 2011 - RAFTIGE L - 1 ) I RS B S
FEHE 1014 (2 ~1019 (Z) 7ok i s R A= HR12)

photos-report B )

3, ﬁbl“f; [» Sept. 20117 (12 7107 4 €y 2 e 2011 5 4 ZVH 43 Rl
[CREEEEA ?ﬁ’“ FT %ﬁﬁ F(A-T)(C- G)E“‘tf [ 35"--43rd Turkey 2011

ICho Ftd T

4. 43 11], Nov. 2011" B0 BLie 57 90 557 1 TH2UE0y HLE‘“W‘TJ;iTJr
o ) R P T ey &

5. W Jun. 20117 (SRl PR PRl ] S aT AT [ ROFSTRIEE
o (e B

6. 5 |1, Feb. 2011, 99(Q010)% S PRIk ff 5555 1 ) (March

20201 B

=~

3|1, Feb. 20117 | 99" iﬁq‘ﬁ%ﬁ%ﬂ(ﬁ A)fEE (1991~201 )t B

HF ], Dec.16,2010 7 FERH-@ MR ¢ 1 TPIRT 2 TAES ﬁﬁg[g#@fﬁ—
TG RS Hﬁﬂ PG A, B

Wt FREL - SR - 18471 - 14.8cmx21cm B

oo

12



9. HF J’L [, Nov. 24, 2010, [FL«%; ﬁﬁﬁ“ﬂﬂﬁw@%—’fé_@ﬁﬁjf—ﬂéﬁ%ﬂ PJ?\IE Part

1

o

11.

12.

13.

14,

15.

N

16.

17.

19.

\O

one(ppt) & Part two(ppt) T A7 P iy LRGP [l IChOMfro52 =2

Sl
- hF H [,Nov.13, 2010 "#E| | 1Ly |y > ) (=555 %Epj[ﬂlﬁ@%i%;@"'@g; -
i 2 o8 A ST [ SR AR FTNOV 12~16,2010 #&"[1;

Photos-Report.E

31,0027, 2010 AT 2010 F1 i 42nd IChO 2 1 2011 4 = 31

FE 43rd BIEET SRR iy T

TL [ Nov, 2010"7 ,?ﬁ@@ﬁ#% %ﬁj’sﬁﬁ pjéj {’Fﬁ ?;g[af By (=
F”EHP?%W/%& Al -y HEE AT a«[ﬁ?’ﬁl}%ﬁﬁ“ﬁﬂl[ﬁs«wu—,@<2009£? 10

EI30 FI= 11 %2 E[)%TP fffif! & ,p.171,0ral Presentation and Reflections 23

11 [.Sept. 2009"HHBIFOY 1 A EISEA 2000 BT AR TR Py

T 41 IR SR AT [ 4 2 e g1z sy B
YNSRI 20 IE R ERGE RIS pp.35~38, o EHRRE

porgzie, BB (CHHegLE g 989845 D

ﬂj(—?} Ll [ "Fy El",l:J'EﬂF[fj/‘lﬁ‘%??} [ﬁql(f’&)ﬁ[(?@ )F[fjf: B ﬂ " 2008(97) ]: [i;[: B e

ﬂ\YTF[J[FIIF@@@J ?rgpjl;]‘ﬁfﬁj:ﬂ pp.14~67, 2008
HF | and FEERET SIS EID FIRISY [~ T4 2 512008 IChO-40"E]
(()F 70 J?% EEHET) ﬁzf""’ Wa2 12007 74| B ERER {20 A
]E‘rlv;,wff"ﬁ i& Sept. 2008.
Shun-Chi Chen and Tai-Shan Fang* ﬁ?’r‘ L AEEL T T "ﬂﬁ‘b R ﬂj EE{
L RUR U TR T A R F", KoV R ["Charge-Transfer Induced
Photoreduction of 4-Phenylbenzophenone by Triehtylamine and the Application in
Photopolymerization" Chemistry" {*=%(The Chinese Chemical Society, Taipei)Vol.66,
No.3, pp.249-257. 2008
HE ﬂ [* ~ PR, Sept. 2007" [~ {ﬁﬁ@ﬁﬁﬁgfﬁ# F 1 = 8E2007 574wl
S8 T AT ]E”‘ BRI ETES rT;T F”ﬁ* HE LT & \%L[gsql[;;;gﬁﬁlpj
1l Submitted to E[F¥F ¥ for publication

13



20.

21.

22.

\&]

23.

25.

26.

27.

30.

31. 1

32.
33.

34.

35.

36.

37.

SUEE R SR~ AR~ B %, Dec. 2006 "] e BIER S HART
PR | ‘P"J%p’?ﬁ%ﬁﬁk TP M BEY 220 RSP S T
(Dec.15-16,2006)fi ¥ £ pp.384- 390(%.5]3?.& -} 1A - b RIS 110)
511, April. 2006, FBEEI S P AU EE L S pupEy, 0 S R
i aﬂ?ﬁp@%ﬁ *[I,pp.33-46, No.69
3 “ [ 1996 = AR/ HIEA A - FLEES2(2 ) FRAGY (eI, 95 B
T T, Feb.2006. BIER]ISSE RS RART pigt-= puahies, (Y B
ﬁFIIJ("j “h ) - WBIE ?Hﬁﬁ‘l?ﬂﬁwfrﬂ , pp 6-10,
ﬂﬁf; [» Dec. 2005 PR HEA] 7 et 2006 B (SR it 85 F1 £ €73
-7 (P = 3Tt IchO 2005- 12 4] 8-11 F Ik I [**’é&?ﬂChG s 5

85 [ 1 B ST (Chinese and English) )

% (1|, Aug. 2005 7992 52005 5 ST SRR SR T T R

f?f"fﬁ E] =27 281 # (Special issue of 37th IChO 2005) » P43~64
Tai-Shan Fang, Aug.. 2004, Current Youth Science Education Activities in Taiwan,
3rd Beijing APEC Youth Science Fair, Teacher's Forum Paper (English)
USRI ", rﬁ?‘ F R[S Al g - == B A (Chinese)(internet)
) July 2004 dﬁ%ﬁﬁ*ﬁ' 2005 & 5P| R T SRR hpuPRES
ﬁ?*f*frp'%ﬂ@ﬁf 36 it 2004 F FEESIEL BRI [ 5P AT B E B (internet)
3 | May 2004 ST (W 2 ORISR AR RIS S
L, F LR ntemet)
ij?ﬁ [, Jan. 7-10, Reading, UK, 2004 "[Eﬁlfﬁﬁ’?*iléﬁ?ﬁj‘%f : 31’@“*-[??"5‘?] ﬁﬂr?f
2004 = = rlf?chlﬁ
TL |, July 5-14, Athens, Hellas, 2003 "% S50 [ F[[ES«‘ ”’15{} 8£2003 & 2
35 A [ BT i
+HE ’TL [, Dec13-15, 17-22, 2002, 35thIChO Athens SC Meeting Report
HE P B @R, Nov. 2002 "33 34 R BIBR (™S RAMT i BRI (L
%E?’Frf"’ *[%3:"5?7]4 F|F5Y 254 5 P66~T2
REJURETCE RS ,fhrﬁ?" ETHUS o IBA2 M Sept. 2002"ﬁ[hﬁf B
P53 e [ 2002(34 ") BHER =55 A T IE”' W Z &I EEERE Y T RS
S IFEY 252 ) P65~T2
5 [ June 3-4, 2002,"F R G iy 1 2 E’ﬁﬁﬁﬂ“gﬂ G NIl
R L v}awﬁﬂa‘f— b [P P €, S P, p0.17-28,
HE H [, May 31-June 1, 2002," &5 ]« & — €6 (F I’H{E‘F’ii'*[ﬁ)?‘?ﬂ’ﬁﬁiﬁﬁ
I SRR (S ()R RERT P i NS i [ S
fﬁﬁﬁ]‘ﬁ {1k = ], pp.5-15.
5% [ March 17-22, 2002 4th NRC Ghent "1 7 P '3 "Constructed-Response”

14



40.

41.

42.

43.

44,

45.

46.

50.

S1.

52.

53.

’F-JI%‘]‘ F{ﬁéf ;(March 17-22, 2002 Ghent, Belgium)

% 11, Sept.2001, 2001 BT 1B SRR 5 5 % RI 17 242 1

pp70-73,

B PR BIE (P EOR 0 R > Dec 1999 "~ 2005 F 57 37
BRSPS e #1999 F 31 IChO B (S & - 21 i) s -
[(“2e57 A = & TP > A9T.

ﬁﬁ"ﬁﬂ' » HE ﬂ [ » May 1999"57 31 "B [~ S AT o R " » R[555 SE?J

FI 57 220 4 > P53~60

AR 5] March 1999"BHER (5 BUPFT it e Al <+ 2 Gt ol B
W ﬁ[%‘?fﬁ\ﬂiﬂfﬁ 218 1 » P38~47

FITTRL > 5 1] > Feb 1999" =P Ar ki BIERTSP BT i fil = 1593 o Ve
W ﬁ[%‘?’fﬁ EIF157 217 ] > P47~59

HFP R 9= A0 A, Sep 1998 "FE,E‘H@" SREIET 30 kR A
SR [ S BRRT phpI & — = T b SR 2005 = BRIChO vl AR, &
%»?T?]EJIIEHM B > P49~57

[gﬁyrrgﬂﬁj%f ['], Dec.1997 "% Fﬁ HIfi= a = Fﬁ %ﬂﬁﬁi T Jﬁ%jﬁﬁpfj KPR

(*Z5"Chemistry (The Chinese Chem Soc.,TAIPEI) Dec,1997.Vol.55,No.4.pp29~43;
2 (Flip f“‘%fﬁ""f) "The photophysics and photochemistry of Aromatic Ketones

and «a -Diketones in Organic Solution"

S A AR, 1997, “BIERT SR e [T SRESATE 1986- 1996
F ORI [ES“H Flﬁﬂﬁﬁmﬂ\%% %3&? =y, ppl-73 & ppl-175 ,

B8 85 F 4 F],

R RN R 1997, IR R AR N T

@H%E&Fjﬁjﬁfj"@ f[#ﬁ *[l, pp57-65, N 86 F 9 |,

1997, TGO KA BRI, o7, p7LE 86 10 7).
B VRN 1997, BV A Y SR R W

I":b%[ﬂw (5P (pls | E*EFT) 55 5 a1= 1, pp131 148, @86 F 9 F.

.ﬁﬁ?ﬁ%,%%ﬁp[,ww P A S 1 UW IR TR i Jpj;ljg[, Hi

= BT = RIS *f”mﬁ Y IRTRCAE, pp686-693, ST 86 % 12 7]
27-28 |1, BF Flﬁﬂr'ﬁﬂ\%% %gj'fjﬁ TR vfr'j

?‘;’JWH HE H 11997, “pliE A (B BEE SR gt www-al
F! http://140.122.142.32/~fang/icho.htm

%%fm,w%, B  SRART fh F Jcl;‘}_‘i'.ﬁ?ﬁg’ﬁﬁ SE= R
B 85 & 6 £[.No. 190, p53-62.

SR 11,1996, I MBI e (TSRS T S W B S
#7531 B, pl53.

B F IR A TS 1996, “F (S AR i A
RIFFE]F] N85 & 9 K], 192 #H, p60-68.

15



H>

S4. B2 AU NSE MRS 2 HF 11,1996 BT SRR AT it -
EEI*%F*TE FTAREET RIS F, N85S & 9-10 F.

55. 9=~ ﬁ:p@* = HF1996 "5V A 7 B S RARD fhigi -
R Eﬁfrﬁ R[Z5E ] F|, 2B 85 5 11-12 F| % 86 ¥ 1 £,

56. EMHR, % FUT 1996 6 F|, 1 M B S T (S e H R R
(Fli f“‘%ﬁ)V.S4,NO.2,pp89 -96.,1996 =+ 06 ] @«'*Iﬁ“m:ﬁz
BINSC-85-2517-S-003-007-

S7. 4 111995, R[S B PRT aiged BUBSET RO 2 N [RRER,
TETJ (Taiwan Education Review) v.538, pp20-25.

58. BRI, 45 11,2 A, 1995, "N R] RS ?ﬁﬂ%@%‘ﬁﬁ%’ﬁ%
77, ppl-108.

59. %ffL [ 78 WA, 2 91,1995 “—fr?% = B AR P SR R
Eiﬁ;ﬁ’z@%ﬁé«%ﬁ A OCEE) [_%3 ) £1¥(1,177 11 p60-67:178
50-69;179 1 50-53. w@w 84 5

60. ﬁ‘iéﬂ <, 1995, “’ﬁ‘d“‘? e ‘%*3 FJH“B‘F ISR gt (5

BT ), (5)" EIZST AT, 1675 p52-66;168 1 p30-47. 24 84 5 2-3

> <0
lu

H

-—

EJ

O1. FRPHART, T3 1,5 HC5E 1995, "R et i ﬁfiﬂﬂ%@%ﬁﬁiﬁ?ﬁ’m“
3@&— pl-108, SN[ 84 &F 6 ~].

62. iﬁ?m, 1994, * Pl R~ {*’E”léiﬂ“?%ﬂm&‘?u T,
517 ¥, pp.21-25, s 83 = 1 F] o

63. LRI, 1994, * [l TS HFSLERL 7 “F&%F,[asﬁ pﬁiﬁﬁ*? Essa
PRIy, W83 # 6 F] -

64. iﬁf; [, 1994, * [’W“F”r PR PSS 13’/fr4f?ﬁfﬁtu—11 34 i
IUPAC J\rﬁlbrx’xjﬁ @Ej’fﬁfﬂ—%ﬁ Fl135 —TTQ SY 45 HE7 1 B (W83

2 1~7

65. %%fm,1994 “1994@1’5&”?’?5‘3% = B[ E T ?\rﬁ%-l’ FRLE A
NGRS *i’rﬁ 17]l, 172 #H, p62-66. Sl 83 & 9 F],

66. E[Hiﬁrjré’—ij j‘L l 1994 =* 6;Jur‘ng—F{ 4'5?7_[*%[]&’*%7”7}%&% SUHE 1 =
e AT RSB ﬁlaﬂppZSS -308, st A =
TR RETTHETS S, m:ﬁ?iFNSC -83-0111-S-003-021

23. % F‘ W5, W, 19937 S @i a PRIV RS SRRV

2 v.51, n0.2, ppl67-176.

66. % [T}, 1993 “RE [~ FE Y = Sl A A
F# =" Science Education Monthly, No.157, pp2-7.

67 UF NI 1993 (RIS MREE DB = P, SIS
= i”\*r'u}, pp81-95.

16



68. LA, 1993 (ARG FIL PN B 7 AT SR S e
VS, ppl-264.

69. TF | L1993, ¢ FT- i SRR B S AT R R Y i
FAT’ [t BT S [ 50 i, ppl-209, S 82 F 10 F).

70, U], BRIELI92  HYT f DB S GO B B AR
AR N RSP PR, Fi £, 1992 F 12 F]
p618~634. ;T]LL'.-T*F {5 NSC-81-0111-S-003-11.

71 FREFTERLRAMAM, 5 1, 1992, Science Education Monthly, No.150, pp20-32 and

No.151,pp2-12. Report, National Science Council, 1-139.
72 W1, 1992, CFHEIPALIERISF SR E ] Ry R S
TETJ Science Education Monthly, No.145, pp35-37

730 R 1992, "9Y 24 W IChO BUfE,” Science Education Monthly, No.146,
pp28-31.

74 LR 1992, “NEIPEYE(H ICRO,” Science Education Monthly,
No.148,pp4-13.

75 HF L1992, 7 - F R N ChO PRI Science Education
Monthly,No.149, pp51-59.

76. ﬁfj?fp[%ﬁ 1992, “%‘39@2"2*'{!5‘1: A P [ S R R
Science Education Monthly, No.152, pp55-101.

71U PR 1992, TR ARSI [ S AT frahi-r s - R R
Bl ?”fﬁ] fii%”  Science Education Monthly, No.155, ppll-17.

8. ij%ﬁﬂ[%ﬁ 1992 "5YZ A ZOBIER TS AT YR T AT S sfﬁj‘gj‘
B ()i ’Fiﬁﬂﬁ‘”{%% %jﬁﬁ ‘“yﬁr'ilfﬂ Dpl 200.

9. LR 1991 > A R I S0 - RIS AL T 7 S
F| 55, Taiwan Education Review, No.482, pp24- 27.

80. W.-T. Hung, C.-T.Lin, T.-S. Fang and P.-W.Yang, 1991, “The Development and
Validation Chemistry Achievement Test for Senior High School Student at Grade
Twelve” The Formosan Science, v.44, pp79-89.

81. S.J.Shih-Chen, T.-S. Fang and S.-H. Wu, 1991," Study on the Commercial Safety
light sticks-Chemiluminescence of Peroxyoxalate-The Impotence of Catching
1,2-Dioxetandione” The Formosan Science, V.44, pp. 109-120.

82. ﬁfj?f [T, 1991, “l# 27 24 " IChO-23 23 gt IChO @%iﬁf i Chemistry, V.49,

No.3, PP.A131-136.

CBFET 191 CHyRER Jggiﬁ}l}?ﬂﬁﬁu] AT EBISEEEE) 0 139 B

pp.2-16.

A CEE 1991, 791 23 1 IChO RN, FFFEEF:%} Science Education

Monthly, No.143,pp20-39 * No.144, pp36-51.

(o)
(U8

oo
~

17



%)
~

(o)
(o)

91.

92.

93.

94.

95.

96.

91.

O
(o]

99.

Chou LC, Fang TS, Shih-Chen SJ, 1991, " Photoluminescence Studies on the Cycli
1-Carbonyl-8-Hetero-Naphthalene Derivatives™ , Chemistry (Chinese Chemical
Soc1ety) V.49, No.1, PP.27-32. ﬁfg'ﬁ*’ B - NSC-76-0208-M-003-03
TL [ 1990 AR ﬁlﬁufh’fﬁ Y R R
[“25 (plip = FT ), V48(3) pp.A18- A24
% F A0 jﬁﬁ P, 1990, SRRV BPIEIREYT S BRARI 1
S, pp.1- 253

R R, 1990, ;r#—?p%r*:"f? PP RSt 7 )

i B HF*%‘I PR, ppl-189.

T 1990 FRA RS AR R L TSR AP BR
W‘éﬁéf[ > pp.1-126.

HEFPE 1990 “#[ﬁfk‘[ﬁf«‘r EI’H&I*@*EEUWF%?F:’I l'ﬁ‘,af‘f%‘}*ff’ﬂ@’ﬁl%ﬁﬁ
RS #T? » 132 1] > pp.2-13.

r[HLﬁ 3 H I, 1989, ﬁ@?ﬁ%ﬁﬁuﬁ‘ [RUBERIZ=HIE!"  Chemistry (Chinese
Chemical Society),V.47, No.4, PP303-307.

HF 1], 1989, P “*ﬁ%ﬁ@w*[ PHDE — (SRS
PR BB ) AR ? PP31-54,57 118 H4.

Y] 1989, “FFAIEREEF '[’ﬁ ﬂﬂhp[fﬁuv&[ SN PRI R
ﬁ NSC 78-0208-M003-09, Ej@’ﬁmjﬁ%ﬁf (D, PP.1-81.

Y] 19890 T FET) - ST WRR P AR R
> 123 #5 > pp/9-19.

T AR, 1988, TSRS PR S A A S - i
("SRR L WA PR E RO TS MR AP Y R,

pp429-449.

T, 1988, MU (PSR — 1,0 Sk SRR AR Paps
T (ID.PP.1-172.
;

HF LI 1987, BT WSRO 1, 2SR SRR LIRS
PRI (D), [g;[f:[rg NSC-76-0208-M003-03 % {45, PP 1- 31 E‘

C U 1987, T HI SRRSO R A T IS, 38 G 4

], PP.10-19.
i;ﬁf_#\,_“%ﬁ” i H [, 1987, “AAR(*ZFgEApuA A #7258 45, No.2 ,PP.
A69-AT6.

100. ApRE, T, 1987, [MEEREMREISE)T BRI R S

?mw U, PP.1-314 F1.

101, 3 1L, 1986, BIER (™S AR fr— (S il D puighflesh B 5255

71,90 ﬂFJ, pp.24-29

18



102.

103.

104.

105.

106.
107.

109.

110.

111.

112.

113.

114.

115.

116.

117.

ﬁbéfl [, 1986, “MAk{™SPFEA Al ] T S HHZE [E‘lj\!ﬁ[fﬂﬁjrzj& B
vl el F[?JFUF e e 5 W [Eyl%_[ﬁ— - SIEF@EJE*
NSC-75-0208-M003-03 ﬁF%%F[ 75 i F“ll

SR, 1], 1986, B TR TR R R
e RIZEF), V.88, pp.23-30

HF 1985, TEERL CE ARl 5 (H'[ﬁ)‘“[’%%‘ﬁ), V.
43, A412-145.

Y] 1985, R TSRS [ SR (25 (H[[@“zl["*%ﬁﬁ)
V.43, A186-190.

gV, ﬁ‘ﬁf‘ , 1985, © FjEpYS. ?@4’5@%@ FI59F57), 86 1, pp.34-48
(], 1985, “HVE W CEATRARARER EF AT AT

?’Tﬁ, 82 #. pp.20-25.

R 1984, CHEBIPVRISFEET ) PIERIFEST), pp.91-104. fNEE

T2 TSR -

IR 1984 TSP SIS RIS, 71 . pp 8-11.

HF LT 1984, %EF ﬁi’?‘fﬁur : EI%?’?]EJIU, 5% 68 #, pp.58-66.

“‘J%ﬂ'[, 1984.09, “[“EPfilny L fpya mEiEE" [T (F]‘@"fh’%ﬁ),

V.42No.3, A52-A56.

T T 1984 ERBIVRISEST), [ SRS 12 85, 5 pp. 17-159

F1,1984, -

“‘J Tl '], 1983 WS F'JIL%&B FEIFTERR B ff 1) SR i F D
52(Chemistry), V41 No.l, 37 A32~A36 gl 1983

%%m 1982.12, “Hl5E [l@«%ﬁﬂ“‘*‘* A G e )

V.40. No.4, A120-122.

Y 1981, CREREN PR EOERECLT (5 (I F

1), V.39, No.2, A31-37.

R 1980, ISR WG F[ YT AP e

HLRAT 9 ] ), PP 6-8

HF P June 1973 CHETE ARG A S RV £

R g SRS T

a8 LAE Lk (1980~2011) AT(HDI(E)E ¥ 7 2

19



57 48 57
[Batt (2012) « CHRIHNT IS & S0 SRT frigti 2 ioprk
/ﬁﬂ > [t Qﬁﬂrgﬁk@ﬁ S F'j ﬂJ

57 47 5
:FE[[H d€ (2009) - STS 7[%3?’#%—*}? |j: réif ffJF'J:J . r%ﬁﬁ[%fg{“\fﬁ
!y Y P L B B R

57 46 21
FihEt (2009) o 741 Rbiif o ﬁﬂﬁj“@f“‘%ﬂﬁfrﬁ“ﬂﬁﬁ%ﬁ RRE T
FONEPH ~ R BT AT < R B BT T )

5Y 45 5
U (2008) = i 158 fLree s By sl — 594 2F) (5 g By T
==l T ASARRS TR ) O RG] o R > BT B S 5 T A S

fii 2= £

3y 44 Z

[RREL (2007) - A-REL 7R pIfEes "Ry ﬁ%?éﬁ?ﬁarr?“ﬂmm
W W (BB | o Tﬁ—_{ I B [ F‘j “1i)

iy

5T 43 =r
FHETS (2007) - GRS SR R SPER I EE PO VP - fE
A B BT S I I 2 7

57 42 5r
R (2007) AR D FE0E  BHRR BT ar S 158 2 BR 5
HRYRY - o B B (R R B SRR P 15

20



57 41 5

AR (2006) - R (IRT)ffﬂ%EFJ 2007 = B[S ART fh 2l
B E AT rJI;I» ’F4 ) E;ﬁ Qﬁg|r§§«@ﬁ T, IJ 1

5740 =7
EfHa 2 (2006) - 574 "yt 2005 BfE =S RAFFT EHT—P‘E%}IF:'TU”, <IN V?FE'F%J’IE“JU o
fpt o B s S 2 T

5T 39 5T
Wi (2006) = 5P|+ IR~ R phigt e J%ﬁ@ﬁfﬁ%i‘ﬁgwﬁi
EORR TR IR R i e FI«I il

57 38 &7
HIET (2004) < T gL E"H@iiﬁﬂﬁ;’”ﬁbfﬂﬁ&'rll S et
RS54 TVl YT I/TJI”,Iw ﬁ”4 > [ B B T T gﬁg4 v

A

57 37 &r
pirely (2004) - ARSI SE AT fhigte (IChO).V Catalyzer ElfJPJ*Fk[’y’}
7[?1?’113"“ FJ > [Bsl ot Qﬁﬂr‘ﬁf—k%ﬁ BT ,Iz’ljt;ﬂj

5T 36 &7
S (2004) < fifi ¢ POE S £ [R5 H1 S = 59 59 YA 10 [~ S0l o™
Fo fEiA o B B * A E A 20 1)

57 35
FAUERL (2004) o =9t B il e K 4%—-«%@ A B ELT

A [ fhii;ﬂégﬁi:{?}’rfligﬂl

[y

EJT 34 5r
i (2003) « 93= A DO BIERSPRAT i T R OELER S F Al 0=

21



St 8 = BRI SR Y 5
_— PEIREAREY 5 PTE PO < i B B
’Fljgﬂj f fp o I BN S [ S

57 3347
FEIE (2002) - =
BT ) o FIIPRRETATT i~ S8 et USSR — R
HAR [ B B FPH [T P
[ R ST % T
y I’l ”[

57 32 &
Y (2002) o i FR
P R R [ [ 2
ﬁFj:{ , [ﬁj}lj» :@_ﬁﬂmﬁ‘&{% I,L;E%TFIZLFP?, T:'F:I:%JJ\””?\'IE[ J7Ll E%’é*%?di‘[ﬁfjmﬁ °
I

57 31 &
=% (2002) = B
[~ S8BT fhigeE (IChO) 7ri s
s Ei Ia==21 T <
R PP - L B G E’gfﬁ i - =il o
=3 Lol ’*IZI

37 30 &r
HELE (2002) - BIEE("
‘ I Fﬁ’F’l‘E’“ErIT;,E%r(IChO) g =
o .50 e Tﬁﬁ%’ﬁufﬁg ) R
3 pJ N[“’?"‘HI’TFJJ /ﬁ*4 > Bl QﬁE‘FJE«ga[ E%‘JI] ;? EE ff{jﬁ v
U ’ < I

57 29 =1

A4 ¢ (2000) - %7 ]

% o Ed ) e BFBETERRIT AR R T |

Co f o B B @eﬁr},ﬂ,, i [“E VR
FI

57 28 &r
iﬁﬁ‘li{' (2000) o 4_ -

= . Fll [ I;{" =i oy
j'_@ﬁﬂmﬁﬁ*%f‘*%%ﬁm}[wr;, /Iiﬁﬂ%ﬁl%ﬁl = [EJHF?E TS o ﬁ“# ' B

5T 27 &
é‘g“ﬁgﬁ (1999) o WIfE{=25
f ‘ s[5 PR i (IChO) L REH 2 8
f e - fpd o B f@ﬁﬁﬁﬁﬂ%f*%ﬁl@ha&) FF 33#*%%@% e
S A

22



37 26 T
R FL(1999) « SR [ £ P10 ) (5 IERUA PO LY [ P
i B B SR )

5y 25 =
A (1998) - B[~ ALEEE SRR 75 AR 1V
i B B A58 (SR {7

5T 24 57
HFR (1998) o AN NIRRT ST ) BRI - i B
W3 R {10

37 23 &7
WS (1996) - = e o =PI Yoy 557 2 T REIfl1V Pt -
i B S

5T 22 =r
i L (1996) i @fjﬁﬂﬁﬁfmfﬁm 4~H[E—EF§+4@§ RS JEJTJ - g
B R )

3y 21 5r
wEIr (1994) ;{Lﬁﬂﬁgﬂh 1,9-SHAJT-@ T frusl PUip e bl [~ SPAutIH
e L B S A )

37 20 £
AR (1993) = 2, 2"S3ARl % (I 5 RS PUpERTp - il i
R o i = S N e

23



5T 19 =r
El pELE (1993) - EREPHE T [P AP e D - o et
L i S S

57 18 &
PRI} (1992) o S-3 [ f(™ Fi¥ad ok [~ SHERTPIA - fid B i 5
EE o L)

57 17 &r

S (1992) - 1, 2-mmffh Bt 1) S PRI BT P L SR s R Tl
Jffﬁ% R B IS 1)

57 16 5r
PRAMAr (1992) o ZY@iE= 582 PREEHES.V Pk « fpid - B R g oy
= ’Fijiﬂj

E)T 15 &r
£F (1992) J »/1 Q%ﬁ,f r- Jk”:'\?&l:l[lﬂjlu:? ] fE':P—_.J E_@;I/ I,[E{ifrmlt . ﬁEI
4’W*Wﬁ*%l%%4’pfm

Il.

5T 14 =r
B (1991) © 5,5,6,6-PH[15L-2,3-(1,2- 4463 @1 41)-1,4- L5k " ()

}"JF[JF R SR &5 [ [~ B FT I/fJI*,lu TT% > [k E s ge?z;lbr;, ’F"l 7

57 13 &r
O (1991) - LAV LR (- F[fpfa;j/ ﬁ@?&%’f}’a@'[@@ﬁjﬁﬁm{ﬁ o

ff o B B S T {5

24



57T 12 57
BEATE (1991) - % 17130 1S SRR SRR [~ OBk - i - st
FF A58 (SR {77

57 11 57
B BT SE R © 7

57 10 ¥
HA (1989) < MV B [~ P10 fy S E X PELIETOFEA - fi
A B B T £

57 9 &
W (1989) « FFMAER R [l 6 (B PRI TS «
4 B B (R {7

57T 8 o

PRl (1988) o~ + FAIVEBH O FgAFRS « 80 8> 90 9P
mﬂ@@ﬁ—w%ﬁﬁﬂ[l’2—b]—[1’4]—%§ﬁﬁﬁWﬁiff
AL o fE o B BTSSP )

5y 7 =
rl[:ijfil:;i ( 1988) 0§%ﬁéﬁiﬁfj ;%ff%iﬁ/él"t F‘I?UF[Q%?U%B l'e%?[\ikm[%wt . F‘E‘[j ’
B S [

5T 6 Zr

gﬁﬁﬂ‘«:ﬁ (1988) - 10-10-11"1 1—[)UIFI[£L:]:|’§‘F~£L (9-10-b)
= (10 4] SRR (IR (PO - i B o
FFT L)

25



57 5 &Zr
JEEER] (1987) « ASUYZEY-1,2- SRk RS TR A IS PR - i
RG-S L e L R AT ]

5T 457
BArY (1987) o SUYSRY 1,2- S50k — i R ORL S 4 - i > B
=8 i *’F'JIU'DF’?’ EN

57 3 &

JU® (1986) -~ ~D1-8 —[iffl—2>2>3>3 —MPIEL—-9-10- 11
—2H (10859 ) —1:4:6°7 IR (4> 6] +HIUA GRS
o T~ UEMETSHAN SAR ) T REE S HHI,E} [’Eﬁi’r?ﬁfjflitz{u : ;*.*.%@1%7 ok
SRS [ AP A (SN L B RS PR ]

Il]

gy 2 &7

MLET (1985) - 8,9-gFF- “eqF % FL[1,2,b]-[1,4]- éé;nff{g[“ ?JEIJF[’?‘/
SR A B B A L)

57 1 &1

B EE (1980) - T FE &E‘“l ?”JEUI'“‘%»%E%WIZ'% = ‘é”fé'ﬁ‘[h"&ﬁiﬁ%“ﬁ-%
VR RPERN (R pugl VERAA TS S L i
R e S .fﬂ |

26



