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Instructional Aids for Experienced-based Learning Course,
"Conducting Organic Materials"
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! Research Center for Low Temperature and Materials Sciences, Kyoto University

? Research Advancement Division, Graduate School of Science, Kyoto University
? Education Program for Laureate Students with a Cross formed by Academic Curiosity and
Science, Kyoto University

In these days, many universities open the enlightening courses for the youth. Graduate School of Science,
Kyoto University offers the course for the high school students, in which not only the lectures but also the
experiences of experiments are provided. This document shows the instructional aids for a course carried out
in the fiscal year 2014. In this class, the basic concepts to understand the conducting organic materials are
explained and then the trainees prepared the metallic charge-transfer complex (TTF)(TCNQ) along with the
insulator, (TTF)(Chloranil) which changes the color by cooling in liquid nitrogen.
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Experienced-based Learning Course for Advanced Science (ELCAS)

HEF :
20154 1 H 10 A(+) 14:00~18:00

EBRANE -

EERIZTA ZNV—T7 (4 N), BZA—7@B NG ivTITI, £hEi, BTtk
T & % Tetrathiafulvalene (TTF) & % T-% & K Td % Chloranil (QCls) .
Tetracyanoquinodimethane (TCNQ)Z FH\ T, TRt ERZ{TR5, 74 —F 7
Ty AZ s MTA) 24D, RRBEDFEWTFOYR—FE21T29,

[1] (TTF)(QCla)#{E DR

[2] (TTF)(QCLy) O ESIEFLOANE & il I L 5 BB LOBIZE

[3] (TTF)(TCNQ)d#{A D {1

[4] (TTF)(TCNQ)ES A D ESHEHL DO HEIE

[5] FA— =R AT FAVORIE (GFENIREF OFRE THEM L 220

FEEEFRAODLOT, AR, R#EATR, FREFHT D,
PSR BICASTY | BECOVEEAIE, T CICKRORTERNFET.
I LS O KEREEREM I, TA ORRICHE > THERT 5,

EBRFIR :
[0] TCNQ O F-#EfEHE (TA 239772 9)
28T T TCNQ Z HHHIT 5, LML, iR 180 - 210°C / 27-40 Pa (0.2
- 0.3 mmHg) Th %,
- T 7B VAR TCNQ 1 g #HI 0 i | FEREMET-IFCAEY D ZIFhil X
ROWEIZ, 77— ORI EMI LD TEETH, FEHHOH &
EEERO, BEYBR T EER LW E Y ERENEZ T 7 — R THA—LT
B
Eo, BERVTERRET SO, MEEER N T o 7L HEEBEORICT A B Y |k
Z v 7 (FLR KOH 2 FtH L2 T 8) 2 A TR MERH 5,
HEINTWD TCNQ DM E
@l sl 289-291°C [D.S. Acker, W.R. Hertler, Journal of the
American Chemical Society, vol. 84, No. 17, pp. 3370-3374
(1962)]
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[1] (TTF)(QCL){ko{EsL

. , Cl‘c cpx . . H H
S S = S S pn- C=C
ﬁ\ =, ’g + o=¢ _ t=0 ——= :@ c=¢ '(c‘:: 0= ) =0
s  5Cy £=¢ H S 8 g i
o G H H
TTF Qcl,
CeH,S, = 204.34  C,CL0, = 245.86 (TTF)(QCl,)

0.10 g (0.49 mmol) 0.12 g (0.49 mmol)

. RO TTF 0.10 g% 30 mL = 7J A=l AfL, 100mLOF7¥ h=rJ /L%
mz 5,

2. Ay M Fb—bhLEIZ=AT77Ra%@E, TTF #NBGEHET 5, 72720, 7 b
= MU AR B2T) MBS ERNE S ITT 5,

3. RO QCl40.12g % 50mL =7 J A2 |ZAf, 7 b=k /L 15mLIZHN
AR D

4, =77 Aakily b7 L—MnLEAL,QCla D¥EHKIZTTF DEER AR T,

BT s,

TTF & QCly DR AR A KK THRT

Prilt L7-ikBe % | 21 mm O LI} (i No.4)z W TG A5l L TED 5,

EDLBRAEVEOTE F= MU AL THET 5,

Ik BT i TR AR, EDTREE AT A, Lo s 2200

HZ LX), ROREREERYBRS, (EBRIITEA2EF0EHE DL 9IcE

L5, 70 mg Otz HBOLND,

S -

2] (TTE)(QCL)DELIEHORE & WAL & 5 G2 ILOBE

. (TI‘F)(QCM]%\*@%GZ:}“Z B—% T, BEIEHEAET S,

2. (TTF)(QCL)BR & H/3—H 7 Ao KA ZIENAV L S AT 7 1
T=7&E<,

3. (TTR)(QCL)BYRE /3= 7 A Z L EEER(BR-196C)ICiR L, O Z 8l
295,



[3] (TTF)(TCNQ)#f{kD/ER

NN H H N W H H N
H\ - —_ 4 HN- IH = g 4
-5, _ S-..c C\C_ ) C\ _ C C"S _ S~ Cb F C\ ,C
(I:E C—C\ I(I:’ + £=C F—C e (I_‘,I ,C—C\ I(!:’ C\ ,C—C\
H S S H ,19 IC—C\ (E\\ H S ST H ,!(,3 ’C C\ (3\\
H N H N
TTF TCNQ
C5H4S4 = 204.34 C12H4N4 = 204.20 (TTF"TCNQ'

0.10 g (0.49 mmol) 0.10 g (0.49 mmol)

. HROTTF 0.10 g% 30 mL =7 F A=l AfL, 10 mLOT7T¥E h=F U /L%
mz 5,

2. Ay M Fb—bhLEIZ=AT77Ra%@E, TTF #NBGEHET 5, 72720, 7 b
= MU AR B2T) MBS ERNE S ITT 5,

3. RERBRILZTCNQO0.10g%2 50 mL =fA7F A=A, 7 h=FU /15
mL ([ZNBEMET 5,

4, =7 T AaEERy P L—RFNLEAL, TCNQ DOEWEIZ TTF DR EINZ

T, 5,

TTF & TCNQ DiRA A KK THRT,

Prilt L7-ikBe % | 21 mm O LI} (i No.4)z W TG A5l L TED 5,

EDEBRAEVEOTE b= FUATHET S,

Ik BT i TR AR, EDTREE AT A, Lo s 2200

HZ LX), ROREREERYBRS, (EBRIITEA2EF0EHE DL 9IcE

EMA, #1130 mg DEAEEBRBPFLND,

S -

[4] (TTF)(TCNQ)&5{A D E [AHLOHIE

. TTF Oy RZ@ED, T AZ—%2HTTEIIENZHET S,

2. TCNQ O¥iR#EZ[E®, T AKX —% b T TERIEMEZNET 5,
(TTF)(TCNQ)M K OHMIcT A ¥ —% H T, BEXRBHLEZUET 5,
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[5] iff‘?&#fﬁﬂﬂf‘ AINARY S ORE L AEBE 1T I L7220
VAN — R iR e R b B ERE O E(ED T8 30~60 R0,
PC #35 Fif, 250~1300 nm D& TX— 27 A VHIEZ{T2 9,

. HERO TTF 10.2mg%# 50mL DA AT Z A2Z AL, T =M U &R T
50 mL O Z RS 5,

2. 2mLOF—ENy b, 20 mLOAAT T AaZBAWT, 1 OEEZE 10 512
#FWRT 5, 2T, B 0.1x103 mol/L @ TTF ik & 725,

3. 0.1x103 mol/L @ TTF &R E At T AL, A7 MORIEZETTR I,

4, HIEL/ZTCNQ10.2mg% 50mL DA A7 T A AN, T h=kVU Lz
X T 50 mL OFRERZ T 5,

5. 2mLOF—/ERy Rk, 20 mLOARATZZAazHWT, 4 OFEKRE 10 FI
HRT 5D, T, BE 0.1x103 mol/L @ TCNQ &K & 72 5,
0.1x10-3 mol/L & TCNQ I&iE & A FE T AT, AT FADBRIEEITIRD,
{EHRL L7=(TTF)(TCNQ) 5 mg % 20 mL ® A A7 T A2 AN, 7 h=hUL
Z Nz T 20 mL OFERGERICITEMR LV &35,

8. (TTF)(TCNQ)DWEEIE D ML A RAY — LB~y hElnTaEELICEL,
AR MVOREELTR D, Tibb, (TTF)(TCNQ)D fafmiEik DR E &#1T78 5
LIRS,

9. Frf2iHE, (TTF)(TCNQ) 2 mg % 50 mL DA A7 Z A AN, T h=
FUAMZIAZ T 50 mL OEEZHES 2, ZORE 0.1x103 mol/L @
(TTF)(TCNQ)IEIEIZ DWW T AT MMLOMEZEITR S,

- TR

ARD B E LT L D RO, EEHEO FRIT 360~400 nm, LR
I 760~830 nm Th 5, AJRNBOMEIL, nm(F/ A— ML TRENRD Z &
HNZ, 1nm=1X109m, HRICE-> TRLEDEKE%E 5 %, %(380~450 nm),
% (450~495 nm), #£(495~570 nm), #5(570~590 nm), #(590~620 nm), 7R
(620~750 nm) & LTk s 5

(4}5{1@*7 ?&ﬂ@xhﬁ‘iﬁﬁa IRY 4 F_T 4T ED)



195744

19794F #h = R FBLFEM L R 25 3

19844F KPR PP BEFAFE AHE LR FE 2 WIRR AR AL B 15 R 1%,
FALERAR (P L)

19844F HUT K FEPENETERTBh F
(Z D, 198844 H 76 14FERIE, KETHLHIEER)

19904F FER AR FIRFE L F R T, 19954 B AT T~ DB B 4

19954F HUEN K ZEFE 2R se B b2 i sk Bh #d

20044F ALK KN E R A o & —H IR (EURK).

196344

19864F ERE KRS T8 b fl a3

199145 FUURFRFPCBE R HIERH b B LR T (P L)
199145 SUARRFBESEL #0Es ik B (IR AT 7T = 80i%)

19954 FUARRFRZFEEL A ERE BhF(6 k)

2002F SEPRFIRIBERIFHEE 2 — BF

20074 [l 2 — Bh#

20144F [El& > & — HEZFEERR)

Z D, 19984F2H 7 B VR CKIET > 7/ K) M TUR0034E9 H 7> 53 4 H i
CEET Z 3= )L, CEEFHEENMITER

197744

20004 RUEBRZE LS T3 bRl 4 3E

20054F LUHRR R FHRE LA aFTE Rl oo L Bl 52 B E 1
AR (L)

20054F RUEBRHLIRME R gt o ¥ — HEMiEE

20054F [AlE % — WITER

20084 RHB KT E —MlEi A o A7 ALE PR

20094 RUHERRFAHKIRAE B P9t o & — Bh#EH)

197644

19994F  RUAR R B  AL 3

20014F Hl KRR B R RME LRfE T

20054 BULKFRFEIBE T RAUMERHE Laffee T

20054 KR KPRt ot > % — B s B

20064 HUEIRZRZR LS - FHBH P2 G T8

201 14E R RFERFEEBLFHIER thaEEEE  JI7EE

201145 R KR FEEBL AR P HEE S f228m= R
(108 | ZHA % SR

20124F RUER KRR FELBUFAITER PR a2 R (BRK)

1981474

200645 EIRBERFAE P AT O MR AS

200847 SUHIK PR FIREEFHFTOR M BH B LA T

20144 SRR AFIEREFFTER A M) 7O AR BT e

201445 TR FBEBE LT IOR IR SR M B IR

20144 SRR FFIEE BT > 4 — BRBEGR AR 2= o b
H7E B (BLIR)




