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2 oF 9-methyl-2,36,7-tetramethoxyfluorene®] CHCN# CH:ClyTFA/TFAn-E&-& Aol 2= A7)88" EAL CVEARL T AR ©
2 CHONE I ACIA & WAl Axo| T 719 (quasi-reversible) g, F WA Aztel 52 vl7by wgoideh. 284 TF FA7} XE€ ii}%
o] (CHLl/TFA/TFAn)-AolAE R "Wl = wa Axolsud BT AA9uies el A8 F4L g AANNES EFEuAAA AR
Az EAE 4 o] #F A7|FALRZA AHgo] THssid.

Abstract: The clectrochemical properties of 9-methyl-2,3,6,7-tetramethoxyfluorene have been investigated by cyclic voltammetry in acetonitrile,
dichloromethane, trifluoroacetic acid (TFA) and trifluoroacetic acid anhydride (TFAn). The first charge transfer for the compound in CH;CN
appeared to be a quasi-reversible one-electron step. The second oxidation step from cation to dication was irreversible. However, the oxdition of
the compound in a mixture of solvents containing CH:Clz, TFA and TFAn was reversible for both the first and second charge transfer reactions.
Since the electrolytic products display a darkblue color and can be stabilized in the solvent mixture, they may be used as an electrochromic material.
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1. M 2 Table 1. Electrochromic Systems
Sample Formula Electrolyte | Abbreviation

A7) A (electrochromism)& AFEH T AFTTATHNA WO, +
Joute 7t Az AT F JE 71EFHA L2 Polytungsten anion ClaéHoCi)OH - PTA
A utA 9l electrochromic system2 Table 191 28 o1l 44 —Dipyridiniam- -

]@71] %Q%}z%/ﬂ m‘w; eu]sn At Ea[ HH]I ze Tm}[i}%] d}hydrgcmoﬁ o NoCiHiCl | KClI DPDHC
o] ojn <HFL = polypyrrole[2-4], polyaniline{5,6 ; N

. Dimethyl viol

polyisothianaphthalenel78) $3 2& 471284 H3To) 172 dchloride P | NCoHiCl | KCI MVDC
M A2} (electrochromic display, ECD)EA 47532 2™, poly- .
° pay 522 slev, poly O' Tolidine NCuHisd | KCI OTOL

aniline® 2 7% 435 yellow — green — blue — violet —
brown7tx] 9] AA4¥sE eply 2H8-3e] 100 msecEA 443 Na;WO; +

7t 7Ped S4o) gl Ao FATHIL ALALRe B3 PTA * HO, B o | PTAZ
o2 159 Ao foldy FUsA fimS AXE F 3= A i » -
©2M[10-12], S5 ECD7} Alokztel Aol glx 71dasst 9 dibgg;emgen N.CoHaaBr» gf&gr *KIEPB
oy}, nEA WP IALA (information display)Z 4835 7] —

6}])\'}“ -,11_4 %‘59_}_ lﬂl}-a 7]_8 a‘ \‘:):_4 _'_1“7]_ 755]010}:“]_ Tungsten trioxide WO3 HQSO4 W03
Epii=s Molybdenum trioxide | MoOs HS04 MoOs

F7IRAZ AN BTz FaBA A wE Av|setH, A

1S40 $4 EDE ALHE Ad Y FA

t & AR} (e-mail: dhkim@kpu.ackr) Z#l methoxy groupe] X&¥ fluoreneF =A% 2L WaEst
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CHCN# CHCly/TFA/TFAn-23& ol Ao 4 9] 9-methyl-2,36,7-tetramethoxvfluorene®] 7] 3+3t4

e #a) A7k AYHz 9o13) Alkoxy-groupe) g

g&38Eo] CH,CNoly TFA (triflucroacetic acid)7t E3Hg
EG&uAAA dalo] s} FAE radical cation dication©)
biphenyl linkageel <3 5% at AL Jeh= Ho
Parkero} oj#] wrslzon o€ £9o] 27-dimethoxyfluorened] 4%
e TFAZL Z¥d EZ49AdM 488 Aoz waizg
[141516]. ¥ A E 9-methyl-2, 3, 6, T-tetramethoxyfluo-
reneo] A2 thg GoiAlelA JdellE A7getd B4 53 A
Zo]F (electron transfer) ¥h3o w2 #7884l st pAL
ZAKSEA o] 3§HEo] Foln AajzAcA ECDRA A3l 7}
FAol EASeA Y o g Falsle Aol B AFe FEHo|u)

2.4

2.0 A2 Y HEBUNZE

CHCN, CH:Cl;, TFA, TFAnE E%F Flukarte] EZA1oES A}
3t AAY BwNCIOs= Flukarle] EFAe s o 110
TolA 2 h AF AZADE A&tk 9-methyl-2,36,7-tetra-
methoxyfluorene&  1,1-Bis-(34-dimethoxyphenylmethane ©. 2 2
H Pt-AF ®£E RIS ol 43 #7358 B S5 &
AetATHI3] CVEE 4 2348 CHCN-Sui9 CHCl/TFA/
TFAn-EF8viAz Tdse] AzsFdEd), CHCN-& vl A o A
© 588&uel fluoreneF =4 1 mmol/L% 0.1 mL/L. BuNCIO,)
TER ALY, EFEAdME CHClY/TFA/TFAnS %
&ad 43:5:29 HiugzM Efd fuge] 1 mmolL
fluoreneF+ =49 0.1 mol/L BuNCIOso $=2 Zu)stgc)

2.2. 9-Methyl-2,3,6,7-tetramethoxyfluorenee H7|&}st
H SM4Y

9-methyl-2,3,6,7-tetramethoxyfluoreneo] $iof A71¥ Nz &
st debdle Ad71sketd 54 (53 fluorene S EAF %
S3st) o8 39 radical cationd] AT A3l W sjdg
AAdell= 8 AF-ALY (cyclic voltammetry, CV)S o] &3}
At =8 WF-ALTA (cyclic voltammogram)e 7] & 4
29 (oxidation potential) &34 8eAE potentiostat/galvanostat
Model 273 EG&G7} AHEEI o Fx22 dole He] 2 A%
T2 3371 429 IBM PC7} ol 85Ut} w3 A48 CV-=
4& AA(Ce)T Metrohm el AA2ZA 7)o z2AZ
(working electrode) A= (counter electrode)© 84 T2
ol 27} 1 e’ P-A3S AHEg o 71242 (reference elec-
trode)-& SCE (saturated calomel electrode)?} o] £5glon ofz
= Y4718t CVEHE F83819)

a

I_T)_g

3. A5}
3.1. CH:CN EujtollAl  9-methyl-2,3,6, 7-tetramethoxy-
fluorene(1)2| 7|35t EM

CHCNG sl A shghE 19 Hdafo] osf de &3 AF-A
4= (cyclic voltammogram)€ Figure 161 ZAIsH4 . Figure
14 Oy, R 38E 13} 24to] (Scheme Dold dojus Az}
olgwtEol 7t (reversible) £E #7}% HA1o) % (quasi-rever-
sible electron transfer)?$-4¢ &8 &= 1%tk 28] Figure
19] Oe 33 19 F oA Az s 5 wa A
52 (oxidation peak)Z, o] F ¥} Hzjo] gt Hl7le =
2ol (irreversible electron transfer)dg 474 & 2 glow w
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Figure 1. Cyclic voltammogram for the oxidation of 9-methyl-
2,36,7-tetramethoxyfluorene, 1.0 mmol/L in CH:CN, 0. mol/L
BuiNCIO;, Pt-electrode vs SCE, scan rate : 1000 mV/s, at 25 C.
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Scheme 1. Electrochemical oxidation of 9-methyl-2,367-tetra-
methoxyfluorene in CHzCN.

Table 1. Peak Potential of 9-methyl-2,367-Tetramethoxy-
fluorene in CH:CN

ovv RyV OyV AEN
0.86 077 124 0.38

eA dication SEEQ 32 CHCNEwalol A vl g HotAst
olulstitt. Table 19] CH:CNGujslolA A2axe oo A
HAHAE YU,

$i2 AHEE CH:CNS 53A oz 4o H0o| %3ty
ol 3lem (005% ol3h), B3E 122 A& o dAe Az
FEo 3 FAE 27k Fol& 3E 3 (dication) e Ao
2 RE 20 uE BAAEn olAe sud 1A
(electrophile)24] A (nucleophile)?t ¥H&8 4 9= Adko)
AN &) Sol XT3E FmF Bo] FAAZA 3HHE 37 w
2 38§ 7] W&ol Figure 19 F 5 Azjo|Sureg
AdME v7tgube9l e Yehle Aoz f4g 4 ot 17y
4714 3 WA AolFure e Tl Aol Furgel s op
d E7H ARl B AA Y gFo] tis] Mz e Fajer
A% CVEAHS B4 29T £ 3%on, AHE Figure 20 A7)
AT Figure 204 FAIEE7L Z713te wa) AgAY 7} =
HOE olFde As ¢+ ANeH, wF FALES} Z71e)
w2t JE8 & (4E,=En-Exol 27182 & 4 it Table
20 FAREEZE 20, 70, 200, 700 mV/sQl A9-9] AE,9) gEL
ERHITH (B = anodic peak potential, E,. = cathodic peak potential).

Nernst®] o]&e o)3td AAo]54 nol 19 w 4EE 575
mVEXN 4E& 7HGAME FAET sttt 28U Table
29 4Egtol @AIsRol SR8 10] CH:CN £ohatoAl Uehy
= 7188 Abshubge] og RuA AR5 FibY Az}
olF WEdE & T YA AL VY U Vv (v=FAE
%, scan rate)& FHE plot? correlation diagramg 8] 7]
8T B3E Utk Adamsol 9w o] slAA AL

3
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Figure 2. Cyclic voltammograms of the oxidation of 9-methyl-
236,7-tetramethoxyfluorene 1 mmol/L. in CHCN, 01 mol/L
BwNCIOs, at different sweep rates (mV/s); a=20, b=50, ¢=170,
d =200, e=500, f =700, g = 1000, Pt-electrode vs SCE, at 25 C.

Table 2. 4E, at Different Sweep Rates for the 1lst Electron
Transfer Step of 9-methyl-2,3,6,7-tetramethoxyfluorene in CHCN

v/mV/s AE,/ mV

2 Ee

70 76

200 84

700 %
/v % E,
E
E»
E;

v Y% -
Figure 3. i, / Vv vs vV v-Diagram for reversible system.

9] E9 EgtEcl x%F3 H3y& o|FE correlation diagram
Figure 33} 2o} THHH17].

313HE 19) A8k atgel 98 d& CVE F3l
#}9l correlation diagram$ Figure 49 27433 th

Figure 4914 E,, Ea), Ea, Eg9 #E° &F xZ3 #
22 @3 FAE veplis FAdE ¢ F Aden, meA
OVR: (Figure 1)9] Atstghdde] 71918k AA}ol5ge-& 71H0) of
d E7hAuE s 48 £ Ak £33 Figure 1914 FAS
=7 1000 mV/s¥ A Atst Y AFY (/i =ratio of
peak currents)= 0808 UEMICH o] AITHAA dojit=
Az olgol wE FHL7t ohyn, & 7pHutgo] ol Aol F o]
BE AL it i #2 v ia/lpe = 1010} 7]
A i AFEANA FHukgo] dojd 2E 39 ¥4
HF, et ST AFEA & 45 U2 Nicholsonol
o HlEARAE dgsiE AltHi718). AEACE Alg 3
= 10 CHONZuistell A Asfe] o dojvt= A AA Az
ol FNHEE YoM W AdATA 3] FrtdAR oS
X M50t 23 55 Yehie A71sEA whgolgitt. 1z

e
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Figure 4. i/Vv vs Vv-Diagram for oxidation peak Oy of 9-
methyl-2,3,6,7-tetramethoxyfluorene in CH:CN, E; = Peak potential.
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Figure 5. Cyclic voltammogram for the oxidation of 9-methyl-
2,3,6,7-tetramethoxyfluorene, 1 mmol/L in CH:ClyTFA/TFAn
(43:5:2) for different voltage sweep rates (mV/s); a=400, b=
200, ¢ = 100, BusNCIO; (0.1 mol/L), Pt-electrode vs SCE, at 25 C.

A AshSgAE v7hgubsdg Yelbded, ol of
AAAAN2A  whgAdol E 27} Foj 3PS 3o] Buj
w2 H,0 (nucleophile)zte] 3}shuikg-of 7i18}e
18 4 gich webd A ESEE 1e A 2
o] g5te AV|HAMEAZAE CHICN ¢ gust
12 oulgdtn & 4 Qo

3.2. CH2Clo/TFA/TFAn-E&-3uiA0MS]  9-methyl-2,3,6,
7-tetramethoxyfluorene?| M7|UMX™ EM
CH.Clo/TFA/TFAn (43:5:2 H3|8]§) EFEvjAlA9] A3
AXE BAFE 10l A7l Asharge] o8] HAH
radical cation?] <AL o Fol| o3t 71 AAE gl st
uat stgon, CHCN ©¥8uAge Aojds dohiixm
methyl-2,36,7-tetramethoxyfluorene©] A7 TAEAgA FUF
A7V s Aol EAsEA Y R dF] AAlstna ste Aol
Exoltt. £ &AM AFE 10} Aol o8 ¥
F-44F4 ¢ Figure 59 FA184% o
Figure 5914 838 10] A - o]dtAl Azlo]
FAHAT FAEET TR 24%
¢ & A9tk R WA A8AHY El'e
o

]

1

RSN . - T

2
AAEo] 93 radical cation 27+ ¥4
Asagols], ¥ A5 AU Ea e
AAZE wa 5o 27k FolLFE 30| A H e dA sgst
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Table 3. Peak Potentials of 9-Methyl-236,7-tetramethoxy-
fluorene

vmV/s | Ex/mV | Ex/mV | Ex/mV | Ex¥mV | 4E/mV

400 633 521 1123 1005 490
200 625 526 1107 1005 482
100 623 513 1095 91 472

Table 4. Ratio of Peak Currents for Both Electron Transfer
Steps of 9-Methyl-2,3,6,7-tetramethoxyfluorene

r s 11 s 2002
v/mV/s Ia /e i /e
400 1.01 1.00
200 1.00 1.01
100 1.01 1.00
0,00
0,08
F 007
<
% 0,08
£ o008 * - EP
Té 0,04 — . E(1)=587m
~ 0,031
<
20024
= - E(2)=533 m
0,01
[ + + + + + +
9 1 13 15 17 19 21

VA2 [(mV ] 5)212))

Figure 6. Current function i/ v'” vs v} 2—dialgram for the first
oxidation peak Epal of 9-methyl-2,36,7-tetramethoxyfluorene.

T Ao 4 g °*E} (scheme 1). & 3014 43}, QA
of #Yshs FES W FAEEIL 100904 400 mV/so s Z7}
4% E.'& 623 &
|l

& 623 633 mVE Eylol FA&Te] A 2pg
¢ & ok 28U BSE FASET 2740 ga) E,'w v
A tha 7138 BalFET)

g oA AzfolFukge] wa 4bs) %%2 Ful( >d/1
=ratio of peak currents)®] gtol 1.09) 7}7}& Fto= o] g
4ol 2745k5iel o] AL Figure 594 ¢ 2= 9= H} o} o] gt
= 1°] TFA7} 23 EggujAlel A= %243l &) AAw
radical cation dication®] ¢tAEA ZAGdch= o] 7155}
CH:CN& ool A 9] Atslell w& correlation diagrame Figure 4
of A% 3t vlusy] dste B2 10 EFLuAA F=2
Agtell ofs A& correlation diagram® Figure 6, 7ol 2703+
o). Figure 6& 494 Aol 5o siFsle Aols, Figure 7¢
ofgA HAt&e| A& ALZ Figure 6% 79 E, Euy, Eo
aze] gEol BF x& FYE o]FE AMAL o & gon
mebA Figure 59 Oy/Ry, O/R:8] 9 - o]dhA] Axjo] 5o o3t A
B8 g2 7t A Q) Aol Fubgolaty sAE & qigic)
4719 2AE BEH] Y AERS 2AEE 2t 9=
o 4B, 4B’ RE EBAE MWl 229 parameters
A2 ARE 5 278 g

AollM gax g EDJ %k—L‘Ol Nemstlan condition[18,19]9] o] A

olFHAF n=1¢ W) st A

49l @9l 4E, =
e H¥oE Ade JEI F4)

%

mlo
=S

0,054 * —xgp

0044 E(1)=1083 mV
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Figure 7. Current function i / v'* vs v* ° diagram for the
second oxidation peak Euaz of 9-methyl-2,36,7-tetramethoxy-
fluorene.

Table 5. 4E,, AED2 at Different Sweep Rates for the First
and Second Electron Transfer Step of 9-methyl-2,36,7-tetra-
methoxyfluorene, 1 mmol/L in CH:Cl/TFA/TFAn (43:5:2), 0.1
mol/L BuNCIO,, Pt-Anode vs SCE, at 25 C

v/mV/s AR, /mv AEYmV
100 110 104
200 100 102
400 112 114

LEol A9 Fasithn 48 £ g} (714 JE =E. - E,’
). R Fold HazAoA FFTE 1o Asse] FAd
radical cation 2 (scheme 1)7} TFA7} EAste EFL A=
CHCNAIET 84 o dAsihs AL 9ujsy, 1 ofa:
TFA7L si2lso] dAE trifluoroacetate anion (FiCCO»)e 23}
Mol e A7 4% (electronegativity)S 2+ 3709 B4 93}
o gk 93] F:CCO: AAA A v A3} (delocalization) 5 o]
ok kgt nucleophility2 ZH8-8ko] ettiZerol L3 trifluoro-
acetate anion®] dhte} HYF H& o|TE Roz AZHY I
Ay CHICNAG A ghojztogol &9l 271 §9 ZolA] kA a}A
B OlEF e 279 Aol (counter ion)o] EA|5HA] o}
I TE EQAS Aoz Azdr

FFE 15 M2 & &g CHONZ TFA7F %3t
CH:Cl/TFA/TFAn (43:5:2) E&-8ujAlolA]l FZit3e) wa 1
o) A71518 54 & zAeIg e o ARe oleg 2o

1) CHICNE st A= do HZ}"]E‘?}g < E7ME A ol
3§ (quasi-reversible electron transfer)olQod, 332 32 3
Aoz HorAsle] olg Zﬁ}ol%‘ﬂgﬂlﬁ“ v 7t ukeg
Eby otq x{sﬁEo}oﬂ Aono llght brown*“—g L}E}L]-]O*E}

2) CHCl/TFA/TFAn E&-&uiAdAE o - oA Aol gk
A T 7pdetgollon, AshEte] fae A3 FAS g
ok

3) #gE 19 Aslel ds) A radical cation 29 dication
}E 32 TFEUANAN CHCNSWARD 84 dxat A
2 EA4Fdn 4 5 glen ok EF4u] o Egsi=
trifluoroacetate anion(CF:COO )o] dajg4 &3} sfite] obst 4
S olFE Aol 71U AHE £ ok
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meld AE FFES EFLMAY 2 Ad =AM AF
AL g YA 7tdHoz wuz AT HER EAT
4 qlo] &% A7HMAA (electrochromic display)24 AH8-°]
Assittn & & gok 2EE o {fr|aEAE dHAR &
o DERPPEL E3 electrochromic thin-filmE AR, 1
electrochromic polymer7} 22 47181813, A7j2A44 A4S A
F& 74X} oS- ¥oha Atgdoh

A

gedon AFuAde] FA=n, £F B AFE 93
sjF4l oldlFl (RWTH Aachen)® Dr. H. G
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