Journal of the Korean Institute of Electrical and Electronic Material Engineers, Vol. 15, No. 6, p. 511, June 2002.

B 567

vd
(=]

of AlEZS 2tE A sgt29 M7|5EM EM

Electrochemical Properties of Diiron Complexes with Conjugated Chains

A&’ Micheal B. Sponsler”
(Min-Chul Chung’ and Micheal B. Sponsler™)

Abstract

The complex 1 ([Cp*Fe(CO)zl:-(u-CH=CH-CH=CH)) which have butadiene as a bridge were
synthesized from Cp"(CO):FeK and cis-34-dichlorocyclobutene. The derivatives of complex 1 where
one or two carbonyl groups are replaced by phosphine ligands have been prepared by photochemical
substitution. The new derivatives ([Cp*Fe(L)2lo~(u-CH=CH-CH=CH) where L = (PhsPCH2CH:PPhz) and
([Cp*Fe(CO)(L)lz-(u-CH=CH-CH=CH) where L = PPhs have been characterized from 'H-, “C-,
SP_-NMR and elemental analysis. Obtained complexes have been studied in electrochemical experiment
and UV/VIS-near-IR. The mixed-valence radical cation forms of complex 2, 3 species were found to
be delocalized as the Class III. Based on the separation of the waves (AE = 0470 ~ 0.605 V), the
efficiency of electronic communication between two metal centers of cation species leading to
stabilization relative to neutral species. The phosphine-substitute complexes (2, 3) displays two
reversible oxidation waves and oxidation state of metal centers-dependent color change,

electrochromism, was observed from yellow to orange and deep blue in methylene chloride.
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cular switches) ¢ HAAEE &8&8E & UX

(conjugated organic bridge) 7b g ol werg B9 o] wsHol A
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2 3§ AF25E THF(tetrahydrofuran), Pentane,
[CpoFel[PFel, CH:Clo®- AldrichAliZ B el 798}
ER7IAA Cateoll 98 g8 Aol Abi
st7] Adedl FHAA & Ab &3+ Tt Penta-
methycyclopentadienyliron dimere} cis-1. 3-di-
chlorocyclobutenev  StremAF$} FlukaAl =258 2}
Z st AbEskRloh wE ®E 9kge A9
of2& 7tx BY7ldA Fstztt. 'H-NMR "2
“C-NMR€ Bruker AC 300('H: 300 MHz, “C: 75
MHz)9} Bruker AC-600('H: 600 MHz)& o] &3}q]
435tk NMRell AF&3 CDCls& 9l 3= Isotropest
28E Y5t CaHostolA 7] 9 AzA 7
g etol g 7|FEE A TMS(tetramethylsilane)
o 05 % F9sted AH&=At. FT-IRE Perkin-
Elmer 1660 series IR spectrophotometer® AM&-3}
%l Electronic spectra™ Shimadzu UVPC-20
spectrometerg& AHE8IHa, AE 4L Frlo w
73 BdE A7) A8 1z Cuvettes2 A

skl

A2

k<3
T

2.
=

Q.
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22 =& 9 ™F(Cyclic voltammetry) A&

& A FF H4¥e BAS CV-7 potentiostat
71718 AMgste AP Y. w3 AF MEe
n-BuNPFs #Aald &4 CH.ClolX A z38x

SR g F oMY mAz Y fEgdoer :v:d
209 de FA4E FAAA FYsE. ZFE
A (working electrode):= Pt tlA3, REHIL
Pt A, 7154 F(reference) & A M (silver wire)&
AHEEEATE WY U VEEAHR Aol v
% [CpeFellPFelg #7tete &4ttt

N2 gas
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Fig. 1. Cyclic voltammetric experiment.



2.3 #tA
2.3.1 [Cp'(CO):Felo-(n-CH=CH-CH=CH) &A
500 mg(1.101 mmol)®] Fp+*(Fpx = CpxFe(CO)y;

Cp* = CsMes)E& THF(18 ml)=¢ &, of71d ¢F 05
ml(¢f 10, mmoD)® Kizs/Na alloyel %ol my¥hAlzl
ok vke 3 5 -10% ¥, S99 AZE oFE 7
Ao A wm@pgAoR %@D} 0% &, EgEAE
LHEE7E A& pukg alloy ZAE AAS
. FA4E Sl A °—“|% -25 T W37l
BAFH- 25 T olgtoll e Hox FEATE 4
AaA G ALz 24 ojuldl] AMgE=

Aol

b, -25 € ¢899 cis-34-dichlorocyclobutene
(50 ml, 054 mmol) 78t HF2o8 2EHA H
SAIZL, AL Y Tl NG AE ¢ 1
W8 Al7)WE, dark-brown® £HoF W3t} o
2 oAl 65 CTAA 147 B €& 7hsg. 19
g AEdA RAFsAA EulE AAGT oA
i THF 5 & #AgS AA3I #Hrtsty
-25 CAA 5% glo] Wautd ol& A= 23
Fuh, AEAE FAZZ AASD A g A

B(- 25 C)ez AHste, Hx2AA et (350

mg, I 58 %).

'H-NMR(CsDs): & 7.10 (dd(AA'BB’), Jiz = 220 Hz,
Lg = 7 Hz, 2H, Fe-CH=CH), 650 (dd(AA'BB"), Jiz
= 22 Hz, Ju = 7 Hz, 2H, Fe-CH=CH), 140 (s,
30H, CsMes)

BC-NMR(CeDg):6 2200 (s, Fe-CO), 1490 (s,
Fe~CH), 1379 (s, Fe-CH=CH), 97.0 (s, CsMes),

9.7 (s, CsMes)
FT-IR(KBr, em™): 1969, 1927 (uco), 1741 (e cn)
*dd\_-‘:v’—@‘ CosHa:O4Fey: AREA] C, 61.56; H627. A
dx): C, 61.25 H, 652
2.3.2 [Cp'(dppe):Fel.—(u—-CH=CH-CH=CH) &4
A FA"E FHA 1 (100 mg, 0.040 mmol)S
THF 20 mlol e & o7je] 2 a9 di-
phenylphosphinoethane (dppe)2 25 ml Pyrex 3
w7 Wm0 CTE HA8PEA UV (450 W,
Hanovia broad UV lamp)& AH&38te] 14137+ E<b
FE FASTE BNk Bt g teE HAV)
25 F939 bubbling 3ttt
& Abg3lel BUEY S}
°ﬁ' celiteg AH&3te] Add F %“H;— A
, ThA] ek7te) ’I‘HFv o 7] ThA
-?"a st WEale] oF olEAE R#U3H,
AA 3924 mg, T& 40 %), °1& 4%
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ALZ12 AME3te A A,
A= ko) AZAZI
"H-NMR(CsDg): 8 7.70 - 7.12(m, 40H, Ph-group),
6.10 (dd, Jiz = 15 Hz, Jua = 7 Hz, 2H, Fe-CH=CH),
550 (dd, Ja = 15 Hz, Ja = 7 Hz, 2H, Fe-CH=CH),
270, 198 (m, 8H, PCH.CH:P), 143 (s, 30H,
CsMes)

BC-NMR(CsDe): & 154.7 (s, Fe-CH=CH), 1509 (t,
Jec = 31 Hz, Fe-CH), 1425, 142.1, 1387, 1331,
1354, 1342 (m, Ph group), 87.3 (s, CsMes), 31.1
(d, Jec = 53 Hz, PCH.CH2P), 10.2 (s, CsMes)
SIP-NMR(CeDe): & 109.1
A8 CuHgPsFey A4EA:
C, 73.88; H, 6.92

A7l Arte AGow

C, 7415, H6.71. 4

9

3] A):

2.3.3 [Cp'(PPh3){CO)Fel,—(n-CH=CH-CH=CH) &4
oM A9 ZFA 1 (100 mg, 0183 mmol)E
THF 20 mlel %< % 7)ol 3.0 FH <] triphenyl-
phosphme(PPhs) 25 ml Pyrex %A w379 4
, 0 TR §FASEA UVHES0 W, Hanovia broad
UV lamp)& AM&ste] IAZE B2 FE& FARGH
Frg % Wgr] dog AAVMAE FYsY
bubbling$tth. W8 FE= H*NMRO ALgEld B
HE g g} 9ol & THF &9& celite®
AHEEe o Be & %“H% AAsIL, THA ‘47}9]
THFE Y3 97]¢ gA Agg 2%15}01 Ws
of oF o]EAHE R FI} B dAHR (°]’“§
Ag FAR

iy

L=
e

ol A 3-A
'H-NMR(CeDe): 8 7.73 (t, J=9.6 Hz, 12H, Ph), 7.02

- 712 (m, 18H, Ph), 660 (s, 4H, Fe-CH-CH),
1.39(s, 30H, CsMes)
BC-NMR(CeDs): & 2247 (d, Jec = 297 Hgz,

Fe-C0), 1519 (d, Jpc=2.8Hz, Fe-CH-CH) 146.7 (d,
Jee = 31.8 Hz, Fe-CH=CH) 1378, 137.6, 1344,
134.3, 1294, 1281, 1280 (m, Ph) 929 (s, CsMes),
10.1 (s, CsMes)

SIP-NMR(CeDe): & 79.6

FT-IR(cm-1/KBr): 1898 (Fe-CQ)
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LA EA: CoHePrOFe; + CsHiz AAFA]: C, 74.03;
H,7.05. 48X C, 7418 H, 7.46

o] Aa] Al j.]] 3-B

'H-NMR(CsDs): 8 7.67 (br, 12H, Ph), 6.96(br, 18H,
Ph) 659 (s, ] = 45Hz, 2H, Fe-CH-CH), 657 (s,
J = 33 Hz, 2H, Fe-CH-CH) 1.43 (s, 30H, CsMes)
“C-NMR(CeDe): & 2251 (d, Jec = 297 Hz
Fe-C0), 1519 (d, Jpc=2.8Hz, Fe-CH-CH) 146.7
(d,Jec = 31.8 Hz, Fe-CH-CH) 137.3, 137.1, 1343,
134.7, 1294, 1281, 1280 (m, Ph) 929 (s, CsMes),
10.1 (s, CsMes)

IP-NMR(CsDe): 6 78.2

FT-IR(cm-1/KBr): 1900 (Fe-CQ)

3.23 ¢ 1

ZA) 1 ([Cp (CO)Fel-(n-CH=CH-CH=CH))9| ©j
AZolA =3 A9 AF(cyclic voltammetry) A
< AAEEY. -10 VolA 1.0 V W9 At
7\1, 7+ A (quasireversible) AEle] AR E Ho
Ri(zg 2), 49 AxE T 19 AHsgdoh &
7H—4 dae E7r9 3% wave (E™ = 017, E* = 0.10
V)elA gk & & waves H|ZIA(E™ = 056, E* =
Holx &&3)dE HoqFm dEd, o A WA
wave monocation AE] 1'2 Bz ¢ty x oz
A8 A%, dication e 17 B AsA &7
e & 7 A =G 04 Vel @3 Ashars
7 A7 @A golo] Aoz WalHEWA 17
< NS & 7 ST
ZA 19 WAAE F e COZIE dppe® X3
H AA 20 diE o3 AY AFE LY A,
GAAAT 9oz 2ty #HHo] Lol
CV 438& B ¢ +71 Adde. a8z F
wavezt H9 AAEV)E 06 VE 5o gz
@ A (single-electron)® F A A (two-electron)
o W3 AsureS FaA 2, 272 wsEe o
7t QSl3, FAe ZA 2 MZo] oA ¢ Alx
@)% A FEACYez wige o #7}
o} 49 2AA 2& iV F =2AA UV
g A(2Y 3), &AA 27 F71Fe] Aast ’&
%07;1 \_a]-)\ﬂg,] _g.ouo] ;(]s]. _,_t)\u =

o o

M T oo 30

miorE J‘x" ¥ rg

L

A]?JOH w}e UV FFad0] 471 nmollAe 3
d Fasta, 597 nmelAE HAE FAEE #9%
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a5
W 0.1
14 1 i 1 1 0.? 1 1 A‘/I’\\\\
P —r
i
W
-05.
ag 2 A 19 eeld &8 9 4w 54
0.1 M [n-BusNPFs)/CH2Cly, scan rate: 100
mV/s).
Fig. 2. Cyclic voltammograms for complex 1 in
0.1 M [n-BuNPFs)/CH:Cl> at 20 C. scan
rate: 100 mV/s.
s 1. A& A7gst dg4da)
Table 1. Electrochemical Data for Complexes(u] 5
714 9$:  ferrocene/ferrocenium couple
(Eo’ = 0.00 V).
< | scan Eo'(V) o
. = AE
HA | = | rate [\Wave [ Wave W) Ke
(THmV/s)| 2
I 20| 100 | 0.130 | 0.520 10.390|8.9x10’
II 20 | 100 |-0.810{-0.220 0.590|1.4x10"
Im-A (20| 100 | 0.025]| 0600 0575|5.4x10°
nI-B | 20| 100 |-0.385| 0.220 0.605|1.7x10"
Lapinte™] 20 [ 100 |-0.675| 0.045 0.720|1.6x10"
Taube" | 25 - -0.760 | -0.4000.380 3.0x10°
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Fig. 3. UV spectra during air oxidation of complex
2 in CHuCl.
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Fig. 4. UV/VIS/near-IR for complex 2'.
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Cp* Fev\/\ dppe -€ _ Cp* A . dppe

dppe FeCp' ~+g  dppe v Fe Cp*
2 (neutral) 2" (cation)
+ell-e
®
Cp* Fe\/\/\ dppe
dppe S S e
2*2 (dication) ©

a5 #a 20 Av|Fdew-e] o AsEd T4

Fig. 5. Electrochemically redox process of Complex 2.
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AE EA (0.1 M [n-BwNPFg)/ CH:Cl,
scan rate: 100 mV/s).

Fig. 6. Cyclic voltammograms for complex 3-B isomer
in 0.1 M [n-BwNPFe)/CHClz at 20 T,

scan rate: 100 mV/s.
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A},
potential©]
o] A A 2

Hpe} ol 7|8tk AE o 2 RH
E4dol ZA “d2A YEHE & 7t
oldAA 3-Ax 3-Bel H]F wave
& AYFo 7 o|FH yEh:, F
£ 2 A 9 (separation potential) X}o](A
E(V)7} & 0025 V o1& & 71 itk o]« Fe &
x4 ZA3E PPhsel HAF A wpE
W g5 G447 (Fe-O)o A =7t wi9fzte] 9
g AR FA BAo) 99Xy e o MHEY #
7F St

& 7HAA FAA e AL o Ao
74 7+¢] comproportionation constant (Kc)Z
F7F 9tk (121 &, Ke @o] 29, v
7bA A ZA ) F4&7F AAlolFo|l FustA ot
#(Class IID, Kcgtel ¥od A 7txa 29
%2 AAolFol AgA(Class IDez oA}

5 ol
A
T

=
]

o A %
j =R ]

Jerd
qwe
=37

As dojux &=(Class D) AsAdz S48
¥ 19 vepd wkel ol " F& Aol CO7It

Z%d &A1 2vke Azxrt $52E dppest PPhs

2 Agd FEEL T4 % fragmentE F o] ¢
A AR 957 Wi Fovs T F&£ A

zZhol 5ol ( Kc kel 100 ~ 1000W] =th) Z dojdd

S & £71 ok TEn d F4H4F 45 dppeE A
¥  Lapinte #A  [Cp'(dppe)Fe-C=C-C=
C-Fe(dppe)Cp’l&t #A 2 [Cp'(dppe)Fe-CH=CH-

=

CH=CH-Fe(dppe)Cp'lE Wasl 149, F
f71 7t R4 wEA F FE530 H1
5 ¢ 7t Aok F, ztaEA @

v = 1

AS7h gapael wa o 100 AR A
weA 248 ¢ 57 Ak ol Lapinte 2]
Amgel vk FRE -4 F d@d FE7
Aol £¢ Q@A 4 qeos Az,

A

F7)

Fe(II, 1)+ Fe(I, ) ,=k‘=-. 2 Fe(O, M)

K1

Ke =ki/k = [0, %[0, O1{, m]
4G = —RT({In Kc) = -nF (4E)

Kc = comproportionation constant
4E = Separation between the two redox potentials
F

n

Faraday constant

Il

Number of Electron

516

agy F£o AA SdFgEe w9®E RuFA 2
Creutz-Taube 2Ha| [10]1¢} Wlstel 2| 29 2
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