
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 09:56
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Correlation Between the Rate of
Intramolecular Electron Transfer of
Dinuclear Iron Complexes(?,III) and the
Phases of the Molecular Structures
Yonezo Maeda a , Teruaki Manago a , Hiroaki Komatsu a & Shinya
Hayami a
a Department of Chemistry, Faculty of Science, Kyushu
University, Higashi-ku, Fukuoka, 812, Japan
Version of record first published: 04 Oct 2006.

To cite this article: Yonezo Maeda , Teruaki Manago , Hiroaki Komatsu & Shinya Hayami
(1996): Correlation Between the Rate of Intramolecular Electron Transfer of Dinuclear Iron
Complexes(?,III) and the Phases of the Molecular Structures, Molecular Crystals and Liquid Crystals
Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 286:1, 71-76

To link to this article:  http://dx.doi.org/10.1080/10587259608042267

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever caused
arising directly or indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259608042267
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Ctyst. Liq. Cnst., 1996, Vol. 286, pp. 71-76 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1996 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands 

under license by Gordon and Breach Science 
Publishers SA 

Printed in Malaysia 

CORRELATION BETWEEN THE RATE OF INTRAMOLECULAR 
ELECTRON TRANSFER OF DINUCLEAR IRON 
COMPLEXES(I1,III) AND THE PHASES OF THE MOLECULAR 
STRUCTURES 

YONEZO MAEDA, TERUAKI MANAGO, HIROAKI KOMATSU and 
SHINYA HAYAMI 
Department of Chemistry, Faculty of Science, Kyushu University, Higashi-ku, 
Fukuoka 8 12, Japan 

Abstract 
[Fe2bpmp(L)2](BF4)2 were prepared, where Hbpmp represents 2,6-bis[bis(2- 
pyridyImethyl)aminomethy1]-4-methylphenol and L is CH3(CH2),COO- or 
Ph(CH2),COO-. The Mossbauer spectra of the mixed-valence complexes of 
L=CH3(CH2),,COO- with n=O, 1 and 2 consist of two quadrupole doublets due to 
high-spin iron@) and high-spin iron(II1). However, the complexes with n=3,4, 
5,6 and 7 show one quadrupole doublet at room temperature, which suggests a 
delocalized valence state. The complexes of L=Ph(CH2)"COO- with n=O, 1,2 
and 3 show localized valence states and those with n= 4 and 5 show a delocalized 
one. 

Dinuclear iron(I1,III) complexes with a hexadentate ligand 

Mixed-valence iron(II, 111) complexes have been intensively studied in recent years 
since it is known that dinuclear iron clusters in the active sites of metaloprotein play an 
important role in biological systems such as hemerythrin(Hr),'*2 and there is a hope that 
dinuclear polymers will be able to donate new electronic materials. The studies of 
synthetic dinuclear Fe(II)Fe(II)and Fe(II)Fe(III) units' that mimic physicochemical 
properties found for the above proteins are rare in comparison with their Fe(III)Fe(III) 
 analogue^.^) There are some studies about [Fe2(bpmp)(0#2H3)2]5.6' and some of the 
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complexes with long carboxylic acid show an averaged valence states between high-spin 
Fe(I1) and Fe(III)?.* 

Materials. 
Hbpmp was synthesized by the condensation of 2,6-bis(chloromethyl)-4-methylphenol 

with bis(2-pyridy1methyl)amineaccording to the literature. The iron complexes were 

prepared in a manner similar to that reported. ' The crystals of the complexes were 

recrystallized from a mixture of acetonitrile and ethylalcohol. The The abbreviation 

of the ligands used are as follows. n= 0; acetic acid(ace), n=l; propionic acid(pro), n=2; 

butyric acid(but), n=3; n-valeric acid(val), n=4; n-caproic acid(capro), n=5; enantic 

acid(ena), n=6; n-caprylic acid(capry), n=7; pelargonic acid(pe1) for CHS(CH~),,COO-, 

and n=O; benzoic acid(bez), n=l ; phenylacetic acid(phe), n=2; 3-phenylpropionic acid, 

n=3; 4-phenyl-n-butyric acid, n=4; 5-phenyl-n-valeric acid, and n=5; 6-phenyl-n- 

hexanoic acid for Ph(CH2),,COO-. 

Measurements. 

Massbauer spectra were measured with a constant acceralation spectrometer. A 

cobalt-57 source of 10 mCi diffused into palladium foil was used for absorption 

measurement. The spectra were fitted to a Lorentzian line shape using a least-square 

method at the Computer Center, Kyushu University, and the velocity scales were 

normalized to iron foil enriched with "Fe at room temperature. 

reflection spectra were recorded with a SHIMADZU W-3 1 OOPC self-recording 

spectrophotometer in the region from 300 to 2600 nm. The magnetic susceptibility 

measurements were made using an electrobalance and the temperature was controlled 

over 80-300 K using a digital temperature controller. 

The absorption and 

RESUL TS AND DISCUSS10 N 

The Intensity data of X-ray diffraction for [Fe2bpmp(Ph(CH2)~CO0)2](BF~)2 were 

obtained from a single crystal of 0.3xO.3xO.lmm which was placed on a Rigaku AFC 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

9:
56

 1
8 

Fe
br

ua
ry

 2
01

3 



ELECTRON TRANSFER OF DINUCLEAR IRON COMPLEXES [395]/73 

four-circled diffractometer equipped with a Mo-KO (0.71069A) source and a graphite 

monochromater. 

space group P2,/c, and lattice constants are a=10.7010 A ,  b=19.7250 R, c=25.7370 A ,  

/3 =93.428' , 2 4 ,  R=0.085, Rw=0.074. 

[Fe2bpmp(Ph(CH2)3COO)J with localized valence states and the packing on the bc 

plane of the complex , are shown in Fig. 1. The bond lengths of Fe(I1)-N are longer 

then those of Fe(II1)-N. The bond length of Fe-Fe 3.4 A is similar to that of 

Preliminary diffractometer routines indicate a monoclinic cell with 

The structure of 

[~e2bpmp(enahI(~~4)2 ,' and 

FIGURE 1 Structure of [Fe2bpmp(Ph(CH2)3COO)z]- and packing on bc plane for 

the complex. 

[Fe2bpmp(02CC,H&](BPh& and analogous [Mn2(L-Im)(02CCH3)2](C104)2 with 

imidazolyl instead of pyridine ligand arm.6 The X-ray powder diffraction patterns for 

[Fe2(bpmp)(CH3(CH2),,COO)2](BF4)2 being measured, the data support that the 

structures of the complexes of n=3-7 are similar to each others, but the complexes of 

n=0-2 show different structure from the complexes of n=3-7, and the b-axis lengths 

obtained are estimated under the assumption that the structure of the complexes of n=3- 

7 are similar to that of [Fe2(bpmp)(ena)2](BF4)2, and the b-lengths become long linearly 

with the increasing of the alkylchains of methylene groups, as shown in Fig. 2. 

It is found that there is a relationship between the rate of intramolecular electron 
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744 3961 Y. MAEDA et al. 

transfer and the phase of molecular packing! Sano et. al have reported recently that 

the analogous trinuclear iron complexes of carboxylic acid with long chains show the 

delocalized valence state,'and Nakashima et al have reported the mixed-valence state of 

binuclear ferrocene derivatives with long alkyl substituents. 

Mossbauer spectra for the complexes were measured at 298 and 80 K, and the 

spectrum of [Fe~bpmp)(PhCHzCOO)z](BF4)z is shown in Fig. 3 and that of 

[Fez(bpmp)(Ph(CH&COO)z](BF4)z in Fig. 4. The spectrum of the former 

complex at 298 K 
I.1 Corrolrtlon botworon n and Iongth of b rxlr 

26 comprises two quadrupole 

doublets Q.S. ; iron(I1) of the 25 - 5 24 - 23 isomer shift d of0.99 

5 21 

c 20 and iron(III) of d of 0.42 

22 
0 m m / s  with Q.S. of 1.49 m d s  

10 

111 m d s  with Q.S. of 0.54 m d s ,  

are consistent with a high- 
-2  0 2 4 6 8 

n(lrngth of mathylonr chrln) 

FIGURE 2 Plots of length of b axis for [F~z(~~~~)(CH,(CHZ),,COO)~](BF~)~ 
spin with a high-spin Fe(I1)-Fe(II1) formulation. The area ratio of MBssbauer 

absorption, iron(III)/iron(II) is larger than 1 in the temperature range measured, which 

may show the difference of recoilless fractions between iron(I1) and iron(II1). The 

spectrum of [Fez(bpmp)(Ph(CH~5COO)z](BF4)z collapses into a pair of doublet; with 

Q.S.=0.98 m d s  and d =0.67 m d s  at 298 K, and the isomer shift is in average value of 

about 0.5 m d s  for high-spin iron(II1) and about 0.9-1.0 mm/s for high-spin iron(II), 
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ELECTRON TRANSFER OF DINUCLEAR IRON COMPLEXES [397]/75 

FIGURE 3 Mossbauer spectrum of [Fez(bpmp)(PhCH2COO)2](BF4)2. 
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which is resulted in the delocalized valence state. 

these complexes are composed of two pairs of a doublet at 80 K. The magnetic 

moments of these complexes are 7.57-8.10 BM for two irons and observed 

antiferromagnetc interactions are weak(J=-0.4 - -9.7cm-I). 

The Mossbauer spectra of 

TABLE I Length of b-axis and absorption data for the complexes. 

Complexes b(A)  PP*(nm) r(nm)** a'*** 
[Fe, (bpmp)(ace), l(BF4 >, (18.4) 1, 284 585 3.5 
[Fe, (bpmp)(pro), l(BF, >, (19.6) 1, 308 629 3.7 
[Fe, (bpmp)(but), l(BF, 1, 20.8 1, 306 635 4.1 
[Fez (bpmp)(val), I(BF, 1, 21.7 1, 313 613 4.0 
[Fe, (bpmp)(capro), l(BF, l2 22.9 1, 309 634 4.2 
[Fe, (bpmp>(ena>, l(BF4 1, 23.5 1, 318 656 4.5 
[Fez (bpmp)(capry), I(BF4 Iz 24.7 1, 311 637 4.5 
[Fez (bpmp)(pel), l(BF, 1, 25.5 1, 312 622 3.9 

*PP is a peak position , **r is the width of a absorption line. 
*** mixing pararneters(l0 -' rnol-' 

The reflection spectra for [Fe~(bpmp)(CH3(CH2)nC00)z](BF4)z were measured, 

absorptions due to intervalence electron transition bands(1T) in addition to a 

charge transfer band from the ligand to the iron being observed. The datacollected 

are shown in Table I. According to Hush," delocalizationcoeficient, a a 

measure of mixing of oxidation states, can be calculated by using a following 
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equation. 

a& {(4.24x104)* E , * A u , ~ )  / {urnax * d 2 ]  

The values calculated under assuming d=3.4A for the complexes are listed in 

TABLE I . It is not clear whether the rate of the intervalence electron transfer 

is correlated with the values of a *, because Miissbauer spectra are not sensitive 

to slower rate than 

electron exchange happens in these complexes examined here. 

s. However, the values suggest that intramolecular 
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