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Synthesis and structure of new low dimensional polymeric haloplumbate(ll)
complexes [Pb4Br12(C4oH40N8)] and [Pb4C|12(C40H40N8)]'H20
Yinyan Li, Gouli Zheng and Jun Lin*

State Key Laboratory of Rare Earth Resource Utilization, Changchun Institute of Applied Chemistry, Chinese Academy of Sciences,
5625 Renmin Street, Changchun 130022, P. R. China and Graduate School of the Chinese Academy of Sciences, Beijing 100049, P. R. China

New low dimensional polymeric haloplumbate(ll) complexes of the dication of (4,4'-bis(imidazolyl-ylmethyl)biphenyl)
were synthesised and their crystal structures determined. Complex 1, [Pb,Brq2(CsHaoNg)l, has cis-edge-shared,
octahedral, lead bromide double chains. In compound 2 [Pb,Cl;,(C4oH4oNg)1.H,O, the inorganic chains are corner-
shared, square pyramidal chains of lead chloride. In both compounds the organic ammoniums form regular layers
that alternate with the inorganic chains. Strong hydrogen bonds of Pb-X:-HN form between the organic and inorganic
components in these complexes, which are always considered as an important interaction in supramolecular syntheses.
The optical properties of compound 1 and compound 2 yielded photoluminescence spectra, which are attributed to the

n—n* transitions of the organic ligand.
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The chemistry of haloplumbate(II) complexes with unusual
structures has been extensively studied in order to rationalise
correlations between structural and physical properties.!©
The flexibility of the Pb(Il) coordination sphere and the
non-stereospecific nature of the halide anions, which can be
modulated by the size and hydrogen-bonding properties of the
cations, allow a large span of structural arrangements to be
observable in haloplumbate(Il) materials.”® Thus, this system
can be considered an ideal candidate for investigating the
change of behaviour from the low-dimensional inorganic lattice
to the three-dimensional molecular network, due to presence of
intercalated organic cations.” In the past few years, much attention
has been paid to the low dimensional polymeric halometallates
of lead (II) due to their semiconductor properties. Different
structural, thermal and electrical properties of haloplumbate(II)
systems have been obtained by using mono/diprotonated
heterocyclic amines and mono/diprotonated linear amines.!”
Important relationships between organic amines and structural
or physical properties of lead complexes have been found. We
are interested in using different amines and haloplumbates(I) to
construct new organic-inorganic hybrids.!!-13

In formation of the ionic type of coordination compound,
besides the function for overall charge neutrality, the organic
components have also been considered with respect to their
steric hindrance and to their hydrogen-bonding capability,
making for the whole molecular framework formation.! A new
organic amine introduced into the inorganic haloplumbate(II)
framework may bring about novel structure and special
physical properties.

In this paper, we report the synthesis, structural and
optical properties of the complex compounds formed from
the diprotonated heterocyclic amine 4,4'-bis(imidazolyl-
ylmethyl)biphenyl, (denoted as L), and PbX, (X = Br, Cl).
A few imidazoliums have been used to obtain organo-ammonium
lead halide complexes. One <100>-oriented layered perovskite
has been obtained with 2,2'-biimidazolium dications and Pbl,;!4
the other complex has been obtained with histaminium dications
and PbCl, or PbBr,.!? In addition, the dications, imidazolium-
N-(3-aminopropyl)imidazolium has also been employed to form
a novel <110>-oriented layered perovskite [PbBry(C4H;5N3)].10
The special structure of the imidazole heterocycles and the optical
properties they sometimes display, prompt study of ammonium
metal halide salts. The biimidazole heterocyclic amine we use
here has a linear and symmetric molecular structure that is
different from the previously reported imidazolium compounds.
We anticipated that such a new organic component with different
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steric hindrance and hydrogen-bonding capability might
bring about novel polymeric inorganic complexes of PbX,.
When the biimidazolium salt (denoted as L-2HX, X = Br, Cl)
was used, new structures with extended PbX, chains in [PbyBr,
(C4oHaoNg)] (1) and [PbyClyy (CyoHaoNg)]-HyO (2), sheathed
on both sides by the imidazolium cations, were obtained.
Compound 1 has cis-edge-shared, octahedral, double PbBr,
chains alternating with organic ammomium dications, whereas
compound 2 consists of symmetry-related PbCls square
pyramids that share their basal corners to form a polymeric
tunnel-like structure. These are new members of the low
dimensional polymeric haloplumbates (II) complexes and as far
as we know it is the first time such a PbBr, chain as in compound
1 has been reported. Optical properties of the two compounds
are also described below.

Experimental

Materials and syntheses:

PbBr, (99.999%, Aldrich) and PbCl, (99.99%), HCI (36%) and HBr
(40%, Beijing Chemical Industry Co., Ltd) were used as received.
4,4'-Bis(imidazolyl-ylmethyl)biphenyl was synthesised as reported
previously.!” Elemental analysis was carried out on a Vario EL
instrument. FT-IR spectra were measured with a Perking-Elmer
580B IR spectrophotometer with the KBr or KCI pellet technique.
The excitation and emission spectra were taken on a Hitachi F-
4500 spectrofluorimeter equipped with a 150W xenon lamp as the
excitation source.

Compound 1: Stoichiometric amounts of PbBr, (1 mmol 0.367 g)
and 4,4'-bis(imidazolyl-ylmethyl)biphenyl (1 mmol 0.314 g) were
added to HBr with stirring, and the obtained clear solution was
slowly evaporated at room temperature; then colourless single
crystals suitable for single X-ray diffraction were obtained (yield.
36.7%). Anal. Calc.: C, 19.85, N, 4.6, H, 1.7. Found: C, 19.7, N, 4.8,
H, 1.9. FT-IR (cm™' KBr): v(NH5"): 3119, 3043, 2858; v(imidazole,
benzene): 1571, 1537, 1495; 6(Ar-H): 1074, 840, 746.

Compound 2: a similar method to that for compound 1 was used.
(yield: 45.6%). Anal. Calc.: C, 25.2, N, 5.9, H, 2.2. Found: C, 25.0,
N, 5.6, H, 2.4. FT-IR (¢cm’! KBr): v(NH;"): 3279, 3110; v(imidazole,
benzene): 1610, 1571, 1537; 6(Ar-H): 1074, 838, 737.

X-ray structures
Crystal data of the two compounds are shown in Table 1. CCDC:
298957-298958.

Diffraction intensities were collected on a Rigaku RAXIS-RAPID
image plate diffractometer using the w-scan technique with MoKa
radiation (A = 0.71069 A). Absorption corrections were applied
using the multiscan technique.'® The structures were solved by
direct methods using SHELXS-97'? and refined by means of full-
matrix least-squares techniques using the SHELXL-97 program?’
as implemented in WINGX.2! Non-hydrogen atoms were refined
anisotropically. The positions of hydrogen atoms attached to carbon
were generated geometrically. Analytical expressions of neutral-
atom scattering factors were employed, with anomalous dispersion
corrections incorporated therein.?2
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Table 1 Crystal data for compound 1 and 2

Crystal data Compound 1 Compound 2

Empirical formula Pb4Br12 (C40H40N8) Pb4C|12(C40H40N8) Hzo

FW 2420.4 1094.
Space group C2/c P-1

a (e\) 16.1153(10) 14.826(3)
b (A) 24.1628(15) 14.935(3)
c(A) 7.6782(5) 15.333(3)
o/Y 90.0 105.900(3)
B/ 104.5430(10) 104.425(3)
Y ) 90.0 113.223(3)
Volume/ A 2894.0(3) 2744.9(10)
Dealc 2.778 2.305

Z 2 2

F(000) 2168 1756
Temperature (K) 293(2) 293(2)
R1/WR2(obsd data)  0.0285/0.0834 0.0733/0.1772

Results and discussion

Spectral characterisation

Complexes 1 and 2 were characterised by FT-IR spectroscopy. Their
IR spectra were very similar to each other and exhibited absorptions
characteristic of N-H vibrations at about 2860-3300 ¢cm™' and the
Vc_y stretching vibration of the benzene rings in the two complexes.
Several peaks were found from 1495 to 1610 ¢cm’!, which might be
assigned to V_c stretching vibrations in imidazole and benzene
rings.

Structure description.

Scheme 1 shows structure of 4,4'-bis(imidazolyl-ylmethyl)biphenyl
and the synthetic process for the two compounds. In acid solution,
the ligand forms the imidazolium dication that interacts with lead
halide chains.

The lead atoms in compound 1 take octahedral geometry and
these octahedra share near edges to link double chains. Compound
1 builds up novel double chains of cis-edge-shared PbBry octahedra
as shown in Fig.1. In the inorganic chains there are two types of Pb
atoms, defined by their location: outer Pb1l which is bonded to the
terminal bromide atoms Brl; and inner Pb2 which is only bonded to
the bridging bromide atoms Br2, Br3 (the Br atoms which link Pbl
and Pb2). The PbBrg octahedra of the inorganic chains are slightly

D0~

L
+ PbBr, _HBr, Compound 1

HCl

+ PbCl, ——=> Compound 2

Scheme 1 Structure of the organic ligand 4,4'-bis(imidazolyl-
ylmethyl)biphenyl
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Fig. 1 Structure of compound 1 with hydrogen bonds shown.

distorted with the Pb-Br bond lengths ranging from 2.8965(7)
to 3.1607(7) A (Table 2). The shortest Pb—Br distances are those
between terminal bromines and Pbl. The Pb—Br—Pb angles are also
slightly deviated from perpendicular with Pb1 (86.10(3)-96.114(19)°)
and Pb2 (83.943(19)-97.72(3)°) (Table 2). A previous study entailing
Pbl, has shown similar double chains as the PbBr, of compound 1:
in that case Pbl, reacted with p-nitroaniline to form double chains of
cis-edge-shared Pbl octahedra.> Such double chains of PbBr, have
never been reported. Compared with the Pbl, chains, the octahedra in
the PbBr, chains are a little distorted [in the Pbl, complex the Pb—I—
Pb angles: Pbl (84.7-94°) and Pb2 (83.1-91.4°)], indicating that the
PbBrg4 octahedra are more deviating from ideal symmetry.

The structure of compound 1 shows evident layer formation
with organic cations and inorganic chains arranging regularly in
turn viewed down the « axial. In acid solution, 4,4'-Bis(imidazolyl-
ylmethyl)biphenyl forms ammonium dications connecting the
[PbyBrg]? anions through hydrogen bonds and electrostatic
interactions between the organic ammonium ions and axial halides
in the inorganic chains. The chain packing is dictated by the steric
hindrance and hydrogen bonding confinement of the diimidazole
cations. Along the ¢ axis, every two adjacent chains are hydrogen-
bonded together via the —-NH; moieties of the ammonium cations.
Hydrogen bonds between Brl and HIA are shown in Fig. 1 with
bond lengths Brl-HIA 2.645 A and bond angles N1-HIA-Brl
139.825°, respectively. It is a stronger hydrogen bonding interaction
than in the Pbl, counterpart in which the hydrogen bonds range
from 3.56 to 3.83 A.23 The organic and inorganic components connect
through hydrogen bonds constructing a two-dimensional network. In
compound 1 the organic sheets of L-2HBr are organised in an orderly
fashion, interleaving the inorganic chains. The organic ligand takes a
regular chair form with bended angle C5-C4-N2 111.51° (Fig. 1).

Compound 2 crystallises in the P-1 space group. The crystal
structure of compound 2 exhibits a three-dimensional network through
hydrogen bonds between the chlorine of the inorganic chains and the

Table 2 Selected bond lengths (A) and angles (°) for compound 1 (Symmetry transformations used to generate equivalent atoms:
1-xy-z+1/2,2-x,y,-z-1/2, 3 x, -y,z-1/2) and 2 (Symmetry transformations used to generate equivalent atoms: -x+ 1~y + 1,-z+ 1)

Compound 1

Compound 2

Br1 Pb1 2.8965(7) Br3 Pb2 2.9731(7)
Pb1 Br3#1 3.0310(7) Pb2 Br2#2 3.0398(7)
Pb2 Br2#3 3.1290(7) Pb1 Br2#1 3.1607(7)

Br1 Pb1 Br1#187.18(3)

Br1 Pb1 Br3#196.114(19)
Br1 Pb1 Br2 93.435(19)
Br2 Pb1 Br2#1 86.10(3)
Br3#2 Pb2 Br3 97.72(3)
Br3#2 Pb2 Br2#2 90.123(18)
Br3#2 Pb2 Br2#3 87.55(2)
Br2#2 Pb2 Br2#3 83.943(19)

Cl4 Pb2 3.006(4) CI7 Pb2 3.034(5)
Cl9 Pb4 2.872(5) Cl11 Pb4 2.578(5)
Pb2 CI3# 2.768(4) Pb4 CI12# 2.981(5)

Pb1 CI1 Pb4 102.64(14)
Pb2# CI3 Pb199.10(14)
Pb1 Cl12 Pb4#* 128.84(19)
Cl2 Pb1 CI12 87.96(15)
CI5 Pb2 Cl4 84.39(14)
CI8 Pb3 CI9 92.68(16)
CI10 Pb4 CI12# 81.64(15)
Cl11 Pb4 CI1 82.27(14)




hydrogen of the ammonium groups. The structure of compound 2
is shown in Fig. 2. The inorganic portion of the composite could be
described as made up of symmetry-related PbCls square pyramids that
share their basal corners to form a polymeric tunnel-like structure.
Hydrogen bonds between chlorine and ammonium hydrogen are
shown in Fig. 2. The chlorine atoms of Cl 11, C1 5, Cl 1 and CI 2
interact respectively with the hydrogen atoms on N1, N4, N8 and
NS5 with CI-H bond lengths ranging from 2.297 to 2.606A, and bond
angles N-H—Cl ranging from 148.929 to 167.613°.

The inorganic framework shown in Fig. 3 is consists of chains with
the lead atoms coordinating in square pyramidal geometry. There are
four independent lead atoms in the single chain, each of which takes
similar square pyramidal geometry. The Pb—CI bond lengths range
from 2.578(5) to 3.034(5) A and the CI-Pb—CI bond angles in the
octahedron range from 81.64(15) to 98.66(13)° (Table 2). It should
be noted that two sixth Pb—Cl interactions [Pb1-C14 3.4003 A and
Pb3—Cl17 3.2474 A] (shown in Fig. 3 by a dotted line) below the sum
of relevant van der Waals radii are also observed. If such interactions
are considered, the coordination mode of the lead atoms (Pbl, Pb3)
should be described as very distorted octahedra (with the angle C17—
Pb3—C17 97.52° and Cl4-Pb1-Cl4 104.27° respectively, as shown in
Fig. 3). However, due to the characteristics of these bonds (length
and directionality), and for clarity reasons we prefer to describe the
main coordination polyhedron as square pyramid.!3®

A PbCl, complex that has the same inorganic chains as compound
2 has been reported, and it is constructed by a macrocyclic amine
of 1-aza-4,10-dithia-7-oxacyclododecane.?* The organic ammine
of 4,4'-bis(imidazolyl-ylmethyl)biphenyl in 2 is a dication in acid
solution, different from the single cation reported previously.
The dications in 2 bridge near inorganic chains through hydrogen
bonds to construct a three-dimensional network. The chains have
been described as shifting a/2 along [100] oriented hybrid perovskite
and arranging next to each other [010] orientation.?*

Lone pair electrons in lead (1)

The lone pair electrons in Pb(II) cations can influence the disposition
of the ligands around the cations, which results in an identifiable
void. This gap in the coordination sphere has been considered
to take up more space on a specific region of the surface of the
coordination sphere than a single bond. However, the effects of the
lone pair electrons in Pb%* compounds do not always cause a void

L T
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Fig. 3 Structure of compound 2 with all organic components
omitted.
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in the coordination geometry. In fact this geometry can take various
forms.?5 The experimental coordination geometry around lead
reveals two distinct structure categories: (A) holodirected, in which
the bonds to the ligand atoms are directed throughout the surface of
an encompassing globe; and (B) hemidirected, in which the bonds to
the ligand atoms are directed throughout only part of the globe, that
is, there is an identifiable void (or gap) in the distribution of bonds
to the ligands.?6-30 According to this classification the coordination
geometry around lead in compound 1 can be attributed as holodirected
and that in compound 2 as hemidirected.

Optical properties

The photoluminescence spectra of compound 1 and 2 are shown in
Figs 4 and 5 respectively. Compound 1 shows two emission maxima
at 518 and 547 nm, upon excitation at 430 and 340 nm respectively
(Fig. 4), whereas compound 2 shows two emission maxima at
465 nm and 523 nm respectively, upon excitation at 375 nm (Fig. 5).
The photoluminescence of the complexes and ligand can be attributed
to the m—n* transitions of 4,4'-bis(imidazolyl-ylmethyl)biphenyl.3!-32
Different interactions between the organic and inorganic components
make the same organic ligand show different optical properties in
the two complexes. Hydrogen bonds together with the electrostatic
interactions in the two complexes make the ligand take different
conformation rigidity,’> which may change the n* energy levels of
the organic ammoniums,3*4? thereby bringing about some changes of
the luminescence spectra.

Conclusion

Lead (II) can be considered an ideal candidate for investigating
the changing behaviour from the low-dimensional inorganic
lattice to a three-dimensional molecular network. In this
paper we revealed new organoammonium lead halide salts
with low dimensional lead halide chains alternating with
dications of imidazoliums. The special imidazole derivative-
4,4'-bis(imidazolyl-ylmethyl) biphenyl was used as organic
component. Compounds 1 and 2 are new examples of low
dimensional polymeric haloplumbate(Il) complexes. With
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Fig. 4 Photoluminescence excitation (a) and emission (b, c)
spectra of compound 1.

Intensity (a.u.)
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Fig. 5 Photoluminescence excitation (a) and emission (b)
spectra of compound 2.
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the flexibility of the Pb(II) coordination sphere and the non-
stereospecific nature of the halide anions, it is expected that
other ammonium salts can be used to construct new low
dimensional polymeric haloplumbate(II) frameworks.

This project was financially supported by the foundation of
“Bairen Jihua”of Chinese Academy of Sciences, the MOST of
China (No. 2003CB314707 and 2007CB935502) and National
Natural Science Foundation of China (50225205, 20431030).

Received 18 January 2008; accepted 20 March 2008
Paper 07/4751  doi: 10.3184/030823408X304050

References

1 D.B. Mitzi, Prog. Inorg. Chem., 1999, 48, 1.
2 P.L. Christopher, E.H. Kris and R.D. Willet, J. Appl. Phys., 1987, 61,

3295.

R Willett, H. Place, M. Middleton and J. Am. Chem. Soc., 1988, 110,

8639.

G.S. Long, M. Wei and R.D. Willett, Inorg. Chem., 1997, 36, 3102.

T. Ishihara, J. Takahashi and T. Goto, Phys. Rev. B, T990, 42, TTUY9.

X. Hong, T. Ishihara and A.V. NurmikKo, PZys. Rev. B, 1992, 35, 69061.

A.B. Corradi, A.M. Ferrari, G.C. Pellacarit, A. Saccani, F. Sandrolini and

P. Sgarabotto, Inorg. Chem., 1999, 38, 716.

R. Blinc, M. Burgar, B. Lozar, J. Seliger, J. Slak, V. Rutar, H. Arend and

R. Kind, J. Chem. Phys., 1977, 66, 278.

9 B. Tieck and G. Wegner, Angew. Chem. Int. Ed. Engl., 1981, 20, 687.

10 Corradi A. Bonamartini, S. Bruni, F. Cariati, A.M. Ferrari, A. Saccani,
F. Sandrolini and P. Sgarabotto, Inorg. Chim. Acta., 1997, 254, 137.

11 Z.Y. Cheng, B.X. Gao, M.L. Pang;, S.Y. Wang, Y.C. Han and J. Lin, Chem.
Mater., 2003, 15, 4705.

w

~NaNWn B

oo

12 Z.Y. Cheng, Z. Wang, R.B. Xing, Y.C. Han and J. Lin, Chem. Phys. Lett.,

2003, 376, 481.

13 ZY. Cheng, B.L. Shi, B.X. Gao, M.L. Pang, S.Y. Wang, Y.C. Han and
J. Lin, Euro. J. Inorg. Chem., 2005, 218.

14 Z.Tang,J. Guan and A.M. Guloy, J. Mater. Chem., 2001, 11, 479.

15 Y.Y. Li, CK. Lin, G.L. Zheng and J. Lin, J. Solid State Chem., 2007,
180, 173.

16 Y.Y. Li, CK. Lin, G.L. Zheng, Z.Y. Cheng, H. You, W.D. Wang and
J. Lin, Chem. Mater., 2006, 18, 3463.

17 J.F. Ma, I.E. Liu, Y. Xing, H.Q. Jia and Y.H. Lin, Dalton Trans., 2000,
2403.

—

8

20

21

22

23
24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

T. Higashi, Program for Absorption Correction, Rigaku Corporation,
Tokyo, Japan, 1995.

G.M. Sheldrick, SHELXS-97, A Program for Automatic Solution of
Crystal Structure, University of Goettingen, Germany, 1997.

G.M. Sheldrick, SHELXL-97, A Program for Crystal Structure Refinement,
University of Goettingen, Germany, 1997.

L.J. Farrugia, WINGX, A Windows Program for Crystal Structure
Analysis, University of Glasgow, Glasgow, UK, (1988).

T. Cromer, International Tables for X-ray Crystallography, Kluwer
Academic, Dordrecht, 1992, Vol. C.

V. Chakravarthy and A.M. Guloy, Chem. Commun., 1997, 697.

M.C. Aragoni, M. Arca, C. Caltagirone, F.A. Devillanova, F. Demartin,
A. Garau, F. Isaiaa and V. Lippolis, CrystEngComm., 2005, 7, 544.

L. Shimoni-Livny, J.P. Glusker and C.W. Bock, Inorg. Chem., 1998,
37, 1853.

J. Sanchiz, P. Esparza, D. Villagra, S. Dominguez, A. Mederos, F. Brito,
L. Araujo, A.Sanchez and J.M. Arrieta, Inorg. Chem., 2002, 41, 6048.

D. Esteban-Gomez, C. Platas-Iglesias, T. Enriquez-Pérez, F. Avecilla,
A. de Blas and T. Rodriguez-Blas, Inorg. Chem., 2006, 45, 5407.

Y.J. Shi, X.T. Chen, C.X. Cai, Y. Zhang, Z. Xue, X.Z. You, S.M. Peng and
G.H. Lee, Inorg. Chem. Commun., 2002, 5, 621.

A.R. Mahjoub and A. Morsali, Polyhedron, 2002, 21, 197.

H.P. Xiao and A. Morsali, Helvetica Chimica Acta, 2005, 88, 2543.

H.F Zhu., J. Fan, T. Okamura, W.Y. Sun and N. Ueyama, Crystal Growth
Design, 2005, 5, 289.

H.F. Zhu, W. Zhao, T. Okamura, B.L. Fei, W.Y. Sun and N. Ueyama, New
J. Chem., 2002, 26, 1277.

L.F. Ma, LY. Wang, J.G. Wang, Y.F. Wang and X. Feng, Inorganica
Chimica Acta, 2006, 359, 2241.

J. Fan, W.Y. Sun, T. Okamura, J. Xie, W.X. Tang and N. Ueyama, New J.
Chem., 2002, 26, 199.

S. Mizukami, H. Houjou, K. Sugaya, E. Koyama, H. Tokuhisa, T. Sasaki
and M. Kanesato, Chem. Mater., 2005, 17, 50.

W. Lu, M.C.W. Chan, K.K. Cheung and C.M. Che, Organometallics.,
2001, 20, 2477.

K. Yoshida, Y. Ooyama, S. Tanikawa and S. Watanabe, Chem. Soc. Perkin
Trans., 2002, 708.

JM. Shi, W. Xu, Q.Y. Liu, F.L. Liu, Z.L. Huang, H. Lei, W.T. Yu and
Q. Fang, Chem. Commun., 2002, 756.

B.D. Alleyne, L.A. Hall, .LA. Kahwa, A.J.P. White and D.J. Williams,
Inorg. Chem., 1999, 38, 6278.

G.R. Desiraju, Chem. Commun., 1997, 1475.



http://www.ingentaconnect.com/content/external-references?article=0020-1669(1999)38L.6278[aid=8288356]
http://www.ingentaconnect.com/content/external-references?article=0277-5387(2002)21L.197[aid=8288364]
http://www.ingentaconnect.com/content/external-references?article=0020-1669(2006)45L.5407[aid=8288366]
http://www.ingentaconnect.com/content/external-references?article=0020-1669(2002)41L.6048[aid=8288367]
http://www.ingentaconnect.com/content/external-references?article=0020-1669(1998)37L.1853[aid=391760]
http://www.ingentaconnect.com/content/external-references?article=0020-1669(1998)37L.1853[aid=391760]
http://www.ingentaconnect.com/content/external-references?article=0009-2614(2003)376L.481[aid=8288372]
http://www.ingentaconnect.com/content/external-references?article=0009-2614(2003)376L.481[aid=8288372]
http://www.ingentaconnect.com/content/external-references?article=0020-1693(1997)254L.137[aid=451046]
http://www.ingentaconnect.com/content/external-references?article=0163-1829(1992)45L.6961[aid=8288376]
http://www.ingentaconnect.com/content/external-references?article=0163-1829(1990)42L.11099[aid=8288377]
http://www.ingentaconnect.com/content/external-references?article=0020-1669(1997)36L.3102[aid=508164]
http://www.ingentaconnect.com/content/external-references?article=0020-1669(1997)36L.3102[aid=508164]
http://www.ingentaconnect.com/content/external-references?article=0020-1669(1997)36L.3102[aid=508164]
http://www.ingentaconnect.com/content/external-references?article=0020-1669(1997)36L.3102[aid=508164]
http://www.ingentaconnect.com/content/external-references?article=0021-8979(1987)61L.3295[aid=8288379]
http://www.ingentaconnect.com/content/external-references?article=0021-8979(1987)61L.3295[aid=8288379]
http://dx.doi.org/10.3184/030823408X304050
http://dx.doi.org/10.3184/030823408X304050

