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Abstract

Our main objective is a better understanding of spin— spin interaction of dinuclear
copper(Il) complexes through © system. The synthesis and characterization of two new
dinuclear copper(Il) complexes, based on the use of large, pyrole-containing macrocycles,
the so called “ expanded porphyrins” , [Cuy(macrocycle)]*" is described. A chloroform
solution spectrum of two complexes taken at room temperature and 130—135 K gave a
classic electron spin resonance (ESR) pattern for both compounds. Both complexes show a
triplet state(S = 1), with both AM = 1 and AM = 2 (half field) transition which is the
characteristics of Cu(Il)— Cu(Il) dimer. The observation of AM = 2 band strongly suggests
the spin— spin interaction occurs through m system. All compounds exhibit a typical AM = 1

transition with superhyperfine splitting due to the '*N bound to copper.

Introduction
Many complexes are known to contain more than one transition metal cations, such

(13

compounds commonly named polynuclear”. Metal-metal interactions in these
compouds have been subject of a large number of papers and reviews [1-6]. A variety
of subclasses of compounds have been used to describe more conveniently the nature of
metal-metal interactions. In some cases, one may be justified in speaking of a “direct”

metal-metal bond; in others, the interaction occurs through the bridging ligands. Ligand

has great influence on the metal-metal interaction, for example, [Cu,(HCO,), (pyridine),]
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has a magnetic moment of 1.1BM per copper atom at room temperature, while,
[Cuy(CH3—CO3)4 (pyridine),]| has a magnetic moment of 1.43 BM [7,8]. For more than
four decades, we have known copper(I) which forms dinuclear complexes [9-16].
Complexes containing more than one copper(Il) ion with one unpaired electron can
generally be categorized according to their behavior into three main groups, depending
on the strength of the metal-metal interaction. In the strong interacting type, formation
of relatively strong metal-metal bonds occurs, and the molecule will display simple
diamagnetic behavior. In the non-interacting type, the magnetic properties of the dimer
(or polymer) are essentially unchanged from the paramagnetic monomer. In the weakly
interacting type, there will be a weak coupling between the unpaired electron of the two
metal ions, leads to a low-lying excited state of different spin multiplicity which can be
populated at thermal energy at about 1000 cm™' [17-21]. There have been many
investigations on synthesis of dinuclear copper(Il) complexes and the determination of
there crystal structure, magnetic properties and stability constant [22—25]. Hatfield and
his co-workers found a linear relationship between the bridging angle of Cu—O—-Cu and
2] value (singlet-triplet) energy gap [26]. In this study, therefore, we have extended our
earlier efforts in the synthesis and characterization of two new dinuclear copper(Il)

complexes.

Materials and Methods
All chemicals and reagents were of reagent grade quality, purchased from Merck
Chemical Company, and used as received (no special purification or drying was
required or used) Merck type 60 (230—400 mesh) silica gel was used for column
chromatography. Electronic spectra on solution in quartz cells were obtained in the
UV/Vis regions using a Beckman DU 7 spectrometer. Infrared spectra were performed
in 4000-300 cm ' as nujol mulls or KBr disks using FTIR Perkin—Elmer spectrometer.

The spectra were calibrated using polystyrene bands at 3028, 1601 and 1208 cm™'. ESR
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spectra were recorded on solutions of complexes both at ambient and liquid nitrogen
temperatures using a IBM ER 300 spectrometer. Low resolution CI (chemical
ionization) and FAB (fast atom bombardment) spectra were obtained using a Finnigan
—MAT 70 instrument. 3—Nitrobenzyl alcohol or glycerol was used as the matrix for

FAB mass spectra.

Preparation of Ligands

Dialdehyde (4) was synthesized by the method of Cheeseman [27]. A 250 ml two-
necked round bottom flask fitted with a thermometer, a magnetic stirring bar, and a
reflux condenser attached to a nitrogen line. To the flask was added 50 ml CH;0H, 50
ml CHCl;, 1 mmol tetraamine (1), 2 mmol dialdehyde (4), and five drops of
concentrated HCI for the preparation of L;. Ligand L, was made by the addition of 50
ml CH3;OH, 50 ml CHCI3, 1 mmol tetraamine (2), 4 mmol aldehyde (3) and five drops
of concentrated HCI. After the addition, the content of the flask were allowed to reflux
for 12 hours. The resulting solution was concentrated to dryness on a rotary evaporator.
The residue was taken up in CHCl; or CH;0OH and eluted through a silica gel with 10 %
CH;0H / CHCI; as eluent.

Preparation of Complexes

A 250 two-necked round bottom flask fitted with a magnetic stirring bar, a
thermometer, a reflux condenser, and a heating mantel. For the synthesis of [Cu,L;]™,
50 ml CH3;0H, 50 ml CHCls;, 1 mmol ligand L; and 2 mmol of copper(Il) acetate
dihydrate was added to the flask. Complex [Cu,L,] was made, by addition of 50 ml
CH;0H, 50 ml CHCI3, 1 mmol ligand L, and 2 mmol copper(Il) acetate dihydrate to the
flask. Content of the flask was allowed to reflux for 24 hours. The solvent was removed
by rotary evaporator and the rasidue was purified through a silica gel column with

10-20 % CH30H / CHCl; as eluent.
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Results and Discussion

The mechanism of exchange interactions in polynuclear metal complexes has
occupied much experimental and theoretical work [28,29]. One major interest arises
because the subject occupies a frontier area between coordination chemistry and solid
state physics. For several decades, solid state physics have been interested in the
magnetic properties of materials in which adjacent magnetic centers are strongly
coupled to each other.The spin-spin interaction can be treated quantitatively using the
approach outlined by Van Vleck [30]. The magnetic exchange between nearest
neighbors may be represented by the spin Hamiltonian:

Hex = -22J5SiS;

Where J;; is an exchange integral between centers i1 and j. J; is negative for an
antiferromagnetic and positive for ferromagnetic interaction. The study of copper(Il)
—copper(Il) exchange interactions has received considerable attention in our group
[31-42]. These complexes can be formulated as [Cu,L] and are of structural, optical
and magnetic interest.

In this paper we present two new complexes and their optical and magnetic
properties are investigated. The absorption spectra of free ligands show a broad band at
UV region, which can be attributed to n—>n* or n—>n*[43-48]. All metaloporphyrins
show the following characteristic UV- Vis spectra: (1) Q-band: Two visible bands in the
range of 500 — 600nm. The lower-energy band (sometimes called o) is the electronic
origin Q(0,0) of the lowest-energy excited singlet state. The higher-energy band
(sometimes called ) includes one mode of vibrational excitation and is noted Q(1,0).
(2) B-bands: An exceedingly intense band (sometimes called Soret band) appears in the
range of 380 — 420nm. It is origin B(0,0 ) of the second excited singlet state. All these
bands are interpreted as n—n* or n—>7n* in origin [49]. The absorption spectra of of free
ligand L; and its complex [Cu,L;]*" has a Soret band at 527nm and two weak Q-bands

at 651, and 568nm. The free ligand exhibits a band at 354nm. The spectrum of [Cu,L;]
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shows an intense Soret-like band at 527nm. The Q-type bands occur at 564 and 634nm.
The free ligand shows an absorption maximum at 378nm. Low resolution mass
spectroscopic data provide initial support for the dinuclear nature of complexes, which
are collected in Table 1. A strong absorption band at 500 cm™' and lower regions, may
be attributed to the symmetric infrared active Cu—O or Cu—N bond [50]. The most
important difference between the spectra of the ligand L, and its copper(Il) complex can
be found in the 3500—-3300 cm™’ region. When going from free ligand L, to its complex,
the stretching vibration vop disappears, pointing out that the OH group of the L, has
been deprotonated on the coordination to the copper ion. The observed ESR parameter
for the complexes are independent of the nature of the solvent. The X—band spectra of
the solution complexes at room temperature and 130 K shows typical triplet state
feature with AM = 1 transition. The spectroscopic splitting factor (g..) for all

complexes are presented in Table 1.

Table 1. Spectroscopic data for the ligands and complexes.

Complex | A M/z Say- G,y (half—field) | ga..
(R.T) (130 K)
[La] 354 635 |- e e
[La] 378 630 | - e e
[Cu,L4] 651, 568, 527 761 2.0438 4.0770 2.0447
[Cu,L,] 634, 564, 527 753 2.0496 | - 2.0468

The spectra of both complexes at high field (3000 gauss) are similar. They exhibit
typical superhyperfine splitting due to the '*N bounded to copper(Il). As seen in Fig.
(1-5), the main hyperfine is splitted in five lines for each copper atom. The spacing
between these lines are nearly the same and about 10 gauss which can be attributed to

the interaction with the two "N nuclei [51-53]. A much weaker AM=2 transition for

36


https://system.khu.ac.ir/jsci/article-1-1136-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

Synthesis of two New Dinuclear....

S. Amani, G. Zolghanien, N. Sadeghi

[Cu;L4], confirming the occurrence of a copper(Il) —copper(Il) magnetic exchange

interaction at half—field. The observation of this band strongly suggests that the

hyperfine structure arises from spin—spin interaction through 7 system.

@ 0
C e D
o

o

e
‘ Q CHO

[2]

CHO
(1] [4]
@, o 2
Co\/k\/\/'v‘ Ned
Cu N \c""\o
pSogty O ;
d rN)\/KN,/\O o\c{.‘.n\\-_@
© &
Cuplg @g
Cwla
37



https://system.khu.ac.ir/jsci/article-1-1136-fa.html

'Ssned 0001 sem a3ues ueoss i pue ‘ssned 00S1
SEM RS PIeY YL ) g1 18 [17InD) xodwios jo enoads YSH ;1 am3ry

S. Amani, G. Zolghanien, N. Sadeghi

2000 Gauss
=
1000 Gause‘
38

Synthesis of two New Dinuclear....

[ GT-90-9202 U0 J1Je'nyyweisAs woly papeojumoq ]


https://system.khu.ac.ir/jsci/article-1-1136-fa.html

S. Amani, G. Zolghanien, N. Sadeghi

Synthesis of two New Dinuclear....

3800 Gauss

‘ssned Q] Sem dduel weds s pue ‘ssned O0€e
sem 39s PloYg 941 "M . o€ 18 [17Zn)] xardwoo jo enoads ¥YSH 7 om3ig

2800 Gauss
39

[ GT-90-9202 U0 J1Je'nyyweisAs woly papeojumoq ]


https://system.khu.ac.ir/jsci/article-1-1136-fa.html

S. Amani, G. Zolghanien, N. Sadeghi

Synthesis of two New Dinuclear....

3800 Gauss

‘ssned 0001 Sem FBuer ueos oy pue ‘ssned OQgE Sem 198
pIoy 2y, -argersdud) woos je [I7¢n)] xaidwos jo enoads S ;¢ 9m3ig

2800 Gauss
40

[ GT-90-9202 U0 J1Je'nyyweisAs woly papeojumoq ]


https://system.khu.ac.ir/jsci/article-1-1136-fa.html

S. Amani, G. Zolghanien, N. Sadeghi

Synthesis of two New Dinuclear....

3800 Gauss

|

‘ssned 00| sem d3uel ueos oy pue ‘ssned (Qgg
sem 39S PIeY YL Y o¢l 18 [T1in)] xoidwod jo enodads YSH i 2m3i,]

41

2800 Gauss

[ GT-90-9202 U0 J1Je'nyyweisAs woly papeojumoq ]


https://system.khu.ac.ir/jsci/article-1-1136-fa.html

'ssned 0001 sem aues uess 5 ‘
€IS 3 pue ‘ssned g sem 1as
Wy wooi je {z1zn))] xaidwos Jo endads g7 :¢ am3i,

PI3Y 3y, ‘omyesod

S. Amani, G. Zolghanien, N. Sadeghi

42

3800 Gauss
2800 Gausg

Synthesis of two New Dinuclear....

[ GT-90-9202 U0 J1Je'nyyweisAs woly papeojumoq ]


https://system.khu.ac.ir/jsci/article-1-1136-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

Synthesis of two New Dinuclear.... S. Amani, G. Zolghanien, N. Sadeghi

Acknowledgments
The authors are thankful for the financial support given to them by Arak University.
The authors also extend their appreciation to
Dr. J. L. Sesseler, professor of Chemistry and Biochemistry Department of Texas

University at Austin, Texas, U. S. A. for the chemicals and physical measurements.

References
1. RL. Martin, “New Pathway in Inorganic Chemistry”,Cambridge at University Press (1968).
2. F.A. Cotton, Rev. Pure and Appl. Chem., 17 (1967) 25.
3. F.A. Cotton, Quart Rev., 20 (1966) 389.
4.]J. Lewis, Rev. Pure and Appl. Chem., 10 (1965) 11.
5.J. Lewis and R.S. Nyholm, Sci. Prog., 52 (1964) 557.
6. M. Kato, H.B. Jonassen and J. C. Fanning. Chem. Rev., 64 (1964) 99.
7. R.L. Martin and H. Waterman, J. Chem. Soc., (1959) 2960.
8. B.N. Giggs and R.L. Martin, J. Chem. Soc., (1956) 3837
9. H. Enders, Acta Crystalloger. Sect. B, 34 (1978) 3736.
10. M. Meganamisi-Belombe and M. A. Movoty, Inorg. Chem., 19 (1980) 2470.
11. H.A. Alga L.G. De Jongh, W. J. Huishamp and R.L. Carlin, Physica, 926 (1977) 187
12. W.E. Eates, D.P. Gavel, W. E. Hatfield and D. J. Hodgson, Inorg. Chem., 17 (1978) 1415.
13. M. S. Haddad and J.D. Hendrickson, Inorg. Chim. Acta, 28 (1978) L 121.
14. A.J. Duyneveldt, J.A. Van Snate and R. L. Carlin, Chem. Phys. Lett., 38 (1976) 585.
15. W.E. Hatfield, R.R. Weller and J. W. Hall, Inorg. Chem., 19 (1980) 3825.
16. R.A. Bream E.D. Estes and D.J. Hodgson, Inorg. Chem., 14 (1975) 1672.
17. E.D. Estes and D.J. Hodgson, Inorg. Chem., 14 (1975) 334.
18. W.E. Hatfield, ACS Symp. Ser. No. 5 (1974) Chapter 10.
19. E.D. Estes, W.E. Hatfield and D.J. Hodgson, Inorg. Chem., 13 (1974) 1654.
20. J.A. Bertrand, J.A. Kelly and J.L. Breece. Inorg. Chim. Acta, 4 (1970) 203.
21. J.A. Bertrand, J.A. Kelly and J.L. Breece, Inorg. Chim. Acta, 4 (1970) 247.

22. E. Sinn, Inorg. Chem., 15 (1976) 366.
43


https://system.khu.ac.ir/jsci/article-1-1136-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

Synthesis of two New Dinuclear.... S. Amani, G. Zolghanien, N. Sadeghi

23. G.R. Hall, D.M. Dugan and D.N. Hendrickson, Inorg. Chem., 14 (1975) 1957.

24. E.F. Hasty, L.J. Wilson and D.N. Hendrickson, Inorg. Chem., 17 (1978) 1834.

25.J.J. Girerd, S. Jeanin, Y. Jeanin and O. Khan, Inorg. Chem., 17 (1979) 3034.

26. V.H. Crowford, H.W. Richardson, J.R. Wason, D.J. Hodgson and W. E. Hatfield, Inorg.
Chem., 15 (1976) 2107.

27. G.W.H. Cheeseman, J. Chem. Soc., (1962) 1170.

28. E.A. Bourdreaux, H.B. Jonassen and L.J. Theriot, J. Am. Chem. Soc., 85 (1963) 126.

29. L.J. Theriot, E.A. Boudreaux and H.B. Jonassen. J. Am. Chem. Soc., 85 (1963) 2896.

30. J.H. van Vleck, “Electronic and magnetic Susceptibilities”, Oxford, University Press,
(1965).

31. S. Amani and J.L. Sessler, Iranian J. Chem. and Chem. Eng., Vol. 13, 2 (1994) 83.

32. S. Amani, Orient. J. Chem., 11 (1995) 3.

33. S. Amani, J. Zolgharnien and L.J. Theriot, Iranian J. Chem. and Chem. Eng., 17, 1(1998) 1.

34. Amani, G.A. van Albada, I. Mutikainen, U. Turpeinen and

35.J. Reedijk, Eur. J. Inorg. Chem., (1998) 1577.

36. S. Amani, N. Sadeghi and Z. Talebi, J. Chem. Soc. Pak., 22, 4 (2000) 271.

37.S. Amani, G.A. van Albada and J. Reedijk, Transition Met. Chem., 24 (1999) 104.

38. S. Amani, N. Foroughifar, H. Hamidi and L.J. Theriot, J. Sci. L.R. Iran, 9, 2 (1998) 143.

39. S. Amani, G.A. van Albada, I. Mutikainen, U. Trupeinen and

40. J. Reedijk, Polyhedron, 18, 14 (1999) 1991.

41. S. Amani, L J. theriot and L.S. Daley, Inorg. Chim. Acta, 100 (1985) L 23.

42. S. Amani, G.A. van Albada, H. Kooijman, A.L. Spek and J. Reedijk, Inorg. Chim. Acta, 286
(1999) 24.

43. G.A. van Albada, S. Amani, H. Kooijman, A.L. Spek and J. Reedijk, Inorg. Chim Acta, 287
(1999) 226.

44. S. Amani and Z. Talebi, Orient. J. Chem., Vol. 16, 2 (2000) 205.

45. J.L. sessler, T. Morishima and V. Lynch, Angew. Chem. Intl. Ed. Engl., 30 (1991) 977.

46. Y. Aoyama, K. Mizokami and H. Toi, Chem. Lett., (1990) 651.

47. A. Harriman, D.J. Magda, J.L. Sessler, J. Chem. Soc. Chem. Commum., (1991) 345.

44


https://system.khu.ac.ir/jsci/article-1-1136-fa.html

[ Downloaded from system.khu.ac.ir on 2026-06-15 ]

Synthesis of two New Dinuclear.... S. Amani, G. Zolghanien, N. Sadeghi

48. A. Harriman, Y. Kubo ND j. 1. Sessler, J. Am. Chem. Soc., 114 (1992) 388.

49. H. Furuta, K. Furuta and J. L. Sessler, J. Am. Chem. Soc., 113 (1991) 4707.

50. H. Furuta, J. M. Cyr and J.L. Sessler, J. Am. Chem. Soc., 113 (1991) 6677.

51. D. Dolphin, (ed), “The Porphyrins”, Academic Press, (1978).

52. P. Robichaud and L.K. Thompson, Inorg. Chim. Acta, 85 (1984) 137.

53. M.G.B. Drew, C. Caims, L. Lavey and S. M. Nelson, J. Chem. Soc. Chem. Commum.,
(1980) 1122.

54. M.G.B. Drew, M. McCan and S. M. Nelson, J. Chem. Soc. Chem. Commum., (1981) 1868.

55. P.K. Coughin, S.J. Lipard, A.E. Martin and Bulkowski, J. Am. Chem. Soc., 102 (1980)
7617.

45


https://system.khu.ac.ir/jsci/article-1-1136-fa.html
http://www.tcpdf.org

