This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access

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

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

Journal of

COORDINATION
CHEMISTRY

MAGNETO-STRUCTURAL CORRELATION IN (-

i | ALKOXO/HYDROXOXp-CARBOXYLATO)-DICOPPER(IT) SYSTEMS:
S, ST G SYNTHESIS, X-RAY STRUCTURE AND MAGNETIC PROPERTIES OF
R €F; AQUO(-HYDROXO) (i-ARYLCARBOXYLATO)BIS(N,N,N',N'-
E S TETRAMETHYLETHANE-,2-DIAMINE)DICOPPER(II)DIPERCHLORATE
v * i X . Kannappan Geetha* Munirathinam Nethaji*; Nagasampagi Y. Vasanthacharya® Akhil R. Chakravarty®
L e ddl 2 Department of Inorganic and Physical Chemistry, bSolid State and Structural Chemistry Unit, Indian

Institute of Science, Bangalore, India

To cite this Article Geetha, Kannappan , Nethaji, Munirathinam , Vasanthacharya, Nagasampagi Y. and Chakravarty,
Akhil R.(1999) ' MAGNETO-STRUCTURAL CORRELATION IN (u-ALKOXO/HYDROXOXu-CARBOXYLATO)-
DICOPPER(II) SYSTEMS: SYNTHESIS, X-RAY STRUCTURE AND MAGNETIC PROPERTIES OF AQUO(p-HYDROXO)
(1-ARYLCARBOXYLATO)BIS(N,N,N'N'-TETRAMETHYLETHANE-1,2-DIAMINE)DICOPPER(II)DIPERCHLORATE',
Journal of Coordination Chemistry, 47: 1, 77 — 89

To link to this Article: DOI: 10.1080/00958979908024543
URL: http://dx.doi.org/10.1080/00958979908024543

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, 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 nmaterial.



http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958979908024543
http://www.informaworld.com/terms-and-conditions-of-access.pdf

14:55 23 January 2011

Downl oaded At:

J. Coord. Chem., 1999, Vol. 47, pp. 77-89 © 1999 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under
Photocopying permitted by license only the Gordon and Breach Science
Publishers imprint.

Printed in Malaysia.

MAGNETO-STRUCTURAL CORRELATION IN
(1-ALKOXO/HYDROXO)(1-CARBOXYLATO)-
DICOPPER(IT) SYSTEMS: SYNTHESIS, X-RAY
STRUCTURE AND MAGNETIC PROPERTIES
OF AQUO(x-HYDROXO)
(1-ARYLCARBOXYLATO)BIS(N,N,N',N'-
TETRAMETHYLETHANE-
1,2-DIAMINE)DICOPPER(II) DIPERCHLORATE

KANNAPPAN GEETHA ?, MUNIRATHINAM NETHAII?,
NAGASAMPAGI Y. VASANTHACHARYA®
and AKHIL R. CHAKRAVARTY #*

2 Department of Inorganic and Physical Chemistry, ®Solid State and Structural
Chemistry Unit, Indian Institute of Science, Bangalore 560 012, India
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Asymmetrically dibridged dicopper(II) complexes, [Cuy(OH)(O,CC¢H4-p-Me)(tmen),(H,0)]-
(ClOy); (1) and [Cuy(OH)(O,CCeHy-p-OMe)(tmen),(H0))(Cl04), (2) (tmen=N,N,N',N'-
tetramethylethane-1,2-diamine), were prepared and structurally characterized. Complex 1
crystallizes in the monoclinic space grot_xg P2\/a with a=17.718(2), b=9.869(1),
c=19.6772) A, B=115.16(1)°, V=3114.3(6)A° and Z=4. The structure was refined to
R(wR*)= 0.067(0.178). Complex 2 crystallizes in the monoclinic space group P2/a with
a=17.695(3), b=9.574(4), c =20.104(2) A, B=114.18(1)°, ¥=13107(1) A® and Z = 4. The final
residuals are R(wR?) = 0.067(0.182). The complexes have a [Cuy(u-OH)(-O,CADJ?* core with
tmen ligands occupying the terminal sites of the core. In addition, one copper is axially bound to
a water molecule. The Cu - . - Cu distances and the Cu—~OH-Cu angles in the core are 3.394(1) A,
124.4(2)° for 1 and 3.374(1) A, 123.3(3)° for 2. The complexes show axial X-band EPR spectral
features in methanol glass at 77K giving g, =2.02, g =2.3 (4= 165 x 107*cm™") and a visible
band near ~ 630 nm in methanol. The complexes are weakly antiferromagnetic. A theoretical fit
of the magnetic susceptibility data in the temperature range 40-295K gives —J= 10 cem™!,
g=2.05forland —J=10cm™', g =2.0 for 2. Plots of — 2. versus the Cu—OH-Cu angle (¢) in
this class of asymmetrically dibridged dicopper(lI) complexes having d._,» —d,2_,» magnetic
orbitals show a linear magneto-structural correlation: — 2J(cm™ "y = 11.48¢(deg) — 1373.

* Corresponding author.
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INTRODUCTION

Among binuclear copper(II) complexes, the tetracarboxylato species with a
“paddle-wheel” structure show antiferromagnetic (AF) exchange coupling
with a singlet ground state.! Symmetrically dibridged hydroxo or alkoxo
complexes, however, show both singlet and triplet ground states depending
upon the magnitude of the monoatomic bridge angle (¢) and the type of
bridging atom.?~* The ¢-angle dependence of the 2.J value has been reported
by Hatfield and Hodgson for a series of di-u-hydroxo complexes.’*® A
combination of a syn, syn-bonded carboxylato and a monoatomic hydroxo/
alkoxo bridge gives rise to a relatively new class of asymmetrically
dibridged dicopper(Il) complexes with a [Cuy(u-OH/OR)(u-O,CR)P**
core.’ '® The magneto-structural properties of these complexes are of inter-
est as the magnitude of J is usually small, possibly due to the non-compli-
mentary nature of the superexchange pathways.’®

Although several alkoxo-carboxylato “dibridged dicopper(II) complexes
are reported in the literature, analogous hydroxo-carboxylato dibridged
complexes are rare. The known complexes with a [Cu,(u-OH)(1-O>CR)J**
core show the presence of an additional monoatomic bridge, which, despite
being weak, alters significantly important structural parameters like the
Cu---Cu distance and the Cu—OH-Cu angle.!?>"!*> A Cu-OH-Cu angle of
< 110° in these “effectively tribridged” dicopper(II) cores makes the com-
plexes ferromagnetic. A dicopper(I) species, [Cu(OH)(O,CPh)(Me;-
tacn),)(ClO,),, with a [Cuy(u-OH)(u-O,CR)** core and showing an
antiferromagnetic interaction between the metal centres has recently been
reported by Biirger et al. (Mestacn = trimethyl-1,4,7-triazacyclononane).'®
Prior to this report, we have shown that the metal centres in [Cu,(u-OH)(u-
0,CMe)(tmen),;](Cl04), and [Cux(u-OH)(u-0,CMe)(dmen),](ClO,), are
antiferromagnetically coupled (tmen=N, N, N’, N'-tetramethylethane-1,2-
diamine; and dmen = N, N-dimethylethane-1,2-diamine).'® To explore the
effect of the carboxylate bridge on the magnitude and sign of the exchange
parameter J, we have now prepared and structurally characterized two new
but related dicopper(Il) complexes, [Cuy(OHYO>CCsHy4-p-X)(tmen),-
(H20)](C104)> (X =Me, 1; OMe, 2). Herein we report the syntheses, X-ray
structures and magnetic properties of 1 and 2 along with a magneto-struc-
tural correlation observed in this class of asymmetrically dibridged dicop-
per(Il) complexes having a d,»_ o —d,2_,» ground state.
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EXPERIMENTAL

Preparation of [Cu(OH)(O,CCsH -p-X)(tmen)(H,0)](Cl0,);
(X=Me, 1; OMe, 2)

The complexes were prepared by a general procedure in which [Cu,
(0,CAr)4(H0),] (0.5mmol) was reacted with tmen (1 mmol) in 20cm?® of
ethanol under magnetic stirring conditions for 10 min at 25°C. The mixture
was filtered and the filtrate treated with an aqueous solution (10cm?®) of
NaClO4 (2mmol). Bluish-violet rhombic-shaped crystalline blocks of the
complexes were obtained in ~ 75% yield on slow evaporation of the solu-
tion at ambient temperature; 1: Anal. Calcd. for CyoH4N40,5ClLCuy(%):
C, 32.96; H, 5.77; N, 7.69. Found: C, 33.65; H, 5.92; N, 7.90; Apax, nm
(e, M~'em™') in MeOH: 630 (180). EPR data: g, =2.02 and g =2.3
(4=165x 10"*cm™") in MeOH glass at 77 K. Selected IR data (cm™") in
KBr phase: 2925(w), 1595(s), 1558(s), 1471(m), 1407(s), 1288(w), 1093(vs, br)
(ClOy), 952(w), 853(w), 809(m), 769(m), 695(w), 625(w), 550(w), 479(w),
445(w) (vs, very strong; s, strong; m, medium; w, weak; br, broad). For 2:
Anal. Caled. for Cy0H4oN40,5C1L,Cux(%): C, 32.25; H, 5.64; N, 7.53. Found:
C, 31.63; H, 5.33; N, 7.29; Amax, nm (¢, M~ 'cm™') in MeOH: 629 (200). EPR
data: g, =2.02 and gy =2.3 (4, =165x 10"*cm™") in MeOH glass at 77K.
Selected IR data (cm™"') in KBr phase: 2934(w), 2842(w), 1594(s), 1553(s),
1471(m), 1408(s), 1258(s), 1175(m), 1099(vs, br)(ClO;), 952(w), 855(w),
809(w), 783(m), 702(w), 625(s), 544(w), 510(w), 406(w).

Caution! Perchlorate salts of complexes having organic ligands are poten-
tially explosive and should be handled with great care.

Measurements

Elemental analyses were carried out with a Heraeus CHN-O Rapid instru-
ment. Visible and EPR data were obtained using Hitachi U-3400 and Varian
E-109 X-band spectrometers, respectively. Variable-temperature magnetic
susceptibility data in the 40-295K range were obtained for polycrystalline
samples using a Faraday-type magnetometer equipped with a closed-cycle
cryostat (Air Products) and a Cahn balance. Hg[Co(NCS),] was used
as calibrant. Experimental susceptibility data were corrected for diamag-
netic contributions, temperature independent paramagnetism (N,=
60 x 10~6cm>mol ™' per copper) and for possible dimeric ferromagnetic
impurities.'® The molar magnetic susceptibilties were fitted to a Bleaney—
Bowers expression'’ by means of a least-squares-fitting computer
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programme. The molar susceptibility (per copper) expression is given below
where p is the fraction of possible ferromagnetic dimeric impurity of compo-
sition [Cu,(OH)(O,CAr),(tmen);)(ClO,4). The values of J; and g;, taken as
45cm~! and 2.0, respectively, were similar to those reported for [Cu,
(OH)(02CPh)z(tmen)z](ClO‘;).16 The best fit was obtained with a p value of
0.05. The susceptibility expression used for theoretical fitting was xm =

(NB?/3KkT)[3g*(1- p){3+exp(—2J/kT)} ' +3¢3p{3 + exp(-2/1/kT)} '] +
Na. For magneto-structural correlation, the —2J value of 55 em™! re-
ported'® earlier by us for [Cu,(OH)(O>CMe)(tmen),](Cl0,), was found to
be actually 27.8 cm™" on refitting the susceptibility data using the Bleaney—
Bowers expression. The infrared spectra of 1 and 2 were recorded on a BIO-

RAD FTS-7 spectrometer.

X-ray Crystallography

The crystal structures of 1 and 2 were obtained using general procedures
described elsewhere.'® The intensity data, collected on an Enraf-Nonius
CAD4 diffractometer using MoKa radiation, were corrected for Lorentz,
polarization and absorption'® effects. There were 5470 unique data for 1,
giving 3760 reflections with 7> 20(I) and 5441 unique reflections for 2,
giving 3967 with I > 20(I) used for structure solution and refinement. The
structures were solved and refined by the SHELX program?®® using scatter-
ing factors taken from Ref. [21]. All non-hydrogen atoms except the dis-
ordered ones were refined anisotropically. The hydrogen atoms attached to
carbon atoms in the cationic complex were generated and assigned isotropic
thermal parameters, riding on their parent carbon atoms.

In both the structures, two carbon atoms of one tmen ligand were found
to be positionally disordered. Two peaks for each carbon atom were refined
with a site occupancy factor (s.o0.f.) of 0.5 each. Several perchlorate oxygen
atoms were found to be positionally disordered. Two peaks for each of the
disordered oxygen atom were refined with a s.o.f. value of 0.5 each. Selected
crystallographic data are given in Table I. Atomic positional parameters of
1 and 2 with estimated standard deviations are given in Tables II and III.

RESULTS AND DISCUSSION

Complexes 1 and 2 are obtained in high yield from a core conversion reac-
tion of copper(Il) arylcarboxylates in the presence of a bidentate diamine
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TABLE1 Crystallographic data for [Cuy(OH)(O;CCeHy-p-Me)(tmen),(H,0)I(ClO4), (1) and
[Cuy(OH)O,CCeHy-p-OMe)(tmen); (H20)[(ClO4), (2)

Complex 1 2
Formula C20H42N40] 2C12CU2 C20H42N40| 3C12Cu2
Formula weight 728.54 744.56
Crystal colour bluish-violet bluish-violet
Crystal dimensions/mm 0.4x03x0.1 04x04x0.1
Crystal system monoclinic monoclinic
Space group P2/a P2/a
alA 17.718(2) 17.695(3)
b/A 9.869(1) 9.574(4)
c/A 19.677(2) 20.104(2)
Bldeg [15.16(1) 114.18(1)
VIA3 3114.3(6) 3107(1)
dearc/gem™ 1.554 1.592
Z 4 4
Temperature/K 294 294
# (MoKa)/em™ 15.98 16.01
Transmission coefficient 0.97-1.02 0.97-1.07
Scan method w-20 w-20
Range of reflections —-20<h<18 -20<h<19
0<k<11 0<k<11
0<1<23 0<1<23
20 range/deg 2<6<50 2<0<50
No. of reflections
Unique 5470 5441
Observed 3760 (I > 20(1)) 3967 (I > 20(D))
Parameters refined 363 369
Goodness-of-fit 0.994 1.026
R ZHF |- |F [[/1Fol 0.067 0.067
w(F; ~ F1)] 3 w(F}) 2 0.178 0.182
w= [o (Fz) ( P)? +!71"]~ a=0.1187 a=0.1178
where P = [max(F2,0) + 2F2]/3 b=16.79 b=11.87

ligand, tmen. The 1:2 electrolytic complexes display a broad visible d—d
band near 630 nm. The complexes show an axial EPR spectrum in methanol
glass at 77 K.

ORTEP? views of the cationic complexes in 1 and 2 are shown in
Figures 1 and 2, respectively. Selected bond distances and angles are given
in Table IV. The complexes have a [Cuz(,u-OH)(p-02CAr)]2+ core and the
terminal chelating tmen ligands. While one copper atom with an axially
bound aqua ligand shows an elongated square pyramidal O;N, coordina-
tion geometry, the other copper centre is essentially square-planar (O;N;
coordination). Cu(l) - - - Cu(2) distances and Cu—OH—Cu angles in 1 and 2
are 3.394(1) A, 124.4(2)° and 3.374(1) A, 123.3(3)°, respectively. The angles
are similar to those observed in related dibridged dicopper(Il) complexes
but much greater than those reported in “essentially tribridged” species
(Table V).
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TABLE II Positional coordinates and equivalent isotropic thermal parameters (A?) for the
non-hydrogen atoms in [Cux{OH)(O,CCgH4-p-Me)(tmen),(H,0))(ClOy), (1)
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Atom x/a yib zfe Ueqg®
Cu(l) 0.5490(1) —0.0605(1) 0.3172(1) 0.044(1)
Cu(2) 0.6150(1) 0.1524(1) 0.2181(1) 0.040(1)
0O(1) 0.6182(3) 0.0824(5) 0.3109(2) 0.043(1)
o(11) 0.4511(3) —0.0097(6) 0.2274(3) 0.048(1)
o@n 0.4961(3) 0.1208(6) 0.1598(3) 0.054(1)
02) 0.5742(6) 0.3784(8) 0.2430(5) 0.097(2)
N(11) 0.4755(5) —0.2028(8) 0.3339(4) 0.061(2)
N(12) 0.6425(5) ~0.1381(8) 0.4144(4) 0.068(2)
N(21) 0.6211(4) 0.1985(7) 0.1192(3) 0.044(1)
N(22) 0.7398(4) 0.1971(8) 0.2669(4) 0.054(2)
c 0.4392(7) —0.2959(10) 0.2691(6) 0.087(3)
C(2) 0.4068(7) —-0.1352(14) 0.3448(7) 0.098(4)
C(3A) 0.5207(14) —0.2637(24) 0.4103(12) 0.069(5)°
C(3B) 0.5370(12) —0.3104(22) 0.3930(11) 0.063(5)°
C(4A) 0.5965(11) ~0.2097(20) 0.4563(10) 0.059(4)°
C(4B) 0.6074(16) —0.2736(28) 0.4286(15) 0.089(7)°
C(5) 0.6844(8) —0.0343(14) 0.4714(6) 0.103(4)
C(6) 0.7038(8) -0.2096(15) 0.3952(7) 0.108(4)
(7 0.7654(7) 0.2897(13) 0.3331(5) 0.084(3)
C(8) 0.7873(6) 0.0696(12) 0.2899(8) 0.100(4)
C9) 0.7573(5) 0.2736(11) 0.2096(5) 0.066(3)
C(10) 0.7105(5) 0.2084(11) 0.1356(5) 0.061(2)
C(11) 0.5819(6) 0.0919(10) 0.0616(5) 0.062(2)
C(12) 0.5769(6) 0.3271(9) 0.0882(5) 0.062(2)
C(13) 0.4418(4) 0.0540(7) 0.1692(4) 0.037(2)
C(14) 0.3573(4) 0.0484(7) 0.1038(4) 0.036(1)
C(15) 0.3411(4) 0.1196(7) 0.0389(4) 0.041(2)
C(16) 0.2651(4) 0.1095(8) —0.0231(4) 0.045(2)
c(1mn 0.2021(4) 0.0276(8) —0.0218(4) 0.045(2)
C(18) 0.2178(4) —0.0418(7) 0.0446(4) 0.043(2)
C(19) 0.2944(4) —0.0332(7) 0.1057(4) 0.039(2)
C(20) 0.1201(5) 0.0145(11) -0.0892(5) 0.069(3)
Cl(1) 0.6264(2) —0.2626(2) 0.1824(1) 0.063(1)
0(12) 0.5771(9) ~0.2750(16) 0.1015(8) 0.076(3)°
O(13) 0.6056(9) —0.1503(15) 0.2164(8) 0.062(4)°
0(14) 0.7079(11) ~0.2272(18) 0.1844(9) 0.078(5)°
o(15) 0.6402(14) ~0.3856(23) 0.2266(12) 0.099(6)°
O(16) 0.5669(25) —0.3099(42) 0.1171(23) 0.144(17)°
o(17 0.5692(13) —0.2399(24) 0.2151(12) 0.144(7)
O(18) 0.6595(20) —0.1327(33) 0.1924(17) 0.216(1 lgh
O(19) 0.6844(18) —0.3637(30) 0.2111(16) 0.179(9)
Cl(2) 0.5366(2) 0.2926(3) 0.4130(2) 0.092(1)
0(22) 0.5093(7) 0.1591(10) 0.4121(8) 0.150(5)
0(23) 0.6183(6) 0.2906(12) 0.4168(6) 0.129(4)
0(24) 0.4892(7) 0.3457(18) 0.3370(9) 0.193(D)
0(295) 0.4897(12) 0.3714(20) 0.4373(11) 0.098(6)°
0(26) 0.5670(14) 0.3797(24) 0.4811(13) 0.169(7)®

2Ueq=1/3[35 Usaxamxaa).

P Refined isotropically with 0.5 site occupancy.
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TABLE III Positional coordinates and equivalent isotropic thermal parameters (AZ) for the
non-hydrogen atoms in [Cuy(OH)(O,CCgH4-p-OMe)(tmen),(H,O0)J(ClO,), (2)

Atom xja y/b zfe Ueq?
Cu(l) 0.4507(1) 0.0589(1) 0.1768(1) 0.046(1)
Cu(?) 0.3887(1) —0.1457(1) 0.2816(1) 0.044(1)
o) 0.3848(3) —0.0897(6) 0.1888(3) 0.056(1)
0(2) 0.4164(13) —0.4005(24) 0.2452(12) 0.343(9)
ol 0.5491(3) 0.0164(5) 0.2648(3) 0.051(1)
0O21) 0.5065(3) —0.1141(6) 0.3355(3) 0.056(1)
N(11) 0.5210(4) 0.1972(7) 0.1504(3) 0.064(2)
N(12) 0.3540(5) 0.1357(9) 0.0846(4) 0.076(2)
N(21) 0.3860(3) —0.2040(6) 0.3788(3) 0.046(1)
N(22) 0.2688(4) —0.2178(8) 0.2344(4) 0.065(2)
0(3) 0.8740(3) 0.0243(7) 0.5557(3) 0.071(2)
C(1) 0.5538(7) 0.3083(10) 0.2057(6) 0.088(3)
C(2) 0.5933(7) 0.1266(13) 0.1449(7) 0.097(4)
CGA) 0.4776(11) 0.2392(19) 0.0733(10) 0.060(4)®
C(3B) 0.4568(13) 0.2880(23) 0.0879(11) 0.071(5)°
C(4A) 0.3874(11) 0.2756(20) 0.0668(10) 0.063(4)"
C(4B) 0.3925(15) 0.2014(28) 0.0399(13) 0.093(7)°
C(5) 0.3142(8) 0.0256(15) 0.0308(6) 0.117(5)
C(6) 0.2906(7) 0.1999(14) 0.1046(7) 0.109(4)
C( 0.2528(10) —0.3133(15) 0.1736(6) 0.130(6)
C(8) 0.2135(6) —0.0949(14) 0.2089(8) 0.126(5)
o) 0.2535(5) ~0.2939(10) 0.2921(5) 0.066(2)
C(10) 0.2959(5) ~0.2231(9) 0.3625(5) 0.062(2)
C(11) 0.4228(6) ~0.0999(10) 0.4374(4) 0.066(2)
C(12) 0.4309(5) —0.3372(9) 0.4034(5) 0.067(2)
C(13) 0.5596(4) —0.0432(7) 0.3240(3) 0.041(2)
c(14) 0.6430(4) ~0.0291(7) 0.3860(3) 0.037(1)
C(15) 0.6617(4) —0.0991(8) 0.4505(4) 0.046(2)
C(16) 0.73794) —0.0842(8) 0.5090(4) 0.052(2)
ca7) 0.7970(4) 0.0019(8) 0.5027(4) 0.045(2)
C(18) 0.7802(4) 0.0723(7) 0.4381(4) 0.046(2)
C(19) 0.7033(4) 0.0570(7) 0.3800(4) 0.041(1)
C(20) 0.8966(5) —0.0512(13) 0.6232(5) 0.093(4)
Ci(1) 0.3737(2) 0.2417(2) 0.3104(1) 0.077(1)
0(12) 0.4251(12) 0.2443(21) 0.3893(10) 0.088(6)°
O(13) 0.4283(12) 0.2926(22) 0.3754(11) 0.104(6)°
0O(14) 0.3109(13) 0.3380(22) 0.2815(11) ().104(6)b
o(15) 0.3464(14) 0.3658(23) 0.2733(11) 0.139(6)"
0(16) 0.4305(9) 0.2365(17) 0.2687(8) 0.070(4)®
o7 0.3886(7) 0.1325(13) 0.2764(6) 0.089(3)°
o(18) 0.3401(10) 0.1031(18) 0.3008(9) 0.078(4)°
0(19) 0.2950(12) 0.1973(22) 0.3196(10) 0.141(6)°
Cl(2) 0.5326(2) 0.3019(3) —0.0892(2) 0.092(1)
0Q22) 0.4694(9) 0.3858(15) ~0.0782(8) 0.075(4)°
0(23) 0.5094(21) 0.4040(35) —0.0599(17) 0.189(13)®
0(24) 0.4924(12) 0.3316(19) ~0.1700(10) 0.115(5)
0(25) 0.5534(20) 0.3538(31) —0.1396(16) 0.172(103"
0(26) 0.6151(12) 0.3121(20) —0.0888(11) 0.123(5)
0(27) 0.5993(15) 0.3270(26) —0.0191(13) 0.157(7)®
0(28) 0.4991(9) 0.1609(15) ~0.1037(9) 0.081(4)"
0(29) 0.5263(13) 0.1646(22) ~0.0705(12) 0.122(6)°

*Ueq=1/3[33"Uprapaa).
YRefined isotropically with 0.5 site occupancy.



14:55 23 January 2011

Downl oaded At:

84 K. GEETHA et al.

FIGURE | An ORTEP view of the cationic complex in [Cuy(OH)(O,CC¢H4-p-Me)(tmen),-
(H0)](Cl10,), (1) showing 50% probability thermal ellipsoids and the atom labelling scheme.

Magnetic susceptibilities of the powdered samples of 1 and 2 have been
measured in the temperature range 40-295K. A theoretical fit of the
observed data gave —J=10cm™!, g=2.05for1and —J=10cm™!, g=2.0
for 2 (Figure 3). The dicopper(Il) centres in 1 and 2 are anti-
ferromagnetically coupled resulting in a singlet ground state. The low-mag-
nitude of J considering the large Cu—OH-Cu angle of ~ 124° is due to the
counter-complimentary nature of the spin-coupling interaction through the
monoatomic bridging hydroxo and the syn—syn bridging carboxylato
ligands.

To obtain a meaningful magneto-structural correlation, complexes with
the copper(Il) centres having d,:_,»—d,._,» magnetic orbitals are listed in
Table V. The magnitude and sign of J are found to be primarily dependent
on the Cu-OH-Cu angle (¢). A plot of —2J versus ¢ shows a reasonably
good linear dependence of the — 2J value with the ¢ angle (Figure 4). The
empirical relationship obtained from this least-squares fit is —2J=
11.48¢ — 1373 for the dibridged core (Figure 4b). The — 2J values of the
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FIGURE 2 An ORTEP view of the complex cation in [Cu(OH)O,CCeH4-p-OMe)(tmen),-
(H,0)](ClO4), (2) showing 50% probability thermal ellipsoids and the atom numbering scheme.

TABLE IV Selected bond distances (;\) and bond angles (°) in [Cu(OH)(O,CC¢Hy-p-
Me)(tmen),(H;0)[(ClO4), (1) and [Cux(OH)(O,CCsHy-p-OMe)(tmen),(H,0))(Cl0,): (2)

Complex 1 2 1 2
Bond distances (A) .

Cu(l)---Cu(2) 3.394(1)  3.374(1) Cu(2)-0(21) 1.948(5)  1.940(5)
Cu(1)-0(1) 1.907(5) 1.917(5) Cu(2)-N(21) 2.046(6)  2.052(6)
Cu(1)-0(11) 1.943(5) 1.951(5) Cu(2)-N(22) 2.050(6)  2.056(6)
Cu(1)-N(11) 2.035(7)  2.030(7) 0O(11)-C(13) 1.254(8)  1.263(8)
Cu(1)-N(12) 20727y 2.075(7) 0(21)-C(13) 1.244(8)  1.254(8)
Cu(2)-0(1) 1.930(5) 1.917(5) C(13)-C(19) 1.503(9) 1.497(8)
Bond angles (°)

Cu(1)-0(1)-Cu(2) 124.4(2) 123.3(3)  O(1)-Cu(2)-N(22) 92.4(2) 91.5(2)
O(1)-Cu(1)-O(11) 95.7(2) 95.4(2) OQ1-Cu(2)-N(21) 87.5(2) 87.2(2)
O(1)-Cu(1)-N(11) 173.9(3) 170.6(3) OR1)-Cu(2)-N(22) 172.4(2) 168.5(3)
O(1)-Cu(1)-N(12) 92.8(3) 93.1(3) N(21)-Cu(2)-N(22) 85.1(2) 85.7(2)
O(11)-Cu(1)-N(11) 86.6(2) 87.62) C(13)-0O(11)-Cu(l) 132.94) 132.9(4)
O(1H-Cu(1)-N(12)  171.53) 1709(3) C(13)-0Q1-Cu(2) 135.1(5) 13424
N(11)-Cu(1)-N(12) 85.03) 84.5(3) OQ1)-C(13)-O(11) 126.2(6) 125.8(6)
O(1)-Cu(2)-0(21) 95.2(2) 95.8(2) OQRD-C(13)-C(14) 116.46) 116.9(6)
O(1)-Cu(2)-N(21) 170.82) 176.8(2) O@UD-C(13)-C(14) 117.4(6) 117.3(5)
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FIGURE 3 Plots of molar magnetic susceptibility per copper (xm/Cu) and the effective
magnetic moment per copper (p.q/Cu) versus temperature for complexes 1 (a) and 2 (b). The
theoretical fit of the magnetic data is shown by the solid line.

“essentially tribridged” dicopper(II}) complexes, when plotted against ¢,
also show a similar linear correlation: —2J=10.77¢ — 1198 (Figure 4a).
The observed difference could be due to the presence of an additional
monoatomic bridge (#-Y) which affects the spin-coupling phenomena by
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FIGURE 4 Linear plots of —2J versus the Cu—OH-Cu angle (¢) for the “essentially
tribridged” (a, A) and dibridged (b, O) dicopper(II) complexes listed in Table V. The complex
numbers shown in the plots correspond to the numbers given in Table V.

drastically reducing the Cu~OH-Cu angle in the [Cuy(u-OH)(u-O,CR)(u-
Y)I"* core (Table V). Interestingly, the tribridged species having a [Cu,-
(u-OH)(u-O,CPh),]* core shows a magneto-structural correlation that is
similar to those exhibited by the dibridged species. Observation of such line-
ar correlations is of significance for understanding the magneto-structural
properties in this emerging class of asymmetrically di- and tribriged dicop-
per(II) complexes. :

Supplementary Material Available

Tables of interatomic parameters, thermal parameters, hydrogen atom
coordinates, observed and calculated structure factors and magnetic sus-
ceptibility data for 1 and 2 are available on request from the authors.
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