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First Example of Equatorial —Equatorial Disposition of End-to-End Thiocyanate Bridges in
a Polynuclear Copper(ll) Complex and Its Relation to the Very Efficient Transmission of
the Magnetic Interaction
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The preparation, X-ray structure, and spectroscopic and magnetic properties of [Cu(MWCH)(Hmtpo)(HO)],

(where Hmtpe= 4H,7H-5-methyl-7-0x0[1,2,4]triazolo[1,8)pyrimidine) are described. This compound crystallizes

in triclinic space grougP1, with unit cell dimensions1 = 8.408(2) A,b = 10.581(3) A,c = 7.927(2) A,o. =
89.45(2), p = 77.44(2), vy = 69.75(2), andZ = 1 (binuclear unit). The structure was refined to fif=

0.033 for 2143 data with> 3.00(l). The structure is comprised of polymeric 1-D copper(ll) complexes supported
by two different kinds of thiocyanate bridges. The coordination geometry around each of the metal centers is a
distorted octahedron g$ + O + S*). The equatorial positions are occupied by a monodentate Hmtpo ligand,
coordinated via N3, two bridging thiocyanate groups coordinated in a “symmetric” end-to-end fashion, and the
N-donor atom of an asymmetric end-to-end thiocyanate bridge. Finally, a water molecule and a weakly bonded
S-donor atom from the asymmetric end-to-end thiocyanate bridge, with-sS&eparation of 2.959(1) A, occupy

the apical sites. The presence of two “symmetric” thiocyanate bridges with shoBCN and Ct-NCS distances

of 2.402(1) and 1.938(3) A, respectively, results in aQu separation of 5.499(1) A. The magnetic susceptibility
data measured in the £290 K temperature range shows a strong antiferromagnetic coupling between the copper
ions through the “symmetric” thiocyanate bridges. Fitting the data to the BledB@yers equation gives the
exchange parameted 2= —148.2 cntl, which is many times higher than those previously found in other copper-

(1) thiocyanate bridged complexes, agd= 2.20. The unprecedented equatcriajuatorial disposition of the
thiocyanate bridging entities appears to be responsible for the magnetic behavior of this compound.

Introduction Chart 1

The magneto-structural studies carried out on polynuclear T
divalent first-row transition metal complexes supported hy,N T
NCO~,2NCS",* and NCSe ° pseudohalide bridges has received N

. . . . . . N N—N—N N—N—N._

great attention in recent years, in view of their interesting cu Cu/ cu/ u
properties. In this set, the azide group has received the major \_ -~ NN NN B
attention owing to its versatility as a ligand and the wide variety ”l‘
of magnetic properties of its compounds. The different N
coordination modes exhibited by the azide group toward copper- l‘
(1) ions.® which lead to very different magnetic behavior, are
shown in Chart 1. The end-on coordination modg dives 2 b ¢
rise to ferromagnetic interactiof between the metal ions,

\,/

TSN— N—

whereas complexes with end-to-end bridges, such as shown in
* To whom correspondence should be addressed. b, show strong antiferromagnetic mteract_lc?nsl.:l_nally, in-
® Abstract published irAdvance ACS AbstractsSeptember 15, 1997. complexes with asymmetric end-to-end azide bridges, with a
(1) (a) Universidad de Granada. (b) The University of Adelaide. short and a long CuN bond (typec), the interaction is either

@ g") Eﬁggﬂv‘d””coﬁe%; Jfgyeégﬂ';;:gfés%;?"-éorfgo';" g;”é'ojr,t'gvge_rbo' negligible® or weakly antiferromagneti€. By contrast, the

Lezama, L.; Pizarro, J. L.; Arriortua, M. I.; Rojo, Angew. Chem., literature available for magneto-structural studies on copper(ll)

Int. Ed. Engl.1996,35, 1810. (c) Ribas, J.; Monfort, M.; Resino, I.;  complexes containing bridging thiocyanate groups is scarce, this

Eg'al’z‘ﬁv le-?gggg%' 2':’5-?28/'&'”9“' F.; Drillon, Mingew. Chem., Int.  igand behaving with less versatility and less efficiently as a
3) Julve, ,\g,’l.'; Verdaguer, M.; De Munno, G.; Real, J. A.; Bruno|i@rg. transmitter of magnetic interactions than the azide. Thus,

Chem.1993 32, 795. thiocyanate has been found to form mainly bridges analogous
(4) (a) Montfort, M.; Ribas, J.; Solans, ¥norg. Chem.1994,33,4271. to ct>13with only a few cases of typa,14 both resulting in a

(b) Rojo, T.; Corts, R.; Lezama, L.; Arriortua, M. 1.; Urtiaga, K;
Villeneuve, G.J. Chem. Soc., Dalton Tran$991,1779. (c) Vicente,
R.; Escuer, A.; Ribas, J.; Solans, X. Chem. Soc., Dalton Trans.

very weak magnetic coupling between the copper centers. The

1994,259. (8) Cortes, R.; Pizarro, J. L.; Lezama, L.; Arriortua, M. |.; Rojo]org.
(5) Vicente, R.; Escuer, A.; Ribas, J.; Solans, X.; Font-Bar¥l. Inorg. Chem.1994,33, 2697.

Chem.1993,32,6117. (9) Agnus, Y.; Louis, R.; Weiss, R.. Am. Chem. S0d.979,101,3381.
(6) Charlot, M. F.; Khan, O.; Chaillet, M.; Larrieu, G. Am. Chem. Soc. (10) Comardmon, J.; Plumere.; Lehn, J. M.; Agnus, Y.; Louis, R.; Weiss,

1986,108, 2574. R.; Kahn, O.; Morgenstern-Badarau,JI.Am. Chem. S0d982,104,
(7) Sikorav, S.; Bkouche-Waksman, I.; Kahn, I@org. Chem1984,23, 6330.

490. (11) Felthouse, T. R.; Hendrickson, D. Morg. Chem.1978,17, 444.
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End-to-End Thiocyanate Bridges

lack of copper(ll) complexes containing bridges of “type

should be related to the chemical nature of the thiocyanate group, formulz
since both extremes are equivalent in the azide group, whereas a, A

in the thiocyanate two very different donor groups (N and S)

are present. So far, this fact appears to have hindered the &

isolation of the “symmetric” end-to-end bridges analogous to
b.

In this paper we present the crystal structure and spectroscopic v, A3

and magnetic properties of [Cu(NCBNCS)(Hmtpo)(HO)].»
(where Hmtpo= 4H,7H-5-methyl-7-0x0[1,2,4]triazolo[1,%]-
pyrimidine) which represents the first example of a coordination
mode “type b” for the thiocyanate group in a copper(ll)
complex, showing the unprecedented ability of this entity as
an efficient transmitter of magnetic interactions.

Experimental Section

Reactants and Methods. 4H,7H-5-methyl-7-oxo[1,2,4]triazolo[1,5-
a]pyrimidine was purchased from Aldrich Chemical Co. and used as

received. The other chemical reagents and solvents were supplied from

commercial sources. All experiments were performed in an open
atmosphere.

Preparation of [Cu(NCS)(u-NCS)(Hmtpo)(H-0)]», 1. An ice-
cooled solution containing Cu(N-5H,0 (0.833 g, 3 mmol) and
Hmtpo (0.450 g, 3 mmol) ica. 25 mL of water was added to an ice
cooled solution of NENCS (0.456 g, 6 mmol) ica. 5 mL of water.
The resulting turbid green solution was filtered and allowed to stand
at 4°C. After 24 h, black crystals of were collected. They were

filtered off, washed with ice cooled water, and air dried. In successive

days decoloration of the mother liquor due to reduction of Cu(ll) as
well as crystallization of the free ligand were observed. Yield: 39%.
Anal. Calcd (found) for @GH1eN120.S,Cw: C, 27.7 (27.2); H, 2.3
(2.3); N, 24.2 (24.2); S, 18.5 (18.7); Cu, 18.5 (18.7). IR (&m 220
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Table 1. Crystal Data for [Cu(NCS)}(-NCS)(Hmtpo)(HO)].

C16H16CUN1,0,S, fwa 695.8
8.408(2) space group Pl

b, A 10.581(3) T,°C 19
7.927(2) A(Mo Ka), A 0.71073

o, deg 89.45(2) Pcalcas  CNT 3 1.793

B, deg 77.44(2) u,cmt 20.25

y, deg 69.75(2) R(Fo)? 0.033
644.2(3) Ru(Fo)© 0.036

z8 1

2 Considering the binuclear unit as the “moleculeR = S ||Fo| —
IFll/ZIFol. © Ry = Y (IIFol — |Fel WH3)/3 (|Folw™?), wherew* = 0%(Fo).

Figure 1. Ortep view ofl with the atom-numbering scheme. Thermal
ellipsoids are plotted at the 50% probability level.

> 3.00(l) criterion were used in the subsequent analyses. Crystal data

s,320s,340 s, 530 s, 750 s, 775 W, 850 s, 1140 s, 1190 s, 1395 m &re Summarized in Table 1.

1575 vs, 1625 vs, 1700 vs, 2115 vs, 2145 vs, 3000 s, br, 3500 s.
Instrumentation. Microanalysis of C, H, N, and S was performed
on a Fisons-Instruments EA-1008 at the “Centro de Instrumemtacio
Cientfica” of the University of Granada. Infrared spectra were recorded
in the 4006-180 cn1! range on a Perkin-Elmer 983G spectrophotom-

eter, using KBr and polyethylene pellets. Copper and water contents

were determined thermogravimetrically at a heating rate of 20 K'in
using an atmosphere of pure air (100 mL miyon a Shimadzu TGA-

The structure was solved by direct methods and refined by a full-
matrix least-squares procedure based~df The non-H atoms were
refined with anisotropic thermal parameters, the HC atoms were
included at their calculated positions and fixed, and theHeand N—H
atoms were located from a difference map but their positions were not
refined. At convergences(weights, 16%(F)), R = 0.033 andR, =
0.036; final refinement details are collected in Table 1. Scattering
factors for all atoms were those incorporated in teXsan progfam.

50 thermobalance provided with infrared (Nicolet 550 FT-IR) and mass

(Thermolab) equipment to analyze the evolved gases. DSC curves wereResuItS and Discussion

obtained on a Shimadzu DSC-50 differential scanning calorimeter at a

heating rate of 10 K mint, using an atmosphere of pure air (100 mL
min~1). The magnetic susceptibility was measured in the- 290 K

temperature range on a Manics DSM-8 equipment at the “Centro de

Instrumentacio Cientifica” of the University of Granada. The magnetic

Structure of [Cu(NCS)(u-NCS)(Hmtpo)(H20)]2, 1. A view
of the molecular structure df, together with its numbering
scheme, is depicted in Figure 1, and selected interatomic
parameters are collected in Table 2. The structure of the

data were corrected for diamagnetism (Pascal) and temperature-COMPlex is made up of binuclear [Cu(NCEIICS)(Hmtpo)-

independent paramagnetism, the values used be#ff x 106 and
120 x 10°® emu per mol of binuclear unit, respectively.

X-ray Crystallography. Intensity data for a black crystal of [Cu-
(NCS)u-NCS)(Hmtpo)(HO)]. (0.07 x 0.16 x 0.29 mm) were
measured at 293 K on a Rigaku AFC6R diffractometer fitted with
graphite-monochromatized Mod<radiation,A = 0.710 73 A; thev:26
scan technique was employed to measure data sucbithatas 27.5.

No significant decomposition of the crystal occurred during the data
collection, and only absorption-corrected datahich satisfied thd

(12) (a) Cannas, M.; Carta, G.; Marongiu, I.Chem Soc., Dalton Trans.
1973,556. (b) KabesoVaM.; Dunaj-Jurco, M.; Soldeova J. Inorg.
Chim. Acta1987,130, 105. (c) Walz, L.; Haase, WI. Chem. Soc.,
Dalton Trans.1985,1243.

(13) (a) Haasnoot, J. G.; Driessen, W. L.; Reedijdndrg. Chem 1984,
23,2803. (b) Vicente, R.; Escuer, A.; Paba, E.; Solans, X.; Font-
Barda, M. Inorg. Chim. Actal997,255 7.

(14) (a) Mesa, J. L.; Rojo, T.; Arriortua, M. I.; Villeneuve, G.; Folgado, J.
V.; Beltran-Porter, A.; Beltran-Porter, D. Chem. Soc., Dalton Trans.
1989,53. (b) Harding, C.; McDowell, D.; Nelson, J.; Raghunathan,
S.; Stevenson, C.; Drew, M. G. B.; Yates, P.JCChem. Soc., Dalton
Trans.1990,2521.

(15) Walker, N.; Stuart, DActa Crystallogr., Sect. A983 39, 158.

(H20)]2 units, weakly linked among them to form polymeric
chains. The copper atoms are located in a distorted octaedral
[N3S + O + S*] environment. The equatorial positions are
occupied by a monodentate Hmtpo ligand, coordinated via N3,
two bridging thiocyanate groups coordinated in a “symmetric”
end-to-end fashion (one via N and the other via S), and a
N-donor atom of an asymmetric end-to-end thiocyanate bridge.
The axial positions are occupied by a weakly bonded S-donor
atom of the latter thiocyanate group, such that the-&§2)
separation is 2.959 (1) A (symmetry operationx, 1 —y, —2)

and a weakly bonded water molecule (6D(1) 2.491(2) A).
The two different thiocyanate groups present in the compound
give rise to a polymeric chain aligned along the crystallographic
c-axis (see Figure 2), in which the “symmetric” bridges (with
short Cu-N and Cu-S distances; see Table 2) alternate with
the weakly S-bonded thiocyanate bridges. Thus, the “sym-
metric” bridges give rise to a GuCu separation of 5.499(1) A

(16) teXsan: Structure Analysis Software, Molecular Structure Corp., The
Woodlands, TX.
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Table 2. Selected Bond Distances (Including H-Bonded Distances) +0.044 A with maximum deviation of 0.098 A for atom N11.

and Angles for [Cu(NCS}-NCS)(Hmtpo)(HO).* The geometry of Hmtpo itself, which is planar withie0.027
Bond Distances (A) A, does not differ significantly from that of the uncoordinated
Cu-0(1) 2.491(2) Cu-N(11) 1.938(3) ligand2* with a significant double-bond character for the N¢1)
Cu—S(1) 2.402(1) CuN(12) 1.923(3) C(2), N(3)-C(3a), C(5)-C(6), and C(730O(7) bonds.
Cu~N(@3) 2.074(2) CuSE@2) 2.959(1) There is a significant intramolecular hydrogen bond formed
S(1)-C(11) 1.643(3) S(2yC(12) 1.630(3) .
C(11)-N(11) 1.150(4) C(12YN(12) 1.152(4) between N(4yH and the coordinated O atom of the water
N(4)+O(1) 2.737(4) O(2)-N(1)" 2.904(3) molecule such that N(4}O(1) is 2.737(4) A (angles C(5)
O(1)-+-O(7) 2.872(4) N(4)---O(1) and C(3A>N(4)---O(1) are 96.6(3) and 139.2(3)
Angles (deg) which may contribute to the stabilization of molecular confor-
S(1j—Cu—0(1) 94.33(6)  O(1)yCu—N(11) 85.0 (1) mation.

S(1)—Cu—N(3) 176.93(8) O(1)yCu—N(12) 94.0(1) Spectroscopic and Thermal Studies.The thermal behavior
gg;—gu—mgg gg-g%gg mg;gu—mgg 38-%3 has been deduced from their TG and DSC curves. Thus, it can
—Lum : u- : be observed that the dehydration process starts af@0the

g((g))i__%t__%@) gg:é(zl(?) g(%l_*&lj__N'\z(lllz)) 1;3:28)) corresponding endothermic effect being centered afC]with
S(2J—Cu—N(12) 91.8(1) S(2)-Cu—S(1) 93.2(1) a value of 103 kJ/mol of binuclear unit for the associated
S(2)—Cu—0(1) 170.7(1) Cu-S(1)—C(11)  102.6(1) dehydration enthalpy. Once dehydrated, the compound starts
Cu—N(11)-C(11) 163.1(3) CtN(12)-C(12)  170.7(3) its pyrolytic decomposition, which finishes around 7%0,

@ Equivalent atoms: (i) & x, 1 -y, 1 -z (ii) —x, 1 -, ~Z (ii) leaving CuO as residue.
Xy, 1+z(@{v)1l-x -y, —z The IR spectrum ofl presents only small changes when

compared to free Hmtpo, the only appreciable change above
600 cn1?! being two very strong absorption bands centered at
2144 and 2110 cmi, assigned ta/(CN) of the symmetrically
and asymmetrically bridged thiocyanate groups, respecti?ely.
Finally, in the far-infrared spectrum a double band (340, 320
cm™1) and a sharp absorption centered at 220 thave been
assigned ta/(Cu—NCS) andv(Cu—SCN), respectively.

The electronic spectrum (diffuse reflectance), which has a
major absorption with a low-energy shoulder (13 900, 9000
cm~1 due to d-d transitions), is not conclusive of the stereo-
chemistry of coppe#® The ligand-to-metal charge-transfer
transitions appear as a broad band in the 34-Q00000 cnT?!
range that appear to be characteristic of polynuclear bridged
transition metal complexes, since they are not present in the
Figure 2. View down thea-axis of the polymeric 1-D chains ¢fCu- spectra of the corresponding mononuclear compounds and are

(NCS)(-NCS)(Hmtpo)(HO)Jz} » along thec-axis. (Thec-axis runs from also observed to occur at lower energy when a high antiferro-
top left to bottom right.) magnetic coupling is presefft.

] ) ) Complexlis EPR silent at room temperature. This fact may
compared to 5.669(1) A which arises from the asymmetric pe gue to the large antiferromagnetic interaction between the
bridging mode of the second thiocyanate group. The most meta) jons which could be responsible for a broadening in the
interesting feature of this structure is that this complex representssigna| (proportional to4g)JT).25

the first reported case in which both the S-donor and N-donor Magnetism. The yu vs T curve is displayed in Figure 3.
groups of the bridging thiocyanate moieties occupy equatorial The cyrye exhibits a smooth maximum centered around 130 K

positions of the copper(ll) coordination pol7yhedron. The most fo)1owed by a decrease at lower temperatures indicating that a
usual geometry is N-equatorial and S-axfalThe equatorial  gong antiferromagnetism between the metal centers takes place.
position of the S-donor atom is responsible for the shor-Cu  The increase at very low temperature can be related to the
SCN bond distance, namely 2.402(1) A, the shortest yet occirrence of uncoupled species. The solid curve in Figure 3

reported. A similar distance was found f@r[Cu(NCS){- is the best fit of the data to the BleaneBowers equation for
NCS)(dmtp)]2 (where dmtp= 5,7-dimethyl[1,2,4]triazolo[1,5- exchange coupled dimers:

alpyrimidine), namely 2.413(1) A32but only the S-donor atom
(not the N-atom) of the bridging entity is equatorial in this case. 2NgZ 2 N92 2
The Cu-NCS distances are in good agreement with those found In = U (1—p)+ < 0

in the literaturé’ The Cu-N(Hmtpo) separation of 2.074(2) KT(3 + exp(=2J/KT)) KT

A is within the range of values reported for other copper(ll)

complexes with similar ligand$;2%including the anionic form  which results from a consideration of the eigenvaluesicf

of Hmtpo2° Also, it should be noted that the core formed by —2JSS, the Heisenberg exchange Hamiltonian. In this expres-
the equatorial Cu(ll) coordination planes and the two “sym- sionywm represents the susceptibility per mole of binuclear unit
metric” bridging thiocyanate groups define a plane within corrected for diamagnetism and temperature independent para-

(17) KabesovaM.; Boca, R.; Melnik, M.; Valigura, D.; Dunaj-Jurco, M. (21) Salas, J. M.; Romero, M. A.; Rdduez, J. A.; Faure, Rl. Chem.

Coord. Chem. Re 1995,140, 115. Crystallogr. 1996, 26, 847.
(18) Hanggi, G.; Schmalle, H.; Dubler, Bnorg. Chem.1993,32, 6095. (22) Nakamoto, Kinfrared and Raman Spectra of Inorganic and Coor-
(19) (a) van Alvada, G.; de Graaf, R. A. G.; Haasnoot, J. G.; Shild, J.; dination Compoundsjohn Wiley & Sons: New York, 1978; p 270.
Reedijk, J.Acta Crystallogr., Sect. @991,49,946. (b) Salas, J. M; (23) Hathaway, B. J.; Billing, D. ECoord. Chem. Re 1970,5, 143.
Romero, M. A.; Enrique, C.; Sirera, R.; Faure, &ta Crystallogr. (24) Tuczeck, F.; Solomon, B. Am. Chem. S0d.994,116,6916.
1993,C49,1902. (25) Scott, B.; Geiser, U.; Willett, R. D.; Patyal, B.; Landee, C. P.; Greeney,
(20) Dirks, E. J.; Haasnoot, J. G.; Kinneging, A. J.; Reedijkadrg. Chem. R. E.; Manfredini, T.; Pellacani, G. C.; Corradi, A. B.; Battaglia, L.

1987,26, 1902. P.Inorg. Chem.1988,27, 2454.
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Table 3. Magnetic and Structural Parameters for Thiocyanate-Bridged Copper(ll) Complexes

compd Cu-N, A Cu-S, A Cu-N—C, deg Cu-S—C, deg geom J, cmrt ref
[Cu(NCS)(bpym)}, 2.009(6)g  3.174(2 165.0(6) 83.1(2) oc —0.6 3
o-[Cu(NCSKdmtp)s] 2 1.953(8)a  2.886(4) 167.7(8) 95.2(4) sP ~0 13a
B-[Cu(NCS)(dmtp)J] » 2.205(2)  2.413(1)q 142.8(2) 99.2(2) SP ~+1 13a
[Cu(NCS)(Etdien)L(CIOy), 1.978(2);  2.7575(9) 169.0(2) 99.82(7) oc 477 13b
[CUu(NCS)(Medien)L(CIOs),  1.943(7)q  2.678(3) 164.4(9) 99.8(4) SP +16 13b
[Cu(NCS)(ept}(CIOs)> 1.946(4)g  2.978(2) 171.4(4) 90.6(2) oc +13 13b
1 1.939(3)q  2.402(1) 163.0(3) 102.6(3) oc —74 b

abpym= 2,2-bipyrimidine, Etdien= 1,4,7-triethyldiethylenetriamine, Maien= 1,1,4,7,7-pentamethyldiethylenetriamine, dt-(2-aminoethyl)-
1,3-propanediaminé. This work.

magnetism. 2is the singlet-triplet energy gap. The lastterm X (emu-10?)
in the expression is a correction for the presence of uncoupled
species impurityp being the proportion of such impurity. 3

TheJ, g, andp were taken as adjustable parameters in a least-
square fitting procedure that led to the valuegs=2 —148.2
cm1, g=2.20, and = 0.033. The agreement fact@defined
asy (UMea — AMond 2> (XMad? is then equal to 1.8% 1074 The 2
calculated curve fits the experimental points satisfactorily as
shown in Figure 3.

Alternatively, we have tried to fit the data to the modified 1+ .
Bleaney-Bowers expression, taking into account the inter-
binuclear-unit interactiond betweere neighbors, by means of
a zJ term, in a molecular field approach (wheed is an ‘ . ‘ l . ‘
additional adjustable parameter), but the least-squares fitting did % 50 100 150 200 250 300
not converge. The low expected value for a possible inter- T (K
binuclear-unit interaction appears to be hidden by the much
stronger intrabinuclear unit interaction, transmitted by the
“symmetric” thiocyanate bridges. Thus, the partial delocaliza-
tion of the spin density in the equatorial plane (unpaired electron
in the de—2 orbital) should make the transmission through the
weakly axial bonded S(2) atom very inefficient.

The information available in the literature about the magnetic
properties of complexes of the type hid{CS) is scarce. In
Table 3, the magnetic and structural parameters for such
compounds are summarized. It can be concluded from an

examination of these data that the magnetic interaction is nature of the ligand, the copper(Il) atom’s border line position

negligible n aI_I_cases_wnh the exception of the present work. in the Pearson'’s classification, and the redox characteristics of
The most significant difference between the present compound both

and of those previously studied is the fact that both the N and

S donor groups of the two “symmetric” bridges occupy  Acknowledgment. The authors thank the DGICYT for
equatorial positions in the coordination polyhedra about the financial support (Grant No. PB94-0807-CO2-01). J.A.R.N.
metal centers. The Ct5 and Cu-N dlsté';mces inour compound  acknowledges the “Junta de Andalucia” for a doctoral grant.
are both close to the Bragglater radfi® sum {s + rc,= 2.35, The Australian Research Council is thanked for support of the
rn + reu = 2.00 A), so it can be assumed that both bonds are crystallographic facility.

similarly strong, indicating that this compound is analogous to

the “type b” azide-bridged complexes. As a consequence of  Supporting Information Available: A file, in CIF format, contain-

the thiocyanate bridging mode, it appears that an important ing the crystallographic data and details of the structure refinement,
overlap of the orbitals of the bridging entities with the magnetic atom coordinates, bond lengths, bond angles, anisotropic thermal

orbitals of the metal atoms takes place, in a similar way as the Parameters, and hydrogen atom locationslaé available. Access
information is given on any current masthead page.

Figure 3. Thermal variation of the molar susceptibility (per binuclear
unit): experimental points and theoretical (solid line) best fit.

azide grous,leading to the observed magnetic interaction which
is many times higher than those previously found in other
thiocyanate bridged complexes.

It is clear that more structural and magnetic data for “type
b” thiocyanate-bridged copper(ll) complexes would be necessary
to extract statistically significant correlations. Nevertheless,
molecular engineering is very difficult due to the ambidentate

(26) Slater, J. CJ. Chem. Phys1964,41, 3199. 1C970083T





