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room-temperature magnetic moment and the exchange integral 
for values of peff(RT) in the range 0.3-1.6 pB and -2J in the range 
190-1000 cm-l. However, if one includes a larger selection of 
spin-coupled complexes involving a variety of ligand bridges and 
covering an extended range of -25 and peff(RT) it becomes ap- 
parent that the relationship is not linear. Figure 1 contains -25 
vs. peff(RT) data for a varied selection of binuclear copper(I1) 
complexes involving unrelated ligands, which have been synthesized 
and studied in a variety of different laboratories, where varia- 
ble-temperature magnetic measurements have been carried out 
on a variety of different susceptometers with room-temperature 
magnetic moments quoted a t  different room temperatures. 

Substitution of the Van Vleck equation (eq 1) into the ex- 
pression (eq 3) (TIP, temperature-independent paramagnetism, 

(3) 
not included in the corrected molar susceptibility term) for the 
effective magnetic moment gives (eq 4) an expression, in which 

- 2 J = k T l n ( ? - 3 )  3.00032 
(4) 

the exchange integral (-24 and the effective magnetic moment 
at temperature Tare  variables (NP2/3k = 0.12505). A nonlinear 
regression analysis of the 36 data (Figure 1) using this two-pa- 
rameter expression (eq 4) and using a weighting scheme in between 
a constant and proportional standard deviationI6 gave the theo- 
retical line (Figure 1) and a two-parameter fit of g = 2.198 f 
0.008 and T = 295.6 f 4.5 K. 

The very reasonable fit of the data with a sensible mean g value 
and mean room-temperature indicates, quite clearly, that realistic 
estimates of exchange integrals can be obtained for antiferro- 
magnetically coupled binuclear copper( 11) complexes by the use 
of this graphical fit or by substituting known values of g, T, and 
xM into the Van Vleck equation itself. The errors from this 
estimation are not likely to be unreasonable, and, in fact, for very 
strongly coupled systems, where variable temperature susceptibility 
measurements may involve large errors because of the weak 
paramagnetism involved, especially a t  low temperatures, mea- 
surements of -25 values are likely to provide very reasonable 
results. 

The upsurge of interest in spin-coupled copper compounds, 
which are relevant as models for spin-coupled binuclear copper 
protein active sites, has led to the synthesis and study of a large 
number of binuclear copper complexes, many of which have not 
been investigated by variable-temperature susceptibility studies 
because of the lack of suitable equipment. However, since most 
chemistry departments have room-temperature susceptibility 
equipment, which can be purchased or constructed a t  a modest 
cost, the results of room-temperature magnetic moment mea- 
surements can be used to provide reasonable estimates of exchange 
integrals. Of the simple techniques suitable for such measurements 
the Faraday method, using a sensitive microbalance with resolution 
a t  the microgram level, would be favored, especially for weakly 
paramagnetic, strongly coupled complexes. 
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The crystal structure of the tetrameric copper cluster bis(p- 
toluidine)bis(acetonitrile)tetraiodotetracopper has recently been 
described.' It was reported in the triclinic space group Pi with 
two formula weights in the unit cell. In fact it should be for- 
mulated in the monoclinic space group C2/c, with 2 = 4. 

The reported cell dimensions are a = 14.274 (5) A, b = 7.587 
(2) A, c = 14.239 (5) A, CY = 88.61 (2)', fl  = 110.07 (2)', and 
y = 88.70 (2)'. The vectors c + a, c - a and -b describe an 
effective1 monoclinic cell with a = 16.340 A, b = 23.366 A, c 
= 7.587 1, CY = 90.05, fl  = 92.35', and y = 90.15'. The atomic 
coordinates, transformed according to the relations x, = I/'xt 
+ y ,  = -ll2xt + ' f 2 z ,  - 'I4, and z, = -y,, yield values 
that are compatible with the space group C2/$ within the reported 
esd's (Table I, supplementary material). Since the coordinate 
shifts necessary to achieve the higher symmetry are no greater 
than the esd's, the change in space group does not change the 
description of the structure, other than to introduce an exact 
crystallographic twofold axis in place of the approximate one. 
Further confirmation of the correctness of this description is 
obtained from the structure factors, which show the appropriate 
absences (triclinic hkh, k = 2n + 1)3 for space group C2/c. 
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Supplementary Material Available: Table I, positional parameters for 
C U ~ I ~ C ~ ~ H ~ ~ N ~  in C2/c  (1  page). Ordering information is given on any 
current masthead page. 
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(2) The translational components of are needed to put the origin at the 
conventional center of symmetry. 

(3) Of the 250 reflections of this type listed in the supplementary data, 119 
had k odd and 118 of these were marked with an asterisk, presumably 
indicating unobserved. The sole exception, 14,1,14, had F, = 208 where 
some unobserved reflections had F, = 164*. Of the 131 such reflections 
with k even, 59 were not marked and were presumably considered 
observed. 
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Metal clathrochelates consist of a metal ion encapsulated by 
a bicyclic macrocyclic ligand.' These complexes often possess 
greater thermodynamic and kinetic stability than that found in 
analogous open-chain complexes, because of their greatly reduced 
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