
Notes 

recovery was not quantitative. It appears that excess dithionite 
may result in some reduction of the ligand, in qualitative 
agreement with the work of Fallab. 

In a final experiment the blue component was heated to 70 
O C ,  under an inert atmosphere. On subsequent cooling, only 
a small increase in the 670-nm band was observed, unlike 
Fallab's results. On oxygenation, the 670-nm band disap- 
peared, but quantitative recovery of the 530-nm band was not 
observed. These results may be due to simple reduction of 
Fe(II1) (with ligand oxidation). Alternative exposure to high 
vacuum, over two freeze-thaw cycles, did not result in spectral 
changes. We believe these results are more consistent with 
high-temperature reduction than an oxygenation-deoxy- 
genation cycle. 

In summary, the available data support the contention of 
Weber and B u s ~ h ~ , ~  that Fe"PTS is irreversibly oxidized by 
air in aqueous solution and that a dioxygen complex is not 
formed. This conclusion is consistent with all other known 
examples of model iron-dioxygen complexes which are sta- 
bilized in nonaqueous solvents a t  low temperatures; for these 
complexes dimerization must be excluded for reversibility.2 

Registry No. Fe"PTS, 59784-64-4; dioxygen, 7782-44-7; Fe"'PTS, 
62521-18-0. 
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Within recent years, extensive studies of the structural and 
magnetic properties of dimeric and polymeric copper(I1) 
complexes have provided insight into the features responsible 
for magnetic exchange interactions. For the most thoroughly 
studied case, that of hydroxy-bridged copper(I1) dimers, it is 
now possible to accurately predict both the sign and magnitude 
of the exchange integral from knowledge of the structural 
parameters of the bridge.' 

Unfortunately, similar correlations have not proven possible 
for the analogous case of chloride-bridged copper(I1) dimers. 
This arises largely from the paucity of structural and magnetic 
data on such species but also because of the variety of 
structural types adopted by those materials which have been 
characterized. We have engaged in a program designed to 
synthesize and characterize chloride-bridged copper(I1) dimers 
in order to determine if correlations between structural and 
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Figure 1. Magnetic susceptibility as a function of temperature in the 
range 8-80 K. The solid line was generated by the Van Vleck equation 
for exchange-coupled S = ' / 2  ions with 2 J =  -33.7 cm-I and g = 2.12. 

magnetic properties are possible. We report here on the 
synthesis and characterization of tetramethylethylenedi- 
ammonium hexachlorodicuprate(I1) and compare the prop- 
erties of this material with the structurally characterized 
compound potassium trichlorocuprate, K C U C ~ ~ . ~  
Experimental Section 

Preparation of Tetramethylethylenediammonium Hexachlorodi- 
cuprate. Tetramethylethylenediamine dihydrochloride (3.05 g, 0.01 6 
mol) (prepared by the reaction of tetramethylethylenediamine and 
concentrated hydrochloric acid) and 6.9 g (0.040 mol) of cupric 
chloride dihydrate were dissolved in 30 mL of 3 M HC1. The solution 
was heated to boiling and evaporated at the boiling point until the 
volume was approximately 15 mL. The solution was cooled, and the 
bronze-colored needle-shaped crystals which formed were filtered, 
washed briefly with cold 3 M HC1, and vacuum-dried; yield 0.65 g 
(9%). Anal. Calcd for [(CH3)2NHCH2CH2NH(CH3)2]C~2C16: C, 
15.73; H, 3.96; Cu, 27.75. Found: C, 15.77; H, 3.96; Cu, 27.80. 
Further crops of product could be obtained by reduction in the solution 
volume. Attempted precipitation of the product by addition of acetone 
led exclusively to the monomeric complex [ (CH3)2NHCH2CH2N- 

Physical Measurements. Magnetic susceptibility measurements 
were made on powdered samples using a Foner-type vibrating-sample 
magnetometer' operating at 10 kG. Nickel metal was used as a 
susceptibility standard. Measurements were made in the temperature 
range 8-80 K. Temperatures were measured using a calibrated Ga-As 
diode.6 Susceptibilities were corrected for the diamagnetism of the 
substitutent atoms using Pascal's constants7 and for the tempera- 
ture-independent paramagnetism, Na, of copper(I1) (estimated to be 
60 X cgsu/copper atom). 

EPR spectra were obtained at room temperature using a Varian 
E-3 spectrometer. Electronic spectra were obtained at room tem- 
perature in the region 4000-30000 cm-' using the mull transmittance 
technique on a Cary 17 spectrometer. 

Analyses were by Integral Microanalytical Laboratories, Inc., 
Raleigh, N.C. 
Results 

The magnetic susceptibility data for [tmenH2]Cu2C16 in the 
temperature range 8-80 K are shown in Figuje 1. By as- 
suming the exchange Hamiltonian H = -2JS1*S2, for the pair 
of interacting spins, the familiar singlet-triplet susceptibility 
equation 

H ( C H ~ ) ~ ] C U C ~ ~ . ~  

results. This equation, which is written per copper ion, may 
be fitted to the experimental data yielding a value for the 
exchange energy 2J of -33.7 cm-' with g = 2.12. 

The electronic absorption spectrum of a sample of the 
compound mulled in mineral oil exhibited bands at  11 400 
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(broad and featureless), 19 200, and 25 300 cm-’ where the 
latter two bands occur as shoulders on an intense high-energy 
band. There was no discernible structure of the low-energy 
side of the low-energy band, nor were there any low-energy 
bands in the 4000-6000-cm-’ region. 

The EPR spectrum consisted of a broad symmetrical signal 
centered a t  g = 2.094 with a peak-to-peak width of 656 f 5 
G. 
Discussion 

Although several materials with the empirical formula 
AtCuC13- (or AZ+Cu2Cl6’-) are known, only a few have been 
shown to contain discrete cuzc162- ions. Both tetraphenyl- 
arsonium’ and tetraphenylpho~phonium~ trichlorocuprate have 
been examined crystal!ographical!y and shown to contain 
dimeric CuZc162- ions in which copper adopts a distorted 
tetrahedral geometry and the dimer comes about by two 
distorted tetrahedra showing an edge. In contrast, potassium 
trichlorocuprate forms dimeric Cu2C16*- ions in which copper 
adopts a square-planar g e ~ m e t r y . ~  The coplanar dimers are 
stacked in the following manner 

Notes 

The magnetic behavior of these materials is distinctly different. 
The first two materials have been shown to exhibit intradimer 
ferromagnetic interactions and have triplet ground states with 
2 J  = +46 cm-’ l o  and 2 J  = +85 cm-’,’I respectively. The 
magnetic roperties of KCuC13 have been the subject of several 
~ t u d i e s . ~ . ” ~ ’ ~  The careful work by the Japanese showed 
conclusively that there is a strong antiferromagnetic intradimer 
interaction ( 2 J  = -35 cm-’) with a sizable interdimer in- 
teraction as expected from the structural results. 

T h e  physical appearance of tetramethylethylenedi- 
ammonium hexachlorodicuprate, (tmenH2)Cu2Cl6, is striking, 
the material crystallizing as shiny bronze-colored needles. By 
was of contrast, tetramethylethylenediammonium tetra- 
chlorocuprate, which may be precipitated from the same 
solutions used to form (tmenHz)CuzC16 by addition to acetone, 
is bright yel10w.~ A red or red-brown color has been claimed14 
to be characteristic of chloride-bridged copper dimers, and on 
this basis (tmenH2)CuZC16 is undoubtedly similar to those 
materials which have been established as containing the di- 
k-chloro-tetrachlorodicuprate(I1) anion. However, both the 
planarI4 and tetrahedral8 CuzC1t- exhibit a band near 20 000 
cm-’, hence the reddish color. It has been claimed that crystals 
of planar Cu&16*- exhibit pleochroism when examined with 
a polarizing microscope, whereas those of tetrahedral CU&*- 
do not, and on that basis (tmenH2)Cu2C16 is expected to be 
planar, since it exhibits pleochroism similar to that of KCuC13. 
However, (C6H5)4PCuC13, which contains tetrahedral 
Cu2C16’-, also exhibits this pleochroism,’ so that existence of 
pleochroism is not an adequate demonstration of planarity. 
The most convenient method of distinguishing geometries 
comes from near-infrared spectra, since planar CuZCl6*- has 
d-d absorptions at 12900 cm-’ (broad) and 10500 cm-’ 
(shoulder) l4  whereas tetrahedral CuzC12- exhibits well-resolved 
absorptions a t  12200 and 8930 cm-1.8 On this basis 
(tmenHz)CnzC16, which exhibits an extremely broad absorption 
band centered about 11 400 cm-’ with no low-energy band, 
may be assigned a square-planar geometry. 

Hara et  al.l3 were able to describe the magnetic properties 
of KCuC13 in terms of the Hamiltonian 

H=-2Jagm.$,, -go($, + $n).H 
- g/3(Sm.EJ,M + S n . i I n M )  

where I? is the external magnetic field and I?,,,M is the mo- 
lecular field. Using this Hamiltonian the susceptibility may 
be written as 

X m  = k ~ [ 3  + e x p ( - ~ , / k ~ ) ] -  4zJb 

with the term 4zJb arising from the Weiss coefficient in the 
molecular field model, where z is the number of nearest 
neighbors to a copper ion being considered and Jb is the 
exchange integral between copper ions in adjacent dimers.15 
For KCuCl, Jb/Ja was found to be 0.05. 

If this formuiation for magnetic susceptibility is applied to 
the data for [tmenHz]CuZC16, there is no improvement to the 
fit with finite values of J b ,  thus leading to the conclusion that 
there are no significant intermolecular interactions. The 
similarity in magnetic properties of KCuC13 and [tmenHJ- 
Cu2C16 indicates that the chlorocuprate complex in the latter 
compound is very similar to the CuzC164- unit in KCuC13 but 
that the stacking arrangement may not exist. 
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Registry No. [tmenH2]Cu2C16, 62154-35-2. 
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Heterocarboranes derived from main-group elements have 
received relatively little attenti.on in comparison to those 
derived from transition metals.’ However, the reported ex- 
amples of non-transition-metal heterocarborane syntheses and 


