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understanding of the effects governing their reactivity. 
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The interactions between bis(N-R-ethylenediamine)copper(II), where R = H, CzHS, and C3H7, and hexacyanoferrate(II1) 
have been studied by means of electronic spectra, magnetic resonance spectroscopies, and magnetic susceptibility measurements. 
Complexes with formulas K [ C ~ ( e n ) ~ l [  Fe(CN)6], [C~(N-Et -en )~ l~ [  Fe(CN)6]r4Hz0, and [Cu(N-Pr- en)^] s[Fe(CN)6]z.5Hz0 
have been obtained. Although the magnetic susceptibility data are essentially the sum of those of the parent complexes 
in the range 77-300 K, the electronic relaxation times of copper(I1) in the mixed complexes are so much changed that 
the ESR signal disappears whereas the 'H NMR signals of the R group sharpen, showing the existence of metal-metal 
interactions. The electronic spectroscopy data are consistent with such specific interactions. The analogous K[Cu- 
(en)z] [Co(CN),] compound has been prepared and characterized; 13C NMR data show evidence of a cyanide bridge between 
the two metals in solution, suggesting similar behavior in the other systems. 

In t r o d u c t i o n 
It is well-known that the cyanide ion may coordinate 

through the carbon atom acting as a monodentate ligand or 
through both carbon and nitrogen atoms acting as a bridging 
ligand.2 With respect to the latter type of coordination, studies 
have been performed on the hexacyanoferrate(II1) of various 
metal ions where moieties M-N=C-Fe account for the 
physical properties of the compounds. In particular, magnetic 
exchange interactions between the two metal ions have been 
investigated as well as their role in heteronuclear intervalence 
t r a n ~ f e r . ~ - ~  

The hexacyanoferrate(II1) ion is commonly used in bio- 
chemistry as a mild oxidizing agent especially to oxidize 
copper(1) to copper(II).6 The problem arises therefore to 
determine whether [Fe(CN),I3- is capable of interacting with 
coordinatively unsaturated copper(I1) complexes and, if so, 
to understand the physicochemical consequences of such in- 
teractions. With this in mind several adducts between [Fe- 
(CN)6]3- and [ c~(N-R-en)~]  2+ ions, where N-R-en represents 
an N-substituted ethylenediamine, have been prepared and 
characterized. 
Experimental Section 

Preparation of the Complexes. K,[Fe(CN),] was analytical grade 
and was used without any further purification. K3[C~(CN)6] and 
K3[Co(13CN)6] were prepared by reacting C0S04 with KCN or 
KI3CN in 1:2 ratio. The dicyanide cobalt salt was then dissolved in 
an excess of potassium cyanide solution. Solid potassium hexa- 
cyanocobaltates were obtained by concentration and twice recrys- 
tallized. The [ C U ( N - R - ~ ~ ) ~ ] ( C ~ O ~ ) ~  (R = H, C2H5) and [Cu(N- 
P ~ e n ) ~ ]  Clz complexes were prepared as previously described.' The 
adducts were obtained by mixing water solutions of the complexes 
in a 1:l ratio (10-I M in the case of N-substituted ethylenediamine 
and ca. 1 M in the case of [Cu(en),lz') and allowing the solutions 
to evaporate in a desiccator. 

Physical Measurements. The electronic spectra were recorded on 
a Cary 17 D, the ESR spectra on a Varian E 9, the IH NMR spectra 
on a Perkin-Elmer R 32, and the I3C NMR spectra on a Varian 
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Table I. Analytical Data (%) of the Complexes 
C H N O C u F e  

K[Cu(en),] [Fe(CN),] calcd 27.6 3.70 32.2 
found 27.4 3.66 32.2 

K[Cu(en),] [Co(CN),] calcd 27.4 3.68 32.0 
found 27.0 3.73 31.8 

[ Cu(N-Et-en),] 3- calcd 35.6 6.63 27.7 5.26 15.7 9.18 
[Fe(CN),],.4H20 found 35.5 6.49 28.4 5.40 15.6 8.90 

[Cu(N-Pr-en),] 3- calcd 38.3 7.24 25.5 6.07 14.5 8.47 
[Fe(CN),],-5H,O found 37.8 7.04 25.9 6.40 14.4 8.73 

Table 11. Some physical Data of the Comdexes in Solution 
absorp max. 
lo3 cm-' 

(molar absorb, 
M-' cm-')b 
18.4 (60) 
18.1 (65)e 
18.2 (65) 
18.0 (90) 
17.5 (105)e 

18.1 (95) 
17.5 ( l l O ) e  

mol wt- 
AM, S (found)/ 

om2 molwt- 
mol-' (calcd)d 

260 (wIf 0.57 (w) 

a In H,O. Calculated er mole of Cu(I1) ions. w = water; 
D = dimethyl sulfoxide. 810-3 M solution at 25 "C. e The 
Fe(CN)63- moiety shows an intense charge-transfer band at 24.0 X 
lo3 cm-', which does not change in the adducts. AM = 137 for 
a lo-, M water solution. 

CFT2O. The Massbauer spectra were obtained on a spectrometer 
which consisted of a linear velocity drive unit (MWE, Canberra), a 
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Figure 1. Electronic spectra of [ C ~ ( N - P r - e n ) ~ ] ( C 1 0 ~ ) ~ ~  (-) and 
[CU(N-P~-~~)~]~[F~(CN)~~,.~H,O (- - - -) in aqueous solutions. The 
molar absorbance is calculated per mole of Cu" ions. 

Xe-C02 proportional counter system, and a 1024-channel analyzer 
(Laben Model 8001). Cobalt-57 in Pd was used as the source. The 
velocity was calibrated with reference to an enriched metallic iron 
foil a t  room temperature. Molecular weight measurements were 
performed with an Hitachi Perkin-Elmer 115 osmometer and the 
conductivity measurements with a WTW Model LBR/B conductance 
bridge. The magnetic susceptibility measurements were performed 
on a Gouy balance with the procedure described elsewhere.' 

Results 
Depending on the particular diamine used, compounds with 

different formulas have been obtained: K [ C ~ ( e n ) ~ l [  Fe(CN)6] 
(and K[Cu(en>zl [Co(CN)61), [Cu(N-Et-en)21 3[Fe(CN)dz* 
4H20, and [c~(N-Pr-en)~]~[Fe(CN)~]~.5H~o (Table I). 
Whereas the first compound is soluble in water, the last two 
are only sparingly soluble in water and slightly in dimethyl 
sulfoxide; furthermore, [CU(N-P~-~~)~]~[F~(CN)~]~-~H~O 
changes color upon heating, giving a product with a complex 
nonreproducible formula. 

In the case of K [ C ~ ( e n ) ~ l  [Fe(CN)J, molecular weight 
measurements on a 1.9 X M solution in water gave a value 
which is about half of the reported formula weight (see Table 
11). Electric conductivity measurements of solutions at the 
same concentration are also consistent with a 1:l electrolyte. 
Upon dilution of the solution the molar conductance (Table 
11) substantially increased, indicating further ion dissociation, 
although much less than expected for a 1:2:3 electrolyte. 
Although in the case of the N-Et-en and N-Pr-en adducts with 
hexacyanoferrate(II1) molecular weight measurements could 
not be performed due to the scarce solubility of the compounds, 
conductivity measurements of lo-, M solutions show that the 
compounds are dissociated to a relatively small extent. 

The electronic spectra of the adducts both in water solutions 
and in the solid state show essentially the same absorptions 
of the ferricyanide ion but show a sensible bathochromic shift 
of the copper(I1) band with respect to the parent copper(I1) 
complexes (Figure 1 and Table 11). 

The infrared spectra of the three adducts in the solid state 
show a clear splitting of the C=N stretching vibration with 
respect to the pure K,[Fe(CN),] (v6 = 2119 cm-'h9 K- 
[ C ~ ( e n ) ~ ]  [Fe(CN)6] shows three well-resolved bands at 2102, 
21 13, and 2125 cm-'; the N-Pr-en compound shows two bands 
at 2105 and 2120 cm-' and a shoulder at ca. 2136 cm-', while 
in the N-Et-en derivative only one band is apparent, centered 
at 2108 cm-', with shoulders at ca. 21 18 and 2130 cm-I. The 
absorptions due to the copper(I1) moieties are essentially the 
same as for the pure copper compounds, indicating that the 
trans configuration of the asymmetric ethylenediamines is 
retained.'O 

( 8 )  L. Sacconi, R. Cini, M. Ciampolini, and F. Maggio, J.  Am. Chem. SOC., 
82, 3487 (1960); L. Sacconi, I. Bertini, and F. Mani, Inorg. Chem., 7,  
1417 (1968). 

(9) J. T. R. Dunsmuir and A. P. Lane, J .  Chem. SOC. A, 776 (1971). 
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Figure 2. ESR spectra of [Cu(N-Pr-en),](C104), in aqueous solution 
in the presence of increasing amounts of K3[Fe(CN)6]. The Fe:Cu 
ratios are 0, 0.5, and 0.7 in order of decreasing signal intensity. 
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Figure 3.' 'H NMR signal of the methyl group of [Cu(N-Pr- 
en)z](C104)2 in DzO solution in the presence of K3[F(CN),] at various 
Fe:Cu ratios. 

The parent copper complexes show at [Fe(CN)6]3- tem- 
perature ESR signals typical of tetragonal species: in solution, 
owing to rapid rotation, a spectrum with a single g value at 
about 2.10 with four hyperfine lines separated by ca. 80 X lo4 
cm-' is obtained. In glassy solutions two g values are observed 
(gll = 2.21 and gl = 2.05) with All = 200 X lo4 cm-l.I1 The 
lines are sharp, the half-width being ca. 40 G. This is con- 
sistent with orbitally nondegenerate ground energy levels. 
K3[Fe(CN)6], on the contrary, has a 2Tl ground state and gives 
rise to a very broad ESR line which becomes detectable only 
at liquid-hydrogen temperature.12 The three adducts show 
a very broad signal which is hardly detectable at room tem- 
perature. Even at liquid-nitrogen and liquid-helium temper- 
atures the signal remains almost shapeless and does not allow 
determination of any g value. At liquid-helium temperature 
such a signal is broader than that of the pure K3[Fe(CN)6]. 

Upon addition of increasing amounts of [Fe(CN),I3- to a 
solution of [CU(N-R-~II )~]~+,  the intensity of the ESR signal 
of the copper(I1) ion decreases without any broadening (Figure 
2). This means that the chemical exchange of the cyanide 
complex among copper centers is slow on the ESR time scale. 
From the intensity of the ESR signal upon dilution an apparent 
affinity constant between [ C ~ ( e n ) ~ ] ~ +  and [Fe(CN),13- of ca. 
lo3 M-' has been estimated. 

When the 'H NMR of the CH3 group of [Cu(N-Et-er~)~]~+ 
or of [ C ~ ( N - P r - e n ) ~ l ~ +  is monitored as a function of the 
amount of [Fe(CN),J3- added to the solution, a dramatic 
sharpening of the signal occurs (Figure 3), which monotonously 
increases with the concentration of the iron(II1) complex. This 

(10) R. Hamalainen, Suom. Kemistil. B 46, 237 (1973). 
(11) W. B. Lewis, M. Alei, and L. 0. Morgan, J .  Chem. Phys., 45, 4003 

(1966). 
(12) J. M. Baker, B. Bleaney, and K. D. Bowers, Proc. Phys. SOC., London, 

Sect. B, 69, 1205 (1956); B. Bleaney and M. C. M. O'Brien, ibid., 69, 
1216 (1956). 



Bis(N-substituted ethy1enediamine)copper Complexes 

Table 111. Magnetic Data of the Adducts and Parent Complexes 

K[Cu(en),I [Fe(CN),I 295 3930 3.05 
88 11790 2.88 

[Cu(N-Et-en),] ,[Fe(CN),] ,.4H20 298 8750 4.57 
88 26920 4.36 

[Cu(N-Pr-en),] ,[Fe(CN),],.5H20 298 9920 4.87 
88 29550 4.56 

K3[ Fe(CN),I 298 2360 2.37 
88 6085 2.07 

[Cu(en),l ((JO,), 298 1445 1.86 
88 5050 1.89 

[WN-Et-en),l ((JO,), 295 1465 1.86 
[Cu (N-Pr-en),] (ClO,), 295 1450 1.85 

cm3 mol-' and are inclusive of diamagnetic 
correction. 1 M B= 9.27 X A m2. For complexes with 
more than one paramagnetic center ~ ~ f f ~  = z:lria. 

a Values are X 

means that the chemical exchange is rapid on the NMR time 
scale. 

For further information of the type of interaction between 
the two complexes, the 13C NMR spectra of 13C-enriched 
[Co(CN),13- ion have been measured in the presence of in- 
creasing amounts of [ C ~ ( e n ) ~ ] ~ + .  The NMR signal dra- 
matically broadens and the T1-' values increase; both effects 
are a function of the coba1t:copper ratio, indicating that the 
chemical exchange is rapid. For a solution of 1.36 X lo-' M 
[CO('~CN),]~- and of 1.64 X lo-? M [Cu(en),12+ Tl-' and TF' 
values of 5.9 and 125 s-l, respectively, are obtained. 

A Mossbauer measurement on K[Cu(en)?] [Fe(CN)6] gave 
a value of the isomer shift of -0.1 18 mm s-' and a quadrupole 
splitting of 0.743 mm s-l. Such parameters are typical of 
iron(II1) in a six-coordinate environment although the quad- 
rupole splitting might be indicative of low-symmetry compo- 
nents. l 3  

Magnetic susceptibility measurements of the three adducts 
have been performed between 293 and 77 K (Table 111). The 
molar susceptibility values at both temperatures are essentially 
the sum of the susceptibility values of the parent complexes. 

Discussion 

The disappearance of the ESR signal as well as the effect 
on the proton line width of the copper ligands suggests that 
some sort of interaction must exist both in the solid state and 
in solution. Even conductivity and molecular weight mea- 
surements are consistent with [ C U ( ~ ~ ) ~ F ~ ( C N ) , ] -  or [(Cu- 
(N-R-en)z),( Fe(CN),),,] clusters, although such measurements 
do not give information on the type of interaction and may 
be misleading owing to the possible formation of ion couples. 

The bathochromic shifts of the absorption bands of cop- 
per(I1) in the electronic spectra of the adducts indicate that 
extra ligand@) bind in the axial positions of the [Cu(N-R- 
en)?]?' moieties as it has been pointed out for all the axially 
perturbed planar  chromophore^.'^ A simple increase in the 
ionic strength, on the other hand, has been shown to cause a 
quite smaller shift in the opposite d i re~t ion , '~  i.e., an ipso- 
chromic shift, since ions decrease the axial perturbation of 
solvent molecules. 

However, the most detailed evidence for an interaction 
between [Cu(N-R-en),12+ moieties and the nitrogen of the 
cyano complexes comes from the 13C NMR data on the Cu- 
(en),-Co(CN), system. The experimental values of 13C TI-' 
and T2-' for [CO('~CN),]~- in the presence of Cu(en),?+ can 

(13) S. R. Fletcher and T. C .  Gibb, J .  Chem. Soc., Dalton Trans., 309 
(1977). 

(14) J. Hathaway and B. E. Billing, Coord. Chem. Reu., 5, 143 (1970). 
(15) L. Fabbrizzi and P. Paoletti, Gam. Chim. Ital., 104, 929 (1974). 
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be expressed in terms of the following equationsl6-l* 

1 

wherefis the '3C:Cu11 molar ratio, K and K' are products of 
known constants, 7, is the electronic relaxation time, and rc 
is related to re and to the rotational correlation time rr through 
eq 3. The first term in both eq 1 and 2 represents the dipolar 

(3) 
contribution, and the second term is the contact contribution 
due to spin delocalization involving s-type orbitals of I3C. In 
the present case T2-' is more than one order of magnitude 
larger than T1-'; since the difference in the dipolar contribu- 
tions to the two relaxation rates cannot be larger than 17% 
for any value of r,, while the two contact terms diverge as long 
as re values are larger than w;', the dramatic effect on T2-' 
relaxation rates must originate from large unpaired spin de- 
localization onto the carbon atom, as in the case of a chemical 
bond. 

The occurrence of T2-' >> T1-' is typical for ligand nuclei 
in copper(I1) c~mplexes, '~  which always show re >> w;'. 

In the present case w;' = 3 X lo-'? s, while re can be 
estimated from the line width of the ESR line to be ca. 3 X 
lov9 s, a value in the usual range of 10-8-10-9 s for copper(I1) 
complexes. From estimation of K' in eq 2 through the above 
values and substitution in eq 1, the contact term in the latter 
is found to be negligible. Therefore a value of r can be cal- 
culated from the dipolar part of eq l: with a reasonable 
estimate for 7, of ca. s a copper-carbon distance of 340 
pm is obtained,20 again in agreement with a chemical bond. 

A weak interaction between the two moieties at a very long 
distance, as it would happen in the case of a water molecule 
bridging the two ions, is not consistent with the 13C relaxation 
data and would hardly account for the effect of proton and 
electron relaxations in hexacyanoferrate(II1) analogues. 

Conclusions 

The present data indicate that hexacyanoferrate(II1) in- 
teracts with planar copper complexes giving rise to discrete 
adducts whose stoichiometry may depend on the bulkiness and 
on the ligand field strength of the copper ligands. 

The disappearance of the ESR signal of the copper complex 
in solution as well as the sharpening of the 'H NMR of the 
ligand of the copper(I1) ion indicates an efficient mechanism 
of coupling a t  the level of the electronic relaxation rates. 
Dramatic effects on the nuclear relaxation times in dimers had 
already been observed.?' 

7,-' = 7,' + 7;1 

* 
I .  Solomon, Phys. Reu., 99, 599 (1955). 
N. Bloembergen, J.  Chem. Phys., 27, 572 (1957). 
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H. McConnell, ibid., 25, 709 (1956). 
W. G. Espersen and R. B. Martin, J .  Am. Chem. Soc., 98,40 (1976). 
This distance is in principle the lower limit, since in the present calcu- 
lation ligand-centered relaxing dipolar mechanisms due to unpaired-spin 
delocalization into p-type orbitals of the cyanide group have been ne- 
glected. If such contributions are operative, a shorter distance is sim- 
ulated. However, this mechanism would again imply the existence of 
a chemical bond: H. P. W. Gottlieb, M. Barfield, and D. M. Doddrell, 
J .  Chem. Phys., 67, 3785 (1977); I. Bertini, C. Luchinat, and A. 
Scozzafava, Inorg. Nucl. Chem. Lett., 15, 89 (1979). 
A. Dei, D. Gatteschi, and E. Piergentili, Inorg. Chem., 18, 89 (1979). 
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Finally, the present results should be a warning for everyone 
working with ESR on copper(I1) in biological systems after 
oxidizing the ion with [Fe(CN)6]3-.22 
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Effect of Altering the Ring Sequence in Nickel(I1) Complexes Containing a 
14-Membered Macrocyclic Ligand 
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Nickel(I1) complexes of 1,4,7,1l-tetraazacyclotetradecane, (1,4,7,11) [ 14]aneN4, have been prepared and characterized. 
Both Ni[(1,4,7,11)[ 14]aneN4]C12.1/2Hz0 and Ni[( 1,4,7,1 1)[l4]aneN4](SCN), have been assigned a trans geometry on 
the basis of electronic and infrared spectral data. On the basis of conductivity data and spectra data, the anions are coordinated 
to the nickel(I1) in nonpolar solvents and in the solid state. The DqxY for (1,4,7,1 1)[14]aneN4 is smaller, 1342 cm-I, than 
for its isomer (1,4,8,11)[14]aneN4 (cyclam), 1480 crn-'. Spectral and pH data suggest that in aqueous solution 
(1,4,7,11)[ 14]aneN4 is functioning as a tridentate ligand in the square-planar diamagnetic Ni(11)-[(1,4,7,1 l)[14]aneN4] 
complexes. In aqueous solution there is an equilibrium between the six-coordinate [Ni[( 1,4,7,11) [ 14]aneN4] (H2O),IZf 
and the square-planar species. This equilibrium has been discussed in light of the tridentate nature of the square-planar 
species in solution. 

Introduction 
Extensive research has been done to determine the rela- 

tionship between the size of saturated tetradentate macrocyclic 
ligands and their effect on the stereochemistry and the physical 
and chemical properties of their metal cornplexes.l4 The most 
detailed comparative studies have been made on derivatives 
of the 14-membered cyclic ring, [ 14]aneN4 (I).3-12 Organic 
groups have been substituted for hydrogens on the alkyl 
backbone7-10 or on the nitrogen a t o m ~ . ~ J l J ~  However, there 
is a paucity of information on how the shape of the macrocycle 
affects the chemical and physical properties of metal com- 
plexes. Until recently all the metal complexes containing the 
[ 14]aneN4 type ligands had alternating ethylene and tri- 
methylene bridges between the nitrogen donors (I). However, 

U 

I 
there are now several recent studies on metal complexes 

~~ ~ ~ 

(1) N. F. Curtis, Coord. Chem. Rev., 3, 3 (1968). 
(2) D. H.  Busch, K. Farmery, V. Goedken, V. Katovic, A. C. Melnyk, C. 

R. Sperati, and N. Tokel, Adu. Chem. Ser., No. 100, 44 (1971). 
(3) L. Y. Martin, C. R. Sperati, and D. H. Busch, J. Am. Chem. SOC., 99, 

2968 (1977). 
(4) L. Y. Martin, L. J .  DeHayes, L. J. Zompa, and D. H.  Busch, J. Am. 

Chem. SOC., 99, 4046 (1974). 
(5) Y. Hung and D. H.  Busch, J.  Am. Chem. SOC., 99, 4977 (1977). 
( 6 )  Y. Hung, L. Y. Martin, S. C. Jackels, A. M. Tait, and D. H.  Busch, 

J.  Am. Chem. Soc., 99, 4029 (1977). 
(7) M. S .  Holtman and S. C. Cummings, Inorg. Chem., 15, 660 (1976). 
(8) S. C. Jackels, K. Farmery, E. K. Barefield, N. J. Rose, and D. H. Busch, 

Inorg. Chem., 11, 2893.(1972). 
(9) R. W. Hay and D. P. Piplani, J.  Chem. SOC., Dalton Trans., 1956 

(1977). 
(10) B. Bosnich, M. I,. Tobe, and G. A. Webb, Inorg. Chem., 4, 1109 (1965). 
(11) E. K. Barefield and F. Wagner, Inorg. Chem., 12, 2435 (1973). 
(12) F. Wagner, M. T. Mocella, M. J. D'Aniello, Jr., A. H. Wang, and E. 

K. Barefield, J. Am. Chem. SOC., 96, 2625 (1974). 

Table I. Conductivities of Various Nickel(I1) Complexes 
elec- 

trolyte 
A" solvent type 

Ni[(1,4,7,11)[14]aneN,]C1,J/,H,O 246 
Ni[(1,4,7,11) [ 141 aneN,]C1,.l/,H,O 82 
Ni[(1,4,7,11)[14]aneN,]C1,~1/,Hz0 0 
Ni[(l,4,7,11)[14]aneN,](SCN), 185 
Si[ (1,4,7,11)[ 141 aneN, ] (SCS), 46 
Ni[ (1,4,7,11)[ 14]aneN,](SCN), 17 
Ni[ (1,4,8,11) [ 141 aneN, ] C1, 235 
Ni[(1,4,8,11)[14]aneN4]C1, 106 
Ni[ (1,4,7,11)[ 14]aneN, ] (ClO,), 240 
Si[(1,4,8,11)[14]aneN,](ClO,), 179 

a All concentrations = 1 X lo-, M;  units SI-' c 
electrolyte. 

H,O 

H2 0 

H,O 

H,O 
H, 0 
:mz mol-'. 

CH,OH 
CCI, H 

CH,OH 
CH,NO, 

CH,OH 

2: 1 
1 : l  
b 
2:1,1:1 
1:l 
b 
2:l 
1:l 
2: 1 
2:l  

Non- 

containing the unsymmetrical macrocyclic isomer, 
(1,4,7,1 1)[14]aneN4 (isocyclam) (II).l3>l4 We have extended 
this research. 
Results and Discussion 

Characterization of Complexes. Ni[(1,4,7,11)[ 141- 
aneN4]C12-1/2H20 and Ni[(1,4,7,11)[14]aneN4](NCS)2 were 
prepared by the addition of LiCl and LiSCN, respectively, to 
a warm solution of (1,4,7,1 1)[14]aneN4 and Ni(C2H302)2- 
4H20. Both complexes are purple in both the solid state and 
nonaqueous solutions. However, in an aqueous solution, these 
complexes appear orange. The Ni [ (1,4,7,11) [ 141 aneN4] - 
(C104)2 was prepared in a manner similar to one reported by 
Sabatini and Fabbrizzi.14 

M aqueous solution 
of Ni[(1,4,7,11)[14]aneN4]C12.1/2H20, 238 52-' cm2 mol-' 
(Table I), is in the range of a 2:l electr~lyte'~ and in methanol 
the molar conductivity of Ni[(1,4,7,11)[ 14]a11eN~]Cl~.'/~H~0, 
82 9-' cm2 mol-], lies in the range of a 1:l electr01yte.l~ 

The molar conductivity of a 1 X 

(13) R. Swisher and E. L. Blinn, Abstracts, 175th National Meeting of the 
American Chemical Society, Anaheim, CA, Mar 1978. 

(14) L. Sabatini and L. Fabbrizzi, Inorg. Chem., 18, 438 (1979). 
(15) W. J .  Geary, Coord. Chem. Reu., 2, 81 (1971). 
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