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In this paper, the isolation of several different crystalline modifications of the Lifschitz stilbenediamine complexes of nickel 
dichloroacetate is described. Magnetic measurements confirm the view, later checked by X-ray crystal structure analysis 
(part 11), that in the yellow crystals two out of three nickel atoms are paramagnetic (in octahedral coordination), while 
the remaining nickel atom is diamagnetic (planar coordination). Equilibrium between blue (octahedral) and yellow (planar) 
forms also occurs in ethanol and in acetone-water solutions of the complex. This equilibrium has been studied spectro- 
photometrically. The magnetic and spectroscopic data for the blue complex have been analyzed to yield values of the  
parameters A, p, and A. 

Introduction 

There has been considerable speculation during the 
past few years2f3 regarding the molecular structures 
of the Lifschitz4 complexes of nickel and the stereo- 
chemistry of the metal ion in these compounds. These 
complexes, which are formed by a large number of 
nickel salts with meso and active 1,2-diphenylethylene- 
diamine (stilbenediamine = stien) have the general 
formula Ni(CeH5. CHNHz. CHNHz. CeH6)zXz and often 
contain solvent of crystallization. Dependent on the 
nature of the anion, X, and to a lesser extent on which 
stereoisomeric diamine is used, they exist in either a 
blue paramagnetic form (with peff - 3.1 B.M.) or a 
yellow diamagnetic form (or sometimes weakly para- 
magnetic form, with peff < 2.83 B.M.). In several 
instances both blue and yellow forms containing the 
same anion, X, are obtainable and are in some cases 
interconvertible. 

In attempting to correlate the color, magnetism, 
and stereochemistry of these compounds, Pauling5 
predicted tetrahedral coordination for the nickel 

(1) Communications regarding this paper should be directed to S .  C.  N., 

(2) C.  J. Ballhausen and A. D.  Liehr, J .  Am.  Chem. Sac., 81, 538 (1959). 
(3) L.  Katzin, Nafure,  182, 1013 (1958). 
(4) (a) I .  Lifschitz J. G. Bos, and K .  M. Dijkema, Z .  anorg. allgem. Chem., 

242, 97 (1939); (b) I .  Lifschitz and J. G. Bos, Rec. I Y Q U .  chim., 69, 407 

(5) L. Pauling, “The Nature of the Chemical Bond,” 2nd Ed. ,  Cornel1 

University of Keele. 

(1940). 

University Press, Ithaca, N. Y . ,  1940, Chapter 3. 

atom in the blue paramagnetic compounds and square- 
planar coordination in the yellow complexes. The 
suggestion of tetrahedral coordination for the para- 
magnetic compounds was also put forward as late as 
1958 by Katziqa who assumed the deep blue color of 
many of these to be indicative of the presence of tetra- 
hedral nickel(I1). However, i t  has been shown6 from 
a study of the visible absorption spectra that the nickel 
atoms are probably octahedrally coordinated in the 
blue complexes, and considerations of the geometry 
of the ligand diamine molecules also lead to this con- 
clusion. Several workers7 have shown that tetra- 
hedral complexes of nickel are usually produced when 
the steric and/or bonding requirements of the ligands 
(e.g., as arises with the tertiary phosphines) make an 
octahedral configuration unfavorable despite the in- 
creased crystal field stabilization energy of this arrange- 
ment compared with a tetrahedral arrangement. How- 
ever, in the case of ethylenediamine and related ligands, 
there are no “steric” reasons why tetrahedral, rather 
than octahedral, coordination should be favored. Com- 
parison of the crystal field stabilization energies for 
the two arrangements indicates that the latter is more 
stable. In any event, a regular tetrahedral arrange- 
ment would lead to considerable distortion within the 

(6) C. Furlani and G. Sartori, Proceedings of Symposium on Coordina- 
tion Chemistry, Rome, 1957, in J .  Inovg. Nucl. Chem., 8 (19581; C .  Furlani, 
GQZZ. chim. ital., 88, 279 (1958). 

h7 &I. 
Venanzi, ibid., 719 (1958). 

(7) N. S. Gill and R. S. Nyholm, J .  Chem. SOC., 5997 (1939); 
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ohelate rings,8 whereas this distortion is absent in a 
planar complex 

The most interesting of this series of compounds 
are those of the type Ni(meso-stien)z(RCOO)z~ where 
R = H, CH3, CH2C1, CHC12, and CC13, as in these 
cases interconversion between blue and yellow forms 
can be effected easily,4 e.g. ,  by gentle heating and cooling 
of the solid complexes, by removal of solvent of crystal- 
lization, or by dissolution in suitable organic solvents. 
In the case of the dichloroacetate complex, Ni(m- 
stien)2(ClzCHC00)2, blue crystals and yellow crystals 
can be obtained simultaneously from 95% ethanolic 
solutions. 

These marked color changes, which are accompanied 
by corresponding changes in magnetic properties, are 
similar to those shown by several other “anomalous” 
nickel comple~es,~ which, diamagnetic in the solid, 
become paramagnetic in solution or on heating and in 
some cases show temperature dependent magnetic 
moments and spectra. Although i t  is now evident 
that one of several mechanisms is responsible for this 
type of behavior,lc it is considered that, in this case, 
variations in color and magnetism are brought about by 
changes in the axial environment of the planar Ni- 
(stien)2+ complex, due to the removal or addition of 
anions or solvent molecules,2j11 causing a change in 
the tetragonality of the complex. 

While much useful evidence regarding the nature 
of these compounds can be obtained from detailed 
spectroscopic and susceptibility measurements, i t  
seemed worthwhile to carry out X-ray structure 
analyses of a pair of crystals, one blue and one yellow, 
and to study the environment of the nickel atom in each. 
The dichloroacetate complex was chosen for this 
purpose, there being certain advantages for X-ray 
crystal structure analysis (see part 11) and, in addition, 
Hein and lV/luller12 had extended the work of Lifschitz 
in studying the effects of solvents on the different blue 
and yellow compounds in some detail. 

Results and Discussion 

We have been chiefly concerned with the products 
obtained from acetone and from ethanol solutions, 
and, as reported previously, l 3  have isolated three 
different blue crystals, (I), (11), and (111), of which the 
first two could be obtained from either solution, and 
greenish yellow crystals, which were obtained only 
from ethanol by slow cooling of concentrated solutions 
of the complex. If left in the solution, these crystals 
gradually dissolved and were replaced by blue crystals. 
At certain stages, therefore, the solution contained 
both blue and these “yellow” crystals side by side. 
Slow evaporation of ethanolic solutions a t  room tem- 

(8) E. J.  Corey and J. C.  Bailar, Jr., J .  A m .  Chem. SOC., 81, 2620 (1959). 
(9) J .  B. Willis and D.  P. Mellor, ib id . ,  69, 1237 (1947). 
(10) F. A.  Cotton and J. P. Fackler, Jr.,  ibid., 83, 2818 (1961); L. Sac- 

(11) G. Maki, .I. Chem. Phys. ,  29, 1129 (19B8). 
(12)  F. Hein and H.  hliiller, Z.  nnorg. a l lgem.  Chem., 283, 172 (1966). 
(13) W. C. E. Higginson, S. C. Nyburg, and J. S. Wood, PYOC. Chem. SOC., 

coni, R .  Cini, M.  Ciampolini, and F. Maggio, ibid., 82, 3487 (1960). 

297 ( l Q 6 l ) .  

perature gave only mixtures of the blue crystals (I) 
and (11), so that it may be that in solution the “yellow” 
crystals are the stable form above room temperature, 
whereas a t  room temperature the blue forms are 
stable. 

The greenish yellow crystals obtained in this way 
were paramagnetic and dissolved in acetone and chloro- 
form to give blue solutions. In contrast, Hein and 
Muller reported that the yellow crystals prepared in 
the above manner could not be converted into a blue 
modification, and that they were diamagnetic. They 
called such crystals yellow(1). On dehydration of 
previously moistened blue crystals, over PzO5, they ob- 
tained a greenish yellow powder, referred to as yellow- 
(11). This powder was weakly paramagnetic and 
turned blue when treated with acetone or water, 
Although the method of preparation is different, our 
greenish yellow crystals apparently correspond to the 
yellow(I1) compound, and it seems probable that these 
supposedly different yellow compounds are identical. 
Our value for the molar susceptibility is, however, 
much larger than that quoted by Hein and Muller 
(see Experimental section) and originally determined 
by Lif~chitz.~“ We were unable to prepare the re- 
putedly diamagnetic yellow (I) compound using Hein 
and Muller’s methods; recently such a compound has 
been isolated, but the crystals are unstable on removal 
from solution.14 

Hein and Muller noted that the blue crystals which 
they isolated were of variable stability on removal from 
solution, some becoming coated with a yellow-green 
powder [presumably yellow(II)] after a few hours, 
while others appeared stable. We have confirmed their 
observations and found that there are, in fact, two 
crystalline modifications which differ markedly in 
morphology and in unit cell dimensions (see Experi- 
mental section). The greater unit cell volume of 
crystals of the unstable blue(I1) form suggests that 
these contain water of crystallization and that loss of 
this is the cause of their instability and the change from 
blue to yellow. 

Crystals grown from acetone solution also show this 
variation; and from these solutions a third blue form, 
blue(III), has also been isolated, in addition to the 
crystals (I) and (11). Crystals of blue(II1) are stable 
and appear to be unsolvated since, unlike crystals of 
blue(I), they do not break down to give yellow(I1) 
powder when left under vacuum over PzO5. 

It is not certain what conditions lead to the preferen- 
tial formation of the various blue modifications from 
either acetone or ethanol solution, although the pres- 
ence of water will obviously be one critical factor. 
Crystallizations under apparently the same conditions 
would give mixtures of blue(1) and blue(I1) in varying 
amounts, or sometimes all of one kind-there appeared 
to be no easy way of controlling the experiment to give 
a specific product. 

Electronic Spectra.-& ethanolic solutions of the 
dichloroacetate complexes yield both blue and yellow 

(14) D. hl .  I,. Goodgame, private communication. 
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crystals, i t  seemed worthwhile to compare the absorp- 
tion spectra of these solutions with those of the blue 
complex and with that of a yellow and authentically 
diamagnetic complex, such as Ni(meso-stien)zClz. 
Furlani6 has previously measured the spectra of some of 
these complexes in various solvents and noted the 
“mixed” appearance of the spectra in alcohols; how- 
ever, he does not report the extinction coefficients of 
the various bands, which are useful in enabling a com- 
parison with the spectra of other nickel(I1) complexes 
to be made. 

The results of the measurements made during the 
course of this work are given in Tables I and 11. Within 
experimental error, the different crystalline yellow and 
blue complexes give identical spectra in the same 
solvent; there are differences in solvent of crystal- 
lization, but in the dilute solutions used these differences 
have no effect on the spectra. 

TABLE I 
ELECTRONIC ABSORPTION SPECTRA 

Medium mp cm. -1 
---Absorption maxima- 

(a) Ni( m-stien)z( ClzCHC00)2 
Acetone (and chloro- 970 10,300 

form) 790 12,650 
600 16,700 

-370 (sh) -27,200 
95% ethanol 9 70 10,300 

780 12,800 
600 16,700 
443 22,600 
3 76 26,900 

95% ethanol 445 22,500 
(b) Ni( m-stein)zC12 

cm&x 

6.5 
3 .5  
7 .0  

12.0 
5 . 5  
3 . 0  
6 .5  

24.0 
16.0 

66.0 

TABLE I1 
ABSORPTION SPECTRA OF AQUEOUS ACETONE SOLUTIONS OF 

Ni( m-stien)*( ClzCHC00)2 - HnO %lo1 
concn., 16,700 18,100 22,600 

M cm. -1 cm.-l cm.-l 

0 6 . 9  4.4 1.8 
6 6 .5  4.45 9 .8  

14 6 . 0  4.4 18.2 
24 5 .1  4.4 29.4 
36 4.2 4.35 48.2 

The spectra of the complexes in acetone and chloro- 
form solution show great similarity to those of other 
octahedral complexes of Ni(II),15 and the observed 
band intensities indicate the extreme unlikelihood of 
the presence of tetrahedral Ni(I1). As expected, the 
spectra of ethanolic solutions show absorption bands 
common to both the spectrum of the blue complex 
(&., as given by acetone or chloroform solution) and 
to that of the yellow diamagnetic complex Ni(m- 
stien)&. This “mixed” appearance therefore sug- 
gests the presence in the solution of both the (planar) 
yellow complex and a blue (octahedral) complex and, 
probably, an equilibrium between them. 

To clarify this point, the effect of the addition of 

(15) C. K. J#rgensen, Acta Chem. Scand., 9, 1362 (1955); i b X ,  10, 887 
(1956). 

water to a solution of the complex in acetone was 
studied, since the presence of water is known to favor 
the formation of the yellow complex in solution. From 
the results in Table 11, i t  is seen that this addition is 
accompanied by the appearance in the spectrum of the 
absorption maximum a t  22,600 cm.-l, characteristic 
of the yellow form, and that as the concentration of 
water is increased, the spectrum approaches that of the 
yellow chloride complex. In the intermediate stages 
(water : acetone ratio cu. 1 : 2) the spectrum approxi- 
mates very closely to that of the ethanolic solution, 
so i t  seems reasonable to assume that the two solutions 
contain identical complex species, The occurrence of 
the isosbestic point in the aqueous acetone solutions 
a t  18,100 cm. indicates the presence of only two such 
species in the solutions and the equilibrium between 
these two species may therefore be written 
Ni(m-stien)2(C12CIIC00)2 + HzO 

which, as previously reported,I3 is supported by the 
observation that addition of sodium dichloroacetate 
depresses the prominent peak a t  22,600 cni.-I. Taking 
the value of the molar extinction coefficient a t  22,600 
cm.-l as a measure of the amount of yellow complex 
present in solution, the value of 24 found for this band 
in the spectra of ethanolic solutions of the complex a t  
room temperature (cu. 20’) indicates that approxi- 
mately one third (34%) of the complex in these solu- 
tions is present as the yellow diamagnetic form (the 
value of 66, observed for the chloride complex, being 
taken to indicate 100% yellow form). 

Turning to the yellow(I1) form, crystals of which 
are grown from saturated ethanolic solutions, the value 
of 2.58 B.M. obtained for the magnetic moment of these 
crystals is indicative of a ratio of paramagnetic octa- 
hedral to planar diamagnetic molecules of 2 : l in the 
solid complex, the moment of each paramagnetic 
nickel ion thus being 3.16 B.M. This result has been 
substantiated by studies of the crystal spectral6 and 
verified unambiguously by a detailed X-ray crystal 
structure analysis, to be described in part 11. 

Although in the equilibrium summarized in eq. 1 
i t  was assumed that the blue complex has dichloroace- 
tate ions coordinated directly to the nickel ion, the X- 
ray structure analysis of the blue(1) crystals (to be 
described in part 11) indicates that this blue form has 
water molecules coordinated to the nickel ion, so i t  
might be thought that addition of water would cause 
this modification to be formed. However, it appears 
from the above results that the blue complexes are 
stable only in solvents of low dielectric constant, and 
that as the latter is increased, e .g . ,  by the addition of 
water, dissociation is brought about and the anions 
or water molecules are removed, leaving a planar or 
strongly tetragonal yellow complex. Therefore it 
seems that in aqueous solution the axial positions of 
the planar complex Ni(stien)Z2 + are sterically hindered, 
thus preventing the close approach of anions or solvent 

I\’i(m-stien)Z2+ + 2(CI,CHC00)- (1) 

(16) C. R. Hare, private communication. 
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molecules, and that this steric hindrance (and hence 
ready formation of yellow complex) is caused by the 
geometrical properties of the meso diamine. This is 
supported by the observation that yellow complexes 
are not readily obtainable with the racemic diamine 
and that such complexes give blue aqueous solutions. 4h 

Since the six coordinated groups are not of one kind, 
i t  might be expected that the absorption bands for 
the blue complex would show some evidence of devia- 
tion of the ligand field from purely o h  symmetry and 
that the spectrum could be interpreted using the 
results calculated by Maki17 for hexacoordinated 
Ni(I1) complexes of D 4 h  symmetry. However, the 
main absorption bands do not show the presence of 
any shoulders, or pronounced asymmetry, l8 which 
would be indicative of tetragonal splitting, so it can be 
assumed that the latter must be fairly small. ilssign- 
ment of the absorption bands can thus be carried out6 
assuming o h  symmetry and using the rule of average 
envir~nmentl~;  i . e . ,  A, the ligand field strength param- 
eter, is found by interpolation between A values for 
the complexes with six equal ligand atoms. 

The three main bands, which occur a t  10,300, 
16,700, and 26,900 cm:-l, are thus assigned to the 
three spin-allowed transitions, now well established 
for the majority of octahedral Ni(1I) complexes,15 
namely, 3A2, - 3T2g (VI) ; 3A2s -+ 3T1,(F) (v2)  ; and 
3A2, + 3T1,(P) ( ~ 3 ) .  The value of VI gives A directly 
(except where this has to be corrected for interme- 
diate coupling due to interaction between 3T2g(F) and 
IE,(D)) and so the latter can be taken to be 10,300 
crn. -I. To obtain satisfactory agreement between 
experiment and theory for the energies of the bands 
v2 and u3, i t  is necessary to assume that the 3F-3P term 
distance in the complex is reduced from its free ion 
value.15 For Ni(II), this term separation is 1523, 
where B,  the Racah interelectronic repulsion integral, 
has the value 1041 cm.-l in the free ion. The effective 
value, B‘, in the complexed ion can be found from the 
diagonal sum rule,20 1 3 ’  = v3 + v2 - 38, and for the 
blue complex is calculated to be 846 cm.-l. The ratio 
of the two values, p, of 0.81, is comparable to those ob- 
tained for other octahedral nickel complexes. *O Using 
these values of B’ and A, the energies of the u2 and v3 
bands can be calculated and checked against the ob- 
served values, since the justification for treating the 
complex as having cubic symmetry is that the three 
spin-allowed bands can be described in terms of these 
two parameters. 

Since they have the same symmetry, the two ”1, 

components, arising from the 3F and 3P levels, will 
interact, and allowing for this, their energies can be 
shown, by either the weak-field or the strong-field 
approach, to be (7.5B’ + 0.3A) =k ‘/~[(15B’)~ - 18R’A 

(17) G. Maki, J .  C h e m .  Phys . ,  28, 651 (1958). 
F (18) The  band a t  high energy is masked by charge-tmnsfer bands a t  the 
beginning of the ultraviolet region so that  no conclusions regarding possible 
asymmetry can be drawn. 

(19) C. K. Jbrgensen, “Energy Levels of Complexes and Gaseous Ions,” 
Gjellerups, Copenhagen, 1957. 

(20) 0.  Bostrup and C .  K. JGrgensen, Acta f h r i n .  Scn?zd., 11, 3223 
(1957). 

+ A2]”21 the energy of the ground state, 8A2g, being 
- 1.2A. The calculated values of v2 and u3 are thus 
16,550 and 27,050 cm.-I, in favorable agreement with 
the experimental values, and suggesting little distor- 
tion from o h  symmetry. 

In addition to the three spin-allowed bands, the spec- 
trum of the blue complex shows a weaker band, not 
reported by FurIanij6 a t  12,660 cm.-l. Using the 
“complete” energy level diagram for Ni(II),21 this can 
be assigned to the spin-forbidden transition from the 
ground state, 3 A 2 g ,  to the singlet, IE,(D), which is 
intermixed with 3Tzg and 3T1, under the action of spin- 
orbit coupling. The intensity of the band is thereby 
enhanced. 

The reduction of the Racah parameter, B ,  from its 
free ion value is often taken as evidence of appreciable 
covalence in the metal-ligand bonds in complexes, 
and the reduction of the spin-orbit coupling constant, 
X, as calculated from magnetic data, has been attributed 
to the same cause.22 When the ground state is an 
orbital singlet, deviations from the spin-only value 
can be ascribed to the “mixing” in of higher states hav- 
ing the same multiplicity, under the action of spin- 
orbit coupling. These deviations become appreciable 
in Ni(I1) complexes, where X is large. Using the cor- 
rected susceptibility for the blue complex, and sub- 
tracting out the temperature independent part (given 
by SA732/A), a value for the Land6 g factor of 2.18 is 
obtained. Using the equation g = 2(1 - &’/A), X’ 
is calculated to be 230 cm.-l, considerably reduced 
from the free ion value of 315 cm.-l. 

Assuming that the ligand field strength of stilbene- 
diamine is the same as that for ethylenediamine, 
namely 11,500 ~ m . - ’ , ~ 5  then according to the rule 
of average environment, if dichloroacetate ions are 
coordinated to the nickel in the blue complex, one 
might expect a lower value than 10,500 cm.-l, which is 
that observed for A in the complex Ni(en)2(HzO)z.15 
Although a lower value is actually observed, the dif- 
ference is fairly small, and i t  is probably unwise to 
attach too much significance to it, as the uncertainty 
in the experimental value could be as large as the dif- 
ference. 

The spectrum of the yellow diamagnetic chloride 
complex, and presumably also the true yellow dichloro- 
acetate complex, showing the single absorption maxi- 
mum a t  22,600 cm.-l is more difficult to interpret. 
Since the complex is diamagnetic, the ground state 
will be a singlet, and Maki17 has shown that in planar 
Ni(I1) complexes of Dlh symmetry the ’&, state arising 
from the lD level in the free ion becomes the ground 
state a t  high values of ligand field strength. She 
concludes that even a small axial perturbation will 
destabilize this singlet state and stabilize the 3B2g 
(F) state, so this becomes the ground state and the 
complex is paramagnetic. Assuming D l h  symmetry, 
the observed band can probably be assigned to the 
transition IA1, -+1A2,(G), although the agreement 

(21)  C. J. Ballhausen and A.  D. 1-iehr, A m .  Phys.  (X. Y.), 6, 134 (1959). 
(22)  J. Owen ,Puoc. Roy. SOC. (London),  4227, 183 (1955). 
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between the experimental value and the value calcu- 
lated from a simple crystal field model, as with other 
planar nickel(I1) complexes, is poor.6 

It is thus fairly evident from the spectroscopic and 
magnetic data presented here that the explanations of 
the properties of these compounds put forward by 
Ballhausen and Liehr and Maki are essentially correct. 
These predictions have subsequently received conclusive 
confirmation from the X-ray crystal structure analyses 
to be described in part 11. 

Experimental 

Preparation of Compounds.-meso-Stilbenediamine was pre- 
pared by the method due to Mills and Quibe1lZ3; map. 119' 
(lit.23 119.5'). The bis-meso-stilbenediamine nickel(I1) dichloro- 
acetate complex was prepared as a blue-gray precipitate, by 
mixing a dilute aqueous solution of nickel dichloroacetate with a 
concentrated solution of the diamine in 95% ethanol. If the 
concentration ratios of water and ethanol were reversed, the 
complex separated out as greenish yellow crystals [yellow( 11)] 
after -24 hr. 

Anal. Calcd. for the unsolvated complex: C, 51.9; H,  4.6; 
N, 7.58; C1, 19.25. Found (blue(1) crystals): C, 47.27; H, 
5.30; N, 7.06; C1, 17.30. Calcd. for Ni(stien)z(ClzCHC00)2. 
4H20, subsequently found t o  be correct from the structure 
analysis: C, 47.3; H, 5.16; N, 6.9; C1, 17.50. No analyses 
were carried out on the unstable blue(I1) crystals. Found 
(yellow(I1) crystals): C, 50.72; H,  5.05; N, 7.14; C1, 17.79. 
The formula found from the X-ray crystal structure analysis is 
3[complex] .2CzH60H. 4H20, which gives calculated values C, 
50.42; H,  5.12; N,7.06; Cl, 17.89. 

Unit Cell Dimensions.-Both blue( I) and blue(I1) crystals 
belong to the monoclinic system and their cell dimensions are, 
respectively a = 14.98, b = 11.34, c = 11.64 .&.: !3 = 109.5", 
V = 1862 A.3, and a = 14.6, b = 12.2, c = 13.1 A., 6 = 119", 
V = 2041 A.3. These dimensions were determined from oscilla- 
tion and zero-level Weissenberg photographs. 

Magnetic Measurements.-Bulk susceptibility measurements 
were made a t  room temperature, using a Gouy balance. The 

(23) W. H. Mills and T. H. H. Quibell, J .  Chem. Soc., 839 (1935). 

Gouy tube was calibrated with HgCo(NCS)4 using the data of 
Figgis and Nyh01m.~~ All measurements were carried out twice, 
the duplicate measurements involving a repacking of th  e tube. 
The results are given in Table 111, the diamagnetic corrections 
quoted being computed from Pascal's constants.26 

TABLE 111 
n ia -  
mag 

T ,  xm X cor. Cceff, 
O K  106 X 106 B.M 

Blue(1) 
Ni(nz-stien)z(Cl2CHCO0)2. 297 3714 -454 3.16 rt 0.05 

Yellow(I1) 
Ni(m-stien)s( C12CHC00)2. 297 2370 -443 2.58 f 0.05 

4Hz0 

2/3C2H60H * 4/sHz0 

Lifschitz4* reports a value of 3740 X 10-6 c.g.s. unit for the 
molar susceptibility of the anhydrous blue complex. Including 
a diamagnetic correction of -402 X 10-6 c.g.s. unit, and assum- 
ingatemperatureof 20°, thisleads toavalueforpeffof 3.13 B.M., 
which is in good agreement with the above value. However, 
the value obtained for the yellow(I1) in powder form was 890 X 

c.g.s. unit; including a diamagnetic correction, this gives 
peff = 1.76 B.M., which is much lower than that reported above 
for the yellow( 11) crystals. 

Electronic Spectra.-The solution spectra were measured on a 
Unicam S.P. 500 spectrophotometer over the range 10,000-33,000 
ern.-', using absolute and 95% ethanol, analytical grade chloro- 
form, and acetone (dried over potassium carbonate and redis- 
tilled). 
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(24) R. N. Figgis and R. S .  Nyholm, i h i d . ,  4190 (1958). 
(25) B. N. Figgis and J. Lewis in "Modern Coordination Chemistry," 
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