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The compounds obtained from the interaction of four 
new hybrid tridentate ligands, each containing the 
donor atom sequence N-N-As, with cobalt(ZZ) and ni- 
ckel(ZZ) salts is described. The four ligands, obtain- 
ed by the Schiff’s base condensation of @dimethyl- or 
o-diethyl-arsinoaniline and a suitable aldehyde, pos- 
sess a terminal nitrogen donor present in (i) an NMe2 
group, (ii) an NHMer group, or (iii) a pyrrole ring. 

With ligands of the first two types, compounds of 
formula [MlrgandXr] (where X = halogen, NCS or 
NOj; M = Co or Ni) can be prepared. In the cases 
where X = halogen, five-coordination is proposed, 
while the thiocyanate and nitrate compounds may be 
five-coordinate or octahedral depending upon the li- 
gand and the metal present. 

Complexes derived from the ligand of type (iii) may 
posses either protonated or deprotonated ligand re- 
sidues, and a number of different types of nickel(ZZ) 
and cobalt(ZZZ) compounds were isolated. 

Introduction 

Previous papers reported on the complexes formed 
by nickel(I1) and cobalt(H) salts with hybrid triden- 
tates with the donor atom sequences of As-N-O’ and 
As-N-S;’ all the ligands deing derived from Schiff- 
base reactions of o-dialkylarsinoanilines and suitable 
aldehydes. 

We now report the results of a study of the nickel- 
(II) and cobalt(H) complexes of the four new As-N- 
N hybrid tridentate ligands: 

(i) (2’-dimethylarsinophenyl)-2-N’,N’-dimethylamino- 
benzylideneimine (I, MezNNAs). 

(ii) (2’-diethylarsinophenyl)2-N’,N’-dimethylamino- 
benzylideneimine (I I, MezNNAsEt) . 

(iii) (2’-dimethylarsinophenyl)-2-N’-methylamino - 
benzylideneimine (I I I, MeNHNAs). 
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(iv) (2’-dimethylarsinophenyl)-2-pyrrolealdimine (IV, 
NHNAs). 

R=CH, M.,NNA& MaNHNAs (Ill) 

R = C,H, Ma,NNASEt (II) 

L+=@“) 
3 2 

NHNAa(lV) 

The metal complexes of the ligands derived from 
N-substituted o-aminobenzaldehyde and N,N-dialkyl- 
substituted diamines have been recently reported.6 In 
such cases the metal halides form high-spin five-co- 
ordinate compounds. 

The ligand MezNNAs is very closely related to (2’- 
N’N-dimethylaminophenyl)-2-N’N’-dimethylaminoben- 

zylideneimine,’ where one terminal nitrogen atom is 
replaced by an arsenic donor atom. 

It sould be noted that even though some metal com- 
plexes of the bidentate4 and tetradentate ligand? de- 
rived from the interaction of 2-pyrrolealdehyde and 
alkyl amines or alkylenediamines have been well cha- 
racterised in the solid state and in solution, metal 
complexes of the analogous tridentate ligand seem 
to be unknown. 

Nickel(ZZ) Complexes of Me2NNAs and Me2NNAs- 
Et. All the complexes (Table I) were prepared from 
the interaction of 1: 1 mole ratios of the correspond- 
ing ligand and nickel(I1) salt. All attempts to pre- 
pare the bis-ligand complexes by using various sol- 
vents were unsuccessful and only gave rise to oily 
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Table I. Analytical Data of Nickel(H) Complexes of the Ligands Me,NNAs, MelNNAsEt and MeNHNAs. 

Complex Analysis (%) 
NickeI( II)-MezNNAs C H N Ni 

Ni(MelNNAs)CL Found. 44.1 4.8 6.1 12.7 
Calc. 44.5 4.8 6.1 12.8 

Ni(MelNNAs)Br, Found. 37.8 4.3 5.4 10.5 
Calc. 37.2 3.9 5.1 10.7 

Ni(Me2NNAs)L Found. 31.5 3.3 4.3 
Calc. 31.8 3.3 

;:; 

Ni(MelNNAs)(NCSh Found. 45.4 4.2 1:*‘: 11.5 
WC. 45.2 4.2 11:1 11.7 

Ni(MezNNAs)(NO,)z Found. 40.2 4.6 10.9 11.3 

Method 
of 

prepn.* 

E 

E 

E-f 

F 

E 

Nickel(H)-Me,NNAsEt 
Ni(MezNNAsEt)Clt 

Ni(Me2NNAsEt)Br2 

Ni(MezNNAsEt)Iz 

Ni(MezNNAsEt)(NCS)I 

Ni(Me,(NNAsEt)(NO1), 

Nickel(II)-MeNHNAs 
Ni(MeNHNAs)BnYaH,O 

Ni(MeNHNAs)LEtOH 

Ni(MeNHNAs)(NCS)zY2Hz0 

Ni(MeNHNAs)(NCf&3H10 

Calc. 39.4 

Found. 46.8 
Calc. 46.8 
Found. 40.1 
Calc. 39.6 
Found. 34.6 
Calc. 34.1 
Found. 47.1 
Calc. 47.4 
Found. 42.4 
Calc. 42.2 

Found. 
Calc. 
Found. 
Calc. 
Found. 
WC. 
Found. 
Calc. 

35.4 
35.4 
31.5 
32.0 
43.3 
43.3 
39.7 
39.7 

4.1 

5.2 
5.1 
4.7 
4.3 
4.1 
3.8 
4.8 
4.7 
4.8 
4.6 

3.9 
3.7 
3.7 
3.7 
4.2 
4.0 
4.5 
4.5 

10.9 

:-: 
5:o 
4.8 
4.1 
4.2 

10.3 
10.5 
11.0 
10.4 

:.: 
4:6 
4.2 

11.0 
11.2 
9.8 

10.3 

11.5 

12.0 
12.1 
10.0 
10.3 
8.8 
8.8 

11.1 
11.0 
11.3 
10.9 

11.6 
11.8 

EBH 

EBH 

EBH 

EBH 

Ef-f-Et 

EBI 

EB 

E 

* See experimental section. 

masses. The complexes obtained are crystalline and 
air stable. They are, excepting the thiocyanate com- 
plexes, fairly soluble ‘in common organic solvents 
such as nitromethane. 

The magnetic moments at room temperature are 
listed in Table II together with other physical proper- 
ties. The complexes are all of the high-spin type, and 
in each case the orbital contributions are relatively 
small. 

The values of molar conductivity, measured at 25” 
C in approx. 10e3 M solutions indicate that the com- 
plexes are appreciably dissociated in nitromethane. 
An increase in the order Cl < Br< I in the molar con- 
ductivity is apparent, but the values obtained are 
much less than those of typical 1: 1 electrolytes. 

The reflectance spectra of the nickel halide com- 
plexes, Ni-LX2 (X = Cl, Br, I) are very similar, both 
in the frequency of their maxima and in their shape. 
Also the solution spectra of the corresponding bromide 
complexes, measured in the range 1750-400 nm in ni- 
tromethane are similar to their solid spectra. It there- 
fore seems that the halide complexes have the same 
setreochemistry in both solid state and solution. 

The single absorption bands (Figure 1) in the re- 
gions 1200 nm and 750 nm, and two intense bands 
(or often one broad band) around 450-550 nm, are 
in similar positions to those of other complexes shown 
in Figure 2, for which five-coordinate configurations 
have been proposed on the basis of their physical 
properties. 

It is thus reasonable to suggest an analogous high- 
spin five-coordinate stereochemistry for these com- 

plexes , 
Cl, Br, 

The 
nitrate 
to the 

Ni(MezNNAs)Xz and Ni(MezNNAsEt)X2 (X = 
I). 

diffuse reflectance spectra (Figure 3) of the 
and thiocyanate complexes are very similar 
solution spectra of the nitrate complexes in 

nitromethane,. These display bands a 950 nm (EM = 

I 
251K)o 

1 I I , _I 
zaooo laom 

0 
lo.mo qwo”“-t 

.oo m *w 1.ooo 2.ooo”“n 

Figure 1. Spectra of nickel(II) halide complexes of ligands 
Me*NNAs and Me,NNAsEt. 
Reflectance spectra of Ni(MelNNAs)X,: (a) X = Cl (b) 
X = Br (c) X = I; (NiMe,NNAsEt)X2: (d) X = Cl 
(e) X = Br (f) X = I; Solution spectra of NiLBn in 
nitromethane: (1) L = Me*NNAs (2) L = Me,NNAsEt. 
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45-48) and about 600 nm (EW = 23) and a very inten- 
se band around 400-450 nm. These latter bands 
might be overlapped by the tail of a charge transfer 
band. They are quite different from the analogous 
halide complexes, and very similar to other six-co- 
ordinate complexes of nickel nitrate or thiocyanate. 

12 

6.9.13 

It 1 k 1 
504) SD00 !45,om W.-l 

2.ooo 601 400 “I 

Some reflectance spectra of five-coordinate com- Figure 2. 
plex of nickel(H). 

I\. 0 
2 yg “E ‘“$2 la% ‘:I 

Figure 3. Spectra of nickel(H) thiocyanate and nitrate 
complexes of ligands Me*NNAs and Me,NNAsEt. 
Solution spectra in MeNO (1) Ni(MeINNAs)(NOJJ2 (2) Ni- 

Reflectance spectra: (a) Ni(MezNNAs)- 
(Me’NNAs~~(o~~(Me~NNAsEt)(NO,)~ (NO& (c) Ni(MezNNAs)- 
(NCS)2 (d) Ni(MezNNAsEt)(NCS),. 

It is therefore reasonable to assume that the bands 
at 950 nm and 600 nm can be safely assigned as VI- 
(3&e3T~J and VZ(~AZ++~T,,(F)) respectively, and 
the intense band at higher frequencies as ~,(~Azg, 
jT,,(P)) in terms of octahedral symmetry. The ratio of 
the band frequencies vz to vI is, as expected for oh 

symmetry,‘4 about 1.6 and the magnetic moments fall 
in the range expected for octahedral nickel(H). 

51 

Further evidence for six-coordination is provided 
by the infrared spectra of the thiocyanate and nitrate 
groups. The thiocyanate complex in the C-N stretch- 
ing region shows two bands i.e. at 2072f 10 cm-’ 
(strong, broad) and at 2118 cm-’ (strong, sharp); 
these are in the range of those found for polymeric 
octahedral complexes of nickel thiocyanate.15 Thus 
these can be assigned as the C-N stretching frequen- 
cies of an N-bonded terminal thiocyanate and a brid- 
ging thiocyanate group. The insolubility of these 
complexes in common organic solvents such as nitro- 
methane is in accordance with a polymeric octahedral 
structure which is achieved via intermolecular brid- 
ging of the thiocyanate groups. 

Even though the absence of a strong band of an 
ionic nitrateI group near 1350 cm-’ clearly indicates 
that all nitrate groups are coordinated to nickel(H), 
it has not been possible to deduce whether the bond- 
ing mode of the coordinated nitrate group is mono- 
denate or bidentate, or both, because these com- 
pounds exhibit two very strong and broad poorly re- 
solved- bands at around 1300 cm-’ and at 1460-1500 
cm-‘. 

Nickel(lI) Complexes of MeNHNAs. The prepa- 
ration of nickel(I1) complexes of the ligand MeNHN- 
As in absolute ethanol or mixed solvents was difficult. 

The treatment of nickel salts (excepting thiocyana- 
te) with the ligand in ethanol gave a deep brown so- 
lution, which upon refluxing and concentration always 
yielded the compound of the formula, Ni(NAs)zXz 
(where NAs = o-dimethylarsinoaniline and X = Cl, 
Br, I, ClO& These hydrolyzed compounds can be 
readily prepared for comparison from the intermixing 
of nickel salts and the ligand o-dimethylarsinoaniline. 
They are very insoluble in common organic solvents 
and thus immediate precipitation of almost quantita- 
tive yields occurs.16 

The fact that the compounds of type Ni(NAs)zXt 
are not immediately isolated from the solution of the 
ligand MeNHNAs and nickel(I1) salts may indicate 
that the complexes Nix*-MeNHNAs which are of high 
solubility in ethanol are at first formed, and are then 
slowly hydrolyzed by water to give the insoluble Ni- 
(NAs)& during the refluxing of solutions. 

This situation also occurs in other similar ligand 
systems; thus the ligand derived from o-dimethylarsi- 
noaniline and diacetyl or acetylacetone readily hydro- 
lyses in the presence of metal salts. It is also worth 
noting that the complexes, Ni(NAs)& (X = Cl, Br, 
I) prepared from the hydrolysis of the Schiff base tri- 
dentate ligands, give larger crystals than those pre- 
pared directly from nickel salts and the ligand NAs. 
This suggests that the hydrolysis reaction is relatively 
slow giving time for the insoluble precipitate to form 
large crystals. 

(11) L. Sacconi and P.G. Speroni. fnorg. Chem., 7. 295 (1968). 
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1521 (1968). 
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1510 (1968). 
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Amsterdam (1968). pp. 333-349. 
(15) D.C.M. Mitchell and R.I.P. Williams, 1. Chem. Sot., 1912. 
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(16) B. Chiswell and K.A. Verrall. Inorg. Chim. Act& accepted 

for publication 1972; K.A. Verrall, Ph.D. Thesis, University of Queens- 
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The nickel(I1) complexes of the ligand MeNHNAs 
are few and are listed in Table I. Other compounds 
were obtained but did not give satisfactory analytical 
results. All attempts to prepare the nickel nitrate 
complexes were unsuccessful: the attempt to dry the 
brown mass, which was isolated by the addition of 
diethyl ether to the concentrated solution of nickel(I1) 
nitrate and the ligand MeNHNAs in a dry nitrogen 
stream, resulted in the change of the brown colour 
to green and the formation of a tar. The complex, 
Ni(MeNHNAs)Brz . MHzO. was prepared by the ad- 
dition of anhydrous diethyl ether (dried over sodium 
metal) to the solution from which the precipitate Ni- 
(NAs)?Brz had already been filtered off. 

The interaction of nickel thiocyanate with the li- 
gand MeNHNAs in a mixed solvent (ethanol-benzene) 
and refluxing of the solution for 1.5 hr does not give 
the hydrolyzed mauve complex Ni(NAsh(NCS)2,16 but 
instead yellow crystals of Ni(MeNHNAs)(NCS)2nHzO 
(n = M or 3) slowly separated as the solution was 
concentrated. 

The infrared spectrum of Ni(MeNHNAs)& n sol- 
vate (X = Br, Cl, NCS) in the N-H stretching region 
displays a medium strength broad band at 3140 cm-’ 
which is lowered by 210 cm-’ with respect to the value 
of 3350 cm-’ found for the analogous ligand6 derived 
from o-methylaminobenzaldehyde and N,N-dimethyl- 
ethylenediamine the complexes of which show the 
N-H stretching frequency shifted to lower frequencies 
by 80-120 cm-’ except for the chloride complex which 
shows a larger shift of 190 cm-‘. The lowering of 
210 cm-’ in Ni(MeNHNAs)& (X = Cl, Br, NCS) may 
indicate metal-nitrogen bonding and is presumably also 
caused by stronger hydrogen bonding. 

The reflectance spectra (Figure 4) in the visible re- 
gion of the halide complexes Ni(MeNHNAs)Xz (X = 
Br, I) are very similar, but there is an appreciable 
difference in the nitromethane solution spectra of the 
bromide and iodide complexes. 

The bromide complex exhibits maxima at 1180 and 
715 nm in both the solid and solution spectrum. 
This is characteristic of a five-coordinate high-spin 

nickel(H), while the iodide complex Ni(MeNHNAs)G 
EtOH in nitromethane displays only a shoulder at 
approx. 715 nm and no appreciable band below 800 
nm. 

This suggests that the iodide complex is dissociated 
in nitromethane solution (Ahl = 79 cm2 ohm-’ mole-‘) 
(Table II) to give a four-coordinate square-planar 
complex. 

The thiocyanate complexes, Ni(MeNHNAs)(NCS)z . 
nH20 (n = M or 3), are paramagnetic in the solid 
state and insoluble in organic solvents such as ethanol 
and nitromethane. The reflectance spectrum shows 
bands at approx. 1000 and 600 nm which are similar 
to those shown by pther six-coordinate thiocyanate 
complexes. The infrared spectrum exhibits two bands 
2118 (s), 2110 (s) in the C-N stretching region, suppor- 
ting the supposition of six-coordination by intermole- 
cular bridging” thiocyanate group. 

Nickel(II) Complexes of NHNAs. The reaction of 
the ligand NHNAs with nickel(I1) salts in the pre- 
sence of alkali (KOH or NaOEt) in ethanol or aqueous 
ethanol yields a deep red-brown solution from which 
the required yellow brown deprotonated complex [Ni- 
(L-H)J” (L = NHNAs) separates, either on concen- 
tration or by addition of water. The deprotonated 
complexes are very soluble in common organic sol- 
vents such as acetone, ethanol and chloroform, but 
are insoluble in water. They are best recrystallized 
by homogeneous precipitation from acetone-water so- 
lution from which acetone is allowed to slowly eva- 
porate (Table III). 

mWr;=brtym) I - I m m I I II - I 

Figure 5. 
plexes. 

Infrared spectra of deprotonated nickel(H) com- 

2.om l.ooo 66? 500 400- 

Figure 4. 
MeNHNAs. 

Spectra of nickel(I1) complexes of ligand 
Reflectance spectra: (a) Ni(MeNHNAs)Br&- 

HZ0 (b) Ni(MeNHNAs)I,EtOH (c) Ni(MeNHNAs)(NCSh 
tiH20. Solution spectra in MeNOI:(l) compound (a) (2) com- 
pound (b). 

The deprotonated complexes, [Ni(L-Hk]O, are pa- 
ramagnetic at room temperature and practically non- 
electrolytes in nitromethane. The infrared spectra 
(Figure 5) exhibit no band in the N-H stretching re- 
gion, suggesting that the deprotonated ligand in [Ni- 
(L-H)2]’ is acting as a tridentate. 

It is therefore reasonable to suggest that six-coor- 
dinate octahedral coordination of the metal ion in the 
deprotonated complexes is achieved with two deproto- 
nated tridentate ligands. Further evidence of such 
coordination can be deduced from the electronic spec- 
tra (Figure 6) which show bands at approx. 900, 560 
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highly intense bands of the [Co(GHh]+ cation obscur- 
ed that of the [Co(NO&J*- anion which would be 
observed near 540 nm in the visible region.a 

Although the deprotonation of protonated metal 
complexes is usually achieved by the aid of alkaline 
solution, in all the cobalt complexes the ligand NHNAs 
is deprotonated without the aid of alkali and coor- 
dinates only to the cobalt(II1) ion. 

In its ready ability to oxidize cobalt(I1) salts and 
form cobalt(III) complexes by auto-deprotonation, the 
tridentate ligand NHNAs exhibits a similarity of ac- 
tion to the deprotonatable ligands such as 2-pyridi- 
nealdehyde-2-pyridylhydrazone (paphyY and l-lo- 
phenanthroline-2-amidoxime,X but the action is diffe- 
rent from that of ligands such as u-dimethylarsinoani- 
lineI and o-phenylenebis(dimethylarsine)27 which rea- 
dily form cobalt(II1) complexes by air oxidation. 

The preferential formation of the cobalt(II1) com- 
plex cation [ Co( L-H)*] + is not surprising because 
the ligand NHNAs can lose the somewhat acidic imi- 
no-proton of the N-heterocyclic pyrrole residue when 
it is bonded to a metal of high charge and small volu- 
me such as cobalt(III), which would be provided 
from the cobalt(H) salt by the auto-oxidation accom- 
panied by the deprotonation of salt by the auto-oxi- 
dation of ligand or possibly by air oxidation. This 
proton loss can occur readily without the necessity 
of deprotonation with alkali. 

The fact that the treatment of [Co(L-Hk]CIQ with 
aqueous potassium hydroxide (2M) gave no evidence 
at all for the hydrolysis of the ligand NHNAs and 
the formation of cobalt(II1) hydroxide reflects the 
high stability of these deprotonated compounds. 

Experimental Section 

General procedure for the preparation of metal 
complexes. The warm and deaerated ligand solution 
was slowly added to the appropriate hot metal salt 
solution (code (i)) in approx. 40 ml of absolute 
ethanol or mixed solvent (code (ii)). 

(i) When the metal complex compound separated 
during refluxing of the solution for 20 min. it was 
digested for another IO-20 minutes and the solution 
was then allowed to cool to room temperature. 

(ii) When the metal complex compound did not 
appear to separate within approx. 20 min., the solv- 
ent was slowly evaporated until crystals started to se- 
parate. or evaporated to approx. 20 ml. and allowed 
to cool either to room temperature, or in an ice-bath. 

(iii) When procedure (ii) did not yield the desired 
metal complex, the solution was warmed and another 
solvent (lo-40 ml) slowly added followed by proce- 
dure (i) or (ii). 

The metal complexes were collected and washed 
with appropriate solvents and finally with hexane. 

(24) F.A. Cotton and T.G. Dunne, 1. Amer. Chern. SW.. 84, 
2013 (1962). 

(25) B. Chiswell. 1.F. Geldard. A.T. Phillip, and F. Lions, Inorg. 
Chem., 3, 1272 (1964,. 

(26) H.A. Goodwin and F.E. Smith, Ausr. 
(1970). 

/. Chrm.. 23, 1545 

(27) R.S. Nyholm, /. Chew. Sm.. 2071 (1950). 
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If necessary, the metal complex compounds were 
recrystallized from the appropriate solvent. When 
undesired products or impurities separated during 
the procedure (i), (ii) or (iii), the solution was filter- 
ed while hot. 

Code (i). (a) The number in front of the sclvent 
indicates mole ratio of the ligand and metal salt; no 
arabic number indicates 1: 1 mole ratio. (b) -f: fil- 
tered while hot. (c) -R( .): recrystallized from 
solvents in the bracket. (d) -: change of solvent. 

(ii) The code for solvents used for the preparation 
and the recrystallization of the complex compounds 
is as follows: Bu l-butanol; E ethanol: Et diethyl 
ether; B benzene; A acetone; C chloroform; H he- 
xane; W water. 

(iii) Examples of the codes for the preparation of 
metal complexes: 

(a) EBu-f: 1: 1 mole ratio of ligand and metal salt 
was used in a mixed solvent of absolute ethanol and 
n-butanol and filtered while hot to remove the unde- 
sired products. 

(b) 2E-R(E): The complex compounds are prepar- 
ed from a 2: 1 mole ratio of ligand to metal salt in 
ethanol solution and recrystallized from ethanol. 

Preparation of Ligands. All of the ligands were 
found to be oils of high boiling point and were not 
characterized. Stock solutions of the ligand were 
obtained by taking equimolecular quantities of the 
o-dialkyl-arsino-aniline’ and the appropriate aldehvde, 
mixing them in ethanol and benzene, and refluiing 
the solution for 30 minutes. Most of the solvent was 
then distilled off and the residue diluted to a known 
volume with ethanol. 

Spectra. (i) Infrared spectra were obtained using 
a Perkin-Elmer model 457 spectrometer. Samples 
were examined in the range 4000-400 cm-’ as mulls, 
in either nujol or hexachlorobutadiene, supported be- 
tween potassium bromide discs. In the range 600-250 
cm -I nujol mulls were supported on polythene, and 
a further polythene strip was placed in the reference 
beam. 

(ii) A Unicam SP 800 and a Cary model 14 spec- 
trophotometer were used to record the electronic 
spectra of the complexes in solution. The Unicam 
SP 800 with the diffuse reflectance attachment SP 
S90 was used to record the spectra of complexes in 
the solid state. 

Conductance Measurements. Two platinized pla- 
tinum electrodes in the form of a “dip type” conduc- 
tivity cell were used. The cell constant was checked 
using a potassium chloride solution of known speci- 
fic conductance. The resistance of the solutions were 
measured using a Philips PR 9500 resistance bridge. 
Nitrobenzene (A.R.) was distilled and nitromethane 
(A.R.) was dried over anhydrous calcium sulfate and 
fractionally distilled. The concentrations of the so- 
lutions in nitromethane and nitrobenzene were ap- 
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proximately lo-’ M. Molar conductivities AM) were 
expressed in ohm-’ cm2 mole-’ and quoted for tem- 
peratures between 20°C and 28°C. 

Magnetic susceptibility measurements. Most of the 
results were obtained by the Gouy method. The ma- 
gnetrc field was produced by a permanent magnet 
with a field strength of approximately 4 kG and -the 
force developed on the sample measured using a Mett- 
ler balance with micrometer graduations of 0.05 mg. 
Measurements were made at room temperature using 
Pyrex glass tubes packed with solid materials. The 
apparatus was calibrated using mercury(II) tetrathio- 
cyanatocobaltate(II), HgCo(NCS),, and was checked 
with Mohr’s salt, (NHahSOIFe(S0,)6H20. 

For the results obtained by the Faraday method, 
the magnetic field was produced by a 1.78 cm pole 
diameter, Newport Instruments’ watercooled electro- 
magnet with standard Faraday pole pieces. The ver- 
tical force developed by a sample on application of 

the magnetic field was measured by a Cahn RG elec- 
trobalance. Mercury(I1) tetrathiocyanatocobaltate(I1) 
was used for the determination of the magnetic field 
gradient. For the variable temperature result, the 
temperature was controlled by a Varian VA557 
variable temperature accessory. None of the measu- 
rements reported has been corrected for the tempera- 
ture independent paramagnetism. Diamagnetic cor- 
rections were calculated from the Pascal constants.” 
Molar susceptibilities have been expressed in cm3mole-’ 
using the unrationalized c.g.s. e.m.r. system. 
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