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TABLE 111 
RATES OF SOLVOLYSIS OF cis-[Co(tren)Br~] + IN NONAQUEOUS SOLVENTS UNDER VARIOUS CONDITIONS (420 mg) 

[Complex], Temp,  Added 
Solvent O C  electrolyte m M  

0.588 DMSO 40.0 None 
0.96 DMSO 40.0 None 
3.20 DMSO 55.0 Xone 
0.65 DMSO 5 5 . 0  None 
3 .  30b D M F  40.0 None 
1.20 D M F  40.0 Kone 
3.40 D M F  55.0 None 
1.50 D M F  55.0 None 
1 . 5 0 ~  XMF 25.0 None 
2.00d Formamide 25.0 Kone 
1.00 DMSO 40.0 0.02 A l  Mg(C104)a 
1.00 DMSO 40.0 0.10 M Mg(C104)a 
1.00 DMSO 40.0 0.20 ill R.Ig(c10,)2 

1.00 DMF 40, 0 0.02 ill Mg(CIOl)n 
1.00 D M F  40.0 0.10 hl R/Ig(CIOi)z 

1.00 DMSO 40.0 0.005 M NaCl 
1.00 DMSO 40.0  0.05 iL1 KaC1 

1.00 D M F  40.0 0,001 M NaCl 
1.00 D M F  40.0 0 . 0 1  ilf KaCl 

Q kl a t  670 m p  for DMSO = 3.26 X 10-3 sec-I. kl a t  670 rnp for D M F  = 2.42 x 10 
6.3 X 10-6sec-i. 

Ionic 
strength, ki, 

21.1 sec-1 

5 . 8  x 10-4 3.20 x 10-3 
9 . 6  x 10-4 3.29 x 10-3 
3 . 2  x 10-3 1.37 X 
6 . 5  x 1.40 X 
3.3 x 10-3 2.40 x 10-3 
1 . 2  x 10-3 2.43 x 10-3 
3 . 4  x 10-3 1.07 X 
1 . 5  x 10-3 1 . 0 5  x 10-2 
1 .5  x 10-3 2.50 X 10-1 
2 . 0  x 10-3 2.70 X 
6 . 0  x 10-2 3.10 x 10-3 
3 . 0  x 10-1 3.16 x 10-3 
6 . 0  x 10-1 3.35 x 1 0 - ~  
6 . 0  X 3.38 x lo-" 
5 . 0  x 10-2 5.10 X 

3 . 0  X 10-1 2 .38  X 
2 . 0  x 10-3 2.50 X 
6 . 0  X 4.25 X 

6 . 0  x 10-2 2 .35  x 1 0 - 3  

-3 sec-1. c kz  = 6.8 X sec-'. d ka = 

WAVELENGTH M A 
Figure 1.-Visible spectra of cis-[Co(tren)Br~] +, cis-[Co(tren)- 

B r ( s o l ~ ) ] ~ +  (where solv = DMF, NMF, or DMSO), arid cis- 
[Co(tren)(solv)n18* (where solv = N M F  or formamide). 

the product is formed. Quinn and Garnerla have re- 
ported similar results for cis isomers of chromium(TI1) 
complexes. The solvolysis product in the present study 
must assume cis configuration because the steric prop- 
erty of the dibromo(triaminotriethy1arnine)cobalt- 
(111) cation is fixed, since the tertiary nitrogen atom 
must be trans to bromo or a solvent molecule. The 
electronic absorption spectra certainly indicate a cis 

(13) L. F. Quinn and C. S. Garner, Inorg .  Chem.. 3 ,  1348 (1964). 

configuration for various species (Figure 1). There- 
fore, i t  is quite reasonable to assume that the stereo- 
specific rule for cis complexes in this case is also followed. 

Langford6 observed a significant decrease in the 
solvolysis rates in DMSO and DMF, as compared 
to the aquation rate of the trans- [Co(en)&lz] + cation. 
This observation is consistent with results obtained in 
the present study for cis- [Co(tren)Rrz] +. Further- 
more, a comparison of the relative solvolysis rates 
(aquation rate 1.0) a t  35" of tran~-[Co(en)~Clz]+ in 
DMSO (0.31) and DMF (0.05) and of cis-[Co(tren)- 
Brq]f in DMSO (0.022) and DMF (0.015) seems to 
support the notion that solvolysis in nonaqueous, co- 
ordinating solvents is not basically different from 
solvolysis in water. The rates are altered but only 
moderately.6 
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The Er-Te system contains an intermediate 
stoichiometric compound ErTes and a second inter- 
mediate phase which displays a solid solubility range 

(1) This work is being sponsored by a grant from the National Science 
Foundation. 



Vol. 7 ,  No. 4, Apri l  1968 NOTES 827 

whose terminal compositions are ErTe and Er~Te3 .~  
The latter has a cubic substructure which is isostruc- 
tural with sodium chloride although its true crystal 
structure is orthorhombic with a large unit 
The pseudo-cubic lattice constant a. displays a sharp 
jump in its value near the composition Er3Te4. Elec- 
trical resistivity measurements on various composi- 
tions had shown that  the number of carriers present 
was directly related to the concentration of erbium 
atoms and that the composition ErzTe3 had the most 
semiconducting behavior while ErTe displayed al- 
most semimetallic conductivity. Because of the 
abrupt change in lattice constant and the continuous 
variation of conductivity over a wide range of compo- 
sition, we decided to investigate the magnetic suscep- 
tibility for several compositions in order to learn 
whether the introduction of additional erbium atoms 
into the structure produces a cooperative phenomenon 
among the unpaired spins in the solid. 

Experimental Section 
The magnetic susceptibility measurements were made by the 

Faraday method over the range 1.7’K to room temperature. 
Samples ranging from 2 to 10 mg were placed in a Pyrex sample 
bucket and suspended in an inhomogeneous field produced by a 
4-in. electromagnet. The vertical forces exerted on the specimens 
were measured with a Cahn R-G electrobalance. Corrections 
for the sample holder were determined in advance and applied 
in each case. Measurements were made a t  several field strengths 
varying between 5 and 8 kG. The system was checked by mea- 
suring t h e  magnetic susceptibility of HgCo(CNS)d and the known 
susceptibility for this compound was used to calculate the 
product HdH/dz a t  different current settings. The magnetic 
susceptibility of elemental erbium and tellurium were also 
measured at room temperature to serve as a check on the starting 
materials. Tellurium was diamagnetic with x = -38.3 X 10-6 
emu/mol and erbium metal had x = 47,167 X emu/mol 
in agreement with the values reported in the “Handbook of 
Chemistry and Physics,” 45th ed. The compounds were 
prepared as previously described.2 No correction was made for 
the diamagnetic contribution to the susceptibility of the com- 
pounds since they were strongly paramagnetic. 

Results and Discussion 
Figure 1 illustrates a representative curve of a 

plot of inverse magnetic susceptibility vs. tempera- 
ture for one of the compositions investigated. All 
compounds showed paramagnetic behavior and no 
anomaly was observed in the range of conlpositions 
in which the pseudo-cubic lattice constant shows an 
abrupt change. Table I summarizes the magnetic prop- 
erties for the compositions. The effective moment can 
be considered the same within experimental error and is 
in agreement with the theoretical moment 9.6 BM cal- 
culated for erbium in the ground state, I,,,,. 

The compound ErTe had been investigated pre- 
viously by Iandelli,4 who reported 8 = --12’K, X M  

(298°K) = 34,965 X emu/mol, and peff = 
9.30 BM, in good agreement with the values shown in 
Table I. No magnetic ordering was observed for this 
compound over the temperature range 2.25-297’K 

(2) D. J. Haase, H. Steinfink, and E. J. Weiss, Inoug. C h e w .  4, 541 (1965). 
(3) D. J. Haase and H. Steinfink, J .  A p p l .  Phys.. 37, 2246 (1966). 
(4) A. Iandelli, “Rare Earth Research,” E. V. Rleher, Ed., The Mac- 

millan Co..  New York, N. Y., 1861. 
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Figure 1.-Plot of 1/x us. T for the ErTel.ls composition in the 
solid solution region ErTe-ErzTes. The data are characteristic 
of the behavior of the other phases investigated and listed in 
Table I. 

TABLE I 
MAGNETIC PROPERTIES O F  THE Er-Te INTERMEDIATE ALLOYS“ 

lO%g (24‘1, 
Alloy emu/g e, OK Peff,  BM 

ErTe 120.85 (1.53) -9 9 .35  =k 0.14 
ErTel.16 116.48 (1.47) -6 9 .39 i 0.14 
ErTel.zo 118.39 (1.49) -8 9.45 i 0.14 
ErTel.80 106.06 (1.34) - 2  9 .24  0.14 
ErRe1.83 102,84 (1.29) 0 9 . 1 8 i  0 .14 
ErTel,M 103.73 (1.31) -3 9.50 =k 0.14 
ErTe8 66.02 (0.83) -3 9 .35  + 0 .14  
a-ErScz 109.60 (1.38) -3 9 . 8 3  i 0 .14  
Er 282 (3.5)  . . .  . . .  
Te -0.30 (0.05) . . .  . . .  

a Numbers in parentheses indicate the errors in the values of 
x and perf. 

although a t  very low temperatures the curve tends to 
become flat. This temperature-independent suscep- 
tibility is probably Van Vleck paramagnetism caused 
by the separation of energy levels much greater than 
kT. The compositions ErTeI.I6, ErTel.2, and Er- 
T ~ I . ~  display behavior similar to that  of ErTe. The 
composition ErTe1.33, representing the composition 
where the pseudo-cubic lattice constant changes most 
rapidly, has the lowest value for the effective moment 
and also has 0 = OOK, i.e., it  follows the Curie rather 
than the Curie-Weiss curve. In view of the small vari- 
ations of 8 for the various compositions, it  is difficult to 
ascribe quantitative significance to i t  but it may indicate 
that in EraTed, any weak interactions, which may 
be present in other compositions, have completely 
disappeared. The stoichiometric compound ErTea 
behaves very much like the other alloys indicating 
that the erbium in this phase is also present in the 
trivalent ground state. The magnetic susceptibility 
of a-ErSez was investigated to see whether a change in 
the nonmagnetic ion has any influence on the sus- 
ceptibility, and, as can be seen, none is observed. On 
the basis of these results, it must be concluded that the 
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deep-lying 41 orbitals are unaffected by the introduc- 
tion of additional erbium ions into the crystal struc- 
ture, and no interactions giving rise to  ordering ef- 
fects are observed. 
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A number of recent publications have dealt with the 
structure,2 spectral and magnetic properties, proton 
magnetic resonance and ligand-exchange 
kineticsl0P1l of the pseudo-tetrahedral complexes of 
the type M ( T ~ L P ) ~ X ~ ,  where TAP is triarylphosphine, 
M is Co(I1) or Ni(II), and X is a halogen. We report 
here a study of the analogous iron(I1) compounds. 
Complexes of this type were first reported by Naldini;12 
however, nunierous synthetic attempts in two dif- 
ferent laboratories failed to yield the desired com- 
pounds using her method. Instead they were pre- 
pared by a slight modification of the method by which 
Booth and Chatt13 obtained bis(phosphine) complexes 
of iron(I1) chloride. 

Experimental Section 
Dichloro bis (tripheny1phosphine)iron (11) .--Water 11 as azeo- 

tropically distilled from 2.0 g of FeCla. 4H20 suspended ill 100 
ml of refluxing benzene under nitrogen for 24 hr. Triphenyl- 
phosphine (TPP) (5.0 g) was added and the mixture was re- 
fluxed for 6 hr. The solution was filtered hot under nitrogen and 
a few colorless crystals separated on cooling. The volume was 
then reduced to  -15 ml yielding additional product which was 
washed with benzene and ether under nitrogen. Anal. Calcd for 
C ~ ~ H ~ O C ~ ~ F ~ P Z :  C, 66.40; H, 4.61; C1, 10.89. Found: C, 
65.92; H, 4.49; C1, 11.02. 

(1) This research was supporied by the National Science Foundation 
through Grant  GP6321 and by  the Dit-ectoi-ate of Chemical Sciences, Air 
Force Office of Scientific Research, through Contract AF 49(638)-1402. 

(2) G. Garton, D. E. Henn, H .  A I ,  Powell, and L. 31. L'enanzi, J .  Cheiiz. 
Soc., 3625 (1963). 

(3) F. A.  Cotton, 0. D. Fau t ,  and U. RI. L Guodgarne. J .  Am.  Chein. Soc.,  
83,  344 (1961). 

(4) F. A. Cotton, 0. D Fau t ,  D. 31. L. Goodgame, and R. H. Holm, ib id . .  
83, 1780 (1961). 

( 5 )  G. N. LaMar,  W. D. Horrocks, Jr., and L. C. Allen, J .  Cheiiz. Phys. ,  
41, 2126 (1964). 

(6) W. D. Horrocks, Jr., and G. N. LaMar,  J .  A m .  Chein. Soc., 85, 3512 
(1963). 

( 7 )  E. .4. La Lancette and D. K. Eaton, ibid., 86, 518.5 (1964). 
(8) G. K. LaMar,  ibid., 87, 3567 (1965). 
(9) G. N. LaMar,  J .  Phys.  Chein , 69, 3212 (1965). 
(10) W. D. Horrocks, Jr., and L. H .  Pignolet, J .  Am.  Chein Soc., 88, 5929 

(1966). 
(11) L. H. Pignolet aud  W. D. Horrocks. Jr.,  ;bid., 90, 922 (1U68). 
112) L. Naldini, Gazz. C h i i n  I L d ,  90, 391 (1YG0). 
(13) G.  Routhand J. Chiltt. J .  Cizcnz. Soc. ,  2090 ( l W 2 ) .  

Dibromobis(triphenylphosphine)iron(II).-This light yellow 
compound was prepared by a method analogous to that  of the 
chloride. Anal. Calcd for C36H3~Br2FeP2: C, 58.43; H, 4.05; 
Br, 21.60. Found: C,  58.43; H, 4.05; Rr, 21.36. 

Diiodobis(triphenylphosphine)iron(II).-This mas prepared 
analogously to the above compounds from hydrated iron(1I) 
iodide prepared by  dissolving iron metal in aqueous hydriodic 
acid, the excess water being removed under reduced pressure with 
heat. The azeotropic distillation of water from the benzene 
suspension was continued for 4 hr, and after addition of TPP an 
additional reflux period of 18 hr was allowed. The dark brownish 
black product was washed with benzene and ether under nitrogen. 
Anal.  Calcd for C36Hd?eI&'z: c, 51.84; H, 3.60; I ,  30.43. 
Found: C, 51.82; H, 3.68; I, 30.35. 

Dibromobis(tri-p-tolylphosphine)iron(II) .-This was prepared 
in a manner analogous to Fe(TPP)&. The light yellowish 
product separated immediately and was washed with benzene 
and ether under nitrogen. Anal. Calcd for C42H42Br2FeP2: C, 
61.23; H, 5.10. Found: C, 61.42; H, 5.22. 

Proton Magnetic Resonance Spectra.-The pmr spectra were 
obtained using a Varian A-60-A instrument equipped with a 
tiariable-temperature probe. The spectra were calibrated using 
a wide-range oscillator and frequency counter to  impress side 
bands of the internal standard, 1% TMS, onto the spectra. 
Sample:; were weighed out under nitrogen and dissolved in freshly 
dried (over molecular sieves) deuteriochloroform which had been 
deoxygenated in the usual manner." The pmr sample tubcs 
were sealed off in ilacuo as described elsewhere.ll 

Electronic Spectrum.-The visible and near-infrared spectrum 
of Fe(TPP)ZBrZ measured in chloroform solution in 1-cm cells 
on a Cary 14 instrument showed a broad band a t  6410 cm-l 
with e,,, 46 1. cm/mole. There were no other features except 
strong charge-transfer absorption in the ultraviolet region tailing 
into the visible region. 

Magnetic Measurements .-The powder magnetic susceptibil- 
ity of Fe(TPP)aBrs was measured by the Gouy method a t  24" 
using a diamagnetic correction of 418 X cgs unit3 yielding 
x p r  = 11,530 X cgs unit and peif = 5.25 BM. 

Results and Discussion 
The pseudo-tetrahedral coordination of iron(I1) in 

the bromide complex is supported by the measured 
magnetic moment which indicates a spin-free configura- 
tion and is in the range expected and generally 
f ~ u n d ~ ~ v l j  for tetrahedrally coordinated iron(I1). Fur- 
ther support for this structure comes from the "d- 
d" band a t  6410 cm-' which, considering the rela- 
tively high position of phosphine ligands in the spec- 
trochemical ~ e r i e s , ~  is expected in this region by com- 
parison with the spectral6 of a number of tetrahedrally 
coordinated iron(I1) coinplexes with significant low- 
symmetry distortion. 

Pmr Spectra.-Owing to the relative instability of 
the chloride and the insolubility of the iodide in suitable 
solvents, we have confined our magnetic resonance 
studies to the triphenylphosphine (TPP) and tri-/I- 
tolylphosphine (TTP) complexes of iron(I1) bromide. 
Unlike Ni(TAP)2Br2 and Co(T4P)ZBr2 which show 
separate resonances for coordinated and uncoordinated 
ligand when both are present in chloroform solution 
a t  room temperature, complete averaging of the 
proton resonances of coordinated and uncoordinated 
TAP occurs for Fe(TAP)2Br2 a t  room temperature. 
Only a t  ca. -50" are separate resonances observable. 

(14) B. N. Figgis and  J. Lewis, P r o g i .  Inorg. Chem., 6 ,  37 (1964). 
(15) N. S. Gill, J .  Chen7. Soc., 3512 (1961). 
(16) D. Forstcr and D. M. L. Goodgame. ibid. ,  455 ( IUU; ) .  


