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Abstract: We have studied the magnetic circular dichroism (MCD) of PtCl4
2-, PdCl4

2", PdBr4
2", AuCl4", AuBr4", 

and Pd(NH3)4
2+ in solution and K2PtCl4 crystal at 40K over the visible-uv spectral region. Our results strongly 

suggest that the transition at ~30,000 cm - 1 in PtCl4
2 - is 1A48 -»- 1E8 as was suggested previously by Martin and 

coworkers,3 and we are able to assign the same transition in several of the other ions studied. We are not able to 
throw additional light on the 1A48 -*• 1B18 transition and thus on the position of the d22 metal orbital. In the 
charge-transfer region of the halides, our results support the assignments of the first and second strong bands, re­
spectively, as the ligand-to-metal transitions 1A48 -»• 1A2n +

 1En(Tr) and 1A48 ->• 1E11(O-) except for PtCl4
2-. In that 

case, the first band is overlapped by a transition which could be due to a 5d -»• a2u (metal 6pz) transition suggested 
to be in this region by several workers. 

The work of Martin, Foss, and coworkers3 has indi­
cated the potential of Faraday effect studies for the 

solution of spectroscopic problems in the d8 square-
planar halides. We here report the results of an in­
vestigation of the magnetic circular dichroism of the 
4d8 and 5d8 halides (and one tetraammine) over the 
whole visible-near uv spectral range. 

The identification of degenerate states by the study 
of the dispersion of M C D through absorption bands 
and the use of the experimental Faraday parameters as a 
critique of the theoretical description of molecules has 
recently been extensively demonstrated.3 , 4 Having 
nondegenerate ground states and both degenerate and 
nondegenerate excited states, the d8 tetrahalides appear 
to be eminently suited for study by M C D . The elec­
tronic structure of this particular group of compounds 
has been much discussed in the past, and many attempts 
have been made to assign the absorption bands ob­
served in solutions and single crystals. 

The main features of the dispersion of M C D through 
absorption bands have been outlined previously.4,5 

To summarize, the magnetic field causes a Zeeman split­
ting of degenerate ground and excited states. In the 
case of a degenerate ground state, this leads to the 
Faraday C term which is temperature dependent and 
which peaks at the maximum of the corresponding 
absorption band. When only the excited state is de­
generate, we get the Faraday A term which changes 
sign at the absorption maximum. When both are 
degenerate, it can be shown that at room temperature 
and in solutions the C terms usually swamp the A terms. 
There is a third effect, namely the mixing of states by 
the magnetic field, and this gives rise to the B term 
which has the same frequency form as the C term but 
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is not temperature dependent. In general, the B term 
is present whatever the degeneracies of the states. It is 
the only term present for transitions with nondegen­
erate ground and excited states. The relative mag­
nitudes of A and B terms can vary greatly and de­
pend on the individual case. 

Experimental Section 

Samples of KAuCl4 2H2O, KAuBr4-2H2O, and K2PtCl4 were 
generously supplied by Dr. C. K. J0rgensen, K2PdCl4 by Dr. B. G. 
Anex, and Pd(NH3)4(C104)2 by Dr. H. B. Gray. K2PdBr4 was ob­
tained from K & K Laboratories, Inc., and was recrystallized before 
use. We were unable to obtain a sample of K2PtBr4 with an ab­
sorption spectrum in agreement with that published.6 

Since most of the absorption and MCD spectra reported here 
were recorded in solution, some remarks on the nature of the 
solution species are in order. 

Most of the complexes examined here are known to be unstable 
with respect to solvation under certain conditions. The Pd2+ 

halides seem to be worst in this respect, and much work has been 
done on them. Radioactive exchange studies7 show a rapid ex­
change of labeled halogen with ligand in aqueous solution, and spec-
trophotometric studies in 1 M8 and 4 M9 HClO4 indicate the pres­
ence of four-, five-, and six-coordinated species. This latter evi­
dence may not be too relevant however, since oxidation to Pd4+ 

may occur in perchloric acid,10 but Harris, et a/.,11 found a high 
tendency to hexacoordination in any solvent of moderate donor 
ability. 

In these circumstances it is difficult to be precise about the species 
present at a given time. However, in the case of PdCl4

2", Anex 
and Takeuchi10 have found that a solution of K2PdCl4 in 2 M HCl 
obeys Beer's law and agrees with the single-crystal polarized re­
flection spectrum, although in other concentrations of acid and in 
water this is not the case. We find that K2PdBr4 in 2 M HBr 
also obeys Beer's law, and the spectrum agrees with published 
figures.6 We have, therefore, assumed the 2 M acid solutions to 
contain predominantly the PdX4

2- species, and our absorption and 
MCD results are those obtained in 2 M HCl or HBr. 

The gold halides are also known to hydrolyze rapidly in aqueous 
solution from kinetic12 and isotopic exchange13 data. Our spec­
tra were measured in both 1 M KCl or KBr and in 1 M HClO4, 

(6) C. K. J0rgensen, Advan. Chem. Phys., 5, 119 (1963). 
(7) A. A. Grinberg, L. E. Nikolskaya, and N. V. Kiseleva, Zh. Neorg. 

KMm., 1, 220 (1956). 
(8) A. K. Sundaram and E. B. Sandall, J. Am. Chem. Soc, 77, 855 

(1955). 
(9) V. I. Schlenskaya and A. A. Biryukov, Vestn. Mosk. UnU:, Ser. 

II: KMm., 19, 65 (1964). 
(10) B. G. Anex and N. Takeuchi, private communication. 
(11) (a) C. M. Harris, S. E. Livingstone, and I. H. Reece, J. Chem. 

Soc., 1505 (1959); (b) C. M. Harris, S. E. Livingstone, and I. H. Reece, 
Australian J. Chem., 10, 282 (1957). 

(12) W. Robb, Inorg. Chem., 6, 382 (1967). 
(13) R. L. Rich and H. Taube, J. Phys. Chem., 58, 1 (1954). 

Journal of the American Chemical Society / 90:21 / October 9, 1968 
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Complex 

PtCl4
2- in 0.5 M HCl 

K2PtCl4 crystal 
(~4.2°K) 

PdCl4
2" in 2 M HCl 

PdBr4
2- in 2 M HBr 

Pd(NHs)4
2+ in H2O 

AuCl4- in 1 M HClO4 

AuBr4
- in 1 M 

HClO4 

Transition 
frequency, 

c r r r ' 

(18,000) 
21,100 
25,500 
30,300 

(37,600) 
(43,400) 
46,200 
21,300 
27,100 
30,000 

(16,200) 
21,100 

(30,200) 
35,800 
44,900 
19,600 

(27,000) 
30,100 
40,500 
33,800 

(25,800) 
32,000 
44,500 

(18,000) 
(22,100) 
26,200 
39,500 

6max 

(5) 
16.3 
52.6 
62.4 
(400) 

(8,500) 
10,900 

. . .' 

. . . » 
e 

152 
(540) 

10,400 
28,300 

316 
(4,000) 
11,500 
30,800 

200 
(450) 

5,300 
27,500 

(200) 
(1,200) 
4,400 

36,300 

Assignment 

'Ai8 —
 1A28 

Aig • t ig 

'Ai8 — »A2u + 'E11(T) 
5d — 6p<* 

'Ai8 — 'A28 

Aig *• t g 

'Aig — iEg 

1Ai, — 'A20 + 'E0(T) 
'A,g — 'Eu(O-) 
Aig *• t ig 

'Ai8 - * 1A211 +
 1E11(Ir) 

1 Ai 8 — 'E0(CT) 

^Mg ^ ^ g 

'Aig — 'A 2 u +
 1Eu(TT) 

'Aig — iEu(<r) 

'Aig - * 1A2U + 'Eu(TT) 
1A1, - * 'Eu(o-) 

A" 

- 0 . 0 9 3 

- 0 . 0 2 3 

- 0 . 0 8 5 

7.27 
- 0 . 0 5 6 

5.40 
- 0 . 0 9 4 

6.2 

6.1 

D" 

0.093 

0.024 

0.288 

26.4 
0.491 

36.5 
0.344 

39.1 

36.4 

A/D 

- 1 . 0 

- 0 . 9 6 

- 0 . 3 0 

0.28 
- 0 . 1 1 

0.15 
- 0 . 2 7 

0.16 

0.17 

° Shoulders are in parentheses. b From gaussian fit40 in units D2/3 (D = Debye, 0 = Bohr magneton). « From numerical integration or 
gaussian fit (if bands overlap) in units of D2. d This assignment is speculative; see text for further discussion. e Published t values16=1 used 
to determine product of concentration and path length for this crystal. 

the results being virtually identical in both and the absorption spec­
tra in agreement with published data.6 PtCl4

2- appears to be 
much more stable,14 and the absorption and MCD of this ion were 
obtained in 0.5 M HCl. In all cases, solutions were made up im­
mediately before running, which meant that solutions were a max­
imum of 15 min old after completion of the absorption or MCD. 

In view of these structural uncertainties, deductions based on the 
magnitude of the MCD may not be completely reliable due to de­
viations from square-planar tetrahalide structure in solution, and 
it is not impossible for A terms to be absent for this reason. 

Large single crystals of K2PtCl4 were grown from 0.5 M HCl. 
The complex crystallizes as needles elongated along the c axis. 
For MCD purposes, light must be propagated down the unique 
axis of the tetragonal crystal to avoid linear birefringence, and 
samples suitable for transmission spectroscopy were obtained by 
grinding down perpendicular to the needle axis until a sufficiently 
thin section was obtained. 

MCD spectra were measured by techniques described in detail 
elsewhere.4" The results together with corresponding absorption 
spectra obtained on a Cary 14 are displayed in Figures 2-8. [0]M 
is the molar ellipticity, defined as in natural optical activity, per unit 
magnetic field in the direction of the light beam. This sign conven­
tion is now used by most workers but is opposite to that used in 
earlier magnetooptical rotation work. With our convention, the 
Verdet constant of water is negative. 

Values of the relevant parameters extracted from the data as de­
scribed previously40 are presented in Table I. We do not list B 
term values since they are not of quantitative interest for this work. 
As discussed previously,46 the accuracy of our MCD data is deter­
mined chiefly by the ratio of peak MCD to maximum absorption. 
This is fairly favorable for the d -*- d bands in solution, and the 
MCD data in such cases should be accurate to about ± 10 %. The 
situation is considerably less favorable for the charge-transfer 
transitions in solution and the d->- d transitions in the crystal (which 
was quite tiny), and in these cases we estimate an accuracy of about 
±25%. The gaussian fits of the A terms are quite satisfactory, 
and even in the most unfavorable case AID values should be reliable 
within a factor of 2 when all uncertainties (including the assumption 
of a gaussian model for band shape) are taken into account. 

(14) A. A. Grinberg and L. E. Nikolskaya, Zh. Prikl, KMm., 22, 542 
(1949). 

Discussion 

The relevant molecular orbital energy levels of square-
planar metal halide complexes are shown diagram-
matically in Figure 1. Possible transitions can be di­
vided into two groups: (1) excitations between the d 
orbitals and (2) others, comprising ligand-to-metal, 
metal-to-ligand, intrametal, or intraligand transitions. 
The former are all parity forbidden and therefore weak; 
the latter can be both weak and strong. 

d -*• d Bands. Weak absorptions have been ob­
served in the room-temperature solution spectra of the 
accessible square-planar halides,6 in the room-tempera­
ture crystal spectra of PtCl4

2- and PdCl4
 2-,15'16a in the 

solution spectrum of AuCl4- at 77 0K,17 and in the 
single-crystal spectrum of K2PtCl4 at 150K.16 These 
have been attributed to d -*• d transitions. In the 
absence of spin-orbit coupling the three d -> d ex­
citations give rise to 1,3A2g,

 1,3Blg, and 1,3Eg excited 
states; inclusion of spin-orbit coupling splits and 
scrambles these states in proportion to the magnitude 
of the coupling. Several different spectral assignments 
have been made depending on the d-orbital order 
adopted and on whether spin-orbit coupling was taken 
into account, and these have been summarized by Day, 
et a/.,16 and Martin, et a/.16a The ion most extensively 
studied is PtCl4

2-. It is salutary to notice that, despite 
measurement of the 150K polarized absorption spec­
trum16 and a "complete" d-electron calculation,1811 

the assignment of the PtCl4
2- spectrum remains un-

(15) P. Day, A. F. Orchard, A. J. Thomson, and R. J. P. Williams, 
J. Chem. Phys., 42, 1973 (1965). 

(16) (a) D. S. Martin, Jr., M. A. Tucker, and M. A. Kassman, Inorg. 
Chem., 4, 1682 (1965); (b) O. S. Mortensen, Acta Chem. Scand., 19, 
1500 (1965). 

(17) W. R. Mason, III, and H. B. Gray, Inorg. Chem., 7, 55 (1968). 
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Figure 1. Schematic molecular orbital energy level diagram for 
a square-planar d8 metal halide complex. Crosses denote elec­
trons in the ground state. Only those ligand orbitals are shown 
which can give rise to allowed ligand-to-metal transitions. 
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Figure 2. Absorption spectrum and MCD of PtCl4
2- in 0.5 M 

HCl. [6]n is the molar ellipticity (defined as in natural optical 
activity in degrees deciliter decimeter-1 mole-1) per gauss in the 
direction of the light beam, c is the molar extinction coefficient. 

settled owing to the magnitude of the spin-orbit cou­
pling and the large number of unknown parameters. 
This shows that it is risky to attempt detailed assign­
ments using solution data alone. 

The solution M C D of PtCl4
2" (Figure 2) shows an 

/4-type term at 30,000 cm - 1 , as first observed by Martin, 

(18) (a) D. S. Martin, Jr., M. A. Tucker, and A. J. Kassman, lnorg. 
Chem., 5, 1298 (1966); (b) R. F. Fenske, D. S. Martin, Jr., and K. 
Ruedenberg, ibid., 1, 441 (1962); (c) H. B. Gray and C. J. Ballhausen, J. 
Am. Chem. Soc, 85, 260 (1963); (d) H. Basch and H. B. Gray, lnorg. 
Chem., 6, 365 (1967); (e) H. B. Gray, Transition Metal. Chem., 1, 239 
(1965). 
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Figure 3. Absorption spectrum and MCD of crystalline K2PtCl4 
at ~4.2 0K. t values from ref 16a were used to calculate the product 
of concentration and path length for this crystal. Units are as in 
Figure 2. 

et al.,3 and this is closely reproduced in the crystal 
M C D at 4 0 K (Figure 3). This is consistent with the 
assignment of this band to the degenerate T1(1A18) -*• 
T5(1Eg) transition and hence with the proposals of 
Chatt, Gamlen, and Orgel,19 Gray and Ballhausen,18c 

and Martin, et a/.,18a but not Fenske, Martin, and 
Ruedenberg.18b However, it does not eliminate the 
possibility that this band also contains the T1(1A^)-*-
T3(

1BJg) transition and hence does not distinguish the 
two assignments of Martin, et al.18* The change in 
sign could also conceivably arise from two overlapping 
bands with B terms of opposite sign. However, this 
does not seem very likely in this case; in particular, the 
overlapping of T3 and T5 states, suggested in assign­
ment B of Martin, et ah, should not give a large term 
of this kind in the crystal MCD as T3 and T5 are not 
mixed by a field along the fourfold molecular axis. It 
should be noted that the reduction in [0]Mand e for the 
crystal at low temperature is just the behavior one would 
expect for a vibronically allowed (d -* d) transition. 
We see from Table I, however, that the ratio AjD agrees 
well between solution and crystal. 

The T1(
1A18) -* T2(

1A28) assignment for the 25,500-
cnr-1 transition (27,100 cm - 1 in the crystal) is well 
established by the polarization properties in the crystal 
and by the acquired optical activity in ( —)-2,3-butane-
diol.20 The MCD is consistent with assignment to a 
nondegenerate excited state since only a B term is 
observed. The nature of the shoulder at 37,600 cm - 1 

in solution is not clarified; only a small B term is 
observed, and it seems likely to be a nondegenerate 
transition. The solution MCD changes sign in places 
at lower energies; however, the zeros nowhere coin­
cide with clearly defined absorption maxima and the 
MCD probably just results from overlapping B terms. 

The MCD of PdCl4
2" (Figure 4) likewise shows an 

apparent A term at 21,100 cm -1 . In the room-tem-

(19) J. Chatt, G. A. Gamlen, and L. E. Orgel, /. Chem. Soc, 486 
(1958). 

(20) B. Bosnich, /. Am. Chem. Soc, 88, 2606 (1966). 
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Figure 4. Absorption spectrum and MCD of PdCl4
2- in 2 M HCl. 

Units are as in Figure 2. 
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Figure 5. Absorption spectrum and MCD of PdBr4
2- in 2 M 

HBr. Units are as in Figure 2. 

perature crystal spectra of K2PtCl4 and K2PdCl4, the 
21,100-cm-1 band in the latter is very similar in appear­
ance and polarization to the 30,000-cm-1 band of the 
former. It seems very reasonable to make the same 
assignment, therefore, in agreement again with Chatt, 
e/a/.,19Ballhausen and Gray,18c and Basch and Gray,18d 

but not Fenske, Martin, and Ruedenberg.18b The same 
assignment also applies to the 19,600- and 33,800-cm-1 

bands in PdBr4
2- (Figure 5) and Pd(NH3)4

2+ (Figure 
6), respectively. 

High-Intensity bands. The high-intensity absorp­
tions are generally referred to as charge-transfer bands, 
although they could also be due to transitions from the 
d shell to a mainly metal (n + l)p orbital or to essen­
tially intraligand transitions. Most assignments have 
placed them in the ligand-to-metal charge-transfer 
category, and this is supported by the shifts of the in­
tense bands as a function of metal oxidation number.6 

Three allowed ligand-to-metal charge-transfer transi­
tions are expected, namely b2u(7r), eu(7r), and eu((r) 
-*• dX2-yh giving the excited singlet states 1A2U, 1E,/1 ', 
and 1E1/2', respectively. The Pd2+ and Au3+ halides 
(Figures 4, 5, 7, 8) each show two strong bands in the 
near-uv. Gray and Ballhausen18c originally assigned 
the longer and shorter wavelength bands to 1A 2u and 
1Eu(", respectively. However, Jprgensen6 suggested 
the first band to be 1A2U + 1Eu0 ' and the higher energy 
transition 1Eu'2', on the grounds that the intensity of the 
latter is more consistent with a a -*• d ^ - ^ transition 
than with TT -*• dxt-yt. Basch and Gray18d and Gray18e 

later adopted Jorgensen's assignment on the basis of 
MO calculations. Anex and Takeuchi10 have recently 
provided the first experimental support for this assign­
ment by measuring the polarized reflection spectrum of 

30,000 40,000 

Frequency (cm"1) 

Figure 6. Absorption spectrum and MCD of Pd(NH3)4
2+ in 

water. Units are as in Figure 2. 

K2PdCl4. This shows both bands to be strongly in-
plane polarized and hence to involve predominantly 
1Eu excited states. The moderately intense band at 
46,000 cm - 1 in PtCl4

2- has similarly been assigned as 
1A2U or 1A2U + 1Eu'1'. However, recent MO calcula­
tions by Cotton and Harris21 on PtCl4

2- predict the 
lowest allowed transition to be 5d -»• a2u(metal 6p) 
in character. Further, Anex and Takeuchi10 have 
shown that this band is predominantly out-of-plane 

(21) F. A. Cotton and C. B. Harris, Inorg. Chem., 6, 369 (1967). 
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25.000 35,000 45X)OO 

Frequency (cm"1) 

Figure 7. Absorption spectrum and MCD of AuCl4
- in 1 M 

HClO4. Units are as in Figure 2. 

polarized and have also suggested the 5d -»• 6pz assign­
ment. It thus appears likely that in PtCl4

2- the transi­
tions out of the filled d shells are as low in energy as 
those into the empty dx*-yz orbital. 

The MCD of the Pd2+ and Au3+ halides are very 
similar, suggesting common assignments of their ab­
sorption spectra. PdBr4

2" appears to show a small A 
term in the lower energy band, and this gives support 
to the assignment of this band as the composite 1A2U + 
1E1/1'. Apparently in the other Pd2+ and Au3+ ions 
the A term is too small to be detected under the B terms. 
The unambiguous A terms under the strong bands of all 
four of these halides are in accord with an assignment 
to a :EU state. Note that they are opposite in sign to 
the A term under the weaker band in PdBr4

2-. Assign­
ment to metal-to-ligand (or other) transitions is not 
excluded by the qualitative MCD features. However, 
quantitative considerations support the ligand-to-metal 
scheme. In the latter, degenerate transitions arise 
from excitation from a degenerate, mainly ligand orbital 
to the nondegenerate d ^ - ^ orbital. The A term then 
depends on the angular momentum of the ligand orbital 
alone. Conversely, for metal-to-ligand transitions, 
at least some of the degenerate states are due to transi­
tions from the metal eg orbital to a nondegenerate 
empty orbital and thus possess the angular momentum 
of the d orbital. Simple considerations of a kind il­
lustrated in earlier papers4 show that the angular 
momenta of the eu(7r) and eu((r) ligand MO's in a square-
planar complex are expected to be much smaller than 
that of a d orbital and, in fact, arise only through <r-ir 
mixing. The magnetic moment (/x) of the 1Ej-2'' states 
of AuCl4

-, AuBr4
-, PdCl4

2-, and PdBr4
2- can be eval­

uated from their A terms in the manner described 
previously.4 One finds that \A/D\ = |/u/2j. We 
thus obtain |,u| values of 0.32, 0.34, 0.55, and 0.30, 
respectively (in Bohr magnetons). These values are 
considerably smaller than the magnetic moment of a d 
orbital supporting the ligand-to-metal assignment. 
Also, empirical evidence is provided by comparison 
with the MCD of Ni(CN)4

2-.48 Here [d]Mimax/emax 

AuBr4 

left scale 

6000-

3 0 0 0 -

C 
- T | 

25,000 

•''"". right scale 

-30,000 

•20.000 

-10,000 

1 -" -O 

40000 

Frequency (cm-1) 

Figure 8. Absorption spectrum and MCD of AuBr4
- in 1 M 

HClO4. Units are as in Figure 2. 

for the A term observed is an order of magnitude larger, 
in accord with its assignment to a metal-to-ligand tran­
sition. These deductions could be invalidated if, in 
fact, the species in solution are not the MX4" - ions; 
however, it seems unlikely that all the halides studied 
decomposed to the same extent. 

The MCD of the 46,000-cm-1 band in PtCl4
2- is 

quite different in over-all qualitative appearance from 
that of the Pd2+ and Au3+ ions and, like the polarized 
reflection spectrum, suggests a different assignment for 
this band. The lower energy component, however, 
appears to exhibit an A term of the same sign as ob­
served in the first PdBr4

2- band. It seems reasonable 
therefore to assign this to the 1E1/1' transition and the 
dominant, higher energy band to the 5d -*• a2u(metal 
6pz) transition suggested by Cotton and Harris21 and 
Anex and Takeuchi10 as discussed above. 

Conclusions 

This MCD study has clarified a number of points 
regarding the spectroscopy of d8 square-planar com­
plexes. We have demonstrated that the absorption 
at <~30,300 cm - 1 in PtCl4

2- is 1A12 -*
 1E8 (xz, yz -*• 

x2 — y2) as pointed out in an earlier MCD study by 
Martin, et ah,3 and we have further confirmed this by a 
study of crystalline K2PtCl4 at <~4°K. In a similar 
manner, we have shown that the same assignment 
applies for the bands at 21,100, 19,600, and 33,800 cm - 1 

in PdCl4
2-, PdBr4

2-, and Pd(NHj)4
2+, respectively. 

We did not identify the !A lg -*• 1B18 transition and thus 
cannot say anything new about the position of the 
metal d,a orbital. Proceeding to higher energies, our 
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MCD results on the Pd and Au haiides support Jorgen-
sen's6 assignment of the two intense bands as 1A18 -*• 
1A2U + 1E11(Tr) and 1A18 -* 1Eu(O-). For PtCl4

2", we 
identify the shoulder at 43,400 cm - 1 as the 1A18 -»• 
1A2U + 1Eu(Tr) transition, but the main band at 46,200 
cm"1 appears to be of quite different character and may 
well be the 5d -*• a2u(metal 6p2) transition suggested by 
Cotton and Harris21 and Anex and Takeuchi.10 

Our recent investigations of diastereoisomeric four-
coordinate metal(II) complexes1,4"6 have been un­

dertaken with the purpose of detecting and identifying all 
possible isomers and determining the stabilities of the 
planar and tetrahedral stereoisomers and the enantio­
meric configurations of the latter. This work has been 
principally concerned with nickel(II) complexes ^4,5 be­
cause of the simultaneous population of both planar 
and tetrahedral configurations in many-cases and the 
presence of large proton contact shifts from the tetra­
hedral isomers which greatly amplify the intrinsic chem­
ical shift differences between corresponding nuclei in 
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Chem. Soc, 90, 4561 (1968). 
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different diastereoisomers. Three groups of complexes 
have been examined in detail by proton resonance: the 
bis(salicylaldimines) I,4,5 the bis(/3-ketoamines) 2,5 

and the 2,2'-bis(salicylideneamino)biphenyls 3.1 

The tetrahedral forms of 1, 2, and 3 are enantiomeric, 
giving rise to the A and A absolute configurations, which 
have been defined previously6 to possess right-handed 
and left-handed chirality, respectively, with reference 
to the C2 axis of the molecule. The A and A configura­
tions of 3 are formed with complete stereospecificity 
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Abstract: A series of bis-chelate nickel(II) complexes containing four asymmetric ligand centers occurring as 
two inequivalent pairs has been synthesized, and their proton resonance spectra have been investigated in order to 
determine to what extent the contact shift method can detect all possible diastereoisomers. The complexes 
examined are of the bis(salicylaldimine) type having the general formulation Ni(X-R-sal)2, in which X = 3sBu, 5Me 
and R = CH3CHCH2Ph (Amp), CH3CHPh (PhEt), and sec-Bu ( = .sBu). All complexes are shown to exist in the 
dynamic planar ?± tetrahedral equilibrium in chloroform solution. It is demonstrated that, apart from the absolute 
configuration at the metal in the tetrahedral form, six pmr-distinguishable diastereoisomers are possible for com­
plexes prepared from racemic ligand components. Signals corresponding to the six isomers were observed in the 
pmr spectra of the three groups of complexes. A general method of signal assignments for the Ni(X-R-SaI)2 
isomers is described and applied to Ni(3.yBu-Amp-sal)2, resulting in unequivocal assignment of certain signals to the 
six possible isomers. The marked sensitivity of the pmr method in detecting diastereoisomers arises from the 
contact interaction and the presence of the structural equilibrium, for which the AF value of each diastereoisomer is 
measurably different. These values are considered to differ principally because of inequalities in the free energies 
of the paramagnetic, tetrahedral forms which in turn are produced by the various sets of intramolecular (R-R, 
R-X) interactions. Intrinsic differences in electron-nuclear coupling constants are shown to be unimportant in 
producing the primary chemical shift separation between R-active and R-meso sets of isomers with R = Amp. 
The sets of thermodynamic parameters (AF, AH, AS) describing the planar-tetrahedral structural change of the 
six diastereoisomers of Ni(3jBu,5Me-Amp-sal)2 have been derived from the temperature dependence of the contact 
shifts of each isomer. 
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