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Linear correlations of transition metal NMR chemical shifts with the logarithm of overall 
stability constants for six different series of complexes of Co(III), Rh(III), Rh(1) and Pt(II) 
have been found. Each case is presented and discussed. The relation is interpreted with a 
simplified version of Ramsey’s equation for the chemical shift. A derivation of a relation 
of the type S = m - k logK using ligand field theory is proposed. 
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Transition metal NMR spectroscopy offers a method to probe directly 
the metal center in coordination compounds. Consequently it has been 
recognized as having a large potential in coordination chemistry, 
organometallic chemistry and related areas.l.2 Furthermore, inverse 2D 
detection techniques have greatly increased the sensitivity of nuclei ear- 

C o m n b  Inorg. Chem. 
1996, Vol. 18, Nos. 5 & 6, pp. 305-323 
Reprints available directly from the publisher 
Photocopying permitted by license only 

Q 1996 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands 

under license by Gordon and Breach Science 
Publishers SA 

Printed in Malaysia 

305 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
9
 
1
5
 
J
a
n
u
a
r
y
 
2
0
1
1



lier considered as difficult, as for example "Fe, lo3Rh, Io7Ag, Io9Ag, Is3W 
and 187Os.3 

However, inasmuch as numerous applications depend only on the 
observation of a signal or a correlation, the promises of deeper insight 
into the nature of the electronic state of the metal and the metal-ligand 
bond from the vdue  of the chemical shift have only partly been fulfilled. 
The reason is the large number of parameters that determine the transi- 
tion metal NMR chemical shift. Not only do we have to consider the dia- 
magnetic term in Ramsey's equation, even more important is the 
paramagnetic term, whose description requires the mixing of excited 
states into the electronic ground state of the metal ion4  Nevertheless, in 
a thorough review Mason shows how a simplification of Ramsey's equa- 
tion of the following type can be used to explain trends of transition 
metal chemical shifts:5 

Here is the diamagnetic shift which we usually think of in terms of 
electron density closest to the nuclei. The second term is the paramag- 
netic contribution where AE,., can be approximated with the ligand field 
splitting or a weighted average for lower symmetries, (r')d is the 
inverse of the mean value of the cube of the d-orbital radii, ZQ, is the 
imbalance of the d-orbital electron population or more correctly, the 
angular imbalance of charge, and B is a constant. 

Equation (1 ), in any of its forms, can be considered at least as a good 
working model for the transition metal chemical shifts. Since Mason's 
review, more examples have appeared that show excellent agreement 
with this model.68 

On the basis of similar equations it was also suggested that there 
should be a correlation of complex stability and the corresponding metal 
chemical shift.YJU In this study I will show that such a relation indeed 
exists for a number of classes of compounds. 

In the following I will first give a very brief theoretical background, 
then present data for classical coordination complexes of Co(lll), 
Rh(II1) and Pt(II), go on to alkene complexes of Rh(1) and Pt(I1) and 
finally mention Rh(II1) compounds with a-bound organic groups. 
Finally I will derive a linear relationship 6 = m - k logK using ligand 
field arguments. 
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AEd.d, (r-3)d. CQN AND THEIR CONNECTIONS TO 
METAGLIGAND BONDING 

Of the four parameters in Eq. (1) we will start by neglecting the diamag- 
netic term, Quantitatively we can understand this by considering 
that: (1) The electrons closer to the nucleus contribute more to the dia- 
magnetic shift than the valence electrons. (2) The valence electrons make 
up only a small part of the total electron density of a transition metal, and 
thus changes in this parameter will be a diminishing contribution. 

factor. Ligand field theory directly con- 
nects the d-orbital splitting to the stability of the complex. For example, 
a low spin &-metal ion in an octahedral field gains a ligand field stabi- 
lization energy of 126Ed&.’2 If we disregard entropy effects this 
energy can be directly related to the complex stability. 

The usual interpretation of the radial factor (r-3)d is as the covalency 
or delocalization factor. Thus, in a more covalent M-L bond there will be 
more mixing of metal and ligand orbitals and, consequently, the effec- 
tive radii of the &orbitals will increase. The effect of this expansion of 
the d-electron shell (the nephelauxetic effect) is to reduce the d-d-elec- 
tron repulsion and thereby decrease the total energy of the complex. A 
larger rd and consequently a lower (r-’)d should therefore give a more 
stable complex. 

Mason states that in general the AEd.d factor is more important for 
higher oxidation states and (r-3)d for lower oxidation states.5 

Finally we have the imbalance of charge, CQw For free ions or core 
electrons this factor is zero, but may take values up to 12, for example, 
in low spin &-metal ions.5 Within a series of complexes with only small 
changes in coordination geometry around the metal, this parameter can 
be taken as constant. However, care has to be taken when discussing 
cases where a serious deviation from ideal geometry may be envisaged, 
i.e., chelating ligands or extra bulky ligands. 

We conclude that the stability of a complex should increase with 
increasing AEd-d and decreasing (r-3)d. If we then consider Eq. (1) we 
would predict a higher chemical shift for a less stable species in a series 
of complexes of the same metal ion and the same coordination geome- 
try. 

As for the form of such a correlation we note that a straight line rela- 
tionship, 6 = m - k logK, has been observed in all cases reported below. 
Within the ligand field approximation where the AEd.d factor will deter- 

Next, we consider the 
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mine both shift and stability constant, such a relation can be derived the- 
oretically as will be shown later. 

Rh(II1) AND Co(II1) COMPLEXES WITH HALOGENIDES 
AND OTHER LIGANDS 

Read and co-workers found correlations for Rh(II1) and Co(II1) corn- 
plexes.8 In Fig. 1 I present the '03Rh-NMR chemical shifts and overall 
equilibrium constants for the formation of Rh(H20)n(X),3-m complexes 
in H20 and in Fig. 2 I have made a corresponding plot for some 
Co(III)L, compounds. 

M(III)(HzO)6+3 + n X -  # M(III)(H,0),-,(X)n3-n + nH,O, (2) 

10000 

- 9000 z 
Q 
v 

2= 
CT 
F3 

?o 8000 

7000 

1 I I 

- 1  3 7 10  1 4  

logK 
FIGURE 1 The "J3Rh-NMR chemical shifts and overall stability constants for the forma- 
tion of Rh(H20),(X),3m complexes in H 2 0  [Eqs. (2) and (3)]. 

308 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
9
 
1
5
 
J
a
n
u
a
r
y
 
2
0
1
1



17000 

1 1000 - 
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logK 

FIGURE 2 The 59Co-NMR chemical shifts and overall stability constants for the forma- 
tion of Co(In)L,9 complexes in H20 [Eqs. (2) and (311. 

A detailed discussion of these data is fond in Ref. 8. Here I would only 
like to point out the main features. 

In this system the rhodium NMR chemical shifts have been shown to 
follow a simplified Ramsey’s equation where both AE and ( ~ 3 ) ~  were 
taken into account. It is interesting to see the large span of chemical 
shifts and equilibrium constants: for Rh(II1) 3000 ppm (if we extrapolate 
to the cyanide complex 9000 ppm)* and for Co(1II) 16,000 ppm with the 
corresponding logK values ranging from 0 to 60. Considering the limits 

SCHEME 1 
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of chemical shift values for the two metals, the complexes from hexa- 
aqua to hexa-cyano cover about the same parts of the total spectral 
ranges. Furthermore, the fitted lines for these two metal ions have simi- 
lar slopes. The displacement may be related to the larger A&, splitting 
for the second transition series, reducing the chemical shift. 

A small peculiarity may also be mentioned. When going from 
Rh(Cl),(H,O)* to Rh(C1)61- and from Rh(Br),(C1)3 to Rh(Br),3- the 
shift actually increases with increasing stability, contradictory to the 
general trend. A speculative suggestion is that the increasing symmetry, 
through the term zQN, is at play here. 

Since ligand exchange in Rh(II1) complexes is extraordinarily slow, 
the measurement of equilibrium constants is sometimes impossible or 
extremely tedious. Note also that the observation of peaks in a 103Rh- 
NMR spectra does not usually permit their direct quantification by inte- 
gration since the relaxation times may vary by a factor of 60 and be up to 
a minute long.13J4 Similar correlations may then give helpful estimates 
of the stability of complexes. In this special case the equilibrium con- 
stant for Rh(CN),?- and Rh(SCN)61- were estimated and used in a dis- 
cussion of the thermodynamic basis for leaching of rhodium from spent 
catalytic exhaust converters for cars.* The existence of RhF6'- in solu- 
tion was also discussed. 

Pt(I1) COMPLEXES WITH HALOGENTDES AND RELATED 
LIGANDS 

In order to investigate if a similar correlation existed for four coordinated 
square planar platinum(I1) complexes a comprehensive search of the lit- 
erature was performed. Correlations were found for halogenide com- 
pounds's--21 and also for amine complexes2?-25 with water as a solvent. 
The data arc presented in Table I and Figs. 3 and 4. 

( 6 )  Pt (II)(diamine)(CI), + nH,O # 
Pt (II)(diamine)(Cl),_,, (H20),,r~ + nC1- 
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TABLE I 

I9T-NMR Chemical Shfts and Stability Constants 
for Reactions 4 and 6. 

Chemical 
Shift 

Complex ( P P d  log K 
Reference 
6 logK 

Equilibrium Eq. 4 

Pt(H,O),Cl+ 
Pt(H20j2C12 fruns 
Pt(H20)zCl, ci5 

Pt(H,O)Cl,- 
PtC1,Z 
PtCI,?- 
PtBr42- 
PtBrJz- 
PtI,*- 

Pt(HZO),’+ 

Pt(NH?)q*+ 
Pt(CN),’ 

Equilibrium Eq.6 
Pt(en),Cl, 
Pt(en),Cl(H,O)+ 
Pt(en),CI(H,O)+ 

Pt(en)2(H20)22+ 
Pt(R 1 -en),Clz 
Pt(R1-enj2C1(H,0)+ 
Pt(RI-en)2(H20)2*+ 

Pt(en)2(H20)22+ 

30 
-350 
4 4 4  
-81 1 
-1185 
-1625 

-2690 
-1614 

-5490 
-2610 
4 7 1 3  

-71 I h  

-506b 

-284” 

-722h 
4 7 h .  
-227b 

0 
5.0 
8.66 
8.74 

11.9 
14.0 
16.6 
16.1 
20.4 
4@ 
35.3 
41 

0.00 
-2.66 
- 2.82 
-6.51 
-6.68 
0.00 

-3.14 
-7.06 

16 
16 19 
16 19 
16 19 
16 19 
16 19 
15 17 
15 19 

17 
15 17= 
15 17 
15 17 

23.24 
23,24 21 

22 
23.24 21 

21.22 
23 
23 23 
23 23 

a Estimated from the logK(ML,)/logK(ML,) ratios for C1- and Br 

hReference PtCl,*-: 0 ppm. 
(1.6 -c 0.05) in Ref. 20 and the logK(ML2) value for 1- in Ref. 18. 

[Pt (11) (diamine)( Cl)*-,, (H 0) ,,n ] [ C1- ] 
[Pt (lI)(diamine)(Cl), ] 

K =  (7) 

Here, too, we see a large span of shifts and equilibrium constants, but 
we also observe a relatively large deviation from the trend by the ammo- 
nia compound (Fig. 3). For this ligand no rhodium data are available, but 
for Co(II1) the hexammine complex falls well on the line. 

The sometimes large discrepancy between different equilibrium stud- 
ies is illustrated by the values for PtC142- and PtBr42-. In general, constants 
taken from Refs. 19 and 20 should be preferred since these are critical 
evaluations of the literature. Note also that the stability constant for Pt142- 
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- 1  0 0 0  - 
k 
P 
Y 

ri: -3000 
$2 
v) 

L o  

-5000 

- 7 0 0 0  

I I I I I 

Ptl,Z. 

I I I I I - 

- 1 0  0 1 0  2 0  30 4 0  50 
log K 

FIGURE 3 The 195Pt-NMR chemical shifts and overall stability constants for the forma- 
tion of square planar Pt(H20),(X),q complexes in H 2 0  [Eqs. (4) and (5 ) ] .  Outlined sym- 
bols refer to a second measurement of the stability constant, or, for P&-, to an estimated 
constant. 

is estimated from the stability of the diiodide complex and the corre- 
sponding chloride and bromide compounds (see footnote in Table I). 

Pesek and Mason deduced that there are anomalies in the T't-NMR 
shifts for the iodide in their original study of PtX42- and PtX62- corn- 
plexes and tentatively attributed this to relativistic effects of IF.16 Given 
the large ionic radius of I one may also be tempted to classify it as a 
bulky ligand and therefore distortions of the coordination geometry may 
be possible. Nevertheless, the logK values estimated from the shift-logK 
correlation and the extrapolation from known thermodynamic constants 
agree well. 

The diamine complexes are spread out over a rather limited range of 
shift and log K values (Fig. 4,). It is also clear that any quantitative 
predictions here will be very uncertain; however, it is undeniable that 
the trend is the same. Furthermore, we get a somewhat less steep slope 
compared to the halogenide complexes, -70 ppmllogK versus -1 10 

Since a great deal of research in this domain is related to the metabo- 
lism and mechanism of action and the design of new platinum anticancer 

ppmllog K. 
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- -400 
E n n 

(r 
8 
7e -600 - 

- - 

Y 

- 

-800 I I I I I 1 I I 

-8 -6 -4 -2 0 

log K 
FIGURE 4 The IssPt-NMR chemical shifts and overall stability constants for the aquation 
of dichloride Pt(diamine)CI, complexes in H 2 0  [Eqs. (6) and (711. Open symbols refer to 
a second measurement of the stability constant. 

drugs,26,27 one might want to envisage applications in this area. However, 
it is known that the binding of c i~-Pt(NH~)~(cl)~,  one of the most com- 
monly used platinum anticancer drugs, to DNA is kinetically controlled,28 
and the thermodynamics may thus only be of secondary importance in 
this respect. 

Still, Pt-NMR is an important method in this area,29 and an increased 
knowledge of the parameters that determine the shifts may be valuable. 

cis-Pt ( H,O)CI2 Pt(en)CI, Pt(R1 -en)CI, 

SCHEME 2 
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Rh(1) COMPLEXES WITH ALKENES 

Akermark et nl. studied Rh(acetylacetonato)(alkene)2 complexes and 
found the trend in Fig. 5 . 3 O  Here, the shifts are measured in CDCI, and 
the stability constants" in toluene. A related phenomenon is the obser- 
vation of a pair-wise preference of the minor epimer of Rh(chi- 
raldiphosphinej(S-enamide)+ for the higher chemical shift (Table Il).32 
SS-chiraphos and SS-diamp were used as chiral phosphines; the solvent 
was methanol-& 

Rh (acac)(ethylene), + alkene @ (8) 
Rh (acac)(ethylenej(alkene) + ethylene, 

(9) 
[Rh (acac)(ethylene j(alkene)] [ethylene] 

[Rh (acac)(ethylenejz] [alkene] 
K =  

Worth noting here is the deviation of the tetrafluoroethylene, TFE, com- 
plex, 1 SO ppm from the expected value. This is about the same order as the 

1400 

1350 
h 

E 
2 1300 
v 

6 
m 
Z 1250 
(.o 

1200 

1150 

I I 
Rh(acac)(ethylene)( trans-butene) 

Rh(acac)(ethylene)(TI 

0 

-4 -2 0 2 
logK 

FIGURE 5 The '"3Rh-NMR chemical shifts and the stability constanls for the replace- 
ment of one ethylene in Rh(acac)(ethylcne)? by propenc. tetrafluoroethylene cis- and 
trans-butene [Eqs. (8) and (9)1. 
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TABLE 11 

'03Rh-NMR Chemical Shift Differences for Major and Minor Isomers of 
Rh(chiraldiphosphine)(enamide).32 

A, minor-major isomer 
difference in W 3 R h  

chemical shifts (ppm) 
R3 my: ' 

0 

R, Rz R3 SS-chiraphos SS-diamp 

CH3 CH, H 178 97 
C(CHs)3 CH3 H 33 290 

H CH3 H 160 85 
H C6HS H 136 108 
H ChH5 OH 134 47 
H C6H5 NO2 245 247 

deviation of the symmetric Rh(Cl)63- and € U I ( B ~ ) ~ ~ -  complexes, but much 
smaller than the difference between prediction and experiment for 
Pt(NH&2+. In this case there is a convenient explanation in the different 
electronic properties of the fluorosubstituted alkene. The TFE ligand can 
be expected to form a bond much closer to the metalacyclopropane 
mode1,33 thus with a formal Rh(II1) center, than the aliphatic olefins that 
normally show a classical o-donation-n-back-donation pattern. This inter- 
pretation was supported by ab initio quantum chemical calculations.30 

Unfortunately, no equilibrium data are available for the complexes 
with the chiral phosphine. That should have provided results of a slightly 
different character since here we have independent sets of equilibrium 
constants and chemical shifts for two series of similar compounds. It is 
not evident, but in the light of the earlier results it seems probable, that 
the difference in chemical shift reflects the isomer ratio. 

We can, however, estimate the equilibrium constant for the methyl 
(Z)-a-N-acetamidocinnamate chiraphos complexes (entry 1, Table 11) 

Rh(acac)(ethylene), Rh(SS-chiraphos)(enarnide)' Rh(SS-diamp)(enamide)+ 

SCHEME 3 
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from the spectra reproduced in Ref. 32. This gives an isomer relation of 
30/1 and logK = I .5 which is in good agreement with the value obtained 
using the equation for the straight line in Fig. 4 and the shift difference 
178 ppm, logK = 1.3. 

Undoubtedly the Rh-NMR chemical shift difference of the major and 
minor stereoisomer reflects two electronically different rhodium 
atoms.32.34 However, the connection of this difference to the reactivity of 
the isomers, vis-a-vis, for example, H2 oxidative addition, is not com- 
pletely clear. Since the isotropic chemical shift is an average of the 
chemical shift tensors and the stability constant can be seen as an aver- 
age of bonding energies, their correspondence is intuitive. Chemical 
reactions and their rate constants, on the other hand, are usually very 
stereospecific and individual chemical shift tensors may therefore be 
more relevant. Nevertheless, reactivity and isotropic chemical shifts 
have been shown to correlate in many cases.35 

Pt(1I) COMPLEXES WITH ALKENES 

Erickson and co-workers have done some extensive work on Pt(I1)- 
alkene complexes. For the system PtC13(alkenej- in D20, A-NMR mea- 
surements were employed to determine the equilibrium concentration 
ratios and to obtain the correlation shown in Fig. 6.36 

PtCl, (2-methyl-3-butene-2-01)- + alkene # (10) 
PtCl,(alkene)- + 2- methyl-3-butene-2-01, 

(1 1) 
I PtCl, (alkene j- ] [2-methyl-3- butene-2-01] 
[PtCl, (2-methyl-3-butene-2-01 j- 1 [alkene] 

K =  

The spread in shift and logK values is comparable to that noted for the 
Rh(acac)(alkene), system. The largest deviations from the linear regres- 
sion line, whose slope is -44 ppmllogK, is of the same order as in Fig. 3, 
30-40 ppm or 0.5-1 logK units. Most alkenes in the study have polar 
groups of different kinds, and it seems likely that differences in solvation 
of the alkenes also may influence the stability constant. Still, the correla- 
tion is reasonable. 

Even small differences in stereochemistry of these oletin complexes 
can have significant effects on platinum shifts. The two diastereomers, 
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-2500 

-2600 - 
k 

? 

n 
E - 2 7 0 0  

cg 

-2800 

-2900 

I I I I 

- - 
PtCl~(vinylsulfonic-acid)~ 

1:; + 
PtC13(ethylene)’ 

I I I I 

- - 
PtCl~(vinylsulfonic-acid)~ 

1:; + 
PtC13(ethylene)’ 

- 3  - 2  - 1  0 1 2 
log K 

FIGURE 6 The I95Pt-NMR chemical shifts plotted versus the stability constants in D20 for 
the replacement of 2-methyl-3-butene-2-01 in Pt(sarcosine)C1(2-rnethyl-3-butene-2-01) by 
other alkenes [Eqs. (10) and (1 I)]. Open symbols refer to measurement in CD,OD 

RR and RS of the 3-butene-2-01 complex, for example, have similar 
logK values (0.89 and 0.74), but they differ by 41 ppm in chemical shift. 
A better understanding of the structural origin of such small differences 
might permit the assignment of the stereochemistry of such isomers on 
the basis of relative chemical shifts alone. 

PtCl3(2-methyI-3-butene-2-ol)~ 
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RHODOXIMES WITH 0-CARBON LIGANDS OR 
HALOGENIDES 

Lately, some Rh-NMR studies of Rh(III)(diglyoxamato)(L)(R) com- 
plexes have been rep0rted.3~-’9 A large number of organic R ligands and 
halogenides or pseudohalogenides as well as different ligands L = PMe3, 
PPh,, P(OPh),, pyridine and H20 have been studied. 

For these compounds there are no equilibrium data available, but for 
the PPh, and pyridine complexes, a number of crystal structures e ~ i s t . ~ o  
It is tempting to use the metal-ligand bond distances as indications of 
bond energy in search for a correlation of the type we have already seen. 
However, since the chemical shift reflects the total changes in the coor- 
dination sphere, this is a risky business. The trans-influence of the 
organo ligand will be substantial, thus the Rh-P bond length may also 
change significantly. Furthermore, the rhodium-glyoxamato unit is 
known to be somewhat flexible. 

Indeed, for the series R = ethyl, vinyl and phenylacetylid, we observe 
a trend of higher chemical shifts with decreasing bond lengths. This is 
attributed to the different hybridizations of R, influencing their relative 
o-donor capacities.37 

This last example was cited in order to stress that the chemical shift 
will be sensitive to all changes in the coordination sphere, just as the sta- 
bility constant. Only in special cases do we expect properties of individ- 
ual M-L bonds to correlate with the transition metal-NMR chemical 
shifts. 

R 
I 

Ph,P 

Rh(diglyoxamato)(PPh,)R 
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A THEORETICAL MODEL FOR THE TRANSITION METAL 
CHEMICAL SHIFT-LOGK RELATION 

In the introduction I discussed the transition metal NMR chemical shift 
and its possible relation to the stability of complexes in a qualitative 
way. Here a more stringent derivation of the experimentally found cor- 
relation is attempted. 

We assume that the chemical shift and that the relative stability of the 
complex are dependent only on AEd-+ This can be regarded as the ligand 
field theory extended to the chemical shift. 

In all our correlations we have a complex with a stability constant 
defined as one. Typically for an octahedral complex: 

ML, +6L # ML, +6L, K = l ,  logK=O. (12) 

The stability of this complex versus a hypothetical complex with coor- 
dinated ligands but a metal ion without d-orbital splitting is taken as a 
reference state: 

(2n,,, - he,) = -AEzd . k, . ( I  3) 
mZd AG, AH = -~ 

5 ref 

Where nlZg and neg are the number of t2g and eg electrons. We then 
define the reference state stability constant: 

AGref - m z d  . k l  1nK =-- 
ref RT RT 

For another complex in the same series we then have the relative free 
energy and enthalpy (supposing ligand-solvent interactions are the same 
for all ligands.): 

AGre, AH,.,., = AH - AH,, . (15) 

The corresponding stability constant can be expressed using the ligand 
field splitting: 
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According to our initial assumption we have for the chemical shift: 

Substituting the expression for bEd.d we get: 

1 

RT (In K + In Kref) . (18) 6 = 6, + klk2 =6, +-. k,k, 
RT(1n K + In Krcr) 

Now, bEd.d for Rh(H20)63- is about 26,000 cm-I and using Eq. (13) 
for a low-spin &-metal ion we get a stabilization energy of 750 kJ/mol 
which equals lnKref = 300. Thus, normally the lnKrCj term will be much 
larger than the 1nK term and we can use the two first terms in the devel- 
opment of l/(l +x) in a power series to rewrite the last factor in the equa- 
tion as 

For the chemical shift we finally get: 

klkz 1 klkz 1 In K Blog K 
RT In Kref RT In Kref In K ,  loge 

= + ____ - --- = A - ~ 

We note that the slope and the intercept in this equation has a certain 
relationship. Since the diamagnetic shift is known for rhodium(III), 6,,, 
= -5000 f lo00 ppm,g we can subtract this value from the constant term 
in the least-squares fitted equation for Fig. 1 : 6 = 10,000 - 200 logK. We 
then obtain 15,000 ppm, and by dividing this number with the slope and 
loge we get lnKref = 170 which is in reasonable agreement with the InKreJ 
= 300 calculated above since we know that the ( r 3 ) d  factor also varies in 
this case. 
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CONCLUSIONS 

Numerous examples have shown that the two terms l/AE and (r-3)d in 
the simplified version of Ramsey’s equation are normally responsible for 
the change in transition metal NMR chemical shifts. Only in cases of 
deviation from ideal symmetry do we have to consider the imbalance of 
charge, XQN. An analysis of these two factors in terms of metal-ligand 
bond energies lends credibility to the empirically found correlation of 
metal shifts with stability constants. Furthermore, if we consider only the 
l/hE parameter for shifts and stabilities, a linear relationship can be 
derived. 

The examples shown also clearly demonstrate the scope and limita- 
tions of the correlation. The metal-ligand bond has to remain of the same 
type. This is a rather ill-defined condition, but, for example, large devia- 
tions in the mixture of covalent-ionic bond, possibilities of a change of 
formal oxidation state of the metal, and change in the ligand donating 
orbital (e.g., sp-sp2-sp3) seem to be important factors. 

A change of symmetry may also have an influence, and, of course, 
when entropy changes are important for the stability, for example when 
two unidentate ligands are changed for a bidentate, the method is not 
applicable. 

As for the uses of this type of correlation, it may be of importance for 
stability estimates in cases where the experimental values are very diffi- 
cult, or impossible, to obtain. Typically this would be for the transition 
metals with extremely slow ligand exchange rates. Of these, for exam- 
ple, Co(II1) (low spin), Rh(II1) and F’t(I1) have reasonable NMR charac- 
teristics. 

Moreover, this analysis clearly shows the usefulness of the simplified 
version of Ramsey’s equation and may help in future interpretations of 
transition metal NMR chemical shifts. 
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