CHEMISTRY LETTERS, pp. 853-854, 1973. Published by the Chemical Society of Japan

CARBON-13 NUCLEAR MAGNETIC RESGCNANCE OF METAL COMPLEXES. I.

Michio HIROTA, Yasuo KOIKE*, Hidehiro ISHIZUKA, Akira YAMASAKI,and Shizuo FUJIWARA
Department of Chemistry, Faculty of Science
The University of Tokyo, Hongo, Tokyo, 113

Carbon-13 chemical shif'ts were measurecd for 15 cyanometallate
complexes in aqueous solution with Fourier-Transform NMR spectroscopy.
The chemical shift values are dlstrlbuted between -50. 33 ppm (from
external benzene standard) for F‘e(CN)6 T and +2. 06 ppm for Pt(CN)

The coupling constant lJC_co was found to be 126 + 4 Hz for Co(CN)6

In this note, we report a carbon-13 nuclear magnetic resonance study of
cyanometallate complexes in agueous sclution. A brief discussion will be made in
terms of these results on the chemical bonding of these complexes.

Carbon-13 Fourier-Transform nuclear magretic resonance spectra were
obtained at 25°C with a JEOLCO PS-100 NMR spectrometer operating at 25.15 MHz
equipped with a JEC-6 spectrum computer. All diamagnetic cyanometallate complexes
were prepared by the standard method. In most cases, satureted solutiors were used
for the measurement. A small amount of heavy water (D20) was added to the samples
as the source of a lock signal.

Chemical shifts obtained are shown in Table I, where benzene is used as
the external standarcd. Carbon-13 chemical shifts of the free cyanide ion and
coordinated cyanide are lower than those of organic nitriles. The chemical shifts
for the cyanometallate complexes range from -50.3. ppm for Fe(CN) B to +2.6- ppm
for Pt(CN) . It shovld be noted that the chemical shift of Fe(CN)6 ~ is much
lower than that of thz free cyanice ion. This result suggests that a simple
explanation of the observed chemical shifts in terms of the ionic character of the
metal-ligand bond is not adecuate; if we assums that orgzanic nitriles and the free
cyanide ion give the chemical shifts representing the purely covalent and gurely
ionic state, respectively.

The complexes havin;; central ions with the same elzctron configuration
which lie along the vertical directio~ in th2 periodic table show two types of the
change of chemical shift. In VIA and VIII groups, the heavier the central io:, the
more positive the chemical shift, i.e., Mo(IV)LW(IV), Fe(II)<Ru(II)<K0s(II), and
Ni(IT)<KPA(II)< Pt(II). In VIII group, the difference between the first azd second
transition metal complexes was smaller than that of the second and third transition
metal complexes. In central ions with le configuration, the heavier central ion
corresponds to the more negative chemic .l shift, i.e., Ag(I)> Au(I), -Zn(II)>~Cd(II)
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> Hg(II), the the range of chemical shifts is small.
in the periodic table, the larger oxidation number of the central ion gives the
moere positive chemical shift, i.e., Fe(II)<Co(III), and Cu(I)<Zn(II).

Since the le

the excess of potassium cyanide was added in the case of zinc and cadmium complexes.

Along the horizontal direction

cyanometallate complexes are labile in agueous solution,

This is probably
When the frac-
tion of free cyanide ion and coordinated cyanide to zinc(II) ion is egual, the life
time of CN in Zn(CN),>” is about 0.9 x 10™* sec from the half ~idth of the signal.
Using —37.56 ppm for free cyanide ion, the chemical shifts of coordinated cyanide to

In these cases, the signal of free cyanide ion was not obszrved.
due to the rapid exchange between coordinated and free cyanide ions.

zinc and cadmium ions can be estimated at -18.0 and 20.5 ppm, respectively.
Multiplet svpectra due to central ions with non-zero spin was not observed

except for the hexacyanocobaltate(III). For metals with a high abundance of non-

zero spin isotopes, this is pro-ably due to the rapid ligand exchange and/or the

rapid guadrupolar relaxation of the central ions.

Table 1

Carbon-13 chemical shifts of cyanometallate complexes in aqueous solution.

(external benzene = 0)

Chemical Chemical Chemical
Complex Shift vpm Complex Shift ppm Complex Shift ppm
Mo (CN) .4~ -24.6 w(eN) 4 -18.4
8 Rt 8 ‘4

4- 4- 4-
Fe(CN)6 ) —50.33 Ru(CN)6 —34.58 OS(CN)6 -14.31

3- a -
CO(CN)6 —11.09

. 2- 2- 2-

Nl(CN)4 —8.00 Pd(CN)4 —3.51 Pt(CN)4 +2.66

3- b) - - -
Cu(CN)4 —b3.75 Ag(CN)‘2 —21.96 Au(CN)2 —25.96
Zn(CN) 2~ -18.0 © cd(cN) 2 ~20.6 ) Hg(CN) 2~ -24.6

4 4 4 0
NaCN (satd.) --38.46 CHsgN +10.8 1)

2)
KCN (1 M) —37.56 C6H59N +8.0
1 ~
a) octet, "J, ~ =126 + 4 Hz.
b) Cu(I) = 0.5 M, tetal CN 3.0 M, The signal of coexisting free cyanide is also
observed.

c) estimated value.
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