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NUCLEAR QUADRUPOLE RESONANCE OF CHLORINE IN SOME HEXACHLOROPLATINATE (IV)
HEXAHYDRATES
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The nuclear quadrupole resonance of chlorine in MPtClG—
6H20 (M(II) = Mn, Fe, Co, Ni, Cu, Zn, Cd, Ba) was observed
between 77 and 450 K. Copper(II) hexachloroplatinate (IV)
hexahydrate shows a phase transition at 137 K. This complex
and barium hexachloroplatinate (IV) hexahydrate yield reso-
nance lines showing a positive temperature coefficient capa-

ble of being interpreted in terms of hydrogen bond formation.

We have studied the nuclear quadrupole resonance of halogens in various
tetrahaloaurate (III) dihydrates and sodium tetrachloroiodate (III) dihydrate,l_3)
and found that these complexes show resonance absorptions having a positive
temperature coefficient of resonance frequencies. The anomaly can be inter-
preted with the aid of X-ray crystal analysis as having its origin in hydrogen
bond formation involving halogen atoms. The present investigation has been
undertaken as part of a program of nuclear quadrupole resonance studies of
chlorine in various hexachloroplatinate (IV) hexahydrates possibly forming
hydrogen bonds between chlorine atoms and water molecules.

The nuclear quadrupole resonance of chlorine was observed by means of a

4)

modified Dean type spectrometer already described. Resonance frequencies were
measured by use of a Model TR-5178 frequency counter from Takeda Riken Company.
Hexachloroplatinate (IV) hexahydrates were synthesized by methods described in the

5)

literature. Table 1 shows the resonance frequencies of chlorine-35 deter-
mined at room, dry ice, and liquid nitrogen temperatures.

Manganese (II), iron(II), cobalt(II), nickel(II), zinc, and cadmium hexa-
chloroplatinate (IV) hexahydrates give rise to a single resonance absorption at
all temperatures investigated, indicating that all chlorine atoms are equivalent
in the crystals of each complex. The crystal structure of these compounds has
not been determined as yet. Therefore we took X-ray powder patterns at room
temoerature and confirmed that the hexachloroplatinate (IV) hexahydrates are
isomorphous with nickel(II) hexachlorostannate (IV) hexahydrate already studied

6)

by Pauling. He found that the compound forms rhombohedral crystals belonging

to the space group R3, that the complex anion have the Oh symmetry, and that all
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chlorine atoms are crystallographically equivalent. The results of nuclear gquad-
rupole resonance agree with those of the X-ray analysis. The resonance frequen-
cies of these complexes decrease almost linearly with increasing temperature.

The absolute values of observed temperature coefficient (0.23-0.33 kHz deg_l)
are much smaller than the value (0.95 kHz deg—l) of potassium hexachloroplati-
nate(IV).7’8)
strongly hindered in the crvstals of hexachloroplatinate (IV) hexahydrates. The

This suggests that torsional oscillations of [PtC16]2_ ions are

maximum-slope width of the broad-line PMR signal observed at room temperature
amounted to more than 12 G, indicating that water molecules in these crystals
have practically no freedom of rotation. Accordingly the very small tempera-
ture coefficients might be due to hydrogen bond formation between chlorine atoms
and water molecules.

Fig. 1 shows the temperature devendence of quadrupole resonance frequencies
of copper(II) hexachloroplatinate (IV) hexahydrate, which was confirmed to be
isomorphous with the foregoing complexes. Three resonance lines of almost equal
intensity were observed at liquid nitrogen temperature. Two resonance lines on
the high-frequency side show a negative temperature coefficient, whereas the
iowest-frequency line shows a positive temperature coefficient. The triplet be-
came weak from about 130 K and disappeared at 137 K, above which a very strong
single line was observed in agreement with the result of crystal analysis. The
appearance of the triplet below 137 K indicates that there are three kinds of
nonequivalent chlorine sites in crystals and that a change in crystal structure
takes place at this temperature. The abnormal temperature dependence of reso-
nance frequencies below the transition point may be due to a slight rotation of
complex anions about respective Cl-Pt-Cl axes as well as to hydrogen bond forma-
tion involving chlorine atoms.

Barium hexachloroplatinate (IV) hexahydrate, which is not isomorphous with
the foregoing complexes, yielded three resonance frequencies below 309 K as shown
in Fig. 2. The curves of two resonance lines on the high-frequency side showing
a normal negative temperature coefficient cross each other at about 220 K. The
curve of the lowest frequency plotted against temperature shows a very flat mini-
mum at about 160 K. Evidently there are three kinds of nonequivalent chlorine
atoms in crystals. Two resonasnce signals faded out at about 309 K probably
owing to the thermal reorientation of water molecules.g) A single resonance line
observed above 309 K disappeared at about 340 K presumably because water of
crystallization was partially lost. The temperature dependence of resonance
lines of this complex bears a strong resemblance to that of sodium tetra-

-3) in that the resonance frequency of the lowest-

chloroaurate (III) dihydratel
frequency line is much lower than those of other lines and that it shows a

positive temperature coefficient. Accordingly one can conceive the formation
of weak hydrogen bonds between chlorine atoms and water molecules in this com-

plex as well.
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Fig. 1. Temperature dependence of the NQR frequencies of 35C1 in CuPtCl6.6H2O.
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Fig. 2. Temperature dependence of the NQR frequencies of Cl in BaPtCl6.6H20.



786

1)

2)
3)
4)
5)

6)
7)

8)
9)

Chemistry Letters,

REFERENCES
A. Sasane, T. Matuo, D. Nakamura, and M. Kubo, Bull. Chem. Soc. Japan, 43,
1908 (1970);
Resonance, 4, 257 (1971).
C. W. Fryer and J. A. S. Smith, J. Chem. Soc., A 1970, 1029.
A. Sasane, D. Nakamura, and M. Kubo, J. Magn. Resonance, 8, 179 (1972).

A. Sasane, T. Matuo, D. Nakamura, and M. Kubo, J. Magn.

A. Sasane, D. Nakamura, and Y. Kubo, J. Magn. Resonance, 3, 76 (1970) .

J. W. Mellor, "A Comprehensive Treatise on Inorganic and Theoretical Chem-
istry,"” Vol. 16, Longmans, Green and Co., London, 1937, po. 326.

L. Pauling, Z. Kristallogr., A 90, 341 (1935).

D. Nakamura, Y. Kurita, K. Ito, and M. Kubo, J. Amer. Chem. Soc., 82. 5783
(1960) .

K. R. Jeffrey and R. L. Armstrong, Phys. Rev., 174, 359 (1968).

H, S. Gutowsky and D. W. McCall, J. Chem. Phys., 32, 548 (1960).

Table 1
Nuclear Quadrupole Resonance Frequencies of 35Cl

in Some Hexachloroplatinate (IV) Hexahydrates

Frequency, MHz (x0.001)

Compound 77 K 193 K 293 K
MnPtC16.6H20 25.870 25.831 25.798
FePtCl6.6H20 25.837 25.805 25.778
CoPtCl6.6H20 25.815 25.785 25.762
NiPtCl6.6H20 25.789 25.759 25.736
CuPtC16.6H2O 25.524 25.748 25.716
25.788
26.097
ZnPtC16.6H20 25.810 25.778 25.754
CdPtClG.GHZO 25.823 25.790 25.763
BaPtCl6.6H2O 25.442 25.405 25.422
26.574 26.430 26.288
26.698 26.452 26.244
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