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930 A. H. EWALD AND E. SINN

results is limited, especially since the pressure measurements are made in solution,
where unstable complexes can decompose quite readily. For such cases, investigation
of the pressure dependence is more rewarding than that of temperature dependence,
because x and pe for the low spin forms are completely independent of pressure
within experimental error.2:* This can be seen in the plot of x against pressure for
the low-spin iron(mx) di-s-butyldithiocarbamate® (Fig. 2).

The magnetic properties of ferric xanthates and dithiocarbamates have been
correlated with their infrared spectra.® The C-O bond order of the xanthates
Fe(S,C-OR), is essentially one,? while the C-N bond order is about 1-3 for the
dialkyl dithiocarbamates Fe(S,C-NR,),'° and even higher for monoalkyl dithiocarba-
mates Fe(S,C-N(H)R);.° These complexes are nearly low spin, intermediate, and nearly
high spin respectively.? This correlation between magnetism and bond order is far from
proven, but in the particular case of the thioxanthates, one would expect both a
magnetic moment near to low spin, and a C-S bond order of one, by analogy with
the xanthates.

Base adducts with planar nickel complexes are quite common, and the
xanthates!'? and the thioxanthates form bis-pyridine adducts which partially
dissociate in solution and set up equilibria that should be very sensitive to tempera-
ture, pressure, and concentration.

EXPERIMENTAL
Syntheses

Thioxanthic acids HSC(=S)SR, like the analogous xanthic acids HSC(=S)OR, cannot
themselves be isolated but form complexes of the type M(S,CSR), for a limited number of alkyl
substituents R.

When the parent thiol and carbon disulphide were added to concentrated aqueous sodium
hydroxide at 0° the sodium thioxanthate, Na(S,C-S-R), was formed immediately as a bright
yellow crystalline mass. In aqueous solution, the sodium thioxanthates exist in an equilibrium
mixture:

RSH+Nat+O0H-4CS, = H,04Na*t{+RS-+CS,
((1) colourless) ((2) colourless)

e et

’ l——‘]5[,0 +1sra++—SC(=S)SRJ I

\ J

((3) y‘;HOW)

The equilibrium lies strongly towards (3). The equilibrium (1) = (2) occurs readily in the
absence of CS, to form the colourless thiolate. In the presence of CS, even the solid (white)
sodium thiolates immediately form the yellow thioxanthates (equilibrium (2) = (3)). This is
probably an indication that RSCS,H is a stronger acid than HSR. When the yellow solutions
of the sodium thioxanthates are heated, CS, and some thiol are evolved. Thus the thioxanthates
are not very stable in solution, and the addition of sodium thioxanthates to aqueous metal salts
will obviously yield mixtures of metal thioxanthates, thiolates, and hydroxides. Separation of
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