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only ions which are colleoted, and as organic sub
stances are usually weakly dissociated, the control 
of pR is very critical. As cationic collectors, the 
alkyl quaternary ammonium soaps, or the long
chain amines proved most suitable, and as anionic 
collectors, ex-sulpholauric aoid or its potassium 
salt proved most convenient. It is possible to recover 
the floated organic ion by a double decomposition 
reaction in a non-aqueous solvent, either benzene or 
aloohol, each prooedure being determined by a 
knowledge of the chemistry of the species involved. 

A number of organic ions, chosen at random, have 
been floated, establishing the generality of the 
method. These included picrate, gallate, tetra
phenyl boron, and the alkaloids strychnine and 
brucine. This indicates that the method might be 
useful in collecting organic ions from natural pro
ducts, especially as the carbohydrates are not likely 
to float. It has potential applioation in ooncentt'ating 
antibiotics and other valuable biological products 
whioh are ionizable. 

Another possible use is in clarifying solutions. For 
example, a sugar solution that had been charred to a 
black molasses r esidue was dissolved in water to give 
a dirty brown solution. Using trimethyldodecyl
ammonium chloride as a collector, the colouring 
matter was floated into the froth, leaving the solution 
almost colourless. 

One of the difficulties in taking the fullest advan
tage of the selectivity shown by ion flotation in 
respect of organie ions is that the products are 
usuaJly colourless, so that it becomes difficult to 
ascertain when one species is fully collected and the 
next is about to concentrate. It may become possible 
to overcome this problem by taking advantage of the 
large variety of dyestuffs. If these were to be placed 
in a series of relative floatability, it may be possible 
to find a dye just intermediate between the two 
specics to be separated. On the introduction of a 
small amount of such a 'marker dye ' into the solu
tion, it would be possible to see when the collection 
of the first species is finished, by the first appearance 
of the dye colour in the froth. 
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Dipole Moments of Fluorine Monoxide 
and Sufphur Tetrafluoride 

IN setting up a teaching experiment on the dipole 
moment.s of gases, we recently took t h e opportunity 
to measure the temperature depeRdence of the 
polarization of fluorine monoxide (F .0) and sulphur 
tet.rafluoride (SF4). The condenser comprised two 
concentric stainless steel cylinders similar to that 
described by Groves and Sugdenl. The capacity of 
the condenser wa" about 80 pF. and was m ea.'lured 
with an accuracy of 1 part in 16,000 by a ratio
transformer bridge. The condenser was mounted in 
a cylindrical glass vessel which was immersed in the 
thermostat bath. Capacities were measured with the 
gases at atmospheric pressure over the temperature
ranges ·-- 78° to +80 0 C. for fluorine monoxide and 
- 30° to + 80? C. for sulphur tetrafluoride. The 
apparatus was (;alibrated with dry air free of carbon 
dioxidE' to eliminate t,he effect of stray capacity. 

Fluorine monoxide was made by bubbling fluorine, 
diluted with nitrogen, through 2 per cent caustic 
soda solution": sulphur tetrafluoride was obtained 
through the courtesy of Imperial Chemical Industries , 
Ltd. (Alkali Division). 

The plot of total polarization against reciprocal 
temperature was not sufficiently accurate to permit 
extrapolation to infinite temperature. Values of the 
induced polarization were therefore estimated in· 
dependently: 5 c.c. /mole for fluorine monoxide and 
12 ·5 c.c./mole for sulphur tetrafluoride. Straight 
lines drawn through these and the experimental 
points gave the following values of the dipole 
moments; the errors indicate maximum and 
minimmn slopes of lines drawn through the estimated 
point at infinite temperature. 

Fluorine monoxide f.l. = 0·4 ± 0·1 Dusing Po .= 
5 c.c./mole; sulphur tetrafluoride p. = 1·0 ,L 0·1 D 
using Po = 12·5 c.c./mole. 

The value for fluorine monoxide is much smallet· 
than that of OR. (1 ·84 D) and is thus similar to NF" 
(0·2 D) the dipole moment of which is much smaller 
than that of NR. (1'5 D). Coulson" suggests that thE' 
t rue bond moment of OR in water is I ·08 D in the 

+--. 
8ense O-R. The lone pair moment in water must 
then be 3 ·19 D. If the same lone pair moment is 
assumed in fluorine monoxide on the grounds that 
the same angle indicates t he same hybridization . 
then the true O-F bond moment is 2·9 or 2·3 D d e 
pending on the sense of the overall moment, 0·4 D. 

Litt.le can be said about sulphur t etrafluoride 
except that the dipole moment is consistent with the 
C 2V st,ructure which has been proposed" and which 
a rises from a trigonal bipyramid (dsp' hybridization) 
when one of the three equat.orial posit.ions is occupied 
by the lone pair. It would, however, be equally 
consistent with thc C 3V symmetry which woul(l 
obtain if the lone pair occupied a polar posit.ion. 

We are grateful to Dr. M. Fleischmann for hi~ 
advice and to the Department of Scientific and 
Industrial Research for a grant to one of us (R. L. ). 
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Gas-Flow Patterns in Fluidized Beds 
A FLUIDIZED bed is sometimes used as a means of 

carrying out a chemical reaction between a gas and 
solid particles. In gas-fluidized beds, 'bubbles' form 
and there is considerable interest in the part playecl 
by these in gas/solids in contact. It has been sug
gested, for example, that some of the gas rises through 
the bed in the form of bubbles and effectively by· 
passes the solid particles". Several investigators1-' 

h ave made various indirect measurements and han; 
concluded that back-mixing of the gas occurs. These 
processes are important in estimating reaction-rates. 
So far as we are aware, no one has hitherto observed 
directly gas-flow patterns within the bod. 

We have reoently measured direct ly local gll~ 

velocities in a fluidized bed under special conditions. 
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