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hen the molecules in a monolayer

undergo ionization their hydrophilic
properties become stronger. It may be ex-
pected that this strengthening of the
hydrophilic properties will affect the
monolayer properties in a different manner
depending on how strongly hydrophobic
the molecules are. On aqueous substrates
of low electrolyte concentration the follow-
ing relationship may be expected to apply
between the hydrophobic properties of the
molecules and the properties, e.g. the
stability and surface area, of the mono-
layers they form. In the case of weakly
hydrophobic molecules in which the hydro-
philic properties predominate after ioniza-
tion it will be expected that the ionized
molecules will not remain in the monolayer
when it is compressed. If it is assumed that
an equilibrium represented by the equation
[H30+] -4~

HA
of an acid HA in the monolayer and that
the ionized molecules do not remain in
the monolayer on compression, it is to
be expected that the curve Ia in Fig. 1
representing the decrease in the area A
taken up by the spread substance with
increasing pH of the substrate will be
similar to the curve ¢ in the same figure
showing the variation of the degree of ioni-
zation, 4. e. the ratio of ionized molecules
(A7) to the total number of molecules
(HA + A7) as a function of the pH of the
substrate. When the ionized molecules do
not remain in the monolayer, the stability
of the monolayer as indicated by the col-
lapse pressure ng will not undergo change.
The pressure 7x will hence remain constant

11

= K applies to the ionization

1
fie N\

955

A Y
LN

% ' PH-Lnits —e

Fig. 1. The expected effect of tonization of a
monolayer substance upon its monolayer proper-
ties on an aqueous substrate with a low electro-
lyte concentration when the molecules are 1
weakly hydrophobic, I1 strongly hydrophobic.
Curve a: Decrease in the surface area A
of the compressed monolayer, b: Increase in the
monolayer collapse pressure k. The dotted line
© gives the variation of the degree of ionization.

with increasing degree of ionization, Fig. 1,
curve Ib.

In the other case in which the hydro-
phobic properties predominate even in
spite of the ionization, the ionized mole-
cules will be held in the monolayer even
when it is compressed. The monolayer
properties can be expected to vary in the
following manner. The area A will not
be altered with increasing ionization, Fig.
1, ITa. Factors such as changes in the tilt
of the molecules in the surface layer and
changes in the interaction between the
molecules may, however, to some extent
cause variations in A. The ionized mole-
cules will be more strongly anchored in the
surface of the substrate than the unioni-
zed molecules and this will result in higher
values of =y with increasing ionization,
Fig. 1, ITb.

These two possibilities correspond to
limiting conditions. If there exists a suit-
able balance between the hydrophobic and
hydrophilic properties it will be expected
that the curve representing the decrease in
A will lie between the two curves Ia and
Ila. mg will increase to some extent, but
will be smaller than in case IIb.
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Fig. 2—3. The effect of ionization upon the
properties of rosin actd monolayers. Fig. 2.
dehydroabietic, I1 tetrahydroabietic acid. F1ig.
3. I abietic, 11 dihydroabietic acid. Curves a:
Decrease in the area A, b: Increase in the
collapse pressure MKeq. Curve  give the variation
of the degree of tonization. 20° C. The pH of
the aqueous substrate has been reduced first to
pH 3.5 by adding hydrochloric actd, and then
increased by adding sodium hydroxide solution.

Fig. 3.
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On the basis of the foregoing, if the
strength of the hydrophobic properties of
the molecules determines the effect of
ionization upon the properties of the com-
pressed monolayer, it is to be expected
that in the case of molecules with weakly
hydrophobic properties only the area A
will undergo a change, and in the case of
strongly hydrophobic molecules only the
pressure g will be altered. In the case of
molecules with intermediate hydrophobic
properties in which there exists a balance
between the hydrophobic and hydrophilic
properties in the ionized state, both A and
ng will be affected.
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In the rosin acid series, dehydroabietic,
abietic, dihydroabietic, and tetrahydro-
abietic acid, the hydrophobic character of
the molecules increases with decreasing
number of double bonds in the molecule.
The effect of ionization upon the mono-
layer properties of these acids on substra-
tes with very low electrolyte concentra-
tions is recently investigated ! and is shown
in Figs. 2—3. The curves for dehydro-
abietic acid, Fig. 2, I, indicate a marked
decrease in A, (the area at a surface pres-
sure of 15 dynes per cm) and practically
unaltered 7geq (the equilibrium pressure
after the collapse of the monolayer). The
curve A, almost exactly corresponds to
the curve ¢ for the degree of ionization
calculated taking for K the value 10584,
At pH 5.97, a decrease in A, of 58 per
cent is accompanied by an increase in mgeq
of only 0.6 per cent. The effect of the
ionization on the dehydroabietic acid
monolayer thus corresponds very well with
the curves I in Fig. 1, which were drawn
for the case of weak hydrophobic proper-
ties of the molecule. The curves for tetra-
hydroabietic acid, Fig. 2, II, resemble the
curves II in Fig. 1, which apply to strong
hydrophobic properties of the monolayer
substance. The increase in mxeq is marked
(5 per cent at pH 7.0), whereas the decrease
in A,; is relatively insignificiant (3 —4 per
cent). Fig. 3, I, for abietic acid and Fig.
3, II, for dihydroabietic acid indicate
marked changes in both 7geq and A,,. The
increase in g .q is about 3 per cent for abietic
acid at pH 6.81, the decrease in A,y 41.2
per cent. The corresponding percentages
for dihydroabietic acid are 4 per cent and
17 per cent at pH 6.94. Abietic and di-
hydroabietic acids thus occupy an inter-
mediate position with respect to the effect
of ionization on the monolayer properties,
which is to be expected since with respect
to their hydrophobic properties they are
situated between dehydroabietic and tetra-
hydroabietic acid.

The behavior of the rosin acids shows



SHORT COMMUNICATIONS

clearly that the effect of ionization upon
the monolayer properties is connected with
their hydrophobic character. It is also
evident that the strength of the hydro-
phobic properties largely determines the
nature of the effect. Differences similar to
those noted for the rosin acids may also
be found among other groups of substances
in which the hydrophobic properties
undergo similar variations.

I am indebted to Professor Per Ekwall, the
Head of the Institute, for discussions.
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Thiohydrazides and Thiohydrazo-
nes: A New Class of Antibacterial
Substances
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n 1934 Jensen! prepared several co-

ordination compounds of thiosemicarb-
azide and substituted thiosemicarbazides.
Recently Jensen and Miquel 2 found that
thiobenzhydrazide, CGH5CSNHNH2, forms
nickel complexes of the same type as are
formed by the thiosemicarbazides. A close
parallel appears to exist between tuber-
culostatic activity of the thiosemicarba-
zones and their ability to form co-ordina-
tion compounds with copper 3. Since the
complex compounds of thiosemicarbazides
and thiohydrazides are similar we should
expect that thiohydrazones would also
possess antibacterial activity. A large
number of thiohydrazides and thiohydra-
zones were therefore prepared and tested.
Preliminary experiments showed that both
classes of compounds were antibacterial
as well as fungistatic, so we are now making
a more detailed investigation of their
activity.
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The thiohydrazides were prepared by
reaction of esters of dithioacids or the free
dithioacids with hydrazine. The following
new thiohydrazides were prepared:

Thiophenylacethydrazide. M.p. 71°.

CgH, N,S (166.2)
Cale. C 57.82 H 6.07 N 16.86 S 19.26
Found » 57.52 » 5.95 » 16.96 » 19.25

2-Hydroxythiobenzhydrazide. M.p. 102°.

C,HgON,S (168.2)
Cale. C 50.00 H 4.80 N 16.66 S 19.07
Found » 49.98 » 4.85 » 16.95 » 18.92

4-Hydroxythiobenzhydrazide. M.p. 208°.

C,H,ON,S (168.2)
Cale. C 50.00 H 4.80 N 16.66
Found » 50.25 » 4.73 » 16.83

4-Methoxythiobenzhydrazide. M.p. 126°.

CgH,,ON,S (182.2)
Cale. C 62.72 H 553 N 15.38 § 17.59
Found » 52.85 » 5.48 » 1531 » 17.30

3-Methoxy-4-hydroxythiobenzhydrazide.

M.p. 148°.
CgH,,0,N,S (198.2)
Cale. C 48.48 H 5.09 N 14.14
Found » 48.68 » 5.18 » 14.06

4- Acetamidothiobenzhydrazide. M.p. 234°.

CgH,;ONgS (209.3)
Calc. C 51.67 H 5.30 N 20.09
Found » 51.71 » 5.38 » 20.41

4-Dimethylaminothiobenzhydrazide.

M.p. 170°.
CoH,oNGS (195.3)
Cale. C 556.37 H 6.71 N 21.53
Found » 556.31 » 6.75 » 21.50

2-Furanethiocarboxhydrazide. M.p. 135°.

C;H,ON,S (142.2)
Cale. C 42.25 H 4.26 N 19.71 § 22.52
Found » 42.28 » 4.44 » 19.92 » 22.45



