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This invention relates to microbicidal com-
plexes formed in part of silver oxide or silver
carhonate or of any other basic silver compound.
By “basic silver compound” I mean a. substan-
tially insoluble silver compound having a basic
or high sludge pH, or one which in my process
yields silver oxide or hydroxide as one state of
the process. The term “microbicide” as used
herein includes lethal or growth-inhibiting ma-
terial effective against microbiota, such as bac-~
teria, both pathogenic and non-pathogenic, such
as gram positive mierococci, such as staphylo-
coccl, streptococci and pneumococcei; gram nega-
tive bacilli such as Escherichi coli and anerobic
bacilli such as Colostridium welchii and Ostri-
dium sporogedenes, and for molds such as Asper-
gillus niger and Penicillium notatum.

The term “sludge pH” refers to the property
of finely divided solids to exhibit a pH which
may be different from the aqueous environment
in which they are suspended. To measure the
sludge pH, finely subdivided test material is dis-
persed in water and thus converted into g homo-
geneous sludge of high solids content by the addi-
tion of an adequate quantity of distilled water.
The pH determination is performed by means of
a glass electrode in the conventional manner.

Foy purposes of my invention I have found
that of the basic silver compounds Ag:0 and
Ag2COz are especially suitable for development
of complexes of superior microbicidal and cata-
lytic properties. Therefore, what is hereafter
said of Ag20 applies as well to Ag2CO;, which In
my process is the praectical equivalent of Ag:O

and may be substituted therefor. The preferred :

embodiments of my invention resulting in miecro-
bicidal material of superior utility have been:
made from Ag:0. However, I do not mean that
my invention is limited to complexes of silver
oxide.

I have found that by suitably combining such
basic silver compounds, employed as solids, with
insoluble, finely divided solid materials, espe-
cially when both are dispersed in an. agueous

medium, I may produce a highly active micro~

bicide which, in contradistinction to known stoi-
chiometric silver compounds, such as Ag20,

ApNOs, AgCl, AgaS804, Ag acetate, silver lactate;

silver citrate, remains highly active in the pres-

ence of inhibiting substances which impair the 5
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microbicidal activity of such silver compounds,
and which, in contradistinction o the stoichio=
metric silver compounds, will not denature pro-
teins, leucocytes, ete.

The microhicides of my invention, in contra-
distinction to known stoichiometric silver com-
pounds, are also long-lasting in that their miero-
bicidal activity remains at a high level for pro-
longed periods of exposure or upon repeated con-
tact with infested environment. I therefore
render Ag much more suitable for microbicidal
purposes than in the form of the common silver,
compounds.

I have found that I may combine such basm
silver compounds with relatively insoluble, finely
divided materials, hereinafter called “substrate,”
which themselves have a sludge pH of either
acidie, neutral, or basic character, under such
conditions as to materially affect the physico-
chemical characteristics of the materials thus
combined. Whiie I do not wish to be hound by
any thecry of the reaction which oceurs, the
phenomena described below are evidences of
some form of physico-chemical combination of
the silver compound solids and the substrate
golids in that the physico-chemical properties of
the bagic silver compound, for example, silyer
oxide or silver carbonate, and the substrate are
profoundly afected. :

While I do not mean to imply that the reac-
tions are chemical in the true stoichiometric
sense, the changes which occur in the sludge pE
of the materials thus combined are direct. evi~
denece of some form of combinatien between the
silver oxide and the substrate. The sludge pH
resulting from:. this combination is materially
modified by the time and the temperature at
which the substrate and the basic silver com-
pound are in wet contact with each other, ;

Further evidence of the transformation of the
two components into a new complex resulting
irom - prolonged mutual contact in an agqueous
medium  is presented - by the existence of a
uniform photochemical sensitivity developed
throughout the complex formed according to my
invention. . This can be demonstrated by the-
following example.

.ZnG is practically insoluble, photochemlcally
entirely’ inactive and white of eolor. Ag:O is
-.and, though sensitive to Iight, does not’
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change color appreciably when exposed to light.
When 1% of Age0 is combined with ZnO, ac-
cording to my invention, the resulting com-
pound is practically white before it is exposed
to light. Exposure to light changes the color
of this material to a brownish-blue so uniformly
that even the highest microscopic resolving power
reveals no black and white inhomogeneity of the
exposed surface. This observation is inconsistent
with any cciclusion that a mere mixture of Zn0O
and Ag20 has been formed. If only an intimate
mixture between ZnO and Ag20 had been pro-
duced, the black Ag20 would be observable under
magnification in discrete particles embedded in
the white mass of ZnO and no uniform discolora-
tion would result; in fact, no discoloration at all
would have been produced by the exposure to
light. The photochemical reaction is, however,
consistent with the conclusion that s new state
of matter had been created by the process of my
invention and that this state is not merely that
of Ag:0 and ZnO in mere admixture. It Is
furthermore observed that the sensitivity toward
light of longer wave lengths can be controlled by
the Ag concentration and the choice of the sub-
strate. - This variable reaction to light quanta of
different frequency is an additional evidence of
the existence of g new state of matter and not of
an admixture.

This evidence, therefore, indicates an hitherto
unsuspected transformation of substantially in-
soluble basic silver compounds of the nature set
out above in the solid phase with other substan-
tially insoluble solids in which transformation,
surface reactions apparently occur.

I have therefore been able as a result of this
basic discovery to profoundly modify the above
basic silver ccmpounds, to control the sludge pH
of the silver-compound-substrate-complex and
to control the emission of the silver and the
photo-chemical response of the silver compound.

In the case of ordinary stoichiomefric silver
compounds, used as microbicides, for instance, as
germicide, in the presence of inhibitors which
either bind the silver ion in relatively non-dis-
sociable form, or which act as reducing agents,
the silver compound is inhibited in its bactericidal
action, that is, its activity is diminished. Such
materials includes sulfur in forms to produce sil-
ver sulfide, materials having active sulfur or mer-
captan groups, and also sugars and protein-like
substances, etc. Practically speaking there is no
environment capable of supporting growth of
microbiota which does not contain some sub-
stances which inhibit the microbicidal action pro-
duced by stoichiometric silver compounds. For
this reason, since such inhibitors are always a
part of a microbial environment, the activity of
the silver compounds is limited unless one uses
amounts sufficient to overcome such inhibitory
action. The use of such large amounts is im-
practical and also presents the danger of toxicity.
In the case of the complexes of my invention,
the bactericidal activity per unit of silver is much
greater than that of ordinary silver compounds.
The reduction in microbicidal activity of the com-
plex of my invention by the inhibitors previously
mentioned is less than in the case of ordinary
silver compounds. Therefore, both because I may
use less silver to effect a certain microbicidal
activity and because the inhibitors have less de-
activating influences, I can attain either the same
microbicidal activity with far smaller amounts
of silver or a greatly increased microbicidal
activity with the same amount of silver. Another
consequence of this phenomenon is that an
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amount of silver employed in the complex of my
invention will act as a microbicide over longer
periods of time than the same amount used in
ordinary stoichiometric silver compounds.

Since I may by proper control of the charac-
ter of the complex, as described herein, control
the emission c¢f the silver into the aqueous en-
vironment, I may, as a consequence of the above
property of my complex, limit the appearance of
silver in the environment to that below any toxic
level. The complexes formed accerding to my in-
vention do not cause denaturation of proteins
present in infested environments cccurring in
nature where these microbicides are employed to
control or destroy microbiotic growth. The
physiological danger of argyria or argyrosis pres-
ent in the use of ordinary silver compounds is
therefore substantially and practically removed
when employing the complexes cf my invention.

The fact that I have been able as a result of

“the formation of the above complexes to largely

_ activate the microbicidal activity of the silver
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compound while reducing the solubility of the
silver compound and eliminating the denatura-
tion of protein matter is one of the advantages
of my complekes as compared to ordinary com-
pounds when used in chemo-therapy.

The microbicidal activity of my complexes does
not appear dependent on the liberation of a high
concentration of Ag ions in the agueous environ-
ment. These complexes are apparently surface
active materials acting through the medium of
the surface of the complex.

The silver compound substrate complex of my
invention in addition -to acting as a microbicide
also acts as & peroxide or perhydrate decomposi-
tion catalyst. Whereas the substrate may be
catalytically inert in such a reaction, the com-

plex has ‘a catalytic activity manyfold greater,

than either the substrate or the silver compound
specified above when acting alone or in simple
mixture. Not only is the activity of the silver
compound so greatly amplified but the active life
of theé catalyst complex is longer.

I have found that my catalyst is particularly
active in the sterilization of aqueous liquids
through or by the ald of oxygen-yielding sub-
sta,nces such as hydrogen peroxide or hydrogen
peroxide complexes or of compounds which, on
decomposition in the presence of water, yield
some hydrogen peroxide as one stage of the
process.

I have discovered that such catalysts acting
upon or through the agency of such oxygen-
yielding substances are microbicidal in that they
will kill microbiota present so completely as to
sterilize heavily infected waters, fruit juices, or
other aqueous foods and liquids in a short time
without the necessity of producing an Ag-ion
concentration in the ligquid which is physiologi-
cally objectionable.

In preparing the complexes of my invention, I
disperse a suitable silver compound in powder
form together with a finely divided substrate in
water, preferably distilled water. The sludge
pH of silver oxide varies from 9 to 10. I employ
as- substrate finely divided solids substantially
water insoluble, the sludge pH of which is sub-
stantially basic, i. e., of sludge pH above ahout
7.4.. Basic substrates include zinc oxide (ZnO),
the sludge pH of which varies from about 7.4 to
aboub 7.7; alumina (Al:Oz) or hydrated alumina
(AI(OH)3), both having a sludge pH of about
10;: MgO which has a sludge pH of about 9.7;

7]
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bismuth triozide (Bi20Oz) which has a sludze PE
of about 9.6.

. The sludge pH of these solids is apparently
affected to some degree by surface contamina-
tion; particle size, and particle size .distribution,
and it will be found that for different. samples
the sludge. pH varies somewhat. Therefore, in
classifying the solids as basic, where. their sludge
PH. approaches the limits given .in the . above
classification, their sludge pH may on measure-
ment appear to classify them differently from
that stated above.

I may also employe mixtures of these sub»I

strates to form complexes with the silver com-
pound in which the substrate is formed of a mix-
ture of two or more different substrates of sim-
ilar or dissimilay sludge pH.

I disperse the substrate in sufﬁment water to
give a solids concentration sufﬁcient to produce
a thick or viscous mass but sufficiently fluid to
be adequately mixed by stirring and then add the
silver compound, stirring vigorously. The basie
silver compound is added in sufficient amount to
leave undissolved solids of silver compound.

In employing such silver compound, for ex-
ample, Agz0 or AgaCOCs, I prefer to employ a
relatively pure powder of such material. While
it is possible to generate the AgaO or Ag:COs
or other basic silver compound in situ in the
mixture of substrate and water, for example, in
the case of Aga0O, by reacting g soluble silver salt
with an alkali, it will then be necessary to wash
the complex to remove soluble electrolytes pro-
duced by the reaction. Such electrolytes in-
troduce complications and difficulties both in
forming of the complex and in the washing of
the complex. These are avoided by using a
previously prepared and purified basie silver com-
pound.

The mixture is then milled in a colloid mill,
An intimate mixture or dispersion in water of
the solids is thus formed. The mass may then
be dried and granulated or pilled or pelleted. In
order to aid in the dispersion of the substrate
and/or the silver compound, I may add a dis-
persing agent to the water. This dispersing
agent has the property of deflocculating the sub-
strate and/or the silver compound and reducing
the viscosity of the mix, thus permitting the use
of less water in making the mixture, i. e, by
increasing the permissible solids concentration
of the mix. This reduces -the amount of drying

that is necessary. Prior to drying I may, by sub--

Jecting the milled sludge to digestion for a. con-
trolled period of time and controlled temperature,
cause the interaction between the solids to occur
in the manner described above and more fully

set. oub helow. The sludge is digested for a pe~.

riod of time at a temperature of below about
100° C., preferably at a temperature of 50-55° C.

in a cIosed vessel, during which digestion the-

PH of the sludge drops.. When the desired- pH
is obtained the sludge is then dried.

The following examples are herewith given. 28
an aid to the understanding of my invention and
as an illustration thereof, but are not intended
as any limitation thereof.

charts forming part of this specification, in which
Pig. 1 shows the variation of sludge PH of the

complex formed in accordance with‘ExampIe I‘

When digested for different p’eric_)ds.
Example 1

72 parts by weight of ZnO are d15perseo. if 169
parts by weight distilled water‘and homogenized:

This invention will.
also be further described in connection with the
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by vigorous stirring. ZnoQ is finely divided, hav~
ing an average particle size of ahout: 0.3 microns
or finer ranging in size to a fineness equal to
lampblack, which can be obtained with average
particle size of as low as 10 millimicrons. I find
that. the studge pH of ZnO differs somewhat be~
tween different batches from about 74 .to 7.7. I
may employ a dispersing agent to assist in the
dispersion of the ZnO. The sludge thus formed
is quite viscous. Subsequently, 3 parts by weight
Agz20 are added and homogenization continued.
The material is then colloid milled, circulating
the sludge until it becomes fluid and thoroughiy
dispersed. The sludge pH at the end of this proc-~
ess is. 9.7. The behavior of the sludge pH after
prolonged digestion at 50°-55° C. undergoes but a
minor fall in value. The sludge pH of this com~
plex decreases only a liftle (to 9.1 after 18 hours),
as illustrated in curve A, Fig. 1. By interrupting
the digestion at an intermediate point angd dry-
ing, I may obtain a.complex rangino in pH from-v
about 9 te 9.75.:

Exzample 2

Instead of using ZnQ as in Example 1, T may
use an insoluble basic metal oxide or hydroxide,
sueh as aluminum hydroxide ‘(1. e. hydrated
aluming (AI(OH)3:) or alumina (AlO3). The
sludge pH of the AI(CH) 3 used was 10.07 and of
the AlaGs was 9.88.  The procéss of Example 1
was followed using & ratio by weight of Ag:O to
Al2O3 or hydrated alumina Al(OH) 3 of 4.8 parts
of Ag20 to 95.2 of the AlzO3 or A1(OH)3. The
sludge pH after mixing angd colloid milling was
about 10.4 in the case of the Al:Os and 10.8 in
the case of the AI(OH) 3. After 44 hours of diges-
tion the sludge pH of the mixture containing
Al:0: was about 10.5 and that containing AI(OH) 3
about 10.2. The sludge was then dried as de-
scribed for the other example. The ratio of
AlO; or AI(OH)3 may be varied to give various
concentrations of Aga0. ) -

While in the specific examples I have illustrat-,
ed one ratio of AgeO to the substrate, I may vary.
the Ag20 to substrate ratio in any desired pro-,
portion. Thus, I may vary the Ag:0.from less.
than a fraction of 1% in the order of varying
from g trace up to equal quantities with the.
substrate or an even higher proportion. Ths
amount which may be incorporated depends on
the substrate and the use to which the complex
is to be put. The upper limit is the amount of-
Ag:0 which will combine with the substrate to
give the pIH differences herein described. This:
value may be termed the saturation value. If:
this. value is exceeded, the complex will have an
excess of silver and show the sludge pH of A0,

In Fig. 1 is plotied the effect of digestion time:
on the sludge pH of the sludge formed aceording
to Example 1. As indicated above, eurve A repre-:
sents the variation of the pH of the sludge as it
is digested. 'The sludze pHE of Age0 -is ahout:
9.3 and the sludge pH of the ZnG emnicyed in
Example 1 is about 7.4 to 7.7. On colloid milling
the sludge pH of the admixture is '9.75. - The-
sludge PH is aetually higher than-that of the’
Ags0. As digestion is prolonged, the sludge pH"
drops.. The same phenomencn is observed in
connection with the basic substrates AlaQO; and’
Al(OH)3. In the case of these substrates which
show higher sludge pH than the Ag:0, the sludge
pH on colloid milling is higher than that of the"
Ag20 and also higher than that of the substrates
Ondigestion the sludge pH shows a gradual drop,’
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as in the case of the complex formed from the
ZnO substrate, from the high value attained-on
colloid milling. However, in the case of the high-
1y basic substrates Al2O: and A1(OH) 3, the sludge
pH did not drop, in Example 2, to the sludge
pH of the Ag20. By proper choice of substrates,
as exemplified above, I can thus increase the
sludge pH of both substrate and basic silver com-
pound by combining them in the form of the
complex of my invention.

It will be observed from the curve, Fig. 1, that
as the digestion process continues the sludge pH
of the complex drops. Thus, in Example 1, Fig.
1, should the digestion have continued for several
movre hours, the sludge pH would have dropped
further, but the rate at which the sludge pH
dropped, with continuation of the digestion, de-
creased. The curve tends to flatten out. This
same phenomenon occurs in the case of ZnO of
Example 1, in which it appears that the sludge
pH flattens out in the region of about 9 to 9.5.
The level of sludge pH at which this levelling out
occurs depends on the amount of Ag2O combined
with the substrate in the complex, ranging from
a trace or less than 1% of Ag20 up to the satura-
tion value of the substrate.

The sludge pH after an initial period of slow
change, which may be called an induction period
for this reason, enters a region during which the

reaction accelerates and there is a relatively rapid :

variation of sludge pH with digestion. This may
be termed the region of vigorous reaction. The
rate of drop of pH then falls off markedly. The
curve flattens out and is of markedly smaller

slope than in the region of vigorous reaction. i

The transformations are nearing completion,
i. e., approaching or at equilibrium or quasi-
equilibrium.

In carrying out my digestion to obtain stable
microbicidal materials, I prefer to continue my
digestion until the digestion approaches equi-
Hbrium, that is, arrives in the flat region of the
curves of PH vs. time. I term this region the
region of equilibrium, remembering that this will

include a state of quasi-equilibrium where the |,

rates of change of pH are materially slowed down
as previously described.

It is to be recognized, however, that a complex
at equilibrium due to digestion at one tempera-
ture may not be at equilibrium at another tem-
perature, and I may arrive at further equilibrium
at lower pH values by raising the temperature of
digestion.

I can therefore by choice of substrate and the
degree and temperature of digestion attain the
desired sludge pH of the complex.

. Thus, as is illustrated by Example 2, by choos-
ing g substrate having a sludge pH higher than
the basic silver compound such as, for example,
Ag20, the final sludge pH may be made higher
than that of the silver compound and even higher
than the sludge pI of the original substrate. By
employing a basic substrate having g sludge pH
lower than that of the basic silver compound, I
may by such choice of substrate and the time and
temperature of digestion obtain a complex the
sludge pH of which may be intermediate the
sludge pH of silver compound and the original
substrate when separately measured, or higher
than the sludge pH of the substrate.

Although I do not wish to be bound to any
physico-chemical theory of the mechanism of
my process, I believe that the foregoing facts are
consistent with the view that reactions occur
between the solid particles employed in my proc-
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esg and that the resultant complex is not & mere'
admixture of the components thereof.

Since the effects produced apparently do not
follow a simple stoichiometric law in that the
components do not enter into reaction according
to their combining weights, it is concluded that
the complexes formed are not true compounds
in a chemical sense.

That some form of physico-chemical alteration
of the silver oxide occurs is further supported
by ‘the profound alteration in the emission of
silver from the silver complex when compared
with the solubility of silver oxide.

The emission of silver into the aqueous environ-:
ment does not follow a simple solubility law as’
in the case of stoichiometric silver compounds.
The amount of silver in the agueous environment
depends upon the amount of material employed.
Thus, as was stated above, Ag20 will saturate a
distilled water solution at 13,000 gammas per’
liter, expressed as Ag, and a half normal KNOs'
solution at 90,000 gammas per liter, expressed as
Ag. The total silver which will be found in dis-
tilled water solutions prepared with the com-~
plexes of my invention, depending upon the com-
plex and the ratio of complex to aqueous medium,’
may be equal to or more or less than these satu-
ration values, even though I use compiexes carry-
ing combined Ag which, when expressed as the
basic silver compound of said complex, e. g., Agz20,
is in excess of such saturation values. ;

The emission of silver may be altered by vary-
ing the character of the substrate and/or the
sludge pH of the substrate. In the following
examples the emission of silver into 100 cc. of
boiled distilled water from an amount of com-
plex equivalent to 25 milligrams Age0 may be
increased up to more than 3.5 tiies the solubility
of the silver oxide to 47,000 gammas of Ag per
liter. This range may be made even more ex-
tensive by proper choice of the substrate and/or
adjustment of the pH and by the extent of di-
gestion.

In the case of the substantially alkaline sub-
strates, such as zinc oxide, the complexes of high.
sludge pH show less silver emission than the low.
sludge pH complexes, varying from about 40,000
to 50,000 gammas Ag per liter at g sludege pH of-
about 8.7 to about 12 to 15,000 gammas of Ag
per liter at a sludge pH of about 9.8.

The emission of silver, like the solubility of
Ag20, depends on the ionic strength of the aque-
ous environment, even in the absence of common
ion effect or base exchange. In the presence of

- electrolytes, such as 0.5 normal KNOz solution,

this solubility or emission is amplified. The
emission or concentration of silver in that case
also depends on the amount of material employed-
and may reach a saturation value depending on
the amount of Agz0 in the complex. With zinc
oxide complexes containing Ag equivalent to 1%,
calculated as Ag20, a saturation is not reached
at 92,000 gammas of Ag per liter of .5N KNO;
solution, even though I employ enough complex

"to give 1,000,000 gammas of silver per liter, 1. e.,

100,000 milligrams of complex carrying silver
equivalent to 1,000 milligrams of Ag:0. With
higher concentration of AgiO (for example, 109
Agi0 and 90% ZnO) in the complex saturation

" is not reached even employing 100,000 milligrams

of powder carrying 10,000,000 gammas of Ag20.
In that case I may introduce 121,000 gammas of
Ag per liter into the KXNOs solution. By control-

75 ling the concentration Ag:0.in the complex, I:
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may control the emission of Ag:O into the elec-
trolyte solution.

The ability to control the amount of silver
which may be introduced into an aqueous me-
dium by means of the complexes of my invention,
and to yield concentrations of silver over wide
limits, is of importance where it is desired to con-
trol the silver concentration in aqueous media.
Many processes of liquid sterilization heretofore
proposed depend on the concentration of dis-
solved silver in such media. In the case of my
microbicides, however, the microbicidal effect
does not depend on the concentration of dissolved
sllver. In fact, the microbicidal activity appears
to be greater than when using ordinary silver
salts, such as silver nitrate, which give concen-
trations of silver ions manyfold greater than that
obtainable from the complexes of my invention.
The microbicidal activity is accompanied, in the
case of the complexes of my invention, by sub-

stantial and even total absence of protein de-

naturation. This is in substantial contradistinc-
tion to the case of the ordinary silver salts which
act through the properties of the Ag ion. In
such cases the miicrobicidal activity is accom-
panied by extensive denaturation of the protein
environment. I have found that the microbi-
cides of my invention are active without such de-
naturation when they yield silver concentrations
much greater than that obtained when using sil-
ver oxide,

To illustrate this property of my complexes,
the following experiments, charted in Fig. 5,
may be taken as typical:

Three sets of Petri dishes were prepared: set
I, with nutrient agar; set II, with nutrient agar
employing .02% cystine; and set III, nutrient
agar with .01% sodium thioglycolate.
and sodium thioglycolate are well known inhibi-
tors for the microbicidal activity of silver, due
to the sulfur complex present in both com-
pounds as shown in HSCH:COONa (thioglyco-
late); (SCH:CH(NH:) COOH):2 (cystine). On
each of the plates, the following materials were
placed: AgNOs (silver nitrate), AgeSOs (silver
sulfate), CE:CHOHCOCAg (silver lactate),

CH3(CH2)7 CH=CH (CH2)v COOAg

(silver oleate), Ag20 (silver oxide).

Complex 1 was formed according to Example
1, using ZnO as substrate, an AgsO concentration
of 1%, and digested to yield a sludge pH of 9.27.

In order to obtain comparable performance
and results of the above five stoichiometric silver
compounds and the ZnO complex, the following
technique was employed:

Equal weights of each of the different materials
were dispersed in equal weights (1:1) of an aque-
ous solution containing 1% nutrient agar. These
suspensions were aliowed to harden; each hard-
ened suspension then represented a gelatinous
mass out of which cylindrical pellets of equal
diameter, about 3 millimeters, and height (3 mil-
limeters), were cut with an adequate tool. One
representative of each of the above materials was
placed on the nutrient agar layer of each of the
above three types of nutrient, so that each pellet
was in wetting contact with the nutrient agar.
Each of these plates was then inoculated with
a mixture of E. coli, staphylococcus and strepto-
coccus and incubated for 48 hours. The plates
showed a heavy growth of bhacteria colonies ex-
cept for a clear sterile zone or annulus around
each of the pellets and spofs. The width of the
sterile annulus was measured.
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In addition to the sterile zone, a zone of dis-
colored nutrient, in general opaque, could be ob-
served whenever the silver-bearing material con-
tained in the pellet has the tendency to denature.
the protein contained in the nutrient of the agar
plate. It is thus possible to observe and compare
quantitatively in one and the same experiment
the microbicidal action as well as the denaturing
effect of each pellet and to compare their action
numerically by the diameters of the sterile and
denatured annuli.

The following table gives the width of the ster-
ile annulus and the width of the annulus of
the denatured zone surrcunding the pellets:

Width of sterile annulus and ennulus oj
denaturation in mzllzmeters o

5

Petri Dish I Petri Dish IT | Petri Dish TIT
Sterile | Denat. | Sterile | Denat. | Sterile | Denat.
Zome | Zone | Zone | Zone | Zone | Zone
Silver nitrate._. 3 3 K 2 1 2"
Silver sulfate._. 2 2 b .5 1 1
Silver lactate. .. 1.5 2 ] L5 1 2
Silver oleate__.. 2 2 .25 2 .5 2.
Silver oxide...... 4 15 2 1 1.5 2
Complox 1.._.__ 3 none 1.5 none 2 ‘non

e

It is evident from this table that all stoichio--.
metric silver salts, regardless of their solubility, .
produce denatured zones which are of the same
order of magnitude as the sterile zones, and which
former can exceed in many cases the latter, espe-
cially in the presence of inhibitory agents. In
contradistinction to this behavior, the substances .
characterized by my invention not only show a .
lesser degree of a relative inhibition by addition
agents such as sodium thioglycolate, ete., but-also

. show no measurable width of a denaturation

zone.
It will be observed that when employing the .
stoichiometric silver compounds there was pres- .
ent at the zone of contact between the pellet
and the nutrient agar surface in the dish a silver, .
concentration many times greater than when em-
ploying the complexes of . my invention, yet the
microbicidal activity of my complexes was as great.
or greater than in the case of the stoichiometric
silver compounds. Thus, compare Complex 1 in
Petri dish I with the stoichiometric silver com-
pounds in the same Petri dish. Additionally, the
complexes of my invention are more resistant to
commonly occurring inhibitors. Except for Ag:0,
the sterile ring of the complex in the case .of
Petri dish II, is greater than that for the other
silver compounds., However, in the case of the
thioglycolate, the sterile ring is as great or greater
than in the case of Ag20 which shows the widest
ring of all the stoichiometric silver compounds.
The hehavior described above illustrates the
peculiar properties of the complexes of my in-
vention. They are more active than simple silver
compounds, since when employed in low dilu-
tion they are as active or more active than silver
compounds carrying a higher concentration of v
silver. Therefore, for the same unit of silver ex-
rosed to the microbial environment, I can ob-
tain a greater microbicidal activity in the case

~of my complexes than can be obtained with sim-

ple stoichiometric silver compounds, or I can ob-
tain the same microbicidal activity with less silver.
These complexes are alse more resistant to in-
hibitors.  The deactivating influence of inhibition
is less in the case of the microbicides of my in-
vention than in the case of the simple stoichio-
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metric silver compounds, so that less of the silver
need be employed to overcome this deactivation.
Particularly important is the fact that this mi-

crobicidal activity is accompanied by substan-.

tially no denaturation of -the protein environ-
ment. In this regard the silver complexes of my
invention are uniquely different from stoichio-
metric silver compounds.
naturation, I believe the action is through the
activity of the Ag ion, and since this microbicidal
activity of the stoichiometric silver compounds
depends on Ag ions, the silver ions combine with
the protein to denature it. This is evidenced by
the coloring of the protein and is present whether
observed in the Petri dish or in the discoloration
of skin, nails or other tissue or mucosa.

The complexes formed according to the ahove
methods find wide application in pharmaceutic
and medical arts. They may be used as germi-
cides in treatment of skin wounds, abrasions or
burns, or as therapeutic agents in the treatment
of diseases of the skin, such as boils, pimples,
ringworm, or trichophytosis (“athlete’s foot’).
In all such cases the complex may be applied
as a paste in water, and after application may
be washed off.

. The complexes of my invention may also be
employed to produce self-sterilizing surfaces on
glass, wood, metal, paper, cellophane, etc. The
dried complex is dispersed as a pigment in a
plastic binder having a desirable water perme-
ability and water capacity. Thus, I may employ
the alkyd resins of low acid number, co-poly-
mers of the vinyl esters, either alone or in ad-
mixture with vinyl-butyral resin. I may use the
methyl-acrylate resins, or cellulose esters or
ethylcellulose resins. All these resins have the
desirable water permeability and capacity. The
complex is dispersed in the plastic binder in suit-
able diluent or solvent and the surface to be
treated is coated by painting, dipping, spraying,
or by means of printing rollers, where sheets or
other printable surfaces are to be coated with
such material. Microbiota in contact with such
surfaces are destroyed.

The microbicidal activity of the complexes of
my invention may also be used in treatment of
surfaces of textiles, papers and plastic sheet ma=-
terial.

In employing the complexes of my invention
as catalysts and microbicides for the sterilization
of water, the contaminated water, which may
have been previously filtered to remove dirt, solid
matter, cysts and such other relatively large or-
ganisms removable by ordinary filtration, is con-
tacted with my material in the presence of a
peroxide or a peroxide yielding substance.

1 may employ inorganic peroxides, such as H2Oz,
Na202, or other alkali peroxides, CaOa, MgOz, and
other inorganic derivatives of H202. Instead of
using inorganic peroxides I may employ organic
peroxides, employing the term to include perhy-
drates in which the H202 is an additive com-
pound or complex with the organic compound
rather than one in which the oxygens are linked
to the carbon in a typical peroxide formulation,
i. e, R—C—0—0O—C--R. In this respect the
term “peroxide,” while employed loosely for such
compounds as urea peroxide, is not strictly
scientific and may be considered as a coined word
for the purposes of this specification to include
hydrogen peroxide and other inorganic peroxide
derivatives of H202 and perhydrates both inor-
ganic and organic, being complexes of H202 and
other inorganic or organic compounds, for ex-

In all such cases of de--
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ample, carbamide perhydrate, also known com-
mercially as urea peroxide, the formula for which
is CO(NH3) 2.H202 or CO(NHz2)2.XH2032, CaO2 and
MgOs. )

I may for some uses employ alkali metal per-
oxides such as scdium or potassium peroxide, par-
ticularly where the alkali ion concentration at the.
end of sterilization is not too high for potability,.
or where the sterile water is used for purposes
other than drinking water.

The water may be treated by adding the per-
oxide or perhydrate to the water phase sepa-
rately and then mixing the same with the cata-
lytic microbicidal complex. of my invention in
powder form. I add to such water the peroxide
or perhydrate, as soluble peroxide or perhydrate,
for example, urea peroxide. The urea peroxide.
may, however, be mixed with the complex and
the infested water mixed with the powder and.-
after standing for g short period it may be fil-
tered. The water will be found to be potable and
sanitary according to the most rigid health
standards. . .

Instead of employing a contact method of
sterilization as previously described, the water
may be sterilized by passing the same through a
filter medium or porous body containing my
microbicidal catalyst. The contaminated water,
preferably after prior filtration to remove sus-
pended bodies and organisms such as cysts which
are removable by ordinary filtration, is passed
through a filter medium composed of or carrying
the aforementioned microbicide and catalyst. If
desired, water may be charged with the peroxide
in soluble form such as the soluble peroxide pre-
viously referred to, for example, hydrogen per-
oxide, or urea peroxide, or any of the other soluble
perexides previously referred to. .

I vrefer to employ a relatively insoluble per-
oxide, for example, calcium peroxide or mag--
nesium peroxide. This peroxide is mixed with
powdered complex. The mixed powder is sus-
pended in the plastic binders previously re-
ferred to and a filter medium is coated therewith.

For example, canvas or porcelain or sand or dia-

tomaceous earth filter medium may be coated or
impregnated with this material. The filter may
be used to purify water which is passed there-
through.

While I have described a particular embodi-
ment of my invention for the purpose of illus- .
tration, it should be understood that various
modifications and adaptations  thereof may be
made within the spirit of the invention as set .
forth in the appended claims.

I claim:

1. A process for the production of a microbici-
dal composition of matter, comprising mixing a
water sludge of a solid finely divided basic silver
compound and finely divided zinc oxide, digest-
ing said mixture in the presence of water for a
period of time sufficient to reduce the sludge pH
of said mixture to approximately 9.

2. A process for the production of a microbici-
dal composition of matter, comprising mixing a
water sludge of a solid finely divided oxide of
silver and finely divided zinc oxide, and digest- .
ing said mixture in the presence of water for a
period of time sufficient to reduce the sludge pH
of said mixture to about the equilibrium sludge
pH of said composition.

3. A process for the production of a microbici-
dal composition of matter, comprising mixing a
water sludge of a solid finely divided oxide of
silver and finely divided zinc oxide, and digesting
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said mixture in the presence of water for a period Number
of time sufficient to reduce the sludge pH of said 2,038,694

mixture to about 9. 2,040,806
ALEXANDER GOETZ. 2,192,285
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