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AN EZPERIMENTA1 INVESTIGATEN ON THE THEORY OR
ACTION OE COMPOUNDS OE MERCURY AND SILVER AS GERMICIDES,
WITH SPECIAL REEERENCE TO THE IONIC THEORY.

INTRODUCTION.

Compounds of Mercury were among the earliest sub¬

stances found to possess powerful bactericidal properties.
1 .-2

In 1875 Buchholtz, and somewhat later, Kuhn and Jalan
3

de la Croix showed that Mercuric Chloride had extraord¬

inary power in preventing the development of mixed cul-
4 5

tures in different media; and Koch (1881), Behring and
g

Geppert, to mention a few among the more prominent work¬

ers, found that it was even more powerfully bactericidal

towards pure cultures. Behring also showed that it was

more powerful the more the nutrient medium was diluted

with water, and was most powerful when it acted upon

bacteria suspended in distilled water. It was he also

who first drew attention to the powerful bactericidal

action of Silver Nitrate.

With the brilliant conception of Arrhenius and the

further development of the Theory of Solutions, the

pharmacological action of these inorganic substances

assumed a new interest. Dreser (1893) first showed the

bearing of dissociation upon pharmacological action.

He /
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He found that Thio-Oyanate of Mercury Solutions were

much more poisonous to yeast cells than Potassium Mer¬

curic Thiosulphate solutions containing the same quant¬

ity of Mercury, and that these two substances also dif¬

fered in their action on animals. He came to the con¬

clusion that the action of Mercury compounds as toxic

agents is due to Hg+ ions.

A much more elaborate and extensive investigation
8

was undertaken by Kronig and Paul and published four

years later. They investigated a large number of bac¬

tericidal substances by what is known as the garnet

method, and showed that in the case of inorganic salts,

more especially salts of the heavy metals, the degree

of dissociation is an important factor. The bacter¬

icidal action of the heavy metal salts, indeed, was

shown to depend on the number of free metal ions present

in the solution. The following table shows such results

as were obtained by them, which bears upon the present

investigation.
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INFLUENCE OP ADDITION OF SODIUM CHLORIDE TO MER¬
CURIC CHLORIDE SOLUTION.

Solution
'

1
Percentage

Anthrax Spores

Colonies
developing
after 6 mins.
exposure.

1 HgClg tlNaCl,16 litres HgCl21.69 4 8

2 T! fl " TT IT " +RaCl 0.365 3£

3 TT
+ 2 " It TT n t ir 0.73 1E4

4 IT + 3 " TT It it + it 1,095 282

5 IT + 4 " It IT ii + n 1.46 382

6 TT +4.6" TT TT ii 4 ii 1.68 410

7 TT + 6 " TT TT ii n E.19 803

8 tl +10 " It
t TT ii 4 n 3.65 1087

These two observers also showed, in an investigation
■

. into the action of certain compounds of Silver, that the

bactericidal power of Cyanide of Silver was greatly dim¬

inished by the addition of Potassium Cyanide, a result

shown in the following table.

Solution

Staphylococci
Colonies develop¬
ing after 3 mins.
exposure.

AgNOg 1 mol. 200 litres

CHgCOOAg " » »

AgN0g+2KCN 8 litres

0

0

6357.
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The influence of Alcohol is especially interesting
9

in this connection. Walker states that the degree of

dissociation, determined "by means of the molecular con¬

ductivity,, of certain compounds is scarcely affected hy

additions of Alcohol up to 30$, and it is interesting
■LQ

to note that Kronig and Paul, and Scheurlen and Spiro

found that the "bactericidal action of Silver Nitrate

and Mercuric Chloride was increased "by the addition of

Alcohol up to 50$ and 30fo respectively and diminished

"by further additions. This is shown in the following

tables.

INFLUENCE OF ADDITION OF ALCOHOL TO SILVER NITRATE.

Solution

Anthrax Spores.

Colonies develop¬
ing after 3 mins,
exposure.

AgNOg 1 litre (aqueous ) E635

TT II Alcohol 10fo £138

If II TT £0fo 1397

TT II TT 40fo 117

TT TT Tl 50fo 3

Tl IT 11 60fo EO

TT II II 70fo 960

TT TT IT 80-90$ uncountable
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Disinfectant

Anthrax Spores

Dumber of
colonies after
3 mins. exposure

lg.mol HgClg in 16 litres h2o 113

TT 11 If IT TT If TT 5fo Alcohol 383

IT If II II TT If TT 10fo IT 199

11 IT 11 IT TT TT TT ZOfo IT
86

11 IT IT TT TT TT TT 30fo TT 287

IT II It IT TT TT TT 4Ofo TT
335

IT II 11 TT TT If TT 50fo IT 1824

11 TT IT TT TT TT TT 60fo TT
2380

II TT TT TT IT IT TT 70fo IT 6400

11 IT IT TT IT TT TT 80fo IT uncountable

IT t! IT TT TT IT TT 9Qfo IT it

Results similar to those of Kronig and Paul were

obtained by Scheurlen and Spiro who observed the influence

of the additions to Mercuric Chloride of Sodium Chloride,

and who also compared the germicidal action of a com¬

pound of Mercury and Potassium Thiosulphate with Mer¬

curic Chloride with the result seen in the following

tables.

Anthrax Spores

Concentration of Disinfect¬ Dumber of Anthrax Colonies
ant . developing after exposure for

min mms mins mins hr hrs hrs
1 5 10 30 1 24 48

HgClg 1:1000 6 0 0 0 0 0 0

EgClg 1:1000+20^ DaCl 200 200 100 300 250 3 1



Anthrax Spores
Substance

Number of Anthrax Colonies
developing aJiter exposure for

1 15 45 18 48
min. mins. mins. hrs. hrs.

Mercuric Chloride 0.1% 60 0 0 0 0

Mercury Potassium Thiosulphate
0.232fo 450 500 150 200 100

Mercury Potassium Thiosulphate
2.32fo 70 46 j 77 54 35

Similar results have "been obtained by Professor Mar¬

shall in some unpublished experiments, which he has kind¬

ly allowed me to utilise, on the bactericidal action of

a double Cyanide of Silver and Potassium in comparison

with that of Silver Nitrate. The following tables

show his results

EXPERIMENTS MADE WITH PUTREFYING- FLUID.

Substance Percentage
of

Silver

Acting
for

Result after 24 hours
incubation at 37°C.

AgNOg 0.02 5 mins. no growth
T? 0.01 IT growth
Tf 0.01 10 " no growth

AgCN.KCN 5.00 5 " TT

IT 5.00 10 n IT

IT 5.00 20 " Tl
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EXPERIMENTS WITH PURE CULTURES OP STAPHYLOCOCCUS
PYOGENES AUREUS (MODIFIED THREAD METHOD).

Substance Percentage
of
Silver

Acting
for

Result after 24 hours
incubation at 37°C.

AgNOg 0.001 5 mins no growth

IT 0.0075 TT growth

fi.gCN.KCN 10.00 TT growth

TT 5.00 20 " T?

These experiments show that when to solutions of

salts of Mercury or Silver, other substances are added

which diminish the number of Hg*" or Ag+ ions in the

solutions, the bactericidal power of the solution is

diminished to an almost corresponding degree. Kronig

and Paul further supported these experiments on the

bactericidal action of ions by comparing the germicidal

action of different salts of one metal. They found

that those salts of the same metal which dissociated

least were the least powerfully bactericidal. The

following example of Mercuric Chloride and Mercuric

Cyanide (which only dissociates to a slight degree)
is given:-

STAPHYLOCOCCUS PYOGENES.

Solution Colonies
developing after
3 mins. exposurre.

HgClg 1 mol: in 64 litres

Hg(CN)£ " " 16 "

0.

6700.
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Previous to Iironig and Paul's investigations, how¬

ever, Behring had obtained results that are difficult

to reconcile with the newer view. Thus he found that

the following concentrations prevented the development

of Anthrax Spores in ox blood-serum.

HgClg+3 KCU 1 - 18,000
" fl " 1 - 15,000

" +£ " 1 - 12,000

1 - 10,000

" +10 HaCl 1 - 15,000

" +3 ra4oi 1 - 12,000

Hg fGH)g 1 - 18,000
Hgf CE") g 2 KCN 1 - 24,000

Hglg 2 KI 1 - 20,000

Prom these experiments it appears that the addition

of salts diminishing the number of free Hg+ ions actual¬

ly increases the bactericidal action of the Mercury

compounds.

The powerful bactericidal action of some organic

compounds of Silver, which apparently give no free

Ag+ ions, is of importance in this connection. In a

brief communication to the Physiological Society, Mar-

shall1fl[rew attention to the fact that the action of

such compounds and of Ammoniacal Silver Chloride could

not /
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not be explained on the theory that the bactericidal

action is due to free Ag+ ions; and he was of opinion

that in such eases, these compounds undergo an intra¬

cellular change. Some of his experiments on Ammoniacal

Silver Chloride bearing on the point, which have not

hitherto been published, he has kindly allowed me to

utilise.

EXPERIMENTS MADE WITH PUTREFYING FLUID.

Substance
Percentage

of
Silver

Acting
for

Result after 24 hours
incubation at 37°C.

AgN03 0.02 5 mins. no growth
TT 0.01 Tt tt growth

Am Ag CI. 0.02 tt It no growth
n 0.01 10 " II

Tt 0.01 20 " IT

EXPERIMENTS MADE WITH PURE CULTURES OF STAPHYLOCOCCUS
PYOGENES AUREUS (MODIFIED THREAD METHOD).

Substance
Percentage

of
Silver

Acting
for

Result after 24 hours
incubation at 37°C.

AgNOg 0.0075 5 mins. growth
II 0.0075 10 11

no growth

Am Ag Cl 0.004 5 TT growth
TT 0.004 10 IT

no growth

IT 0.002 10 II growth

TT 0.002 20 IT growth
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Scheurlen and Splro also showed that organic Mer¬

cury compounds, which do not give free Hg4" ions, may

also "be powerfully bactericidal, especially the chloride

and sulphate of Mercury Ethyl. The table^here given
shows the effect of these substances.

Anthrax Spores

Mumber of Anthrax col¬
onies developing in 24

Substance hours after exposure
to solution for
X
a 10 30 1 24

min. mins. mins j hr. hrs.
Mercuric Chloride 1:1000 85 4 0 0 0

Mercury Ethyl Chloride
1:10,000 0 0 0 0 0

Mercury Ethyl Sulphate
1:10,000 0 0 0 0* 0

Mercury Ethyl Chloride
1:50,000 120 15 160 95 110

Mercury Ethyl Sulphate
1:50,000 210 200 280 250 200

Mercury Ethyl Chloride
1:100,000 180 200 220 150 150

Mercury Ethyl Sulphate
.1:100,000 230 250 300 250 200

In view therefore, of the unsatisfactory state of

our knowledge on this subject, the following invest¬

igation was undertaken. Since it was commenced

Schoeller and Schrauth^lave published a paper on the

preparation and properties of some new organic Mercury

compounds, which they state have been submitted to

bacteriological investigation to clear up, if possible,

the /
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i

the part played hy unionised Mercury in bactericidal

action. The results of this investigation however

have not yet, so far as I am aware, been published.
\

SUBSTANCES INVESTIGATED.

The following compounds were used in the investig¬

ation:- Silver Nitrate; Ammoniacal Silver Chloride

Solution; Ammoniacal Silver Nitrate Solution; Mercuric

Chloride; Mercuric Cyanide; Mercury Acetamide; and

Mercury Ethyl Chloride. The Silver Nitrate, Mercuric

Chloride and Mercuric Cyanide were obtained from Kahl-

baum; the Mercury Ethyl Chloride from Schuchardt. The

remaining three compounds were prepared by myself.

PREPARATION OE AMMONIACAL SILVER CHLORIDE SOLUTION:-

The precipitate formed by the interaction of known

quantities of Silver Nitrate and Sodium Chloride was

dissolved in sufficient 3fo Ammonia to make a solution

containing one gram molecule in ten litres. The sol¬

ution was prepared and kept in a dark room.
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PREPARATION OP AMMONIACAL SILVER NITRATE SOLUTION: -

To a knovm strength of Silver Nitrate solution suffic¬

ient Ammonia was added to redissolve the precipitate

first fcrmed. This solution was also prepared and

kept in the dark room. The amount of free Ammonia

present in this solution was determined "by titration

with deci-normal Sulphuric Acid and found to he 0.034fo.

PREPARATION OP MERCURY ACETAMIDE:- The method of prep¬

aration described by Schoeller and Schrauth was em¬

ployed. 15 grms. Acetamide were melted in a porcelain

basin and to this EO grms. of yellow Mercuric Oxide

were added gradually. The temperature of the mixture

was then allowed to rise to 180° C. and kept at that

point until fumes ceased to be evolved. After cool¬

ing, it was dissolved in 100 c.c. of distilled water

and filtered. The filtrate was then evaporated to

dryness on the water-bath, the deposit dissolved in

Methyl Alcohol and set aside to allow the Mercury

Acetamide to crystallise.

PREPARATION OP SOLUTIONS:- The solutions of the sub¬

stances used were made so that, with one exception,

to /



13.

to be referred to immediately, each contained one gram

molecule of the salt in ten litres. The exception was

Mercury Ethyl Chloride, which is very slightly soluble

in water. A saturated solution was made by shaking

the compound for three days with water on a mechanical

shaker. The strength of the solution was determined

and found to be .00026 mol: per litre.

DESCRIPTION OF METHODS.

Since the investigation was mainly one dealing

with the theory of action of certain germicides, it

was necessary to keep the conditions of experiment as

nearly constant as possible. Pure cultures of organ¬

isms were used, the same culture medium being employed

throughout, and the temperature at which the experiments

were conducted was also constant.

With pure cultures, the methods available are Koch's

Thread Method, Kronig and Paul's Garnet Method and the
13 *

Drop method originally devised by Rideal and Walker.

The thread method possesses certain disadvantages; the

most important being the difficulty of removing traces

of /
15

■* Recently Schryver and Lessing have devised a
Physieo-Chemical Method of estimating the antiseptic
value of disinfectants which depends on the electrolytic
conductivity of the disinfectants. The method, however,
is not suitable for an investigation of this kind as
antiseptic value rather than true germicidal power is
determined.
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of the bactericide from the threads previous to immer¬

sion in the culture medium. There is, therefore, the

possibility, especially insisted upon by G-eppert, that a

sufficient amount of the bactericide may be carried

over to exert a distinct antiseptic action.

The garnet method possesses theoretically the

conditions best suited to this kind of investigation

but, practically, it is laborious to carry out and accord¬

ing to Professor Marshall, the results obtained by it,

apparently owing to the inconstant factor introduced

by the washing, are not uniform. I therefore decided
14

to adopt the Prop method as modified by Miss Chick.

This consists in submitting a known quantity of emul¬

sion of organisms to the action of known strengths of

disinfectant solution for a certain definite length of

time. A known quantity of Sulphide Solution is then

added to precipitate the metal in the solution, and

the cxilture medium inoculated, growth being observed in

24 hours.

Miss Chick employed a marked excess of Sulphide

Solution in the case of Mercuric Chloride, as she found

that it was necessary to decompose the compound formed

between the disinfectant and the substance of the

bacterium. /
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■bacterium. As any of the Mercuric Chloride Solution

so adsorbed by.the bacterium may be regarded as having

fulfilled its function of killing the organism, I used,

in my experiments, an amount of Hydrogen Sulphide Sol¬

ution sufficient to precipitate the metal without exert¬

ing any action on the Mercuric Chloride solution so

adsorbed by the bacterium.*

The influence exerted by Ammonium Sulphide on
Mercuric Chloride, as shown by Miss Chick's investig¬
ations, is "seen in the following table.

Concentration
of

HgCl£ in the
disinfection
tube.

Amount of
AmHS neces¬

sary to neu¬
tralise HgClr,
carried over.

Excess of
AmHS added
over and
above nec¬

essary
amount

Apparent
time taken
for disin¬
fection

1 in 1000 0.4 drop 1.00 drop less than
7 minutes

1 in 1000 0.4 drop £.00 drops £5 minutes

1 in 10,000 0.04 drop .96 drop less than
5 minutes

1 in 10,000 0.04 drop 1.96 drop £9 minutes

1 in 10,000 0.04 drop £.96 drops 56 minutes

1 in 10,000 0.04 drop 3.96 drops 56 minutes

»
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DESCRIPTION OE METHOD EMPLOYED. A definite amount of*

disinfectant to "be examined (5 c.c. in every case) was

put, in different concentrations, into a series of

sterile test tubes. To each of these was added a

constant amount of an emulsion of organisms and after

the lapse of a certain interval (15 minutes being the

time chosen) a constant amount of a saturated solution

of Hydrogen Sulphide was added to precipitate the

metal. Inoculations into 10 c.c. of Peptone broth*
were then made from each of these tubes by means of a

platinum looptof constant size, and growth observed

after 24 hours incubation at 37°C.

ORGANISMS EMPLOYED:- The organisms used represented

four types all differing in power of resistance.

They were a micrococcus (Staphylococcus Pyogenes

Aureus); a non-spore bearing bacillus (B.Typhosus);
a spore-forming bacillus (B.Anthracis); and the

Spores of the latter organism.

*The Broth used contained the following ingredients:-
Lemco 2.5 grms.
Sodium Chloride 5.0 "
Peptone (Witte) 10.0 "
Distilled Water to 1000 c.c.

jThe loop is bent so as to lie parallel to the svirface
of the fluid to facilitate removal of the film formed
across it.
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The emulsion in the majority of experiments, was

made from a 24 hours' culture of the organism on Agar

"by rubbing up with distilled water in an agate mortar.

The emulsion was then centrifugalised for three to

five minutes till the supernatant fluid assumed a trans¬

lucent appearance. With the exception of a few ex¬

periments, to be described later, fresh emulsions were

prepared for each experiment. In the case of Anthrax

Spores, the emulsion before centrifugalising was sub¬

jected (as recommended by Miss Chick) for five minutes

to a temperature of 85°C to kill the adult bacilli.

The number of organisms per c.mrn of the emulsion was

estimated by making a comparative count with normal

blood and the emulsion added to the disinfection tube

in the form of a drop of constant size which was ob¬

tained from a special pipette manipulated by screw

pressure, the volume of the drop being 30 ob.Mm.

The amount of Hydrogen Sulphide solution used in

each case was 0.5 c.c., as this was found to be suffic¬

ient to precipitate all the metal in the strongest

solution of disinfectant examined, without exerting

any inhibitory effect on the growth of the organism.

In /
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In a separate experiment as much as 2 c.c. of tlie Sul¬

phide solution in 5 c.c. of distilled water was found

to have no bactericidal effect on the organisms, as the

following table shows.

INFLUENCE OF A SATURATED SOLUTION OF HYDROGEN
SULPHIDE ON STAPHYLOCOCCUS PYOGENES AUREUS.

Amount of HgS solution in
5 c.c. of distilled water
acting for 15 minutes

Result after 24 hours
incubation at 37°C.

0.25 c.c. Growth

0.50 c.c. IT

1.00 c.c.
II

2.00 c.c. II

As free Ammonia was present in two of the solutions

employed, it was necessary to determine whether Ammonium

Hydroxide solution, in the proportions used, had any

bactericidal effect. An emulsion of Staphylococcus

Pyogenes Aureus was therefore exposed to the action of

known amounts of Ammonia for certain lengths of time,

the proportion of Ammonia tested being intentionally

taken greater than that present as free Ammonia in the

solutions of the two Ammoniacal Silver salts. The

table shows that no bactericidal effect was exerted.
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INFLUENCE OF AMMONIUM HYDROXIDE SOLUTION ON STAPHY-
LOCOCCUS PYOGENES AUREUS.

Percentage of NH4OH
employed

Result after 24 hours
incubation at 37"C.

0.3# acting for 15 minutes growth

0.3}o " " 30 " TT

l.Ojg " " 15 " It

1.0# " " 30 It

Ihe result of this experiment is similar to one

conducted by Kronig and Paul who, in an investigation

on the germicidal action of various alkalies, found

that after ten minutes exposure of Staphylococcus

Pyogenes to a 3.5jo solution of Ammonium Hydroxide, no

inhibition of the growth of the organism occurred.
16

Professor Hewlett, on the other hand, states in the Mil-

roy Lectures published in the Lancet, that as weak a

solution as 0.5 c.c. of strong liquid Ammonia in 600 c.c.

of physiological salt solution, was completely germ¬

icidal to B. Typhosus and partially so to Staphylococcus

Pyogenes Aureus, as the following table shows.

GERMICIDAL ACTION OF A WEAK SOLUTION OF AMMONIA.

(0.5 c.c. of Strong Ammonia in 600 c.c. salt
nnlntion)

Time Amount Colonies developing of
Typhoid B Staph.P.Aureus

5 mins. after
mixing
After 4 hours
After 24 hours

1 droplet
2 droplets
3 droplets

15
0
0

1000
slight diminution

Tf
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Professor Marshall, in some unpublished experi¬

ments, found that a 2fo solution of liquor Ammoniae

acting for twenty minutes was not "bactericidal to

Staphylococcus Pyogenes Aureus, so that the "balance of

opinion is not in accordance with the statement made

by Professor Hewlett.

RESULTS OP EXPERIMENTS WITH SOLUTIONS ON MERCURY
AND SILVER COMPOUNDS.

In investigating the action of the various com¬

pounds, the plan followed was to make a series of

trials with the disinfectant to "be examined in widely

varying concentrations. The results of these were ex¬

amined 24 hours later, and further dilutions of the

disinfectant solution made between the concentration

which inhibited growth of the organism, and that at

which growth occurred. In this way, by a series of

experiments the limits between a positive and a neg¬

ative result were narrowed down until the smallest

concentration of the disinfectant, capable of killing

the organisms in the time allotted, was determined.

Control experiments were invariably made in each ex¬

periment with distilled water.

Previous mention has been made of the constancy

of the age of the emulsion used - fresh emulsions

being /
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•being made for each set of experiments. In a few exper¬

iments. however, with the solutions of Silver compounds

employed, emulsions of Staphylococcus Pyogenes Aureus

and B. Anthracis, which had "been kept for four days at

room temperature, were used. The following tables

show such results as were obtained.

AMMOHIACAL SILVER CHLORIDE SOLUTIOI.

Organism' Concentration Concentration of Result after
of emulsion solul;ion 24 hours

One gram Ca per¬ incubation
molecule centage at 37°C

in of metal
Staphylococ¬ 2 million per 330
cus Pyogenes cb.mm. litres 0.03 no growth
Aureus 1000

litres 0.01 slight growth

B. Anthracis 2 " " 500 0.02 no growth
litres
1200 0.008 growth
litres

SILVER HITRATE,

Organism Concentration Concentration of Result after
of emulsion so!jLution 24 hours

One gram Ca per¬ incubation
molecule centage at 37°C

in of metal

Staphylococ¬ 2 million per 2000 0.005 no growth
cus Pyogenes cb.mm. litres
Aureus 10,000 0.001 growth

litres

B. Anthracis 2 " " 1200 0.008 no growth
litres
1600 0.006 growth
litres

. _>
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AHMONIACAL SILVER NITRATE SOLUTION.

Organism Concentration Concentration of Result after
of emulsion solution 24 hours

One Cram Ca per¬ incubation
molecule centage at 37° C

in of metal
Staphylococcus 2 million per 330 0.03 no growth
Pyogenes cb.mm. litres
Aureus 1000 0.01 growth*

litres

B. Anthracis 2 " 120 litres 0.08 no growth
330 " 0.03 growth

These results, when compared with the results given

in the following tables, show that the susceptibility

of the two organisms chosen to the bactericidal action

of the Compounds of Silver, was greatly increased by

keeping the emulsion for a number of days before use.

The results of the necessarily extensive series of

experiments are here summarised:-

MERCURIC CHLORIDE.

Organism Concentration Concentration of Result after
of emulsion soluti 24 hours

One gram Ca per¬ incubation
molecule centage at 37° C

in nf mfital
100 litres 0.05 no growth

I B. Typhosus 3 million
per cb.mm 160 0.03 growth

Staphylococ¬ 4 million 10 million
cus Pyogenes per cb.mm. litres 0.0000005 no growth
Aureus 16 million

litres 0.0000003 growth

B, Anthracis 4 million 2 litres 0.25 no growth
per cb.mm. 50 " 0.1 growth
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MERCURIC CYANIDE.

Organism Concentration Concentration of Result after
of emulsion solution 24 hours

One gram Ca per¬ incubation
molecule centage at 37° C

in of metal

B. Typhosus 3 million per
cb.mm 6 litres 0.75 ho growth

10 0.5 growth
Staphylococ¬
cus Pyogenes 4 million " 5 " 1.0 no growth
Aureus 5.5 " 0.9 growth

B. Anthracis 4 « tt 10 " 0.5 no growth
20 " 0.25 growth

Anthrax
Spores 3 " n 5 " 1.0 no growth

6 " 0.75 growth

MERCURY ACETMlIDE .

Organism Concentration Concentration of Result after
of emulsion solution 24 hours

One gram Ca per¬ incubation
molecule centage at 37" C

•in -Of metal

B. Typhosus 3 million per
cb.mm. 500 litres 0.01 no growth

1000 0.005 growth
Staphylococ¬
cus Pyogenes 4 million " 100 " 0.05 no growth
Aureus 160 0.03 growth

B. Anthracis 3 " " 20 " 0.25 no growth
50 " 0.1 growth

Anthrax
Spores 3 " " 10 " 0.5 no growth

20 0.25 growth
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MERCURY ETHYL CHLORIDE.

Organism Concentration
of emulsion

Concentration
of solution

Result after
24 hours

One gram
molecule

■in

Ca per¬
centage
o-f mfits.l

incubation
at 37a C

50 litres 0.1 no growth
B. Typho sus 2 million

per cb.mm. 60 " 0.075 growth

Staphylococ¬
cus Pyogenes
Aureus

4 Million
per cb.mm

500
550 "

0.01
0.009

no growth
growth

B. Anthracis 4 " 60 "
LOO ,T

0.075
0.05

no growth
growth

AMMONIACAL SILVER CHLORIDE SOLUTION.

Organism Concentration
of emulsion

Concentration of
solution

Result afte?
24 hours

One gram
molecule

——- in

Ca per¬
centage
of metal

incubation
at 37° C

B. Typho sus

Staphylococ¬
cus Pyogenes
Aureus

4 million per
cb.mm

3 " "

100,000
litres
1,000,000
litres

100 litres
160 "

0.0001

0.000Q1

0.1
0.09

no growth

growth

no growth
growth

B.Anthracis 3 " " 40 "
LOO

0.25
0.1

no growth
growth

Anthrax
Spores 2 " LOO " 0.1 growth
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SILVER NITRATE.

Organism Concentration
of emulsion

Concentration of
solution

Result after
24 hours

One Cram
molecule

in

Ca per¬
centage
of metal

incubation
at 37° C

B. Typhosus

Staphylococ¬
cus Pyogenes
Aureus

4 million per
cb.mm.

4 million "

100,000
litres

1,000,000
litres

1100 litres
1200

0.0001

0.00001

0.009
0.008

no growth

growth

no growth
growth

B. Anthracis 3 " " 120
160 "

0.08
0.06

no growth
growth

Anthrax
Spores

2 " 100 "
200 "

0.1
0.05

no growth
growth

AMMONIACAL SILVER NITRATE SOLUTION.

Organism Concentration
of emulsion

Concentration of
solution

One gram
molecule

in

Ca per¬
centage
of metal

Result aftetf
24 hours
incubation
at 37°C.

B. Typhosus

Staphylococ¬
cus Pyogenes
Aureus

B. Anthracis

Anthrax
Spores

4 million per
cb.mm. 100,000

litres
1,000,000
litres

200 litres
130 "

100
120

100

TT

TT

0.0001

0.00001

0.05
0.075

0.1
0.08

0.1

no growth

growth

no growth
growth

no growth
growth

growth
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DISCUSSI01I OF RESULTS.

From the results of the experiments given in the

preceding tables, it is evident that the micro-organisms

employed were not equally susceptible to the germicides

employed. The most interesting case is the behaviour

of B. Typhosus towards the Silver Compounds. An ex¬

planation of this I am not, at the present time, prep¬

ared to offer; and with regard to the present invest¬

igation, it is fortunately unnecessary. Another ex¬

ceptional case, for which I can offer no explanation,

is that of Staphylococcus Pyogenes Aureus, which showed

gxeat susceptibility to the germicidal action of Mercuric

Chloride. In this case, the result was so peculiar,

that thinking some error had been made, I repeated the

same series of experiments on four different days with

practically the same result.

When the general results of the investigation,

as regards the bactericidal power of the various com¬

pounds of Mercury, are compared, Mercuric Chloride and

Mercury Acetamide are found to be similar; Mercuric

Cyanide is comparatively weak in such power, while

Mercury Sthyl Chloride occupies an intermediate posit¬

ion. In aqueous solution, the Cyanide of Mercuty

dissociates to a very slight degree, and there can be

no /
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- rto doubt that its relatively weak "bactericidal power is

due to the fact £hat its solution contains few free

Hg* ions. This explanation, however, is not suffic¬

ient for the action of Mercury Acetamide and Mercury

Ethyl Chloride, for the former? if it dissociates at all,

does so to a less degree than Mercuric Cyanide. Mer¬

cury Ethyl Chloride apparently gives only Hg Ethyl+ ions

(and Chloride- ions) and no free Hg+ ions. The bacter¬

icidal action of these substances cannot therefore be

due solely to the Hg+" ions which their solutions con¬

tain.

In comparing the action of the various compounds

of Silver, it will be seen that the solution of Silver

Nitrate is more powerfully bactericidal than the Jtamon-

iacal Silver Nitrate Solution, and this, in its turn,

has a slightly more powerful germicidal action than

the Ammoniacal Silver Chloride Solution.

The explanation given with regard to the action

of the Mercury compounds cannot be so unreservedly

applied to the action of the Silver compounds in¬

vestigated. In considering the bactericidal action

of these solutions, an important factor, which pre¬

viously seems to have been overlooked in this con¬

nection /
*Its solutions give no black precipitate of HgS with
H^S, unless heated in a bunsen flame.
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nection, -is that progressive dilution with water in¬

creases the number of free Ag-1" ions much more rapidly

in solutions of compounds of Silver and Ammonia than

in solutions of Silver Nitrate. That this is the case

is observed from the fact that on diluting the solutions

of such Ammoniacal Silver compounds with water, a pre¬

cipitate of Chlorides is readily obtained.

In considering, then, the action of such sol¬

utions as that of Ammoniacal Silver Chloride, it is

essential to have some knowledge of the solubility

of Silver Chloride in Ammonia. This was determined
17

by Jarry, and his results are plotted in the appended

graph.

The results of some of my experiments prove that

extreme dilution causes almost complete dissociation

of the solutions of the Ammoniacal Silver compounds,

so that free Ag+ ions are present. In this fact,

therefore, is found the explanation of the powerful

bactericidal action which is exerted by such solutions

on 13. Typhosus.
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