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This invention relates to new and improved 
compositions for the control of micro-organisims, 
such as bacteria, fungi, algae, protozoa and the 
like. More particularly, the invention relates to 
compositions which comprise a quaternary an 
monium germicide and a promoter. 

Prior to my invention quaternary ammonium 
compounds per se have been used as germicides. 
The activity of these compounds varies widely 
with different types of organic cation radicals 
contained therein. As a consequence, a great 
amount of experimental effort and expense has 
been necessary to develop more efficient types of 
quaternary ammonium germicide materials. 
Such quaternary ammonium compounds are 
usually costly and in many cases are character 
ized by their poor efficiency in the control of 
micro-organisms, particularly spore-forming baC 
teria, fungi, molds and the like. 

It is an object of my invention to provide novel 
quaternary ammonium compositions which are 
economical to produce and more efficient than 
the quaternary ammonium compounds them 
selves as germicides, particularly toward Spore 
forming bacteria, fungi, molds, and the like. 
Other objects and advantages of my invention 

will be apparent from the disclosure which here 
inafter appears. 

I have found that quaternary ammonium 
germicides and promoters of the type hereinafter 
described may be combined in such proportions as to produce strongly germicidal compositions 
having germicidal activity even exceeding that. 
of the quaternary ammonium compounds then 
selves. This resultant improvement in efficiency 
is highly unexpected, since the promoters as 
hereinafter described are, of themselves, rela tively poor germicides, particularly toward spore 
forming bacteria, fungi, etc., against which even 
the quaternary ammonium compounds are rela 
tively ineffective. 
The production of these novel and more highly 

effective germicidal compositions according to my 
invention requires only the simplest of proce 
dures. It involves none of the complicated ex 
perimentation that is necessary When improve 
ment of the germicidal efficiency of a quaternary 
ammonium compound is attempted through 
modification of the hydrophobic cationic portion 
of the molecule. 
The extraordinary effect of my discovery is 

illustrated graphically by the curve shown in 
Figure 1 of the accompanying drawing. Upon 
reference to this curve it will be seen that when 
certain substantial amounts of quaternary an 
monium compound are combined with promoters 
of the type hereinafter described, the resultant 
composition possesses germicidal activity against 
a representative fungus far in excess of the 
quaternary alone. 
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The quaternary ammonium germicides used in 

the compositions of my invention can be any of 
several various types which fall within the 
generic term. These compounds are generally 
characterized by the formula, 

Wherein at least one of the radicals, R, R2, RS 
and R4, attached to the nitrogen atom is a hy 
drophobic aliphatic, unsaturated aliphatic, cyclo 
aliphatic, aryl, araliphatic or aliphaticaryl radi 
cal of from 6 to 26 carbon atoms. The hydro 
phobic radicals may be long-chain alkyl, long 
chain alkenyl, cycloalkyl, long-chain alkoxyaryl, 
long-chain alkylary, halogen-substituted long 
chain alkylaryl, long-chain alkylphenOxyalkyl, 
arylalkyl, etc., in nature. The remaining radicals 
on the nitrogen atom other than the hydrophobic 
radicals may be substituents of hydrocarbon 
structure Ordinarily containing a total of no more 
than about 12 carbon atoms. Warious compounds 
of these types are more fully illustrated in the 
disclosure which follows. Mixtures of quater 
naries may be used as Well as the single Com pounds. 
As a brief description of the promoters in the 

compositions according to my invention any non 
anionic organic materials having a solubility in 
water of less than about 5% and generally char 
acterized by a high molecular weight hydropho 
bic group attached to a weakly hydrophilic radi 
cal may be used. The high molecular Weight 
hydrophobic group is desirably aliphatic, unsat 
urated aliphatic, cycloaliphatic, aryl, araliphatic, 
or aliphaticaryl in nature, and contains from 
about 8 to 18 carbon atoms. Examples of such 
hydrophobic groups are the long-chain alkyl, 
long-chain alkenyl, cycloalkyl, phenyl, phenyl 
alkyl, alkylphenyl, alkylphenoxyalkyl, alkylphe 
noxyalkoxyalkyl, etc. groups. Among the hydro 
philic radicals which are characteristic of the 
more desirable promoters are radicals such as the 
hydroxyl and amino radicals. 
The proportions of the quaternary ammonium 

germicide and the promoter are critical to the 
compositions according to my invention. How 
ever, these critical proportions may vary over a 
Wide range from a minimum amount of promoter 
just Sufficient to promote the germicidal activity 
of the quaternary ammonium compound up to a 
maximum amount of about 70 per cent by Weight 
of the composition. A very marked improvement 
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is obtained With proportions of promoter ranging 
from about 10 to about 60 per cent, while com 
positions containing the promoter in proportions 
of about 30 to about 50 per cent exhibit the great est increase in germicidal activity. 
The improved quaternary ammonium germi 
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cide compositions of my invention are suitably 
prepared by adding the promoter to the quater 
nary ammonium compounds in Suitable propor 
tions and mixing them together. Warious means 
for mixing and handling the materials will be 
obvious to persons skilled in the art from this 
disclosure, and as such are contemplated by my 
invention. 
As more specific examples of the Warious qua 

ternary ammonium compounds used in my novel 
compositions alkyl ammonium halides such as 
cetyl trimethyl ammonium bromide, octadecyl 
dimethyl ethyl ammonium bromide, Octa decenyl 
dimethyl ethyl ammonium bromide, dioctadecyl 
dimethyl ammonium chloride, etc. are contem 
plated. Other related quaternary ammonium 
salts which also may be used are the alkylaryl 
ammonium halides such as the long-chain alkyl 
dimethyl benzyl ammonium chlorides in general, 
including octadecyl dimethyl benzyl ammonium 
bromide, alkyl dimethyl dichlorbenzyl ammo 
nium chloride, lauryl dimethylbenzyl ammonium 
chloride, and the like. N-alkylmorpholinium and 
N-alkylpyridinium quaternary ammonium Salts 
as illustrated by N-cetylpyridinium bronide, N 
myristylpicolinium chloride, N-dodecyl-N-meth 
yimorpholinium methosulfate, etc. are also Suit 
able. Another type of quaternary ammonium 
salt Which is contemplated is that wherein the 
molecule - contains an ether linkage as exempli 
fied by compounds such as para-tertiaryoctyl 
phenoxyethoxyethyl dimethyl benzyl ammonium 
chloride and the like. Quaternary ammonium 
salts having oxygen in the form of amide or 
ester linkages, such as N- (laurylcolaminoformyl 
methyl)-pyridinium chloride and the like. Still 
other satisfactory types of quaternary ammo 
nium compounds are those containing a sulfon 
amide group such as 2-phenyl-3-p-sulfamido 
phenyl-5-undecyltetrazolium chloride, etc. An 
other type of very effective quaternary ammo 
nium germicide is that characterized by a Sub 
stituted aromatic nucleus as in the case of lauryl 
oxyphenyl trimethyl ammonium chloride, cetyl 
aminophenyi trimethyl ammonium methosulfate, 
dodecylphenyl trimethyl ammonium methosul 
fate, dodecylbenzyl trimethyl ammonium chlo 
ride, chlorinated dodecylbenzyl trimethyl ammo 
nium chloride, lauryl dimethyl chlorobenzyl am 
monium chloride, cetyl dimethyl nitrobenzyl 
ammonium chloride, and the like. 
Although any of the above types of quaternary 

ammonium germicides are ordinarily Satisfac 
tory in the compositions according to my inven 
tion, those which are particularly effective are 
the long-chain alkyl dimethylbenzyl quaternary 
ammonium salts, the alkylphenoxyalkoxyalkyl 
dimethylbenzyl quaternary ammonium salts, the 
N-(acylcolaminoformylmethyl)-pyridinium hal 
ides, the long-chain alkyl trimethyl ammonium 
halides, as well as the long-chain alkylarylmethyl 
quaternary ammonium compounds. 
Long-chain alkylarylmethyl quaternary am 

monium germicides which are particularly 
adapted to the novel compositions of my inven 
tion belong to the class of quaternary ammonium 
salts illustrated by the type formula 

where R1 is an alkyl group of 8 to 18 carbon 
atoms, Ar is an aryl hydrocarbon nucleus, R is 
hydrogen or a methyl radical, m is from 1 to 4, 
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4. 
R3 and R4 are substituents of hydrocarbon struc 
ture containing a total of no more than 12 carbon 
atoms, and X is a Salt-forming anionic radical 
Which may be the same as Y. 

In the above long-chain alkylar?ylmethyl qua 
ternary ammonium germicide the long-chain 
alkyl radical R1 can be any alkyl group of from 
8 to 18 carbon atoms. When the acyclic alkyl 
radicals are of a straight chain nature those 
containing as few as 8 to 10 carbon atoms are 
found to be very satisfactory. However, when 
branched-chain structures predominate in the 
acyclic radical, the most Satisfactory groups are 
those containing from 10 to 18 carbon atoms. 
Suitable alkyl radicals can be obtained from 
various Sources such as the long-chain olefins of 
8 to 18 carbon atoms derived from cracked ole 
finic petroleum fractions or from Fischer 
TropSch. Synthesis. A preferred Source of long 
chain alkyl radicals is the class of acyclic propyl 
ene polymerS having from 9 to 15 carbon atomS 
per molecule With from 12 to 15 carbon atoms 
being still more preferred. 
The aryl nuclei of the long-chain alkylaryl 

quaternary ammonium germicides represented 
by the above formula can be benzene, toluene, 
Xylene, naphthalene, anthracene, etc., with ben 
Zene and toluene being preferred. The N-substi 
tuted alkyl radicals in the formula preferably 
contain from 3 to 10 carbon atoms and may be 
separate alkyl radicals attached to the nitrogen 
atom or they may be combined alkyl and cyclo 
aliphatic or arolinatic hydrocarbon Substituents 
as in the case of N-ethylpiperidine and pyridine. 

Since the cationic portion of the above qua 
ternary ammonium germicides is the active com 
ponent, the salt-forming radicals are not gem 
erally regarded as being critical in nature. Any 
anionic radicals capable of yielding water-soluble 
Salts can be used, Such as the halides, Sulfates, 
phosphates, carbonates, nitrites, alkylsulfates, 
alkylphosphates, formate, acetate, tartrate, and 
the like. Halide radicals such as chloride and 
bromide are preferred, and short-chain alkylsul 
fates Such as methoSulfate, ethylsulfate, and the 
like, are among the more Satisfactory alkyl Sul 
fates contemplated as anionic radicals. 
The above long-chain alkylar?ylmethyl quater 

nary ammonium compounds can be appropriately 
prepared by chloromethylation of a long-chain 
alkylary compound to produce the corresponding 
alkylarylmethyl chloride Which maythen be con 
densed with any suitable tertiary amine to get 
the desired product. The halogenated long 
chain alkylarylmethyl quaternary ammonium 
compounds, on the other hand, are conveniently 
prepared by direct halogenation of a long-chain 
alkylaryl compound having from 1 to 4 methyl 
radicals attached to the aryl nucleus. When the 
halogenation is carried out in the absence of any 
halogenation catalysts which might promote 
substitution of the aryl nucleus a product is de 
rived containing halogen in the long-chain alkyl 
radical as well as in one of the methyl radicals 
Substituted on the aryl nucleus. This compound 
which may be denominated a halogenated alkyl 
arylmethyl chloride can then be condensed with 
any suitable tertiary amine as in the preceding 
example to give the desired halogenated long 
chain alkylarylmethyl quaternary ammonium 
compound. 

Promoters according to my invention which 
come within the scope of the above brief descrip 
tion are, for example, long-chain aliphatic 

y is hydrogen or a halogen, n is from 1 to 8, R2, 75 amines, long-chain aliphatic alcohols, cycloali 
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hattie aleohols alkyli: phaenols, alkylcyclohexanols, 
and alkylphenylglycol ethers, alkylphenylpoly 
glycol ethers, and aroylglycol ethers, having at 
least 10-carbon atoms, and the like. Esters, such 
as the class of aliphatic ester's illustrated by ethyl 
acetate, etc., may also be used. More specific ex 
amples of the:preceding types of promoters: which 
are: Very effective are: lallyl alcohol, cetyl amine, 
dodecylaniline, terpineol, tetradecylphenol, ter 
tiary butylphenylimonoethylene glycol ether, do 
decylcyclohexanol, pine oil, tetradecylphenyl 
monoethyleneglycol ether, octylphenylimonoethyl 
eaeglycol ether, and octylphenyldiethyleneglycol 
ether. Although, Sohae of these compeunds are 
mildly germicidal of themselves, their primary 
functionia, the quaterary eOEmpositions is as acti 
vation agents to enhance the microbicidal effect 
of the quartenary airlinoriuin germicides. Of the 
foregoing illustrative promoters, pine oil, octyl 
phenylethyleneglycol etizer and octylphenyldi 
ethyleneglycol ether are the more satisfactory 
OeS. 
Various mixtures of representative quaternary 

arrimonium germicides and promoters were pre 
pared for testing"to ilustrate the present inven 
tion. Such mixtures were prepared by placing 
the quaternary ammonium germicide in a vessel 
and adding the promoter, following which the 
ingredients were:intimately mixed to produce the 
new and greatly improved germicidal composi 
tions of this invention. The efficacy of the differ 
ent quaternary ammonium germicides and pro 
moter compositions containing varying propor 
tions of the quaternary and promoter is illustrated 
by the results of the tests which are set out in 
the following table. 

TABLE 

Fungicidal activity of quaternary ammonium 
germicide and promoter compositions toward 
Trichophyton rosaceum 

Proportions Maxi 

? uaternary aml- erec 
??????? COO- Promoter tested ????- ??????? j??????? ound tested y, | motor, | kling ? per- per- I dilu 

cent by cent by tion in weightweight water 

Dodecybenzyl tri 
methyl ammo 
nium chloride---- Pine oil------------- 0 100 1:30 

28, 6 71.4 1:1000 
33.3 66.7 1:1330 
40, 0 60.0 - 1600 
52.2 47.8 1:2630 
59.3 40,7 1:2960 
63.5 36.5 i:3080 
68.6 3.4 1:3463 
73.5 26.5 1:3340 
89.8 10.2 1:800 
100 0 :500 Lauryl dimethyl 

benzyl ammo 
nium chloride --------- do-------------- 50 50 1:1500 

Dodecylbenzyl tri- I t-Octylphenyl mon 
methyl ammo- oethylene-gly col 
nium chloride.... ether-------------- 50 50 1:3000 

Do------------- Lauryl amine------- 50 50 1:2500 
Chlorinated do 
decylbenzyl tri 
methyl amino 
nium chloride (ap 
prox. 5 chlorine 
atoms)----------- 11.0 89?O 1:430 

2.4 87.6 :500 
16.7 83.3 1667 
100 0. 1:500 

The values for germicidal activity set out in the 
above table were obtained by determining the 
maximum effective killing dilutions of the differ 
ent compositions prepared according to this in 
vention as well as of the pure quaternary am 

6 
monium. . germicide . and. pramoter. e. ingredients. 
The "maximum effective killing dilution' illus 
trates the killing power of the different materials 
against a representative fungus such as Tri 
cophyton rosaceum and was obtained by the test 
ing method set out in Navy Department. Specifica 
tion 51D6. The higher the effective: dilution, the 
greater the germicidal power of the composition 
tested. 
From the above table of results and reference 

to the curve in Figure 1 of the accompanying 
drawing which was obtained by plotting the max 
imum effective killing dilution against various 
proportions of quaternary and promoter, the un 
expectedly high germicidal activity of composi 
tions according: to my invention is readily appar 
ent. It can be seen that my germicidal composi 
tions containing. Substantial proportions of qua 
ternary ammonium germicides and less than 
about 70 per cent by Weight of promoter are de 
cidedly superior to the quaternary ammonium 
compound in germicidal efficiency. Any lowering 
of germicidal activity, which would ordinarily be 
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expected When a strongly germicidal material 
Such as the quaternary is diluted with a material 
having little or no germicidal action as in the case 
of the promoters of the present invention, is sur 
prisingly absent when proportions according to 
the teaching of my invention are utilized. 
Because of their higher germicidal activity, my 

no Vel CONpOsitions are more efficacious than 
either quaternary ammonium germicide, or pro 
moter alone. Their greater efficacy renders them 
extraordinarily useful in the control of micro 
Organisms such as spore-forming bacteria, fungi, 
and the like. Sugh uses, include: the disinfection 
of utensils and equipment used in drinking, eating 
and the preparation of foods, etc. Wearing ap 
parel, bedding, upholstery, and the like, can also 
be effectively sterilized by the use of my germi 
cidal compositions. Floors and walls as well as 
Various equipment such as lavatories and toilets 
in the areas where it is desirable to promote germ 
free Surroundings can be conveniently disinfected 

is With these germicidal compositions because of 
their greater germicidal activity. Other applica 
tions, such as their use as antiseptic ingredients 
in germicidal detergents, ointments, cosmetics, 
etc., are also indicated. 
The germicidal compositions according to my 

invention may contain various dyes or coloring 
agents which are compatible with the quaternary 
ammonium germicides and the promoters in or 
der to improve the general appearance of the 
compositions. The use of various perfumes and 
Odor masking agents is also contemplated. 
In some instances the germicidal compositions 

of this invention may contain water, as for ex 
ample, when a composition is prepared by adding 
the promoter to a 50 per cent aqueous solution 
of the quaternary ammonium germicide. In the 
presence of certain amounts of water, as for 
example amounts exceeding about 30 per cent 
and less than about 90 per cent of the aqueous 
quaternary ammonium germicide solution, a sep 
aration of the promoter and aqueous quaternary 
ammonium germicide mixture may occur. Al 
though Such separation has no effect on the 
germicidal activity of my compositions, it will be 
preferred to maintain the water in amounts of 
less than about 30 per cent or more than about 90 
per cent by weight whenever clear and com 
pletely miscible or homogeneous mixtures are 
desired for the sake of appearances. 
The foregoing description and examples of the 
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germicidal compositions according to my inven 
tion are intended as illustrative only. Many 
obvious variations and modifications of the in 
vention will be apparent to those skilled in the 
art. All Such variations and modifications as 
come within the scope of the appended claims 
are contemplated by my invention. 

I claim: 
1. A germicidal composition which comprises 

as its active ingredient a substantial proportion 
of a quaternary ammonium compound having 
the formula, 

where R1 is an alkyl group of 8 to 18 carbon 
atoms, R.' is a member of the group consisting 
of hydrogen and a methyl radical, m2 is from 1 
to 4, and R2, R3 and R4 are substituents of hydro 
carbon structure containing a total of no more 
than 12 carbon atoms, Said quaternary being 
admixed with a member of the group consisting 
of octylphenylimonoethyleneglycol ether and 
octylphenyldiethyleneglycol ether as a promoter, 
the promoter being present in amounts sufficient 
to improve the germicidal activity of the quater 
nary ammonium compound but not to exceed 70 : 
per cent by weight of the composition. 

2. A germicidal composition which comprises 
from 10 to 70 per cent by weight of octylphenyi 
monoethyleneglycol ether and from 30 to 90 per 
cent by weight of an alkylaryl quaternary am 
monium compound as defined in claim 1, wherein 
R1 is an alkyl radical of polypropylene structure 
containing from 12 to 15 carbon atoms. 

O 
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8 
3. A germicidal composition which comprises 

from 10 to 70 per cent by weight of octylphenyl 
diethyleneglycol ether and from 30 to 90 per cent 
by weight of an alkylary quaternary ammonium 
Compound as defined in claim 1, wherein R1 is 
an aikyl radical of polypropylene structure con 
taining from 12 to 15 carbon atoms. 

4. A germicidal composition which comprises 
from 10 to 70 per cent by weight of octylphenyl 
monoethyleneglycol ether and from 30 to 90 per 
cent by weight of dodecylbenzyl trimethyl am 
monium chloride. 

5. A germicidal composition which comprises 
from 10 to 70 per cent by weight of octylphenyl 
diethyleneglycol ether and from 30 to 90 per 
Cent by Weight of dodecylbenzyl trimethyl am 
monium chloride. 

RICHARD D. STAYNER. 
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