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This invention relates to nonionic detergent-iodine com-
plexes which provide enhanced iodine color in use di-
lutons, and to germicidal compositions contaning such
complexes. More particularly, the invention relates to
such detergent-iodine complexes wherein a substantial
color enhancement is provided by detergent components
which are water-soluble condensates of ethylene oxide
and a hydroxy compound providing a hydrophobic
moiety having an average aliphatic carbon content in the
Cig to Cyg range, and wherein further color enhancement
is provided by detergent components having the hydro-
phobic moiety characterized as above described, but hav-
ing the ethylene oxide partially replaced or supplemented
by propylene oxide.

It has been known for many years that detergent com-
plexed iodine solutions show increased color over aque-
ous iodine solutions. The differences among detergent
classes with respect to iodine color have not been taught,
although some of those skilled in the art, may be aware
of such differences. The differences in detergent-iodine
color within a particular class of detergents is not known,
and has never been described before.

Most iodine use dilutions for cleaning purposes are
made at the 25 p.p.m. to 75 p.p.m. available iodine level.
At these levels the iodine color can readily be seen;
differences in color as a function of the detergent, meas-
urable by instrument, can hardly be detected by eye and
so have never atiracted attention. Dilutions at the 1215
p.p-m. level, used exclusively as a sanitizing rinse, have
been-only faintly colored. Since such solutions are used
on surfaces that are clean to begin with, there is almost
no loss of iodine through reaction with proteinaceous
soil, and so the problem of viewing the color as a measure
of when replenishment is necessary is not of great im-
portance. To the extent that improved color of deter-
gent-iodine use dilutions can extend the range of iodine
Dperception, the amount of iodine necessary in use dilu-
tions for both the cleaning and sanitizing purposes can
be safely lowered. This is for the reason that iodine is
recognized as germicidally active in concentrations as low
as fractions of a p.p.m.

It has been suggested in Shelanski Patent No. 2,931,-
777 that as the detergent component of germicidal de-
tergent jodine compositioni there may be employed poly-
alkylene oxide derivatives of water-insoluble aliphatic
hydroxy compounds. It has been found that such de-
tergents vary widely in iodine complexing capacity and
in properties of the resulting detergent-iodine composi-
tions with variations in both the hydrophobic and the
hydrophilic components. Such variation is in no way sug-
gested by the disclosure of said patent, and in fact, the
patent contains no specific disclosure or illustrative ex-
amples of compositions in which iodine is complexed
with condensates of water-insoluble aliphatic hydroxy
compounds and ethylene oxide.

It has been discovered, in accordance with the pres-
ent invention, that primary aliphatic alcohols having an
average carbon content within the Cyy to Cyg range, and
preferably within the Cy to Cig range will, when con-
densed with ethylene oxide, provide detergents which
can be employed as iodine carriers with superior effec-
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tiveness. Detergents formed from secondary alcohols are
distinctly inferior as jodine carriers,

It is therefore an underlying concept of the present
invention that the new detergent-iodine compositions con-
tain a detergent in which the hydrophobic moiety is a
primary aliphatic alcohol, or primary aliphatic alcohol
mixture of the Cy to Cyq, and preferably the Cyy to Cyg
range. In this connection, it is to be understood that
such alcohols and the detergents formed therefrom are
generally not individual compounds, but mixtures char-
acterized by average carbon atom content. Thus, a com-
mercial Cyy alcohol may itself be a mixture of two, three
or more alcohols containing as few as 10 or as many
as 20 or more carbon atoms in proportions to average
Ci4 for the mixture.

Until recently commercial primary aliphatic alcohols
were derived from “natural” products containing even
numbered fatty acids. Today there are synthetic primary
alcohols available which may contain mixtures of odd
and even numbered carbon chains, or which may be ex-
clusively even numbered. It has been found that there is
no significant difference between even and odd numbered
primary aliphatic alcohols as components of detergents
used in the present invention.

Where ethylene oxide is condensed with the Cyy to Cyg,
and preferably Cy to Cyg alcohols, the products vary
from water insoluble liquids, to water-soluble waxes and
solids as the amount of condensed ethylene oxide is in-
creased. Water solubility, and hence suitability for use
as iodine carrier, is generally reached when the number
of carbon atoms supplied by the ethylene oxide approxi-
mately equals or exceeds the number of carbon atoms
in the alcohol. Expressed another way, the number of
moles of ethylene oxide should be at least

n
5—1

with » being the average number of carbon atoms in
the alcohol component. Thus, a Cyy alcohol condensed
with 5 or more moles of ethylene oxide and a Cy5 al-
cohol condensed with 7 or more moles of ecthylene ox-
ide will generally be water-soluble and suitable for use
as an iodine carrier.

In many detergent-iodine preparations, it is preferable
that the detergent-iodine. complex itself be a liquid, al-
though in special instances, as where a dry, powdered
composition is desired, it can be a waxy or solid complex.
Furthermore, it is possible, although somewhat more dif-
ficult, to prepare aqueous liquid concentrates when using
waxy or solid detergents. There is therefore, no well de-
fined upper limit to the amount of ethylene oxide which

" should be condensed with the alcohol. It should be noted,

55

60

65

70

however, that when liquid complexes are desired, the pro-
portion of ethylene oxide to alcohol becomes quite limited,
and progressively more limited as the alcohol contains
more carbon atoms. Thus, with a Cy, alcohol, the pres-
ence of 20 or more moles of ethylene oxide will gen-
erally provide a waxy condensate, whereas with a Cig
and Cy3 alcohol, all water-soluble ethylene oxide conden-
sates are of waxy or solid form. It should be noted that
ethoxylated mixed primary alcohols may contain substan-
tial amounts of the higher molecular weight alcohols and
still provide a water-soluble, liquid condensate; and such
mixtures are preferable in most instances to ethoxylated
single alcohols.
Just as there is a minimum of EO, about

n
5= 1
that must be added to a primary alcohol to achieve water

solubility, there is a point beyond which the further addi-
tion of EO only serves to dilute the chromophoric entity.
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In general, this less desirable point is reached when about
2n—1 moles of EO have been added. Primary -aliphatic
alcohols containing 2n—1 moles of EO, do not give satis-
factory detergent-iodine solution colors at the 6 p.p.m.
iodine level unless considerable excesses of detergent are
used. - -

The water-soluble alcohol-ethylene oxide condensates,
whether in the form of liquids or waxy solids, can be
complexed with iodine by merely mixing together the
detergent and elemental iodine at suitably elevated tem-
peratures, i.e., about 50° C. or such higher temperature
as is necessary to melt the waxy detergent. When the
detergent is a liquid, the. complexing can even be effected
by room temperature mixing, but the extended time
required makes this impractical.

A preferred method of preparing the complexes is the
cold mixing process disclosed in United States Patent No.
3,028,299, wherein iodine is supplied as an aqueous
jodide-iodine solution suitably containing about 57% by
weight I, 20% HI and the balance water. This method
is particularly desirable in preparing: iodine complexes
with waxy or solid alcohol-ethylene oxide condensates.

The detergent-iodine complexes of the present inven-
tion. may be employed in germicidal compositions con-
taining amounts of detergent within the range of about
0.5 to 75%, and of available iodine within the range of
about 0.1 to 25%. Compositions containing about 1-15%
available  iodine and 5-75% detergent are suitable for
products which can be diluted with water when used by
a consumer. Compositions containing from about 15-
25% available iodine and about 60-75% detergent can
be used as manufacturing concentrates. Compositions in
which the available iodine is from about 0.1 to 1.0%
containing about 0.5 to 10% detergent may be suitably
used directly without dilution with water. In non-acidified
products for general environmental sanitation purposes,
the remainder of the composition can be water, or a mix-
ture of water and isopropyl-alcohol. On the other hand,
for dairy use and other uses encountering excessive
amounts of organic soil, it is preferable to employ as
added components, a mixture of water with compatible
acids.

‘When compositions are prepared by the cold method

using the above mentioned aqueous HI-iodine solution,
the composition will also contain about 1 part of I- to
each 3 parts of I,. Thus, a composition containing 1.5%
I; will contain  about 0.5% I—.
- An important advantage of the new compositions is
the superior built-in indicator provided in typical use
dilutions of 25 p.p.m., 12.5 p.p.m., and particularly 6
p.p.m. due to the enhanced color of such solutions. It is
the practice to instruct customers using detergent-iodine
compositions to discard use dilutions when the charac-
teristic iodine color is gone. With many available com-
positions, however, the color at dilutions as low as 10 to
15 p.p.m., becomes so faint that end point detection be-
comes difficult. Such use dilutions are frequently dis-
carded when as much as 50 to 75% of their germicidal
activity remains unconsumed. The well established public
health utility of decimal p.p.m. concentrations of avail-
able iodine further underscores the significance of lower-
ing the threshold of visibility of iodine color. Any sharpen-
ing of the end point by providing greater coler intensity
at the lower use dilutions is also of substantial economic
importance in enabling the customer to realize greater
sanitizing value from a given amount of detergent-iodine
composition. ’

The enhanced color at use dilutions as low as the 5 to
10 p.p.m. range has been found to be primarily a func-
tion of the number of carbon atoms in the primary alco-
hol which is condensed with ethylene oxide. Best results
are obtained with condensates in which the alcohol com-
ponent has an average of 14 to 18 carbon atoms; and
there is a sharp drop-off of color intensity when switching
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4
from condensates derived from Cyz to Cip primary
alcohols.

Secondary alcohols form condensates with ethylene
oxide which will complex with iodine, but there is exces-
sive reaction between the iodine and the condensate,
with resulting drop in available iodire, which makes suqh
condensates unsatisfactory. In fact, such interreaction is
so pronounced when combining with icdine-by the nor-
mal hot process, that as shown below, a charzing results
which completely masks the iodine color at low use dilu-
tions, thereby negating this most unique property of
germicidal iodine solutions. It is significant that most
detergent-iodine ‘manufacturers at this time use the hot
process.  The inherent instability of secondary alcohol-
iodine combinations is such as to make their use question-
able even in compositions made under milder conditions
where the decomposition takes longer to become evident.

The color enhancing effect of condensates of Cyg to Cyg
primary alcohol with ethylene oxide does not appear to
be greatly modified by moderate variation in the ethylene
oxide content. As previously indicated, the number of
carbon atoms provided by the ethylene oxide should be
about equal to, or greater than, the number of carbon
atoms in the alcohol. The preferred range appears to be
about 1 to 2.5 ethylene oxide carbons per primary alco-
hol carbon. On the other hand, as will be more fully
hereinafter described, there is a substantial color enhance-
ment when part of the ethylene oxide is replaced with,
or supplemented by, propylene oxide.

Increase in the proportion of detergent to iodine pro-
vides a distinct enhancement of color intensity at low use
difutions. In moving from a 5 to 1 to 10 to 1 detergent
to iodine ratio, the color intensity is generally about dou-
bled. This is of special significance in view of the fact
that, for compositions with recommended sanitation uses
below the 25 p.p.m. iodine level, it is desirable to use
progressively higher ratios of detergent to iodine, in order
to provide an effective amount of detergent in the more
dilute use solutions.

As a means for reliably recording and comparing color
in detergent-iodine solutions, it is practical fo use an in-
strument such as a Beckman spectrophotometer. Color is
measured in terms of absorbance, a decimal value gb-
tained as
Iy

logT

ie.
o Jight in
€ fight out

for a 1 cm. spectrophotometer sample cell.

Iodine has been used recently to measure the critical
micelle concentration (cmc) of nonionic detergents. S.
Ross and J. P. Qlivier, in a paper entitled “A Method for
the Determination of Critical Micelle Concentrations. of.
Un-ionized Association Colleids in Aqueous or-in Non-
aqueous. Sclutions”. (J. Phys. Chem. 63 1671 (1959)) de-
scribe how solutions of elemental iodine can be used to
determine the cmc in much the same way as with dyes;
which are frequently used for cmc determinations,- The
iodine is superior to dyes in general owing to the small
molecular size of iodine compared to dyes; the iodine
thereby does not interfere appreciably with the detergent
agglomerate. A 25 p.p.m. aqueous solution of elemental
iodine was used by Ross, to which were added varying
amounts of a stock detergent solution. The light absorp-
tion at 360 mu was measured and was plotted as a func-
tion of detergent concentration. The inflection point in
this graph was taken as the cmec value, The maximum
light absorption in Ross’ experiments was always found at
360 mpu. i

There is no relationship between the novel subject mat-
ter of this application and any of the subject matter in
the above reference for the following reasons. It has been
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found that detergent-iodine solutions characteristic of the
environmental sanitation art, exhibit absorption peaks
considerably closer to the visible region. That is, as shown
below, the peak values are at 385-398 my rather than at
360 my. This is an important difference in that any visual
utility of such results depends on the magnitude of the
portion of the curve which is beyond 400 mg in the visible
region. The peak value is a good representation of, and is
proportional to, the values beyond 400 my. It is customary
to read absorption at the peak value, since this gives the
highest degree of accuracy.

Ross’ results give absolutely no insight into the rela-
tionship between color and chemical constitution within
the members of a homologous series. One might therefore
incorrectly predict from Ross’ resulis that the addition of
further ethylene oxide to a water-soluble molecule, which
increases the cmc, would result in a detergent which
would show less color with iodine, since an equivalent
concentration would bring it closer to its inflection point.
This is certainly not the general case when detergents hav-
ing the same starting alcohol are compared. Table A
shows that the results for the pairs No. 2 and No. 4 and
No. 14 and No. 15 gives the opposite effect. The series
No. 11, No. 12, and No. 13 which shows a small decrease
because the results are given on a weight percent basis,
actually reverse when the detergent concentrations are
given on a molecular weight basis.

For the purpose of evaluating detergent-iodine com-
positions of the present invention, however, it is essential
that elemental or available iodine be distingnished from
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iodide which may be formed in, or added to, the composi-

tion. It has been found, for example, that while addition
of iodide to a detergent-icdine solution provides some en-
hancement of color, it is of small magnitude compared to
the color change with variations of available iodine con-
centration. Since iodide alone with detergent produces no
color, the color enhancement above mentioned indicates
intensifying of color of the detergent-iodine complex in
the presence of iodide.

An effective measure of the iodine complexing in the
new detergent-iodine compositions is the distribution co-
efficient (D.C.) determined in a two-phase aqueous-hep-
tane system according to the procedure disclosed in the
above mentioned United States Patent No. 3,028,229.
Surprisingly, a number of the new compositions in which
iodine is complexed with a Cj, to Cys primary alcohol-
ethylene oxide condensate, show substantially higher D.C.
values than similar compositions containing the conven-
tional nonyl-phenol-ethylene oxide condensate.

A final standard to be considered in evaluating the new
compositions is cloud point. This is the temperature above
which detergents and detergent-iodine complexes in aque-
ous solution change from clear or transparent solutions
to cloudy solutions or suspensions. In general, the cloud
point of liquid germicidal products or concentrates should
be at least 50° C., and preferably above about 55° C. in
order that such products will remain clear and trans-
parent under all norma] storage conditions.

The unique color enhancing properties as above de-
scribed for the Cy, to Cyg primary alcohol-ethylene oxide
condensates complexed with iodine are also found to be
present to a substantial extent in detergent-iodine com-
plexes in which the detergent is a condensate of ethylene
oxide with an alkyl phenol in which the alkyl substituent
comprises one or more primary aliphatic radicals having
a total of 12 to 18 carbon atoms. Typical examples of
such detergents are condensates of ethylene oxide with
dodecylphenol, dioctylphenol, and dinonylphenol in which
the amount of ethylene oxide is at least sufficient to im-
part water solubility to the detergent. Suitably, the num-
ber of moles of ethylene oxide can be in the range of
about .8 to 3 times the number of carbon atoms in the
alkyl substituent.

Under comparable conditions, these higher alkyl-phe-
hol-ethylene oxide condensates provide iodine complexes

6

having more than twice the color intensity at 6 p.p.m.
available iodine dilutions than complexes formed with the
conventional nonylphenol-ethylene oxide condensates.
Another embodiment of the present invention resides in
the discovery that still further color enhancement can be
achieved with the primary alcohol type detergents if at
least part of the condensed ethylene oxide is replaced
with, or supplemented by, propylene oxide. Such modified
detergents can be represented by the following formula:

RO(EO,PO):(EO,PO);H

wherein R is Cyp to Cyg primary alkyl, the weight percent
of EO is within the range of 0 to 45% in one of the
blocks, x, ¥ and within the range 60 to 100% in the other
of the blocks x, y, and the total number of moles of alk-
oxide is in the range of 6 to 40 moles, with 1 to 10 moles
in the PO rich block, and 5 to 30 moles in the EO rich
block.

Generally preferred among the detergents above de-
scribed are those in which the block x contains 0 to 45%
EO, and provides 1 to 4 moles of alkoxide, while the
block y contains 60 to 90% EO, and provides 5 to 20
moles of alkoxide. :

Preferred detergents of this modified type provide iodine
complexes having under comparable conditions, a color
intensity at 6 p.p.m. dilution which is more than four
times as great as the conventional nonyl-phenol ethylene
oxide-iodine complex. Furthermore, the modified deter-
gents can be in liquid form even when the average num-
ber of carbon atoms in the radical R is as high as Cie-

- Both of these factors are of distinct advantage in the
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formulation and use.of germicidal detergent-iodine com-
positions. e

The following examples show the preparation of typi-
cal detergent-iodine compositions suited for varied en-
vironmental sanitation uses and employing the color en-
hancing detergent-iodine complexes of the present inven-
tion. It is to be understood however, that these examples
are given by way of illustration and not of Jimitation, -

Example 1

A number of detergent iodine compositions were pre-
pared using various primary alcohol-ethylene oxide con-
densates as detergents. These compositions are all aqueous
solutions containing 10% detergent, 1% available iodine,
and 0.35% iodide (I~) by weight, the iodine and iodide
being supplied as Hl-Todine solution containing 57%
available iodine and 20% HI.

In Table A, detergents are identified by the number of
carbon atoms in the primary alcohol component, the num-
ber of moles of condensed ethylene oxide, the cloud
point of a 1% aqueous solution, and the physical state
at 25° C. For the resulting detergent-iodine compositions,
values are given for distribution coefficient (D.C.) as de-
termined by the formula:

ml. heptane
ml, aqueous phase

- mg. I in aqueous phase
D.C.= .
mg. I in heptane

In addition, the relative color of diluted solutions having
available iodine concentrations of 25 p.p.m., 12.5 p.p.m.,
and 6 p.p.m., are tabulated, together with the wave
length in mu of the peak position, or maximum absorb-
ance, for the 25 p.p.m. solution. Relative color or absorb-
ance refers to

I,
Iog T
for unit path length, where I, and I are the “light in”
and “light out” respectively. A Beckman Du spectro-
photometer with cells of 1.00 cm. path length were used.
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TABLE A
: ’ Cloud Relative Color (Absorbance)
Sample No. Atoms of Carbon Mols Point, [Phys. State 25 p.p.m.
ETO °C. at 25° C. i Peak (mip)
D.C 25 p.p.1m 12.5 p.p.m. 6 p.p.am.
1 1tav. (10-12) 5.9 27 | Tiquid . |ooooooo .245 .045 .010 360
7.0 67 . 670 145 .035 385
7.4 79 715 . 220 L 050 385
15 94 720 .195 . 045 390
9.5 83 .805 .235 . 045 385
8.5 100 . 800 . 245 . 065 390
7.5 9 .735 . 220 .080 385
8.1 102 795 . 240 . 060 390 .
7.6 86 .900 .310 . 090 385
9.2 95 .885 .300 .085 385
7.4 103 . 790 .275 .090 335
10 127 7% . 245 .070 385
20 107 .705 . 240 . 085 385
4 . ] i 10 86 .670 . 240 . 080 390
15 I8 20 76 .820 .300 .105 390
Control A ____| Nonylphenol _____.. 10.5 75 . 660 .160 .025 385
Control B __} ““Pluronic P-65"_ . |ccooo—_ 80 .150 .04 .009 360
In Control A sample, the detergent is a nonyl phenol 20
ethylene oxide condensate widely used in detergent-iodine TABLE B
compositions. Control B, another nonionic detergent ex- -
tensively used in detergent-iodine compositions is a con- Sampl Absorbance at mpu
densate of polyoxypropylene having a molecular weight ampie — — e -
of 1750 with ethylene oxide in an amount to provide 50% 25 350 | 360 | 370 | 380 | 385 | 300 | 400 | 425 | 450
by weight in said condensate. All samples, with the excep- - - — |
; ‘ - ilati 8 625 | .685 | .740 | .780 | .790 | .795 | .745 | .490 | .290
tion of 1 and 2 show much better 'col.or at all di ut1o?s, (020|080 | - TA0 | TR0 N IO | e | Ean | he0 | 3%
and particularly at the 6 p.p.m. dilution where any in- 640 | .695 | .760 | .805 | .820 | .820 | .790 | .545 | .330
crease of color is of very real significance.

Sample I is included for comparison purposes to show
the poor color obtained when the starting alcohol is below
the C15-Cs5 range. The color is most deficient at the levels
of 6 and 12.5 p.p.m. available iodine.

Sample 2, approximately equal to the Control A, repre-
sents a combination of minimum length carbon chain in
the-alcoho]l moiety and minimal ethylene oxide.

- The preferred samples in Table A .are considered to
be 8, 9 and 15. The detergents in both 8 and 9 are liquids,
which as previously indicated, are preferable to solids, and
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Example 11

In order to demonstrate the effect of variation in the
proportion of detergent, compositions similar to the pre-
ferred samples 8, 9 and 15 of Example I (and here identi-
fied as 8a, 9a and 15a) were prepared having 50%,
160%, 150% and 200% of the amount of detergent used
in Example I, and these compositions at varying dilutions
were tested for absorbance with the followings resulis:

Relative Color as a Function of Detergent Concentration

25 p.p.am. Ip 12.5 p.pm. Iz 6p.pm. Ip
9 p.p.m. I- 4.5 p.pm. I- 2p.p.m. I~
P.pam. Det.___| 125 | 250 | 375 | 500 | 62| 125| 1877| 250 | 31| 62| 93 | 125
.80 | .91 {1.07{.11|.24}.285|.360|.02| .06 .065|.10
.80 1 1,03 1,17 (.15 .24 .855|.425|.03 | .06 | .10 L1925
.82 .98 | 112 |.15|.30].360 | .450 | .64 | .10 | .10 145

the detergent of 8 is somewhat more readily available than
that of 9. As for sample 15, the disadvantage of the solid
form of the detergent is offset by the unusually high color
value at the 6 p.p.m. dilution.

-With respect to the three. preferred samples, there is
shown in the following tabulation, the variation of absorb-
ance at different wave lengths (my) for the 25 p.p.m.
dilution.

70

75

The foregoing comparisons indicate that increasing the
proportion of detergent causes an increase in the color in-
tensity at all dilutions, with the effect being greatest at the
6 p.p.m. iodine concentration, where ephancement of color
is of greatest importance. The data further indicates that
the coler. improvement increases most rapidly when the
proportion of detergent to available iodine increases from
5:1to 10:1. '
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Exampie IIT

In order to demonstrate the effect of variation in the
proportion of iodide, compositions similar to the pre-
ferred samples 8 and 9 of Example I (and here identified
as 86 and 9b) were prepared having iodide proportions
equal to and approximately four times as great as in
Example 1, and these compositions at varying dilutions
were tested for absorbance with the following results:

10
grams of a C;, primary alcohol-ethylene oxide condensate
containing 8.1 moles of ethylene oxide (detergent No. 8 in
Example I) forming a clear, dark mahogany colored liquid
having a specific gravity at 60° F. of 1.276 and a viscosity
at 20° C. of 280 c.p.s. Immediately after preparation, the
available iodine was 20.4%, and after accelerated ageing
by storing for two weeks at 125° F., the available iodine
was found to be 20.2% (indicating very good stability).

Relative Color as a Function of Iodine Conecentration
250 p.p.m. Detergent 125 p.p.m. Detergent 63 p.p.m, Detergent
25 p.p.m. Iy 125p.p.m. Iz 6 p.p.m. Iy
9 p.p.m, I~ 34 p.p.m. I- 4.5 p.p.m. I~ 17 p.p.m. I~ 2p.p.m. I- 8 p.p.m. I-
-1 .80 (390 myp) .92 (380 mp) . 240 .330 . 060 . 085
L1 TN .90 (385 my) | 1.06 (380 my) .310 .395 . 090 .125

The foregoing comparisons indicate that small varia-
tions in jodide content do not have too great an effect on
color. The color enhancement which characterizes the pri-
mary alcohol-ethylene oxide detergents as jodine com-
plexing agents can be realized when formulating by both
the standard hot mix method and by the cold process using
aqueous jodine-iodide solution.

Example IV

A commercial high acid detergent iodine composition
used for dairy and similar cleaning operations, and having
a guaranteed available iodine content of 1.75%, con-
tains by weight 19% detergent (a mixture of 15.7 parts
nonyl phenol ethylene oxide condensate containing 10.5
moles of ethylene oxide per mole of nony! phenol and 3.3
parts of polyoxypropylene condensed with ethylene oxide
providing a molecular weight of 1750 in the polyoxypropy-
lene component and 20% of condensed ethylene oxide),
3.3% of HI-iodine (supplied as an aqueous solution con-
taining 57% available iodine and 20% HI) 21.25% of
H3PO, (commercial 75% acid) and water to 100%.

With this product as a control, similar products were
prepared substituting as detergent 19% of certain of the
primary alcohol ethylene oxide condensates of Example 1.
For ease of cross-reference, these detergents are here
identified by the same sample number followed by the
subscript “c.”

These samples and the control are compared in terms
of cloud point and distribution coefficient (D.C.) of the
product and the absorbance of 1 to 640 (12.5 p.p.m. L)
use dilutions thereof, with the results shown in the fol-
lowing table:

Product
Characteristics 1 to 640
Sample (12.5 p.p.m. 12)
Dilution
Cloud D.C Absorbance
Point,
Q
55 200 . 255
56 200 . 355
64 230 .410
66 240 .405
64 | .. .450
>90 330 .415
>90 {oeolaL.. . 445

The tested samples show generally better clond points
and distribution coefficients than the control, and ‘of par-
ticular significance is the markedly higher absorbance at
the practical 12.5 p.p.m. I, use dilution.

Example V

A germicidal detergent-iodine concentrate is prepared
by mixing together at room temperature 360 grams of
an HI-I, solution as described in Example I and 640
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This concentrate is suitable for sale and distribution to
formulators who will add water, acid, additional deter-
gent, or combinations of these in preparing consumer
products. ' :

Examples T to V show the advantages of primary al-
cohol ethylene oxide condensates as detergent components
of detergent-iodine compositoins. The following three ex-
amples are included to demonstrate the unsatisfactory
nature of secondary alcohol-ethylene oxide condensates.

Example V1

Two of the detergent-iodine compositions of Example
1V, samples 8¢ and 9¢ are compared with similar deter-
gent-iodine compositions containing as detergent compo-
nent Secondary A—a secondary alcohol containing 11 to
15 (average 13) carbon atoms condensed with 9 moles
of ethylene oxide—and Secondary B—a secondary al-
cohol containing 11 to 15 (average 13) carbon atoms
condensed with 13 moles of ethylene oxide.

The samples were fested for initial available iodine
content, then subjected to industry standardized acceler-
ated storage conditions by maintaining at 125° F. for two
weeks and again tested for available jodine, with the fol-
lowing results:

Stored two weeks
Sample Initial Ts, percent at 125° B,
Iz, percent
8e_ 1.93 1.82
Ye__ 1.95 1.89
Secondary A___.._____________ 1.93 1.67
Secondary B.._.._.___________ 1.92 1.66

Since as noted in Example IV this type product should
have a guaranteed jodine content of 1.75 %, it is apparent
that the secondary A and B samples are unsatisfactory,
whereas the 8c and 9c samples show very little iodine
loss in the accelerated ageing test. The two weeks at 125°
F. is generally comparable to a full year under normal
storage conditions.

Example VII

A typical detergent-iodine composition without phos
phoric acid, intended for general environmental sanita-
tion purposes, and having a guaranteed available iodine
content of 1.6% contains 15% detergent, 3.3% HI-iodine
(supplied as an aqueous solution containing 57% avail-
able iodine and 20% HI), 2% of isopropyl alcohol, and
water to 100%.

This type composition was made ap using the two pre-
ferred detergents from Example I, here identified as 84
and 94, and the two detergents derived from secondary
alcohols, Secondary A and Secondary B as described in
Example V, and were tested for available iodine before
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and after the standard two weeks, storage at 125° F., with
the following results:

12
this connection, that the appearance of color in the deter-
gent per se is particularly objectionable as it would mask
and destroy the important iodine color end point, thus

Stored two weeks further demonstrating the instability of secondary alcohal-
" Sample Initial I, percent o 1'~é§°61;~t 5 ethylene oxide condensates as iodine carriers.

» Porees Embodiments of the invention wherein detergent-iodine
sd Lol in complexes having enhanced color at low use dilutions
ad_. 101 177 are obtained with detergents other than the Cyj to Cag
E:gggggg Ao 1.9 e primary alcohol ethylene oxide condensates are illus-

10 trated in the following examples:
Here again the compositions using ethoxylated second- Example IX
ary alcohols as the detergent component fall below the o

guaranteed jodine content in the standard accelerated Following the procedure of Example 1 an aqueous

ageing test. Furthermore, comparing Examples V and V1 15 detergent-iodine solution containing by weight 10% de-

serves. to indicate that the presence of the phosphoric . tergent, 1% available iodine and 0.35% iodide (I7)

acid was not a factor, but that the poor results with the using as detergent dodecylphenol condensed with 12
ethoxylated secondary alcohols must be due to a chemical moles of ethylene oxide. This detergent 15 a liquid at

instability, ie. a reactivity between the secondary al- 25° C. and in 1% aqueous solution has a cloud point of

cohol moiety and the iodine. This is further confirmed 20 60°. The detergent-iodine solution bas a distribution co-

by the following example: efficient of 64 and when tested for relative color or ab-

B i . sorbance as in Example I, gave results shown in the fol-

Example VIH lowing tabulation, and compared with the values for

Following the conventional formulating procedure of Control A from Example I:
Relative Color (absorbance) 25 p.p.m.
Detergent peak
(mp)
25 p.p.m. | 12.5 p.p.m. 6 p.p.m.
Dodecylphenol 12 moles EtO. ... L1710 .215 . 055 385
Nonylphenol 10.5 moles EtO. ... . 660 . 160 . 025 385

cooking detergent and elemental iodine for about 4 hours
at 55 to 60° C., comparative formulations were prepared
using 72 parts of detergent and 28 parts of elemental
iodine, the cooking being effected in a three necked flask
equipped with Teflon stirrer, thermometer and pressure
equalization port. Following the heating period, the batch
was cooled, analyzed for available iodine, and the resid-
nal color after neutralizing the iodine with thiosulfate
was noted. '

The sample marked “Primary” employed the preferred
ethoxylated primary alcohol (sample 8 of Example I)
and the sample marked “Secondary” used the ethoxyl-
ated secondary alechol deseribed as Secondary A in Ex-
ample V. -

The comparative results are as follows:

50

55

60

This enhancement of color in dilute solutions is charac-
teristic of detergent-iodine compelexes containing as detez-
gent component alkylphenol-ethylene oxide condensates
in which primary alkyl substiiuents provide 12 to 18 car-
bon atoms, with the color enhancement generally increas- -
ing as the mumber of carbon atoms is increased.

Example X

Following the procedure of Example I and IX aqueous
detergent-iodine solutions were prepared containing as
detergent components condensates of primary alcohols in
the C;z to Cig range with mixtures of ethylene oxide and
propylene oxide providing the compositions tabulated be-
low, having reference to the formula:

RO(EO,PO)«(EO,PO),H
‘Percent 65 T
Available Iz Average . - Wt. percent EO in—| Moles EO-:PO in—
Sample Tg%p., Final Detergent Color Detergent Carbon
- ; ke S SEE ———
Themjy FQund “K"’ “y” “X.” uyn
Primary....... 2.0 25,0 57 | Colorless, 14 25 75 4.0 13.7
Secondary _..._ 28.6 22.0 57 | Very dark “Caramel.” 14 75 .25 13,7 4.0
15 25 75. 4.3 14.6
12 25 75 3.4 11.7
] 14 15 85 3.9 14.0
Both the high iodine logs and the charred color of the ﬁ 38 48 %’_ 2 %3;3
detergent confirm the suspected reactivity of iodine with 13.5 33 67 2.7 12.4

the secondary alcohol type detergent. It will be noted in
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The detergents and the aqueous solutions of their iodine
complexes were tested as in Example I, and the results are
tabulated below together with the values for preferred

14

hol moiety with an average carbon content within the
range of C;y to Cyg, and

samples 8, 9 and 15 from Example T: z—1
Detergent Aqueous Complex
! . 25 p.p.m.
Sample Cloud Physieal Relative Color (absorbance) peak
Pt., tate, {my)
°C. ° C.
D.C. 25 p.p.am. 12.5 p.p.m. 6 p.p.m.

75 . 880 .295 .080 380
70 .870 . 275 070 T390
92 1.045 355 .110 390
95 .840 245 .060 385
70 . 940 315 .085 390
75 .890 295 . 085 390
70 . 905 290 075 3%0
65 . 950 315 .085 390
102 2795 240 . 060 390
86 . 900 310 . 090 385
76 .820 300 L1056 390

It is significant to note that Sample ¢ provides distinct-
ly better color at the three dilutions than the comparative
samples from Table I and that the color value at each dilu-
tion is at least 10% better than the values for sample I-9,
which is the best performing liquid detergent in Example
L The color values for sample “d” in which R represents
Cyz are substantially higher than the comparable color
values for samples 2, 3, 4 and 5 in Table A of Example 1.
There is therefore a clear indication from the color values
for samples “@” to “A™ above that the basic increase in
color when increasing the alkyl carbon content above Cy,
is amplified by the substitution of the mixed EO,PO for
the ethylene oxide of Example I as the alkoxide compo-
nent of the detergent.

In summary, it is to be noted that while three appar-
ently quite different type detergents have been describd
in the foregoing examples, they share the common and
highly practical characteristic of providing enhancement
in iodine color at all conventional use dilutions and at
dilutions heretofore considered impractical due to the
faintness or absence of iodine color. Expressed in another
way, the new detergent-iodine complexes coming within
the present invention are those characterized as providing
enhanced iodine color as evidenced by an absorbance,

I,
log T
1 cm., of greater than .035, and preferably at least .045
when measured at the 6 p.p.m. available iodine level with
a 10:1 ratio of detergent to iodine. Complexes of the three
types described which measure up to this characteristic,
and have a detergent to available iodine ratio of at least
3:1, and detergent-icdine compositions containing such
complexes are considered as falling within the present in-
vention, no matter whether such compositions are in the
form of commercial concentrates, eonsumer products in-
tended for dilution, or end use products adapted for use
without dilution.

Various changes and modifications in the detergent-
iodine compositions herein disclosed will occur to those
skilled in the art, and to the extent that such changes and
modifications are embraced by the appended claims, they
constitute part of the present invention,

We claim:

1. A detergent-iodine composition providing enhanced
iodine color in high use dilution, said composition con-
sisting essentially of a detergent-iodine complex providing
a germicidally effective amount of iodine, the detergent
component of said complex being a water soluble pri-
mary alcohol-ethylene oxide condensate having an alco-
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to 2n—1 mols of ethylene oxide, where n is the average
number of carbon atoms in said alcohol moiety, the ratio
of detergent to available iodine in said complex being at
least 5:1.

2. A detergent-iodine composition as defined in claim
1 wherein said alcohol moiety has an average number of
carbon atoms within the Cyy to C;q range.

3. A detergent-iodine composition as defined in claim
1 wherein said detergent is a liquid condensate of a Ciz
to Cy4 primary alcohol with at least 7.5 moles of ethylene
oxide.

4. A detergent-iodine composition as defined in claim
1 wherein said detergent is a liquid condensate of a pri-
mary alcohol having an average carbon content of Cys
with about 7.6 moles of ethylene oxide.

5. A detergent-iodine composition as defined in claim
1 wherein said detergent is a liquid condensate of a Cia
primary alcohol with about 8.1 moles of ethylene oxide.

6. A detergent-iodine composition as defined in claim
1 wherein said detergent is a solid condensate of a pri-
mary alcohol having an average carbon content within the
Cis to Cyg range with about 10 to 20 moles of ethylene
oxide,

7. A detergent-iodine composition as defined in claim
1 wherein said detergent is a solid condensate of a Cyq
primary alcohol with about 20 moles of ethylene oxide.

8. A detergent-iodine composition as defined in claim
1 wherein the detergent:iodine ratio is within the range
of 5:1 to 20:1.

9. A detergent-iodine composition providing enhanced
iodine color in high use dilution, said composition con-
sisting essentially of a detergent-iodine complex providing
a germicidally effective amount of iodine, the detergent
component of said complex being a water soluble alkyl-
phenol-ethylene oxide condensate in which the alkyl sub-
stituent comprises one or more primary aliphatic radicals
having a total of 12 to 18 carbon atoms, and the number
of mols of ethylene oxide is within the range of 0.8 to
3.0 times the number of carbon atoms in said alkyl sub-
stituent, the ratio of detergent to available iodine in said
complex being at least 5:1.

10. A detergent-iodine composition as defined in claim
9 wherein said detergent is a condensate of dodecylphenol
with 12 moles of ethylene oxide.

11. A detergent-iodine composition as defined in claim
9 wherein the detergent:iodine ratio is within the range
of 5:1 to 20:1.

12. A detergent-iodine composition providing enhanced
iodine color in high use dilution, said composition con-
sisting essentially of a detergent-iodine complex providing
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a germicidally effective amount of iodine, the detergent

component of said complex being a water soluble primary
alcohol-alkylene oxide condensate represented by the for-
mula

RO(EC,PO),(EO,PO),H

wherein R is Cy to Cyg primary alkyl, EO and PO repre-
sent ethylene oxide and propylene oxide respectively, the
weight percent of EO is within the range of 0 to 45% in
one of the blocks x,"y and within the range of 60 to 100%
in the other of the blocks x, y, and the total number of
moles of combined EQ and PO is in the range of 6 to 40
moles, with 1 to 10 moles in the PO rich block, and 5 to
30 moles in the EO rich block, the ratio of detergent to
available iodine in said complex being at least 5:1.

13. A detergent-iodine composition as defined in claim
12 wherein the block x contains 0 to 45% EO and pro-
vides 1 to 4 moles of alkoxide, and the block y contains
60 to 90% EO and provides 5 to.20 moles of alkoxide.

14. A detergent-iodine composition as defined in claim
12 wherein the block x contains 25% EO and provides

3

10

20

15
4.3 moles of alkoxide, the block y containg 75% EO and
provides 14.6 moles of aikoxide, and R is Cys alkyl.

15. A detergent-iodine composition-as defined. in claim
12 wherein the detergent:iodine ratio is within the range
of §5:1 to 20:1.
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