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[57] ABSTRACT 

A process for semiquantitative colorimetric detection 
of organic peroxides, especially ether peroxides, with 
the aid of peroxide indicating means comprising an ab 
sorbent carrier impregnated with peroxides, a color-i 
metric indicator, optionally a buffer, and optionally 
other additives. The indicating means is immersed in a 
solution of peroxides in a volatile organic solvent hav 
ing a boiling point of below 80° C., preferably of below 
50° C., and withdrawn. The indicating means is placed 
in a water vapor atmosphere having a relatively cons 
tant temperature between about 20 and 100° C. to 
evaporate theorganic solvent and deposit moisture on 
the surface thereof, and then examined for color 
change. 

10 Claims, N0 Drawings 
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PROCESS FOR THE DETERMINATION OF 
PEROXIDES 

BACKGROUND vOF THE INVENTION 

1. Field Of The Invention 
1 This invention relates to a colorimetric process for 
the semiquantitative detection of peroxides, especially 
ether peroxide, using a peroxidase-containing indica 
tor. 

2. DESCRIPTION OF THE PRIOR ART 
Semiquantitative‘detection of peroxides, especially 

hydrogen peroxide, with the use of color-changing test 
strips is well-known in the art, and many suitable test 
strips are commerically available which indicate the 
presence of hydrogen peroxide by the color change of 
an indicator. The sensitivity of such test strps for or 
ganic peroxides, especially ether peroxides, generally is 
too low to permit serniquantitative determinations. 
Therefore, it has heretofore been possible .to attain only 
av low sensitivity qualitative indication of organic perox 
ides. - ‘ 

Conventional colorimetric indicating means used for 
the determination of ‘hydrogen peroxide are e.g., test 
strips for detecting glucose in the urine, or indicating 
strips for the determination of H202 in foodstuffs. The 
indicating means normally comprise an absorbent car 
rier containing peroxidase, an oxidation-sensitive col 
ori'metric indicator such as a chromogen, and option 
ally a buffer. The absorbent carrier is normally paper, 
preferably filter paper. Common colorimetric indica 
tors for this purpose include ‘but are not limited to o 

tolidine, benzidine, o-dianisidine, and 2,7 
diamino?uorene. As the buffer substances, alkali ace 
tates or citrates are commonly employed, but borate, 
tartrate, succinate, or- phosphate buffers are also suit 
able. Preferably, the test strips-also contain additional 
conventional additives, e.g.,_albumen, gelatin,'polyvinyl 
alcohol, and/or polyvinylpyrrolidone._The absorbent 
carrier is generally impregnated with the reagents, pref 
erably by successive impregnation with two or more so 
lutions. Usually, the ?rst impregnating solution con 
tains the colorimetric indicator dissolved in a volatile 
organic solvent. The carrier is next dried vand then im 
pregnated with an aqueous solution containing the 
buffer, the peroxidase, and optionally any further addi 
tives. The absorbent carrier is then generally glued or 
heat-sealed onto a metallic foil or plastic ?lm strip to 
form the reaction zone proper of the thus-produced 
test strips. ‘ . - ' 

The prior art technique for using these colorimetric 
test strips is well-known and involves immersion of the 
test strip in a solution to be'tested for peroxide content, 
withdrawing the test strip, evaporating the solvent, wet 
ting the teststrip with water to obtain a colorimetric re 
action, and comparing any color produced with a stan 
dardized color scale. 

While generally suitable for the detection of hydro 
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gen peroxide, this method suffers several disadvantages . 
in addition to its low sensitivity for organic peroxides, 

' particularly ether peroxides. Reproducibility of results 
can be affected by a number of variables which have 
heretofore not been generally recognized and thus not 
controlled. These problems are compounded in testing 
for organic peroxides, especially ether peroxides; in 
deed, it has not heretofore been known that peroxidase 
is cpaable of transferring oxygen from peroxides of 
poor water solubility. 
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No rapid method has heretofore been available for 

accurately testing ether for the presence of ether per 
oxides. Conventional testing with iron (ll) salts and am 
monium rhodanide is very cumbersome, while the use 
of potassium iodide - starch paper is not sufficiently 
sensitive for most applications. Since both ether and 
ether peroxides are dangerous to handle, it would be 
highly desirable to have a quick and accurate method 
for testing ether for the presence of ether peroxide. The 
present invention fills such needs. 
Accordingly, it is'an object of this invention to pro 

vide an improved colorimetric process for the detec 
tion of peroxides. 
‘Another object of this invention is to provide a 

method for developing colorimetric test strips used to 
detect organic peroxides. 
A further object of this invention is to provide a pro 

cess which improves the sensitivity of colorimetric pe 
roxide test strips. 
An additional object of this invention is to provide a 

semi-quantitative colorimetric method for the analysis 
of organic peroxides. ' ' 

These and other objects of this'invention will become 
more fully apparent to those skilled in the art from the 
following description of the invention. 

SUMMARY OF THE INVENTION 

Briefly, the present invention provides a process for 
the colorimetric detection of a peroxide which is solu 
ble in a volatile organic solvent having a boiling point 
below about 80° C., which comprises: (a) moistening 
peroxide indicating means comprising an absorbent 
carrier impregnated with peroxidase, at least one color 
imetric redox indicator, and optionally a buffer, with a 
volatile organic solvent having a boiling point below 
about 80° C.; (b) removing said moistened indicating 
means from said volatile organic solvent and, without 
completely evaporating said solvent from said indicat 
ing means; (c) passing a saturating amount of moist gas 
having arelative humidity-of about 80 - 100 percent 
and a relatively constant temperature of between 20 - 
100° C., onto said indicating means to evaporate said 
solvent from 'said indicating means and condense a 
water film onto the surface of said indicating means; 
and (d) observing'any resultant color change of said 
peroxide indicating means. In a particularly preferred 
embodiment, thisis achieved by forced breathing over 
the'colorimetric indicator as it is withdrawn from the 
organic solvent. 
According to the present invention, the sensitivity of 

conventional colorimetric test strips can easily be in 
creased sufficiently to conduct semiquantitative deter 
minations of organic peroxides, especially ether perox 
ides. The sensitivity of conventional peroxide colori 
metric indicating means'can be raised by an order of 
magnitude so that even minor amounts of peroxides 
can be easily detected with excellent accuracy. 
The indicating means is moistened, preferably by im 

' mersion in a solution of the peroxide in a readily vola 
tile organic solvent having a boiling point of below 80° 
C., preferably of 10 to 50° C. According to the present 
invention, the peroxide indicating means is introduced 
into a water vapor atmosphere having a relatively con 
stant temperature of about 20 - 100° C., preferably 36 
- 100° C. before the volatile organic solvent has evapo 
rated. The water vapor atmosphere preferably is at a 
temperature of at least 20° C. The use of a water vapor 
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atmosphere having a temperature of about 36° C. and 
a relative humidity of about 90 percent is particularly 
advantageous with an ehter solvent and can be 
achieved in an extremely simple manner by forced 
breathing, preferably several times, over the reagent 
zone of the test strip while the organic solvent is still 
evaporating. Due to the evaporative cooling effect, ex 
haled moisture condenses as a water ?lm on the test pa 
per, and the indication reaction then takes place in this 
surface water film. Additionally, due to the evaporation 
of the organicsolvent, the peroxides which have been 
absorbed by the test paper during immersion are trans 
ported to the surface of the indicating means, where 
they are concentrated in the surface water film. In' this 
manner, the indicating means sensitivity is substantially 
increased. In comparison with a test‘strip which is con 
ventionally moistened with sufficient water required 
for the indicating reaction after the organic solvent as 
evaporated, less than - one tenth of the sensitivity 
achieved by this invention is attained, since the perox 
ides became distributed throughout the entire volume 
of the reaction zone. ' ' 

While not wishing to be bound by any theory, it is be 
lieved that semiquantitative determination becomes 
possible because using a moist gas of constant tempera 
ture and humidity to saturate the reagent zone results 
in the formation of an almost exactly reproducible 
water film on the surface of this zone. In this method, 
the amount of the water ‘condensing on the indicating 
reagent'surface is a function of the amount of absorbed 
and' evaporating organic solvent as long as a sufficient 
amount of water vapor at a constant temperature is 
provided. The heat of condensation of the water vapor 
compensatesfor the evaporative cooling of the volatile. 
organic solvent, and saturation of the reagnet zone with 
an amount of the moist gas sufficient to evaporate the 
solvent and deposit a water ?lm on the reagent zone 
surface is effected. Since the amount of the absorbed 
and evaporated solvent is a direct function of the ab 
sorption capacity of the indicating means for this sol 
vent, it is possible to' attain good reproducibility and 
calibration for a given type of test strip. A water vapor 
atmosphere of constant temperature and uniform mois 
ture can be produced with surprising constancy by 
human breath which is fairly constant at 36° C. and 90 
percent relative humidity, even under fluctuating ambi 
ent conditions, and this can be used to provide optimal 
conditions for a semiquantitative colorimetric determi 
nation of organic peroxides, especially ether peroxides. 
Of course, it is also possible to produce a suitable water 
vapor atmosphere having a temperature of between 20 
and 100° C., preferably 36 to 100° C. and a relative hu 
midity of between 80 and 100 percent, preferably 85 to 
95 percent in any other desired manner; for example, 
the test strip can be introduced into the water vapor ris 
ing from boiling water or .a water bath. 

It is important to obtain reproducible results that a 
reproducible water ?lm be deposited; this is best 
achieved when the relative humidity and temperature 
of the moist gas are constant. 

Suitable volatile organic solvents are those having a 
boiling point of below 80° C., preferably below 50° C. 
Preferably, the volatile organic solvent is a peroxide 
free ether, especially diethyl ether. Also suitable as an 
organic solvent are lower aliphatic hydrocarbons hav 
ing this boiling range, especially petroleum ether; ace 
tone; ethyl acetate; and methyl ethyl ketone. The only 
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4 
criticality is that the solvent selected possesses a suf? 
cient latent heat of evaporation to provide condensa 
tion of a water ?lm, generally from 4 to 10 kcal/moL, 
preferably from 5 to 8 kcal/mol. 
Any organic peroxides which are soluble in the vola 

tile organic solvents used can be detected by the pro 
cess of this invention. in addition to detecting ether 
peroxides, the present procedure can also be used for 
the detection or titration of other organic peroxides, 
e.g. for diacyl peroxides, aldehyde peroxides, ketone 
peroxides, alkyl hydroperoxides, alkyl peresters and 
peracides (e.g. perbenzoic acid, performic acid, pera 
cetic acid, perphthalic acid, permaleic acid). Routine 
laboratory determinations can be conducted for the de 
termination of acyl and/or diacyl peroxides, e.g. diben 
zoyl peroxide or lauroyl peroxide, cumene hydroperox 
ide (a, a-dimethylbenzyl hydroperoxide), methyl ethyl 
ketone hydroperoxide, and cyclohexanone hydroper 
oxide. This is surprising since it has not heretofore been 
appreciated that peroxidase is capable of transferring 
oxygen even from peroxides of poor water solubility. 
The peroxides of higher ethers, which are not readily 

volatile, e.g. those boiling at 60 to 120° C., can likewise 
be easily detected according to the process of the pres 
ent invention. According to this invention, the higher 
boiling ether to be examined is diluted with a peroxide 
free, volatile ether, (e.g. diethyl ether) or with a vola 
tile organic solvent; in this manner, precise semiquanti 
tative peroxide determinations can be conducted. 

In the process of this invention, all indicating means 
can be employed which are suitable for the colorimet 
ric determination of hydrogen peroxide. However, the 
content of peroxidase in these indicating means should 
preferably be relatively high. The content of peroxidase 
in the impregnating solution used to prepare the indi 
cating means is preferably at least 20 mg./ 100 ml., es 
pecially about 30-50 mg./l00 ml. 
The sensitivity of the process of this invention can 

also be further enhanced by increasing the thickness of 
the absorbent carrier portion of the reaction zone, 
since the peroxides absorbed by the volatile organic 
solvent are concentrated by the evaporation of the sol 
vent at the outer surface of vthe indicator means which 
is exposedto air. Standardized color scales whereby pe 
roxide concentration can be read off directly in p.p.m. 
can be prepared for each particular absorbent carrier 
material being used. 
The process of this invention is preferably conducted 

by ?rst immersing the test strip in the solution to be 
tested until the reaction zone is fully moistened. After 
withdrawal from the solution, the test strip is immedi 
ately (i.e. preferably within up to 4, in particular 0.5 — 
1 seconds) breathed upon several times (e.g. three to 
four times) for several seconds, until the maximum 
color depth has been attained. The thus-produced col 
oring is then compared with a standard color scale. Ad 
ditional breathing on the indicator means does not alter 
the color. The only function which must be'achieved by 
breathing is complete wetting of the reaction zone with 
a water ?lm; any excess water vapor does not have a 
disadvantageous effect. If the ether is allowed to evapo 
rate before the reaction zone is moistened with water, 
only a very weak color change is obtained. Even evapo 
ration of the organic solvent in normal, moist labora 
tory air, results in only a slight color change which is 
difficult or impossible to reproduce. 
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If, due to the greatly increased sensitivity of the pro 
cess of this invention, a color is produced which is be 
yond the range of the standard color scale, dilution can 
be effected in the usual manner until the color pro 
duced is within the range of the standard color scale. 
By appropriate multiplication in accordance with the 
dilution used, the peroxide content can beaccurately 
determined. 
The process of this invention is sufficiently senstiive 

to reliably detect 2 p.p.m. of ether peroxides. Using a 
suitable color scale, a marked distinction can be ob 
served visually between concentrations of 5, 10, 30, 60, 
100, 250, and 500 p.p.m. of ether peroxide, and even 
intermediate concentrations can be interpreted. Simi 
lar results are attained with color scales calibrated for 
other organic peroxides. ' 
Without further elaboration, it is believed that one 

skilled in the art can‘, using the preceding description, 
utilize the present invention to its fullest extent. The 
following preferred speci?c embodiments are, there 
fore, to be construed as merely illustrative, and not lim 
itative of the remainder of the disclosure’in any way 
whatsoever. 

EXAMPLE 1 

Filter paper having . a thickness of 0.35 mm. 

(Schleicher + Schuell No. 1450 CV) is impregnated 
with a solution of l g. of o-tolidine in 100 ml. of metha-_ 
nol. After drying at 50i—80° C., the paper is impregnated 
with a second solution containing, in 100 ml.'of water, 
50mg. of-peroxidase, 5 g. of sodium citrate, and 1.5g. 
of albumen (pH 5). After drying, the papers are cut 
into 6 mm. strips and heat-sealed onto a plastic film 
backing. By cutting at right angles to the direction of 
the strips, test strips having a square reaction zone with 
a width of 6 mm. are prepared. 
A test strip is immersed in a solution of 50 mg. of di 

ethyl ether hydroperoxide in 1 liter of diethyl ether for 
about one second, so that the reaction zone is fully 
moistened. After withdrawal, the teststrip is immedi 
ately breathed upon 24 times for 3-5 vseconds. 
The thus~produced blue coloring is compared with a 

standardized color scale and indicates a peroxide con 
tent of 50 p.p.m. H ' ' 

EXAMPLE 2 

Test strips were prepared and tested as in'Example 1, 
using the following ?lter papers as absorbent carriers:_ 

a. 0.35 mm thick (Schleicher + Schuell No. 1450 
CV); . ‘ 

b. 0.45 mm thick (Schleicher + Schuell No. 2992); 
c. 0.85 mm thick (Schleicher + Schuell No. 2668). 
The color depth formed is rendered more intense in 

direct proportion to the thickness of the paper. ' 
The standard color scales are calibrated accordingly 

for each paper thickness. 

EXAMPLE 3 

2 mg. of commercially obtained stabilized dibenzoyl 
peroxide to be tested for peroxide content is mixed 
with 100 ml. of peroxide-free diethyl ether. A test strip 
described in Example 1 is immersed therein and 
breathed upon after being withdrawn from the solution. 
Comparison with a standardized color scale showed a 
.color depth equivalent to an ether peroxide concentra 
tion of 5 mg./l. which, empirically determined, corre 
sponds to a dibenzoyl peroxide content of 10 mg./l. 
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6 
This test indicated that the dibenzoyl peroxide sample 
had 50 percent strength. 
Other acyl peroxides, e.g. lauroyl peroxide, as well as 

other hydroperoxides, e.g. cumene hydroperoxide, can 
be detected in the same manner. 

Identical results are obtained using petroleum ether 
as a solvent (boiling point about 40—45° C.) in place of 
ether. For frequent determinations of the same perox 
ide, the standardized color scale can be directly 
marked with these data. 
The preceding examples can be repeated with similar 

success by substituting the generically or speci?cally 
described reactants and/or operating conditions of this 
invention for those used in the preceding examples. 
From the foregoing description, one skilled in the art 

can easily ascertain the essential characteristics of this 
invention, and without departing from the spirit and 
scope thereof, can make various changes and modifica 
tions of the invention to adapt it to various usages and 
conditions. 
What is claimed is: 
1. A process for the colorimetric detection of a pc 

roxide which is soluble in a volatile organic solvent hav 
ing a boiling point below about 80° C., which com 
prises: 

a. moistening peroxide indicating means comprising 
an absorbent carrier impregnated with peroxidase, 
at least one colorimetric redox indicator, and op 
tionally a buffer, with a volatile organic solvent 
having a boiling point below about 80° C.; 

b. removing said moistened indicating means from 
said volatile organic solvent and, without com 
pletely ‘evaporating said solvent from said indicat 
ing means; 

c. within 4 seconds after said removing of said moist 
ened indicating means from said volatile organic 
solvent, passing a saturating amount of moist gas 
having a relative humidity of about 80-100 percent 
and a relatively constant temprature of between 
20-100° C., onto said indicating means to evapo 
rate said solvent from said indicating means and 
condense a water ?lm onto the surface of said indi 
cating means; and 

d. observing any resultant color change of said perox 
ide indicating means. I 

2. A process according to claim 1, wherein said moist 
gas is air having a relative humidity of about 90 per— 
cent. 

3. A process according to claim 1, wherein said moist 
gas is air having a temperature of about 36° C. 

4. A process according to claim 1, wherein said moist 
gas is exhaledhuman breath. ' 

5. A process according to claim 1, wherein said pe 
roxide is a peroxide of a higher boiling ether, further 
comprising diluting said peroxide with a peroxide-free 
volatile organic solvent to form a mixture having a boil 
ing poing of less than 80° C., and moistening said pe 
roxide indicating means with said mixture. 

6. A process according to claim 1, wherein said vola 
tile organic solvent has a boiling point above about 36° 
C. 

7. A process according to claim 1, wherein said pe 
roxide is an ether peroxide. 

8. A process according to claim 7, wherein said vola 
' tile organic solvent is a peroxide-free ether. 

65 

9. A process according to claim 8, wherein said ether 
is diethyl ether. 

10. A process according to claim 7, wherein said 
moist gas is exhaled human breath. 

* * * * * 


