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Influence of concentration of the urea on the hydrogen
peroxide content in 3% aqueous and non-aqueous solutions
stored at different temperatures

Wplyw stgzenia mocznika na zawarto$¢ nadtlenku wodoru w 3% roztworach wodnych
i niewodnych przechowywanych w réznych temperaturach

Hydrogen peroxide is widely used in medicine and in industry [1,7,12-14]. It is used as an antiseptic
[8], disinfectant [1],whitening [3], oxidizing [2]. The aqueous solutions of 3%, 6% and 10% are most
frequently used. Because of its strong oxidizing properties it is unstable. Various substances as: acetanilide,
hydroxyquinoline, sodium pyrophosphate and acids are used for stabilization [2]. According to literature
data, the stable complexes of hydrogen peroxide and urea are obtained, which are produced in solid form:
powders, tablets[6]. Therefore, the question is if the solutions of hydrogen peroxide with urea for external
use are enough stable. That is why the aim of the study was determining the influence of different amounts
of urea on hydrogen peroxide stability in the dilutions stored at different temperatures.

MATERIALS AND METHODS

R eagents. Hydrogen peroxide (30%), sulfate acid OD (98g/1), potassium permanganate (0.02
mol/l RM); glycerine (Poch., Gliwice), polyethylene glycol 300 (LOBA — Chemie, Wien — Fischened
(PEG - 300), 1,2-propylene glycol (Ph.Eur., Fuke (Chemie) (PPG-1,2).

Experimental procedures. Prepared solutions were poured into the bottles of dark,
amber glass, closed cup of polyethylene and stored in the dark place at room temperature and in the
thermostat at 30°C and 40°C.The content of hydrogen peroxide in the solutions was determined
according to FP VL.

Determination of 3% H,O, solutions. Eachtime 1g of the solution was weighed, 9
ml of water and 20 ml sulfate acid (98g/1) were added, then titrated with KMnO, (0.02mol/l) until the color
changes to pink. The content of hydrogen peroxide in the sample was calculated by the following equation:
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X% =v+1.7+100/1000 =0.17 *v;

where 1ml KMnO, corresponds to 1.7mg H,0O,.

Solutions preparation. Tostudy the kinetics of aging the aqueous solutions of hydrogen
peroxide (3%) with and without urea were prepared. In addition, for comparative study the solutions
of hydrogen peroxide (3%) with non-aqueous solvents (polyehylenoglicole-300; 1,2-propanediol
and glyceride) were also prepared. The solutions 3% MO were obtained. Ten grams of hydrogen
peroxide (30%) was weighed and supplemented to 100g with distilled water, or PEG-300, or PPG-
1,2, or glycerine. The solutions with addition of urea were made by weighing 2,4, 6, 8, 10g of urea,
then dissolving in small amount of water and adding to the diluted with water solution of hydrogen
peroxide. Finally, everything was supplemented with distilled water to 100g. The solutions: 3% M2,
3% M4, 3%M6, 3%MS8, 3%M10 were obtained. In the same way, non-aqueous solutions of hydrogen
peroxide (30%) and urea were prepared by mixing 10g of hydrogen peroxide (30%) and 6g of urea.
PEG-300, PPG-1,2 or glycerine were used as a solvent.

The hydrogen peroxide content of 3% solutions at 20°C, 30°C and 40°C versus time of storage
was shown on Fig. 1-4. The data contained on figures show that decomposition of hydrogen peroxide
proceeds according to first-order, with a slight delay. Based on the equation of rate constant of the
first-order reaction, the decomposition rate constants of hydrogen peroxide at, 20°C, 30°C, 40°C was
calculated.

Logarithms of the constants presented to the inverse absolute temperature give linear graphs
in the temperature range 20-40°C (Fig. 4). It allows to determine the activation energy ( E, ) and
check the compatibility of experimentally determined decomposition rate constants of the hydrogen

peroxide at 20°C and constants calculated from the transformed Arrhenius’s equation [11].

3 InK, -InK,
Ea= ﬁ ’1.9872’T]’T2
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19872+ T, T,

InK,=InK,=

KI>KZ’ T2>T1’ T2>T20

1.9872- — gas constant

K,, — decomposition rate constant at 20°C

K, K, — decomposition rate constants determined experimentally

The stability of hydrogen peroxide (t,,) in the solutions stored at room temperature was

10%
calculated from the equation :

0.1053
to,=
10% Kzo
t, - time decomposition of the 10% of active substance

K,, — decomposition rate constant at 20°C
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The calculation results of the activation energy Ea and the time decomposition of 10% of active
substance are given in Table 1.

Table. 1. Kinetics of the hydrogen peroxide decomposition in 3% aqueous solutions

DecompoKs::)(r;;;ie) constats Activation D;Ctznsgr?:ti;itzn De.composition time of 10% ac-
Solution temperature energy at 20°C tive substance at 20°C (day)
20°C 30°C 40°C (cal'mol™) Kexp.(day'l) experimental calulated
MO 5.50-10% | 5.3-10° 3-107 38922.32 5.14-10* 191.45 204.86
M2 5.47-102 | 3.79-10" - 34150.28 - - -
M4 6.55-107 | 4.32-107 - 33290.76 - - -
M6 7.19-107 | 4.34-107 - 31720.76 - - -
M3 8.57-107 | 4.44-107 - 29012.54 - - -
M10 | 9.88:102 | 4.82-107 - 27971.82 - - -
RESULTS AND DISCUSSION

The stability of the medical preparations is often undertaken subject associated with therapeutic
effect of the medical substance and the conditions of storage Oxidizing properties of hydrogen
peroxide require the addition of different stabilizers, which prolong the stability of the active
substance. The urea is one of the used stabilizers, mainly in combination of solid dosage forms
of hydrogen peroxide. Medical 3% solutions of hydrogen peroxide should be enough stable to
enable the application on mucous membranes of the skin. That is why the aim of the study was
the determination of the properties of hydrogen peroxide in aqueous and non-aqueous solutions at
different storage temperatures in the presence of the urea.

The aqueous solutions containing 3% of hydrogen peroxide with different amounts of urea were
stored for 80 days, at 20°C, 30°C, 40°C . Based on the tests and the results, it was found, that
the decomposition of hydrogen peroxide is proceeding according to first-order, starting with a little
delay. In studies it has not observed the stabilizing effect of the urea in the aqueous solutions on
hydrogen peroxide, in comparison to the solid complexes of this substance described in literature,
where this effect has been observed [6].

During the storage at 20°C, within 21 days the solutions were quite stable and showed a
slight decrease of active substance content: MO(99,02%), M2(94,4%), M4(99,3%), M6 (99,8%),
M&8(97,4%), M10(84,1%). At low concentrations of the urea (2-6%), the decrease of amounts of
active substance was inversely proportional to the concentration of urea, at 8 and 10% concentrations
the decomposition increased with the amount of urea in the solution.

During further storage of these solutions (80 days) the decomposition process has accelerated
significantly and has been proportional to the amount of urea in the solution, as illustrated by constants
first-order: K20 (3%MO)=0.00055d-1, K20 (3%M2)= 0.05466d-1, K20 (3%M4)=0.06552d-1,
K20 (3%M6)=0.07195d-1,K20 (3%M8)=0.08568d-1, K20 (3%M10)= 0.09885d-1. Similar
relationships were observed in the solutions stored at 30°C, but the decomposition rate constants
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of hydrogen peroxide were much higher, which indicates a faster decomposition of substances in
these solutions [ K30(3%M)=0.00573d-1, K30(3%M2)=0.37872d-1, K30(3%M4)=0.432435d-1,
K30(3%M6)=0.434376d-1, K30(3%M8)=0.443690d-1, K30(3%M10)=0.482540d-1].The
decomposition rate constant of hydrogen peroxide, in solutions stored at 40°C could be determined
only in 3% solution without urea K40(3%M))= 0.03004d-1. In other solutions the decomposition
of hydrogen peroxide was observed within one week. Fig.6. shows the dependence of constant
decomposition of hydrogen peroxide on the concentration of added urea.

The evaluation of stability of active substance was carried out by determining the value of
activation energy of the ongoing reaction. Calculated from Arrhenius’ s equation, activation energy of
hydrogen peroxide (Ea) decreased with the increase of concentration of urea and with the increase of
decomposition constant (K). The highest value was observed in the solution without urea (39019.57
cal'mol-1), the lowest at 10% concentration of urea (279711.82 cal-mol-1).

The next criterion of stability was the evaluation of the decomposition time of 10% of hydrogen
peroxide. This time was varied depending on used decomposition constant (K calculated or K
determined) at 20°C. These values were similar and were 204.86 and 191.45 days.

In addition, for comparison purposes 3% solutions of hydrogen peroxide with glycerine,
polypropylene glycol and polyethylene glycol with addition of 6% urea, were examined. It was
noted, that the decomposition of hydrogen peroxide with glycerine and polypropylene glycol
followed immediately after the preparing the solutions.

In the solutions prepared with polyethylene glycol, the decomposition of the active substance
proceeded according to first-order without delay. Decomposition rate constants were increasing with
increase of temperature from 1.75-10-3d-1(20°C) < 4.1-10-3d-1(30°C) < 5.3-10-3d-1(40°C), but
they were lower than in similar 3% aqueous solutions. Moreover, the activation energy calculated for
hydrogen peroxide in non-aqueous solutions with polyethylene glycol was 12581.2 cal- mol-1 and it
was lower about three times.

Summarizing, the use of non-aqueous solutions as antiseptics on the skin and mucous membranes
can be more successful than aqueous ones, which evaporate from the skin surface and mucous

membranes very fast, are irritating and less stable.
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Fig.1. Effect of storage time at 20°C on the concentrations of hydrogen peroxide
in 3% aqueous solutions with and without urea
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Fig. 2. Effect of storage time at 30°C on the concentrations of hydrogen peroxide
in 3% aqueous solutions with and without urea
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Fig. 3. Effect of storage time at 40°C on the concentrations of hydrogen peroxide
in 3% aqueous solutions with and without urea
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Fig. 4. Effect of storage time at 20°C, 30°C, 40°C on the concentrations of
hydrogen peroxide in 3% non-aqueous solutions with 6% urea
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CONCLUSIONS

1. The addition of urea to 3% solutions of the hydrogen peroxide cause the acceleration of
decomposition rate of active substance.

2. The decomposition rate constants of the hydrogen peroxide increase with the storage
temperature of the solutions.

3. Based on the tests and obtained results it was found that glycerin and polypropylene glycol are
not suitable for the hydrogen peroxide solutions.

4. Polyethylene glycol 300 is a good solvent, and 3% solutions stabilized with 6% addition of

urea are enough stable.
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SUMMARY

In this study, the stability of the hydrogen peroxide in 3% aqueous and non-aqueous solutions
with different amount of urea (2-10%) was examined. The solutions were stored at 20-40° C. The
decomposition process proceeded according to first-order. The decomposition rate constant of the
hydrogen peroxide increased with the increase of urea and the activation energy decreased. The
storage temperature also had influence on decomposition of the active substance. Solutions of the
hydrogen peroxide prepared with polyethylene glycol 300, stabilized with 6% addition of urea were
more stable than analogous aqueous solutions.

Keywords: hydrogen peroxide, urea, stability, activation energy, storage

STRESZCZENIE

W pracy zbadano trwato$¢ nadtlenku wodoru w 3% roztworach wodnych i bezwodnych z r6zng
zawartoscia mocznika (2-10%). Roztwory przechowywano w temperaturach 20-40°C. Rozktad
nadtlenku wodoru przebiegal we wszystkich roztworach zgodnie z procesem I-rz¢du. Wraz ze
wzrostem ilosci mocznika w roztworach, wzrastata stata rozkladu nadtlenku wodoru a spadata
energia aktywacji. Takze temperatura przechowywania miata wptyw na rozktad substancji lecznicze;.
Roztwory nadtlenku wodoru sporzadzone na PEG 300, stabilizowane dodatkiem 6 % mocznika byty
bardziej trwate niz analogiczne roztwory wodne.

Stowa kluczowe: nadtlenek wodoru, mocznik, trwatos¢, energia aktywacji, przechowywanie



