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Kinetics of Degradation 
of the Parabens 

SEYMOUR M. BLAUG, Ph.D.,* and DONALD E. GRANT, Ph.D.t 

Synopsis-The effect of pH and TEMPERATURE on the HYDROLYSIS of methyl, 
ethyl, propyl, and n-butyl PARABEN was studied at 70øC in 0.1M phosphate buffer so]u- 
tions at ionic strength 0.3 from pH 2.75 to 9.16 and at 40 ø and 50øC at pH 9.16. The 
REACTION xvas first order with respect to paraben. ENERGIES OF ACTIVATION were 
determined from Arrhenius plots. RATE CONSTANTS and HALF-LIVES of each 
paraben at 25øC were obtained by extrapolation of the Arrhenius plots. 

The half-life of each paraben at 70øC and pH 8.24 was essentially independent of the 
initial concentration of paraben. Increasing ionic strength resulted in a slight increase in 
the rate of hydrolysis of each paraben. Increasing the phosphate concentration in buffer 
solutions at pH 8.24 at 70øC produced an increase in the rate of hydrolysis of each 
paraben. This indicated that the parabens undergo general base catalysis and that 
hydroxyl ion is not the only species that can catalyze their hydrolysis. 

INTRODUCTION 

The parabens have been reported to be stable, and to show no hydrolysis 
under conditions of heat steril/zat'on (2 hours at 100øC or 0.5 hour at 
120øC) at a pH range of 3-8 (1). Pekkarinen and Tommila (2) studied the 
alkaline hydrolysis of ethyl esters of para and meta hydroxybenzoates in 
potassium hydroxide solution, and in various organic solvents. They con- 
c]uded that the hydrolysis takes place solely as a reaction between the ester 
ion and the hydroxide ion. Other authors found that the methyl ester of p- 
hydroxybenzoic acid is hydrolyzed at high temperature and in strongly acid 
solution (3). Ravel and Parrott (4) studied the hydrolysis of methyl paraben 
in aqueous solutions at temperatures of 70-85øC in a pH range of 6-9. 

* University of North Carolina, School of Pharmacy. Chapel Hill, N.C. Investigation was 
conducted at University of Iowa, Iowa City, Iowa 52242. 
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Methyl, ethyl, propyl, and butyl paraben are widely used in many types of 
pharmaceutical preparations such as ophthalmic, oral, and topical dosage 
forms and in cosmetic creams and lotions. They are used singly or in combina- 
tion with one another. Mixtures of the parabens have been shown to be more 
effective as preservatives than the individual parabens (5, 6). Their hydrolysis 
yields p-hydroxybenzoic acid, which possesses little preservative activity. It 
was the purpose of this investigation to study the stability of the esters of 
p-hydroxybenzoic acid over pH range of 3-9 and various temperatures. 

EXPERIMENTAL 

Reagents and Apparatus 

Reagents used were p-hydroxybenzoic acid (mp 213-214øC), methyl 
paraben (top 126-128øC), ethyl paraben (mp 116-117øC), propyl para- 
ben (mp 95-97øC), and n-butyl paraben (mp 73øC), all recrystallized 
from hydroalcoholic solution; also, sodium hydroxide, monobasic potassium 
phosphate, potassium chloride, phosphoric acid, and chloroform, all AR grade. 

All pH's were measured using a Beckman model H-2 pH meter* and 
spectra were obtained with a Beckman DU spectrophotometer* with 1-cm 
quartz cells. A constant temperature bath with a Haake thermoregulator, 
series ED,t with a thermometer calibrated to 0.1øC was used for all the 
studies. 

Procedure 

Preparation o[ Buffers 

The buffers used in this investigation were prepared from monobasic po- 
tassium phosphate solutions of desired molarity which were adjusted to the 
desired pH with sodium hydroxide pellets and phosphoric acid. Buffers were 
adjusted to constant ionic strength of either 0.3, 0.6, 0.9, or 1.2 by the addition 
of potassium chloride. All buffers were prepared at 25øC. Since the studies 
were conducted at elevated temperatures, the pH of the buffers at those 
temperatures would be different from the pH determined at 25øC. The pH 
values of the buffers were calculated using the ion product of water at the 
various temperatures of the study, 40 ø, 50 ø, and 70øC. For example, a 
buffer of pH 9 at 25øC would have a calculated pH of 8.24 at 70øC. The 
pKw of water at 70 ø C is 12.82 (7, 8 ). 

Calibration Curves for the Paraber• 

For each of the parabens studied, calibration curves were prepared using 
chloroform as the solvent. The optical density of each paraben dilution was 

-- 

*Beckman Instruments, Fullerton, Calif. 
?Gebriider Haake, Berlin, Germany. 
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determined at 253 nm, the wavelength of maximum absorbance, using chloro- 
form as the blank. A Beeifs law relationship was obtained for methyl, ethyl, 
propyl, and n-butyl paraben in chloroform at 253 nm. 

Method of Analysis 

The following general procedure was developed and used for stud,ving the 
effects of various factors, i.e., pH, temperature, ionic strength, on the rate of 
hydrolysis of the parabens. 

An accurately weighed quantity of paraben was added to a 100-ml volumet- 
fie flask and dissoIved in a small volume of appropriate buffer solution with 
the aid of heat. The solution was diluted to volume with the buffer solution 

which had been preheated to the temperature at which the particular analysis 
was made. The flask was placed in a constant temperature eirculator bath 
that had been previously adjusted to the desired temperature (-0.1øC). 
The solution was allowed to thermally equilibrate for 10 min, then a 5-ml 
aliquot, representing the zero hour sample, was withdrawn and transferred to 
a separatory funnel which contained g0 ml of chloroform. At pH 9.0, p- 
hydroxybenzoie acid (pK• 4.48) exists as a salt which remained in the 
aqueous phase when the solution was extracted with chloroform. Complete 
extraction of the unclecomposed paraben was accomplished using 3 x 20 ml of 
chloroform extractions. The combined chloroform extracts were filtered into a 

100-ml volumetric flask through filter paper that had been previously wetted 
with chloroform. The solution was diluted to volume with chloroform, and the 
absorbance was determined at 253 nm using chloroform as the blank. Samples 
were removed at definite time intervals and analyzed by this procedure. 

Since p-hydroxybenzoie acid is the major degradation product of hydrolysis 
of the parabens (1, 9), mixtures containing known concentrations of methyl, 
ethyl, propyl, and n-butyl paraben and p-hydroxybenzoic acid were prepared. 
The ester concentration in each mixture was determined using the extraction 
procedure previously described. The per cent recovery of the parabens alone 
and in combination with varying concentrations of p-hydroxybenzoic acid 
is shown in TabIe I. The initial concentration of each paraben in all subse- 
quent studies was 5 rag/1. 

pH and Temperature Effects 

In order to study the effect of pH and temperature on the rate of hydrolysis 
of methyl, ethyl, propyl, and n-butyl paraben, the reactions were carried out 
at three temperatures in buffer solution as follows: 70øC-pH 2.75, 3.66, 4.58, 
5.49, 6.41, 7.33, 8.24, and 9.16; 50øC-pH 9.16; 40øC-pH 9.16. Reactions were 
carried out for a maximum of 160 hours, and all aliquots were analyzed using 
the extraction procedure described above. 
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Table I 

Recovery of Paraben from a Mixture of Paraben and p-Hydroxybenzoic Acid 

Composition of Mixture 

(mg/l.) Amount of Paraben 
Paraben Acid Found (mg/1.) % Recovery 

Methyl Paraben 
503 0.00 4.95 98.4 

4.02 1.03 4.05 100.7 
3.02 2.06 3.00 99.3 
2.01 2.58 2.03 100.9 

1.01 5.16 0.98 97.0 

Ethyl Paraben 
4.66 0.00 4.70 100.9 
3.73 1.03 3.70 99.2 
2.80 2.06 2.77 98.9 

1.86 2.58 1.85 99.5 
0.93 5.16 0.95 102.2 

Propyl Paraben 
5.31 0.00 5.40 101.7 
4.25 1.03 4.22 99.3 
3.19 2.06 3.20 100.3 

2.12 2.58 2.10 99.1 
1.06 5.16 1.07 100.9 

n-Butyl Paraben 
5.29 0.00 5.30 100.2 

*$.23 1.03 4.12 97.4 
3 17 2.06 3.17 100.0 

2.12 2.58 2.05 96.7 
1.06 5.16 1.10 103.8 

Effect of Paraben Concentration 

Solutions of methyl, ethyl, propyl, and n-butyl paraben were prepared at 
at 70øC in 0.0005-0.20M phosphate buffer at pH 8.24 and constant ionic 
strength of 0.3, and the hydrolysis was followed at 70øC in the manner 
previously described. 

Effect of Ionic Strength 

The effect of ionic strength on the hydrolysis of the parabens was investi- 
gated by studying the hydrolyric rate, at 70øC, of paraben soluti.ons in 0.1M 
phosphate buffer at pH 8.24. The buffers were adiusted to ionic strengths of 
0.3, 0.6, 0.9, and 1.2 by the addition of potassium chloride. The effect of buffer 
concentration on hydrolytic rate was also studied by following the hydrolysis 
at 70øC in 0.005-0.20M phosphate buffer at pH 8.24 and constant ionic 
strength of 0.6. 
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RESULTS AND DtSCUSS•ON 

All of the rate constants •vcrc calculated from the first-order rate equation. 
The slopes of the lines were calculated by regression analysis using an elec- 
tronic calculator.* 

The effect of pH and temperature on the hydrolysis of the parabens was 
studied at 3 temperatures and at pH values ranging from 2.75-9.16. The cal- 
culated values of the rate constants and half-lives at different pH values and 
temperatures are summarized in Tables II and III. Typical plots showing the 
hydrolysis of ethyl paraben at 70øC and various pH values and at various 
temperatures at pH 9.16 are shown in Figs. 1 and 2. These plots indicate that 
the reaction was first order with respect to ethyl paraben since straight lines 
were obtained when the log of concentration was plotted against time, which 
•vas true for each paraben studied. The reaction overall would be pseudo- 
first order since the concentration of water can be regarded as constant. 

As shown in Tables II and III and in Figs. 1 and 2, as the pH and tempera- 
ture increase, the rate of hydrolysis of the parabens increases. One would ex- 
pect n-butyl paraben to have a lower rate constant than propyl paraben, yet 
the data shown in Tables II and III show an increase in the rate constants for 

*Wang model 360K/362K, Wang Laboratories, Inc., Tewksbury, Mass. 

Table II 

Specific Rate Constants and Half-life Periods for the Hydrolysis of Parabens at 70øC in 
0.1M Phosphate Buffer, Ionic Strength 0.3, at Various pH Values 

Paraben pH k x 10 a t '/• 
(hours-•) (hours) 

Methyl 9.16 30.63 22.6 
8.24 17.80 38.9 

7.33 10.24 67.6 

6.41 2.710 255.0 

5.49 0.414 1673.0 

Ethyl 9.16 8.877 78.1 
8.24 7.667 90.4 

7.33 6.540 106.0 
6.41 1.203 576.0 

Propyl 9.16 7.163 96.7 
8.24 5.982 120.0 

7.33 4.238 164.0 

6.41 0.568 1218.0 

n-Butyl 9.16 9.391 73.8 
8.24 6.387 109.0 

7.83 4.580 15]..0 

6.41 1.153 601.0 



500 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS 

•. 0.6 
z 

r• 0.4 

0.2 

q 

2.75 
pH 3.66 4.59 

pH6.41 

pHZ55 

i i 0 i I o 4'0 140 160 

TIME IN HOURS 

Figure 1. Log of concentration of ethyl paraben against time at 70øC in 0.1M phosphate 
buffer, ionic strength 0.3, at various pH values 

Table III 

Specific Rate Constants and Half-life Periods for the Hydrolysis of Parabens at Various 
Temperatures in 0.1M Phosphate Buffer, pH 9.16, and Ionic Strength 0.3 

Paraben Temperature k x-i0 • - -t •a 
(ø C) (hours-') (hours) 

M;thyl 40 1.941 - 
Ethyl 40 0.735 943.0 
Propyl 40 0.529 1310.0 
n-Butyl 40 0.536 1292.0 
Methyl 50 5.776 120.0 
Ethyl 50 1.752 396.0 
Propyl 50 1.205 575.0 
n-Butyl 50 1.347 515.0 
Methyl 70 30.63 22.6 
Ethyl 70 8.877 78.1 
Propyl 70 7.163 96.7 
n-Butyl 70 9.391 73.8 

n-butyl paraben, at the pH's and temperatures used in this study, when com- 
pared to the values obtained for propyl paraben. At 70øC in 0.1M phosphate 
buffer at pH 9.16, n-butyl paraben hydrolyzed faster than ethyl and propyl 
parabens. This phenomenon is difiieult to explain since there is little differ- 
enee between the activation energies .of the parabens at pH 9.16, as shown in 
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Figure 2. Log of concentration of ethyl paraben against time at various temperatin'es in 
0.1M phosphate buffer, pH 9.16, and ionic strength 0.3 

Table IV 

Energies of Activation of the Parabens as Determined from the Slopes of the 
Arrhenius Plots at pH 9.16 in 0.1M Phosphate Buffer and Ionic Strength 0.3 

Paraben Energy of Activation 
(kcal/mole) 

Methyl 20.8 
Ethyl 18.7 
Propyl 19.3 
n-Bury1 21.0 

Table IV. It is difficult to rationalize a change in the mechanism of hydrolysis 
for a simple ester of p-hydroxybenzoic acid. 

The effect of temperature on the reaction rate can be expressed using the 
Arrhenius equation (10). Plots of log k versus 1/T yielded a straight-line 
relationship with a negative slope for each of the parabens studied, as shown 
in Fig. 3 for ethyl paraben. This indicates that the mechanism for the degra- 
dation of the parabens does not change with temperature at pH 9.16. Energies 
of activation for each paraben are shown in Table IV. These values are in 
good agreement with literature values for the hydrolysis of simples esters such 
as methyl acetate and ethyl benzoate as reported by Newling and Hinshel- 
wood (11). By extrapolating the Arrhenius plots of each paraben to 23øC, rate 
constants and half-lives were predicted, as shown in Table V. It is valid to fol- 
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Figure 3. Arrhenius plot showing temperature dependence of the ethyl paraben hydrolysis 
at pH 9.16 in 0.1M phosphate buffer and ionic strength 0.3 

Table V 

Specific Rate Constants and Half-life Periods for the Hydrolysis of Parabens at 
25øC in 0.1M Phosphate Buffer, pH 9.16 and Ionic Strength 0.3, as Calcu',ated 

from Arrhenius Plots 

Paraben k x 10 • t 1/• 

(hours-•) (hours) 

Methyl 4.015 1726 
Ethyl 1.514 4577 
Propyl 1.122 6176 
n-Butyl 1.096 6323 

low the extrapolated value for the rate constant if the experimental activation 
energy falls within a range of 10-30 keal/mole ( 12, 13). 

Although data already obtained showed that the reaction of the parabens at 
constant hydrogen ion concentration was first order with respect to paraben, 
this first-order dependency was further verified by a study of the effect of 
initial paraben concentration on the hydrolysis rate. The results shown in 
Table VI indicate that for each paraben studied between concentrations of 
4-7 rag/l, the rate constants were essentially independent of the initial 
con centration of paraben. 
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Table VI 

Effect of Paraben Concentration on the Specific Rate Constants at 70øC in 
0.1M Phosphate Buffer, pH 8.24, and Ionic Strength 0.3 

Paraben Initial Concentration Rate x 105 

(mg/1.) (hours -•) 

Methyl 6.90 16.86 
5.00 17.81 
3.62 17.48 

Ethyl 7.00 7.946 
5.00 7.667 
4.10 8.096 

Propyl 5.95 6.063 
5.00 5.982 
4.00 6.229 

n-Butyl 6.96 6.449 
5.00 6.387 
3.77 6.295 

o, o.• 

0.8 

METHYL 
ETHYL 
PROPYL 
N-BUTY• 

! ! 

ø'7o 0.6 o.9 ,h 

Figure 4. Effect of ionic strength on the hydrolysis of the parabens at 70øC in 0.1M 
phosphate buffer, pit 8.24 
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Table VII 

Effect of Phosphate Concentration on the Specific Rate Constants for the 
Hydrolysis at 70øC, pH 8.24, and Ionic Strength 0.6 

Paraben Moles of Phosphate k x 10 :• t v2 
(hours-•) (hours) 

Methyl 0.02 11.46 60.3 
0.04 12.84 53.9 

0.08 16.42 42.2 

0.10 19.05 36.4 
0.20 26.87 25.8 

Ethyl 0.02 5.175 133.0 
0.08 6.920 100.0 

0.10 7.862 88.1 
0.20 10.45 66.3 

Propy] 0.005 2.638 262.0 
0.02 3.470 199.0 

0.04 4.747 146.0 

0.10 6.145 113.0 

0.20 7.947 87.2 

n-Butyl 0.005 2.486 278.0 
0.02 3.836 181.0 

0.04 4.759 146.0 

0.08 5.634 123.0 

0.10 6.418 108.0 
0.20 8.008 86.5 

Figure 4 shows the effect of ionic strength on the hydrolysis rate of the 
parabens. A positive slope was obtained for each paraben, which indicates a 
reaction of ions of like sign, i.e., a reaction between the hydroxyl ion and the 
negatively charged p-hydroxybenzoate. Also, the rate of hydrolysis of each 
paraben was influenced slightly by the presence of potassium chloride as 
noted by an increase in the rate constants with an increase in ionic strength. 

The effect of buffer concentration on hydrolytic rate is summarized in 
Table VII. The rate constants were obtained from log concentration versus' 
time plots for the parabens at each buffer concentration. Each plot yielded a 
straight-line relationship indicating that the reaction was first order with 
respect to paraben at all of the phosphate concentrations. Figure 5 shows the 
relationship between phosphate concentrations and rate constants for ethyl 
paraben. A linear relationship was also obtained for methyl paraben but the 
propyl and butyl esters produced a distinct break in the curve which may 
have been due to the catalytic effect of other species in the phosphate buffer 
(mainly monohydrogen phosphate ion at pH 8.24). As shown in Fig. 5 and 
Table VII, the rate constants and the half-lives decreased with increasing 
phosphate concentration for all of the parabens. This would indicate that the 
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Figu"e 5. Effect of phosphate concentration on the rate of hydrolysis of ethyl paraben at 
70 ø C, pH 8.24, and ionic strength 0.6 

parabens underg•o general base catalysis, and that hydroxyl ion is not the only 
species which can catalyze their hydrolysis. 

( Received October 25, 1973) 
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