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The pH~profile of the rate of disappearance
of Borbic Acid from agueous solution was determinec
at room temperature. 1t was also determined at 65°
and sealed conditions. The degradation rate of Sorbic
Acid was obtained by determining the concentration of
unoxidized Sorbic Acid versus time using &
spectrophotometer (U.V. method - A max 262 mi). An
apparent first order rate of degradation was observed,
The maximum stability for Sorbic Acid was at pH (4.8-6)
at room temperature and at pH 8 at 65° and sealed

conditions.

The effect of ionic strength and that of light
were studied and showed no effect on the oxidation

rate of Sorbic Acid,

The degradation rate was also studied in the
pregence of Bulfuric Acid at different concentration
of Borbic Acid, Sulfuric Acid and different temperaturs.
Any increase in initial concentration resulted in an
increase in the reaction rate. The increase in
concentration of Sulfuric Acid also increased the
reaction rate and decreased the lag time for the
decomposition. The increase in temperature caused a

decrease in reaction rate.



CHAPTER I

INTRODUCTION




PHYSICAL PROPERTIES AND REACTIONS

Sorbic Acid (trans, trans - 2.4 - hexadienoic
acid) CH,~CH = CH-CH = CH-COOH is a white
crystalline solid. It has been used as a
preservative for foods, cosmetics and pharmaceu-
ticals for over 25 years because of its anti-
microbial activity and low toxicity. It dis-
colors somewhat on storage and is only slightly

soluble in water (sbout 0.16% at room temperature).

Sorbic Acid is found in nature. It was first

obtained from rowanberry oil in 1859 (1).

Sorbic Acid forms salts readily with alkalies.
The esters, amides and acid chlorides of the

acid are formed in the conventional manner.

Sorbic Acid undergoes addition reactions and

Diels-Alder reaction with many dienophiles (3).

Oxidizing agents attack the olefinic bonds of
Sorbic Acid and autoxidation results in the
formation of peroxides followed by degradation

and polymerization. Ozone is the only oxidizing

agent which attacks both double bonds.




"The physical properties of Sorbic Acid are shown

in table 1. (2)

Table 1
Chemical Formula CH,CH = CH«CH = CH-GOOH
Molecular weight 1i12.12
lielting Point 135 - 137°
Solubilit%:
H,0 at 20 0.16 g/100 ml
Bthanol at 85° 14.8 g/100 ml
Fat & 0il at 20° 0.5 - 1%

Heat of combustion~- B -11.927 btu/lb

Ienization constant K

at 250 ' 1.73 x 1070
Odor Odorless
Taste Acidic

METHODS OF PREPARATION

1. SBorbic Acid can be Prepared from malonic acid
and. crotonaldehyde in the preserce of

pyridine (4)

CH5CH = CH—GHO+H20(002H)2 ---+
H'} pyridine

CH,CH = CHCH = CFCOOH + CO
Sorhic Acid

= o + HBO




2. BSorbic Acid prepared commercially from the

oxidation of 2,4 - Hexadienal (1) which is
obtained by the condensation of three mole-
cules of acetaldehyde as shown below:
CH, ~CH=CH-CH=CH-CHO =223 CH,, ~CH=CH-CH=CH~COOH
Sorbic Acid
5. Sorbic Acid is also prepared commercially
by the reaction of ketene and crotonaldehyde

(1} as shown:

- C =0 (Acid Catalyst)
2 - Boron trifluride l

CH5~6H=CH~CHO+CH

CH=CHCH,
CH,, ~CH=CH~CH=CH céo o «H . (] gy
g ToamLRmLasLA=L - aq . HO1 (~0H-GHB~-C’—0—)x
Sorbic
Acid rolymeric product

poly(hexeno~B~lactone)

1.3 ANTIMICROBIAL ACTIVITY AND MECHANISM OF ACTION

Soerbic Acid falls into a group of short chain
organic acids which together with their salts

have been shown to exhibit antimicrobial proper-

ties,
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Thgmés et.al (5) studied the influence of Sorbic
Acid on the growth of certain species of bacteris,
yeasts, filamentous fungi and found that the pH
of the culture medium is the principal factor
controlling the activity of Sorbic Acid as an

inhibitor for microbial growth.

The efficient use of Sorbic Acid as an antimicro-
- bial agent would be at pH value which results in

higher concentration of undissociated acid.

511 Of the organisms studied grew in media
containing 0.1% Sorbic Acid at pH 7. The yeasts
and filamentous fungi were inhibited in media
containing 0.1% Sorbic Acid at pH 4.5, the
lactic acid bacteria were inhibited at this

concentration of the chemical at pH 3.5,

Leo et.at (6) described the use of Sorbic Acid
in medis to selectivily favor the growth of
catalase negative lactic acid bacteria. The
effectiveness of Sorbic Acid was found to depend

on its concentration, the type and pH of the medium.




Tt was also found that 0.12% Sorbic Acid in liver
media permitted the growth of lactic acid bacteria
and clostridia but inhibited the catalase positive
actinomycets, bacteria, molds, yeasts when the pH
was in the range of 5-5.5. The use of Sorbic Acid
in liver infusion or some equally efficient basal
medium was suggested for enrichment and presdmptive

isolation of catalase ( =« ) bacteria specially

Lactobacillus.

F.J. Bandelin (7) studied the effect of pH on
the efficiency of various mold inhibiting compounds,

He has used iwelve compounds at pH 3, 5, 7, 9. The

molds used were Chaetomium globosum, Altemaria
solaﬁi, Pencillium citrinum and Aspergillus niger.
The organic acids used such as benzoic, propionic
and Sorbic Acids showed loss of activity with the
increase of pH. The éctivity of Sorbic Acid at
vH 3 was quite high, at pH 5 was fair, at pH 7

had reduced activity, and the activity failed at

pH 9.

Orville Wyss (8) studied the microbial inhibition
by food preservatives and suggested that the short

chain fatty acids act by competitive inhibition of

ENZYMES .




The mechanisms in the inhibition of microorga-
nisms by Sorbic Acid was studied by George XK.
et.al (9). They found that the oxidative
assimilation of glucose, acetate, succinate and
fumurate by washed cells of Escherichia Coli,
Pseudomonas aeruginosa and Saccharomyesas

cerevisia was inhibited by concentration of

Sorbic Acid ranging from 15 to 105 mg/100 ml.

Oxidative phosphor&iation by submicfoscopid
particles of B. Coli was reduced by about 30%
by 37 mg/100 ml of Sorbic Acid. The sulfhydryl
enzymnes fumarase, asparatase and succinice
dehydrogeﬁase were inhibit by Sorbic Acid. The
loss of activity of Sorbic Acid after reacting
with cysteine suggested that a thiol addition
oceurred which is believed to be the mechanism
of action against sulfhydryl enzymes or cofactors
which contain S8H-group in their molecules. As
a result of this work the inhibition of various
enzymetic reactions by Sorbic Acid has been
suggested as the mechanism by which nicrobial

growth is inhibited.




John A. Troller (10) found the catalase inhibition
as a possible mechanism of the fungistatic action
of Sorbic Acid and this inhibition is related to
Sorbic Acid concentration, pH of the system and
length of time that the catalase was exposed to

the acid.

TOXICITY AND METABOLISM

The toxicity of Sorbic Acid is exiremely low, it
is one third of that of benzoic acid. The U.S.
Food & Drug Administration recognized Sorbic Acid

as generally safe.

Gunnel Westoo and Others {11,1) have found that
Sorbic Acid is metsebolized into cog, H20 in the
same manner as other unsaturated fatty acids

normally found in food (B ~ oxidation).

RELATED STARILITY STUDIES

Before discussing kinetics of Sorbic Acid in
solution it may be of wvalue to review some
experimental conditions and results for related

stability studies.




The autoxidation of ascorbic acid in sealed
containers was studied by J.C. Bauernfeind (12).
The fesults indicated that the destruction of
aséofbic acid is directly broportional to the

amount of available oxygen (02) in the container.

The decomposition rate of ascorbic acid in the
bresence and absence of 02 at different pH and
fixed ionic strength was studied by Krowezynski
et.al (18). They found that the oxidation of
ascorbic acid occured rapidly at pH 7.05, whereas
in the absence of oxygen it takes place more
rapidly at pH 3.8, On the basis of these results
the workers concluded that higher stability of
ascorbic aci&‘solution is obtained by excluding

O2 and adjusting the PHE from 6-7.

A. R. Rogers et.al (14) studied the effect of pH
on aerobic degradation of ascorbic acid, and they
found that the degradation rate shows maximum near

PH ¢ and minimum near pH 5.6 ( temperature 250)°

Other reports on the anaerobic degradation of

ascorbic acid indicate that the maximum degradation

rate is at pH 4.
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This was believed to be due to the formation of

a I:1 Complex beitween an ascorbic acid molecules
and a hydrogen ascorbate ion which would be present
‘in higher concentration at pH 4. The degradation
rate has been found to depend on the concentra-

tion of ascorb.ate ions.

Yasutara Shinkawa (15) studied the stabilization
of salts of Sorbic Acid. He found that by
gvacuation and keeping the solution of salts of
Sorbic Acid in €Oy could prevent the loss of
antiseptic strength of solutions. The antiseptic
strength can be lost by polymerization which is

caused by dissolved 020

Takasu - et.al (16) found that the addition of
O-phenylphenol and/or p~phenylphenol to powdered
Sorbic Acid salt was effective for its stabiliza-

tion.

Heintze K. {(17) has found that Sorbic Acid under-~
went an equal to or less than 3% decomposition
after 30 months at 20° in pasterized apple, black
current and grape juice and = 21% decomposition
after 16 months in herring salad and 25% decom-

position after one month in agueous solution.




CHAPTER 2

EXPHRTMENTAL METHODS AND RESULTS




2.1 EXPERINENTAL, METHODS

2,.1.1 Materials

“a) Distilled water

b)  Buffer solutions: (18)

1. Acetate buffer solution (pH 4.8) made of glacial

acid (chemically pure) and sodium acetate

(A.R. Riedel-Dehaenag. )

2, Sorenen phosphate buffer solution (pH 6 and

pH 8) made of disodium hydrogen orthophos=
phate {anhydrous. BDH-labdratory reagents),
and potassium dihydrogen phosphate (pure,

fluka AG Buchs 8G).

3. QClark and Lub's potassium chloride~Hydro-

chloric acid buffer solutien, (pH 1 and pH 2)

prepared from hydrochloric acid {(Sp. Gr. 1.18,
BDH laboratory resagent) and from potassium

chloride (E. Merck Darmstadt)

c) Sulfuric Acid Analytical grade (E. Merck)

a) Standard buffer solutions -

PH 4 - cltrate ; (E. Merck - Darmastadt)

pH 7 -~ phosphate
e) Sorbic Acid (CH,-CH=CHCH=CHCOOH) (E.Merck)




2.1.2_ Apparatus and containers used

a) Spectrophotometers
1. Model Q.V. 50
(Shimadzu. Seisakusho Ltd, -~ Scientific

Instrument Plant - Kyoto, Japan).

2, Model Sp. BOO A
PYE Unicam, England

3. Hodel Sp. 500
PYE Unicam, England

b) pH - lieter - PYE Unicam ~ liodel 292 WK 2

¢) An apparatus designed to study the oxidation of

Sorbie Acid as 1llustrated in the sketch (1)

/
Reaction 9 en
Bottle e

Cylinder
e J

Sketch (1) Assembly used for oxidation studies




2.1.3 General Method

The Sorbic Agid solutions in the different
solventé were prepared as in 2.2 and stored
at different temperatures. Samples were
withdrawn at different intervals, diluted
to appropriate volumes and anmlyzed for
Sorbic Acid content by measuring the
absorbence using a spectrophotometer at
(262) mu. The @bsorbence was changed to
concentration usihg a standard curve which
was prepared undef the same experimental

conditions Fig (1).

Any possible inteference by.the buffer
component to the analytical method was
checked experimentally Fig (2). No such
interference was observed. Thé expirements

were run in triplicate and the results are

representing the mean in each case.




Absorbance

032. e

Oel“

0 0.5 1 1.5 5 2.5 57 3.5k
Concentration Mg/ml

Fig (1) 8tandard U,V. Curve for sorbic acid at 262 mu
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1.2. A
~— & mMeasuring the absorbancs
againsgt water

-6~ ¢ measuring the absorbance
against buffer

Absorhance

0 204 255 250 275 Nmp 300
wavelength (mp) ‘

Fig (2a) Acetate buffer

0.8}-
/

@
\
2
<
:g)cg OnLJ-—‘ \
’ \\5 ’_@/9/
0 200" 255 250 205 S 300

Fig (2%) Phosphate buffer (pH 6 and pH 8)
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— & measuring the absorbance
0.8 { against water
° Pt

~e- : measuring the absorbance
against buffer

: \
g Ol \ ST
5 \ e
w
1 . L) 1 1 LA
0 200 228 R 275 N 300
Fig {2¢) Clark and Lubus KCL-HCTL buffer (pH 1 & pH 2)
Fig (2a-c) Bffect of pH on UV, absorption by sorbic acid
180r— s
™~
AN
1604 AN
\
1ot \\\\
‘o N
1 1204& 'Y
Mo AN
= : ™~
'('3[ lOO - . \\\
S ~.
.?:{ 80 l\\
3 3 S
® .
2 T
O 6{) = —
w0 \\.\5%\
o +
20 |-
0 _ 1 . 1 1 1 1
30 60 30 120 150 180

Time (day)

Fig (3) Concentration of sorbic acld as a function of
time at pH2 and 65° at fixed ionie strength
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2.2 RESULTS

2.2.1 Effect of Tonic Strength (M)

The effect of ionic strength on the sitability of

gorbic acid solubtions was studied under different

experimental conditions as follows:

e e A

) Effect of Tonic Strength on ‘the Stability of Sorbig

Acid at pH 2 and 65° ;

Sorbic acid solutions (0.1%) at pH 2 and different
ionic strength (0.1. 0.2, 0.3, 0.4 and 0.5) vere
prepared. The ionic strength was adjusted by ‘the
addition of Potassium Chloride (XC1) as shown in

Table 2,

The amount of (KCl) added for this purpose was

calculated from the following equation (19):

A= % ii(c p'y Valencez)

where

C Molar concentration of all ions in the solution

i

V = Valence

e

Tonic strength

il

Twenty five milliliter (ml) solutions were placed

in (30) ml amber colored bottles and stored at 65°,




Samples were then withdrawn and analyzed at
different intervals. Fig (%) shows the relation-
ship between the concentration of Sorbiec Acid and
time. Fig (4) shows the straight line relation-
ship between the logarithpg .of concentration of
Sorbic Acid and time which indicate that the
decomposition was according to first order kinetics.
From the graph the Hecomposition was very slow
initially and became faster after sbout a week.
The concentration was sbout similar in all ionic
strengths as shown in Fig 4. This indicates that
the ionic strength has no effect on the decomposi-
tion of Sorbic Acid. The rate constant for the

decomposition was 0.007 day %,

Effect of Ionic strength on the stability of Sorbie
iscid at pH 4.8 at 65°

This was studied under the same experimental
conditions as in (a) except that the pH of the
different solutions was 4.8. The results obtained
are shown in Fig (4). The graph representing the

decomposition of Sorbic Acid at pH 4.8 was similapr

to that at pH 2.




Table 2

Amounts of Potassium Chloride needed

for adjusting the ilonic strength

(1) Potassium Chloride (Mole/littep f
ionic : sclution?
st o wae | e | s
0.1 0.0588 0.0394 -
0.2 ] 0.1388 0.1394 -
0;3 ' 0.2388 0.2394 0.153
0.4 0.5388 0.3394 -
0.5 0.4388 0.4394 0,383
0.6 - - -
0.7 - - 0.8853
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15000+ |
é&\(pH2) v A (PH&B) revrosent the five points
. for ionic strength (0.1, 0.2, 0,3, 0.4, 0.5)
12000
'ﬁé} |
S 90004
“
.+. .
O 60004
0
Q
'ti .
3000 4

O 2 2 ] k) g ¢ ? k) ? A
30 60 90120 15018072710 240 270 300
Time (day)

Fig (4) Bffect of ionmic strength on the rate of
decomposition of sorbic scid at PHZ & pH4,8

L.
g 0 = represent 0.3 ionic strength
< 15000 + = 7t 0.5 it "
i ) . = " 0.7 i ]
= 12000 -
o 9000 ™
&,{} ' .
& 6000 L
3000 p
0 18 520 2;: _-;E) j; T0 75 —5¢— Time (day)

Pig (5) Bffect of ionic strength on the rate of
decomposition of sorbic acid at pH1 and
63° and under sealed conditions




Here again the ionic strength showed no effect on

decomposition. The rate constant for the decompo-

sition was 0.0036 day .

Effect of lonic strensth on the stability of Sorbic
Leid at pH 1 and under sealed conditionss

Different Borbic Acid solutions were prepared as
described under{a) and (b} except that the
solutions here were at pH 1 and that the ionic
strengths selected were 0.3, 0.6, 0.7. Two milli-
liters from each solution was introduced separatelyﬂ
in 10 nrl ampoules, using a pipette. The ampoules
were then sealed, using a sealing apparatus and
tested for leakage. Those ampoules that are
properly sealed were stored at 650. Each sample
was analyzed at zero time at room temperature.
smpoules from each ionic strength were then opened
at different infervals after cooling to roomn temp.,
and 1 ml from each was withdrawn, diluted to 500
ml in a volumetric flask and analyzed for Sorbic

hcid content. The amount of (KCl) added for

adjusting the ionic strength are shown in Table 2.




d)

- 2% -

Fig (5} shows the results obtained. These results
indicate that the ionic strength has no effect on
the decompositién. The rate constant for the

decomposition was 0.02 day T.

Effect of Ionic strength on the stability of Sorbic
Acid at pH 4.8 in the’presence of excess oxygens

Solutions of gorbic acid 0.1% were prepared. The

pH of these solutions was 4.8. The ionic strength S
was adjusted to 0.1, 0.3 and 0.5 by using KCloFifteeﬁ;
milliliters portions from the prepared solutions

were placed separately in 30 ml white bottles and
stored at room temperature. The solutions were
analyzed at ééro time for sorbic acid and oxygen

was then passed in each solution for 15 minutes

using an apparatus which was constructed for this
purpose., A sketch of this apparatus is shown in
sketch (1). The oxygen pressure was equal to 10

cm water column. Sawmples were then withdrawn at
different time intervals and analyzed for 'sorbic

acid. 4Lfter each analysis, oxygen was passed in

the same manner described asbove.

o el
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0 = represent 0,1 ionie strength
X = 1! 063 " 4}
. = " 0.5 1 "
2000 L
- — 5 5 5 B
g 1500"‘
o
r—
s 1000
©  500L
al¢]
0
= 0 L] 14 ] 1 ¥ t 1
100 200 300 500 500 50T 7607
Time (Eours) w
Fig (6) Effect of ienic gtrength on the rate of decomposition
of sorbic acid at PE 4.8 and room temperature in
presence of excess of oxygen
¥ = pH 1 (sealed condition)
X = pH 2
s i o= pH 4.8
- 15000/
RN * Fere s
; 12000~
S
™ 9000 TR XX
&0
0
- H6000)- .
T St W N T ® L
3600

1 ' ! ) 1 1 1 1
G.1 0.2 0.3 0.% 11,5 0.6 0.7 0.8
_ A .
Fig. (7) Bffect of ionic strength on the oxidation of sorbic

acid at 65° and at various pE values.




2.2.2

The results ave illustrated in Fig (6). These
results indicate that the ionic strength has no
effect on the stability of Sorbic Acid. The
relationship vetween the ionic strength and rate
constant .is usually expressed by theAfolldWing

equations
log K = log Ko + 1.08 Z, Z, VI

Fig (7) represents the graphs obtained by -
plotting the logabithm of the rate constant
against the sguare root of the ionic strength in

each case.

The effect of pH on the stability of Sorbic Acid
at room temperature: '

Sorbic Acid solutions of the same concentration
0.1% but different pH (1, 2, 4.8, 6, 8) were
prepared. Fifteen milliliter portions of these
solutions were placed separately in 30 ml white
bottles and stored at room temperature. Samples
were then taken from each bottle at different
intervals and analyzed for gorbic acid. The

results shown in table (3) and depicted in PFigs

(8-11),




Tabhle 3

Kinetic Parameters for the decomposition

of Sorbic Acid at different pH and rocm

Temperature

K ( day ~1 ) t 1/2. (day)
H : § api

P slow rapid for rapid
stage stage stagex

1 0.004 0.0492 14,09

2 0.003 0.0126 55.00

4.8 0 0 -

6 0 0 -

8 0.0026 0.014 49.5
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These figures indicate that:

At pH 1:

At pH 2:

At pH 4.8

At pH 62

Lt pH 8:

The decomposition was slow at the
beginning and then became faster after
52 days. The rate constant for the
decomposition during the rapid stage was
calculated from the slope of the graph
constructed and found to be 0,0492 day T,
The»shape of the graph is similar to that
at pH 1 but the decomposition was slower,
The rate consfaﬁt for the decomposition

was 0.0126 day T.

No decomposition could be observed at

this pH.

The results were similar to those at pH

4.8,

As in the case of pH 1 and pH 2 there
were two stages for the decomposition of
sorbic acid but at this pH the slower
stage was longer. The faster stage

started after 72 days. The rate constant

for the decomposition was 0.0142 day r.




B.2.53

The rate-pH profile for the decomposition of sorbic

- acid at room temperature is further illustrated

in Pig (18) where the rate constant for the
decomposition was plotted against pH. From the
graph it could be seen that the decomposition was
more rapld at pH 1 and slower at pH 2 and pH 8.

No decomposition was observed at PH 4.8 and pH 6.

Effect of pH on__stability of Sorbic Acid under
sealed condition at 650:

Sorbic ALcid solutions 0.1% were prepared at diffep-
ent pH 1, 2, 4.8, 6, 8. Two milliliter portions
from each solution were placed separately in 10

ml ampouleé; sealed and tested for leakage. Those
ampouleg with no leakage were stored at 650° The
zero time analysis was done at room temperature.
Sample ampoules are then cooled to Toom temperature
at different time intervals and then analyzed for
sorbic acid., The results of this experiment are
shown in Table (4) which are illustrated in Figs

(14 - 18). These results indicate the following:

at pH 1: Decomposition was slow at the beginning
then became faster after 2% days. The

rate constant for the decomposition at

rapid stage was 0.0087 day =,




At pH 2:

The results for thisApH were about

similar to that for pH 1 but the rate

. of decomposition was slower in both

At pH 4.8

ALt DH 6%

£t pH 8:

stages. The rate constant for the

rapid stage was 0.0057 day T.

No decomposition could be observed during
the first 23 days, but decomposition
started after this periocd. The rate
constant for this decomposition was 0.005

day‘lo

At this pH again there was no decompo-

"sition during the first 23 days but it

proceeded faster than that at pH 4.8
after this period. The rate constant
for the decompositién was 0,017 day“lo
The solutions which were colorless
initially became yellow during the last

period of the experiment.

Here the decomposition started from the
beginning but became faster after 30

days. The rate constant for the rapid

stage of the decomposition was 0.0027 day"ia




Table 4

Kinetic Parameters for the decomposition
of Sorbic Acid at different pH under

sealed condition at 65°

oH for rapid

slow rapid stage
stage stage g

1 0.0067 0.0087 79.66

2 0.0034 0.00587 121.58

4.8 o] 0.005 138,60

6 0 0.017 40,76

8 0.0013 0.0027 286,67
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When the rate constant in each pH value was
plotted against the pH as in Fig (13) the rate-
pH profile for the decomposition of sorbic acid
at 65° became obviocus. In the acidic pH the

acid was more stable in the range between pH 2
and pH 4.8 with a maximum stability at the second
end of the range. The maximum unstsbllity was

at pH 6. At pH 8 the acid was more stable than

at the acidic pH values.

Effect of Sulfiric 4gid concentration on the =~
decomposition of Sorbic Acid e

Sulfuric 4Lcid was found to possess a stronger
effect on the decomposition of Sorbic Acid than
other acids (20, 2i), In order to study the effect
of the concentration of sulfuric acid on the
decomposition at a fikxed temperature, Sorbic Acid
solutions (0.1%) in different concentrations of
sulfuric acid solutions in water (0.01N, 0.02. N,
0,08 N and 0.12 N) were prepared. Fifteen milli-
liter‘pbrtions from eadh solution were placed

separately in 30 ml amber c¢olored bottles and

stored at 55°. The zéro time analysis was done




- at roon temperature. At different time intervals
the bottles were cooled to room temperature a
sample withdrawn for analysis and the botiles are
returned back to 556°. Table (5) shows the results
which are illustrated in Fig (19¢). These results

indicate the following:

In 0.01 N Sulfuric ALcid

No decomposition was observed after one day but
started after this period. The rate constant for

the decomposition rate was 0.02% day-l.

In 0,02 N Sulfuric Leid

The pattern of decomposition was gbout similar
to that in 0.01 N but was faster. The rate

constant for the decomposition was O.O57_day“1°

Iin 0.06 N Sulfuric Aecid

The analysis of the first sample withdrawn after
one day indicated that the decomposition has slready
sterted in this concentration of Sulfuric Leid.

The rate of decomposition was still higher than
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in 0.02 N sulfuric acid, as is obvious from the

rate constant which was 0.069 dayml,

In 0.12 N Sulfuric Acid

The rate of decomposition of sorbic acid has
incereased further in this higher concentration
of sulfuric acid. The rate constant for the

decomposition was 0.115 day"l°

’

The @bove results indicate that rate of decompo-
sition of sorbic acid increases as the concentra-
tion of sulfuric acid is increased, They also
indicate that the increase in sulfuric acid
concentration decreases the lag time for the:

decomposition,

Effect of Sorbie Acid concentration on the

decompositions:

In order to investigate the possible effect of
the éoncentration of sorbic acid on the rate of
its decomposition, different concentration of
sorbic acid solutions (0.05 and 0.1%) in 0.12 N

sulfuric acid were prepared. Fifteen milliliter

Portions were placed Separately in 30 ml amber




color bottles and stored at 55°, The solutions
analyzed at room temperature before storage. The
bottles were cooled to room temperature at
different tinme intervals, samples withdrawn for
analysis and then the bottles were peturned back
fo 55°. The results obtained are shown in Table
(6) which are depicted in Fig (20). The results
indicate that the concentration of sorbic acid in
solution affects the rate of decomposition. The
higher the concentration of the acid the higher
the rate of its decomposition. The results also
indicate that the lag time for decomposition is
shorter as. the concentration of sorbic acid is

increased.,

2.2.6 Effect of light on stability of Sorbic Acid

Sorbic acid solution (0.1%) was prepared using
0.12 N sulfuric acid as a solvent. Fifteen milli-
ilter portions of this solution were placed
separately in 30 ml white and colored bottles,

Fig (21) illustrates the results obtained. These
results indicate that light has no effect on the

decomposition of sorbic acid. The rate constant

for the decomposition in both cases was 0.172 dayqla
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Table 5
Kinetic Parameters for decomposition

of Sorbic Acid as a function of Sulfuric
Acid concentration at 55°

Concentration

of Hy80, () K (day™) |4 /2 (day)
0.01 0.023 30.13
0.02 0.05%7 12.16
0.086 0.069 10.04
0.12 0.115 6.00

Table 6

Kinetic Parameters for decompositon
of Sorbic Acid as g Tunction of Sorbic
hcid concentration at 55°

concentration -1
of Sorbic Acid K (qay™) | t1/2 (aay)
ot

0.05 0.057 12.16

0.1 0.115 6,00
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2.2.7 Effect of temperature on the rate of decomposition

of Sorbic Acid

Sorbic acid solution (0.1%) in 0.18 N sulfuric
acid was prepared and analyzed spectrophoto-
metrically at room temperature. Fifteen milli-
liter portions are placed in 30 ml amber colored
bottles. The bottles are divided into three
groups. The first group was stored at 450, the
second at 55° and the third at 659, The bottles
were cooled to room temperature and at different

time intervals, samples were withdrawn for

analysis and the bottles were then returned back
to the corfésponding temperature of the experi-

ment. Table (7} shows the results obtained for

this experiment which were illustrated in Pig (22).
These results show that the rate of decomposition

decreases as the temperature is increased.

The graph obiained by plotting the logarithm of

the rate constant against the reciprocal of

absolute temperature is shown in Fig. (83). It

is obvious that the graph is of the anti-Arrhenius
type. The activation energy (Ba) which was

calcuiated from the slope of the graph was — 6106

cal/mol.




The free energy of activation ZﬁFi, ‘the enthalpy
of activation A\ Hi and the entropy of activa-
tion.Z§S¢ are calculated from the following

equations (22)

VAN Fi = - RT In (Krh/bkT)
A_Him Ea ~ RT

N NN N SO
Where

b = 1 = transmission coefficient
Kr= rate constant
h = Plantk constant

k¥ = BoiﬁZman constant




Table 7

Kinetic and Thermodynamic
Parameters for the
Decomposition of Sorbic Acid

1 i ¥
Tempera- K day”l AF VANg:! FANS:
ture Cal/mol. Cal/mol.] Gal/mol.
degree
Q
45 00138 - - -
(8}
55 0.115 - - -
&
65 0.075 20686.4 -~ 6748.3 -81.1

{Activation BEnergy) Ea = Calculated from slop of
graph -~ 6106 cal/mole
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DISCUSSION

Effect of Tonic Strength on the rate of
decomposition of Sorbic Acid

Figures (4 - 6) show the effect of ionic strength
on the rate of oxidation of sorbic acid at
different experimental conditions. The results
indicate the independence of the decomposition
rate on the lonic strength. Fig (7) is a graph

representing the Bronsted-Bjeaum equations (19)

Log X = Log Ko + 1.02 %, 2%,/ &

Where
K = rate constant

Ko= the rate constant in an inffinitely
dilute solution where JI = O

H

the charges of reactants

z %
A

ionic strength

The graph shows that the slope of the straight
line obtained in each case is zero. It 1s obvious
from the equation that zero slop indicates the

reaction of positive or negative ions with a

neutral molecule (19, 83). The sorbic acid at
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PH 1 and pH 2 mainly occur in protonated and

in unionized form. The PEa of sorbic acid is
about 4.8 and so at pH 4.8 half of the acid oceurs
in the ionized and half is the unionized form.
Zero slope at pH 1 and pH £ indicates resction

of protonated and unionized forms with a neutral
molecule(which is oxygen in this case) and at pH

4.8 reaction of neutral and ionized forms of sorbic
acid with a neutral species. Similar zero effect

of ionic strength were found in many kinetic. studies (24-20).

Effect of pH on the decomposition of Sorbic Acid

The effect of pH on the oxidation of sorbic acid
was studied at room temperature and at 65°, Ls
shown in figures (8-18) the decomposition of sorbic
acld occurs in two stages, a slow stage and a

rapid stage except at pH 4.8 and PH 6 at room
temperature where no decomposition has been
dbservedol At PH 4.8 and pH 6 and 650, there was
no decompositicn during the first stage. The
appearance 6f a second stage for the decomposition
may be due to the formation of a peroxidic compound
and that the degradation rate is a function of the

concentration of this intermediate (30).




The linear relationship between Log ¢ and time
shown in the Pigures indicates an apparent first

order decomposition.

The pH-rate profile for the decomposition of sorbic

acid at room temperature

Fig (12) shows the Log XK—pH profile for sorbic
acid at room temperature which was constructed
from the data in table (3). This figure indicates
that the degradation process is catalyzed markedly
at pH values less than 4.8 and greater than 6.

The rate of degradation below pH 2 is higher than
that between_pH 2 and 4.8. Borbic acid appears
stable over the range of pH 4.8-6. The shape ¢f
pH-rate profile indicates that the degradation is
subject to acid-base catalysis. The rate of
degradation is apparently influenced by the type
of sorbic acid species present and the catalysis
depends on the hydrogen ion concentration. Below
PH 2 the acid is present in the undissociated form
which is protonated and the catalysis is obviously
high. Between pH 2 and pH 4.8, it exists in the

undissociated and dissociated forms.
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As.shown in Pigure (12) both forms undergo
degradation proportional fo the hydrogen ion
concentration,. The reason for the stability of
sorbic acid over the pH range of 4.8-6 may be

a complex formation between ionized and un~
ionized forms of sorbic acid. As shown in Fig.
(12) the degradation of unionized and ionized
forms of sorbic acid when are present separately
is subjected to acid base catalysis. When both
formg are present together (4.8-6) no degradation
is observed. Many examples of complex formgtion
between an organic acid molecules and its anions
have aﬁﬁeared in the literature (23). Above pH
6 sorbic acid mainly occurs in the dissociated
form. The shape of the graph in this region

indicates a base catalyzed degradation.

The pH-rate profile for the decomposition of

Sorpbic Acid under sealed conditions at 65°

Pig., (13) Bhows the Log K-pH profile for sorbic
acid degradation under sealed conditions and at
a temperature of 650o The sorbic acid species
present in solution are similar to those present

under unsesled conditions over the same pH regions.
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The graph indicates that the rate of degradation
of the acid is high below pH 2. The rate of
degradation is slower between pH 2 and pH 4.8.
The acid undergoes some degradation at pH 4.8,
although it is relatively stable at this pH.

The shape of the graph above pH 4.8 is different
from that under unsealed conditions and room
temperature. The acid shoWws a high rate of

degradation at pH 6 but a low rate at pH 8.

Higuchi et.at (29) found that the anaerocbic
degradation of ascorbic acid at 96° is catalyzed
by the phosphate buffer at pd 6 but not at pH 7.5.
The authors believe that the phosphate ions are
non catalyfic t0 the acid present at the pH
region above neutrality at the conditions of the
experiment which are about similar to the condi-

tions of this experiment.

Effect of sulfuric acid on the decomposition of

Sorbic Acid

The effect of sulfuric acid on the rate of decompo-
sition was studied at different sulfuric acid and

sorbic acid concentration. The effect of light

and temperature hag also been studied.
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decomposition of Sorbic Acid

- 53 =

BEffect of sulfuric aCid.éoncentration on the

Pigure (19) shows the effect of increasing the
sulfuric acid concentration on the rate of
decomposition of sorbic acid. The increase in

the sulfuric acid concentration has increased

the rate and decrease&.thé‘iag fime fof decompo-
gition, The rate of dedompdsition in the presence
of sulfuric acid is higher than that at a similar
concentration of other acids example hydrochloric
acid (20, 21). This was referred to a joined effect

of both the hydrogen ions and the sulfate ions.

Effect of sorbic acid concentration on the

decomposition

Figure (20) shows the effect of initial sorbic
scid concentration on the decomposition. It is
clear that the rate of degradation is increased
with the increase in initial concentration. The
lag time was also observed to decrease by such
an increase in initial concentration. This was

expected as the reaction is apparently first order.
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Effect of temperature on . the rate.of decompesgition
of Sorbic Acid o

The effect of temperature was studied at 450, 55°

and 65°. Fig. (22) shows that the rate of
dgcomposition of sorbic acid in the presence of
sulfuric acid decreases with an increase in
temperature. The anti-arrhenius type of graph
gained for this reaction was alsohdbtained for
the reaction between nitrogen dioxide (Nog) and
oxygen (31%. Thermodyntimic data were calculated
and shown in table (7). It is cbsebved thét Ea
and.él_Hihave negative values. This may indicate
that the reaction is exothermic and may explain
the obtained result concerning the lower rate of
decomposition at higher temperature. Ancther.
factor may be playing part in the décrease of
decompoéition rate on increasing the temperature.

It is the effect of temperature on the solubility

of oxygen in the solution. The decomposition 1s

an oxidation reaction with oxygen. The rate of
the reaction depends of course on the concentra-

tion of oxygen in the solution. The increase in

temperature lowers the solubility of oxygen in
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the solution and.this may lower. the rate of the
reaction. The negatlve value of entropy of
activation Zk Si 1nd1cates that the degree of
disorder in the activated complex and in the
reaction is great (32), similar result gained in

oxidation of ascorbic acid.

Effect of light on the rate of decomposition
of Sorbic Acid

Figure (21) indicates that light has no effect on
the rate of sorbic acid decomposition in: the

presence of sulfuric acid. The results are in

1ine with those obtained from the effect of

_ temperature on the decomposition. As the effect

of heat energy on the rate of decomposition is
negative, it is not strange that rate of decompo-
sition does not depend on the light energy under

the conditions of the experiment.
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