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ABSTRACT 

Kinetics of PEG-200 oxidation by potassium periodatewas studied in alkaline medium.  First-order dependence of 
reaction on periodate was observed. Rate of the reaction was found to be independent of substrate concentration.   
An inverse fractional order with respect to alkaliwas shown.  Arrhenius parameters were calculated. Rate law was 
postulated taking into consideration of experimental results. 
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INTRODUCTION 
Polyethylene Glycols (PEGs) having different molecular weights (MW) are used in drug delivery 
systems.1PEGs(200to 8,000,000)arebroadly used in cosmetics.2 PEG 200 to PEG 600 are liquid PEGs and 
they are used as water-miscible solubilizers in parenteral as well as oral liquids. As per the US FDA’s 
Inactive Ingredient Guide (IIG), PEG-200 is used in the delivery of drugs in injection dosage 
forms.3Study of reaction rate constants is useful for investigation of reaction mechanism and to derivate 
laws for describing the reaction characteristics.4In addition to inorganic oxidants like cerium(IV)5 and 
vanadium(V)6, N-halo oxidants like NBS7,8, DCICA9-12, DCQCI13,14, CAT 15were well usedin the kinetic 
studies.  
Study of oxidation of different types of substituted alcohols is the interest of many researchers.7,8,15 

Oxidation of PEG by ceric (IV) ions16,17and Fenton18-20 was well studied.Free radicals are involved in the 
oxidation of PEG by Ce(IV), though the mechanism involvedin it is not completely known.16  The radical 
mechanism was proposed in the oxidation of PEG in the presence of catalytic activity of Mn/Ce 
composite oxide.21 Oxidation by Jone's reagent resulted in high yields of poly(oxyethylene)-dicarboxylic 
acids at room temperature.22 Uncatalyzed and Ru(III) catalyzed oxidation in the presence of permanganate 
was studied byHassan et al.23 In view of wide industrial `usage of PEG-200, kinetic study of oxidation by 
periodate in aqueous alkaline medium was carried out. 
 

EXPERIMENTAL 
Analytical grade reagents were used during the present study. Iodometry was used to follow the kinetics 
of the reaction. Loss of one oxygen atom or transfer of two electrons was observed per each molecule of 
periodate in the oxidation of PEG-200. It means, followed the oxidation capacity of periodatetill it is 
converted into iodate5.  

RESULTS AND DISCUSSION 
Reaction Orders of Oxidant, Substrate, and Alkali 
The concentration of the oxidant (periodate) waschanged in the range of 0.00025 to 0.002 M while 
maintaining constant concentration for each of other reactants (Table-1). First-order reaction w.r.t. 
[periodate] was evident from linearity of the curves (up to 85% of reactions) in the graphs of log (a-x) 
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versus time (Fig.-1).  The same was confirmed from fairly constant values of rate constant in the studied 
range of [oxidant]. 

 
Fig.-1:Plot of log(a-x) versus time at [KIO4] = 0.001 M, [PEG-200] = 0.025M,  

[OH–]  =  0.1M and Temperature = 35oC 
 
Substrate inhibition was reported in the literature for the oxidation of sugar alcohols24,25 by KIO4 in 
alkaline medium. But, in the present case, zero-order in [substrate] was noted as no appreciable change in 
rate constant was observed when the [PEG-200] was varied from 0.0025 to 0.1 M.  
 

Table-1: Oxidation of PEG-200by Potassium Periodate in An Alkaline Medium 
 

Variant 
Conc. of Variant 

(M) 
k1 x 104 min-1 

[Periodate] 

0.00025 47.04 
0.0005 46.97 
0.001 45.14 
0.002 44.19 

[PEG-200] 

0.0025 47.07 
0.0125 45.77 
0.025 46.97 
0.05 46.78 
0.1 45.56 

[Alkali] 

0.05 58.60 
0.1 46.97 
0.2 34.52 
0.5 21.42 

Salt 

0 46.97 
KCl 31.19 
KBr 49.76 
KI 2.16 

KNO3 45.95 

[Boric Acid] 

0 46.97 
0.01 47.10 
0.025 47.91 
0.05 48.79 

Temperature 

35 46.97 
40 85.81 
45 124.36 
50 181.23 

[KIO4]  =   0.0005M                     [PEG-200]  = 0.025M   [OH–]  =  0.1M 
[Salt] = 0.1M Temperature = 35oC 

y = -0.00196x + 2.00055
R² = 0.96846
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Rate of the reaction was decreased when hydroxide concentrationwas increased from 0.05 to 0.5 M.The 
order of reaction w.r.t. [alkali] was found to beinverse fractional-order as the slope of log k1vs log [OH–] 
plot was –0.44  (Fig.-2). 
 

 
 

Fig.-2: Effect of Alkali Concentration on Oxidation of PEG-200 by Periodate 
 
As per Aveston26, potassiumperiodate dissociates in alkaline medium and establishequilibria(1–3) as 
shown below along with the respective equilibrium constants measured at 298.2 K. 
 

2IOସ
ି +  2OHି ⇌ HଶIଶ Oଵ଴

ସି            log 𝐾ଵ = 15.05     (1) 
IOସ

ି +  OHି + HଶO    ⇌ HଷI𝑂଺
ଶି    log Kଶ = 6.21     (2) 

IOସ
ି +  2OHି ⇌ HଶI𝑂଺

ଷି                log Kଷ = 8.67                 (3) 
 
The above equilibria are useful for calculation of the extent of species distribution in aqueous alkaline 
solution. The concentrations of the two species (I𝑂ସ

ିand HଶIଶOଵ଴
ସି) are negligible in the used range of 

hydroxide ion concentration. Hence, the remaining key species are HଷI𝑂଺
ଶିandHଶI𝑂଺

ଷି.Their 
concentrations are calculated using Crouthamel’s data27, which also corroborates with the findings of 
others.28-30 As per Shan29, the above equilibria (2) and (3) results in the following two equations (4) and 
(5). 

HଶIO଺
ଷି =  

ஒయ[୓ୌష]మ

ଵାஒమ[୓ୌష]ା ஒయ[୓ୌష]మ
[IOସ

ି]ୣ୶ = 𝑓 ([OHି])[IOସ
ି]ୣ୶     (4) 

 

HଷIO଺
ଶି =  

ஒమ[୓ୌష]

ଵାஒమ[୓ୌష]ା ஒయ[୓ୌష]మ
[IOସ

ି]ୣ୶ = ∅ ([OHି])[IOସ
ି]ୣ୶     (5) 

 
Here [I𝑂ସ

ି]௘௫denotes the concentration of the original overall periodate ion and it is nearly equivalent to 
the summation of concentrations of HଶI𝑂଺

ଷି and   HଷI𝑂଺
ଶି. Table-2 gives the concentrations of the two 

important periodate species (HଶI𝑂଺
ଷି and   HଷI𝑂଺

ଶି)at different concentrations of alkali ranging from 
0.025 to 0.5 M. Values of the Table-2 show that HଶI𝑂଺

ଷି and   HଷI𝑂଺
ଶିare the principal species at higher 

and lower concentrations of alkali respectively. Hence, PEG-200 can complex with one of these two 
species.  
 
Effect of Temperature 
An increase in the first-order rate constants (k1) was observed by increasing the temperature in the range 
of 35 to 50oC.A straight line was yielded by plotting log (k1) vs. 1/T (Fig.-3). The slope of the plot and 

Eyring equation32were used to calculate the activation parametervalues. The activation energy ( ΔE ), 

y = -0.440x + 3.094
R² = 0.989
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Enthalpy of activation ( ΔH ),Gibb’s free energy ( ΔG ) andentropy of activation ( ΔS ) are 
tabulated (Table-3). 

Table-2: Concentrations of Periodate Species at Different Concentrations of Alkali 
 

[OH–] M [HଶI𝑂଺
ଷି] M [HଷI𝑂଺

ଶି] M 

0.025 0.000107 0.000364 

0.05 0.000180 0.000308 

0.10 0.000267 0.000228 

0.20 0.000349 0.000149 

0.50 0.000427 0.000073 
 

Table-3: Arrhenius Parameters at 308 K 
ΔE  

KJ/mole 

ΔH  
KJ/mole 

ΔS  
J/K / mole 

log10 PZ 
ΔG  

KJ/mole 
73.26 70.70 94.32 8.32 99.75 

 

 
 

Fig.-3:Effect of Temperature on Oxidation of PEG-200 by Periodate 
Effect of Boric Acid and Salts 
Previous reports show that the addition of boric acid increased the rate in alkali medium as the conditions 
favor to form a complex between sugar alcohols (inositol/sorbitol/ mannitol) and borate ion24,25. It 
competeswiththe formation of a stable complex between sugar alcohol and periodate. And hence, 
substrate inhibition was explained in those cases. But, in the present case, boric acid addition didn’t affect 
the reaction rate (Table-1).Each PEG-200 molecule has a good number of hydroxyl groups as the 
hydroxyl value of it ranges33 from 500 to 550. Hence, some of the hydroxyl groupson PEG-200 are 
engaged in complex formation with the highly dissociating potassium borate and leaving behind the other 
free hydroxyl groups on substrate. Addition of halides (chloride and iodide ions) decreased the rate of 
reaction but its effect is scanty in the case of bromide ions addition.  
 
Reaction and Rate Law 
The end products were identifiedby spot tests34. Long-chain aldehydes are the leading reaction products 
with a minor amount of carboxylic acids due to complete oxidation. Formation of aldehydes was 
confirmed via their transformation into 2,4-dinitrophenyldrazone derivatives. Nature of products formed 
in the present study corroborates with the previous reports16,36.End hydroxyl groups of these polymers 
exhibit a substantial effect on their physical as well as chemical properties. Hence, they are popularly 

y = -3.826x + 14.344
R² = 0.9873
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known as polyethylene glycols instead of their technical name‘polyethylene oxides’35. Moreover, they 
have high hydroxyl values. Therefore, end hydroxyl groups were oxidized to result inthe observed 
products. However, unable to determine the exact stoichiometry in the present study. Based on the above-
observed orders on the reactants, a rate law is proposed as given below: 
 

HଷIO଺
ଶି  + PEG-200  ComplexCଵ 

 
HଶIO଺

ଷି  + PEG-200 Complex 𝐶ଶ 
 
Since, the [IO4

–] and [H2I2O10
4–] are negligible, the total concentration of periodate can be written as 

 
[IOସ

ି]୘=   [HଷIO଺
ଶି] + [HଶIO଺

ଷି] + [Complex C1] + [Complex C2] 
 = K2[I𝑂ସ

ି] [OHି]+ K3[IOସ
ି] [OHି]ଶ 

    + KଶKସ[PEG-200] [I𝑂ସ
ି] [OHି]+KଷKହ [PEG-200] [IOସ

ି] [OHି]ଶ 
 
Each PEG-200 molecule has a good number of hydroxyl groups as the hydroxyl value33 of it ranges from 
500 to 550. Therefore, almost all reactive oxidant species (H3IO6

2– and H2IO6
3–) complex with hydroxyl 

groups available on PEG-200 and no free oxidant species will be available. Hence, the first two terms in 
the above equation can be neglected. Hence, we can write the above equation as: 
 
[IOସ

ି]୘  = KଶKସ [PEG-200] [I𝑂ସ
ି] [OHି]+KଷKହ [PEG-200] [IOସ

ି] [OHି]ଶ 
 

[IOସ
ି] =  

[IOସ
ି]୘

[OHି][PEG − 200]{KଶKସ + KଷKହ[OHି]}
 

 
Rate = kଵ[Complex Cଵ] +  kଶ[Complex Cଶ] 

 
                                             Rate = k1 [Complex C1] + k2 [Complex C2]  
= 𝑘ଵ𝐾ସ [HଷIO଺

ଶି] [PEG-200] + 𝑘ଶ𝐾ହ [HଶIO଺
ଷି] [PEG-200] 

= kଵKଶKସ[I𝑂ସ
ି] [OHି][PEG-200] + kଶKଷKହ[IOସ

ି] [OHି]ଶ[PEG-200] 
 = [I𝑂ସ

ି] [OHି][PEG-200] {kଵKଶKସ + kଶKଷKହ[OHି]} 

                                                  =  
[IOସ

ି]୘[PEG − 200]{𝑘ଵ𝐾ଶ𝐾ସ  + 𝑘ଶ𝐾ଷ𝐾ହ [OHି]}

[PEG − 200]{KଶKସ +  KଷKହ[OHି] }
 

                                                  =  
[IOସ

ି]୘ {𝑘ଵ𝐾ଶ𝐾ସ  + 𝑘ଶ𝐾ଷ𝐾ହ [OHି]}

{KଶKସ + KଷKହ[OHି] }
 

 
The above equation explains first and zero orders of reaction in [oxidant] and [PEG-200] respectively. As 
k2<<1, [OH–] in the numerator value is lower compared to that of the denominator. Hence, it also explains 
the inverse fractional value of order w.r.t. alkali concentration. Various methods available to understand 
the chemistry of pharmaceutical compounds37, 38 and kinetic methods help to realize the mechanism 
involved in the oxidation of biologically important molecules 39, 40. Hence, the present study is an effort 
for the applicability of kinetic methods to know more about the stability and mechanism involved in the 
oxidation of pharmaceutically important PEG-200 by periodate. 
 

CONCLUSION 
Pharmaceutically and industrially important PEG-200 was subjected to oxidation by potassium periodate 
in alkaline medium. A suitable rate law is postulatedby taking into consideration of experimental results. 
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