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Abstract: The kinetics of oxidation reactions and the investigations of the reaction mechanisms from the kinetic data have been 
always the more interesting in the chemical research and industrial applications. The kinetics of oxidation of sugars has been a 
subject of extensive research in recent years. The biological as well as the economic importance of carbohydrates is responsible 
for the great interest in the study of their bio- and physio -chemical properties. The kinetics of oxidative degradation of different 
sugars by metal ions including Cr (VI) has been studied under different conditions. Chomium (VI) compounds are powerful oxidants 
at low or neutral pH as well as Cr (VI) is a well-known oxidant in acetic media. Aim of our present investigation deals with 
oxidation of D-Lactose using Cr (VI) Oxidizing agent, Trimethylammonium fluorochromate [TriMAFC] which was carried out in 
protic solvent as a medium at   308 K in the presence of 1,2-bis(4-pyridyl)ethane as a catalyst . The oxidation of D-Lactose yields 
the corresponding aldonic acid and Cr3+ as final products. Lactobionic Acid (LBA) has been used for food and pharmaceutical 
applications. Thus the kinetics and mechanism of carbohydrates using Cr (VI) as oxidant, 1,2-bis(4-pyridyl)ethane as a catalyst is 
very important from biochemical and kinetic viewpoints. Our experimental studies showed that reaction progressed with first 
order kinetics with respect to [TriMAFC], [1,2-bis(4-pyridyl)ethane] and [H+] with the fractional Order dependence on [D-
Lactose]. It was found that introduction of sodium perchlorate results in decrement of the reaction rate substantially. The rate 
constant increased with increase in the concentration of perchloric acid. Also, the rate of reaction decreases with increasing the 
concentration of acetic acid. For acrylonitrile, no polymerization occurs. The reaction was carried out at four different 
temperatures to determine the activation parameters. An appropriate mechanism was suggested based on the observed kinetic 
effects. 
 
Keywords [D-Lactose], [LBA], [TriMAFC], [1,2-Bis(4-pyridyl)ethane], Oxidation, Kinetics and mechanism. 
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1. INTRODUCTION 
 
Carbohydrates are the fuels of life, being the main energy 
source for living organisms and supply for most cells. The 
study of the carbohydrates and their derivatives has greatly 
enriched chemistry, particularly with respect to the role of 
molecular shape and conformations in chemical reactions1. 
Influences of oxygen on reaction rate depends on the 
concentration of the reactants that increases in the pseudo 
first order conditions during the oxidation process [Reactants] 
comes decreasing category. Hence [Products] increases during 
the oxidation process. The biological as well as the economic 
importance of carbohydrates is responsible for the great 
interest in the study of their bio- and physio -chemical 
properties2. Sugars are very attractive natural ligands for both 
toxic and essential metal ions. Besides acting simply as effective 
chelators3, in many cases they are also reducing agents, (e.g) 
for metal ions such as Ce (IV), V (V), Co (III), Fe III4-7, 
depending on the acidity of the medium. There is also an 
indication that some sugars, or their derivatives, may play an 
important role in the chemistry of chromium, especially in the 
environment8-10, where Cr (VI) may present a serious hazard 
became of its mutagenic and carcinogenic activity. Due to the 
carcinogenic and toxic effects of Cr (VI) 11-13, studies on the 
kinetics and mechanism of C (VI) oxidation of biologically 
relevant reducing agents is of interest to both biochemists and 
inorganic chemistry13,14. During the reduction of Cr (VI) to Cr 
(III), the intermediate oxidation states of chromium may 
interact with biologically active molecules to induce toxicity15. 
Thus in chromate toxicity, it is reasonable to assume that the 
reducing agents may have an important role.  Purified lactose 
can also act as high calorie diet additive16. These biological and 
economic importance of the carbohydrates and especially the 
monosaccharides and disaccharides have been largely 
responsible for the interest in the study of bio and 
physiochemical properties and relativities17 

 

1.1. TriMAFC as an oxidant 
 
In synthetic organic chemistry, halochromates have been used 
as mild and specific oxidizing reagents18-31. 
Trimethylammonium fluorochromates has been used as  mild 
selective oxidant in synthetic organic chemistry32-34. TriMAFC 
C3H10CrFNO3, has certain advantages over similar oxidizing 
agents in terms of amount of oxidant and solvent required, 
easier working up and high yield. Further 
trimethylammounium fluorochromate does not react with 
acetonitrile, which is a suitable medium for studying kinetics 
and mechanism35. TriMAFC & TriMACC on alumina have also 
been used for oxidation of  carbohydrates such as 1,2:5,6- Di-

O- isopropylidine –α-D-G lucofuranose to its relative 
ketosugar as other chromium reagents  by use of  the 
equimolar ratio of the reagents. Kinetics of oxidation of D-
Lactose by some other oxidizing reagents has been well 
documented36.The literature survey revealed that the kinetics 
and mechanism of oxidation of D-Lactose by TriMAFC has not 
been reported. Hence, in the current investigation, the oxidant 
Trimethylammonium fluorochromate [TriMAFC] is used in 
aqueous acetic acid medium.  
 
 
 
 
 
 
 

1.2. Oxidation of  D-Lactose 
 
Lactose is an important secondary product of the cheese and 
certain manufacture, whose make up is expected to about 1.2 
million tons per year. Because of its low solubility and 
sweetness, as well as a certain intolerance of some population 
segments, the usage of lactose is limited in many applications37. 
Lactose is composed of β-D-galactose and  β-D-glucose. The 
linkage is between C1 of galactose and C4 of glucose. Hence 
it is also a reducing sugar. A method for Cr (VI) oxidation of 
lactose to lactobionic acid in aqueous medium at room 
temperature by combination of best promoter and micellar 
catalyst has been deduced38.  The kinetics of oxidative 
degradation of different sugars by metal ions including Cr(VI) 
has been studied under different conditions. The kinetics and 
oxidation of D-Lactose by [TriMAFC] has not been 
documented in the literature survey. As a result in the present 
study, we have used TriMAFC to oxidize D-Lactose in the 
presence of 1,2-bis(4-pridyl)ethane, which act as a catalyst . 
The corresponding mechanisms are explained in this research 
paper. 
 
1.3.-bis (4-pyridy1) ethane as an catalyst 
 
The 1,2-bis (4-pyridy1) ethane catalyst is a versatile building 
block for the purpose of crystal engineering. 1,2 bis (4-pyridyl) 
ethane (bpa) which is a well-known ligand in supramolecular 
chemistry39. It is extensively employed as organic building 
block for construction of 1-D,2-D and 3-D networks. It can be 
used in Co-ordination chemistry as a bidentate bridging ligand, 
and act as a terminal ligand40 or as a host molecule41. 
 
2. MATERIALS AND METHODS 
 
2.1. Materials 
 
All stock solutions for kinetic investigations were prepared in 
double distilled water. TriMAFC were synthesized with the 
belief that the reagents could be used for the organic 
substrates. Further TriMAFC does not react with acetonitrile, 
which is a suitable medium for studying kinetics and 
mechanism. D-Lactose and all other chemicals without further 
purification utilized in this research are all of Analar  grade 
(AR).A chemical reaction occurs faster in the presence of 
catalyst because, the catalyst provides an alternative reaction 
pathway or mechanism with lower activation energy than the 
non-catalysed mechanism. 
 
⮚ Catalyst alters the reaction path and enhances the 

flexibility of entire reactions. 
⮚ An enzyme is a biological catalyst and also important for 

controlling reactions in cells. 
⮚ Selective oxidation of D-Lactose in presence of 1,2-bis (4-

pyridy1) ethane, were satisfactory fitted by applying 
pseudo-homogeneous models42 
 

Characterisation of Catalyst 
 
1. 1,2-bis (4-pyridy1) ethane catalyst is a white to light yellow 

crystals and also having Pka(Pkb)/Solubility-
5.9(8.1)19/5.3g/L20M.F.C12H12N2M.Wt.is184.24.MP:110-

112℃(lit.),BP:310.3±22.0℃ at760mmHg FP:117.2±14.0℃ 
     Density:1.1±0.1g/cm3 Purity:97% 
 
2. Structure of 1,2-bis (4-pyridy1) ethane catalyst43 
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3. IR and UV spectrum of free 1,2-bis (4-pyridy1) 
ethane.39,44,45,46 

 

 
 

Fig.1. 1,2-bis (4-pyridy1) ethane (bpa) 
 

Kinetic Modelling 
 
Only one step (slow step) of the proposed mechanism is 
considered as the controlled one, but the reaction occurs in 
reversible (or) equilibrium (or) fast step in non-controlling 
step 
 
2.2. Kinetic Procedure and measurement 
All the kinetic measurements were carried out in pseudo first 
order conditions maintained throughout the study. 
Homogeneous medium of reaction combination was 
conserved throughout the reaction unless otherwise 
mentioned, the process performed out in a solvent system of 
50%(v/v) acetic acid-water medium at 308K, and the reaction 
was controlled through using iodometric approach. The order 
of the reaction was found to be first with respect to 
[TriMAFC] as evidenced by the plot of [TriMAFC] Vs time and 
[H+] Vs log Kobs  yielded a straight line, its slope , the first order 
rate constant were calculated. 
 
2.3. Product Analysis and Stoichiometric studies 
 
For the completion of the reaction, the reaction mixture was 
allowed to stand for 48 hrs. The product was extracted with 
chloroform and the organic layer was washed with water, 
dried over anhydrous sodium sulfate. The chloroform layer 
was evaporated. After the completion of kinetic experiment, a 
portion of the oxidized reaction mixture was treated with 
alkaline hydroxylamine solution. To prepare a neutral fraction, 
certain amount of barium carbonate was added to rest of the 
reaction mixture. A probing of the resulting mixture with a 

phenol-colored violet solution of FeCl3 gave bright-yellow 
coloration, thereby indicating the presence of aldonic acid. 
This was a sign that lactone, which was formed in the rate 
determining step, was rapidly hydrolysed to lactonic acid in 
neutral medium. We required 0.1 mole of [D-Lactose] and 0.1 
mole of [TriMAFC] for the stoichiometric studies of the 
reaction. The reaction mixture were prepared by mixing of 
above reagents with one another in perchloric acid medium 
and 50% (v/v) aqueous acetic acid medium (total volume 
100ml).  
 
3. RESULT AND DISCUSSION 
 
The oxidation of [D-Lactose] by [TriMAFC]38 in the presence 
of a 1,2-bis(4-pyridyl) ethane catalyst was conducted in a 50-
50% (v/v) acetic acid – water medium at 308K under pseudo-
first order condition, and the findings were addressed on the 
following pages, 
 
3.1. Influence of changing [TriMAFC] 
 
The Oxidation reactions were conducted with varying 
concentrations of TriMAFC18-31 in the range 0.50 to 2.25 x 10-

3 mol dm-3 and maintaining all other  reactant concentrations 
constant and rate constant were calculated (Shown in Table 
1). It is 1,2-bis(4-pyridyl)ethane  catalysed reactions. The lack 
of difference in the first order rate constant at different 
TriMAFC concentrations showed that the order is unity with 
respect to [TriMAFC].The linearity of the log titre versus time 
plot  (r=0.999) up to 80% completion of the reaction validated 
these observations.47

 

 

Table.1 Effect of variation of oxidant 
concentration  

103 [TriMAFC](mol dm-3) 104 Kobs (S
-1) 

0.50 2.77 

1.00 2.78 

1.25 2.80 

1.50 2.81 

1.75 2.82 

2.00 2.87 

2.25 2.88 
 

[D-Lactose] = 1.50x10-2 mol dm-3; [1,2-bis(4-pyridyl)ethane] = 1.25x10-3 mol dm-3 

[HClO4] = 10.00 x10-3 mol dm-3;   AcOH-H2O = 50-50 (v/v); Temperature = 308K 
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Fig.2. Plot of log titre versus time (s) 

 
3.2 Influence of changing [D-Lactose] 
 
At 308K, the Substrate [D-Lactose] was varied from 0.50 to 
3.00 X10-3 mol dm-3 , while all other reactant concentrations 
were kept stable, and the corresponding rate constant was 
calculated (Table 2).With the increase in the concentration of 
substrate, the rate of reactions also increased48. A plot of log 

Kobs versus log [S] is straight line47 and r=0.999 in the case of 
1,2-bis(4-pridyl)ethane catalysed reaction. 
 
Michelis constant for D-Lactose 
 
The Michaelis constant for D-Lactose was determined by an 
Iodometric method 

 
 
 
 
 
 

Table.2 Effect of variation of Substrate 
concentration  

103 [D-Lactose](mol dm-3) 104 Kobs (S
-1) 

0.50 1.77 

1.00 2.31 

1.50 2.80 

2.00 3.14 

2.50 3.46 

3.00 3.72 
 

[TriMAFC]] = 1.25x10-3 mol dm-3; [1,2-bis(4-pyridyl)ethane] = 1.25x10-3 mol dm-3 

[HClO4] = 10.00 x10-3 mol dm-3;   AcOH-H2O = 50-50 (v/v); Temperature = 308K 
 

3.3 Influence of varying [HClO4] 
 
The processes were carried out with perchloic acid concentrations ranging from 5.00 to 15.00 mol dm-3 while retaining all other 
reactant concentrations unchanged. The rates were calculated (Table.3) The plot of log Kobs versus log[H+] shows that first order 
dependence is observed (slope= 0.8136, r=0.9997, sd=0.0032) in this reaction49 

 

Table.3 Effect of variation of Perchloric acid 
concentration 

103 [HClO4](mol dm-3) 104 Kobs (S
-1) 

5.00 1.61 

7.50 2.21 

10.00 2.80 

12.50 3.38 

15.00 3.94 
 

[TriMAFC]] = 1.25x10-3 mol dm-3; [1,2-bis(4-pyridyl)ethane] = 1.25x10-3 mol dm-3 

[D-Lactose] = 1.50x10-2 mol dm-3;   AcOH-H2O = 50-50 (v/v); Temperature = 308K 

 

r = Rate law = 
][substrate  1

hane]pyridyl)et-bis(4-,2[Cr(VI)][1][H[S]

3

321

k

kKK




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3.4. Influence of varying [1,2-bis(4-pridyl)ethane] 
 
The 1,2-bis(4-pridyl)ethane catalytic process was  performed 
out with differing concentrations of 1,2-bis(4-pridyl)ethane 
with range 0.50 to 1.75 mol dm-3 while maintaining all other 
reactant concentrations unchanged and the rate constant 

values are calculated.(Table.4). The rate constant increased 
with increasing the concentrations of catalyst50. The straight 
line plot of log Kobs versus log [Catalyst] with r=0.999 and 
sd=0.0029 implies that there is first order dependency with 
respect to [1,2-bis(4-pridyl)ethane]. 

 

Table.4 Effect of variation of Catalyst concentration 

103 [1,2-bis(4-pridyl)ethane] (mol dm-

3) 
104 Kobs (S

-

1) 

0.50 1.54 

1.00 2.38 

1.25 2.80 

1.50 3.13 

1.75 3.44 
     

   [TriMAFC] = 1.25x10-3 mol dm-3; [HClO4] = 10.00 x10-3 mol dm-3; 

[D-Lactose] = 1.50x10-2 mol dm-3;   AcOH-H2O = 50-50 (v/v); Temperature = 308K 
 

3.5. Influence of changing solvent composition 
 
The reaction was conducted with different solvent 
composition of hydrophilic solvent mixture and catalysed by 
[1,2-bis(4-pridyl)ethane] keeping all other reactant 
concentrations constant. The corresponding rate constants 

were given in Table.5. The kinetic result demonstrates that as 
the percentage of acetic acid in the reaction mixture increases, 
the rate constant decreased. This suggests that an ion-dipole 
interaction may be involved in the mechanistic pathway. A plot 
of log Kobs Vs 1/D is linear with a positive slope in this 
reactions. 49

 

 

Table.5 Effect of Solvent 
Composition 

ACOH-H2O (%v/v) 104 Kobs (S
-1) 

30-70 6.89 

40-60 3.94 

50-50 2.80 

60-40 2.21 

70-30 1.81 
 

[TriMAFC]] = 1.25x10-3 mol dm-3; [HClO4] = 10.00 x10-3 mol dm-3;   Temperature = 308K 

[D-Lactose] = 1.50x10-2 mol dm-3;  [1,2-bis(4-pyridyl)ethane] = 1.25x10-3 mol dm-3   
 

3.6.1 Influence of added [NaClO4],[Acrylonitrile]   
and [MnO4] on the Rate of Reaction 

 
The rate data was measured with different concentrations of 
NaClO4 and keeping all others reactant concentration 

constant with increase in the concentration of NaClO4, the 
rate constant decreased slightly. By adding Mn2+ to 1,2-bis(4-
pridyl) ethane catalysed reaction, the reaction rate slightly 
increased, indicating a catalytic effect. Added acrylonitrile rules 
out the possibility of radical pathway mechanism49,50

 

Table 6. Rate data for the effect of added [NaClO4], [Acrylonitrile] and 
[MnSO4] 

104[NaClO4] (mol dm-

3) 
104 kohs (S-1) 

104[Acrylonitrile] (mol dm-

3) 
104 kohs 

104[MnSO4] (mol dm-

3) 
104 kohs (S-1) 

0.00        2.80 
5.00        2.46 
10.00      2.26 
15.00      2.15 
20.00      1.21 

 
0.00        2.80 
5.00        2.81 
10.00      2.86 
15.00      3.08 
20.00      3.18 

 

 
0.00        2.80 
5.00        3.09 
10.00      3.17 
15.00      3.23 
20.00      3.38 

 
 

[TriMAFC]] = 1.25x10-3 mol dm-3; [HClO4] = 10.00 x10-3 mol dm-3;  Temperature = 308K 

[D-Lactose] = 1.50x10-2 mol dm-3; ; [1,2-bis(4-pyridyl)ethane] = 1.25x10-3 mol dm-3  
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3.7. Mechanism in rate of law 
 
The oxidative conversion of organic substrate using 
Trimethylammonium fluorochromate 32-34 were carried out in 
protic solvent as a medium at 308 K in presence of 1,2-bis(4-
pyridyl)ethane catalyst, and the kinetic results were 
summarized as follows. The unit order dependence of the 
reaction was with respect to [TriMAFC], [1,2-bis(4-
pyridyl)ethane] and [H+]. The fractional order dependence of 
the reaction was with respect to [S]. The reaction rate 

increased with increasing concentration of 1,2-bis(4-
pyridyl)ethane and first order dependence is observed. Slight 
catalyst behaviour of Mn2+ is observed by the addition of 
MnSO4

47. For acrylonitrile, no polymerization occurs35 and the 
reaction was carried out at four different temperatures to 
determine the activation parameters. Reaction product has 
been recognized as analogous aldonic acid, which is confirmed 
by the formation of bright yellow colour with corresponding 
reagents. From the observed kinetic results the following 
suitable mechanism has been proposed49,51.

  

 
 
The rate law is as follows, 
 
 
 
       
 
 

 

In the first step, HCrO4
– protonates to given H2CrO4 in an 

equilibrium step49,51. In the second step complex (C1) formed 
from the association of H2CrO4 and 1,2-bis(4-pyridyl)ethane.  
Further, the complex (C1) reacts with substrate molecule to 
yield a complex (C2), which is disproportionate to given the 
product in the final step49, 51 

 
4. CONCLUSION  

 
In conclusion, after D-Lactose was oxidised by TriMAFC in 
an aqueous acetic acid medium at 308k.The reaction is 1,2-
bis(4-pridyl)ethane catalysed and exhibited first order 
dependence with respect to the oxidant, H+ and catalyst then 
followed fractional order respect to substrate in 
concentration. The product of D-lactose is Lactobionic acid 
(LBA), is a high-value added chemical and the Acrylonitrile is 
not induced by the polymerization reaction, which showed 
that there is no free radical route. Added Mn2+ increased with 
slightly increase of reaction rate .In the case of 1,2-bis(4-
pridyl)ethane, the oxidation reaction has been conducted at 
four different temperature and the activation parameters 
calculated from the Eyring’s plot . 
 

5. APPLICATIONS OF PRODUCT 
 

 Kinetic of oxidation reaction is much more interest in the 
chemical research and industrial application. 

 The main commercial use of LBA is a constituent of the 
solutions employed for stabilizing organs earlier to 
Transplanation. 

 LBA is also known as a chelating agent, it can be useful in 
the fortification of food products with respect to the 
mineral content.  

 The food industry has great interest or attention to the 
use of Lactobionic Acid as a food additive in the last years 
as calcium carrier, efficient acidifier in dairy products that 
need a gelation step. 

 LBA was proved to be a reliable water retention agent 
(WRA) in meat based products and it is considered an 
antioxidant chelator..  

 LBA is used as an ingredient in an organ preservative in 
solution. 

 LBA and its salts are mainly used in high-quality speciality 
products. 

 Mineral salts formed by LBA

 
5. ACKNOWLEDGMENTS 
 
We acknowledge Department of chemistry UG & PG Arignar 
Anna Govt.Arts College Vadachennimalai Attur, Periyar 
University Salem Tamil Nadu India for critical suggestions and 
helpful discussions. 

 
7. AUTHOR’S CONTRIBUTION STATEMENT 
 
All Authors equally worked to the manuscript, collection of 
references as well as interpretation of results. All authors 
contributed equally in whole investigation processes

  

r = Rate law = 
][substrate  1

hane]pyridyl)et-bis(4-,2[Cr(VI)][1][H[S]

3

321

k

kKK





 



 

ijlpr 2022; doi 10.22376/ijpbs/lpr.2022.12.2.L131-139  Chemistry 

L137 

 

 
 
8. REFERENCES 
 
1. Gupta KKS, Debnath N, Bhattacharjee N. Reactivities of 

some aldoses and aldosamines towards potassium 

bromate in hydrochloric acid medium, journal of Indian 

Chemical Society. 2000;77:152. 

2.  Shanthala KH. K.Shereyas Hirethota & kirti jain,Naveen 

chandra4, Development and characterization of aspirin – 

sucrose complex for improved drug delivery. Int J Pharm 

Biol Sci. 2016;7:54-60. 

3.  Angyal SJ. Complexes of metal cations with 

carbohydrates in solution. Adv Carbohydr Chem 

Biochem. 1989;47:1-43. doi: 10.1016/S0065-

2318(08)60411-4. 

4.  Sala L, Cirelli A. Oxidative Decarboxlation of 

aldonolactones by cerium(IV) in aqueous sulphuric acid: 

synthesis of D-arabinose. Translator. 1977;2:685. 

5.  Sala L, Cirelli A, Lederkremer R. Oxidative 

decarboxylation of aldonolactones by cerium (iv) Sulfate 

in aqueous sulfuric-acid, Anal. Asoc. Quim. Arg. 

1978;66:57. 

6.  Gupta M, Saha SK, Banerjee P. Kinetics and mechanism 

of the reduction of dodecatungstocobaltate (III) by D-

fructose, D-glucose, and D-mannose: comparison 

between keto- and aldohexoses. J Chem Soc Perkin Trans 

2. 1988;2(10):1781. doi: 10.1039/p29880001781. 

7.  Barek J, Berka A, Pokorná-Hladíková A. Oxidation of 

galactose by manganese(III) sulphate. Collect Czech Chem 

Commun. 1982;47(9):2466-77. doi: 

10.1135/cccc19822466. 

8.  Luis F, Sala R. Sandra. Signorella, Marcela Rizzotto and 

Fabio Gandolfo, Oxidation of l-rhamnose and d-mannose 

by chromium(VI) in perchloric acid.A comparative 

[study]1Can. J Chem, 1992, 70, 2046. 

9.  Branca M, Micera G, Dessí A. Reduction of chromium(VI) 

by D-galacturonic acid and formation of stable 

chromium(V) intermediates. Inorg Chim Acta. 

1988;153(1):61-5. doi: 10.1016/S0020-1693(00)83358-7. 

10.  Micera G, Dessì A. Chromium adsorption by plant roots 

and formation of long-lived Cr(V) species: an ecological 

hazard? J Inorg Biochem. 1988;34(3):157-66. doi: 

10.1016/0162-0134(88)85026-8. 

11.  Katz SA, Salem H. The biological environmental 

chemistry of chromium. New York: VCH Publishers Inc; 

1994. p. 65. 

12.  Cieślak-Golonka M. Toxic and mutagenic effects of 

chromium(VI). A review. Polyhedron. 1996;15(21):3667-

89. doi: 10.1016/0277-5387(96)00141-6. 

13.  Codd R, Dillon CT, Levina A. Studies on the genotoxicity 

of chromium: from the test tube to the cell. Coordination 

chemistry reviews, A Coord. Chem Rev. 2001;537:216. 

14.  Das AK. Micellar effect on the kinetics and mechanism of 

chromium(VI) oxidation of organic substrates. Coord 

Chem Rev. 2004;248(1-2):81-99. doi: 

10.1016/j.cct.2003.10.012. 

15.  Cooper LF, Edith MB, Helen. Nutrition in health and 

disease. 10th ed. Philadelphia: J. B. Lippincott Publishers; 

1947. p. 414. 

16.  Odebunmi EO, Twarere SA, Owalude SO. Kinetics of 

oxidation of fructose, sucrose and maltose by potassium 

permanganate in NaHCO3/NaOH buffer and iridium(IV) 

complex in sodium acetate/acetic acid buffer. Int J Chem. 

2006;16:167. 

17.  Humbeto C, Gacia FB, Alimedia DE. De Oliveia, 

Supramolecular structures of metal complexes containing 

barbiturate and 1,2-bis(4-pyridyl)-ethane, Journal of 

Coordination Chemistry. Renta Diniza Maiya Yoshiba 

andC Luiz Fenando C. 2011;64:1125. 

18.  Patel S, Mishra BK. Chromium(VI) oxidants having 

quaternary ammonium ions: studies on synthetic 

applications and oxidation kinetics. Tetrahedron. 

2007;63(21):4367-406. doi: 10.1016/j.tet.2007.02.073. 

19. Raja Gopal MLN, Madhavi N, Radhakrishna Murti MS. 

Kinetic studies ofoxidation ofglycerol, 1, 2-propane diol 

by hexavalent chromium in aqueous acetic acid–
perchloric acid media. Int J Pharmacol Res. 2018;10:291-

9. 

20. Fawzy A, Zaafarany I, Khairou K, Althagafi I, Alfahemi J. 

Kinetics and mechanism of oxidation of vanillin by 

chromium(VI) in sulfuric acid medium. Mod Chem Appl. 

2016;4:1-6. 

21. Thombare MR, Gokavi GS. Kinetics and mechanism of 

oxidation of aliphatic and aromatic alcohols by in situ 

generated bromine in reaction between oxone and 

bromide ion. Indian J Chem. 2016;55A:182-6. 

22. More SS, Gokavi GS. Kinetics and mechanism of thiourea 

by Waugh-type ennmolybdomegnatate(IV) in aqueous 

perchloric acid. Indian J Chem. 2016;55A:1068-73. 

23. Anbarasu K, Ilavenil KK. Kinetics of Oxidation of few 

organic substrates by chromium (VI) compounds –A 

Review. Int J ChemTech Res. 2017;10:341-9. 

24. Sendil K, Ozgun HB, Ustun E. Applications of 

chromium(VI) complexes as oxidants in organic synthesis: 

A brief review. J Chem. 2016:1-7. 

25. Mathur S, Raj D, Yadav MB, Devra V, ‟Kinetics and 

mechanism of chromium(VI) oxidation of threonine in 

https://doi.org/10.1016/S0065-2318(08)60411-4
https://doi.org/10.1016/S0065-2318(08)60411-4
https://doi.org/10.1039/p29880001781
https://doi.org/10.1135/cccc19822466
https://doi.org/10.1016/S0020-1693(00)83358-7
https://doi.org/10.1016/0162-0134(88)85026-8
https://doi.org/10.1016/0277-5387(96)00141-6
https://doi.org/10.1016/j.cct.2003.10.012
https://doi.org/10.1016/j.tet.2007.02.073


 

ijlpr 2022; doi 10.22376/ijpbs/lpr.2022.12.2.L131-139  Chemistry 

L138 

 

aqueous perchloric acid medium” Int. J. Innov. Res. Sci. 
Eng Technol. 2014;3:17468-74. 

26. Malik VS, Asghar BH, Mansoor SS. Kinetics and the 

mechanism of oxidation of methoxy benzaldehydes by 

benzimidazolium fluorochromate in an aqueous acetic 

acid medium. J Taibah Univ Sci. 2016;10(1):131-8. doi: 

10.1016/j.jtusci.2015.05.009. 

27. Solanki D, Dwivedi D. A kinetic and mechanistic study 

some aliphatic aldehydes. Int J Appl. Universidad Res, 

2015, 2, 5-9. 

28. Yogananth A, Mansoor SS. Kinetic and Thermodynamic 

Study for the Oxidation of 4-Oxo-4-phenyl butanoic acid 

by Tripropylammonium fluorochromate in Aqueous 

acetic acid Medium. Orient J Chem. 2015;31(1):17-23. doi: 

10.13005/ojc/310102. 

29. Panchariya P, Purohit T, Swami P, Malani N, Kotai L, 

Prakash O, Sharma PK. Kinetics and mechanism of the 

oxidative regeneration of carbonyl compounds from 

oximes by tetraethylammonium chlorochromate. Int J 

Chem Sci. 2012;10:557-67. 

30. Mansoor SS, Shafi SS. Kinetics and mechanism of oxidation 

of aromatic aldehydes by imidazolium dichromate in 

aqueous acetic acid medium, e-journal of Chemistry, E-J. 

Chem. 2009;6:S522-8. 

31. Katre Sangita D. Recent advances in the oxidation 

reactions of organic compounds using chromium(VI) 

reagents. Res J Chem Environ. 2020;24:130-51. 

32. Elavarasan A, Dharmaraja J, Raj V, Sivaranjani K, Manjula 

V, Kumaresan V. N-methyl-2,6-diphenylpiperidine-4-one 

oxime Oxidized by Quinaldinium Fluorochromate in 

Aqueous acetic acid Medium. J Appl Chem. 2019;8:1187-

93. 

33.  Ghammamy S, Moghimi A, Nezhad ZS, Aghbolagh ZS, 

Behbahani GR. Chem Sin. 2010;1:106-10. 

34. Collins JC, Hess WW, Frank FJ. Dipyridine-chromium(VI) 

oxide oxidation of alcohols in dichloromethane. 

Tetrahedron Lett. 1968;9(30):3363-6. doi: 

10.1016/S0040-4039(00)89494-0. 

35. Seyed SA, Ghammy S. Trimethylammonium 

fluorochromate (TiMAFC): A convenient new and mild 

reagent for oxidation of organic substrate. Indian J Chem. 

2006;45(B):564-7. 

36. Raldan V, Gonzaldz JC, Santoro M, Gargia S. Kinetics and 

mechanism of the oxidation of disaccharides by Cr(VI). J 

Chem. 2002;80:1676. 

37. Gutierrez LF, Hamoudi S, Belkacemi K. Selective 

production of lactobionic acid by aerobic oxidation of 

lactose over gold crystallites supported on mesoporous 

silica. Appl Catal A. 2011;402(1-2):94-103. doi: 

10.1016/j.apcata.2011.05.034. 

38. Susanta M, Aniruddha G, Kakali M. Combination of Best 

Promoter and Micellar Catalyst for Cr(VI) Oxidation of 

lactose to lactobionic acid in Aqueous Medium at room 

temperature, tenside surf.Det.2014,4,51. 

39. Humbeto C, Gacia FB, Alimedia DE. De Oliveia, 

Supramolecular structures of metal complexes containing 

barbiturate and 1,2-bis(4-pyridyl)-ethane, Journal of 

Coordination Chemistry. Renta Diniza Maiya Yoshiba 

andC Luiz Fenando C. 2011;64:1125. 

40. Wang QM, Mak TCW. Assembly of discrete, one-, two-, 

and three-dimensional silver(I) supramolecular complexes 

containing encapsulated acetylide dianion with nitrogen-

donor spacers. Inorg Chem. 2003;42(5):1637-43. doi: 

10.1021/ic026019f, PMID 12611533. 

41. Amiri MG, Morsali A, Hunter AD, Zeller M. 

Spectroscopy, thermal and structural studies of new 

ZnII coordination polymer, [Zn3(μ-bpa) 4.5(AcO) 

3](ClO4) 3. Solid State Sciences. 2007;9(11):1079-84. doi: 

10.1016/j.solidstatesciences.2007.07.016. 

42. Bianchi GS, Meyer CI, Duarte H, Sanz O, Montes M, 

Marchi AJ, Regenhardt SA. Catalytic and kinetic study of 

the liquid-phase oxidation of lactose over Au/Al2O3 

nanostructured catalysts in a monolithic stirrer reactor. 

Cat Today. 2022;383:299-307. doi: 

10.1016/j.cattod.2021.03.003. 

43. S.F.lush, C.W. Chen, & F.M. Shen, 4-Amino-3-

methylbenzoic acid–1,2- bis(4-pyridyl)ethane (1/1). Acta 

Crystallogr. 2011;E67:o652. 

44. Westhorpe RN, Ball C. The intravenous barbiturates. Int 

Congr S. 2002;1242:57-69. doi: 10.1016/S0531-

5131(02)00758-6. 

45. Marinho MV, Yoshida MI, Guedes KJ, Krambrock K, 

Bortoluzzi AJ, Hörner M, Machado FC, Teles WM. 

Synthesis, crystal structure, and spectroscopic 

characterization of trans-bis[(mu-1,3-bis(4-

pyridyl)propane)(mu-(3-thiopheneacetate-O))(3-

thiopheneacetate-O)]dicopper(II), 

[[Cu2(O2CCH2C4H3S)4mu-(BPP)2]]n: from a dinuclear 

paddle-wheel copper(II) unit to a 2-D coordination 

polymer involving monatomic carboxylate bridges. Inorg 

Chem. 2004;43(4):1539-44. doi: 10.1021/ic035251y, 

PMID 14966992. 

46. Susano MA, Martín-Ramos P, Maria TMR, Folkersma S, 

Pereira LCJ, Silva MR. Co-crystal of suberic acid and 1,2-

bis(4-pyridyl)ethane: A new case of packing 

polymorphism. J Mol Struct. 2017;1147:76-83. doi: 

10.1016/j.molstruc.2017.06.043. 

https://doi.org/10.1016/j.jtusci.2015.05.009
https://doi.org/10.13005/ojc/310102
https://doi.org/10.1016/S0040-4039(00)89494-0
https://doi.org/10.1016/j.apcata.2011.05.034
https://doi.org/10.1021/ic026019f
https://www.ncbi.nlm.nih.gov/pubmed/12611533
https://doi.org/10.1016/j.solidstatesciences.2007.07.016
https://doi.org/10.1016/j.cattod.2021.03.003
https://doi.org/10.1016/S0531-5131(02)00758-6
https://doi.org/10.1016/S0531-5131(02)00758-6
https://doi.org/10.1021/ic035251y
https://www.ncbi.nlm.nih.gov/pubmed/14966992
https://doi.org/10.1016/j.molstruc.2017.06.043


 

ijlpr 2022; doi 10.22376/ijpbs/lpr.2022.12.2.L131-139  Chemistry 

L139 

 

47. Dharmaraja J, Krishnasamy K, Shanmugam M. Kinetics and 

mechanism of oxidation of benzyl alcohol by 

benzimidazolium Fluorochromate, E-J. Chem. 2008;5:754-

60. 

48. Surulivel C, Dharmaraja J. Kinetics and Oxidation of 

Organic Substrate with quinolinium fluorochomate. 

Annals of R S. CB, 2, 2021,812-8. 

49. 49. Elavarasan A, Dharamaraja J, Raj V, Harikrishnan B. A 

Knietic study of 2mino-4 methyl –Thio Butanoc aci by 

Quinaldinium Fluoochromate In selected hydophilc 

solvent medium. Int J Life Sci Pharm Res. 2021;11(6):L30-

35. 

50. Elavarasan A, Dharamaraja J, Raj V, J.Bakya sri. 

K.sivaranjani & V.Manjula, N-methyl-2,6-

diphenylpiperidine-4-one oxime Oxidized by 

Quinaldinium Fluorochromate in Aqueous acetic acid 

Medium. The Int J Anal Exp Model Anal. 2019;11:1336. 

51. Elavarasan A, Dharamaraja J, Mohanraja M, Harikrishnan 

B. Oxidation of 2-amino-4-(methylthio)butanoic acid by 

benzimidazolium Fluoochomate in aqueous acetic acid 

medium. Eur J Biomed Pharm Sci. 2018;2:304-7. 

 




