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Abstract - In view of rising concerns over global warming it is very important to reduce greenhouse gas emissions and accelerate decarbonization. Worldwide transportation sector has a massive contribution in producing greenhouse gases over periods. So, depletion of GHG emission is of utmost importance. Petroleum refining industries continuously made efforts to control CHG emissions by formulating high octane gasoline fuels which increase vehicle efficiency and enhance fuel economy for spark ignition internal combustion engines. High Octane gasoline fuels helps in reducing knocking of the SI Engine cars and eventually intensify vehicle efficiency and fuel economy. Over the period of time several potential chemical octane boosters were developed to improve the octane number of the standard gasoline fuel. Aromatic Amine derivatives are well known octane boosters. This present review work summaries the available data regarding the mechanistic interpretation of antiknock action of aromatic amines by controlling the auto ignition process of hydrocarbon fuels.
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1.INTRODUCTION 

Spontaneous ignition or auto ignition tendency of hydrocarbon fuels is directly relates to knocking. Knocking generally occurs when combustion of some of the air-fuel mixture in the cylinder do not result from propagation of the flame front ignited by the spark plug, but when one or more pockets of air/fuel mixture explode outside the envelope of the normal combustion front in spark ignition internal combustion engine. Such expeditious combustion follows free radical reaction mechanism involving chain-branching reactions. Therefore, any molecule which can quench the chain propagating free radical can reduce the overall reaction rate and thus retardation in combustion process can be achieved. This type of molecules enhances the antiknock property of a standard gasoline fuel. Octane number of a fuel is the measure of its antiknock quality when it is used in a spark ignition, internal combustion engine. Octane number or octane rating of a fuel is inversely proportional with engine knocking ( Pre-ignition). Higher octane fuels have better antiknock efficiency whereas lower octane fuels lead to more engine knocking. Valdenaire et al. showed correlation between engine efficiency, Octane rating and CO2 emissions in case of standard 95- and 98-grade gasoline. With the increase in 1 point of Research Octane Number (RON), engine efficiency increases 1% with a reducing of CO2 emission.
2. Metallic Antiknock additives and their limitations:
Tetraethyl lead (TEL) was the first organometallic compound used as blend with motor gasoline to prevent knocking. In presence of oxygen TEL first decomposes to form lead oxide which acts as a radical sink, it scavenges radicals (HO2, H2O2) forms as a result of low temperature fuel oxidation reaction, this in turn hinders pre flame chain branching reactions which would have otherwise leads to autoignition of hydrocarbon fuel and eventually ended up with knocking. However  TEL generates solid combustion products which cause accumulation of deposits on valves, spark plugs, and combustion chambers and this gradually shortens the engine life. Also due to concerns over increasing concentration of neurotoxic lead in air and soil phaseout of TEL was completed by early 2000. Besides TEL, methylcyclopentadienyl-manganese tricarbonyl (MMT) and ferrocene are the well known metallic octane boosters. But, unfortunately MMT was phased out as manganese is accountable for wear and fouling, this pose deleterious effects on engine deposits, and it is conjectured to be a neurotoxin and respiratory toxin. Ferrocene also declared unfit as iron-containing deposits formed from ferrocene accelerates the generation of a conductive coating on the spark plug surfaces. This triggers the requirement of developing organic nontoxic octane boosters to prevent engine knocking. Aniline derivatives are one of them.
3. Auto-oxidation of hydrocarbon fuel and role of octane booster additives:
Auto oxidation process are divided into three consecutive categories of reactions.
a)  Initiation:  Formation of 1st radical species. (H atom abstraction from a weak C-H bond of hydrocarbon moiety leads to the formation of active radical species).
b) Propagation /Intermediate step: Increasing radical pool by propagation i.e. chain branching reaction.
c) Termination: Recombination of radicals to form stable compounds.
Initiation reaction depends on the location, type and number of C-H Bonds.  Intermediate step depends on hydroperoxyl radical chemistry (Propagation and branching) and termination depends on number and reactivity of intermediate species.  
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Fig 1: Simplified reaction scheme of hydrocarbon auto-ignition
Design strategy of Octane booster: Design of octane boosters were done by looking at the autooxidation chemistry of hydrocarbon fuels. Design strategy of OBs involve two key points.
1. Octane booster molecules must have Strong Carbon Hydrogen Bond.
2. Octane booster molecules must have Strong Carbon-Carbon Bond (Resonance Stabilization Effect).
Strong Carbon Hydrogen bond: At low temperature H atom abstraction reaction is the most important part of initiation step which includes unimolecular decomposition or bimolecular reaction with O2. So, octane booster molecules should have strong C-H Bond otherwise it will form radical itself and start propagating. 
The Bond dissociation energies of C-H bond decreases in order of Primary (100.2+/-1 kcalmol-1)> Secondary (98 kcalmol-1)> Tertiary C-H Bonds (95.7+/- 0.7 kcalmol-1). 
n-heptane is given octane rating of zero and octane number of isooctane is considered as 100. n-heptane has 10 secondary and 6 primary C-H Bonds whereas iso-octane has 15 primary, 2 secondary and 1 tertiary C-H bonds. Iso-octane has lesser reactive C-H Bonds as compare to that of n-heptane. This indicates that C-H bonds of n-heptane molecule are comparatively weak and it is prone towards radical generation. Whereas isooctane molecule has relatively stronger C-H bonds so rate of radical initiation is slower which directly relates to auto ignition delay. This gives an explanation for the assigned 0 and 100 RON values of n-heptane and isooctane respectively.
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Fig 2: Bond dissociation energies (BDE) of iso-octane and n-heptane.
Strong Carbon-Carbon Bond (Resonance Effect): Resonance stabilized intermediates (radicals) can produce less reactive dimers and this lead to the termination step. Resonance stabilized aromatic compounds can absorb free radicals by the π-electron cloud delocalization i.e. resonance. Any substituents like alkyl, hydroxyl, amino which increase electron density on the aromatic ring will increase the antiknock property of the molecule whereas electron withdrawing groups like nitro, halogen decreases the antiknock property. Discovery of n-methyl aniline (NMA) and other aniline derivatives as octane booster are based on this concept.
The antiknock action of aniline derivatives depends on its ability to demolish a chain propagating active free radical.  Aniline derivatives can release a hydrogen atom (N-H bonded hydrogen) to the free radical to form a neutral molecule leaving the amino moiety as a non-propagating free radical. By this way aniline derivatives can delay autoignition process of hydrocarbon fuel and reduces knocking. The simplified chemical reaction is depicted below.
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Fig 3: Chemical reaction of aniline derivative acting as a H-atom donor.
Ar Represents an aromatic nucleus, R. is the free radical, R/ can be alkyl group, aryl group or hydrogen. The relative stability of anilino free radical will determinate the extent of further chain propagation reaction which intern tells the ability of the molecule to perform as the antiknock agent. This mechanism shows that it is necessary to have a N-H bond in the aromatic amines as these amines can sacrifice relatively weak N-H bonds and therefore facilitate the rate of regeneration of neutral hydrocarbon fuel molecule. Also as N-H bonds are much weaker as compare to C-H bonds so H-atom abstraction from aromatic amines are relatively easier than H atom abstraction from fuel compounds. The anilino radical species produced as a result of aforementioned reaction is resonance stabilized (depicted in Fig 4). This process eventually slows down the rate of overall chain propagation reaction.
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Fig 4: Resonance stabilized Anilino radical.
N, N dimethyl aniline, N,N,N/,N/ -tetramethyl-p-phenylenediamine are completely inactive as these compounds don’t have any active N-H Bond.
The stability of the anilino free radical is directly proportional to the antiknock ability of the corresponding aniline derivative. With increase in stability of the anilino free radical the antiknock performance of the corresponding amine will be increased.
The stability of the anilino free radical depends on 
a) The nature and positioning of the ring substituent.
b) The nature of the nitrogen substituent.
Normally electron donating groups which supply electron to the ring and to the nitrogen will enhances the stability of the free radical and electron withdrawing groups like chloro, bromo, acetyl will decrease the stability of the free radical. The stability of the anilino free radicals can be predicted in terms of resonance and hyperconjugation effect.
The resonance stabilization of normal anilino radicals are shown in Fig 4. In case of substituted anilino radicals additional stabilizing contributions are made through Hyperconjugation effect. (Fig 5)



[image: ]
Fig 5: Additional stabilization of Substituted Anilino radical due to Hyperconjugation Effect.
This explains why n-methyl aniline is a better Octane Booster than normal aniline. The resonance stability of anilino radicals increases with increase in no of unhindered free radical resonance structures which eventually enhances antiknock effectiveness. In case of N-Methyl-2,6-dimethyl aniline the resonance stabilization of corresponding anilino radical is hampered due to the presence of two bulky ortho methyl groups (Steric effect) that’s why its antiknock effectiveness becomes very less that of NMA.
p-Phenylenediamines with N,N-dimethyl, N,N/-dimethyl, or N,N,N/-trimethyl substitutions were found to be about twice as effective as NMA. N, N-Diethyl-p-phenylenediamine is approximately 2.3 times more effective than NMA whereas N,N,N/,N/ -tetramethyl-p-phenylene-diamine shows zero antiknock effect.
Antiknock effectiveness of some alkyl substituted aniline derivatives are tabulated & depicted below. (Fig 6.)
	Compound Name
	Structure
	No of Unhindered Free Radical Resonance Structure
	Antiknock Effectiveness

	Aniline
	[image: ]

	7
	0.8

	o-Toluidine
	[image: ]
	7
	0.9

	2,6-Dimethyl aniline
	[image: ]
	7
	1.1

	o-Ethyl aniline
	[image: ]
	4
	0.5

	2,6-Diethyl-aniline
	[image: ]
	1
	0.3

	N- Methyl Aniline
	[image: ]
	7
	1

	N-Methyl-o-Toluidine
	[image: ]
	4
	0.6

	N-Methyl-2,6-dimethyl aniline
	[image: ]
	1
	0.2




Fig 6: Antiknock Effectiveness of Aromatic Amine Derivatives.







4. CONCLUSIONS

It is evident that some aniline derivatives are turned out to be efficient octane enhancer additives. Several downstream petroleum companies use these aniline derivatives to boost octane rating of standard gasoline fuels. Molecular diagnostics  reveals the synthetic strategy for the development of octane booster molecules for modern gasoline composition. Apart from aniline derivatives iodine compounds, N-nitrosamines, and phenols are also successful to cross the eligibility criterion to be the effective octane improver. 
.
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