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Infrared Spectroscopy Method's Application in the
Detection of Non-typical Additives Content in Gasoline

Abstract:

Common unconventional additives in current automotive gasoline include substances such as
aniline, isobutyl acetate, acetaldehyde, dimethyl carbonate, etc. While the use of these additives
can improve the physical and chemical properties of gasoline to some extent, such as altering the
combustion performance and providing certain anti-knock and anti-oxidation effects, the
combustion products of these unconventional additives can bring incalculable adverse effects on
human health, environmental pollution, and vehicle performance.

In this study, the Lambdasci FTIR-7600 infrared spectrometer was employed to determine the
content of typical unconventional additives in gasoline, offering advantages such as simple

operation, high precision, and accurate measurement results.
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Principle:

The infrared spectroscopic characteristics of hydrocarbon components in automotive gasoline
mainly involve the stretching and bending vibrations of various C-H groups in saturated
hydrocarbons, olefins, and aromatic hydrocarbons. Additionally, specific groups such as double
bonds and benzene rings exhibit distinctive spectral features. This method can identify various
typical unconventional additives by finding absorption bands in the infrared spectrum that differ
from hydrocarbon groups. These bands are not affected by the components of automotive gasoline,

allowing for the identification and measurement of specific unconventional additives.

Experimental Conditions:

Instruments and Accessories:
FTIR Fourier Transform Infrared Spectrometer 650; Fixed liquid cell (path length 0.1 mm).

Analysis Conditions:
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Resolution 4 cm™; Scan repetitions 64 times; Scan range 4000—400 cm™.

Reagents:

Calibration standard substances: Aniline, N-methylaniline, dimethylaniline, isobutyl acetate,
dimethyl carbonate, all of analytical grade or higher.

Mixed solvent for dilution: A mixture of three solvents, namely petroleum ether 1 (boiling point
60°C-90°C), petroleum ether 2 (boiling point 90°C-120°C), and xylene. The purity is analytical grade,
and the mixture ratio is 35:35:30.

Sample cell rinse solution: n-Hexane, analytical grade.

Other:
Analytical balance (accuracy 0.0001g), ear syringe, pipettes (100-1000uL, 1000-5000pL).

Preparation and Testing of Standard and Sample

Preparation of Standard Curve
1. Preparation of Mother Liquids for Various Non-typical Additives

Standard Isobutyl Dimethyl
Aniline N-methylaniline | Dimethyl Ether

Substance Acetate Carbonate

Mass/g 5.0000 5.0000 5.0000 5.0000 5.0000

Mother Liquid

Concentration 200.00 200.00 200.00 200.00 200.00

g/L

Table 1 Concentrations of Mother Liquors for Each Substance in the Standard Curve

2. Preparation of Standard Curves for Various Non-typical Additives: Different volumes of standard
samples are drawn from each mother liquor to prepare standard solutions with the following

concentrations.

unconventional
Serial Number Calibration Curve Mass Concentration
additives
1 Aniline 0.00, 5.00, 10.00, 20.00, 30.00, 35.00
2 N-Methylaniline 0.00, 5.00, 10.00, 20.00, 30.00, 35.00
3 Dimethyl Ether 0.00, 4.00, 8.00, 18.00, 25.00, 35.00
4 Isobutyl Acetate 0.00, 4.00, 8.00, 18.00, 25.00, 35.00
5 Dimethyl Carbonate 0.00, 2.00, 4.00, 8.00, 12.00, 16.00

Table 2: Concentrations of Various Substances in the Standard Curve
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Drawing the Standard Curve

1. Use a pipette (20-200uL) to extract different concentrations of standard solutions and slowly fill
the liquid absorption cell.

2. Place the liquid absorption cell filled with the standard solution on the absorption cell holder of
the Fourier-transform infrared spectrometer, record its infrared spectrum. After testing each
standard solution, use the sample cell rinse solution—n-hexane to clean and dry the fixed liquid cell

before starting the next standard solution test.

Establishment of the Quantitative Spectral Lines

Serial unconventional | Quantitative spectral
Baseline range /cm™

Number additives bands/cm™
Benzylamine

1 3390 3320~3550
type
N-Methylanilin

2 1320 1285~1330
e

3 Dimethyl Ether | 1141 1127~1162
Isobutyl

4 1743 1685~1770
Acetate
Dimethyl

5 1760 1685~1810
Carbonate

Table 3 Quantitative Spectral Lines for Each Substance

Calculation of Results

Based on the absorbance values of the quantitative spectral lines measured from the spectra,
calculate the concentration value ci of additive i in the analyzed sample. If the sample has been
diluted, the actual concentration of the additive in the sample should be obtained by multiplying

the concentration value ci calculated according to formula.

. Yi-hi
Ci=——%s5  —. Formula (1)

In the formula :
ci——To measure the mass concentration of additive i in the test sample, with the concentration

unit in grams per liter (g/L).

Yi——Measure the absorbance values of additive i in the spectrum measurement of the test
sample.
ai. bi——The parameter values of the calibration curve for additive i.
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s——Measure the dilution factor of the test sample.

Test Results:

Drawing the Standard Curve

Following the identification and determination of typical unconventional additives in automotive
gasoline, establish standard curves for unconventional additives. Obtain infrared spectra for
different contents of various unconventional additives, as shown in the figure below. Repeat the
scanning process three times, and use the arithmetic average of the three measurements as the
final result.

IBFERE (ABS)

B )

Chart 1 The red spectrum line, deep blue spectrum line, light blue spectrum line, deep green spectrum line,
purple spectrum line, and pink-purple spectrum line correspond to the test spectra of the blank and five

mixed standard liquids, showing an increasing trend in concentration.

Test results:
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Serial unconventional Standard Curve R?
Number additives

1 Benzylamine type y =0.007x - 0.001 0.997
2 N-Methylaniline y =0.011x - 0.039 0.999
3 Dimethyl Ether y =0.029x + 0.017 0.999
4 Isobutyl Acetate y =0.038x +0.059 0.993
5 Dimethyl Carbonate y=0.075x +0.023 0.997

Table 4 Standard Curves for Each Substance

Experimental Conclusion

The determination of non-typical additives in gasoline using infrared spectroscopy is accurate and

fast. The working curves approach R?=1, fully satisfying the requirements for quantitative analysis.
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