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Abstract

Nowadays, there is increasing demand of biodegradable mild surfactants because of growing environmental
issues and needs for sustainable alternatives. In cosmetic sector the surfactants are used for their emulsifying,
foaming and cleansing properties, while being gentle on the skin biodegradable surfactants helps to minimize
environmental pollutions as they break down easily without leaving harmful residue. The current study shows
the preparation of alkyl polyglucoside, a sugar based mild surfactant prepared by using different alcohols
and glucose by condensation reaction. The propertoes of the final prepared surfactant is characterized by
chain of the alcohol used. Theses surfactant shows biodegradability and low toxicity. The structural
characterization of surfactant was carried out using FTIR spectroscopy.
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Introduction

The surfactants which are not biodegradable are hazardous for environment and human because they remain
for long time, not easily breakdown [1], [2], [3]. Their contaminants are remains in water bodies and soil
causing pollution and disturb natural ecosystem [4], [5]. These surfactants are reduce aquatic oxygen of living
organism by forming foam on surface of water and pollute aquatic environment [6], [7]. Those surfactants
are harmful for fish and other aquatic living organism. Few non-biodegradable surfactants are poisonous and
they can affect human health [8].

The current study shows preparation of alkyl polyglucoside (APG) is mild and biodegradable surfactant,
making it eco-friendly alternative to the hazardous non-degradable surfactants [9]. It is prepared from
renewable feedstocks like alcohols and glucose which reduce environmental impact and enhance
sustainability [10]. APG can easily breakdown by microorganism in to non poisonous materials because of
it biodegradability so it reduce contaminate in water and soil [11], [12]. APG is suitable for uses in personal
care, pharmaceutical and cosmetic formulations. APG is also known as skin friendly and non toxic nature
surfactant. Irritation to an eye and skin are not occurring in APG [13], [14]. APG have good surfactant
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activities like wetting detergency and efficient foaming even at low concentration. APG are stable at different
temperature and pH range also [15], [16].

In this study alcohol and glucose was reacted in round bottom flask in presence of 0.5% p-toluene sulphonic
acid as a catalyst. The reaction mixture gradually heated under controlled temperature at 100°C while
continuous stirring improve condensation reaction for 5 hrs. The progress of reaction is monitored by
checking reduction of free glucose. After completion of reaction, the product was cooled at room temperature
and neutralized acid catalyst by sodium carbonate. The remaining product was washed by distilled water to
remove unreacted glucose. The final product was characterized by FTIR spectroscopy.

Materials
All chemicals are purchased by sigma Aldrich stoinis USA.
Method

The alcohol and glucose was taken at appropriate molar ratio in round bottom flask. About 0.5% p-toluene
sulphonic acid was added as catalyst. The reaction mixture attached to the reflux condensation and overhead
stirrer for uniform mixing. The reaction mixture gradually heated under controlled temperature at 90-110°C
while continuous stirring improve condensation reaction. During the reaction water produced as byproduct
and removed by azeotropic distillation. The reaction was allowed for 5 hr until the degree of conversion was
achieved. The progress of reaction is monitored by checking reduction of free glucose. After completion of
reaction, the product was cooled at room temperature and neutralized acid catalyst by sodium carbonate. The
remaining product was washed by distilled water to remove unreacted glucose. The final product was
characterized by FTIR spectroscopy.

Instrumentation
Fourier transforms Infrared Spectroscopy

The functional groups of the final synthesized surfactant were detected by Fourier Transforms Infrared
Spectroscopy (FTIR). The spectra of FTIR were recorded from 4000 cm to 450 with resolution of 64 scan.

Results
Azeotopic distillation

Table 1. Azeotropic distillation of water present in surfactant

Solvents Ratio water: Distillation temperature
solvent (%) (°C)

Hexane 15:85 63

Toluene 35:75 85

Butanol 48:52 92

The data present in table 1 shows capacity of various solvents in azeotrop removal of water from surfactant.
The ratio shows the portion of water to solvent in azeotrope, which directly affects the capacity of water
removal and process temperature. In hexane azeotropic percentage indicate more concentration of solvent
and less water, with 63°C distillation temperature. The result indicates that more solvent is required to remove
less water. For toluene the azeotropic ratio shows more water concentration as compare to hexane with
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increase the distillation temperature. Indicate that improves the improve capacity of dehydration. In case of
butanol, azeotropic composition reflects more water. The concentration of water from hexane to butanol, the
capacity of water extraction improves but also increase the temperature of distillation.

Process optimization

Effect of temperature
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Fig. 1 Effect of temperature to conversion ratio

The graphical representation in temperature and conversion shows that the conversion rate increases with
increase the temperature. The reaction process slowly at lower temperature due to limited energy and the
product also converts fewer amounts. Rate of reaction is increase with increase the temperature also
conversion of product is increases. It was found by graph the optimal temperature for the reaction is 100°C.
At that temperature conversion achieved high percentage.

Table 2. Effect of temperature to conversion ratio

Temperature | Conversion
40 25.64
60 60.24
80 82.12
100 92.45

Effect of time
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Fig. 2 Effect of time to ratio of conversion

The graphical relationship between time and % conversion shows in above figure. The time of reaction is
increases conversion achieving high peak. Up to 4 hours the conversion is not completed. The reaction time
at 5 hours the conversion achieved highest peak. It was found that the optimum time for the reaction is 5
hours.

Table 3. Effect of time to ratio of conversion

Time | %
Conversion
30.15
51.61
69.88
82.54
92.45

Al | W N -

Effect of catalyst concentration
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Fig. 3 Effect of catalyst concentration to ratio of conversion

Table 4. Effect of catalyst concentration to ratio of conversion

Catalyst | Conversion
(%) (%)

0.1 22.78

0.2 51.64

0.3 70.56

0.4 82.77

0.5 92.45

0.6 92.79

The graphical representation in catalyst concentration and conversion shows that the conversion rate
increases with increase the catalyst concentration. The reaction process slow at less catalyst concentration (0
to 0.4%). At 0.5 to 0.6% catalyst concentration no more changes is occurred. It was found by graph the
optimum catalyst concentration is 0.5%.

I[JCRT2607146 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | b454


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 7 July 2026 | ISSN: 2320-2882

105

100

95

90

85

80

75

Transmittance (%)

70

65

60 ([FTIR Spectrum of APG surfactant

2000 2500 3000 3500 4000
Wavenumber (cm™)

Fig. 4 FTIR Spectrum of alkyl polyglucoside

Above figure shows spectrum of APG mild surfactant a broad peak obtained at 3200-3500 cm™ attributed to
O-H stretching frequency, which formed from hydroxyl group present in glucoside structure. The peak
obtained at 2850-2950cm™ attributed to C-H stretching frequency of aliphatic methyl groups. The peak
obtained at 1600-1650 cm™* attributed to O-H bending frequency which commonly present in carbohydrate
based compounds. From the FTIR spectrum it was confirmed that the pure alkyl polyglucoside a mild
surfactant is prepared.

Conclusion

The study shows the successful synthesis of APG a mild and environmental friendly surfactant by applied
renewable feedstock like alcohols and glucose. By formation of glucosidal linkage it is confirmed that the
condensation reaction is completed. Its low toxicity and biodegradability make it suitable alternative to
conventional surfactants. It is also good for applications in cosmetics, personal care formulation due to mild
nature.
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