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INTRODUCTION 

Green Chemistry represents a modern approach to 

chemical design, emphasizing safety and sustainability. 

It prioritizes the development of products and processes 

that minimize harm to humans and the environment, 

while also promoting eco-friendly alternatives. This 

innovative approach is guided by a set of principles, such 

as innovating for safety, using renewable resources, 

avoiding hazardous chemical synthesis, and minimizing 

energy consumption. These principles aim to 

revolutionize the industry with cleaner, healthier 

solutions. 

 

Betula to Betulin 

Betula papyifera, also known as paper birch, contains 

betulin in its bark. We have discovered a new method to 

extract salicin from the bark and convert it into salicylic 

acid. This process enables us to produce methyl 

salicylate, which has various practical applications. Our 

method is not only more environmentally friendly due to 

the use of a renewable source but also more economical. 

Furthermore, betulin possesses properties that could be 

beneficial in the development of new medications, 

skincare items, and dietary supplements. 

 

AIM 

Sustainable production of methyl salicylate utilizing 

Betula papyifera extract in green synthesis. 

OBJECTIVE 

1. Improve enzymatic extraction of salicin. 

2. Develop a Microwave-assisted esterification protocol. 

3. Characterize the synthesized Methyl salicylate. 

 

MATERIALS 

In an innovative approach to synthesizing methyl 

salicylate, I leveraged a combination of traditional and 

modern techniques. I employed birch bark powder as the 

starting material, harnessing the power of microwave 

oven extraction to isolate salicylic acid. Infrared (IR) 

spectroscopy was utilized to identify the characteristic 

functional groups of methyl salicylate, while pH 

measurements were taken to determine the optimal 

conditions. Thin Layer Chromatography (TLC) enabled 

the detection and separation of salicylic acid and methyl 

salicylate, and solubility tests were conducted to further 

characterize the compounds. This multifaceted approach 

allowed for a comprehensive understanding of the 

synthesis process. 
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ABSTRACT 

Background The increasing demand for sustainable and eco-friendly production processes has sparked interest in 

green chemistry approaches. Betula papyrifera, also known as paper birch, contains salicin, a glycoside that can be 

transformed into salicylic acid, a precursor to Methyl Salicylate. This study investigates the potential of using 

Betula papyrifera extract in a green synthesis pathway for Methyl Salicylate production, presenting a promising 

alternative to conventional methods. Result A groundbreaking method for synthesizing Methyl Salicylate using 

birch bark powder as a natural catalyst has delivered outstanding results with a 95% yield and purity achieved in 

just 5 minutes. This approach demonstrates significant environmental benefits and showcases the compound's 

desired properties and heightened biological activity through IR spectroscopy and antimicrobial/antifungal activity 

assays. Conclusion This new way to make Methyl Salicylate is a great example of using natural catalysts and 

microwave technology to be more efficient and eco-friendly. It sets a new standard for being sustainable and can be 

used in green chemistry and industry. 
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METHODS 

Extraction of Salicylic Acid from Birch bark powder by using the microwave oven 

Table 1 

Materials Extraction of salicylic acid (quantities) 

Birch bark powder 2 g 

Methanol 10ml 

Time 30-60 seconds 

Temperature 60-80
◦
c 

Microwave power 150-250 watt 

 

 
Fig. 1: Salicylic Acid is Extracted from birch bark powder. 

 

Chemical structure 

 

 
 

Green synthesis of Methyl salicylate by using the microwave oven 

Table 2 

Materials Green synthesis of methyl salicylate (quantities) 

Extracted salicylic acid 2 grams 

Methanol 10ml 

Zinc oxide 0.5 grams 

Time 30-60 seconds 

Temperature 60-80
◦
c 

Microwave power 150-250 watt 

 

 
Fig. 2: Extracted salicylic acid from birch bark powder is converted into Methyl salicylate. 
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Chemical structure for Methyl salicylate  

 
 

Theoretical yield calculation 

1. Mass of salicylic acid into moles: 

Moles of salicylic acid = mass/molecular weight = 

2g/138.12g/mol = 0.0145 mol 

 

2. Calculate the theoretical moles of methyl salicylate: 

Moles of methyl salicylate = moles of salicylic acid = 

0.0145mol 

 

Theoretical mass = moles ×molecular weight = 0.0145 

mol ×152.15g/mol = 2.21 g 

 

Yield calculation 

Practical yield = 2.10grams  

Theoretical yield = 2.21 grams 

Percentage % = (Practical yield /Theoretical yield) × 100  

(2.10g /2.21g) × 100 =0.950 × 100 = 95% 

 

Physical characterization 

1. TLC was to Evaluate the salicylic acid and 

methyl salicylate 

• The Mobile phase for salicylic acid: Chloroform: 

Methanol (9:1) 

• The Mobile phase for methyl salicylate: Hexane: 

Ethyl acetate (8:2) 

 

2. Solubility test for Methyl salicylate 

• Prepare a small amount of methyl salicylate about 

2g. 

• Add a small amount of each solvent about 5ml to 

separate the test tube. 

• Add a few grains of methyl salicylate to each test 

tube. 

• Stir or shake the mixture to observe the solubility. 

• Record the result. 

 

3. pH determination of methyl salicylate 

• Prepare a solution of methyl salicylate in distilled 

water. 

• Dip the pH electrode into methyl salicylate solution. 

• Wait for the pH reading to stabilize 

• Repeat the process three times to get the average 

value. 

 

 

 

 

 

4. Qualitative chemical test for salicylic acid Ferric 

chloride test 

• Prepare a 1% solution of ferric chloride in water. 

• Dissolve the salicylic acid in a small amount of 

water or methanol. 

• Add a few drops of Fecl3 solution into the sample 

solution. 

• Purple or violet color to indicate the presence of 

salicylic acid. 

• The intensity of color is proportional to the quantity 

of salicylic acid present. 

 

5. Anti-microbial activity for staphylococcus aureus 

• Mix 1g of agar powder with 50ml of water, heat, and 

pour into petri dishes. 

• Add bacteria to the mixture and spread evenly. 

• Let it cool, then make small holes in the agar. 

• Mix methyl salicylate with ethanol and carefully add 

it into the holes. 

• Let it sit at 37
◦
c for 24 hours. 

• Measure the clear area of the holes to see how 

well the methyl salicylate stopped the bacteria 

from growing. 

 

6. Anti-fungal activity of candida albicans 

• Mix 0.4g peptone, 0.8g dextrose, and 0.4g agar in a 

clean container with 20ml water. 

• Heat and sterilize the mixture, then let it cool to 50-

60℃ 

• Pour the mixture into petri dishes and add bacteria 

from a previous culture. 

• Let it solidify, then make small holes in the agar. 

• Dissolve methyl salicylate in ethanol and add it to 

the holes using a clean pipette. 

• Let it sit at 37
◦
c for 24 hours. 

• Measure the clear area around the holes to see how 

well the methyl salicylate stopped the bacteria from 

growing. 

 

RESULTS 

Colour: Brown  

Odor: Aromatic 

Melting point: 150-161
◦
c (318-322

◦
c) 

1 Solubility 

Water: Insoluble (very slightly soluble) Ethanol (95%): 

soluble 

Acetone: soluble Dichloromethane (DCM): soluble 

Hexane: Insoluble (sightly soluble) 
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Table 3 

Compound Mol. Weight (g/mol) Mol. Formula Percentage yield (%) Rf value 

Green synthesis of methyl salicylate 152.1494 C8H803 95 0.67 

Salicylic acid 138.1 C7H6O3 95 0.47 

 

2. Solubility test for methyl salicylate 

 
Fig. 3: Solubility Test for Methyl Salicylate. 

 

3. Determination of pH 

 
Fig. 4: pH value 9.00 for Methyl Salicylate. 

 

4. Qualitative chemical test for salicylic acid 

 
Fig. 5: Qualitative chemical test for extracted salicylic acid occurs purple color indicates the presence of 

salicylic acid. 
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5. Anti-microbial activity of Methyl Salicylate against staphylococcus aureus 

Table 4 

Test organism’s Zone of inhibition (mm) (0.1%) Minimum inhibitory concentration(μg/ml) 

 
Staphylococcus aureus 21.8 1.2 

For standard 14.8±0.9 125±0.9 

 

 
Fig. 6: Inhibition zone increased by Methyl salicylate against staphylococcus aureus (gram- positive bacteria). 

 

6. Anti-fungal activity of Methyl Salicylate against candida albicans 

Table 5 

Test organisms zone of inhibition (mm) (0.1%) Minimum inhibitory concentration (µg/ml) (0.02%) 

Candida albicans 20.0±0.5 125±1.0 

For standard 25.0±1.0 75±1.5 

 

 
Fig. 7: Inhibition zone increased by Methyl Salicylate against candida albicans (gram-positive bacteria). 

 

7. Infrared spectral analysis of Methyl Salicylate 
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The infrared (IR) spectrum graph illustrates the 

transmittance percentage as a function of wavenumber 

(cm⁻¹) for a specific compound, depicted in the inset 

structure. The transmittance axis ranges from 90% to 

100%, indicating the proportion of light transmitted 

through the sample at each wavenumber. Several key 

absorption peaks are identified on the graph, 

corresponding to various vibrational modes of the 

molecule. 

 

Notably, there is an O-H stretching vibration (hydrogen-

bonded) peak around 3129.62 cm⁻¹, indicative of 

hydroxyl groups. The C-H stretching vibrations are 

observed between 3010.16 and 2949.62 cm⁻¹. A 

prominent peak at approximately 1744.73 cm⁻¹ is 

attributed to C=O stretching, signifying the presence of 

carbonyl groups. Additionally, C-O stretching vibrations 

are noted around 1208.89 cm
-1

 and 1065.03 cm
-1

 while O-

H bending occurs near 1410.46 cm⁻¹. The spectrum also 

shows C-H bending at approximately 1248.09 cm⁻¹ and 

C-C stretching vibrations at around 829.53 cm⁻¹ and 

786.24 cm⁻¹. 
 

These peaks collectively provide insights into the 

functional groups present in the compound, including 

hydroxyl, carbonyl, and possible aromatic C-H and C-C 

bonds. This detailed IR spectrum analysis is crucial for 

confirming the molecular structure and understanding the 

chemical properties of the compound under 

investigation. 

 

DISCUSSION 

The innovative microwave-assisted green synthesis of 

Methyl Salicylate from birch bark powder represents a 

significant advancement in the pursuit of sustainable 

production methods. This approach produces a high-

purity product without the reliance on harsh chemicals or 

excessive energy, thereby demonstrating remarkable 

efficiency. Moreover, the resulting methyl salicylate 

exhibits potent antimicrobial properties against 

Staphylococcus aureus, positioning it as a promising 

natural agent for pharmaceutical and personal care 

applications. Furthermore, its excellent solubility in 

various solvents underscores its versatility, making it an 

attractive candidate for diverse formulations. This 

breakthrough underscores the immense potential of green 

synthesis methods in leveraging renewable resources like 

birch bark powder, thereby paving the way for future 

research into sustainable and efficient production routes 

for valuable compounds. 

 

CONCLUSION 

Table 6 

PROPERTIES 
Conventional method 

(methyl salicylate) 

Green synthesis 

(methyl salicylate) 

Melting point 340-350
◦
c (642-662

◦
c) 150-161

◦
c (318-322

◦
c) 

Time 1 hour 5 minutes 

Reagents 

1. Salicylic acid 

2. Methanol 

3. Conc.H2SO4 

1. Extracted salicylic acid 

2. Methanol 

3. ZnO 

Solvents 
1. Methanol 

2. Methylene chloride 

1. Methanol 

2. Water 

Energy Heat Microwave 

Yield 92.1% 95% 

 

In recent years, green synthesis approaches have 

completely revolutionized the production of Methyl 

salicylate, offering a stark contrast to traditional 

methods. This innovative approach completes the 

reaction in just 5 minutes at room temperature, yielding 

an impressive 95% of the product. It not only reduces 

energy consumption but also eliminates the need for 

hazardous substances, making it environmentally friendly 

and sustainable. Embracing green synthesis can 

significantly minimize the ecological footprint of the 

chemical industry and pave the way for a more 

sustainable future. This breakthrough marks a significant 

stride forward in the pursuit of sustainable chemical 

production, with considerable benefits for both industry 

and the environment. 

 

List of Abbreviations IR- Infrared (Spectroscopy) pH- 

Power of hydrogen. 
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