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Appendix I: Energy calculations 

Energy delivered during 9 hours for Cinnamic acid formation reaction by conventional method  

 Voltage input in magnetic stirrer (Model MR 3001K, Heidolph Instruments, Schwabach, Germany) = 230 V 

 Current measured using digital multimeter (KUSAM-MECO Model 2718, Kusam Electrical Industries Ltd., Mumbai, 

India) = 43 mA 

 Power input in magnetic stirrer = Voltage input x Current measured 

= 230 (V) x 43 (mA) x 10-3(A/mA)  

= 9.8 W (J/s) 

 Efficiency of magnetic stirrer taken for the calculation = 40% (estimated independently using calorimetric studies) 

 Actual power input in stirrer = Power input in magnetic stirrer (W) x 40/100 

= 9.8 (W) x 40/100  

= 3.96 W (J/s) 

 Time required for completion of reaction = 9 hours ( 32400 Seconds) 

 Net energy delivered during 9 hours = Power input in magnetic stirrer x Time required for completion of reaction 

= 3.96 J/s x 9 hr x 3600 s/hr 

= 128304 J = 128.31 kJ 

 Quantity of material processed = Quantity of benzaldehyde + Quantity of acetic anhydride + Quantity of sodium 

acetate trihydrate  

 =  0.5g + 0.96g + 1.93g 

 =  3.39g 

 Net energy supplied for processing of material during 9 hours = Net energy delivered during 9 hours  /  Quantity of 

material processed  

= 128.31  (kJ) / 3.39 (g)  

=  37.85 (kJ/g)................................................. (A) 

2 Energy delivered during 4 hours for  Cinnamic acid formation reaction By using DES 

   Voltage input in magnetic stirrer (Model MR 3001K, Heidolph Instruments, Schwabach, Germany) = 230 V 

 Current measured using digital multimeter (KUSAM-MECO Model 2718, Kusam Electrical Industries Ltd., Mumbai, 

India) = 43 mA 
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 Power input in magnetic stirrer = Voltage input x Current measured 

= 230 (V) x 43 (mA) x 10-3(A/mA)  

= 9.8 W (J/s) 

 Efficiency of magnetic stirrer taken for the calculation = 40% (estimated independently using calorimetric studies) 

 Actual power input in stirrer = Power input in magnetic stirrer (W) x 40/100 

= 9.8 (W)  x 40/100 

= 3.96 W (J/s) 

 Time required for completion of reaction = 4hours ( 14400 Seconds) 

 Net energy delivered during 9 hours = Power input in magnetic stirrer x Time required for completion of reaction 

= 3.96 J/s x 4 hr x 3600 s/hr 

= 57024 J = 57.02 kJ 

 Quantity of material processed = Quantity of benzaldehyde + Quantity of acetic anhydride + Quantity of Deep Eutectic 

Solvent  

 =  0.5g + 0.48g + 3.05g 

 =  4.03g 

 Net energy supplied for processing of material during 4 hours = Net energy delivered during 4 hours  /  Quantity of 

material processed  

= 57.02 (kJ) / 4.03 (g) 

=  14.15 (kJ/g) ................................................. (B) 

3 Net Energy saved for the Oxidation process = Net energy supplied for processing of material during 16 hours (A) – Net 

energy supplied for processing of material during 4 hours (B) 

= 37.85   –  14.15 (kJ/g) 

= 23.70 (kJ/g) 
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Appendix 2.  Reaction mechanism 

Probable mechanism is given below:  

DES is basic in nature. There is hydrogen bonding beween Cl
- 
and hydrogen of urea. Therefore 

the basicity of that nitrogen increases and it can hold the proton of acetic anhydride. There may 

be formation of 4-membered cyclic transition state as shown in mechanism. 
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Mass Spectrum 
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FT-IR Spectrum 
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H-1 NMR Spectrum 
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1
H-NMR of DES Before reaction: 
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13
C-NMR of DES Before reaction: 
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1
H-NMR of DES after reaction: 
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13
C-NMR of DES after reaction: 

 

 

 

 

Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2011


