Atom Economy

Given that:       % Atom economy = Mass of desired product x 100





                  Total mass of reactants

Work out the economy of the following reactions:

1/ Bromination of cyclohexene
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Consider the following reaction scheme for the bromination of cyclohexene (1) [7b]:
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Reactants: 
C6H10  
RFM = (6x12) + (10x1) = 82



Br2 

RFM = (2x79.9) = 159.8

Products:
C6H10Br2
RFM = (6x12) +  (10x1) + (2x79.9) = 241.8

% atom economy =     241.8  x 100 = 100%




      (82+159.8)

2/ Formation of isobutene
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Reactants: 
C4H9Br  

RFM = (4x12) + (9x1) + (1x79.9)                             

            







= 136.9



CH3CH2ONa
RFM = (2x12) x (5x1) + (1x16) + (1x23) 

= 68

Products:
C4H8


RFM = (4x12) +  (8x1) = 56

% atom economy =      56  x 100 = 27%




     (136.9+68)

3/ Production of Methyl Propionamide
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Reactants: 
C5H10O2 
RFM = (5x12) + (10x1) + (2x16) = 102



CH5N 
RFM = (1x12) + (5x1) + (1x14) = 31

Products:
C4H9O
RFM = (4x12) +  (9x1) + (1x16) = 87

% atom economy = 87 x 100  = 65`%




(102 + 31)

4/ Synthesis of Ethylene Oxide: Which method is better- i or ii?

i/ Chlorohydrin process
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Scheme 6. The chlorohydrin process [25a,27].
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Reactants: 
C2H4 

RFM = (2x12) + (4x1) = 28



Cl2
 
RFM = (2x35.5) = 71



H2O

RFM = (2x1) + (1x16) = 18



Ca(OH)2
RFM = (1x 40.1) + (2x1) + (2x16) = 74.1

Products:
C2H4O
RFM = (2x12) +  (4x1) + (1x16) = 44

% atom economy =         44 x 100             = 23%




(28 + 71 + 18 + 74.1)

ii/ Catalytic synthesis

[image: image5.png]R R e 3
@O HEB G| P o @ 2B B - )

icdress | €] https/fwaw.rsc orgfimagesiPDF1_tem18-40521 pdf VB ks
[l saveacony () 0 || THiseectree - @ & - (1 OO ©150% - @ 7 EE e |

/

o o S
A CATALYTIC ALTERNATIVE |

As early as 1937 Union Carbide had implemented a heterogeneous catalytic process

(Scheme 7) for the direct oxidation of ethylene [25a]. It is a one-step additior

reaction, with all reactants being incorporated into the final product. At present

manufacturers of ethylene oxide almost exclusively utilise fixed bed reactol

technology [25a]. Silver is the most active and selective catalyst for the reaction

Selectivity for the catalytic route to ethylene oxide is similar to that of the chlorohydrir

process at around 80% [25a]. All ethylene oxide produced worldwide today is-
exclusively via the catalytic route [25a].
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Reactants: 
C2H4  

RFM = (2x12) + (4x1) = 28



½O2

RFM = (1x16) = 16

Products:
C2H4O
RFM = (2x12) +  (4x1) + (1x16) = 44

% atom economy =      44 x 100 = 100%




      (28 + 16)

What other factors would you have to take into account when making your product?

Initial cost of catalyst (can it be recovered and re-used?)

Cost of apparatus and power to operate at pressure

Cost of disposal of waste products from rxn 4i
