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Appendix A: Conversion and yield

Conversion
Ratio (%) between reactant that reacted and the amount entering the reaction vat 
(without taking into account recycling processes).

                                                                       
Amount or reactant that reacted

Conversion percentage =                                                        x 100
                                                                   Amount of reactant entered in reaction

Conversion depends on the numerical value of the equilibrium constant K. If K 
is higher than 1010 the reaction is considered to go to completion and then the 
conversion is close to 100%.
Conversion refers to a specific reaction and reactant. Usually conversion is calculated 
on the basis of the limiting reactant, which is generally the most expensive one.

Examples
a. 1000 kg of substance A was added to a reaction vat, and at the end of the 

reaction 600 kg unconsumed substance A remained. 
 The conversion percentage is: 400 kg    x 100 = 40%
      1000 kg

 In a reaction vat  the reaction A + B ⇒ 2C takes place.

b. 100 mol A and 100 mol B were added to the reaction vat. At the end of the 
reaction the amount of product remaining was 180 mol.

 The conversion percentage is:  90 mol   x 100 = 90% conversion
      100 mol

Reaction yield (without recyling)
The ratio (%) between the amount of desired product obtained in the reaction and 
the theoretical amount that could have been obtained according to the reaction 
equation, the starting amount of reactants and the conversion percentage.
The reaction yield depends on the loss of reactants or products in competitive 
reactions.
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Amount of product obtained

Yield percentage =                                                                                    x 100
                         Theoretical amount of product according to starting 

                          amounts of reactants, reaction equation and conversion rate

Examples
a. The reaction A + B ⇒ 2C takes place with K>1010  in a reaction vat. 
 120 mol A and 100 mol B were added to the reaction vat. At the end of the 

reaction (as a result of losses during the process) 180 mol C were obtained.
 The percentage yield is  180 mol   x 100 = 90%   
     200 mol

b. The reaction A + B ⇒ 2C takes place in a reaction vat .
 100 mol A and 90 mol B were added to the reaction vat. At the end of the 

reaction and after separation, 120 mol C were obtained and, among other 
things, 10 mol unconsumed B remained. 

 i. Calculate % conversion
 The % conversion is calculated according to the number of moles of B, 

which is the limiting reactant.
 80 moles of B reacted and therefore:
 % Conversion =  80 mol   x 100 = 88.9%

      90 mol
 ii. Calculate % yield

 If 80 moles B had reacted, 160 mol C should have been obtained. Since 
only 120 mol were obtained, the % yield is:

 % Yield =  120 mol  x 100 = 75%
        160 mol

c. The desired reaction A + B ⇒ 2C takes place, with K>1010  in a reaction vat. 
Under certain conditions the competing reaction A + B ⇒ 2D may take place 
too, likewise with K>1010.

 After adding of 100 mol A and 100 mol B to the reaction vat, 160 mol C and 40 
mol D were obtained. What is the % yield of the reaction?

 If 100% yield had been obtained, 200 mol C would have been formed. Because 
a competing reaction took place here, only 160 mol C were obtained, and the 
% yield is:

 % Yield =  160 mol  x 100 = 80%
           200 mol
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Appendix B: Material Safety Data Sheet - Bromine

Many companies now publish material safety data sheets on the Web.  These 
material safety data sheets contain information useful for company employees 
and for customers alike.  As an example, please look at the Bromine Safety Data 
Sheet in the Dead Sea Bromine Group website, http://www.dsbg.com. 
Look at: products>Bromine>MSDS
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Appendix C: What is a patent?

As we mentioned earlier, some of the Dead Sea Bromine Group’s production 
processes are patented. What is a patent? Why is it important? What is involved 
in registering a patent? We will try to answer these questions briefly. 
A patent is an exclusive right granted to the inventor to prevent illegal use of the 
invention. The patent owner receives an official document from the government 
authority (patent office) confirming ownership of the patent and granting the right 
to prevent others from using the invention for whatever commercial purposes. 
On the other hand, the patent owner cannot prevent other uses of the patent for 
example, for research.
A patent is the property of its owner, who can use it for various commercial 
purposes, such as: selling, licensing, transfer of commissions, etc. A patent is 
valid for a fixed period from the date of submitting the request to the patent office 
(depending upon the country). After expiration the invention becomes part of the 
public domain and everybody is entitled to make use of it.

A patent has to fulfill the following requirements:
- It has to deal with a scientific or technological subject and it must be useful and 

applicable.
- The invention must represent true progress and should not contradict natural laws
- The invention must be truly innovative and not an obvious development (as 

judged by professionals in the same field).
The invention should not have been published prior to its submission (lecture, 
publication, discussion, article, etc.). Any patent request must include a detailed 
description of: prior art, the present invention and the desired degree of protection.
It is important to note that patent office approval of the patent does not grant the 
inventor the right to produce and market his invention. This requires approval by 
the relevant authorities (e.g., medicines have to be approved by the Ministry of 
Health). Patent approval is often a protracted procedure and may last for a year or 
longer. Sometimes legal battles are fought about patent rights because several 
inventors claim ownership of the same invention. Large numbers of patent 
requests are submitted but not all are granted approval.

For more information: http://www.freepatents.org
    http://www.uspto.gov/patft
    http://patents.cos.com
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