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FUNDAMENTAL LAWS OF CHEMISTRY  

With the development of more precise ideas on elements, compounds and 
mixtures, scientists began to investigate how and why substances react. French 

chemist A. Lavoisier laid the foundation to the scientific investigation of matter by 
describing that substances react by following certain laws. These laws are called 

the laws of chemical combination. These eventually formed the basis of Dalton's 
Atomic Theory of Matter. 

1. THE LAW OF CONSERVATION OF MASS 

According to this Lavoisier’s law, during any physical or chemical change, the total 

mass of the products remains equal to the total mass of the reactants. 

The law of conservation of mass is also known as the "law of indestructibility of 

matter." 

Experiment 

Objective: To examine the mass relationship between the substances that 
form the reaction in the chemical reactions. 

Materials: Bunsen stand, Bunsen heater, Test tube, Electronic balance, 
connection tool, Bunsen tongue, tripod, tube tongue, Balloon, iron powder (Fe), 
Sulfur (S) 

SAFETY NOTE: Safety goggles and aprons must be worn. 

Procedure: 

1. Put the iron and sulfur powders in the test tube in the amounts given in 
the table for the experiment. 

2. The balloon is placed in the mouth of the tube. 
3. Weigh the tube together and record the weighing value. 

4. The iron and sulfur powders in the tube are mixed. 
5. Tube is heated until the changes end. 

6. The product mass measured by weighing the test tube after cooling is 
recorded. 

7. This process is repeated for the other values given in the table. 

Data Collection: 

Experiment # 
The mass of Fe 
(g) 

The mass of S 
(g) 

The mass of 
product (g) 

1 3.50 2.00  

2 1.40 0.80  

3 2.10 1.20  

4 2.80 1.60  



 

Nihal İKİZOĞLU 2 

Observation and Analysis:  

1. What is the balanced equation of this reaction? 

 

 

2. Compare and interpret the total mass of reactants and the mass of 

product. 

 

 

3. How can you explain if the total mass of substances in the test tube 

changed? 

 

4. What will happen if the test tube is not closed by balloon? Why? 

 

 

5. What is conservation of mass and how does it relate to this exercise? 

 

 

 

 

 

Designed Experiment for Group Work: 

Materials: Flask, water, effervescing tablets (2-3), optional materials provided by 

the teacher upon request 

Group Members: 

____________________________________________________________ 

Design an investigation to demonstrate the law of conservation of mass using a 

seltzer tablet and flask. Be specific in your procedures so another person or group 
could reproduce your investigation and gather the same data and observations. 

Once the procedures are written, conduct your investigation. Be sure to collect 
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data and observations during each trial. If you change your procedures along the 

way, make adjustments to your procedures on paper. 

Materials:  

_____________________ 

_____________________ 

_____________________ 

_____________________ 

Procedures: 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

Results: 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

Explanation of Results: 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 
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2. THE LAW OF DEFINITE PROPORTIONS 

Every compound always consists of the same elements present together in a fixed 
proportion by mass. This law is most commonly known as Proust's law. 

Example: The compound water H2O always is a chemical combination of hydrogen 
and oxygen in a 1:8 ratio by mass. If a mixture of hydrogen and oxygen in some 

other ratio, say 1:2, were reacted, there would be water formed, but there would 
also be some unreacted hydrogen, because water always forms in the 1:8 ratio by 

mass. 

Experiment:  

Objective: To measure and calculate the ratio of magnesium to oxygen in 
magnesium oxide. To compare the lab ratio to the percent composition 

calculation based on the formula. 

In this experiment, you will examine the reaction between magnesium metal, 

Mg, and the oxygen in the air, O2. The magnesium will be heated strongly in a 
crucible for several minutes. The mass of magnesium will be compared with the 

mass of the material produced.  

Pre-lab Questions: 

1. Why is it important to begin this experiment with a clean and dry crucible? 

 

2. What is the purpose of making sure the outside of the magnesium ribbon is 

shiny? 
 

 

3. With what element does the magnesium combine when it is heated? 

 

4. Why must you reheat the crucible repeatedly until the last two masses agree 

within 0.03g? 
 

 

5. Suppose a compound of sodium and chlorine is formed in the ratio of 1.54g 

of chlorine for each gram of sodium. How much sodium would you need to 
completely react with 45.0g of chlorine? 
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Materials: Crucible and Lid, Wire Gauze w/ Ceramic Center, Magnesium Ribbon, 

Crucible Tongs, Safety Goggles, Distilled Water Bottle, Balance, Bunsen Burner, 
Clay Triangle, Ring Stand and Ring  

Procedure:   

Put on your goggles. Hot crucibles and magnesium can cause 

burns, so use with caution.  Handle hot crucibles with tongs and 
place the hot crucible on the wire gauze to cool.  Obtain a clean 

and completely dry crucible and cover. Find the mass of the 
crucible and cover and record it on the data table.  Obtain a 

piece of magnesium ~12-15 cm and roll the magnesium into a 
loose coil and place it in the crucible.  

Find the mass of the crucible, cover, and magnesium. Record it on the data table. 

1. Set up the ring stand, ring, burner, and clay triangle as pictured above. Place 

the crucible on the triangle. Begin heating the crucible gradually with the lid 
completely on. Heat strongly by moving the flame around underneath the 

crucible. Remove the heat temporarily if a large amount of smoke comes 
out of the crucible.  

2. After about four minutes of direct heating with no smoke, remove the lid 

slightly. Heat the crucible for four more minutes. Finally, remove the lid 
completely and heat strongly for four more minutes. 

3. Turn off the burner and put the lid back on the crucible. Allow the crucible 
and cover to cool to a temperature low enough so that you can touch the 

crucible. Find the mass of the crucible, contents, and cover. Add ten drops 
of distilled water. Smell cautiously, note any odor. Put the crucible back on 

the ring-stand setup and heat again for four minutes with the lid on. Allow 
to cool again. 

4. Find the mass of the crucible, cover, and product. Record it on the Report 
Sheet. 

5. If enough time remains, reheat the crucible for four minutes, allow it to cool, 
and again find the mass. If this mass differs by more than 0.03g from the 

mass you found in Step 8, repeat this procedure for a second trial. 
6. If enough time remains, repeat the whole procedure for a second trial.  

7. Clean and put away all of the materials. 
8. Wash your hands thoroughly with soap and water. 

Data and Observations: 

Mass of Crucible and cover  

Mass of crucible, cover & Mg  

Mass of crucible, cover & product (1st)  

Mass of crucible, cover & product (2nd)  

Mass of crucible, cover & product (3rd)  



 

Nihal İKİZOĞLU 6 

Calculations:  

1. Calculate the mass of the Mg that reacted. 
2. Calculate the mass of the magnesium oxide that was produced. 

3. Calculate the mass of oxygen that reacted. 
4. Calculate the ratio of the mass of magnesium to the mass of oxygen. 

5. The accepted ratio for the mass of magnesium to oxygen is 1.52:1.  
Calculate your percent error. 

% error = 
(calculated value – accepted value) x 100

accepted value
 

Mass of Magnesium reacted:  

Mass of Magnesium Oxide produced:  

Mass of Oxygen reacted:  

Ratio of Magnesium to Oxygen:  

Percent Error:   

 

Analysis:  

1. How would your results be affected if all of the magnesium did not react? 

 

2. Using your ratio, determine the formula of magnesium oxide.   
 

 

3. Use the accepted ratio to determine the mass of magnesium that would 
combine with exactly 16.0g of oxygen. 

 

 

4. Suppose you tried to combine 42g of Mg with 45g of oxygen. Which of the 
substances would have some left after the reaction? 
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Conclusion:  

When 1.0lb of gasoline is burned in an automobile, approximately 3lbs of carbon 
dioxide is given off. Carbon dioxide is one of the gases contributing to global 

warming. What information from this experiment helps to explain how one pound 
of gasoline can give off approximately 3 times as much CO2? 

 

 

 

 

 

3. THE LAW OF MULTIPLE PROPORTIONS 

John Dalton (1803) stated, "'When two elements combine with each other to form 
two or more compounds, the ratios of the masses of one element that combines 

with the fixed mass of the other are simple whole numbers'. 

Exercises: 

1. Interpret the each of the following compound pairs either confirms to the law 
of multiple proportions or not. If confirms, find the proportion. 

I. H2O – H2O2  

 

II. KCl – LiCl  

 

III. C2H4 – C3H6 

 

2. The first of the two compounds of X and Y has 20% mass X and the second 
60% mass Y. Accordingly, what is the ratio between two compounds? 
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3. In two separate compounds of X and Y, the 

graph of change by mass Y of X is given. 

Accordingly, if the formula of compound I 

is XY, then what is the formula of 
compound II? 

 

 

 

4. I. XY – X2Y 

II. XY – X2Y4 
III. X2Y – X2Y5 

In which of the compound pairs has the multiple ratio ½ according to the same 
amount of X? 

 

5. CH4 and C4Hx compounds are obtained by using the same amount C. If the 

mass of H in the CH4 compound is 8/3 of C4Hx, then what is the value of x? 

 

 

 

6. The first of the two compounds consisting of X and Y elements has 8 grams X 

in its 11.2 grams. And the second compound has 6.4 grams Y in its 14.4 grams. 
If the formula of the first compound is XY, what is the formula of the second 

compound? 

 

 

 

7. According to the graph, the formula of compound 
II is XY. So, what are the formulas of compounds 

I and III? 

 

 

 

mY (g) 

mX (g) 

Compound I 

Compound II 

7 

20 8 

23 

15 

11 

7 

mass of compound (g) 

I 

II 

III 

mass of X (g) 
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QUESTIONS: 

The Law of Conservation of Mass 

1. The law of conservation of mass states that matter cannot be created nor 

__________________. 
 

a) destroyed 
b) rearranged 

c) transferred 
d) changed 

 
2. A __________________ chemical equation shows that the same number of 

atoms in the reactants are also in the product. 
 

a) balanced 
b) transferred 

c) rearranged 
 

3. In a closed system, a chemical reaction takes place.  The mass of the reactants 

in the beginning of the reaction is 25g.  What does the mass have to be in the 
end of the reaction in order to follow the law of conservation of mass? 

 

 

4. In a chemical reaction, the mass of the reactants was 15g.  The mass of the 
products was 12g.  Did this chemical reaction follow the law of conservation of 

mass? 

 

5. The following chemical equation occurs: 

CH4 + 2O2 → CO2 + 2H2O 

Does this equation follow the law of conservation of mass?  In other words, 
are there the same number of Carbon, hydrogen, and oxygen atoms in the 

reactants and the products? 

 

6. There are two reactants in a chemical equation, and one product.  The mass 
of the product is 30g.  The mass of the first reactant is 17g.  What must the 

mass of the second reactant be, if the equation is to follow the law of 
conservation of mass?  
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7. A student observes a chemical reaction. 

Aluminum (Al) + Oxygen (O) yields Aluminum Oxide (Al2O3) 

She writes an equation that correctly displays the law of conservation of mass. 

What should be the balanced equation below that she wrote about this chemical 
reaction? 

 

8. The reaction below shows potassium oxide being produced (KO2) by combining 

oxygen (O2) with potassium (K).  The mass of potassium is 50 g and the mass 
of oxygen is 12 g. 

O2 + K → KO2 

What is the mass for the potassium oxide that was produced? 

 

9. In the equation below, 46 grams of sodium (Na) reacted with 36 grams of 

water (H2O). 

    

If 2 grams of hydrogen gas (H2) is produced by this reaction, what is the mass 

of sodium hydroxide (NaOH) produced? 

 

10. Students have two identical beakers with a mass of 20 grams each. The 
students pour a different liquid reactant into each beaker. The total mass of 

the two beakers with the reactants is 50 grams. Next, the students combine 
Reactant 1 and Reactant 2 into one of the beakers. A chemical reaction 

produces a product. 

 

If all of the reactants are consumed and no gases are produced, what is the 

total mass of the product and one beaker? 
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11. A student asks why the ashes from a fire a much lower mass have than the 

wood that was burned.  

Which is the correct answer to the student’s question? 

a) Gases are released into the air. 
b) Atoms in the wood are destroyed. 

c) Heat causes molecules to lose density. 
d) Water inside the wood solidifies. 

 
12. 4 grams of hydrogen reacts with some oxygen to make 36 grams of water. 

Figure out how much oxygen must have been used by applying the law of 
conservation of mass? 

 

13. In a chemical reaction 150 g Baking soda mixture containing sodium 

bicarbonate and vinegar on heating gives 87 g of carbon dioxide gas. What 
mass of solid residue will be left in food? 

 

14. How much oxygen will add with 36 g carbon to give 132 g carbon dioxide 
assuming complete combustion of carbon? 

 

15. A thin strip of iron with a mass of 15.5g is placed into a solution containing 

21.0g of copper (II) sulfate and copper begins to form. After a while, the 
reaction stops because all the copper (II) sulfate has reacted. The iron strip is 

found to have a mass of 8.5g. The mass of copper formed is found to be 8.60g. 
What mass of iron (II) sulfate has been formed in the reaction?   

 

 

 

16. Silicon dioxide, made up of elements silicon and oxygen, contains 46.7% by 

mass of silicon. With what mass of oxygen will 10 g of silicon combine? 

 

 

17. When 0.0976g of magnesium was heated in air, 0.1618g of magnesium oxide 

(MgO) was produced. What is the mass of oxygen needed to produce 0.1618g 
MgO? 
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The Law of Definite Proportions 

1. One mole of V2O5 contains 5 moles of oxygen atoms, as it is clear from its 
formula. What is the % oxygen by weight in V2O5?  

(Atomic weights are; V: 50.9 g/mol, O: 16 g/mol) 

 

 

2. When 0.0976 g of magnesium was heated in air, 0.1618 g of magnesium oxide 

(MgO) was produced. 
a) What is the percentage of Mg in MgO? 

 

b) Using only law of definite proportions, what mass of oxygen was needed to 

combine with the magnesium? 

 

 

3. There is a total of 200 g of propane (C3H8) left in a tank. How much carbon in 

grams, is in 200 g of propane?  

 

 

4. For a 150 g sample of glucose, there is 60 g of carbon. How many grams of 
carbon are there for a 300 g sample glucose? The formula for glucose is: 

C6H12O6 

 

 

5. A 78.0 g sample of an unknown compound contains 12.4 g of hydrogen. What 

is the percentage by mass of hydrogen in the compound? 

 

 

6. If 1.0 g of hydrogen reacts completely with 19.0 g of fluoride. What is the mass 

of the compound formed? What is the percentage by mass of hydrogen in the 
compound formed? 
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7. A 134.50 g sample of aspirin is made up of 6.03 g of hydrogen, 80.70 g of 

carbon, and 47.77 g of oxygen. What is the percentage by mass of each 
element in aspirin? 

 

 

 

8. A 2.89 g sample of sulfur reacts with 5.72 g of copper to form a black 

compound. What is the percentage composition of the compound? 

 

 

 

9. Aluminum oxide has a composition of 52.9% aluminum and 47.1% oxygen by 
mass. If 16.4 g of aluminum reacts with oxygen to form aluminum oxide, what 

mass of oxygen reacts? 

 

 

10. Two unknown compounds are tested. Compound I contain 15.0 g of hydrogen 
and 120.0 g of oxygen. Compound II contains 2.0 g of hydrogen and 32.0 g of 

oxygen. Are the compounds the same? 

 

 

 

The Law of Multiple Proportions 

1. a) The mass composition data for two compounds containing phosphorus and 

chlorine is shown below. Show that this experimental data follows the law of 
multiple proportions. 

Substance  Mass of 
Phosphorus 

(g) 

Mass of 
Chlorine (g) 

Compound 1 3.097 10.63 

Compound 2 1.548 8.863 

 

b) If Compound 1 above was found to have a formula of PCl3, propose a 

reasonable formula for Compound 2. 
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2. Iron forms multiple different compounds with oxygen. Data from mass 

composition studies is reported below for three unique iron oxides. 

Substance  Mass of Iron (g) Mass of Oxygen (g) 

FeO 4.654 1.333 

Fe2O3 9.308 4.000 

UNKNOWN 13.963 5.333 

A. Show that the mass data above for iron (II) oxide and iron (III) oxide 

follows the Law of Multiple Proportions. 

 

 

 

B. Propose a reasonable formula for the unknown compound. 

 

 

3. Which of the following compounds CANNOT demonstrate the law of multiple 

proportions? 
a) NO, NO2 
b) CO, CO2 

c) H2O, H2O2 
d) Na2S, NaF 

 
4. Three common gaseous compounds of nitrogen and oxygen of different 

elementary composition are known, (A) laughing gas containing 63.65% 
nitrogen, (B) a colorless gas containing 46.68% nitrogen, and (C) a brown, 

toxic gas containing 30.45% nitrogen. Show how these data illustrate the law 
of multiple proportions. 

 

 

 

5. A metal forms two oxides with first oxide having 1 and second having 3 oxygen 

atoms and their masses are 74g and 164 g respectively.  
a) If the atomic mass of oxygen is 16g, what is the atomic mass of the metal. 

 

b) prove that the two compounds follow the law of multiple proportions. 
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6. Lead forms three oxides. on analysis of these oxides the lead content in each 

oxide is as follows: 3.45 g of Yellow oxide contains 3.21 g of lead. 1.195 g of 
Brown oxide contains 1.035 g of lead and 1.77 g of Red oxide contains 1.61 g 

of lead. Show that the law of multiple proportions is applicable to these oxides 
of lead. 

 

 

 

7. Nitrogen forms Nitrous oxide (N2O), Nitric oxide (NO), Dinitrogen tetroxide 

(N2O4) and Dinitrogen pentoxide (N2O5). Show that the law of multiple 
proportions is followed. 

 

 

 

8. Phosphorus and chlorine forms two compounds the first compound contains 

22.545 by mass of P and the second compound 14.88% by mass of P. Work 
out a method to prove that the law of multiple proportions can be applied to 
these compounds. 

 

 


