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8. Using moles to calculate empirical formula deduce molecular formula of a compound/molecule starting with reacting masses or % composition by mass The basis of this method, is that a mole of defined species has the same number of defined 'particles' in it. So calculating the mole ratio of atoms in the combination, gives you the actual atomic
ratio in the compound. This ratio is then expressed in the simplest whole number atomic ratio, which is the empirical formula. (it means the formula 'from experiment', see examples 1 and 2). (see section 3. for some simpler examples not using moles) However, there is one problem to resolve for covalent molecular compounds. The molecular formula
is the summary of all the atoms in one individual molecule - it shows how many of each different type of atoms is present in one molecule. The empirical formula of a compound is the simplest whole number ratio of atoms present in a compound. Here, the word 'empirical' means derived from experimental data. Do not confuse with molecular formula
which depicts the actual total numbers of each atom in a molecule. Therefore, the molecular formula might not be the same as the empirical formula! In order to deduce the molecular formula from the empirical formula, you ALSO need to know the molecular mass of the molecule from another data source. See example 3, which also illustrates the
calculation using % element composition AND the method is no different for more than two elements! Examples where molecular formula = empirical formula e.g. sodium sulfate Na2S0O4 and propane C3H8 You cannot simplify the atomic ratios 2 : 1 :4 or 3:8 to smaller whole number (integer) ratios Examples of where molecular formula and
empirical formula are different e.g. butane molecular formula C4H10, empirical formula C2H5 numerically, the empirical formula of butane is 'half' of its molecular formula 4 : 10 ==> 2 : 5 glucose molecular formula C6H1206, empirical formula CH20 numerically, the empirical formula of glucose is '1/6th' of the molecular formula 6: 12 : 6 ==> 1 :
2 : 1 Suppose you start with a molecular structure like dodecane. If you count the atoms you find the molecular formula is C12H26. BUT the simplest ratio formula, that is the empirical formula, is 'half' of the molecular formula i.e. C6H13. The molecule on the left is an ester called ethyl ethanoate. From the diagram you deduce that the molecular
formula is C4H802. From the molecular formula you deduce that the empirical formula is C2ZH40. AND don't forget to be able to think, calculate and deduce the other way round e.g. (i) Suppose a hydrocarbon molecule has an empirical formula of C2H5 and a molecular mass of 58 (C = 12, H = 1). Deduce its molecular formula. The empirical formula
mass = (2 x 12) + 5 = 29. Dividing 58 by 29 gives 2. So the molecular formula is 2 x the empirical formula = C4H10 (ii) Suppose a molecule has an empirical formula of simply CH, but a molecular mass of 78 (C = 12, H = 1). The empirical formula mass is 12 + 1 = 13. Therefore 78/13 = 6, so the molecular formula is 6 x CH = C6H6 Note the simple
numerical factors connecting the empirical formula and molecular formula empirical formula x n = molecular formula where n = 1, 2, 3 etc. If n = 1 then they are the same formula! BUT remember, if you have to suggest a structure for a molecule you must know at least its molecular formula because where the empirical formula and molecular
formula are different, you need extra information to deduce the molecular formula from the empirical formula (examples set out further on down the page). Simple empirical formula calculations NOT using moles were covered in section 5. Examples of where the empirical formula is the same as the molecular formula ... water H20, methane CH4,
pentane C5H12 (these molecular formula cannot be 'simplified') Examples of where the molecular formula is different from the empirical formula in () ... e.g. ethane C2H6 (CH3), phosphorus(V) oxide P4010 (P205) Three examples are set out below to illustrate all the situations and how to calculate an empirical formula and a molecular formula from
reacting masses or % element composition by mass. For non-molecular compounds (i.e. inorganic ionic compounds), the empirical formula is usually, but not always, quoted as the compound formula. The relative atomic masses of the elements (Ar) are given in the tabular format method of solving the problem. Empirical formula calculation Example
8.1: The compound formed between sodium and sulfur 1.15g of sodium reacted with 0.8g of sulphur. Calculate the empirical formula of sodium sulphide. You convert the masses to moles i.e. mass in g divided by the relative atomic mass. Since one mole of any defined substance contains the same number of particles (e.g. atoms), it means that the
atomic mole ratio is also the actual ratio of atoms in the compound. The ratio is then expressed as the simplest whole ratio from which the empirical formula is derived. Apart from a 1, other numbers e.g. 2, 3 etc. should be seen as subscripts in the empirical formula. RATIOS ... Sodium Na (Ar = 23.0) Sulphur S (Ar = 32.0) Comments and tips masses
1.15g 0.80g not the real atom ratio moles (mass in g /Ar) 1.15/23 = 0.05 mol 0.8 / 32 = 0.025 mol can now divide by smallest ratio number or scale up by x factor to get simplest whole number ratio atom ratio = simplest whole number mole ratio by trial and error 0.05/ 0.025 = 2 or 0.05 x40 =2 0.025/0.025 = 1 or 0.025 x 40 = 1 therefore the
simplest integer ratio = 2 : 1, so empirical formula for sodium sulphide = Na2S Empirical formula calculation Example 8.2 The empirical formula of aluminium oxide 1.35g of aluminium was heated in oxygen until there was no further gain in weight. The white oxide ash formed weighed 2.55g. Deduce the empirical formula of aluminium oxide. Note: to
get the mass of oxygen reacting, all you have to do is to subtract the mass of metal from the mass of the oxide formed. RATIOS ... Aluminium Al (Ar = 27.0) Oxygen O (Ar = 16.0) Comments and tips masses 1.35g 2.55 - 1.35 = 1.2g not the real atom ratio moles (mass in g / Ar) 1.35/27 = 0.05 mol 1.2 / 16 = 0.075 mol can now divide by smallest ratio
number or scale up by x factor to get simplest whole number ratio atom ratio = simplest whole number mole ratio by trial and error 0.05/0.05 =1 (thenx 2 = 2) or 0.05x40 =2 0.075/0.05 = 1.5 (thenx 2 = 3) or 0.075 x 40 = 3 therefore the simplest integer ratio is 2 : 3, so empirical formula for aluminium oxide = Al1203 Empirical formula
calculation Example 8.3 for an oxide of iron. 1.448¢g of iron was heated in air in a crucible until no further gain in weight was observed. The final mass of the iron oxide was found to be 2.001g Calculate the empirical formula of the iron oxide. Atomic masses: Fe = 56 and O = 16 The mass of oxygen combined with the iron is deduced by subtracting the
original mass of iron from final total mass of iron oxide. RATIOS ... iron (Ar = 56.0) Oxygen O (Ar = 16.0) Comments and tips masses 1.448g 2.001 - 1.448 = 0.553¢g not the real atom ratio moles (mass in g / Ar) 1.448 / 56 = 0.0259 mol 0.553 / 16 = 0.0346 mol can now divide by smallest ratio number or scale up by x factor to get simplest whole
number ratio, in this case you have to make a reasonable judgement as to the values of the integers atom ratio = simplest whole number mole ratio by trial and error 0.0259 / 0.0259 = 1 (then x 3 = 3) 3 you arrive at this 0.0346 / 0.0259 = 1.336 (then x 3 = 4.008) ~4 stage by trial and error! therefore the simplest integer ratio = 3 : 4, so empirical
formula for the iron oxide = Fe304 Example 8.4 A compound of contains 43.4% sodium, 11.3 % carbon and 45.3 % of oxygen. Atomic masses: Na = 23.0; C = 12.0; O = 16 (a) Using the % composition by mass, calculate a mole ratio for the three constituent elements mole ratio: Na = 43.4/23.0 = 1.887; C =11.3/12.0 = 0.942; 0 45.3/16 = 2.831 Na :
C:0is1.887:0.942 : 2.831 (b) Deduce the empirical formula of the compound Take the above ratio and divide by the smallest number gives 1.887/0.942 : 0.942/0.942 : 2.832/0.942 gives 2.003 : 1.0 : 3.006 within a reasonable experimental error, this is pretty clearly a whole number ratio for Na: C : O of 2 : 1 : 3 Therefore the empirical formula of
the compound is Na2CO3 Example 8.5 A copper ore compound contains 51.5% copper, 9.7% carbon and an undetermined % of oxygen. Atomic masses: Cu = 63.5; C = 12.0; O = 16 (a) Calculate the % oxygen in the compound. (a) Using the % composition by mass, calculate a mole ratio for the three constituent elements (b) Deduce the empirical
formula of the compound Do this one for yourself and you should get CuCO3 Examples 8.1 to 8.5 involved ionic compounds, so no molecular formula or molecular mass were involved. However examples 8.6 to 8.9 involve covalent molecules and both empirical formula and molecular formula, and the connection between the two. You are likely to
encounter these sort of problems when studying advanced level organic chemistry. Relative atomic masses: C = 12.0; H=1.0; O = 16.0; CIl = 35.5 Empirical formula and molecular formula calculation Example 8.6 for a hydrocarbon compound On analysis a hydrocarbon was found to consist of 81.8% carbon and 18.2% hydrogen. Molecular ion
measurements in a mass spectrometer show that the hydrocarbon has a molecular mass of 44 - from the molecular ion peak. Treat the percentages as if they were masses in grams, and it all works out fine. RATIOS ... carbon (Ar = 12.0) hydrogen (Ar = 1.0) Comments and tips masses 81.8 18.2 not the real atom ratio moles (mass in g /Ar) 81.8 /12 =
6.817 18.2 /1 = 18.2 can now divide by smallest ratio number or scale up by x factor to get simplest whole number ratio in this case you have to make a reasonable judgement as to the values of the integers atom ratio = simplest whole number mole ratio by trial and error 6.817/6.817 =1.01.0x2 = 2 1.0 x 3 = 3.0 you arrive at this 18.2/6.817 = 2.67
2.670x 2 =5.34 2.670 x 3 = 8.01 ~8.0 stage by trial and error! therefore the simplest integer ratio = 3 : 8, so empirical formula for the hydrocarbon = C3H8 The empirical formula mass = (3 x 12) + 8 = 44 This equals the molecular mass, therefore the molecular formula is also C3H8 Empirical formula and molecular formula calculation Example 8.7
for another hydrocarbon compound On analysis a hydrocarbon was found to consist of 83.72% carbon and 16.28% hydrogen. Molecular ion measurements in a mass spectrometer show that the hydrocarbon has a molecular mass of 86 - from the molecular ion peak. Again, treat the percentages as if they were masses in grams, and it all works out fine.
RATIOS ... carbon (Ar = 12.0) hydrogen (Ar = 1.0) Comments and tips masses 83.72 16.28 not the real atom ratio moles (mass in g / Ar) 83.72 /12 = 6.977 16.28 / 1 = 16.28 can now divide by smallest ratio number or scale up by x factor to get simplest whole number ratio, a bit fiddly to find the ratio on this one to deduce the empirical formula atom
ratio = simplest whole number mole ratio by trial and error 6.977/6.977 = 1.0 1.0x 2 = 2.0 1.0 x 3 = 3.0 you arrive at this 16.28/6.977 = 2.333 2.333 x 2 = 4.667 2.333 x 3 = 7.00 stage by trial and error! therefore the simplest integer ratio = 3 : 7, so empirical formula for the hydrocarbon = C3H7 The empirical formula mass = (3 x 12) + 7 = 43 BUT
the molecular mass is double this, so the molecular formula must be double the empirical formula Therefore the molecular formula is C6H14 of which there are many structural isomers!You would need more information to deduce the structural formula of this hydrocarbon. Empirical formula and molecular formula calculation Example 8.8 for a
carbohydrate sugar compound A carbohydrate compound e.g. a sugar, was found on analysis to contain 40.00% carbon, 6.67% hydrogen and 53.33% oxygen. The molecular mass was 150. From the information calculate the empirical formula and deduce the molecular formula. RATIOS ... Carbon (Ar = 12.0) Hydrogen (Ar = 1.0) Oxygen (Ar = 16.0)
Comments and tips masses 40.00 6.67 53.33 just think of it as based on 100g molar ratio (massing/Ar) 40.00/12 = 3.333mol 6.67/1 = 6.67 mol 53.33/16.0 = 3.333 mol can now divide by smallest ratio number atom ratio = simplest whole number mole ratio by trial and error 3.333/3.333 = 1.0 6.67/3.333 ~2.0 3.333/3.333 = 1.0 therefore the
simplest integer ratio = 1 : 2 : 1, so empirical formula for the sugar = CH20 The empirical formula mass = 12 + 2 + 16 = 30 BUT the molecular mass is 5 x this (150/30), so the molecular formula must be 5 x the empirical formula Therefore the molecular formula is CSH1005 , a pentose, of which there are many structural isomers!You would need
more information to deduce the structural formula of this sugar molecule. Empirical formula and molecular formula calculation Example 8.9 for a chloroalkane compound A chlorinated hydrocarbon compound when analysed, consisted of 24.24% carbon, 4.04% hydrogen, 71.72% chlorine. The molecular mass was found to be 99 from another
experiment. Deduce the empirical and molecular formula. You can 'treat' the %'s as if they were grams, and it all works out like examples 1 and 2, i.e. based on a total mass of 100g. RATIOS ... Carbon (Ar = 12) Hydrogen (Ar = 1) Chlorine (Ar = 35.5) Comments and tips Reacting mass or % mass 24.24 4.04 71.72 just think of it as based on 100g molar
ratio (mass in g/ Ar) 24.24 /12 =2.02mol 4.04 /1 = 4.04 mol 71.72 / 35.5 = 2.02 mol can now divide by smallest ratio number atom ratio = simplest whole number mole ratio by trial and error 2.02 / 2.02 =1 4.04/2.02 = 2 2.02 / 2.02 = 1 therefore the simplest atomic ratio = 1 : 2 : 1, so empirical formula for the chlorinated hydrocarbon = CH2Cl
BUT the molecular mass is 99, and the empirical formula mass is 49.5 (12+2+35.5) AND 99 /49.5 = 2, and so the molecular formula must be 2 x CH2C]l = C2H4CI2 two possible structures, which cannot be distinguished by the data given or calculation above 1,2-dichloroethane and 1,1-dichloroethane, two possible atom arrangements of the same
molecular formula known as structural positional isomers, because one of the chlorine atoms can be in two different positions. TOP OF PAGE Self-assessment Quizzes on determining empirical formula and molecular formula Quiz 8.on deducing an empirical and molecular formula using mole concept TOP OF PAGE OTHER CALCULATION PAGES
What is relative atomic mass?, relative isotopic mass and calculating relative atomic mass Calculating relative formula/molecular mass of a compound or element molecule Law of Conservation of Mass and simple reacting mass calculations Composition by percentage mass of elements in a compound Empirical formula and formula mass of a
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basis of reacting mole ratio calculations (relating reacting masses and formula mass) Using moles to calculate empirical formula and deduce molecular formula of a compound/molecule (starting with reacting masses or % composition) (this page) Moles and the molar volume of a gas, Avogadro's Law Reacting gas volume ratios, Avogadro's Law and
Gay-Lussac's Law (ratio of gaseous reactants-products) Molarity, volumes and solution concentrations (and diagrams of apparatus) How to do acid-alkali titration calculations, diagrams of apparatus, details of procedures Electrolysis products calculations (negative cathode and positive anode products) Other calculations e.g. % purity, % percentage &
theoretical yield, dilution of solutions (and diagrams of apparatus), water of crystallisation, quantity of reactants required, atom economy Energy transfers in physical/chemical changes, exothermic/endothermic reactions Gas calculations involving PVT relationships, Boyle's and Charles Laws Radioactivity & half-life calculations including dating
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01206657616 What is a Molecular Formula?Examples and IllustrationUnderstanding the Formulation ProcessMolecular Formula in Chemical ReactionsChallenges and MisconceptionsA molecular formula is a chemical notation that indicates the types and numbers of atoms in a single molecule of a compound. It provides a complete picture of the
actual atomic makeup of a molecule, distinguishing it from other types of chemical formulae.Key CharacteristicsExact Representation: A molecular formula shows the precise count of each type of atom in a molecule.Specific to Molecules: This formula is applicable exclusively to substances that exist as discrete molecules.Distinct from Empirical
Formula: Unlike empirical formulae, which represent atoms in their simplest ratio, molecular formulae depict the actual number of atoms.Image courtesy of ExpiiExamples and IllustrationTo understand molecular formulae better, let's explore a few examples:Example 1: Water (H20)Composition: Consists of 2 hydrogen atoms and 1 oxygen
atom.Explanation: This indicates that each molecule of water is made up of exactly 2 hydrogen atoms bonded to 1 oxygen atom.Example 2: Carbon Dioxide (COz2)Composition: Comprises 1 carbon atom and 2 oxygen atoms.Explanation: Each carbon dioxide molecule consists of 1 carbon atom double-bonded to 2 oxygen atoms.Example 3: Glucose
(CsH1206)Composition: Contains 6 carbon, 12 hydrogen, and 6 oxygen atoms.Explanation: Demonstrates the complexity of organic molecules, with glucose being a primary energy source for living organisms.Understanding the Formulation ProcessSteps in Formulating a Molecular Formulaldentify Elements: Recognize the different elements present in
the molecule.Count Atoms: Accurately count the number of each type of atom present.Apply Subscripts: Use subscripts to denote the number of each type of atom.Balancing and CheckingEnsure Accuracy: Verify that the count accurately reflects the molecule's actual structure.Comparing with Empirical Formula: In many cases, the molecular formula
is a simple multiple of its empirical formula.Molecular Formula in Chemical ReactionsMolecular formulae play a crucial role in understanding chemical reactions:Role in EquationsStoichiometry: They are indispensable for balancing chemical equations accurately.Predicting Products: Molecular formulae help predict the products of a chemical
reaction.Understanding ReactionsReactant and Product Analysis: Analyse how reactants convert to products using their molecular formulae.Example in Detail: Consider the combustion of methane (CH4), which reacts with oxygen (0O2) to produce carbon dioxide (CO2) and water (H20), illustrating the conservation of atoms.Image courtesy of
Yulo1985Practical ApplicationsUnderstanding molecular formulae has numerous practical implications:Laboratory AnalysisDetermining Molecular Mass: Calculate the molecular mass by summing the atomic masses of each atom in the formula.Molar Calculations: Molecular formulae are used in determining molar mass, which is critical for
calculations in chemistry.Real-world ImplicationsPharmaceuticals: In drug design and synthesis, understanding the molecular structure of compounds is vital. Environmental Chemistry: Molecular formulae help in identifying pollutants and understanding their molecular structures.Challenges and MisconceptionsCommon ChallengesDifferentiating
from Empirical Formula: Students often mix up molecular and empirical formulae.Complex Molecules: Grasping the molecular formulae of large, complex molecules can be challenging.Overcoming MisconceptionsEngaging with Diverse Examples: Regular practice with a variety of examples aids in solidifying understanding.Interactive Learning Tools:
Using models and molecular kits can help visualize and understand the structure of complex molecules.ConclusionUnderstanding molecular formulae is pivotal in IGCSE Chemistry. It lays the foundation for exploring chemical reactions, stoichiometry, and practical applications in chemistry. The molecular formula isn't just a collection of letters and
numbers; it's a fundamental key that unlocks the intricate world of molecular composition. This knowledge is not only crucial for academic success but also for appreciating the intricate details of the microscopic world that surrounds us.How does the molecular formula assist in understanding environmental pollutants?The molecular formula is crucial
in understanding environmental pollutants as it provides the exact composition of these substances. Knowing the molecular formula helps in identifying the pollutant and understanding its source, behaviour, and potential impact on the environment. For example, if a pollutant's molecular formula indicates a high number of chlorine atoms, it might
suggest that the compound is a chlorinated hydrocarbon, which can be persistent and toxic in the environment. Furthermore, understanding the molecular structure helps in predicting the pollutant's reactivity and stability, which are important factors in assessing its environmental impact and in developing strategies for its removal or neutralisation.
Additionally, knowledge of the molecular formula is essential for monitoring the concentration of pollutants in the environment and for ensuring compliance with environmental regulations. In the broader context of environmental chemistry, molecular formulae offer insights into the pathways of pollutant degradation and transformation, which is
critical for assessing environmental risks and for the design of effective pollution control and remediation strategies.Why is it important to know the molecular formula of a substance in pharmaceutical chemistry?In pharmaceutical chemistry, knowing the molecular formula of a substance is critical for several reasons. Firstly, it allows chemists to
understand the exact composition of the drug, which is essential for predicting its chemical and pharmacological properties. For instance, knowing the number and types of atoms in a drug molecule can help in anticipating how the drug will interact with biological molecules, its metabolism, and potential side effects. Secondly, it aids in the synthesis
and quality control of pharmaceuticals. Precise knowledge of the molecular formula is necessary to synthesise the correct compound and ensure its purity and efficacy. Lastly, molecular formulae are crucial in the process of drug discovery and development. They help in the design of new drugs by modifying existing molecular structures to enhance
effectiveness or reduce side effects. In summary, the molecular formula is a fundamental piece of information in pharmaceutical chemistry, impacting drug design, synthesis, testing, and regulation.How is the molecular formula used in the study of biochemistry?In biochemistry, the molecular formula is indispensable as it provides the foundation for
understanding the molecular basis of life. It helps in identifying and characterising various biomolecules - like carbohydrates, lipids, proteins, and nucleic acids - which are essential for life processes. For instance, the molecular formula of glucose (CesH1206) is fundamental in understanding cellular respiration and energy production. Additionally, it
aids in the study of enzyme-substrate interactions, as knowing the exact molecular composition of both the enzyme and substrate is crucial for understanding the mechanisms of biochemical reactions. Furthermore, in the realm of molecular genetics, the molecular formulae of nucleotides and amino acids are central to understanding DNA replication,
transcription, and protein synthesis. Biochemists also use molecular formulae to understand the metabolic pathways, where the transformation of molecules within a cell is mapped out using their molecular formulae. This understanding is crucial for research in areas like genetic engineering, drug development, and the diagnosis and treatment of
diseases at the molecular level.Can a molecule have the same empirical and molecular formula? If yes, provide an example.Yes, a molecule can have the same empirical and molecular formula. This occurs when the molecule's simplest ratio of atoms is also the actual number of atoms in the molecule. A classic example is benzene, with the formula
CeHs. The empirical formula of benzene is CH, which indicates the simplest whole-number ratio of carbon to hydrogen atoms in the molecule. However, the molecular formula of benzene is CeéHs, which shows that each molecule of benzene actually contains six carbon atoms and six hydrogen atoms. This example is particularly important as it
highlights that while the empirical formula is useful for understanding the basic composition of a compound, the molecular formula provides a more detailed and accurate representation of its molecular structure.How does one distinguish between a molecular formula and a structural formula?A molecular formula simply represents the number and
types of atoms in a molecule but does not provide information about the arrangement of these atoms. For example, C2HeO could be either ethanol or dimethyl ether. On the other hand, a structural formula gives a visual representation of the molecule's structure, showing how atoms are connected. It details the specific arrangement of atoms and the
bonds between them. In the case of C2HeO, the structural formula would differentiate between ethanol (with an OH group) and dimethyl ether (with an O between two CHs groups). Understanding this distinction is crucial for students, as it demonstrates the complexity and diversity of chemical compounds beyond their simple molecular composition.
Structural formulae are vital for understanding the physical and chemical properties of compounds, which are often heavily influenced by the specific arrangement of atoms within the molecule.A molecule of a compound contains 2 atoms of nitrogen and 5 atoms of oxygen. What is its molecular formula? Explain your reasoning.The molecular formula
of a compound directly represents the number and types of atoms in a molecule. Given that the compound contains 2 atoms of nitrogen (N) and 5 atoms of oxygen (O), the molecular formula is straightforwardly constructed as N20s. This formula indicates that each molecule of the compound consists of 2 nitrogen atoms and 5 oxygen atoms. This
answer showcases the ability to deduce the molecular formula from given atomic compositions, a key skill in understanding molecular structures in chemistry.Calculate the molecular formula of a compound if the empirical formula is CH20 and its molar mass is approximately 180 g/mol.To find the molecular formula, first, we calculate the molar mass
of the empirical formula CH20, which is 12 (carbon) + 2x1 (hydrogen) + 16 (oxygen) = 30 g/mol. Next, we divide the molar mass of the compound (180 g/mol) by the molar mass of the empirical formula (30 g/mol), getting 6. This means the molecular formula is six times the empirical formula. Therefore, the molecular formula of the compound is
CeH1206. This approach demonstrates an understanding of the relationship between empirical and molecular formulae, crucial in molecular chemistry.Try All Topic Practice Questions Previous TopicNext Topic Qualified Dentist and Expert Science EducatorShubhi is a seasoned educational specialist with a sharp focus on IB, A-level, GCSE, AP, and
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out the form and we'll find a tutor for you. What is Molecular Formula The molecular formula tells us the actual number of atoms of each element present in the compound. The molecular formula is always a simple multiple of the empirical formula. To calculate the molecular formula of a compound, you firstly calculate its empirical formula, and then
compare the formula mass of the empirical formula with the molecular mass given in the question. If the two values match, the empirical formula and molecular formula are the same. If the two values differ, you divide the molecular mass by the empirical formula mass to deduce the factor by which each element in the empirical formula must be
multiplied to produce the molecular formulae.The experimental and molecular formulae of a compound can be obtained experimentally as shown in the following worked examples.Hydrated copper sulphate crystals have the chemical formula CuS0O4.xH20. In an experiment to determine the value of x, 8.57¢g of the hydrated crystals was heated until it
reached a constant mass of 4.79g. Use these results to determine the value of x in CuSO4.xH20.Write down the masses of CuSO4 and H20 in the crystals. Calculate the missing mass by subtracting the mass of CuSO4 from the total mass of the hydrated crystals:Mass of CuSO4 = 4.79gMass of H20 = 8.57 - 4.79 = 3.78gCalculate the number of moles
of CuSO4 and H20 using the equation:number of moles = mass/molar massCuS0O4: 4.79/159.5 = 0.03 molH20: 3.78/18.0 = 0.21 molDivide each by the smallest number of moles to find the ratio:CuS0O4: 0.03/0.03 = 1H20: 0.21 /0.03 = 7Therefore, the value of x is 7 and the formula of the hydrated crystals is CuSO4.7H20Magnesium metal burns in
oxygen gas to form magnesium oxide. The formula of this metal oxide can be determined by comparing the mass of the magnesium ribbon used to the mass of the magnesium oxide formed.In one experiment, 2.40g of magnesium burned to form 4.00g of magnesium oxide.Use these experimental results to deduce the empirical formula of magnesium
oxide.Write down the masses of magnesium and oxygen used. Calculate the mass of oxygen added by subtracting the mass of magnesium from the total mass of the magnesium oxide formed.Mass of Mg = 2.40gMass of O = 4.00 - 2.40 = 1.60gCalculate the number of moles of Mg and O using the equation:number of moles = mass/molar massMg:
2.40/24.0 = 0.1 molO: 1.60/16.0 = 0.1 molThe number of moles of Mg and O is the same therefore they are present in magnesium oxide on a 1:1 ratio and the empirical formula is MgO. Below, we see two carbohydrates: glucose and sucrose. Sucrose is almost exactly twice the size of glucose, although their empirical formulas are very similar. Some
people can distinguish them on the basis of taste, but it's not a good idea to go around tasting chemicals. The best way to tell glucose and sucrose apart is to determine the molar masses—this approach allows you to easily tell which compound is which. Molecular formulas give the kind and number of atoms of each element present in the molecular
compound. In many cases, the molecular formula is the same as the empirical formula. The chemical formula will always be some integer multiple (\(n\)) of the empirical formula (i.e. integer multiples of the subscripts of the empirical formula). \[\text{ Molecular Formula} = n (\text{Empirical formula}) onumber \] therefore \[ n =
\dfrac{\text{Molecular Formula} } {\text{ Empirical Formula}} onumber \] The integer multiple, n, can also be obtained by dividing the molar mass, \(MM)), of the compound by the empirical formula mass, \(EFM\) (the molar mass represented by the empirical formula). \[ n = \dfrac{MM ( molar mass)}{EFM (empirical formula molar mass)} onumber



\] Table \(\PageIndex{1}\) shows the comparison between the empirical and molecular formula of methane, acetic acid, and glucose, and the different values of n. The molecular formula of methane is \(\ce{CH _41}\) and because it contains only one carbon atom, that is also its empirical formula. Sometimes, however, the molecular formula is a simple
whole number multiple of the empirical formula. Acetic acid is an organic acid that is the main component of vinegar. Its molecular formula is \(\ce{C 2H 40 2}\). Glucose is a simple sugar that cells use as a primary source of energy. Its molecular formula is \(\ce{C 6H {12}0O _6}\). The structures of both molecules are shown in Figure \
(\Pagelndex{2}\). They are very different compounds, yet both have the same empirical formula of \(\ce{CH_201}\). Table \(\PageIndex{1}\): Molecular Formula and Empirical Formula of Various Compounds. Name of Compound Molecular Formula Empirical Formula n Methane \(\ce{CH 4}\) \(\ce{CH _41}\) 1 Acetic acid \(\ce{C 2H 40 2}\)\
(\ce{CH _201}\) 2 Glucose \(\ce{C_6H _{12}0 63}\) \(\ce{CH_201}\) 6 Figure \(\PageIlndex{2}\): Acetic acid (left) has a molecular formula of \(\ce{C 2H 40 2}\), while glucose (right) has a molecular formula of \(\ce{C_6H {12}0 6}\). Both have the empirical formula \(\ce{CH_20}\). Empirical formulas can be determined from the percent composition
of a compound as discussed in section 6.8. In order to determine its molecular formula, it is necessary to know the molar mass of the compound. Chemists use an instrument called a mass spectrometer to determine the molar mass of compounds. In order to go from the empirical formula to the molecular formula, follow these steps: Calculate the
empirical formula molar mass (EFM). Divide the molar mass of the compound by the empirical formula molar mass. The result should be a whole number or very close to a whole number. Multiply all the subscripts in the empirical formula by the whole number found in step 2. The result is the molecular formula. The empirical formula of a compound
of boron and hydrogen is \(\ce{BH_3}\). Its molar mass is \(27.7 \: \text{g/mol}\). Determine the molecular formula of the compound. Solutions to Example 6.9.1 Steps for Problem Solving Determine the molecular formula of \(\ce{BH_3}\). Identify the "given" information and what the problem is asking you to "find." Given: Empirical formula \(=
\ce{BH 3}\) Molar mass \(= 27.7 \: \text{g/mol}\) Find: Molecular formula \(= ?\) Calculate the empirical formula mass (EFM). \[\text{ Empirical formula molar mass (EFM)} = 13.84 \: \text{g/mol} onumber \] Divide the molar mass of the compound by the empirical formula mass. The result should be a whole number or very close to a whole number. \
[\dfrac{\text{molar mass} } {\text{EFM}} = \dfrac{27.7 g/mol}{13.84 g/mol} = 2 onumber \] Multiply all the subscripts in the empirical formula by the whole number found in step 2. The result is the molecular formula. \[\ce{BH _3} \times 2 = \ce{B_2H 6} onumber \] Write the molecular formula. The molecular formula of the compound is \
(\ce{B_2H 6}\). Think about your result. The molar mass of the molecular formula matches the molar mass of the compound. Vitamin C (ascorbic acid) contains 40.92 % C, 4.58 % H, and 54.50 % O, by mass. The experimentally determined molecular mass is 176 amu. What are the empirical and chemical formulas for ascorbic acid? Answer Empirical
Formula C3H403 Answer Molecular Formula C6H806 What is Molecular Formula The molecular formula tells us the actual number of atoms of each element present in the compound. The molecular formula is always a simple multiple of the empirical formula. To calculate the molecular formula of a compound, you firstly calculate its empirical
formula, and then compare the formula mass of the empirical formula with the molecular mass given in the question. If the two values match, the empirical formula and molecular formula are the same. If the two values differ, you divide the molecular mass by the empirical formula mass to deduce the factor by which each element in the empirical
formula must be multiplied to produce the molecular formulae.The experimental and molecular formulae of a compound can be obtained experimentally as shown in the following worked examples.Hydrated copper sulphate crystals have the chemical formula CuSO4.xH20. In an experiment to determine the value of x, 8.57g of the hydrated crystals
was heated until it reached a constant mass of 4.79g. Use these results to determine the value of x in CuS0O4.xH20.Write down the masses of CuSO4 and H20 in the crystals. Calculate the missing mass by subtracting the mass of CuSO4 from the total mass of the hydrated crystals:Mass of CuSO4 = 4.79gMass of H20 = 8.57 - 4.79 = 3.78gCalculate
the number of moles of CuSO4 and H20 using the equation:number of moles = mass/molar massCuS0O4: 4.79/159.5 = 0.03 molH20: 3.78/18.0 = 0.21 molDivide each by the smallest number of moles to find the ratio:CuS0O4: 0.03/0.03 = 1H20: 0.21 /0.03 = 7Therefore, the value of x is 7 and the formula of the hydrated crystals
is CuSO4.7H20Magnesium metal burns in oxygen gas to form magnesium oxide. The formula of this metal oxide can be determined by comparing the mass of the magnesium ribbon used to the mass of the magnesium oxide formed.In one experiment, 2.40g of magnesium burned to form 4.00g of magnesium oxide.Use these experimental results to
deduce the empirical formula of magnesium oxide.Write down the masses of magnesium and oxygen used. Calculate the mass of oxygen added by subtracting the mass of magnesium from the total mass of the magnesium oxide formed.Mass of Mg = 2.40gMass of O = 4.00 - 2.40 = 1.60gCalculate the number of moles of Mg and O using the
equation:number of moles = mass/molar massMg: 2.40/24.0 = 0.1 molO: 1.60/16.0 = 0.1 molThe number of moles of Mg and O is the same therefore they are present in magnesium oxide on a 1:1 ratio and the empirical formula is MgO. The empirical formula of X is C4H10S1 and the relative formula mass of X is 180. What is the molecular formula of
X?Relative Formula Masses: carbon : 12 hydrogen : 1 sulfur : 32Answer:Step 1 - Calculate the relative empirical formula mass(Cx4) + (Hx 10) + (Sx1) = (12x4)+ (1x10)+ (32x1) = 90Step 2 - Divide relative formula mass of X by the relative empirical mass180 / 90 = 2Step 3 - Multiply each number of elements by 2(C4 x 2) +
(H10x2)+(S1x2) = (C8)+ (H20) + (S2)Molecular formula of X = C8H20S2Page 2Aim:To determine the empirical formula of magnesium oxide by combustion of magnesiumDiagram:Finding the empirical formula of magnesium oxide involves heating magnesium ribbon very strongly in a crucible. A lid is used to trap any smoke (not
shown)Method:Measure mass of crucible with lidAdd sample of magnesium into crucible and measure mass with lid (calculate the mass of the metal by subtracting the mass of empty crucible)Strongly heat the crucible over a Bunsen burner for several minutesLift the lid frequently to allow sufficient air into the crucible for the magnesium to fully
oxidise without letting magnesium oxide smoke escapeContinue heating until the mass of crucible remains constant (maximum mass), indicating that the reaction is completeMeasure the mass of crucible and contents (calculate the mass of metal oxide by subtracting the mass of empty crucible)Working out the empirical formula:Mass of
metal:Subtract mass of crucible from magnesium and the mass of the empty crucibleMass of oxygen:Subtract mass of the magnesium used from the mass of magnesium oxideStep 1 - Divide each of the two masses by the relative atomic masses of the elementsStep 2 - Simplify the ratio magnesium oxygenMass a

bMoles a/Ar b/Ar =x = yRatio X : yStep 3 - Represent the ratio into the form ‘MxOy* E.g, MgODid this page help you?



