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ABSTRACT

	The application of problem-solving methods plays a crucial role in developing learners’ analytical and critical thinking skills. In chemistry education, the law of conservation of mass is particularly emphasized due to its effectiveness and wide applicability across various types of exercises. This article presents approaches to applying the law of conservation of mass to solve selected problems ranging from basic to advanced levels, while also analyzing its practical applications in the teaching of chemistry.
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1. INTRODUCTION
The law of conservation of mass is one of the fundamental principles of chemistry, first discovered in the early 1750s by M. V. Lomonosov (1711–1765) and A. Lavoisier. The law states that in a chemical reaction, the total mass of the products is equal to the total mass of the reactants. Over the course of more than a century, this principle was experimentally verified with high precision by Stat (1860–1870) and Landon (1909), thereby confirming its validity and universal applicability to all chemical reactions.
In chemistry education, the application of the law of conservation of mass plays a significant role in fostering learners’ analytical abilities, logical thinking, and problem-solving skills. This method enables the rapid solution of problems involving the masses of substances before and after a reaction, particularly in cases where reactions are not completely specified or involve multiple reactants. However, effective application of the method requires learners to possess a solid theoretical foundation and systematic practice in order to minimize errors and enhance learning efficiency as Atkins, P., & de Paula, J. (2014).
Accordingly, this study focuses on presenting approaches to solving selected types of problems, ranging from basic to advanced levels, using the law of conservation of mass, while analyzing its practical applications in the teaching of chemistry. From a pedagogical perspective, the law of conservation of mass serves not only as a basis for solving quantitative problems but also as an instructional tool that helps learners gain a deeper understanding of the nature of chemical transformations. Its integration into classroom instruction clarifies the relationships between reactants and products, thereby supporting the development of systematic thinking and scientifically grounded reasoning. In the context of current educational reforms oriented toward competency development, this method demonstrates clear advantages by encouraging students to actively analyze given data, select appropriate solution strategies, and verify the validity of their results. Moreover, incorporating the law into learning situations connected with real-life and industrial contexts contributes to increased learning motivation and strengthens students’ ability to apply chemical knowledge to practical problem solving as Johnstone, A. H. (1991); Gabel, D. (1999).
In addition, applying the law of conservation of mass helps students develop critical awareness of their own learning processes. Through regular practice, learners learn to recognize common mistakes, reflect on their problem-solving strategies, and improve accuracy in quantitative reasoning. This reflective process strengthens scientific thinking and encourages deeper engagement with chemical concepts.
Moreover, integrating this law into classroom activities effectively connects theory with practice. By working with real experimental data and mass balance principles, students gain a clearer understanding of how abstract formulas relate to observable phenomena. This connection reduces mechanical learning and promotes meaningful understanding, enabling learners to apply their knowledge flexibly in new situations.
From a broader perspective, the systematic use of the law of conservation of mass supports student-centered and inquiry-based learning. It encourages learners to explore different solution methods, justify their reasoning, and collaborate with peers. These experiences not only enhance academic performance but also develop communication skills and scientific attitudes. As a result, this fundamental law plays a vital role in preparing students for further study and lifelong learning in science and related fields.

2. The Application of the Law of Conservation of Mass in Chemistry
The law of conservation of mass, discovered by M. V. Lomonosov (1711–1765) and A. Lavoisier, states that in all chemical reactions, the total mass of the reactants is equal to the total mass of the products. This fundamental principle serves as the theoretical foundation for the mass conservation method in chemistry teaching and problem solving. The method is particularly effective in organic chemistry and in complex problems involving multiple substances. 
In problem-solving activities, the application of the law of conservation of mass enables learners to simplify complex chemical exercises by focusing on mass relationships rather than relying solely on traditional stoichiometric procedures. This approach helps students identify key given data, reduce the number of unknown variables, and avoid common computational errors. By applying mass conservation, learners can quickly establish correct solution pathways, especially in problems involving mixtures, excess reagents, or incomplete reactions. Moreover, the method supports students in checking the consistency and plausibility of their answers, thereby increasing accuracy and confidence during problem solving. As a result, the use of the law of conservation of mass enhances learners’ efficiency, logical reasoning, and independence in solving quantitative chemistry problems.
Furthermore, the mass conservation method plays an essential role in strengthening students’ conceptual understanding of chemical reactions by directing attention to the transformation of matter rather than to isolated numerical calculations. When learners consistently apply this principle, they develop a clearer awareness of how substances interact and change throughout a reaction process. This perspective is especially valuable in organic chemistry, where reactions often involve multiple reactants, intermediates, and products. By reasoning through mass relationships, students can better anticipate reaction outcomes and recognize limiting factors. In addition, the method encourages a more systematic and disciplined approach to problem solving, reducing trial-and-error strategies. Consequently, regular practice with the law of conservation of mass helps learners build confidence, improve analytical judgment, and achieve greater coherence in solving complex quantitative chemistry problems.
In practice, the application of the mass conservation method is based on two fundamental principles:
The first principle is that in a reaction involving n substances, if the masses of (n − 1) substances are known, the mass of the remaining substance can be readilydetermined.
The second principle is that the reaction equation does not need to be balanced; only the masses of the reactants and products need to be considered.
To apply the law accurately and effectively in chemical research and experimental practice, it is essential for the practitioner to correctly formulate and transform the law of conservation of mass according to the following considerations. 
For a general reaction: A + B → C + D (1) 
the law of conservation of mass can be expressed as:
mA + mB = mC + mD
where: mA, mB represent the masses of reactants A and B participating in the reaction, and mC, mD denote the masses of products C and D formed.

Pedagogical implications
(1) The method enables rapid determination of the remaining mass when the total initial mass or the total product mass is known, regardless of reaction yield.
Solution principle: 
mbefore reaction = mafter reaction (independent of reaction efficiency)
(2) In reactions involving multiple substances, the method allows for straightforward calculation of the mass of an unknown substance. Specifically, if the masses of (n − 1) reactants are known, the mass of the remaining reactant can be easily determined.
(3)  In reactions of the type Metal + Acid → Salt + Gas:
Given the mass of the metal and the mass of the anion forming the salt (calculated from the gaseous product), the mass of the salt can be determined.
Conversely, given the mass of the salt and the mass of the anion, the mass of the metal can be calculated.
The mass of the anion forming the salt is commonly determined from the number of moles of gas released.
For dilute HCl and H2SO4:
+ 2HCl → H2 therefore 2Cl-  ↔ H2
+ H2SO4 → H2 therefore SO42- ↔ H2
- For concentrated, hot H2SO4 and HNO3: the ion–electron method should be applied (see also the electron conservation method or element conservation method).
 (4) In the reduction of mixed metal oxides by reducing gases (H₂, CO), the mass conservation method enables determination of both the mass of the solid product and the composition of the gaseous mixture:
Metal oxides + (CO, H2) → solid + gas mixture (CO2, H2O, H2, CO)
The application of this method in teaching not only facilitates the rapid solution of problems involving multiple substances but also enhances students’ analytical skills, ability to apply theoretical knowledge to practice, logical thinking, and problem-solving competence. Moreover, the method encourages learners to actively explore, connect chemical knowledge with real-world contexts, and improve their capacity for self-directed learning and creativity in chemistry.
From a chemistry education perspective, the above pedagogical implications demonstrate the broad applicability of the mass conservation method, particularly in complex quantitative problems commonly encountered in upper secondary curricula and competency-based assessments. Guiding students to effectively utilize this method reduces reliance on cumbersome calculations while strengthening their ability to identify the underlying nature of chemical reactions. Furthermore, by analyzing mass relationships among substances, students develop habits of scientific reasoning and error control during problem solving. Therefore, systematic integration of the mass conservation method into chemistry instruction contributes significantly to improving teaching quality in line with competency-oriented educational goals.
Moreover, the mass conservation method functions as an effective pedagogical bridge between abstract chemical concepts and students’ problem-solving performance. When systematically applied in instruction, it enables learners to approach quantitative problems with greater confidence and strategic clarity. Instead of relying on mechanical formula application, students are guided to analyze intrinsic mass relationships within chemical systems, thereby strengthening conceptual understanding. This approach is particularly beneficial in upper secondary education, where complex, multi-step problems are common. In addition, regular use of the mass conservation method enhances accuracy and efficiency by helping students detect errors and evaluate the plausibility of their solutions. Consequently, the method not only improves achievement in chemistry problem solving but also fosters logical reasoning, self-regulation, and independent learning skills essential for competency-based education.

3. The Method of Applying the Law of Conservation of Mass in Chemistry
3.1 Description of the Method  
3.1.1 Problem-Solving Steps  
To effectively apply the law of conservation of mass in chemistry problem solving, learners require a clear and systematic procedure to guide their reasoning. In many cases, students encounter difficulties not because of a lack of theoretical knowledge, but due to the absence of an organized approach to analyzing given data and identifying solution pathways. Therefore, establishing explicit problem-solving steps is essential to help learners structure their thinking, minimize computational errors, and apply chemical principles correctly. The following procedure outlines a logical sequence that supports students in translating the law of conservation of mass into practical problem-solving strategies, particularly in complex quantitative chemistry problems.
First, construct a transformation scheme showing the substances before and after the reaction.
Second, based on the given conditions of the problem, determine the required quantities without considering whether the reaction is complete or incomplete.
Third, apply the law of conservation of mass to establish mathematical equations, combining it with other given data to form a system of equations.
Fourth, solve the resulting system of equations to obtain the required results.
In conclusion, the above problem-solving steps provide a structured and effective framework for applying the law of conservation of mass in quantitative chemistry exercises. By following a clear sequence—from reaction analysis to equation solving—students can approach complex problems with greater confidence and logical consistency. This method reduces reliance on trial-and-error calculations and promotes careful examination of mass relationships among substances. Moreover, repeated practice with this structured approach helps learners develop disciplined reasoning, improve accuracy, and strengthen their ability to evaluate the validity of their solutions. Consequently, the systematic application of these steps contributes significantly to enhancing students’ problem-solving competence in chemistry as Cooper, M. M., & Stowe, R. L. (2018).

3.1.2 Solution Method
From a problem-solving perspective, a clear understanding of the underlying principles of the mass conservation method is essential for accurate application. Rather than relying on memorization, students need to recognize how mass relationships operate under different reaction conditions. The following conceptual relationships form the theoretical basis of the solution method and guide learners in selecting appropriate mass balance expressions.
From a conceptual perspective, the method is based on the principle that:
mreactants = mproducts
For problems involving excess substances remaining after the reaction, the following relationship applies:
mbefore reaction = mafter reaction
It should be noted that in reactions producing precipitates or gaseous products, the mass of the solution changes after the reaction:
msolution (after reaction) = msolution (before reaction) + mdissolved substances – mprecipitate – mgaseous products
In summary, these mass balance relationships provide a concise yet powerful framework for solving a wide range of quantitative chemistry problems. By selecting the appropriate expression based on reaction conditions, students can avoid common misconceptions and calculation errors. This approach enhances conceptual clarity and enables learners to apply the law of conservation of mass flexibly and effectively in problem-solving contexts as Talanquer, V. (2011).

3.1.3 Scope of Application
Understanding the scope of application of the law of conservation of mass is crucial for selecting appropriate problem-solving strategies. Not all quantitative chemistry problems require detailed stoichiometric calculations; in many cases, mass relationships alone are sufficient. The following categories illustrate typical problem types where this law can be effectively applied.
The law of conservation of mass is commonly applied in the following types of problems:
Problems in which the total initial mass of reactants is known and the mass of products needs to be determined, or vice versa.
Problems involving n substances, where the mass of (n − 1) substances is known and the mass of the remaining substance must be calculated.
Problems in which the number of moles cannot be directly determined due to unknown molar masses of the substances involved.
[bookmark: _GoBack]In conclusion, recognizing these categories helps learners identify situations where the mass conservation method offers the greatest advantage. Applying this law within its appropriate scope reduces unnecessary complexity, minimizes calculation errors, and supports efficient problem solving. Consequently, students can focus on conceptual reasoning and achieve more accurate results in quantitative chemistry tasks.

3.1.4 Common Errors and Instructional Solutions
Despite the effectiveness of the law of conservation of mass in solving quantitative chemistry problems, students often encounter various difficulties during its application. One common error is the misidentification of reactants and products, which leads to incorrect mass balance equations. In some cases, learners fail to consider all substances involved in the reaction, especially gases or precipitates, resulting in incomplete or inaccurate calculations. Another frequent mistake is the mechanical use of formulas without understanding the underlying chemical processes, which limits students’ ability to adapt the method to different problem contexts.
In addition, many students experience difficulties in interpreting problem conditions, particularly when reactions are incomplete, involve excess reagents, or occur in solution. As a result, they may incorrectly assume that all reactants are fully consumed, leading to erroneous results. Insufficient practice and weak theoretical foundations also contribute to these misconceptions and reduce problem-solving efficiency.
To address these challenges, teachers should provide explicit guidance on identifying relevant substances and establishing correct mass balance relationships. The use of visual aids, such as reaction diagrams and transformation schemes, can help students better understand reaction processes. Furthermore, incorporating step-by-step demonstrations and guided practice allows learners to gradually develop confidence and accuracy. Classroom discussions and error analysis activities are also valuable, as they encourage students to reflect on their mistakes and learn from them.
By systematically addressing common errors and implementing appropriate instructional strategies, educators can enhance students’ mastery of the mass conservation method. This approach not only improves calculation accuracy but also fosters deeper conceptual understanding and independent problem-solving skills.

3.2 Applying Teaching Approaches in Teaching
Approach 1: Identification of Consecutive Monohydric Alcohols Using Mass Conservation
Problem: A mixture of two monohydric alcohols that are consecutive members of a homologous series has a mass of 23.4 g. The mixture reacts completely with 13.8 g of sodium to produce 36.75 g of solid residue. Determine the identities of the two alcohols.
Method: The law of conservation of mass is applied to determine the amount of hydrogen gas released during the reaction. From this value, the total number of moles and the average molar mass of the alcohol mixture are calculated.
Solution:
Applying the law of conservation of mass:
malcohol mixture + mNa = msolid residue + mH2
⇒ mH2 = malcohol mixture  + mNa - msolid residue 
= 23.4 + 13.8 – 36.75 = 0.45 (g)
⇒ nH2 = 0.45/2 = 0.225 (mol)
⇒ nalcohol mixture  = 2nH2 = 2 x 0.225 = 0.45 (mol)
Malcohol = 23.4/0.45 = 52 
⇒ The two alcohols are: C2H5OH and C3H7OH
Discussion: This example demonstrates the effectiveness of the mass conservation method in determining unknown substances without requiring detailed stoichiometric calculations. A common mistake is assuming that sodium reacts completely and calculating hydrogen solely from the amount of sodium, which often leads to incorrect results. Another frequent error is neglecting the presence of excess sodium in the solid residue and assuming that it contains only sodium alkoxide. Such misconceptions typically result in the incorrect identification of the alcohols. Therefore, careful application of mass balance principles and accurate interpretation of reaction conditions are essential for obtaining reliable results.

Approach 2: Determination of Calcium Carbonate Content in a Carbonate Mixture
Problem: Complete thermal decomposition of m grams of mixture X containing CaCO₃ and Na₂CO₃ produces 11.6 g of solid residue and 2.24 L of gas (at STP). Determine the mass percentage of CaCO₃ in the mixture.
Method: The law of conservation of mass is applied to calculate the initial mass of the mixture from the masses of the solid residue and the released carbon dioxide. Based on the amount of CO₂ produced, the mass of CaCO₃ in the mixture is determined.
Solution:
By mass conservation:
mX = msolid + mCO2 = 11.6 + 0.1 x 44 = 16 (g)
Thus, the mass percentage of CaCO₃ in X can be determined accordingly:
%mCaCO3 = (10/16) x 100 = 62.5%
Discussion: This example illustrates the importance of correctly identifying the substances that undergo thermal decomposition. A common mistake is assuming that Na₂CO₃ also decomposes under heating and calculating the released CO₂ from both carbonates. This misconception leads to incorrect identification of solid products as CaO and Na₂O and results in inaccurate calculations. Careful analysis of chemical properties and reaction conditions is therefore essential for the correct application of the mass conservation method.

Approach 3: Determination of the Mass of an Iron–Oxide Mixture Using Mass Conservation
Problem: A mixture X consists of Fe, FeO, and Fe₂O₃. Carbon monoxide is passed over the heated mixture. After the reaction, 64 g of solid A remains and 11.2 L of gas B (STP) is obtained with a density relative to H₂ of 20.4. Determine the mass of mixture X.
Method: The composition of gas B is determined based on its volume and relative density. The amounts of CO and CO₂ are calculated from these data. The law of conservation of mass is then applied to determine the initial mass of the mixture.
Solution:
Gas B consists of excess: CO ( x mol) and CO2 (y mol)
nB = x + y = 0.5 mol (1)
MB = 20.4 x 2 = 40.8g 
⇒ mB = 40.8 x 0.5 = 20.4g ⇒ 28x + 44y = 20.4g (2)
From Equations (1) and (2) ⇒ x = 0.1 mol; y = 0.4 mol
Therefore: nCO reaction = nCO2 = 0.4 mol
Applying mass conservation:
mX + mCO = mA + mCO2
⇒ mCO(X) = mCO(A) + mCO(CO2) - mCO2 
= 64 + 0.4 x 44 – 0.4 x 28 = 70.4g
Discussion: This example highlights the advantage of using the law of conservation of mass in complex redox systems involving multiple iron oxides. Without applying mass balance principles, solving this problem would require introducing several unknown variables for the oxide components, leading to a complicated system of equations. The mass conservation method significantly simplifies the calculation process and improves solution efficiency.

Approach 4: Determination of Bromine Consumption in a Hydrogenation Reaction
Problem: Gas mixture X contains 0.1 mol C2H2; 0.2 mol C2H4; 0.3 mol H2. After heating with Ni catalyst, mixture Y is obtained with a density relative to H2 of 11. Mixture Y reacts maximally with a mol of Br2. Determine the value of a.
Method: The law of conservation of mass is applied to determine the total number of moles of mixture Y from its molar mass and total mass. The amount of hydrogen consumed during hydrogenation is then calculated. Based on the degree of saturation of unsaturated hydrocarbons, the amount of bromine required is determined.
Solution:
MY = 11 x 2 = 22
mX = 0.1 x 26 + 0.2 x 28 + 0.3 x 2 = 8.8g
Applying mass conservation:
mX = mY = 8.8g ⇒ nY = 8.8/22 = 0.4 mol
ngas = nH2 reacted = nX – nY = 0.6 – 0.4 = 0.2 mol
Therefore: n = nH2 reacted + nBr2 = 2nC2H2 + nC2H4 = 0.4 mol
⇒ nBr2 = 0.4 – 0.2 = 0.2 mol = a
Discussion: This example illustrates how the law of conservation of mass can be combined with reaction stoichiometry to analyze gas-phase hydrogenation processes. By determining changes in total mole number before and after reaction, students can accurately estimate hydrogen consumption and unsaturation levels. Without applying mass balance principles, this problem would require tracking multiple reaction pathways, leading to more complex calculations and a higher risk of error.

Summary
Applying the law of conservation of mass to establish relationships between the masses of substances before and after reactions, through the above examples, significantly simplifies problem-solving procedures. Through the system of examples presented, ranging from basic to complex, the law proves to be an effective tool for handling chemical problems involving multiple substances and reaction stages. Its application reduces the number of unknown variables, limits complex mathematical manipulations, and enhances conceptual understanding. Particularly in problems involving excess reagents, incomplete reactions, or complex mixtures, this method allows learners to clearly orient their solution strategies and control calculation accuracy. Therefore, the law of conservation of mass should be emphasized as a core method in chemistry teaching and practice.

4. Conclusion

The problem-solving method based on the law of conservation of mass is an effective instructional tool in chemistry education. It enables learners to apply theoretical knowledge to practical problem solving, especially in reactions involving multiple substances or incomplete reaction conditions. The method promotes the development of logical thinking, analytical and synthesis skills, and problem-solving competence. Moreover, it encourages learner autonomy, creativity, and the integration of chemical knowledge with real-world contexts, thereby contributing to improved teaching and learning quality in chemistry.
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