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Understand and study the quantitative relationships between 

reactants and products in chemical reactions to grasp the fundamental 

ratio of moles required for a balanced reaction.

Analyze stoichiometric ratios

Examine and contrast how chemical reactions proceed in open and 

closed systems to evaluate how energy and mass exchange with the 

surroundings influences reaction behavior.

Compare reaction rates in system types

objective
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Properties of Chemical Reactions

01 Chemical reactions involve the transformation of reactants into new products, often confirmed by the 

appearance of precipitates, gas release, or changes in color.

Formation of new substances

02 Every chemical reaction is accompanied by energy transformations, such as heat release or absorption, 

which play a crucial role in determining the reaction's characteristics.

Energy changes

03 Chemical systems can be categorized into open systems (exchange of matter and energy), closed 

systems (exchange of energy only), and dissociated systems (minimal exchange), based on their 

interaction with the environment.

Classification of reaction systems



Characteristics of Open, Closed, and Dissociated Systems

These systems permit energy transfer but block the exchange of mass with the surroundings, such as a 

sealed container with reacting substances.

Closed systems

These systems allow both mass and energy to transfer freely between the system and the surrounding 

environment. Examples include boiling water in an uncovered container.

Open systems

These systems exhibit restricted movement of mass or energy between the system and the 

environment. They are often ideal for studying isolated equilibrium reactions.

Dissociated systems
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Equipment and chemicals

Plastic tubes

Essential for containing and mixing solutions during the 

experimental procedures.

Test tubes (medium and small size)

Necessary for observing chemical reactions on a small scale, 

ensuring precision in measurements and observations.

Beakers (250 mL)

Used to hold, measure, and mix chemical substances such as KI 

and Pb(NO3)2.



Equipment and chemicals

1.0 M Potassium iodide (KI)
A vital reactant for creating chemical reactions and precipitation when combined 

with Pb(NO3)2.

0.5 M Lead (II) nitrate (Pb(NO3)2)

Dilute hydrochloric acid (HCl)

Plays a critical role in stoichiometric reactions, especially in forming PbI2.

Used for interactions with substances like calcium carbonate as part of the 

experimental analysis.

1

2

3



Reacts with HCl to 

demonstrate principles 

related to open and closed 

systems.

Calcium 
carbonate 

(CaCO3)
Distilled water

Analytical 
balance

Utilized for diluting 

chemicals and controlling 

reaction concentrations.

Ensures precise 

measurement of mass 

before and after chemical 

reactions.

Equipment and chemicals



Test tube rack

Allow accurate dispensing of 

chemical solutions during 

experiments.

Droppers Graph paper

Provides support and organization 

for test tubes during experimental 

procedures.

Facilitates precise measurement 

of precipitate height to ensure 

accurate data recording.

A tool for plotting relationships, 

such as the height of precipitates 

versus KI volume.

Equipment and chemicals

Ruler
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A chemical reaction involves the transformation into new substances accompanied by 

energy changes. Observable phenomena such as gas formation, color change, or 

precipitation often indicate a reaction has occurred.

Part 1: Systems and Chemical Reactions

Definition of chemical reactions

Systems can be categorized into open, closed, and isolated systems based on mass and 

energy exchange with the surroundings, influencing the chemical reaction's outcome.

Classification of systems

Pb(NO3)2 and KI: When lead (II) nitrate reacts with potassium iodide, a yellow 

precipitate of lead (II) iodide (PbI2) forms. This demonstrates the concept of 

stoichiometric ratios, such as the consistent molar ratio of Pb2+ to I– of 1:2.

Example reaction



Impact of molar ratios

An imbalance in the molar ratio of reactants like Pb2+ and I– leads to 

leftover reactants in the solution, influencing the reaction's completeness 

and observable results.

Writing balanced chemical equations

The stoichiometric ratios derived from observations are essential to 

formulate accurate balanced chemical equations representing the 

reactions.

Part 1: Systems and Chemical Reactions



Part 2: Systems and Chemical Reactions

Reaction system type

Discuss open systems in chemical reactions, identifying 

situations where mass transfer influences the experiment 

outcomes.

Gas release observation

React CaCO3 with HCl, observing gas formation (CO2), which 

confirms a chemical reaction and energy change.

Mass transfer monitoring

Compare the system's mass before and after the reaction in 

order to evaluate if mass escapes the system (open system 

characteristics).



Part 3: Mole Ratios

Prepare six test tubes with varying volumes of Pb(NO3)2, KI, and H2O. Observe the 

changes in precipitate formation for each tube.

Mixture preparation and observation

Measure and record the precipitate height in each test tube, constructing a graph to find 

the optimal molar ratio for the reaction.

Precipitate height graphing

Test supernatant solutions with additional reagents to determine which reactant 

remains in excess, refining the stoichiometric understanding of Pb(NO3)2 and KI mixing 

dynamics.

Validation of excess reactants
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Chemical reaction systems and stoichiometric ratios

Chemical reactions involve the transformation of reactants into new 

products with energy changes. Stoichiometric ratios represent the 

molar proportion of substances in a reaction, aiding in determining 

balanced reactions like Pb(NO3)2 and KI combining to form PbI2.

Key laboratory equipment and chemicals

Essential materials for stoichiometric experiments include test tubes, 

beakers, plastic tubes, droppers, and weighing apparatus. Common 

chemicals used include 1.0 M KI, 0.5 M Pb(NO3)2, diluted HCl, calcium 

carbonate, distilled water, and graph paper for result analysis.

Determining the number of moles and the concentration of a 

solution.



Determining the number of moles and the concentration of a 

solution.

Experimental steps for studying open and closed 

systems

Steps include weighing reactants before and after 

reactions, comparing system mass changes, and 

observing indicators such as precipitate formation 

(e.g., yellow PbI2). Experiments help evaluate mass 

transfer differences.



Molar ratio determination

Measuring volumes of reactants (Pb(NO3)2 and KI) and graphing 

precipitate heights reveal molar ratios. Additional analysis of 

unreacted solutions assists in verifying the stoichiometric balance.

Determining the number of moles and the concentration of a 

solution.



Determining the number of moles and the concentration of a 

solution.

Calculating number of moles and concentration: Concentrations are determined using stoichiometric equations:



Concentration (C) = Moles (n) / 

Volume (V in liters)

Determining the number of moles and the 

concentration of a solution.



Determining the number of moles and the concentration of a 

solution.

Example: For 0.5 M Pb(NO3)2 in 2 mL, calculate moles as:



Determining the 

number of moles 

and the 

concentration of a 

solution.

• (0.5 M * 0.002 L) = 0.001 mol

• Similar calculations apply to other reactants (e.g., I⁻).

• Interpreting experimental results: Observing mass retention in closed 

systems and loss in open systems is vital. Graphing data clarifies 

reactions. Identifying unreacted Pb2+ or I− validates the molar ratios 

and ensures precise reaction equations.

• Understanding stoichiometric principles: Calculations enable balanced 

reaction establishment. For Pb(NO3)2 and KI, the ratio is 1:2, confirming 

reaction and precipitate consistency through systematic testing of molar 

proportions.
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Sediment height graph

A graph is plotted with the sediment height (vertical axis) versus the KI solution volume (horizontal axis), vividly 

depicting the relationship between reactant proportions and precipitate formation.

Test tubes with Pb(NO3)2 remaining

Tubes where excess Pb(NO3)2 is left show unreacted Pb²⁺ ions, confirmed by further reaction with added KI solution 

resulting in additional yellow precipitate.

Test tubes with KI remaining

Tubes with excess KI demonstrate unreacted I⁻ ions, verified by further reaction with added Pb(NO3)2 solution, leading 

to further precipitate formation.

The molar ratio of Pb(NO3)2 and KI.



Perfect reaction tubes Implications of molar ratios

Certain tubes exhibit complete reactions with 

no observable excess of either Pb(NO3)2 or KI. 

These exemplify the 1:2 molar ratio ideal for the 

formation of PbI₂ (lead(II) iodide).

Deviations from the 1:2 molar ratio result in 

either Pb(NO3)2 or KI leftover in solution, 

highlighting the importance of stoichiometric 

proportions in reactions.

The molar ratio of Pb(NO3)2 and KI.



reaction equation

Reaction process observation

Molar proportion significance

Chemical equation summary

When Pb(NO3)2 and KI solutions are mixed, a chemical reaction occurs forming a yellow precipitate of PbI₂ and 

leaving soluble potassium nitrate (KNO₃) in the solution.

The balanced equation for the reaction is Pb(NO3)2 + 2KI → PbI₂ (precipitate) + 2KNO₃, which corresponds to 

experimental results.

The 1:2 molar ratio of Pb(NO3)2 to KI reflects the stoichiometric relationship essential for a complete reaction, 

as per the chemical equation.



Pb(NO3)2 or KI in excess aligns with their respective stoichiometric surplus, 

confirmed through further validation experiments with additional reactants.

Conclusion from residue reaction tests

Analytical tests confirm that the formed precipitate exclusively comprises lead(II) 

ions (Pb²⁺) and iodide ions (I⁻) in the 1:2 ratio, further validating the established 

chemical equation.

Substances involved in the precipitate

reaction equation
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The molar ratio allows identification of the proportional quantities of reactive 

substances in a chemical reaction, ensuring proper stoichiometry for complete 

reactions.

Summary of results

Relationship between molar ratio and reaction

Open systems may lose mass to the environment, while closed systems conserve 

mass, showcasing the centrality of reaction environments.

Variability depending on systems

The formation of precipitates, changes in solution color, and the presence of 

residual substances confirm the molar ratio effects and chemical behaviors.

Observation-based conclusions
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Suggestions

Replace subjective observations with quantitative measurements

Utilize precise measurements, such as a digital scale or spectrometer, to minimize human 

error when recording experimental results.

Use tightly sealed containers for closed systems

This will ensure no external interference, such as gas leakage, which could compromise the 

integrity of the chemical reactions in the experiment.

Upgrade to more precise equipment

Opt for automated pipettes for exact volume measurements and electronic hoppers for 

accurate substance weighting, enhancing reliability in preparing reactant solutions.



Perform trials with varying concentrations

By systematically testing different reagent concentrations, the accuracy of 

stoichiometric ratios and their effect on the reaction can be explored 

comprehensively.

Standardize experimental environments

Conduct experiments in temperature- and humidity-controlled labs to avoid external 

influences, ensuring uniform reaction conditions.

Suggestions
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Definition of chemical change

A chemical change involves the formation of 

new substances and is often accompanied by 

energy changes. For example, when iron 

corrodes (rusts), it forms iron oxide, indicating a 

chemical transformation.

Questions at the end of the experiment.

01

Definition of physical change

A physical change refers to alterations in the 

form or state of a substance without forming 

new substances. An example is ice melting into 

water, where the molecular composition 

remains the same.

02



Thank you


