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Introduction to Solutions
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Chemistry

A homogeneous mixture 

composed of two or more 

substances.

Components

Comprises solute (dissolved 

substance) and solvent (dissolving 

medium).

Types

Includes gaseous, liquid, and solid 

solutions based on physical states.

Definition of Solutions



Types of Solutions

Physical states

Composition

Solutions are categorized as solid (e.g., alloys), liquid (e.g., saline 

solution), or gas (e.g., air) based on the state of the solute and 

solvent.

Solutions can be classified as saturated (maximum solute 

dissolved), unsaturated (less solute than the solvent can hold), or 

supersaturated (more solute dissolved than normally possible 

under specific conditions).



Applications of Solutions

Industrial use
Solutions are key in processes like metal purification, drug development, and food 

preservation, ensuring precise concentrations and interactions.

Everyday relevance
Household cleaning agents, beverages, and medical treatments (e.g., IV solutions) rely on 

their properties for effective outcomes.

Research
Solutions facilitate scientific experiments, such as studying reaction rates or testing 

material properties in controlled environments.
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Basic Concepts of Solutions
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Homogeneous vs. Heterogeneous Mixtures

Homogeneous

Key distinction

Heterogeneous

Uniform composition throughout, with solutes and solvents 

evenly distributed.  

Non-uniform distribution of components, observable distinct 

phases.  

Visibility of phases or consistency in texture and composition.



Solubility

Increasing temperature often enhances solubility for solids and liquids but may decrease 

solubility for gases.

Temperature impact

The chemical compatibility ("like dissolves like") influences solubility—polar solvents 

dissolve polar solutes, and nonpolar solvents work with nonpolar solutes.

Nature of solute/solvent

Higher pressure increases the solubility of gases in liquids, as explained by Henry’s law.

Pressure effect (gases)



Concentration

Molarity
A measure of solution concentration representing moles of solute per liter of 

solution, used frequently in chemical reactions.

Mass percent

Parts per million (ppm)

The ratio of the solute’s mass to the total solution mass, expressed as a 

percentage for straightforward comparisons.

A unit of concentration ideal for describing very small quantities of solute in large 

volumes of solvent, often in environmental applications.

1

2

3
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Methods of Preparing 

Solutions
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Determine the mass of solute needed using its molar mass and 

desired solution concentration.

Calculate required amount

Add the calculated mass of solid solute to an appropriate 

volume of solvent and stir until completely dissolved.

Dissolve in solvent

Add additional solvent, if necessary, to achieve the precise 

volume required for the target concentration.

Adjust final volume

From Solids



From Liquids

For liquid reagents, use 

the dilution equation ( 

C_1V_1 = C_2V_2 ) to 

determine the volume of 

the concentrated solution 

needed for the desired 

final concentration and 

volume.

Accurately measure the 

required volume of the 

concentrated liquid using 

a pipette or measuring 

cylinder, ensuring 

precision.

Add the measured liquid 

to a volumetric flask 

partially filled with the 

solvent, and mix gently to 

avoid splashes.

Add more solvent to the 

mark on the volumetric 

flask while ensuring 

thorough mixing for 

homogeneity.

Volume calculation Measurement Dilution Final topping



Standard Solutions

Accurate weighing
Carefully weigh the exact mass of a high-purity 

substance (primary standard) to ensure precision in the 

final concentration.

01

Preparation
Dissolve the weighed substance in a portion of distilled 

water, stirring to ensure complete dissolution.

02

Calibration
Transfer the dissolved substance into a volumetric flask, 

and dilute to the calibration line with additional distilled 

water to achieve the desired standard solution molarity.

03

Validation
Perform titration or other analytical methods to confirm 

the accuracy of the solution’s concentration for 

standardized use.

04
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Types of Concentration 

Calculation
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Molarity

Definition

Molarity is the number of moles of solute dissolved in one liter of solution, 

commonly denoted as M (mol/L).

Applications

Used in chemical reactions to quantify reactants and predict yields based on 

balanced equations.

Formula

Calculated as M = moles of solute / liters of solution, requiring accurate 

measurement of solute and total solution volume.



Molality

Definition

Formula

Consistency

Molality measures the moles of solute present per kilogram of 

solvent, denoted as m (mol/kg).

Unlike molarity, molality remains unaffected by temperature and 

pressure changes because it depends on mass rather than volume.

Determined using the equation m = moles of solute / kilograms of 

solvent, requiring precise weight measurement of the solvent.



Normality

Applications

Commonly applied in acid-base 

titrations, redox reactions, and 

precipitation to determine reactant 

amounts.

02 Formula

Expressed as N = equivalents of 

solute / liters of solution, where 

equivalents depend on the 

solute’s valence or reaction 

factor.

03Definition

Normality calculates equivalents 

of solute per liter of solution, 

emphasizing the reactive capacity 

of a substance in a given chemical 

reaction.

01
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Advanced Concentration Units
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Mass Percent

Definition

The mass of solute divided by the total mass of solution, 

expressed as a percentage.



Mass Percent

Definition

The ratio of the number of moles of a component to the total 

number of moles of all components.

Formula

Mass Percent = (mass of solute / mass of solution) × 100%.

Application

Used in industries like food production and chemical 

manufacturing.



Mass Percent

Formula

Mole Fraction = moles of 

component / total moles in solution.

Application

Commonly applied in gas mixtures 

and thermodynamic systems.

Definition

The number of moles of solute per 

kilogram of solvent.



Mass Percent

01

Formula

Molality = moles of solute / kilograms of solvent.

02

Application

Used in scenarios where solution volume may 

change with temperature.



Definition

Represents the volume of a solute as a percentage of the total solution volume; most commonly used for liquid-liquid 

solutions (e.g., ethanol in water).

Calculation

Obtained from [(text{Volume of solute} / text{Volume of solution}) times 100], assuming volumes are additive.

Practical use

Primarily applied in the beverage industry (alcoholic content labeling) and preparing solvents for chemical processes.

Volume Percent



Parts Per Million (ppm) and Parts Per Billion (ppb)

Used to express extremely low concentrations, representing one part solute per million parts solution, 

particularly relevant in environmental sciences (e.g., pollutants in water or air).

ppm overview

Indicates even smaller quantities – one part solute per billion parts solution – essential for detecting trace 

contaminants in food, water, or pharmaceuticals.

ppb distinction

Common in fields requiring high-precision measurements, such as analytical chemistry, safety testing, and 

regulatory compliance.

Application scope

01

02

03
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Serial Dilution

Prepare a sequence of solutions by diluting a stock solution step-by-step using a 

consistent ratio.

Gradual reduction of solution concentration

Calculate dilution factor systematically to ensure precise concentrations across each 

step.

Accurate calculation of factors

Utilize serial dilutions in microbiology, chemistry, and biochemistry to achieve desired 

concentration levels for study.

Application in scientific experiments



Serial Dilution

0
3

Applications of molarity

Employ molarity for quantitative analysis, including 

reaction stoichiometry and preparation of reagents.

0
2

Account for substance purity

Ensure solute purity for accurate molarity calculations in 

chemical solutions.

0
1

Use formula for molarity

Calculate molarity using the formula M = moles of solute/volume of solution 

in liters.



Serial Dilution

Determine concentration needs

Storage for future use

Measurement accuracy

Establish the desired concentration and volume for effective 

preparation.

Use calibrated equipment for precise weighing and volumetric 

measurements.

Prepare stable and concentrated stock solutions for ease of 

storage and subsequent dilution.



1

2

3

Single-Step Dilution Formula

Formula basis
The equation C1V1 = C2V2 is used to calculate the final concentration (C2) or volume (V2) 

when initial values are known.

Flexibility
Allows precise control over target concentrations by adjusting initial concentration (C1) and 

volume (V1).

Simplified scaling
Easily scales up or down the volume needed for solutions in various experiments while 

retaining consistent concentration levels.



Practical Applications of Dilution

Waste managementIndustrial processesLaboratory use

Common in preparing reagents, buffers, 

and culture media at specific 

concentrations for biochemical and 

clinical tests.

Essential for producing consumer 

products like beverages, cleaning 

agents, and pharmaceuticals in 

standardized formulations.

Applied in environmental testing to 

bring contaminant levels within 

detectable or regulatory ranges.
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Reactant Calculation

Adapt to socio-economic development needs: Align 

with cultural, demographic, and economic shifts to 

provide sustainable solutions.

Rational development: Ensure equitable 

distribution of resources and promote accessibility 

across all urban regions.

Mass-based calculations: Derive reactant mass from 

known concentration and volume of solution.

Protect the ecological environment: Incorporate 

green infrastructure and prioritize the preservation 

of natural habitats.

Mole-based calculations: Use molarity and volume 

formulas to determine reactant quantity.

Percentage calculations: Convert percentage 

composition into molar values for accurate 

measurements.



Titration

Equivalence point

Accurate volume measurements

Standard solution

Identify the exact point where reactants react completely, 

typically using indicators to signal this stage (e.g., phenolphthalein 

for acid-base titrations).

Precisely prepare a standard solution of known concentration to 

serve as a reference for measuring unknown concentrations.

Employ burettes and pipettes to ensure precision in volume 

transfer, crucial for reproducibility and accurate results.



Limiting Reagent in Solutions

Reagent identification

Use molar comparisons of reactants to determine which one is present 

in the lowest stoichiometric amount, limiting the reaction.

Excess reagent analysis

Calculate the remaining amount of non-limiting reagent to evaluate 

efficiency and optimize resource utilization.

Yield implications

Recognize how the limiting reagent constrains the theoretical yield of 

the desired product, aiding in accurate predictions of output.
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Temperature

Increased temperature generally enhances solubility of solids in 

liquids, while reducing gas solubility.  

Impact on solubility

Higher temperatures accelerate molecular interactions, influencing 

dissolution rates.  

Reaction kinetics

Elevated temperatures may cause degradation or alter the 

chemical stability of solutions.

Stability concerns

01

02

03



Pressure

Gas solubility

Higher pressure enhances the solubility of gases in 

liquids, as described by Henry's law, which is critical 

in processes like carbonation of beverages.

Equilibrium shifts

Changes in pressure can alter the position of 

equilibrium in systems involving gases, impacting 

solution behaviors in closed systems.



Nature of Solute and Solvent

Polar solvents like water dissolve polar solutes (e.g., salts, sugars) well due to dipole 

interactions, while nonpolar solvents dissolve nonpolar solutes (e.g., oils).

Polarity effects

Larger molecules may dissolve less readily due to more limited interaction with the solvent 

particles, depending on solvent viscosity and properties.

Molecular size

Solutes capable of forming hydrogen bonds with solvents (e.g., alcohols in water) 

demonstrate better solubility and stability in solution.

Hydrogen bonding



09

Case Studies and Practical 

Examples

PART



Pharmaceutical Solutions

Compatibility analysis

Dosage determination

Identify correct storage conditions and additives to preserve the 

stability of the solution.  

Calculate the appropriate concentrations to 

ensure the required therapeutic effects.  

Evaluate the interactions between drug components to prevent 

adverse chemical reactions.

1 2

3

Stability assurance



01 Control substance concentration
Calculate required dilutions to achieve acceptable environmental pollutant levels.  

Sampling accuracy
Apply precise measurements to ensure data reliability for monitoring reports.  

Hazard assessment
Derive concentrations to analyze impacts on local ecosystems and public health.

Environmental Monitoring

02

03



Chemical Laboratories

Dilution techniques

Accurately reduce the concentration of a solution by adding solvent while maintaining 

uniformity.

03
Mixing solutions

Combine solutions of different concentrations to produce a target concentration with 

precise ratios.

02

01
Determine molarity

Calculate the number of moles of solute in a given volume of solution to achieve the desired 

molar concentration.



Thank you


