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Chemistry matter and change chapter 4

© 2021 Oxford University Press. All rights reserved. 1 Chapter 4 Atomic StructurePages 2 Atomic Structure Section 4.1- Studying the atomSection 4.2- The Structure of an Atom Section 4.3- Modern Atomic Theory 3 The Structure of MatterWhat is an atom? All matter is made up of atoms. The atom is the smallest particle
of matter which retains the properties of the matter. What is an element? A substance which cannot be broken down into anything simpler. Elements are made up of 1 type of atom. H, Na, Cl, O 4 The Structure of MatterWhat is a molecule? A molecule is formed when 2 or more atoms are combined. A molecule cannot be
broken down by physical means into its elements. NaCl, H2O 5 The Structure of an Atom Properties of Subatomic ParticlesWhat are three subatomic particles? Protons, electrons, and neutrons are subatomic particles. 6 The Structure of an AtomWhat is an atom? An atom contains a central NUCLEUS which contains the
subatomic particles called PROTONS and NEUTRONS. The nucleus is surrounded by the third subatomic particle called the ELECTRON. 7 The Structure of an AtomWhat is an atom? 8 Properties of Subatomic ParticlesProtons A proton is a positively charged subatomic particle. It is found in the nucleus of every atom.
Each proton is assigned a charge of 1+. Each nucleus must contain at least one proton. 9 Properties of Subatomic ParticlesElectrons An electron is a negatively charged subatomic particle. It is found in the space outside the nucleus. Each electron has a charge of 1. 10 Properties of Subatomic ParticlesNeutrons A
neutron is a neutral subatomic particle. It is found in the nucleus of an atom. It has a mass almost exactly equal to that of a proton. 11 Comparing Subatomic ParticlesHere are some similarities and differences between protons, electrons, and neutrons. Protons and neutrons have almost the same mass. About 2000
electrons equal the mass of one proton. An electron has a charge that is equal in size to, but the opposite of, the charge of a proton. Neutrons have no charge. Protons and neutrons are found in the nucleus. Electrons are found in the space outside the nucleus. 12 Atomic Structure Virtually all of an atoms mass is
contained within the dense nucleus. Every atom is mostly empty space! 13 In space surrounding nucleusAtomic Structure Most atoms have this basic structure of 3 particles: Subatomic Particle Symbol Location Charge Electron e In space surrounding nucleus -1 Proton P Inside the nucleus +1 Neutron N 14 Atomic
Number and Mass NumberHow are atoms of one element different from atoms of other elements? Atoms of different elements have different numbers of protons. 15 Atomic Number Atomic Number The atomic number of an element is the number of protons in an atom of that element. All atoms of any given element have
the same atomic number. Each hydrogen atom has one proton in its nucleus. Hydrogen is assigned the atomic number 1. Each element has a unique atomic number. 16 Atomic # = # Protons Every element is identified by its Atomic # Atomic Number Atomic # = # Protons Every element is identified by its Atomic # 17
Atomic Number and Mass NumberThe number of protons in the nucleus of an atom can vary. The # protons identifies an element. The number of protons of an element is known as the element’s atomic number. 18 Atomic Number and Mass NumberEach element has a different atomic number. A The atomic number of
sulfur (S) is 16. B The atomic number of iron (Fe) is 26. C The atomic number of silver (Ag) is 47. 19 Atomic Number and Mass NumberAtoms are neutral, so each positive charge in an atom is balanced by a negative charge. That means the atomic number of an element also equals the number of electrons in an atom of
that element. Hydrogen has an atomic number of 1, so a hydrogen atom has 1 electron. Sulfur has an atomic number of 16, so a sulfur atom has 16 electrons. 20 Atomic Number and Mass NumberThe mass number of an atom is the sum of the protons and neutrons in the nucleus of that atom. To find the number of
neutrons in an atom, you need the mass number of the atom and its atomic number. The atomic number of aluminum is 13. An atom of aluminum that has a mass number of 27 has 13 protons and 14 neutrons 21 Isotopes Isotopes are atoms of the same element that have different numbers of neutrons and different
mass numbers. To distinguish one isotope from another, the isotopes are referred by their mass numbers. For example, oxygen has 3 isotopes: oxygen-16, oxygen-17, and oxygen-18. All three oxygen isotopes can react with hydrogen to form water or combine with iron to form rust. 22 Isotopes What is the difference
between two isotopes of the same element? Isotopes of an element have the same atomic number but different mass numbers because they have different numbers of neutrons. 23 Isotopes With most elements, it is hard to notice any differences in the physical or chemical properties of their isotopes. Hydrogen is an
exception. Hydrogen-1 has no neutrons. (Almost all hydrogen is hydrogen-1.) Hydrogen-2 has one neutron, and hydrogen-3 has two neutrons. Because a hydrogen-1 atom has only one proton, adding a neutron doubles its mass. 24 Isotopes Water that contains hydrogen-2 atoms in place of hydrogen-1 atoms is called
heavy water. Hydrogen-2 atoms have twice the mass of hydrogen-1 atoms, so the properties of heavy water are different from the properties of ordinary water. 25 In which way do isotopes of an element differ?Assessment Questions In which way do isotopes of an element differ? number of electrons in the atom number
of protons in the atom number of neutrons in the atom net charge of the atom 26 In which way do isotopes of an element differ?Assessment Questions In which way do isotopes of an element differ? number of electrons in the atom number of protons in the atom number of neutrons in the atom net charge of the atom
ANS: C 27 Assessment Questions Of the three subatomic particles that form the atom, the one with the smallest mass is the neutron. True False 28 Assessment Questions Of the three subatomic particles that form the atom, the one with the smallest mass is the neutron. True False ANS: F, electron Thank you for your
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Brown, Angela Brown, Jack Carey, Stacey Cassidy, Robert Catarro, Albert Christine, Shannon Collins, Wendy Corrigan, Michael Cox, Dennis Cozza, Paul Cumberland, John Cutillo, Marc Czekaj, Jeffrey Dale-Miller, Cynthia Daley, Erin Dalton, Audrey Day, Michael DeCecco, Greg DiCarne, Charles DiChiara, Frederick
DiFilippo, Donna Douglass, Debbie Egan, Rachel Ellingson, Karen Eriksson, Eileen Fiedler, Amanda Flack, Julie Forlini, Meghan Francis, Aaron Francis, Janna Freedman, Deborah Friedant, Rena Fries, Abbey Fries, David Goldsman, Eric Goldstein, Susan Goral, John Green, Lauren Hagan, Edward Harper, Heather
Hessler, Lindsay Hoban, Jennifer Hontz, William Hughes, Daniel Jayo, Ignacio Jones, Jennifer Kapusta, Justin Karetny, Elizabeth Kaufman, Michelle Keeny, William Kerwood, Samuel King, Kristen King-Berkovitz, Nancy Koenig, Jennifer Konell, Lindsay Kowal, Amy Leahy, Molly Lewis, Ashley List, Yana Lutz, Megan
MacInnes, Rebecca Marchetti, Gregory Martin, Shannon Mauro, Jordan McCaffery, Dina McCullough, Fran Miller, Bernie Mitchell, Karen Moody, Tia Mooney, Colleen Mulville, Robert Newman, Daniel O'Brien, Nicole O'Brien, Rita O'Connor, Joseph Petry, Amanda Pettigrew, Melissa Pisauro, Kathleen Rhodes, Carolyn
Russell, Keith Sander, Michael Sauvion, Joan Schuh, Alexandra Schwartz, Jennifer Schwoerer, Vanessa Shapiro, Craig Sherin, Bernie Sherman, Emily Slipp, Lisa Smith, Todd Social Studies Stein, Rise Stek, Heather Sudholz, Lisa Teeter, Nicole Tenaglia, Cheri Thackray, Gwen Tocci, Alfred Tomlinson, Jessica
Trageser, Theresa Tyson, Cara U'Selis, Linda Vargas, Ariel Veltre, Paul Walton, Nicholas Weber, Carrie Weinert, Kelli Weisensale, Judy Wirtshafter, Shawn Wisniewski, Brian Yannaccone, Allison Hering, Tara Podsobinski, Chris Adams, Karen Albrecht, Gerald Albrecht, Michelle Fisher, Carolyn Chapter Summaries –
Chemistry Matter and Change Ch 1 – Introduction to Chemistry          1.1 The Stories of Two Chemicals                      Ozone Layer, atmosphere, ozone formation, chlorofluorocarbons, CFC’s          1.2 Chemistry and Matter                      Chemistry Central Science                      matter characteristics, mass and weight,
what you see          1.3 Scientific Methods                      observation, quantitative data, hypothesis, experiments, independent variable, dependent variable, control, conclusion, model, theory, scientific law, 1.4 Scientific Research             pure research, applied research, technology, Ch 2 – Data Analysis          2.1 Units of
Measure SI Units, base units, time ( second  s ), length (meter  m ), mass (kilogram  kg ) Derived Units, volume (cubic  meter  m3 ), density Temperature, kelvin (K), Celsius (C)   °C + 273 = K 2.2 Scientific Notation and Dimensional Analysis Add & subtract similar, multiply & divide similar DimensionalAbnalysis,
conversion factor 2.3 How reliable are measurements? Accuracy and precision, percent error   Significant figures, rounding off numbers – addition & subtraction similar, multiplication and division similar 2.4 Representing Data Circle graph, bar graph, line graph, interpreting graphs Ch 3 – Matter – Properties and Changes
3.1 Properties of Matter substances, physical properties, chemical properties, states of matter, solid, liquid, gas ( vapor ) 3.2 Changes in Matter physical change, chemical change, chemical reaction conservation of mass,  Massreactants  =  Massproducts 3.3 Mixtures of Matter homogeneous, heterogeneous (solution)
separating mixtures – filtration, distillation, crystallization, chromatography 3.4 Elements and Compounds Periodic table, Law of Multiple Proportions Ch 4 – The Structure of the Atom 4.1 Early Theories of Matter    Philosophers - Greek ( fire, earth, air, water, Aristotle, Democritus - atom )             19th Century - John
Dalton ( atom ), Alchemy 4.2 Subatomic Particles and the Nuclear Atom    Electron, proton, neutron, cathode ray tube, Millikan, J.J. Thompson, Rutherford    ( alpha particle, gold foil ) nucleus, Chadwick ( neutron ) 4.3 How Atoms Differ    Atomic number, Moseley             atomic number = # protons = # electrons   
isotopes and mass number, atomic mass unit ( AMU ) 4.4 Unstable Nuclei and Radioacive Decay    Radioactivity, nuclear reactions, radiation    Types of radiation, alpha α ( 2+ ), gamma γ ( no charge ), beta β ( 1- ) Ch 5 – Electrons in Atoms 5.1 Light and Quantized Energy    Wave nature of light, wavelength λ ,
frequency ν , EMR ( electromagnetic radiation), amplitude, crest, trough, electromagnetic spectrum, (speed of light)   с = λ ν     Particle nature of light, quantum  Equantum= h ν    , Planck’s constant  h = 6.625 x 10-34 J , photoelectric effect, photon,  Ephoton = h ν      Atomic emission spectra, 5.2 Quantum Theory and the
Atom    Bohr model of the Atom, energy states of hydrogen, ground state, hydrogen line spectrum,                   ΔE = Ehigher energy level – Elower energy level = Ephoton = h ν    The Quantum Mechanical Model of the Atom, electrons as waves, deBroglie, Heisenberg Uncertainty Principle, Schrodenger, orbital vs orbit,
probability map, principal quantum numbers, principal energy levels (1-7), energy sublevels (s, p, d, f) 5.3 Electron Configurations    Ground state electron configurations, aufbau principle, Pauli Exclusion Principle ( ↑ ↓ ) , Hund’s rule, orbital diagrams and electron configuration notations, Valence electrons, Lewis, electron
dot structure Ch 6 – The Periodic Table & Periodic Law 6.1 Development of the modern Periodic Table history of the Periodic Table’s development, John Newlands, Meyer, Mendeleev, Moseley,          modern Periodic Table, periodic law, period ( row ), group ( column ), transition elements, metal, non-metal, alkali metals
( 1A ), alkaline earth ( 1B ), halogen, noble gas, metalloid 6.2   Classification of the Elements    organizing the elements by Electron Configuration                valence electrons                valence electrons and period                valence electrons and group #    s-, p-, d-, and f-block elements 6.3    Periodic Trends    atomic
radius – periods, groups    ionic  – periods, groups    Ionization energy – periods, groups, octet ruole    Electronegativity – periods, groups Ch 7 - The Elements 7.1   Properties of the s-Block elements          representative elements – diagonal relationships                hydrogen          Group1A: Alkali Metals                lithium,
sodium and potassium, other alkali metals          Group 2A: Alkaline Earth Metals                beryllium, calcium, magnesium, uses of other alkaline earth metals 7.2  Properties of p-Block elements          Group 3A: boron group                boron, aluminum, gallium          Group 4A: carbon group                carbon ( allotropes ),
silicon, lead and tin, mineral, ore          Group 5A: nitrogen group                nitrogen, phosphorus, arsenic, antimony and bismuth          Group 6A: oxygen group                oxygen, sulfur, selenium          Group 7A: Halogens                fluorine, chlorine, bromine and Iodine, Priestley          Group 8A:  Noble Gases               
helium, neon, argon and krypton 7.3  Properties of the d-Block and f-Block elements          transition metals                formation of ions (usually 2+ ), magnetism and metals, sources, uses          inner transition metals                Lanthanide series, Actinide series, metallurgy, ferromagnetism Ch 8  Ionic Compounds 8.1
Forming chemical bonds    formation of positive ions, negative ions, electron dot structure, pseudo-noble gas configurations, cation    formation of negative ions, anion 8.2 Formation and Nature of Ionic Bonds    form the bond, properties of compounds, formulas (determine charge), name ions & ionic compounds         
Properties of ionic compounds, electrolyte, lattice energy 8.3 Names and Formulas for Ionic Compounds,    metallic bonds, metal alloys, formula unit, monatomic ion, oxidation number, polyatomic ion, oxyanions 8.4 Metallic Bonds and Properties of Metals    Electron sea model, delocalized electrons, metallic bond, alloy,
malleable, ductile Ch 9 – Covalent Bonding 9.1  The Covalent Bond ( sharing )          why the bond, covalent ( single, double and triple bonds ), Lewis structures, bond strength, molecule, sigma bond, pi bond π , exothermic, endothermic 9.2  Naming Molecules          binary, common names, acids, binary acids, oxyacids,
writing formulas from names 9.3  Molecular Structures          structural formulas, resonance structures, coordinate covalent bond          exceptions to the octet rule  H   Be   B 9.4  Molecular Shape          VSEPR Model, hybridization 9.5  Electronegativity and Polarity          bond character, polar covalent bonds, properties of
covalent compounds, covalent network solids, electronegativity difference   δ+   δ-   ,non-polar Ch 10 – Chemical Reactions 10.1  Reactions and Equations evidence of chemical reactions representing chemical reactions Reactants, products, word equations, skeleton equations, chemical equations balancing ehemical
equations    coefficients, steps for balancing 10.2  Classifying Chemical Reactions synthesis reactions, combustion reactions, decomposition reactions, replacement reactions (single, double) 10.3  Reactions in Aqueous Solutions solutes, solvent, aqueous solution, complete ionic equation, net ionic equation, spectator
ions, aqueous solutions precipitation ( mostly double replacement ), form water ( acid base ), form gases Ch 11 – The Mole 11.1  Measuring Matter counting particles, Avogadro’s Number  6.02 x 1023 , mole, moles particles 11.2  Mass and the Mole mass of a mole, molar mass, mass mole 11.3 Moles of Compounds
chem formulas & mole, molar mass of compounds, mole mass of compound mass particles (molecules) of compound 11.4 Empirical and Molecular Formulas Percent composition of compound, empirical formula, determining molecular formula            11.5 Formula of a Hydrate Naming hydrates   Na2CO3 · 10 H2O  is a
decahydrate (10 waters per molecule)  Empirical formula, molecular formula     Molecular formula = (empirical formula subscripts) n Ch 12 – Stoichiometry [REQUIRES BALANCED EQUATIONS] 12.1 What is Stoichiometry    Mass-mole relationships in chemical reactions, balanced equations, mole ratio (coefficients of
substances in balanced equation) 12.2 Stoichiometric Calculations mole mole conversions mole mass conversions mass mass conversions 12.3 Limiting Reactants    Limiting reactant, excess reactant 12.4 Percent Yield Theoretical yield (calculated yield), actual yield (what you get in an experiement) Ch 13 – States of
Matter 13.1 Gases Kinetic-molecular theory, particle size, elastic collision, temperature, diffusion, Graham’s Law of Effusion (smaller molecules of gas diffuse faster)       pressure, barometer, pascal ( Pa, kPa ), atmosphere ( atm ), torr = mmHg, Dalton’s Law of Partial Pressures             Ptotal  =  P1  +  P2  +  P3  +  . . .
particle energy (kinetic energy KE)                  KE = ½ mν2     Density of gas is low, can be compressed,    Gas pressure, barometer, 13.2 Forces of Attraction Intermolecular forces (between molecules), dispersion forces (temporary dipoles, very weak), dipole-dipole forces, hydrogen bonding (strongest type of dipole-
dipole) 13.3 Liquids and Solids Liquids, density and compression, fluidity, viscosity (how affected by temp), surface tension, surfactant, capillary action Solids, density, crystalline solid, unit cell, molecular solid, covalent network solids, ionic solids, metallic solids, amorphous solids 13.4 Phase Changes [ENERGY
REQUIRED] Melting point, vaporization, evaporation, vapor pressure, boiling point, sublimation, condensation, deposition, freezing, phase diagram, triple point Ch 14 – Gases 14.1 The Gas Laws Kinetic theory Boyle’s Law       P1 V1  =  P2 V2    (inversely proportional) Charles’s Law    Gay-Lussac’s Law   14.2 The
Combined Gas Law and Avogadro’s Principle combined gas law   molar volume means – 1mole of any gas at STP = 22.4 L 14.3 The Ideal Gas Law PV = nRT       the constant R depends on units of measure used for variables Real vs ideal gases Modify the ideal gas law to find density (D) or molar mass of the gas (M)
      where M = molar mass  (g/mole), and   m  =  mass          where D  =  density (g/mL), and M  =  molar mass (g/mole) 14.3 Gas Stoichiometry Calculations with only volume => mole ratios (coefficients) are also volume ratios Calculations with volume and mass require conversions Ch 15 – Solutions 15.1 What are
solutions? Soluble ( aqueous solutions ), insoluble (precipitate is formed), immiscible, miscible, solvation, rate of solvation, heat of solution, solubility, saturated, unsaturated, supersaturated Factors affecting solubility, temperature, pressure, Henry’s Law           where S = solubility of gas in liquid 15.2 Solution
Concentration Concentrations include:     x  100          M1 V1  =  M2 V2        Preparing molar solutions, volumetric flasks 15.3 Colligative Properties of Solutions Vapor pressure lowering, boiling point elevation ( ) freezing point depression  ( ) osmosis, osmotic pressure Non-electrolytes 15.4 Heterogeneous Mixtures
Suspension, colloid, Brownian motion, Tyndall effect Ch 16 – Energy and Chemical Change 16.1 Energy    Law of conservation of energy, chemical potential energy, heat, calorie (cal), joul (J), specific heat, kinetic energy (4.184 J/g°C  where C is the temperature change), evolved heat, absorbed heat, 16.2 Heat in
Chemical Reactions and Processes    Calorimeter, thermochemistry, system, surroundings, universe,                     Universe = system + surroundings enthalpy, enthalpy (heat) of reaction ( ΔHreaction ) ,             ΔHreaction  =  Hfinal  - Hinitial  =  Hproducts  -  Hreactants             Hproducts  >  Hreactants   reaction is
exothermic             Hproducts    1  means more products than reactants at equilibrium                      (products are favored)    if  Keq 
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