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Description


Chapter 9: The Periodic Table & Atomic Properties Periodic Law Proposed by Mendeleev and Meyer (1869-working independently) When elements are arranged in order of increasing atomic mass, certain sets of properties recur periodically Meyer’s plot of Atomic Volume



Mendeleev’s Periodic Table



1 General Chemistry: Principles and Modern Applications, Petrucci, Harwood, Herring, Madura, 9th edition, 2007, Pearson Prentice Hall, p. 340,1



Chapter 9: The Periodic Table & Atomic Properties Periodic Law Mendeleev’s Periodic Table (1871) • • •



Tabulated the elements in groups according to their similarities Organized the elements in order of atomic masses Left blanks for newly discovered elements – –



• •



Gallium (1875) Scandium (1879)



Limitations because he used the atomic masses of the elements Did not leave spaces for noble gases (Ar not discovered until 1894)



2



Chapter 9: The Periodic Table & Atomic Properties Periodic Law Mendeleev’s Periodic Table (1871)



Periodic Law - Similar properties recur periodically when elements are arranged according to increasing atomic number 3 Chemistry A Molecular Approach, Tro, 1st edition, 2008, Pearson Prentice Hall, p.321



Chapter 9: The Periodic Table & Atomic Properties Periodic Law Atomic number and Periodic Law H.G.J. Moseley (1913) • Recorded X-ray spectra for elements • Calculated their atomic number, Z, from the spectra • Assigned every atomic number from Z=13-79



Periodic Law - Similar properties recur periodically when elements are arranged according to increasing atomic number
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Chapter 9: The Periodic Table & Atomic Properties Alkali Metals



The Modern Periodic Table Noble Gases



Alkaline Earths



Halogens



Main Group



Transition Metals



Main Group



Lanthanides and Actinides



General Chemistry: Principles and Modern Applications, Petrucci, Harwood, 5 Herring, Madura, 9th edition, 2007, Pearson Prentice Hall.



Chapter 9: The Periodic Table & Atomic Properties Electron Configurations and the Periodic Table The organization of the Periodic Table is based on electron configurations



Also see Appendix D (Page A-17) for a listing of all electron configurations 6 General Chemistry: Principles and Modern Applications, Petrucci, Harwood, Herring, Madura, 9th edition, 2007, Pearson Prentice Hall, p. 322



Chapter 9: The Periodic Table & Atomic Properties



Metals, Nonmetals and Ions Noble Gases •



•



Maximum number of electrons permitted in the valence shell – 1s2 for He and ns2np6 for the other members Highly stable atoms



Main-Group Metal Ions •



•



Valence-shell electron configurations of main-group metal atoms – Group 1 - ns1 – Group 2 - ns2 Easily form stable ions with the same electron configuration as the preceding noble gas – K ([Ar]4s1) → K+ ([Ar]) + e– Ca ([Ar]4s2) → Ca2+ ([Ar]) + 2e– Also works for Aluminum, the only metal in group •



Al ([Ne]3s23p1 ) → Al3+ ([Ne]) + 3e-
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Chapter 9: The Periodic Table & Atomic Properties



Metals, Nonmetals and Ions Main-Group Nonmetal Ions •



•



Valence-shell electron configurations of main-group non metal atoms – Group 15 - ns2np3 – Group 16 - ns2np4 – Group 17 - ns2np5 Easily form stable ions with the same electron configuration as the next noble gas – Cl ([Ne] 3s23p5) + e- → Cl- ([Ar]) – S ([Ne] 3s23p4) + 2e- → S2- ([Ar]) – N ([He] 2s22p3) + 3e- → N3- ([Ne]) 8



Chapter 9: The Periodic Table & Atomic Properties



Metals, Nonmetals and Ions Transition Metal Ions •



•



•



Valence-shell electron configurations of transition-metal atoms – ns orbital is of lower energy than (n-1) d, but they are very close in energy – Group 2 - ns2 When ions of transition metals form, often the ns electrons are lost first (even though these electrons are higher in energy than the d electrons). This also accounts for formation of more than one possible ion – Ti ([Ar]4s23d2) → Ti2+ ([Ar] 3d2) + 2e- AND Ti4+ ([Ar]) + 4eThe ions formed do not necessarily have the preceding noble gas configurations – Fe ([Ar]4s23d6) → Fe2+ ([Ar]3d6) + 2e- OR Fe3+ ([Ar]3d5) +9 3e-



Chapter 9: The Periodic Table & Atomic Properties



Practice Example Write the electron configuration for each atom and the ion it will likely form: Ca CLICKER QUESTION



I Sn (2 different ions can form)
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Chapter 9: The Periodic Table & Atomic Properties



Sizes of Atoms and Ions Atomic Radius • Difficult to define atomic radius since the probability of finding an electron does not fall to zero • Instead we use the distance between nuclei of adjacent atoms – –



– –



Covalent radius – ½ distance between the nuclei of covalently-bonded atoms Ionic radius – based on distance between nuclei in ionic compounds Metallic radius – ½ distance between nuclei in a crystalline solid metal van der Waals radius – used for noble gases; much debate about this so noble gases are not considered in trends of atomic radii
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General Chemistry: Principles and Modern Applications, Petrucci, Harwood, Herring, Madura, 9th edition, 2007, Pearson Prentice Hall, p. 347



Chapter 9: The Periodic Table & Atomic Properties



Sizes of Atoms and Ions - Atomic Radius



12 Chemistry A Molecular Approach, Tro, 1st edition, 2008, Pearson Prentice Hall, p. 335



Chapter 9: The Periodic Table & Atomic Properties



Sizes of Atoms and Ions - Atomic Radius



13 Chemistry A Molecular Approach, Tro, 1st edition, 2008, Pearson Prentice Hall, p. 335



Chapter 9: The Periodic Table & Atomic Properties



Sizes of Atoms and Ions Trends in atomic radii • Atomic radii within a group – –



•



Radii increase down a group The more electronic shells in an atom, the larger the atom



Transition elements and atomic radii – –



Radii are about the same for transition metals in the same period Most have the same number of electrons in their valence shell, while the added d electrons are closer to the nucleus
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Chapter 9: The Periodic Table & Atomic Properties



Sizes of Atoms and Ions • Atomic radii within a period – –



Radii decrease across a period of main group elements Zeff increases across a period because added electrons are in the same shell



15 Chemistry A Molecular Approach, Tro, 1st edition, 2008, Pearson Prentice Hall, p. 336



Chapter 9: The Periodic Table & Atomic Properties



Sizes of Atoms and Ions Ionic Radius • Cations are smaller than the atoms from which they are formed –



– –



When cations form, the nuclear charge is greater than the negative charge of the electrons The nucleus draws the electrons closer The more positive the ionic charge, the smaller the ionic radius (for isoelectronic cations) • •



eg. Na+ and Mg2+ both have [Ne] electron configuration Mg2+ will be smaller because the nuclear charge is greater
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General Chemistry: Principles and Modern Applications, Petrucci, Harwood, Herring, Madura, 9th edition, 2007, Pearson Prentice Hall, p. 351



Chapter 9: The Periodic Table & Atomic Properties



Sizes of Atoms and Ions Ionic Radius



•



Anions are larger than the atoms from which they are formed – – –



When anions form, the nuclear charge is less than the negative charge of the electrons The nucleus does not hold the electrons closely The more negative the ionic charge, the larger the ionic radius (for isoelectronic cations) 17



General Chemistry: Principles and Modern Applications, Petrucci, Harwood, Herring, Madura, 9th edition, 2007, Pearson Prentice Hall, p. 351
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Sizes of Atoms and Ions - Ionic and Atomic Radii



18 General Chemistry: Principles and Modern Applications, Petrucci, Harwood, Herring, Madura, 9th edition, 2007, Pearson Prentice Hall, p. 352



Chapter 9: The Periodic Table & Atomic Properties



Practice Examples Choose the smallest of the following atoms: Te, In, Sr, Po, Sb



Arrange the following in the order of increasing size: Br, Li+, Se, I-



CLICKER QUESTION
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Chapter 9: The Periodic Table & Atomic Properties



Ionization Energy The quantity of energy an atom must absorb to expel an electron. The most loosely held electron is expelled • •



First Ionization Energy, I1- ionization to remove 1st electron Second Ionization Energy, I2- ionization to remove 2nd electron Mg(g) → Mg+(g) + eI1 = 738 kJ Mg+(g) → Mg2+(g) + eI2 = 1451 kJ



•



Ionization energies decrease as atomic radii increase – – –



Electrons farther from the nucleus are easier to remove Down a group, ionization energies decrease Across a period ionization energies increase (but this depends on which electrons are lost) 20



Chapter 9: The Periodic Table & Atomic Properties



Ionization Energy



21 Chemistry A Molecular Approach, Tro, 1st edition, 2008, Pearson Prentice Hall, p. 335



Chapter 9: The Periodic Table & Atomic Properties



Ionization Energy



• I2 (Mg) vs. I3 (Mg) – once noble gas configuration is achieved, IE increases dramatically •I1 (Mg) vs. I1 (Al)- Al loses a p electron first • I1 (P) vs. I1 (S) – 3p4 electron easier to lose than 3p3 electron
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General Chemistry: Principles and Modern Applications, Petrucci, Harwood, Herring, Madura, 9th edition, 2007, Pearson Prentice Hall, p. 354
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Electron Affinity A measure of the energy change that occurs when a gaseous atom gains an electron • Electron affinities are negative for exothermic processes and indicates how readily an electron is added to an atom • Examples –



–



Fluorine F(g) + e- → F-(g) EA = -328 kJ F(1s22s22p5) + e- → F-(1s22s22p6) Lithium Li(g) + e- → Li-(g)



EA = -59.6 kJ 23



Chapter 9: The Periodic Table & Atomic Properties



Electron Affinity Trends •



Electron affinities have larger negative values across a period (atoms become more non-metallic in character)  more exothermic from left-to-right - noble gases are the exceptions



•



Electron affinities have larger negative values for lower values of n (smaller atoms)  numerous exceptions 24



Chapter 9: The Periodic Table & Atomic Properties



Electron Affinity



25 General Chemistry: Principles and Modern Applications, Petrucci, Harwood, Herring, Madura, 9th edition, 2007, Pearson Prentice Hall, p. 357
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Electron Affinity •



Second EAs are usually positive in value because of the repulsions between the negative ion and the electron – –



•



O(g) + e- → O-(g) O-(g) + e- → O2-(g)



EA = -141 kJ EA = +744 kJ



When considering the energy to make anions, the accompanying processes must be considered



26



Chapter 9: The Periodic Table & Atomic Properties



Practice Examples • Arrange the following atoms in order of increasing first ionization energy: Cl, K, Mg, S CLICKER QUESTION



•



Choose the atom with the least negative (smallest) electron affinity: As, Cl, Na, P
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Chapter 9: The Periodic Table & Atomic Properties



Practice Examples • Use ionization energies and electron affinities to determine whether the following reaction is endothermic or exothermic and calculate DH: 2Na (g) + O (g)  2Na+ (g) + O2- (g)
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Chapter 9: The Periodic Table & Atomic Properties



Magnetic Properties • Recall that a spinning electron induces a magnetic field • Diamagnetic – –



•



all electrons are paired individual magnetic effects cancel out.



Paramagnetic – – – –



unpaired electrons exist individual magnetic effects do not cancel out atom or ion is attracted to an external magnetic field the more unpaired electrons, the stronger the attraction to an external magnetic field
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Chapter 9: The Periodic Table & Atomic Properties



Magnetic Properties



30 General Chemistry: Principles and Modern Applications, Petrucci, Harwood, Herring, Madura, 9th edition, 2007, Pearson Prentice Hall, p. 358



Chapter 9: The Periodic Table & Atomic Properties



Practice Example Identify each of the following as paramagnetic or diamagnetic and give the number of unpaired electrons for each. Ge Li+ Cl Cr3+ Ne Br-
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Chapter 9: The Periodic Table & Atomic Properties



Periodic Properties Atomic Properties



32 General Chemistry: Principles and Modern Applications, Petrucci, Harwood, Herring, Madura, 9th edition, 2007, Pearson Prentice Hall, p. 359



Chapter 9: The Periodic Table & Atomic Properties



Practice Example Match each of the following species with the sketch: Sr, Cl, Br-, Na+



33 General Chemistry: Principles and Modern Applications, Petrucci, Harwood, Herring, Madura, 9th edition, 2007, Pearson Prentice Hall, p. 368



Chapter 9: The Periodic Table & Atomic Properties



Periodic Properties Physical Properties • The value of a property often changes uniformly from the top to the bottom of a group of elements in the periodic table



34 Chemistry A Molecular Approach, Tro, 1st edition, 2008, Pearson Prentice Hall, p. 353



Chapter 9: The Periodic Table & Atomic Properties



Periodic Properties –



Few properties vary regularly across a period – –



metallic properties do melting point does not because intermolecular forces vary



35 General Chemistry: Principles and Modern Applications, Petrucci, Harwood, Herring, Madura, 9th edition, 2007, Pearson Prentice Hall, p. 361
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Periodic Properties - Trends for the Alkali Metals (Grp 1A)



36 Chemistry A Molecular Approach, Tro, 1st edition, 2008, Pearson Prentice Hall, p. 353
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Periodic Properties - Trends for the Noble Gases (Group 8A)



37 Chemistry A Molecular Aprroach, Tro, 1st edition, 2008, Pearson Prentice Hall, p. 355
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Periodic Properties - Reducing abilities • •



Recall that a reducing agent loses electrons Lower ionization energies should correspond to better reducing agents (this is a bit of an over simplification) 2 K(s) + 2 H2O(l) → 2 K+ + 2 OH- + H2(g) I1 = 419 kJ I1 = 590 kJ I2 = 1145 kJ Ca(s) + 2 H2O(l) → Ca2+ + 2 OH- + H2(g) 38



General Chemistry: Principles and Modern Applications, Petrucci, Harwood, Herring, Madura, 9th edition, 2007, Pearson Prentice Hall, p. 361
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Periodic Properties - Oxidizing abilities • •



Recall that an oxidizing agent gains electrons Higher electron affinities should correspond to better oxidizing agents 2 Na + Cl2 → 2 NaCl



Cl2 + 2 I- → 2 Cl- + I2



39 General Chemistry: Principles and Modern Applications, Petrucci, Harwood, Herring, Madura, 9th edition, 2007, Pearson Prentice Hall, p. 362
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Periodic Properties Atomic Properties - Acid-Base properties of oxides •



Basic oxides or base anhydrides: – – –



•



Li2O(s) + H2O(l) → 2 Li+(aq) + 2 OH-(aq) Metal oxides are basic Na2O and MgO yield basic solutions Down a group, the oxides become more basic



Acidic oxides or acid anhyhydrides: – –



•



SO2 (g) + H2O(l) → H2SO3(aq) Non-metal oxides react with water to produce an acidic solution Cl2O, SO2 and P4O10 yield acidic solutions



Amphoteric oxides can form acidic or basic oxides –



Al2O3 (s) + 6HCl (aq) → 2 AlCl3 (aq) + 3 H2O (l)



(basic)



–



Al2O3 (s) + 2NaOH (aq) 3 H2O (l) → 2 Na[Al(OH)4] (aq)



(acidic) 40
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