First-Year SL & HL Chemistry
6. Bonding I: lonic, Covalent and Metallic

Read: Zumdahl’ Chapter 8: Sections 1-7, 9-11, 12 (pp. 383-385, Forma charge NOT required), 13;
Chapter 9: Section 1, 5; Chapter 10: Section 4 (pp. 465-466).

Presumed knowledge (from GCSE)

lonic and covaent bond, ionic compound, covaent compound, structure,
maeshility, ductility, dectrica and therma conductivity

Conceptsto be mastered:

To master a concept, you must be able to do three things:

1. define the concept

2. explain the concept, and

3. givean example of the concept.
|lattice entha py (energy), Born-haber cycle, enthapy of aomization, dectron affinity [only HL ]
Lewis gtructure, centra atom, outer atom, eectron configuration of the centra atom
bonding pair, lone pair, octet rue
vaence bond theory, bonding region, expanded octet, electron deficient [only HL ]
bond, bond entha py, single bond, double bond, triple bond
sbond, p bond, head-head overlap, sde-side overlap [only HL]
resonance, locdization of eectrons, delocaization of eectrons[only HL ]

Vaence Shdl Electron Par Repulsion Theory, bond angle, molecular geometry, molecular shape,
lineer, trigond planar, tetrahedrd, trigona pyramida

trigond bipyramidal, seesaw, t-shaped, octahedral, square pyramidal, square planar [only HL ]
trigona bipyramida, octahedra [only HL]
hybridization, hybrid atomic orbita, sp hybrid, so* hybrid, sp° hybrid, dsp® or sp®d hybrid, d’sp® or
sp°d? hybrid [only HL]
polarization, polarity, molecular dipole, polar, nonpolar, bond dipole, €ectronegativity, bond
strength, bond length
polarizing power, polarizability, dipole moment, ionic character, covaent character [only HL ]
metallic bond

Skillsto be mastered:

To master askill, you must be able to

1. recognize when the kill is needed,

2. recognize what informetion is needed to execute the sKill,
3. executethe skill, and

4. assesswhether the skill has been executed correctly.

Zumdd’i2 Further
problem problems

Describe the nature of ionic, covaent and metdlic bonds

Predict which ions will be formed when metalsin group 1, 2 and 3 of 1
the periodic table lose dectrons
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Predict the ions which will be formed when dementsin groyps 6 and 2
7 gain dectrons (restrict to O, S, F, Cl, Brand 1)

Predict the effect of the relative Szes and charges of ions on the 8.45, 46

relative lattice entha pies of different ionic compounds [only HL ]

Construct a Born-Haber cycle and determine lattice enthapy or 8.41-42, 7,8
enthapy of formation [only HL ] 44,

Explain the difference between experimental and theoretical lattice 8.39-40 9, 10, 17
enthapy vaues [only HL ]

Given the formula for amolecule or polyatomic ion containing only 9.21-22

one central atom:

" determine the Lewis structure 8.61-68 13
determine arrangement of e ectron pairs around the central 14
atom
determine the shape about the central atom 8.79-84 14
determine the bond angle(s) 8.77-78 21
draw the structure in proper 3 dimensiona perspective(s)
determine the polarity of bond based on dectronegativity 8.23-28
vaues
determine polarity of molecules based on bond polarity and 8.85-90, 15, 16
molecular shape 93,94
predict hybridization in the central atom [only HL] 9.15-20, 20

23-27
determine if resonance structures can be drawn [only HL | 8.69, 18
determine the number of s or p bonds present [only HL ] 9.25-27 22

Describe single, double, and triple bonds

Describe the relationship between the number of bonds (sngle, 8.70-72 19
double, or triple) and bond length and strength

Determine relative dectronegativity of atoms from pogtion in the 8.21-22
periodic table

Describe compounds as stable or unstable with respect to specified 8.43, 99 11
substances, using the enthalpy of reaction or of formation [only HL ]

Problems:

Further Problems

1. Wiritethe symbol and charge for the ion most likely to be formed from each of the following (&)
lithium, (b) barium, (c) magnesium, (d) duminum, (€) potassum

2. Answer problem 1 for the following dements: (a) sulfur, (b) chlorine, (c) nitrogen, (d) iodine, (€)
oxygen

3. Write the formulas and give the names of the binary compounds formed from each of the
following pairs of dements: (a) Li, Br; (b) Mg, Se; (¢) CI, S; (d) Al, S; (e) P, Ca.

4. Write the formulas of the compound formed from the following ions: (a) NH4+, SO42_ , (b) AI3+,
COs~
5. Namethefallowing usng IUPAC rules

(@) CaCOsg, (b) NHsHCO3, () NagPO4, (d) KHSOy4, (€) Mg(NOs)2, (f) Ba(OH)
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6. Write chemica formulas for the following compound: (a) duminum nitrate, (b) ammonium
dihydrogenphosphate, (¢) magnesum hydroxide, (d) hydroiodic acid

7. Construct a Born-Haber cycle for the formation of KBr(s) from K(s) and Brx(l). Indicate which
steps are endothermic and which are exothermic.

8. Given thefollowing data, cdculate the lattice enthapy of CaCl in kJ per mole. Energy needed to
vaporize Ca(s) = 192 k¥moal; firdt ionization energy of Ca=589.5 kJmol; second ionization
energy of Ca= 1146 kImol; eectron affinity of Cl = - 348 kImol; bond enthapy of Ch = 238
kJmol of CI-Cl bonds; energy change for the reaction, Ca) + Cl ) ® CaCly(s) - 795 kImol of
CaCl, formed.

9. Using thetable of lattice enthalpies in the data booklet, account for the difference between the
members of the following pairs of compounds: (8) NaF, NaCl; (b) LiBr, CsBr; (c) S'Ch, &S

10. Answer this question by looking at the lattice enthapies in the data booklet. Which types of
compounds show the greatest discrepancies between experimenta and theoretical vaues of lattice
enthalpy? What might be a possible explanation for large differences?

11. In generd, what conditions cause two atoms to combine to form abond that is mainly covaent?

12. Use adot dendty (charge cloud) diagram to represent the electron density of a chlorine molecule.

13. Draw dectron dot (Lewis) structures for each of the following:
() NFs, (b) FNNF, () H2NOH, (d) NO', (€) PHy", (f) CsHs, (9) SIFa, () N2, (i) POs™, (i) CaHe,
(k) CH2Cly, (I) COg, (M) CzHa (n) PCh, (0) H2S, (p) SCl, (g) CIO ", (r)SeFs, (s) ICh, (t) BCh, (u)
ICly

14. For each of the following, indicate the arrangement of the e ectrons and the shape of the molecule:
(8) NCls, (b) HzS, (c) PCls, (d) H.C=0

15. Which of the following molecules are polar? Show the direction of the net dipole moment for each
polar molecule. (8) HzS, (b) CS,, (c) CHCL;, (d) CLO, (e) PCls, (€) AlCls, (f) PHs.

16. Explain why (b) CH,Cl, is polar but CCl, isnot.

17. Use dectronegtivity vaues to characterize the bonds in each of the following as mainly ionic,
polar covaent, or non-polar covaent: () AICk, (b) MgO, (c) NFs, (d) CasP», (e) NHs, (f) BCl,
(9) F2, (h) NaH.

18. Draw resonance structures for (@) NO, and (b) N3

19. Which bond in the compounds in problem 4 would be expected to have the largest bond enthalpy?
Explan.

20. What pure atomic orbitals are combined to form S|o2 hybrid orbitals? How can the geometric
arrangement of the hybrid orbitals be explained?

21. What angles exist between the orbitls in the following hybrids: (@) s°, (b) sp” () sp, (d) sp°d”
22. How many s and p bonds are there in the following?

H- C°C- CH=CH%: C- O- CH3
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