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F(formal charge) = number valence electrons — (bonds from atom -+ nonbonded electrons)
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Molecular shapes predicted by VSEPR theory

Note that one electron pair in the present context may denote a double or triple bond.

Number of electronic geometry Number of  molecular geometry
electron pairs (domains) unshared pairs

2 linear 0 linear

3 triangular planar 0 triangular planar
1 bent

4 tetrahedral 0 tetrahedral
1 triangular pyramid
2 bent

5 triangular bipyramidal 0 triangular bipyramidal
1 see-saw
2 T-shaped
3 linear

6 octahedral 0 octahedral
1 square pyramidal
2 square planar
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1. (16 pts) Provide the mass number, the atomic number and the electronic configuration

of the following atoms or ions
14
()N 1s%25%2p2
<b>,f5i [ne]3s® 3P
(cﬁe“ EArJ 205
(diz’ [Kr]5s* ad
2. (13 pts) Periodicity. Consider the elements: K, Cs, V, Co, Br

(a) Arrange the elements from highest to lowest covalent radius.

Ce> K>V >GC >Br

(b) Arrange the elements from highest to lowest first ionization energy.

Br >Co >V >K>Cs

(c) Attach the names: metal, semi-metal, transition metal, halogen, noble (or inert)

gas, alkali metal, alkaline earth to the selected elements.
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3. (16 pts) Define these terms:

(a) diamagnetic

no vnpgired elecfrons

(b) sigma bond
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(c) antibonding molecular orbital
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(d) electron negativity
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4. (8 pts) What is the frequency of the photon that photo-ionizes the last remaining

electron from the 1s orbital of U®'*? In what portion of the electromagnetic spectrum

does one find this wavelength. h = 6.6 x 1073* J - 5, ¢ = 3 x 10® m/s.
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5. (12 pts) Draw the Lewis structures of NO, and NO3 . Include resonance structures if
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6. (9 pts) Complete the table using VSEPR and hybridization theory,
molecule || number of electron domains | molecular geometry | hybridization
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7. (16 pts) Suppose that the second row diatomics have molecular orbitals whose energies
increase as

* * * *
025 < Oy < O2p < Mapg, Mopy < Toper Topy < Tgp
For the following molecules,

N, O0; NO- Fr ¥
b 2 LS 5 o 3

arrange in order corresponding to

(a) increasing bond order (smallest to largest)
L——

- - —
F, <0, < NO™ < N2, &

(b) increasing bond length

— — = 2
No,C < NOT<0: <R (no b"b*\d“w)

(c) diamagnetic to paramagnetic
2 -— 2—’- —
R, N, & < mo; < NO

(d) increasing number of anti-bonding electrons

N2, G K NOT< O <R




8. (10 pts) Describe the hybridization of the carbon atoms in allene, H,C = C = CH,,
and make a rough sketch of the molecule using its hybrid orbitals. Note: the three

carbons are linear.

T bengls
ouﬁl‘o-F plant, not shown

T ¥ Ty bonds owe 1.

9. (16 pts) Ethane is oxidized according to

CyHa(g) +90 9) ~COs(g) }Hz
(a) Balance the chemical equation above

(b) Two moles of ethane (the C; compound) are burned in an excess of oxygen. How

many moles of CO, are formed?
(c) For the same starting materials as in part (b), how many grams of water form?

(d) If the oxidization is performed using 96 g of molecular oxygen, then how many

grams of water form?
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10. (10 pts) Citric acid (M,, = 192 g) is a tri-protic acid (three titratable protons), which

reacts with sodium hydroxide to form tri-sodium citrate
H;Cit JNaOH —jﬂzo + NasCit

Balance this reaction. How rhany mL of 0.10 M NaOH would be used in a titration

of 50 mL of 0.30 M citric acid (this is the acid concentration in lemons).
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11. (12 pts) Complete, balance and write a net jonic equation for the following reactions,

2 KI(aq) + Pb(NOs)y(aq) ~2K NOs(aq) + PbIy(s)
Pb*"tag) +2T7(o8) —> PbL.T, (s)

2 HCl(aq) + Zn(s) — Ha(g) + ZnCly(aq) |
2HT (ag) + 2n(S) —> Ha(g) -r-%nzfc‘w)

2 CsOH(aq) + HySO4(ag) = --- 2H O + 15@4
?—H—’h"‘“ 20H" — ZH‘LO




12. (12 pts) Oxidation reduction.

(a) Determine the oxidation numbers \for—phosphorus and iron in the compound

Fes(POy)s. Fe (>

PGB+

(b) Write the reaction below as two reactions: an oxidation and a reduction. In those

two reactions, indicate the oxidation states of the reactant and products.

Mn(s) + Pb(NOs)s(aq) = Mn(NOs)z(aq) + Pb(s)
Mn () —=>mMn*"(ag) + 2= ©xd

Ph lag) +20° —= Pb(s  redvchion

(c) Based on the activity series what is the outcome of the following reactions, if any:

Mg(s) + FeCly(aq) — Mgdl #F:E,.
Pb(NOs)2(aq) + Zn(s) — 2"\(’\)03)7, + -Pb

(1)
........................... ACtiVIEY SETIES..icviuriiiiiieiiieiecie e
Mg(s) — Mg** (aq)+ 2 easiest to oxidize
Zn(s) — Zn**(aq) +2¢e”
Fe(s) — Fe**(aq)+2e”
Pb(s) — Pb**(aq)+ 2e”
(2)

[2.




