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Problem: 7e 2.49, 8e 2.37

49. The iron oxide Fe;O; reacts with carbon monoxide (CO) to
¢ Limiting reagent recipe give iron and carbon dioxide:

Lecture 3 CH131 Summer 1
Tuesday, May 26, 2020

Begin ch3: Chemical bonding: The classical description Fe0s 3 C0— 2Fe 43 €O,

« lonization energy: X (g) - X*(g) + e—, electron cloud shell structure The reaction of 433.2 g Fe,0; with excess CO yields
e _ 254.3 g iron. Calculate the theoretical yield of iron (assum-
* Electron afﬂnlty: X (g) i X(g) +e— ing complete reaction) and its percentage yield.

Next lecture: Electronegativity: EN ~ IE; + EA; Dipole moment and
ionic character: ~ AEN; Complete ch3: Lewis diagrams, shapes,
resonance, and polarity of molecules; begin ch9.1—9.6. The gaseous

state
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General limiting reagent recipe IE, EA, and EN

PERIODIC TABLE OF THE ELEMENTS.

2A+3B—-C+2D,7.00 mol of Aand 10.00 mol of B react with 52% yield.
How much A, B, C, and D at the end of the reaction?
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First ionization energy, IE; eV/atom and kJ/mol

J 1 eV is the energy of 1 electron charge in a potential of 1 V=1]/C

1 e” =1.6022 x 1079

e i 1eV=1.6022x10"1°Cx 1]/C=1.6022 x 10717 ]
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[1F] Ionization energy can be expressed as kj/mol and as eV/atom. The first
eV/atom and kd/mol ionization energy of Na atoow many k] are required to ionize
For H atoms, one mole of Na atoms? Remember: electron charge is 1.60 x 10° Cand IV =1
j/c. oo
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Successive ionization energies Tusgq v 1w

Ionization energy = energy required to remove %‘h fﬁoégu atg_ggﬂébd
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Plot log(/E,)) versus n for Mg

You will need the final two ionization energies, IE,; and IE, .
https://en.wikipedia.org /wiki/Ionization_energies_of_the_elements_(data_page)
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TABLE 3.1
Successive lonization Energies of the Elements Hydrogen through Argon (in eV Atom™')
Z  Element  IE IE, IE; IE, IE; IE, IE; IE, IE; IEyy
1w 1360
2 He 259 5442
3 539 7564 12245
4 Be 932 1821 15389 21771
5 8 830 2515 3793 25037 34022
6 C 1126 2038 4789 6449 39208  489.99
70N 1453 2960  47.45 7747 9789 55206  667.03
8 0 1362 3512 5493 7741 11390 13812 73932 87139
9 F 1742 3897 6271 87.14 11424 15716 18518  953.89 110308
0 Ne 2156 4096 6345 9711 12621  157.93 20727 23909 119579 136216
N S1a 4729 7164 9891 13839 17215 20847 26418 29987  1465.10
[ER] 599 1883 2845 11999 15371 19047 24143 28459 33021 398,57
w oS 815 1635 3349 4504 16677 20505 24652 30317 35110  401.43
5P 1049 1973 3018 5137 6502 22043 26322  309.41 37173 42450
6 S 1036 2333 3483 4730 7268 8805 28093 32823 37900  447.10
7 od 1297 281 3961 5346 678 9703 11419 34828 400.03 45562
18 Ar 1576 2763 4074 5981 7502 9101 12832 14346 42243 47868
oK 434 3163 4572 6091 8266 1000  117.56 15486 17582  503.44
20 < 611 1187 5091 6710 8441 10878 1277 1724 18854 21127
2 s 654 1280 2476 7347 9166 1111 1380 1587 18002 22532
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Plot log(/E,)) versus n for Mg

Physically (in terms of Coulomb’s law), what accounts for the discontinui

betweenn = 2 andn = 3?
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Successive IE,, — electron cloud contraction

IE, > IE; : Mg?* > Mgt increase in residual ion charge
I‘E’; > I-éz : Mg3+ >»> Mg?+ large contraction of electron cloud
12:“170> IIEq > --- > IE3 : increase in residual ion charge

IE1; > IE1o : Mgt >»> MgWron cloud .
IE1, > 1E; : Mg'?* > Mg!!* integer increase in residual 4on
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IE, — electron cloud expansion

10
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Energy (V atom™)

IE, — electron cloud expansion

— 965

First ionization energy (k] mol™')

— 579

BOSTON
UNIVERSITY

20 25 30 35 40 45 S0 55 60 65 70 75 80 8 90 95
Atomic number

21

Copyright © 2020 Dan Dill dan@bu.edu

Lecture 3 CH131 Summer 1 2020 Copyright © 2020 Dan Dill dan@bu.edu
Electron affinity, EA
Electronegativity, EN
lonic character
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Electron affinity, EA X —>Xte Problem 3.23a
> X “-6 Use the data in Figure 3.7 and Table 3.2 to calculate the
URBLE 52 x . %/\’ z‘ 1E, (K) = 4.34 eV/atom energy uhmges (AE) for the tallomng’Ffrs of reactions:
Electron Affinity of Selected Atoms (in kJ mol™") ‘[ 1E1 (Cl) = 1297 eV/atom
L \ = g7 1 EA(K) = 481J/mol -~ 9
= - EA(C) = 349 K/ mol .~ Na(g) + Clig) — Na~(g) + CI°(g)
U 8 B c N ° Explain why K'Cl™ and Na*Cl~ form in preference to
¢ 5 i3 L e K Cl" and Na CI*.
Na Mg Al si 3 s K(é> ¥ Ck%) — K C&\
53 * 42 134 72 200 +
s T 5 = 5 = =~ Kk
Rb sr In sn sb Te C\ 4 — (\
a7 5 29 107 101 190 ,—————’T("‘—"‘_
Cs Ba Tl Pb Bi Po -
46 14 19 35 91 183 270 K+ Cl K ¥ C( ){/ < C
W, ztr NZs
*No stable anion A~ exists for this element in the gas phase. ‘4% ‘+ *® ’ é ){-é 16 / 4/é /
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