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Lecture 3 CH131 Summer 1
Thursday, May 23, 2019

* Complete ch2: Chemical formulas, equations, and reaction yields

Begin ch3: Chemical bonding: The classical description
* Successive ionization energies, IE,, and shell structure

Next lecture: Continue ch3: Electron affinity (EA), electronegativity
(EN), ionic character. Lewis diagrams and shapes of molecules
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General limiting reagent recipe

2A+3B—-C+2D,7.00 mol of Aand 10.00 mol of B react with 52 % yield.
nd D at the end of the reaction? —

How much A
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IE, EA, and EN
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First ionization energy, IE; Lv —Li * &
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eV/atom and kJ/mol [ ] Ionization energy can be expressed as kJ/mol and as
eV/atom. The first ionization energy of Na atom is 5.14 eV.

lectron charge in a potential of 1V =1]J/C How many K] are required to ionize one mole of Na atoms?
1.6022 x 10710 C Remember: electron charge is 1.60 X 101 Cand 1V =1]/C.

leV=16 X 10 1° Sr/X 1 ]/Vz 1.6022 x 10719 0%
[

For H atoms, 100%

eV 0%
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Successive ionization energies Plot log(/E,,) versus n for Mg

TABLE 3. You will need the final two ionization energies, IE; and IE, .
Successive lonization inergies of the Elements Hydrogen through Argu@
https://en.wikipedia.org/wiki/lonization_energies_of_the_elements_(data_page)

Z  Element I, IE; IE IE, IE; IEg IE, 16 IE, IEyy

T W 360

2 He 2050 54.42 IE), = 1762 eV

3L 7564 12245

4 Be 532 1821 15389 21771

s s s 215 wes 9y 0 1E;; = 1962 eV

6 ¢ 1126 2438 4789 6449 39208 48999

70N 1453 2960 4745 7747 9789 55206 667.03 .

8 o 1362 3512 5493 7741 11390 13812 73932 87139 St

9 F 1742 3497 6271 8714 11424  157.16 18518 95389  1103.08 -

0 Ne 2156 4096 6345 9701 12621 15793 20727 23909 119579 136216

1 Na 514 4729 & 9891 13838 1 20847 26418 29987 1465.10 .

=12 Mg 765 1504 6.1 (@22 ?‘@ (i55) 550D Garsd Gois) G p AN

/ 13 A 53 1583 = o571 Lo uril )?_A_Z lq Z' =

s 815 1635 3349 4514 16677 20505 24652 30317 35110 40143 -

s 1049 1973 3048 5137 6502 22043 263222 30941 37173 42450

% s 1036 2333 3483 4730 7268 8805 28093 32823 37900  447.10 1F

7o 1297 2381 3961 5346 678 97.03 11419 34828 40003 45562

8 Ar 1576 27.63 4074 5981 7502 9101 12832 14346 42243 47868

vk 434 3163 4572 6091 8266 1000  117.56 15486 17582  503.44

20 611 1187 5091 6710 8441 10878  127.7 1474 18854  211.27 4

21 se 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 discor
betweenn = 2andn = 3?
2&
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Successive IE,, — electron cloud contraction

IE, > IE; : Mg?* > Mgt increase in residual ion charge

IE3 >» IE, : Mg3* > Mg?* large contraction of electron cloud

IE g > IIEg > --- > IE5 : increase in residual ion charge

[E11 > 1E; : Mg+ > Mg!%* large contraction of electron cloud
IE1, > IE;; : Mg!'?* > Mg'!* integer increase in residual ion charge
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IE, — electron cloud expansion

Energy (cV atom™)
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IE, — electran cloud expansion Khsuea

Le{vis dot picture summarizes effect of electron cloud expansion.
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Electron affinity, EA: X=— X + e~

TABLE 3.2

Electron Affinity of Selected Atoms (in kJ mol™")
—
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Problem 3.23a C\ == C\re ™ +349kX
23. Use the data in Figure 3.7 and Table 3.2 to calculate the

L (K) =4.34 eV/atom energy changes (AE) for the following pairs gfreactions:
— = 12.97 eV/atom (a) K(g) + Clig) — K'(g) + Cl (g)

A 8 k] /mol Kig) + Cl(g) — K(g) + Cl"(g)
(b) Na(g) + Cl(g) — Na™(g) + Cl7(g)
Na(g) + Cl( ) — Na(g) + Cl*(g)

.', Explain why K*Cl™ and Na*Cl™ form in preference to
K=k \’/ “'M\ KCI* and Na~Cl*.

234 —>C——5‘+“t el AE-

E5 = AE, e, = Jo kX /naC
/>€1 DT, * AEG (200 E3/M0C

WK™ AE = gk
el = cﬂg‘ AE,= 12 9% ellmtslar = 250 Ksfau
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Fig. 3-10, p. 90

Copyright © 2019 Dan Dill dan@bu.edu



5/23/2019 12:44 PM

Lecture 3 CH131 Summer 1 2019

Lecture 3 CH131 Summer 1 2019 Copyright © 2019 Dan Dill dan@bu.edu ecture 3 CH131 Summer 1 2019 Copyright © 2019 Dan Dill dan@bu.edu
. S- - ,
Dipole moment A B Dipole moment
hsele laeny Typically, only a fraction, §, of an electron charge is displaced
s <\

e p =(charge X separation
Dipole moment of charges e* and e~ separated by 0.2082 x 10710 m is defined +q =46 |e|
Where § is the fractional ionic character.
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lonic character lonic character
ear distance of HF is R, = 0.917 X 10~'° m and its dipole moment The internuclear distance of HF is 2, = 0.917 X 10~'° m and its dipole moment
3 is 1.82 D.
Calculate dipole moment, assuming charge is |e|. \ | Calculate the fractional ionic character of HF.
. -19 -10 D - .8 = 2
Answer: 1.602 X 1077C X 0.917 x 107 "m X ETE= AN 440D Answer: § — 0.41
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lonic character

The internuclear distance of HF is R, = 0.917 x 10~ m and its dipole moment
is 1.82 D. The fractional ionic character of HF is 0.41.

Percent ionic characteris § X 100 % =41 %
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Percent ionic character
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Electronegativity difference

4.0

Fig. 3-16, p. 107
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