The Periodic Table:
Chapter 8
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What Influences Atomic Size?

What factors determine the size of an atom?
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Effective Nuclear Charge

What factors determine how much positive charge or ‘pull’ an electron experiences?
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Define a term called effective nuclear charge, Z_q which in any given atom is the
amount of nuclear charge or “pull” the outermost electron experiences,
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Radial probability

Effective Nuclear Charge: Z =72 -5
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Explaining the Periodic Trends in Atomic Size
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What Influences Atomic Size?

What factors determine the size of an atom?

The size of an atom is the distance of the outermost electron to the nucleus. The location of that outermost
electrons is determined by the net positive attractive forces of the nucleus, Zeff, and the principal quantum

number of the outermost electron, n.
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Sizes of lons

Cations:
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Writing the Electron configuration of Ions

* We will use the electron configuration of the neutral atoms to write the electron configuration of the ions

Rules for writing electron configurations of ions:
Always begin by writing the electron configuration of the neutral atom.
For cations (positively charged ions)

* When removing an electron from an element always remove the
electron from the orbital that has the highest n (principle
quantum number)

» If there are two orbitals with the same highest
principle quantum number then remove the electron from the orbital that
is highest in energy. (lower energy) s<p<d<f (higher energy)

Fro anions (negatively charged ions)

* When adding electrons to an element always add the
electrons to the available orbital that has the lowest n (principle
quantum number).

* If there are two available vacant orbitals with the same lowest
principle quantum number then add the electron to the orbital that
is lowest in energy. (lower energy) s<p<d<f (higher energy)

Write the abbreviated electron configurations for:

Rh: [k} §s* Ya*
rh>: (ko) 4d?
P: ‘_\:‘5\3?3?2

pe-: [N\ 256"

Know how to write the electron configuration for any element and how to write the electron configuration for any ion.



Fig. 8.8
Periodicity of lonic Size
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Questions
Consider the following spheres: Which represents Ca, Ca?, M§2+?
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Arrange the following in order of increasing size Ca, Ti*t, Sc3*
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Provide and explain the following

Cl-is larger than Cl . RDoIag ot & 4o G, N e (epalsion &lcu’-‘
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Alkali Metal Reactions Revisited

Reaction How violent?
2Li + 2H,0 —-->2LIOH + H, Less cepetive
o *\
2Na + 2H,0 --—->2NaOH + H, J
2K+ 2H,0 > 2KOH + H, most foehive
Ca +2H,0 ---> Ca(OH), +H, nol very N .

What is oxidation state of Li, Na, K and Rb in products and reactants!

Taking e- out and putting them in is very important
to understand reactivity.



Ionization Energy:

Energy Required to Remove an Electron from an Atom or Ion

h'\r+ ® > (2) v e

Ze Z- e

Atom A lon A+

First Ionization Energy: Is the energy required to remove the outermost electron from a
neutral atom or molecule that is in the gas phase

\\\r‘ Na’(ﬂ) S No;‘-(S) Yoo TON\'SA*\'DA zh\cfﬁa (IE)
IE| 3 l"qt K“,Mol"

Second lonization Energy: Is the energy required to remove another electron from the
singly positive ion that is in the gas phase

N No.®——> Na )+ e TE, = Yyso k)
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Trends in Second Ionization Energies
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1IR3 The lonization Energies (kJ/mol) of the First 20 Elements

Z Element First  Second Third Fourth Fifth Sixth
1 H 1,312
82 He 2,373 5.251
amm— i
3 Li 520 7.300 11,815
4 Be 899 1,757 14,850 21,005
5 B 801 2,430 3,660 25000 32,820

6 @ 1,086 2,350 4,620 6,220 38,000 47,261
X 7 N 1,400 2,860 4,580 7,500 'W] 53,000
K - k e . 8 0 1,314 3,390 5,300 7,470 11,000 13,000
9 F 1,680 3,370 6,050 8,400 11,000 15,200
@;\t‘s\ [9"\. 10 Ne 2,080 3,950 6,120 9,370 12,200 15,000
11 Na 4959 4,560 6.900 9,540 13400 16,600
12 Mg 7381 1,450 7,730 10,500 13,600 18,000
\(‘\‘ — s ’IE_ N 13 Al 5779 1,820 2,750 11,600 14,800 18,400
14 Si 7863 1.580 3.230 4,360 16000  20.000
m‘\ —> Asse "[*" 15 P 1,012 @ 2,910 4,960 6240 21,000
16 S 999.5 2250 3,360 4,660 6,990 8,500
Nodl 17 Cl 1,251 2,297 3,820 5,160 6540 9,300
Sps 18 Ar 1,521 (3.660) 3,900 5.770 7,240 8.800
19 K 4187  €3.057 4410 5,900 8,000 9,600

20 Ca 589.5  (1.145) 6500 8100 11,000
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Ionization Energy: Periodic Trends and Exceptions

|. In general: Increases across row and up a group.

2. But there are exceptions: Consider Be (IE=899 K]/mol) vs B (IE=801 K}/mol), why
are these the reverse of what we expect?
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Electron Affinity:

Energy Released or Required to Add an Electron to an Atom, Ion or Molecule

Z+1)e

Atom A lon A-

Electron Affinity: is the energy changed when a gaseous atom or molecule gains an

electron to form an gaseous 10N
1:(5) te —» FZ,) AE = -8 ¥5) .
(Me)2828 — (ugy2s2 (N9

OHQ«Q te — OHES)



Electron Affinity Used in Chemistry E-1a
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Electron Affinity in Textbook: opposite sign!
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1/.\-18=R: % Electron Affinities (kJ/mol) of Some Representative
Elements and the Noble Gases*

1A 2A 3A 4A 5A 6A 7A 8A
H He
73 <0
Li Be B C N (0] F Ne
60 =0 27 122 0 141 <0
Na Mg Al Si P S Cl Ar
53 =0 44 134 72 200 349 <0
K Ca Ga Ge As Se Br Kr
48 24 29 118 1 195 325 <0
Rb Sr In Sn Sb Te I Xe
47 4.7 29 121 101 190 295 <0
Cs Ba Tl Pb Bi Po At Rn
45 14 30 110 110 ? ? <0

*The electron affinities of the noble gases, Be, and Mg have not been determined experimentally, but are believed to be
close to zero or negative.
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Special Stability Situations

Case I femoving pa e~ Lfowm o higher enersq sobs bl
Fwis fegorres Less entrqy do femo Faao Fhe 2 e Be

Be ([He] 2s?) ----> Be*[He] 2s! + e AE =-+899 kJ/mol
_»B ([He]2s?2p!)----> B*[He]2s’+ e AE=-+801 kJ/mol

Case I Yy Rlled sosheM 'lman\-s SpecinL STABilikg

N ([He]2s22p3)----> N*[He]2s?2p*+ e AE =-+1402 kJ/mol
O ([He]2s22p*)-—> O*[He]2s2p* + e AE =+1314 kJ/mol

Case lll: Mol &ps Contigurnhon

—5 CI([Ne]3s23p°) + e- --—> CI- ([Ne]3s?3p®) AE = -349 kl/mol
— Ar ([Ne]3s23p®) + e- ———-> Ar ([Ne]3s23p®4s!) AE =+ VBN kl/mol

“EE——



Metals, Nonmetals, and Metalloids

| | M.C. 1acrepses RS
What kinds of elements are metals? < w N el

k

<D\
N@. C. | " >
. | cHaracter refers to the properties of metals LT

@ SH‘\N"] @ Malle Mm\.hl

°(Metal character increases down a group, metal character decreases across a period.)
—— —_— e 5

* What is a non-metal and a metalloid?



Energy (not to scale)

Multi-electron Atoms

» In multi-electron atoms, orbitals with same n but different I have different energy. i§
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Ionization Energy for Many Electron Atoms

We learned that we can use the Rydberg equation to calculate the energies of electrons in
hydrogen atoms. We can use a modification of this equation for atoms with more than 1
electron. This equation is:

\ AE=2.18 X 10"] Zoi# (1/n- 1/nd) ‘
r 4

Where AE is the first ionization energy of an electron in an atom. Use this equation to
calculate the Z. for Li.
L — L
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Different World Periodic Table

You land on a distant planet in another universe and find that the n=1 level can hold a
Maximum of 4 electrons, the n=2 level can hold a maximum of 5 electrons, and the n =3
level can hold a maximum of 3 electrons. Like our universe, protons have a charge of +1,
and electrons have a charge of -1, and opposite charges attract. Also, a filledshell results
in greater stability of an atom, so the atom tends to gain or lose electrons to give a filled
shetf™Predict the formula of a compound that results from the reaction of a neutral metal
atom Z, which has 7 electrons, and a neutral atom Y, which has three electrons.

Nad o — — _
ner 4 @( \\ .
Ny 414119 1 1. 4

z Y

Y-

I

2 Y- 2 Y5
yr-o




