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The size of Atoms

» The electron cloud of an atom defines it’s size.

» How do you measure the size of a cloud?

»

The edges of a cloud are uncertain.

» We measure the distance between two adjacent atoms.

»

Atomic size is measured by packing atoms close together, finding the
distance between adjacent nuclei, and dividing that number by 2.

Atoms can be packed densely by capturing them in solid form or capturing
them in a another compound that is a solid.
» These atoms are not bonded, their electron orbitals don’t mix.

» We describe the atomic size we get from this process as the nonbonding
atomic radius or van der Waals radius.

For metals this involves analyzing metallic crystals (atoms held together
with metallic bonds).

For non-metals, we look at a large number of compounds that contain the
element.

» We look at the average bond length between atoms.
» There is overlap between the electron orbitals.

» We describe the atomic radius found from covalently bonded compounds as
the bonding atomic radius or covalent radius.

Which atomic radius we use depends on the context.

» When we say atomic radius, we more often mean bonding atomic radius.

We can determine the relative atomic radius of two elements by their
position in the periodic table.
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Relative Atomic Radius

» In general, as we move across the

periodic table left to right the atomic

radius decreases.

» Transition metals of the same period
are roughly the same size.

» In general, as we move down the
periodic table the atomic radius

1INcreases.
1 8A
_ 18
1 11{ 2A 3A 4A 5A 6A TA | 2
L—1 2 13 14 15 16 17 | He
5 3| 4 5167|819 ]|10
Li | Be B|C|N|O|F]|Ne
Juln]s s s 6 B % 1 oop[1B]|1][15|16]17][18
Na|Mg| 3 4 5 6 7 /8 9 10\11 12|A|Si| P | S |C]|Ar
o 19 (20| 20| 22 |23 | 24|25 | 2 |27 | 28|29 |30 |3 |3 33]34 3|36
K |Ca|Sc|Ti |V | Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As | Se | Br | Kr
5[ 37 (38|39 | 40 | 41 | 42 | 43 | 44| 45 | 46 | 47 | 48 | 49 | 50 (51 | 52 | 53 | 54
Rb | Sr | Y | Zr [Nb|Mo| Tc |Ru | Rh | Pd |Ag |Cd [ In | Sn | Sb | Te | T | Xe
ol 35 |56 || 71| 72| 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 [ 85 | 86
Cs | Ba Lu| Hf | Ta | W | Re | Os | Ir Pt |Au (Hg | TI | Pb | Bi | Po | At | Rn
;| 87 |88 | 103|104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 118
Fr | Ra Lr | Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg

57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70

Metals | 152 | Ce | Pr | Nd | Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb
Metalloids | 8 | 90 | 91| 92 | 93 | 94 | 95 | 9 | 97 | 98 | 99 | 100 | 101 | 102
etalloids | Ac | Th | Pa | U | Np | Pu |Am |Cm | Bk | Cf | Es | Fm | Md | No
Nonmetals
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Atomic Size Increases as we go Down

» Atomic Radius increases as we
move down the periodic table
because each period represents a
new electron shell.

» Each shell shields the previous 5 . ., g :
shell from the nuclear charge o j’) o .
reducing the pull of electrons to DO 0w
the nucleus. @D

» The electrons in the inner shells QO OOV
repulse the electrons on the outer
shells, pushing them farther from DY) Ty Ee Ty Y
the nucleus. \)\)J '

» Each period corresponds to an s
increase in the principle quantum .
number n, which describes the .
size of that shell.

» As we add a larger shell, a new
layer to the atom, it get’s bigger.
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Atomic radii increase
down a group.

For each step down a group, electrons enter

the next higher energy level.
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Atom Size decreases as we move Across

Atomic Radius decreases as we
move across the periodic table
because the nuclear charge
increases with each new row.

LL:J “; Z (‘ 'N‘ 3 |":
> Sh'le'ldmg within a period is ) 3:5 '3‘,) s oA
minimal. . w . -
Cay Sey (Th VA Cr Mo Fe Co o N Cw  Za G A Se B
» Electrons have a minimal repulsion \Rb) \;) - ::D . ;D ff e (3) ? :}) w Tﬁ f)
within a shell because they arein @ @H WP DO DD O PO OIS OO
separate orbitals. GHPOPDIODO0ODGOO0ODO

» They fit together well. (D) i )

As the effective nuclear charge
increases it nuclear attraction all
electrons in that shell feel.

It tightens the atom.

The increased effective nuclear
charge pulls all the electrons in
the outer shell closer.
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Radi1 of atoms tend to decrease

from left to right across a period.

Each time an
electron 1s added, a

proton 1s also added
to the nucleus.

This increase 1n

positive nuclear

charge pulls all
electrons closer to

the nucleus.

For representative
clements within the

same period, the

energy level remains
constant as electrons
are added.
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Which Atom is Larger?

8A
1 18
. . 1
» Which atom is larger? m |2 e 4K E A Th N
» ForlLi L.I ol 3| 4 5161|718 9]10
Li | Be B C N (0) F | Ne
5 11| 12 1 3B 4B 5B 6B 7B il 1B 2B | 13|14 |15 | 16 | 17 | 18
Na| Mg| 3 4 5 6 7 /8 9 10\ 11 12 |Al|Si P | S |Cl|Ar
» ClorBr Br 4| 19| 20| 21 | 22| 23 | 24 | 25 | 26 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36
K |Ca|Sc|Ti |V |Cr | Mn|Fe |Co|Ni|[Cu|Zn|Ga|Ge| As | Se | Br | Kr
5 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54
Rb | Sr | Y | Zr [Nb | Mo| Tc [ Ru | Rh | Pd | Ag [Cd | In | Sn | Sb | Te | T | Xe
» Ge or Se Ge 6l 25 | 56 7072 |73 | 74|75 |76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 8 | 86
Cs |Ba||Lu| Hf | Ta| W | Re | Os | Ir | Pt | Au |Hg | Tl | Pb | Bi | Po | At | Rn
- 87 | 88 | | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 118
Fr | Ra Lr | Rf [ Db | Sg | Bh | Hs | Mt | Ds | Rg
» PorO P
Metal 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70
eta'y La [Ce | Pr |[Nd |Pm |Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb
; 8 [ 90 | 91 | 92 | 93 | 94 | 95 | 96 | 97 | 98 | 99 | 100 | 101 | 102
» Alor Ge Unclear Metalloids | Ac | Th | Pa | U | Np | Pu |Am | Cm | Bk | Cf | Es | Fm | Md | No
Nonmetals
Within the P block or within the S
> Al or PO PO block, movie down the periodic table

has a bigger effect than moving lonization energy

across it. But trust this only if the —

distance is two or more rows or
columns.
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Magnetism

» Electron spin interacts with magnetic fields. f

» In elements that have electron configurations with paired
electrons the spins provide equal and opposite interactions —
they cancel each other out. ?¢

Electron N "/ Electron

aligned with ' ‘ aligned against
» These materials are described as diamagnetic, they can’t be magne“j?e'd= magretie feld:
ms = 5 ms = )

pUlled by a magnet. (in fact they are slightly repulsed by it)

C A [5°2s72p°3s?3ptds?

» Elements that have electron configurations with unpaired
electrons have a net spin. And therefore a net magnetic field. f f

» These materials are described as paramagnetic, they can be
pulled by a magnet.
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Electron Configuration of Cations

» We build up the electron configuration of a neutral atom by considering three principles:
» Aufbau Principle “work up from the bottom”

» Hund’s Rule “don’t double book unless you have to” & “align single electrons”
» Pauli Exclusion Principle “pair spins when you double book”

» To form a cation, we start with the neutral atom, and then remove electrons.
» For main group cations we just reverse the above process.

» For transition metal cations, we remove electrons from the highest n-value orbitals first
even if this does not reverse the order in which they were filled.

K 19 electrons 15°25°2p03s°3pbds! K+ 19 electrons - 1 e 15°2s°2p03s°3pf
Al 13 electrons ]SZZS22p63S23p1 Al3+ 13 electrons - 3 e ]S22S22p6
Mg 12 electrons  15725°2p°35° Mg2+ 12 electrons - 2 e 15?252 2p°
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Electron Configuration of Cations

» We build up the electron configuration of a neutral atom by considering three principles:

» Aufbau Principle “work up from the bottom”

» Hund’s Rule “don’t double book unless you have to” & “align single electrons”

» Pauli Exclusion Principle “pair spins when you double book”

» To form a cation, we start with the neutral atom, and then remove electrons.

» We remove electrons from the highest n state first.

» For main group cations this just reverses the process we used to add electrons.

» For transition metal cations this means removing electrons from s orbitals before d orbitals

even though this does not reverse the order in which those orbitals were filled.

T] 2+ 22 electrons - 2 e
4s 3d
4s 3d
15°2s5°2p°®3s°3p23d-°
T] 22 electrons
4s 3d
1522522p03s23p04s3d> || |4 paramagnetic

paramagnetic
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Electron Configuration of Cations

» We build up the electron configuration of a neutral atom by considering three principles:
» Aufbau Principle “work up from the bottom”
» Hund’s Rule “don’t double book unless you have to”
» Pauli Exclusion Principle “pair spins when you double book”

» To form a cation, we start with the neutral atom, and then remove electrons.
» For main group cations we just reverse the above process.

» For transition metal cations, we remove electrons from the highest n-value orbitals first
even if this does not reverse the order in which they were filled.

SC 21 electrons SC +1
N] 28 electrons N] +2
Ge 32 electrons Ge +3

Atomic radius
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Size of Cations

Cations have a smaller atomic radius than the
corresponding neutral atom.

Cations are formed by striping electrons from the
outermost electron shell.

For main group elements the entire valence shell is
usually removed.

The cation therefore has an electron configuration
equal to the nobel gas in the previous period.

It’s equal to the electron configuration of an element
higher in the periodic table and across the periodic
table — both trends that reduce atomic radius.
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The ionization energy of an atom is the energy
required to remove an electron from an atom.

Na + ionization energy — Na* + e-




lonization Energy

. . . . 2500
lonization energy is the energy required to remove He—o |
an electron from an atom or ion. f Nef— | )\ Noblegases
. . 2000 i
lonization energy get’s larger as you move across ~ '.
. . . [°) !
the periodic table from left to right. £ ‘;
. . < 1500 4+
» As you move across the periodic table, the effective & .‘ periodd Kr —— ~
nuclear charge increases. g | transition } transition Xe
. = i lement | [
» The pull on each electron in the outermost shell g 1000 eem\en _ | ee”:ents
increases. 3 : W/W ‘. //
» So it’s harder to remove those electrons. a <00 ‘||
lonization energy get’s smaller as you move down }i
the periodic table. . = Allali metals |
310 40 50

» As you move down the periodic table the radius of 0 10 20
the valence shell increases.

» While nuclear charge increases, shielding reduces the
effect of that increased nuclear charge.

» The outer electrons are held more loosely.
» It’s easier to remove electrons from these larger
shells.
Nobel gases are almost impossible to ionize.

Of the remaining elements, Fluorine is the king, as
you get farther from Fluorine it becomes easier to
steel electrons.

Hydrogen is an exception to the pattern.

Atomic number

I
Kr

Ar

cl | 1521
1251
Br

Decreasing o
€asing ionizatiop energy

1A 2A 3A° 4A 5A 6A 7A  8A

Increasing ionization energy
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Which Element has a higher IE?

kS 8A
18
. . 1
» Which has a higher IE? | m |2 AN A 6A TA | 2
,| 3| 4 5016|7189 10
Li | Be B|C|N|O|F|Ne
5 11| 12 1 3B 4B 5B 6B 7B il 1B 2B | 13|14 |15 | 16 | 17 | 18
» ForlLi F Na|Mg| 3 4 5 6 7 /8 9 10\11 12|Al|Si| P |S |dC]|Ar
4 1912021 | 2223|2425 |26 |27 |28 |29 |30 |31 |32]33]34]35] 36
K | Ca| Sc | Ti V | Cr |Mn| Fe | Co| Ni |[Cu|Zn | Ga| Ge | As | Se | Br | Kr
5[ 3713839 |40 |41 | 42|43 |44 |45 | 46 (47 |48 | 49 | 50 | 51 | 52 | 583 | 54
) Cl or Br Cl Rb | Sr | Y | Zr [Nb | Mo| Tc [ Ru | Rh | Pd | Ag [Cd | In | Sn | Sb | Te | T | Xe
ol 55 [ 56| |71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs |Ba||Lu| Hf | Ta| W | Re | Os | Ir | Pt | Au |Hg | Tl | Pb | Bi | Po | At | Rn
;| 87 | 88| |103 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 118
» Ge or Se Se Fr [Ra||Lr| Rf |Db| Sg | Bh | Hs | Mt | Ds | Rg
Metal 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70
eta'y La [Ce | Pr |[Nd |Pm |Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb
» PorO O Metalloids | 80 | 90 | 91 | 92 [ 93 | 94 | 95 | 9 | 97 | 98 | 99 | 100 | 101 | 102
etalloids | 'Ac | Th | Pa | U | Np | Pu [Am |Cm | Bk | Cf | Es | Fm | Md | No
Nonmetals
» Al or Ge Unclear
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Second lonization Energy

Second |Onizati0n energy 'iS the TABLE 8.1 Successive Values of lonization Energies for the Elements Sodium through Argon (kJ/mol)
energy required to remove a Element I, IE, IE, IE, IE; IE, IE,

second electron from a neutral ” %

atom. Mg 738 Core electrons
. . Al 578 1820
There can .be dramatic dnfferences & 266 1580 16,100
between first, second, third and p 1012 1900 2910 4960
further ionization energies. s 1000 2250 3360 4560
. . . Cl 1251 2300 3820 5160 6540 9460 11,000
The factors that control ionization " o = oo o o o 12,000

© 2014 Pearson Education, Inc.

energy change dramatically when
the entire outermost shell is

removed. 20007
» Removing electrons from an inner 7000 ioﬂ;ﬁon -
shell means that shell means . energy
loosing two shells of electron 6000 7
shielding. 5000 — 7730
» The effective nuclear charge 3 Second
increases dramatically. Fi 4000 — ionization
oy e . . . ENEnR
The position in the periodic table 3000 56D ®
can be used to predict where an
element will run into this barrier. 200071 s
1000 § L energy 1450
496 738
0
Na Mg
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Second lonization Energy

Second lonization energy is the
energy required to remove a second
electron from a neutral atom.

There can be dramatic differences
between first, second, third and
further ionization energies.

The factors that control ionization
energy change dramatically when
the entire outermost shell is
removed.

» Removing electrons from an inner
shell means that shell means
loosing two shells of electron
shielding.

» The effective nuclear charge
increases dramatically.

The position in the periodic table
can be used to predict where an
element will run into this barrier.

This is why we can predict the
charge of cations from an elements
position in the periodic table.

TABLE 8.1 Successive Values of lonization Energies for the Elements Sodium through Argon (kJ/mol)

Element  IE; IE, IE; IE, IE5 IE; IE;
Na 496
Mg 738 Core electrons
Al 578 1820
Si 786 1580 16,100
P 1012 1900 2910 4960
S 1000 2250 3360 4560
cl 1251 2300 3820 5160 6540 9460 11,000
Ar 1521 2670 3930 5770 7240 8780 12,000
© 2014 Pearson Education, Inc.
1A 8A
18
1 I}I 2A 3A 4A 5A 6A 7A 2
2 13 14 15 16 17 | He
’ B 4 B 6 7 8 9 10
Li | Be B @ N (0] F | Ne
| 1|12 1 3B 4B 5B 6B 7B B B 2B | 13]| 14|15 | 16| 17 | 18
Na|Mg| 3 4 5 6 7 /8 9 10\ 11 12 |AfSi | P | S | Cl|Ar
4 19 | 20 | 21 | 22 | 23 [ 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36
K |Ca|Sc|Ti| V |[Cr|Mn|Fe |Co|Ni|Cu|Zn|Ga|Ge| As | Se | Br | Kr
5 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54
Rb | St | Y | Zr [ Nb [Mo | Tc | Ru | Rh | Pd | Ag | Cd | In | Sn | Sb | Te I | Xe
6 55 || 96 710 72 |73 | 74 |75 |76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 8 | 86
Cs |Ba||Lu| Hf | Ta | W | Re [Os | Ir | Pt | Au |Hg | Tl | Pb | Bi | Po | At | Rn
7 87 | 88 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 118
Fr | Ra Lr | Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg
Metal 57 | 58 | 59 | 60 | 61 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70
eta’y La | Ce | Pr [Nd |Pm [Sm | Eu [Gd | Tb | Dy | Ho | Er | Tm | Yb
Bfepiicid 89 | 90 | 91 | 92 | 93 | 94 | 95 | 96 | 97 | 98 | 99 | 100 | 101 | 102
etallolds | Ac | Th | Pa | U |Np | Pu |Am |Cm | Bk | Cf | Es | Fm | Md | No
Nonmetals
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Forming Cations

Does it take more energy to form K* or Na* from the neutral element?

Tonizohan @})e»\j qoes clown

2 Yoo ymove C/’owm A %(?

e

/ /\/2 + 7”'55 /}.i/.’“;;,.

Qg

/:
A

Does it take more energy to form Al>* or Mg3* from the neutral element?

H = é '((q ~015 4?/@ H0~€

én F\./

What’s the electronic configuration of Ca?*? Of Ca3*?

Cet g 2ar2 ¢ 5s* 3t *
CEN | /Szzg?zpégalapc
Cait . (g2 252404 25t 5,05—

Which has unpaired electrons, a dlamagnetlc or paramagnetlc material?

T AP b
<D -

4 /; @ (PC‘ -"...~Q,A.: S

Is V3* diamagnetic or paramagnetic?

V  1s225?2p63s23p®4s?3d>

V3+ 1522522p63523p03d?

P 2remdape d-¢
malex 2/ Ao /
un imed @ lad

paramagnetic

N o

8A
) 18
2A 3A 4A 5A 6A A | 2
2 13 14 15 16 17 | He
3] 4 5167|8910
Li | Be B|C|N|O|F]|Ne
11 12 | 38 4B 5B 6B 7B 8B 1B 2B | 13 14 | 15 | 16 | 17 | 18
Na | Mg| 3 4 5 6 7 /8 9 10\11 12 |Al|S | P | S Cl|Ar
1920 |21 | 22 | 23 | 24 [ 25 [ 26 [ 27 [ 28 [ 29 [ 30 | 31 | 32 | 33 | 34 | 35 | 36
K [Ca|Sc| Ti|V |Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As| Se | Br|Kr
37 |38 [ 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 [ 50 [ 51 | 52 | 53 | 54
Rb [ St | Y | Zr | Nb [Mo | Tc | Ru |Rh | Pd |Ag | Cd | In | Sn | Sb | Te | I | Xe
55 |56 (71| 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs |Ba||Lu| Hf | Ta | W |Re |Os | Ir | Pt | Au |Hg | TI | Pb | Bi | Po | At | Rn
87 | 88 | [103| 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 118
Fr | Ra Lr | Rf (Db | Sg | Bh | Hs | Mt | Ds | Rg
Metall 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70
e La | Ce | Pr |Nd [Pm |Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb
Metalloids | 89 | 90 | 91 | 92 | 93 | 94 | 95 | 96 | 97 | 98 | 99 | 100 | 101 | 102
ctalloids | A¢ | Th | Pa | U | Np | Pu |Am | Cm | Bk | Cf | Es | Fm | Md | No
Nonmetals
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Electron Configuration of Anions

» We build up the electron configuration of a neutral atom by considering three principles:
» Aufbau Principle “work up from the bottom”
» Hund’s Rule “don’t double book unless you have to”
» Pauli Exclusion Principle “pair spins when you double book”

» To form an, we start with the neutral atom, and then add electrons.

» The same rules apply.

O  selectrons 15°2s°2p* O 2 8 electrons + 2 e 1522522p®
N 7 electrons 1s?2s°2p’ N 3- 7 electrons + 3 e 15°2s°2pS
Cl 17 etectrons 15°25°2p03s°3p° Cl" 17 clectrons + 1 e 1522572p03523p"

lonization energy

Atomic radius

Electron affinity
lonization energy




Anions have a larger atomic radius
than the corresponding neutral
atom.

Anions are formed by adding
electrons to the outermost electron
shell.

The electron configuration becomes
the same as the configuration for
the nobel gas element of the same
period.

Without any increase in nuclear
charge!

There are now more electrons in
the outer most shell, pushing
against each other.

And each electron is seeing a lesser
nuclear charge.

The outer shell stretches out to
accommodate and creates a larger
atomic radius.

E =

Size of Anions

73 140

103 184

v 49,49,

o
e

4re, r

Shielding

@

Nucleus

99

(Dlo

136

181

e
e \
Experiences

net charge 2 p

of about 1+
Electron affinity
\$

Atomic radius

) |
4 N
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Comparing Radius

What'’s bigger, B or N?

What'’s bigger Cl or Br?

What’s bigger Cl'- or Br'-?

What’s bigger C or C#?

What’s bigger C# or C?

What’s bigger C4 or C#?

Which is bigger S%, Ar, or Ca%*?

133

216




Electron Affinity (EA)

» Electron affinity is the energy released by adding an electron to an atom.

» Bonding is a result of sharing electrons, electron affinity will be a factor in
covalent bond formation (chapter 9).

» Less energy is released as we go down the periodic table.

» More energy is released as we go across the periodic table (left to right).

» Noble Gases have a positive AE, no energy is released when they accept an electron.
» They aren’t very reactive.

» Non-metals tend to have high AE, we get a lot of energy by giving them electrons.
» Pure non-metals tend to be very reactive, they even react with themselves.
» Ng, Oy, Cly, Bry

¢

/f
©O———¢

P ~
N
2~ \
0 07 — =
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lonization Energy (lE)

Electron Affinity (EA)
AH = -349 kJ/mol — exothermic

forming anions releases energy

Electron Affinities (kJ/mol)

1A 8A
H He
=73 | 2A 3A° 4A 5A 6A 7A | =0
Li Be B C N (0] F Ne
—60 | >0 —27 [—122| >0 |—141|—328| >0
Na | Mg Al Si P S Cl Ar
—53 | >0 —43 | —134| —72 | —200| —349| >0
K Ca Ga Ge As Se Br Kr
—48 | —2 —30 |—119| —78 | —195| —325| >0
Rb Sr In Sn Sb Te I Xe
=47 | =5 —30 | —107 | —103|—190 | —295| >0

AH = +496 kJ/mol — endothermic

forming cations consumes energy

Atomic radius

lonization energy

Electron affinity

lonization energy
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Exploring Trends in Electronic Structure
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Metallic Character

» Metallic character is a general term for how well a element matches the profile of
a metallic element.

» Metallic elements are:
» Good conductors of heat and electricity.
» Reflective (shiny).
» Meltable and ductile.
» Tend to release electrons.

» Form solids at lower temperatures.

lonization energy

Atomic radius

Electron affinity
lonization energy
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Metallic Character

» Metallic character is a general term for how well a element matches the profile of

a metallic element.

» Metallic elements are:
» Good conductors of heat and electricity.

» Reflective (shiny).
» Meltable and ductile.
» Tend to release electrons.
» Form solids at lower temperatures.
» Metallic character decreases as you move across the periodic table.

» Metallic character increases as you move down the periodic table.

1A 8A
1 18
2A 3A 4A 5A 6A T7A
1 2 13 14 15 16 17
N
B
vl Ta] |

2
3B 4B 5B 6B 7B —8B-— 1B 2
3|NafMg|3 4 5 6 7 8 9 10 11 12

Group 5A

Metallic character decreases

Metallj oo
etallic character increageg

Atomic radius

lonization energy
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Using Metallic Character Trends

» What substance is a better electrical conductor, Iron or Zinc?

» What substance is a better electrical conductor, Selenium or Chloride?

» What substance is more brittle, Sulfur or Aluminum?

» What substance conducts less heat, Carbon or Copper?

» What substance is more shiny, Phosphorus or Silver?

1
3A 4A 5A 6A T7A

24
1f 2 13 14 15 16 17
i

2 | |
; 3B 4B 5B 6B 7B —8B-— 1B 2B r
. 3|Na|Mg[3 4 5 6 7 8 9 10 11 12[Al[Si n s cl
i ! T T T 1 T
g |
£ 4 | I
: —
|
’| 1/ / | / -
| | I
|

T T T T T 1717

P
letallic character increases

Metallic character decreases

Iron
Selenium
Sulfur
Carbon

Silver

Atomic radius

| A

lonization energy
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Chemical Properties & Reactivity

» Electron configuration predicts chemical properties.

» Elements with similar valence electron configuration predicts
chemical reactivity.

>

>

Chemical reactivity is a result of interactions between atoms.

We see similar chemical reactions with elements that have
similar electronic configurations.

Atoms interact when their outermost electron shells entangle
(valence electrons).

1 8A
s 18
1 1}1 2A 3A 4A 5A 6A TA | 2
L—1 2 13 14 15 16 17 | He
o3 | 4 5016|781 9]10

Li | Be B|C|N|O|F]|Ne
J I [12]m B B e 7 8B B o8| B4 1516|1718

Na|Mg| 3 4 5 6 7 /8 9 10\11 12 |A|Si|P | S |Cl|Ar
o 19 [ 20| 21| 22 |23 | 24|25 | 2 |27 | 28|29 |30 |3l | 3233|3435 |36

K |[Ca|Sc | Ti |V | Cr|[Mn|Fe|Co|Ni|[Cu|Zn|Ga|Ge| As | Se | Br | Kr
5[ 37 (38 (39|40 | 41 | 42| 43| 44| 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54

Rb | Sr | Y | Zr [Nb|Mo| Tc |Ru | Rh | Pd |Ag |Cd [ In | Sn | Sb | Te | T | Xe
ol 55|56 | |71

Cs | Ba Lu
;| 87 | 88 | |103

Fr |{Ra| |Lr| Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg

Metal 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70
etaly La |Ce | Pr [Nd|Pm |Sm | Eu |Gd | Tb | Dy | Ho | Er | Tm | Yb
Metalloids | 8 [ 90 | 91| 92 | 93 | 94| 95| 96 | 97 | 98 | 99 | 100 | 101 | 102
etalloids | ¢ | th | Pa | U | Np | Pu |Am |Cm | Bk | Cf | Es | Fm | Md | No
Nonmetals

34

72 |73 | 74|75 | 76| 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 8 | 86
Hf | Ta | W | Re |Os | Ir | Pt | Au ([Hg | Tl | Pb | Bi | Po | At | Rn Y
104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 118 H H y | H

Atomic radius

Electron affinity

lonization energy



Alkali Metals

1A » They have a single electron in their valence shell.
fi » Alkali Metals have a low ionization energy.
25l » They tend to form +1 ions.
11 » They have strongly metallic properties.
Na » Solids, Conductors, Maleable, etc
3s! » They are strong reducing agents.
19 » They don’t react with other metals.
K » Their reactivity increases as you move down the periodic
45! table.
37
I;Slg 2 Na + H,0 = 2 NaOH + Ha(g
s 2 Na + Clz = 2 NaCl
S
65 TABLE 8.2 Properties of the Alkali Metals*
87 Element Electron Configuration Atomic Radius (pm) IE; (kJ/mol) Density at 25 °C (g/cm®) Melting Point (°C)
Fl; L [He] 25! 152 520 0.535 181
L Na [Ne] 3s! 186 496 0.968 102
. K [Ar] 45! 227 419 0.856 98
;:g::}; Rb [Kr] 5 248 403 1.532 39

Cs [Xe] 6 265 376 1.879 29



Alkali Metals

1A

25
Li
25!

1l
Na

3s!

L)
K

451

37 Na — Na*’

Rb
5s!

55
Cs

65! TABLE 8.2 Properties of the Alkali Metals*

87 Element Electron Configuration Atomic Radius (pm) 1E; (kJ/mol) Density at 25 °C (g/cm3) Melting Point (°C)
Fr

. 1 Li [He] 2s* 152 520 0.535 181
S

Na [Ne] 3s 186 496 0.968 102
K [Ar] 4s! 227 419 0.856 98

Alkali

Rb : 248 403 1.532 39
metals RS

Cs [Xe] 6 265 376 1.879 29



Halogens

» They have seven electrons in their valence shell.

J

» Their valence shell has room for only one more electron. 7A
» Alkali Metals have high electron affinity. 9
» They tend to form -1 ions. ZF -
» They have weak metallic properties. 2s ZP
» Most are not solids at room temperature, poor conductors, etc. |7
» They are strong oxidizing agents. Cl
» They are highly reactive with everything (even themselves). 3523p5
» Their reactivity decreases as you move down the periodic 35
table.
2Fe +3 X2 2FeXs Br
4524p°
H2 + X2 & 2 HX
53
F, + Clz = 2 CIF I
S5,
TABLE 8.3 Properties of the Halogens*
Element Electron Configuration  Atomic Radius (pm) EA (kJ/mol) Melting Point (°C) Boiling Point (°C)  Density of Liquid 85
(g/cm?) At
F [He] 2s22p° 72 —328 —-219 —188 1.51 6526p5
Cl [Ne] 3s23p° 99 —349 —101 —34 2.03 P
Br [Ar] 4s24p° 114 -325 -7 59 3.19 Halogens
37 | [Kr] 552505 133 —295 114 184 3.96 Ny



Halogens

» They have seven electrons in their

valence shell. 7A
» Their valence shell has room for 9
only one more electron. F
» Alkali Metals have high electron 25221)5
affinity.
» They tend to form -1 ions. 171
» They have weak metallic g 5
properties. 3s 3p
» Most are not solids at room
temperature, poor conductors, 35
etc. ~ Br
» They are strong oxidizing agents. 4524P5
» They are highly reactive with 2Fe+3 X2~ 2FeXs (s)
everything (even themselves). 53
» Their reactivity decreases as you H2 + X2 = 2 HX 21
move down the periodic table. 5525p°
F2+Cl » 2 CIF P
85
TABLE 8.3 Properties of the Halogens* A_t
Element Electron Configuration  Atomic Radius (pm)  EA (kJ/mol) Melting Point (°C) Boiling Point (°C) Dens(lgt}:;};quld 652 6p 5
F [He] 2522p° 72 —328 —-219 188 1.51
cl [Ne] 3s23p° 99 —349 -101 -34 2.03
Br [Ar] 452 4p5 114 ~325 -7 59 3.19 Halogens

38 [ [Kr] 5s25p° 133 —295 114 184 3.96



» They have seven electrons in their
valence shell.

» Their valence shell has room for
only one more electron.

» Alkali Metals have high electron
affinity.
» They tend to form -1 ions.

» They have weak metallic
properties.

» Most are not solids at room
temperature, poor conductors,
etc.

» They are strong oxidizing agents.

» They are highly reactive with
everything (even themselves).

» Their reactivity decreases as you
move down the periodic table.

Halogens

n=2
n=1
e o
/‘, F— F?

&)

2Fe+3 X2 2FeXs)
H2 + X2 = 2 HX

F2 + Cla = 2 CIF

TABLE 8.3 Properties of the Halogens*

Element

F

Cl
Br

Electron Configuration

Atomic Radius (pm) EA (kJ/mol) Melting Point (°C)
[He] 2s?2p° 72 —328 —219
[Ne] 3s%3p° 99 —349 -101
[Ar] 4s24p° 114 —325 =,

[Kr] 5s%5p° 133 —295 114

Boiling Point (°C)  Density of Liquid
(g/em’)
—188 1.51
—34 2.03
59 3.19
184 3.96

7A
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NS

17
Cl

3523p°

35
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4524p°

55
I

55508

85
At
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Noble Gases

8A » They have a full valence shell.

2 » They have poor (endothermic) electron affinity.

Il—ig » You can’t give them electrons.

10 » They have high ionization energy.

Ne » It’s hard to take their electrons.
2522p° » They tend to be inert.

18 » Don’t form many ions.
3:2\;1)6 » They make few compounds.

» They have weak metallic properties.

36 » Most are not solids at room temperature, poor

12<1' ] conductors, etc.
4s”4p » They are weak oxidizing agents.

}552 » They are essentially unreactive, with everything.
5525p°

36 TABLE 8.4 Properties of the Noble Gases*

Rn Element  Electron Configuration  Atomic Radius (pm)** IE, (kJ/mol) Boiling Point (K) Density of Gas (g/L at STP)
6s%6p° He 12 32 2372 4.2 0.18

Ne [He]2s?2p° 70 2081 27.1 0.90

Noble Ar [Ne]3s23p° 98 1521 87.3 1.78
gases Kr [Ar]4s? 4p° 112 1351 119.9 3.74

Xe [Kr]5s25p° 130 1170 165.1 5.86



Noble Gases

8A » They have a full valence shell.

2 » They have poor (endothermic) electron affinity.

Il-.Isg » You can’t give them electrons.

10 » They have high ionization energy.

Ne » It’s hard to take their electrons.
2s%2p® » They tend to be inert.

18 » Don’t form many ions.
35‘3;.1) > » They make few compounds.

» They have weak metallic properties.

36 » Most are not solids at room temperature, poor

Iz<r ; conductors, etc.
4s74p » They are weak oxidizing agents.

)Sii » They are essentially unreactive, with everything.
55250

86 TABLE 8.4 Properties of the Noble Gases*

Rn Element  Electron Configuration  Atomic Radius (pm)** IE, (kJ/mol) Boiling Point (K) Density of Gas (g/L at STP)
6s%6p° He 162 32 2372 4.2 0.18

Ne [He]2s?2p° 70 2081 27.1 0.90

Noble Ar [Ne]3s23p° 98 1521 87.3 1.78
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Xe [Kr]5s2 5p° 130 1170 165.1 5.86
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