Centre of

ChemiStRy P hysics '«n“[ bfevieran mstitteof FUNAamentalsSciences

Chemistry and the material world
123.102

Lecture 2




M Centre of \ e Klasnca e A e Y, \
i’i MaSSE]'UIIWEI'SIt? Theoretical Chemistry. and-Physms ;' ,. ' | ‘u- :rT Lrw - \ e Fundamenta.!::sqences

"l-.-l' AUCKLAND

Dmitri Mendeleev
1834 — 1907, Russia

+ Created the periodic table of the elements in 1869.

+ He tabulated periodic trends among some ele-
ments.

* He left gaps in spaces where elements had not
been discovered yet, which he believed should

have been there.
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1 atomic 1 . 18
1 number H chemical 5
1| H . ‘ symbol He
1,008 ) atomic mass 1.008 03 1 (5 P 17 o
3 B 5 6 7 8 9 10
2 Be B & N 0] F Ne
6.941 | 9.012 metals nonmetals metalloids 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18
11 12 13 14 15 16 17 18
3| Na | Mg Al Si P S Cl Ar
2299 | 2431 3 4 5 6 7 8 9 10 11 12 | 2698 | 28.09 | 30.97 | 32.07 | 3545 | 39.95
19 20 21 23 23 24 25 26 i 28 29 30 31 32 33 34 35 36

4 K | Ca | Sc | T V |C |[Mn | Fe | Co | Ni | Cu|Zn | Ga | Ge | As | Se | Br | Kr
39.10 | 40.08 | 44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 6541 | 69.72 | 72.64 | 74.92 | 78.96 | 79.90 | 83.80
a0 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 5 54
5/ Rb | Sr Y | Zr | Nb [Mo | Tc | Ru | Rh | Pd | Ag | Cd | In | Sn | Sb | Te I | Xe
85.47 | 87.62 | 88.91 | 91.22 | 92.91 | 9594 |(97.91)| 101.1 | 1029 | 1064 | 1079 | 1124 | 114.8 | 118.7 | 121.8 | 127.6 | 1269 | 131.3
55 56 |57-71| 72 73 74 75 76 | 77 78 79 80 81 82 83 84 85 86
6 Cs | Ba * Hf | Ta W | Re | Os Ir Pt | Au | Hg | TI | Pb | Bt | Po | At | Rn

1329 | 1373 178.5 | 1809 | 183.8 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 |(209.0) |(210.0) |(222.0)
87 88 |89-103| 104 | 105 | 106 [ 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 118
7' Fr | Ra | = | Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg | Uub | Uut | Uuq | Uup | Uuh Uuo
(223) | (226) (261) | (262) | (266) | (264) | (277) | (268) | (271) | (272) | (285) | (284) | (289) | (288) | (292) (294)

57 58 ol 60 61 62 63 64 65 66 67 68 69 70 71

. La | Ce | Pr |[Nd |[Pm | Sm [ Eu | Gd [ Tb | Dy | Ho | Er | Tm | Yb | Lu
SEIIES | 1389 | 140.1 | 1409 | 1442 | (145) | 1504 | 152.0 | 157.3 | 1589 | 162.5 | 1649 | 1673 | 168.9 | 173.0 | 175.0

*lanthanide

89 90 91 gz 93 94 95 96 i 98 99 100 101 102 103

: Ac | Th | Pa U | Np|Pu |Am [Cm | Bk | Cf | Es | Fm | Md | No | Lr
SCNES 1 (227) | 2320 | 231.0 | 2380 | (237) | (244) | (243) | @47) | @47) | @51) | (252) | (@57) | (258) | (259) | (262)

“*actinide
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1 18
1 Y 1 d 1 2
perioas are in rows
1| H He
1.008 2 . | 13 14 15 16 17 4.003
3 7 * groups are in columns 5 p . 2 9 10
2| Li | Be B C N O F | Ne
6.941 | 9.012 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18
11 12 13 14 15 16 17 18
3| Na | Mg Al | Si | P | S |Cl|Ar
22.99 | 24.31 3 4 5 6 7 8 g 10 11 12 2698 | 28.09 | 30.97 | 32.07 | 35.45 | 39.95
19 20 21 29 23 24 25 26 27 28 29 30 31 3 ) 34 35 36

4 K | Ca | Sc | T V |C |[Mn | Fe | Co | Ni | Cu|Zn | Ga | Ge | As | Se | Br | Kr
39.10 | 40.08 | 44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 6541 | 69.72 | 72.64 | 74.92 | 78.96 | 79.90 | 83.80
a0 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 5 54
5/ Rb | Sr Y | Zr | Nb [Mo | Tc | Ru | Rh | Pd | Ag | Cd | In | Sn | Sb | Te I | Xe
85.47 | 87.62 | 88.91 | 91.22 | 92.91 | 9594 |(97.91)| 101.1 | 1029 | 1064 | 1079 | 1124 | 114.8 | 118.7 | 121.8 | 127.6 | 1269 | 131.3
55 56 |57-71| 72 73 74 75 76 | 77 78 79 80 81 82 83 84 85 86
6 Cs | Ba * Hf | Ta W | Re | Os Ir Pt | Au | Hg | TI | Pb | Bt | Po | At | Rn

1329 | 1373 178.5 | 1809 | 183.8 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 |(209.0) |(210.0) |(222.0)
87 88 |89-103| 104 | 105 | 106 [ 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 118
7' Fr | Ra | = | Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg | Uub | Uut | Uuq | Uup | Uuh Uuo
(223) | (226) (261) | (262) | (266) | (264) | (277) | (268) | (271) | (272) | (285) | (284) | (289) | (288) | (292) (294)

57 58 ol 60 61 62 63 64 65 66 67 68 69 70 71

. La | Ce | Pr |[Nd |[Pm | Sm [ Eu | Gd [ Tb | Dy | Ho | Er | Tm | Yb | Lu
SEIIES | 1389 | 140.1 | 1409 | 1442 | (145) | 1504 | 152.0 | 157.3 | 1589 | 162.5 | 1649 | 1673 | 168.9 | 173.0 | 175.0

*lanthanide

89 90 91 gz 93 94 95 96 i 98 99 100 101 102 103

: Ac | Th | Pa U | Np|Pu |Am [Cm | Bk | Cf | Es | Fm | Md | No | Lr
SCNES 1 (227) | 2320 | 231.0 | 2380 | (237) | (244) | (243) | @47) | @47) | @51) | (252) | (@57) | (258) | (259) | (262)

“*actinide
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The second period

10
Ne

1| 16.00 | 19.00 [ 20.18

Ooo
] ©

6.941 | 9.012 10.81 | 12.01 | 14.
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The fourth period

19 20 21 o 23 24 25 26 27 28 29 30 31 32 33 34 35 36
4| K Ca Sc Ti Vv Cr | Mn | Fe | Co | Ni | Cu | Zn | Ga | Ge As | Se Br Kr

39.10 | 40.08 | 44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.41 | 69.72 | 72.64 | 74.92 | 78.96 | 79.90 | 83.80
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e Group 2, the alkaline earth metals

4
Be
9.012
12
Mg
24.31
20
Ca
40.08
38
Sr
87.62
56
Ba
137.3
88

Ra
(226)
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Group 17 (sometimes also called —_
7" main group), the halogens ”

At
(210.0)
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H 5 The eight main groups
1.208 -
Li | Be 1. The Alkali Metals
s 2. The Alkaline Earth Metals
Na | Mg 5. The Pnictogens
e 6. The Chalcogens
K | Ca 7. The Halogens
T 8. The Noble Gases
Rb | Sr
S The others are called after the first
Cs | Ba element of the group:
132.9 | 137.3
87 88
Fr | Ra 3. The Boron Group
el e, 4. The Carbon Group

(5. The Nitrogen Group)

8
2
He
3 4 5 6 7 o
5 6 7 8 9 10
B C N 0] F Ne
10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18
13 14 15 16 i 18
Al Si P S Cl Ar
26.98 | 28.09 | 30.97 | 32.07 | 3545 | 39.95
31 32 33 34 35 36
Ga | Ge | As | Se Br | Kr
69.72 | 72.64 | 7492 | 78.96 | 79.90 | 83.80
49 50 51 52 53 54
In Sn Sb | Te I Xe
1148 | 1187 | 121.8 | 127.6 | 1269 | 131.3
81 82 83 84 85 86
TI Pb Bi1 | Po At | Rn
2044 | 207.2 | 209.0 [(209.0) |(210.0) |(222.0)
113 114 | 115 | 116 118
Uut | Uuq | Uup | Uuh Uuo
(284) | (289) | (288) | (292) (294)
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The Transition Metals

3 4 5 6 7 8 9 10 1 12
21 2 | 23 24 25 2% | 27 28 29 30
Sc | T V| C |Mn| Fe | Co| Ni | Cu | Zn

44.96 | 47.87 | 5094 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.41
39 40 41 42 43 44 45 46 47 48
Y | Zr | Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd

88.91 | 91.22 [ 9291 | 9594 [(97.91)| 101.1 | 102.9 | 106.4 | 107.9 | 112.4

571 72 | 73 74 75 76 | 77 78 79 80
* H | Ta | W | Re | Os | Ir Pt | Au | Hg

178.5 | 180.9 | 183.8 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6

89-103 | 104 105 106 107 108 109 110 111 112

#= [ Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg | Uub
(261) | (262) | (266) | (264) | (277) | (268) | (271) | (272) | (285)
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The Lanthanides (Rare Earths) and Actinides

a7 58 59 60 61 62 63 64 65 66 67 68 69 70 71

; La | Ce | Pr [ Nd |Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
SEIIES | 1389 | 140.1 | 1409 | 1442 | (145) | 1504 | 152.0 | 157.3 | 1589 | 162.5 | 1649 | 1673 | 168.9 | 173.0 | 175.0

*lanthanide

89 90 il 92 93 94 95 96 97 98 99 100 101 102 103

: Ac | Th | Pa U [ Np|Pu |Am [Cm | Bk | Cf | Es | Fm | Md | No | Lr
SCTICS | (227) | 2320 [ 231.0 | 238.0 | (237) | (244) | (243) | 247) | 247) | @51) | (@52) | (257) | (258) | (259) | (262)

“*actinide
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The periodic table including the f-block elements

! atomic __— ) 18

1 number H—— chemical 2

1| H . symbol He
1,008 2 atomic mass —1.008 3 14 15 16 17 AR

3 5 6 7 8 9 10

2| Li | Be B C N (0] F | Ne
6.941 | 9.012 metals nonmetals metalloids 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18

11 12 13 14 15 16 17 18

3] Na | Mg Al | Si P S Cl | Ar
2299 | 2431 3 4 5 6 7 8 9 10 1 12| 2698 | 28.09 | 30.97 | 32.07 | 3545 | 39.95

19 20 21 2 | 2 24 25 26 | 27 28 29 30 31 2 | 33 34 35 36

4] K | Ca Sc | T V | C |[Mn | Fe | Co | Ni [Cu |Zn | Ga | Ge | As | Se | Br | Kr
39.10 | 40.08 44.96 | 47.87 | 50.94 | 52.00 | 5494 | 5585 | 58.93 | 58.69 | 63.55 | 65.41 | 69.72 | 72.64 | 74.92 | 7896 | 79.90 | 83.80
37 38 39 40 | 41 42 43 4 | 45 46 | 47 | 48 49 50 | st 52 53 54

5/ Rb | Sr Y | Zr [ Nb (Mo | Tc [Ru [ Rh [ Pd | Ag [ Cd | In | Sn | Sb | Te 1 Xe
8547 | 87.62 8891 | 91.22 | 9291 | 9594 |(97.91)| 101.1 | 102.9 | 1064 [ 107.9 | 1124 | 1148 | 1187 | 121.8 | 127.6 | 1269 | 1313

55 56 57 58 59 60 61 62 | 63 64 | 65 66 67 68 69 | 70 7 [s-1| 712 | 73 74 5 76 | 77 78 79 80 81 82 | 83 84 85 86

6| Cs [ Ba | La [ Ce | Pr | Nd |Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu % Hf | Ta | W | Re | Os | It Pt | Au [Hg | TI | Pb | Bi | Po | At | Rn
132.9 | 137.3 | 1389 | 140.1 | 1409 | 1442 | (145) | 1504 | 152.0 [ 157.3 | 1589 | 1625 | 1649 | 167.3 | 1689 | 173.0 | 175.0 178.5 | 180.9 | 183.8 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 |(209.0) |(210.0) [(222.0)

87 88 89 90 a1 92 93 94 95 96 97 98 99 100 101 102 103 | 89-103| 104 105 106 107 108 109 110 111 112 113 114 115 116 118

7| Fr | Ra | Ac | Th | Pa U |Np |Pu |Am | Cm | Bk | Cf | Es | Fm | Md | No | Lr « | Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg | Uub | Uut | Uuq | Uup | Uuh Uuo
(223) | (226) | (227) | 232.0 | 231.0 | 238.0 | (237) | (244) | (243) | 47) | (47) | @51) | (@52) | (257) | (258) | (259) | (262) @61) | 262) | (266) | (264) | 277) | (268) | 271) | (272) | (285) | (284) | (289) | (288) | (292) (294)
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3 4 5 s dblock 011 12
5 | 26

21 22 24 27 28 29 30
Sc | T V| C |Mn| Fe | Co| Ni | Cu | Zn
44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.41
39 40 | 41 42 43 44 | 45 46 47 48
Y | Zr | Nb [Mo | Tc | Ru | Rh | Pd | Ag | Cd
88.91 [ 91.22 | 9291 | 9594 |(97.91)| 101.1 | 102.9 | 1064 | 1079 | 1124
57-71 | 72 73 74 75 76 | 77 78 79 80
Hf | Ta | W | Re | Os | Ir Pt | Au | Hg
178.5 | 180.9 | 183.8 | 186.2 | 190.2 | 1922 | 195.1 [ 197.0 | 200.6
89-103| 104 | 105 | 106 | 107 [ 108 | 109 | 110 | 111 | 112

Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg | Uub
(264)

]
8]

*lanthanide
series

“*actinide
series
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The s block contains all elements where an s-orbital is
the last occupied valence orbital in the ground state.

Examples (valence configurations):

: H: s’
Li: s

g Rb: s’

° Be: s>
Mg: s

! He: s2

Remember: There can only be two electrons in an s-
orbital. Hence, there are two elements per period in the
s block.
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The p block contains all elements where a p-
orbital is the last occupied valence orbital in the
ground state.

Examples (valence configurations):

B: sp’
P: s°p°
S: s*p*
Ne: s*p°
Ar: s°p°

Remember: There can only be two electrons in
each of the three p-orbitals. Hence, there are six
elements per period in the p block.
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In even heavier atoms other types of orbitals (not just s and p)
are occupied:

Z
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Just like the p orbitals
3 4 5 s d 7bIOCek 9 0 112
21 20 23 24 26 4] 28 29 30

R — are triply degenerate,
Sc | Ti | V| Cr Mn | Fe | Co | Ni | Cu | zn the d orbitals are five-

44.96 | 47.87 | 5094 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.41

39 | 40 | 41 42 13 44 | 45 46 | 47 | 48 fold degenerate-

Y /1 Nb | Mo Tc Ru Rh Pd Ag | Cd
88.91 | 91.22 | 9291 | 9594 |(97.91)| 101.1 | 102.9 | 1064 | 1079 | 112.4 _
5771 | 72 73 74 75 76 | 77 78 79 w  This means that ten

Hf | Ta | W | Re | Os | Ir Pt | Au | Hg
s oo L ises s Leos Loes Less oo Lo €lectrons are needed

89-103] 104 | 105 106 | 107 108 | 109 [ 110 [ 111 112 {o Comp|ete|yﬁ||ad_
Rf Db Se Bh Hs Mt Ds Rg | Uub

=

261y | 262) | 266) | @64) | @77) | 268) | 271) | 272) | (285) subshell.

Atomic electron and valence configurations of the d block are a little
more complicated and will be dealt with in unit 3 in more detail.
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Energy (not to scale)
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Orbital

(a)

6d
Sf
7s
6p
5d
af

5p
4d

Ss

dp
3d

45
3p

3s

2s

1s

Order of filling

\\\“\
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So, how do you know the order in which the
orbitals are filled by electrons?

(b)
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Z XZ XyZ X(x?-3y?)

yZ z(x°-y?) y(3x°-y?)

0. L. Cooper
University of Liverpool
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Just like the p orbitals are triply degenerate and the d
orbitals are five-fold degenerate, the f orbitals are seven
fold degenerate.

This means that fourteen electrons are needed to
completely fill an f-subshell.

*lanthanide
series

“*actinide
series
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Decreases

As we move from left to —

right along a period we
add one electron and one
proton during each step.

The higher nuclear
charge acts most strongly
on the innermost
electrons causing them to
move closer to the
nucleus.

Atomic radii

Increases

This causes all other
electrons to follow and
the atomic radius to
decrease.

As we move down along a group a whole shell
of electrons is added in each step. This means
that the atomic radius increases.
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Increases

el
™

As we move from left to
right along a period the
electrons move closer and
closer to the nucleus.

Electrons moving closer to
the nucleus feel the
nuclear attraction much
more strongly and are
hence less easily removed
(ionized) from the atom.

Decreases

First E;

As we move down along a group the atomic radius increases
which means that the first ionization energy decreases.

The electron affinity, an element's ability to pull electrons
towards it, follows the same trend as the first ionization energy.
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Diagonal trends in the periodic table

Sometimes elements on a diagonal in 13 14 15 16 17 18
the periodic table have very similar N m{m
properties. P —_—
C : As
This is because two effects sometimes
cancel out Bl
- metals Bi

* Decreasing atomic radius along a
period due to increased effective
charge.

* Increasing atomic radius along a
group due to increased energy shell
level.

This holds for many properties — metal
character electronegat|V|ty, etc
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Today we covered:

* The periodic table

* periods and groups

» main groups (s and p block elements)

+» transition metals (d block elements)

* lanthanides and actinides (f block elements)
*» Electron configuration for all s, p and d orbitals
* Periodic trends

+ along a period

+ along a group

+ diagonal trends




