"My name is Bond."
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"James Bond."

N2 (Double 07)




Last time we looked at multi-element
atoms to get the periodic table.

H Periodic Table of the Elements

3 i hydrogen ¥ poor metals
Li Be alkali metals O nonmetals

alkali earth metals B noble gases

1 12 transition metals rare earth metals
Na | Mg

19 20 21 22 23 24 25 26 27 28 29
K|{Ca|[Sc|Ti [V |Cr |Mn|Fe |Co|Ni |Cu

37| 38| 39| 40| 41| 42| 43| 44 45 46
Rb|Sr|Y |Zr INb (Mo | Tc [ Ru|Rh [Pd | Ag

55 56 57 72 73 74| 75 76 771 78 79
Cs|Ba|lLa|Hf |Ta |W | Re|Os| Ir | Pt | Au

87 88 89| 104 105| 106( 107| 108 109 110
Fr | Ra| Ac|Ung|Unp|Unh|Uns |Uno|Une|Unn

58] 59| 60| 61] 62| 63| 64| 65 66| 67] 68 _69] 70| 71
Ce| Pr|Nd|[Pm|Sm |Eu [Gd | Tb | Dy|Ho | Er | Tm|Yb | Lu

90| 91| 92| 93| 94| 95| 96| 97| 98] 99| 100] 101| 102| 103|
Th|Pa| U |[Np | Pu|[Am|Cm |Bk | Cf |Es | Fm| Md| No| Lr
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...these are some important trends.
Do you know what these words mean!?

lonization Energy: the energy needed to
remove an electron from an atom in the
gas phase.

Electron Affinity: the energy released when
an electron is added to a gas phase atom.
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Atomic Radii:
covalent radius
van der Waals radius
ionic radius

Hard




The ionization energy of the elements provides one
example of a periodic trend...
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Periodic Trends: Atomic Spectra

Li: 2s-2p
670.7 nm

Na: 3s-3p
589.0 nm

K:4s-4p
766.5 nm

Rb: 5s-5p
780.0 nm

Cs: 6s-6p
852.1 nm
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What about "metallic character" or "nonmetallic character?

Ar
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The atomic radii of the elements is
another example of a periodic trend.
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How do we measure the atomic radius?

2r
= >

Atomic radius

The answer to this question leads us to our
next BIG topic: forming chemical bonds.




A Periodic Tour

Periodic Table of the Elements

hydrogen B poor metals
alkali metals O nonmetals

alkali earth metals B noble gases
transition metals rare earth metals

19 20 21 22 23 24 25| 26 27 28 29
K|Ca|Sc|Ti |V |Cr |Mn|Fe |Co|Ni | Cu
37 38 39| 40 41 42 43 44 45 46 47
Rb|Sr|Y [Zr [Nb Mo | Tc | Ru|Rh [Pd | Ag
55 56 57 72 73 74 75| 76 771 78 79
Cs|Ba|lLa|Hf |Ta|W | Re|Os| Ir |Pt | Au
87 88 89| 104| 105| 106( 107 108 109 110

Fr | Ra| Ac|Ung|Unp{Unh|Uns [Uno|Une Unnl

58] 50| 60| 61] 62| 63| 64| 65 66| 67] 68
Ce| Pr|{Nd|[Pm|{Sm|Eu |Gd | Tb | Dy|Ho | Er

70
Yb

90 91| 92| 93 94| 95| 96| 97| 98] 99| 100
Th|Pa| U [Np | Pu|[Am|Cm Bk [ Cf |Es | Fm

102
No

103

71
Lu

Lr




Element 18: Argon

" Periodic Table of the Elements
3 2 hydrogen B poor metals
Li | Be alkali metals O nonmetals
alkali earth metals B noble gases
1" 12 transition metals rare earth metals
Na | Mg

19 20 21 22 23 24 20 26 27 28 29
K |[Ca|Sc|Ti [V |Cr |Mn|Fe |Co|Ni | Cu

37| 38| 39| 40| 41| 42| 43| 44| 45| 46| 47
Rb|Sr|Y [Zr [Nb |[Mo| Tc | Ru|Rh |Pd [Ag

55 56 57 72 73 74 75 76 771 78 79
Cs|Ba|la|Hf |[Ta|[W | Re|Os| Ir | Pt | Au

87 88 89| 104| 105| 106( 107 108 109 110
Fr | Ra| Ac|Ung|Unp{Unh|Uns [Uno|Une Unnl

58] 50| 60| 61] 62| 63| 64 65 66| 67] 68 69| 70| 71
Ce|Pr|{Nd|[{Pm|{Sm|Eu |Gd [ Tb | Dy|Ho | Er | Tm|Yb | Lu

90| 91| 92| 93] 94| 95| 96| 97| 98] 99| 100] 101 102] 103|
Th|Pa| U |[Np |Pu|[Am|Cm Bk | Cf |Es [ Fm| Md| No| Lr




Element 18: Argon

electron configuration: [Ne]3s?3p®

The outermost electron shell is called the
valence shell. The electron in the outermost
shell are called valence electrons.

Argon's valence shell is
full. It is very unreactive
and called a Noble gas.

Excited Argon Gas




Element 18: Argon

[Ne]3s23p®  Actually, Argon exists as a either a
solid, liquid or gas.

Melting Point: 83.80 K
Boiling Point: 87.30 K

Triple Point: ?2?
83.80 K, 69 kPa

Critical Point; ?2?
150.9 K, 4.898 MPa

Argon Liquid and Solid
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Element 18: Argon
Triple Point: 83.80 K, 69 kPa

Heavy lines show
the boundaries
between liquid and
gas (7C) and
between liquid
and solid {(7A).
{critical Curve PORSdescribes
paint) a path from a

¢ typically liquid state
(#) to a typically
gaseous state (5).
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Solid Argon crystallizes in a
"face-centered cubic” (fcc) lattice.

> )
J/ J/ I The lattice
parameter "a"
Poeoeensiicne. | @ 4 defines the unit cell
size: for Argon,

v a =526.0 pm




Solid Argon crystalizes in a
"face-centered cubic” (fcc) lattice.

This is a stereo image -- cross your eyes!




Use the packing dimensions in solid Ar
to determine an atomic radius:

fcc Argon
A4 4+  a=526.0pm
J ' v/
: e 2r
.................... d
/? vl
v - J Atomic radius

Can you calculate r?




Use the packing dimensions in solid Ar
to determine an atomic radius:

fcc Argon
A7 o 1 a = 526.0 pm
- J
: 2r
.................... 2 < >
v 4 Atomic radius
r=186.0 pm

(= a//8)




This is called a "van der Waals radius"

€

2r

Atomic radius

r = 186.0 pm

>

vdWV forces in Ar
only arise from
induced dipole-
induced dipole
Interactions
between the two
atoms. Very weak
attractive force.




Element 53:

Periodic Table of the Elements

lodine

H
3 2 hydrogen B poor metals
Li | Be alkali metals O nonmetals
alkali earth metals B noble gases
1" 12 transition metals rare earth metals
Na | Mg
19 20 21 22 23 24 25 26 27 28
K |[Ca|Sc|Ti |V |Cr |[Mn|Fe | Co|Ni Cu
37 38 39| 40 41 42 43 44 45 46 a7
Rb|Sr|Y |Zr [Nb |[Mo| Tc | Ru|Rh |Pd | Ag
55 56 57 72 73 74 75 76 771 78 79
Cs|Ba|la|Hf [Ta [W | Re|Os| Ir | Pt | Au
87 88 89| 104| 105| 106 107| 108 109 110
Fr | Ra| Ac|Ung|Unp{Unh|Uns [Uno|Une Unnl
58 59 60 61 62 63 64 65 66| 67 68 69 70 71
Ce|Pr|{Nd|[{Pm|{Sm|Eu |Gd [ Tb | Dy|Ho | Er | Tm|Yb | Lu
90| 91| 92| 93] 94| 95| 96| 97| 98] 99| 100] 101| 102] 103
Th|Pa| U |[Np |Pu|[Am|Cm Bk | Cf |Es [ Fm| Md| No| Lr




Element 53: lodine

electron configuration: [Kr]4d'%5s?5p°

lodine's valence shell is NOT full -- it needs one
more electron to become Xe.

Melting Point:
386.9 K (113.7 C)

Boiling Point:
4574 K (184.3 C)

Triple Point:
386.7 K, 12.1 kPa

Critical Point;
819 K, 1.7 MPa

Solid lodine




Solid lodine crystallizes in an
"orthorhombic” crystal lattice.

“ § Three lattice
(15— parameters:

) ssbic a: /18.02 pm
¢ o=pere90° b: 471.02 pm

c:981.03 pm




Solid lodine crystallizes in an
"orthorhombic” crystal lattice.




Solid lodine crystallizes in an
"orthorhombic” crystal lattice.

Three lattice
parameters:

a: /18.02 pm
b:471.02 pm
c:981.03 pm

Diatomic
Molecules!!




I, Molecules

Covalent radius: 133 pm

133 pm (I)
VS.
186 pm (Ar)

|
Internuclear distance: 266 pm

lodine is a diatomic even
in the gas phase.




I, Molecules

Covalent radius: 133 pm

Internuclear distance: 266 pm

A covalent bond can be defined as a
sharing of electrons -- G. N. Lewis




I, Molecules

Covalent radius: 133 pm

Internuclear distance: 266 pm

Quantum Mechanics can be used to describe
the electronic states (orbitals) involved in
bonding -- L. Pauling




Periodic Table of the Elements

Element 3: Lithium

hydrogen
alkali metals
alkali earth metals
transition metals

B poor metals

O nonmetals

B noble gases
rare earth metals

19| 20 21| 22 23] 24] 28] 26] 27] 28] 29

K|Ca|[Sc|Ti |V [Cr |Mn|Fe |Co|Ni [Cu

37| 38| 39| 40| 41| 42| 43| 44| 45| 48| 47

Rb|[Sr|Y |Zr [Nb|Mo| Tc | Ru|Rh |Pd | Ag

55| 66| 57| 72| 73| 74 75 76| 77 78| 79

Cs|Ba|La|Hf [Ta|W | Re|Os| Ir | Pt | Au

87| 88| 89| 104| 105 106| 107| 108 108| 110

Fr | Ra| Ac|Ung|Unp{Unh|Uns [Uno|Une Unnl
58] 59| 60| 61| 62| 63| 64] 65 66| 67] 68 69| 70| 71
Ce|Pr|{Nd|[{Pm|{Sm|Eu |Gd [ Tb | Dy|Ho | Er | Tm|Yb | Lu
90 91| 92| 93 94| 95| 96| 97| 98] 99 100] 101 102] 103
Th|Pa| U |[Np |Pu|[Am|Cm Bk | Cf |Es [ Fm| Md| No| Lr




Element 3: Lithium

electron configuration: [He]2s'

Lithium's valence shell is NOT full -- it needs seven
more electrons to become Ne.

Melting Point:
453.7 K (180.5 C)

Boiling Point:
1615 K (1342 C)

Solid Lithium




Solid Lithium crystallizes in an
"body-centered cubic”
(bcc) crystal lattice.

\ \' bce Lithium
a = 349.0 pm
a
r=>1
‘a\' .
a

Can you calculate r?




Solid Lithium crystallizes in an
"body-centered cubic”
(bcc) crystal lattice.

\ \' bce Lithium
a = 349.0 pm
a
r=151.1 pm
‘a\' . °

(4r = a+/3)




Element 3: Lithium

electron configuration: [He]2s'

Metallic Bonding: fixed cations and a sea of electrons.

fixed cation o .
Lithium shares its

= 1 o
DOOO R
TOOL e ke
|

sea of electrons

Lithium IP is 5.39 eV.

We will need very fancy QM for this.




"My name is Bond."

So, in this lecture we have identified
three types of molecular bonding:

van der Waals Interactions (Ar)
Covalent Bonding (I2)
Metallic Bonding (Li)




"My name is Bond."

So what about Carbon!?




"My name is Bond."

N2 says: "Diamonds are Forever”




