Condensed Matter Physics



Metallic bonding



metals / non-metals

H He
Li |IBe BI|C|N|]O]| F|Ne
Na| Mg Al [Si |P | S|CI|Ar
K|1Cal|Sc|Ti |V | Cr|Mn| Fe| Co| Ni| Cu|Zn |Ga |Ge |As |Se | Br| Kr
Rbl Sr|Y |Zr [Nb |Mo |Tc |Ru | Rh| Pd| Ag|Cd |In |Sn |Sb |Te | | | Xe
Cs|Ba|LagHf|Ta |W |Re |Os|Ir | Pt| AulHg | Tl |Pb |Bi | Po| At|Rn
Fr |Ra|AcjRf |[Db|Sg|Bh|Hs|Mt |Ds |Rg Pub

e | Pr|Nd|Pm|sm| Eu| Gd| Tb| Dy| Ho| Er|Tm| Yb|Lu |

Th |Pa [U | Np| PulAm|cm| BK| cf | Es|Fm|Md| Nof L]

® the boundaries can be disputed

® simple metals, transition metals, noble metals
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Metallic bonding (simple metals)

® outer electrons are delocalized and act as “glue” between
positively charged ion cores

e generally found for elements with one, two or three valence
electrons.

® cohesive energies in the eV range
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Metallic bonding (simple metals):
more characteristics

smaller cohesive energies than in ionic crystals
larger ionic radii, e.g. for Na: 3.82 A (metal) and 1.94 A (NacCl)
bonding has no directional preference

closed-packed atomic configurations are preferred: best
possible overlap between the orbitals, no “holes” in the
potential



Metallic bonding: why is this so favorable?

RAVE;

2m

U(r) 4+ Um0 (r) = BW(r)

N\

Kinetic energy (or Hamiltonian for a free particle)
« (negative) average curvature of wave function

“flatter” wave function -> lower energy

AxAp > h/2
N

less localization -> smaller p variation
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Metallic bonding: why is this so favorable?

RAVE

2m

U(r)+ U(r)¥(r) = EY(r)



Transition metals

4s and 3d have very similar energies
4s electrons form delocalized metallic bonds
3d electrons form more local (covalent-like) bonds

higher cohesive energies

H He
Li |Be BIC|N]O]| F]|Ne

Na| Mg Al |si|P | S|CI|Ar
K|CalSc|Ti |V | Cr|Mn| Fe| Co| Ni | CulZn |Ga |Ge |As |Se | Br| Kr
Rb| SrlY |Zr [Nb |Mo |Tc |Ru | Rh| Pd| Ag|Cd|In |Sn |Sb|Te | | | Xe

Cs|Ba| LajHf|Ta |W |[Re |Os |Ir | Pt]| AujHg | Tl |Pb |Bi | Po| At| Rn
Fr |Ra|Acj Rf |Db|Sg|Bh|Hs|Mt |Ds |Rg Uub

Ce | Pr| Nd|Pm|Sm| Eu| Gd| Tb| Dy| Ho| Er| Tm| Yb{Lu

Th |Pa|U | Np| PulAm|Cm| Bk| Cf| Es| Fm| Md| No| Lr




Bonds between molecules

molecular solids are very common (but not at RT)
ice
plastic

DNA

what makes molecules bond to each other?



Bonds between molecules: hydrogen bonds

permanent dipole
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Bonds between molecules: hydrogen bonds

® H is positively charged but also very small: another “real”
bond cannot be established without overlap of electron
clouds (in this sense it is too big in this drawing).

® H bonding is important in ice, DNA... but not very strong



Bonds between molecules: van der Waals force

1 1
T T

attract

e dipole moment caused by fluctuations

® this is always present as an attractive force (even between
He atoms as in this case)

® |tis very weak and depends on the distance as r
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Bond type and physical properties

e How does the bond type affect the
properties of a solid such as:

® mechanical strength / melting point
® clectrical conductivity
e thermal conductivity

® optical properties
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Bond type and physical properties
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Summary

® \We have looked at different types of bonding: ionic,
metallic, covalent, H-bonds, van der Waals bonds.

® |n reality, intermediate bonding scenarios are often found.

® \We have some ideas about the relation between between
the bonding type and the physical properties (at least for
the melting point).
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