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Main-Group Elements

Main-Group Elements
s Subshell fills p Subshell fills
IA Atomic number VIIIA
Symbol
1 Valence-shell configuration 15 16 17

VA VIA VIA
2 | Transition Metals
26" | d Subshell fills
3 Slian
: IVB VB VIB VIB

Inner-Transition Metals
f Subshell fills

*Lanthanides

**Actinides

Metal
Metalloid
Nonmetal
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s orbital

BOUMNDARY SURFACE of s-orbital

s>pherical cloud
+_loud becomes less dense as distance from nuclews increases

«51Ze of atoms very small - electron never found more than 100 prm awayfmrrz‘?cleus
*Higherthe energy ofthe s-orbital, bigger the diameter of the boundary surface



p orbitals

«[hree p-orhitals fora given energy

+_loud wath two lobes on opposite sides of the nucleus

«['wio lohes separated by a planar region - nodal plane

«f|odal plane cuts through the nucleus

+p-electron never found on nodal plane - therefore itis never found at the MGeus
spp-orhitals lie along three perpendicular axes



2p, orbital 2p, orbital 2p, orbital
B



d orbitals
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il ore complicated than s or p orbital

*F1ve possible orientations for d orbitals

«Four of them hawve four lobes, fifth is different
«f-orbital electron will not he found at the nucleus

f orbital - does not explain chemical propertiesZ4
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Electron

Element Orbitals Configuration
1s 2s 2D, 2py 2p:

H .‘ 1s'
He Qé 15
Li 1s* 2s'
Be ) 1s® 2s°
B Q) 1s* 25° 2p
C Q 1s° 2s° 2p°
N 1s* 2s* 2p°
0 15* 2s* 2p'
= Q 1s° 2s° 2p°
Ne 0 1s? 25 2p°

_




Main-Group Elements Main-Group Elements

1 18

IA VIIIA
183 14 15 16 17

1 IIIA IVA VA VIA VIIA
Transition Metals

345678%101112
B IVvB VB VIB VIIB IB 1B

Inner-Transition Metals

*Lanthanides

**Actinides
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These data are based on interatomic distances in the structures of the clements. (Radii for metals correspond to coordination numbers of

12.) Where no radius value can be found for a particular element, its radius has been set to a default value of 1 A and a circle is plotted

instead of a rendered sphere. Data from Vainshtein et al., 1995; values for O, E §, Cl, Br, I, A, Po, Pm. Rn have been taken from

5 Clementi et al.1963.
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Diagonal Relationships
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Diagonally related pairs of elements show similar chemical properties
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Electron gained

Fluorine atom

Fluoride ion



‘L lonic radius

I Share of distance between
neighboring 1ons in an ionic
solid

I Distance between the nucle
of a neighboring cation and
anion = ionic radii {(anion) +

lomic radius lonic radii {(cation)
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4 Van der Waals radii (1pm = 1x10-12) N\

208 p fs, sh 288 Se Te
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Pm pm
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Covalent radii {(1pm = 1x10-12)

First period Second period Third period
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He + s — HesH or H—H

forming covalent
bond
> & "> L e N e8 &8

Constituent atoms

share a pair of electrons,
closing the shell for each




sodium contnbutes
alectron, leaving it
with a closed shell

P N + o %'
o—=—= Na <4+ «Cle
.8 .8
forming ionic ; A :
Bond chlorineg gains
electron, leaving It
with a closed shell
.e o4 ee 27
eMge + ;O — Mg + 0O,
. e
forming ionic
bond
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Covalent

HCI
lonic
Rb
A0 P VIVIVINTO ] proet
H' — e -
e - —t—— "'-g-—\g electronegativa
Li”[Be Lt v v I VI N N G L o, [FY.% J
Na|ME|B B B B B, BB (A=Y s Mg A
CalSe [T |¥ |or |Mn|Fe |Go [N |Gu |2n |Ga |Ge |Asse Elrt""lh‘..;:
Rb 51 | ¥ 12Zr |Mb |MolTa |Ru |Rh | Pa | Ag LCd |in |Sn |56 |Taadd | e \
cs|Bal L lrrl e lw'me | o "o | ad'lHE |17 |ef |6 ps' | A Tee
Fr_h H:F"—:IHF- HE-.n = 18 164 1054 EDE
ﬁ Lanvsites| || Toa e oG P smes 12 1m0 [ov e B e e GOvalent
M'DEI: .. £ 3 B s ¥ L i 1 i i
actiides || ag | |Pa |u” [me |pa [am lomlek o |es [Fm ad s |

electropositive



:dzélz Hzél: Na*[zélz:l_

Pure covalent bond Polar covalent bond Ionic bond
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Potential energy U
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0.074 nm =r,
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Bonding
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Arrangement Molecular
Electron Groups of Groups Shape Example
Total Bonding Lone
2 2 0 Linear Linear
3 3 0 Trigonal Trigonal
planar planar
2 1 Bent (or
angular)
4 4 0 Tetrahedral Tetrahedral
3 1 Triangular
pyramidal
2 2 Bent (or
angular)




Wavelength in meters -

B 1079 10°%4x10°77x1077 107° 10~ 1 102 10*

Gamma X rays Ultraviolet - Infrared Microwaves Radio waves
rays e

FM Shortwave AM

4% 1077 5% 1077 6x 1077 7x 1077







