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Development of Periodic Table 
• Elements in the same group generally have similar chemical properties. 

Physical properties are not necessarily similar, however. 
 
Arrange elements to reflect the trends in chemical and physical properties. 
•The periodic table arises from the periodic patterns in the electronic configurations of 
the elements.   
•Elements in the same column contain the same number of valence electrons.   
•The trends within a row or column form patterns that help us make predictions about 
chemical properties and reactivity. 

« In the first attempt Mendeleev and Meyer arranged the elements in order of 
increasing atomic weight. 

ü Certain elements were missing from this scheme. 
 

« In the modern periodic table, elements are arranged in order of increasing atomic 
number  
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 The International Union of Pure and Applied Chemistry (IUPAC) has just decided on 
some new and permanent names for the new elements reported in summer 2016 

 Moscovium (mah-SKOH'-vee-um), symbol Mc, for element 115, and  
 Tennessine (TEH'-neh-seen), symbol Ts, for element 117.  

ü The discovery team is from the Joint Institute for Nuclear Research in Dubna, Russia, 
the Oak Ridge National Laboratory and Vanderbilt University in Tennessee, and the 
Lawrence Livermore National Laboratory in California. 

 Nihonium (nee-HOH'-nee-um), symbol Nh, for element 113.  

ü The element was discovered in Japan, and Nihon is one way to say the country's name 
in Japanese. It's the first element to be discovered in an Asian country. 

 Oganesson (OH'-gah-NEH'-sun), symbol Og, for element 118.  

ü The name honors Russian physicist Yuri Oganessian. 
 
« For more information visit  

https://iupac.org/iupac-is-naming-the-four-new-elements-nihonium-moscovium-
tennessine-and-oganesson/ 

Electron Configurations 

• Quantum-mechanical theory describes the behavior of electrons in atoms. 
• The electrons in atoms exist in orbitals. 
• A description of the orbitals occupied by electrons is called an electron 

configuration. 
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• Orbital Diagrams  
v Definitions 

o Valence electrons are electrons in the outmost shell (highest energy level).  

 

 

 

 

 

• They are the electrons included in the chemical reactions 

• # of valence electrons = Group # (Main group elements) 

• Noble Gases have filled shells (8 valence e-s) 

• Stable octet in valence shell ( except H and He) 

 

• We should keep in mind 

« No two electrons in an atom may have the same set of four quantum numbers 
(Pauli exclusion principle) 

« No orbital may have more than two electrons, and they must have opposite spins. 
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Allowed Quantum Numbers: 

 

 

 

Electron Configurations: 

« Aufbau Principle sometimes called the building-up principle : 
 

« Energy levels and sublevels fill from lowest energy to high: 
s → p → d → f 

« Orbitals that are in the same sublevel have the same energy. 
 

« No more than two electrons per orbital, which must have opposite spins 
(Pauli exclusion principle) 
 

« When filling orbitals that have the same energy, place one electron in each before 
completing pairs (Hund’s rule) 
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Why this order for energy?   
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Electron Configuration of Atoms in Their Ground State: 

All you need is a periodic table 

	   

 

 

	  
	  

	  
	  

d (n-1) 

f (n-2) 
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What	  is	  the	  electron	  configuration	  of	  	  	  
S	  (Longhand	  Configuration)	  

	  
	  
	  
	  
Core	  Electrons	  
Valence	  Electrons	  
• What	  is	  the	  electron	  configuration	  of	  S.	  Use	  Shorthand	  Configuration	  

	  
	  
Electron	  configurations	  for	  Transition	  Metals	  
	  
All	  4th	  period	  elements	  have	  the	  configuration	  	  
[argon]	  nsx	  (n	  -‐	  1)dy	  and	  so	  are	  d-‐block	  elements	  
	  
	  
	  
	  
Stability	  related	  to	  lower	  energy	  this	  can	  be	  achieved	  by	  
	  	  	  	  ___	  _____	  	  	  Orbital	  	  	  	  	  	  	  	  	  	  	  or	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ________orbital	  
	  
Some	  exceptions	  across	  the	  transition	  metal	  region:	  	  

 Chromium	  
EXPECT:	  
ACTUALLY:	  	  	  	  
	  

 Copper	  
EXPECT:	  
ACTUALLY:	  	  	  	  
	  
Irregular	  Electron	  Configurations	  

Expected	  
Cr	  =	  [Ar]4s23d4	  
Cu	  =	  [Ar]4s23d9	  
Mo	  =	  [Kr]5s24d4	  
Ru	  =	  [Kr]5s24d6	  
Pd	  =	  [Kr]5s24d8	  

Found	  experimentally	  
Cr	  =	  [Ar]4s13d5	  
Cu	  =	  [Ar]4s13d10	  
Mo	  =	  [Kr]5s14d5	  
Ru	  =	  [Kr]5s14d7	  
Pd	  =	  [Kr]5s04d10	  

Nb,	  Rh	  and	  Ag	  also	  have	  the	  same	  irregularity	  
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Paramagnetic:	  (unpaired	  electron)	  attracted	  to	  the	  magnetic	  field	  
	  
 
	  
	  
Diamagnetic:	  (paired	  electron)	  	  not	  attracted	  to	  the	  magnetic	  field	  
	  
	  
	  
	  
	  
	  
	  

• Ion	  Electron	  Configuration	  
ü Ion	  Formation	  
– Atoms	  gain	  or	  lose	  electrons	  to	  become	  more	  stable.	  
	  
	  
	  
	  
– Isoelectronic	  with	  the	  Noble	  Gases.	  
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Group	  
1A	  
	  
	  
	  
2A	  
	  
	  
	  
3A	  
	  
	  
	  
5A	  
	  
	  
	  
6A	  
	  
	  
	  
7A	  

Example	  
Na:	  1s2	  2s2	  2p6	  3s1	  
Na+:	  1s2	  2s2	  2p6	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  =	  	  	  	  	  	  	  	  	  	  	  [Ne]	  
	  

Mg	  
	  
Mg+2	  
	  
	  

	   	  
 Transition	  Metal	  Ions	  

Generally,	  only	  highest	  energy	  e-‐	  lost	  =(Outer	  s-‐subshell	  e-‐)	  
Ø Many	  transition	  metals	  form	  +2	  cations	  

ü lose	  both	  s-‐subshell	  e-‐	  
	  
Ø For	  ions	  of	  higher	  charge	  

d-‐subshell	  e-‐	  are	  lost	  also	  
	  
Fe	  [Ar]	  4s2	  3d6	  	  	  
	  
loses	  2	  electrons	  	  forms	  	  Fe2+	  	  	  [Ar]	  4s0	  3d6	  	  	  
	  
	  
	  
Overall,	  common	  charges	  for	  ions	  are	  based	  on	  electron	  configuration	  
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Need	  more	  Help	  on	  Electron	  Configuration	  Go	  to:	  
http://www.kentchemistry.com/links/AtomicStructure/Sublevels.htm	  
	  
More	  help	  on	  understanding	  most	  of	  the	  topics	  covered	  in	  Chapters	  6and	  7	  
http://wps.prenhall.com/wps/media/objects/602/617465/AtomicRadii.html	  
	  
	  
Periodic	  Trends	  	  (see	  Examples	  8.5-‐8.9	  pages	  356-‐368)	  
	  
1. Effective	  Nuclear	  Charge	  

	  
	  

	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
 

+ 
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Shielding and Effective Nuclear Charge (Zeff): 

ü Each electron in a multi-electron atom experiences both the attraction to the nucleus 
and the repulsion by other electrons in the atom. 

• These repulsions cause the electron to have a net reduced attraction to the nucleus; it 
is shielded from the nucleus. 

• The total amount of attraction that an electron feels for the nucleus is called the 
effective nuclear charge (Z eff) of the electron. 

« Z eff  is lower than the actual charge 
  

Z eff  = Z – S 

 

 

Z= Actual nuclear charge 

S= Charge screened by other e-s 

(charge of the core e-s) 

Coulomb’s Law: the potential energy (E) of two charged particles depends on their 
charges (q1 and q2) and on their separation (r) 

 

ε0 = 8.85 X10 
-12C2/J 
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2. Trend	  in	  Atomic	  Radius:	  Main	  Group	  (see	  Example	  8.5	  page	  356)	  

	  
	  

	  
• Atomic	  radius	  decreases	  across	  period	  (left	  to	  right)	  

ü Adding	  electrons	  to	  same	  valence	  shell	  
ü Effective	  nuclear	  charge	  increases	  
ü Valence	  shell	  held	  closer	  

	  
« We	  actually	  cannot	  measure	  the	  size	  of	  the	  atom	  (no	  exact	  boundary	  for	  atoms	  or	  
orbitals).	  Instead	  we	  use	  the	  bond	  length	  to	  estimate.	  

	  

	  
	  

§ Bonding	  Atomic	  Radius=	  ½	  bond	  length	  
	  
3. Sizes	  of	  Ions	  
	  

1)	  Cations	  
always	  smaller	  than	  parent	  atom	  
Ø The	  outermost	  electron	  is	  removed	  and	  repulsions	  between	  electrons	  are	  
reduced.	  

Ø The	  effective	  nuclear	  charge	  has	  increased.	  
Cs+	  smaller	  than	  Cs	  

ü Size	  decreases	  with	  increasing	  ionic	  charge	  
Fe3+	  <	  Fe2+	  ;	  Cu2+	  <	  Cu+	  
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2)	  Anions	  
always	  larger	  than	  parent	  atom	  
Ø Electrons	  are	  added	  and	  repulsions	  between	  electrons	  are	  increased	  
Ø Trends	  in	  ion	  sizes	  are	  the	  same	  as	  atom	  sizes	  
Br-‐>	  Br	  	  	  	  	  	  	  	  	  	  	  S2-‐	  >	  S	  
	  

 In	  an	  isoelectronic	  series,	  ions	  have	  the	  same	  number	  of	  electrons.	  
• Ionic	  size	  decreases	  with	  an	  increasing	  nuclear	  charge.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  O2–	  >	  F–	  >	  Na+	  >	  Mg2+	  >	  Al3+	  

	  

	  	  
4. Ionization	  Energy:	  minimum	  energy	  required	  to	  remove	  an	  electron	  from	  
gaseous	  atom	  or	  ion	  

	  
	  
	  
	  
	  
	  
Ø First	  ionization	  energy	  =	  energy	  to	  remove	  electron	  from	  gaseous	  neutral	  atom	  

Ø Mg	  (g)	  	  	   	  	  	  	   Mg+	  (g)	  +e-‐	   Ei1	  =	  738	  kJ/mol	  
	  	  

Ø second	  ionization	  energy	  =	  energy	  to	  remove	  from	  gaseous	  ion,	  etc.	  
Ø Mg+	  (g)	  	  	   	  	  	  	  Mg2+	  (g)	   +e-‐	  	   Ei2	  =	  1450	  kJ/mol	  

	  
	  
« Energy	  cost	  depends	  on	  location	  in	  the	  periodic	  table.	  
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 There	  are	  some	  exceptions:	  

N:	  [Ne}	  2s22p3	  	   	  N+:	  [Ne}	  2s22p2	  	  	  	  Ei=1402KJ/mol	  
	  
	  
	  

O:	  [Ne}	  2s22p4	  	   	  O+:	  [Ne}	  2s22p3	  	  	  	  Ei=1314KJ/mol	  
	  
	  
	  

Be:	  [He}	  2s2	  	   	  Be+:	  [He}	  2s1	  	  	  	  	  	  	  	  	  	  	  	  	  	  Ei=899KJ/mol	  
	  
	  

B:	  [He}	  2s22p1	  	   	  B+:	  [He}	  2s2	  	  	  	  	  	  	  	  Ei=801KJ/mol	  
	  

	  
	  

	  
v What	  about	  adding	  an	  electron?	  
Electron	  Affinity,	  EA:	  Energy	  associated	  with	  the	  gain	  of	  	  
an	  electron	  by	  a	  gaseous	  atom	  or	  ion.	  

	  
• Electron	  affinity	  is	  defined	  as	  exothermic	  (−)	  	  
but	  may	  actually	  be	  endothermic	  (+).	  

– Some	  alkali	  earth	  metals	  and	  all	  noble	  gases	  are	  endothermic.	  Why?	  
• The	  more	  energy	  that	  is	  released,	  the	  larger	  the	  electron	  affinity.	  

– The	  more	  negative	  the	  number,	  the	  larger	  the	  EA.	  
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Ø First	  Electron	  Affinity	  	  

Cl(g)	  +	  e−	  ⎯⎯→	  Cl−(g)	   	   EA	  =	  -‐349	  kJ/mol	  	  	  	  
Ø Second	  Electron	  Affinity	  

	  	  	  	  	  O-‐	  (g)	  +	  e-‐	  ⎯→	  	  	  	  	  	  	  	  O2-‐	  (g)	  	   	   EA	  =	  +710	  kJ/mol	  
Ø 2nd	  e-‐	  must	  be	  forced	  onto	  a	  negative	  charged	  ion	  which	  requires	  energy	  

 Exceptions	  in	  Electron	  Affinity	  
	  

Group	  1A	  Vs	  Group	  2A	  
Na	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Mg	  

	  
	  

Na-‐	   	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Mg	  -‐	   	   	  
Group	  4A	  	  	  Vs	  Group	  5A	  
	  	  	  	  C	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  N	  

	  
	  	  	  	  	  	  	  

	  	  	  	  C-‐	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  N-‐	  
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Periodic	  Chemical	  behavior	  
	  

v Group	  1A	  
• They	  are	  found	  only	  in	  compounds	  in	  nature,	  not	  in	  their	  elemental	  forms.	  
• Alkali	  metals	  are	  NEVER	  found	  pure	  in	  nature;	  they	  are	  too	  reactive.	  
• They	  have	  low	  densities	  and	  melting	  points.	  
• They	  also	  have	  low	  ionization	  energies.	  
• Their	  chemistry	  is	  dominated	  by	  the	  loss	  of	  their	  single	  s	  electron:	  

	   	   	   M	  à	  M+	  +	  e–	  
• Reactivity	  increases	  as	  we	  move	  down	  the	  group.	  

	  
v Chemical	  Reactions	  of	  Group	  1A	  elements:	  

	  
a) With	  Halogens:	  

M	  +	  X2	  à	  2MX	  
	  
	  
b) With	  Water	  

M	  +	  H2O	  à	  MOH	  +	  H2	  

	  

c) With	  Oxygen	  
Li	  +O2	  	  	  à	  	  Li2O	  	  	  	  
	  
Na+O2	  	  	  à	  	  Na2O2	  	  	  	  	  	  
	  	  
K	  +O2	  	  	  à	  	  KO2	  	  	  	  	  	  
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d) With	  Hydrogen	  

Na	  +	  H2	  à	  NaH	  
	  
	  

v Group	  7A	  
ü Exist	  as	  diatomic	  

	  
	  

• Very	  high	  electron	  affinities	  
– Good	  oxidizing	  agents;	  easy	  to	  reduce	  
– Very	  reactive;	  not	  found	  uncombined	  in	  nature	  
– React	  with	  metals	  to	  form	  salts	  
– Compounds	  generally	  soluble	  in	  water	  ∴	  found	  in	  seawater	  

« They	  are	  very	  reactive	  ,	  they	  react	  with	  almost	  every	  thing	  (except	  for	  noble	  
gases)	  

	  
 Fluorine	  is	  one	  of	  the	  most	  reactive	  substances	  known:	  	  

2F2(g)	  +	  2H2O(l)	  à	  4HF(aq)	  +	  O2(g)	  ∆H	  =	  –758.9	  kJ	  
	  
	  

	  
v Group	  8A	  
v Very	  unreactive	  

o Only	  found	  uncombined	  in	  nature	  
o Used	  as	  “inert”	  atmosphere	  when	  reactions	  with	  other	  gases	  would	  be	  
undesirable.	  

	  
• (In	  1962)	  Xe	  forms	  three	  compounds:	  

– XeF2	  
– XeF4	  	  
– XeF6	  

• Kr	  forms	  only	  one	  stable	  compound:	  
– KrF2	  

• The	  unstable	  HArF	  was	  synthesized	  in	  2000.	  
	  


