IONIC COMPOUNDS
Some substances, when dissolved in water, render the solution conducting electrical current. They are electrolytes. 

E.g., NaCl, CuCl2, & many other compounds formed between a metal & non-metal.
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These compounds exist as a combination of electrically charged atoms: IONS
Ions form by electron transfer between a metal atom, giving up electron(s), & non-metal atom, accepting electron(s).  
Positively & negatively charged ions stay together due to electrical attraction of + & - .

Chemical bond due to electrical attraction of ions is IONIC BOND. 

Example:    
Na - e-  (    Na+   by losing e-, sodium atom transforms into Na+  ion.
              [+] ions are called CATIONS (travel to CATHODE, [-]) 

Cl2  + 2e-  ( 2Cl-  by accepting e-, chlorine atom transforms into Cl-  ion.

              [ - ] ions are called ANIONS (travel to ANODE, [-])
The net result is:  2Na + Cl2  ( 2NaCl

                                           NaCl is an ionic compound.  
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Octet rule valid for ionic bond: 

Metal atoms release as many electrons as necessary to achieve a preceding noble gas configuration, i.e. octet (8e-), [2 for the 2nd period metals] 
Non-metals, combining with metals, gain as many electrons as necessary to achieve noble gas, i.e. octet, configuration.

Therefore, Group 1 metals form +1 cations:    K -2e- ( K+
                  Group II metals form  +2 cations:    Mg -2e- ( Mg2+


     Group III metals form +3 cations:   Al -3e- ( Al3+

                 Group IV metals form  +4 cations:   Pb - 4e- ( Pb4+, 

                                       but can also form (+2) cations: Sn - 2e- ( Sn2+
There are no cations with their charge over 4. 

                 Group VII non-metals form -1 ions:  Cl + 1e- ( Cl-
                 

    VI 




-2 ions:  S + 2e- ( S2-


   

    V 




 -3 ions:  P + 3e- ( P3-
                              IV 
                           -4 ions:  C + 4e- ( C4-
There are no anions with their (negative) charge over -4. 

Formulas of Binary Ionic Compounds always start with a metal
(NaCl)
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Compiling chemical formula of ionic compound:

A chemical compound is a neutral entity.
Combination of [+] & [-] must give a zero net charge, 
i. e. total [+] must equal total [-].
Na+ & Cl- combine as NaCl                       Na+ & S2- combine as Na2S 

Mg2+ & F-  
             MgF2                                  Cd2+ & S2-               CdS

Al3+ & Cl-  
            AlCl3                                   Cu+ &  O2-               Cu2O
Al3+ & N3-  
      AlN                          Al3+ &  O2-               Al2O3
Al3+ & C4-              Al4C3                                    Pb4+ & O2-               PbO2                                        
IONIC vs. MOLECULAR COMPOUNDS
For ionics, chemical formula expresses total composition, not a structure, 

( it is always reduced to smallest integer numbers: 
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For molecular compounds, MOLECULAR FORMULA indicates true composition of a molecule. 
The subscripts are not reduced to smallest integer numbers. 

                                   

IONIC COMPOUNDS form BRITTLE, SOLID, non-conducting 
IONIC CRYSTALS.

They have high melting points & are not volatile, 
while molecular compounds may be GAS or LIQUID at room temperature, 

also non-conducting.

The crystalline lattice of ionic compounds consists of ions, while in crystals of solid molecular compounds MOLECULES are in the nodes of the lattice.

                       
In solutions, ionic compounds conduct electrical current due to dissociation into solvated [hydrated (aqueous) if in water] ions:


Most of molec. compounds dissolve as molecules, without separation into ions. 
Names of Ionic Compounds
consist of the names of constituting ions

The name of a METAL stands FIRST (as in formula) unaltered. 

All BINARY compounds are …ides  (as are molecular compounds)
NaCl  sodium chloride,    NiS  nickel sulfide,       BaO barium oxide

Some metals form more than one ion, e.g. Fe2+ & Fe3+, Sn2+ & Sn4+.
In that case, the name of METAL is followed with ROMAN NUMERAL stating the charge of metal ion:  
FeCl2  iron(II) chloride,     FeCl3   iron(III) chloride

CuO  copper(II) oxide,      Cu2O   copper(I) oxide

Cations that can only form one ion (( no Roman numeral):

All elements of Group IA (always +1)

Group IIA, Zn & Cd (always +2)

Group IIIA (except Tl3+ & Tl+) & Sc (always +3)


Polyatomic Ions

There are stable entities out of several atoms (like molecules) 
with a net electrical charge: polyatomic ions. 
They have special names:

CATION:  NH4+  ammonium   (from NH3 ammonia) in the name & formula stands first (similar to metal):  NH4Cl   ammonium chloride
ANIONS:  central atom & two or more oxygens: are …ates  or …ites.

If only one anion is formed by the element, it is …ate  


If 2 anions are formed by the same element, the one with more oxygen is ...ate,

the other one with lesser number of oxygens is …ite:


If more than 2 anions are formed, prefixes per… & hypo… are added

All anions by chlorine:

Cl-           chloride
ClO-     hypochlorite 

ClO2-   chlorite                   Anions by manganese:

ClO3-   chlorate                  MnO42-   manganate
ClO4-   perchlorate             MnO4-   permanganate
*Anion may contain hydrogen atom (besides oxygen):

To the names of compounds with polyatomic ions, same rules apply as for binary compounds, i.e. the metal stands first & its charge is indicated with Roman numerals when ambiguous.

The formula is compiled taking into account the charges of both cation & anion.


INNER STRUCTURE OF POLYATOMIC IONS 

is determined the same way as for neutral molecules i.e.: 

1)  counting all valence electrons, including one or more extra electrons giving the net charge of the anion or subtracting electron(s) for a polyatomic cation;
2)  compiling Lewis dot formula according to octet rule;

3)  drawing the electron configuration according to valence electron pair repulsion rules.


K2SO4 is an ionic compound, with covalent bonds within sulfate ion. 


OXIDATION NUMBERS
When a metal combines with oxygen, i.e. oxidation occurs, 

2Cu + O2   ( 2CuO,     Cu releases electron & becomes Cu2+
Cu – 2e ( Cu2+      OXIDATION process

By analogy, any reaction where electrons were released is named OXIDATION, even when oxygen is not involved:

Cu + S   ( CuS   is also oxidation of copper, since 

Cu – 2e ( Cu2+   while

S      + 2e (    S2-    any reaction where electrons are gained, is REDUCTION
Since electrons never disappear, 

            where is no OXIDATION without a coupled REDUCTION

The charge that an atom obtains in electron transfer is called 
                                   OXIDATION NUMBER.

For monoatomic ions, it is the same as the ion charge:

Na2S    Na+  oxidation number of Na is (+1), or Na(+1);   S2-  or S(-2)
FeO     Fe2+      Fe(+2)     O2-  or S(-2)       Fe2O3   Fe3+      Fe(+3)
The concept of OXIDATION NUMBER is applied to molecular compounds, too. In this case, we first decide which element is less electronegative: to it we assign a positive oxidation number, 

the more electronegative element will have negative oxidation number. 
Then we decide, what would be the positive charge if all the shared electrons were completely assigned to the more electronegative element, while the less electronegative element would carry a positive charge:

CO2     C is less electronegative, all 4 electrons in O=C=O will be considered as belonging to oxygen only, then the charge of carbon would be (+4), i.e. oxidation # C(+4)

Each oxygen atom, if electrons are assigned to it, will become O(-2).

SO3      S(+6), O(-2)                                IF5   I(+5), F(-1)
N2O5    N(+5), O(-2)                               As2S3  As(+3), S(-2)

H is almost everywhere H(+1), as in HCl, H2O, NH4+     

except metal hydrides, as LiH, CaH2, AlH3, where it is H(-1)

O is almost everywhere O(-2), as in CaO, SO2, SO42- 

except peroxides Na2O2, where O(-1)
& superoxides KO2, where O(- ½)  (fractions are possible!)

For other elements: highest oxidation number possible is the group number: C(+4) in CO2, N(+5) in N2O5, S(+6) in SO3, Cl(+7) in Cl2O7.

The lowest possible oxidation number (for non-metals) is the group number minus 8:       N(-3), i.e. 5 - 8 = -3, as in NH3, S(-2) as in H2S, Cl(-1) as in NaCl
Free elements: always ZERO:  Cl2  is Cl(0),  P4 is P(0)

In a neutral compound, all oxidation numbers sum up to zero 

(similar to the charges of ions in ionic compounds).

The OXIDATION NUMBER is assigned to each element of a polyatomic ion as well. 

In that case, the sum of all the oxidation numbers is the net charge of the ion:

Phosphate ion: PO43-       P(+5), O(-2)    5+(-2)(4 = -3

SO32-      S(+4), O(-2)    4+(-2)(3 = -2

That permits counting the unknown Ox# out of the net charge & known ones: 

CrO42-  Cr(?)       O(-2)      x + (-2)(4 = -2    solve equation against x
                                                 x = +6    
                                    Ox. #     Cr(+6)

H2SeO3     Se(?)    H(+1), O(-2)      2 + x + (-2)(3 = 0

                                                                x = +4

                                   Ox. #                   Se(+4)

KMnO4   Mn(?)   K(+1), O(-2)      1 + x +(-2)(4 = 0









x = +7
                                   Ox#                       Mn(+7)

Cr2O72-     Cr(?)    O(-2)      2x + (-2)(7 = -2   

                                                      x = +6

                                  Ox #            Cr(+6) 
NAMES & FORMULAS OF ACIDS
Acids are compounds that release H+ when placed in a solution, or in a broader sense, give away H+ to any other reagent.

Therefore, in acids, there must be H in the formula, and it must be bonded to some electronegative element, such as O, F, Cl, Br, I, S etc. standing alone or in a polyatomic ion.
It can also be considered as a combination of H+ with some anion, monoatomic or polyatomic. 
Binary acids:

HF(aq)  hydrofluoric acid   (  H+(aq) + F-(aq)
[pure substance, not in water, is hydrogen fluoride, a gas]
HCl(aq)  hydrochloric acid  ( H+(aq) + Cl-(aq)
[pure substance is hydrogen chloride, a gas]

HBr(aq)  hydrobromic acid  ( H+(aq) + Br-(aq)
HI(aq)  hydroiodic acid  ( H+(aq) + Br-(aq)
H2S(aq)  hydrosulfuric acid  ( H+(aq) +HS-(aq)
[pure substance is dihydrogen sulfide, a gas]

CH4 is not an acid since electronegativities of C & H almost coincide, the C – H  bond is non-polar.   

TERNARY OXYGENIC ACIDS
(3 elements involved)

H2SO4(aq) (  H+(aq) + HSO4-(aq)
           sulfuric acid 
H3PO4(aq) (  H+(aq) + H2PO4-(aq)
           phosphoric acid 

HPO3(aq) (  H+(aq) + NO3-(aq)
           nitric acid 

H2CO3(aq) (  H+(aq) + HCO3-(aq)
           carbonic acid 
All these (oxygenic) acids have H bonded to oxygen only:

              O

              ||

H – O –     S – O – H    sulfuric acid
                              ||

             O
                                                   

       O          2-

       ||

O –  S – O       sulfate anion
                     ||

      O
Sulfate, SO42- → sulfuric acid, H2SO4
      Sulfite, SO32- → sulfurous acid, H2SO3
Nitrate, NO3- → nitric acid, HNO3

      Nitrite, NO2- → nitrous acid, HNO2
Carbonate CO32- →carbonic acid, 

Perchlorate ClO4- → perchloric acid, H2ClO4
Acetate C2H3O2-  → acetic acid, HC2H3O2
ELECTROLYSIS
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Useful rule:


Two metals do NOT form any true chemical compound, but alloys which are homogeneous mixtures. 


           Two non-metals form molecular compound with covalent bond.


                               METAL & NON-METAL form an ionic compound.


Examples:  NO, CO2, H2S, HCl, CS2  are formed by 2 non-metals, ( all are molecular compounds with covalent bonds.


          NiO,  NaI,  LiH,  PbO,  Fe2O3  are formed by a metal & non-metal, ( all are ionic compounds. 





When an atom or molecule loses electrons, it becomes positively charged.


For example, when Na loses an electron it becomes Na+.


Positively charged ions are called cations.





Example:  


Identify gases at room temperature out of the following:   PbO2, NO2, NaBr, NiS, HBr. 


       1st step: identify the ionic compounds as starting with a metal: PbO2,  NO2, NaBr, NiS, HBr� & molecular compounds, out of 2 nonmetals: PbO2,  NO2, NaBr, NiS, HBr�       2nd step: since only molecular compounds may be gases, conclude that  NO2 & HBr are gases. 





CaF2 (not Ca2F4),  Fe2O3 (not Fe4O6)





H2O2 (not HO),  C2H6 (not CH3)





�





Ionic Crystal:                                                                               Molecular crystals:


      NaCl                                                                         CO2, O=C=O                                     I2, I-I
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NaCl(s) ( Na+(aq) + Cl-(aq)                     MgCl2(s) ( Mg2+(aq) + 2Cl-(aq)








ZnCl2  zinc chloride                 PbCl2   lead(II) chloride              PbCl4   lead(IV) chloride





CaF2  calcium fluoride            FeF3    iron(III) fluoride              Co2O3  cobalt(III) oxide





LiH   lithium hydride              Ba3P2     barium phosphide        Ga2Se3  gallium selenide

















CO32- carbonate 





SO42- sulfate,             NO3-  nitrate,             PO43-   phosphate 


SO32- sulfite               NO2-   nitrite               PO33-   phosphite








PO43-  phosphate                                 CO32-  carbonate


HPO42-   hydrogen phosphate            HCO3-  hydrogen carbonate


H2PO4-   dihydrogen phosphate





FeSO3  is a combination of Fe2+  iron(II)  & SO32-  sulfite ions:  iron(II)  sulfite


Fe2(SO4)3  			      Fe3+  iron(III) & SO42-  sulfate ions:  iron(III)  sulfate








KNO2   potassium nitrite;   Sr(NO2)2  strontium nitrite;    Ba(NO3)2  barium nitrate;              





Pb(NO3)2   lead(II) nitrate;               Ca3(PO4)2 calcium phosphate





CaHPO4  calcium hydrogen phosphate, Ca(H2PO4)2 calcium dihydrogen phosphate





In both: 


4 bonding el. pairs, no lone pairs, ( tetrahedral 


el. configuration 


& molec. geometry





6 bonding, no lone el. pairs, ( octahedral 


el. configuration, 


& molec. geometry





Sulfate ion, SO42-		      :Ö:	      2-


6+6(4 +2 =32 e-			 |


:Ö - S - Ö:


 |


    :O: 





Ammonium    NH4+                H		 +


ion: 						  |


valence electrons:		   H - N - H


5+4 - 1=8e-		                  |


						 H





Net charge





3 bonding, 1 lone el. pair, ( tetrahedral 


el. configuration, 


but trigonal pyramid 


molec. geometry





Silicon hexafluoride SiF62-			                  


6+6(4 +2 =32 e-	           	 :F:    :F:     2-


	                                        


       


                                                    :F (         Si ( F: 


       


     


                                 : hat permits to count the unknown Ox# out of the net charge and known once:


charges of ions in ionic compounds).rge of carbon woF:                         :F: 








Bromate   BrO3-                      :Ö:		-


ion: 						    |


valence electrons:		  :Ö - Br - Ö:


7+6(3+1=26e-		                  
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