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Hydrogen
Hydrogen is very simple atomic structure , that of a single 

electron and a uni positive nucleus
forming  more compounds than any other elements in the 
periodic table.
H2 is color less ,oderless and nonpolar gaseous ,with low 
melting and boiling point.
The electronic configuration of the hydrogen atom is The electronic configuration of the hydrogen atom is 
has been classed with the alkali metals in group one ,it can lose 
an electron to form H+ 

with the halogens in group seven to 
electron, and with carbon in group four because the outer shell 
is like that of carbon only half full it can form normal covalent 
bonds by sharing two electrons with another atom.

very simple atomic structure , that of a single 
nucleus, hydrogen is remarkable in 

forming  more compounds than any other elements in the 

and nonpolar gaseous ,with low 

The electronic configuration of the hydrogen atom is 1s1 thus it The electronic configuration of the hydrogen atom is 1s1 thus it 
with the alkali metals in group one ,it can lose 

the halogens in group seven to form H- it gain one 
electron, and with carbon in group four because the outer shell 

half full it can form normal covalent 
bonds by sharing two electrons with another atom.
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Where does hydrogen belong?Figure 14.1 Where does hydrogen belong?
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Hydrogen and the Alkali Metals

• Like the Group 1A(1) elements, hydrogen

 has an outer electron configuration of ns1, has a single valence electron, and has a common +
oxidation state.

• Unlike the alkali metals, hydrogen

 shares electrons with nonmetals rather than transferring e
energy than any alkali metal, due to its small size.

Hydrogen and Group 4A

• Like the Group 4A(1) elements, H has a half-filled valence level.• Like the Group 4A(1) elements, H has a half-filled valence level.

• H is similar to the other Group 4A elements in terms of

 ionization energy , electron affinity, electronegativity

Hydrogen and the Halogens

• Like the halogens or Group 7A(17), hydrogen 

 exists as a diatomic molecule and needs only 1 

• Unlike the halogens

 H has a much lower electronegativity than any halogen, H lacks the three valence e
halogens have, and halide ions (X-) are common and stable, but the hydride ion (H
reactive.

Hydrogen and the Alkali Metals

has a single valence electron, and has a common +1 

electrons with nonmetals rather than transferring e- to them,has a much higher ionization 
energy than any alkali metal, due to its small size.

A

filled valence level.filled valence level.

A elements in terms of

electronegativity, and bond energies.

Hydrogen and the Halogens

), hydrogen 

1 electron to fill its valence shell.

than any halogen, H lacks the three valence e- pairs that 
are common and stable, but the hydride ion (H-) is rare and 
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Isotopes of hydrogen:

There are three isotopes of hydrogen :

• 1-Protium (simply hydrogen, 1H1, single proton in the nucleus , 

• 2-Deuterium,called heavy isotope ( 
the nucleus(Deuterium containing water, D
deuterated water

• 3-Tritium ( 1H3 or T one proton two neutrons in the nucleus ).Tritium 
is radio active (t1/2 12.26 year) and decay in to is radio active (t1/2 12.26 year) and decay in to 
of beta particles 

are three isotopes of hydrogen :

, single proton in the nucleus , 

,called heavy isotope ( 1H2 or D one proton one neutron in 
Deuterium containing water, D2O Called heavy water or 

or T one proton two neutrons in the nucleus ).Tritium 
year) and decay in to 2He3 with the expulsion year) and decay in to 2He3 with the expulsion 
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Preparation of the hydrogen
In the laboratory, H2 may be prepared by

1-Reaction of dilute acids with metals such 

H2SO4  +Zn  → ZnSO4 + H2

2-By electrolysis of water :    H2O   →  

2H+ +2e   → 2H   on negative pole

O2- → O +2e      on positive  pole O2- → O +2e      on positive  pole 

3-Substitution of the hydrogen in water by some metals

Na + 2H2O  → NaOH + H2↑ 

Industrially H2 obtained by steam re
petroleum's over Ni

2CH4  + 2H2O 1200 K; Ni catalyst 2CO  

CnH2n+2 + nH2O    1200 K; Ni catalyst n CO   

Preparation of the hydrogen
may be prepared by

of dilute acids with metals such as( Zn , Fe)

O   →  2H+ + O2-

H   on negative pole

on positive  pole on positive  pole 

Substitution of the hydrogen in water by some metals

steam re-forming of CH4 or light 

CO  +  6H2

n CO   + (2n+1)  H2 (g)
6



Hydrogen compound

Dihydrogen, under certain reaction conditions, combines with 

almost all elements, except noble gases, to form binary 

compounds, called Hydrides 

all be called hydrides , although this term is best reserved all be called hydrides , although this term is best reserved 

for those that are neither organic compounds nor acids)

‘E’ is the symbol of an element then hydride can be 

expressed as EHx (e.g., MgH

Hydrogen compound

Dihydrogen, under certain reaction conditions, combines with 

almost all elements, except noble gases, to form binary 

Hydrides (Compounds of hydrogen may 

all be called hydrides , although this term is best reserved all be called hydrides , although this term is best reserved 

for those that are neither organic compounds nor acids). If 

‘E’ is the symbol of an element then hydride can be 

expressed as EHx (e.g., MgH2) or EmHn (e.g., B2H6).
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Types of hydrides :
• The hydrides are classified into three categories :

(i) Ionic or saline or saltlike hydrides
(ii) Covalent or molecular hydrides
(iii) Metallic or non-stoichiometric hydrides

The hydrides are classified into three categories :
(i) Ionic or saline or saltlike hydrides
(ii) Covalent or molecular hydrides

stoichiometric hydrides
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Types of hydrides :
(i) Ionic or saline or saltlike hydrides: These are 

dihydrogen formed with most of the s-

electropositive and low I.E energy in character. However, significant covalent 

character is found in the lighter metal hydrides such as 

fact BeH2 and MgH2 are polymeric in structure.  All are white, high melting point, 

solids (e.g. LiH, mp =953 K; NaH, mp =1073 

hydrides crystallize with the NaCl lattice.hydrides crystallize with the NaCl lattice.

 Saline hydrides are Prepared by direct reaction of the  

(except Be) with  H2 at 300—900

( G1 )    M+ H2 →  MH    (M= Li  ,Na  , Cs )

(G2)    M+ H2 → MH2 (M = Ca, Sr

The reactivity of the group 1 hydrides increases with an increase in atomic number 

and ionic size of the metal.

These are stoichiometric compounds of 

-block elements which are highly 

in character. However, significant covalent 

character is found in the lighter metal hydrides such as LiH, BeH2 and MgH2. In 

are polymeric in structure.  All are white, high melting point, 

1073 K with decomposition); the group 1 

lattice.lattice.

Prepared by direct reaction of the  group 1 or 2 metals 

→  MH    (M= Li  ,Na  , Cs )

Sr Ba )

hydrides increases with an increase in atomic number 
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• (ii) Covalent or molecular hydrides

• Those are formed between hydrogen and 
elements(which have the electronegativity
more) in groups 13 to 17.

• Hydrides of the halogens, sulfur and nitrogen are 
prepared by reacting these elements with H
appropriate conditions appropriate conditions 

• F2(g) + H2(g) → 2HF(g)    

(ii) Covalent or molecular hydrides

Those are formed between hydrogen and the p-block 
electronegativity about 2 or 

Hydrides of the halogens, sulfur and nitrogen are 
prepared by reacting these elements with H2 under 2

)    DH°rxn = -546 kJ
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• (iii) Metallic or non-stoichiometric
(interstitial) hydrides

• Several of the d and f transition elements 
form metallic (interstitial) hydrides
H2 molecules and H atoms occupy the holes 
in the crystal structure of the metal ,
hydrides with exhibit many of the physical 
characteristic of metals high thermal high 
electrical conductivity.electrical conductivity.

stoichiometric

Several of the d and f transition elements 
metallic (interstitial) hydrides, in which 

molecules and H atoms occupy the holes 
in the crystal structure of the metal , forming 
hydrides with exhibit many of the physical 
characteristic of metals high thermal high 
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Hydrogen compounds of the elements in the first three rows of 
periodic table ,combing ratios of the elements with hydrogen
Hydrogen compounds of the elements in the first three rows of 
periodic table ,combing ratios of the elements with hydrogen
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The hydrogen bonding

• The hydrogen bonding : The 
relatively weak secondary interaction between a hydrogen atom 
bound to an electronegative atom and another atom which is also 
generally electronegative and which has one or more lone pairs and 
thus act as a base. We can thus  refer to proton 
proton acceptors  Y .

X-― H+------Y X-― H+------Y 
• For hydrogen bonding formed Only when  hydrogen bonded to one 

of these three elements (F ,O , N ). Molecules with hydrogen bonds 
have higher boiling points than molecules that don’t.

• Thus high boiling points of  NH3 , H
compound to forming H-bond.

bonding : The H-bond is the term given to the 
relatively weak secondary interaction between a hydrogen atom 
bound to an electronegative atom and another atom which is also 
generally electronegative and which has one or more lone pairs and 
thus act as a base. We can thus  refer to proton doners, XH and 

For hydrogen bonding formed Only when  hydrogen bonded to one 
of these three elements (F ,O , N ). Molecules with hydrogen bonds 
have higher boiling points than molecules that don’t.

, H2O ,and HF due to ability of these 
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• From the B.P  and M.P  of isomers of 

are evidence for different hydrogen bonding depending on 

the position of functional group.

From the B.P  and M.P  of isomers of nitrophenols there 

are evidence for different hydrogen bonding depending on 

the position of functional group.



•Hydrogen attached directly to most 
electronegative atoms
Partial positive charge of hydrogen
Partial negative charge on the 
electronegative atoms   as well as at least 
one lone pair

 The partially positive hydrogen strongly 
attracted to the lone pair, Interaction much attracted to the lone pair, Interaction much 
stronger than dipole-dipole interaction

Ethanol (BP = 78.5 C)

•Methoxymethane (BP = -24.8 C)

as well as at least 

strongly 
much much 
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Early evidence of  hydrogen bonding

•Many elements form hydrides
•Plot BP of hydrides of Group 4 
elements
•BP increases as we go down a group

•Van der Waals forces

•Plot BP of hydrides of gp 5,6, and 7 
Similar results
•EXCEPT the hydride of the first element  
in each of groups 5,6, and 7 
•NH3, H2O, and HF must be having some  
additional intermolecular forces of 
attraction

Early evidence of  hydrogen bonding

element  

some  
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1-Factors That Affect Acid Strength of the hydride
A molecule containing H will transfer a proton only if the H 

polarized in the following way:
In ionic hydrides such as NaH, the reverse is true; the H atom possesses a 
negative charge and behaves as a proton acceptor
Nonpolar H--X bonds, such as the H--C bond in CH
nor basic solutions.
A second factor that helps determine whether a molecule containing an H  X 

Chemical and physical property of hydride compound 

A second factor that helps determine whether a molecule containing an H  X 
bond will donate a proton is the strength of the bond. Very strong bonds are 
less easily dissociated than are weaker ones. This factor is of importance, for 
example, in the case of the hydrogen halides. The H
H--X bond. You therefore might expect that HF would be a very strong acid if 
the first rule were all that mattered. However, the energy required to 
dissociate HF into H and F atoms is much higher than it is for the other 
hydrogen halides, HF is a weak acid, whereas all the other hydrogen halides 
are strong acids in water.

of the hydride
will transfer a proton only if the H --X bond is 

In ionic hydrides such as NaH, the reverse is true; the H atom possesses a 
negative charge and behaves as a proton acceptor   .

C bond in CH4 , produce neither acidic 

A second factor that helps determine whether a molecule containing an H  X 

Chemical and physical property of hydride compound 

A second factor that helps determine whether a molecule containing an H  X 
bond will donate a proton is the strength of the bond. Very strong bonds are 
less easily dissociated than are weaker ones. This factor is of importance, for 
example, in the case of the hydrogen halides. The H--F bond is the most polar 

X bond. You therefore might expect that HF would be a very strong acid if 
the first rule were all that mattered. However, the energy required to 
dissociate HF into H and F atoms is much higher than it is for the other 
hydrogen halides, HF is a weak acid, whereas all the other hydrogen halides 
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• 2-The acid-base properties of the hydride

• The acid-base properties of the hydride of an element can be related to its 

position in the periodic table. the most basic hydrides are on the left. Most 

the Alkali and alkali earth Metals hydride(saline hydride) are basic 

hydride.represented  reaction of [H- ] ion, the are very strong base .

• For example, in the second row of the table, 

NaH + H2O        -∆         NaOH + H2

CaH2 + H2O        -∆         Ca(OH)2 + H2

• in the group the basic property increase with increase (Z) for element

base properties of the hydride

base properties of the hydride of an element can be related to its 

position in the periodic table. the most basic hydrides are on the left. Most 

Metals hydride(saline hydride) are basic 

] ion, the are very strong base .

For example, in the second row of the table, NaH is a basic hydride.

in the group the basic property increase with increase (Z) for element
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The most acidic hydrides are on the right of periodic table

In the period the acidity increases in the order

• PH3 < H2S < HCl. 

This general trend is related to the increasing 
we move from left to right in any horizontal row. 

In any vertical column of nonmetallic elements
increasing acidity with increasing atomic number. For example, among the 
group 6A elements the acid dissociation constants vary in the order 

• H2O < H2S < H2Se < H2Te.

•

This order arises primarily because the bond strengths steadily decrease in this 
series as the central atom grows larger and the overlaps of atomic 
grow smaller. 

In general, metal hydrides are either basic or show no   hydrides range from 
showing no pronounced acid-base properties to being acidic.
base ammonia, NH3, is an exception to this rule.

The most acidic hydrides are on the right of periodic table

In the period the acidity increases in the order

This general trend is related to the increasing electronegativity of the element as 
we move from left to right in any horizontal row. 

vertical column of nonmetallic elements, there is a tendency toward 
increasing acidity with increasing atomic number. For example, among the 

A elements the acid dissociation constants vary in the order 

This order arises primarily because the bond strengths steadily decrease in this 
series as the central atom grows larger and the overlaps of atomic orbitals

metal hydrides are either basic or show no   hydrides range from 
base properties to being acidic. Note that the 

, is an exception to this rule.
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Acid/base character of hydrides

Na

Li

Mg

Be

Al

B C N O

Si P S

strongly alkaline

alkalinealkaline

strongly acidic

neutral

weakly alkaline

weakly acidic

Acid/base character of hydrides
F

Cl
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• 3-Reducing properties:-
• Ionic hydrides show reducing properties at high temperatures which is 

probably due to the formation of atomic hydrogen 
increases with increase ionic property

2CO+NaH  →   HCOONa + C

PbSO4+   2CaH2→  PbS+  2Ca(OH)2

NaH +1\8 S8 Na2S +H2

• LiH and NaH are used as strong reducing agents in synthetic chemistry. • LiH and NaH are used as strong reducing agents in synthetic chemistry. 
and NaH are used to produce other important hydrides, particularly lithium 
aluminum hydride Li[AlH4] and sodium 
important uses as reducing agents in both organic and inorganic synthesis. 
CaH2 is used for military purposes as a source of H
the name of hydrolith.

• 4LiH+AlCl3→Li[AlH4]+3LiCl

• 4NaH+B(OCH3)3→Na[BH4]+3NaOCH3

show reducing properties at high temperatures which is 
probably due to the formation of atomic hydrogen and reducing properties 
increases with increase ionic property. 

are used as strong reducing agents in synthetic chemistry. LiHare used as strong reducing agents in synthetic chemistry. LiH
are used to produce other important hydrides, particularly lithium 

] and sodium borohydride Na[BH4],which have 
important uses as reducing agents in both organic and inorganic synthesis. 

is used for military purposes as a source of H2 for balloons and hence 

3
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• In the group the reducing agent propriety in covalent 
hydride increases from top to down for 
for group V A(N,P,As....) the AsH
NH3, and also  SiH4 is more sensitive to react with  
halogen and H2O than CH4 .

Ag+ + NH3 [Ag(NH3)2]+

Ag+  + AsH3 +H2O             AsOAg+  + AsH3 +H2O             AsO

• In the period the reducing agent propriety decreases 
from left to right( with increases Z in the period)
Fe+3 +H2S           Fe2+  +2H+ +S

• But  HCl can not reduce ferric ion

the reducing agent propriety in covalent 
hydride increases from top to down for exm. the hydride 
for group V A(N,P,As....) the AsH3 oxidize mere easily than 

is more sensitive to react with  

+

O             AsO3
- +Ag  +H+O             AsO3 +Ag  +H

the reducing agent propriety decreases 
from left to right( with increases Z in the period)exm. 

+S

can not reduce ferric ion
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