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Normality (N)

Represents the Number of milli equivalents of solute contained in one milliter of

solution or Number of equivalents contained in one liter.

e.g: 0.2 N HCI contains 0.2 milli equivalent (meq) of HCI in each mL of solution

or (0.2) equivalents (eq) in liter solution .

Number of equivalents(solute)
VL(solution)

Normality (N ) =

Number of equivalents (eq) = %

Normality (N ) = 5(mL)

wt x 1000
eqwt x V(mL)

Normality (N) =

Eq.=—



: t x 1000
Normality (N ) = #

. _ wtx1000
Normality (N ) = wrmen

n

wt x1000

Normality (N ) = (m ) n

N=Mn , or M=N/n

e.g: Normality(N) of 1M KCI = 1x1 =1 N KCI
Normality(N) of 1M HCI = 1x1 = 1N HClI,
Normality(N) of 1 M H2SO4 = 2x1=2 N H2SOq4 ,
Normality(N) of 1 M Na. CO 3 = 2x1 = 2N Na:COs

) Equivalent mass_in neutralization reaction:

A.Equivalent mass of acids (Eq):-

Is the mass that either contribute or reacts with one mole of hydrogen ion in the

reaction.

1.mono protic acid e.g: (HCIl , HNO3 , CH;COOH) n=1

Eq:M

1

Eq =222 = 36.5 for HCI

Eq =22 =63 for HNO,

2.Diprotic acid e.g: (H2SO4, H,S, H,SO3) n=2
_ Mwt _ 98

EqQ=—= —=49 for H;SO,

2 2
Eq === 17 for H;S




Eq =22 = 41 for H,SOs

2
B) Equivalent mass of Bases:

Is the mass that either contribute or reacts with one mole of OH in the reaction.

_ Mwt
g Number of OH

1. Mono hydroxy base e.g: (n=1)

e.g: NaOH for KOH
Eq. =% =22=40 Eq.= = =2=56
1 1 1 1

2. Di hydroxy base (n=2)
e.g: Ca(OH), Zn(OH), Ba(OH);

Eq =2 -"-37 Eq=22=-2%_497 Eq. =22 - 1713 _ g5 67

2 2 2 2 2 2

I1) Equivalent mass in (oxidation — reduction) reaction (Redox):
The equivalent mass of a participant in an (oxidation—reduction) reaction is that

mass which directly produce or consume one mole of electrons.

Eq=—o- n= change in oxidation state number

n= numbers of electrons participate in oxidation - reduction processes (Redox )

Example :

2KMnO, + 10FeSO,4+ 8H,SO, — 5Fe» (804)3 + 2MnS0O, + K,SO,4 + 8H,0

MnOs + 10 Fe?* + 8 H* = 10 Fe3* + MnSOs  (acidic medium)

Mn™ — Mn?* (5 e gain — reduction)



Fe? — Fe3* (1 e loss — oxidation)

_ Mwt _ 157.9

Eq. of KMnO4-T_ - =31.6

3. Equivalent mass in salts:

(n) =2( No. of cations x its valency )
e.g: BaS0s (233 g/mol)
BaSO;, — Ba?" + SO.*

n= Ba* (1) x (2+) =2

Eq. =" =22=1165

Example

Find the Normality of the solution containing 5.3 g/L of Na,COs (106 g/mol).
Solution:

Na,COs —  2Na* + COs*

(n) =X2:( No. of cations x its valency )

(N)= 2x1=2

Eq. of NaxCOs = % = % =53¢

_ wt
" Eq. x VL
. 5.3
Normality = =9 =0.1
53 x 1L



Second method:

. wt x1000
Normality (N) = (m) N
5.3x1000

Normality (N) = (106x 1000(mlL)

)2=0.1N

e.g : KAI(SO4)2 (258 g/ mol)
(n) =X( No. of cations x its valency)

N=[K* (1) x (1+)] +[ AP*(1) x (3+)]= 4

Eq. =—M:’t - ? =64.5

e.g:

AgNOs (170 g/mol) , Na>COs3 (106 g/mol),

AgNOs (n=Ag"(1)x1=1)

Eq. =@=1—Z°=17o

Na;COz (m=Na* (2) x 1=2)

Eq. =" =22=53

La(l0s)s (n=La* (1) x3=3)

Eq. = =2=221.1

La(103)s (663.6g/mol)



Molarity of liquids:

The molarity of liquids Can be determined by applying the
following formula:

- )% x1000
Molarity of liquid( M) = SPIT T (w) *

Mwt
. ) __density of substance
Specific gravity (Sp.gr) = density of water
. . — dsubstance
Specific gravity (Sp.gr) = ———
deO

(sp.gr = dsypstance) aS dH20=1

Example:

Calculate the molarity of the solution of 70.5 % HNO3 (w/w) (63.0 g /mol)
that has specific gravity of (1.42) .

Solution:

sp.gr x (g)% x 1000
Mwt

Molarity(M) =

70.5
_ 142 (757 )x1000 142 x70.5x 10

63.0 63.0

=159 M



Dilution:

No.of moles (solute)

Molarity (M) =

Volume of solution(L)
No. of moles solute = Molarity(M) x V(L) (by rearrangement)

The amount of solute does not change during dilution . The number of moles of
solute before and after dilution is unchanged, because dilution involves only the

addition of extra solvent:
No. of moles (concentrated solution) = No. of moles (diluted solution)
Mconc. Veone. = Muit. Vil

The dilution equation is valid with any concentration units, such as (w/v)% as well
as molarity, which are used in Examples However, the same units for both initial

and final concentration values must be used.

Neone.  x  Veonc. = Nadil. x Vil
(Ww)%conc. x Veone. = (W/w)%uil. x Vdil.
(VIV)%conc. x Veone. = (VIV)%dil. x Vdil.
(WV)%conc. x Veone. = (W/IV)%uil. x Vil,
Example:

Describe the preparation of (100 mL) of ( 6.0 M) HCI from its concentrated
solution that is 37.1 % (w/w) HCI (36.5 g /mole) and has specific gravity (
sp.gr ) of (1.181) .



Solution:
s A O SN Cra (S all) Aal) paalad) 38 8 cad |

sp.gr x (%)% x1000
Mwt

Muc =

37.1
118x>=x1000 118 x37.1x10
|\/| = 100 = = 120 M
HC 36.5 36.5

The Molarity of the concentrated acid is 12.0M

() Abddt g 38 sall paalall ¢ 034 gthall aaal) ciluad CadATl (gl ) cadi oY)
sblaS g (JUad) 13 A ke Y+ b)) qiglhall aaall

Mconc. Veone. = Muit. Vdil.

12.0 X Veonc = 6.0 X 100

6.0 x 100

\V4 =
conc 12

=50 mL.

Then 50 mL of concentrated acid is to be diluted to 100 mL to give 6 M

solution
Exercise:

Describe the preparation of 500 mL of 3.00 M H2SO4 (98 g /mol) from the
commercial reagent that is 93% H>SO. (w/w) and has a specific gravity of
1.830.

Calculation of Normality of liquids

- 2)% x 1000
Normality of liquid ( N) = —— ()%

eqwt



Example:

Describe the preparation of 500 mL of 3.00 N H>SO4(98 g /mol) from the
commercial reagent that is 96% H>SO. (w/w) and has a specific gravity of
1.840.

Solution:
_ sp.gr x % x 1000
M H2sos4 =
eq.wt
Mwt
eq.wt = T

For H,SOs m=2 then
eq.wt = 92—8 =49

96
1.840 x Too X 1000

49

Normality (N H2sos ) =

1.840x96 x 10
49

=36.04 N

Normality (N H2sos ) =

The Normality of the concentrated acid is 36.04 N

Alla o v v) Gugllaad) anald) ) 4ddas g S pal) paaalad) (e 0341 i gllaal) anal) Gl
¢ ANl CiBATY ¢ 9B gadad (JUial) 120

Nconc. Veone. = Nuit. Vil
36.04 X Vconc = 3.0 x 500

3.0x500
36.04

Veone = =41.62 mL.




Then 41.62 mL of concentrated acid is to be diluted to 500 mL to give 3N

solution.

Example:

A 12.5% (w/w) aqueous solution of NiCl> (129.61 g/mol) has specific gravity
of 1.149. Calculate:

(a) the Molarity of NiCl; in this solution.
(b) the molar concentration of CI in the solution.

(c) the mass in grams of NiCl; contained in 500 mL of this solution.

solution:

(a) the Molarity of NiCl; in this solution
__ sp.grx%x 1000

M =
NiCI2 Mwt
1.149 x%x 1000
= =0.569 M
NiCI2 129.61

(b) the molarity of Cl concentration in the solution.
NiCl; — Ni** + 2Cr

Each 1 mole gives 1 mole 2 mole

Molarity of CI" = 2 x Molarity of NiCl:
Molarity of CI'= 2x 0.569= 1.138 M

(a) the mass in grams of NiCl: contained in 500 mL of this solution.
Weight ( g) = Molarity x volume(liter) x M.wt

10



500

Weight = 0.569 x (——) Lx 129.61 = 36.87 g

Second method:

Wt(g) x 1000

Molarity(M) = M.wt X Vi,

Molarity(M) x M.wt x V1,
1000

wt(g) =

0.569x129.6 X 500,
1000

wt(g) = =36.87 g

Exercise:

A solution of 6.42 (w/w)% of Fe(NOs); (241.86 g/mol) has a specific gravity
of 1.059. Calculate:

A) The Molarity and Normality of the solution

B) The mass in grams of Fe(NQO3); contained in each liter of this solution
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