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Normality (N)

Represents the Number of milli equivalents of solute contained in one milliliter 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) = %

wt
eq.wt
V(mL)
1000

Normality (N )

wt x 1000

Normality (N) === h

Eq.=—

: t x 1000
Normality (N) = #



. _ wtx1000
Normality (N ) = wrmen

n

wt x1000

Normality (N ) = (m ) n

N=M.n , or M=N/n

e.g: Normality(N) of 1M KCI = 1x1 =1 N KClI
Normality(N) of 1M HCI = 1x1 = 1N HClI,
Normality(N) of 1 M H2SO4 =2 x 1= 2N H2SO4
Normality(N) of 1 M Na. CO 3z =2x1 =2N NaxCOs3

) 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

1
63
Eq = < = 63 for HNO;

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

Eq =M _ B _ 49 for H,S0,

2 2
82—2 — 41 for H,SO5

B) Equivalent mass of Bases:

Eq =

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




_ Mwt
EQ=——4——
Number of OH

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

e.g: NaOH for KOH
Eq =2 -2 -y9 Eq. = I -2-54
1 1 1 1

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

Eq.= ===21=37  Eq="0=22=497  Eq = =122 =8567

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.

_ Mwt

Eq = e n= change in oxidation state number

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

Example :

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

MnOs + 10 Fe?* + 8 H* = 10 Fe3* + MnSO:  (acidic medium)
Mn'* — Mn?* (5 e gain — reduction)

Fe — Fe3* (1 e loss — oxidation)

Eq. of KMnO, =2 = =22 = 31,6




3. Equivalent mass in salts:

(n) =X ( No. of cations x its valency )
e.g: BaCOs (197 g/mol)
BaCO; — Ba? + COs*
n= Ba* (1) x (2+) =2
_ Mwt _1

Eq. =2 =""=085

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 )

(nN)=2x1=2
Eqg. of NaxCOs = % = % =53¢
o owt
T Eq. x VL
Normality = =29™ = 0.1
53 x 1L
Second method:
: t 1000
Normality (N) = (#wmm) n
: 5.3 x1000
Normality (N) = (75o~ fOOO(mL) )2=0.1N



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

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

Eq. =—M:"‘ - ? =64.5

e.g:
AgNOs (170 g/mol) , K2CO3(138 g/mol), La(l03)s (663.6g/mol)

AgNOs (n=Ag (1)x1=1) K:COs (n=K* (2) x 1= 2)
Eq. == 22 =170 EqQ. = =—" =69
1 1 2 2

La(10s)s (n=La®* (1) x3=3)

Eq. = =2=221.1

Molarity of liquids:

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

sp.gr x (g)% x1000

Molarity of liquid( M) =

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

(sp.gr = dsubstance) as dH20=1



Example:

Calculate the molarity of the solution of 70.5 % HNOs (w/w) (63 g /mol) that
has specific gravity of (1.42) .

Solution:

sp.gr x (%)% x 1000
Mwt

Molarity(M) =

70.5
_l42x (W )x 1000 142 x70.5x 10

= =159 M
63.0 63.0

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 (No. of moles)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)
Meconc. Veone. = Mait. Vi,
also

Ncone. x  Veonc. = Nail. 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:
;L”,Jl:d\ Gl (e (jSJ.d\) L“,.X.m‘z(\ uaalal) € ¥ uwad ]
sp.gr x (g)% x 1000
Mucr = Mwi
11823711000  118x37.1x10
Mhuci = 100 = — : =120M

36.5 36.5

The Molarity of the concentrated acid is 12.0M

Y ARERT 5 38 sall (aalal) (e s34 G gthaal) anal) ciluad CiEATY ¢ gt ) ki oY)
sebbas g (JUal) 1 A jilla 100) o staall anal)

Meconc. Vcone. = Muil. Vdil.

12.0 X Vceonc = 6.0 X 100

6.0 x 100

e =50 mL.

Veone =

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 2 M H,SO,(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

sp.gr x (%)% x 1000

Normality of liquid ( N) =

eq.wt
Example:
Describe the preparation of 500 mL of 3 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:
) .gr x % x 1000
Normality (N hzsos ) = 2L2—=
eq.wt
Mwt
eq.wt:T

For HoSO4 n=2 then

eq.wt = 92—8 =49
_ 1.840 x -~ x 1000
Normality (N H2sos ) = 9
Normality (N H2sos ) = 1849 226“0 =36.04 N

The Normality of the concentrated acid is 36.04 N

Al 500) colhaall anall ) 488359 38 sall Gaalall (e 0341 Gglhaall anald) Glual
1A R8RS 4 638 galad (JUa) VA A



Nconc. Veone. = Nuit. Vil

36.04 X Vceonc = 3 x 500

3 x500

V =
coNt= "36.04

=41.62 mL.

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

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.
Answer:

(a) the Molarity of NiCl, in this solution

M _ sp.gr x % x 1000

NiCI2 Mwt
1.149 x%x 1000 0.569 M
NiCl2 129.61 oo

(b) The molarity of Cl 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

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

9



Weight ( g) = Molarity x volume(liter) x M.wt

500

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

Second method:
Wt(g) x1000

Molarity(M) = M.wt X Vi1,
Molarity (M) x M.wt X Vi
wt(g) = = 10)(;0 —
wi(g) = 0.569x129.6X500m,  _ 36.87 g

1000

Exercise:
A solution of 6.42 (w/w)% of Fe(NQOs)3 (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(NOs); contained in each liter of this solution

Conversions:

** Molarity(M) x 1000 = m mol/L ( Molarity — mmol/L)
** m mol/L x (Ml—v(‘)'t) = mg/dL (mmol/L — mg/dL)

[ Molarity(M)x 1000]X (Ml—v(;’t) = mg/dL

** Molarity(M) x M.wt x 100 = mg/dL ( Molarity(M) — mg/dL)

10



Part per million (ppm) :

It is a convenient way to express the concentration of the very dilute solution .
(Ippm=1mg/liter) or (1ppm=1pg/mL)

ppm: is a mass ratio of grams of solute to one million grams of sample or solution.

mass of solute
Coom = f . ) 108
mass of solution (g)

also

mass of solute(mg)

Cppm =

volume of solution(liter)

_ wt(mg) wt(pg)
— 1000
Cpp v (liter) vmlL

1000

Cppm =22 (1g/mL)

19g=1000mg , 1mg=1000 pg 1g=10%ug
Cppm = (g) x 106

Example: Prepare (500mL) of (1000 ppm) KCI aqueous solution .

solution :
Cppm X Vm
Cppm = % x 10° wt o % (By rearrangement)
1000 x 500
wi(g) ="=05g

Then 0.5 g of KCl is to be dissolved in water and the volume is completed to
500 mL in a volumetric flask to get(1000 ppm ) solution.

11



Example :

A 25 pL serum sample was analyzed for glucose content and found to contain
26.7 pg. Calculate the concentration of glucose in ppm and in mg/dL.

Solution:
1 mL = 1000 uL
V(my) = ZBL _BSED 55002 m1
1dL =100 mL
v(dL) =
v(dL) = Vi’(;‘(f) = 25"11‘:: mL o 25x10% dL
mg =1000 ug
wt (mg) = W =weight (ug) x 103

wt (mg) = 26.7 x 103

wt(mg) _26.7x1073
V(dL) ~ 25x10-5

Concentration (mg/dL) = =106.8 mg/dL

e 08y G (g (Bl ) (S

Cc
ppm
** C N o L
(mg/dL) 10
1068
Then C (mg/ay = o - 106.8 mg/dL

12



Relationship of ppm with Molarity(M) and Normality (N)
ppm =M x M.wt x 1000
ppm =N x Eq.wt x 1000

PPm
Mwt x1000

(M )Nl JPPM (e 58S Jagadl ¢ gl 13a aadiey

Molarity(M) =

PPm
Eq.wt x1000

(N ) sl 3850 NPPm G 5aSal Jagadl ¢ gilal) 138 addiiey

Or Normality(N) =

Example:

The maximum allowed concentration of chloride (35.5 g/mol) in drinking water

supply is (2500 ppm) . express this concentration in terms of mole/liter (M) ?

Solution: ppm = mg/L
Molarity(M) = %

Molarity(M) = ———=——22—=7,05x10°M
Second method: 2500 ppm = =2

Molarity (M) = —t&__ — 250021079 g _ 7 g5y 103

M.wt x Vj, 355x1
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Conversions:

Cppm
10

As  C(mg/a) =

Molarity(M)xM.wt x1000
10

** C(mgidL) = Molarity(M) x M.wt x100

Then C (mg/dL) =

Example:

For the solution of 100 ppm of Fructose (180 g/mol ) Calculate the

concentration in:
a. Molarity b.mmol/L  c. mg/dL

Solution:

PPm 100

= =5.55 x10* M
Mwt x1000 180 x1000 3.55x10

a. Molarity(M) =

b. mmol/L = Molarity(M) x 1000 = 5.55 x 104 x 1000 = 0.555
c. mg/dL = Molarity(M) x M.wt x 100
mg/dL = 5.55x10** x 180 x100 = 10

C 100
ppm _ —
10 - 10 10 mg/dL

Or C (mg/dL) =

Exercise:

A solution was prepared by dissolving 1210 mg of KsFe(CN)s (329.2 g/mol) in
sufficient water to give 775 mL. Calculate

a) the molar concentration of KsFe(CN). (b) pK* for the solution.

c) the (Ww/v)% of KsFe(CN)g (d) the ppm concentration of KsFe(CN)s.
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