Analytical Chemistry  Lecture 3 Dr. Ruba Fahmi Abbas

Equivalent weight (Eqg.wt):- also known as gram equivalent or equivalent

mass, is the formula weight divided by the number of reacting units.
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formula weight

Equivalent weight (Eq.wt) =

no. of reacting units

Reacting units:

(H" or OH-) for acid and base

Number of electrons for oxidation-reduction reaction
Number of cations or anions multiplied by charge of ion.

formula weight (F. wt)
(No.of H* or OH )react

(Eq.wt) (%) for acid — base reaction =

formula weight (F. wt)

(Eq.wt)(%) for redox reaction = No.of electron

formula weight (F. wt)

8 ) i
Eqwt)|—|f It t =
(Eq.wt) (Eq orsait reaction No. of (cation or anion) * charge of ion

Example (1):-Calculate the equivalent weight of the following substances: (a) NHs,
(b) H,SO4, (c) H,C,0, (in reaction with NaOH), (d) KMnO, [Mn™ is reduced to
Mn?, and (e) Al,(SO4)s

Solution:

(a) Base NHj3

NH; +H,0 +—— NH," + OH

Mwt 17.03 g
= =17.03 —
No.of H* or OH™ 1 Eq.

Eqwt =

(b) Strong acid H,SO,

H,S0, ———— 2H" + SO,
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Eqwt = -0 = 49 3
W= =" kg

(C) Weak acid H,C,04 (in reaction with NaOH)
H.C,0, + NaOH — > Na,C,0, + 2H,0

E t—90'04—4502 &
AWt=" =™ kg

(d) KMnO, [Mn" is reduced to Mn?*]
MnO; + 8H* + 5e = Mn*? + 4H,0

M. wt 15804 . . 8
No.ofelectron 5 Eq.

Eqwt =

(e) Salt Al(SO,)s
Aly(SO4); «— 2Al" +350,%

formula weight (F. wt) 342 57 g
No. of (cation or anion) * charge ofion 23 Eq.

Eqwt =

Homework : Example (2):-Calculate the equivalent weight of the following
substances: (a) Na2CQO3, (b) Ba(OH)2.
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Normality (N): Normal concentration: Number of equivalent solute in solution

volume in litre.

G dall LS 58 a3 58 158 A s (a s A Aba A g 1 (Al ) (Alay gl S A
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wt
Eq.wt

Gl sae No. of Eq=

sS4 Eqwt ="

Al aaa Glaag

__ No.of equivalent(Eq)

" Solution Volumn (L)

No. of Eg= N xV(L)

N wt 1
= X
Eq.wt V(L)

Ja aaa Glaag

_ No.of equivalent(meq)

Solution Volumn (ml)

No. of meg= N xVV(ml)

N wt 1000
= X
Eq.wt V (mL)

oulalla g 4 ¥ ga ) Aalla 98 g9l (gl
N=nM
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- Jall Bada clladla
@A Bl 3 paalgall -1
HzSO0, s HCIO, s HCI Jie (AaduH T 085 ) danall (aalsall o
CH3;COOH Jia (ba¥L HT 0988 4y gandl (iaal gall @
L) 38 9Y) (laala (S (68 g al) damtia 4y gaal) aalgal) o
H2-COOH

CH2-COOH
Bi(OH),, Mg(OH),, NaOH Jia OH™ o Laily 4455 a0 4il) -2
e (@lissl) Adla ciliply ) o (@l 5lS) A sa sl (e 0 sS3 Z3WY) ) — 3
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Example(3):-Calculate the normality of the solutions containing the following: (a)
5.300gm/L Na,CO; (when the CO3? reacts with two protons), (b) 5.267 gm/L
K,Cr,0; (the Cr®" is reduced to Cr*").

Solution :( a)

M.wt Na,CO3 = (23*2)+ 12+(16*3)= 106 %

Na,CO; —— 2Na* + CO5’

formula weight (F. wt)

Eq.wt =
QW No. of (cation or anion) = charge of ion

E t 106 53
q.wt = i1
N wt 1
= X
Eq.wt V(L)

5.300 g/L <haa g 3l ey o) (¥ iRl Gl iy o g
_wit(g) o 1
~ V(L) " Eq.wt
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N=535 L 0.10 Eq/L
= o. r X ﬁ = 0. q/

(b) M.wt K,Cr,07 = (39*2)+ (5282)+(16*7)= 294 —"

Cr,0%~ + 14H" + 6e” —» 2Cr3* + 7H,0

formula weight (F. wt)

8 SR
(Eq.wt)(Eq) for redox reaction = No. of electron

294
Eq wt = T =49

N wt 1
= X
Eq.wt V(L)

5.267 gm/L <laags &8l Jigmdly o) oY G gilAl) a5y o ga

wt 1

N=VD *Eqwt

g 1
N=52672x—=0.1074 Eq/L
> L " 29 a/

Example (4):-How many millilitres of a 0.25M solution of H,SO,4 will react with

10mL of a 0.25N solution of NaOH.

Solution:

sl ) g G (5 Y ge AV s ey Laaal ddlida S0l Lyl

N=nM (n = No.of equivalent, H",OH, or electron)

H,S0, —» 2H" +S0,%

2\9“H+ Qb.}d&:n

NHZSO4 =2X025 =05N
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uaaa + Bascld sla +pla
HZSO4 +2NaOH ——» ZHZO + Na2804

Meq H,SO, = MeqNaOH
(N X V)y,s0, = (N X V)naon

(0.5 X V)H,S0, = (0.25 x 10 mL)NaOH
VHZSO4 == 5 O mL

Example(5):-A solution of sodium carbonate is prepared by dissolving 0.212 gm
Na,COj3 and diluting to 100mL. Calculate the normality of the solution (a) if it is
used as a monoacidic base, and (b) if it is used as a diacidic base.

Solution :( a)
M.wt Na,CO3 = (23*2)+ 12+(16*3)= 106 %

wt 1000 0.212 1000

N = x - x = 0.020 L
Eqwt  V(mL) 106.0 ~ 100 meq/m
1

(b)
_0.212 1000
N = 1060 ¥ 100 - 0.040 meq/mL
2

Example(6):-lodine (I) is an oxidizing agent that in reactions with reducing agent is
reduced to iodide (I"). How many grams |, would you weigh out to prepare 100mL of
a 0.10N I solution?

Solution : (M.Wt 12= 254 g/mol)

I, + 2e > 21~
wt 1000 wt 1000
= X R 0.1 =57X—
Eqwt  V (mL) v % 100

wt=1.27g
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Example (7):-Calculate the normality of a solution of 0.25 g/L H,C,0,, both as an
acid and as a reducing agent.(M.wt H,C,0,4- 90 g/mol)
Solution:

H,C,0, —» 2CO, + H,0

N wt 1
= X
Eq.wt V(L)

0.25 g/L <laa gy sl Jigmally oot oY & g3l i iy o i
B wt(g) o 1

Example(8):-How many milliequivalents (meq) are involved in 43.50 mL of
0.1379N K,Cr,07?
Solution:

no. of milliequivalents = N XV

meqg= N xV(ml)

meq.

=0.1379 X 43.50 mL

mL

= 5.9987 meq

Example (9): What is normality of 0.3 M H3PO, when it undergoes the
following reaction?

HsPO, + 20H"—, HPO,2" + 2H,0

Solution:

Normality = molarity x2=0.3 x2=0.6N
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FIBMEWORKS \\hat is normality of 0.3 M H3PO,?

Solution:

HsPO, — > 3H" +PO,°

Normality = molarity x2=0.3 x3=09N

Example (10): Calculate the number of mg present in 1 ml of 0.3 N H,SO,
(Mwt = 98 g/mol) solution.

Solution:

H,S0, ——» 2H" +S0,%

98 g
Eqwt = 7 = 49 E
wt 1000
N=Eqwt *VmL)
wt 1000
0.3 =EX 1 =0.0147 g
(g=1000 mg)

wt= 0.0147 *1000=14.7 mg

Exercise

1. Calculate the normality of the solution obtained by dissolving 0.321 g
of the salt sodium carbonate (Na,CO3) in 250 mL water. (Assuming the salt
solution is being used in a complete neutralisation by a strong acid).

2. What is the normality of a- 0.138 M NaOH, b-0.052 M H;PO, and c-
0.34 M Ca3(PQO,),?

3. Determine the normality for each of the following solutions:

e 0.44 mol of CoCl, in 0.654 L of solution
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e b. 0.87 g of phosphoric acid, HzPO,, in 1.00 L of solution
(dibasic reaction)

e C. 0.23 g of calcium hydroxide, Ca(OH),, in 48.00 mL of
solution

e d.9kgof Na,SO,-10H,0 in 15.34 L of solution

4, In the following reaction, calculate and find the normality when it is
1.0 M H3PO,: H3AsO, + 2NaOH — Na,HASO, + 2H,0

5. What is the molar concentration of aluminium in a 3.0 N solution of
aluminium sulfate (Al;(SO4)3)?

6. What volume of a 0.20 N of K,SO, solution contains 57 g of K,SO,?
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