Analytical Chemistry  Lecture 3 Dr. Ruba Fahmi Abbas

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

mass, 1s the formula weight divided by the number of reacting units.

o Aaguia 03 Arpa g AIS ALK i ¢ B8 o) el Wl g paalls (Equwt) (ASal) ¢ s
Alelaial) Glas gl dae

formula weight

Equivalent weight (Eq.wt) =

no. of reacting units

Reacting units:
e (H' or OH-) for acid and base
e Number of electrons for oxidation-reduction reaction
e Number of cations or anions multiplied by charge of ion.

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

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

formula weight (F. wt)

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

formula weight (F. wt)

8 ) .
Eq. —|f It tion =
(Eq. wt) <Eq orsatt reaction = No. of (cation or anion) * charge of ion

Example (1):-Calculate the equivalent weight of the following substances: (a) NH3,
(b) H,SO,, (¢) H,C,04 (in reaction with NaOH), (d) KMnO4 [Mn'" is reduced to
Mn”], and (e) Aly(SO4);

Solution:

(a) Base NH;

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" +S0,?
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Eqwt = -0 = 49 -8
W= =" kg

(C) Weak acid H,C,0, (in reaction with NaOH)
H2C204 +NaOH —— N32C204 + 2H20

Eqwt = 20% _ 4502 8
aWt= =" kg

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

M. wt _158.04 31.608 g
No.ofelectron 5 Eqg.

Eqwt =

(e) Salt Al,(SO,);
AlL(SO4); «—» 2AL"+3S0,%

formula weight (F. wt) 342 g
No. of (cation or anion) * charge ofion 2 %3 Eq.

Eqwt =

Homework : Example (2):-Calculate the equivalent weight of the following
substances: (a) Na2CO3, (b) Ba(OH)2.
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Normality (N): Normal concentration: Number of equivalent solute in solution

volume in litre.

G 3all ABal) )3 6Y) e ga 1 5SS fona (a5 A Dina g 1 (Al ) (Alaysil S A
dotaall e A1 aalg A

wt

Sl 3ae No. of Eq=Eq —

eSSl GH 4l Equwt = %

Al aaa claag

__ No.of equivalent(Eq)

"~ Solution Volumn (L)

No. of Eq= N xV(L)

N = wt o 1
~ Eq.wt V(L)

Ja PEEN Glaa g
_ No. of equivalent(meq)

Solution Volumn (ml)

No. of meq= N xV(ml)

y__wt_ 1000
~ Eq.wt~ V (mL)

uslla g Ay ¥ ga ) Aalla ) 98 g9 (0 9il8
N=nM
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:dadly Sada cilliadla
P 15 3 paal gl -1
H,S0, s HCIO, s HCl Jis (IaluH T 0988 ) Adiamall (el gall @
CH;COOH Jia (LAYL HY ¢S ) L gpanl) Gl gal) o
L) 38 Y (laala (Jha (gl gal) dmtia &y glaal) yaal o) o
H,-COOH

CH,-COOH

JaH PN LA‘: d)ﬁm Uaal n < ‘Mineral acid @M‘ uaxalgall o

D) pnadi g ol
Jie a5 GSE (g 8aa) 58 ghady 213 JCG La 26 g Jadd 3ol g H 53 Led el a1
HCI1, HCN

HCl — , H' +CI'

Jiaoli e Sa (o)) (g1 8 5ha o iSLaEE s H 3,3 (0 JS) L sl a2
H,S0,, H;PO,

H,PO, ——H,PO, +H"

H,PO, — , HPO,”? +H"

HPO,”? ——» PO, +H"

CsH sle ssind jasl sa 4 1 Organic acid 4ganl) (ol gal) o
CS ol il e sl Al A H OsSs (ill JSE3 (COO desS 5)1S)
() sl g

CH;COOH :JssS 50 )8l dalal ]

HCOO(CH,);COOH :JsnS 53 /<) &5k& 2

S o IS 322204 3

OOH OOH

HOOC—C——(CH2)4—C COOH
OOH OOH
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Bi(OH);, Mg(OH),, NaOH Jie OH™ o Laily 4388 3o g8l -2

el 8 s iy ity OH™ O 52) ! :Strong base 458l 3o 581 o
NaOH , KOH, Mg(OH), Jis 32al 53 ghiy cllly QH 88 Cua

Mg(OH), —__ , Mg”+20H
KOH — » K' +OH

O (Y oLl Jlati Laxie 2 58 .4 :Weak base ddaall 3o g3ll o
NH,OH a5 5e¥) 3308 5 538 Jie OH

NH4OH _—> NH3 + HQO

e (Uisl) Al cligly o (Clissils) A ga cilipdl G ¢S Z3WY) i3yl — 3
(Sl 03l Ol Ao Jsllly @ ga O Sl Ao agaaguall ) NaCl Jlia el

) Baghdal) clig Sl dae ala) ad Aslaal) 431 ga Ay &) G JIEAY) g BansY) c¥aaa & 4

AsuiSal)
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- Find the normality (N) and number of equivalent of a solution prepared by
dissolving 4.9 grams of sulfuric acid (H,SO,) in enough water to make a total

volume of 250 mL?
(Aw.t H=1, S=32, O=16g/mol)

Solution:

M.Wt of H,SO,= (2x1)+32+(16x4)=98 g/mol

H,80, ——— 2H" +S0,?

Eqwt = — =49 —

98

wt.

g

Eq.

ml
1OOOT

= X
EqWt V(ml)

l
499 10007~ E
N= gx - e N=04 =
49 -5 250mL L
Eq.
s Oyl aa g LBl a3 Ay
BERENE No. of Eq= wt _ No. of equivalent(Eq)
Eq.wt Solution Volumn (L)
4.9
No. of Eq=49 ;Z =0.1 Eq
Eq. (L=1000mL)
250 = 0.25L
1000
Eq No.of Eq
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- Find the normality (N) and number of equivalent of a solution prepared by
dissolving 7.1 grams of sodium sulfate (Na,SQ,) in enough water to make a total
volume of 100 mL, assuming it is being used in a reaction where the sulfate ion

precipitates?

(Aw.t Na=23, S=32, O=16g/mol)

Solution:

Dr. Ruba Fahmi Abbas

M.Wt of Na,SO,= (23%x2)+32+(16x4)=142 g/mol

Na,SO,———— 2Na' + S0,?

Eqwt=— =71 —

71 g 1000—

142 g

wt.

Eq.

= X
EqWt V(ml)

N= g_ 100y '— N_l_

s QLR jha aa g LB a3 da

No. of Eq= 311 ig

Eq.

=0.1 Eq

|t CON TS No. of Eq_

wt
Eq.wt

_ No. of equivalent(Eq)
~ Solution Volumn (L)

(L=1000mL)
100 _
1000

1 Ea_ NoofEq _,, ¢
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-: Find the normality (N) and number of equivalent of a solution prepared by
dissolving 3.16 grams of potassium permanganate (KMnQ,) in enough water to
make a total volume of 2.0 Liter when used as an oxidizing agent in an acidic
medium?

(Aw.t K=39.1, Mn=54.9, O=16g/mol)

Solution:
M.Wt of KMnO,= (39)+55+(16x4)=158 g/mol
MnO; + 8H* + 5e = Mn*? + 4H,0

Eawt = M. wt _158_316 g
9"t = No.ofelectron = 5 Eq.
wt. 1
= X
Eqwt V(L)
3169 B Eq
316g 2L —>N_0°05T

s QLR jha aa g LB a3 daN
Glileal) a3 No. of Eq=—= N = No. of equivalent(Eq)
rawt Solution Volumn (L)

16g =0.1 Eq

No. of Eg=
Ta6E 0.05 %9 =

No.of Eq
2L

=0.1 Eq

Problem: Find the normality (N) and number of equivalent of a solution
prepared by dissolving 8.0 grams of Mg (OH), in enough water to make a
total volume of 500 mL.

Problem: Find the normality (N) and number of equivalent of a solution
prepared by dissolving 15.0 grams of K,Cr,0; in enough water to make a
total volume of 2.5L.
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Eia o) 8
Sadlg (Aapsi A s Y50 (e Jagail)

N=nM (n=No.of equivalent, H*,0H", or electron)

Jally aaal) 131 -1 Jatad)
No of Meq = No.of Meq
(N x V u1,)acid= (N x V 1. )base

AL aaal) 1) o1 Jatadl)
No. of Eq = No. of Eq
(N x V 1 )acid= (N x V , )base

Example (3):-How many millilitres of a 0.25M solution of H,SO, will react with
10mL of a 0.25N solution of NaOH.

Solution:
Ag;)ﬂ\éd\g&wgﬂl\ﬂgJY}A}Y\}&u)}}uh\:\jﬁ&jﬁ\ﬂ\ Lwal
N=nM (n = No.of equivalent, H*,OH, or electron)
H,SO, ——» 2H" + S0,

22 HY aljdae=n
NH2504 == 2 X025 = OSN

aala 4 3@ sla +rla
HzSO4 +2NaOH ——» 2H20 + NﬂzSO4

Meq H,S0, = Meq NaOH
(N X V)y,s0, = (N X V)naon

(0.5 X V)H,S0, = (0.25 x 10 mL)NaOH
VHZSO4_ = 5 0 mL
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_ How many millilitres of a 0.1 M solution of Ba(OH), will react with
20 mL of a 0.5 N solution of HCI?
Solution:

s gl a5 o) g MIA (5 5 g AV 5 a5 laaa) Adlida 30yl Ll

N=nM (n = No.of equivalent, H*,OH, or electron)
Ba(OH)2 ——»Ba™ +20H"

2 ROH ™ ijdae=n
NBa(OH)Z == 2 X 01 = 02 N

aala 4+ 3@ sla +rla
2HCI+ Ba(OH);, —— 2H,0 + BaCl,

No. of Meq (HCI) = no. of Meq (Ba(OH)2)
(N X V) = (N X V)gacon)2

(0.5 x 20mL )HCI = (0.2 x V)Ba(OH)2
VBa(OH)Z = 50 mL

_ Calculate the volume of 0.1 M H3;PO, required to completely
neutralize 1.5 L of 0.6 N KOH.

Solution:
J..);}'ﬂ\éd\gxwdl\ﬂtf)\ﬂy)iy‘j‘éiu)}uh\ﬁﬁ&}ﬁ)ﬂ\L'g.al

N=nM (n = No.of equivalent, H*,OH, or electron)
H;PO, ——» 3H" +S0,”

3 HY widae=p
NH3PO4:3><0'1:O'3N

vada + bacld sla +rela
H3PO4 +3KOH —» 3H20 + K3PO4
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No. of Eq (H;PO,4) = No. of Eq (KOH)

(N X V)ygzpos = (N X V)gon

(0.3 X V)H3P0O4 = (0.6 X 1.5 L)KOH
Viszpos = 3 L

ProBIem: What volume of 0.5 M HNO; is needed to react with 40 mL of
0.2 N Ca(OH),?

Example(4):-Calculate the normality (N) and of the solutions containing the
following: (a) 5.300gm/L Na,CO; (when the CO;™ reacts with two protons), (b)
5.267 gm/L K,Cr,0 (the Cr®" is reduced to Cr’ ).

Solution :( a)

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

Na,CO; — 2Na' + CO5

formula weight (F. wt)

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

106 e3
2%x1

Eq.wt =

N = wt y 1
~ Eq.wt’ V(L)

5.300 g/L <laa gy o5 sy el OY O 5HAN qui iy o 6i

_wt(g) w1
~ V(L) ~ Eq.wt
g

1
N=53"xz=010Eq/L

53
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(b) M.wt K>Cr,07 = (39*2)+ (5282)+(16*7)= 294 =

Cr,0%™ + 14H* + 6e~ — 2Cr3* + 7H,0

formula weight (F. wt)
No. of electron

(Eq.wt) (%) for redox reaction =

294
Eq.Wt = T =49

N = wt o 1
~ Eq.wt~ V(L)

5.267 gm/L @i g 058l Jigeadly (dos) OY 0 g3AY Gl iy o 6
wt 1

N= X
V(L) Eq.wt

g 1
= 5. — X —=0.
N =5.267 L X719 0.1074 Eq/L

Example(5):-A solution of sodium carbonate is prepared by dissolving 0.212 gm
Na,COj; 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,COs = (23*2)+ 12+(16*3)= 106 =L

No Wb 1000 _ 0.212 1000
" Eq.wt V(mL) 106.0 " 100
1

(b)

= 0.020 meq/mL

0.212 1000

N=706.0 % 100
2

= 0.040 meq/mL
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Example(6):-Iodine (I,) is an oxidizing agent that in reactions with reducing agent is
reduced to iodide (I'). How many grams I, would you weigh out to prepare 100mL of
a 0.10N I, solution?

Solution : (M.Wt I2= 254 g/mol)

IZ + 2e - 21I™
wt 1000 wt 1000
" Eqwt~ V(mL) v 0.1= ZZE X 100
wt =1.27g

Example (7):-Calculate the normality of a solution of 0.25 g/LL 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, —» 2C0, + H,0

N = wt o 1
~ Eq.wt V(L)

0.25 g/ <laa g &9l sl o) oY & 538N G s o g8

_wt(g) o 1
~ V(L) ~ Eq.wt
N =0.25 2 x = = 0.00555 L
= 0. rx@— : meq./m
2

Example(8):-How many milliequivalents (meq) are involved in 43.50 mL of
0.1379N K,Cr,0,?
Solution:

no. of milliequivalents = N XV

meq= N xV(ml)

meq.
=0.1379
mL

X 43.50 mL

= 5.9987 meq
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Example (9): What is normality of 0.3 M H3PO, when it undergoes the
following reaction?

H;PO, + 20H"—— HPO,*” + 2H,0

Solution:

Normality = molarity x2=0.3 x2=0.6 N

_ What is normality of 0.3 M H3PO,?

Solution:

H;;O, — 3H" +PO,’

Normality = molarity x 2=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:

8
Eqwt =— =49 —
W= Eq.

wt 1000

N = X
Eq.wt V (mL)
0.3 _th1000 = 0.0147
2T T &
(g=1000 mg)

wt=0.0147 *1000=14.7 mg
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LAl aae
Y gall 2ae
_ weight (g) _wt
No.of Mole = Formulaweight (mzte) No. of Eq Eq.wt
I CN IS
Eq.wt= %
. _ _No.of mole solute _ mole No. of equivalent(Eq)
MOlarlty (M) solution volume (L) ( L ) = Solution Volumn (L)
No. of mole=M xV, No. of Eq=N xV(L)
Molarity (M) = No.o-f mmole solute _ (mmole) -
solution volume (mL) mL NO Of equlvalent(meq)
~ Solution Volumn (ml)
No. of mmole=M xV 1 No. of meq= N xV(ml)
M(mole) _ wt (g) 1000(mTL) N = wt x 1000
L M.wt (g/mole) V(mlL) Eq.wt V (mL)

_ wt (g) 1
M( L ) = M.wt (g/mole) = V(L)

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

ouSally g 43 ¥ 5a ) Aglla ) i Ja gt 5l
N=nM

n=no.of H', OH , electron.

Or

n= no.of salt (no. of cation or anion* charge of ion)
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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 H3PO, and c-
0.34 M Caz(PO,),?

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

e (.44 mol of CoCl, in 0.654 L of solution

e b. 0.87 g of phosphoric acid, H3PO,, 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.9kgofNa,SO,4 - 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,4 + 2NaOH — Na,HASO, + 2H,0

5. What is the molar concentration of aluminium in a 3.0 N solution of
aluminium sulfate (Al2(SO4)3)?

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




