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Volumetric Methods of Analysis
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Titrations: Introduction

Volumetric Analysis
Measure volume of a reagent
needed to react with an analyte Buret

Volumetric Titration

Add Increments of a reagent to a
solution of an analyte until the
reaction is complete

Ideal: Rxn Complete; Rxn Rapid

Solution _ / \
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B. Oxidation-Reduction 1\
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A volumetric analysis method is an analytical technique in which the
analysis is performed by measuring the volume of a solution with a known
concentration, required to react completely with the analyte. These methods are
widely utilized by employing one or more standard solutions of reagents with
precisely known concentrations.
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Titrimetric analysis is a quantitative method used to determine the
concentration of an analyte through its reaction with a reagent. The most
common approach for this determination involves measuring the volume of a
standard solution of the reagent required to reach the reaction's endpoint.
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A standard solution is used in titration to determine the amount of an analyte
in a solution by measuring the volume of the standard solution consumed. The
process involves carefully adding the standard solution until the reaction with
the analyte is judged complete, after which the volume is recorded. In some
cases, an excess of the standard reagent solution is intentionally added, and the
remaining excess is measured through back titration using a second standard
reagent solution.



College of Ibn Al-Haitham (Analytical Chemistry) Department of Chemistry
Lecture 8

aaa Ll DA (e Alladd) Baladl 3aS aoai] (5_leall) pomail) & uld Jslae aladial a3
O o aSall aby a Alieg culdlll Jlaall Ala) dleal) Gaaili cllgiua) ulall J lall
oany b cilaal) uldl)l Jolaall aan Jaaad & Gl dmy g JaiS) 28 Allaall ol ae el
DA (e il (ailall Gl ahs daee ol il Jslae e (ild dila) b (V)

O ool S J lae aladiuly daukall 3 el

Standard Solution (o) J glaal)

The solution of exactly known composition and concentration used in
titration is called Standard Solution.
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Care should be taken in preparing the precise standard solution to avoid
errors in the estimations. These solutions are prepared by one of the two
methods:
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1. Direct method: dissolving a carefully weighed quantity of a pure
compound and diluting it into the required volume using volumetric flasks.
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2. Indirect method: by titrating a solution of weighed quantity of pure
compound with standard reagent solution.
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Requirements of a Primary Standard Substance

1- It must be of the highest purity.

2- It should be stable and not be attacked by constituents of the atmosphere.

3- It should not be hygroscopic and not be efflorescent.

4- 1t should be available and not too expensive.

5- It should have a high molecular weight (or high equivalent weight). Since the
relative error in weighing decreases directly with molecular weight (or high
equivalent weight).
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Requirements of a Standard Solution
One of the conditions for standard solutions is that:

(1) They have a fixed concentration for some time.
(2) Not affected by atmospheric conditions.
(3) Quickly react according to a balanced equation with the analyte.
(4) Provide the appropriate evidence to detect the equivalence point.
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Feature Standard Solution Primary Standard Solution

. ) ] A solution prepared from a highly pure

L. A solution with a known concentration . .
Definition . L. substance with a precisely known
often requires standardization. ]
concentration.
. L. . It does not require standardization; it is

Need for Often requires standardization using a

Standardization

primary standard solution.

directly prepared with accurate
concentration.

Purity of the | May contain impurities; not always Highly pure (>99.9%) and stable.
Substance 100 % pure.

Example of HCI, NaOH, KMnO, (need Na,COs, AgNO3, KHP (CgHsKO4)
Substances standardization). (Potassium Hydrogen Phthalate).
Stability May degrade or absorb moisture/CO, | Very stable and does not react with air

from the air (e.g., NaOH absorbs CO,).

or moisture.

Preparation

Usually made by dissolving a reagent
in a solvent, then standardized.

Prepared by weighing an exact amount
of solid and dissolving in a solvent.

Accuracy of
Concentration

Approximate concentration,
determined after standardization.

Exact concentration, based on precise
weighing.

Example of
Uses

Used in titrations and chemical
analysis (e.g., acid-base titrations).

Used to standardize secondary
solutions (e.g., Na,CO; to standardize
HCI).

Factors that affect endpoint

1. Reagent concentration: with the increase in reagent and analyte concentration
the endpoint will be clearer.

2. Reaction completion: more insolubility of the precipitate, more sharpness, and
clearance of the endpoint.
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Detection of the endpoint involves changes in some properties of the solution such as:

1- Color due to the reagent or an indicator substance.
2- Electric conductivity of the solution.
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Electric potential between a pair of electrodes immersed in the solution.
Electric current passing through the solution.

Refractive index of the solution.
Temperature of the solution.
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Concentration units used in volumetric calculations
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In addition to methods of expression of concentrations which were explained
ago. Normality is usually used in volumetric analysis.
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0.2NHCI=0.2eq/L=0.2meq/ mL
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Weight — Volume relationships
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Volumetric calculations involve the conversion of volumetric data
into units of milli equivalents followed by reconversion into a metric
weight of the desired chemical species.
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eq.wt V(L)
Wt
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No.eq (4) = D) (1)
eq
No.eq (4) = N(4) (T) x V (A)(L) (2)
188 Lol Ala b
_Wi(g) 1000
~eq.wt ~ V(mL)
__ wt(g) x1000
N xV(mL) = cawt D) :;q )
_ wt(A)(g)x1000  wt(M@
No.meq (A) = eq.wt(A)(élq) = meq.wt(A)(mLeq) (1)
No.meq (A) = N(4) (%) X V(A)(mL) (2)
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Ex.1: Calculate the number of meq of H2C204.2H0 (M.Wt = 126) in 0.5
g of the pure compound assuming that two hydrogen ions are to
be titrated with a standard base.

H,C,0y — 2H* + C,0,42

SN Mwt
€q. Wt(ACld) a no.of hydrogen atoms ionized(H")
126
eq.wt =—— =63 g
2 eq
wt X 1000
eq. wt (a)
0.5 x 1000
No.meq (H, C,0,.2H,0) = 3 = 7.937 meq
{or)
MWt

eq.wt(Acid) =

no.of hydrogen atoms ionized (H*)

wt (g) X 1000

eq.wt (éiq)

0.5 (g)x1000
- 126

2

No.meq (H, C,0,.2H,0) =

0.5 (g)X1000 X 2

= e = 7.937 meq
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Ex.2: Calculate the molar concentration of the salt formed at an
equivalent point by titrating 40 ml of 0.1025 N HCI solution with
0.205 N Ba(OH): solution.

Sol)
2HCI + Ba(OH), ———» BaCl; + 2H.0

1. at equivalent point:

meq of the titrant solution = meq of the titrated solution
laal) Jstaal) ciliBlSa e = 5 slaal) J glaall ciliblSa e

meq
) X Vnen(mL)
meq

mL
=04025(;;)x40(nu9==41an

i Al g adall clidlle Al anadty @K ddads ) J gea gl Ailadl) sac W) ana cila (Says
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No.of meq of (HCl) = N yq (

meq
No.of meq of base (Ba(OH),) = N ga(on),) ( 1 ) X V Ba(on),) (ML)
V(Ba(OH),)(mL) = No';wq = 04;(1)5 = 20 mL (volume of required base)

Total volume of the solution = 40 + 20 = 60 mL (Jslsell AU axall)

Nomeq _ 4.1

=—=0.068N
v(mL) 60

N salt (BaCl,) =

2. By dilution using 20 mL of water
Total volume =60 + 20 =80 mL

Nomeq _ 4.1

=—=0.051N
v(mL) 80

3. By dilution to 100 ml with water

N salt (BaCl,) =

Nomeq _ 4.1
V(mL) 100

el e dal g g JS AL gl A gall cilialdld) dde g4 () Ciliblsal) dxe

N salt (BaCl,) = = 0.041N

N=nxM----M==" (n= asbsus)
1- M(salt) = % = 0.035 M (mol /L)
2- M(salt) = %51 = 0.026 M (mol /L)
0.041

3- M(salt) = —— =0021M (mol /L)
8
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Ex.3: A quantity of BaCl.. 2H20 is to be titrated with AgNOs solution.
What is the number of meq contained in 0.367 g of pure (BaCl..
2H20) (M. Wt = 244).

BaCl, + 2AgNOs ————»> 2AgCl + Ba(NOs):2

M.wt
no.of cations X oxidation number of cations

eq.wit sqir) =

€q-Wlgact, 20,0) = 755 = 122

wt(g) x 1000  0.367 x 1000
9\ 122
eq.wt (eq)

No.meqqci, 2H,0) = = 3.01 meq

(or) second method

M.wt
no.of cations X oxidation number of cations

eq.Wisqi) =

eq.wt=%= 122 g/eq

wt(g) x1000 0367 x1000 _ 0.367 x 2 X 1000

eq.wt (élq) o 2‘21_4 o 244

No.meq of BaCl, =

= 3.01meq

Ex.4: The number of meq involved in a titration that required 27.3 ml

of 0.200 N KMnOg solution is given by:
me
No.of meq of KMnO4 =N xV =0.200 m—lfl X 27.3mL = 5.46 mL

Ex.5: The solution of Ba(OH): is standardized by titration against
0.128 N HCI solution. 31.76 ml of the base is required to
neutralize 46.25 mL of acid. What is the normality of Ba(OH):
solution.

(sl o) 5l (3l Un) 45 e DA (a3 5l s Ul By e ilon 24
Sol) No.of meq Ba(OH), = No.of meq HCI
Ny X Vy; =N, X V,
Ny X 31.76 =0.128 X 46.25
Ny X 31.76 =0.128 X 46.25
N1 (Ba(OH),) = 0.186 (—1)
mlL
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Ex.6: What is the weight of the primary standard of potassium
dichromate K2Cr207 needed to prepare a 2.0-liter solution of 0.1
N reagent?

Cr,07% + 14H* + 6e 2Cr3* + 7H.0

No.of eq K;Cr,0;, =N (KZCr207)(%) X V(,cr,0.) (L)
No.of eq K,Cr,0, = 0.1 (%) x2.0 (L) =0.2eq

M.wt
eq-wt = no.of electrons gained
294
eq.wt = o =49
wt.
No.of eq = eq.wi

wt = No.ofeq Xeq.wt=0.2xXx49=9.8g

Ex.7: Calculate the normality of iodine solution that was standardized
against As>Os (M.wt 198), 37.34 mL being required to titrate
0.204 g sample of primary standard oxide.

>+ HASO3™ + HDO —— 217 + H2ASsO4™ + 2H”

No.of meql, = No.of meq As,04
wt (As,03) X 1000

N(l,) xV(mL)(l,) = eq.wt (As,03)

N (I,) x37.34 (mL) = 0.204 x 1000 laaggy il <l g y<IV) axe o) Lay
158 3ga sy B Jelaall b e 31

4 s ol R S0

N (I;) x37.34(mL) = 4.1212 R TR

1
—— =0.1104 L
3734 0.1104 meq /m

(or) (s 48 ,k)

N () =

10
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M.wt
no.of electrons lost

eq.-Wi(4s,05) =

eq.wt=g=49.5 <
4 eq

No.of meq I, = No.of meq As,0;
wt (g) X 1000

(Analytical Chemistry)
Lecture 8

Department of Chemistry

N (I;) xV(mL)(I) =

2 3, S sue 3 8ab) Jasdi
4 = pam B81 OB y) (53 2979)9

+3 +5
As ASz
equivalent weight = n_n;z:w
_ M.wt
2 %2

eq.wt (g/eq)

wt (g)x1000

X37.34 = ——

N (I2) > 37.34 eq.wt (g/eq)

0.204x1000

N (I;) x37.34 = o5
N (I,) = % = 0.1104 meq /mL

Ex.8: What volume of 0.1 N HCI solution can be produced by diluting a
150 ml sample of 1.24 N acid?

(4l Caide Jslae jumatlaleSh S je Jslae Cabdi LS s g ) aall 128
No.meq of acid in diluted solution = No.meq of acid in concentrated solution
N X Vi=Ny, XV,
Diluted solution = Concentrated solution
0.100x V; =1.24 x 150

150 x1.24

_ = 1861 mL = 1.861 x 103 mL
Vv, 100 861m 86 03 m

Caddt ey 1385 150 ) ) Jslaadl e silille 1867 silille
Laall Gl gl o) Y se Al g Y gall dae Coind Aalla ) g8l 5 4y HY gall S0 ) aladii) Al A ddaadla
: ‘"_,,_“1‘2\ il e g eclialSa el g cnlidlSall oy Lh) jal
wt 1
— 29 5
M.wt V)

M X V(L) = Wt(g)

M.wt
__wdhe
No.mole(A) = M) L) (1)
No.mole(A) = M(A) (T22) X V(A)(L) -wrrrommmsessremeeeeeeeeeees 2)

11
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— Yig) 1000

M.wt VmL)

wt X 1000
M.wt

M xV(mL) =

_ wt(A)(g)x1000 _  wtA@
No.mmole(A) = 1700 (g rmote) ~ Mwe(a) -2 (1)

No.mmole(A) = M(A)(mmole/mL) x V(A)(mL) --------------- (2)

%Q.d\) Al ) 5 sY) Ja L) el s danall () 5l dae cuwadid A0l g8l 3S) ) Al =y
.\ LA

_wt(g) o 1
g fw V(@)

_ Wi
FxV(L) = g.fw (g/fw)

_ _ wt(A)(g)
No.fw(4) = gafw@/fwy (1)

No. fw(4) = F(A)(fw/L) X V(A)(L) --rrrreooeeoooeeeeeeeeeeeeeeeeeee 2)

_wt(g) _ 1000
g.fw % V(mlL)
wt(A4)(g) x 1000

g.fw

_ wt(4)(g)x1000 _  wt@
No-mfw(d) = oarrm — gmfw(d) ) (1)

FXV(mL) =

No.mfw(A) = F(A)(mfw/mL) X V(A)(mL) ------------=---=-=--- (2)

Ex: Calculate the number of mmole for 0.5 g KMnQOg4 in pure compound
assuming. (Atomic Weight, K=39, Mn =55, 0O=16)

Sol)

M.wtmno,) = 39 + 55+ (4 X 16) = 158 g/mole

wt(g) x 1000 0.5 x 1000

M.wt (mgle) ) 158

No.mmole(KMnO,) = = 3.165 mmole
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Reaction types in volumetric analysis
eaxad) Jlasl) 8 edleldil) g g
1. Precipitation reactions
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2. Acid-base reactions (neutralization reactions)
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3. Oxidation — reduction reactions
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4. Complex-formation reactions
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