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Volumetric Methods of Analysis
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A volumetric method is one in which the analysis is completed by
measuring the volume of solution of established concentration needed
to react completely with solution of the substance being determined.
These methods of analysis are widely used by employing one or more
than one standard solution of reagents whose concentrations are or
more exactly.
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A gquantitative determination based on the combining capacity of an
analyte with a reagent is called titrimetric analysis. The most common
way of performing a determination of this kind is to find the volume of
a standard solution of a reagent.
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Standard solution is used to perform titration in which the
guantity of analyte in a solution is determined from the volume of
standard solution which is consumes. It is done by carefully addition of
the standard solution until the reaction with the analyte is judged to be
complete; the volume of the standard solution is then measured.
Sometimes it is necessary to add excess of the reagent standard solution
then the excess amount of it is determined by back titration with a
second standard reagent solution.
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Standard Solution
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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 in order to
avoid errors in the estimation. These solutions are prepared by one of two
methods:
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1. Direct dissolving a carefully weighed quantity of a pure compound and
diluting into the required volume using volumetric flasks.
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2. Indirectly 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- 1t should be stable and not be attacked by constituents of atmosphere.

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

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

5- It should be have 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 they have a fixed
concentration for a period of time and are not affected by atmospheric
conditions and quick to react according to a balanced equation with the
analyte and provide the appropriate evidence to detect the equivalence

point.
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Factors affecting End point
1. Reagent concentration: with the increase in reagent and analyte
concentration the end point will be more clear.

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

1- Color due to the reagent or an indicator substance.
2- Electric conductivity of the solution.
3- Electric potential between a pair of electrodes immersed in the
solution.
4- Electric current passing through the solution.
5- Refractive index of the solution.
6- 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 explained
ago. Normality, usually use in volumetric analysis.
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0.2N HCI = 0.2 meg/mL =0.2 eq/L

cdstaall (e a5 il LibueS LSl 3alall )5 58 (Titer) il Ll
e o Azl @ i Jslas (g s () ¢ 25180 e al jale aal s s Azl ol 5 Jglaad il )
Gl i Jslaal SRUD amy o) (Sans Ll Sle i 4y ) oISH () ) ae Jelaill ol 6l SillLall 8 4i 4818
. Nal,BaCly, KCl (e el all ) el jalally duzadl



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

Lecture 8

Weight — VVolume relationships
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Volumetric calculations involve conversion of volumetric data into
units of mill equivalents followed by reconversion into a metric weight
of the desired chemical species.
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_ Wt(g) . 1
~ eq.wt V(L)
Wt
N>, = eq.wt
aaall x5S 5l = dgal jall ClESAll dae
No.eq (4) = eq.v‘:/tt(%)gj/) eq) b
No.eq (A)=N(A) (eq /L) xV(A)(L) (2)
(A Ll Al b
_ Wt(g) 1000
T eq.wt xV(mL)
1000
N xV(mL) = v mD)
__ wt (4)(g)*x1000 wt(A@g)
No.meq (A) - eq'Wt(A)(mLeq) o meq.wt(A)(mgeq) 1
No. meq (A) = N(A)(meg/mL) x V(A)(mL)----------------- 2
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Ex.1: Calculate the number of meq of H2C204. 2H,O (M.Wt=126) in
0.5 g of the pure compound assuming that two hydrogen ions to be
titrated with standard base .

MWt
no.of hydrogen atoms ionized(H")

eq.wt(Acid) =

126
eq.wt = - = 63gm/ eq

wt (g) X 1000

eq.wt (eiq)

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

No.meq (H, C,0,.2H,0) = 0'52% =7.937

{or)

eq.wt(Acid) = Mt

no.of hydrogen atoms ionized(H")

wt (g) x 1000

eq.wt (mLeq)

NOmeq (Hz C2042H20) -

__05g
— T 126
2X1000

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

Sol)

2HCI + Ba(OH)z ——— > BaCl, + 2H,0

1. at equivalent point:

meq of the titrant solution = meq of the titrated solution
Dl Jslad) cilialSa e =5 plaal) Jslaall i€ e

meq of salt (BaClz) =VV(mL) = N=40 x 0.1025 meg/mL = 4.1meq
L be o (mdal) el e apnty 5818300 21085 ) ) e sl Aliaall 320 ) ans s (S
_daclall
No.meq 4.1

Vinl) = —4—= 3703

20mL( volume of required base) .

Total volume of the solution = 40 + 20 = 60mL (J sisell K1l axall)
N salt (Ba Cl,) = X270 = 21 — 0.068N
2. By dilution using 20 mL of water

v(mL) 60

Total volume =60 + 20 =80 mL
N salt (Ba Cl,) = Nomeq _ 21

— =0.051N
3. By dilution to 100 ml with water

v(mL) 60

N salt (Ba Cl,) = ’f/”(::f)q = folo = 0.041N

ol Ol i g sben wlall (LA 055l ) Jliel (s ¥ e S 5 () s bl S Al isad (S

N=nM (n= 1Sl J.A:;) _____ M =—

1- M(salt) = 2= = 0.035 M (mol /L)

2- M(salt) = “2= = 0.026 M (mol /L)

0.041

3- M(salt) = —— = 0.021 M (mol /L)
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EXx.3: A quantity of BaCl.. 2H20 is to be titrated with AgNO3 solution. What is
the number of meq contained in 0.367g of pure BaCl,. 2H,O (M. Wt = 244).
BaCl, +2AgNO3 ------ > 2AgCl + Ba(NOs):

M. wt

eq.wt(salt) = - - - -
q ( ) no. of cations x oxidation number of cations

4 =122
1x2

eq.wt =

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

No.meq (salt) = = 3.01 meq

(or) second method

M. wt

eq.wt(salt) = - - - -
9 ( ) no. of cations x oxidation number of cations

eq.wt = 2 =122 g.eq

1x2

wt 0.367
(g)g = —mz— = 3.01 meq
meq.wt (. )
meq 2X1000

No.meq of BaCl, =

Ex.4: The number of meq involved in a titration that required 27.3 ml
of 0.200 N KMnOg solution is given by:

No. of meq of KMnO4 =NxV=0.200meg/mL x 27.3mL=5.46meq

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

Is the normality of Ba(OH)2 solution.
(il (508 e ol Lin) 43 ke JYA o S5 s sl 2 e o S

Sol) No. of meq Ba(OH), = No. of meq HCI
N1 xV1 = N2 x V2

N1 x 31.76 = 0.128 x 46.25
N1 (Ba(OH);) = 0.186 N (meg/mL)
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EX.6: What is the weight of primary standard of potassium dichromate K>Cr,O~
needed to prepare 2.0 liter solution of 0.1 N reagent.

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

No. of eq of K2Cr,07 = N K2Cr,07 xsV(L) K2Cr,07

No. of eq of KoCr,07 =0.1N x 2L = 0.2 eq

. M. wt
eq. =
W no.of electrons gained

294
eq .wt= = =49

wt
No. =
0.0f eq —”

wt = No.of eq Xeq.wt =0.2%Xx49=98g

EX.7: Calculate the normality of iodine solution that was standardized against
As>O3 (M.wt 198), 37.34 mL being required to titrate 0.204 g sample of primary
standard oxide.

I, + HbAsO3; + HHO —= 2I" + H,AsO, + 2H*
No. meq I> = No. meq As;03

. Wt(ASZOg)
N (1) X V(mL)(Ip) = e

POl i) (3 s sl L) Jelaill 8 g ) 3l Lasasy N Gl SV aae o Ly
PN . 1 . .
oGSl - = sl S

N (I,) X 37.34(mL) = ~r55-

4
N (I,) % 37.34(mL) = 4.121

N () = % = 0.110 meq /mL

10
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(Or)(cs A1 45, k)
(eq.wt) = M. wt oS e ey Btk Btk
no.of electrons lost A=) O3 35 152 (3 Al
198
eq.wt = T = 495 3* ot
ASy - AS
equivalent weight = M
No. meq I2 = No. meq As;O3 n-factor
_ Mwt
N (I) X V(mL)(l,) = 29)x1000 e
2 277 eqwt (g/eq)
N (] % 37.34 = wt (g)x1000
() X 3734 = < ot ren)
N (I2) x 37.34 = NO.meq(As;03) = ~————
4.121
N (I,) = 3731 " 0.110 meq /mL

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

 4ie e Jolae yuanilaleSly € e Jslae Caddi A8 i gy J)gadl 12

No. meq of acid in diluted solution = No.meq of acid in concentrated solution.

N 1% V 1 = N 2 X V 2
Diluted solution Concentrated solution
0.100 xVq = 1.24x 150

150 x 1.24
Vv = T = 1861 mL = 1.86 X 103 mL
1860 (A sl Jslaall e illl] 50 adad ey 14
al) ()5 ) Y g Ll 5 Y gall 2 Caond Al sill 5 4 3Y gall 385 aladind Al ddasdle
C Y sl e g ol L) g b€l Jay L) el g
_Wt(g) 1
~ Mowe VD)
wt

Mx V(L) = ot
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No.mole(A) = lezigg/‘g,iole) """""""" (1)
No.mole(A) = M(A)(mole/L) X V(A)(L)  --------------- (2)
_ Wt(g) 1000
~ M.wt “Viml)
wt X 1000
M X V(mL) = W
_ wt(A4)(g)x1000
No.mole(4) = Mwt(4)(g/mole) (1)
No.m mole(A) = M(A)(mmole/mL) X V(A)(mL) --------------- (2)

RS0 Ly RS 01551 o i s sl 0551 220 o ol sl 380 A s B
wt(g) 1000
— X
g-fw V(L)
FxV(L) = 2
(L) I F

_ wt(4)(g)
No.fw(4) = gfw@Ag/fwy (1)

No. fw(A) = F(A)(fw/L) X V(A)(L)  --eeemeeemeeee (2)
wt(g) 1000
= g fw V(nk)
wt(A)(g) x 1000
g.fw

wt(4)(g)x1000

Nome(A) = gfwdg/fwy (1)

FXV(mL) =

No.mfw(A) = F(A)(mfw/mL) x V(A)(mL)  ---------—----- (2)
12
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Ex: Calculate the number of mmole for 0.5 g KMnO4 in pure
compound assuming. (Atomic Weight = K=39, Mn =55, 0O=16)

Sol)

M.wt = 39 + 55 + (4x16) = 158 g/mole

wt(g) X 1000 0.5 x 1000

M.wt (mgle) ) 18

= 3.165 mmole

No.m mole(KMn04) =

Reaction types in volumetric analysis

eaaall Juatl) 8 ede il g gl

1. Precipitation reactions

2. Acid-base reactions (neutralization reactions)

) YAl Al e gy s e iy -; Jolatl) el g) 5ael — (aala cdlelEs
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3. Oxidation — reduction reactions
A S il s o) Analia J3 Ala3iul slgi¥) Akt e Jaie Ledy -7 JIFEAY) — SausY) ceLis
4. Complex formation reactions
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