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Concentration Calculations
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Some Useful Formulas for Calculations in
Analytical Chemistry

e )

where ny is the amount of A,
mp is the mass of A, and M is
the molar mass of A.

g

CA=? or ng = Ve )

Ary combination of grams,
moles, and liters can be expressed
in milligrams, millimoles, and
milliliters. For example, a 01 M
solution contains 0.1 mol of a
species per liter or 0.1 mmoaol per
milliliter. Similarly, the number
of moles of a compound is equal
to the mass in grams of that
compound divided by its molar
mass in grams or the mass

in milligrams divided by its
millimolar mass in milligrams.

13C-1 Some Useful Relationships

Most volumetric calculations are based on two pairs of simple equations that are
derived from definitions of the mole, the millimole, and the molar concentration.
For the chemical species A, we can write

D = mass A (g)
amount A (mol) = molar mass A (g/mol) 3D
mass A (g)
amount A (mmol) = (13-2)

millimolar mass A (g/mmol)

The second pair of equations is derived from the definition of molar concentration,
that is,

mol A
amount A (mol) = V(L) % cﬁ( L ) (13-3)
mmol A
amount A (mmol) = V' (mL) * ﬁn( L ) (13-4)

where Vis the volume of the solution.
Equations 13-1 and 13-3 are used when volumes are measured in liters, and
Equations 13-2 and Equations 13-4 when the units are milliliters.
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Some Useful Formulas for Calculations In

Analytical Chemistry- Contd.

no. meq analyte present = no. meq standard reagent added (A7-1)
or
no. eq analyte present = no. eq standard reagent added (A7-2)
Ny = n:;]_n:juim amount A = no. meq A = majﬂ jg}
___mo.cqA meqw A (g/meq)
N po. L solution mass A (g)

amount A = no.eq A =

eqw A (gleq)
amount A = no. meq A = V' (mL) > gy4,(meq/mL)

amount A = no.eq A = V(L) X y,,(eq/L)
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Calculation & Preparation of Solutions in Percent

* Describe the preparation of 500 mL of a solution which is:
a. 1 %(wl/v) of I, in ethanol (C,H:OH).

b. 1 %(w/w) of I, In ethanol (C,H:OH).

c. 1 %(v/v) of ethanol (C,H:OH) in water.
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To prepare Diluted solutions from Stock Solutions

* Describe the preparation of:

3 lit of 0.08 M H,SO, from:

a.4 M H,S0,

b. 13%(w/w) H,SO,

c. Concentrated H,SO, (d=1.84 mg/ml; 95%)
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Introduce Acid & Base

* According to Lewis:
v’ can donate electron: base
v’ can accept electron: acid

« According to Lowry-Bronsted:

v’ can accept hydronium (H*): base
v' can transfer or donate hydronium (H*): acid

SRAmMini Feb2024
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Primary Standards in Acid-Base Titration
for Quantitative Analysis

* Acid as primary standard ?

v' KHP: potassium (K) Hydrogen Phthalate: @i@*‘

v oxalicacid: _ § r
. Yko/

O

O
(-,

O

v’ benzoic acid:

« Base as primary standard: ?
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Components & Keywords In
Quantitative Titrimetric Analysis

Analyte

Titrant

Titration; titrimetry: direct; in-direct(back) titration

Complete reaction between analyte & titrant
Analyte(acid/base)+titrant(base/acid) products: salt + H,O

Equivalent point: major change in relative concentration

End pOint: signaled by an observable physical change near eq. point
Equivalence point # End point ?!

Indicator

Titration curve: plot of some function of the analyte or titrant concentration on
y axis versus titrant volume on x axis.
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General Types of
Acid-Base Titration

* Using pH- meter

* Using pH- Indicator
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Acid Base Titration Using pH-Meter

* A pH-meter is used to monitor the change in pH as the
acid-base titration progresses.

* |n the titration of an acid (analyte) by a base (titrant):

v the pH-meter measures pH of the acid solution in the beaker
v' as a solution of a base with a known concentration is added from the burette.

Buret containing

/ NaOH (aq)

Beaker containing
HC1 (ag) \~

AV
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Three Distinct Stages In Titration

* Pre-equivalence
* Equivalence
* Post-equivalence

* Acid-base reaction: neutralization:
Analyte(acid/base)+titrant(base/acid)

products: salt + H,O
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Table for Calculation of pH Change During
Titration of Strong Monovalent Acid with Strong Base

Vtotal | Mmiole of [Analyte] in Mmole of titrant | [Titrant] in [H*] = [Hz0*] [OH] pH
= analyte mixture mixture
Mt N
Mg =10 Mapapee | MV hia 1] 1] ha =2 1014/, -lag M,
Wi = Wan | MW | [WLV. - MaVa = M&VE | MuVe MbVh MaVa — M&VD | 2& pH<7
{3i+]
Mg Va + Vh Va + Vh Va + Vh -
: consumed . . =7
Hence: =0 : consumed 10 [HaO]
Hence: =0
Woea = Wan | MadW¥e | MW= Meye | MaVa — MOVE | ML = MY MbVh [H)={om]=10" | (W=(on])=10" [ -logH]
(s - Va + Vb Va + Vb =
MWL) . consumed K 4og10”
- consumed : M+
Hence: =0 - consumed =107 [Hy") =7
. consumed Hence: =0 Hence: =0
Hence: =0
Wooww Mo | MatMa | DOGAE MLML | DANGE DMLMe | (ML~ DY | MBVE — MaVa L MEVE — MaVa | pH 7
: consurmed : consurned Va + Vb =10 Iqu.:'[gall Va + 1'b
Hence: =0 Hence: =0 pH = - log[H']
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Titration of Strong Acid (HCI: 50 mL) with

Strong Base (NaO

e e | T T
Thymaol Blue

Equivalence point—@

Methyl Red
!
_/

/ﬁ

0 10 20 30 40 50
mL 0.100M NaOH added to 50.00mL 0.100M HCI

Volume of pH when pH when
i NaOH 50.0 ml of 50.0 ml of
143 (ml) 0.05M HCI 0.0005M HCI
::] 0.1 M NaOH 0.001 M NaOH
19
8 0.00 1.30 3.30
{; PH
6 10.0 1.60 3.60
15 20.0 2.15 4.15
4
13 24.0 2.87 4.87
2
14 24.9 3.87 5.87
o 25.0 7.00 7.00
25.1 10.12 8.12
26.0 11.12 9.12
30.0 11.80 9.80
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