Chapter 4:
Calculations Used in Analytical Chemistry



In this chapter, we describe several methods used
to compute the results of a quantitative analysis.

S| system of units and the distinction between mass
and weight.

the mole, a measure of the amount of a chemical
substance.

the various ways that concentrations of solutions are
expressed.

Finally, we treat chemical stoichiometry.



4A Some important units of measurement

4A-1 Sl Units

Sl is the acronym for the French “Systeme International d’Unités.”

»The International System of Units (SI) is based on 7 fundamental base units.

»Numerous other useful units, such as

volts, hertz, coulombs, and joules, are derived
from these base units.

»To express small or large measured
qguantities in terms of a few simple digits,
pre-fixes are used with these base units and
other derived units.

TABLE 4-1
SI Base Units
Physical Quantity Name of Unit Abbreviation
Mass kilogram kg
Length meter m
Time second s
Temperature kelvin K
Amount of substance mole mol
Electric current ampere A
Luminous intensity candela cd

TABLE 4-2
Prefixes for Units
Prefix Abbreviation Multiplier
yotta- Y 10%
zetta- Z oz
exa- E 10X
peta- P 10"
tera- T 1o
giga- G 10°
mega- M 10°
kilo- k 10°
hecto- h 10%
deca- da 10
deci- d 107!
centi- C 1082
milli- m 105
micro- n 105°
nano- n g
pico- p 1ogl
femto- f 105"
atto- a 105"
zepto- Z 10~
yocto- y o




The angstrom unit A is a non-SI unit of length widely used to express the
wavelength of very short radiation such as X-rays (1 A = 0.1 nm).

Thus, typical X-radiation lies in the range of 0.1 to 10 A.

Metric units of kilograms (kg), grams (g), milligrams (mg), or micrograms (ug)
are used in the Sl system.

Volumes of liquids are measured in units of liters (L), milliliters (mL),
microliters (pL), and sometimes nanoliters (nL).

The liter, the Sl unit of volume, is defined as exactly 103 m3. The
milliliter is defined as 10°® m3, or 1 cm3.



4A-2 The Distinction Between Mass and Weight
Mass is an invariant measure of the quantity of matter in an object.

- Weight is the force of attraction between an object and its surroundings,
principally the earth. Because gravitational attraction varies with geographical
location, the weight of an object depend on where you weigh it.

For example, a crucible weighs less in Denver than in Atlantic City
however, mass remains constant regardless of where you measure it.
- Weight and mass are related by the familiar expression
w is the weight of an object,
m is its mass, and

g is the acceleration due to gravity.

Analytical data are based on mass rather than weight.

A balance is used to compare the mass of an object with the mass of one or
more standard masses.

g affects both unknown and known equally, hence, the mass of the object is
identical to the standard masses with which it is compared.



4A-3 The Mole

» The mole (abbreviated mol) is the Sl unit for the amount of a chemical
substance.

» |t is always associated with specific microscopic entities such as atoms,
molecules, ions, electrons, other particles, or specified groups of such
particles as represented by a chemical formula.

» It is the amount of the specified substance that contains the same

number of particles as the number of carbon atoms in exactly 12 grams of
12C.

» This is Avogadro’s number N,= 6.022 x 1023,

» The molar mass M of a substance is the mass in grams of 1 mole of that
substance.



The number of moles n, of a species X of molar mass M, is given by

m
amountxX =n, = —=
M

The molar mass of glucose is:

6 mel-C . 1208 llﬂg 12 melH » 1.0g
mol C.H,,O, merH_, mol C;H,,O, melH

N 6 melO " 16.0 g
mol C.H,0O, melO

Mep .o =

= 180.0 g/mol C.H,,O,



4A-4 The Millimole
1 millimole = 1/1000 of a mole 1 millimolar mass (mM) = 1/1000 of the molar mass.

1 mmol = 103 mol, and 103 mmol = 1 mol
4A-5 Calculating the Amount of a Substance in Moles or Millimoles

EXAMPLE 4-1

Find the number of moles and millimoles of benzoic acid (M = 122.1 g/mol)
that are contained in 2.00 g of the pure acid.

Solution
If we use HBz to represent benzoic acid, we can write that 1 mole of HBz has a mass
of 122.1 g. Therefore,

1 mol HBz
HBz = = 2.00 Bz -1
amount Z = Myp, gH 1221¢ (4-1)

= (.0164 mol HBz

To obtain the number of millimoles, we divide by the millimolar mass (0.1221

g/mmol), thart is,

1 mmol HBz

= ) 3 4 = )
amount HBz = 2.00 g HBz 0.1221 g HBz 16.4 mmol HBz




EXAMPLE 4-2

What is the mass in grams of Na™ (22.99 g/mol) in 25.0 g of Na,SO, (142.0 g/mol)?

Solution

The chemical formula tells us that 1 mole of Na,SO; contains 2 moles of Na™,

that is,

2 mol Na*
mol-NazSO;
To find the number of moles of Na,SOy, we proceed as in Example 4-1:

1 mol Na,SO;
142.0 g NaySO;

amount Na* = ny,- = molNa;5O; X

amount Na,SO; = ny, 50, = 25.0 g Na;50; X

Combining this equation with the first leads to
1 mol-Na;50; % 2mol Na”©
142.0 g Na;50; molNa;SO;

To obrain the mass of sodium in 25.0 g of Na,SO;, we multiply the number of moles
of Na™ by the molar mass of Na™, or 22.99 g. And so,

2299 gNa™
mol-Na™

Substituting the previous equation gives the mass in grams of Na™:
1 mol- Na;SO; " 2 mol-Na™ - 22.99gNa"
142.0 g NaySO;  mol-Naz50; mol-Na ™

amount Na* = my,« = 25.0 g Na;SO7 X

mass Na' = molNa™ X

mass Na™ = 25.0 g Na;50O; X
= 8.10gNa+



4B Solutions and their concentrations
4B-1 Concentration of Solutions

The molar concentration c, of a solution of a solute species X is the number
of moles of that species that is contained in 1 liter of the solution (not 1 L of
the solvent).

. molesofsolute
_n, molarconcentration = —
Cy = V2 volumeinliters

n, number of moles of solute and V, the volume of solution

The unit of molar concentration is molar, symbolized by M, which has the
dimensions of mol/L, or mol L.

Molar concentration is also the number of millimoles of solute per milliliter
of solution.



EXAMPLE 4-3

Caleulate the molar concentration of ethanol in an aqueous solution that con-
tains 2.30 g of C,H.OH (46.07 g/mol) in 3.50 L of solution.

Solution

To calculate molar concentration, we must find both the amount of ethanol and the
volume of the solution. The vulu}me is given as 3.50 L, so all we need to do is convert
the mass of ethanol to the corresponding amount of ethanol in moles.

1 mﬂ'l. C-EH rrGH

46.07 g CH-OH
— ﬂ.D4991 mﬂ'l C_EH:;GH

amount C,H;OH = ng oy = 2.30 g GHOH X

To obtain the molar concentration, ¢y oy, we divide the amount by the volume.

Thus,

PEn OH X 1 mol C;H;OH
30 g C,Hs

46.07 ¢ C,H;OH
“CH,OH = 3.50 L

0.0143 mol C,H.OH/L = 0.0143 M




There are two ways of expressing molar concentration:

Molar analytical concentration is the total number of moles of a solute,
regardless of its chemical state, in 1 L of solution. The molar analytical
concentration describes how a solution of a given concentration can be
prepared.

The molar equilibrium concentration, or just equilibrium concentration,
refers to the molar concentration of a particular species in a solution at
equilibrium.

To specify the molar equilibrium concentration of a species, it is
necessary to know how the solute behaves when it is dissolved in a
solvent.

They are usually symbolized by placing square brackets around the
chemical formula for the species. Ex., [H,50,] = 0.00 M; [H*] =1.01 M.



-The IUPAC recommends the general term “concentration” to express the
composition of a solution with respect to its volume, with four sub terms:
amount concentration, mass concentration, volume concentration, and number
concentration.

-- Molar concentration, molar analytical concentration, and molar equilibrium
concentration are all amount concentrations by this definition.

For example, the molar equilibrium concentration of H,SO, in a solution with a
molar analytical concentration, c,;,s0, =1 M, is actually 0.0 M, because the
sulfuric acid is completely dissociated into a mixture of H+, HSO,-, SO,-2 ions.

There are essentially no H,SO, molecules in this solution. The equilibrium
concentrations of the ions are 1.01, 0.99, and 0.01 M, respectively.

because SO,2 and HSO,* are the only two sulfate-containing species in the
solution.

The molar equilibrium concentrations are usually symbolized by placing square
brackets around the chemical formula for the species.

Ex., [H,S0,] = 0.00 M;
[H*] = 1.01 M.
[S0,2]=0.00Mand  [HSO,2]=0.99 M



EXAMPLE 4-4

Calculate the analytical and equilibrium molar concentrations of the solute
species in an aqueous solution that contains 285 mg of trichloroacetic acid,
CL,CCOOH (163.4 g/mol), in 10.0 mL (the acid is 73% ionized in water).

Solution

As in Example 4-3, we calculate the number of moles of Cl;CCOOH, which we desig-
nate as HA, and divide by the volume of the solution, 10.0 mL, or 0.0100 L. Therefore,

1 g HA 2 1 mol HA
1000 mgHA ~ 163.4 g HA
= 1.744 X 107 mol HA

amount HA = nyy, = 285 mgHA X

The molar analytical concentration, ¢y, is then

_ 1744 X 10 *mol HA _ 1000mk _ . mol HA
A 10.0 mb 1L

= 0.174 M
In this solution, 73% of the HA dissociates, giving H™ and A™:
HA=H" + A~

The equilibrium concentration of HA is then 27% of ¢4, Thus,

[HA] = 0 X (100 = 73)/100 = 0.174 X 0.27 = 0.047 mol/L
= 0.047 M

The equilibrium concentration of A is equal to 73% of the analytical concentration
of HA, that is,

73 mol A~
100 mel-HA

Because 1 mole of H™ is formed for each mole of A™, we can also write

A”] = X 0.174 =(0.127 M

MH1=0lA1=0127 M



EXAMPLE 4-5

Describe the preparation of 2.00 L of 0.108 M BaCl, from BaCl, - 2H.O
(244.3 g/mol).

Solution

To determine the number of grams of solute to be dissolved and diluted ro 2.00 L, we
note that 1 mole of the dihydrate yields 1 mole of BaCl,. Therefore, to produce this
solution we will need

0.108 mol BaCl, - 2H,0
200k X = S 2 =3 0.216 mol BaCly 2H,0

The mass of BaCl, - 2ZH,O is then

244.3 g BaCl, - 2H,0
mol BaCl—2H50

& =5

0.216 mol BaCl—2H;6 = 52.8 g BaCl, - 2H,0

Dissolve 52.8 g of BaCl, - 2H,0 in water and dilute to 2.00 L.

EXAMPLE 4-6

Describe the preparation of 500 mL of 0.0740 M Cl™ selutien from solid
BaCl, -2H.O (244.3 g/mol).

Solution
0.0740 mel-Ct 1 mol BaCl—2H;0
mass BaCl, - 2H,0 = > % 0,500 k * G 2
2‘4‘4.3 g BEC].E_ " ZHED
o — 4r52 g_ EH.CIE . IHEG
muLBaGlr—%H}E-"

Dissolve 4.52 g of BaCl, - 2H,0 in water and dilute to 0.500 L or 500 mL.



Percent Concentration

weightsolute
weightsolution

x100%

weightpercent(w/w) =

volumesol
volumepereent(v/v) = BIUMEsOTLIe x100%

volumesolution

weightsolute, g
volumesolution, mL

x100%

weight/volumepercent(w/v) =

»In IUPAC terminology, weight percent is mass concentration and volume
percent is volume concentration.

»Weight percent is often used to express the concentration of commercial
agueous reagents. Volume percent is commonly used to specify the
concentration of a solution prepared by diluting a pure liquid compound
with another liquid.

»Weight or volume percent is often used to indicate the composition of
dilute agueous solutions of solid reagents.



Parts per million and parts per billion

In IUPAC terminology, parts per billion, parts per million, and parts per
thousand are mass concentrations.

For very dilute solutions, parts per million (ppm) is a convenient way to
express concentration:

massofsolute
massofsolution

Coon = x10° ppm

For even more dilute solutions, 10° ppb rather than 10° ppm is used in
the previous equation to give the results in parts per billion (ppb).

The term parts per thousand (ppt) is also used, especially in
oceanography.



EXAMPLE 4-7

What is the molar concentration of K* in a solution that contains 63.3 ppm of
K.,Fe(CN); (329.3 g/mol)?

Solution

Because the solution is so dilute, it is reasonable to assume that its density is 1.00 g/mL.
Therefore, according to Equation 4-2,

63.3 ppm K Fe(CN), = 63.3 mg K;Fe(CN),/L

0. mol K;Fe(CN); _ 633 mgKoFel€Ny; 1 gKRel@N)
L L 1000 mg KeFe(€N):
1 mOl K,FC(CN)&

l
= 1.922 X 10~ 4 2=

X
329.3 g KsFet€N); L
=192 X100*M
K] = 1.922 X 10™* mol K-Fef€EN); - 3 mol K'
L 1 molKsFefENY;
mol K'

=577 X 10°*M

=577 107" :



Solution-Diluent Volume Ratios

The composition of a dilute solution is sometimes specified in terms of the
volume of a more concentrated solution and the volume of solvent used in
diluting it.

Thus, a 1:4 HCI solution contains four volumes of water for each volume of
concentrated hydrochloric acid.

This method of notation is frequently ambiguous.

p-Functions

The concentration of a species is expressed as its p-function, or p-value. The
best-known p-function is pH, which is the negative logarithm of [H*].

The p-value is the negative logarithm (to the base 10) of the molar
concentration of that species. Thus, for the species X,

pX = - log [X]



EXAMPLE 4-8

Calculate the p-value for each ion in a solution that is 2.00 X 107° M in NaCl
and 5.4 X 10 *M in HCL

Solution
gH = —log [H'] = —log (5.4 X 107%) = 3.27
To obtain pNa, we write

pNa = —log[Na™] = —log (2.00 X 107%) = —log (2.00 X 1077 = 2.699

The total Cl™ concentration is given by the sum of the concentrations of the two

solutes:
[CIT]=200x 10 M+ 54 % 107" M
=200X10*M+054X10°M=254xX10"'M
pCl = —Icrg[l‘-:l_] = —log 2.54 X 107 = 2.595
EXAMPLE 4-9

Caleulate the molar concentration of Ag™ in a solution that has a pAg of 6.372.

Solution

pAg = —log [Ag"] = 6.372
log [Ag™] = —6.372
[Ag™] = 4.246 X 1077 = 425 X 107’ M



Density and Specific Gravity of Solutions
» Density expresses the mass of a substance per unit volume.
»In Sl units, density is expressed in units of kg/L or alternatively g/mL.

»Specific gravity is the ratio of the mass of a substance to the mass of an equal
volume of water.

»Specific gravity is dimensionless and so is not tied to any particular system of
unit

»Since the density of water is approximately 1.00 g/mL, we use density and
specific gravity interchangeably.

TABLE 4-3
Specific Gravities of Commercial Concentrated Acids and Bases
Reagent Concentration, % (w/w) Specific Gravity
Acetic acid 09.7 1.05
Ammonia 29.0 0.90
H}rclrm:hlnric acid 37.2 1.19
Hydrofluoric acid 49.5 1.15
Nitric acid 70.5 1.42
Perchloric acid 71.0 1.67
Phosphoric acid 86.0 1.71

Sulfuric acid 96.5 1.84




EXAMPLE 4-10

Calculate the molar concentration of HNO, (63.0 g/mol) in a solution that has
a specific gravity of 1.42 and is 70.5% HNO, (w/w).

Solution

Let us first calculate the mass of acid per liter of concentrated solution

g HNO;  1.42 kg reagent y 10° g reagent . 70.5 g HNO; 1001 g HNO,

L reagent L reagent kg reagert 100 g reagent L reagent

Then,

CHNO, —

1001 1 mol HNO 15.9 mol HNO
g HINO; y mo 3 mo 3 e 16 M

L reagent 63.0 g HNO; B L reagent



Figure 4-1 Label from a bottle of reagent-grade hydrochloric acid.

The specific gravity of the acid over the temperature range of 60° to 80°F
is specified on the label.

2.5L 9535-03
DOT Name:
. .
Hydrochloric Acid, HYDROCHLORIC ACID =
UN1789 —
0, =
36-5-38-0/0 _ =
> CAS NO = =
BAKER ANALYZED® A.C.S. Reagent WATER 1732185 m— ===
HYDROCHLORIC ACID Darger May be corrosive to metals. i AR ANRRLE. RN, SRERER HCl HYDROCHLORIC ACID = =
Harmul f swaliowed. Causes severe skin burns and eve SECENAS, TRALFRENE. FERARE 7647.01.0 B== =
ol s MUENAR/E AR, BEEFREBER FW 36.460 _ —
S ey AITAMAR SSaCIAnSS,, T ==
Sepemmechin diine/e7e riseclonivce ross o, RArCPARYH. KENKERZRS END ¥ mr Batch No: XXXXXXXXXX — |
w:-:-:m«m nm:nn-n':-mzw-w- o " . [ R 1} Manufactured Date: 2012/09/24 (yyyy/mm/dd) COUNTRY OF ORIGIN: USA _5=
-~ " Atiourly with watl several minuter L}
ol - i 3 5 os = Retest Date: 2012/09/25 (yyyy/mm/dd) —
CLORIDRICO Perigo Pode ser cormosiv & metais. - K- gﬁi RaAW v‘_..a ¥ 8 —§=
Nocivo ve ingerido. Cauts queimadura wevers b pele » dano HE. R0 o oy L;: 0 SH8 W Meets ACS Reagent Chemical Requirements — E
102 e Podecomar sac respiii Mo g ou’ s@NX D38 WS & TR For Laboratory,Research,or Manufacturing Use E=§E
protegho/; Aommuuu- SEESTIVER NA Appearance Passes Test -g =
L (o caolf RemowsTie 1o 3 ovpa contrinsda ® Assay (as HC1) (by acid-base titrn)  36.5 - 38.0 % ==
imediatamente. [nxsgie 2 peie com apua/chuveico Color (APHA) <= 10 =

Extractable Organic Substances <= 5 ppm E_ =
L0 A% TRENEK, SVAK. “EOHE Free Chlorine (as Cl1,) <= 1 ppm =
T T 28R Resiave arter Ionitidn < 3 oo 4
BB CRR/ADCER, RERALSR B2 Specific Gravity at 60°/60°F 1.185 - 1.192 = =
R T . B (8 Shmes ==
REER. WEAR, TEFEREGOCRS. Phosphato_(PO,) <=.1:0/ppa ==
MNTOR» Sulfate (S0.) <= 0.5 ppm =3

ERPORANCS MTemALS Sulfite (S0,) <= 0.8 ppm
Anmonium (NH,) <= 3 ppm —
Avantor Performance Materials, Inc. Arsenic and Antimony (as As) <= 5.0 ppb 1 BGG —]

3477 Corporate Parkway, Suite 200 Heavy Metals (as Pb) <= 100.00 ppb

Center Valley, PA 18034
610-573-2600 Complete specifications at avantormaterials.com

‘www. avantormaterials com

<><><><><>,\

J.I.Baker

(Label provided by Mallinckrodt Baker, Inc., Phillipsburg, NJ 08865)

"+12269.



EXAMPLE 4-11

Describe the preparation of 100 mL of 6.0 M HCI from a concentrated solu-
tion that has a specific gravity of 1.18 and is 37% (w/w) HCI (36.5 g/mol).

Solution

Proceeding as in Example 4-10, we first calculate the molar concentration of the con-
centrated reagent. We then calculate the number of moles of acid that we need for the

diluted solution. Finally, we divide the second figure by the first to obrain the volume of
concentrated acid required. Thus, to obtain the concentration of the reagent, we write

1.18 X 10° greagent o 37 g HEL 1 mol HCI

x = .
L reagent 100 greagert  36.5 g HEL L2

fHC —

The number of moles HCI required is given by

1 E . 6.0 mol HCI
1000 mEt |

= 0.600 mol HCI

no. mol HCl = 100 mE X

Finally, to obtain the volume of concentrated reagent, we write

1 L reagent

| cd t = 0.600 melHET = ().0500 L 0.0 mL
vol concd reagen 3 12.0 mak 5 or 50.0 m

Theretore, dilute 50 mL of the concentrated reagent to 600 mL.



V

concd

X Ceoncd = Vil X Cyil

The two terms on the left are the volume and molar concentration of a
concentrated solution that is being used to prepare a diluted solution having
the volume and concentration given by the corresponding terms on the right.

This equation is based on the fact that the number of moles of solute in the
diluted solution must equal the number of moles in the concentrated
reagent.

This equation can be used with L and mol/L or mL and mmol/mL.



4C Chemical stoichiometry

Stoichiometry is the quantitative relationship among the amounts of reacting
chemical species.

The stoichiometry of a reaction is the relationship among the number of
moles of reactants and products as represented by a balanced chemical
equation.

Empirical Formulas and Molecular Formulas

An empirical formula gives the simplest whole number ratio of atoms in a
chemical compound.

A molecular formula specifies the number of atoms in a molecule.

One or more substances may have the same empirical formula but different
molecular formulas. A structural formula provides additional information.

Ex., the chemically different ethanol and dimethyl ether share the same
molecular formula C,H,O. Their structural formulas, C,H.OH and CH,OCH,,
reveal structural differences between these compounds that are not shown in
their common molecular formula.



4C-2 Stoichiometric Calculations

A balanced chemical equation gives the combining ratios, or stoichiometry—in
units of moles—of reacting substances and their products. Therefore, the
equation

2Nal(aq) + Pb(NO3)2(aq) === Pbl2(s) + 2NaNO3(aq)

indicates that 2 moles of agqueous sodium iodide combine with 1 mole of

aqueous lead nitrate to produce 1 mole of solid lead iodide and 2 moles of
agueous sodium nitrate.



Figure 4-2 Flow diagram for making stoichiometric calculations.

(1) (2) 3)

Mass -3 | Moles -3 |  Moles e Mass

Divide by Multiply by Multiply by
molar mass stoichiometric molar mass
ratio

© Cengage Learning. All Rights Reserved.

When the mass of a reactant or product is given, the mass is first
converted to the number of moles, using the molar mass.

The stoichiometric ratio given by the chemical equation for the
reaction is then used to find the number of moles of another

reactant that combines with the original substance or the number of
moles of product that forms.

Finally, the mass of the other reactant or the product is computed
from its molar mass.



EXAMPLE 4-12

(a) What mass of AgNO, (169.9 g/mol) is needed to convert 2.33 g of Na,CO,
(106.0 g/mol) to Ag,CO;? (b) What mass of Ag,CO; (275.7 g/mol) will be
formed?

Solution
(a) Na,COs(agq) + 2AgNO;(ag) — Ag,CO;(s) + 2NaNOj;(ag)
Step 1.

1 mol Na,COj;
amount Na,CO; = ny, co, = 2.33 g Nay€O; X 106.0 g Na;€O;

= 0.02198 mol N32C03
Step 2. The balanced equation reveals that

2 mol AgNQO,
1 mal—NajEﬁg

amount AgNO; = nan0, = 0.02198 mol Naz€O3 X

= 0.04396 mol AgNO,
In this instance, the stoichiometric factor is (2 mol AgNO;)/(1 mol Na,CO;).

Step 3.
169.9 g AgNO,
mass AgNO; = 0.04396 mol-AgNO; X : = 7.47 g AgNO;
(b) amount Ag,CO; = amount Na,CO; = 0.02198 mol
275.7 CO
mass Ag,CO; = 0.02198 mol Ag;€0; X £ Agf > = 6.06 g Ag,CO,

molAg;E0;



EXAMPLE 4-13

What mass of Ag,CO, (275.7 g/mol) is formed when 25.0 mL of 0.200 M
AgNO, are mixed with 50.0 mL of 0.0800 M Na,CO.?

Solution

Mixing these two solutions will result in one (and only one) of three possible
ourcomes:

(a) An excess of AgNO; will remain after the reaction is complete.

(b) An excess of Na,CO; will remain after the reaction is complete.

(¢) There will be no excess of either reagent (that is, the number of moles of Na,CO,
is exactly equal to twice the number of moles of AgNO;).

As a first step, we must establish which of these situations applies by calculating the
amounts of reactants (in moles) available before the solutions are mixed.

The initial amounts are

1 LAgNO;
1000 mL-AgNO;

= 5.00 % 1077 mol AgNO;

amount AgNO; = my o, = 25.0 mL-AgNO; X
- 0.200 mol AgNO;
L AgNG;

amount Na,CO; = ny, oo, = 50.0 mL NayEO5soin X

0.0800 mol Na,CO,

L Na€0:
Because each C'Df_ ion reacts with two Ag+ ions, 2 X 4.00 X 107 = 8.00
% 107 mol AgNO; is required to react with the Na,CO;. Since we have insufficient
AgNQ;, situation (b) prevails, and the number of moles of Ag,CO; produced will
be limited by the amount of AgNQ); available. Thus,

1 molAgs€0;  275.7 g Ag,CO;,
= 5.00 X 107° X X
mass Ag,CO; = 5.00 X 107" molAgNO; = 2 : 3

1 L Nay€Os5
1000 mL Nay€O;

= 4.00 X 1077 mol Na,CO,




EXAMPLE 4-14

What will be the molar analytical concentration of Na,CO, in the solution pro-
duced when 25.0 mL of 0.200 M AgNQO, is mixed with 50.0 mL of 0.0800 M
Na,CO.?
Solution

We have seen in the previous example that formation of 5.00 X 1077 mol of AgNO,
requires 2.50 X 1077 mol of Na,COj;. The number of moles of unreacted Na,CO; is

then given by
1 mol Na,CO,

2 mol-AgNO;

Maco, = 4.00 X 1077 mol Na,CO; — 5.00 X 1077 mol-AgNO; X

= 1.50 X 10" mol Na,CO,

By definition, the molar concentration is the number of moles of Na,CO,/L.
Therefore,

1.50 % 107 mol Na,CO; 1000 sk
Na,CO, = A
dmt (50.0 + 25.0) mE | L

= 0.0200 M Na,CO,



Suggested Problems

e 4.1,4.4,4.7-4.15 (odd)

* 4.17 (odd), 4.20 (odd), 4.23, 4.31, 4.35, 4-39



