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Amount of Substance - The Mole

The mole is the Sl unit for the amount of a chemical
substance. It is always associated with specific
microscopic entities such as atoms, molecules, ions,
electrons, or other particles.

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 '°C.

e'e

602,214,076,000,000,000,000,000 atoms

This important number is Avogadro’s number:
N, =6.022 x 10%3

The definition was adopted in Nov 2018 as one of the seven Sl base units; It is defined as
exactly 6.022x%1023 constitutive particles, which may be atoms, molecules, ions, or electrons.

One mole contains exactly 6.02214076 x 1023 elementary entities




The molar mass A7 of a substance is the mass in grams of 1 mole of that substance.

The notions of Avogadro’s number and molar mass enable us to carry out conversions
between mass and moles of atoms and between moles and number of atoms

Mass of . Number of moles nNa . Number of atoms
of element (n) A of element (N)

il

element (m)

N, : Avogadro’s no. = 6.022 x 10 mol-’

n : no. of moles

N : no. of atoms, molecules, ions or particles
M. molar mass (g/mol)

m : mass (g)




The Millimole

grams
formula weight (g/mol)

Moles =

Since many experiments deal with very small quantities, a more convenient form of
measurement is the millimole.

milligrams

Millimoles = :
formula weight (mg/mmol)

The millimole is 1/1000 of a mole
Note that...

g/mol is the same as mg/mmol

g/L is the same as mg/mL

mol/L is the same as mmol/mL




Example

Sulfur (S) is a nonmetallic element that is present in coal. When coal is burned, sulfur is converted
to sulfur dioxide and eventually to sulfuric acid that gives rise to the acid rain phenomenon. How

many atoms are in 16.3 g of S?

Solution

1mol S=32079gS
1 mol S

the conversion factor is m

1 mol = 6.022 x 1023 particles (atoms)

the conversion factors are

6.022 % 10* S atoms . 1 mol S

I mol S 6.022 ¥ 10* S atoms

| metS y 6.022 % 107 S atoms
3207 &8 | metsS

16.3 &8 X = 3.06 X 10 S atoms




Example

How many hydrogen atoms are present in 25.6 g of urea [(NH,),CO], which is used as a
fertilizer, in animal feed, and in the manufacture of polymers? The molar mass of urea is

60.06 g/mol.

Solution

| mol (NH5)5E0 . 4 metH . 6.022 x 10™ H atoms
60.06 ¢ (NH5CO 1 mol(NH5)-€0 | melH

25.6 ¢ (NH)5€0 X

=1.03 x 10%* H atoms




Example

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

1 mol HBz
122.1 g HBz

= 0.0164 mol HBz

amount HBz = ny, = 2.00 g-HBz X

I mmol HB
amount HBz = 2.00 g HBZ X ——————= = 16.4 mmol HBz
0.1221 g HBz




Example

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

Solution

2 mol Na™
mol-Na350,

1 mol Na,SOy
142.0 g Nas5O4

amount Na™ = ny,+ = molNa3SO, X

amount Na,SOy4 = ny, 50, = 25.0 g NazSOy4 X

1 molNa:SO; » 2 mol Na ™
142.0 g Na550O;  molNazSOy

amount Na™ = myy,+ = 25.0 gNas50, X

2299 gNa "

s Na™ = molNa ™ X
mass Na metINa olNZ"

1 mol NazSO;y 2molNa™  2299gNa’

ss Na® = 25.0 g NasSO; X X X
mass Na 5.0 g Naz 5Oy 142.0 g NasSO, ~ mol NazSO; melNa ™

=8.10gNa™




Example
Calculate the number of moles in 500 mg Na,WO, (sodium tungstate).
Solution

M of the Na,WO, = 293.8 g/mol
n=1.7 x 103 mol

Example

What is the weight, in milligrams, of 0.250 mmol Fe,O; (ferric oxide)?

Solution

M of the Fe,O; = 159.7 g/mol
mass = 39.9 mg




How Do We Express Concentrations?

Solutions are homogeneous mixtures of two or more pure substances.

In a solution; the solute is dispersed uniformly throughout the solvent.

(solute) (solvent) Resulting solution
Gas Gas Air (N,, O,, Ar, CO,...
Gas Liquid Liquid Soda water (CO, in water), O2 in water
Gas Solid Solid H, gas in palladium
Liquid Liquid Liquid Ethanol in water
Liquid Solid Solid Mercury in silver
Solid Liquid Liquid Salt in water

Solid Solid Solid Brass (Cu/Zn), Solder (Sn/Pb), Silver in gold

Solvent presents in the greater quantities and is used to dissolve the solute. All
other substances are solutes. solutes present in smallest amount and is the
substance dissolved in the solvent.




Ways of Expressing Concentration of Solutions

The concentration of a solution is the amount of solute present in a given amount of
solvent, or a given amount of solution.

The concentration of a solution can be expressed either:
- Qualitatively
- Quantitatively

The terms dilute and concentrated are used to describe a solution qualitatively
(unsaturated, saturated, and supersaturated solution).

Chemists use several different concentration units (different expressions), each of

which has advantages as well as limitations;
- Percent concentration

- Mole fraction

- Molar concentration (Molarity, W)

- Molal concentration (Molality, m)

- Normal concentration (Normality, N)




Percent Concentration

Common Expressions (Mass vs. Volume)

+  Weight-to-Weight (wt/wt): Mass of solute divided by mass of the total solution, multiplied by
the scaling factor (e.g., 10° for ppm). Examples include mg/kg or ug/g.
Weight solute

weight percent (w/w) = weight solution X 100%

Weight-to-Volume (wt/vol): Mass of solute divided by the volume of the solution. Examples
include mg/L (for ppm) or pg/L (for ppb).
weight solure, g

weight/volume percent (w/v) = : X 100%
volume solution, mL

Volume-to-Volume (vol/vol): Volume of gaseous or liquid solute divided by the total volume
of the sample, multiplied by the scaling factor. Examples include uL/L or nL/mL.
volume solute

volume percent (V/v) = volume solution X 100%




Weight percent is often used to express the concentration of commercial aqueous reagents. For example,
nitric acid is sold as a 70% (w/w) solution, meaning that the reagent contains 70 g of HNO; per 100 g of
solution.

Example: A solution of hydrochloric acid with 36% HCI by mass contains 36 g of HCI for each 100 g of solution.
Solute weight = 36 g

Solvent weight = 64 g

Total solution weight = 100 g

Volume percent is commonly used to specify the concentration of a solution prepared by diluting a pure
liguid compound with another liquid. For example, a 5% (v/v) aqueous solution of methanol usually
describes a solution prepared by diluting 5.0 mL of pure methanol with enough water to give 100 mL.

Weight or volume percent is often used to indicate the composition of dilute aqueous solutions of solid
reagents. For example, 5% (w/v) aqueous silver nitrate often refers to a solution prepared by dissolving 5 g
of silver nitrate in sufficient water to give 100 mL of solution.




Trace Concentrations

The concentrations of very dilute solution (trace and ultra-trace analysis) is usually analytical
methods used to detect and/or quantify trace (very small amounts) of substances.

Common Units for Expressing Trace Concentrations

___Unit | | Abbreviation

1 part of solute per 10° parts

M'”'Qram percent of the total solution

mg% mg/100g mg/100mL

- 1 part of solute per 108 parts mg/kg mg/L uL/L
Parts per Million of the total solution (107%) Ppm

ug/g ug/mL nL/mL

- 1 part of solute per 10° parts Mg/kg ug/L nL/L
Parts per Billion  ¢ine total solution (107%) ppb nglg ng/mL oL/mL

S 1 part of solute per 107
Parts per Trillion | 50" 7t total solution ppt ng/kg ng/L pL/L

Sometimes for this reason, these concentrations are written as ppmv or ppbv, and so on,
indicating “by volume”.

1 ppm = 1000 ppb
1 ppb = 1000 ppt




Parts per Million (ppm)

mass of component in soln p
» 10

m of component =
PP P total mass of soln

A solution whose solute concentration is 1 ppm contains 1 g of solute for each million (10°) grams of solution.
This equivalent 1 mg of solute per kilogram of solution (mg / kg).

For aqueous solutions, because the density of water is 1 g/mL, this equivalent 1 mg of solute per liter of
solution (img / L).

Nutrition Facts
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The acceptable maximum concentrations of toxic or Sl | st

carcinogenic substances in the environment are often expressed = —
in ppm or ppb. e.g., the maximum allowable concentration of
arsenic in drinking water in USA is 0.010 ppm; that is 0.010 mg
of arsenic per liter of water, this corresponds to 10 ppb.

ppm, ppb, and ppt expressions are very useful in trace
and ultra-trace analyses.
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Mole Fraction

moles of co mponen b

Mole fraction of component =
total moles of all components

The symbol X is commonly used for mole fraction, with a subscript to indicate
the component of interest.

moles of A

X, = ) )
total moles in solution

For example; a solution containing 1.00 mol of HCI (36.5 g) and 8.00 mol water (144 g)
has a mole fraction of HCI| and water:

Xy = (1.00 mol) / (1.00 mol + 8.00 mol) = 0.111

Xi20 = (8.00 mol) / (1.00 mol + 8.00 mol) = 0.889 or 1.00 — 0.111 = 0.889

Mole fraction has no unit (the units in the numerator and the denominator cancel).
The sum of the mole fractions of all components of a solution must equal 1.




Molarity and Molality

The Molarity M of a solute in a solution is defined as:

moles solute
liters soln Molarity is the most widely used

Maolarity =

Since volume is temperature-dependent, molarity can change with temperature.

The Molality m of a solution, defined as:

maoles of solute
kilograms of solvent

Molality =

Since both moles and mass do not change with temperature, molality (unlike molarity) is
not temperature-dependent. Thus, molality is often the concentration unit of choice when
a solution is to be used over a range of temperatures.




Normality

Normality (N) expresses the concentration of a solution in terms of equivalents of reactive species per
liter of solution. Unlike molarity, it depends on the specific chemical reaction.

N — equivalents of solute

volume of solution (L)

N=MXn

where n-factor is the number of equivalents per mole in the particular reaction.

For H,SO, in a complete acid—base neutralization:
H,SO, + 2NaOH - Na,SO, + 2H,0
One mole of H,SO, provides 2 equivalents of H*.
Therefore:
N=MXxX?2
A 0.50 M H,S0O, solution has:
N=0.50x2=1.0N




Example

A sample of 0.892 g of potassium chloride (KCI) is dissolved in 54.6 g of water. What is the
percent by mass of KCI in the solution?

Solution

mass of solute
percent by mass of KCl X 100%
mass of soln

0.892 g
0.892 ¢ + 54.6 ¢
= 1.61%

> 100%




Example

Calculate the molar concentration of ethanol in an aqueous solution that contains 2.30 g of
C,H:;OH (46.07 g/mol) in 3.50 L of solution.

Solution

1 mol C,H;OH
46.07 g GG HsOH

= 0.04992 mol C,HsOH

amount C;HsOH = nc py.on = 2.30 g GHsOH X

1 mol C;H;OH
46.07 ¢ C;HsOH
3.50L

0.0143 mol C,HsOH/L = 0.0143 M

2.30 ¢ C,HzOH X




Example

(a) A solution is made by dissolving 13.5 g of glucose (CzH,,04) in 0.100 kg of water. What is the mass
percentage of solute in this solution?

(b) A 2.5 g sample of groundwater was found to contain 5.4 ug of Zn2*. What is the concentration of
Zn%* in ppm?

Solution
(a) The mass percentage of water in this solution is (100 — 11.9)% = 88.1%.

: = 11
mass glucose 135¢g

: Mass % of glucose = % | = % = 11.9%
Solve: Mass % of glucose AR 100 35g + 100g 100 = 11

(b) In this case we are given the number of micrograms of solute. Because 1 ugis 1 x 106 g,
54pug=54x10°g.

mass of solute

54X 10°g
= % 100—=27 ppm

: X 106
mass of soln 25¢g

Solve: ppm =




Example

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.

63.3 ppm K3Fe(CN)g = 63.3 mg K3Fe(CN)4/L
no. mol KsFe(CN);  63.3 mg KsFe(CN)g y 1 g K;Ee(€EN),

L L 1000 mg K5Fe(EN,

1 mol K3Fe(CN)g _, mol
X , - =1922 X 104 =
329.3 g KsFe(€NJ; L

1.922 X 10 *M
1.922 X 10~ * mol K5Fe(€N), w3 mol K™
L 1 mol KsFefCN),

= 5.77 X 1o-4 moLK” _ 577 X 10~ 4 M
. - .




Example

Calculate the molar concentrations of 1 ppm solutions each of Li* and Pb?*.
Solution
1 ppm =1 mg/L

_ 1.00 mg Li/L x 10~g/mg

_ —4 :
6.94 g Li/mol = 1.44 x 107" mol/L Li

M Li

~ 1.00mg Pb/L x 10°g/mg
N 207 g Pb/mol

My, = 4.83 x 10~° mol/L Pb

Because lead is much heavier than lithium, a given weight contains a smaller number of moles and
its molar concentration is less




Example

Calculate the molality of a sulfuric acid solution containing 24.4 g of sulfuric acid in 198 g of
water. The molar mass of sulfuric acid is 98.09 g.

Solution

I mol HQSO4

98.09 ¢ H,SO;
= 0.249 mol H,SO,

moles of H,SO,; = 24 .4 ¢ H;SO; X

0.249 mol H,SO,
0.198 kg H,O
1.26 m




Example

Calculate the molality of a 35.4 percent (by mass) aqueous solution of phosphoric acid (H;PO,).
The molar mass of phosphoric acid is 97.99 g.

Solution

Suppose that you start with a 100.0 g of the solution, then the mass of phosphoric acid is 35.4 percent, or 35.4 g,
and mass of water must be 100.0% — 35.4% = 64.6% or 64.6 g.

les of HPO, = 35.4 ¢ HaPO; x ——mot HaPOs
j— i _
MOTES 0T Ha e = S92 85 7 97 99 e HLPOY,

= 0.361 mol HyPO,

The mass of water is 64.6 g, or 0.0646 kg.

0.361 mol HyPO,
0.0646 ke H,O
5.59 m

molality




Example

The density of a 2.45 M aqueous solution of methanol (CH;OH) is 0.976 g/mL. What is the
molality of the solution? The molar mass of methanol is 32.04 g.

Solution

The total mass of 1 L of a 2.45 M solution of methanol is

1000 mE-soln 0976 ¢
X =976 ¢
1 Lsoln | ml-soln

| Lsoln X

Because this solution contains 2.45 moles of methanol, the amount of water (solvent) in the solution is

mass of H-O = mass of soln — mass of solute

32,04 ¢ CI—I;DI—I) — 808 o
| mol-CH;OH

=976 g — (2.45 mol CH:0H %

2.45 mol CH;OH
(0.898 kg H,O
273 m

molality




Example

An aqueous solution of hydrochloric acid contains 36% HCI by mass. (a) Calculate the mole fraction of
HCI in the solution. (b) Calculate the molality of HCI in the solution.

Solution

(a) To calculate the mole fraction of HCI, we
convert the masses of HC| and H,O to moles:

(b) To calculate the molality of HCI in the
solution, We use the calculated number of
moles of HCI in part (a), and the mass of
solvent is 64 g = 0.064 kg:

1 mol HCl
36.5 g HCI
1 mol H,O
18 g H,O
X — moles HCI _ 0.99 _ 0.99

moles H>,O + moles HCl 3.6 + 0.99 4.6

Moles HCl = (36 g HCl)(

) = (0.99 mol HC1

Moles H,O = (64 g HZO)< ) = 3.6 mol H>,O

= 0.22

0.99 mol HCI
0.064 kg H,O

Molality of HCI = = 15m




Example

A solution with a density of 0.876 g/mL contains 5.0 g of toluene (C,Hg) and 225 g of benzene.
Calculate the molarity and the molality of the solution.

Solution
The volume of the solution is obtained from the mass of the solution
(mass of solute + mass of solvent = 5.0 g + 225 g = 230 g) and its density.

1 mol C7H8
92 g C;Hy

) = (0.054 mol

Moles C;Hg = (5.0 g C7H3)(

The density of the solution is used to convert the mass of the solution to its volume:

1 mL

T g) = 263 mL

Milliliters soln = (230 g)(

moles C7H3) B (0.054 mol C7H3> (1000 mL soln

liter soln 263 mL soln 1L soln ) =

Molarity = (

Molality:
(0.054 mol C7Hg)/(0.225 kg solvent) = 0.24 m




Example

Calculate the normality of a solution prepared by dissolving 4.90 g of H,SO, in water and making
the final volume 500 mL.

Solution

4.90
n = —— = 0.050 mol
08

Alternative direct calculation

08
Equivalent weight = — = 49 g/e
B 0.050 — 0.100 M 4 6 2 9/¢q
- 0.500

4.90/49

0.500

N = M x n-factor

N =0.100 x 2 =|0.200 N




Preparation of Standard Solution

(1) (2) (3)

— Meniscus

Procedure for preparation of 250 mL of 1.00 M solution of CuSO, (A7=159.5 g/mol).

0.25 mole of CuSO, (39.9 g) is weighed out and placed in the volumetric flask. Water is added to
dissolve the salt, and the resultant solution is diluted to a total volume of 0.250 L. The molarity of
the solution is:

M = (0.250 mol CuSO,) / (0.250 L soln) = 1.00 M




Example

How many grams of potassium dichromate (K,Cr,0O,) are required to prepare a 250 mL solution whose
concentration is 2.16 M ?

Solution

moles of solute = molarity x V soln. (L)

2.16 mol K,Cr,0,

1 L-soln
= 0.540 mol K,Cr,O4

% 0.250 Lsoln

moles of K,Cr,0,; =

The molar mass of K,Cr,0, is 294.2 g, so

2042 2 KECI'EG']
| mol K-€r;0;

grams of K;Cr,0; needed = 0.540 mol €707 X
= 159 g K,Cr,0O,




Example

In a biochemical assay, a chemist needs to add 3.81 g of glucose to a reaction mixture. Calculate the
volume in milliliters of a 2.53 M glucose solution that should be used for the addition.

Solution

The molar mass of C;H,,0;4 is 180.2 g, so

1 mol CISHIEDIS
180.2 g C.H30;

3.81 g CH0; X = 2.114 ¥ 1072 mol C.H,,0,

y=n
M

2.114 x 1072 mol C;H .04 » 1000 mL soln
2.33 mol C;H,;,O4/L soln I L soln
8.36 mL soln




Example

Describe the preparation of 2.00 L of 0.108 M BaCl, from BaCl,*2H,0 (244.3 g/mol).

Solution

the mass of solute to be dissolved and diluted to 2.00 L,

0.108 mol BaCl, - 2H,O
2.00 ¥ X L = 0.216 mol BaCl, 2H,0

The mass of BaCl,*2H,0 is then

. ) _‘I ¥ X 5 . D *

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




Example

Describe the preparation of 500 mL of 0.0740 M CI- solution from solid BaCl,*2H,0 (244.3 g/mol).

Solution

) 0.0740 mel-Cl 1 mol BaCl=2H,0
mass BaCl, - 2H,0O = v X 0.500 K X

2 melCl

244.3 g Bﬂ(:lg * ZHEO
mol BaCl~2H,0

= 4.52 ¢ BaCl, - 2H,0

Dissolve 4.52 g of BaCl,*2H,0 in water and dilute to 500 mL.




Dilution of Solutions

Concentrated solutions are often stored in the laboratory
for use as needed; “stock” solutions are frequently diluted
before working with them.

Dilution is the procedure for preparing a less
concentrated solution from a more concentrated one.

TPTT _ TR, Two potassium permanganate
moles of solute before dilution = moles of solute after dilution (KMnO,) solutions of different

M.V, M:V;
moles of solute moles of solute
before dilution after dilution

concentrations

where M, and M; are the initial and final concentrations of the solution in molarity and V; and V;
are the initial and final volumes of the solution, respectively.

The units of V. and V; must be the same (mL or L) for the calculation to work.
M. > M; and V; >V,




Example

Describe how you would prepare 5.00 x 102 mL of a 1.75 M H,SO, solution, starting with an 8.61
M stock solution of H,SO,.

Solution

M;=86lM M;=175M
V=2

V. = 5.00 x 10° mL

(8.61 M)(V,) = (1.75 M)(5.00 X 10" mL)
v (1.75 M)(5.00 % 10° mL)
e 8.61 M
102 mL

Thus, we must dilute 102 mL of the 8.61 M H,SO, solution with sufficient water to give a final volume of 5.00 x 102
mL in a 500 mL volumetric flask to obtain the desired concentration.




Example

How many milliliters of 3.0 M H,SO, are needed to make 450 mL of 0.10 M H,SO,?

Solution
Calculating the moles of H,SO, in the dilute solution:

0.10 mol HQSO_l)
1 L-soln

moles H,SO, in dilute solution = (0.450 L~soh'1)(
= 0.045 mol H,50,
Calculating the volume of the concentrated solution that contains 0.045 mol H,SO,:

1L soln
3.0 mel H550;

) = (0.015 L soln

L conc soln = (0.045 mel HQSO;)(

Converting liters to milliliters gives 15 mL.
If we apply dilution low, we get the same result:

(3.0 M)(V.,,.) = (0.10 M)(450 mL)
(010 M)(450 mL)
3.0 M

Either way, we see that if we start with 15 mL of 3.0 M H,SO, and dilute it to a total volume of 450 mL,
the desired 0.10 M solution will be obtained.

15mL

(%DDC )




Example

You wish to prepare a calibration curve for the spectrophotometric determination of permanganate.
You have a stock 0.100 M solution of KMnO, and a series of 100 mL volumetric flasks. What volumes
of the stock solution will you have to pipet into the flasks to prepare standards of 1.00, 2.00, 5.00, and
10.0 x 103 M KMnOQO, solutions?

Solution

C,V,=C,V,

0.100 M x V,; mL = 1.00x10-3 M x 100 mL

V, =1.00 mL

Similarly, for the other solutions we will need 2.00, 5.00, and 10.0 mL of the stock solution, which will
be diluted to 100 mL




p-Functions

Scientists frequently express the concentration of a species in terms of its p-function, or p-
value. 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]

p-Values offer the advantage of allowing concentrations that vary over ten or more orders of
magnitude to be expressed in terms of small positive numbers.

The best-known p-function is pH, which is the negative logarithm of [H*].
pH = -log [H]




Example

Calculate the p-value for each ion in a solution that is 2.00 x 103 M in NaCl and 5.4 x 104 M
in HCI.

Solution

pH = -log [H*] = -log (5.4 x 104) = 3.27

To obtain pNa, we write
pNa = -log[Na*] = -log (2.00 x 10-3) = -log (2.00 x 10-3) = 2.699

The total CI- concentration is given by the sum of the concentrations of the two solutes:
[CI]=(2.00 x 10-3) + (5.4 x 104)

=254 x103 M
pCl = -log[CI] = -log (2.54 x 10-3) = 2.595




Example

Calculate 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
anti-log

[Ag+] — 10-6.372
[Ag*] = 4.25 x 107 M




Density and Specific Gravity of Solutions

Density expresses the mass of a substance per unit volume.
mass

Density =

The Sl-derived unit for density is the kilogram per cubic meter (kg/m3).
volume

This unit is awkwardly large for most chemical applications. Therefore, grams per cubic centimeter (g/cm3) and
its equivalent, grams per milliliter (g/mL), are more commonly used for solid and liquid densities.

I g/cm® = 1 g/mL = 1000 kg/m’
Because gas densities are often very low, we express them in units of grams per liter (g/L):

I ¢/LL = 0.001 g/mL

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

Reagent Concentration, % (w/w) Specific Gravity
Acetic acid I 1.05
Ammonia 29.0 0.90
Specific gravities of Hydrochloric acid ST 1.19
commercial concentrated Hydrofluoric acid 49.5 Lol

i db Nitric acid 70.5 1.42
aclds an ases Perchloric acid 71.0 1.67

Phosphoric acid 86.0 1.71
Sulfuric acid 96.5 1.84




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

The concentration of the reagent, The volume of concentrated reagent,

1.18 X 10° greagent 37 g HEI I mol HCI M,V = M,V,
CHCL = X — X o = 12.0 12xV,=6x100

L reagent 100 g reagent 36.5 g—-HU V1 =50 mL




Example

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

70.5% HNO, mass by mass
Suppose the mass of solution = 100 g

Mass HNO; = 70.5 g,

mole HNO; =70.5/63.0 = 1.119 mole

To calculate M
Mass of solution = 100 g
d=m/vthen,v=100/1.42=70.42 mL

M = n (solute) / v (soln, L) = 1.119 / 0.07042 = 15.89 M

Or direcitly,,,
M = (assay x density x 10) / molar mass = (70.5 x 1.42 x 10) / 63.0 = 15.89 mol/L




Expressing the Concentration of an Electrolyte

-When an ionic substance dissolves in
water, the solvent pulls the individual ions
from the crystal and solvates them.

-This process is called dissociation.

-An electrolyte is a substances that
dissociates into ions when dissolved in
water.

-A nonelectrolyte may dissolve in water,
but it does not dissociate into ions when it
does so.




Strong and Weak Electrolytes

A strong electrolyte dissociates completely when dissolved in water (soluble
ionic salts, strong acids and strong bases).
For example:

HCl(ag) — H(aq) + Cl(aq)

A weak electrolyte only dissociates partially when dissolved in water (produce

a small concentration of ions when they dissolve, these ions exist in equilibrium
with the unionized substance).

For example:
HC,H;0(aq) === H'(aq) + C;H;0, (ag)

When an ionic compound dissolves, the relative concentrations of the ions introduced
into the solution depend on the chemical formula of the compound.

For example, a 1.0 M solution of NaCl is 1.0 M in Na* ions and 1.0 M in CI- ions.
Similarly, a 1.0 M solution of Na,SO, is 2.0 M in Na* ions and 1.0 M in SO, ions




Molarity refers only to the amount of solute originally dissolved in water and does not take into account
any subsequent processes, such as the dissociation of a salt or the ionization of an acid.

Consider what happens when a sample of potassium chloride (KCI) is dissolved in enough water to
make a 1 M solution:

5) 2 K™ (ag) + Cl (aq)

Because KCl is a strong electrolyte, it undergoes complete dissociation in solution. Thus, a 1 M KCI
solution contains 1 mole of K* ions and 1 mole of CI- ions, and no KCI units are present.

The concentrations of the ions can be expressed as [K*] =1 Mand [Cl] =1 M.

Similarly, in a 1 M barium nitrate [Ba(NO,),] solution

Ba(NOs),(s) —> Ba>*(aq) + 2NO; (aq)

we have [Ba?*] =1 M and [NO3] =2 M and no Ba(NO,), units at all.




Example

What are the molar concentrations of each of the ions present in a 0.025 M aqueous
solution of calcium nitrate? (Ca(NO,),)

Solution

Ca(NO;), composed of two NO;~ ions for each Ca?* ion in the compound, each mole of Ca(NO,), that dissolves
dissociates into 1 mol of Ca?* and 2 mol of NO;~.

Thus, a solution that is 0.025 M in Ca(NO,), is 0.025 M in Ca?*and 2 x 0.025 M = 0.050 M in NO,™:

mol NO3~ (0.025 mol Cﬁ(NO;})}_) ( 2 mol NO5™

) = 0.050 M

L

L 1 mol €Ca(NO3);

The concentration of NO3- ions is twice that of Ca?* ions, as the subscript 2 after the NO3- in the chemical
formula Ca(NO;), suggests it should be.




Chemical Stoichiometry

How much product will be formed from specific amounts of starting materials (reactants)?

How much starting material must be used to obtain a specific amount of product?

Stoichiometry is the quantitative study of reactants and products in a chemical reaction.

To interpret a reaction quantitatively, we need to apply our knowledge of molar masses
and the mole concept.

Mole method means that the stoichiometric coefficients in a chemical equation can be
interpreted as the number of moles of each substance.

Stoichiometry deals with the ratios in which chemicals reacts




Law of Conservation of Mass

“We may lay it down as an incontestable axiom that, in all the operations of art and nature,
nothing is created; an equal amount of matter exists both before and after the experiment.
Upon this principle, the whole art of performing chemical experiments depends.”

-- Antoine Lavoisier.

Atoms are neither created nor destroyed during any chemical reaction. The changes that
occur during any reaction merely rearrange the atoms. The same collection of atoms is
present both before and after the reaction.

-- Dalton’s atomic theory.

¢ ”

log + Fire > Ashes + Smoke
0.5 kg 9 kg 1.5 kg




What happens when hydrogen gas (H,) burns in air (which contains oxygen, O,) to form water (H,0O).
This reaction can be represented by the chemical equation

Hg + Og — HEO

To conform with the law of conservation of mass, there must be the same number of each type of atom
on both sides of the arrow (we should balance the equation).

ZHE + 03 E— EHEO
Two molecules + one molecule —— two molecules

2 moles + 1 mole —— 2 moles
.2(2‘02 g) = 4.04 ¢ + 32.00 g HIE(IS.UE o) = 36.04 g

36.04 g reactants 36.04 g product




Stoichiometric Calculations

For the following general reaction:

A+2B — 3C + %D

mol A = m(;lB = m(;lC = 2molD

Note...
Limiting and excess reactants criteria should be applied




Example

The food we eat is degraded, or broken down, in our bodies to provide energy for growth and function. A
general overall equation for this very complex process represents the degradation of glucose (C4H;,04) to

carbon dioxide (CO,) and water (H,0O):
CIEH]EOE- =+ 603 — 6(:03 =+ 6[‘[20

If 856 g of C4H,,04 is consumed by a person over a certain period, what is the mass of CO, produced?

grams of CsH .0 —— moles of CgH ;O — moles of CO; —— grams of CO,

1 mol CﬁH]g(}ﬁ
180.2 ¢ CoH30;

856 ¢ CH0F X = 4.750 mol CH,,0,

6 mol CO,

= 28.50 mol CO
[ molCsHL0; ot

4.750 mol CgH505 X

44.01 ¢ CO,

= 1.25 X 10° ¢ CO,
| mol-€o; &M%

28.50 mol-€O; X

£ CO. = 856 o C.H-O x DOEHE0s  ~ 6mot€0; | 4401¢CO,
ass ol C 56 o C H-—
mass 2 TR 1802 g CeHpOr T 1 molCHB0; 1 mol€6;

1.25 X 10° ¢ CO,




Example

All alkali metals react with water to produce hydrogen gas and the corresponding alkali metal
hydroxide. A typical reaction is that between lithium and water:

2Li(s) + 2H,0(l) —> 2LiOH(aq) + Hy(g)

How many grams of Li are needed to produce 9.89 g of H,?

grams of H, —— moles of H, —— moles of L1 — grams of Li

I metHH; » 2 motti » 6.941 g Li
2016 g¢H; 1 melH; | metLi

9.89 o Hj X — 68.1 g Li




Example

(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
Na,COj(aq) + 2AgNO5(aq) — Ag,CO4(s) + 2NaNO,(aq)
1 mol Na,COj4

106.0 g Na;CO;5
= 0.02198 mol Na,CO4

(a) amount Na,CO3 = my, co, = 2.33 g Na;€O3 X

2 mol AgNO;,
1 mol Na;COj3

amount AgNO;3 = npn0, = 0.02198 molNay;CO3 X

= 0.04396 mol AgNO4

169.9 g AgNO;
mol AgNO;

mass AgNO; = 0.04396 mol AgNO3 X = 7.47 g AgNO;

amount Ag;CO; = amount Na,CO; = 0.02198 mol
mol Ag,EO;

mass Ag,CO; = 0.02198 mol Ag;CO; X = 0.06 g Ag,CO4




Example

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
Na,CO,(aq) + 2AgNO;(aq) — Ag,CO4(s) + 2NaNO4(aq)
The initial amounts of reactants are:

1 L AgNO;
1000 mL-AgNO;

amount AgNOj3 = 0, = 25.0 mL-AgNO; X

0.200 mol AgNO4

= 5.00 X 1077 mol AgNO
L AsNO; ’ g e

1 L NayCO;
1000 mL NayCO3

amount Na,CO; = ny, co, = 50.0 mL Na;CO;5soln X

0.0800 mol Na,CO;

L NayCO, = 4.00 X 1077 mol Na,CO,

Because 1 mole of Na,CO; is only needed to react with 2 mole AgNO,
AgNOQO; is the limiting reactant

1 molAgsCO3  275.7 g Ag,CO;
x
2 mol AgNO; mol-Ag;CO;

mass Ag,CO; = 5.00 X 1077 mol AgNO; X

= 0.689 g Ag,COj;
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   H 2 S  O 4 + 2 NaOH → N  a 2 S  O 4 + 2  H 2 O


  N = M × 2


  𝑵 = 𝑴 × 𝒏


   NO 3 −


    𝐦 𝐨 𝐥   𝐁 𝟐


    𝐦 𝐨 𝐥   𝐂 𝟑   =   𝟐   𝐦 𝐨 𝐥   𝐃

