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SOLUTIONS

Solution - a homogenous mixture of two or more substances in relative amounts
that can be varied continuously up to what is called the limit of solubility. The term
solution is commonly applied to the liquid state of matter, but solutions of gases and

solids are possible.

homogenous mixture

solute o *| solvent
NaCl Salt water Water
0,, CO,, H,0, Ar, etc Atmosphere N, (g)
Zn, Al, etc Brass Cu
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CONCENTRATIONS

The concentration of a solution is a measure of how 'crowded' the solute

particles are. The more concentrated the solution, the more particles it

contains in a given volume.

Percent of solute in solution

v volume of solute 100e
VvV volume of X % n% by volume
Molarity
moles of solute mol
M= - (—)
) liters of L
-
/ '-i Relative amounts

Solute and solvent
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EXAMPLE

EXAMPLE 1: What is the molarity of a solution in which 68.28 g CaBr2 e dissolved
in 0.91 I|tres of the solutlon?
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EXAMPLE

EXAMPLE 2: How many grams of glucose (C,H;,0,, MM = 180.0 g/mol) are contained
in 0.600L of a 0.200M agueous solution of glucose?
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DILUTION

process of decreasing the concentration of a solute in a solution, by mixing with
more solvent without the addition of more solute

moles of solute n
= — add more solvent

~ liters of >
Molarity = M, Molarity = M,
Moles of solute Moles of solute
n(1l)=M;xV, n(2)=M,xV,

SAME NUMBER OF MOLES OF SOLUTE !!!

n(1)=n(2)
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EXAMPLES —

M %

EXAMPLE 1: You have a bottle of 12.0 M HCl, How much of this will you have to use

to make 1.25 L on_LfL/_‘My\ﬂ_(;l?i
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EXAMPLES
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CONCENTRATION

M mass of
ass percent <100
(w/w) mass of
mass of solvent
x 100
mass of
volume of
Volume percent x 100
volume of

(v/v)

percent is ‘parts per hundred’

e e 2 is part per
/s ppb is parts per billion
7 ,
& is part per
—_—

Relative amounts

mass of
x 100

mass of + mass of solvent

mass of solvent
x 100

mass of + mass of solvent

\@e of
x 100
VolumVW

Common

solute per  solution

solute per solution

solution
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CONCENTRATION

Mole Fraction moles of
(%) total moles

moles of solvent

total moles

Molarity moles of
(M) L of
moles of
KG of SOLVENT
| -
= —d |
’ v —

moles of
moles of 4+ moles of solvent

moles of solvent
moles of + moles of solvent

mol/L

mollkg TEMPERATURE INDEPENDENT!
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EXAMPLE

EXAMPLE 1: 4.6 g ethanol, C,H:OH, is added to 90.0 g of water to make a solution that has
a density of 0.95 g/mL. Calculate:

a) mass percent of ethanol

b) ppm (ethanol) by mass

c) mole fraction of water

d) molality]

e) molarity

a) mass percent of ethanol

mass of 100 = — 08 100 = 4.9%
mass of . T 46g+900g B

b) ppm (ethanol) by mass

I ] TS Of 1000 000 +og 1000 000 = 48.626 49,000
= ———s ] — = i ’
| TS O X 46g+900g ppm ( )
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EXAMPLE

c) mole fraction of water

moles of solvent _ moles ofwater . 5.0 mol = 0los
total moles ~ moles of ethanol + moles of water ~ 0.1mol + 5.0 mol
moles water =90.0 g + 18 g/mol = 5.0 mol
moles ethanol (C,H.OH) = 4.6 g + 46 g/mol = 0.1 mol
d)
moles of solvent 01 mol A
KG of SOLVENT _ 0.090kg
e) molarity
moles of solute 0.10 mol oo
L of solution ~ 0.0996L
I
={—s ]
- density = 0.95 g/mL = mass / volume
e ? 0.95 g/mL = (94.6 g / vol)
b Vol =94.6 mL/0.95 g/mL =99.6 mL e
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EXAMPLE 2: A solution of potassium chloride that is 8.2% by mass has a density of
1.08 g/mL. Calculate the molarity of the solution

moles of solute

L of solution

8.2 g KCl 1.08 g/mL =100 g / vol
/74.5 g/mol Vol =100/ 1.08
=0.11 mol KCI =92.6 mL

=0.0926 L solution

i — 0.11 molKCl e
~0.0926 L solution
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LIMITING REACTANT

Example: Consider the reaction: 2 K (s) +/ H,CO, (aq) >/K,CO, (aq) +{H, (g).
How many grams of H, will form if 7.0 g of K is taken for the reaction?
- 29.0 2/MOL = MM
Step 1: Calculate number of moles of

Step 2: Use the mole ratio to calculate corresponding moles of H,
Step 3: Convert the moles of H, into grams of 2 0}7 (ol ~ MM

s Mt B W= %/N")

moles K = 7-03/3903/0.”/ — 0. A8 wmol K
wol M A _ 08wl K _
WAo\ \LZ - -Z —5 \mo\ Hl = 2, 0.0 wae ! H-,_

no> 7207 wel X 20 gl -
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LIMITING REACTANT

Example: Consider the reaction: 2 K (s) +7H,CO, (aq) 2>1K,CO; (aq) +7H, (g)
How many grams of H, will form if 3.35 g of H,COj; is taken for the reaction?

- NM = g Oo/ /
Step 1: Calculate number of moles of *

Step 2: Use the mole ratio to calculate correspondlng moles of H,
Step 3: Convert the moles of H, into grams o

M w= 9/ s 229

\ €2.03Mmol = 0.056 wo He (O
@ ol Mo A

—

> MH = QOd/wl
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LIMITING REACTANT

2K (s) + H,CO;3 (aq) 2 K,CO;3 (aq) + H, (9)

7.0gof K makes 0/{4? grams of H,

3.35 g H,CO4 makes...Q-..44. ...... grams of H,

How many grams of H, will form if 7.0 g of K AND 3.35 g H,CO, are both
taken for the reaction?

(LW because HLCOJ 5 e
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PERCENT YIELD

The theoretical yield is the maximum possible mass of a product that
can be made in a chemical reaction.

An actual yield is the mass of a product actually obtained from the
reaction. It is usually less than the theoretical yield.

% vield = actual yield 100%
oyield = theoretical yield . °
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PERCENT YIELD §,f* 70,3

EXAMPLE: 1) Write a balanced equation for the reaction of.@hosphate)wnh
sodium o make tln (IV) carbonate and sodium phosphate.

(\/_‘E"'_ﬁ\// Pv-\- Voo W w&%dwv
CAODSS
5\&.3 L@O"{BH —> ['IV) ?WSPW
NO\,/} COSZ\
Now, (s = Sodium  Gouronedt
S 4 @52' D S éOL)Z > \M(H/) CWW

—
5\’\ Z%POL»(T t g NOQCO_; —’b} 6‘(\, (605)2 44/\(&3?09
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PERCENT YIELD 5y, (¢04), + 6Na 03 = 35n(ws), + Lna o,

2) If 36 grams of tin (IV) phosphate is mixed with an excess of sodium carbonate,
how many grams of tin (IV) carbonate will form?

Molow wasses:
06‘:3(/\;0“3(4 < Y9 + by (va 4> 46.0) < BT j/wl

5. (o), = M3 R( 2.0+ 2x450) < 2599/9\4,0/

_ . % 9
o) woles Sw, (P ) = Y mn W < 0.048 ol S, P0,),

wo\Sh(ovle - 3
Wol 6\/\5(?09)11 A

~) %sn ™M D 0G0l - 23T 0 e -
=550 S (LO3); S
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PERCENT YIELD LMoL i eAdt
7

3) I1f 9.8 grams of tin (IV) carbonate are actually formed when this reaction goes
to completion, what is the percent yield?

% yes T e i
_ _29.89 . 100% :[35,4%
55-03
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PERCENT YIELD MM o y0, = 24 2.0 + U0+ 33f50) = 406 ¢ e/
MM VeyYO, = g?( QA0 + (3’14 LA /15,()) = 4646 7/9\»\;(
4) If 7.3 grams of sodium carbonate are used in the reaction and this results in a
74.0% yield,\how many grams of sodium phosphate will be formed? )
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ATOM ECONOMY

mass of atoms in desired product

atom economy = x 100%
mass total of reactant atoms

molar mass of desired product x coefficient of desired product

atom economy = _ x 100%
combined molar masses of reactants

2 Na(s) + H,S0O, () > Na,SO, (aq) + H, (g)

Na,SO, desired product

| (2x23)+32+(4x16)

- _ 100% = —— x 1000
" atom economy = o3 ¥ @x 1) + 32+ 94x16) 000 = 1ag X 00
v A=
{u% — 986% » Prifysgol Cymru
L 5— & :lec;’a::l[t);vol: \‘;\Tales

Trinity Saint David



ATOM ECONOMY

2 Na(s) + H,SO, () > Na,SO, (aq) + H, (g)

Na,SO, desired product

(2x23) 432 + (4x 16)

- 100% = ——x 100%
atom eConomy = - o o 1) + 32 + 94 x 16)  [O0 = 144X 100%

= 98.6% GOOD

H, desired product

(2x1)
— 100% = — x 100%
Atom eConOmY = (2 x 1) + 32 + 94x16) ~ 10070 = 144 100%
= 1.4% BAD
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