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Solutions

BSnIutinns and Solubility

Solutions play a very impartant role in many biological, labaratory, and industrial applications of chemistry. OF
particular importance are solutions involving substances dissolved in water, or aqueous solutions, Solutions
represent equilibrium systems, and the lessons leamed in our last unit will b of particular importance again.
Quantitative measurements of solutions are another key companent of this unit.


http://www.youtube.com/watch?v=bgopzlmcvja
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Introduction to Solutions

ﬂLl Terms to Know

1.2 General Guidelines Concerning Solubility

Dissolution of

NacCl in Water
3

1.3 Factors Affecting Solubility

Imagine pouring a bunch of salt into a glass of water. Eventually you'll reach the point
where no more salt will dissolve, and any more you add will simply

sit on the bottom. Whenever a solute is dissolved in a liquid,
a point in reached in which no more solute will dissolve.

This is the point of saturation.


http://www.saskschools.ca/curr_content/chem30_05/4_solutions/assignments/answer_keys/assign1_key.pdf
http://group.chem.iastate.edu/greenbowe/sections/projectfolder/flashfiles/thermochem/solutionsalt.html
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Saturation is an equilibrium system,

@'hich you'll remember is a dynamic state in which both the forward and reverse reactions

continue but at equal rates.

solute (s, 1, g) = solute (aq)

~ N

The Effect of Temperature on Solubility

Generally, increasing the temperature will increase solubility of solids and liquids

But increasing temperature will lower the solubility of gases

(the gas will escape from solution, going back to the gas phase).

N~



http://www.youtube.com/watch?v=lmibj-b92ho
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~ The Effect of Pressure on the Solubility of Gases\

The solubility of gases increases when the pressure above the gas is increased.

In other words, more gas will dissolve when pressure is increased.

S



http://www.saskschools.ca/curr_content/chem30_05/4_solutions/assignments/assign2.pdf
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2.1 Dilute & Concentrated Solutions

1 Adilute solution is ane in which there is a refatively small amount of solute dissolved in the solution.
1 A concentrated solution contains a relatively [arge amount of solute.

2.2 Molarity

moles solute
Molarity =
litre solution

Symbol for Molarity = M

Recall:

VM = molesV = moles/M M = moles/V

V1M1 = VZ M2
N -
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CAUTION

Be sure to note that molarity is
calculated as the total volume of

the entire solution, not just
volume of solvent! The solute
contributes to total volume.

Here are some sample calculations.

1. Antifreeze is 2 solution of etfylene glycol, CoHg0z in water, If 4,50 L of antifreeze contains 27.5 g of ethylene glycal, what is the
concentration of the slution?
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2. What mass of sodium carbonate, Na;COz is present in 50.00 mL of a 0.750 M solution?

110TE]
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3. What volume of 1.50 mal/L HCl solution contains 10.0 g of hydrogen chloride?

]

1N

[



http://www.saskschools.ca/curr_content/chem30_05/4_solutions/practice/print_version/practice_2_2.pdf
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2.3 Other Measures of Concentration

Parts per million (PPM)

A sample of water contains 25 ppm of lead ions, pb™", Convert this concentration to molarity, mol-L".

INg

10
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2.4 Dilutions of Standard Solutions

Imagine we have a salt water solution with a certain concentration.

MNext we'll dilute this solution - we do that by adding more water,hncut more salt:

Before Dilution After Dilution

Solution: Solutionz
moles: molessz
M1 = Mz =
litreq litres

MiV1= MV
where

M; and Mz are the concentrations of the
original and diluted solutions

and

W1 and V2 are the volumes of the two
solutions
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Example:

What volume of concentrated sulfuric acid, 18.0 M,

is required to prepare 5.00 L of 0.150 M solution by dilution with water?

12
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Standard Solutions

It is often necessary to have a solution whose concentration is very precisely know.
Solutions containing a precise mass of solute in a precise volume of
solution are called standard solutions.

Example:

Describe how you would prepare 500.0 mL of a 0.100 M standard solution of KNO3

INe

13
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2.5 The Concentration of Ions in Solution

The solutions we work with in chemistry often involve ionic compounds and acids.

Both of these produce electrolytic solutions, meaning they conduct an

electrical current due to the production of ions in solution.

It will often be important for us to be able to determine the concentration of these ions

To beqgin, it will be important for you to be able to write balanced reactions

that show how these substances break down into ions.
you will need to be able to determine:

m which ions are produced and
m in what mole ratio.

14
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For example, sodium carbonate, NapCO3 dissociates into ions as:

Notice that two maole of Na™ ions are produced for every one mole of Na>,COs .

If we have a 0.20 M solution of Na;C0,,

- what will be the concentration of our two ions, Na* and CDf’?

This can easily be determined from the coefficients

in our balanced equation:

— T

[Na™] =2 % [NaxC03] =2 X 0.20M = 0.40 M

[(C0z%] =1 % [NazCOz] =1 % 0.20 M = 0.20 M

N— S

15


http://www.saskschools.ca/curr_content/chem30_05/4_solutions/practice/print_version/practice_2_5.pdf
http://www.saskschools.ca/curr_content/chem30_05/4_solutions/assignments/assign3.pdf
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L.

Write balanced reaction equation that show which ions are produced when the following substances are
dissolved in water.

a. lithmm hydroxide
b. potassium phosphate
c. strontium chloride

d.  chromum(IIT) sulfate

2. Iron(IIT) mitrate has a solubility of 0.15 M. Find concentration of the 1ons in solution.

3

Calculate 1on concentrations in a 2.00 L solution containing 17.1 g alununum sulfate, AL{S0,);

16
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43-1 Solubility Curves

There are charts and tables available that we can use to get an idea

of how soluble a certain solute is in a certain solvent.
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http://www.saskschools.ca/curr_content/chem30_05/appendix/tables_charts/sol_curves.pdf
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Solubility curves, like the one shown here, tell us what mass of solute will dissolve in 100g

of water over a range of temperatures.

You'll notice that for most substances, solubility increases as temperature increases.

Here's an example of reading the chart. Find the curve for KCIOz.
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At 30°C approximately 10g of KClIOz will dissolve in 100g of water.

If the temperature is increased to 80%C,

approximately 40g of the substance will dissolve in 100g (or 100mL) of water.

Eote: 1g=1 mD

18
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Here are some for you to try.

1. KNOzat 70°C pY
2. NaCl at 100°C
3, NHCI at 90°C

Also determine which of the three substances is most soluble in water at 15°C.

On a solubility curve, the lines indicate the concentration of a saturated solution

- the maximum amount of solute that will dissolve at that specific temperature.

The molar concentration of the substance can be calculated,

Determine the molarity of a saturated NaCl solution at 25°C.

19
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Dsunt /300 Delow 3 curve represent unsaturated solutions - more slute could be dssolved atthat £ empe@

Values above a curve represent

supersaturated solutions, a solution which holds mare solute that can normally dissalve in that volume of solvent,

Some examples:

What term - saturated, unsaturated, or supersaturated - best describes:

m a solution that contains 70g of MaNOz per 100 mL H20 at 30°C
m a solution that contains 60g of dissolved KCl per 100 mL Hz0 at 80°C

20
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3.2 Solubility Tables & the Solubility of Ionic Compounds

&

Important Data Table

HTM

PDF RTF

WORD

Solubility tables allow us to predict whether a certain ionic compound will dissolve in water at 25°C,
While this is not as much information as we could gain from a solubility curve, we will use a solubility
table for much of what we want to cover in the remainder of this unit. There are different versions of
solubility tables, but we will be working with a very basic one.

SoLuBiLTY OF COMMON COMPOUNDS IN WATER

Hagaties lone (Anlonc) PocHive lome (Cathone) Compounds
mosartialy al alkall lons sobubie
mooentialy al Fydrogen lon, H* sohubie
mosartialy al amimaonlum kan, NHy sobubie
nitraie, MOy =ssentially all sojubie
acetate, CHOOO =zsenbally all soubie
chioride, G agt, Fe®, Bge®, cu™ ko Solu DTy
bromide, Br

all others ok
lodide, I

ca™, ar” Ba™, F™, Ra™, Ag®, Hg™ fow sl By
sutate, 50,0

all others o bl

alkall lons,
sufde, 2 HMHS, Be™, g™, ca™, 20, Ba™, Ra™  sowbie

all athers ko Solu BNy

aikallions, B, MH, 20, 82”0, 2™ oibie
hydmaide, OH —_—

all athers ko Sy DIy
phosphate, PO, _

alkalllonz, H, MH, o hubie
carbonate, 0Oy —_—

all athers ko Sy DIy
sultte, 30y

21
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Reading the table is not difficult. Have a look at the first row of data in the table. It tells us that all
negative ions {anions) when combined with any alkali ion {the positive cations from the first column of

the pelriodic table - NaT, K, RbT, Cst, Fr) form a compound that is soluble in water., Some
examples:

= Sodium chloride, NaCl, will be a soluble compound because Na™ is an alkali ion.
" K5PO, will also be soluble because the cation (K™ is an alkali ion.

Similarly, the second and third rows tell us that any ionic compound containing the hydrogen ion, HY,
or ammonium, NH, ¥, will also be soluble in water.

|' Ammonium sulfate, (NH,),S0,, will be soluble in water.l

Two negative anions - nitrate, NO5", and acetate, CH;C00" - will also always form soluble solutions.

" Cu(NO,), is soluble
" Pb(CH;CO0)4is soluble

22


http://www.saskschools.ca/curr_content/chem30_05/4_solutions/practice/print_version/practice_3_2.pdf
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3.3 The Solubility Product Constant, Ksp

Recall that for any general reaction:

ah+bB = c@+dD

an equilibrium constant expression can be defined as:

Since saturated solutions are equilibrium systems, we can apply this mathematical relationship to
solutions. We will refer to our equilibrium constant as Kepr where "sp" stands for "solubility product”

23
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For our silver sulfate saturated solution,

‘E"QEEI:I:I. (=] — Eﬂkg-l_l: vt 5':'42-

ag) (aq)

we can write our solubility product constant expression as

[Ag*]°[50,2-]
Kep = i i
(Ag,50,]

But remember from our earlier introduction to the equilorum constant exprassion that the
concentrations of solids and liquids are NOT included in the expression because while their amounts
wil change during a reaction, their concentrations wil remain constant,

Therefore, we will write our solublity product constant expression for our saturated silver sulfate
sglution as:

K

— raagt12ren .24
sp~ LAGT 17150, ]

Please note that it is VERY IMPORTANT to include the ion charges when writing this equation.

24
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Try this example:

Write the expression for the solubility product constant, K_, for Cag(PO,)-.

=p’

Step 1: Begn by writing the balanced equation for the reaction. Remember that polyatomic ions
remain together as a unit and do not break apart into separate elements,

Step 2: Write the expression for Ksp:

\late]

25
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Solubility Product Tables that qve K__ values for vanious lonic compounds are available (print this
out and keep it handy). Because tempéﬁature affects solubiity, values are given for specific

temperatures (usually 25°C),
]

ecall what we learned about Keq

* IfK,, Is very large, the concentration of the products must be much greater than the
concentration af the reactants. The reaction assentially "goes to completion”, which all - or most
of - the reactants being used up to form the products,

f K, 15 very small, the concentration of the reactants is much greater than the concentration of
the p%ducts. The reaction does not occur to any great extent - most of the reactants remain
unchanged, and there are few products produced.

* When K_, is not very large or very small, then roughly equal amounts of reactants and products
@%t at equilibrium.

Kepe which again is just a special case of Kegr provides us with the same useful information:

* Alow value of K, indicates a substance that has a low solubility (it is generally insoluble); for
ionic campounds’%his means that there will be few ions in solution.

Iron(Il) sulfide, FeS, is an example of a low K_, : Kop =4 %1071

£

In a saturated solution of FeS there would be few Fe?t or 52 ions.

* Alarge value of K indicates a soluble substance; for ionic compounds it tells us that there will be
many ions in solution,

An example of a relatively large Kep would be for lead(I1) chloride, PbCl, which has a
Kgp of 1.8 x10°

A saturated solution of PbCl, would have a relatively high concentration of Pb 2+ and
Cl ™ ions.

November 25, 2013

26
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Calculations involving KEP

There are several types of problems we can solve:

1. Calculating Kep when concentration of a saturated solution is known.

- - - 5
Example The concentration of 3 saturated solution of BaS0, Is 3.90 x 107™M,
P Calculate ey for barium sulfate at 25°C 4

27
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Example

The concentration of lead 1ons In a saturated solution of F’bIE at 25°C
513 % 107 M. Whatisits K, ?

110T€]

28
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2. Calculating ion concentrations when Kep is known.

K.
Example o

for MgCO
d

saturate

at 25°Cis 2,0 % 10°%, What are the ion concentrations
solution at this temperature?

[nel

29
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Example

K. for silver chromate, Ag,Cr0, , 15 1.1 X 10° 12 Calculate the molar
cohcentration of siver chr&n 3té In 3 saturated solution.

This 15 3 much more difficult example due to the math involved,
Consider it optional - you will not be asked to find cube roots on an |
gxam,

g

30
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3.4 Predpitation Reactions

3

SoLuBILITY OF COMMON COMPOUNDS IN WATER

November 25, 2013

Magattes lone (Amlonc) Pociive lonc (Catlonc) Compounde
essentialy a alkall lons a0 ubie
essentialy a Fydrogen lon, H* solubie
essentialy a ammanium kon, KHy a0 ubie
nitrage, Ny essentialiy all solubie
acetabe, SHOOO =z enbally all soluble
chioride, CIF Agt, PR, Higy™, Cu™ Jow Solu BNy
bromide, Br

all others S0 ubie
lodide, I

ca™, 2", Ba™, Be®, Ra®, Ag®, Hg™ low SoluBiNy
sufale, 30,

all others o hubde

aikall lons
suMde, 5 HOMHS L BET, Mg CaT, 80 Ba Ra ok

all others oy solu BNy

alkalllons, H', MH,", 207 B2, Ba™ sokbie
hypdroxide, OH - @

sl others lowr Solu BNy
phosphate, PO, .

alkalllons , B, MH, solubie
carbonale, GOy —_—

all others ko solubiiTy

sulte, 304"

31
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Sometimes when two aqueous solutions are mised together a solid s produced. This solid 15 calld 2
precipitate, and the reaction is known s a precipitation reaction

Before we can predict whetner or not a precipitation reaction wil accur, it is useful to review 3
category of chemical reactions called double displacement (or double replacement) reactions. In
this type of chemical reaction, we wil predict what happens when solutions of two ionic compaunds
ara mixed. I any reaction occurs, the two positive cations will exchange places,

For example:

InBry o) 2 ANy ) In(NO, ), + 2 Aghr

3] 3]

32
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When writing double replacement
reactions it is very important that you
write down the correct chemical

formula for each product before
balancing the entire equation.

ZnBry raq) + 2 AGNO5 50y — Zn(NO,), + 2 AgBr

aq) aq)

ZNBry 154y is really a short-hand form for writing 2ﬂ2+(aq:l + 2 Briq

AGNO3 (o0 is really short-hand for Ag+,:aq~, +NO3 (5

It 15 possible that when these two solutions are mixed together every on smply remains in solution,
35 separate jons, If that Is the case, then na reaction actually occurs - now we just have one
solution with faur separate fons present,

But f we look 2t our solubility table, we see that Ag™ and " forms an jnsoluble compound. These
two fons il “find each other" n the salution and farm an nsoluble precipitate,  salid,

This occurs because the attraction between the Aﬁ* and Br” jons ig Sthﬂ%[El: than the attraction
between the separate ions and the polar water mofecules of the salvent. This is essentially what

insoluble means.

On the other hand, we see in our solubilty taple that 2% and N, form a saluble compound. Thus
these two ions wil remain in solution, not really forming 3 compounﬂ at all. The attraction between

the polar water molecules and the Zn* and N0, ons i stronger than the attraction between I
and N0, This is what soluble means.

33
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We now need to retum to our double cisplacement reaction and add the physical states to the two
products:

ZnBry 5oy t 2 AGNO; 50y — Zn(NO3)5 5y + 2 AgBr,

To get a clearer view of what really occurs dunng this reaction, we will wnte our solutions out in long
form, rather than the shart-cut form, Remember - anything that 1z (aq) 1s really present as separate
(ons. This, hawever, ONLY applies to aqueous states.

Thus we can rewrite our equation as:

- ™

I )+ 28 g + 2A07 0 + 205

(aq) aq)

24 :
in (aq) + 72 ND3 (aqj+ 2 AgBrm

N /

34
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Notice that same fons are the same on bath the reactant and product side of the equation, indicating
that they did not undergo any change dunng the reaction, They were present, but dd not
recipitate,

lons that are presentin a
reaction but do not

participate are called
spectator ions.

Sometimes we remave spectatar ions from 2n equation In arder to highlight what changes actuall
occurmed dung a reaction.

Reactions in which the
spectator ions have been
remaved are callad
net ionic equations.

Therefore, for the overall equation:

2+ - + -
ZnT g+ 2 Brgq) T 2 AQT (5q) + 2 NO3

_ 7Rt
Zn(

aq) aq) aq) ag) T 2 NO3 (aq)*+ 2 AGBr(g)

The net ionic equation is:

2 f-‘l.g"'(aq:l + 2 Br 5oy — 2 AgBry,

(we usually arrange items so the positive cations are listed before the negative anions.)

35
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Write chemical, complete ionic, and net ionic equations for the following reactions that may
produce precipitates. Use NR to indicate that no reaction occurs.

1. Aqueous solutions of potassium iodide and silver nitrate are mixed.

36
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- L ;’} + .0 '
2. Aqueous solutions of ammonium phosphate and sodium sulfate are mixed.

37
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6. NH;S04(aq) + BaCly(ag) —

November 25, 2013
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Eelective precipitatita

We have a solution that contains the following cations:

Agt, cuft, and Mgt

Of course, It isn't possible to have a beaker full of just cations - each has to be associated with 3
negative anion. For the sake a arqument, let's say each of these cations is associated with nitrate

lons NO,

Nitrate ons are useful to use since compounds containing nitrate are ALWAYS soluble. So we realy

have a mixture of AQNO,, Cu(NO),, and Mg(NO,,. The nitrate ions will emain spectator ions, so we
will not need to consider them furt%er.

We wish to isolate each ion by causing one at 3 time to precipitate out of solution. Once a solid
precipitate forms, we can filter the solid precipitate out, leaving the other ions still in solution.

39
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We are given the following solutions to use:

Na,S, MaCl, and NaCH.

As with nitrate, you should begin to recagnize that sodium ians, Na®, also always form soluble

cnmEnunds. S0 Na™ wil remain a3 a spectator ion and we can ignore it. Thus, we are really given
solutions of the following anions:

S2° I, and OH"

We wil be adding these one at 3 tme to our cation mixture, We need to determing the order that we
add these solutions 5o that we have ONE AND ONLY ONE precipitate occur with the first addifion.
This will remove ane of the cations from the salution, We then continug until all cations are isolated
from each other.

40
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To help us analyze our situation, we'l prepare a chart, with the cations we need to separate along
one axi5 and anions along the other axis:

Ag* cult Mg+

Cl

OH"

Precipitate #1 --

Precipitate #2 --

|Late]

Precipitate #3 --

To summarize our solution:

L. First add NaCl to remove Ag™, fnrmmg the precipitate AgCIE )
2. Second, add Na,S to remove Cu , forming CuS g
3. Last add NaOH fo remove Mg®* fnrmmg Mg(OH); 2 (5)

41
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