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The Model: Chemical Properties of Water

You may have heard that water is the “universal solvent.” But what does that mean? Let’s take a look at a water
molecule:
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Covalent bonds

The hydrogen atoms are attached to the oxygen atom with covalent bonds. The lone pairs of electrons ‘push
down’ (repel) the bonds, leading to the bent shape. Oxygen is more likely to have electrons around it than
hydrogen (a property called electronegativity), so it has a partial negative charge, which is shown by the symbol
above it. The hydrogen atoms have a partial positive charge. This is the chemical property polarity. Water’s
shape and polarity allow it to dissolve lots of substances.

1. Define polarity in your own words. What makes water polar?

Polarity describes a molecule with partial charge separation. One part of the molecule is
positively charged, and the other part is negatively charged. Water is polar because the oxygen
atom holds onto electrons more, so it has a partial negative charge, while the hydrogens hold
electrons less, so they have a partial positive charge.

2. Rank the types of compounds from most to least soluble in water (this is a general trend; there are
always exceptions!). Nonpolar, ionic, polar

lonic > |polar > Inonpolar

The Model: Ionic Compound Solubility
Polar covalent molecules and ionic compounds are typically water soluble. However, there are some ionic
compounds that will not dissolve in water because they are so tightly bound together that the water can’t break

the ionic interaction:
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NaCl is soluble in water, while AgCl is not. There are many explanations for why some ionic compounds do not
readily dissolve in water, but they all come down to energy. The interaction of the water with the Ag™ and CI
ions isn’t as strong as the interaction of Ag" with CI". This means that the water can’t break the electrostatic
(charge) interaction between Ag™ and CI'. The interaction between Na" and CI, however, is weaker, so the ions
interact more strongly with the water. This means that the water can break the electrostatic interaction between
Na" and CI', and the separated ions are dissolved.

Review the solubility rules and flowchart in your textbook, then answer questions 3 and 4.

a,d.e

a. KNO3

b. BaSOs4

c. Al(OH)s

d. Ca(CH3CO2)2
e. CaS

b,d,e

a. Na3POs4
b. PbCl
c. KOH

d. MgCOs
e. HgClz

3. Choose the soluble compounds. Select any that apply.

4. Choose the insoluble compounds. Select any that apply.

The Model: Predicting Products of Precipitation Reactions

When two aqueous solutions containing ionic compounds are mixed together, the ions can either stay dissolved,
which means there is no reaction, or they can react to form a solid, which is called a precipitate. Differences in
solubility can help determine the identity of an ionic compound. We can add a solution containing a known
ionic compound to a solution containing an unknown ionic compound to see if something precipitates. This can
narrow down the identity of the unknown ion.
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In this figure, sodium sulfate was mixed with barium chloride. Both compounds are soluble, so the separated

ions are shown. Once they are mixed, the barium cations and sulfate anions react to form the insoluble barium
sulfate, which is shown at the bottom of the container. Sodium chloride is also formed, but it is soluble, so the
ions remain dissolved.

To write a full chemical equation for this reaction, the products must be predicted. Precipitation reactions are
called double-displacement reactions because the cations change places and form new substances with the

anions:



Na2S04(aq) + BaClz(aq) = 2NaCl(aq) + BaSOau(s)

Notice that, in the products, the sodium ion interacts with the chloride ion instead of the original sulfate. The
barium ion interacts with the sulfate instead of the original chloride.

Predict the products for the reactions to answer questions 5 through 8.

PbBr2(s) and NaNO3(aq)

5. NaBr(aq) and Pb(NOs)2(aq)

MgSO4(aq) and CuCl2(aq)

6. MgClzx(aq) and CuSOs(aq)

CaCO03(s) and Nal(aq)

7. Aqueous calcium iodide and aqueous sodium carbonate

Fe(OH)3(s) and KNO3(aq)

8. Aqueous iron(IIl) nitrate and aqueous potassium hydroxide

The Model: Representing Precipitation Reactions with Net lonic Equations

Most chemical reactions require a full chemical equation to describe them. Precipitation reactions, however, typically
form one solid product while the other ions remain dissolved. They are better represented by a net ionic equation that
describes the formation of the precipitate only.

To write a net ionic equation, first write a full chemical (molecular) equation, showing all possible products:

Na2S0s(aq) + BaClz(aq) = 2NaCl(aq) + BaSOa4(s)

Next, write a full ionic equation, which shows all aqueous substances written as separated ions and solid
substances written as compounds. Make sure it’s balanced!

2Na*(aq) + SO4*(aq) + Ba**(aq) + 2Cl'(aq) = 2Na'(aq) + 2Cl(aq) + BaSOu(s)

Separated ions that appear on both the reactants’ and products’ sides are called spectator ions because they
don’t participate in the formation of the precipitate. Spectator ions are not written in the net ionic equation:

Ba®*(aq) + SO4*(aq) = BaSO4(s)

The formation of the precipitation is the only chemical reaction occurring, so net ionic equations only describe
the new substances formed.

9. Lead(Il) nitrate reacts with sodium chloride. Choose the full molecular equation that represents
this reaction.

a. PbNOs(aq) + NaCl(aq) = PbCI(s) + NaNOs(aq)
b. PbaNOs(aq) + NaCl(aq) = Pb2Cl(s) + NaNOs(aq)

c. Pb*"(aq) + NOs (aq) + Na'(aq) + Cl(aq) = PbCl(s) + NaNO3(aq)

d. Pb(NOs)2(aq) + 2NaCl(aq) = PbClz(s) + 2NaNO3(aq)



10. Choose the full ionic equation for the reaction in question 9:

4. Pb%*(aq) + 2NOs (aq) + 2Na'(aq) + 2Cl'(aq) > PbClx(s)
b. Pb*'(aq) + 2NO3 (aq) + 2Na'(aq) + 2Cl(aq) = PbClz(s) + 2Na*(aq) + 2NOs(aq)

c. Pb*'(aq) + NOs (aq) + Na'(aq) + Cl'(aq) = Pb*(aq) + Cl'(aq) + Na'(aq) + NO3'(aq)

d. Pb*(aq) + NOs3 (aq) + Na'(aq) + Cl(aq) = PbCl(s) + NaNO3(aq)

11. Choose the net ionic equation for the reaction in questions 9 and 10:
4. Pb**(aq) + Cl'(aq) = PbCI(s)

b. Pb*"(aq) + NO3 (aq) + Na*(aq) + Cl'(aq) = PbCl(s) + NaNO3(aq)
c. PbNOs(aq) + NaCl(aq) = PbCl(s) + NaNOs(aq)
d. Pb*'(aq) + 2Cl(aq) = PbCla(s)

Predict the products and write the next ionic equations for the reactions. If no precipitate forms, type no reaction

in both blanks.
KCl(aq) + MgS(s)

12. KS(aq) + MgCla(aq) >

Mg"2+(aq) + S"2-(aq) --> MgS(s)

a. Net ionic

Cu3(P0O4)2(s) + NaNO3(aq)

13. Cu(NO3)2(aq) + NasPOu(aq) >

3Cun2+(aq) + 2P0473-(aq) -->Cu3(P04)2(s)

a. Net ionic

5 AgCI(s) + Cu(NO3)2(aq)

14. Aqueous silver nitrate and aqueous copper(Il) chloride

Ag™+(aq) + CI*-(aq) --> AgCI(s)

a. Net ionic

5 No reaction

15. Aqueous sodium hydroxide and aqueous potassium acetate

Nno reaction

a. Net ionic
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