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Objectives: To observe the dissolving
process and formation of a precipitate.

Discussion of Solubility Rules

G e e e R
Today we explore some of the : @
precipitation reactions we We'll see the |

studied in Chapter 4. Solubility ~

Rules at work!

¢
Overview: -
How salts dissolve and ions migrate e
Overview (YouTube videos)
Procedure: Watching and writing precipitation reactions :

Lab today and your lab report iy eI il i
precipitation! '
1) Tk - 1) Tk - 1) Tk - 1) s - 1) s - 1) s - 1) s - 1) s - 1) s - 1) LY \ 2




1. How salts dissolve and ions migrate
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This drawing represents a crystal of NaCl(s)
right after being dropped in water. The
circle represents a small puddle of water.
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1. How salts dissolve and ions migrate

u}xn s A < Sy i Leihen tj;; e v
2 We use a moist toothpick to add a crystal |
(or two) into the water. Just barely touch Remember — All ionic salts
’-‘.\- .
e the edge of the water with the crystal. that dissolve dissociate
: / 100% into ions in water.
wehs
e We should notice the
s lattice getting smaller.
i And disappear.
&
e
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Within a minute or so, the
lattice dissolves in water and
the ions dissipate.
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We can’t actually see €
sodium or chloride ions &

| - - because they are —
SRR e s R e e .
et St S S s R e colorless, but when we i

use a colored salt, we 5

can see the ions i

B migrating...
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2. Overview
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However, in this experiment we add two salts simultaneously
on opposite sides of the puddle. Then we will watch as a
precipitate forms. It usually takes just a minute or so.

RanpRba
R Let’s watch a
‘:""'.‘;2];53,'}""‘:" . o

: video of this...
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2. Overview

To see the video,
use the link given

You can also play
the video from the

It’ll show you
below. !
how each Chm 204 website.
experiment
works. Then come back

here. See you
% soon.

The video: https://www.youtube.com/watch?v=f2FA1p5KHCE&feature=youtu.be

7



Follow the procedur
given on the plastic
sleeve covered
experiment sheet...
so you don’t actually
need your lab
anual this wee

0

20

Make careful
observations and
sketches in your lab
notebook as we go.

On the next slides, each
reaction will be
discussed. Follow along
as you do the reactions.

We discuss writing
the precipitation
reactions as we go.




Watching and writing pre ipi tation reactions

RER RIS e et
R R R R R

piiy ( ~. Wewill perform a total of five Keep the toothpicks
' [N\ experiments today and most, but not with their respective

all, will form precipitates. The solids we iq/s Be careful not to
will use are similar to those shown here switch toothpicks
in numbered vials with numbered caps.

around.
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3. Watching and writing precipitation reactions
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i . See? The precipitate forms %
B Let’s discuss the reaction from the L P p J ) 5
AN : . . right in the middle and is
i video which is also Experiment 1. The .

: . . represented as the ions
crystals start by dissolving to make

ions as shown here: paired up. The cloudiness
NaC|(S) > Na*(ad) + CI'(aq) you notice is the beginning

of an ionic lattice
AgNO (s) 9 Ag*(aq)+NO (aq)

EIAERE
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Here is the whole story. First, the crystals dissolve to make ions:

NaCl(s) = Na*(aq)+ Cl(aq)
AgNO3(s) > Ag*(aq) + NO;(aq)

R ey R ey R ey R ey R ey R ey R ey
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And here the ions migrate and eventually form a precipitate
where they meet in the middle. The ionic equation is:

Na*(aq) + Cl-(aq) + Ag*(aq) + NO;(aq) =
AgCl(s) + Na*(aq) + NO;(aq)

"“‘?<‘$ J‘-:“n' "“‘?<‘$ J‘-:“n' "“‘?<‘$ J‘-:“n' "“‘?<‘$ M"P

and overall equations. Ag+(aq) + Cl-(aq) = AgCl(s)

NaCl(aq) + AgNO3(aq) = AgCl(s) + NaNO3(aq)
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3. Watching and writing precipitation reactions

We don’t have to

For each reaction that we do, we write the/l'f/?(nic
. equation - like we
are asked to write the overall —saw on the previol
4 reaction, and the net ionic slide in red.

reaction. Here they are:

v (@)

Overall: NaCl(aq) + AgNO,(aq) = AgCl(s) + NaNO,(aq)

Net ionic: Ag*(aq) + Cl-(aq) = AgCl(s)

- " - " - -

BTW, Our book and lab
manual use molecular

: Now you try it for the % reaction instead of overall
second reaction | reaction. We kinda prefer
V4

AgNO3(aq) and Kl(aq). ) overall reaction because

3

none of the compounds are
molecules. You can do
B L A T either.




3. Watching and writing precipitation reactions
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:i—u-w TR T LA Mae phagie LA Mae phagie LA Mae phagie LA Mae phagie LA Mae phagie LA Mae phagie L e ‘.

'vvs
Fhr

o What Solubility Rules explains the crystals dissolving part?

ipee]

A + All Group I salts

.'j;; NaCl(s) = Na*(aq) + Cl(aq) are soluble.
AgNO,(s) > Ag*(aq)+ NO;(aq) All nitrate salts

are soluble.

Just ask the Solubility Bird! The net ionic reaction
is given below. And the rule is: All chloride salts
are soluble except for AgCl, PbCl, and Hg,ClL..

Agt*(aq) + Cl(aq) = AgCI(s)

ol Iyl il f MO AN ] Iyl i e gl o WO




3. Watching and writing precipitation reactions

This brings us to Experiment 3.

. CuSO,5H,0(s) dissolves

/ When a hydrate dissolves, such as >4’ ized below.

- < -

CuSO,5H,0(s), the water molecules
of hydration just join the solution.

/
FYI: The molecule

CuSO,5H,0 is named
copper(ll) sulfate
pentahydrate.

-

The overall reaction is
given in blue. Then we
write the ionic equation

in green that reminds us
of what is really going on
with CuSO,(aq) - it

i :
%& makes ions! _

FYI: Why am |
seeing a quiz
question about
naming
hydrates?

Overall equation for dissolving and then the ionic equation:

Dissolving: CuSO,'5 H,0(s) > CuSO,(aq) + 5 H,0(l)

Forming ions: CuSO,(aq) = Cu?*(aq) + SO,%(aq)

14



3. Watching and writing precipitation reactions

Here are the equations for what happens
when sodium hydrogen phosphate crystals
dissolve. Always start this way so you know
what ions will precipitate.

Overall equation for dissolving and ionic equation:
Dissolving: Na,HPO,(s) = Na,HPO,(aq)
Forming ions: Na,HPO,(aq) 2 2 Na*(aq) + HPO,*(aq)

_ So when we write precipitation The ions that lead to
reactions, like the one on the next precipitate are Cu2*(aq) |
slide, we start with aqueous and HPO,(aq)

solutions of the ions. And with
reactions that involve phosphate
precipitates, we are only going to
write net ionic reactions.

Huh...

15
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3. Watching and writing preC|p|tat|on reactions
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Let’s talk about

/ Experiment 3.

/

We will help you
out with it.

-

-

-

(9
..;.LAXI!_! 113

I'll /ust say it: The hydrogen :
phosphate ion, HPO ;#

i

Neaan,

s
e

, works

just like phosphate ion, PO >,
and makes phosphate

precipitates, as you can see in
this net ionic equation...

-

_cp R

3 Cuz"(aq) +2 HPO (aq) 9 Cu (PO4)2(s) +2 H*(aq)

~

For reactions with hydrogen

T

-3 e Ll ."3 e

This is what she’s just saying. Cu’* and
hydrogen phosphate, HPO 2 form the

."5 o

."5 o

."5 o

."5 o

predicted copper(ll) phosphate

precipitate, Cu,(PO,),(s)...
stoichiometry is because copper is +2 and
the phosphate ion has a -3 charge, PO,

The 3 and 2

."5 o

AN

well kinda. ..

poss 15

phosphate and hydrogen
carbonate, we are only going
to write the net ionic
equations. That’s easy...

4

16



~ ».'J” S i TR i
> This slide is about the " Each Cu?* brought a sulfate £
T A E TR Gl ion with it as a spectator ion. o
are just showing it to Each hydrogen phosphate, i
you. Today you will only HPO,, brought two sodium »w
need to write the net ions with it as spectator ions, i
ionic reactions for these so here is tl?e overall N
tougher reactions. 2, reaction: 1 ‘«‘-;,g?g»:“.a :
SRS . Not exactly G
%& - 3 CusO,(aq) + 2 Na,HPO,(aq) 2> retty. ~—— (F
: Cu,(PO,),(s) + 2 NaHSO,(aq) + Na,SO,(aq) :
3 N s B B B B B N ey 3
You may wonder, why didn’t we just use Na;PO, instead of Na,HPO,? It sz :
i turns out that Na;,PO (aq) forms hydroxides, OH in water like this: |
i PO (aq) + H,0(l) 2 HPO*(aq) + OH(aqg). And then the hydroxides
i form copper(ll) hydroxide precipitate, Cu(OH),(s)!  We’ll learn a lot g 5
s more about acid and basic behavior of salts next semester. But for now, fiEie
ﬁ“” S
: we use Na,HPO, because it doesn’t have that problem. : »g@ﬁﬁ}

& ~ém?éw&w&%?ﬁw&w&w&w&w 17
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3. Watching and writing precipitation reactions

’-‘\-

4
AR
L

So to summarize Experiment 3... Do

> -
R

B T
“

3 Cu**(aq) + 2 HPO,(aq) > Cu;(PO,),(s) + 2 H*(aq)

" For Experiments 3, we only
need to write the reactions for
the salts dissolving and then
the net ionic equation for
precipitation as shown above.

the reaction and sketch the
precipitate produced. Write
observations in your notebook.

Write the three relevant solubility ISR 1
rules... the rules that explains why each

™~ solid salt dissolves and the rule that
exp/a/ns why the preCIp/tate formes.

I

e e S5 S5 S5 S5

1..8‘

‘!B“ -

1..8‘

‘!B“ -

1..8‘

‘!B“ -

s

fﬂﬁ“

The
Procedur,

ki

4
AR

v Tt

4
AR

v Tt

4
AR

v Tt

| know the answer. Or know

people who know ...

18
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experiments you will

Experiment 2. AgNO,(s) + Kl(s) = try today.
Experiment 3. CuSO,'5 H,0(s) + Na,HPO,(s) =
Experiment 4. CuSO,'5 H,0(s) + NaCl(s) =
Experiment 5. FeSO,'7 H,O(s) + NaHCO4(s) =

One of these is a “no reaction”. Ooops
I’'ve said too much. When that happens
we just write “No reaction”. There is no
net ionic equation or overall equation. Pssst... It’s

Experiment 4.
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solubility rules... the rule for why

FeSO,7 H,0(s) dissolves, the rule
finally the rule that explains the

for why NaHCO,(s) dissolves and
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ity rule as PO > (aq)? Well, HCO, (aq)

follows the same solubility rule as CO,*(aq).
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A
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O AN ot

Now you can write the net

solubil



3. Procedure Summary

For all of the experiments, make thorough observations in your "’ g
laboratory notebook. For each of the four actual reactions, include a “fﬁq
sketch of the way the solution looked after the precipitate formed. }g:‘
il
Record every detail. How long did it take ﬁfj
/ until the precipitate appeared? What color :’z;:
was the precipitate? Did the color of the
: solution change or continue to migrate.
¥ 4 Stuff like that.
£
3;,,» Pssst! Yeah, you! Always write the overall equation for the two
Don’t write a salts dissolving. Write the overall precipitation g&’
reaction for theé reaction for Experiments 1 and 2, but not for 5
one that doesn’t  Experiments 3 and 5. Write the net ionic equation #

) react! JL{St say for every precipitation reaction. Give the
NOI tr eac;von..Tllvle solubility rules that explain why the reactants
>aits only mix. dissolved and why the precipitate formed — that is

3 rules for each experiment.

SRR, ) ) ) ) ) )
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4. Discussion of Solubility Rules

Lp 7 ot I Lar vl FoA A e e e s SRR A = T DR FoA R e e T A L =

Great. Some ions are always soluble with no exceptions.

1. All Group | salts are soluble (Li*, Na*, K*, Rb*, Cs*)
2. All ammonium salts, NH,*, are soluble. Example: NH ,CI "
3. All nitrate salts, NOy, are soluble.

4. All perchlorate salts, ClIO,, are soluble.
5. All acetate salts, C,H;0,, are soluble.
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4. Discussion of Solubility Rules

Rt e R e e U Bt A R e L B U B L R e L e U R L R et
i't: > o . o . o . o - . o . o . o . o - . o - o :q't;‘!‘ ‘0:
il [~ / A few other anions are generally soluble with exceptions: “i »«a;ﬁ
Py fraieie
' %-. o . . . . Fg
Yy 6. All chloride, bromide and iodide salts, CI, Br, I, are i
;{..g soluble, except for salts of Ag*, Pb**, and Hg ,**. For :”‘iﬁé%f-.f;’é
S . A
B example, PbBr, and Agl and Hg,Cl, are insoluble. In all, &
o there are nine insoluble salts from this rule. \
iy 7. All sulfate salts, SO,#, are soluble, except for BaSO,,

7 0 . .

el PbSO, and Hg,SO, (Three insoluble exceptions in all)

'_-}1 ‘-:l

i So Ag,SO, is soluble?

5""’ ! i Now for the four anions that form insoluble compounds

%«é""] e ﬁ.;; — unless the cations are Group | or ammonium:

i 2- c2- 3- : :

A | 8. Salts of CO,+, S, PO, and OH", are insoluble

ey (carbonates, sulfides, phosphates, hydroxides),

-’%‘t..

i
i

fE

Y L
-
> 't.: ' S
TV I3

Bor S except for cations are Group | or ammonium.
ey R, . . . . .




4. Discussion of Solubility Rules

A little help please... What rule applies?
Ag,S0, FeBr,

BaSO,

CusSo,

AgClO,

25



5. Lab today

+ 3

237

iy
F R4 ¥

Wear your safety glasses today. Special clothing suggested,
but not required today. (No acids, nothing nasty.)

o

Follow the procedures as written. The experiments will be
done on the plastic sheet covered copy at your station.
Record observations and drawings in your lab notebook, not

on your procedure page.

The cover sheet summarizes everything that you need to
include with your report. There is an emphasis on
observations and balanced reactions, including ionic and net
ionic when appropriate. Also Solubility Rules.

So this is embarrassing... | guess ‘A"”:;‘

. Koryeireo i

R | didn’t need the umbrella... but e

, ;;,.;"""*‘*’“m 5 there were puddles. Hmm? P e

T R S S T T SRR 26
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5. Your lab report.
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First, the cover page with TA initials.
Next, the trimmed copy pages from your lab notebook

S stapled together.
Turn in lab report today or before the start of class.

Master the Mohr pipet before you leave today!

You will be done with plenty of time left.
Next week we will be using a Mohr pipet and o R
a volumetric flask. There is a station in lab e e
where you can learn about the Mohr pipet — iy
a tricky tricky little device. A TA will show P e L i T D
how to use it properfy. '

Chem Lab with the Stick People and Bird was created and produced by
Dr. Bruce Mattson, Creighton Chemistry. Enjoy it and share it if you wish.




