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Solutions
Reaction Review Topic#13

Naming Compounds Practice Problems
1. Name the following 1onic compounds:
a. RbF
b. NH,Br
c. CaS
d. F€203
e. NH3PO4
b CI'(CI'O4)3
g. (NH;),SO;4
2. Write the formula for the following compounds:
a. magnesium sulfide
b. ammonrum chloride
c. potassium oxide
d. chromium (IIT) telluride
e. rubidium sulfate
f. manganese (V) nitride
g. ammonium phosphate
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Reaction Review Topic#13

Double Replacement Reactions Practice Problems:
3. Predict the products from the following reactants:

a. sodium carbonate + nickel (II) nitrate =2

b. iron (IT) chloride + lithium hydroxide -

c. copper (IT) sulfate + rubidium phosphate =
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Types of Solutions Topic#13

Parts of a Solution
- solvent - the larger amount and dissolves the solute
- solute - dissolves in solvent (changes state or the
smaller amount of the two substances)
- particle size < 1nm and evenly distributed
Types of Solutions
- solid (alloy) - steel (iron, nickel, and carbon)
- liquid - antifreeze (ethylene glycol and water)
- gas (air; oxygen in nitrogen)
- aqueous - water as solvent
- ions in solution
* NaCl, 2 1ons per fu.. INa" and 1CI
* MgCh, 3 ions per fu., IMg?" and 2CT.
- molecular compounds, individual molecule leaves
solid and migrates into solvent
& CgH]zOG(S) 9 CﬁleOﬁ(aq)
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H,0O
NaCl(s) -=> Nal*(aq) + Cl*(aq)
H,O
MeCh (s) > Mg?*(ag) + 2C1(ag)

Water molecule, Hy,O
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Water molecule, H,O
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Salt water solution
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Non-Solutions Topic#13

Suspensions

- particles > 1000nm

- must be agitated to keep particles suspended

- will settle out over time after agitation
Colloid

- Inm <particles<1000nm

- kept in solution by motion of solvent particles

- Tyndall Effect used to identify a colloid

- glows when a light 1s shown through it

Type of mixture hm ht ht

Particle Size 0.1<1nm 1<x<1000nm >1000nm
(atoms/ions/molecules) (aggregates/large molecules) (large particles/aggregates)

Separates no no yes

Can be Filtered no no yes

Tyndall Effect no yes yes



Non-Solutions

Particle size
less than

Particle size Particles size
between & greater than
107 %em and 10 “em 10 ‘em

True solution

Suspensions

Colloidal solution

heterogeneous mixture of
protein and fat

Solutions
Topic#13

Tyndall Effect

Before settling

Fj:*‘};

seems ho

Water
molecule

/'
O Clay

particle

After settling Suspension particles settle out
&= =
a————
Water
molecule
i T



Tvpes of Matter Review

Heterogeneous
Mixture

Homogeneous
Mixture

Solutions

Topic#13

Not Uniform
Composition

Uniform
Composition

— p— ‘—-—__\
Pure Substance _ Mixture of Pure Substances _

p——
l Colloids

uspensi
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Electrolytes vs. Nonelectrolytes Topic#13
Electrolyte
- solution that has ions that conducts electricity (mobile charges)
- strong electrolyte - conducts well (solution of sodium chloride)
- soluble 10nic compounds (NaCl, KNOs, etc)
- weak electrolytes - do not conduct electricity well
- moderately soluble ionic compounds (ammonia water)
Non-electrolyte
- solution that DOES NOT conduct electricity
- soluble molecular substances - sugars(CsH2O4(glucose))/alcohols (C,HsOH(ethanol))
- No 10ns

) N )
Testing for an electrolyte rﬁl e
- use a conductivity tester Lo e 1

Some Extensive
current

flows

{a) Nonelectrolyte (b) Weak electrolyte (€) Strong electrolyte
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Electrolvtes vs. Nonelectrolvtes o
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H,CO,

Molten
Sodium Chloride

& Water molecule cr Cr -
Gl
= Hydrogen ion ion » H* n
¢ Hydroxide ion H E o) //
b

O Chioride ion

(b) A weak acid such as
H,CO; does not
dissociate completely.

(a) A strong acid such as
HCI dissociates
completely into its ions.

©  sodium ion

Sodium chloride solution Hydrochloric acid solution

Acetic acid solution

Solution of
Sodium Chloride

Sucrose solution

R
Tt Sl

Acetic acid Hydronium [ Hydrodium f
/ CH,CO0H | ion, H,0" ion, H,0* {

Acetate ion, Chloride ion, Sodium ion,
CHyC00 a1 Na*

Chloride ion,
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Rate of Dissolution Topic#13

Factors Affecting the Rate of Dissolution
1) Increasmng surface area - the smaller the surface area the faster the solute will dissolve
2) Agitation - stirring, shaking
3) Heating mixture - increases KE of solvent particles, more £ when colliding with solute
a) As the temperature of the solvent increases, the amount of dissolved solid solute increases
(generally). Exception: LSO, actually decreases as temperature imcreases.
b) As the temperature of the solvent increases, the amount of dissolved gaseous solute
decreases.
1) Gases above a hiquid establish an equilibrium: gas + solvent < solution + E

11) Increasing the pressure of the gas above the solution stresses the equilibrium, to re-
establish the equilibrum more gas will dissolve inthe solvent.
a) Henry's Law: the solubility of a gas 1s directly proportional to the partial pressure
of the gas above the hquid.
- Soda: the pressure of CO, 1s about Satm above the solution so the
amount of CO dissolved is about 5 times more than normal.
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Henry's Law

Topic#13

Henry's Law

At a constant temperature, the amount of a given gas that dissolves in a
given type and volume of liquid is directly proportional to the partial
pressure of that gas in equilibrium with that liquid.

- - Gas

Liquid
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Saturated Solutions Topic#13

Mass of Solute Added Vs. Mass of Solute Dissolved

60
A. Unsaturated
If a solution is unsaturated,
more solute can dissolve.
No undissolved solute

€

Equilibrium between the formation
of the solid and ions

¥
8 g n remains. ; 1= < T’J
- = YU 1 . Saturate
dlSSOlllthIl """"" > 5 ] If 1hedamﬁum Iofbstlxlute added
. 5 ; g : exceed:s tl e solu ii'ty, some
SOlld + E <__> SOlllthIl -E g % i solute remains undissolved.
: : ES 2
' AEE———— crystallization &= q
*Must be a saturated solution g / e
DO 20 40 60 80 100

Mass in grams of NaCH;COO added to 100 g water at 20°C

Saturated solution (maximum amount of solute dissolved for a given temperature)
- must have undissolved solid solute at the bottom of the container
- solution equilibrium (dissolution and crystallization occur at the same rate.)
Unsaturated solution (less than maximum amount of solute for a given temperature)
- no undissolved solid
Supersaturated solution - more than the maximum amount of solute at a given temperature
- Process - heat solvent, dissolve solute to saturation, pour off supematent (liquid above solid)
and cool slowly the resulting solution 1s supersaturated.



Solutions

Topic#13

Precipitate

(a) Unsaturated solution (b) Saturated solution (c) Supersaturated solution (d) Precipitate forms



Solubility (Solids/Liquids/Gases

Solubility values - amount of solute dissolved
m 100 g of water at a given temperature
- Soluble: dissolves
- Insoluble: does not dissolve*
- Solids
- solubility (usually) increases as
temperature of solvent increases
- NH4CI: 30g/100grams of water at 0°C
- NH4Cl: 77g/100grams of water at 100°C
- Gases
- solubility decreases as temperature
of solvent increases
- SO,: 24¢/100g of water at 0°C
- SO,: 4g/100g of water at 40°C
- for a given temperature, solubility increases
as pressure above the solution increases

Solutions

Topic#13

- Liquids
- liquid solvent and solute
- miscible: dissolves in all quantities
- immiscible: does not dissolve in ANY
quantity



Solubility (Solids/Liquids/Gases

Solutions
Topic#13

Solubility of Solutes as a Function of Temperature (in g solute/100.g HO)
Temperature (°C)

Substance 0 20 40 60 80 100
AgNO; 122 216 311 440 585 733
Ba(OH); 1.67 3.89 8.22 20.94 101.4 -
C12H2:0n 179 204 238 287 362 487
Ca(OH), 0.189 0.173 0.141 0.121 - 0.07
Cex(S0s)s 20.8 10.1 - 3.87 - -
KCl 28.0 342 40.1 45.8 51.3 56.3
KI 128 144 162 176 192 206
KNO; 13.9 31.6 61.3 106 167 245
LiCl 69.2 83.5 89.8 98.4 112 128
Li>CO; 1.54 1.33 1.17 1.01 0.85 0.72
NaCl 35.7 35.9 36.4 37.1 38 39.2
NaNOs; 73 87.6 102 122 148 180
CO: (gas @ STP) 0.335 0.169 0.0973 0.058 - -
0: (gas @ STP) 0.00694 | 0.00537 [ 0.00308 | 0.00227 | 0.00138 0.00 |

Insoluble and immiscible

Soluble and miscible

Water molecule,
H:0

Ethanol molecule,

C;HsOH

Solubility in grams per 100 g of water

170

Temperature-Solubility Relationships

Temperature ('C)

CsCL
mp=at s
A0, 7/
1 L1
[ 1 A |
l " nbﬂl/
] Licl
=T L
/ L —
D anaREp g
/ | —
L~ = KeL |
[ =17 Nac1 |
Li,S0)|
--.___.\ it
=,
0 10 20 30 40 50 60 0 B0 90 100

Temperature-Oxygen Solubility Relationship
Temperature (°C)[ Oxygen Solubility (mg/L)
0 14.6
5 12.8
10 11.3
15 10.2
20 9.2
25 8.6
100 0
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Solution Formation Topic#13
How a Solution Forms
® process ocurrts at the surface of a solid
¢ intermolecular forces between solvent and solute, pull solute from surface of a solid.
- When NaCl dissolves i water, the water molecules have enough attraction to the
sodium ions, Na®, and chloride ions, CI', to separate them from the NaCl crystal lattice.
The partial negative charge on oxygen in water attracts the cation, Na+, and the positive
partial charge on the hydrogens attracts the anion, CI. After separating from the solid, the
ions are surrounded by water molecules which keeps them separated and in solution.

NaCl crystal structure NaCl in water

¢ Jonic compounds dissociate when dissolved, separate into 1ons. _ R
® Solvation - interaction between solute and solvent ' 2 @ @
oH : : 2 @ e
ydration - solvation when the solvent 1s water e &:‘vt
Solute-Solvent Interactions ¥ 'Oa
¢ Like dissolves Like e € %%,

- polar solute dissolved by polar solvent (ethanol dissolved in water)
- polar solvent has a positive and negative area withim its structure; water
- nonpolar solute dissolved by nonpolar solvent (octane dissolved i gasoline)
- nonpolar solvent does not have a positive and negative region; benzene
® Examples:
- NaCl (polar) DOES NOT dissolve in cooking oil (nonpolar
- cooking oil (nonpolar) does not dissolve in water (polar)
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Polar vs. Nonpolar Solvents/Solutes Topic#13

ENd;ff (O and H) =14

5- 5-3 5 water
.‘O'.
Tt ¥y
K5
8+ 6+2. l I . @ @
ENdiff (C and H) =04
benzene carbon tetrachloride
()] ®
ve e S

- - S5
[ﬁ:ﬁf T"J H (H)

Benzene
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Polar vs. Nonpolar Solvents Topic#13

Particle Model for Soluble and 106
Insoluble Substances

Water and

lithium chloride Soluble Water molecule,

Hydrogen bond

Water

Chloride ion, C1I~

Lithium ion, Li*

Ethanol molecule,
C,HsOH

Toluene and
lithium chloride Insoluble

Hydrogen bonding between the solute and solvent
enhances the solubility of ethanol in water.
Toluene

Lithium
chloride

Water and

toluene
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Topic#13 WS#1: Nature of Solutions Topic#13
1.f 15. Miscible substances can mix in any amount while immiscible substances cannot mix in any amount.
2. ¢ 16. It can dissolve a lot of substances.
3 17. Dissolve it in water and use a conductivity tester. [f the light illuminates, the substance is an electrolyte

h  18. pond water - dissolved minerals and oxygen; blood - dissolved ions, sugars, and etc.

> o c o

. two or more metals dissolved i one another. 14K Au, Steel, stamless steel, etc
0. solid solute dissolved m a liquid or liquid solute in a liquid solvent or a gaseous solute
m a liquid solvent: kool-aide, alcoholic beverage, soda, etc.

11. gaseous solute i a gaseous solvent: air

12. a homogeneous mixture of two or more substances whose particles are small (<1nm),
evenly distributed, and will not separate out.

13. If a change in physical state occurs, this 1s the solute. If no change in state occurs, than
the substance in greatest amount is the solvent.

14. Desirable because they have different properties than the pure iron beam. Stronger and

resist corrosion better.

=00 oL A
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Topic#l13: WS#2 Solubility Curve Topic#13

.C,A

.52g,208g

B

. Increases

. Increases

. decreases

.Aand B

L

9. saturated

10. unsaurated

11. saturated (excess solid would fall to the bottom)
12. Dissolve 52 grams of B at 60°C then cool slowly without disturbance. This would create
a supersaturated solutino of B at 50°C.

W b =

O~ N A
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Enthalpy of Solution, AH,,, Topic#13

Energies Associated with Solution Formation
® 3 steps in the formation of a solution Sopustied _ sapassbed
1) Separation of solute particles, energy added (+E) P Pl
2) Separation of solvent particles, energy added (+E)
3) attraction between solute and solvent particles, energy
released (-E)
¢ Enthalpy of solution (AHsom) - the energy gained or lost
during the formation of a solution. AHo,= (AH, + AH,) + AH; -
e AH, is the energy needed to separate the solute particles “”’/_lm' -
(break the intermolecular forces between the solute particles) Ll
AH, is the energy needed to separate the solvent particles
(break the intermolecular forces between the solvent particles) savent 4 m

® AM;is the enery release from attractive intermolecular force

Demo: lithium chloride vs potassium chloride

AH,

separated
Solvent + solute
particles

M\
AH,

[ _\..L\rnIV‘ solute ‘

Enthalpy —

between solute and solvent particles. T i,,
- If (3) > (1+2) then AH,,, 1s negative (exothermic) E S |
- If (3) < (1+2) then AHgm 1s positive (endothermic) 2 aH,

= KI IS +AH50]_H (eIldO) \ulunr\;n-\." ]
= L1C1 IS 'AHsoln (eXO) A”«-II‘T/;‘.‘::‘[!“N""C

Solvent + solute
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Enthalpy of Solution, AH,;, Topic#13
Components

Step 2

'u:'; Solute Solvent ) Solvent particles being
] moved apa_rt to allow
S :&:‘Ituetre"pauritécles L Solvent particles being
‘é > 2 quid. attractedtoand
g Energy absorbed solvating solute particles.
Energy released
i Soluterpi;rtficles belcgming l AH solution Exothermic
separated from solid.
Energy absorbed
Q
00 Spread out 9 Q Qo TABLE 11.2 Some Enthalples and Entropies of
QD sowent 9 Solution in Water at 25°
Q Oo AH, Q Q Q AHooin ASgin
Liquid Solvent AH Oo Q Substance (kJ/mol) [J/(K - molD)]
" ‘Y0 9 La 370 105
Q Q Q NaCl 39 43,
OQ OQ KC1 172 73.0
1Br —48, 5
Q Spread out Q LB 488 215
DD sowm NaBr -0.6 546
e Q )
OQO — 9 Q Solution KBr 19.9 89.0
Q AH, Q KOH -57.6 129

Solute Crystal Q
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Concentrations Topic#13

Concentration
® similar to density (mass/volume vs. moles/volume)
e unlike the density of a solid or liquid, concentration can
change by adding more solvent or solute.
® the amount of solute per solution 1s constant for a given

concentration. Concentration Simulation
¢ for a given amout of solution, the ratio of solute to solvent o Molarity Is « Ratio

remains the same. o
Molarity {ﬁ\
¢ moles of solute per liters of solution 2 " /4/ o
® M/ =mol/L = g/MM/L j p } e
Molality g Wl R s ey
* moles of solute per kilogram of solvent e ) 7 / e 00 1o 00
m =mol’kg = g/MM/kg Erlesee % Hhebrigiat charecT
Mole Fraction 5o Res s s |
® moles of one component divided by the total number of v TN /
moles in the system. R - o
mi =i | ]

0.0 .
000 002 004 006 008 010 012 014 016 018 020

® 5, = g/ MM, and nt = sum of the moles mn a system Volume of solution (L)



Concentrations

Solutions
Topic#13

0.10 M NadH
JLX 0l0 pid = 010wk
18

p.J0wk 2 403
ol

Name Symbol Units Areas of application
: mol solute . ) s ;

Molarity M YT in solution stoichiometry calculations

: L solution "
Molality m M boiling-point elevation and freezing-

: kg solvent point depression calculations T

. mol solute ’ : :
Mole fraction X e e e in solution thermodynamics
total mol solution )
volume solute T Tl T X
Volume percent % VIV ———————— x 100 with liquid-liquid mixtures
volume solution
. g solute o .

Mass or weight percent % or %w/w ———— x 100 in biological research

Parts per million

Parts per billion

Molarity (M)

moles solute

a Liters of solution

ppm

ppb

Molality (m)

mol

solute

kg solvent

g solution

g solute
1 000 000 g solution

g solute

1 000 000 000 g solution

Mole Fraction (X,)

to express small concentrations

to express very small concentrations, as
in pollutants or contaminants

Dilution

=m

X — _NnA

A=

X ==
g =

HA+HB

M1V1 = M2V2

HNror
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Concentrations
mass of
solute L
\._molar mass__-
L g solute 1 mol
19
volume of
solution g
(' conversion )
N_factor _~
2 mi solution 1L
1000 mL
volume of
solution | —me —_
( conversion )
~._factor_~
2 mi solution 1L
1000 mL

amount of
solute

2 wol solute

volume of
solution

2L L solution

volume of

solution

2 ( solution

Topic#13

use definition ™

~_of molarity
molarity of
solution
2 mol solute
L1 solution 2 /M solytion
amount of mass of
T solute T Ve solute

__ molarity \._molar mass_/
2 mol solute L mol solute g L 4 solute
L solution 1 mol
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Concentrations Topic#13

moles solute

~ Liters of solution _ grams/MM/L

Shuzw oo [ oot

:

e
sabare sanrige ey
fre

KyCry0,

Molarity Simulation
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Concentrations Topic#13
Molarity Problems i el e

Molarity = moles/volume IN LITERS of solution - Liters of solution

If asked for molarity: M =n/V moles

If asked for volume: V =n/M

If asked for moles: n= MV

il i i <

1. You have 3.50L of solution that contains 90.0g of sodium chloride, NaCl. What 1s the

molarity of the solution? i Ans:u 0.440M NaCl
Gum Unn
Vz3.50L n: .’!‘._3.‘.: 3/ﬂﬁ| M- 0.440 mol/L
40.04 NeCl .

oLvE.

Dok o7

3.50
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Concentrations Topic#13
Molarity Problems i el e

B Liters of solution

Molarity = moles/volume IN LITERS of solution
If asked for molarity: M =n/V moles

If asked for volume: V =n/M
MV

If asked for moles: n= MV

2. You have 0.8L of a 0.5M HCI solution. How many moles of HCI does the solution contain?

Guw Nre Ans: 0.4 mol HC1
0.3 L M= el Usw
0.5 M HCl bs meoles = 0.4 Mol

REEK mol= M
mol: 0.5 % 0.8 =(0.9 molesHC!
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Concentrations Topic#13

Molarity Problems moles solute

B Liters of solution

Molarity = moles/volume IN LITERS of solution

If asked for molarity: M =n/V

If asked for volume: V =n/M

If asked for moles: n= MV

3. How many grams of sodium chloride are needed to make 250.mL of a 0.250M solution?
Gves

e Ans: 3.65¢
v;lsomL ’0-250'—- n= mOI - S/HM = USL:‘S
M= 0.250M Lo %= 3

MM“&.CI: 58,"’"’3/;“.‘ Sr.\'n.vE

MMY(L) (M)

53.494 o (o.lso_ux 0250 o
o X

(83
L1

n
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Concentrations Topic#13
Molarity Problems i el e

Molarity = moles/volume IN LITERS of solution - Liters of solution

If asked for molarity: M =n/V moles

If asked for volume: V =n/M
MV

If asked for moles: n= MV
4. To produce 40.0g of silver chromate, you will need at least 23.4g of potassium chromate in
solution as a reactant. All you have on hand n the stock room 1s 5. of 6.0M K,CrO,

solution. What volume of the solution is needed to give you the 23.4g K>CrO, needed for the

reaction? MR (Ans: 0.020 L K>CrOy)
Gvn M- 3/Mu Uni
23-"’ 5 K: Cqu ——

SL SoeLveE

3.4
{.0M KyCrOy L = 3/|jn - A‘IJ 5/ - 1001 L,
Mnk‘z“'lz ]‘1‘{.25/m( M (,O..m_ii
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Concentrations
@ mOIsolute =m
wp kg solvent

Molality Problems
5. A solution was prepared by dissolving 17.1g of sucrose (table sugar, Ci2H»,0;1) in 125¢g of
water. Find the molal concentration of this solution. (Ans: 0.400m)
7 Nvw 3 U nx
\7.1 g sucrese (soluie) m = ﬂ’%;__ s 'L,f_ﬂ = 0:400  m
1254 H,0 (setvent) = 0.125 ks )
Mﬂ5ﬂ-¢: 3‘12. 5‘1 SolLvE ¢ 1.1 8

M= 342,34 W ={0.‘100 mo! /Kq\
0.125 ¥
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Topic#13

Concentrations
wp kg solvent

6. A solution of 10dne, I, in carbon tetrachloride, CClLy, 1s used when 10dme 1s needed for certain

chemical tests. How much iodine must be added to prepare a 0.480m solution of iodine in

CCl 1f 100.0g of CCly 1s used? (Ans: 12.2 g 1)
Gun NTwr UnNvw
T, (rolute) m-= ‘5/"‘__'1 prams. - [ 2.4 9
D T
1604 CCly (salvent) = 0.100Kq k3

m= 0.980m
Son.vE’. - 04
= s .4
.(o.qs'o__ﬁ)(z 3',7?;7)(0 )

= lny 1
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Topic#13

Concentrations
(motes™\ MOl _
wp kg solvent

7. (0OYO) What is the mass of water needed to make a 0.680m solution containing 61.3¢g of glucose?
Ans: 0.500kg (500 mL)
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Topic#13

Concentrations
wp kg solvent

7. (0OYO) What is the mass of water needed to make a 0.680m solution containing 61.3¢g of glucose?

Gvw N Ans: 0.500kg (500 mL)
m: 0.680 m m: mel - ‘a_/_"ﬂ_'\ var,

- - K9 . 0.5060
tl.34 ((H 0, (solute) k,”zo ocholad W < -

Hzo (solurrﬂ)

MM = 180.138 ) DORVE
CoBnO
n% Ky * 3/un
m

BN L :@
0.630 ad
%
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Concentrations Topic#13

X o NnA
A=

nA+ns

—_ s
Xa—

Nror

Mole F ion P ice Probl
8. What 1s the mole fraction for each part of a solution contaming 2.4mol N», 0.34mole O, 9.8mol
NHjs, 0.65mol CO,, and 15.3mol CH,. (Ans: 0.084 N,/0.012 0,/0.34 NH5/0.023 C0O,/0.54 CH,)
Gvn

NTe
2.9 mel Nz xa’ - r::a
. (o] T
e S Nes 2.4+ 0.39+ 2081 0.5+ 15.3
9.3 m Nub 3 . 29.47
0-'55 rml CO-._ SGng q'?
153mo| CH“, X _-2.'& _ O o?q x"ub. ﬁﬂ [ o.gqtf
N,” 2% T ’ o
X - 0.3;' - COLT‘ lequ - 0.0128
027 g1 - 0:012 e
Cu.l . : » 0537

A%-19
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Concentrations Topic#13 Dilution:

M 1 Vl =M 2 V2
Dilution Practice Probl
9. Concentrated HCl(ag) (12M) 1s delivered 1n a shatter proof bottle. A lab requires 250 mL of

0.100M HCl(ag). How much HCI must be used for the creation of this solution? How much

water must be added? Ans: 2.1mL HCI, 247 9mL H,O
Gvn NTr Uwnuw

M, = nM MV, = MoV, V= 2 ml
Vy = 250 mi v, = MV, g 2479 4l
M, = 0.100 M M,

[

ek s 0(7_50) -
M=
V-- =V + V

= D\+V Y} 250 -1/ 24T.9mL
e o T Thor f,0 added
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Concentrations Topic#13

1) What 1s the molar mass of 6.3g of a substance with a volume of 250ml. and a molarity of 0.125?
2) How many grams of W(NQO;); are needed to prepare a 750.mL of a 0.220M solution?
3) What 1s the mole fraction for each substance in the following mixture: 2.3g of Hz, 9.5g CO,

and 6.4g of CH,?
4. How many grams of W(NQs); are needed to prepare 450mL of a 0.220m solution?
5.A0.2500M NaOH solution is prepared from 6.000/ NaOH. You need 150.0mL of the

0.2500M solution. What 1s the volume of 6.000M solution needed and how much water 1s
added to make the dilute solution?

Answers:
1.2.0x10°g
APRIL FOOLS!!! 2.61g
3.0.65/0.12/0.23
4.37g

5.6.25ml and 143.8mL
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Concentrations Topic#13

Molarity, Molalitv, Mole Fracti 1 Dilution S

1) What 1s the molar mass of 6.3g of a substance with a volume of 250mL and a molarityof 0.1257?

2) How many grams of W(INOs); are needed to prepare a 750.mL of a 0.220M solution?

3) What 1s the mole fraction for each substance in the followmg mixture: 2.3g of H, 9.5g CO;
and 6.4g of CH,?

4. How many grams of W(NOs); are needed to prepare 450mL of a 0.220m solution?

5. A 0.2500M NaOH solution 1s prepared from 6.000M NaOH. You need 150.0mL of the
0.2500M solution. What 1s the volume of 6.000M solution needed and how much water 1s

added to make the dilute solution? () M, V = MaVa. Answers:
CB m = /mm solve fo r m VT . V!)\ 2 Ul-l 2 1.9: 0X102g
2 6lg
@ n- ‘-"/ﬂM solie forn @ 3.0.65/0.12/0.23
- 4.37g

(‘S Copver+o Milae *h:'h\ d U.L yotal wko each M 5 6.25ml and 143.8ml.
(‘I\ m‘?ﬁ%—v &lvtfor aowms Convri -}na-ms o$ solemk inte k%_



Solutions

i i Topic#13

Preparing 1.000 L of a 0.5000 M Solution 110

Copper(I1) sulfate, CuSQOy, is one of the compounds used to produce
the chemiluminescence in light sticks. To make a 0.5000 M CuSO,
solution, you need 0.5000 mol of the hydrate, CuSO4*5H,0, for each
liter of solution. To convert this amount of CuSO4*5H,0 to a mass,
multiply by the molar mass of CuSO,*5H,0 (mass of CuSO,*5H,0 =
0.5000 mol x 249.68 g/mol = 124.8 g).

Add some solvent (water)
to the calculated mass in
the beaker to dissolve it, and
then pour the solution into
a 1.000 L volumetric flask.

Rinse the beaker with more Stopper the flask, and swirl
water several times, and thoroughly until all of the
each time pour the rinse solid is dissolved.

water into the flask until
the solution almost reaches
the neck of the flask.

Carefully fill the flask with
water to the 1.000 L mark.

—

——

Restopper the flask, and
invert the flask at least 10
more times to ensure
complete mixing.

The solution that results
has 0.5000 mol of CuSOy
dissolved in 1.000 L of
solution—a 0.5000 M
concentration.



Solutions

Concentrations - Preparing a Solution Topic#13

Making a Molal Solution

Calculate the mass of

CuS0,4*5H,0 needed. To make

this solution, each kilogram
§ Add exactly 1 kg of solvent to
of solvent (1000 g) will require 0 o1 v in W\Ebeas:et -

0.5000 mol of CuSO, *5H,0. Because the solvent is water,
This mass is calculated to be 1 kg will equal 1000 mL. - . -
1248¢g. Mix thoroughly. The resulting solution has

0.5000 mol of solute
dissolved in 1 kg of solvent.



Solutions

Topic#13: WS#3 Concentrations Topic#13

Part A

1

O 1 N W W

3.

. molarity

. saturated

. concentration

. supersaturated

. mole fraction

. molality

. unsaturated

. using a balance, measure out the mass (moles) of the solute, add to

the correct volumetric flask, then add solvent to the flask until the
correct volume 1s reached.

molality refers to the mass of solvent while molarity is defined by
the liters of solution.

10. Chemical reactions depend on a known concentration. Not

knowing the concentration leads to bad reactions with
uncalculateable results. For consulmers, knowing the
concentration 1s useful when comparing products.

Part B (2019-2020)
11. endothermic
12. polar solvent
13. solubility

14. solvation

15. endothermic
16. nonpolar solvent
17. Henry's law

18. decreases

19. increases

20. increases



Solutions

WS Questions Topic#13

What questions do you have regarding the worksheets?

22. Calculate the molarity of each ion after 12.54g of iron (I111) sulfate are dissolved in 250.0mL of distilled

(Ans: 0.250M F&* and 0.375M SO,>)
5 12.599
ﬂ ¥ ___{r-nm = 4!1.‘1 |

0.256

water.

3 Odasn

fey (504);
3994/ [Fe; (s04), ] = O.125

G:e“} =2 (0.125)
[s7] = 3(on28) = 0.375n S04

o
mzsoﬂFe’

"

1. 14.35g of barium nitrate were added to 350.0m L of distiled water. After the barium nitrate was
fully dissolved 50.0mL of the solution was removed and diluted with 200.0m L of distilled water
Calculate the molarity of the final solution. (Ans: 0.1569M for initial solution and 0.03138M for the

dilution)



Solutions

WS Questions Topic#13
What questions do you have regarding the worksheets?
Ba(V05Y,

23. 14.35g of barium nitrate were added to 350.0ml. of distilled water. After the bartum nitrate was fully
dissolved 50.0mL of the solution was removed and diluted with 200.0mL of distilled water. Calculate the
molarity of the final solution. (Ans: 0.1569M for initial solution and 0.03138M for the dilution)

. 14.3 93 )
- Y 5 = 0,159
0:350
mlul:mzvz

(0.15L(50) = My (250)



Solutions

Concentrations Topic#13

Quiz#1 Review - Molarity, Molalif 1 Mole Fracti
1. What 1s the molar mass of 6.6g of a substance with a volume of 750ml. and a molarity of 0.550?
2. How many grams of Cr(NQs); are needed to prepare a 350.mL of a 0.520M solution?
3. How many grams of Cr(NQ;); are needed to prepare 450 grams of a 0.220m solution?
4. A 0.5200M NaOH solution is prepared from 4.500M NaOH. You need 250.0mL of the 0.520CM

solution. What is the volume of 4.500M solution needed and how much water is added to make

the dilute solution?
Answers:

1. 16g/mol

2.43¢g

3.24¢

4.28.89mL and 221.1mL



Solutions

Concentrations Topic#13

Quiz#] Review - Molarity, Molali 1 Mole Fracti

1. What 1s the molar mass of 6.6g of a substance with a volume of 750ml. and a molarity of 0.550?

2. How many grams of Cr(NQs); are needed to prepare a 350.mL of a 0.520M solution?

3. How many grams of Cr(NQ;); are needed to prepare 450 grams of a 0.220m solution?

4. A 0.5200M NaOH solution is prepared from 4.500M NaOH. You need 250.0mL of the 0.520CM
solution. What is the volume of 4.500M solution needed and how much water 1s added to make

the dilute solution?

< am I R ' s 16 Answers:
® n /'2— M ML (ss)oa50) 1. 16g/mol
2. 43¢
@ 5 = AdLmms= (o.szoJ(o-aso)( 23§.03) 3. 240
@ m- 2/‘%\ () (5 Ymm) =9 = (622)(0.45Y23%:03) 4. 28 89mL and 221.1mL.

@ Hlu\-‘nz\"z
(52Ya50) = (4 ) Vo9 ¥y = 260 -29:
2. 5Fm 222 JmL 0,0



Solutions

Concentrations

absorbance

Topic#13

Beers Law
Simulation

bt
[

b
S

0, T
00 0 0.2 04 0.6 08

concentration (M)




Solutions

Dissociation Reactions Topic#13

Dissociation of NaCl

NAC[[S) : Nn"'(lﬂ + Cl-ﬁz\

NacCl



Solutions

Soluble vs. Insoluble lonic Compounds Topic#13

Soluble and Insoluble lonic Compounds

S
pd &

Tonic compounds can be
soluble or insoluble in
water. NiCl,, KMnOy,
CuSOy, and Ph(NO;), are
soluble in water. AgCl and
CdS are insoluble in water.

Nidly  Kendy Cyshy PO,



Solutions

Precipitate Formation Topic#13
Particle Model for the Formation of a Precipitate e , 0ns
&
sf“

ob

U Chloride ion, C1~
Q
oo 9 Water molecu]e

R Smcqg"” pi

0

a
[ °°o°
°® s
. .
. 2 Y I‘ (e ”w‘a \m‘
NaCllag) — Na*(aq) + Cl(aq) P“"
Sodium chloride is a soluble salt that dissociates
in water to form ions.

B A‘i** Cl ™ —» A-QCICQ)

[«
o0Q 0
> o0
o°0°°.°° 3 Q=f yici patord
0%%0 < N 1006

F} -
Nitrate ion, NO;~ M 5 t T N 0 3
]
Water molecule, H,O — Silver Chloride, AgCl .
AgNOy(ag) — Ag*(aq) + NO; (aq) Silver Ag*(aq) + Cl (aq) — AgCl(s) Sf(o | to" lms
nitrate is a soluble salt that dissociates in Silver chloride is an insoluble salt that forms

water to form ions. when Ag* ions can react with CI” ions.



Solutions

Using Solubility Rules Topic#13

10.
11.
12
13.

General Solubility Guidelines
Compounds containing these ions are soluble in water:
Acetates, CH5CO3, except that of Fe™
Alkali metals (Group 1), except LiF
Ammonium, NH
Bromides, Br, except those of Ag*, Pb”", and Hg3"
Chlorides, C1~, except those of Ag*, Pb>*, and Hg3*
Nitrates, NO3
Sulfates, SO3, except those of Ca’*, Sr°*, Ba®*, Pb**, and Hg3"
Compounds containing these ions are insoluble in water:
Carbonates, CO3 ", except those of Group 1 and NH}
Chromates, CrO7, except those of Group 1 and NH}
Hydroxides, OH ", except those of Group 1 and (‘l." S{s‘,* &‘z‘
Oxides, O, except those of Group 1, Ca”, Sr°*, and Ba®* (which form hydroxides)
Phosphates, PO; ", except those of Group 1 and NH}
Sulfides, S*~, except those of Group 1, Mg**, Ca®*, Ba®*, and NH}

Dirty Three
Most all Ag™,
Pb**, and Hg,*"
compounds are
msoluble

e J
A s

iy + Y20
CRO ¥\'\2-02
Colohk
T,



Solutions

Using Solubility Rules Topic#13

Use the solubility rules to determine solublhty of the following compounds If the compound 1s soluble, write
the dissociation equation for the compound.
Soluble (Y/N) Equation for Soluble Compound
1. SI3(PO4)2
2. NEizCI'Oz;
3. LiOH

4. F 6(C2H3 02)3
5. St(OH),

6. CaCGQ;
7.FeS
8
9
1

. CuO
g NaZO
0. Agg SO4

WS#4: Dissociation of Water Soluble Compounds
1. Cd(NO3)2(s) Rule Equation:

2. CdS(s) Rule Equation:




Solutions

Using Solubility Rules

Topic#13

Topic#13 W S#4: Dissociation of Tonic Compounds Key

0 ~1 N U = W

= szCOj(S)

. S13(POy)2(5)
. AgCl(s)

. KOH¢s)

. NH;Cl(s)

. NaBr(s)

9. FeS

10.
11.
12
13,
14.
| T8
16.

17,

22

CuCZHj Oz(S)
Ca(OH)(s)
Nﬂz 804(5)
BaSU(s)
Lil(s)
(NH,);POs(s)
Cu(NOs)(s)

. AIPOy(s)
18.
19.
20.
2.

CaCGy(s)
Fe(OH)(s)
C52 S O4(S)
NaClO(s)

. NaF(s)
2
24,
95,

Na,S(s)
AgNOi(s)
Al(OH);(s)

yes
No
No
Yes
Yes
Yes

#2
#12
#5
#2/10
#3
#2/4
#13
#1
#10
#2/7
#7
#2
#3
#6
#12
#8
#10
#2/7
#2
#2
#2
#6
#10

Rb,COy(s) > 2Rb*(ag) + CO:*(aq)

(Dirty three)

KOH() --> K'"(agq) + OH"(aq)
NH,Cl(s) --> NH,'* (ag) + C1"(aq)
NaBr(s) --> Na'*(aq) + B1!"(ag)

CuC;H;0s(s) > Cu'*(ag) + C:H:; 0, (aq)
Na,SOy(s) --> 2Na'*(aq) + SO (aq)

Lil(s) --> Li**(aq) + I'*(ag)
(NH,);:PO(s) > 3NH,*(ag) + PO (aq)
Cu(NGy).(s) --> Cu?*(aq) > 2NO;'(aq)

Cs,S04(s) > 2Cs'(ag) + SO, (aq)
NaClO(s) --> Nal*(aq) + Cl0"(aq)
NaF(s) > Nal*(aq) + F'"(%)
Na,S(s) --> 2Na'*(aq) + S*"(aq)
AgNOs(s) --> Ag'(aq) + NO:'"(aq)



Solutions

Precipitation Reactions Lab#1 Topic#13

Instructions:
1. Using your solubility rules, construct 5 precipitation reactions using the following chemicals as reactants.
AgNQ;, AI(NO;);, CuCl,, Ba(NOs),, FeCl;, Na;PO,, Na,CO;, Na,SO,, NaOH, K;CrO,

2. Write these chemicals 1n their respective places on your lab sheet.

3. Carry out your reactions using 5-10 drops from each reactant in a reaction well on your spot plate.

4. Do one reaction at a time!

4. Write the balanced molecular equation on the provided lab form. Identify the product that is the solid
with a (s).

5. Your grade will be based on how many of your reactants produce precipitates.

5/5 20pts

4/5 17pts

3/5 15pts

<3/5 1dpts Lab#1: Precipitation Lab
Reactions
G + sy +
2. + = +
3 + = +
4. + o 5
5. + - +




Solutions

Precipitation Reactions Topic#13

Spectator ions - do not react, stay in solution
Participatory ions - make the solid, gas, or molecule in a DR reaction
Molecular equation - balanced equation with full formulas
Ionic equation - Reactants: 1ons or solid for carbonates.
Products: solid, gas, or molecules and the spectator ions.
- spectator 1ons are in (agq) form on BOTH sides of equation

Net Ionic Equation - Reactants: Ions involved in product

Product(s): The solid, gas, or molecule produced.

Molecular Formula Equation (Balanced Formula Equation,

Total ionic equation. Rewrite the equation so that all dissolved compounds (ag)
(see solubility chart) are separated into their constituent ions:

2K aq + 21 aq + sz'(aq) + 2NO;75g -> Pblyg + 2 K*(aq + 2NO; (4

Spectator ions are those that appear on both sides of the equation and as
such do not participate in the reaction. In the above example, the spectator

ions are 2 K*(,q) and 2 NO;(,q).

Net ionic equation:
Spectator ions cancel, and are not included in the net ionic equation:

sz-(aq) +2 lr(aq) -> PbIZ(s)



Solutions
Topic#13

Net Ionic Equations
Writing a Net lonic Equation

Noj

Chemical equation:
K,S0,(aq) + Ba(NO;),(ag) — 2KNO;(ag) + BaSO,(s)

Total ionic_egquation:
2KHaq) qéogf(aqa Ba® (aq)|+ 2NO3(aq) — 2K*(aq) + 2NO(aq) +

Net ionic equation:
SOZ(ag) + Ba*'(ag) —> BaSO,(s)

la
L ol 'g:is:u-l-rm ~




Solutions

Net Ionic Equations Topic#13
Process

(1) Are the reactants soluble?

(2) Predict the products

(3) Is a solid formed? Products are both soluble - no reaction (NR). STOP HERE

(4) If a solid, gas, or molecule is formed write the ionic equation for the reaction.

(5) For the netionic equation, write ONLY the ions involved with the production of the solid, gas, or molecule
as reactants and the product formed.

(6) Balance net ionic equation.

<

2a. potassium chloride + sodium nitrate — _Petassium Nidrate + Sodium chlorid e

Molecular Equation:  KC1(eg) + Na NOy(ag) = KNOy (‘1) ¥ NaCl(eq)

lonic Equation: K ¥ (ag)+ CI'(sg) + Nalag) + N0y (s5) > K¥(1g)s NOZ(ag )+ Not (o) + Clleg)

Net lonic Equation@



Solutions

Net Ionic Equations Topic#13
Process

(1) Are the reactants soluble?

(2) Predict the products

(3) Is a solid formed? Products are both soluble - no reaction (NR). STOP HERE

(4) If a solid, gas, or molecule is formed write the ionic equation for the reaction.

(5) For the net ionic equation, write ONLY the ions involved with the production of the solid, gas, or molecule
as reactants and the product formed.

(6) Balance net ionic equation.

b. calcium chloride + sodium carbonate —_ taleium carbenate + sodium chloride

Molecular Equation: C“Ua [.1\ v qu rosf.ﬂ — C\“(o: (s) +QANaCl (n;\

lonic Equatio 20 {ag) + ZMA*'C*‘L\ -" JCACO; (‘)H 3“:(-1_]4' ZCI'[q_]

Net lonic Equation:Ca‘“(aL\ = CO;- (n,_\ = CQ CO?)(Q




Solutions

Net Ionic Equations Topic#13
Process
(1) Are the reactants soluble?
(2) Predict the products
(3) Is a solid formed? Products are both soluble - no reaction (NR). STOP HERE
(4) If a solid, gas, or molecule is formed write the ionic equation for the reaction.
(5) For the net ionic equation, write ONLY the ions involved with the production of the solid, gas, or molecule
as reactants and the product formed.
(6) Balance netionic equation. )

c. silver (1) nitrate + cesium phosphate —___ S lvee (1) phosphate  +_ CCsium nitrate

Molecular equation: 3 Aa N0, (sg) + _(ny PO, ta)—~ AQE Poy (5) +5¢Cs NO,
lonic Equation: 3A,+{.1_)» BNOS'[-Qa- '5(‘:';.,‘\«Jm—b IA-JSPO.f(dE} 3&‘}..,,); 3”0{*.;)

Net lonic Equation:

30t lag)+ PO lep) — Aq o, G5)




Solutions

Net Ionic Equations Topic#13

d. calcium hydroxide + cadmium (II) nitrate — Caleium Ateate 1 Cadmiumlnl) hydvoxi d¢

Molecular eg: CQ@:‘L&()J— @(ﬂoﬂ;g.‘)_—. Ca (NOS), () + [u“")z[’))
Net : 2007 (ag)3 Ca¥(ag) — Cd (oR) ()

e. iron (II1) sulfate + lead (I1) nitrate —

o o
FC.a(SOH\B_(alﬁi-be _(l\Da\z = fe (mﬂs (;.1)13 b 41(5)

Vet P 0 Teq) 2 B



Solutions

Net Ionic Equations Topic#13
Soluble (Y or N%
1. BaCrOy

2. (NH4):CO;
3. ZH3(P04)2
4. RhClg

5.A2C0; Q@D
6. SrSO,

7.HNG:) (D

Molecular equation and net ionic. No product, NR. 9-
i
v Q- A I- = . L‘
8. sodiumycarbonate + manganese (II) chloridegy> §odium c\f\\'f‘Je ¥ m"‘ﬂ“"‘“ CIH); ORT wavss:

3 Ne 0y ¥lMnCy = ( Nect + r\n,_(co,\ (s) Nebe -5(1) * 2“ __1, nnszos)
9. barllJ,l:l'CthI'l(;;f' tltamum(II)(mtrata% ‘Darmm(r\\-\rn\-bz + titam um O\rﬂohét (33
Rall, + Ti(N0R), 6;(“0;\ (m-,_)-\- TV Oy g)  Medt
10. ce51u1nhydr0X1de+mob1un? (V)(acetat%% (,tsut.m ‘acthle 4 n: éb-um (l\yém l\s

SCI6H 4 Mb(GHeds —> 5 (3l r Nolelg(s) M504+ LY -» Nu,qyslg



Solutions

Net Ionic Equations Topic#13

Starter: S!}l“!!ilily and Net Ionic Eq“aﬁﬂns
Soluble (Y or]&

1. BaCrO;,

2. (NH;),COs (D

3. Zn;(POy), (WD

4. RhCls @

5. Ag,CO;

6. S1SO;

7.HNG): (P

Molecular equation and net ionic. Now product, NR.
- ol byt s, salien Dkl
8. sodium,carbonate + manganese (I1I) chloride > Sedium C il 5 2
3 Ma,Coq +2MnCly L NaCl + May (copd; (s) Net:3(05 + 2 Ha'" — l"\nz 6603\;,(%\

24 & A = . , ) 2% :
9. barium chloride,+ titanium (II):nitraté? harium  idraldy & Pdanaim (1) chlorile

\ - 3+ -
~ W'\j arest 5 C,AJ\: '““L‘S

]" e ‘5"' = i+ 1e . . gl'ck J J 3
10. cesium hydroxide + niobium (V)@cetate\? Cesium acttule 1 qobiow (hydrewedels

SCsons Nb( Eatlyo,)g 25CsGU0, + Nplollg 5\ Net: 5ou~y N[,,S" 5 NLCOH)S(S)



Solutions

Net Ionic Equations Topic#13

1. copper (II) chloride + ammonium sulfate —

ME: CuCl+ (WR)507 —» CuSOy « 2 WUy Ll
Net:

2. strontium chloride + potassium sulfate —

ME: SeCli+ K504 —  Se504GY1+ 2RC

Net: S°% 4 SO — SeS0y R

3. mercury (I) nitrate + nickel (I1) sulfate — .
ME: Mg, (N03), + NiSOq—> Ha, SOy GY+  Ni(N0yY,

4. iron (IT) nitrate + ammonium chromate —

ME: Fe (N0, + (WHa),Croq—> FeGOyGNs 2 NHy ROy
TR CrOg” —> FeCOq(s)



Solutions

Net Ionic Equations Topic#13

5 t';,n JH)%&& +C1r'z *‘(}III) chlsrlde — )-PZFécla(tJﬁL)"’ 35 CL (u{}f'ZFg(C U D,,); ( S

net: 2 37( ozz&) + UC -}\309) ( aéL) = We ((Hy B3 (5)
6. nickel (II) bromide + barium hydroxide —

AE:Ni Br, + BalOf> Ni0O )., + BaBr,
Net: N +20H -—)Nr[OH) - - \+ r

‘rale
2 Calcmari;lﬁ:lltratéJr potassiuni “hloride — Coleium chloeidey + petassium nvir
NE: CalNO), v 2Kcl » Cglly+ 2 KNO3

Net: .

13
8. chromium (III) chloride + sodium sulfide —  Clwom: Wi o Su\c J,, + SoJ.wc}alw -\.l
ME: 1CrCl1 ¥3Ne, 3 Cry Sy +LMaCl

et 2Cr (-1_\ 3¢? ("L\ . Cr)ﬁ (s)



Solutions

Net Ionic Eguatlon Topic#13
- 1+ 3- at 1> -

9. manganese (HﬁlcetataJrpotassmngphosphate—> mlusanrsc}(!D&huPnJa + Pd'll‘s:um acttate
NEBMACGH0,), + K300, — Maz PO+ Lp guo,
pet: 3 An™" + 290477 0 Mo, Oy
W \- Mr a-

V4 2 A+ 1=
10. ammoniumysulfate + magnesium(nitrate);—> Y oqnesium > alfake

RE: (MHy S04+ Mglnog)y @ 2 NuyNOy + M504

w GO L

11. nlckel (II) chlorlde + sodiumycarbonate — s TATANA ll\ GWH“L\? *
NE. N; U'z v NagCO; —»  NilOz(d+ 2 NaCl
)50“' Dl («.1_)4' C° - l‘i) ~» N CD G\ >
12. zinc (II) chlorlde,'+ sod1un‘}phospha‘[e3 - 2inc(n Cphoifhﬁ{'bz + Sedikm Chlew v de
AE 32naCl, ¥ 2N f0y = 24 Bzeo.,)zu,\—» (L Nac)

[Je’(‘- %zﬂlb(‘t_\ ¥} 2 PO*-];-(-‘L\‘%'Z.A:D (POq\a‘S\

AMMINIAM Nid ok

|+ {-
Sodiuw chloride



Solutions
Net Ionic Equations Topic#13

Solubili 1 Net Ionic E G On e
Soluble (Y or N)

1. Ni(OH),

2. (NH,);PO;

3. ZnCQ;

4. CuCl,

5. Na,COs

6. BaSQ,

7. W(NG;)4

Molecular equation and net ionic. Now product, NR.
8. lithium phosphate + iron (I1I) chloride -->

9. barium nitrate + manganese (II) chloride -->

10. potassium hydroxide + cobalt (1) acetate




Solutions
Net Ionic Equations Topic#13

Solubili 1 Net Ionic E G On e
Soluble (Y or N

1. Ni(OH),
2. (NHy);PO,
3. ZnCO;

4. CuCl,

5. Na,CO;

6. BaSO,

7. W(NG; )4 @

Molecular equation and net ionic. Now product, NR.
8. lithium phosphate + iron (I1I) chloride -->
' 3~ 3+
Net: P0* + Fe'’ —= Fefby &)
9. bartum nitrate + manganese (II) chloride -->
bﬁ.(ﬂi})i - ﬂnC\L—v Ba Cly + Mn (m,)‘
e '.‘iiE ,
10. potassium hydroxide + cobalt (1) acetate

akol + ColeHz0), & 2KGU;D, 4
fick: Lou" ¢ o™ = Co(o“),(s\

Ca[oﬂ ),_ [6))



Solutions

POGIL. Topic#13

POGIL Saturation vs. Unsaturation Solutions
Assessment Questions
1. You are given a small beaker of solution at room temperature. You add a bit of solute to
the solution and 1t dissolves. The solution was:
a. saturated b. unsturated  c¢. concentrated d. warm

2. Crystals of alum, sugar, or copper (IT) sulfate are made be hanging a string in a solution of
substance. Is this solution saturated or unsaturated? Explain.

3. Sketch a beaker with a volume of solvent.

a. Draw ten total solute particles in the beaker to represent a saturated solution.

b. If five additional solute particles are stured n, and the temperature 1s kept constant,
sketch the appearance of the resulting mixture i the beaker.

the



Solutions

POGIL. Topic#13

POGIL Solubility
Assessment Questions
1. What ratio below correctly describes the solubility of X.

a. _54.0gX c. 100gH,O

100mL H,O 54.0gX

b. _54.0gX d. 54.0gX
1.0L H,O 100.0g H,O

2. A saturated solution of copper (IT) nitrate 1s allowed to sit on a countertop for several
days. The volume of the solution decreases as water evaporates from the beaker. Describe
the changes (if any) that would be observed in the beaker, and the changes (if any) to the
solubility of copper (II) nitrate in the beaker.

3. Substance Y has a reported solubility of 52g/100g H,O. What mass of water would be
needed to dissolve 130g of Substance Y? Show your calculation.



Solutions

POGIL. Topic#13

POGIL Molarity

Assessment Questions

1. A solution that is more concentrated
a. 1s always darker than a dilute solution. c. contains more dissolved particles
b. has a lower density d. has a greater volume.

2. Two solutions of NaCl both contain 0.2 moles of NaCl, but they have different molarities.
Explain how this 1s possible.

3. Calculate the molarity of a KCl1 solution containing 0.75 moles of KCl m 250mL of solution.
Show all work, including units.




Solutions

Lab#2: Solubility (Precipitation Reactions) Topic#13
- cobalt solutions
- nickel solutions
- chromate solution

Supplies:
e 6-well plate (plastic, square )
¢ 0.10M solutions: Na;PO, / CuCl, / Na,CO; / CoCl, / Ni(NO;), / FeCl; / Fe(NO;); / K, CrQy / Ca(INOs);
e ruler
e solubility chart
Procedure
1. Using a ruler, draw a 4(columns) x 6(rows) data table.
2. Headings for your data table are cation, anion, and solid product (correct formula).
3. Study the provided solutions and your solubility rules.
4. Identify 6 combinations that will make an insoluble solid.
5. Test your combinations in the square, plastic, 6 well plate.
6. For testing, use three drops of each solution (from your combinations).
7. Write the cations, anions, and correct formula in your data table.
Conclusion.
1. Write 6 balanced equations based on your data.
2. Write 6 balanced net 1onic equations from your balanced equations in conclusion
question (1).




