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SC.C.2.4.2 know that electrical forces exist between any two charged
objects.

SC.A.2.4.2 know the difference between an element, a molecule, and a
compound.

SC.H.3.4.3 know that scientists can bring information, insights, and

analytical skills to matters of public concern and help people
understand the possible causes and effects of events.

SC.A.1.4.2 know that the vast diversity of the properties of materials is

primarily due to variations in the forces that hold molecules
together

SC.A.1.4.3 know that a change from one phase of matter to another
involves a gain or loss of energy.

SC.A.1.4.5 know that connections (bonds) form between substances
when outer-shell electrons are either transferred or shared
between their atoms, changing the properties of substances.

Index




WHAT IS A SOLUTION?

e A homogenous mixture. It is the same
throughout - all parts are evenly mixed. A
sample from the top would be the same as
from the bottom of the solution.

e Made of a solvent and
Solvent > Solute

one or more solutes.

e Does not settle upon standing, scatter light or

filter out. Cannot see t

ne particles.

e Particles are less than -
composed of atoms, i0

| X 10 -9 m 1n size:
ns or molecules.

Inde




SOLUTIONS ARE
HOMOGENEOUS

MIXTURES.
WHAT

SOLUTIONS
CAN BE FOUND
IN THIS

PICTURE? OCEAN WATER

WHAT ARE THE
SOLVENTS AND
SOLUTES?




SOLUTIONS:
SOLVENTS & SOLUTES

Name of Solution Solvent Solute
Ocean Water Water Salt, O, CO:....
Filtered Air N2 (78%) O2 (21%), H20, CO:
Colas Water Sugar, COy, flavoring
Alcoholic Beverages Water Ethyl Alcohol

14 K Gold

Gold (58%)

Copper (42%)
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WHAT HAPPENS WHEN IONIC COMPOUNDS
DISSOLVE IN WATER TO MAKE A SOLUTION?
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THE CRYSTALLINE LATTICE BREAKS APART
AND INDIVIDUAL IONS GO OUT INTO THE
WATER. THIS IS THE REASON WHY THE
SOLUTE DISAPPEARS.

THIS PROCESS IS CALLED DISSOCIATION.



Water: A Polar Molecule

Polar covalent compounds have a partial charge at each end of the molecule.

A water The hydrogen
molecule is polar end of the
because the 8 6 18 Charge molecule
protons in the becomes
oxygen nucleus charged partial
pull the 10 positive. This is
electrons closer due to the

protons of the
end of the hydrogen atoms
molecule, giving sticking out near

it a partial 6 - Charge that end of the

\ negative charge. molecule.

to the oxygen
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WATER: A POLAR MOLECULE

EXPLANATION:

AS YOU COMB YOUR HAIR YOU STRIP ELECTRONS OFF

YOUR HAIR. YOUR COMB, COLLECTING THESE ELECTRONS,
BECOMES NEGATIVELY CHARGED.

WHEN YOU PLACE A NEGATIVELY CHARGED COMB NEAR A

STREAM OF WATER, THE PARTIAL POSITIVELY CHARGED

END (HYDROGEN END) OF A WATER MOLECULE ARE
ATTRACTED AND PULLED TOWARDS THE COMB. ‘@
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WHY DOES
A COMB
ATTRACT A
STREAM OF
WATER?
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SURFACE TENSION

JUMP TO
ACIDS

292020

THE PARTIALLY + CHARGED HYDROGEN END OF A WATER

MOLECULE IS ATTRACTED TO THE PARTIALLY - CHARGED

OXYGEN END OF ANOTHER MOLECULE. AT THE SURFACE

THIS CAUSES SURFACE TENSION. TO ENTER THE WATER,
ONE MUST BREAK APART THIS ATTRACTION.

WHAT ANIMAL MAKES USE OF SURFACE TENSION?



SOME SUBSTANCES, SUCH AS CARBON

TETRACHLORIDE (CCla) DO NOT DISSOLVE IN WATER.

4—"H20

CCla
&IODINE
SOLUTION|

CARBON TETRACHLORIDE IS
IMMISCIBLE IN WATER. IONIC
IODINE IS SOLUBLE IN

CARBON TETRACHLORIDE,
BUT IS IMMISCIBLE IN WATER.

A
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MOLARITY:
A SOLUTION’S
CONCENTRATION




THE CONCENTRATION
OF SOLUTIONS

e Concentration is the amount of solute
dissolved in a fixed amount of solution.

e The concentration of a solution is
measured in Molarity - the number of
moles of solute dissolved in one liter of
solution. In aqueous solutions, the
solvent is water.

moles of solute
liter of solution

Molarity =

Inde
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How CAN YOU MAKE 250 ML OF A
0.350 M CoOPPER(Il) NITRATE SOLUTION?

1) WRITE THE FORMULA & MOLAR MASS OF THE SOLUTE.
FORMULA: CU(NO3)2 MOLAR MASS: 187.56 GRAMS

2) CALCULATE THE AMOUNT OF SOLUTE NEED TO MAKE
1.00 L OF O.350 M COPPER NITRATE SOLUTION.

0.350 M |, 187.56 GRAMS
1 1 MOLE

= 65.6 GRAMS

3) SET UP A PROPORTION TO CALCULATE HOW MUCH
SOLUTE IS NEEDED TO MAKE 250 ML OF THE SOLUTION.

65.6 GRAMS = X
1.00 L ~ 0.250 L
65.6 GRAMS X 0.250 L
X = 16.4 GRAMS
1.00 L



SOLUBILITY OF SALT IN
100 ML OF WATER

Temperature Mass of Salt able to dissolve
0" C g
20" C 35¢
40° C 36 g
60" C 3G
o0 C 38 ¢g
1005.C 39¢g

The solubility of most ionic compounds increases

with an increase in temperature.

Index
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SOLUBILITY:HOW MUCH SOLUTE
WILL DISSOLVE IN A SOLVENT.

SOIUbﬂity of NH.Cl Temperature effects the amount

30 of solute you can dissolve in a
fixed amount of solvent. Below is
a table showing the maximum
70 . :
amount of ammonium chloride
one can dissolve in 100 mL of
Mass of 60 water at various temperatures.
H4Cl
e temperature | mass of NH4Cl
(grams) 5()
o & 30¢g
40 20 .C 38 ¢g
40° C 45 ¢
30 60° C 56
B ol 40 60 .80, 100 5
Temperature of 100 mL of water (°C) 80" C 66 g

100° C 75 g

Inde
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~ Solubility of Compounds

Grams of solute/100g H 20

150 — / -
140 KI // /
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v
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110 ~ gases
NaNO3 //// // .
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90 4 e
o // //
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60 VARV A
50 ~ /- i "'_,_:-.--.-.':::\-'/
pod ] -
40 / _:x-'-/ ((/"j =
m S \ C
30 ﬁ#—" ~ \NaCl _~\KCI03
X e
* )‘ // .
™ o / -~ -
10 ‘,_,.--"’:){’:’ e ~
" To=~anl__. p: S02

0
0 10 20 30 40 50 60 70 80 90 100

Temperature (°C) |

SOLUBILITY
CURVE

A SOLUBILITY
CURVE SHOWS
HOW
TEMPERATURE
EFFECTS THEIE
AMOUNT OF
SOLUTE THATE
CAN BE
DISSOLVED IN
100 ML OF
WATER.

Inde
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SOLUBILITY CURVE

Solubility of Potassium Chloride

70

Grams

- Supersaturated 7

KCl L

dissolved 2V
in

100 mL
of 40

water

| ol =\

Unsaturated

30

20
0 20 40 60 80 100

N\ Temperature of solution (Celsius)

A solution that is saturated
has the maximum amount
of solute dissolved in the

solvent at that temperature.

Saturated

e Any point below the curve:
the solution is unsaturated.

e Any point on the curve:
the solution is saturated.

e Any point above the curve:
the solution is supersaturated.

Index
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EXTRAPOLATING & INTERPOLATING WITH A
SOLUBILITY CURVE

Solubility of Potassium Chloride =~ 1. How much KCI can be

70 dissolved in 100 mL
of water at 52°C?
60 44 grams
s 2.1s 36 g of KCl dissolved
I<O(f11 in 100 mL of water at
B vea oV 40° C saturated,
10(§nmL 44 7 unsaturated or
10 supersaturated?
water 36 yAg. Unsaturated
TUns aturated 3. How many more grams
30 / of KCl can be dissolved
in the solution at that
20 temperature?
0 200 - .40 52 6() 805100 4 grams
I\\ Temperature of solution (Celsius) -

20






ACIDS

Acids are polar covalent compounds that ionize in

solution to produce hydronium ions.
HX (g) =5 H2O R e HBO-lzaq) s X-(aq)

Binary Acids Ternary Acids

HCleg - hydrochloric acid  HNO:s g - nitric acid

HF@q - hydrofluoric acid ~ HNO:z g - nitrous acid

HBr@q - hydrobromic acid H2SOx g - sulfuric acid

Hl@g - hydroiodic acid H>S0:s aq) - sulfurous acid
H>CO3 (aq) - carbonic acid
HsPOs4 a9 - phosphoric acid

Inde
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IONIZATION OF AN ACID:
HYDROGEN CHLORIDE

ch O.,+ Cil
O

5. o -

\ O}poéte
Charges
HZO Attract! HC]
Water Hydrogen Chloride
molecule molecule

I\ Inde
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IONIZATION OF AN ACID:
HYDROGEN CHLORIDE

fICl + HO, ~» HO_, + I8

W

Water Hydrogen Chloride
molecule molecule

Inde
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IONIZATION OF AN ACID:
HYDROGEN CHLORIDE

fICl + HO, ~» HO_, + I8

Hydrogen’s proton
goes with water - it’s

electron stays with
chlorine.

Inde
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N

IONIZATION OF AN ACID:
HYDROGEN CHLORIDE

HCl(g)_l_ H O =P Hgo(;7C1;q)

2V

H O Cl

Hydronium ion Chloride ion

Inde
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IONIZATION OF AN ACID:
HYDROGEN CHLORIDE

@

O+
@

Water Hydrogen Chloride
molecule molecule

Inde
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IONIZATION OF AN ACID:
HYDROGEN CHLORIDE

Water Hydrogen Chloride
molecule molecule

Inde
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IONIZATION OF AN ACID:
HYDROGEN CHLORIDE

Water Hydrogen Chloride
molecule molecule

Inde
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IONIZATION OF AN ACID:
HYDROGEN CHLORIDE

|

@

Inde
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IONIZATION OF AN ACID:
HYDROGEN CHLORIDE

a1+ @ 17
i) - 165
s @ I
HO' CI'
Hydronium ion Chloride ion

Go back
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LOOKING AT JUST THE
HYDROGEN CHLORIDE MOLECULE

HCl E H + €=
g) (aq) (aq)

6+

- — @ +

Hydrogen Chloride — Hydrogen + Chloride
N molecule ion ion

Inde
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IONIZATION OF SOME
BINARY ACIDS

hydrogen fluoride + water = hydronium ion + fluoride

HF+HO HO +F

(aq)

hydrogen bromide + water = hydronium ion + bromide

HBr - H,O,— HO o+ Brg

hydrogen iodide + water = hydronium ion + iodide

HI 4+ H,0,~ HO. + 1,

(aq)

Inde

33






BASES

Bases are ionic compounds that,
when dissolved in water, produce

hydroxide ions (OH").

Examples of bases are:
sodium hydroxide - NaOH
calcium hydroxide - Ca(OH)>
strontium hydroxide - Sr(OH) 2
iron(II) hydroxide - Fe(OH)>
ammonium hydroxide NH+«OH

Inde
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DISSOCIATION OF
COMMON BASES

Sodium hydroxide = sodium ion + hydroxide ion

NaOH —> Na + OH
(aq) (aq)

Potassium hydrox1de = potassmm ion + hydroxide ion

KOH —> K + QF
(aq) (aq)

Lithium hydroxide — lithium ion + hydroxide ion

LlOH —> Li s 0T
(aq) (aq)

Inde
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DISSOCIATION OF
SODIUM HYDROXIDE

O+ O-

@ Attraction
between
+ and - ‘ , +
- charges X
O 9 O "

> Oald o
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DISSOCIATION OF
SODIUM HYDROXIDE




DISSOCIATION OF
SODIUM HYDROXIDE




N

IONIZATION VS.
DISSOCIATION

e [onization of a acids produces hydrogen ions.
A hydrogen atom loses an electron to become a
hydrogen ion. H atoms — H+ ions

e Dissociation of bases occurs when the

crystalline lattice, composed of ions, breaks
apart into individual ions. Ions already existed
in the lattice so we cannot say that bases ionize
in solution - instead they dissociate (break
apart).

Inde
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ACID-BASE INDICATORS




WHILE THERE ARE MANY INDICATORS TO
IDENTIFY ACIDS AND BASES THE TWO WE WILL
BE USING IN THE LAB ARE LITMUS PAPER,
PHENOLPHTHALEIN AND PH PAPER.

A



STRONG & WEAK
ACIDS AND BASE




STRONG & WEAK ACIDS

Compounds that ionize completely in water
are strong acids.

Compounds that ionize only slightly in water
are weak acids.

Binary acids with a halogen are strong acids.

Ternary acids in which the hydrogen
outnumber the oxygen by 2 or more are
strong acids.

Inde
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STRONG & WEAK BASES

e Bases that completely dissociate in water
are strong bases.

e Bases that are only slightly soluble in
water are weak bases.

* Bases containing an alkali metal or an
alkaline earth metal are strong bases.
All other bases are weak.

Strong Strong

o Cu(OH)2 KOH Mg(OH)2 = NH4OH]
; e Weak Weak

A

Strong or
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NEUTRALIZATION
REACTIONS

ACID + BASE  SALT + WATER




N

NEUTRALIZATION REACTION

e [n a neutralization reaction, an acid and a
base react in a double replacement reaction to
produce a salt and water.

e The salt is formed from the cation of the base
and the anion of the acid.

e The water is formed from the hydrogen ion of
the acid and the hydroxide ion of the base.

e The properties of both the acid and base are
destroyed in the reaction to produce a neutral
salt solution.

Inde

49



NEUTRALIZATION
REACTIONS

Acid + Base — Salt + Water

HCl + NaOH(aq—> NaCl = HzO

(aq) (aq)

acid base salt
@)+ (v Qﬁ " 0@ @
cation of base water

A




NEUTRALIZATION
REACTIONS

Acid + Base — Salt + Water
HBr + KOH —> KBr + HzO

(aq) (aq)

acid base salt

Q- OF-00 ¢

cation of base water




WHAT SALT IS FORMED IN
THESE REACTIONS:

ACID

hydrofluoric
nitric
sulfuric

hydrochloric

carbonic

BASE

magnesium

hydroxide

barium

hydroxide

sodium
hydroxide

ammonium
hydroxide
lithium

hydroxide

SALT

magnesium
fluoride

barium nitrate

sodium sulfate

ammonium
chloride

lithium
carbonate

Inde
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AN IMPORTANT SALT:
SODIUM CHLORIDE

Sodium chloride (NaCl) is a common salt that
comes from underground mines that were once
part of the ocean. When the water evaporated, salt
deposits thousands of feet thick were left behind.

53



ELECTROLYTES

1=21C Salttiog
)1 £lye

ELECTOLYTES ARE SOLUTIONS THAT CARRY AN
ELECTRICAL CURRENT.

SUBSTANCES THAT PRODUCE IONS IN SOLUTION SUCH
AS ACIDS, BASES, AND SALTS ARE ELECTROLYTES.
NONPOLAR COVALENT COMPOUNDS, SUCH AS SUGAR
DO NOT PRODUCE IONS IN SOLUTION AND ARE NOT
ELECTROLYTES.




TITRATION

THE PROCESS OF
NEUTRALIZING AN ACID WITH
A KNOWN MOLARITY OF A
BASE TO DETERMINE THE
MOLARITY OF THE ACID.
THE FORMULA USED IS:
Msr X Va = M:s X V&

WHERE M=MOLARITY, V= VOLUME, A=ACID, B=BASE.




(o) o0 ~J

)
l

Graduations
increase
in value

as you go
down

(opposite of

a graduate).

Read burets
from the

top down.

Stopcock
Controls the

of base When
lined up with
buret
the stopcock
1S open.
When
horizontal
it is off.

buret filled with
0.100 M NaOH

ring stand

buret clamp

Flask with

4.00 mL of acid,
stir bar, water &

phenolphthalein

TITRATION

Index
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Neutralization Reaction

When titrating, you are neutralizing an acid by adding a base.
The point at which the acid is neutralized (pH = 7) is called the
endpoint. A drop of base later the phenolphthalein turns pink.

Acid in flask Base in buret Endpoint
pEL < 7 pH>7 pH=7

ey
°© ¢

_>




mital  HOW to Read a Buret

Volume

31.58 mL When reading a buret,
read from the top down.
This is due to pouring out of a buret as
opposed to pouring into a graduate.

To determine the volume of NaOH used:
Final volume of NaOH
- Initial volume NaOH
Volume of NaOH used

Final volume of NaOH: 35.70 mL
35.70 mL. - Initial volume NaOH: 31.58 mL

Final

Volume Volume of NaOH used: 4.12 mL

Inde
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Formula for calculating the
Molarity of the Acid

M. x V=M, x V

Molarity acid x Volume acid = Molarity base x Volume base
10.00 mL 0.100 M 13.89 myls

M=MbXVh

V,
M =0.100 M x 13.89.mL. — 139\

10.00.mL
The acid’s molarity is 1.39 M




Things to Remember:

1) Fill the buret each time you use it. Be sure to add
0.100 M NaOH (base) and not water to your buret.
2) Make accurate readings with your buret.

3) Rinse your flask and stir bar each time you use it.

4) Get eye level with the menisus when you read it.

5) Hold the buret in front of you when you go to
fill it up. Hold the buret securely in your hand.

6) Have the following when you go to the lab:
Lab, Calculator, pencil and paper.

60



test: 1st solution —I'

Spot plate

Rinse probes—"

after each use. Electrical

; Conductivity
Stir rod Apparatus

tion

tion
Red

Blue pH

Litmus Litmus Paper

One strip can be used
to test 3 solutions.
Get a stamp every

3 solutions.

Paper

Index
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Formulas:
Methyl Alcohol: CH3OH

Soda POpZ HZCO3(aq)
---Unknown solutions----
Even lab stations: A, I, |
Odd lab stations: B, E, G

correction: phenolphthalein
instead of No Rx on top of data table.




Note:
Bases turn Red Litmus blue. W25
Phenolphthalein will turn pink Q7N Ak
in bases only with a LeS=h g
pH greater than 8.5.

even if phenolphthalein doesn’t turn pink.
Very weak bases are also very weak electrolytes
so cup your hand over the light to see if it
produces a very dim light.

Also antacids, in some cases, will produce results of
both an acid and base. If this occurs write acid / base.
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LITMUS INDICATOR

e Litmus is a plant
dye extracted
from the plant
lichen Roccella
tinctoria.

* When exposed to
an acid litmus | O
turns red, a base Roccella tinctoria.

turns litmus blue.
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DEYSICFE .
SOLID PHASE OF
CARBON DIOXIDE




b
\‘\‘

Dry ice is frozen carbon dioxide (COz).

Carbon dioxide goes through sublimation - it goes
directly from solid to gas, or gas to solid.

Carbon dioxide freezes at -78.5°C (-109.3°F).

Dry ice uses include refrigeration of packages and
fog machines.

Inde
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UNIVERSAL INDICATOR

= 7 S\ Qi i
8

,,, » ‘\\ , 3 \
/ ' “) neutra
_ k A




When going from solid to gas, CO2 expands.

SUBLIMATION

e  EXPANSION:
F e DRY ICE IN A
S SURGICAL

Py o GLOVE.

This young man put dry ice in a 2L soda bottle an
screwed the cap on. Not a bright idea.
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ACIDS & BASES

ACIDS
HAVE A PH < 7

TASTE SOUR

TURN BLUE
LITMUS RED

EXAMPLE:
SOFT DRINKS

ACIDS ARE PROTON DONORS.

REVIEW

00000
a® e

- -
......

- (H+)

water mol_ecuil.é.
(H20) -

BASES
HAVE A PH > 7

TASTE BITTER

TURN RED
LITMUS BLUE

EXAMPLE:
CLEANSERS

THEY PRODUCE HYDROGEN IONsS (HT).

BASES ARE PROTON ACCEPTORS.
THEY PRODUCE HYDROXIDE IONS (OH ).

HY+ oH™ = H

20
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