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Chemistry Unit 7
Primary reference: CHEMISTRY, Addison-Wesley

Topic Essential Knowledge Study Support
Scientific Always add acid slowly to water to prevent splattering. Review the equation to
Investigation calculate percent error. Burets are used to add titrant during a titration.
1.7
SOL
1a,b,de,f,g
Atomic Mixtures may be homogeneous or heterogeneous. Homogeneous solutions do not Ch 2: Read pp 32-
Structure and | scatter light, whereas heterogeneous liquids do scatter light (Tyndall Effect). 34
Periodic Heterogeneous mixtures can be suspensions (particles separate upon standing) or Ch 17: Read pp

Relationships
2.7

colloids (particles stay dispersed upon standing).

490-491

SOL 2h
Nomenclature, | Empirical formulas show the lowest whole number ratio of element atoms present in a | Ch 7: Read pp 194-
Formulas, and | compound, whereas molecular formulas show the actual number of element atoms 195.
Reactions present in a molecule. Example: The molecular formula of benzene is CeHs, wWhereas
3.7 the empirical formula is CH.
SOL 3¢, 3e
In a neutralization reaction, an acid reacts with a base to form water and a salt. Ch 21: Read pp 613-
Example: HCl + NaOH — NaCl(salt) + H,0. This s a type of double replacement 618
reaction.
Molar A solution is a homogeneous mixture because the separate parts of the mixture | Ch 17: Read pp

Relationships
4.7

SOL 4c, 4d

cannot be seen. The solvent (usually water) is the part of the solution that is
present in the largest amount. The solute is the substance that is dissolved.

A saturated solution has all the dissolved solute that it can hold and can be
identified by undissolved particles on the bottom after mixing. An unsaturated
solution can still hold more solute. A supersaturated solution is a temporary
condition where the solvent holds more solute than it can normally hold. The extra
solute will eventually precipitate (crystallize).

Molarity is a way of expressing concentration.
Molarity = moles solute/Liters solvent or M = mol/L]
For dilutions use M,V, = Mévé where M = molarity and V = volume in mL or L

pH is a number scale ranging from 0 to 14 that represents the acidity of a solution.
The pH number shows the hydrogen (hydronium) ion concentration. The pOH
number shows the hydroxide ion concentration. The higher the hydronium [H;0%]
concentration, the lower the pH number.

| pH = log[H+] pOH = log[OH-] and pH + pOH = 14
Arrhenius Acids are compounds that increase the concentration of hydrogen
ions [H*] when they dissolve in water. Acid solutions have a pH below 7, taste
sour and turn litmus paper red.
Arrhenius Bases are compounds that increase the concentration of hydroxide [OH]
when they dissolve in water. Bases have a pH greater than 7, taste bitter, feel
slippery and turn litmus paper blue.
Bronsted and Lowry describe acids as proton donors and bases as proton
acceptors. A proton (H™) is also known as a hydrogen ion.
In a sample of pure water a very small number of water molecules dissociate,
producing equal concentrations of both hydrogen ions [H*] and hydroxide ions [OH].
The pH of pure water is 7.

H0 5 H*+ OH" or 2H,0 5§ H;0* + OH
Titration is a method used to determine the [OH-] or [H30+] concentration.

Indicators show color changes at certain pH levels.

475-485
Ch 18: Read pp

500-505

Ch 18: Read pp
509-513

Ch 20: Read pp
577-600

Phases of
Matter and
Kinetic
Molecular
Theory

5.7

SOL 5g

Solutions can be a variety of solute/solvent combinations: gas/gas, gas/liquid,
liquid/liquid solid/liquid or solid/solid.

“Like dissolves like” Polar substances dissolve ionic or polar substances; non-polar
substances dissolve non-polar substances. As the number of non-volatile solute
particles increases, the freezing point decreases and the boiling point drops. In other
words, the solution stays liquid over a wider temperature range than the pure solvent

Ch 17: Read pp
482-485, 490-493




Unit 7 Objectives

1) Empirical Formulas
Il) Water's Properties
111 Liquid Solutions
A)Dissolving Solutes
B)Calculating Solution Concentrations
C)Colligative Properties
IV) Non-liquid solutions
V) Acids and Bases
A)Types of Acids and Bases
1) Arrhenius
2) Bronsted-Lowry
3) Water—an Acid and a Base
B)Acid Strength Calculations (pH and pOH)
C)Neutralization Reactions and Titrations
D)Comparing Acids and Bases
E)Handling Acids and Bases Safely
F)Dilutions with Acids and Bases
G) Titration Calculations

Learning Objectives (sol objectives)

Identify empirical and Molecular Formulas(3c)

Convert molecular formulas to empirical formulas(3c)

Determine a compounds empirical formula from percent composition data(3c)

Determine a compounds molecular formula from percent composition data and molar mass data (3¢)
Explain hydrogen bonding’s impact on water's physical properties. (5e,d)

Distinguish between solutions, suspensions, colloids and emulsions (2h)

Recognize and predict that polar solvents dissolve polar solutes, and non-polar solvents dissolve non-polar
solutes. “like dissolves like”(5¢c)

8. Explain which factors increase a solute’s solubility concentration.(4c)

9. Interpret a solubility graph to predict how much solute will dissolve in solvent.(4c, 1g)

10. Use the molarity equation to calculate molarity, volume and moles for word problems. (4c)

11. Use the molarity dilution equation to calculate solution molarity or volume. (4e)

12. Explain how solutes affect solvent's boiling point and freezing point (Colligative properties)(5g)

13. Predict which solute will have the largest impact on a solutions boiling or melting point.(5g)

14. Define an acid and base using the Arrhenius and Bronsted-Lowry definitions(4d)

15. Identify acids and bases from their chemical formula(4d)

16. Explain the difference between a strong and weak acid(4d)

17. Explain that strong electrolytes dissociate completely and weak electrolytes dissociate partially.(4d)
18. Memorize that [H'IX[OH] = 1 x 10" at 25°C in pure water(4d)

19. Calculate hydrogen and hydroxide ion concentrations in pure water(4d)

20. Convert between pH and pOH units to hydrogen and hydroxide ion concentrations in pure water.(4d)
21. Identify a solution as acidic or basic depending on its pH(4d)

22. |dentify the products of an acid and base reaction(3e)

23. Identify a neutralization reaction(3e)

24. |dentify the equipment typically used in a titration(1a)

25. Explain what an indicator is in an acid-base titration(4d, 1a)

26. Compare and contrast the properties of acids and bases(4d)

27. Explain how to safely handle acids and bases in the laboratory(1b)

28. Calculate the molarity of an unknown acid or base from titration data(4c)

29. Use a buret correctly.(1a)
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Chapter 7 Empirical & Molecular Formula Notes

What is a

molecular . ((TYV\Q_,“ FC)‘(YV\V\\ )

formula?
et of oyms W a Mo\euu\a.,{orfeal
lezOb

an:aitr:cs:aan * The lowest whole - # rah'o C)'F km‘\‘ﬂ
lEorrF;wla'.i 0(‘7}‘(\’\3 fo €aCln O’H’W !

CH,O

Write the empirical formulas for the following molecular formulas C 2 H 10 0‘{ N 2

Molecular Formula | Empirical Formula

N2O4
NO2
CeH12 Empirical formulas are determined from lab
CH 2 data.
e CHO
=

CsH

5112 é——% CﬁH 2

Example 1: A detective finds an unidentified powder next to a dead body. The forensic lab
identifies the compound as containing 16.4% arsenic and 83.6% iodine. What is the empirical
formula? |

]
I ¢
Approach: \0 ‘oj W@Aj‘/l"’ Senaiges
Convert percent to grams of element aSSnm (
Find moles of each element 3 s Wj IOOj Samptl_ a7° _éj)

(3.) Make the moles into subscripts
Convert subscripts to whole numbers.

0, Ib."l:?/A@ xll_]md As_ Mol As .

4
: ] 0.2 bS8
‘63.63/1{ x — (ol T>_ ,‘O.ng mol T/ 5—,:2% %?Zm

27 g & | .



Example 2: A gas cylinder contains a gas that is 25.9% N and 74.1% O by mass. What is the
empirical formula of the gas?

Example 3: A sample contains 8.57 grams of hydrogen and 59.43 grams of nitrogen. What is
the compound’s empirical formula? @ F(VI& D> O’F eClCl’\

__§51 i § —
J/

_,._ﬂlj lmn!H ' 7(_( |

(26 WIO' ‘H E % j thél“ b 24 ma\ N

1 ' gH
Ne ‘NHIZ 6 —7 <NH;7 Emp ot

fxample 4: A compound contains 38.7% carbon, 9.7% hydrogen, and 51 .6% oxygen. What is

e —

the compound ﬁmplncal form% EF

2879 ¢ 1 mdCgo @/}}?’H‘”’“' C

"~ X120 9 C
—_— b 3 119 H’\l 7 -
O"—'T“, i x“wg(uH: 4.7 mol Bk | e

M—QKJES‘?" 2, Z’LS mol O J CHa

Answers 3: NHz, 4: CH30



ggo\ﬁ etermining True Mo'lecul Fi

Steps to solve & molecular formula problem:
Determine the empirical formula AP
.cMolecular masgfémpirical mass

3 "Multipty-attthe empirical T

Example Problems

1. The empirical formula of a compound i@ Its molecular mass i 'mWhat is its
molecular formula? L P
EFMMz\L{b ﬁIMQ\ P
=0 Il Gy N2

2. The empirical formula of a compound is CH. Its molecular mass is[65.09 g/mol.} What is

N~
the compound’s molecular formula? MF M ,z./égoc'
LS EFMm= (3 3\Mal L 9glnel
\/ “‘\,_w.,/
MF mm” bs.od
EF- MM~ 1.0 CH x 5
M F‘[ CsHs l
3. A compound is found to be 40.0% carbon, 6.7% hydrogen and 53.3% oxygen. Its
molecular mass is 60.0 g/moT. WHhat is its molecular formula?
H0oC (mlC- 333,
( C
12 3 CE_.’_‘»_Z H 439 033;

>. 3> oo
o la H (wdl (7 H C; 0 nEs
2




Ch 17 & 18 solution notes (1 part with PPT)

1. What is a solution?

)

A \/)CS\M(SSQ/V)OUS Mt re

( USUOlUg # 0 Solid dissdued s H2D)

2. Whatis a solute?

Whot ssolies 1n He <olvent

3. What is a solvent?

oot
0

e Mo)orpa,Af s§ sol'n

4. What is amraqueous

solution?

(aa() SGY“M“ ) s 0 HaD

5. What is the difference
between NaCl

dissolving in water and

dextrose dissolving in
water?

NaCl(s)> N ot (ag) + Cl (qcp

CaH0s(s) > (o H 200 (a4
s

6. What does the
expression “like
dissolves like” mean?

7. What is an electrolyte?

[d

8. What is the difference
between a strong and
weak electrolyte?

breok vp

comererely  (100%)
@(l(fka Wy
_

Strong Electrolytes ionize

and weak electrolytes ionize

qﬁr ~electrolytes don't ionizie )

< ywclecnles arent electo Wy 4@‘

10of8



Solubility Processes and Definitions

Solubility: Maximum amount of a substance that will dissolve in 100 mL of water at a specific
temperature.

What happens as we begin adding NaCl to water?(pHet demo)
Unsaturated: Solution: \{O\l\ can Od:l‘ More.  Salue
£ Jdou _wa ot
Saturated: Solugion \( QW (,AN‘T Q 44 (V4.6Y82 Sd(M'ée_ :
\/UW Watr s "Full" of Sd(u/é)

NaCl(s) 5 NaCl(aq)

—

Dynamic Equilibrium

Interpreting Solubility Qurves.
SoLuie (KNO3)& jonfc Salt

400

How many grams of KNO3 can you dissolve

S|3s0 ¢ ; i ; in 100 grams of water at 100°C?
= {300 - : : v / :
= ! ‘
£ 5o -
g
3 | e
/s | - H fKNO dissol
E) ; e OW many grams o 3 can you dissolve
Z 100 - z in 200 grams of water at 20°C?
R — ;
v 0 —"ﬂ 1 T T —
D 20 % 4 50 80 100 120 o, N\7

Temperature deg.C

20f8



Use solubility curves to predict how much solute will dissolve in a solvent at any given

temperature
Which compound is least

150 ¢ /’I ' E..W,_..-« e l T_/,-______ _i soluble at 30007

K/ T ICCIC
140 =247 W AREEN (( () 2
‘ ‘ . :
130 1 — ! ] —T1 Which compound is most
e — AT —  soluble at 10°C? K‘
120 , 7T
: — 7 — | How many grams of KCI will
110 ST 65 R —  dissolve in 100 mL of water at
| . _a_\IB}/ : i/‘ ——— 80°C?
g 100 —— T T —
w | P /] R
e [T AT T
s 07T // KND., /
& 1 T =i
= N y
2 ol _RNH T /7 NHCI jdn
= o) // KCI / !
2 a0 / T LA
& ' . : e
E ; | —
R W b 9 =T
> ! A(KCIO, )l !
I | ||
DA T T TN ] !
10_,,.,.,«,,%54,“_,,,‘&?/ R el
I BN S i

0 20 30 40 50 60 70 B8O 90 100

Ternperature (°C}

«In general, do compounds become more soluble as temperature increases?
« Which compound is most soluble at 20 degrees C?
« Which compound is least soluble at 60 degrees C?

« How many grams of NaNO3 will dissolve in 100 mL of water at 60 degrees C?

30f8



Calculating Concentrations of Solutions
A) Molarity: moles of solute dissolved in 1 liter of solution.
\

<Y/ l
1) Symbol: M as in 4.0M NaCl stated as 4.0 mol ar

2) Formula and rearrangement:

_ Mol (So\mk> B v L
M- L (soluhon) ‘5/5'{%":004[

B) Solving molarity problems 55mL=_0.05S5 L
1) Calculate moles of solute using molar mass
2) Change all volumes to Liters 328mL=_(). 322 L

3) Use the formula
042L= H20 mL

C) Sample molarity problems
1) 4.0 Liters of a dilute aqueous solution of sulfuric acid, H2SOy, contains 0.20 moles of

sulfuric acid. What is the solution’s molarity? (ans = 0.050 M)

M OZO Ml

= 00 L = 0.0 So M

2) 1.2 Liters of dilute potassium hydroxide base, KOH, contains 0.25 moles of KOH. What
is the solution’s molarity.(Ans = 0.21 M)

oNO
/

3) 15 mL of dilute sodium hydroxide base, NaOH, contains 1.3 grams of NaOH. What is the
solution’s molarity?(Ans = 2.2 M)

Ot 0

30 mLs of dilute hydrochloric acid, HCI, contains 1.68 grams of HCI., What is the

solution’s molarity?(Ans = 0.20 M) LL6SqHC, | el e/
T ‘%3gku :Q

OO0 }O.zzo L \/

L/ - 0.20M

40f8 M: 02-30 -




M="2-| or MxL =moles|

5) How many grams of NaCl will be needed to prepare 2.00 liters of 1.5M NaCl?(Ans = 180 g)

6) How many grams of CaCl; will be needed to prepare 500. mL of 1.3M CaCl>?(Ans=72 g)

D) Making dilute solutions from concentrated solutions—calculations

1) Moles of solute before dilution = moles of solute after dilution
" & s 7
10 mL of | ; 1 30mLofdilute
conqentrated ; e % solution
solution ~;~—.—“‘;*‘ ;
%ee o °°
* . 7
mole solute 1 = mole solute 2
M1L1 = Msz

2) Formula for diluting molar solutions: [M1V4 = M,V 5| volume units must match

§
E))Sample Molarity Dilution problems ~ {atta! Funal
1) How many Liters of 6.0M HCI will be required to prepare 52 Liters of 1.0 M HCI?(Ans=8.7L)

How many mLs of 1.5M NaOH will be required to prepare 250 mLs of 0.25 molar NaOH?
(Ans =42 mL)

o0

50f8



3) How many mLs of 3.0M glucose must be used to prepare 2 liters of 0.15 molar glucose?
(Ans=100 mL)

4) What will be the molarity of 15 mL of 1.5 molar nitric acid, HNOj3, diluted to 300 mL?
(Ans = 0.075M)

5) What will be the molarity of 22 mL of 5.2 molar sodium hydroxide base diluted to 2.0
liters?(Ans = 0.0572 M)

III: Colligative Properties «&— \yhat IAQW Wwhen You add 4 Sg [Ibn:t)

Colligative properties depend on the number of ions or molecules that are dissolved in a

boiling point, degrees C

solvent. L (s dicmpt e coyshl fomutron,
creases water's b‘Siling point \ ecreases ater’s freezing poin \l/
’ n

130 o 0 :

125 5 -5 f\\\

115 H O -15

110 ) 2 2 DO-T

105 — B 25
o [0

100 T T T Lt ‘30 T T T |

0 100 200 300 400 0 S 100 200 300 400
grams of NaCl in 1Liter of water grams'NaClin 1 Lwater

Solution freezing point decreases with increased particles(ions or molecules)

Examples: Sd H, GV\ (o QAS

Solution boiling point increases with increased particles (ions or molecules)

Examples:
Salt v pasta  waoler

6 of 8



A) Counting Particles for Colligative Properties. Particles are jons or molecules.

Dissociation: T‘/\O b(glKlwa'UD ()’G Qﬂ fonie L(WV\P
MoCla () + HoO/(1) > Ma"togy + ZC17(0q)

\ Examples:

Wt o

&\\QL)(‘(() NaCl in water — NO\+ (oq() + (‘( - (Cq/) @ ‘\O\QED

Q,\ w CaClinwater > z+ + Z_C\ ( 2 (gn S )
R l_l:eCI?, in water — F63+ + 2( |~ G l(ﬂn SD

_ \\\%& CCI4 in water - C Clq ( a q/\ ‘ ( :T NIz NS

I you have 0.1 M solutions of NaCl, CaCly, FeCl; and CCla, WhICh one would have the
highest boiling point?

7 of 8 ’\/\ 2_‘_




Phase Diagram - H,O

mj pure pure m
Liquid
1 atm. i
e
2| Solid
g
&
Gas
— — — e
Temperature
ATFP ATBP

Other Homogeneous Solution Types and Examples

Solute/Solvent Examples = 1892
Gas/gas Air is a mix of N2, O, and other gases
&" UG

Gas/liquid Soft Drinks have COx(g) dissolved in water.
R W D L

Liquid/liquid Vinegar is acetic acid dissolved in water.

Solid/liquid Salt water has NaCl dissolved in watcirﬁ~

IOV

Solid/solid Alloys argmetals dissolved in other metals>>

Brass is copper and zinc
L Bronze is copper and tin

8 of 8




Solubility Curves 150 2 / 7
|
140 v
Easy: /
pa
130 e
1) Which substance is most soluble at 10°C? 20 P
Kj:- 110 v\°°'// /|
< S Y
2) What is the solubility of KNO3 in 100 g 20 \100 —
" o O ™ o
water that is 70°C? b= /] o /
| ™~ L ,(‘ “ : o / |
100 g H; & &) oy 7 : ]
3)—If-you-have an-unsaturated solution of \o’ o\ L
. 60 W& -
cerium(ll) sulfate and you want to add \ / W
. . 50 +N \Q(’\ ]
more solute, should you heat it or cool it? &/ A g
Explain. 40 D, il Nﬁ;
_— y
30 7"4/ P -
4) How much potassium chloride can be 20 >< \(&\03 i \\i\\
added to 100 g of 90°C H,0? 10—t : Cez(SO‘gb
0 10 20 30 40 50 60 70 80 90 100
Temperature ('C)
Medium: SO o C
5) What is the maximum mass of potassium nitrate that will dissolve in 200 g of water that is
|0Og
6) At approximately what temperature will 0.163 moles of potassium chlorate dissolve in 100 g of H,0?
0-163 mal KClog ‘___jﬂgﬁm
T . wol KCI03 o
7) If you have 575 g of water (at 80°C), what is the maximum mass of sodium nitrate that will dissolve?
8) A student wants to completely dissolve 400 grams of potassium nitrate using warm tap water, which is
50°C. How much water should he use?
Hard:
9) An ammonium chloride solution with a volume of ~250 mL cooled from 70°C to 50°C. How many grams

of the solute were present at 70°? How many grams of solute crystalized and precipitated once the
temperature reached 50°C? :

10) 30 g of ammonium chloride, 30 g of sodium nitrate, and 30 g of potassium chlorate are all mixed and

dissolved in an unknown mass of water that has an initial temperature of 350 K. The temperature of the
solution is then decreased from 350 K to 307 K. Which salt(s) will be the first salt(s) to visibly
crystalize/precipitate? Justify your answer.



Molarity is the concentration of a solute in a lsolution. l

Molarity is the moles of solute in the volume of r —
total solution (measured in liters).

A

The molarity equation is: ﬁ
—

...and the units are either

or

The molarity of a solution is most often expressed with a capital M. A solution with a molarity of 3 M is
spoken as “three molar”

THE MOLE IS THE GOAL, and if you don’t have the moles of solute, you need to find them.

Water is the universal solvent. You can assume that whenever you see the phrase “solution of X,” the
X is the solute (with a certain molarity) and water is the solvent.

Square brackets mean “concentration of...” For example, [C¢H1206] means “concentration of glucose.
[K+] means “concentration of potassium ion.”

You may be tasked with solving for any of the following:

molarity (M) of the entire solution
number of moles of solute (mol) or the moles of an ion in the solute after dissociation

mass of the solute (g) after you calculate the moles
volume of the solution (L)

Practice writing balanced ionic equations:

1) Sodium chloride completely dissolves in water to create a sodium chloride solution.

2) Calcium fluoride completely dissolves in water to create a calcium fluoride solution.

3) Lead(ll) nitrate completely dissolves in water to create a lead(ll) nitrate solution.

4) Copper(ll) sulfate completely dissolves in water to create a copper(ll) sulfate solution.



Molarity practice:

5) What is the molarity of ribose, CsH100s(s) when 4 moles of it are dissolved to create 2 L or
CsH100s(aq) solution?

6) How many grams of ribose are in a 2.3 M solution with volume of 700 mL?

7) Write the balanced ionic equation for the complete dissociation of solid magnesium chloride
into aqueous magnesium chloride ions:

a. How many moles of Mg?" ions are in the solution when a mole of MgCl, dissociates?

b. How many moles of CI" are in solution?

8) Calculate [Mg?] present in a 500 mL solution of completely dissociated MgCl,. The mass of
magnesium chloride used was 62 g.

9) Calculate [CI] present in the same 500 mL solution of completely dissociated MgCl,. The mass
of magnesium chloride used was 62 g.

10)In order tomakea 1.5L solution of potassium chloride with a molarity of 0.80 M, how many
grams of the solute do you need?



11)13.3 g of lithium bromide was dissolved in water, and a 0.2 M LiBr(aqg) solution was created.
Determine the volume of the solution in liters.

12)How many grams of glucose are needed to create 355 mL of a 12 M solution?

13)Scott measured 121.07 g of ammonium nitrate and created a solution with a volume of 5.38 x
103 mL. Find the concentration of the solute.

14) Find [Na+] when 9.00 g sodium fluoride completely dissociates in water, and a solution with a
volume of 415 mL is created.

Dilutions:

The dilution equation is M1V = M,V,. When you have a solution with a certain concentration and
you add water to it, it will be diluted. (If you have very sweet koolaid and you want to lower the sugar
concentration, you add water... which increases the volume).

M1 is

V1 is

Mz is

Vg is

Adding water to a concentrated solution will lower the molarity of the final solution (meaning it's less
concentrated). The opposite can be done too: removing water from the solution will make the final
solution more concentrated (because V, < V1)



T ] + !
H 2 O + H —H 3 O
Chapter 20&21: Notes for Acids Eé's‘es—' e Basics

l) Classifying Acids and Bases
A) Arrhenius Definition of Acids and Bases

aits_ B+ COmaoun 8 ’\“/\M"' vodues Nodnaen

{on (H+) U U ( 5(§}+
‘ssocrovk J e ’

Examples
HCI H"'(oq,) + C\’(O@
HNoa—@» H*(0q) + NOz (aq)

1) Strong Acid: An acid that dissociates completely to L-I_:_anin water.
2) Weak Acid: An acid that onl artly dissociates to H* andin water.

Ny

Example:

H*(aq) + F(aq) BNINTN
=> NO\\\\OS NO‘

3)(Strong acids are strong electrol es eak acids are weak electrolytes. B ( eal( UP

Bases % A’ MYY\DOU\/\P\ ’%M fDroC]M(Q,S V\UAmX‘
ton_ (OH™)

NaoH —*> Nt + OH”
caory —%—> Co\ A 700"

B) Bronsted-Lowry Definition of Acids and Bases /(1/ )

6 Acid DOY\(A-LC/S a Df()

J:LCl og) + H,om—> Hso“«m+ CL™(ag)
hydeonium Chtonide ¥

Base AC(Q/D‘\/ . Dm +OV\ CH"‘)
H o~\> —>NHa(aq) + H,0 « NH4"(aq) +

1 ,. O o
AN E

\)“\I\AQ/(S \ve @CQ




Water—an acid anda/ba?e

H,0
HO

A\J\’\'D Lgni 2ahion

1077 o,
H@zo @ HsO* + OH"

C) In pure water at 25°C:
_ﬂ:concentration ={1 x 10"Mfand OH" concentration =

1) Symbol for concentration in molarity: M T4 rxj Q’C

OH°

(jﬂ(ﬂn“‘m 7‘)‘0\0 U‘F - | ]

I) Calculating [H'] and [OH7] in aqueous solutions.

[HX[OHT 3 1 x 10'1;,ALWAYS, ALWAYS, ALWAYS at 25°, 1 atmosphere)

/r

We make a solution of 0.0001

T~
We make solution o§0.07 M HCI n/ter.\Mentration of OH ions?
> /r \g ¢C| h =
(oo fion [W]foHT =l E-1Y

[o.\su][ow] = |E-4
[&Ql] (0.00

 fowd = le-2 or
in water. What is the concentration of H ions'

Not +[OH]
0.0606| M

(Hf[o.000] = 1 4

.= xI0™" M

@K =(-l0giH'] =l

pH and pOH—A more convenient way to express H* and OH" concentration.

? W\Qav’\s
W ,\,&\(9, M

_ (\)??Q\

\0@0‘ rhenC
PH = -log[H"]

POH = -log[OH1]

pH + pOH = 14 (ALWAYS in water at 25°C)

+ = (.«\0




/'\ . ogarithms--Logarithms are exponents

The 18g of 100 ) —> Z -
Thelomo@ = {832\“8000 \C}Tﬂ: \0,0DO

The log 0£ 10,000 =

The 16g of 0.1 = -1 ‘O—' = O.10

The 10§ of 0.01 = -2

The 16§ of 0.001 = = 3 IOx =234
l
o

Using your calculator to find logarithms X - 0) = [O (2,3 "'{)
Log(120) =2.08 or 10*% =120 Lo (1 %3 Qo)

Log(0.043) = -1.37

W[m] Why? gle (Ht] ware j(eahj’_(!
bH = -log[H+] pOH = - log[OH-] and pH +pOH = 14
1. Find the pH of 0.0034 s=2.47) '
i ———‘@“ pH \/‘ap(@\/\\ a@
"_log(0.003%) = C

2. Find the pH of 0.00023 M HNO3(Ans = 3.64)

‘”\Oj(o-oooz’s) = 264 PV

3. Find th¢p of 0.0012 M NaOH (Ans = 2.92) —
&
T ~mm° QP

—l0g(0.0012) = |7_q7|TpoH] vl

=948
B 20T 0 (or) = 25 M e
QQHz 4952
. DM tpoH =14 0.

‘ﬁ Now, It’s go the other wa :
Example: A solution has ajpH of 2.3. What is the [H+]?

—> 10%*=0.0050M_ >'=log[u]"
1. A solution has a pH of 4.32,)What is the [F+]?(Ans =479 x 107 M)

0% = 419e-5M = Iv7)

2. A solution has a pH of 5.6. What is the [H+]? (Ans = 2.51x 10° M)

-5b =
\0™%°% = 25lE-b M
3. Asoluﬁonhasa@in‘"‘e.& What is th(Ans= 1.58 x 107 M)

\O—(o.‘b

~ .08

\E=




pH and Identifying acidic and basic solutions

- increasingly acidic inueaa*‘n glv atkaiine

caneentialion A';"'fd range
ot Haions : ’

i il e -

2) BASIQIpH greater than 7 D

3) NEUTRAL: pH=7 & —— \/Glen

dval newdva !
[l) Neutralization Reactions Nw

v
eutralization AC[D + RASE — ‘2Q H" + HQ,O

"*OH«®=0)5 + o7H

Example: HCI +NaOH > No( | + HoOH  reaction type?:
oA o Double repla@met~

Example: HNO3; + KOH > +
ple: HNO, + KOH éNOS HOHJ

%Q’ \.s\
Complete neutralization when and [H] = [OH] \dl .
Titrations

A method used to determine the
concentration of an acid or base using a
buret filled with a standard solution, a

sample of unknown concentration, and
an/indicator (frequently
henolphthalein
£ Hhahon:
?;rm%om. used o

We  UnKinown
pH of a

P 4 “\;“
Sl AN,




Acid-Base Titration with a pH Meter.

Objective: Learn to interpret a pH curve to determine the concentration of an unknown acid solution using

a base of known concentration.

Site: http://www.mhhe.com/nhvssci/chemistrv/animations/chang 7e esp/crm3s5_5.swf

Look at the screen and record the following information:

Concentration of NaOH solution in buret M
Initial pH of unknown acidic solution

mL of unknown acidic solution mL
Initial buret volume mL

You will be recording the mLs of base and the corresponding unknown pH as you add base to the
solution. Then you will graph mL vs pH to determine the endpoint.

mL pH

Mark the equivalence point on the
titration curve.

pH Titration Curve
=
g
E
2
3
£
=
[
o
=
a,
mL base added

Using the data, calculate the molarity of the unknown acid solution. Show your work.



R s 1 1/ AA -
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Acid - Base Titration Calculations

Example 1: How many moles of potassium hydroxide would be required to completely neutralize

1.2 moles of hydrofluoric acid? \/. —
HF + KOH — H,0 4 KF MA VA= MB\/@

A B e MO'A = V'ﬂols

L}; A fy -~

A - 2 | \ e &l 1YY

Example 2: How many moles of sodium hydroxide would be required to completely neutralize
0.60 moles of phosphoric acid?
__H3PO, +“§NaOH — 3H,0 + NazPO,

| \

e \ -
[T 4 N | A

= "

altl

In titration, we add an aqueous solution in the buret to an aqueous sample. If the mole ratio in
the balanced equation is 1:1, we can use the equation below to calculate molarity:
Macid X Vacid = Mbase X Vpase v/
6 \
Example 3: If 27 %L_of 0.2 M KOH is needed to titrate a 15 mL séqmple of hydrofluoric acid,HF to

its phenolphthalein endpoint, what is the/molarity of t“ﬁE“FrFZQAns =0.36 M) M
HF + KOH — H,0 + KF A

p -\
. . { \ p
' Y \ L i = . N | U
. 3

s ‘@
. [
. 4 i

Example 4: If 30. mL of 0.1 N”q@l) s needed to titrate a 40. mL sample of nitric acid, HNO3 to
its phenolphthalein endpoint, what is the concentration of the HNO3;?(Ans = 0.075 M)

KOH(aq) + HNO;i(\?q) - Ky03(s)/+ H2O(1)

% { f
] L |} £
ViV ¢ [ ! i

M, -0.07S M

Example 5: How many mLs of 0.50 molar HCI is needed to neutralize 620 mLs of 0.20 molar
NaOH?(Ans = 250 mL)
HCI + NaOH — H,0 + NaCl



VOIS ¢!

D) Comparing Acids and Bases
Acids L, . | Bases

:’sgts(,;roduced in \_\+ ( H30+’) O H g
B T PUOH e
3

Taste/feel 5 OUY( b d..;e (
PH range \ess Ynan ! aféa'k/\/ Han -7
Litmus paper turns: RED J BLUE
gfon;T(;g Household Maay drmks \é\/(;zccy‘_ﬂx
. Drano ( NO\O\-O

Affect on human

Affect - Dissolve. You - Dissolve You

and how to treat

(Pm'm (pain LesS)
lZM— | M

S ‘kc;Dcc‘)& aio \jov\ O‘H’W add

-_’f'

Lt When you mix acid and water

\
] ‘«

Why? (ng G W 720 dS | nat... G O "J"; ¥ C
If you get acid or base on skin \l\}QS‘/\ \a/ ! \\,Ajﬂ-é/f / ‘ ()‘{’S\
Why: Vemoval

Using Sodium hydrogen carbona %(Baklng Soda) to eutrallze acid spills

\oaYA
(Sodmi\n V\ijgpm chbonal&

I
———

S

— —

(l) + COz(g) + Na I(aCl)
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M h’)o(/
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F) Putting acid/base chemistry together wit @' nd dilutions:
1

Fom 3
What is the molarity of 18 grams of NaOH dissolved in 400.mL of solution?(Ans=1.

MGH | ool NoOH
/ L{o.o 9

How manylgramgo@ould be required to prepare 320. mLs of 0.20M H,SO,?(Ans =6.3

M .m_. \(.»_Q}_?;LM

é/ ©as

L-M=mol = (0.32)(9.20)= 0.064 mo

H S0
Yo @P‘. prepare 2 0 litérs of 0. 50M HCI using acstock solution 6.0 How ma / ’
of t v \\/
M | V' = M 2V '

he stock solution do you need?(Ans=
V.= 110mL (6)Va =(0¢5X%)

z‘ How many liters of 0.05M HCI can you prepare using 21 mL of 2M HCI (Ans=0.8 L)

\AJ\N\






Chemistry Unit 7
Primary reference: CHEMISTRY, Ad
Essential Knowledge
Always add acid slowly to water to prevent splattering. Review the equation to
calculate percent error. Burets are used to add titrant during a titration.

Scientific
Investigation

Ch 2: Read pp 32-
34

Structure and

Periodic Ch 17: Read pp
Relationships 490-491

2.7

SOL 2h

Empirical formulas show the lowest whole number ratio of element atoms present in a
compound, whereas molecular formulas show the actual number of element atoms

Nomenclature,

Ch 7: Read pp 194-
Formulas, and 195,

Reactions present in a molecule. Example: The molecular formula of benzene is CsHs, whereas
3.7 the empirical formula is CH.
SOL 3¢, 3e

In a neutralization reaction, an acid reacts with a base to form water and a salt.

Ch 21: Read pp 613-
Example: HCI + NaOH —» NaCl(salt) + H,0. Thisis a type of double replacement 618

Ch 17: Read pp
475-485

Molar
Relationships
4.7

Ch 18: Read pp
500-505

SOL 4c, 4d

: persaturated solution s 3 temporary
condition where the solvent holds more solute than it can normally hold. The extra
solute will eventually precipitate (crystallize).

Ch 18: Read pp
509-513

Ch 20: Read pp
577-600

when they dissolve in water. Bases have a PH greater than 7, taste bitter, feel
slippery and turn litmus paper blue.
Bronsted and Lowry describe acids as

water molecules dissociate,
producing equal concentrations of both hydrogen ions [H*] and hydroxide ions [OH].

H,0 S H*+ OH  or 2H,0 5 H;0* + OH

Titration is a method used to determine the [OH-] or [H30+] concentration,
Indicators show color changes at certain pH levels.

Phases of Solutions can be a variety of solute/solvent combinations: gas/gas, gas/liquid, Ch 17: Read pp
Matter and liquid/liquid solid/liquid or solid/solid. 482-485, 490-493
Kinetic “Like dissolves like” Polar substances dissolve i

Molecular

Theory

5.7
SOL 5¢g
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Unit 7 Objectives

Empirical Formulas

Water's Properties

Liquid Solutions

A)Dissolving Solutes

B)Calculating Solution Concentrations
C)Colligative Properties

IV) Non-liquid solutions

V)

Le

Acids and Bases
A)Types of Acids and Bases
1) Arrhenius
2) Bronsted-Lowry
3) Water—an Acid and a Base
B)Acid Strength Calculations (pH and pOH)
C)Neutralization Reactions and Titrations
D)Comparing Acids and Bases
E)Handling Acids and Bases Safely
F)Dilutions with Acids and Bases
G) Titration Calculations

arning Objectives (sol obiectives)

Nooswh=

Identify empirical and Molecular Formulas(3c)
Convert molecular formulas to empirical formulas(3c)
Determine a compounds empirical formula from percent composition data(3c)
Determine a compounds molecular formula from percent composition data and molar mass data (3c)
Explain hydrogen bonding’s impact on water’s physical properties. (5e.d)
Distinguish between solutions, suspensions, colloids and emulsions (2h)
Recognize and predict that polar solvents dissolve polar solutes, and non-polar solvents dissolve non-polar
solutes. “like dissolves like"(5¢c)
Explain which factors increase a solute’s solubility concentration.(4c)
Interpret a solubility graph to predict how much solute will dissolve in solvent.(4c, 19)
. Use the molarity equation to calculate molarity, volume and moles for word problems. (4c)
_ Use the molarity dilution equation to calculate solution molarity or volume. (4e)
. Explain how solutes affect solvent’s boiling point and freezing point (Colligative properties)(SQ)
_ Predict which solute will have the largest impacton a solutions boiling or melting point.(59)
_ Define an acid and base using the Arrhenius and Bronsted-Lowry definitions(4d)
. Identify acids and bases from their chemical formula(4d)
. Explain the differenceé between a strong and weak acid(4d)
. Explain that strong electrolytes dissociate completely and weak electrolytes dissociate partially.(4d)
" Memorize that [HIX[OH] =1 X 10" at 25°C in pure water(4d)
. Calculate hydrogen and hydroxide ion concentrations in pure water(4d)
_ Convert between pH and pOH units to hydrogen and hydroxide ion concentrations in pure water.(4d)
. |dentify a solution as acidic or basic depending on its pH(4d)
. Identify the products of an acid and base reaction(3e)
. Identify a neutralization reaction(3e)
_ |dentify the equipment typically used in a titration(1a)
. Explain what an indicator is in an acid-base titration(4d, 1a)
. Compare and contrast the properties of acids and bases(4d)

7. Explain how to safely handle acids and bases in the laboratory(1b)

_ Calculate the molarity of an unknown acid or base from titration data(4c)
. Use a buret correctly.(1a)



Chapter 7 Empirical & Molecular Formula Notes

moccir | 1ML (eal # of abwms 0 & padeoll
formula?
C / CGJHIZ.O@
\évn:lgitriif:a?n The iaw%f - wWhil -H - ren Ho o
Formula? 0!“7/VV‘5 4 e6Cln oo
CH,0

Write the empirical formulas for the following molecular formulas

data.

o et 7~

b o

&' p
-

Empirical formulas are determined from lab

Example 1: A detective finds an unidentified powder next to a dead body. The forensic lab
identifies the compound as containing 16.4% arsenic and 83.6% iodine. What is the empirical

- __L Molecular Formula | Empirical Formula
N2.O
/"Zé- o NO 2
L* CeHi2 CH
C,H,0 L2
2112V4 CHO
A
CsH
2 A CsHiz
\7
‘ formula?

Approach

3. Make the moles into subscri
4. Convert subscripts to whole nummrs

|6-"(°70 Afhé \6

2.6% L —> ¥3.b

J-o-ssﬁi
©.21%

\ |

| el As_

™I gAS

X

lMO(I -

lzsqg/l’

D Oy — b W-eli?\’"" o M@GSSs
1. Convert percent to graﬁ?s of eleme&;fmt__ﬁ_%m
2. Find moles of each element

ol => Sbswripts

0.218

el AS

[0.658\mel T



Example 2: A gas cylinder contains a gas that is 25.9% N and 74.1% O by mass. What is the
@9/ empirical formula of the gas?

Example 3: A sample contains 8.57 grams of hydrogen and 59.43 grams of nitrogen. What is
O the compound'’s empirical formula?
D Fnd T of EAH \q
Y3

-
= )xmos TeH 1.5+ 5345) “100=187.49 |%N

(£.57% 59.473
)(..‘TMS'_,_H :JTZ_.bmcl H\ M%ﬁ }6 2Y me N\

Hyo Nezy € NH, O
G2y Ay
Example 4: A compound contains 38. ‘3 rbon, 9 @ hydrogen, and 51 @oxygen What is

the compound’s empirical formula?

370\C | vwd C’"?}Z%LMJC
1Z 60 C)Hq_’ O)

223 %23 223

Q9 mol H —
—79“’( | wéH = [ 4.7 jmol ¥ >f\\_w/

3.6 | _mol_ O = [2.22lwmel O CH3O A
gswer :NHy, 4: CH‘C(D ﬁ O ‘ | lal

Nvauld .

[

\\\\.



Determining True Molecular Formulas Notes

Steps to solve a molecular formula problem:
1. Determine the empirical formula
2. Molecular mass/empirical mass = formula multiplier
3. Multiply all the empirical formulas subscripts by the multiplier

Example Problems

1. The empirical formula of a compound is NO,. Its molecular mass is 92 g/mol. What is its
molecular formula?

2. The empirical formula of a compound is CH. Its molecular mass is 65.09 g/mol. What is
the compound’s molecular formula?

3. A compound is found to be 40.0% carbon, 6.7% hydrogen and 53.3% oxygen. lIts
molecular mass is 60.0 g/mol. What is its molecular formula?



Ch 17 & 18 solution notes (1 part with PPT)

1. What is a solution?

2. What is a solute?

3. What is a solvent?

4. What is an aqueous
solution?

5. What is the difference | NaCl (s)—
between NaCl
dissolving in water and
dextrose dissolving in
water?

C6H1205(S) —>

6. What does the
expression “like
dissolves like” mean?

7. What is an electrolyte?

8. What is the difference
between a strong and
weak electrolyte? Strong Electrolytes ionize

and weak electrolytes ionize

non-electrolytes don't ionizie

10of8




Solubility Processes and Definitions

Solubility: Maximum amount of a substance that will dissolve in 100 mL of water at a specific
temperature.

What happens as we begin adding NaCl to water?(pHet demo)

Unsaturated: Solution: \{OU\ Qn a (lA MOl SO\U)‘{_’@,

b e <cluhon.
Saturated: Solution \‘i(ﬂl\ Calf) NoT™ OQAA/ Maove, SQ((AR‘*

A gy

Dynamic Equilibrium

0\

#* Stand o "H o Mmu(ln solule |
Interpreting Solubility C—”—L"Q?-Z / (N l A,{s sol V'Q v (00 ov il
(KND3) L ot Ha07" e

How many grams of KNO3 can you dissolve
in 100 grams of water at 100°C?

250j —_ENO;

How many grams of KNO; can you dissolve
in 200 grams of water at[20°C?!
P &0

| Temperature deg.C | . 803 KNO; :(5 ﬁ ENR)
Tewp of Wader [00 mt "’j H20 W

K Hot waler @ dissdved
dissolve  beter

20f 8



Use solubility curves to predict how much solute will dissolve in a solvent at any given

temperature P
Which compound is least

e

150 T = soluble at 30°C?
| ! A
i T Kl s
! L 5 | ; . . ;
130 — ; ! - - ¥ r ——— Which compound is most
e s —  soluble at 10°C?
120 | +—— IZ4VilN . KT
— — // | How many grams of KCI will
10 T qug 17 ; —  dissolve in 100 mL of water at
N o a8 £] . i S 80°C _
I ; prd - | L":I
[ 100 7 SR 7 i
E A7 | g K
[ 8] gl 7 »
=
| &
| =
|
'y
\ &5

: i { > : ; 1 S H :
0] 20 |30/ 40 50 60 70 [8Q/ 90 10G
Ternperature (°Cj}

e In general, do compounds become more soluble as temperature increases?
« Which compound is most soluble at 20 degrees C?
« Which compound is least soluble at 60 degrees C?

 How many grams of NaNOj3 will dissolve in 100 mL of water at 60 degrees C?

30f8



Calculating Concentrations of Solutions
A) Molarity: moles of solute dissolved in 1 liter of solution.

1) Symbol: M as in 4.0M NaCl stated as

2) Formula and rearrangement:

B) Solving molarity problems 55 mL = L
1) Calculate moles of solute using molar mass
2) Change all volumes to Liters 328 mL = L

3) Use the formula
042L= mL

C) Sample molarity problems
1) 4.0 Liters of a dilute aqueous solution of sulfuric acid, H,SO4, contains 0.20 moles of

sulfuric acid. What is the solution’s molarity? (ans = 0.050 M)

2) 1.2 Liters of dilute potassium hydroxide base, KOH, contains 0.25 moles of KOH. What
is the solution’s molarity.(Ans = 0.21 M)

3) 15 mL of dilute sodium hydroxide base, NaOH, contains 1.3 grams of NaOH. What is the
solution’s molarity?(Ans = 2.2 M)

4) 230 mLs of dilute hydrochloric acid, HCI, contains 1.68 grams of HCI. What is the
solution’s molarity?(Ans = 0.20 M)

4 0of 8



M=— or MxL =moles|

5) How many grams of NaCl will be needed to prepare 2.00 liters of 1.5M NaCl?(Ans = 180 g)

6) How many grams of CaCl, will be needed to prepare 500. mL of 1.3M CaCl,?(Ans=72 g)

D) Making dilute solutions from concentrated solutions—calculations

1) Moles of solute before dilution = moles of solute after dilution
10 mL of , ’ j 30 mL of dilute
concentrated ' ee  solution
. ; ——_") .
solution —.——.*-.'“E ‘ o |

mole solute 1 mole solute 2

MiL4 = Msz

2) Formula for diluting molar solutions: |M1V1 = M5,V volume units must match

E) Sample Molarity Dilution problems
1) How many Liters of 6.0M HCI will be required to prepare 52 Liters of 1.0 M HCI?(Ans=8.7L)

2) How many mLs of 1.5M NaOH will be required to prepare 250 mLs of 0.25 molar NaOH?
(Ans =42 mL)

50of 8



3) How many mLs of 3.0M glucose must be used to prepare 2 liters of 0.15 molar glucose?
(Ans=100 mL)

4) What will be the molarity of 15 mL of 1.5 molar nitric acid, HNO3, diluted to 300 mL?
(Ans = 0.075M)

5) What will be the molarity of 22 mL of 5.2 molar sodium hydroxide base diluted to 2.0
liters?(Ans = 0.0572 M)

(_‘IH: Cbiﬁgative Properties ﬁ %0”/ lO\I\S% ’ﬁ\ﬁQ/Z,( gﬁ | T;\i{, (;_( ~‘ Q,O

Colligative properties depend on the number of ions or molecules that are d ina

solvent. & 1 F,;H/Q bmhwaﬁ ,Fn {
/ /
NaCl increases water’s boiling point A NaCl decreases water's freezing point
$ 130 /8 0
(7] [ ) »
9 125 8
5 | € e
g 120 | = -10
© | € \
£ 115 | glo 15 ~
8 | 5 -20
g 110 2 ~
\ =2 A | e~
| 205 A———‘*@ 'y
_8 100 ammn————T T T | Eu‘: '30 . T T T
[0 100 200 300 { 0 100 200 300

grams NaClin1L water

grams of NaCl in 1Liter of water

Solution freezing point decreases with increased particles(ions or molecules)
Examples:

Solution boiling point increases with increased particles (ions or molecules)
Examples:

6 of 8



A) Counting Particles for Colligative Properties. Particles are ions or molecules.
S'Sééd\wﬁilssociation: W\/\QM an_ion 1C CCW\ Ddl\r\d dissdues.
ok ] » + H0(0) = Ma (ag) * 304 tag,)
\G‘\ 0,;'\}/ Examples: = %
l}loanC| in water > N ot -+ Cl~ m
Q)\oj.)“(6 CaCly in water - Cot + 72C1~ @

foon \C
\\}) FeCls in water — i-g,:v{' + ’f-j r"’é__

L_lgm{
RV [ 7 i (Cly (No (ms)(Neo 1)
\ you have 0.1 M solutions of NaCl, CaCl, FeCls and CCls, which one would have the
highest boiling point?
ETIV R
NaCl
2 uors \

& Mare (s =

Which one would have the lowest freezing point?

7 of 8
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Phase Diagram - H,O

pure

pure m)
Liquid
1 atm. .
8 1
=| Solid
g
A
Gas
— j—— — -—
Temperature
ATFP P ATBP

Other Homogeneous Solution Types and Examples

Solute/Solvent Examples
N Gas/gas Air is a mix of N2, O, and other gases
)\

X Gasl/liquid Soft Drinks have CO4(g) dissolved in water.
T Liquid/liquid Vinegar is acetic acnd dissolved in water.
U @ \_/(O
@ Solid/liquid Salt water has NaCl dissolved in water

——

L ~Solid/soli Alloys are metals dissolved in other metals.
Y < \Ve ol
'V Brass is copper and zinc
S Bronze is copper and tin

8 of 8
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Solubility Curves

Easy:

1) Which substance is most soluble at 10°C?
2 P S, - 4

s

| S
\ =t

2) What is the solubility of KNO; in 100 g
w(ateﬂha}tii‘s;iqu?
Q20 N0z

004 H20&-

3) If you have an unsaturated solution of
cerium(ll) sulfate and you want to add
more solute, should you heat it or cool it?
Explain.

4) How much potassium chloride can be
added t(:ﬂOO g of 90°C H,0?

o

= SBS KC|

Medium:

NO

8) A student wants to completely dissolve
50°C. How much water should he use?

Hard:

150
N 24
7
130 W : Ve
| /]
60,,// /
Al
! 4 ™
AL
; P
\7% / “\\Mc,\ -
;\\ / .
S e
A= bV
L
\\\
Cea(s0p),

ol == =+ 1
0 |10/ 20 30 40(50)60 [70] 80 [90 100

3 ’ A
itrate that will dissolve if water that is §23 I(_‘.?

- K
5) What is the maximum mass of potassium nitrat

-

Temperature (C) H -

A S

-~ 7 NL

6) At approximately what temperature will 0.163 moles of potassium chlorate dissolve in 100 g of H,O?

7) If you have 575 g of water (at 80°C), what is the maximum mass of sodium nitrate that will dissolve?

grams of potassium nitrate using warm tap water, which is

9) An ammonium chloride solution with a volume of ~250 mL cooled from 70°C to 50°C. How many grams
of the solute were present at 70°? How many grams of solute crystalized and precipitated once the

temperature reached 50°C?

10) 30 g of ammonium chloride, 30 g of sodium nitrate, and 30 g of potassium chlorate are all mixed and
dissolved in an unknown mass of water that has an initial temperature of 350 K. The temperature of the
solution is then decreased from 350 K to 307 K. Which salt(s) will be the first salt(s) to visibly

crystalize/precipitate? Justify your answer.



Molarity is the concentration of a solute in a lsolution. |

Molarity is the moles of solute in the volume of s —

total solution (measured in liters).

The molarity equation is: } %
. )

...and the units are either

or

The molarity of a solution is most often expressed with a capital M. A solution with a molarity of 3 M is
spoken as “three molar”

THE MOLE IS THE GOAL, and if you don’t have the moles of solute, you need to find them.

Water is the universal solvent. You can assume that whenever you see the phrase “solution of X,” the
X is the solute (with a certain molarity) and water is the solvent.

Square brackets mean “concentration of...” For example, [CeH1206] means “concentration of glucose.
[K+] means “concentration of potassium ion.”

You may be tasked with solving for any of the following:

- molarity (M) of the entire solution

- number of moles of solute (mol) or the moles of an ion in the solute after dissociation
- mass of the solute (g) after you calculate the moles

- volume of the solution (L)

Practice writing balanced ionic equations:
1) Sodium chloride completely dissolves in water to create a sodium chloride solution.

2) Calcium fluoride completely dissolves in water to create a calcium fluoride solution.

3) Lead(ll) nitrate completely dissolves in water to create a lead(ll) nitrate solution.

4) Copper(ll) sulfate completely dissolves in water to create a copper(ll) sulfate solution.



Molarity practice:

5)

6)

7)

8)

9)

What is the molarity of ribose, CsH100s(s) when 4 moles of it are dissolved to create 2 L or
CsH100s(aq) solution?

How many grams of ribose are in a 2.3 M solution with volume of 700 mL?

Write the balanced ionic equation for the complete dissociation of solid magnesium chloride
into aqueous magnesium chloride ions:

a. How many moles of Mg?** ions are in the solution when a mole of MgCl, dissociates?

b. How many moles of CI" are in solution?

Calculate [Mg®*] present in a 500 mL solution of completely dissociated MgCl,. The mass of
magnesium chloride used was 62 g.

Calculate [CI] present in the same 500 mL solution of completely dissociated MgCl,. The mass
of magnesium chloride used was 62 g.

10)In order to make a 1.5 L solution of potassium chloride with a molarity of 0.80 M, how many

grams of the solute do you need?



11)13.3 g of lithium bromide was dissolved in water, and a 0.2 M LiBr(aq) solution was created.
Determine the volume of the solution in liters.

12)How many grams of glucose are needed to create 355 mL of a 12 M solution?

13)Scott measured 121.07 g of ammonium nitrate and created a solution with a volume of 5.38 x
103 mL. Find the concentration of the solute.

14) Find [Na+] when 9.00 g sodium fluoride completely dissociates in water, and a solution with a
volume of 415 mL is created.

Dilutions:

The dilution equation is M4V = M,V,. When you have a solution with a certain concentration and
you add water to it, it will be diluted. (If you have very sweet koolaid and you want to lower the sugar
concentration, you add water... which increases the volume).

M1 is

V1 is

M2 is

Vz is

Adding water to a concentrated solution will lower the molarity of the final solution (meaning it's less
concentrated). The opposite can be done too: removing water from the solution will make the final
solution more concentrated (because V, < V)



Chapter 20&21: Notes for Acids and Bases—the Basics

I) Classifying Acids and Bases

A) Arrhenius Definition of Acids and Bases
an
\.

Acids A ((MPOUV\A, -H’Vh[' ’beclu(ﬂ,b

ata, a pron
Examples: /“Oéw”“‘ C”V“PUk‘(j breaks UP[

@—@9 q/) + C‘—Cdép
ios —=4 Lhg) + NO3~ ag

1) Strong Acid: An acid that dissociates completely to

* and anions in water. l 00 076

H
—a

2) Weak Acid: An acid that only partly dissociates to H* and anions in water. £ '0 0"76

Example: HF H*(aq) + F'(aq)
K —» 3) Strong acid@r@elerolytes, weak acids are weak electrolytes.

sses 1Y COmund Hod—oradues  OH™
( \Aﬂdwx(&o,) h a SHuhon

Examples

NaOH —2% No{" (aa() + OH~ (04})
Ca(OH), ——— Cofur(qaﬁ + 2.0H"° ca(p

PW\W B) Bronsted-Lowry Definition of Acids and Bases

NG +

e :D()ng\jgj) o paton (H*)
g + Woe) —> Hpt + U~

! \!\‘deom‘um Chlo rl%

\—/
Base,_Aﬁ(Q.O"’ a Pﬂ"ﬂ\ﬂ ( H"’S@_

\
NHa(aq) + H20 < NH4"(aq) + OH'(aq)

H +
%& H tI\\ + H—\ i
— N\l O.’ ___é N — -
4 &&/@' b=n—u/ *+ oM
B i 1




oufoimzafo H,0

Water—an acid and a base \1
.‘.—
1x107° %

HoO +H,0 —2% 5 Lo+ OH (akq

C) In pure water at 25°C: HSO
H* concentration = 1 x 10”"M and OH" concentration = 1 x 10"M

1) Symbol for concentration in mggrity: E ](\

“Conc. of..."
I) Calculating [H'] and [OH7 in aqueous solutions.

Za
H'IKIOHA\1 x 10™* ALWAYS, ALWAYS, ALWAYS at 25°, 1 atmosphere.

=

We make solution 011 0.01 | in water. What is the concentration of OH" ions?

[H+] [oHT] = iE"lL(
[ool][o\‘-! )]=_eH

0.0l .0/

(OH) = (x10™*m

. . . " . + .
We make a solution of 0.0001 M‘@ln water. What is the concentration of H* ions?

CutlCoH) = lE-1Y

n = E—'l"l _ (E"ll’f lx\O"DM
WA= [on 0000

- - 7

pH and pOH—A more convenient way to express H* and OH" concentration.

o gt "P" = MaMm‘hral ope/m‘br

pOH = -log[OH]
pH + pOH = 14 (ALWAYS in water at 25°C) [0\3 O’F

Qi—kﬁ_g_ﬂ = |Y
FH=Z-%/ Pou=\1_lZ2:




ogarlthms--Logarlthms are exponents
The log of 100 =2
T > 10" = 100
o 00004

SNPNE I
Thelogo=-1 lo \O :. lO ' —— Oa(
The log 0f 0.01 = -2
The log of 0.001 = [O = IOO > |D R
Using your calculator to find logarithms |00 - ‘ 67
Log(120) = 2.08 or 10> =120
Log(0.043) =-1.37
pH is a way of expressing [H+]

pH = -log[H+] pOH = - log[OH-] and pH +pOH= - 14|

1. Find the@ﬂ O@HCI (Ans = 2.47)
"‘ﬂ of .. H' -—loc][Hﬂ = ——lac)(o.oosl—O =7.17

A

2. Find the pH ¢f0,00023 M

(¥4 . "
—\o D—l“] ——l%@ 0007,3) 3.2‘—!
3. FmdthOOlZMNAns 2.92)

..% [oH-] =-—\c)j(0 .0012) =

4. Find the pH of3x 10° M Ncareful (Ans = 9.48)

® Find pOH fwst: —\og(3E

: j -5) = DH:H.EZ -
@ Use pH + poH =1y C:;%

Now, let’s go the other way.

9\(‘%/ Example: A solution has What is th PH
\Oj 1023 =0.0050 M O

1. A solution has a pH of 4.32. What is the [_I_-I_ﬂ?(Ans 4 79 x 10° M)

0“Z="19e-5 M >

2. A solution has a pH of 5.6. What is the [H+]? (Ans = 2.51x 10° M)

0> -

3. A solution has a pOH of 6.8, What is thQ(Ans 1.58 x 107 M)

07" == M




pH and Identifying acidic and basic solutions

intreasingly acidic

-

increasiely alkaline

roncentialion : Acid range

3f Heigns o
o Heipns 10

qua[u.-_; : v

I T -
10 10 10, 10

|
!
i
& o E
&

VS S

F o F 3“3 3«?
2 PR S :
& Foow & 2
o3 7 ¥ K B
§F £ & &
&
1) ACIDIC: pH less than 7 H

2) BASIC: pH greater than 7 %‘
oH>T7 . <
3) NEUTRAL: pH=7 l

II) Neutralization Reactions

Neutralization A'(le +BASE \/\Hu (s 60‘,'6- S‘A,LT‘ + HLO

Example:@lO > Nol + Hy o reactontper. 1D 12,

Example:% > KNO; + HLO

Complete neutralization when pH = 7 and [H'] = [OH]

e
Titrations
A method used to determine the
concentration of an acid or base using a
buret filled with a standard solution, a
\ sample of unknown concentration, and
an indicator (frequently
phenolphthalein). stand

burette
/

flask




Acid-Base Titration with a pH Meter.

Objective: Learn to interpret a pH curve to determine the concentration of an unknown acid solution using

a base of known concentration.

Site: http://www.mhhe.com/phvssci/chemistrv/animations/chang 7e esp/crm3s5_5.swf

Look at the screen and record the following information:

Concentration of NaOH solution in buret M
Initial pH of unknown acidic solution

mL of unknown acidic solution mL
Initial buret volume mL

You will be recording the mLs of base and the corresponding unknown pH as you add base to the
solution. Then you will graph mL vs pH to determine the endpoint.

mL pH

Mark the equivalence point on the
titration curve.

pH Titration Curve
=
x=
3
2
3
:
=]
G
o
asi
o
mL base added

Using the data, calculate the molarity of the unknown acid solution. Show your work.



Acid - Base Titration Calculations

Example 1: How many moles of potassium hydroxide would be required to completely neutralize

1.2 moles of hydrofluoric acid?
HF + KOH — H,0 + KF

Example 2: How many moles of sodium hydroxide would be required to completely neutralize
0.60 moles of phosphoric acid?
H3PO4 + 3NaOH — 3H,0 + NasPO,

In titration, we add an aqueous solution in the buret to an aqueous sample. If the mole ratio in
the balanced equation is 1:1, we can use the equation below to calculate molarity:

Macid X Vacid = Mpase X Vbase

Example 3: If 27 mL of 0.2 M KOH is needed to titrate a 15 mL sample of hydrofluoric acid,HF to
its phenolphthalein endpoint, what is the molarity of the HF?(Ans =0.36 M)
HF + KOH — H,0 + KF

Example 4: If 30. mL of 0.1 M KOH is needed to titrate a 40. mL sample of nitric acid, HNO; to
its phenolphthalein endpoint, what is the concentration of the HNO3?(Ans = 0.075 M)
KOH(aq) + HNO3(aq) — KNO3(s) + H,0(l)

Example 5: How many mLs of 0.50 molar HCl is needed to neutralize 620 mLs of 0.20 molar
NaOH?(Ans = 250 mL)
HCI + NaOH — H,0 + NaCl



HOH

D) Comparing Acids and Bases /—<

. Acds ¢ Bhses .
:3:; |;’)roduced in \__\-" O P |
T B L (0 I
W |
Taste/feel S aur | 1o b + b\ﬁcr
pH range <—‘! > 7

Litmus paper turns: ‘R ED BL\A E_ )
Common Household k WW]ARX (N H 3)

Products
Done (NaoH)
floaerman | Dissdves yow (poiny Dissd u\;fv

and how to treat Pa\n

E) Safety in handling acids and bases &gm E -k/lV\

When you mix acid and water
Vi
Why? %[d.SMIWé ok HW 'O%VMJ‘(/

If you get acid or basé‘gn skin

Why:

Using Sodium hydrogen carbonate (Baking Soda) to neutralize acid spills

HCl(aq) + NaHCO3(s) -H20(l) + CO2(g) + NaCl(aq)



00.mL ,of solution?(Ans=1.1 M NaOH)

; :
—, Whatis t of 8mgra Lo (%bl-l_gissolved in 4
selule 0155

K4 Yo | @dD =(.IM

_> How many grams@@uld be required to prepare 32(

0. mLs of 0@0M H,SO4?(Ans =6.3
: M= 2L — msts — mel = M- L

=(2(.3)

0.06
Tmd , 98 g .06y
/ mo Yvio/
You need to prepare 2.0 liters of 0.50M HCI using a stock solution . . HOW many mLs

of the stock solution do you need?(Ans=170 mL)

How many liters of 0.05M HCI can you prepare using 21 mL of 2M HCI (Ans=0.8 L)






