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1. Identify the Evidence of chemical change

Evidence of a chemical reaction

» Change in temperature
» Change in color
» Odor, gas, or bubbles may form.

Evidence of Chemical
Reactions

Color Change l ]
sz Gas Bubbles

Light Formation Temperature (Heat) Change

Nora



1. Identify the Evidence of chemical change

Which figures illustrates evidence of a chemical reaction? T ouas Jolo Gigaa e Tl B

Learning Outcomes Covered

o CHM5301013
o CMM5301014

1and 3 only a3 g1
i
: 1and 2 only La?2 41

3 and 4 only Lid 43
d.

2 and 3 only L3 42

Nora



2. Balance chemical equations

2Al(s) + 3Br,(g) — 2AIBr3(s)
Al(s) + Br,(q) — AlBr3(s)
O P &
- @ -
One aluminum Two bromine One aluminum atom R .
atom atoms Three bromine atoms
Two aluminum Six bromine Two aluminum atoms

atoms atoms Six bromine atoms

Nora



2. Balance chemical equations

Write chemical equations for each of the following reactions.
4., In water, iron (lll) chloride reacts with sodium hydroxide, producing solid iron(lll) hydroxide and sodium chloride.
5. Liquid carbon disulfide reacts with oxygen gas, producing carbon dioxide gas and sulfur dioxide gas.

6. CHALLENGE A piece of zinc metal is added to a solution of dihydrogen sulfate. This reaction produces a gas and a

solution of zinc sulfate.

4. FeClfag) + 3NaOH(ag) — Fe{OH),(s) + 3NaCl{ag)
5. CS,{l) + 30.(g) — CO (g} + 250,(g)
6. Zn(s) + H,S0 fag) — H,{g) + ZnS0 (aq)

Table 2 Steps for Balancing Equations

Step Process

Write the skeleton equation for the
reaction. Make sure that the chemical
formulas correctly represent the
substances. An arrow separates the
reactants from the products, and a
plus sign separates multiple reactants
and products. Show the physical
states of all reactants and products.

Count the atoms of the elements in
the reactants. If a reaction involves
identical polyatomic ions in the
reactants and products, count each

2 polyatomic ion as a single element.
This reaction does not involve any
polyatomic ions. Two atoms of
hydrogen and two atoms of chlorine
are reacting.

Count the atoms of the elements in
the products. One atom of hydrogen
and one atom of chlorine are
produced.

Change the coefficients to make

the number of atoms of each
element equal on both sides of the
equation, showing that atoms are
conserved. Never change a subscript
in a chemical formula to balance an
equation because doing so changes
the identity of the substance.

Write the coefficients in their lowest
possible ratio. The coefficients should
be the smallest possible whole
numbers. The ratio 1 hydrogen to

5 1 chlorine to 2 hydrogen chloride
(1:1:2) is the lowest-possible ratio
because the coefficients cannot be
reduced further and still remain whole
numbers.

Check your work. Make sure that
the chemical formulas are written

6 correctly. Then, check that the number
of atoms of each element is equal on
both sides of the equation.

Example
Hylg) + Clalg) — HCl(g)
(99 + — «
Two hydrogen Two chlorine One hydrogen atom

atoms atoms One chlorine atom

H + Cl -

2 2
2 atomsH 2 atoms Cl

HCI
1atomH + 1atom Cl

H, cl 2HCI
- 2 —
2 atoms H 2 atoms Cl 2 atoms H + 2 atoms CI
[ + - «
Two hydrogen Two chlorine Two hydrogen atoms
atoms atoms Two chlorine atoms

H,(g) + Cl(g) — 2HCI(g)
112
1H,t01Cl, to 2 HCI

2HCI
2 atoms H + 2 atoms Cl

H, -+ Cl, ~%
2 atoms H 2 atoms Cl

There are two hydrogen atoms and two chlorine atoms
on both sides of the equation.

Nora



3. Classify of chemical reactions

TABLE 4 PREDICTING PRODUCTS OF CHEMICAL REACTIONS

and/or compounds

Type of Reaction Reactants Probable Products Generic Equation
Synthesis » two or more substances = ONe compound A+B—= AB
Combustion « ametal and oxygen « the oxide of the metal A+0, = AO
= anonmetal and oxygen » the oxide of the nonmetal
« a compound and oxygen » two or more oxides
Decomposition « One compound « two or more elements AB—-A+B

Single-replacement

- ametal and a compound
- anonmetal and a

compound

« 8 new compound
and the replaced metal
« anew compound and

the replaced non-metal

A+BX -+ AX+B

Double-replacement

« two compounds

« two different compounds,
one of which is a solid,

water, or a gas

AX +BY — AY + BX

Nora




3. Classify of chemical reactions

« In a combustion reaction, oxygen combines C.H,.0, + 60.— 6CO. + 6H.0
with a substance and releases energy in the | |
form of heat and light.

. C(s) + 03 (g) = COz (g)
« Heated hydrogen reacts with oxygen to
prOdgce heat and waterin a CO.mbUStl(.)n The synthesis reaction between sulfur dioxide and oxygen can also be classified as a combustion reaction.
reaction. This is also a synthesis reaction.

2803 (g) + 03 (g) — 2505 (g)

2H,(9) + 0,(0) T2 2H,0(g)

S
S

- —

Figure 8 The light produced by a sparkler is the result of a combustion reaction between oxygen and different metals.
Nora



3. Classify of chemical reactions

What is a reaction of a substance with oxygen and 5y o Al Lillas GaanY paBala
releases energy In the form of heat and light?

Learning Cuicomes Covarad

B CHM

Decomposition reaction SlEE el
b, :

iCombustion reaction Gl el
[ =

Single Replacement reaction gial Jasy' lelis
d.

Double Replacement reaction e sy el

Nora



3. Classify of chemical reactions

. . L . 2Na(s - Cl —  2NadCl
« A synthesis reaction is a reaction in which two ) (9) aCl(s)

or more substances react to produce a single
product.

 When two elements react, the reaction is -
always a synthesis reaction. + .

=

Two compounds can also combine to form one compound. For example, the reaction between calcium oxide (CaO) and water (H,0) to

form calcium hydroxide (Ca(OH),) is a synthesis reaction.

CaO (s) + H,O (1) — Ca(OH), (s)

Another type of synthesis reaction involves a reaction between a compound and an element, as happens when sulfur dioxide gas (50,)

reacts with oxygen gas (O;) to form sulfur trioxide (S0;).

2850, I:g) + 05 [g} — 2503 (g)

Nora



3. Classify of chemical reactions

Which one of the following chemical reaction

. : 00085 Je i B Al Al il
equations represents a synthesis reaction? CafRe

Learning Outcomes Cowered

o CHMLID

. *

L2KCl, +30;y — 2KCIOyy,

b,
CsHu i+ B'D;-ggj — 5(:0} @+ EIH;'D 4

2Pb(NO;3)y () —  2PBO , +4NO, 1+ Oy

d

2AINO3); o 3H:504 gy — AL(SO4) g + BHNO, 1y

Nora



3. Classify of chemical reactions

Note that the combustion reactions just mentioned are also synthesis reactions. However, not all combustion reactions are synthesis
reactions. For example, the reaction involving methane gas (CH,) and oxygen illustrates a combustion reaction in which one substance

replaces another in the formation of products.

CH, (g) +20, (g) -» CO, (g) + 2H,0(g)

Methane. which belongs to a group of substances called hydrocarbons. is the major component of natural gas. A fireplace that uses natural
gas as fuel is shown in Figure 10. All hydrocarbons contain carbon and hydrogen and burn in oxygen to yield carbon dioxide and water.

D ADDITIONAL PRACTICE

14,
Write chemical equations for the following reactions. Classify each reaction into as many categories as possible. 15.
14, The solids aluminum and sulfur react to produce aluminum sulfide. 16.
15, Water and dinitrogen pentoxide gas react to produce aqueous hydrogen nitrate.
17

16. The gases nitrogen dioxide and oxygen react to produce dinitrogen pentoxide gas.
17. CHALLENGE Sulfuric acid (H,S0,) and sodium hydroxide solutions react to produce aqueous sodium sulfate and

water.

2Al(s) + 35(s) — ALS (s}, synthesis
H,O(l) + N_O(g) —+ 2HNO_(aq); synthesis

4NO,(g) + O,(g) —+ 2N,O.(g); synthesis and
combustion

H,50 (aq) + 2NaOH(aq) — Na 50 (aq) + 2H,0(l);
synthesis

Nora



3 & 4. Classify of chemical reactions

METALS
Most Lithium
active

SINGLE-REPLACEMENT REACTIONS Rubidium

Potassium
Predict the products that will result when these reactants combine, and write a balanced chemical equation for each Calcium
reaction. Sodium
a. Fe(s) + CUSO4(aq) — Magnesium
Aluminum
b. Br5(l) + MgCl,(aq) — Manganese
c. Mg(s) + AICl5(aq) — Zinc
lron
a. Iron is listed above copper in the activity series. Therefore, the first reaction will occur because iron is more reactive Nickel
than copper. In this case, iran will replace copper. The skeleton equation for this reaction is Tin
Fe (s) + CuSO4 (aq) — FeS04 (aq) + Cu(s) L ead
This equation is balanced. Copper
b. In the second reaction, chlorine is more reactive than bromine because bromine is listed below chlorine in the Silver
activity series. Therefore, the reaction will not occur. The skeleton equation for this situation is Least Platinum
Br (1) + MgCl, (aq) — NR active Gold
No balancing is required.
c. Magnesium is listed above aluminum in the activity series. Therefore, the third reaction will occur because Most HALQGENS
magnesium is more reactive than aluminum, In this case, magnesium will replace aluminum, The skeleton equation active Elﬁlorl.ne
for this reaction is This equation is not balanced. The balanced equation is Least Bro?r:ilgg
Mg (s) + AICl3 (aq) — Al(s) + MgCl, (aq) active lodine

This equation is not balanced. The balanced equation is 3Mg (s) + 2AICl; (aq) — 2Al (s) + 3MgCl, (aq) Nora




3 & 4. Classify of chemical reactions

0 ADDITIONAL PRACTICE

Predict whether the following single-replacement reactions will occur. If a reaction occurs, write a balanced equation

for the reaction.
21.K(s) + ZnCl5(aq) —

22. Cl5(g) + HFaqg) —

23. Fe(s) + NasPOy(aq) —

24, CHALLENGE Al(s) + Pb(NOs),(aq) —

21. Yes. K is above Zn in the activity series. 2K(s) 4

ZnCl,faq) — Zn(s) + 2KCl(aq)

22. No. Cl is below F in the activity series.

23. No. Fe is below Na in the activity series.

24. Yes. Al is above Pb in the activity series. 2Al(s) +

3Pb(NO,) (s)

- 3Pb(s) + 2AI(NO,) (aq)

Question Predict if the following reactions will occur and

indicate products formed.
Li{s) + NaOH(aq) —

F.(g) + HCl{aq)

Ag(s) + AIC | (aqg)

Answer

Li(s) + NaOH{aqg) — Na(s) + LiOH(aq)
F,(a) + 2HCl{aq) — Cl,{g) + 2HF(aq)
Ag(s) + AICl (ag) - no reaction

Most
active

Least
active

Most
active

Least
active

METALS
Lithium
Rubidium
Potassium
Calcium
Sodium
Magnesium
Aluminum
Manganese
Zinc

Iron

Nickel

Tin

Lead
Copper
Silver
Platinum
Gold

HALOGENS
Fluorine

Chlorine
Bromine
lodine

NOI'd



3 & 4. Classify of chemical reactions

Using the reactivity series of metals, what would yield Jasay ) el plgall palll Le o Sl
the single replacement reaction of calcium (Ca) with  ZN(NOy); cusemlall ciljis pa (€

zinc nitrate Zn fNDJ}T?

Ca ) + Zn(NO;)s gy —

Learning Outcomas Covered

CaCl, oy + Zn
Zn 5 + Ca(NOs)y (o)

NR, No Reaction [ Jeli &uaag

zn{ND.ﬂ: fag) CEIDH]! {aq)

Most
active

Least
active

Most
active

Least
active

METALS
Lithium
Rubidium
Potassium
Calcium
Sodium
Magnesium
Aluminum
Manganese
Zinc

Iron

Nickel

Tin

Lead
Copper
Silver
Platinum
Gold

HALOGENS
Fluorine

Chlorine
Bromine
lodine




3. Classify of chemical reactions

REACTIONS THAT FORM A PRECIPITATE =
35. chemical equation: Kljag} + AgNO jag) — KNC [aq)

Write the chemical, complete ionic, and net ionic equations for the reaction between agueous solutions of barium + Agl(s); complete ionic equation: K.M4et) + | {aqg) +
nitrate and sodium carbonate that forms the precipitate barium carbonate. Ag'lag) + N@-ﬂﬂ'} — KHam) 11.].9-;"{31‘;] + Agl(s); net
ionic equation: 7lag) + Ag'(ag) — Aglls)
Ba(NOs); (aq) + NazCO5 (ag) — BaCO; () + NaNOs (aq) 36. chemical equation: 2(NH,) PO jaq) + 3Na,50 fag) —
. 1 ) 3(NH,).50 faq) + 2Na PO [aq);
Ba(NOs); (aq) + Na; CO4 (aq) — BaCO; (5) + 2NaNOs (agq) Balance the skeleton equation. compléte ionic equation: Gbi |;‘Tﬂﬁ] A w 4
2+ - + 2- Ghiafan]) + 350-+=1an] — GNH-*tar) + 3S0-~tar +
Bt o+ K05 (el + 2N Gag) + €05 kag) < Show the ions of the reactants and the products. : . 4 » " .
BaCO; (s) + 2Na™ (ag) + 2ZNO:~ (aq) Bher(al]) + RS -(a0)
5 - Mo reaction occurs; therefore, there is no net ionic
Ba (aq) + M + M +CO3;™ 'f.a":l) s Cross out the spectator ions from the complete lonic El:ll..lalil::ll'l.
BaCO; (s) + M + M eqiiatel. 37 chemical equation: AICL{aq) + 3NaOH(ag) — AI{OH).{s)
. & _ - _ + 3NaCl(ag); complete ionic equation: Al *'{aq) +
Ba® + (ag) + CO;* (ag) — BaCOj (s) Write the net ionic equation. 3CHeg) + hlalan) + 30H (ag) — m{DH}g[E] T
3hiaHan) + 3GEaT net ionic equation: AP '(ag) +
() ADDITIONAL PRACTICE 30H (aq) — AlOH)(s)

38. chemical equation: Li ‘IS'D."{EI ) + Ca(N Da}l?{aq!

Write chemical, complete lonic, and net ionic equations for each of the following reactions that might produce a 2LINO (aq) + CaSO (s} complete ionic equation:
3 . gr- " )

precipitate. Use AR to indicate that no reaction occurs. 2lised) + SO, (aqg) + Ca*'(aq) + 2NOwtea] —
35, Aqueous solutions of potassium iodide and silver nitrate are mixed, forming the precipitate silver iodide. 2LiHe) + zuﬂrfgq] + CHSDJ 5); net ionic equation;
36. Aqueous solutions of ammonium phosphate and sodium sulfate are mixed. No precipitate forms and no gas is SD:' I:&Ei] + Ca' [::lq} — C3 5'[14{5}
produced. 39. chemical equation: 5Na,CO (aq) + 2MnCl {ag) —
37. Aqueous solutions of aluminum chioride and sodium hydroxide are mixed, forming the precipitate aluminum 10NaCl(ag) + Mn{CO,), (s}, complete ionic equation:
hydroxide. 10Naat) + 5C0,* (ag) + 2Mn*'(aq) + JOCHeq) —
38. Aqueous solutions of lithium sulfate and calcium nitrate are mixed, forming the precipitate calcium sulfate. 10hlaMag) + 10CHegy -+ Mn ;.“:G' JJ._I['-"']'.
39. CHALLENGE When aqueous solutions of sodium carbonate and manganese(V) chloride are mixed, a precipitate net ionic equation: 5C0,* {aqg} + 2Mn*'{ag) —
forms. The precipitate is a compound containing manganese, Mﬂ-,.[':ﬂ JJ._,[E:J

Nora



3. Classify of chemical reactions

REACTIONS THAT FORM WATER

Write the chemical, complete ionic, and net ionic equations for the reaction between hydrochloric acid and agueous
lithium hydroxide. This reaction produces water and agueous lithium chloride.

HCl(aq) + LiOH (aq) — H; O (1) + LiCl (aq)

H* (ag) + Cl™ (ag) + Li* (ag) + OH™ (ag) —
H,0 (1) + Li* (ag) + CI” (aq)

H* (ag) + CLA4a) + Li4a) +OH™ (ag)
H O () + LitAad) + ClAaq)

H* (ag) + OH™ (ag) — H,O (1)

Show the ions of the reactants and the products.

Cross out the spectator ions from the complete ionic equation.

Write the net ionic eguation.

Write chemical, complete ionic, and net ionic equations for the reactions between the following substances, which
produce water.

40. Mixing sulfuric acid (H,50,) and agueous potassium hydroxide produces water and aqueous potassium sulfate,

41. Mixing hydrochloric acid (HC) and aqueous calcium hydroxide produces water and aqueous calcium chloride,

42. Mixing nitric acid (HNO4) and aqueous ammonium hydroxide produces water and aqueous ammonium nitrate.
43, Mixing hydrosulfuric acid (H,S) and aqueous calcium hydroxide produces water and aqueous calcium sulfide,

44, CHALLENGE When benzoic acid (CgHsCOOH) and magnesium hydroxide are mixed, water and magnesium

benzoate are produced.

40. chemical equation: H,50 faq) + 2KOH(aq)

41.

42

43.

+ 2H.0(1)
b K. 50 [(aqg); complete ionic eguation: 2HY{aq) |

(aq) + 2k + 20H (ag) — 2H,0() + 2] |
5@-“‘13‘!1‘1 net ionic equation: 2HY(aaq) I 20H{ag) —
Z2H. {]{I} simplified to H'(aq) | OH{aqg) H:Dl:l}
chemical equation: 2HCl{aq) + Ca{CH),(aqg) — 2H,0{l)
| CaCl faq); complete ionic equation: 2H"(aq)

ag) + Ga*"ag) 1 20H (ag) — 2H.Cfl) 1
Gatat] | 2€-{a1] net ionic equation: HY(aq) |
OH{aq) — H,Of))
chemical equation: HNO (ag) + NH,OH{aq) —+ H,O(l) 1
NH,NO {aq) complete ionic equation: H*(ag) | NEA{am]
bNHMaa) + OH (ag) — H,Of) + NHtag] | NO:(2G);
net ionic equation: H*{ag) + OH(aq) rHED{i:l
chemical equation: H,5{ag) 1 CalOH),(aq) —+ 2H_O(l}
| CaS{ag); complete ionic equation: 2H'(ag) | 544
- Catdfa)) + 20H (ag) — 2H,0)) + CatHan) + Sifeq)
net ionic equation: H'(ag) + OH{ag) — H,O{l}
chemical equation: 2C_ H,COOH(aq) + Mg{OH) {aqg) —
Mq[C H, CGD} (aq) + 2H E}[H complete jonic equation:
M@E"{Hﬂ]’ | 2H* {aqj iMeaag] + 20H (aqg) —

J-CGHEEEF{E'I b Maieq) + 2H,O(l); net ionic
equation: H*{aq) | OH (ag) 'H‘G[I:I

Nora



/ & o. Lonvert of moles to numbper ot representative

- 6.02 x 10%°

particles and vice versa
1 mole is the number of atoms in 12 g of pure /\

carbon-12, or 6.02 x 1023 representative particles
Moles Pa_rtviclles

Moles to Particles oy, Mool
 Use Avogadro’s number as \_/‘
a conversion factor. Xx6.02 x 102

* Number of molecules in
3.50 mol of sucrose:

Particles to Moles
e Use the inverse of
Avogadro’s number as a

conversion factor.
6.02x10” molecules

3.50 moksticrose x 2.11x10% molecules
1 mgl,s-um Number of representative particles x 1 mol
6.02x10% particles
* Express 2.11 x 10%* molecules of sucrose
in moles:
2.11x10* molecules-suerose 1 mol sucrose = 3.50 mol sucrose

"6.02x10% molecules

Nora



/ & o. Convert of moles to numbper ot representative
particles and vice versa - 6.02 x 107

7

Moles Particle
aloms, maecwes, formufa unts
1. Zinc (Zn) is used to form a corrosion-inhibiting surface on galvanized steel. Determine the number of Zn atoms in 2.50 mol
of Zn.
x6.02 x 10’
2. Calculate the number of molecules in 1 1.5 mol of water (H2O). -

3. Silver nitrate (AgNOy ) is used to make several different silver halides used in photographic films. How many formula units
of AgNO; are there in 3.25 mol of AgNO, 7

4. CHALLENGE Calculate the number of oxygen atoms in 5.00 mol of oxygen molecules. Oxygen is a diatomic molecule, O2

1. 1.51 x 10** atoms
2. 692 X 10 molecules
3. 1.96 x 10?" formula units

4. 6.02 X 10* atoms

Nora



/ & o. Lonvert of moles to numbper ot representative

particles and vice versa - 6.02 x 107
3. How many moles contain each of the following? /\
4 ;
a.3.75 X 107" atoms Al Moles Particles

b. 2,50 % 10* atoms Fe v

x6.02 x 10”
6. CHALLENGE Identify the representative particle for each formula, and convert the given number of representative

particles to moles.
a. 373 % 10% CO,

b.3.58 X 102 ZnCl,
5. a. 9.55 mol

b. 415 ¥ 10 " mol
b. 3. a molecule: 6.23 mol CD_,
D. a formula unit; 0.595 mol £ZnCl.

“Nora

formufa ueats



/ & o. Convert of moles to numbper ot representative
particles and vice versa

How many molecules are in 60.0 g of glucose (CgH;20¢)? What is the number of atoms in a 0.645 mol el 5 0,645 mol i symsdl
sample of argon gas (Ar)? orik
Molar mass of glucose (CgH120¢) = 180 g/mol "(AT)
Avogadro’s number = 6.02 x 10%*
Avogadro's number = 6,02 x 10" 6.02 % 10"
Learning Quicames Coversd
7.83 x 10*
b 3.88 x 10* atom i 3.88 x 107
9.22 %10*
== la.
4,62 x 102 atom 544,62 x 102
2.01x 10%
1 X 1.07 x 102 atom 5,21.07% 102
5.16 x10
.
9.33 x 10% atom 52933 x10%

Nora



/ & o. Convert of moles to numbper ot representative
particles and vice versa

How many moles contained in 2.50 x 10* molecules agm 2.50 x 10 i Which of the following does NOT describe the mole?
of ammonia NH,?
A'u'ﬂgﬂdfﬂli nUMber = {'hﬂ_" X H.:I'I': lthﬂ_ Learning Qutcomes Coversd
Leafrlng Oulcom w5 o
A unit used to count particles directly
0.42 mol !
- Avogadro’s number of molecules of a compound
e
: 4.15 mol "
The number of atoms in exactly 12 g of pure C-12 A
0.24 mol
d
The Sl base unit used to measure the amount s S
d
of a substance
2.40 mol

Nora



9,10 & 12. Convert the number of moles to the mass of a
compound andviceversa =~ =

a. 3.57T mol Al
Moles to Mass b. 4.26 mol Si
* S U p pcse yO un eed 3 . OO m OI Of 16. CHALLENGE Convert each given quantity in scientific notation to mass in grams expressed in scientific notation.
copper for a chemical reaction w45 X107 mol Co 5. a.96.3 g A

) 2
b. 245 107 mol Zn b. 1.20 x 10° g Si

mass in grams 16. a. 2.03 x 10" g Co
number of moles x = mass

1 mole b. 1.60 g £Zn

17. Determine the number of moles in each of the following.

63.546 g Cu 02555 Ag

3.00 met-CUx 1 =191 g Cu .3000 5 S
m

18. CHALLENGE Convert each mass to moles. Express the answer in scientific notation.

A 3 n
* 3.00 mol of copper has a mass of ;-};;:g‘;jfz

191 ¢ 17. a. 0.236 mol Ag
b. 9.355 mol S
18. a. 1.91 x 10" mol Zn

b. 1.79 x 10' mol Fe
Nora



9, 10 & 12. Convert the number of moles to the mass of a
compound and vice versa

EXAMPLE Problem 2

MOLE-TO-MASS CONVERSION Chromium (Cu), a transition element, is a component of chrome plating. Chrome plating

used on metals and in stee! alloys to control corrosion. Calculate the mass in grams of 0.0450 mol Cr.

1. AMALYZE THE PROBLEM

You are given the humber of molkes of chromium and must convert it to an equivalent mass using the molar mass of
chromium from the periodic table. Because the sample is less than ene-tenth of a mole, the answer should be less thar
one-tenth of the molar mass.

Known Unknown
number of moles = 0.0450 mol Cr mass Cr= Tg
molar mass Cr = 52.00 g/mol Cr 2. SOLVE FOR THE UNKNOWN

Use a conversion factor—the molar mass—that relates grams of chromium to maoles of chromium. Write the conversion

factor with moles of chromium in the denominator and grams of chromium in the numerator. Subsfitute the known values

into the eguation and solve.

arams Cr
1 mol Cr

moles Cr X = grams Cr

52.00¢ C
0.0450 met(T x———E5— =234 Cr

| metCT

Apply the conversion factor.

Substitute 0.0450 mol for moles Cr and
52.00 g/mol for molar mass of Cr. Multiply and
divide numbers and units. Nora



9, 10 & 12. Convert the number of moles to the mass of a

compound and vice versa

MASS-TO-MOLE CONVERSION Calcium {Ca}, the fifth most-abundant element on Earth, is always found combined with
other elements because of its high reactivity. How many moles of calcium are in 525 g Ca?

1. ANALYZE THE PROBLEM

You must convert the mass of calcium to moles of calcium. The mass of calcium is more than ten times larger than the
molar mass. Therefore, the answer should be greater than 10 mol.

Known Unknown

mass = 325 g Ca number of moles Ca = 7 mol

molar mass Ca = 40.08 g/mol Ca
2. SOLVE FOR THE UNKNOWN

Use a conversion factor—the inverse of molar mass—that relates moles of calcium to grams of calcium, Subsiitute the
known values and solve.

mass Ca X M = moles Ca Apply the conversion factor.
grams Ca
325 ’g,l?/ | mol Ca =13.1 mol Ca Substitute mass Ca = 325 g, and inverse
40.08 /g,e’ |
molar mass of Ca = 1 mol/40.08 g. Multiply

and divide numbers and units.
Nora



9, 10 & 12. Convert the number of moles to the mass of a
compound and vice versa

Use with Example Problem 7.

Problem

The characteristic odor of garlic is due to allyl sulfide

[(C3Hs),S]. What is the mass of 2.50 mol of (C;H:),S? SOLVE FOR THE UNKNOWN

 Total the mass values.

SOLVE FOR THE UNKNOWN molar mass = (32.07 g+72.06 g+ 10.08 g) =
114.21 g/mol (C;H;),S

Use a conversion factor—the molar mass—
that relates grams to moles.

Calculate the molar mass of (C;H:),S.

e Multiply the moles of S in the compound
by the molar mass of S.

32.07g5S * Apply the conversion factor.
1 melsS X ——T 32.0785S moles (C3Hg)yS X grams(C3Hsg))S
*  Multiply the moles of C in the compound 1 mol(C3Hs))S
by the molar mass of C. = mass(C3Hsg),S
12.01gC
6 metE X 1 melc 72.068C * Substitute moles (C;Hc),S = 2.5 mol, molar

*  Multiply the moles of H in the compound mass (C3Hs),S = 114.21 g/mol, and solve.

114.21 g (CqHg)»S
by the molar mass of H. 2.50 mokCaHe)aS X g (C3Hsg))

10 molH 1.008 ¢ H 10.08 g H '
X ————=10.
1 motH 8 = 286 g (C3H5),S

Nora



9, 10 & 12. Convert the number of moles to the mass of a
compound and vice versa

34.

35.

36.

Determine the molar mass of each ionic compound.

a. NaOH
b. CaCl»
c. KC:H5 04

Calculate the molar mass of each molecular compound.

a. C»H;OH
h. HCN
C. CCl._L

34. a. 40.00 g/mol

35.

36.

b. 110.98 g/mol

c. 98.14 g/mol

a. 46.07 g/mol

b. 27.03 g/mol

c. 153.81 g/mol

a. ionic; 211.64 g/mol
b. ionic; 149.10 g/mol

c. molecular; 342.20 g/mol

CHALLENGE Identify each substance as a molecular compound or an lonic compound, and then calculate its molar mass.

a. St(NO; )

b. (NHa )3 POy
c. CjaHy: 0y

Nora



9, 10 & 12. Convert the number of moles to the mass of a
compound and vice versa

37. The United States chemical industry produces more sulfuric acid (H3804). in terms of mass, than any other chemical. What
is the mass of 3.25 mol of H,S047

38. What is the mass of 4,35 X 107 mol of zinc chioride (ZnCl;)?

39. CHALLENGE Write the chemical formula for potassium permanganate, and then calculate the mass in grams of 2.55 mol

of the compound.

37 319qg
39 I-ih-f'rl-ﬂl.ﬂlilﬂ {

Nora



9, 10 & 12. Convert the number of moles to the mass of a
compound and vice versa

What is the molar mass for the compound CzHsOH ?

[ HYDROGEN | A
1 Periodic Table
H
e Elements 1- 18
LITHILM BERYLLILM BORON CARBON MITROGEN
3 4 5 [ 7
Learning Outcarmes Covered

34.0 g/mol
46.0 g/mol
62.0 g/mol

89.0 g/mol

OXYGE

How many moles of carbon dioxide CO; will be produced
if 100.0 g of potassium hydrogen carbonate KHCO3; have

decomposed?

2KHCO3 (5 — K2€CO3 () + CO2 (g +

RAAlar Mace ~F FHEML = 100 alenall
Learning Dutcames Cavered

1 mol

2 mol

0.5 mol

0.25 mol

Nora



9, 10 & 12. Convert the number of moles to the mass of a
compound and vice versa

Which of the following statements are correct

€ Jsally A0SI
related to mass and the mole? sy
How many moles are in 22.0 g of CO;? 1 | Amole always contains the same number of particles Clapeal
Molar mass CO;= 44 gffmm 2 | Moles of different substances have different masses aan
3 | Converting from mass to mole we use ealiall < 358 Baaly At
........ g Dilcames Covired a fixed ratio for all elements
Learning Outcomes Covered
0.50 mol
h_ o
0.60 mol 2 and 3 352
b.
1.25 mol | and 3 3,1
d, '
2.00 mol : | and 2 241
d.
1,2and 3 39251

Nora



6. Predict whether reactions in aqueous solutions will

produce gas

REACTIONS THAT FORM GASES

Write the chemical, complete ionic, and net ionic equations for the reaction between hydrochloric acid and aqueous
sodium sulfide, which produces hydrogen sulfide gas.

HCI (ag) + Na, S (ag) — H; S (g) + NaCl (aq)

Balance the skeleton equation.

2HCI1 (aq) + Na3 8 (ag) — Hy S (g) + 2NaCl (aq)
2H* (ag) + 2C1" (aq) +2Na* (ag) + $*" (aq) —
H,S (g) + 2Na* (aq) + 2C1° (aq)
2H' (aq) + 201A4) + Na*EG) + 57 (ag) -
Hy$(g)+ 2Na*(a@) +2C1° (ag)
2H' (ag) + 5% (aq) - HaS ()
{J) ADDITIONAL PRACTICE

Show the jons of the reactants and the products.

Write chemical, complete ionic, and net ionic equations for these reactions.
45, Perchloric acid (HCIO,) reacts with aqueous potassium carbonate, forming carbon dioxide gas and water.
46, Sulfuric acid (H550,) reacts with aqueous sodium cyanide, forming hydrogen cyanide gas and agueous sodium
sulfate.
47. Hydrobromic acid (HEr) reacts with agueous ammaonium carbonate, forming carbon dioxide gas and water.

48, Nitric acid (HNOs) reacts with agueous potassium rubidium sulfide, forming hydrogen sulfide gas.

49. CHALLENGE Aqueous potassium iodide reacts with lead nitrate in solution. forming solid lead iodide.

Cross out the spectator ions from the complete ignic.equation.

Write the netionic equation in its smallest whole-number ratio.

&7

49,

. chemical equation: 2HCIO (aq) 4 K?C{]anqk rH_ICI[!]

i CO{g) + 2KCIO [ag);
complete ionic equation: 2HY(aqg) |+ 2C8-=1TG)
I 2kHeay + CO (ag) — H,O() + CO(g)  2e*ar]
i jﬂ@;taqj: net ionic equation: 2H*(aq) | C{:}__{"" (ag)
» H,Of) + CO_lg)
chemical equation: H,50 (ag) + 2NaCN{aq) —
2HCN(g) + Na,SO (aq),
complete ionic equation: 2H*(ag) + S0#={ag)
i 2heat] | 2CN-(ag) — 2ZHCN([g) | 2Neatag]
b SO tat).
net ionic equation: 2HYaaq) + 2CN-{ag)
simplified to HYag) | CN(ag) — HCNig)
chemical equation: 2HBr{aqg) | (NH,),CO_{aq)
b CO.(g) + 2NH Briag);
complete onic equation: 2HY(aq) | _2B~taq) |
2NH-af) + CO. 2 (ag) — H,Of} + CO(g) + ZNH*TEg)
b 28~ar],

» ZHCN(g),

» H,0f)

net ionic equation: 2HYaaq) | CD; (aa) -H__}Dﬁlb |
co,g)
chemical equation: 2HNO [aqg) + KRbS(ag) -+ H.S(g)

i HFII::[ND__\} Jtaq}; complete ionic equation: 2H'{aq)

b 2NO-—~ag) | Kiaqy tRbHeq) | 5 (ag) — H_5(g)
b Kdfer] | ReaEh) + 2NG-~{aq) net ionic equation:
2H'(ag) + 5" (aq) — H.,S(g)

chemical equation: 2Kl{aaq) | P‘I:I-[N'D:J_f (ag) rEHN'Dzl:aq}
t Pbl[s); complete ionic equation_2&~aq) | 2i(aq) 1
Pb*'(ag) | 2NO-AT] — 2kHeay | 2NO-Stat) | Pbl(s)
net ionic eqguation: Pb*t(ag) + 21 (ag) — F’I:ll_f[&j

Nora



6. Predict whether reactions in aqueous solutions will
produce gas

Which one of the following reactions in agueous solution Al eSel What is the meaning of spectator ions? Ca il il
produce gases? '

Learning Cutcames Covarsd
Learning Oulcomes Covered

2HI {ag) + LiESanj — H3S ) + 2Lil faq) The total ions in the solution of a reaction ._II-I:-I-i:Ijl' ._lj-li‘l-ﬂ %J P p-:h_'}ﬂ-l
2NaOH aq) + CuClyjaq) — 2NaCliag) + Cu(OH)sgs) b - _ !
 lons that do not participate in a reaction Jelal) g iyl
CBD[SJ + CD:;E} —* CaC03[5] C

lons that produce solid precipitate from the reaction Jelill e Al ddiall sl

2HC|O|:3¢|} + CE{DH}}[aq] - ZH}_‘OM + Ca{CID)Z[aq]

lons that produce gas released from the reaction delill e seluaiall ladl ¢



6. Predict whether reactions in aqueous solutions will

produce water

REACTIONS THAT FORM WATER

Write the chemical, complete ionic, and net ionic equations for the reaction between hydrochloric acid and agueous
lithium hydroxide. This reaction produces water and aqueous lithium chloride.

HCl(aq) + LiOH (aq) — H,0 (1) + LiCl (aq)

H* (ag) + CI” (aq) + Li* (aq) + OH™ (aq) —
H,0 () + Li* (ag) + CI™ (aq)

H a9+ CIAaQ) + L) +OH™ (ag) —
H0()+ Liaq) + CLAaq)

H* (ag) + OH™ (ag) = H,0(1)

Show the ions of the reactants and the products.

Cross out the spectator ions from the complete ionic eguation.

Write the netionic equation.

Write chemical, complete lonic, and net ionic equations for the reactions between the following substances, which
produce water.

40. Mixing sulfuric acid (H,50,) and agueous potassium hydroxide produces water and aqueous potassium sulfate,

41. Mixing hydrochloric acid (HCI) and agueous calcium hydroxide produces water and agueous calcium chloride.

42. Mixing nitric acid (HNO) and agueous ammonium hydroxide produces water and agueous ammonium nitrate.
43, Mixing hydrosulfuric acid (H55) and aqueous calcium hydroxide produces water and aqueous calcium sulfide,

44, CHALLENGE When benzoic acid (CgHsCOOH) and magnesium hydroxide are mixed, water and magnesium

benzoate are produced.

40. chemical equation: H.50 fag) + 2KOH(aq)

41.

42

43

+ 2H.00l)

b K. 50 [aq); complete ionic equation: 2H*{aq)

SO, (aq) + 2k + 20H (ag) — 2H,0() + 26H=0] 4
EG-“'{ERTJ net ionic equation: 2HY(aq) I 20H (aq) —
ZH 'Dil} simplified to H*(aqg) + OH{ag) — H.O{l)
chemical equation: 2HCifaq) + Ca(OH).(aq) — 2H,0f])
| CaCl I;dtﬂ complete ionic equation: 2H (@ag) |
EU'Edq} b Gad*tat) + 20H (aq) — 2H.0f) 1

Gt | 2€1a8] net ionic equation: H(ag) |
OH(aq) 'HIG{III

chemical equation: HNO,(aq) + NH,OH{ag) —+ H,O{l) |
NH,NO (aq) complete ionic equation: H*(aq) | NE*=at]
bMHET) + OH (ag) — HOf) + MHEE) |+ NS taG);
net ionic equation: H'{ag) + OH (aq) rH,JD[I::I
chemical equation: H,5(aq) + CalOH),(aq) — 2H,0(l}

| CaS{ag); complete ionic equation: 2H'(ag) | 5={a0)
| Ca*ifan) + 20H (ag) — 2H.O{) + Cadden) | Sien)
nel ionic equation: H'{ag) + OH-(aq) » H,Ofl)

. chemical equation: 2C H,COOH(aqg) + Mg(OH) {aq) —

Mq[C H, C{J'D] [aq] } 2H C}[Hr complete jonic equation:
Mﬁq]‘ | 2H* {dqj lMeyttag] + 20H (aqg) —

I%E@ﬁ‘[ﬂ b Maseg) + 2H,0(l); net ionic
equation: Haq) | OH (ag) HLL'][r:l

Nora



5 & 6. Predict whether reactions in aqueous solutions will

produce precipitate

REACTIONS THAT FORM A PRECIPITATE

Write the chemical, complete ionic, and net ionic equations for the reaction between aqueous solutions of barium
nitrate and sodium carbonate that forms the precipitate barium carbonate.

Ba(NO;); (aq) + NazCO; (aq) — BaCO; (s) + NaNO; (aq)

Ba(NO3 ), (aq) + Na;COs (aq) — BaCO; (5) + 2ZNaNO; (ag) Balance the skeleton equation.

Ba®" (aq) + 2NO; ~ (ag) + 2Na* (ag) + COs* (aq) —
BaCO; (s) + 2Na* (ag) + 2ZNO; ™~ (aq)

Show the ions of the reactants and the products.

Ba®" (ag) + J-'Hz ==(ag) + M +CO05%" (ag) — Cross out the spectatar jons from the complete ianic
BaCO; () + Mf + M equation.

Ba 4 (ag) + CQE_E’ (aq) — BaCO; (8) Write the net ionic equation.

() ADDITIONAL PRACTICE

Write chemical, complete lonic, and net ionic equations for each of the following reactions that might produce a

precipitate. Use NR to indicate that no reaction occurs.

35. Aqueous solutions of potassium iodide and silver nitrate are mixed, forming the precipitate silver lodide.

36. Aqueous solutions of ammonium phosphate and sodium sulfate are mixed. No precipitate forms and no gas is

produced,

37. Aqueous solutions of aluminum chloride and sodium hydroxide are mixed, forming the precipitate aluminum

hydroxide.

38. Aqueous solutions of lithium sulfate and calcium nifrate are mixed, forming the precipitate calcium sulfate.

39. CHALLENGE When aqueous solutions of sodium carbonate and manganese(\V) chloride are mixed, a precipitate

forms, The precipitate is a compound containing manganese,

35

36.

37

38.

39.

chemical equation: Ki{ag) + AgNO fag) — KNO.[aq)
+ Agl(s); complete ionic equation: K. 4eq) + | lag) +
Ag'(ag) + NO-(aG) — K4af) + MO-~{a) + Agl(s); net
ionic equation: 17(aq) + Ag'(aq) — Agi(s)

chemical equation: 2(NH,),PO {aq) + 3Na,50 fag) —
3(NH,),S0 (aq) + 2Na PO (aq});

complete ionic equation: BhkH:4a0) + ZBO.#ad)
EMe(aT]) + 350;-ta) — 6N e + 350 ~ter) +
ENevtaty) + 2007ta0)

Mo reaction occurs, therefore, there is no net jonic
equation.

chemical equation: AlCL{aqg) + 3NaOH(aqg) — AlOH) {s)
+ 3NaCl(aq); complete ionic equation: Al *' {aqg) 4
3CH{eq) + 3Naifan) + 30H (ag) — AOH)(s) +
Jhiafat] + 3Gat) net lonic equation: AF'(aq) +
30H (ag) — AlOH)(s)

chemical equation: Ll_,SD [(aq) + Ca(NO J:I?I:EI'EI:I
ELIN'D,_;IIHIJ:I + CaSGqI:';:}: camplete ionic equation:
2LiMed) + SO,*(aq) + Ca*'(aq) + 2NOa) —
2LiMed) + 2hO-~tat] + CaS0 (s}, net ionic equation;
S0, (ag) + Ca”'(ag) — CaS0,[s)

chemical equation: 5Na,CO faq) + 2MnCl {aqg) —
10NaCl{ag) + Mn,[CO,),(s); complete iomc equation:
10Naat) + 5C0,* (aq) + 2Mn*'(aqg) + 10CHeq) —
10NaHeg) + 10CIHeq) + Mn (CO,) (s)

net ionic equation: 5C0.*(ag) + 2Mn*'(aq) —
Mn,(CO,).(s) Nora



5 & 6. Predict whether reactions in aqueous solutions will
produce precipitate

What is the net ionic equation for the following reaction?

CaCly jagy + 2NaOH jagy — 2ZNaCl 5 + C

2Na"(aq) + 2':]-|..1|:.1:| == ENBEH,-,.:I]

. ¢

- Ca**(ag) + 20H 5q)— Ca(OH)zs
Cal.-:aq} + 20H tag)— Ca (55 + Oz (gy + Ha i

d

CEE'[aq] + 2Cl [ag) T 2N3113q3+ 20H {ag) —* ENEr(aq] + 2C| {ag) + CE{DH]I[S';

https://t.me/+U FO6Tmjx1E50DFkNora




11. Identity the mole relationships shown by a chemical

formula

MOLE RELATIONSHIPS FROM A CHEMICAL FORMULA Aluminum oxide (AlxO5), often called alumina, is the principal raw
material for the production of aluminum (AL). Alumina occurs in the minerals corundum and bauxite. Determine the moles of

aluminum ions {F’hlaﬂr ) in 1.25 mol of Al; O3

1. ANALYZE THE PROBLEM

You are given the number of moles of Al O3 and must determine the number of moles of A]H ions. Use a conversion
factor based on the chemical formula that relates moles of A" jons ta moles of Al, O3 Every mole of Al O3 contains

2 mol of AI** jons. Thus, the answer should be two times the number of moles of AlyOs.

Known Unknown

number of moles = 1.25 mol Al,O; number of moles = ? mol AI**ions

2. SOLVE FOR THE UNENOWM
Use the relationship that 1 mol of Al O3 contains 2 mol of AP? ions to write a conversion factor

2 mol APP*ions
1 mol Al O3

Create a conversion factor relating moles of
Al’" ions to moles of Al; O3.

To convert the known number of moles of Ala O3 to moles of AT ions, multiply by the ions-to-moles conversion factor.

2 mol AI** ions
1 mol Al» O

moles Al; O3 x = moles AI’" ions Apply the conversion factor.

34
125 molAtzO; x —ROLAL 1005 _ 5 50 mol APSigmsitute moles Al,O3 = 1.25 mol Al,Os

! M and solve. Nora



11. Identity the mole relationships shown by a chemical
formula

29. Zinc chloride (ZnCly ) is used in scidering flux, an alloy used to join two metals together. Determine the moles of C17 ions

in 2.50 mol ZnCl».

30. Plants and animals depend on glucose (CgH 204 ) as an energy source. Calculate the number of moles of each slement in
1.25 mol EﬁHll{jﬁ.

31. lron(ll) sulfate [FE; (SOy }3] 15 sometimes used in the water purification process. Determine the number of moles of sulfate

ions present in 3.00 mol of Fe; (S04);.
32. How many moles of oxygen atoms are present in 3.00 mol of diphosphorus pentoxide (P;05)7?

33. CHALLENGE Calculate the number of moles of hydrogen atomsin 1,15 % 10 mol of water Express the answer in
scientific notation.
29. 5.00 mel Cl
30. 750 mol C; 15.0 mol H; 750 mol O
31. 9.00 mol 5D13
32. 250 mol O

33. 230 x 10" mol H
Nora



13. Explain what is meant by the percentage composition of the compound

EXAMPLE Problem 10

CALCULATING PERCENT COMPOSITION

Sodium hydrogen carbonate (NaHCOs), also called baking soda, is an active ingredient in some antacids used for the

Use the percent by mass equation.
relief of indigestion. Determine the percent composition of NaHCO5.

2. SOLVE FOR THE UNKNOWN _ mass of element in 1 mole of compound 100
Determine the molar mass of NaHCO5 and each element’s contribution. B molar mass of compound =
22.
22.99 g Na i : : percent Na = /34 35; s Tt x 100 = 27.37% Na
| ’mgkN/ Sl § R = 22.99 g Na Multiply ll';je molar mass of Na by the number of Na atoms in the mo Ul g/imo
| motNa compound.

1.008 g H
I JIETYH/X l—gr =1.008gH  Multiply the molar mass of H by the number of H atoms in the compound.

1.008 ‘
percent H = E  %100=1200%H °
| 1201 gC | mol/84.01 g/mol 1
1 ;uei'C/x 1— =1201gC Multiply the molar mass of C by the number of C atoms in the compound.
et T 12.01
percent C = 5 x 100 = 14.30% C
16.00g O | Muitiply the molar mass of O by the number of O atoms in the mol/84.01 g/mol |
3 met0 x ——=— =48.00g0
| e ercent O = — D& 100 = 57.14% 0
P ~ mol/84.01 g/mol =S I
molar mass = (22.99 g + 1.008 g + 12.01 g +48.00 g) Total the mass values.

= §4.01 g/mol NaHCO; Nora



13. Explain what is meant by the percentage composition of the compound

() ADDITIONAL PRACTICE

54. What is the percent composition of phosphoric acid (H3PO4)?
55. Which has the larger percent by mass of sulfur, H,SO3 or H5,0g7?

56. Calcium chloride (CaCl5) is sometimes used as a de-icer. Calculate the percent by mass of each element in CaCl,.
57. CHALLENGE Sodium sulfate is used in the manufacture of detergents.

a. ldentify each of the component elements of sodium sulfate, and write the compound’s chemical formula.
b. Identify the compound as ionic or covalent.

c. Calculate the percent by mass of each element in sodium sulfate.

54. 3.08% H; 31.61% P; 65.31% O

55. H,S0,

56. 36.11% Ca; 63.89% Cl

57. a. sodium, sulfur, and oxygen; Na 50,
D. lonic
c. 32.37% Na; 22.58% 5; 45.05% O

Nora



13. Explain what is meant by the percentage composition of the compound

What is the percent by mass of sodium (Na) in

sodium sulfate (Na;5S04)?

Meaolar mass:
Na =23 g/mol
Na;S04 =119 g/mol

Learning Duiteames Covared

19.3%

23.1%

38.7%

77.3%

e

https://t.me/+U FO6Tmjx1E50DFk Nora




14. determine of the empirical and molecular formulas for a compound from mass percent

Empirical formula - the simplest whole number ratio of atoms 100.00% SO3

of each element present in a compound

shown in Figure 13, where 100.00 g of the compound contains
40.05 g of S and 59.95 g of O. Each mass is then converted to 59.95% O

moles.

1 mol §
40.{}5;5” T SR 7 T

Converts to

5995 g Amol0 2 o47 mol0

Thus, the mole ratio of S atoms to O atoms in the oxide is 1.249:3.747. Since the values are not whole numbers, you convert the ratio to
whole numbers by dividing by the smallest value. This does not change the ratio between the two elements because both are divided by the

same number.

1.249 mol S 3.747 mol O
W—lmﬂls W—3mﬂ]0

Thus, the empirical formula is SO;.

Nora



14. determine of the empirical and molecular formulas for a compound from mass percent

Molecular formula - the actual number of and type of atoms
of each element in a molecule

Go through example
problem 11 from the
textbook page number
194

molecular formula = (empirical formula)n ~ €-9- C4Hg = (CH2)2.

58. The circle graph at the right gives the percent composition for a blue solid. What is the empirical formula for this solid?

N

o 36.84%
63.16%

59, Determine the empirical formula for a compound that contains 35.98% aluminum and 64.02% sulfur.

60. Propane is a hydrocarbon, a compound composed onty of carbon and hydrogen. It is 81.82% carbon and 18.18%

hydrogen. What is the empirical formula? 59, AJES .
= o : : o bl. CH.
61. CHALLENGE Aspirin is the world's most-often used medication. The chemical analysis of aspirin indicates that the J
molecule is 60.00% carbon, 4.44% hydrogen, and 35.56% oxygen. Determine the empirical formula for aspirin. 61. ':.:.HED,,

Nora



14. determine of the empirical and molecular formulas for a compound from mass percent

What is the empirical formula for a compound with the following

percent compositions shown in the pie chart below?

CS;

cS

CS;

C,S

184

15.8%

Which one of the following is the empirical formula for N,0,?

Learning Outcome: Covered

NO

N,0

NO,

N;0s

Nora



14. determine of the empirical and molecular formulas for a compound from mass percent

Which statement of the following is correct concerning molecular formula? fidy jpll damall: 5lat 1
% It is the formula .u.rith the smallest whole-number mole ratio Al s Bl a1 g )
of the elements in @ compound
3 | It the same as empirical formula for some compounds FEFE G T i

It specifies the actual number of atoms of each element in one

molecule or formula unit of the substance Sl it g oy 5 Ao s g o it 554

Learming Outcomes Cowered

1 only Lt ]
Ia.
3 only Lo 3
1 & 2 only il 241
: 2 B 3only Lid 342

https://t.me/+U FO6Tmix1E50DFk Nora




15. ldentify the relationships can be derived from a

balanced chemical

Use with Example Problem 1.

Problem

The combustion of propane (C;Hg) provides energy
for heating homes, cooking food, and soldering
metal parts. Interpret the equation for the
combustion of propane in terms of representative
particles, moles, and mass. Show that the law of
conservation of mass is observed.

SOLVE FOR THE UNKNOWN

The coefficients in the chemical
equation indicate the number of
molecules.

1 molecule C;H; + 5 molecules O, -
3 molecules CO, + 4 molecules H,0 ‘

The coefficients in the chemical
equation also indicate the number of

moles. ‘
1 mol C;H; + 5 mol O, - 3 mol CO, +
4 mol H,0 .

SOLVE FOR THE UNKNOWN

To verify that mass is conserved, first convert moles of reactant and
product to mass by multiplying by a conversion factor—the molar
mass—that relates grams to moles.

grams reactant or product

equation

moles of reactant or product X
1 mol reactant or product

= grams of reactant or product

* Calculate the mass of the reactant C;H,.

1 moteghg X —20BE3M8 _ 1) 69 cahg
1 melCgHg
e Calculate the mass of the reactant O,.
5 mol02 X 329089 =160.0g 0y
1 melOs
e Calculate the mass of the reactant CO,.
44.01 g CO,
Calculate the mass of the reactant H,0. 3 z % 1 mel-Cox =132.08C0;
4 X 18028129 =72.08 gHy0
1 molH20

Add the masses of the reactants.

44.09 g C;Hg +160.0 g O, = 204.1 g reactants
Add the masses of the products.

132.0g CO, +72.08 g H,0 = 204.1 g products
The law of conservation of mass is observed.

204.1 g reactants = 204.1 g products

Nora



15. ldentify the relationships can be derived from a

1. Interpret the following balanced chemical equations in terms of particies, moles, and mass. Show that the law of
conservation of mass is observed.
a.N; (g) + 3H; (g) — 2NH; (g)
b. HCl (ag) + KOH (ag) - KCl(ag) + H; O (1)
c.2Mg (s) + 02 (g) - 2MgO(s)

2. CHALLENGE For each of the following, balance the chemical equation; interpret the equation in terms of particles, moles,

and mass: and show that the |aw of conservation of mass is observed.

a.__ _Na(s)+__H:0(l) = _NaOH(ag)+__H;(g)
b.__Zn(s)+_ HNOs(aq) = _ Zn(NO;), (ag)+ __ N;O(2)+__ H,0()

. a. 34.062 g reactants = 34.062 g products
b. 92 566 g reactants = 92.566 g products
c. B0.608 g reactants = 80.608 g products
a. 2Na(s) + 2H,0(l) — 2NaOH(ag) + H_(g)
82.01 g reactants = 82.01 g products

b. 4Zn{s}) + 10OHNO [aqg) — 4Zn{NO_) {ag) + 1N O(g) |
5H,O(l)

89168 g reactants = 89168 g products

2

Nora



16. Write the mole ratios from a balanced chemical
equation

*

atio between the numbers of moles of any two

S

Ubstances in a balanced chemical equation
« 2Al(s) + 3Br,(l) = 2AIBr4(s)

» Possible to write 3 unigue mole ratios:

« Al:Br, (2:3) Al: AlBr, (2:2) Br,:AlBr, (3:2)

 Get 3 more ratios from inverses of above for a total

O

f 6 for this reaction

Nora



16. Write the mole ratios from a balanced chemical
eauation 4, AmolA 3mol0, 2mol ALO,

3. Determine all possible mole ratios for the following balanced chemical equations. - 3 maol ‘D‘. 2 mod NJIEI_.I & ol A

a. 4A1(s) + 30, (2) — 2A1,0; (s) 3 md E.:I_ £ ol "“?E 4 medl Al
& el Al 3 mol 2 ol Al
2 -3

Amolle dmolke  Jmolle

b. 3Fe (s) 4+ 4H,0 (1) = Fe3 04 (5) + 4H; (2)

& 2Hg0l) =+ 2Hs (0 +0: () B. $molHD AmolH, TmolFeD,

4. CHALLENGE Balance the following equations, and determine the possible mole ratios. 4 ok H:-ﬂ 4 mok H‘-\. ;| |T!|:H I'E_.Iﬂ‘
a.Zn0 (s) + HCl (aq) — ZnCl; (ag) + H, O (1) 4. a. InQ 4 2HCI — InCl, + H O AmAFe ImolFe 3 mol Fe
b.butanie (CsaHig) + oxygen — carbon dioxide + waler ;r::fl '::;:? 11:;:{5:1:‘-:, : 'I-:E_; i:g 1 rmal |'E'_.|f_'|‘ 1 mod I_E:tﬂ'q 4 mot H,0

3 mol HE! 2 mol HEL 2 mol HE dmolH, 4molHO 4malH,

1mol 20 1 mol ZoC1, 1 mol H,0 AmolH, 4molH0 AmalH,

1 maol Z0Cl, 1 mol ZnCl, 1 maol £ncl, picin - T
Tmol Zn0  Zmal HCE 1 mol H,0 1ol Fegll, 1molFe O, 4molH,O

1ol HO  Tmol H,0 1 mol M0 2 mol HgD 1mod G} T maol {J:,
Trnol Zv0 2 mol HCE 1 med ZnCl, - ZmolHg ZmolHg 2 mol HQO
b. 2C H, + 130, — 8C0_, + T0H, O Z2molHg 2molHg 2 mal HgO

2 il 1T H 2 mwml L H £ ol C
g e a e ZmolHgD Tmol 0, 1mol 0,
Bmol ©, BmolCO, 0 moalHO

13 maod O, d mod 0O, 10 mal K,
2mol T H, Z2mol L H,. Z2mol T H
Wl H, Wmod H, & mnol OO,

B moldd, 3mol CO, 13 mol O,

13 mad O, 8mol Ck, T3 mol
Wmod H O 10 mol H O 8 mod TO,
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16. Write the mole ratios from a balanced chemical

equation

Stoichiometry is based on the law of .... coer OB

Learning Outcomas Covorad

Constant mole ratios

Avogadro’s constant

Conservation of energy

d,

- Conservation of mass

What is the correct balanced skeleton equation that [P it [ PO 3
represents the chemical reaction below?
Hydrechloric acld (HC1) reacts with solid Aluminum (A1) metal Al lualt pacal3 316 as (HCI)

to yield agueous Aluminum chloride (AICl:) and Hydrogen gas (Ha) (Hz) camapasght sles [AICH) o

Learning Outcomes Covered

e CHRES XD

2Ali + 6HCl (agp  — 2AICl3aq + 3H2 g

2Al + 6HCl g  — 2AICl3( + 3H2 aq)

2AICI3(aq) + 3H2g — 2Ali) + 6HCl (aq)

SAHan + 3HCI ag) — 3A|C|3[aq] + 3H2;3]

Nora



16. Write the mole ratios from a balanced chemical

equation

In the equation below,

Which of the following mole ratio is NOT correct?

Learning Outcomes Cower e

dmaol A
3mol B

4 mol A
2mol €

2mol €
Imol B

3molC
2mol B

4A + 3B — 2C

https://t.me/+U FO6Tmjx1E50DFk Nora




17 & 18. Apply the steps to solve stoichiometric problems
11. Methane and sulfur react to produce carbon disuifide (CS3), a liquid often used in the production of cellophane.
_ CHy(@+ __ Sg(s)— __ CS:(+ __ HaS(g)

MOLE-TO-MOLE STOICHIOMETRY One disadvantage of burning propane [:E;Hg:] iz that carbon dioxide (COy) is one of
the products. The released carbon dioxide increases the concentration of Oy in the atmosphere. How many moles of COy

are produced when 10.0 mol of C5Hg are bumed in excess oxygen in a gas grill?

1. ANALYZE THE PROBLEM
You are given moles of the reactant. C3Hg and must find the moles of the product, CO;p. First write the balanced chemical
equation, then convert from moles of C3Hy to moles of CQ;. The comect mole ratio has moles of unknown substance in
the numerator and meles of known substance in the denominator.

Known Unknown

moles C1Hy = 10.0 mol CsHp moles COy =7 mol CO,

2. 50LVE FOR THE UNKNOWN
Write the balanced chemical equation for the combustion of C3Ha. Lse the correct mole ratio to convert moles of known

[’Cq Ha) to moles of unknown (CO4).

10.0 mol * mol

CsHs (g) + 307 (2) = 3C0; (1) +4H; 0 (g)

 3ml €O
Mole ratio: m

3 mol €O,
100 molsfly x ———2 =
o | molesHy

Burning 10,0 moles of CyHy producss 30.0 moles COs

30.0 mol Cﬂ;

a. Balance the equation.
b. Calculate the moles of CS3 produced when 1.50 mol Sg is used.

¢. How many moles of Hy S are produced?

12. CHALLENGE Sulfuric acid (Hy SQy) is formed when sulfur dioxide (SOs) reacts with oxygen and water

a. Write the balanced chemical eguation for the reaction.
b. How many moles of Hy 504 are produced from 12.5 moles of S05?

¢. How many moles of Oy are needed? W.a. 2CH [g) 1 Sfs) — 2C5.(1) + 4H.5(g)

2 maol (_b
b. 150 mol 5, X 5 5
=3.00 mol C5,
- 4 mol H ’:-
c. 150 mol S, X 5—5 b
= 600 mol H._.S
12.a 250,(g) + Ofg) + 2H,0) — 2H,50 fag)
. 2 mol H; ‘:.U'
b. 12.5 mal SG;‘ X T mol 5'5.'-'
= 12.5 mol H,50, produced
1 ot U
c. 125mol 50, x 57 -=g S0,

=625 mol 0, needed Nora



17 & 18. Apply the steps to solve stoichiometric problems

EXAMPLE Problem 3

MOLE-TO-MASS STOICHIOMETRY Determine the mass of sodium chioride (NaCl), commonly called table salt. produced
when 1.23 mol of chiorine gas (Cla) reacts vigorously with excess sodium

1. ANALYZE THE PROBLEM

You are given the moles of the reactant. Cly, and must determing the mass of the praduct, NaCl: You must convert from

moles of Cly to moles of NaCl using the mole ratio fiom the equation. Then, you need to convert moles of NaCl to arams

of MaCl using the molar mass as the conversion factor

Known

moles of chlorine = 1.25 mol Cly

2. 50LVE FOR THE UNKNOWN

1.25 mol g
2Na(s)+ Cly (g) — 2NaCl (s)

2 mol NaCl

Mole ratio:
ole rati ool O

125 mobey X 220 _ 2 50 mol Nacl

M

A ENICL_ (asgNaCh

5
2.50 il X —————
BT | mobXaCT

Linknown

mass of sodium chloride =7 g NaCl

Write the balanced chemical equation, and identify

the known and the unknown values:

Multiply moles of Cly by the mole ratio to get moles

of NaCl.

Multiply moles of NaCl by the molar mass to get
grams of NaCl

13. Sodium chioride is decomposed into the elements sodium and chlerine by means of electrical energy. How much chlarine

gas, in grams, s ebtained from the process diagrammed at right?

Electrical

EE—

a —
eNeM9Y 950 mol WCl 79

14. CHALLENGE Titanium is a transition metal used in many alloys because it is extremely strong and lightweight. Titanium
tetrachloride (TiCly) is extracted from titanium oxide (T10;) using chlorine and coke (carbon).

TiO; (s) + C(s) + 2C; (g) — TiCly (s) + CO;y ()
a. What mass of Cl; gas is needed to react with 1.25 mol of Ti0s?
b. What mass of C is needed to react with 1.25 mol of Ti05?

¢. What is the mass of all of the products formed by reaction with 1,25 mol of Ti0,?

88.6 g CL,
WM.a 177g 'I:II__.

b. 150gC

c. 292 g

Nora



EXAMPLE Problem 4

17 & 18. Apply the steps to solve stoichiometric problems
BLeRodens

MASS-TO-MASS STOICHIOMETRY Ammonium nitrate (NHy NO4 ), an impaortant fertilizer, produces dinitrogen monoxide
{N»0) gas and HaO when it decomposes. Determine the mass of HaO produced from the decomposition of 250 g of selid
NHyNOy,

1. ANALYZE THE PROBLEM

Write the balanced equation and convert the known mass of the reactant to moles of the reactant. Next, Use a mole ratio to
relate moles of the reactant to moles of the product: Then, use the molar mass to convert from moles of the product to the
mass of the product.

Known Unknown

mass of ammonium nitrate = 25.0 g NH4NO;  masg of water = 7z H;0

2. SOLVE FOR THE UNKNOWN

250¢g lg Write the balanced chemical equation, and identify
NH4NO; (s) = N0 (g) + 2H; 0 (g) the known and unknown values
| mol NH4NO
250 3 X %0 ';T ‘[4 2 =03 moMEgNGrams of NHy NOs by the inverse of malar
0 g2 / mass to get moles of NHy NOs
2 mol H; 0
Mole ratio; ————
| mol NHsNOs
2 mol HED . :
0312 ,gl_bﬂ-m('[f’ = (0.624 niolHpiPmoles of NH; NO; by the mole ratio to get
I

m
moles of HyO

0, 524%}{‘6 13.02 ol o H0 =112gH;0  Multiply moles of Hy O by the molar mass to get

/}M grams

15. One of the reactions used to inflate automobile air bags involves sodium azide (NaN3): 2NaN; (s) — 2Na(s) + 3Nz (g).
Determine the mass of N» produced from the decomposition of NaN3 shown below.

—— N> gas

100.0 g NaN3 — ? g N5(g)

16. CHALLENGE |n the formation of acid rain, suifur dioxide {SUE) reacts with oxygen and water in the air to form sulfuric acid

(H; 504). Write the balanced chemical equation for the reaction. If 2.50 g of 804 reacts with excess oxygen and water,
how much Hy 50y, in grams, is produced?

15. 6464 g N,
16. 250.(g) + O [g) + 2H,O(l) -+ 2H,50 faq). 3.83 g H,50,



19. Determine the limiting reactant In a chemical reaction

The limiting reactant is the reactant that is completely
consumed during a chemical reaction. Reactants that

remain after the reaction stops are called excess reactants.

Before Reaction

Available tools []MMMUM ‘N
T AN VAN
N\

After Reaction ( \

ﬁ"ﬁ ™y o ﬁ\ﬁ Extra tools
Three nitrogen Three hydrogen Two ammonia Two nitrogen
molecules molecules molecules molecules
(six nitrogen (six hydrogen (two nitrogen atoms, (four nitrogen
atoms) atoms) six hydrogen atoms) atoms)

Nora



19. Determine the limiting reactant In a chemical reaction

23,

24,

The reaction between solid sodium and iron(lll) oxide is one in a series of reactions that inflates an automobile airbag:
6Na(s) + Fe; 05 (5) — 3Nay0(s) + 2Fe (s). it 100.0 g of Na and 100.0 g of Fes 05 are used in this reaction, determine
the following.

Go through example
problem 5 from the
textbook page number
227

a. limiting reactant

b. reactant in excess

€. mass of solid iron produced

d. mass of excess reactant that remains after the reaction is complete

CHALLENGE Photosynthesis reactions in green plants use carbon dioxide and water to produce glucose (CgH ;04 ) and

oxygen. A plant has 88.0 g of carbon dioxide and 64.0 g of water available for photosynthesis. Be sure to report the correct

level of accuracy based on measurements given in the guestion.

23. a.Fe 0, h. Na
a. Write the balanced chemical equation for the reaction. C. 6992 g Fe d 136 g MNa
b. Determine the limiting reactant and the excess reactant. 24 a. 'E"{:D‘.':f-]:' ' E'HE"“] : ':.-_Hu':}'._,[aul:' ! ED‘.“-]I'
b. CO_ is imiting; H.O 15 in excess.
c. Determine the mass in excess. y ;
c.280¢g
d. Determine the mass of glucose produced. d 600

Nora



20. Calculate of the theoretical yield of a chemical reaction

PERCENT YIELD Solid silver chromate {Ag,CrO4 ) forms when excess potassium chromate (K2 CrO4) is added to a

solution containing 0.500 g of silver nirate (AgNOg,j. Determine the theoretical yield of Ag, CrO4. Find the percent yield #
the reaction yields 0.455 g of Ag,CrO,

1. ANALYZE THE PROBLEM

You know the mass of a reactant and the actual yield of the product. Write the balanced chemical equation, and calculate

theoretical yield by converting grams of AgNOj5 to males of AgNO;. moles of AgNO; to moles of Ag, CrO, . and moles
of AgyCrO4 to grams of Ag;CrO,. Calculzte the percent yield from the actual yield and the theorstical yield

Known Unknown
mass of silver nirate = 0.500 g AgNO, theoretical yield = ? g Ag,CrOy4
actusl yield = 0.455 g Ag,CrOy4 perceat yield = 7% Agy CrOy4

2. SOLVE FOR THE UNKNOWN

0.500 g g Write the balanced chemical equation, and identify
2AgNO;4 (aq) + K, CrOg (aq) — AgyCrOq (s) + 2KNQS 4844, 2nd the unknown

1 mol AgNO;

169.9 wwo,’

i
294 x 1073 M Lmoita; Cr04 = 1.4Vse 10z wodd AgeErOgnvert moles of AgNO, to

)
M moles of Ag;CrOs.

331 T g Ag,CrOy

M = (488 gAweCGrOyetical yield.

x 100 = 93.2% Ag, CrOy Calculate the percent yield

0.500 X = 2.94 x 10" ComolakgNOys of AgNO, to moles

47 % 10~ mol

0455 g Agy€r0;
0.488 M

Nora



20. Calculate of the theoretical yield of a chemical reaction

28,

29,

30.

Aluminum hydroxide (Al (OH); ) is often present in antacids to neutralize stomach acid (HCl). The reaction occurs as
follows: AI{OH), (s) + 3HCI (aq) — AICls (aq) + 3H-0(1). If 14.0 g of AI{OH)4 is present in an antacid tablet, determine
the theoretical yield of AlCl; produced when the tablet reacts with HCL 28, 23.9 g of AICL, is the theoretical yield.

29, a.6103¢g zir:I;

Zinc reacts with iodine in a synthesis reaction: Zn + Iy — Znls.
b. 84.48% yield of Znl,

a. Determine the theoretical yield if 1.912 mol of zinc is used. 30. a. Cufs) + 2AgNO [aqg) — 2Ag(s) | CulNO)).[ag)
b.68.0 g of Ag

b. Determine the percent yield if 515.6 g of product is recovered. St
c. 88.2% yield

CHALLENGE When copper wire is placed into a silver nitrate solution (AgNGE } silver crystals and copper(ll) nitrate
(Cu(NOj; )2 ) solution form.

a. Write the balanced chemical equation for the reaction.
b. If a ED.D—g sample of copper is used, determine the theoretical yield of siiver.

c. If 60.0 g of silver is recovered from the reaction, determine the percent yield of the reaction.

Nora
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