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Writing Chemical Equations =~

* Represents a chemical reaction where reactants
transform into products.

» General format: Reactants — Products.

* Symbols for states: (s) for solids, (I) for liquids, (3)
for gases, (aq) for agueous solutions.
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Objectives:

abal o] esayha

YOUR WAY TC SUCCESS

» Recognize signs of chemical reactions.

» Recognize the reactants and products in a
reaction.

o |[dentify different types of chemical reactions.
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Signs of Chemical Reactions 5%5
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o= v

Evolution of a gas

COLLEGE OF ENGINEERING - dsssiml| 8414
Tikrit University - cu)$i asola




Signs of Chemical Reactions EW

bl ] gl

Change in
intensive
properties like
color, odor,
density

Release or
absorption of
energy
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*lgns o emlca‘l Reactions @

abal @] sapks

YOUR WAY TC SUCCESS

Formation of a
precipitate

Precipitate —
insoluble solid
formed from the
reaction between 2
agueous solutions
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Chemical Reaction and Equation .

bl ] gl

Chemical reaction — a change that forms new
substances

Reactants — starting substances
Products — new sulbstances formed

Chemical Equation
- Shorthand way of describing chemical reactions

Example:
2H, + O, — 2H,0
(Reactants) (Product)
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YOUR WAY T'C SUCCES

AgNO, + NaCl — AgCIl + NaNO,
What are the reactants in the above reaction?

What are the products?

COLLEGE OF ENGINEERING - dsssiml| a4l&



|ypes o! !Hemlcal Reactions

1. Combination or Synthesis
2 Or more reactants — 1 product
Example: H, + O, — H,0

abul ] iy

2. Decomposition
1 reactant — 2 or more products
Example: H,0, — H,0 + O,
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|ypes o! !Hemlcai Reactions

3. Single Displacement
2 reactants — 2 products

abul ] iy

YOUR WAY TC SUCCES!

(active element and compound)

Example: Mg + HCI — MgC(Cl, + H,

4. Double Displacement
2 reactants — 2 products

(2 agueous solutions)
Example: KI + Pb(NO;), — KNO; + Pbl,
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|ypes o! !Hemlcal Reactions @

alaal @lf ezigybs

YOUR WAY T

5. Combustion

fuel + oxygen @ —  water + carbon dioxide

Example: CH, + O, — CO, + H,0O
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Types of Chemical Reactions s

alal ol s

Classify each reaction:

1. NaCl + AgNO,; — AgCl + NaNO,
2. Na+ H,0 — NaOH + H,

3. C,H,+0,— CO,+H,0

4, Mg+ O, —» MgO

5. Na,CO; — Na,O + CO,

6. KOH + HCl — KCI + H,0

COLLEGE OF ENGINEERING - dsssiml| a4l

Tikrit University - cu)$5 asola ‘



Learning Objective:

<
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YOUR WAY T'C SUCCES

» Write chemical equations from word
eguations.
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Hemlca qu!a jons

Steps in writing chemical equations:

abul ] iy

YOUR WAY TC SUCCES!

1. |[dentify the reactants and the products.

9. Write the formulae (or symbols) of the reactants
oefore the arrow.

3.Write the formulae (or symbols) of the products after
the arrow.
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Chemical Equations

Example:

When magnesium (Mg) is heated, It reacts with oxygen
EA(?\Q)CBr; alr and burns to produce magnesium oxide
30).

Reactants: magnesium (Mg) and oxygen (O,)
Products: magnesium oxide (MgO)

Chemical Equation: Mg + O, > MgO
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Write the chemical equation an

Blue copper(ll) sulfate solution reacts with zﬁv‘
iron to form iron(ll) sulfate and copper. ===

Reactants:

Copper(l)sulfate and Iron
Products:

Iron (IDsulfate and copper

Chemical Equation:
s, + Fe >  FeSO, +
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Write the chemical equation fd?ﬂch reaction: E‘f‘”f’

1. Silver oxide decomposes into silver and oxygam,r‘
gas when heated. e s

2. Ethanol (C,H;OH) burns completely by reacting
with oxygen in air. Carbon dioxide and water
vapor are produced.

3. Aluminum bromide is produced when aluminum
reacts with bromine.
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YOUR WAY T'C SUCCES

* Predict the products of common chemical
reactions.

COLLEGE OF ENGINEERING - dsssiml| a4l&



Predicting Products
Al + HClI —

<

abul ] iy

* What type of reaction will most likely occur
between the 2 reactants?

* What are the products?

Al +HCl — AICI, +H,
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Predicting Products
CuCl,(ag) + Pb(NO,), (aq) —

abul ] iy

YOUR WAY T'C SUCCES

« What type of reaction will most likely occur between the 2
reactants?

« What are the products?

CuCl,(aq) + PDb(NO,), (agq) — Cu(NOy), (aq) + PbCl, (s)
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Predicting Products
CeHyy + 0, —

abul ] iy

* What type of reaction will most likely occur
between the 2 reactants?

* What are the products?
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Predict the products of the reaction:

1. NaOH(aq) + FeCly(aq) —
2. Zn(s) + HNO,(aq) —
3. C4Hip(9) + Ox(9) —

4. Ny(9) + Hy(g) —

5. KBr(aq) + Cl,(;) —
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Law of Conservation of Mass

alal @11 e

YOUR WAY TC SUCCESS

Burning Magnesium Metal in an Open Container

stnp of

white
powder

strip of
magnesiym
metal

Before burning After burning
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YOUR WAY TC SUCCES!

Burning Magnesium Metal in a Closed Container

nichrome
wire connected white
to a batte owder
strip of Yy P
magnesiur
strip of S
magnesiym
metal
Before burning After burning

COLLEGE OF ENGINEERING - dsssiml| 8414
Tikrit University

. . [ - Cwpsi ol
Dorin, Demmin, Gabel, Chemistry The Study of Mattef , 3" Edftfon, 1990, pagé 77




Law of Conservation of Mass 5W<

The total mass of reactants is equal to the total mase-=-
of the products.

Matter Is neither created nor destroyed in a chemical
reaction.

2Mg + O, — 2MgO
48 ¢ 32 ¢ ?
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Balanced Chemical Equations . :

bl ] gl

Balanced Equation — the number of atoms of each
element is equal on both sides of the equation

How to balance equations:
1. Count the number of atoms of each element.

9. Use coefficients to make the number of atoms of
each element equal.

3. DO NOT change any of the subscripts.
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Balancing Chemical Equations'3@.3.‘._%‘c
Example 1: oo
Mg + 2HCI > MgCl, + Ho
Reactants: Products:
Mg - 1 Mg - 1
H-1x2=2 H-92
Cl-1Xx2=2 Cl-9
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Balancing Chemical Equat|ons;.-,‘7qfi‘.:,lléi;%r;-;g

Example 2: oo
2 Na + 2H,O - 2 NaOH + Ho
Reactants: Products:
Na—1x2=2 Na—-1x2=2
H-2x2=4 H-1X2 +92-4
O-1Xx2=2 O =1
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Balancing Chemical Equatlonsig%ﬁ

bl ] gl

Balance the following equations:

1. Na + Cl, -  Nadl
2. Fe + o, -  Fe,0,
3. Zn+ HCI - InCl, + H,
4. KNO; -  KNO, + o,
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Closure: Write-Pair-Share

1.In your own words, describe how a chemical
eqguation is balanced.

9. Share your answer with your group mates.

3. Make sure that everyone In the group has the correct
answer to the guestion.

4. |f your group is chosen and is able to give the correct
answer, you earn 3 extra credit points.
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Stoichiometry

-Stoichiometry Is the calculation of the
amount of reactants and products in a
chemical reaction.

- Amount Is usually expressed in numboer of
moles, mass or volume (gases).

- Stoichiometric calculations are based on
balanced equations.
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Solving Stoichiometric Problemswﬁ

s

L

RA ale
abal @] gy
YOUR WAY TC SUCCESS

1.1dentify given and unknown.
9.Write possible conversion factors.
3. Set up equation using appropriate conversion factor(s).

mole unknown = mole of known x mole of unknown
mole of known

Do the known units cancel?

4. Check answer. Sig figs? Units?
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9H, + O, >  2H,0 s i

YOUR WAY T'C SUCCES

2 moles 1 mole 2 moles

Coefficient — Indicates number of moles

1.How many moles of oxygen are needed to produce 2 moles of water?
Answer: T mole of oxygen

2. How many moles of water can be produced from 4 moles of hydrogen?

Answer: 4 moles of water

3. How many moles of hydrogen is needed to react with 2 moles of oxygen?

Answer: 4 moles of hydrogen
COLLEGE OF ENGINEERING - dsssyml| 8414



2H, + o > 2H,0 ot oo
Ex.1: How many moles of water can be produced from 3.50 moles of
hydrogen?
Given: 3.50 mol H, Unknown: mol H,0O
Possible conversion factors: 2mol H,
2 mol H,0 Derived from
balanced equation
2 mol H,0
2mol H,
Equation:
moles of H,O = 3.50molH, x 2molH,0 = 3.50 mol H,0
2 mol of H,
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9H,  + 0, > 2H,0 S
Ex. 2: How many moles of hydrogen are needed to react with 5.0 moles of
oxygen?
Given: 5.0 mol O, Unknown: mol H,
Possible conversion factors: 2mol H,
1 mol O,
1 mol O,
2mol H,
Equation:
molesofH, = 5.0molO, x 2molH, - 10. moles H,
1 mol of O,
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Practice Problems:
Mg + 2 HC| —> MgCl, + H giast o ey

1. How many moles of magnesium are needed to
oroduce 0.500 moles of magnesium chloride?

9. How many moles of hydrog}en gas can be produced
from 6 moles of magnesium®
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Hole-aass or Hass-aoie Conversion @

_ Mole ratio from g s
Given Molar mass balanced equation
molB = massA X 1molA  x_molB
mass A mol A
massB = molA X molB X mass B
mol A 1 mol B
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Mole-Mass or Mass-Mole Conversion

2H, + o, >  2H,0

Ex.1 : What is the mass of oxygen that is needed to produce 4.0 moles
of water?

Given: 4.0 mol H,O Unknown: g of O,
Possible conversion factors: 1 mol O, 329 O,

2 mol H,0 1 mol (_)2

Equation:
mass of O, = 4.0mol H,0 x 1molO, x 3200, = 6490,

2molH,0 1 mol C_)2
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Practice Problems:
Mg + 2 HC| —> MgCl, + H giast o ey

1T.How many moles of magnesium are needed to form
47 grams of magnesium chloride?

9. How many grams of magnesium are needed to
poroduce 4.5 moles of hydrogen”?
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HGSS- HGSS !onverswn
eh-'uld

2H, ¥ 0, —  2H,0 e
9(93) = 43 1(399) =32 g 9 (183) = 363

1. How many grams of h){drogen are needed to
oroduce 36 g of water

Answer: 4g hydrogen

9. How many ?c;rams of water can be produced from 32
g of oxygen”
Answer: 36 g water

3. What is the mass of oxygen that is needed to react
with 8 g of hydrogen”

Answer: 2(39g) = 64 g
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Mass -Mass Conversion

) Al
X muﬁ

massB = massof A x 1moleA X moleB X massB )=

mass A mole A 1 mole B
2H, + O, - 2H,0

Ex.1 : What is the mass of oxygen that is needed to produce 18 g
of water?

Given: 18 g of H,0O Unknown: g of O,

Possible conversion factors: 1 mol H,0 1molO, 3290,

18 g H,0O 2mol H,0 1 mol O,
Equation:
mass of O, = 18gH,0 x 1 molH,0 X 1molO, x 3290, = 1690,

18 g H,0 2molH,0  1mol O,
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Practice Problems: @

Mg + 2 HCl —> MgCl, + H giast o ey

1. How many grams of ma%nesium are needed to
oroduce 65 of hydrogen™

9. How many grams of magnesium chloride can e
oroduced from 54 g magnhesium?
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Limiting and Excess Reactants ...

bl @] esapbs

Limiting Reactant — completely used up; limits the
amount of product

Excess Reactant — not completely used up, “left over”
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Limiting and Excess Reactants L -

2H, + O, - 2H,0
Ex.1: 6.0 g of Hy and 60.g of O, are made to react.

(a) Is there a reactant present in excess? If there is, how many grams
of this reactant is left unreacted?

(b) How many grams of water are produced from the reaction?

mass of O, = 6.0gH, x 1molH, x 1molO,x 3290, = 4890,
29H, 2molH, 1mol O,

Only 48 g of O, is needed to completely react, so it is an excess reactant. 12 g of
O, is left over.
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Limiting and Excess Reactants L -

2H, + O, - 2H,0
Ex.1: 6.0 g of H, and 60.g of O, are made to react.

(a) Is there a reactant present in excess? If there is, how many grams
IS left unreacted?

(b) How many grams of water are produced from the reaction?

H, is the limiting reactant; it determines the amount of water produced.

mass of H,0 =6.0g H, x 1 mol H, x 2 mol H,0 x 18 g H,0 = 549 H,0O
29H, 2molH, 1molH,O
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Practice Problems:
oAl + 3Br, S OAIBr ol wile

YOUR WAY T'C SUCCES

20 g atluminum and 100.0 g bromine were made to
react.

1. What is the limiting reactant in the reaction”

9. How much of the excess reactant is left over after the
reaction?

3. How many grams of aluminum bromide Is produced
from the reaction”?
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Balancing Chemical Equatlons o

alw s\ll )E-

* Follows the Law of Conservation of Mass.

 Steps to balance equations:

* 1. Write the unbalanced equation.

« 9. Count atoms of each element in reactants and products.
« 3. Adjust coefficients to balance atoms for each element.

» 4. Ensure all coefficients are in the simplest whole-number
ratio.

5. Check the final balanced equation.
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Example: Balancing Equations

<

alaal @] eags

YOUR WAY TC

* Unbalanced: H, + O, — H,O
* Balanced: 2H, + O, — 2H,0
 All atoms are now egual on both sides.
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Stoichiometric Quantities

 Stoichiometry: Quantitative relationship between
reactants and products.

* Mole Ratio: Ratio of moles of one substance to
another in a balanced equation.

* Steps for Stoichiometric Calculations:
* 1. Convert gliven mass or volume to moles.

» 9. Use mole ratio from balanced eguation to relate
reactants to products.

* 3. Convert moles back to mass or volume if required.
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Example: Stoichiometry
Calculation

» Given: 4.00 g of hydrogen reacts with oxygen to form
water.

 Find: Mass of water produced.

* 1. Convert mass of H, to moles: 4.00 g/ 2.016 g/mol =
1.98 moles Hs.

¢ 9. Use mole ratio: 2H, + O, — 2H,0.

e 3. 1.98 moles H, will produce 1.98 moles H,O.
e 4. Convert to grams: 1.98 x 18.016 g/mol = 35.7 g H,O.

COLLEGE OF ENGINEERING - dsssiml| a4l

Tikrit University - cu)$5 asola ‘



Example: Stoichiometry
Calculation

* Given: 10.0 g of propane (C3Hg) reacts with
oxygen.
* Find: Mass of CO, produced.

* 1. Convert mass of CzHg to moles: 10.0 g/ 44.1
g/mol = 0.227 moles C3Hg.

e 9. Use mole ratio: 1 C3Hg — 3 CO..

3. 0.227 moles C3Hg will produce 0.227 x 3 =
0.681 moles CO,.

e 4. Convert to grams: 0.6871 x 44.01 g/mol = 29.96 g
CO,.
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Limiting and Excess Reactants

 Limiting Reactant: The reactant that is completely
consumed first.

e Excess Reactant: The reactant that remains after the
reaction is complete.

* Steps to [dentify the Limiting Reactant:
* 7. Convert given amounts of reactants to moles.

» 9. Use mole ratio to find the required amount of one
reactant for the given amount of the other.

{1}

.
Han mlae
N

s
eV
o

bl @] esapbs

YOURWAY TC

* 3. The reactant that produces the least amount of product

is the limiting reactant.
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Example: Limiting Reactant

* Given: 5.00 g H, and 10.0 g O,.

* Balanced equation: 2H, + O, — 2H,0.

» Convert reactants to moles:

e -H,:5.005/2.016 g/mol = 2.48 moles H,.

e -0,:10.0g/32.00 g/mol = 0.3125 moles O..

* O, Is the limiting reactant since it produces the
least amount of H,O.
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Example: Limiting Reactant

* Given: 10.0 g of aluminum reacts with 15.0 g of
chlorine gas to form AlCls.

 Balanced equation: 2Al + 3Cl, — 2AICI;.
 Convert reactants to moles:

e - Al: 10.0 5/ 26.98 g/mol = 0.371 moles.

e - Cl,: 15.0g/70.90 g/mol = 0.211 moles.

* Use mole ratio to determine limiting reactant:

- Required Cl, for 0.371 moles Al: 0.371 x (3/2) = 0.557
moles.

* - Since only 0.211 moles Cl, is available, Cl, is the
limiting reactant.
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Excess Reactant Calculation

* Remaining reactant = Initial amount - Required
amount.

 Since O, Is the limiting reactant, H, Is in excess.
* To find excess Hy:

* 1. Required H, for 0.3125 moles O,: (0.3125 x 2) =
0.625 moles Hs.

e 9. Excess H, =2.48 - 0.625 = 1.86 moles.

3. Convert to grams: 1.86 x 2.016 g/mol =3.75 g H,
remains unreacted.
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Example: Balancing Chemical s
Equations o
* Unbalanced: CzHg + O, — CO, + H,O

 Balanced: C3Hg + 50, — 3CO, + 4H,0

» Explanation: Caroon, hydrogen, and oxygen atoms
are balanced on both sides.
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Summary

abul ] iy

YOUR WAY T'C SUCCES

» Chemical equations must be balanced.

 Stoichiometry helps determine reactant-product
relationships.

* Limiting reactant determines the maximum product
formation.

* Excess reactant remains unreacted.
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Theoretical and Percent Yield../

abal @] sayks
Theoretical Yield —amount of product formed when all of the
reactants are completely used up

Actual Yield —amount of product actually formed in a
reaction

Usually: Actual Yield < Theoretical Yield

Percent Yield — indicates how well a reaction comes to
completion

Percent Yield = Actual x 100

COLLEGE OF ENGINEERING - du 1SOf §11C2
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2H, + O, > 2H,0 szt o
2(93) = 43 1(328) =323 2 (183) = 363

1. How many grams of water can be produced from 32
g of oxygen”
Answer: 36 g water (theoretical yield)

Q. If only 27 g of water is actually produced from 32 g of
oxygen, what is the % yield of the reaction?

Answer: % vield = 27 x 100 = 75%
36
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Sample Problem 2
Mg + 9 HCI - MgCl, +

1.How many ;;rams of hydrogen are formed from 24 g
magnesium’:

Answer: 2 g

9. If only 1g of hydrogen is actually Produceo! from 24 g
magnesium, what Is the % vyield of the reaction”?

Answer: % yield =1g X 100 = 50%
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Check for Understanding

<

alaal @lf ezigybs

YOUR WAY T'C SUCCES

9KCIO, > 9Ka o+ 30,

What is the % yield of the above reaction if only 45 g of
oxysgen is produced from 122 g of potassium chlorate”
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Questions & Discussion

abal o] esayha

YOUR WAY TC SUCCESS

* Practice balancing equations.
 Solve a stoichiometry problem.
e |[dentify limiting reactants in a reaction scenario.

COLLEGE OF ENGINEERING - dsssyml| 8414



	Slide 1
	Slide 2: Writing Chemical Equations
	Slide 3: Objectives:
	Slide 4: Signs of Chemical Reactions
	Slide 5: Signs of Chemical Reactions
	Slide 6: Signs of Chemical Reactions
	Slide 7: Chemical Reaction and Equation
	Slide 8
	Slide 9: Types of Chemical Reactions
	Slide 10: Types of Chemical Reactions
	Slide 11: Types of Chemical Reactions
	Slide 12: Types of Chemical Reactions
	Slide 13: Learning Objective:
	Slide 14: Chemical Equations
	Slide 15: Chemical Equations
	Slide 16
	Slide 17
	Slide 18: Objective:
	Slide 19: Predicting Products
	Slide 20: Predicting Products
	Slide 21: Predicting Products
	Slide 22
	Slide 23: Law of Conservation of Mass
	Slide 24: Law of Conservation of Mass
	Slide 25: Law of Conservation of Mass
	Slide 26: Balanced Chemical Equations
	Slide 27: Balancing Chemical Equations
	Slide 28: Balancing Chemical Equations
	Slide 29: Balancing Chemical Equations
	Slide 30: Closure: Write-Pair-Share
	Slide 31: Stoichiometry
	Slide 32: Solving Stoichiometric Problems
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43: Limiting and Excess Reactants
	Slide 44
	Slide 45
	Slide 46
	Slide 47: Balancing Chemical Equations
	Slide 48: Example: Balancing Equations
	Slide 49: Stoichiometric Quantities
	Slide 50: Example: Stoichiometry Calculation
	Slide 51: Example: Stoichiometry Calculation
	Slide 52: Limiting and Excess Reactants
	Slide 53: Example: Limiting Reactant
	Slide 54: Example: Limiting Reactant
	Slide 55: Excess Reactant Calculation
	Slide 56: Example: Balancing Chemical Equations
	Slide 57: Summary
	Slide 58: Theoretical and Percent Yield
	Slide 59
	Slide 60
	Slide 61
	Slide 62: Questions & Discussion

