Chapter 3. Stoichiometry: Calculations with Chemical Formulas and Equations

3.1 Chemical Equations

-y )

Lavoisier observed that mass is conserved in a chemical reaction.
» This observation is known as the law of conservation of mass.”’
The quantitative nature of chemical formulas and reactions is called stoichiometry.
Chemical equations give a description of a chemical reaction.
There are two parts to any equation:
* Reactants (written to the left of the arrow) and
* Products (written to the right of the arrow):
2H, + O, = 2H,0

There are two sets of nurnbers in a chemical equation:
e Numbers in front of the chemical formulas (called stoichiometric coefficients) and
e Numbers in the formulas (they appear as subscripts).
Stoichiometric coefficients give the ratio in which the reactants and products exist.
The subscripts give the ratio in which the atoms are found in the molecule.
e Example:

e H,0 means there are two H atoms for each one molecule of water.

* 2H,0 means that there are two water molecules present.
Note: In 2H,0 there are four hydrogen atoms present (two for each water molecule).
Matter cannot be lost in chemical reactions.
e Therefore, the products of a chemical reaction have to account for all the atoms present in the reactants.’

Consider the reaction of methane with oxygen:

CHs + O, = CO, + H,O
Counting afoms in the reactants:
e T
e 4H;and
« 20.
In the products:
o 1 ¢
e 2H;and
« 30

It appears as though H has been lost and C has been created.
To balance the equation, we adjust the stoichiometric coefficients:
CHj4 + 20, = CO, +2H,0

3.2 Patterns of Chemical Reactivity

Usmg the Periodic Table

As a consequence of the good ordering of the periodic table, the properties of compounds of elements vary
in a systematic manner.
Example: All the alkali metals (M) react with water as follows:
2M(s) + 2H,0(7) = 2MOH(aq) + Ha(g)
The reactions become more vigorous as we move from Li to Cs.
Sodium reacts with weter to produce an orange flame.
Potassium reacts with water to produce a blue flame.
The reaction of potassium with water produces so much heat that the hydrogen gas produced usually
ignites with a loud pop.

Combustion in Air

Combustion reactions are rapid reactions that produce a flame.

» Combustion is the burning of a substance in air.

« Example: Propane combusts to produce carbon dioxide and water:
C3Hg(g) + 504(g) = 3COx(g) + 4H20())



Combination and Decomposition Reactions
* In combination reactions two or more substances react to form one product.
* Combination reactions have more reactants than products.
* Consider the reaction:’
2Mg(s) + Ox(g) = 2MgO(s)
* Since there are fewer products than reactants, the Mg has combined with O, to form MgO.
* Note that the structure of the reactants has changed:
* Mg consists of closely packed atoms, and O, consists of dispersed molecules.
«  MgO consists of a lattice of Mg”** and 0>~ ions.
* In decomposition reactions one substance undergoes a reaction to produce two or more other substances.
* Decomposition reactions have more products than reactants.
* Consider the reaction that occurs in an automobile air bag:
2NaN3(s) = 2Na(s) + 3Nx(g2)
* Since there are more products than reactants, the sodium azide has decomposed into Na metal and N,
gas.

3.3 Atomic and Molecular Weights

The Atomic Mass Scale

» Consider 100 g of water:
* Upon decomposition 1.1 g of hydrogen and 88.9 g of oxygen are produced.

The mass ratio of O *o H in water is 88.9/11.1 = 8.

Therefore, the mass of O is 2 x 8 = 16 times the mass of H.

If H has a mass of 1, then O has a relative mass of 16.

We can measure atomic masses accurately using a mass spectrometer.

We know that 'H has a mass of 1.6735 x 10”2 g, and '°O has a mass of 2.6560 x 10”23 g.

* Atomic mass units (amu) are convenient units to use when dealing with extremely small masses of
individual atoms.

« lamu=1.66054x 10" ¢ and 1g=6.02214 x 10 amu

* By definition, the mass ¢f '*C is exactly 12 amu.

Average Atomic Masses’*
*  We average the masses of isotopes using their masses and relative abundances to give the average atomic mass of an
element.
« Naturally occurring C consists of 98.892% '2C (12 amu) and 1.108% "3C (13.00335 amu).
» The average mass of C is
(0.98892)(12 amu) + (0.01108)(13.00335) = 12.011 amu
e Atomic weight (AW) is also known as average atomic mass.
* Atomic weights are listed on the periodic table.

Formula and Molecular Weights
* Formula weight (FW) is the sum of atomic weights for the atoms shown in the chemical formula.
* Example: FW (H,SO4)
=2AW(H) + AW(S) + 4AW(0)
=2(1.0 amu) + 32.1 amu + 4(16.0 amu)
=98.1 amu
* Molecular weight (MW) is the sum of the atomic weights of the atoms in a molecule as shown in the
molecular formula.
* Example: MW (C¢H;2O6)
=6(12.0 amu) + 12 (1.0 amu) + 6 (16.0 amu)
= 180.0 amu
* Formula weight of the repeating unit is used for ionic substances.
* Example: FW (NaCl)
=23.0 amu + 35.5 amu
=58.5 amu
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Percentage Composition from Formulas

Percent composition is obtained by dividing the mass contributed by each element (number of atoms times
AW) by the formula weight of the compound and multiplying by 100.

The Mass Spectrometer

Mass spectrometers are pieces of equipment designed to measure atomic and molecular masses accurately.
The sample is converted tc positive ions by collisions with a stream of high energy electrons upon entering the
spectrometer.

The charged sample is accelerated using an applied voltage.

The ions are then passed into an evacuated tube and through a magnetic field.

The magnetic field causes the ions to be deflected by different amounts depending on their ~ mass.
The ions are then detected.

3.4 The Mole’>’>>"""

The mole is a convenient measure of chemical quantities (just as a dozen is a convenient way to measure
cooking quantities).

1 mole of something = 6.0221421 x 10 of that thing.’

« This number is called Avogadro’s number.

« Thus 1 mole of carbon atoms = 6.0221421 x 10* carbon atoms.

Molar Mass

The mass in grams of 1 role of a substance is said to be the molar mass of that substance. Molar mass is
expressed in units of g/mol (also written g-mol™).

The mass of ] mole of "C =12 g.

The molar mass of a rmo:ecule is the sum of the molar masses of the atoms.

« Example: The mclar mass of N; = 2 x (molar mass of N).

Molar masses for elements are found on the periodic table.

Formula weights are nurnerically equal to the molar mass.

Interconverting Masses, M ules, and Number of Particles

Look at units:

e Mass: g

* Moles: mol

* Molar mass: g/mol

* Number of particles: 5.022 x 10% mol™ (Avogadro’s number).

» Note: g/mol x mol = g (i.e. molar mass x moles = mass), and

« mol xmol™ =anunmucr (i.e. moles x Avogadro’s number = molecules).
To convert between grarns and moles, we use the molar mass.

To convert between molss and molecules we use Avogadro’s number.

3.5 Empirical Formulas from Analyses

Recall that the empirica! “srmula gives the relative number of atoms in the molecule.

Finding empirical formu!a from mass percent data:

«  We start with the mass percent of elements (i.e., empirical data) and calculate a formula.
e Assume we start with 100 g of sample.
+  The mass percent then translates as the number of grams of each element in 100 g of sample.
» From these masszs, we can calculate the number of moles (using the atomic weight from the

periodic table).

» The lowest whol: -umber ratio of moles is the empirical formula.

Finding the empirical rmzss percent of elements from the empirical formula:

« If we have the empirical formula, we know how many moles of each element are present in 1 mole of
the sample.

« Next, we use molar masses (or atomic weights) to convert to grams of each element.

«  We divide the grams «f each element by grams of 1 mole of sample to get the fraction of each element
in 1 mole of sample.

«  We multiply each fracion oy 100 to convert to a percent.



Molecular Formula from Empirical Formula
* The empirical formula (r<lative ratio of elements in the molecule) may not be the molecular formula (actual
ratio of elements in the raolecule).
* Example: Ascorbic acid (vitamin C) has the empirical formula C3H;0;.
* The molecular formula is C¢HgOs.
* To get the molecular formula from the empirical formula, we need to know the molecular weight, MW.
*  The ratio of molecular weight (MW) to formula weight (FW) of the empirical formula must be a whole number.

Combustion Analysis’’

* Empirical formulas are icutinely determined by combustion analysis.

* A sample containing C, H, and O is combusted in excess oxygen to produce CO, and H,0.

* The amount of CO, gives ihe amount of C originally present in the sample.

* The amount of HyC gives the amount of H originally present in the sample.
* Watch stoichiometry: 1 mol H,O contains 2 mol H.

* The amount of O originaliy present in the sample is given by the difference in the amount of sample and the
amount of C and H accounted for.

* More complicated methocs can be used to quantify the amounts of other elements present, but they rely on
analogous methods.

3.6 Quantitative Inforination from Balanced Equations’’’

*  The coefficients in 2 balzriced chemical equation give the relative numbers of molecules (or formula units)
involved in the reaction.
* We can interpret this equ=tion as the number of moles of reactant that are required to give the number of
moles of product.
* A stoichiomelric ratio is the ratio of the number of moles of one reactant or product to the number of
moles of another reatant or product.
* Itis important to realize that the stoichiometric ratios are the ideal proportions in which reactants are needed
to form products.
*  The real ratio of reactants and products present in the laboratory needs to be measured (in grams and
converted to moles).
* The number of grams of  reactant cannot be directly related to the number of grams of a product.
* To get grams of procuct from grams of reactant:’
* Convert grams c ‘ reactant to moles of reactant (use molar mass).
* Convert moles ¢t rzactant to moles of desired product (use the stoichiometric ratio from the balanced
chemical equation).
 Convert moles ba:X into grams for desired product (use molar mass).

3.7 Limiting Reactants "
It is not necessary to have all reactants present in stoichiometric amounts.
« Often, one or more reactanss are present in excess.
*  Therefore, at the end of the reaction, those reactants present in excess will still be in the reaction mixture.
* The one or more reactarts that are completely consumed are called the limiting reactants.’
* Consider 10 H; moiecul:: mixed with 7 O, molecules that react to form water.
* The balanced chemicsi equation tells us that the stoichiometric ratio of H, to O, is 2 to 1:
2H,(g) + Oa(g) - 2H,0())
* This means that our i H, molecules require 5 O, molecules (2:1).
* Since we have 7 O- 1..olecules, our reaction is limited by the amount of H, we have (the O, is present in
excess).
* So, all 10 H; molect /=< can (and do) react with 5 of the O, molecules to produce 10 H,O molecules.
» At the end of thz rea:iion, 2 O, molecules remain unreacted.

Theoretical Yields
* The amount of product rrecicted from stoichiometry taking into account limiting reagents is called the
theoretical yield.

* The percent yield relates the actual yield (amount of material recovered in the laboratory) to the theoretical
yield.

x 100

actual yield
==

Percent yield=
W nnansdanlvax 14




SAMPLE EQJAIIONS FROM OLD AP Emﬂmnms =

5 -—-_—17 Magnesium metal is_burned in nitrogen gas - __,.::“_;_,“::- i
= 2. Sulfur dioxide gas is passed ‘over solid calcium oxide e =
3. lead foil is immersed in silver nitrate solut;on. e

W

4. A solution of amonium sulfate is added to a saturated solution of barium hydroxi de
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Acet'c acid solution is added to a solution of sodium hydrogen carbonate

Solid sodium dichromate 1s added to an acidified solution of sodium iod1de.

A drop of poiassiun thiocyanate is added to a solution of iron (III) chloride.

Ethanol is completely burned in air
‘ .-
Hydrogen gas is passed over hot iron (III) oxide

P

Solutions of potassium iodide and potassium iodate are mixed in acid -

Dilute sulfuric acid is added to solid calciun fluoride

Solid ammonium carbonate is heated

Methane gas is mixed with an excess of chlorine gas

A concentrated solution of ammonia is added to a suspension of zinc hyroxide

N

\ :
Hydrogen peroxide is added to an acidified solution of sodium bramide

-—

Dllute hydrochloric acid is added to a dilute solution of mercury (I) nitrate

- L

Dllute sulfuric acid is added Lu a solutlon of barium acetate

- o -~ * -

Solid phosphoroﬁs pentachloride is added to excess water
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A solution of hydrogen percxide is cat'alyticaily Iﬂecanposed o

Powder_e_a iron is added to a solutian of iron (III) sulfate - ==.: __ o

Ammonium chloride crystals are added to a solution of sodium hydroxide —

—_————

22.

23.

4.
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26.

27,
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29.

31:

L
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J* .

33

Chlorine gas is bubbled into a solution of sodium bramide

A pr—;cipitate 1s formed when solutions of trisodium phosphate and calcium
chloride are mixed

Benzene is treated with bramine in the presence_of a catalyst

A solution of copper (lL) sulrate 1s electrolyzed using inert electrodes
Hydrogen sulfide gas is bubbled throuzh.e_xcess potassium hvdroxide enliei--
So_lui:igns of silver nitrate and sT:diLm chramate are miveAd

>oaium hydroxide solution is added to a precipitate of aluminum hydroxide o

in water. ‘

Solid sodium sulfite is added to water.

st L o o e S o e

A solution of formic acid, HOOOH, is oxidized by an aciditied soiutiuu ul

potassium dichromate

Ammonia gas and carbon dioxide gas are bubbled intna water __- .

. B -—. . . o .
(oncentrated hydrochloric acid solution is added to solid manganese(IV) oxide
and the reactants are heated

>lutions of sodium fluoride and dilute hydrochloric acid are mixed

A saturated solution of barium hydroxide is mixed with a solution of iron (III)
sulfate

A solution of ammonmium sultate is added to a potassium hydroxide solution
o




Equations of the Week

Write net wems equations for the following:

a. The complete combustion of methane (CHy)

b. The decomposition of Magnesium chlorate

c. Chorine gas is bubbled into an aqueous solution of sodium iodide

d. Magnesium ribbon is burned in air
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USEFUL CLASSIFICATIONS OF COMFOUNDS

1. ACIDS -~ COMPOUNDS WITH FORMULAS THAT BEGIN WITH H
HCl1, HNOx
THE NUMBER OF FREZUENTLY ENCOUNTERED STRONG ACIDS (ACIDS THAT
ARE FRESENT IN SOLUTION VERY LARGELY AB IONS RATHER THAM AS
MOLECULES) 15 SMALL AND YOU SHOULD ENOW THEM BY NAME AND

FORMULS

HCl - hydrochloric acid
HEr - hydrobromic acid
Bl - hiyderaiodic acid
HNO=x - nitric acid
Hablls — sulfuric acid
HE1O4s — perchloric acid

AS A FIRST AFPROXIMATION, ALL OTHER ACIDS MAY BE CONSIDERED
WEAK (FRESENT IN SOLUTION LARGELY A5 MOLECULES) UNLESE AND UNTIL
THE STUDENT LEARNS OTHERWISE.

de BABES - COMPOUNDS WITH FORMULAS THAT END WITH 0OH

MalH, EOH
THE MUMBER OF STRONE BABEE (BASES THAT ARE FRESENT IN SOLUTION
LARGELY AS HMETAL IONS AND HYDROXIDE I0ONS RATHER THAN AS
MOLECULES) I8 NOT LARGE, AND THESE SHOULD BE LEARNED.

LillH lithium hydroxide

MalH sodium hydroside Qo

kI OH potassium hydroxide alas RLOH Lo

Ca(OH)2 calcium hydroxide CcoH

Sr{0H)z strontium hydroxide

Ba(OH)z barium hydroxide

F. METAL OXIDES — BINARY COMOUNDS OF A& METAL AND DXYGEN
Cal
METAL OXIDEDS (BASIC ANHYDRIDES) REACT WITH WATER TO FORM
METALLIC HYDROXIDE. IF THESE ARE SOLURBLE THEY THEN PROVIDE
HYDROXIDE I0ONS AND ARE THUS BASES IN WATER SOLUTION.

4. NONMETAL OXIDES —~ BINARY CDMPDUNDS OF & METAL AND OXYGEN
S50=
NOMMETAL OXIDES (ACID ANHYDRIDES) REACT WITH WATER TO FORM
ACIDS.

EAalTS — COMFPOUNDS OF METALS THAT ARE NOT BASES OR METAL OXIDES
MaCl, Mg, ZInSUs

THE SALTS THAT ARE SOLUBLE IN WATER INCLUDE ALL DOF THE SALTS
OF LITHIUM, SODIUM, FOTASSIUM, AND AMMONIUM CTATIONS AND OF
NITRATE aND ACETATE ANIONS. ALL CHLORIDE ARE SOLUBLE EXCEFT
THOSE OF SILVER, LEAD AND MERCURY (1) IO0ONS. ALL SULFATES ARE
SOLUBLE EXCEPT THOSE OF LEAD, CALCIUM, STRONTIUM AND BARILM.
Al OTHER SALTESE SHOLHLD BE

CONSISERED ONLY SLIGHTLY SOLUBLE UNLESS AND UNTIL ONE LEARNS
OTHERWISE.

Lh

OTHER COMPOUNDS (MOST COMFOUNDS BELONG HERE.)
CHa, NH=

.
{3
x
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WHEN REFRESENTING A REACTION THAT OCCURS IN WATER SOLUTION, THE
SURBSTANCES THAT SHOULD BE WRITTEN AS IONS ARE THE STRONG ALIDS,
STRONG BABES, AND THE SOLURLE SALTS.
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IM ADDITION KEEF IN MIND

A. UNSTABLE MOLECULES

H—‘-_-[:C)x “““““ v HzD e Dc:):a
HeB0g ———-> HaD + S0
NHaoH e NH;: = H;ao

B. ACID ANHYDRIDES - NONMETALLIC OXIDES
Slx , COz, 50z, Nzl
BASIC ANHYDRIDESE -~ METALLIC OXIDES
Cad, Mg, Naz0

C. AMFHOTERIC HYDROXIDES AND OXIDES OF METALS ~ FOR THESE
REACTIONS THERE IS USUALLY AN EXCESS OF OH— IONS

Al =+, [r3+, Ip®=+,  gn=+

EXAMFLE Al (OH)x + 3JIH* === A13+ + ZHOH
A1 O = * 0= = A1 (OH3a-

CHEMICAL REACTIONS AND EQUATION

SOME COMMON TYFES OF REACTIONS

A. REACTIONE INVOLVING CHANGES IN OXIDATION STATES

1, COMEINATION REACTIONS (SYNTHESIS)
B Bicon-Pual

TWO REACTANTS COMEINE TO FORM & SINGLE FRODUCT. MANY ELEMENTS
REACT WITH ONE ANOTHER IN THIS FASHION TO FORM BINARY COMPDUNDS.
THE SYMBOL FOR THE MORE ELECTROFOSITIVE ELEMENT IS WRITTEN FIRST
AND VALENCE RELATIONS ARE USED TO ORTAIN THE FORMULA.

Citay + Dacgy === Chacq>
Nzcgy + ZHacgy ————3 EMH= e »

ALSO ~ AN OXIDIZER WILL REACT WITH A REDUCER OF THE SAME ELEMENT
TO FRODUCE THE ELEMENT AT AN INTERMEDIATE OXIDATION STATE.

EXAMELES:

SOLUTIONS OF POTASSIUM IODIDE, POTASSIUM IODATE, AND DILUTE
SULFURIC ACID ARE MIXED

I + 103— + . H* s T L S P



A FPIECE OF IRON IS ADDED TO A

o Bl e o st ke
2. REACTIONS BETWEEN AN OXIDIZER
FRODUCTS FROM SUCH REACTIONS CAN
ENOWLEDGE AROUT & LIMITED NUMBER

SOLUTION OF IRON(ITI) SULFATE

AND A REDUCER
USUALLY EBE FREDICTED FROM
OF OXIDIZERS AND REDUCERS.

IMFORTANT OXIDIZERS FORMED IN THE REACTION
Mnd,— IN ACID SOL. MaEn
MUz IN ACID SOL. Pl
MnOa— IN NEUTRAL OR MOz
BASIC SOL.
Cr=0-2— IN ACID SOL Breer
HMD= CONCENTRATED NO=
HMOx  DILUTE NO
H=50s HOT CONCENTRATED S50=
METAL IC IONS METAL OUS TONS

FREE HALOGENS
Manls

HE1 04

IMPORTANT REDUCERS

HALIDE IONS

NalH

el=

FORMED IN THE REACTION

HALLIDE IO0ONG

SULFITE I0NS (OR S502)

NITRITE IONS

FREE HALOGENS, DIL EBASIC SOLM

FREE HALOGEN

METAL IO0ONS

SULFATE I0NS

NITRATE IONS

HYFOHALITE IONS

FREE HALOGENS, CONC. BASIC SOLN. HALATE IO0NS

METAL OUE ITO0NS METAL 1IC I0ONS

T PREDICT FRODUCTS OF & REACTION THAT FITS INTO THIS CATEGDRY
LOOK AT THE REABENTS GIVEN IN THE QUESTION TO SEE IF THERE ARE



AVAILABLE BOTH AN OXIDIZER AND A REDUCER. THIS STEF MAY INVOLVE
RECOGNIZING THE IONS THAT ARE FARTS OF THE COMPOUNDS LISTED AS
THE REAGENTS. THEN ONE CAN WRITE THE AFFROFRIATE FRODUCTS FROM
THE OXIDER AND THE REDUCER FRESENT. KEEF IN MIND THE ACID OR THE
BASE FRESENT IF AN ACID OR A BASE IS LISTED AS A REALTANT. IN
ACIDIC SOLUTIONS, ANY METAL I[ONS FORMED CAN COMEINE WITH THE
ANION OF THE ACID TO FORM SALTS. KEEF IN MIND THE SOLUBILITIES
OF THE SALTS THEN FREDICT IF THE FRODUCTS INCLUDE A PRECIFITATED
SALT OR WHETHER IONS ARE THE AFPROFRIATE FRODUCTS.

REDOX SEACTIDNS ARE OFTEN RECOGNIZED RY:
s familiarization with important reducers and oxidizers

sasss the clue that there is "added acid" or the solution is
"acidified"

..... the use of the supplied reduction potential reference
Examples
Manganese dioxide is added to concentrated hydrochloric acid

and heated.
Mptls +* HY ~——5> Mp2* 4+ Clas + Hab

A solution of iron(II) nitrate is added to an acidified
sclution of potassium permanganate.

FeRe 4 BT o+ Halle" sl FgBr 4 0Tt + Hat
Manganesium metal is added to dilute nitric acid. One of the
producte contains nitrogen with an oxidation number k="
Mg H* + NOs— =-=> Mg=2* + NH§ + H=0

{INFORMATION ABOUT BASIC SOLUTIONS WILL FOLLOW

Z. SOME DECOMFDSITON REACTIONS INVOLVE REDOX

B O B

A DINGLE REACTANT BREAKS AFART TO FORM TWO OR MORE SURSTAMCES.
MANY COMFOUNDS BEHAVE IN THIS FASHION WHEN HEATED.

CHLORATES DECOMFOSE IN THE FRESENCE OF HEAT
TEET U ey o S TEBY cay + S8z can

SOLUTION OF HYDROGEN FPEROXIDE IS CATALYTICALLY DECOMFOSED

o

Hzlz -—————=3 H20 + D=

bl 1




ELECTROLYSIS DECOMPOGES CAMPOUNDS INTD THEIR ELEMENTS

HeO ~==32 Ha + 0=

4. SINGLE DISFLACEMENT REACTIONS —-ALL SINGLE REFLACEMENT
REACTIONS ARE REDDX.

FATS =5 G T A% | > B

ONE ELEMENT REFLACES ANOTHER IN A CDMFUUND. {(THE ELEMENTS ARE
OF TEN HYDROGEN AND A METAL)

A MORE REACTIVE ELEMENT (OFTEMN IN THE FREE STATE CAM DISFLACE A
LESS REACTIVE ELEMENT WITH SIMILAR FROFERTIES FROM A COMPOUND.

A very active metal replaces hydrogen from water.
2ha Cmd F :H:;,J_D e - PNS0H Cancy > = Hz <>

A metal above hvydreogen on the activity scale replaces hydrogen
from and acid
FBiws + ZHEL caqy —So- 2 bellocaasy F Haegs

& more active metal replaces a less active metal from a compound
SRy BB ar e s - nSgcaay ¥ B

A more active halogen replaces a less active halogen from a

compound
Elo 2l she e LGB +  Bro

B. REACTIONE INVOLVING NO CHANGES IN OXIDATION STATES

1 DOUBLE DISPLACEMENT (METATHESIS) REACTIONS
8% F S BY el ok B

ATOMS OR TONS EXCHANGE FARTMNERS.

THESE REACTION START WITH THO REACTANTS AND FRODUCE TWO FRODUCTS.
SUCH REACTIONS CAN BE EXFECTED WHEN THE TWO REACTANTS COME FROM
THE TYFES OF COMFOUNDS @ ACID, BABE, SALT aND WATER (FOR
CONVENMIENCE WRITTEN AS HOH) THE FRODUCTS CAN BE PREDICTED BY
EXCHANGING THE POSITIVE FARTS OF THE TWO REACTANTS. THE FPRODUCTS
ARE EROM THE SAME TYPES OF COMBPOUNDS.

HC1 HoNalH e D Nalzl = HOH

ONE THEN USES THE INFORMATION FREVIOUSLY PRESENTED TQ DECIDE
WHICH OF THE SUBSTANCES SHOULD BE WRITTEN AS IONS. HCl1 IS5 A
STRONG ACID, NalH IS A STRONG BaBSE AND NaCl IS & SOLUBLE SALT,
AND S0 ALL THREE SHOULD BE WRITTEM AS I0NS. SINCE SUBDSTANCES
THAT DO NOT CHANGE ARE MOT AFFROPRIATELY REFRESENTED IN A



CHEMICAL REACTION OR & CHEMICAL ECUATION THE REACTION ABOVE
BECOMES

HE s = —— 5 HIjH (NET IO0NIC EQUATION — SFRECTATOR I0ONMS
REMOVED)
BaBro cans i KeB0acans o7 Babladas % 2HBr s
Za (0H) S Cancy D + 2HC1 Cancyd> == Al D cmegy T 2H2D 'S )

Z. SOME COMBINATION REACTIONS RELATED TO METATHETICAL
REACTIONS. THESE REACTIONS FRODUCE A SINGLE PRODUCT FREDICTABLE
FROM THE TYFES OF THE REACTANTS INDICATED WITH EACH OF THE
EXAMFLES BELOW.

METAL OXIDE + WATER —-—-—-—> A BASE, THE METAL IN THE SAME
OXIDATION STATE A8 INM THE OXIDE.

CaCl(-, s o HDH(J_) ““““““ s E’a(DH)2<-q>
FHEN REVISED T0O

Callces +t . HOH: =—=> Dasss o0

NONMETAL OXIDE + WATER ———3* AN ACID, THE NONMETAL IN THE SAME
OXIDATION STATE A5 IN THE OXIDE

S0= + HOH e = S0
(NO STRONG ACID OR STRONG BASE OR SOLUBLE SALT, S0 NO IONS)

METAL OXIDE + NONMETAL OXIDE --—-> SALT, WITH THE NONMETAL
AFFEARING IN A RADICAL (FOLYATOMIC I0ON) WHERE IT HAS THE SAME
OXIDATION S5TATE AB IN THE 0OXIDE

Cal 5 60 & —— 3 Uabille
( NO STRONG ACID OR RBRASE OR SOLUBLE SALT, S0 NO IONS)

S BOME DECOMFOSITION REACTIONS (THE REVERSE OF THE COMBINATION
REACTIONS IN THE CATEGORY RELATED TO METATHETICAL REACTIONS
THERE IS ONE REACTANT ANMD THERE ARE TWO FRODUCTS IN EACH OF THESE
REACTIONS

BASE ——-> METAL OXIDE =+ WATER
Ca (OH) £ g B e S Al FERESEES HCH
ACID CONTAINMING OXYGEN ——-> NONMETAL OXIDE aND WATER
HECB?‘ ey ) = e H;;,ND (1 + ED: <oz
i—i:aE\.D:_r; Caney ) Setserh s s H:?_D ( ] ) +* E"D:z €2

HNO = (@) et Ha0(1) + NDzcgs



HEATED MabUaceay > HabtL )y Dol oy
SALT CONTAINING OXYGEN OXYGEN -——--» METAL OXIDE + NONMETAL OXIDE

Eallxcns ——~F Ball cus v Ellaces

4. HYDROLYSIS REACTIONS

THE REACTIONS OF SALTS WITH WATER CAN USUALLY BE HANDLED AS
METHATHETICAL. REACTIONS. IN ADDITION TO SALTS, SOME OF THE other
COMPOUNDS, FARTICULARLY NONMETALLIC HALIDES, REACT WITH WATER.

IF THE WATER IS5 WRITTEN A5 HOH, COMBINING THE H FREBM THE WATER
WITH THE MORE (OR MOST) ELECTRONEGATIVE ELEMENT FROM THE OTHER
COMPOUND USUALLY GIVES THE FORMULLA FOR ONE OF THE FRODUCTS. THE
OTHER FRODUCT CONMTAINE THE REMAINING ELEMENTS. THE FORMULA FOR
THIS SECOND COMPOUND USUALLY NEEDS TO BE REARRANGED IN ORDER TD
MAKE CLEAR ITS ACIDIC FPROFERTIES.

FCle + HOH ———-3> HECl + P(0OH)= REARRANGED TD HsFOx OR
MORE ACCURATELY, TO HzFHOx

S. REACTIONS OF COORDINATION COMFOUNDS AND IONS

FREQUENTLY EXCESS AMMONIA IS USED OR 15 M AMMONIUM HYDROXIDE
THE LIGANDS MOST FREQUENTLY CONSIDERED, ATTACHED TO A CENTRAL
ATOM THAT IS5 USUALLY A METAL ION, ARE THE AMMONIA MOLECULE AND
THE HYDROXIDE ION.
FEEF IN MIND THAT THE NUMBER OF LIGANDS ATTACHED TO & CENTRAL
METAL ION IS SOMETIMES TWICE THE OXIDATION NUMBER OF THE CENTRAL
METAL: Ag (NH=)=*, Zn(0OH)s="
THE BREAKUF OF THESE COORDINATION IONS IS FRERUENTLY ACHIEVED RY
ADDING AN ACID. THE PRODUCTS ARE THE METAL I0ON AND THE SPECIES
FORMED WHEN HYDROGEN IONS FEBM THE ACID REACT WITH THE LIGBAND
(NHa™ FROM NH= AND HOH FROM Gf—)

Al (OH) 2~ oo CEPReeesnpi O AR + HOH

6. REACTIONS BASED ON NONWATER DEFIMITIONS OF ACIDS AND BASES
EOTH BRONSTED AND LEWIS DEFINITIONS OF ACIDS AND BASES CAN EBE
ILLUSTRATED BY THE WRITING OF EQUATIONS. RECOGNIZING THAT AN
ACID AND A& BASE ARE THE REACTANTS ACCDRDING TO ONE OF THE
DEFINITIONS AND ENOWING HOW THEY REALCT IS THE BEST AFFROACH.
BRONSTED REACTIONS INVOLVE THE TRANSFER OF A FROTONM. LEWIS
REACTIONS INVOLVE THE FORMATION OF & COORDINATE COVALENT BOND.

KEEF IN MIND LEWIS ACIDS AND BASES (NHs + BFw) AND ANHYDRIDES
BUCH A5 Cal + S0

C. ORGANIC REACTIONS - THE MOST COMMON TYFPE OF REACTIONS ARE:



1. ADDITION REACTIONS -~ AKENE OR ALKYNE FLUS HALOGEN OR
HALIDE - OBSERVES MARKOVNIKOFF'S RULE (WHEN A HYDROGEN HALIDE
ADDED TO AN ALKENE, THE HYDROGEN ATOM NORMALLY ENDS UF ON THE
CARBON ATOM THAT ALREADY HAS THE MOST HYDROGEN ATOMS.

2. FORMATION OF ALCOHOLS VIA ADDITION REACTION

3. ESTERIFICATION - ACID FLUS ALCOHOL GIVES AN ESTER PLUS
WATER.

I8




-

166 Free Response Section

KCO3 = KA+ 03

- & Electrolysis decomposes compounds into their elements.
HO= Hy+ Oy

/

Redox; Combination reactions.
Anouddizemllrenctwithareducaofthesameelementhoprodueemeelementat
_—an intermediate oxidation state. i romen
/' .
ok Solutions of potassium iodide, potassium iodate, and dilute sulfuric acid are mixed.
" I'+I0y+H*=hL+H0 A
' (/ A piece of iron is added to a solution of iron (II) sulfate.
‘ Fe + Fe3+ = Fe2*
Redox;
A more reactive element (often in the free state) can displace a less reactive element
with similar properties from a compound.
Examples: _
: 4 Zinc metal reacts with tin (II) sulfate.
> Zn + Sn2* = Zn2* +Sn
" 2 Free chlorine reacts with sodium bromide.
C+Br= CI"+Bn;
é. Solid barium peroxide is added to cold sulfuric acid.
e BaQ-LH*+SO;2'=BaSO++H20[
Redox: Qgsgmmm:ga:nnna
7 Examples: =
' : > A solution of hydrogen peroxide is catalytically decomposed.
/ HyOp = H0+0;
/ v X Chlorates decompose in the presence of heat.



- Name

Problem

A salt contains only barium and one of the halide ions. A 0.158 g sample of
the salt was dissolved in water, and an excess of sulfuric acid was added to
form barium sulfate (BaSO,), which was filtered, dried, and weighed. Its
mass was found to be 0.124 g. What is the formula of the barium halide?



LIMITING REACTANT AND THEORETICAL YIELD

+ THE REACTANT IN EXCESS IS THE SUBSTANCE WHICH WILL HAVE SOME LEFT OVERS.

o THE LIMITING REACTANT IS THE SUBSTANCE WHICH WILL BE ENTIRELY CONSUMED IN
THE REACTION.

¢ THE THEORETICAL YIELD IS THE AMOUNT OF PRODUCT THAT WOULD BE FORMED [F ALL
OF THE LIMITING REACTANT WERE CONSUMED.

Often, you will be told the amounts of two different
reactants and asked to determine which is the limiting reactant
and calculate the theoretical yield of product. To do this, it
helps to follow a systematic procedure.

1. Calculate the amount of product that would be formed if the
first reactant were completely consumed.

2. Repeat this calculation for the second reactant; that is
calculate how much product would be formed if all of that
reactant were consumed.

3. Choose the smaller of the two amounts calculated in 1 and
2. This is the theoretical yield of product; the reactant
that produces the smaller amount is the Timiting reactant.
The other reactant is in excess; only part of it is
consumed.

Example:

Consider the reaction

23+ 3 F -~> 2 5BL

Determine the 1imiting reactant and the theoretical yield of
product if we start with

a. 1.20 mol Sb and 2.40 mol I,

b. 1.20 g Sb and 2.40 g I,

REMEMBER IN DECIDING UPON THE THEORETICAL YIELD
OF PRODUCT YOU CHOOSE THE SMALLER OF THE TWO
CALCULATED AMOUNTS.

THE ACTUAL YIELD IS WHAT YOoU GET. THE THEORETICAL

YIELD IS WHAT YyOoU WOULD GET IF EVERYTHING IN THE

EXPERIMENT WENT PERFECILY.




LIMITING REACTANTS CONTINUED

ANOTHER METHOD TO FIND LIMITING REACTANTS

FIND THE MOLAR MASS OF ALL SUBSTANCES IN THE PROBLEM.
FIND THE NUMBER OF MOLES OF EACH OF THE REACTANTS.

DIVIDE THE REACTANTS MOLES BY THEIR RESPECTIVE COEFFICIENTS - THIS TELLS
THE NUMBER OF TIMES THE REACTION CAN RUN.

THE REACTANT WITH THE FEWEST NUMBER OF TIMES IS THE LIMITING REACTANT




AP 1991 B

The molecular formula of a hydrocarbon is to be determined by
analyzing its combustion products and investigating its
colligative properties.

a. the hydrocarbon burns completely, producing 7.2 g of
water and 7.2 liters of CO, at standard conditions. what is
the empirical formula of the hydrocarbon? $#d. cond thoag (0 ¢lakm)

Mmectns | nwle of gag
Gag wi O(Lufxr 22491

b. calculate the mass in grams of 0, required for the
complete combustion of the sample of the’ hydrocarbon described

in a.

c. thé hydrocarbon dissolves readily in CHC1, .The alorolor ™
freezi point of a solution prepared by mixing 100 g of CHC1,—
and .600 g of the hydrocarbon is -64.0 ° C. Calculate the

m-Yomotecular weight of the hydrocarbon.

0 v b e i

What is the molecular formula of the hydrocarbon?

&
%
&
g




CHEMISTRY 2 AP
' NAME

EQUATIONS OF THE WEEK #1
WRITE BALANCED NET EQUATIONS FOR THESE REACTIONS

A. COMPOSITION REACTIONS

1. MAGNESIUM METAL IS BURNED IN NITROGEN GAS

2. SULFUR DIOXIDE GAS IS PASSED OVER SOLID CALCIUM OXIDE

B. DECOMPOSITION REACTIONS

3. SOLID AMMONIUM CARBONATE IS HEATED

4. A SOLUTION OF HYDROGEN PEROXIDE IS CATALYTICALLY DECOMPOSED

REPLACEMENT REACTIONS

5. LEAD FOIL IS IMMERSED IN SILVER NITRATE SOLUTION

6. CHLORINE GAS IS BUBBLED INTO A SOLUTION OF SODIUM BROMIDE



