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Chemistrg
Unit 5: Counting Particles Too Small To See

Activities and Assignments
v Relative Mass Lab
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Empin'cal Formula Lab
Quiz
WS 5-4 EmPiricaI & Molecular Formulas
Unit Review WS
Unit 5 Exam
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Standards

24.1 am able to calculate the relative mass of substanccs, based upon a set of
data.

25.1am able to define molar mass and determine the molar mass of a pure
substance, based on a chemical formula.

26.1 am able to convert between mass, moles and Particle numbers in a samP|c
ofa pure substance.

27. 1am able to relate mass data about a compound to the Pcrccnt
comPosition and the cmPirica| & molecular formulas of the substance.

Studg Guide

*  State evidence for Avogadro’s ngothcsis.

= (Use Avogaclro’s HgPothcsis and cxPcrimcnta| data to determine the
relative mass of molecules.

s Use cxpcrimcnta| data to determine the relative mass of two ol:jects.

o (lse cxPcri mental data to determine the number of items in a samplc
without actua“g counting them.

e Given the chemical formula of a substance, determine the molar mass.



Given the mass of a 5u|:>5tance, determine the number of moles of the
5amp|c and the number of atoms or molecules in the sarnP|e,

Given the number of moles of a substancc, find the mass of the samP|e and
the number of atoms or molecules in the samP|c.

Given the formula of a compou nd, determine its percent comPosition.
Given data about the percent composition ofa sarnP|c, determine the
cmPirica| formula of the comPound.

Given the cmPirica] formula and information about the molar mass of the
compou nc[, determine the molecular formula.

Define Avogacl ro’s H 5Pothc5i5, relative mass, mole, percent composition,
cmPirica| formula, and Avogadro’s number.



Counting Particles Too Small
To See

4/16/20

Relative Atomic Masses

+ Since masses of atoms are extremely
small, scientists use relative masses
when referring to the mass of an atom,

* Relative masses are the mass of an atom

in comparison to some standard.

Scientists have chosen Carbon-12 as the

standard and given it the arbitrary mass

of 12 atomic mass units (amus).

Relative Atomic Masses

« One atomic mass unit, or 1 amu, is
exactly 1/12* the mass of a carbon-12
atom, or 1,660 540 x 10-27 kg,

+ The atomic masses of all other atoms is
determined by comparing it 1o the
carbon-12 atom.

« Isotopes of different masses do not

differ very much in their chemical
behavior.

Average Atomic Mass

+ Most elements occur naturally as a

mixture of isotopes.

Scientists need to account for the % of

occurrence when calculating the average

atomic mass of the element.

+ Average atomic mass is the weighted
average of the atomic masses of the
naturally occurring isotopes of an
element.

Calculating Average Atomic Mass

(amu isotope 1)(% occurrence) +
(amu isotope 2)(% occurrence) +
(amu isotope 3)(% occurrence).....
Average atomic mass in amus

Relating Mass to Numbers of Atoms

+ The relative atomic mass scale makes it
possible o know how many atoms of an
element are present in a sample of the
element with a measurable mass.




The Mole

» SI unit of amount of substance.

= A mole (mol) is the amount of a
substance that contains as many
particles as there are atoms in exactiy
12 g of carbon-12,

* The mole is a counting unit,

4/16/20

Avogadro’ s Number

+ The number of particles in a mole has
been experimentally determined to be
6.022 x 1023,

+ 12 g of carbon-12 contains 6.022 x 1023
atoms C.

+ Particles = atoms = ions = molecules

Molar Mass

+ The mass of Avogadro’ s number of
atoms of a substance.

+ The mass of 1 mol of a pure substance is
cafled the molar mass (MM) of that
substance.,

+ Molar mass is numericatly equal to the
atomic mass of that substance.

+ Units are g/mel.
+ H has molar mass of 1.00794 g/mol.

Gram/Mole Conversions

* Molar mass is used as a conversion
factor in mass-mole problems.

* 1 mol A = atomic mass A in g.
gA | 1molA | =mola
At.MassAgI

mol A [At. Mass Ag ‘=gA
1mol A

Mole/Particles Conversions

+ Avogadro’ s number is used as a
conversion factor in mole-particles
problems.

+ 1 mol A = 6.022 x 102 particles A

mol A x 6,022 x 107 particles A = particles A
1 mol A
particles A x 1 mole A = moles A
6.022 x 10 particles A

Gram/Particles Conversions

+ Use both conversion factors in these
problems.

gA x 1lmolA  x 6022 x10% particles A = partickes A
At. Mass A g L mol A

parficles A x____ luolA  x At.Massdg =gA
6022 x 10% particks A 1mol A




Using Chemical Formulas

Example: H,0
* FM of H,O is

2Hx101g = 2.02q
10 x 16.00g =_16.009
18.02 g

+ FM is aka molecular mass or molecular
weight.

Example: % Comp. of Cu,S

1. M of compound
2Cu x 63.559 = 127.10g
15 x 32.07g = 32,079
159.17 g Cy,5
2. %Cu
127.10 g = 100% = 79.85% Cu
159.i7 ¢
3, %5
3207 g # 100% = 20,15% 5
159.17 ¢
You cban subtract one frem 100% to get 2™ answer,
af..

What if you are wrong?{?1?

Formula Mass

+ FM = sum cf atomic masses ih g or amu.
» Example: Scdium
* FM ef Ne= 22599 g Na

- This is the ateruc mass from the pari
or sedium.

is to take atomic m

Percentage Composition

« Tt is useful to know the percentage by
mass of an element in a compound.

+ If we needed a source of oxygen you
would want to choose a compound that
has a lof in it in order to be efficient.

+ Formula used to calculate % comp.:

%comp = EM of element in cmpd x 100%
FM of cmpd

Determining Chemical
Formulas

4/16/20



What Is an Empirica! Formula?

- An empirical formula consists of the

symbals for the elements combined in a
cornl:uound, with subscripts showing the
smallest whole-number mole ratio of the
different atoms in the compound.

+ aka: simplest formula
Diborane

EF = BH,

Moiecular formula = B,H,

Calculation of Empirical Formula

1. If given in % comp., change it fo grams.

You may assume you have 100g of the
cmpd.
78% 8 = 789 B
22% H=22gH
2. If given in mass - begin with that data.

Calculation of Empirical Formula

£. Calculate the ratio of the elements in
the cmpd.

7.216 mol B : 2178 mol H
*Must be a simple whole number ratio.
7.216.mol B : 2178 mol H
7.216 7.216
1mel B:3.01 mol Hor 1molB: 3 molH

Calculation of Empirical Formula

A. Need compoesition data. This can be
given in mass or 7% composition in the
problem.

78% beron

22% hydrogen

Calculation of Empirical Formula

B. Convert the mass data to moles,

78gBx 1molB  =7.216 mol B
1081 gB

22gHx 1molH =21.78 mol H
1019 H

Calculation of Empirical Formula

D. Write the empirical formula.
Tmol B:3 mol H

4/16/20
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EF Summary of Steps Calculation of Molecular Formula

Composition Data _ etween the
. Composition in g '
. Convert to moles
. Caleulate mole ratio
. Write EF

Calculation of Molecular Formula | Calculation of Molecular Formula

M of MF

 will be given in the problem.

Y .'-"n]i-,‘xL][l_, e FM of ¢

/ -'_qi-'?.u_'lrﬁﬁ:;h}}'] nf Molect . mul .];"li tion !T',: 1*11‘_‘.”___..71._!,“?[_ ~ormul

Calculate X D). Determine MF

X(El
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Chcmistry Name
Unit 5: Counting Particles Too Small To See
Mrs. I':ytchcson Due Date:
WS 5-1

Molar Masses of the Elements

Relative Mass From Gases
We have established that the combining ratio of gases can be cxP|ainecl if two
assumPtions are made:

1. I':c|ua| volumes of gases contain the same number of molecules at the same pressure
anc[ tcmPcraturc.
2. Some pure elemental gases are clustered into Pairs to form diatomic molecules.

Use these assumptions and Particlc diagra ms to cxP|ain the fact that the clcnsitg of
oxygen gas at standard tcmPcraturc and pressure 15 1.4% g/ |itcr, whereas the c[cnsity of
hgdrogcn gas under these conditions is 0.089 g/ liter. How many times more massive is
one molecule of oxygen than one molecule of h5c| rogen?

4 N N

- RN /

You shouldn’t conclude that chemists were able to determine the molar masses of all the
elements using this tcchniquc. Measurements of the dcnsitg of the gaseous Phasc of
many of the elements are difficult, if not i mPossi ble. However, we are going to see that
chemists could use another tool ~ the percent Compositfbn of compounds to determine
molar masses.

Relative Mass From Compounds
Mang substances combine with oxygen to forma tgpc of compouncl called an oxide. In

the Previous unit we saw that such combinations often occur in mu|tiP|c Proportions.

©Modeling Instruction-AMTA 2013 1 US wsl v3.0



John Dalton made the assu mPtion that the lowest ratio was a 1! combination of
elements. For now, we will make a similar assumPtion. We may have to re-examine this

assumptfbn [ater.

fn Unit 4 you examined % comPosition data of several Compounds. For cxamP|c, 100g
of the 5imP|cst oxide of carbon contains 42.9¢ of Cand 571 goF O.Tobeable to
compare masses of elements to the mass of oxygen, itisi mPorta nt to use the same mass
of oxygen in all of the ratios. Using a Proporl:ion, one can show that 75.0 gof- C
combines with 100 g of oxygen.

429gC  7505C

57.130 _ 100g0
In fike manner, the masses of the elements in various oxides were calculated and shown
in the table below.

Element Mass of element that Dalton’s Adjusted
combines with 100 g relative mass relative mass
of oxygen Question Question 3

Hydrogen R25g 1.0 1.0
Carbon 75.0

Nitrogen 87.5

Oxygen 100g

Iron 349

Mcrcurg 1250

Silver 549

1. W these elements combine in a 1! ratio, then the values in the 2nd column could be used

to compare the masses of these elements. As you did in the relative mass |ab, divide

these values bg the mass of hgclrogcn to obtain relative masses of the elements. Record

these values in the 5“" column. These are the values Dalton rcl:)ortcd for the relative

masses 0{: thcsc elements.

©Modeling Instruction-AMTA 2013

U5 wsl v3.0



2. ComParc the value for the mass of oxygen you obtained this way with the value you
calculated earlier. Sketch Partide diagrams for both Dalton’s and our current model of
water. Use these to exP]ain whg Dalton’s mass for oxygen is too low.

3. Since the mass Dalton obtained for oxygen was half of the accePtcd value, adjust the
values you obtained for the other elements and record them in the 4t column. How do
these values compare to the molar masses in the Periodic Table? Are there any other
elements that do not combine in a 111 ratio? ExPLain.

©Modeling Instruction-AMTA 2013 3 Ub wsl v3.0






Chcmistrg Name
Unit 5: Counting Particles Too Small To See

Mrs. Eytchcson

WS 5-2

The Mole

To |'|c||:> you better visualize the enormous size of Avogadro‘s numbcr, 6.022 x 107, consider
the Fo”owing ana|ogi<:5:

1. if we had a mole of rice grains, all the land area of the earth would be covered with
rce to a clcPth of about 75 meters!

2. One mole of rice grains is more grain than the number of all grain grown since the
bcgi nning of time.
3, One mole of marshmallows (standard 1in? size) would cover the United States to a

depth of 650 miles.

4, if the Mount St. Helens eruPtion had released a mole of Parl:ic|cs the size of sand
grains, the entire state of Washingl:on would have been buried to a c|cPt|'| cqual to the
hcigl‘nt of a lO-—story bui]c]ing.

5. A mole of basketballs wou|c|Just about fit Peri:ecﬂg into a ball bag the size of the
earth.

Your turn
NOTE: To earn credit for these |:)r0|3|cms, you MUST show your work using dimensiona
analysis, scientific notation, 51gn|F|cant f-igures and labels.

6. Assumingthat each human bcing has 60 trillion boclg cells (6 x107) and that the

earth's Popu|ation is 6 billion (6 x 10%), calculate the total number of living human
|:>oc|9 cells on this P|anct. Is this number smaller or |argcr than a mole?

©Modeling Instruction-AMTA 2013 1 UBS - the mole v3.0



7 A 5uPcrcomPutcr, nicknamed Roadrunncr, built bg IBM for the Los Alamos National
Labs can Pchorm about 1.03 Pctaﬂop/ 5 (1 Pctaﬂop is 1 x 10¥ caleulations).
Determine how many seconds it would take this computer to count a mole of tl-u'ngs.
Convert this Figurc into years.

8. if you started counting when you first learned how to count and then cou nted bg
ones, cight hours a clag, 5 clays aweek for 50 weeks a year, you would bcjuclgcd a
'good counter if you could reach 4 billion bg the time you retired at age 65. i every
human on earth (about 7 x 10%) were to count this way unti] retirement, what fraction
of a mole would thcg count?

©Modeling Instruction-AMTA 2013 2 U5 - the mole v3.0



Chcmistrﬂ Name
Unit 5: Counting Particles Too Small To See

Mrs. Egtchcson Due Date:
W5 5-5

Mass~Mole-~Particle Conversions

. Anold (Prc-l987) penny is ncar|3 pure copper. if such a penny has a mass of 3.3 -4 how

man moles of copper atoms would be in one Pcnng?

2. Four nails have a total mass of 4.42 grams. How many moles of iron atoms do thcg

contain?

5 A rainc]roP has a mass of 0.050 g How many moles of water does a rainclroP contain?

4. What mass of water would you need to have 15.0 moles of HO?

©Modeling Instruction-AMTA 2013 1 US ws2 v3.0



5. One box of Morton’s Salt contains /77 grams. How many moles of sodium chloride
(NaCl) is this?

6. Achocolate chip cookie rccipe calls for 0.050 moles of baking soda (sodium
bicarbonate, NaHCO3). How many grams should the chef mass out?

7. Rustisiron (1) oxide (Fc7_05). The owner of a [959 Cadillac convertible wants to

restore it 133 removing the rust with oxalic acid, but he needs to know how many moles
of rust will be involved in the reaction. How many moles of iron () oxide are contained
in 2.50 kg of rust?

©Modeling Instruction—-AMTA 2013 2 U5 ws2 v3.0



8. l‘irst-ccntury Roman doctors believed that urine whitened
teeth and also lccpt them Firm|9 in P|ace. As gross as that
sounds, it must have worked because it was used as an active
ingrcdicnt in toothpaste and mouthwash well into the 18th
century. would you believe it’s still used todag‘? Thanld:uug,
notin its orig;ina| form! Modern dentists rccog,nizcd that it was
the ammonia that cleaned the tceth, and theg still use that. The formula for ammoniais
NHz. How many moles are in Q.75 gol: ammonia? How many molecules?

9. Lead (1) chromatc, PbCrO4-, was used as a Pigment in Paints. How many moles of lead

chromate are in 75.0 goF lead (n chromate? How many atoms of oxygen are Prcsent‘?

10. The diameter of the tungsten wire ina I[ght bulb filament is very small, less than two
thousandths of an inch, or about | /20 mm. The mass of the filament is 80 very
small - 0.0176 grams — that it would take 1,600 filaments to wcig]—: an ounce!
How many tungsten atoms are in a tgpica[ |ig|"|t bulb filament?

©Modeling Instruction-AMTA 2013 3 Ubs ws2 v3.0



. Two popu lar antacids tablets are Tums and Maalox. The active ingrcdient in both of

these antacids is calcium carbonate, CaCOs. Tums chu|ar Strcngth tablets contain
0747 g and Maalox tablets contain 0.600 govC calcium carbonate. Compare the

number of formula units of calcium carbonate in both Tums and Maalox.

©Modeling Instruction-AMTA 2013 U5 ws2 v3.0



Chcmistrg Name
Unit 5: Counting Particles Too Small To See

Mrs. Egtchcson Due Date:
WS 5-4

Empirica| and Molecular Formulas

Use dimensional ana|95i5 inc|uc|ing units, 5igni|:icant Figures, and scientific notation. Be sure
to 5|10w a” mathematical work and rcasoning and use comPlctc sentences in cxP|a nations

W}'ICT'C T'ICCCSSEWH .

I. Findthe cmPirica| formula of a comPouncI containing 32.0 g,c:nc bromine and 4.9 gof

magncsium.

2. Whatisthe cmPirica[ formula of a carbon-oxggcn comPouncl, given that a 952 gsamP|c
0{: the compou nd contains 40.8 g 01‘: carbon and the rest oxggcn‘?

©OModeling [nstruction—-AMTA 2013 1 Ub ws 3v3.0



3. A comPouncl was ana]gzccl and found to contain 9.8 go{: nitrogen, 0.70 go{: hydrogen,
and 33 4 goi: oxygen. what is the cmPirical formula of the compounc[?

4. A c.ompouncl composccl of hydrogcn and oxygen is found to contain 0.59 go{: hydrogcn
and 940 go{: oxygen. The molar mass of this comPounc] 15 94.0 5/ mol. Find the

CITIPiI"iCBI ancl I'T'IO[CCLIIBI" 'FOI"I'HU]&S.

©Modeling Instruction-AMTA 2013 2 U5 ws 3v3.0



5. A samp|c of iron oxide was found to contain 1.116 goi: iron and 0.480 50{: oxygen. Its
molar mass is roughlg 5 x as great as that of oXygen gas. Find the cmpirica| formula and

thc molecular formula of this comPouncI.

6. Find the percentage composition of a compou nd that contains 17.6 gof iron and
105 50{: sulfur. The total mass of the comPound is527.9 -8

©Modeling Instruction-AMTA 2013 3 Ub ws 3 v3.0



7. Findthe percentage composition ofa comPouncl that contains 1.94 go{: carbon, 0.48 g
of hgdrogcn, and 2.58 go{: sulfurina 5.00 gsamP[c of the comPouncL

8. whatisthe % 135 mass of oxygen in Mg(NO5) 27

©Modeling Instruction-AMTA 2013 4 U5 ws 3 v3.0



Chcmistrg Name
Unit 5: Counting Particles Too Small To See

Mrs, F:Htchcson in Class Activitg
Review W5

Unit 5 Review

1, Define the Fo”owing terms:

a. FTIOIC

b. molar mass
& Avogadro’s number
d. cmPirica[ formula
e. molecular formula
2. Find the molar mass of the fol [owing:
a. KNOz,
b. oxygen gas

c.  (NH4),COs
d.  Ca(NO3);
e.  AgCrOs

f. pPbso4

©Modeling Instruction-AMTA 2013 1 US review v3.0



3. Consider the mass of the various hardware listed below.

a. Do the ca|cu|ations necessary to comP[ctc thc tablc.
b. EXP]ain the connection between these calculations and the atomic masses in
the Periodic Table.

©Modeling Instruction-AMTA 2013 2 U5 review v3.0



4. Convert the followi ng;

a.  120gFe tomoles

b. 25.0 go{: C.|2 gas to moles

c. 0.476 g of (NH4)2504 to moles

d. 0.15 moles NaNOs to grams

e.  0.0280 moles NO; to grams

£ 0.64 moles A|C|5 to grams

©Modeling [nstruction—-AMTA 2013 3 UG review v3.0



5. Use Avogaclro’s number to do the Fo"owing:

a. How many atoms are there in Q.00150 moles Zn?

b. if you had 2.50 moles of oxygen gas, what mass of the gas would be in the

5amP|c’?

o) A407g samplc of Nal contains how many atoms of Na?

d. How many atoms of chlorine are there in16.5 g of iron () chloride, FcC|5?

*e. What is the mass of 100 million atoms of golc]? Could you mass this on a balance?

©Modeling Instruction-AMTA 2013 4 U5 review v3.0



6. Calculate the cmpirica[ formula of a comPounc] that contains 4.20 goF nitrogcn and
12.0 g of oxygen.

7 When 20.16 go{: magnesium oxide reacts with carbon, carbon monoxide forms and
12.16 go{: Mg metal remains. What is the cmPirica| formula of magnesium oxide?

8. Determine the mo|ccu|ar Formula OF cach comPounc[:

a. EF = CH; MM = 78 g/mol

b.  EF=NOx;MM=92g/mol

©Modeling Instruction-AMTA 2013 5 U5 review v3.0



9. A compound is composecl of 720 gomc carbon, 1.20 goF hgclrogen and 9.60 gol:
oxygen. The molar mass of the compound i5 180 g/ mole. Determine the cmPir"ica[
and molecular formulas of this comPound.

10. What is the % bﬂ mass of oxygen inwater?

n A comPounc] of iron and oxygen is found to contain 28 goF Fe and 8.0 goF O. Whatis
the % bg mass of each element in the comPound?

©Modeling Instruction-AMTA 2013 6 U5 review v3.0



Honors Chemistry
Unit &: Particles with Internal Structure

Activities and Assignments

v Stickg Tape Lab
WS 6-1: Thomson Model of the Atom
WS 6-2: Thomson Model and Stickg Tape
Conc]uctivity of Substances and Solutions Activity
E|ectro|95i5 of Copper ) chloride Activity
WS 6-3: Patterns of Chargc in the Periodic Table
Structures of Solids Activity
WS 6-4- Why Structure Is Important
WS 6-5: lonic Compouncls
Quiz
WS 6-6: chrcscnting lons and I':mPiricaI Formulas
Unit Review WS
Unit 6 Exam

RN N R N N N N NN

Standards

28.1am able to describe the Thomson model of the atom and cite evidence for
the mobile chargc in atoms bcing negative.

29 lam able to able to exP|ain the differences between the Properties of
ionic, molecular and atomic solids using models of the crgsta] structures.

30.lam able to differentiate between ionic and molecular comPounds froma
name or a formula.

3. lam able to state the correct name or formula of a binarg molecular
compouncl, givenits formula or name.

32. 1am able to state the correct name or formula of an ionic compounc], gven

its formula or name.

5tuc|5 Guide
= Describe evidence that supporl:s the idea that Particlcs have a Propcrtg
we call cl'largc.



Use the Thomson model of the atom to account for the fact that neutral
atoms can become either Positive|3 or ncgativdy chargcd bg the loss or
gain of electrons.

List ProPcrtie,s that disti nguish metals from nonmetals.

Describe the evidence that distinguishes ionic from molecular or atomic
solids.

Given the formula of an ionic or molecular substance, state its name.
Given the name of an ionic or molecular substancc, write its formula.
From the name or formula of a substance determine whether that

substance is molecular or ionic.



Chemical Formulas &
Chemical Compounds

Unit 6

4/16/20

Chemical Names & Formulas

The Significance of a
Chemical Formula

2 Examples

* CgHyy * Al(504);
~ Molecular Compound - Tonic Compound
- Formula unit
- Sulfate ion
+ Use porentheses to
indicate how many of
the ion

«ZAL3S 120

What does a formula tell you?

+ It represents known facts about the
compound,

« Can represent how much of a substance.
H,O
— 1 molecule of water
-1 mole of water
=6.022 x 1022 molecules of water
-1 molar mass of water

Monatomic Ions

s Tons formed from a single atom,
. NG‘, Mgozt AI’S
s Cl, 52, N3




Naming Positive Monatomic Ions

1. Write element name.
2. Add the word “ion".

K+
Potassium ion

4/16/20

Naming Negative Monatomic Tons

1. Drop the ending of the element name.
2. Add "-ide" ending.
3. Add the word "icn".

F_
fluoride ion

Binary Lonic Compounds

« Contain 2 different elements.

* Inionic compounds, charges must be
equal so compound is neutral.

Mg and Br-
MgBr,

Basic Naming & Formula Writing
Rules

+ Always write the positive ion first.
* Don't write 1" as a subscript.

* Don't write charges in the chemical
fermula of a campound.

The Cross-Over Method

« Useful in determining the subscripts to
be used in a chemical formuia.

1. Write the symbols with their charge.

2. Cross over the charge numerical values
to give the subscripts.

3. Check the subscripts & write the
formula.

Example
Al3 and 02

Al 02

2Al x+3=+6
30x-2=-6

0
Al,O,




Example
Al*3 and 02

Al 02

2Al x+3 = +6
30x-2=-6

)
Al,O5

The Stock System of Naming
 Used when the positive ion has more

thah one possible charge.

- A Roman numeral is included in the name
to indicate which ioh is in the compound.

Copper (I} ion
Copper (II) ion

Example

+ Fe** and CI-

« Iron (I11) ion
- chloride ion

- Iron (III) chioride

Naming Binary Ionic Compounds

1. Name positive ion.

2. Name negative ion.

3. Combine names and drop “ion”s.
AlLO,

Aluminum ion

oxide ion

Aluminum oxide

How to use the Stock System

. Identify the posifive ion' s charge.

. Write the name of the positive ion
including a Roman numeral for the
charge.

. Write the name of the negative ion.
. Drop the words “ich”.
. Whrite the compound name.

P T R e e o T
Iﬁ Nomenclature

A naming system.

+ The Stock system is a type of
nomenclature.

4/16/20




Polyatomic Ions

+ MosT are negative.
+ MosT are oxyarions.
: « icn that containg oxygen,
formed from the same two
elements.
NG, ¢nd NO,
So we need a way to designate the
difference when naming.

Binary Molecular Compounds

* Are compounds that confain 2 different
elements but are bonded covalently,

+ These are named using a prefix system.
Dihydrogen monexide

H,0

|

Examples

:+ 50; = sulfur trioxide
- P,Os = Diphosphorous pentoxide
* Phosphorous trichloride = PCl,

+ Carbon fetrachloride = CCl,

Designating Oxyanions

+ The one with the most oxygen afoms
gets an -ate ending.
* The one with the least oxygeh atoms
gets an -ite ending.
NG, = nitrite
NG, = nitrate
* 50 how do you know?22277
LOOK IT WP

Using the Prefix System of
Naming

ement name.

mecre then one.

Acids
I * Usually are binary compounds or an

oxyacid.

+ Binary acids (HCi)
- Contain 2 different elements.
= Cation is always H.

+ Oxyacids (HsPO,)
- Contain H, O and a third element.
~ Cation is always H.

4/16/20
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Salts

+ An ionhic compound composed of a cation
and the anion from an acid. c &,
+ Nacl X .
~ I from hydrochloric acid. : :
+ CaSO,
~ 50,2 from sulfuric acid.

What is an oxidation nhumber?

+ Aka: oxidation stafe
+ An oxidation number is similar in
meaning to “ionic charge”,
Oxidation Numbers - It can be used with molecular
compounds to determine formulas, too.

- Remember, molecular compounds are
covalently bonded so there is ho transfer
of electrons (no ions formed).

HWQ 7-2

* You should be able to:
- Determine the oxidation number of an
’ element within a compound,
1Fe x . s
e . g A - Determine the oxidation number of an
2lx-1 = ig;a element within a polyatomic ion,

o

22 and CJ-




Using Chemical Formulas

Example: H,O
* FMof H,O is

2Hx101g = 2.029
10 x16.00g =_16.009
18.02 g

+ FM is aka molecular mass or melecular
weight.

MM Example: NaCl

I. Need FM
INax 2299 gNa =2299¢g
1€1 x 3545 g = 35459
58.44 g Nacl
2. Write MM

58.44 g Nacl
i mol Nacl

Formula Mass

+ FM = sum of atomic masses it g or amu,
- Example: Sodium
- FMof Na = 22.99 g Na

~ This is the atomic mass from The pericdic
tabie for sodium.

- Remember, rule is to take atomic masses
off the Periodic Table rounded to 2 decimal
places.

Molar Mass

+ MM <= formula mass in g per 1 mole.
+ MM = g/mol
Example: Sodium

MM = 22.999 Na
1 mol Na

What is MM used for?

+ MM is used as a conversion factor

between mass and moles.

+ Mole — Mass:

melxFMg= g
1 mol

+ Mass — Mole:

g x Lmol = mol
FM g
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Percentage Composition Example: % Comp. of Cu,S

It is useful to know the percentage by e

mass of an element in a compound. 15 32079 = 32.07g

159.17 g Cu,5
If we needed a source of axygen you 2. %eu o
would want to choose a compound that L e o o

has a lot in it in order to be efficient. 3 %5
2.07.9, % 100% = 20.15%
Formula used to calculate % comp.: T
%comp = FM of element in cmd x 100% You gﬂn subtract one from 100% to get 24 answer,
t

ut .
FM of cmpd What if you are wrong?1>1>

Determining Chemical
Formulas

What Is an Empirical Formula? Calculation of Empirical Formula

An empirical formula consists of the A. Need composition data, This can be
Sylnbols fOl" fhe e|em€nTS Comblned in a gi\ren in mass or 0/0 composifion in The
comFound, with subscripts showing the problem
smallest whole-number mole ratio of the 1 5
different atoms in the compound. /8% boron

22% hydrogen

aka: simplest formula
Diborane
EF = BH,
Molecular formula = BoH,




Calculation of Empirical Formula

1. If givenin % comp., change it to grams.

You may assume you have 100g of the
cmpd.

78%B=78g8

22% H=22gH

2. If given in mass - begin with that data.

Calculation of Empirical Formula

C. Calculate the ratio of the elemenis in
the cmpd.
7216 mol B: 21.78 mel H
*Must be a simple whole number ratio.
7216 mol B: 21.78 mol H
7216 7.216
I mol B: 3.01 mol Her 1 mol B8 3 mol H

EF Summary of Steps

. Composition Data

. Compositioning

. Convert to moles

. Calculate mole ratio
. Write EF

-« Once the X is krown, it can be used to

Calculation of Empirical Formula

B. Convert the mass data to moles.

78gB8x 1molB_ =7.216 mal B
1081gB

22 gH x 1molH _ = 2178 mol H

101gH

Calculation of Empirical Formula

D. Write the empirical formula.
1mel B: 3 mol H

BH,

Hy .-..; mam ik -:.I .
X = whole number multiplier
calculate the MF.
» To calculate X
X(EF FM) = MF FM

4/16/20

- The relationship between the EF and ifs.

4
|
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culation of Molecular Formula

~alculate FM

—_— —

Calculation of Molecular Formula

4/16/20

-e",‘n]ir" lation of Mole: ular Formi ]l’e!

| FM of MF

given in The problem.

Calculation of Molecular Formula

D. Determine MF
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Thomson Mode! of the Atom

J.J. Thomson Perf:ormcc[ cxPcrimcnts with cathode rays n an attempt to understand
c]cctricitg — which was still a mystery in the late 1800s. Review the website A Look Inside
the Atont to find the conclusions that Thomson and other Phgsicists drew rcgarcling the
mgstcrious cathode rays.

Thomson’s 1897 Experiments ~ state the conclusions Thomson drew from each of his

Fa mous cathodc rag CXPCI'imCT'ItS:

. First Expcri ment: Thomson directed the beam at an electrometer and tried to
separatc thc cviclcncc o{: chargc fromthe Patln o{: the. bcam. W/vat connection c/r'd
T/‘Jomson find between chargc and t/vc cat/'roc/c rays? Was the c/aarge Posftfvc or

nega tive?

2. Second l':xPcrime.nt: Thomson tried Passingthe cathode ray through an electric
field. How did cathode ray beam behave when it Passcd througr‘; an electric Feld?
what did he conclude after his second cxpcrfmen t?

1 hitp://www.aip.org/history/electron/jjhome.htm

©Modeling Instruction — AMTA 2013 1 U6 Thomson v3.0



3. Third ExPcriment: Thomson did some careful measurements on how much the
Path of the cathode ray was bentina magnetic field and how much energy thcy
carried. From this work Thomson could describe the mass/ chargc ratio of the
cathode ray pa rticles. What amazing result did Thomson #ind?

Thomson’s Atomic Model: Thomson Prcscntecl three hgpothcscs from his
cxPcrimcnl:s. Onlg two were accePtcd |33 Physicists — in fact the third was shown to be
wrong! From the first two came a model of the atom known as the Plum Puc/dfhg model.
ComP|cte the atom drawing below to illustrate Thomson's P|um Pudding model. ExPlain
how this fits with his observations.

©Modeling Instruction — AMTA 2013 2 U6 Thomson v3.0



Honors Cl-ncmistrg

Unit 8: Particles with Internal Structure
Mrs. Egtchcson

LAB

“Sticlcy TaPc” Lab

In Unit 4 our model of the atom moved from simP[c Particlcs to one in which some
substances were made from “compou nd Parl:ic|c5”. Using the c|cctro|5sis of
water, we showed that these Partic|cs combined in definite ratios. What we didn’t
address, however, was what held these Partic|cs togcthcr in these well-defined
ratios.

The Phcnomcna we've studied thus far did not rcqui re that these Partic]cs have
any i nternal structure. However, in the c|cctro|3sis of water, itis clear that
electrical forces are somehow involved in the formation of com pou nds. Inthis lab
we will study the behavior of the chargcd Particlcs and c]cvc|0|:> a more com P|cx
model of the atom that accounts for the fact that some Partides have Positive

chargc whcrcas OtI'ICI"S arc ncgativc]g cha I"gCC]

Materials:
e Onerollof transparent tape * Two 5tri|:>s of aluminum foil, 15
* Piece of wool or fur cmxiScm
¢ Two 5triP5 of paper, 15ecmx L5  Plastic ruler
cm s Glassrod
Procedure A:
1. Stick a Picce of tape that is about 15 cm Iong on the table. This is the base
talx.
""/’ P bottom
base— == p— — smuasns —-A Y

table




10.

Attach a similar Piccc of tape to the base tape. Make sure you have made
a hancl[c, or F|ap, at one end in order to be able to scParatc it from the
base. Label this Piccc of tape “B” for bottom.

Attach another Picce of tapeto the top ]agcr again Forminga handle, or
ﬂap, at the end. Label this Piccc of tape “T for top.

RcPcat stcps 1-% s0 that you have two sets of base + toP + bottom ]agcrs
of tapc.

Cut two Pieccs of paper, about the same size as the taPe, and hang one
from the cclgc of the table. Label the hangjng paper “Pr.

Cut two Picccs of aluminum foil, about the same size as the tape, and hang
one from the cdgc of the table. Label the hanging foil “F.

Peel one set of “T” and “B” tapes from its base taPe, kccPing the “T” and
“B” tapes togcther.

Runa Fingcr a|ong the non~stic|<3 side of the ta pes to “grou nd” them.
Very quicklg, Pec| the “T* and “B” tapcs aPart.

Hang each taPc from the table next to the hanging paper and folil.

F P T B| table

Take the Picce of paper that is not hanging and I:)ring it close to, but not
touching, cach of the hanging strips. Describe what you see haPPcning.
include a series of sketches of the materials as tl':cg aPProacl-l one
another with vectors to rcPrcscnt the forces on the materials. Record
your results in the Data Table.

UoJu

Take the Piccc of foit and rcPcat stc 1.

RcPcat steps /-9 with the second set O‘F tapes
RcPcat stcP I with the i:op i:aPe.



5. Repeat step |l with the bottom tape.

Data Table:

ToP Bottom PaPcr Foil

ToP

Bottom

F’aPcr

Foil

Plastic rod

Fur or Wool

Our Model of the Atom and the Assignment of (+) and (~) Chargcs
Our current model of the atom is consistent with the existence of 2 types of
chargc. An atom has a Positivc|3 c[‘nargcd nucleus surrounded bg mobile
ncgativdy charged electrons. Materials become cha rgcc[ bg the gainor loss of
these mobile clectrons. Based on a number of observations we have assigncd the
label of negative to a P|astic rod when rubbed with fur or wool. The fur or wool,
havinglost electrons to the Plastic, becomes Positivc|5 chargcc].

Procedure B:

1. Rub a P|astic rod with wool or fur and aPProach the «T” tape. Then
aPProach the “B” tape. Describe, like you did be{:orc, what you see
haPPcni ng.

2. Based on your observations from using the Plastic rod, label the “T” and
“B” tapes with either a (+) or a (-). Restate the interaction between the
“T” and “B” tapes using the terms Positivc and negative instead of top and
bottom.

3. APProach the hanging strips of paper and foil with the P]astic rod. Then
aPProach the hanging strips of paper and foil with the Piccc of wool or
fur. Describe, like you did beForc, what you see haPPcning. How does
the strcngth of these interactions compare to those observed with the “T~
and “B” tapes?







Sticky Tape Lab
Discussion

Not charged?

» Were there any items that did not have a
charge?

o Why do you believe this?

» Paper and Foil - while they were
attracted to both tapes, they were not
aftracted to themselves or each other

Timing
¢ When did the tape become charged?

» After we ripped them apart.

s If they didn't become charged until we
ripped them apart, what conclusion can we
drawt

o ** There was something transferred
during the ripping

Charge?
« Which of the items do you believe had a
charget

+ Why do you believe this?

+ Two tapes - demonstrated attraction and
repulsion

Neutral?

+ If the Paper and Foil are neutral, how could
they have been attracted to both the
positive and negative tape?

+ What does neufral really mean?
@ No charge?

» Equal amaunts of positive and negative
charge

Transfer?

<+ What is the smallest thing we are aware of
that could be fransferred?

» Atoms

» Does meving an atom or group of atoms from
one place to anather change the charge of
some thing?

» Mo - therefore ** therz must be
something smaller than an atom that was
transferred




Something smaller?

¢ Based on our ¢bservations so Far, what
characteristics can we assign fo this object?

o It's smaller than an atom

» It's mobile (it moved from one tape to
anather)

o It has a charge (moving it changed the
¢harge of both tapes)

Now what do we know?
# It's smatler than an atom

o It's mobile

« It has a charge

s According to Thomson that charge is
negative

+ What do we call this??

+ Electron

Transfer?

o 59, the plums (electrons) transferred from
the pudding (atom) of the top tape to the
bottom tape

P09 2620 OOQOHE
P08 6406 SIS

Beterg BOEies b gan e pataned

S0, the bottom tape is "plum rich” and
the top tape is “plum poor™

Which charge?

» If it's charged, is it positive or negative?

+ If it's positive, if moved From the bottom
tape to the top tape, increasing the +
charge of T and decreasing the + chdrge
of B

o If it's negative, it moved From the top
tape to the bottom tape, increasing the -
charge of B and decreasing the - charge
aof T

New Model

» J.J. Thomson came up with a new model of on
atom to incorporate this tiny negative particle
that we call electrons. .

s The black dots represent the electrons, which he
called plums. These are negative. The rest of

the atom was like a bowl of pudding. The bowlt of

pudding is positive
e This model is called Plum Pudding

Neutral objects?

= Can this madel explain how a neutral object
can be attracted to both positive and

negative?
"»‘»".’&‘
L LK)




We still have one
question to answer...

» Why was the foil more attracted to the
charged objects than the paper was?

o The electrons are MORE mobile in the foil
than in the paper.







Honors Chemistrg Name
Unit 6: Particles with Internal Structure

Mrs. Egtchcson Due Date:
WS 6-2

Thomson Model and Stickg TaPc

Let’s see how we can use Thomson’s model to cxP|ain the behavior of the sticlcy taPe when

we made our taPc stacks.
A few atoms from the toP tapc and the bottom tapc are rcPrcscntccl inthe cliagram below.

Aclc! electrons to cach atom to show wl-rat happcns to thc c|cctrons when we make a taPc
5tac|< out o{: ncutra| Picccs of taPc and then Pu" them aPart.

wer OO0 2000
OO

Before adhesion In contact Separated

Describe the macroscopfc cha nges in the tapcs and then Providc a mf'croscopic cxplanation
basec' on Thomson’s model of thc atom and your drawings.

©Modeling Instruction — AMTA 2013 1 Us Sticky Tape v1.0



Behavior of Foil and Papcr with Chargccl TaPcs

We observed that neither foil (metal atoms) nor paper (non-metal atoms) would attract
each other. But foil and paper are both attracted to both the chargcd tapes (toP and
bottom).

How can we use the Pudding model of atoms to cxpfafn the differences we
observed?

Several atoms from the paper ancl Foi[ are drawn on thc next page. Thc ones on the |cFl:
have no chargcd o|:fjcct near them. The ones on the right arenexttoa toP taPc
(+ charge).

Add force vectors to the non-metal (PaPcr) atoms and the top tape in the first row to show
the attraction between the paper and the tape. Then do the same for the foil and the tape
in the second row. Be sure the size of the vectors shows the relative strcngl:hs of the
attractions.

Now draw the electrons in each atom “bowl” to show their arrangcmcnts when no chargcd
objcct is near Prescnt and then when a chargcd ol:jcct s brought near.

Non-metal Non-metal

{paper) | (paper) Top Tape

]

|

|

|

|

|
Metal (Al foil) Metal (Al foil) Top Tape

top tape near

fesseliil &

©Modeling Instruction - AMTA 2013 2 U#é Sticky Tape v1.0
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ExP|ain why thcsc arrangcmcnts of clcctrons woulcl Producc the obscrvcc! attractions.

©Modeling Instruction — AMTA 2013 3 U6 Sticky Tape v1.0






Honors Chcmistr&
Unit 6: Particles with Internal Structure
Mrs. Egtcheson

WS 6-3

Name

Due Date:

Patterns of Cl'largc in the Periodic Table

We have observed evidence that when metal-nonmetal compou nds are dissolved, the

metal Pari:ic|cs tend to form Positivc13 cl'largcd ions (cations), while non-metal

pa rticles tend to form ncgativc[g chargcd ions (anions). However, when these same

metal and non-metal Partic|cs are combined to Form compou nds thcg do not concluct

c|cctricit3 as solids. We will now examine the Patterns that exist for the ratios in which

these elements combine in order to determine the chargcs of the ions thcg form.

1. Write the formula and draw the Partic]c diagrarn for each compou nd.

The ratio of jons in each compound is g’vcn.

Atoms

involved

1 calcium

| oxygen

2 lithium
| oxygen

2 aluminum

b} sulfur

| bcrynium
1 sulfur

FOI‘ITILII&\

Partic|c
diagram

Atoms
involved

2 boron
% oxygen

1 magncsium

| oxygen

2 sodium

1 sulfur

Formula

Parl:icle
diagram

©Modeling Instruction - AMTA 2013
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Atoms

involved

1 magncsium

2 chlorine

1 lithium

t fluorine

] bcr3|]ium

2 bromine

1 boron
3 chlorine

FOI'ITIUIE]

Particlc
cliagram

Atoms

involved

| sodium

1 chlorine

I calcium

2 bromine

1 aluminum

3 chlorine

formula

Partic’c
diagram

©Modeling Instruction - AMTA 2013
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2. Write each formula from Question 1in the boxes corrcsponcling to its elements. For

cxamp|c, the cornpounc‘ formed from sodium and sulfur has been written in the box
for sodium and in the box for sulfur. Now add the rest.

1A 8A
Hydrogen Helium
1 2
H He
2A 3A 4A 5A 6A TA
Lithium Beryfhum Boron Carbon Mitrogen Oxygen Fluorine Neon
3 4 5 6 7 3 9 10
Li Be B Cc N 0 F Ne
: ) Alumi Silicon Phasphorus Sulfur Chloring Argon
Stﬂ‘"’ "”:?“"' g 14 15 16 17 18
Na,S Mg Al Si p Na$ Cl Ar
: Gallium German Arsenic Selenium Bromine Krypton
P“‘?;"““ Ca'z"(',"“’ 34 2 33 3 35 36
K Ca Ga Ge As Se B8r Kr

©Modeling Instruction - AMTA 2013 3 U6 wsl v3.0



3. What Pai:l:ems do you find in the formulas of the compounds formed in the table in
#27

Based on these Pattc:ms, Prcclict the formulas of the compou nds formed bg the ions
below.

Ratio of ions in compounc/

Atoms
involved Ki O Ca: S Ga: O

'FOI'!'I‘IL] |a

4. How does a neutral atom become a Positivc ion? a ncgative ion?

5. Do the elements in GrouP 1A behave more like toP or bottom tapc? How about the
elements in Grou p7A? How so?

6. Make whatever gcncrahzations you can about the chargc of the ions formed bg
elements in columns 1A, 2A, 3A and 7A based on the ratio of atoms in each of the
comPouncIs thcg form. it might hclp to look at your Partic|c diagrams in #1 and
consider what cha rges the ions migl'lt have in order to result in neutral comPounds.

©Modeling Instruction - AMTA 2013 4 U6 wsl v3.0



7. Using the fact that comPouncls are also ncutra|, account for the fact that the ions
combine in the ratios you have listed in the table in #2. Provide a couPlc of 5|:>eciFic
cxamplcs to 5uPPorl'. your exP|anation.

©Modeling Instruction — AMTA 2013 5 U6 wsl v3.0
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Activity: Distinguishing Ionic, Molecular, and Atomic Solids

Part 1: Look at the X-Ray Crystallography image of water, what distinguishing features can you cite?

1.

2.

Part 2: Complete the table below for the solids listed. Specifically, you are looking for:

*  The types of particles {ions, atoms, or molecules)

* The connections between those particles (T-connected throughout, S-connected only in some directions,
N-no connections between particles).
* Identify the type of solid that best describes each row - write a brief statement summarizing what the solids in

each row have in common.

Type of Solid

Type of
Particles
in the Selid

{atom, molecule,
ion// metal, non-
metal)

Connections
Within and
Between
Particles in the
Solid

Generalization Concerning
Particle Types and Connections

Row 1

1. Argon

2. Copper

3. Graphite

Row 2

1. DryIce (CO,)

2. Sulfur ( Sg)

3. Sugar (C2H2nOy))

Row 3

1. Table Salt (NaCl)

2. Marble (CaCO3)

3. Baking Soda (NaHCOj)

©Modeling Instruction — AMTA 2013
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Part 3: On a white board, write a set of “Rules for Identification” of these 3 categories of solids.
Your Rules for Identification must:
* Allow for correct classification of any substance.
* Identify the type of particles involved in the class of solids.
* Specify the types of connections or lack of connections between particles belonging to
this category.

Part 4: Write the “Rules for Identification” of the 3 classes of compounds agreedupon by the class.

Atomic Solids -

Molecular Solids -

Ionic Solids (Formula Unit Solids) -

©Modeling Instruction - AMTA 2013 2 U6 Mercury v3.0
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Whg Structure is ImPortant

In the table bc|ow, iclcntil:g the type of solid (atomic, molecular, ionic) each substance

forms. Then Prcclid: in which Phasc (solid, |iquic| or gas) each substance would exist on

the Earth, on Mcrcury and on Pluto.

Substance Crgstal structure Type mclting pt O Phase at room
boi|ing pt @)
801 Earth (25°C)
NaCl 141%
Mercury
(450°C)
Pluto
(-230°C)
520 E
CaCOz, c!ccomposcs
at 825 M
P
2 o | E
:\-‘t‘ 'é: -\-ﬂ‘lF 5
S8 R L T
-l I M
e.:'d}." :ng‘
P
©Modeling Instruction-AMTA 2013 U6 ws 2 v3.0
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Account for differences in the mclting and boili ng Points of the three tgpes of
structures.

Predict which of these substances would conduct c|cctric.it5 when molten.

Would any of these conduct clcctricity as a solid?

©Modeling Instruction-AMTA 2013 3 U6 ws 2 v3.0






Common Polyatomic Ions

+1
Ammonium ion NHg"
+2
Dimercury ion Hg,
-1
acetate ion C;HiOy'
bromate ion BrO;”
chlorate ion ClOy

chlorite ion Cl10y
cyanide ion CN°

dihydrogen phosphate ion H,PO4

hydrogen carbonate ion HCOy
hydrogen sulfate ion HSOy
hydroxide ion OH
hypochlorite ion C1O”
iodate ion 105
nitrate ion NOy
nitrite ion NOy
perchlorate ion ClO4
permanganate ion MnOy

-2

carbonate ion CO;?
chromate ion CrOs~
dichromate ion Cr,0,
hydrogen phosphate ion HPO,™
oxalate ion C,04
peroxide ion 05>
sulfate ion SO4~
sulfite ion SO5™

-3

phosphate ion PO,
arsenate ion AsQy4>



+1

Lithium ion Li+1
Sodium ion Na+1
Potassium ion K+1
Rubidium ion Rb+1
Cesium ion Cs+l
Copper (I} ion Cu+l
Silverion Ag+t]

Fluoride ion F-
Hydride ion H’
Chloride ion CI-
Bromide ion Br-
lIodide ion I-

Common Monatomic Ions

+2

Magnesium ion Mg+2
Calcium ion Ca+2
Strontium ion Se+2

Barium ion Ba+2
Cadmium ion Cd+2
Chromium (I} ion Cr+2
Cobalt (11) ion Co+2
Copper (11) ion Cu+2
[ron (1) ion Fe+2
Lead (11) ion Pb+2
Manganese (I1) ion Mn+2
Mercury (1) ion Hg+2
Nickel (11} ion Ni+2
Tin {11} ion Sn+2
Vanadium (II) ion V+2
Zinc ion Zn+2

-2

Oxide ion O-2
Sulfide ion S-2

Diatomic Molecules

+3

Aluminum ion AH3
Chromium (III) ion Cr+3
[ron (IIT) ion Fe+3
Lead {I1I} ion Pb+3
Vanadium (111} ion V43

+4
Lead (IV) ion Pb+4

Vanadium (1V) ion V+4
Tin (IV} ion Sn+4

-3

Nitride ion N-3
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fonic ComPouncls

ProPerticS:

Basic structural unit:

1. Give the name of the Fo"owing simP|c binarH ionic compounds.

Chemical Formula Work Space

Compouncl Name

NaZO

K:S

MgCl,

C.af)l‘z

E)a[z

AlSs

Csbr

AT

©Modeling Instruction~AMTA 2013 1
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2. Give the name of the Fo"owing simP|c binary Ionic comPouncls.

Chemical Formula

Work Space

ComPound Name

N83N

KO

Aglr

Mgl

SrO

©Modeling Instruction—-AMTA 2013
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3 Write the formula for the Fo"owing binary ionic comPouncls.

| ithium bromide

©Modeling Instruction—-AMTA 2013 3 U6 ws 3 v3.0



4. Write the formula for these ionic substances.

Compound Name

Work SPacc

Chemical Formula

Silver oxide

Aluminum sulfide

Sodium nitride

Barium chloride

Stronbium hgclridc

©Modeling Instruction-AMTA 2013
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5. Write the name of these ionic substances using the Stock System (a Roman numeral to

5Pcci{:9 the charge of the cation).

Chemical Formula | Work Space | - Stock Name

©Modeling Instruction-AMTA 2013 5 U6 ws 3 v3.0



6. Write the formulas of each ionic comPounc].

ComPound Name

Work Space

Chemical Formula

Chromium (1) chloride

Tin (V) oxide

Lead (1) oxide

C.OPPcr (1) iodide

Cobalt (1) oxide

Cobalt (III) oxide

Chromium (1) sulfide

Manganese (V) oxide

Goid (1) chloride

Titanium (V) chloride

fron (II) oxide

©Modeling Instruction—-AMTA 2013
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Honors Chcmistrg Name
Unit 6: Particles with Internal Structure

Mrs. Egtchcson Pue Date:
WS 6-6

RcPresenting lons and Formula Units

ComP|ctc the followi ng, table by idcntiﬁding the cation and anion in the
comPouncl, dcterminingthc formula for the comPounc| and writing the name of
the comPouncl. Below the cation, anion, and formula draw a Particle diagram for

cach.
Cation Anion Formula _L Name ]
Ca*? Br

® | O OB0

Fe*? cl

K 50471




Cation Anion F’or;n:!a N?c
Al NOs
Pb*? 52
NH4OH
KHCO;

M g(N Os)2




Cation Anion Formula Name

ZnCO;

NasPO4

Comp[ctc the {:o"owing table |:>9 idcntifgi ng, the cation and anion in the compou nd
and c{ctermining the formula for the compound. Below the cation, anion, and
formula draw a Parl:icle diagram for each. Below the name of the comPouncl state
the total number of atoms and the number of ions in the comPound.

Cation Anion Formula I Name

Silver chromate

# atoms #ions

Lithium chlorate

# atoms # ions




Cation

Formula

Name

Anion l

COPPer (1} nitrate

# atoms #ions

Iron ) sulfide

# atoms # ions

Calcium sulfate

# atoms # ions

FPotassium Phospatc

# atoms #ions




Honors C]‘ncmist:y

Unit 6: Particles with Internal Structure

Mrs. Egtchcson
WS 6-7

Name

Due Date:

Molecular Compouncls

F’roPerI:ies:

Basic structural unit:

1. Name each of the Fo"owing bina:y comPounds of non-metallic elements

Chemical Formula

Compouncl Name

CE)I"+

NzP}

PCly

icl

NO

SiF4

GCHq-

©Modeling Instruction-AMTA 2013
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2. Write the formula for the Fo"owing binarg comPounds of nonmetallic elements.

Compound Name

Chemical Formula

Phosphoms triodide

Silicon tetrachloride

Dinitrogcn PentOxiclc

Dinitrogcn tetroxide

Carbon monoxide

Carbon dioxide

Sulfur hexafluoride

Dinitrogcn tetrachloride

Carbon tetraiodide

Phosphorus Pcntaﬂouriclc

DiPhosphorus Pcntoxiclc

©Modeling Instruction—-AMTA 2013
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Honors Chcmistr3
Unit é: Particles with Internal Structure
Mrs. Egtchcson

Unit 6 Review

. Recall your rcPrcscntations of the atoms in the Sticlcy TaPc activitg. Belowis a Pair of
tapcs before thcg have been Pu"ecl aPart. Exp|ain w[ﬂg thcg would not exert a force

(either attractive or rcPu|sivc) on one another.

2. Beloware groups of the inner cores of the atoms of the taPes after thcg have been
Pu"ccl aParL'. Sketch in the mobile negative charge,s to show how the toP tapc becomes
(+) and the bottom becomes (-).

OO0
OO0

3. What evidence allowed us to conclude that the top tape was (#)?

©Modeling Instruction-AMTA 2013 1 UB - review vl



4. Belowisa group of the inner cores of a Piccc of metal foil. sketch in where you would
expect to find the mobile negative chargcs it a top (+) tape were brou g,]'lt to the left of
the foil. Exp|ain your diagram.

+
+

+
-+

5. Describe how JJ Thomson concluded that the mobile cha rgec] Partic|c in the atom had a
() charge.

8. A solution of salt conducts c]cctricity ; a solution of sugar does not. Exp[ai n.

7. Belowleftisaz2-D array that represents an ionic lattice. At right is a 2-D array that
rcPrescnts amolecular so||cl In what ways are thcg simi]ar‘? In what ways are thcg

different?

LD
S & o o

” oo
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8. What evidence hel Pccl us to conclude that chloride ions have a (=) chargc?

9. Howdo you decide how many ions of each type combine to form an ionic comPound‘?

10. W}'xy do ionic solids have highcr mc|ting and boi]ing Points than do most molecular

solids?

1. Wl-ag do we use the term “formula unit” rather than “molecule” when we refer to the
5im|:>[e,st rcPcating unit of an ionic solid?

12. How many ions are formed when solid NaySQO4 dissolves?
In what ways are the (+) and (=) ions different?

©Modeling Instruction—-AMTA 2013 3 U6 — review v1



13, AParI: from making life difficult for beginning chcmistrg stuclcnts, whg do chemists refer
to CO; as carbon dioxide, yet use the name tin(IV) oxide to describe 51037

4. Make sure that you know which combinations of elements givc rise to 1onic compou nds

and which form molecular comPouncls.

15. Make sure that you are familiar with the names, formulas and chargc of the common ions
you were assignccl to learn so that you can rcac|i|9 name iOMIC comPounds as well as

write formulas for compou nds whose names are givcn.
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Honors Cl’lemistrg

Unit 7: Chemical Reactions: Particles and Energy

Activities and Assignments

v

IR N N S U U U N NI

Nail Lab

W5 7-1: Rearranging Atoms

WS 7-2: E)a|ancing Equations

WS 7-%: E>a|ancin5 More Ecluations

Quiz

WS 7-4: Writing and ba|ancing Word l':cluations
Reaction TgPes Lab

WS 7-5: Patterns of Chemical Reactions

WS 7-6: Types of Chemical Reactions

WS 7-7: Representing Chemical Potential Energy n Change
Unit Review WS

Unit 7 Exam

Standards
. lam able to model chemical change as the rearrangement of atoms and

c]ePict those changes usinga Partide diagram.

34.1am able to able to correct|9 rePresent a chemical change as a balanced

chemical equation.

35. 1 am able to classify a chemical change as one of the Following types of

reactions and use the Patterns in these reaction tgpes to Prec]ict the
Proc!ucts of a reaction: sgnthesis, decomPosition, sing|e rePIacement,

double replacement, and combustion.

35.1am able to describe a reaction as exothermic or endothermic based on

the cl—wange n energy and use energy bar 5ra|:>hs to account For those
changes.

Stuclg Guide

Describe chemical cha nges in terms of rearranging atoms to form new

5ubstance5.



Recognize that the total number of Par‘l:ic|cs (sum of the coefficients) can
changc duringa reaction because of differences in the boncling ratios of
each substance.

Recognize that the total number of atoms does not changc c!uringa
reaction because every reactant atom must be included ina Procluct
molecule.

Learn to describe reactions in terms of macroscoPic observations.

Learn to describe reactions in terms of microsc,opic behavior of atoms.
Learn to write balanced cquations to represent these changcs
sgmbohca"g.

Explain that the coefficients in a chemical cquation describe the quantitics
of the individual atoms or molecules involved and the moles of the
substances involved.

Observe basic patterns in the way substances react and learn to
gcncrahze them to other reactions encountered: sgnthesis,
c!coomposition, 5inglc replacemcnt, double rcP|accmcnt, and combustion.
Describe endothermic and exothermic reactions in terms of storage of

chemical Potcntia] energy.



Chemical Equations and
Reactions

Unit 7

Chemical Reaction

+ Process in which substances are changed
into other substances.

: Reactants are changed; products are
the result.

 Total mass of reactant(s) must = total
mass of product(s).

Indications of Chemical Reactions

+ Gives off energy (heat, light, sound).
* Gives off gas (bubbles).
+ Forms a solid {ppt).

Describing Chemical
Reactions

Chemical Equation

+ Describes chemical reactions.
* Uses symbols and formulas to indicate

what substances and relative amounts of
the substances are involved,

{NH,).Cr 201(5) =7 Nz(g) + Cry0;5(s) + 4H,0 (9)

Characteristics of Chemical
Equations

- To be correct, the chemical equation

must:

- Represent known facts.

- Contain correct fortulas.

- Satisfy Law of Conservation of Mass.




How To Write a Chemical
Equation

Write a Formula Equation

* Replace names of reactants and
products with the correct formulas,

F6203 + Al — Fe + A|203

Symbols Used in Chemical
Equations

- Table 8-2, pg. 246 (Red book).

+ Be able to interpret them when given.

- Be able to supply them when the
appropriate infermation is given.

Write a Word Equation

* Identify facts to be represented.

Lron (I1T) axide + Aluminum - - Iron (LIT) + Aluminum oxide

Balance the Equation

- Satisfy the Law of Conservation of
Mass.

* Never change a formula.
* Only use coefficients to balance
equation.
Fe,0; + 2Al — 2Fe + ALLQ,
* If you can' t get it balanced, usually
there is a formula mistake,

Significance of Chemical
Equations




A. Chemtcat equations and algebra are B. Chemical equations can be interpreted
similar because they express
equalities.

quantitatively.
1. Relative amounts of reactants and products.
Hy+ Ch — 2HC)

I melecuie of hydrogen reacts with 1 molecule of
thlgrine to produce 2 molecules of hydrogen
chloride,

1 mole of hydrogen reacts with T mole of chlorine
to produce 2 moles of hydragen chloride.

2 g of hydrogen react with 71 g of chlorine to
preduce 73 g of hydrogen chloride,

2. Ratios of reactants to products. ' 3. Reverse reactions
H, + &I, — 2HCl +  Products become reactants in reverse.
Law of Conservation of Mass still applies.
1mol Ha i 1mol €1, 2 2 mol HEI
20 mol H, & 20 mal Cl, : 40 mol HCI
2gH,:719Cl,: 73 gHC
4gH,:142 g <l, - 146 g HE!

2HCt = H, + Ct,

Chemical Equations Don’ t |
Give:
+ Indication whether reaction actually
aceurs.
+ Info. about how fast reaction occurs.

* How the atems/ions move from reactant
o product.




Types of Chemical Reactions

Reactions of Elements w/Oxygen

+ Produces oxide of the element,

2Mg + O, — 2Mg0
ZFe At O".\ —) ZFe.O
4Fe + 302 3 EFEZOQ

Reactions of Metals w/
Nonmetals Other than Oxygen

« Produces ah iohic cmpd.

2Na + I, — 2NaCl
Co+F, — CoF;
2Na + F; — 2NaF
U+ 3F, - UF,
2Na+ S — Na,5

Synthesis Reactions

+ Two or more substances combine to

form a new compound.

A+ X — AX

+ A and X are elements or cimpds.

+ AXis a cmpd.

Reactions of Two Nonmetals

* Forms covalent cmpd.

2H2+02—" ZH_?O
5"‘02—-‘ 502
C+0,— CO,

Synthesis Reactions of Oxides

A. Oxides of active mefals react with
H,0 to praoduce metal hydroxides.

Ca0 + H,O — Ca(OH),




Synthesis Reactions of Oxides

+ Nonmetal oxides react with H,0 to
produce an oxyacid.

503 + Hgo =D H2504

Decomposition Reactions

+ A single cmpd. undergoes a reaction
that produces 2 or more simpler
substances.

AX A+ X

- Most take place only if heat or energy is
added.

- Usge the symbol & aSove th :|d arrow.

Electrolysis

- Decomposition of substances by
electrical current.

2H20 =4 ZHz LF 02

- Over the yield arrow, write “elect”.

Synthesis Reactions of Oxides

- Metal oxides react with nonmetal oxides
to produce a salf.

€a0 + 503 — CaSO,

Decomposition of Binary Cmpds.

+ Binary compounds decampose into their
constituent elements.

2HgO — 2Hg + 0,

Decomposition of Metal
Carbonates

- When heated, breaks down to metal
oxide and carbon dioxide.

CaCQ; — CaQ + CO,




Decomposition of Metal
Hydroxides

- When heated, give metal oxides and
H,0.

CG(OH)Q — CaQ + Hzo

Decomposition of Acids

: Decompose into nonmetallic oxides and
H,0.

H2C03 =" C02 + Hzo
H2504 — 503 ¥ Hao

Replacement of a Metal by a
More Reactive Metal

2Al + 3Fe(NO;), — 3Fe + 2AIINO;);

Decomposition of Metal Chlorates

+ When heated, gives metal chloride and
oxygen.

2KCIO; — 2KCl+ 30,

Single Replacement Reactions

* One element replaces a similar element
in a compound,

A+BX — AX+B
Y+ BX — BY+X

Replacement of H in H,0 by a
Metal

- Active metals react with H,O to
praduce metal hydroxides and hydrogen.
2Na+ 2H,0 - 2NeOH + H,
- Less active metals react with H,O to
produce metal oxides and hydregen.
2Fe + 3H,0 - Fe,O, + 3H,




Replacement of H in an Acid by a
Metal

- Active metals replace H in the acid to
produce a metal cmpd. and hydrogen.

Mg + 2HCl — H; + MgCl,

Double Replacement Reactions

: Ions of 2 cmpds exchange positions to
form new compounds.
- Products usually ere: a ppt, gas or H,O

AX + BY — AY + BX

Formation of a Gas

+ A product is an insoluble gas and
bubbles out.

FeS(aq) + 2HCl(ag) —» H.5 | + Fell,(ag)

Replacement of Halogens

* One hafogen replaces another halogen.
* Can replace only those below it in the
group oh periodic table.

Cl: + 2KBr — 2KCI + Br-z
F,_! + Z2Nal » Z2NaF + IE

Formation of a Precipitate

- Positive ions react with negative ions of

the ather empd and an insoluble product
results.

- See "Solubility Rules”.

PB(NG,).(aq) + 2KT(aq) — PbL, | « 2KNO.{aq)

Formation of Water

HCl(ag) + NaOH({ag)} — Nacl(aq} + H.O(])




Combustion Reactions

+ A substance combines with oxygen
releasing a large amount of energy in
the form of light and heat.

- Burning hydrocarbons (H & C) yields CO,
and H,0. Elements

Activity Series of the

CSHB n 502 = 3C02 & 4H20

Activity Series of the Elements

The Activity Series = o
Reget mth ootd Hl and ooy, replotang kydragen, F,
The ability to react is the activity of bt ety .f:,
the element. 3
Basic principles of use: Yo e P ——
Bt minh doygia, fialing il

1. Those listed can replace alf those below it
but none above it.

2. Check side notes.

Bogact ity oy, furruryy weidud

*Useful in predicting whether or not reaction
actually occurs or not.

Fartly urvanchive, ferming emied arky ety

FRL|FEPRT|FVEL LT OVERE|FRCP~EC| 2




Honors Chcmistrg Name

Unit 7: Chemical Reactions: Particles and Energy

Mrs. Egtchcson Date Due:
WS /-1

Rcarranging Atoms
backgrou nd

Describe what you a|rcac[3 know about each of these ideas. Give an cxamP|c in each of the
last 4 items.

Conservation of Mass

Chemical Formula

Subscripts in formulas

Coelficient (Hint: what is the function of a coefficient in math?)
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Procedure:

{se your atom model kit to construct thc reactant mo[ccu]cs For each chcmica| cha nge

below. Then rearrange the atoms to form the Product molecules. Add more reactant

molccu|cs as I'ICCCICCI to Form com PICtC
PI'OClUCt mo|ccu]c5 Wltl'l no lCFt-OVCFS.

Draw Partidc c[iagrams for each reactant
molecule used and each Procluct molecule
Proc]ucccl under the reaction.

Determine the number of each reactant
molecule you needed in order to make the
Product(s) with no leftovers (a comp|ctc
reaction) and record each number as a

coefficient in front of its reactant formula.

Determine how many procluct molecules

you would gct from the comP[cte reaction.

Write that number as a coefficient in front
01‘: cach Proc[uct f-orrnula.

Data and Observations:

1 __H» + O -
Diagram:
2. Hy, + cy -
Diagram:

©Modeling Instruction — AMTA 2013

LEGO” Atom Key

S0EE

o2 2

i, ==
H.0

co

H2O

~ Hc
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Diagram:
4 B N2 + Hz
Diagram:
5.  CHg + O
Diagram:
6. NO ¢ Or
Diagram:
7. Fe + CIZ
Diagram:
8. CH3OH + Oy
Diagram:

©Modeling Instruction - AMTA 2013

— ~ NaO©

- _ NHj

-~  COp o+

- ~_NOy

- - __cha

— . COy +
3

H;O

HyO
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Ana|5sis

1. Inthe ccluation foreach reaction, compare the total number of atoms you have before
the reaction (reactant atoms) to the total number after the reaction (Product atoms).

2. Atthe bcginning of the Year we observed that mass is conserved in changcs. How does

your answer to qucstion 1 exp[ai n conservation of mass?

3. Look at the Product molecule (ammonia) in reaction #4-.
a. What does the coefficient tell us about this substance?

b. what dothe 5u|:>scr1'P’cs on the nitrogcn and hgclr'ogcn n NH5 tell us about the

comPosition of the ammonia molecule?

c. Note that the sum of the reactant coefficients does not eclua| the sum of the Proc]uct
coefficients for reaction #4-. Vet in reaction #2, the sums are ccluaL Exp]ain whg the

suUms o{: cocf-l:icicnts c]o not necessari Iﬂ havc to cqual one anotl‘ner in a reaction.
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Honors C]‘ucmistrg Name
Unit 7: Chemical Reactions: Particles & Energy
Mrs. Egtchcson Due Pate:
WS 7-2

Balancing l':quations

PART |
Balance each of the Fo"owing cquations bg nserti ng, the proper coefficients. For selected
reactions, draw “before” and “after” Partic[c diagrams to show the Parl:idcs involved in the

reaction.
1. T+ HO 2 . CcO o+ H
2 __ MgO 2 Mg + O
3 Al 0, > Ao
BEFORE AFTER
4.  In +  HSO04 4  ZnS0; + . H
5. Choo+ k9 oxkd o+ L
6.  cucdl =  Cu 4 ch

7. _Na + <, = NaCl



.

Al _ Hah > Alck 4+ H
BEFORE AFTER
FexOs = Fe + O,
P+ O, D P20s
Mg o+  nd > MgCl, + H
H, + N. 9 NH,
 Bacl, +  HSOs > _ BasOy +
 CHy o+ O D  CO, o+ ~ HO
BEFORE AFTER




15. ZnCl, + (NMH4)2S > ZnS + NH4Cl
a. Find the molar mass o{: eac|'t o{: thc reactants.
b. How many moles of ZnCl, would be in 25 5o|: ZnCly?
c How much mass would 0.55 moles of (NH.)»S have?

PART I}

Write the formulas of the reactants and Proclucts, then balance the cquations.
Clues & Hints:

Products usua"g follow words like “Produccs, 3ic]cls, forms”.

Watch for diatomic elements, which are often gases.

Include “state dcsignations” behind each substance, (s), (), @, when the state is
gven.

Remember air is a mixture of Primarﬂg two gases, O and N. Which is most li|<e|5 to
Par‘tici pate in this reaction?

Elemental metals exist as sing,lc, unbonded atoms, like copper (Cu).

Watch for ionic vs. molecular comPounds. Use nomendlature rules, your ion list, and
Periodic table to Figurc out formulas.

Nitric oxide (NO) reacts with ozone (Os) to Producc nitrogen dioxide and oxygen
gas.

iron burns in air to form a black solid, Fe;Os.



Sodium metal reacts with chlorine gasto form sodium chloride.

Acetglenc, C2H;, burns in air to form carbon dioxide and water.

chlrogcn Pcroxiclc, MO, casi|5 clccomposcs into water and oxygen gas.

Hgdrazinc, Na2Ha, and hydrogcn Pcroxiclc are used togcthcr as rocket fuel. The
Products are nitrogen gas and water.

i Potassium chlorate is stronglg hcated, it dccomposcs to 5ic|c| OXYgen gas and
Potassium chloride.

when sodium hgdroxidc is added to sulfuric acid, H,SO4, the Products are water and
sodium sulfate.

In the Haber process, hgclrogcn gas and nitrogen gas react to form ammonia, NH.



Honors Chem ist:y

Unit 7: Chemical Reactions: Particles & Energy

Mrs. Egtchcson
W5 7-3

Name

Due Date:

Balancing More Equations

PART 1

Balance each of the Fo"owing cquations bg f nscrting the proper coefficients.

1. 50, + O
2.  CH; + O
5 P+ - ch
4 . CO o+ O
5 . CHe o+ - O,
6. L + ~ bn,
7 Aoy A

8 ~ Na +  HO
9 O+ _ HO
0.  FhSOs +

N My SO
2. CaCOs e

>

>

SO
CO + 0
Pcl,

CO,

CHsOH

LiBr

NaCl =

Oz
NaQH + H,
CsH12O0¢ + O;

HC



4. HCl+ BaOH), >  Back+ H,O

5. HPOs + ~ NaOH=  NayPOys+  HO
6.  Pb(NOs), + Kl 9 Pbl, 4  KNO;s
7. CuO + NHs Nyt Cu+ MO
8.  CHsOH o+ e T N e  HO
19. CCoHg + O P CHCOOH + N e
20. NGO, + . HO ~ HNQOs + ~ NO
PART Il

Write the formulas of the reactants and Proc]ucts, then balance the ecluations. Include state
c]esignations for solids, quuic[s, and gases when the necessary information is Proviclcd. An
aqueous solution results when a substance is dissolved in water and dcsignatcd with (acl).

1. When a solution of hyclrogcn chloride is added to solid sodium bicarbonate,
NaHCGs, the Products are carbon dioxide, water and aqueous sodium chloride.

2. Steam (gascous water) reacts with carbon at high tcmpcraturcs to Produce carbon
monoxide and hydrogcn gases.

5. Limestone, CaCO:s, dccomposcs when heated to Producc lime, Ca0O, and gaseous

carbon dioxide.



Ethgl alcohol, C,H0, is a |iquic| that burns in air to Proclucc carbon dioxide and

gaseous water.

Solid titanium (V) chloride reacts with water, forming solid titamum (V) oxide and
aqueous hyclrogcn chloride.

At high tempcraturcs, the gases chlorine and water react to Proc]ucc hgdrogcn
chloride and oxygen gases.

Steel wool is near|5 pure iron that burns in air to form the solid iron () oxide.

During Photosgnthcsis in P|ant5, carbon dioxide and water are converted into
g’ucose, CgHpOg, and oxygen gas.

Solutions of calcium hgdroxidc and nitric acid, HNO; (ac]), react to Proc[uce water

and aqueous calcium nitrate.






Honors Chemistrg Name
Unit 7: Chemical Reactions: Particles & Energy
Mrs. I':ytcl'lcson Date Due:
wS 7-4

Writing and Ba|ancing Word Ecluations

write balanced chemical cquations for the Fo"owing reactions.

1. Ammonia, NH3, reacts with hgclrogcn chloride to form ammonium chloride.

2. Calcium carbonate dccomposes upon hcating, to form calcium oxide and carbon

dioxide.

3, Barium oxide reacts with water to form barium I'Igdroxiclc.

4. Acctaldchydc, CH3yCHO, dccomposes to form metha ne, CH4 and carbon

monoxide.

5. Zincreacts with copper () nitrate to form zinc nitrate and copper.

6. Calcium sulfite clecoml:)oses when heated to form calcium oxide and sulfur dioxide.
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7. Iron reacts with sulfuric acid, H2504, to form iron (If) sulfate and hydrogcn £as.

8. A nitrogcn containing carbon compound, C2HgN2, dccomposes to form cthanc,
C2Hg, and nitrogen gas.

9. Phosgcnc, COch, is formed when carbon monoxide reacts with chlorine 2as.

10. Manganese () iodide decomPoses when cxPoscd to Iight to form manganese and

iodine.

. Dinitrogen Pcntoxic]c reacts with water to Prod uce nitric acid, HNOs3,

12. Magnesium reacts with titanium (IV) chloride to Proc]uce magnesium chloride and

titanium.

1. Carbon reacts with zinc oxide to Proclucc zinc and carbon dioxide.
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4. Bromine reacts with sodium iodide to form sodium bromide and iodine.

15. Phosphorus, a tetratomic mo[ccu|c, P4, reacts with bromine to Proc[ucc

P}‘losphorus tribromide.

16. Etha nol, C2H50H, reacts with oxygen gas to Proclucc carbon dioxide and water-

I7. Calcium hgc[ric[e reacts with water to Proc]ucc calcium hyclroxidc and hgclrogcn gas.

18. Subfuric acid, H 2504, reacts with Potassium hyclroxiclc to Proclucc Potassium

sulfate and water.

19, F’ropanc, CxHg, burns in air to Proclucc carbon dioxide and water.
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