RS E DTG,

SOLUTIONS MANUAL TO

CHEMISTRY

_ AFundamental Overview of Essential Principles

“= David R. Khan
and Jason C. Yarbrough




SOLUTIONS MANUAL TO0
Chemistry: A Fundamental

Overview of Essential Principles



Bassim Hamadeh, CEO and Publisher

John Remington, Senior Field Acquisitions Editor
Gem Rabanera, Project Editor

Abbey Hastings, Associate Production Editor
Jess Estrella, Senior Graphic Designer

Don Kesner, Interior Designer

Natalie Piccotti, Director of Marketing

Kassie Graves, Vice President of Editorial

Jamie Giganti, Director of Academic Publishing

Copyright © 2019 by Cognella, Inc. All rights reserved. No part of this publication may be reprinted, reproduced, trans-
mitted, or utilized in any form or by any electronic, mechanical, or other means, now known or hereafter invented,
including photocopying, microfilming, and recording, or in any information retrieval system without the written
permission of Cognella, Inc. For inquiries regarding permissions, translations, foreign rights, audio rights, and any
other forms of reproduction, please contact the Cognella Licensing Department at HYPERLINK “mailto:rights @

cognella.com” rights@cognella.com.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used only for

identification and explanation without intent to infringe.
Cover image copyright © 2017 iStockphoto LP/Artem_Egorov.
Printed in the United States of America.

ISBN: 978-1-5165-3584-2 (pbk) / 978-1-5165-3585-9 (br)

2» cognellar | i



SOLUTIONS MANUAL TO0
Chemistry: A Fundamental

Overview of Essential Principles

David R. Khan and Jason C. Yarbrough

2» cognellar | i



TABLE OF CONTENTS

CHAPTER 1. THE BASICS OF CHEMISTRY .....cccccciirmierenmeass 1
KBY CONCEPLS oo 1
Introduction and Scientific Method ..o 2
SCIENTTIC NOTATION 1.t 3
Units of Measurement and DENSITY ........couviiiiiiiiieie e 5
Uncertainty in Measurements and Significant FIgures ...............ccccccoeiiiiiiii 13
Dimensional Analysis — Creating and Using Conversion Factors ............cccccceeevvennnnn. 17
KBY T NS <. 18

CHAPTER 2. THE STRUCTURE OF MATTER........ccccevmimieeaeees 20
=AY o] o =T o £ U 20
Extensive and Intensive Properties ... 21
Matter: Physical and Chemical Properties and Changes..............ccccoooeeiiviiiiiii 22
Classification of Matter Based on COMPOSITION ....covvviiieiiiiiiieecciie e 25
Foundational Chemical Laws and Atomic TheOory .........ccoovvviviiiiiiieieeee e 26
ALOMIC STIUCTUIE .t 28
Introduction to the Periodic Table ... 35
Introduction to Chemical BONAING ... .....coiiiiiiiiiiiiice e 39
=NV =T 0 T TS 41

CHAPTER 3. COMPOUNDS, FORMULAS,

AND NOMENCLATURE.........c oo rc v s s e s namna e 44
KBY CONCEPLS e 44
Introduction to lons, lonic Bonds, and lonic Compounds ............cooevvviiiiiiiiiieiii 45

Formulas and Names of Binary lonic Compounds .........ccccuvviiiiiiiiieeeieececieeeeee 49



Formulas and Names of Polyatomic lons and Their Compounds ............cccceeeeiviinn..n. 55

Formulas and Names of Inorganic Hydrates .............ccccoiiiiiiiiiii e 59
Formulas and Names of Binary Molecular (Covalent) Compounds...........cccccooieeei.n. 59
K Y T MNIS i 61

CHAPTER 4. THE MOLE, CHEMICAL EQUATIONS,

AND STOICHIOMETRY ....c.ocimimimimimrmrmrmrere s s s s s s s s s nana s 63
KBY CONCEPES .ttt 63
IO IMI@SS ... 64
PErCeNt COMPOSITION ... .ttt e e 67
Determining Empirical and Molecular Formulas .............cccooovie 70
Balancing Chemical EQUAtiONS .......cuviiiiiiiii e 73

Using Balancing Chemical Equations to Calculate Quantities

of Reactants and ProduUcCtS ..........oooiiiiiiiiiiiee e 74
Limiting Reactant and Percent Yield ..o 76
KBY T NS e 83

CHAPTER 5. DISSOLUTION AND REACTIONS

IN AQUEOUS SOLUTION ... s s s s e nas 85
KEY CONCEPLS .o 85
Aqueous Solutions of lonic Compounds and Predicting Solubility............cccccccoviienn. 86
Writing Chemical Equations for Reactions in Aqueous Solution............ccccccoiiiin. 94

Writing Chemical Equations of Reactions in Aqueous Solution — Acid/Base

Neutralizations and Gas Evolving Reactions ............cooiiiiiiiiiiiiiiiiiee e 96
Solution Concentration — Molarity and Dilution .............ccccciiiiiii e, 101
Solution Concentration — Molality, Mole Fraction, and Mass Percent ...................... 105
Stoichiometry of Reactions in SOIULION ..ot 108
Colligative Properties — Ra0UIT'S LaW .. ....oooiiiiiiiiiiiiiicecc e, 109
Colligative Properties — Boiling Point Elevation and Freezing Point Depression ........ 111
Colligative Properties — OSMOSIS ....ccoiiiiiiieiiiiie et 114

= VA =T 0 T T USSR 115



CHAPTER 6. GASES....... .o s s e 118

KBY CONCEPLS .o 118
Physical Properties Related t0 Gas LaWs..........coccviiiiiiiiiiiiii e 119
Simple Gas Laws (Boyle's, Charles’s, and Avogadro’s Laws) ........ccccccvvviiiiiiieeeeennn. 121
The 1Al GAS LAW ...oo i 126
Applications of the Ideal Gas LawW ..........ooooiiiiiiiiiieeeee e 133
Mixtures of Gases and Partial PreSSUres ..........ccooooiiiiiiiiiiiiicee 139
Real Gases and Deviations from Ideal Behavior ..........ccccooiiiiiiiiiiiii 144
KBY T NS e 145

CHAPTER 7. THE QUANTUM ATOM: ATOMIC STRUCTURE

AND PERIODICITY ..o s s s s s s s s s mas 147
KBY CONCEPLS .t 147
The Wave Nature of Light — Electromagnetic Radiation ...........cccccovvviiiiiiiiiiieiie, 148
The Particle Nature of LIght ... 150
Atomic Spectra and the Bohr Model of the Hydrogen Atom .........cccccveiiiiiiiieinnn, 155
De Broglie and the Wave Property of the Electron.............cooooooi 163
Heisenberg's Uncertainty Principle and Schrodinger’s Equation ... 164
Electron Spin and Ground State Electron Configurations...............ccccccooeiiiiiiiiininnn. 167
lonic Electron Configurations .........oovviiiiiiiiiii e 170
PeriodiC TrENAS ... 172
N2 VA =10 0 TSR SSUPPPRI 174

CHAPTER 8. BONDING AND MIOLECULAR GEOMETRY....... 178
KBY CONCEPLS .o 178
Chemical Bonds and Electronegativity ..........cccoooiiiiiiiiiiiiiccecceeee e, 179
Lewis Theory — Lewis Symbols and Structures ..........ccooooiviviiiiiieeeeecee 180
Valence Shell Electron Pair Repulsion Theory (VSEPR).........ccccccoooviiiiiiiicc 192

Bond and Molecular POIarity ... 196



Valence Bond TheOTY ..o 197
Molecular Orbital TREOIY ......eeeii e 199

KBY T MNS e 204

CHAPTER 9. INTERMOLECULAR FORCES AND PHASE

DIAGRAMS ... s s r s s r s nmna e 209
KBY CONCEPLS .t 209
INTErMOIECUIAT FOTCES ..ot 210
Properties of Liquids Attributed to Intermolecular Forces .............ccccccoeiiiiin. 213
PRas@ DIAGIaMS ... 217
KBY TBITNS e 219

CHAPTER 10. CHEMICAL EQUILIBRIUM.........ccoimimimimrnmnnes 222
KBY CONCEPES 1.ttt 222
EqUIlibrium Constant .. ..o 223
Equilibrium Constant in Terms of Partial Pressure.............cccooceviiiiiiiiiiiiieeee 227
Heterogeneous Equilibria — Solids and Liquids .............oooooiiiiiiiiiieee e 228
Determining the Equilibrium ConsStant ...........oooviiiiiiiiiceccc e 229
The Reaction QUOTIENT ...t 232
Determining Equilibrium Concentrations ..........cccccviiiiiiieiieiiic e 233
Le Chatelier's PrinCiple. ... 242
Solubility Product - Ksp ................................................................................................ 244
KBY T MNS <. 251

CHAPTER 11. ACIDS, BASES, AND BUFFERS ..................... 253
KEY CONCEPLS - 253
Acids and Bases — DefiNitiONS ....ccuiiiiiiiiiii i 254
Acids and Bases — NOMENCIAtUIe ..o 255

Autoionization of Water and Scales Used to Quantify Acidity and Basicity ............... 256



Acid and Base Titrations: A Common Laboratory Technique...............ccocceeeiiiiinnn, 260

ACI STrENGEN Lo 263
Base StrenGIN ..o 276
B U TS e 2388
KBY T MNS e 304

CHAPTER 12. THERMODYNAMICS

& THERMOCHEMISTRY ..o rmrmre s s s s s mmas 307
KBY CONCEPLS .t 307
The First Law of Thermodynamics and the Nature of Energy .........ccccccoovviiiiiinnn. 308
QUANTITYING HEBAT ..o 310
QUANTITYING VWOTK ..o 316
ENtNAIDY e 317
CalOTIMNEEIY e 320
HESS'S LAW i 321
Standard Conditions and Enthalpies of Formation ..........ccccccoeiiiiiiiiiiii, 325
The Enthalpy of BoONAING .. 327
Spontaneity, Entropy, and the Second Law of Thermodynamics ...............ccccveeenne. 330
The GIDDS Fre@ ENEIQY.....ooi i 335
Gibbs Free Energy and Nonstandard Conditions ...........cccccvviiiiiiiiiieiiiiieeeciie e, 338
N VA =10 0 T TS UUPPRT 342

CHAPTER 13. OXIDATION-REDUCTION

AND ELECTROCHEMISTRY ... re s s s s e 345
KEY CONCEPLS ..o 345
Oxidation-Reduction (RedoX) REaCTIONS .........cocuiiiiiiiiiiiii i 346
Balancing RedoX ReaCtiONS ............oiiiiiiiiiie e 349

GalvaniC (VORAIC) CellS ... e 366



Gibbs Free Energy, Equilibrium, and Cell Potential ...............ccoooiiiiii 373

Bl CIIOIYSIS .. 379
KBY T MNS e 383
CHAPTER 14. CHEMICAL KINETICS ... nena e e 386
KBY CONCEPES .ottt 386
Overview of Chemical Reaction Rates........cccoviiiiiiiiiiiiii e 387
Concentration Effects on Chemical Reaction Rates ..........cccoooeiviiiiiiiiiiiii, 391
N VA =T 0 T TSR 400

CHAPTER 15. INTRODUCTION TO ORGANIC

CHEMISTRY ...onoiciciicicii s s s s s s s s s n s mnmnns 402
KEY CONCEPLS .o 402
HYArOCArDONS ... 403
KBy TN e 416

CHAPTER 16. INTRODUCTION TO BIOCHEMISTRY ............. 418
KEY CONCEPLS .o 418
Proteins and AmiN0 ACIAS ......vuviiiiii e 419
CarbONYArates ... 422
[T o] o K PO TUUUPPPRI 424
NUCIBIC ACITS ..ttt 426



The Basics of CHAPTER
Chemistry

KEY CONCEPTS

e Matter

e Scientific Method

e Scientific Laws and Theories

e Scientific Notation

e Measurement, Units, and Unit Conversions
e Significant Figures

e Density



2 | Solutions Manual to Chemistry: A Fundamental Overview of Essential Principles

INTRODUCTION AND SCIENTIFIC METHOD

1. What is Chemistry?

Chemistry is the study of matter, its structure, its properties, and the processes it undergoes.
2. What is the scientific method?

The scientific method is the systematic acquisition of knowledge through observation and experiment.
3. What is a hypothesis?

A hypothesis is a tentative or speculative explanation for observations. This becomes the basis for future experi-
ment(s) and observation(s).

4. What is an observation?
An observation is data collected with or without instrumentation. It a can be qualitative or quantitative.
5. What is a scientific law?

A scientific law is a summary statement (or mathematical equation) which describes a set of observations and can
be used to make predictions about the outcome of future events or experiments.

6. How are observations related to scientific laws?

When specific observations are made consistently and are always the same, such a set of observations can result
in the formulation of a scientific law.

7. What is a theory?

A theory is a model which describes the underlying explanations of all observations. Theories are at the height of
scientific knowledge. They are models of how the world works, which are supported by large bodies of experimen-
tal data and can be used to predict entirely new observations across a wide range of phenomena.

8. What is the difference between a law and a theory? Which one is more powerful?

A theory is a model which describes the underlying explanations of all observations. A law is a summary of past
observations which carries no explanation for itself or its predictions.

9. Classify each of the following as an observation, hypothesis, scientific law, or theory:
a. A sample of dry ice sublimes at room temperature.

Observation

b. Two samples of water were acquired from two different sources within North
America and found to contain the same ratio of Oxygen to Hydrogen according to
mass.

Observation

c. Allsamples of a given compound will exhibit the same ratio of constituent elements
according to mass.

Law



d.
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Matter is composed of tiny indestructible particles called atoms. They combine in
simple integer ratios to form compounds.

Theory

10. Classify each of the following as an observation, hypothesis, scientific law, or theory:

a. Wood is burned inside a closed system. Following this reaction, the total mass of
the system was measured and found to be the same as before the reaction.
Observation

b. During chemical processes, all matter is conserved; it is neither created nor
destroyed.

Law

c. Thetemperature of a sample of nitrogen gas is increased by a factor of two and the
pressure of the gas is measured and found to be twice the original pressure.
Observation

d. The pressure of gases is directly proportional to their absolute temperature, hold-
ing all other variables constant.

Law
SCIENTIFIC NOTATION
11. Convert each of the following to scientific notation:

a. 1101 1.101x 10’

b. 0.031 3.1x10°

c. 456 456x10°

d. 0.0000033456 3.3456% 10"

e. 23,901,000 2.3901% 10’

12. Convert each of the following to scientific notation:

a. 2,398,800,000,000,000,000  2.3988x10"

b. 0.00000000002319 2.319%10°

c. 1320 132x10°

d. 12,110,000,000,000 1211x10"

e. 0.0000061901 6.1901%10°°

13. Convert each of the following to scientific notation:

a. 1,198,000 1.198x10°

b. 19,630,000,000  1.963x10"

c. 0.0000058897 58897 x10°°

d. 0.0008536 8.536x 10"

e. 0.078991 7.8991% 10"
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14. Convert each of the following to scientific notation:

15.

16.

17.

18.

19.

20.

a. 999 9.99% 10’

b. 832210 8.3221x10°

c. 0.004572 4572%10°

d. 0.00000055598  55598x 10"

e. 0.00034299 34299% 10"

Convert each of the following to standard notation:
a. 2.31x10" 23,100

b. 2.31x10" 0.000231

c. 3.0317x10" 30,317,000,000

d. 3.0317x10"° 0.00000000030317

e. 9.13x10" 0.000000913

Convert each of the following to standard notation:
a. 421x10° 4,210,000

b. 7.343x10" 0.07343

c. 3.339x10"° 0.0000000000000003339

d. 9.9x107 0.000000000000000000099

e. 9.9x10” 990,000,000,000,000,000,000
Convert each of the following to standard notation:
a. 6.98x10° 0.0000698

b. 6.98x10 " 0000000000698

c. 6.98x10° 698,000

d. 711 x10° 711

e. 711x10° 0.0711

Convert each of the following to standard notation:
a. 1.49x10° 149

b. 5.26x10° 0.0000000526

c. 6.022x10% 602,200,000,000,000,000,000,000
d. 1.602x10°" 0.0000000000000000001602

e. 2.18x10"° 0.00000000000000000218
Determine the greatest of each of the following pairs:
a. 6626x10°" and 6.626x10°"

b. 2.18x10 " and 6626x10"

c. 6626x10° and 6.626x 10"

d. 4.132x10° and 4133x10"

e. 121x10° and 1.45 x 10’

Determine the greatest of each of the following pairs:

a.

® oo o

564x10"° and 5.64x 10"
712x 10" and 7.12x10"
3.91x10" and 391x10"
2.172x10° and 2.173x10°
227x10° and 9.65 x 10
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21. Complete the following table:

Standard Notation Scientific Notation
a. | 12,001 1.2001 x 10'
b. | 0.000000452 452x107
c. | 0.000231 231x10"
d. | 0.0000000000933 9.33x 10"
e. | 100 1% 10°

22. Complete the following table:

Standard Notation Scientific Notation
a. | 0.0001299 1299 %10
b. | 45200000 452 x 10’
c. | 45,120,000,000 4512 % 10"
d. | 8571,000 8.571 x 10°
e. | 0.00001 110"

UNITS OF MEASUREMENT AND DENSITY

23. What is a unit of measurement?

A unit is a generally accepted quantity which is used to accurately and reproducibly report experimental
measurements.

24. Name the base units of measurement for length, mass, volume, and time in the SlI
system.

Length — meter
Mass — kilogram
Volume — cubic meters
Time — seconds
25. What is meant by the term derived unit? Give two examples.

These are units which result from multiplication or division of simpler base units. Two such examples are volume
(ma) or density (g/m/).
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26. What are prefix multipliers and how are they used?

27.

28.

29.

30.

31.

32.

Prefix multipliers indicate multiplication by powers of 10 and are used to amplify base units into larger or smaller
quantities.
How many nm are in 1 meter? How many meters are in 1 nm?

109nm=1m

1him=10"m

How many meters are in 1 km? How many kilometers are in 1 m?

10° m="1km

1m=10" km

How many deciliters are in 1 L? How many liters are in 1 dL?
10dl=11L

1dl=001L

How many picoseconds are in 1 s? How many seconds are 1 ps?
1012ps =1s
-12

Tps=10 s

Complete the following:
a. 1.20x10”m=120Tm
1Tm

12

10 m
b. 1.20x 10" g=120pg

(120% 107 m)x =120Tm

12

107 pm
m

c. 3.2L=32x10"ml

(1.20x 107" g)x

=1.20 pg

10° ml
11

d. 8.0 mg=0.80cg

(32 1) x =32x10" m/

2
(8.0 mg) x 319 ><1U1 9
10" mg g

=0.80cg

Complete the following:

a. 4.61x10'm=461x10"cm
b. 756x10 g=156x10" mg
c. 93L=93x10"pl

d. 31.56 mg=3.156x10' kg




33.

34.

35.

36.
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Convert 2.135 L into the following units:
a. ml-2135%10"ml

ML —2.135 % 10° ML

kL —2.135% 10" kL

nL —2.135%10° nL

pL—2.135% 10" pL

®© o0 o

What is the volume, in m3, of an object with the following dimensions? What is this
same volume in dm°? What is this volume in L?

Length=1.0m

Width =3.0 m

Height=70 m

Volume =10 mx30mx70m=21m’

3
21 msx(w) =21x10" dm’
m

3
21m3><(1006m) ><1m/3>< 1 =21x10'
m 1¢cm’ 1000 ml

What is the volume, in cms, of an object with the following dimensions? What is this
same volume in m°? What is this volume in L?

Length =29 cm

Width =312 cm

Height =78 cm

Volume = 29 cm x 312 cm x 78 cm = 705,744 em’ =71x10° ¢cm’
3
705,744 cm x( 1010 ) =0705744 m’ =7.1x10"'m’

705,744 o’ x 1L = 706744 L=71x10" L
Tom 1000 m

If a room measures 3 m by 5 m by 6 m, what is the volume of the room in m3, dm3, cms,
L, and mI?

Volume =3 mx5 mx6m=90 m°

3
90 m x(%) =9x10" dm’
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37. Area: Complete the following conversions:
2

38.

1 s2 = ms
2
1 s2 X(m(zosms) = 1,000,000 msrZ =1x 10G ms2
5.6 cm2 = mm2
2
56 cmzx(1?£7nm) =560 mm’ =56x10° mm’
4.8 mm2 = m2
2
48 mm’ x (10[;0’"mm) — 0.0000048 1’ = 48x10° m’
78.2 pm2 = nm’
2
782 pm’ x (10103%) — 0.0000782 nm’ = 7.82x10° am’
21.78 km2 = Tm2
2
2178 km' x( 1]’: J =2178x10" Tm’
10" km
Area: Complete the following conversions:
4.91x10°ft = yd’
2
(4.91x 10° frz)x(gif‘:) =546x10° yd’
2.89%x10°m’ = cm’
2
(289%10" mz)x(mﬂsm) —289x10° ¢cm’
1.99 dm2 = mm2
2 2
2 m 100 cm 2 2
(1.99 dm )X(mdm) x( — ) =1.99% 10" cm
7.32 Mm2 = m2
10° m)
(7.32 Mnr’) x(1 Mn”:) —732x10"
8.112 nm’ = me

9 m

2 6 2
(8.112nm2)><( 1m ]x 10 4m ) 112107
100 nm
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39. Volume: Complete the following conversions:

a. 4.91x10dm’= L
(491x 10" dm’) x — = 491x 10"
1dm
b. 453%x10°m’= mm®
10" mm )
4.53><10_6m3><( 1/’:’"] = 453x10° mm’
c. 199 cm3: mL
1.99 em’ s L _1.99 mt
1cm
d. 739 Mm°’= m’
10 m)
7.39 M’ x(1 MZJ =739%10" m
e. 4.333nm’= pm3

3 6 3
1333 nmax( L ] x(101 n"j’”} =4383x10" m'
100 nm

40. Volume: Complete the following conversions:

a. 6.22 km® = Mm®
10 m) (1MmY
622 km x| —— | x| —— | =622x10° Mm’
1km 106 m
b. 9.1 % 10° mm’ = cm’
Tm ’ 100 cm Y’
9.1x 10’ mmgx( z ) x( 7 ) =9.1cm’
10" mm m
c. 9.1><103cm3: mm’
Tm ’ 103 mm 3
9.1x 10’ cm3><( . )x =91x10" mm’
10" em Tm
d. 6.42m’= cm’

2 3
642 m’ x[101 rng —642x10° em’
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41.

42.

43.

44,

45,

46.

e. 6.112pm3: mm’
tm Y (10" mm)
6112 pm’ x| —o— | x| =—2 | =6.112%10" mm’
10° pm tm

If a sample has a mass of 1.356 g and occupies a volume of 1.775 ml, what is its density
in g/ml?

13569

= 1775y ~ 07039 9/l

If a sample of lithium is cut into a cube with each side being 2.00 cm in length, what is
the density of lithium if the sample weighs 4.32 g?

132
d= 329

=0.540 g/ml

(2.00 cm x 2.00 om x 2.00 cm)( tml )
Tem

If a sample has a mass of 4.13 g and occupies a volume of 3.780 ml, what is its density
in g/ml?

_413g _
A sample of magnesium has a volume of 4.94 ml. If the sample weighs 8.596 g, what

is its density?

_85%g

d 4.94 ml

174 g/ml

A metal ball has a radius of 0.751 cm. If the ball weighs 15.897 g, what is the density of
the ball? Based on the data inTable 1.5, what is the identity of the metal?

volume = %mS = %n(0.751 cm)’ = 1774224 cm’

_ mass _ 15897g
9= Volume = T77a728 i ~ 090 9/

An unknown solid compound has a mass of 54.84 g. When submerged in water in a
graduated cylinder, the volume was displaced from 28.77 ml to 34.89 ml. What is the
density of the sample?

volume = 34.89 ml —28.77 ml =6.12 m/

mass  54.84 g

= Volume ~ B2~ 090 9/ml



47

48.

49.

50.

51.
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An unknown solid compound has a mass of 13.2 g. When submerged in water in a
graduated cylinder, the volume was displaced from 10.00 ml to 22.34 ml. What is the
density of the sample?

volume = 22.34 m/ —10.00 m/ =12.34 m/

mass 132 ¢

~ Volume ~ 1234 ml 1.07.g/mi

An unknown solid compound has a mass of 7.82 g. If the sample displaces 3.11 ml of
water in a graduated cylinder, what is the sample’s mass?

mass 182 g

= Volume ~ 311l = 2019/ml

An unknown sample was submerged in a quantity of water contained in a graduated
cylinder. Upon submersion, the water level rose from an initial volume of 12.50 ml to
a final volume of 17.37 ml. If the sample’s mass was measured to be 22.3 g, what is its
density?

volume =17.37 ml —12.50 ml = 4.87 m/

mass 223 g

= Volume ~ TgTm ~ 89/

An unknown sample was submerged in a quantity of water contained in a graduated
cylinder. Upon submersion, the water level rose from an initial volume of 14.30 ml to a
final volume of 17.57 ml. If the sample’s mass was measured to be 12.50 g, what is its
density?

volume =17.57 ml —14.30 m/ =3.27 m/

mass 1250 g

~Volume ~ 327 ml 382 g/ml

An unknown sample was submerged in a quantity of water contained in a graduated
cylinder. Upon submersion, the water level rose from an initial volume of 42.71 ml to
a final volume of 44.49 ml. If the sample’s mass was measured to be 20.114 g, what is
its density?

volume = 4449 ml — 4271 ml =1.78 ml

mass 20114 g

~ Volume ~ 178 ml =113 g/mi
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52.

53.

54,

55.

An unknown metal sample was weighed and found to have a mass of 22.587 g. The
sample was then placed in a graduated cylinder containing water with a volume of
18.91 ml. Upon submersion of the sample, the water level rose to 21.43 ml. Based on
this, calculate the density of the sample and useTable 1.5 to identify the metal.

volume = 21.43 ml —=18.91ml =252 m/

mass ~ 22.587 g
" volume — 252 ml 8.96 g/ml
An unknown sample was weighed and found to have a mass of 74.76 g.The sample was
then placed in a graduated cylinder containing water with a volume of 39.66 ml. Upon
submersion of the sample, the water level rose to 46.78 ml. Based on this, calculate the
density of the sample and useTable 1.5 to identify the metal.

volume = 46.78 ml —39.66 m/ =7.12 ml

_ mass _1476g
"~ volume ~ 712 ml

=105 g/ml

An unknown sample was weighed and found to have a mass of 3.402 g.The sample was
then placed in a graduated cylinder containing water with a volume of 32.10 ml. Upon
submersion of the sample, the water level rose to 33.36 ml. Based on this, calculate the
density of the sample and useTable 1.5 to identify the metal.

volume = 33.36 m/ —32.10 m/ =1.26 m/

mass 3402 g

~ Volume ~ 126 ml — 270 g/ml

Convert the following temperatures to the Kelvin Scale:
a. O°F
0°F-32
K =%+273.15 =255 K
b. 0°C

K=0C+273=273 K

c. 45.0°C
K =450°C+273.15=3182 K

d. 212°F
212°F =32
K=(1—8)+273.15=373 K
e. 250°C

K =250°C+273.15 =523 K
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56. Convert the following temperatures into the Celsius Scale:

a. 32°F
C(32F-32)
C=""mg—=0C
b. 500K

C =500 K —273.15 = 227°C

c. 260K
C=7250K-273.15=-23°C

d. 120°F
120°F - 32
o= 027 23) _ pg
T8
e. 95°F
(%F-3) .
C= g =35

UNCERTAINTY IN MEASUREMENTS AND SIGNIFICANT FIGURES

57. Determine the number of significant figures in the following:
a. 1.000 nm —4 significant figures

100 nm — 1 significant figure

403100 L —4 significant figures

91303 ml -5 significant figures

9.1303 ml -5 significant figures

® Q0T

58. Determine the number of significant figures in the following:
0.500 ml — 3 significant figures

9.1300 L — b significant figures

1001 balloons — Infinite significant figures — this is an exact number.
403°C - 3 significant figures

403.0°C — 4 significant figures

4.1 x 10" mm -2 significant figures

~ 0 op oo

59. Determine the number of significant figures in the following:
a. 4.012x10 " m-4 significant figures

7.0123 m -5 significant figures

0.0002341 L —4 significant figures

0.004200 ml — 4 significant figures

100100 mi — 4 significant figures

© o0 T
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60.

61.

62.

63.

64.

65.

66.

Determine the number of significant figures in the following:
a. 2.100 L —4 significant figures

2.100 mL -4 significant figures

2,100 L — 2 significant figures

2,100.00 L -6 significant figures

0.0021000 mL -5 significant figures

®© o0 T

Which of the following are exact numbers?

a. The ball was dropped 23.2 feet. — 3 significant figures

b. There are 7 students in class. —Infinite significant figures — this is an exact number.

c. The radius of a circle is the diameter divided by 2. — Infinite significant figures — this is an
exact number.

d. There are 12 inches in 1 foot. — Infinite significant figures - this is an exact number.

e. Thetableis 12.5 feet long. — 3 significant figures

b., c., and d. are exact numbers.

Which of the following are exact numbers?

a. During a trip an automobile travels at an average speed of 23 mph — 2 significant figures
12 =1 dozen - Infinite significant figures — this is an exact number.

The mass of a coin is 4.31 g. — 3 significant figures

There are 7 pencils in my briefcase. — Infinite significant figures — this is an exact number.

It is 32.25 km to the next town. —4 significant figures

© o0 T

b., and d. are exact numbers.

Write 1,278,342 to 3 significant figures.

1,280,000

Write 0.087217005 to 4 significant figures.

0.08722

Write 2000 to 2 significant figures. (Hint: You may have to use scientific notation.)

2.0%10°

Write each of the following to 4 significant figures:

a. 1
1.000

b. 10
10.00

c. 123
123.0

d. 1230001

1230x10°



67.

68.

69.

70.

71.

72.
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e. 2101799
2,102

f.  0.0221945
0.02219

g. 2,222,999
2,223,000

h. 7901296430
7.901

Perform the following calculation to the correct number of significant figures:
4.5+3.19 + 0.000321 =

Since the last significant digit for 4.5 is in the tenths place, this will be the position of the last significant digit in
the result: 7.690321 =17.7

Perform the following calculation to the correct number of significant figures:
45-3.19 =

Since the last significant digit for 4.5 is in the tenths place, this will be the position of the last significant digit in
the result: 1.31=1.3

Perform the following calculation to the correct number of significant figures:
(3.98)(9.2134) =

Since 3.98 has the fewest significant digits (3), the result will also have 3 significant digits: 36.66933 = 36.7

Perform the following calculation to the correct number of significant figures:
4.32 + 67.009 = 0.0645

Perform the following calculations to the correct number of significant figures:
a. 5323-10=522

b. 21.2241+ 723+ (4.321 x 10_8) = 28.45

c. 1.93001 +2.403 + 6.0000 = 10.333

d. 77.88 +88.1 —10.0000 = 156.0

Perform the following calculations to the correct number of significant figures:
a. 9.0000 + 10.0000 —1.00 = 18.00

b. (20x10°)+111+222 =20x10°

c. 23.321+1,000 -10.25 = 1,000

d. 3278 -16.11124 — 6.234 = 10.43
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73.

74.

75.

76.

77.

Perform the following calculations to the correct number of significant figures:
a. 5x1000 = 5000

b. 5.32 +21.311 x 120 = 30.

c. 6621x23x%x95=1,400

d. 12345+1=10,000

Perform the following calculations to the correct number of significant figures:
a. (47x 104) % 2.398 = 110,000

b. 8.129+4.07x6.231 =124

c. 3.4037+(1.82x 10_3) +5.001 =374

d. 100.0 +2.10 x 1,000,000 =5 x 10’

Explain the correct order of mathematical operations when carrying out calculations
involving measured numbers.

Calculations should be carried out in the following order of mathematical operations:

1. Parentheses — all operations in parentheses should be carried out first and the resulting number of signifi-
cant figures determined for the resulting values.

2. Exponents — all exponential notations should be executed.

3. Multiplication/Division — All multiplication and division should be carried out following any operations in
parentheses or exponential terms.

4. Addition/Subtraction

At each step, the last significant figure should be determined in the resulting terms. This allows appropriate
application of the rules regarding significant figures to be applied at each step of the process.

Perform the following calculations to the correct number of significant figures:

4113 4113
CASTX T 112,095 = 457 x ———— +12.095 = 13,
8. 4STX s g7y + 12095 = 457 X gy + 12095 = 1336

b. (12.43+2.10001) + (3.776 — 1.2015) = 14.53001+ 2.5745 = 17.10

(9.531 — 4.23) +10.2387 = 6.109 x 5301 +10.2387 = 26

C 010X e = 592.100) 2001

d. 4.1 +1.064 x (421 - 6.321) = -8.1

Perform the following calculations to the correct number of significant figures:
a. 7.019+42.1+3.9000 = 178

b. 9.927x %%OO +11.1 =31

c. 1.1x5.890+(10.1+9.013) =0.34

(7.01 - 2.5)

4 809991 x 1.0)

x (11.0021 + 4.1) = 8.4
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DIMENSIONAL ANALYSIS — CREATING
AND USING CONVERSION FACTORS

78.

79.

80.

81.

82.

83.

84.

If the density of a sample is 0.8901 g/ml, what is the mass of the sample if it displaces
4.12 ml of water in a graduated cylinder?

Since the sample displaces 4.12 ml of water, we know this is the volume of the sample. Therefore, we can use
density as a conversion factor to determine its mass.

0.8901 g

4.12 ml x T

=367¢

The density of acetone (nail polish remover) is 0.7845 g/ml. What is the mass in kg of a
sample with a volume of 2.73 L?

1000 m/ o 0.7845 g y 1kg
1L Tml 1000 g

273 [x =214 kg

The density of isopropyl alcohol is 0.7860 g/ml. What is the mass of a sample (in grams)
if its volume is 1.12 ml?

0.7860 g

1.12 ml x T

=0880 g

The density of water is 1.00 g/ml. If a 3.0 L container is full of water, what is the mass of
the water in the container?

1000 m/ 1.00 g

3
TXW=3.0X1D g

30Lx

If a certain area is defined by a rectangle with a length of 7.31 miles and a width of 3.48
miles, what is this area in square meters?

Tkm Y (1000 m
062137 mi. Tkm

2
(7.31mi x 3.48 mi)x( ) =659x10° m’

If a backyard pool is 8.0 m long, 4.0 m wide, and has an average depth of 2.0 m (from
the water level to the bottom), how many gallons of water are required to fill the pool?
(Hint: 1 gal. =3.785 L)

= 17,000 gallons

3
(8.0m><4.0m><2.0m)><(10dm) E 1 gal

Tm ) g 37851

How many inches are in 1Tm? (Hint: 2.54 cm =1 in)

10°m 100em  1in.

13 .
T X T x2'54cm=3.94><10 in.

1Tm x
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85. How many cm are in 1 foot? (Hint: 2.564 cmm =1 in.)

12in. 254 cm
1 ﬁ'XWXT =305cm

86. If a container weighs 111.34 g empty and is then filled with water, weighed again, and
found to weigh 611.76 g when full, what volume can the container hold?

First you need to recall that the density of water is 1.00 g/ml. Then you must deduce the weight of the water alone.
This weight is determined by calculating the difference in weight between the empty and full container.

61176 g — 111.34 g) x ~_ = 50042 m/
T00 g

This is an approximately ¥z L-container

KEY TERMS

Absolute zero The temperature at which there is no thermal energy at all. As such, the point
0 Kelvin (0 K) is the lowest possible temperature reading on the Kelvin scale.

Celsius One of the three main temperature scales. In the Celsius scale, pure water freezes
at 0°C and boils at 100°C. The Celsius scale is of practical convenience because its units and
reference point are all based on the freezing and boiling points of pure water.

Chemistry The study of matter, its structure, its properties, and the processes it undergoes.

Conversion factor A ratio constructed from a mathematic equality which can be used to inter
convert between different units of measurement.

Density The quantitative relation between the mass of a substance and its volume. It is a
measure of how much matter is contained in a given unit of volume for a particular substance.

Derived units Units are quantities. As such, they can be multiplied and divided like any other
algebraic quantity. The results of applying mathematical operations to units, is the formation of
new units. These are sometimes referred to as derived units.

Dimensional analysis A method which relies on the construction and use of conversion factors
to convert from one set of units to another in the expression of a given quantity.

Experiment A scientific procedure carried out under controlled conditions to test a theory, law,
or hypothesis.

Fahrenheit One of the three main temperature scales. In the Fahrenheit scale, saturated salt
water freezes at 0°F and pure water boils at 212°F

Gram The base unit of the measurement for mass in the metric system.

Hypothesis A tentative or speculative explanation for observations. This becomes the basis for
future experiment(s) and observation(s).

Imperial system The most common system of measurement in the United States. This system
includes familiar units such as the pound (Ib), the mile (mi), yards (yds), feet (ft), inches (in), quarts
(gt), and gallons (gal).
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International system (Sl) The official system of measurement for most of the world. The SI
system is based on the metric system.

Kelvin One of the three main temperature scales. The Kelvin scale is unique in that its zero
point is the coldest possible temperature, absolute zero.

Liter A unit of volume in the metric system. The liter is defined as 1 cubic decimeter (dm3 ).

Mass The measure of how much matter an object contains. More accurately, it is the quantita-
tive measure of how much matter makes up a sample.

Matter (from the Latin word, materia, meaning material) is defined as anything that has mass
and occupies space.

Meter The base unit in the metric and Sl systems for length. 1 meter is equal to 3.28 feet.
Metric system A base-10 system of measurement. The metric system is the basis for the

Sl system and employs prefix multipliers to amplify or diminish base units of measurement by
powers of 10.

Observation An observation may be qualitative and as simple as noting some phenomenon
observed by the naked eye. It may also be quantitative in nature, requiring tools or instruments in
order to be recorded and understood.

Prefix multipliers A prefix multiplier is applied to a unit and either multiplies or divides it by
some power of 10. For example, 1 centimeter is 1/100 of a meter.

Scientific law A summary statement (or mathematical equation) which describes a set
of observations and can be used to make predictions about the outcome of future events or
experiments.

Scientific method The systematic acquisition of knowledge through observation and experiment.

Scientific notation A system in which numbers are expressed as products of a coefficient
between 1 and 10 multiplied by powers of ten.

Significant figures Those digits in a measured or calculated number which are meaningful.
Temperature The measure of the average kinetic energy of the molecules or particles that
make up a sample.

Theory A model which describes the underlying explanations of all observations. Theories are
the height of scientific knowledge. They are models of how the world works, which are supported
by large bodies of experimental data and can be used to predict entirely new observations across
a wide range of phenomena.

Unit of measurement A generally accepted quantity which is used to accurately and reproduc-
ibly report experimental measurements.

Volume The measure of how much space a sample of matter occupies.



