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List the series of procedure to use the scientific methods to solve problem, and diffrentiate between theory and scientific law

textbook, figure 3 6,11

Modeling Sometimes an investigation mvolves building a
model that resembles something, such as a model of a new
space vehiche, and then testing the model to see how it acts,
Other models represent processes or objects that cannot be
soen with the unaided eve, such as the models of the atom.
Often, a scientist will use information from several types of
investigations when attempting to learn about the natural
wurld.

Scientific Methods

Although scientists do not always follow a rigid set of sheps,

investigations often follow a general pattern. The pattern of
trvestigation procedures is called the scientific methods. Six
common steps found in the soentific methods are shown m
Figure 3. A scientist might add new steps, repeal some steps

State the problem

To begin the process, & scientist must state what he or she is
going to investigate, Many imestigations begin when someone
chserves an event in nature and wonders why or how it cocors.
Thee question of “why” or “how” is the problem.

Scientists once posed questions about why objects fll to Earth,
what causes day and night, and how Lo generate electricity for
daily use. Many times, a statement of a problem arises when an
imvestigation is complete and its results lead to new questions.
and night, they wanted to know why Earth rotates.

Sometimes a now question is posed when an imvestigabion runs
found the instruments in the nose cone did not always work
missiles during flight. The new statement invobed how to
protect the mstroments n the nose cone.
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Identify mhhhmhlwm
and whal form does it usually take?

Research and gather information

Before beginning an inmvestigation, scientists research what is
already known about the problem. They gather and examing
observations and interpretations from reliable sources, This
background helps scientists fime-tune their question and form a
hvputhesis.

Figure 3 The senes of procedaerss shown hese (s one
wary o e sciensific methods to salve & problem,

|
|
-i

Scientific Theories and Laws

A scientific theery is an explanation based on knowledge gained
from many observations and investigations. It is nol a guess. if
scientists repeat an investigation and the results always support
the hypothesis, the hypothesis can be called a theory. As new
information becomes available, theories can be modified.

A scientific law & a statement about what happens m nature and
thiat seems o be troe all the teme. Laws describe specific relation-
ships under given conditions. They dont explain whw or how some-
thing happens. Gravity is an example of a scientific law. The Lnw of
gravity states that am one mass will attract another mass.

A theory can be used to explain a law, but theories do not becomie
laws. For example, mamy theories have been proposed to explain
how the law of gravity works. Even so, there are few accepted
theories in sclence and even fower laws,

The Limitations of Science

explain ur solve every question. [t (s sclentists” job to develop
hypotheses that can be tested and verified. Questions that cannot

Fgure 8 Soence cant answes all guessons, b
gy by abuai! opileom and wakiey Thn paece of
&t migh ook vy Dirsstiful 1 ome pedLon Det not
be tested and verified, such as those about opinions and values, 15 nother

are not sclentific. You might take a survey to gather opinions Discurss. Ciom e prove ot o peece of ovt s
about a prece of art, such as the painting in Figure 8, but it would S0t Sl
not prove the opinions to be true or false.

|E Check Your Progress
.
- Scientists ask questions and 1 Define Summarize the steps you might use to carry out an
perform investigations 15 leam Investigation using sclentific methods.
more about the natural world. 2. Explain what a law is, what a theory is. and why a theory
= Soentists use scientific math- cannot become a low:
ods 1o test their hypotheses.
) Explain Your Thinking
Models halp scientists visualize 3 Wark e 1o an et Sint

shows how the volume of a gas changes with changes in

- Atheory is a possible explana- "- lll sy
tion for ohservalions. while a
scientific law describes a 4. I Connection] An expenment to cetermine how many
pattem but does not explain Mlmmw“ﬂaummut
why things happen. 65 breaths; minute 2= 73 breaths: minute 3: 67 breaths: minute

& 71 breaths: minute 5: 62 breaths. Calculste the average
number of breaths per minute

ILEARNSMART Goonine 1o foliow your personalized learming path 10 review. practice.
and remforee your unoerstianding




Define Matter and how to classify it (mixtures & pure substances) and give examples for every category, diffrentiate between physical change and

) Textbook, figure 11 384, 389, 390
chemical change and the resulted matter from each change
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e S ovicieiau mﬁ menrs chemical change. Bubble formation produced by the foaming of an antacd tablet in a home, but it is commonly done in industrial and laboratory set
= B o - = [ 3 e » W i . SV Separatle ¥ i WA &
U= e -‘—'T"-.|- | D et i j glase of wader i 2 sign of new substances being produced. In some chemical changes, a tl}l'u.,- Fi |{u x;m} li |1;.||n rl'ult.nilx aret separated from their ores and
2 & - then purified using chemical changes.
o CraOE.. GamOkne Nnpgen, Qoid i el raped redeare of Faergy—detected a< heat, beht, and sound—is a chee that chanees ane gl o &E - g
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Solutions A salolion = the same thing a= 2 homeseneons mixture The most Gl
soturtsors mnghil be sobds dmsolved i bapeds, bt solutions can also be maatunes of 2

solid and 2 gas, 2 sobid and 2 solsd,. 2 s and a inz_'m.:, and =0 on. Tea vinegar, sl alloss
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Midures, wnlike compoands. do not alwayvs contain the same proportions of the sub-
stanoes of which they are made . Additionally, unlike pure substances. mistures can be
pinsacally separated. A sabstance has 8 foved composition, wherras mixtures can haw

wideh Julberent CraTpEata These differenoes are summuanieed in l'“urr 11

Fagare *1
" " Loz A " L Using chemical changes
It Vou Wave a pan of Ol COOKIeS unattended on the stove for too 20mEE, VONET DS S,
tells vou that soemething is wrong. Instesd of 2 spicy aroma, you detert an unpleasant One case where you might separate substances using a chemical

z sl that alerts vou that <omething is burning. This burnt odor i= a chue that a new change is in cleaning tarnished silver, such as jewelry. Tarnishing,

substanre has formed. a chemical reaction between silver metal and sulfur compounds in

F s the air, results in silver sulfide. A chemical reaction in a warm
The identity changes water bath with baking soda and alumimum can change silver

The smell of rotten epes and the formation of rust on bikes and car fenders are also Sgnis
that a chemical change has taken place A change of one substance to another i< a

ocoerring. A display of fireworks in the night skv is an example. Figure 17 dlustrates
ancther viswal cloe—the formation of 2 solid F*n&':pﬂ,\tw What &= another exampie of 2
chemical chanee that produces a solaud?

EGT—'. 2

Dehne Whal & a chemcal change?

Heating, cooling and the formation of bubbles or solids in a lquid are all indicators that

3 e
duced. Consider the following examples. The heat, light, and sound produced when

hvdrogen gas combines with onveen in a rocket engine are clear evidence that a chemical

on = taking place. However, the only sure proof is that a new substanoe = pro-

sulfide back into silver,

Separating substances using chemical changes is rarely done in the

Flawing water shaped and smoothed thase reckos

The forces of natune continuously shape Earth's surface. Rocks
split, deep canvons are carved, sand dunes shift, and limestone
formations decorate caves, Do you think these changes, relerred o
as weathering, are physical or chemical” The answer is both
Cienlogists, who use the same criteria that yvou have learned in this
chapter, say that some weathering changes are physical and some
are chemical

BGN n?

l%’ h \lr P reaction has taken place. However, no dues announce the onset of the reaction & which
. LA Bobh chemscal and physical chadiges shaped
| - C Eck our rcgress iron and oaveen combine B form rest. The onldy cloe that ron has changed indd 2 new Dmm'l:m s weatharing & physical change or & chamical e lne n:ll..-- aigpy " ,.: I,.,. I-.,I:,, "
Summary Demonstrate Understanding substance is the vistble presence of rust. Burning and rusting are chemical changes change? Enclish Chan el
because new substances form
+ An glement B 8 substance wWith 1. Distinguish a subsisnce from a micture Ghar two examples of Figure 18 Woat! { Can ivohe I ol chang;
the wime kind of Som edch I'J‘!]’--,_;"” weathering d ch al ik
= These are ; 20 2 :m-iﬂdﬂﬂrﬂl: Hmﬁﬂwmme Large rocks can split when waler seeps indo small cracks, freeees, and expands. Streams
” ally occuring - PRSOUS NS s it ievern can smooth and sculpt hard rock, as shown in Figure 18. These are physical changes because
ound on Earth and over 25 that 1. identity three cloments and three comoounds. How are they the rock does not change inko another substance
hirve been created in umilar? How are they dafferent?
T 4 Summarize Moke 3 130le That COMPATes e properbes of Chemical weathering
A compound 5 & substance that
N e 2 £ suspensions, coboids, and Solutions. In other cases, the change is chemic al. For "'“"’1"F1]"- solid calcium carbonate, a compound
oy 3 P E r found in limestone, reacts with water i i s hhghi!\ acidic, such as when it contains some
chomaCally Combened n & fa xplain Your Thinking
dissolved carbon dioxide. The calcium carbonate reacts to form calcium bicarbonate. This
PrOEEr TN Infer Wh the worgs “Shake well before using” indicate .
A 5 hat the ﬂ::ﬁ. e in & carton is o . ate hase i i'l.lilHl' in hmestone s a chemical ¢ h.lﬂw.' bevauwse the wdentity of the substances ¢ hanges
hures can be hélerogeneous u SUSDENAAoN ™ Wiy | : ’
- e et S GRS p iaa? This chemical change contributes to the weathering of the White Cliffs of Dover, shown in
ROMOOENEcUS and ute il CONTA th
of oy Can & c L E: The Figure 18, and also produces the icicle ~.|1.|.F11'..| ik formations thal are lound in caves
separaled pitySaCEl means - m ONNecisn WEAINET repor TS MOrmeng

stated thero is A thick fog in your lown Visibity 5 b5 than

==9 CROSSCUTTING CONCEPTS

500 H My bl nk your v I

I"H?i - v — . N Enesgy and Matier You friend says thal chemical weathering makes imeslone "dsappes” 'y

you e Read about the kaw of conservation of mass on the next page. Then wite 3 brief message 1o 4

eaphain 10 your friend what really happens o imestons during chemical wealhering 1

LEARNSMAINRT Goonine to foliow your personaired learming path t0 fewsew, Draciice.
and resmiorce your understanciing e — o = i
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Compare and contrast between the atomic models that lead to the modern one {electron clouwd model)

Textbook, figures 4, 5 402, 403

Figure 4 Visualizing the Early Atomic Models

The cumrently accepted modet of the atom evolved from the ideas and the work of

many scientists.

400 g.c. Democritus Model

1904 Thomson Model

400 B.C. Democritus Mode!l Democritus first proposed
that slements comist of tiny, sold particles that cannol
be subdnided. He called these particles afomaos,
meaning “uncuttable  Democritus’s ideas were criticized
by Arstotie, who beleved that empty space coutd not
exist Becaurse Armiotie was one of the most influential
philosophers of his time. Demooius’s atomic theory was
rejected.

1911 Rutherford Model

Positely -
mﬂWQﬂN‘: Bertrans
p 7
.

91 Rutherford Model Engiish physicst Emest
Rutherford proposed the idea that all the posithve charge
of an atom s concentrated in a central atomic nucleus
that & sumrounded by elecrons.

1904 Thomson Moded Englcsh physecest loseph lohn
Thomson proposed a model that comsted of a spherical
atom containing small, negatively cherged particies. He
thought these “electrons” fin biue] were evenly
embedded throughout a positively charged sphere, much
ke chocolate chips i a ball of coolkée dough.

1913 Bohr Model

LS,

1913 Bohr Model Danish physicist Necls Bohr
hypothesired that electrons reved in fooed orbits. He
suggested that electrons could jump between orbits as
they absorb or reiease specific amounts of enengy. The
Bohr model worked very well for hydrogen, but did not
work as well for stoms with many electrons.

The electron cloud model SR
. Eleciron cloud

By 1926, scientists developed the eledron doud model of

thie atom, which is the model that is acoepted today. An

electron cloud i= the area around the nucheus of an atom,

where electrons are most likely to be found. The electron

choud is 100,000 times larger in diameter than the nucleus

of an atom. In contrast, each electron in the cloud s signifi-

cantly smaller in mass than a single proton or single

PuirLRTO,

B cetwr

Explain the dfference between the Bohr mode! and the

electron cloud model.

Because an electron’s mass is negligible compared o the
nucleus and the electron is moving so quickly around the
nucleus, it is impossible o describe il exact location in an
alom at any moment.

Picture the spokies on a moving bicvele wheel. The spoles are
moving so quickly that yvou cannot pinpoint any single spokee in
the wheel All that vou see is a blur that contains all the spokes
sormewhere within il In a similar way, an dectron doud is a
blisr of activity containing all of an atom s electrons somewhere
within it. Figure 5 illustrates the location of the nuckeus and the
electron choud in the dectron cloud model of the atom

Fagure § Mo of oo slom a empty ipacr The shegfros
thoud reprrsents T ared m wheh e secirom s
e

|& Check Your Progress

Demonstrate Understanding

1. Mdentify the names, charges. and locations of thres types of
Substomic paricies that make up an Snm.

2. dentity the chemical symbols for the elements carbon, alumi-
num, hydrogen, cxygen, and sodium.

3 Describe how quarks were discovered.

Explain Your Thinking

4. Describe how a rotating electric fan could function as a model
of the atom. Explain how the rotating fan is unlile an atom.

s 3L Connection] A proton’s mass is estimated 1o be
16726 x 10* g, and the mass of an electron is estimated 1o
be 21093 x 10 g. How many times greater is the mass of a
proton compared 1o the mass of an election?

LEARNSMART Goonine io follow you personaiized leaming path to review, practice.
and fewiforce your undersiandng.



Compare between the properties of metals and nonmetals, ldentify the nonmetal & metal part in different chemical compounds {ionic) using the

periodic table of element, compare between the alkali metals & alkaline earth metals

textbook, periodic table fig 15, figures 4, 7, 10, 13, 415, 424, 427, 430, 433

The periodic table has areas with specific names. Recall that the horizontal rows of
elements are called periods. The elements increase by one proton and one electron as
you move from left to right across a period

All the elements in the blue squares in Figare 15 are metals. Iron, zinc, and copper are
examples of a few common metals. Most metals occur as solids at room temperature
They are shiny, can be drawn into wires, can be pounded into sheets, and are good
conductors of heat and electricity.

The elements on the right side of the periodic table, which appear in the vellow squares
are classified as nonmetals. Oxvgen, bromine, and carbon are examples of nonmetals.
Most nonmetals are gases or brittle solids at room temperature. They are poor conductors
of heat and electricity. The elements in the green squares are metalloids. They exhibit
properties of metals and nonmetals. Boron and silicon are examples of metalloids.

New elements

Scientists around the world continue their research into the synthesis of elements. In 1994,
scientists at the GSI Helmhaoltz Center for Heavy lon Research in Darmstadt, Germany,
discovered element 111 The International Union of Pure and Applied Chemistry (IUPAC)
confirmied the discovery in 2003, The name Roentgenium (Rg) was officially approved in
2004. Element number 112 was discovered at the same laboratory. Synthesis of the element
wias reported in 1996, IUPAC confirmed the discovery in 2009, and the element was
officially named Copernicium (Cn) in 2010. These elements are produced in the laboratory
by joining smaller atoms into a single, larger atom. Scientists have synthesizred elements
113 through 118. The search for elements with higher atomic numbers continues

ACADEMIC VOCABULARY

eccur

1o e foemnd; o comme mto exstsnce

Moy lormodoss occer i B central plosss of B United Siotes

The elements in group 1 of the periodic table are the alkali (AL kuh
li) metals. Like other metals, alkali metals are shiny, malleable,
ductile, and good conductors of heat and electricity. However, they
are softer than most other metals and are the most reactive metals
They react rapidly and sometimes violently with oxygen and water
as shown in Figure 4. Because they are so reactive, alkal metals do
not occur naturally in their elemental forms, and pure samples must
be stored in oil to prevent reaction with oxvgen and water in the air.

@ Get It?

Explain how knowledge of the properties of alkali metals is
used to predict how they will react and determine how they
should be stored.

Atomic structure explains the reactive nature of alkali metals. Each
atom of an alkali metal has one electron in its outer energy level
This electron is easily given up when an alkali metal combines with
a nonmetal. As a result, the alkali metal atom becomes a positively
charged ion in a compound such as sodium chloride (NaCl) or
potassium bromide (KBr).

[.E’ Get It?
Explain how interactions of electric charges at the atomic scale
account for the reactivity of alkali metals.

@ Get 7
Explain how the location of alkali metals on the perodic table
is related to the number of electrons in the outer energy level.

Lithium, sodium, and potassium

Look carefully at the nutritional information on a cereal box. You
will notice that sodium and potassium are often hsted. You and
other living things need potassium and sedium compounds to stay
healthy. Lithium can also benefit health. Lithium compounds are
sometimes used to treat bipolar disorder. The lithium helps regulate
chemical levels that are important to mental health

Rubidium, cesium, and francium

The operation of some light-detecting sensors depends upon rubid-
ium or cesium compounds. Cesium 18 used in atomic clocks because
some of its sotopes are radivactive. A radioactive element is one in
which the nucleus breaks down and gives off particles and energy.
Francium is also radioactive and is extremely rare. Scientists esti-
mate that Earth’s crust contains less than 30 g of francium at one

time.

The Alkali Metals

A

irvydun By sk

Figure 7 Coppér is ofien mis i il 10 make minde mii . wibyer, pnd Brong

(ol f @i L hil ad 10 makce athletic med
Copper, silver, and gold

You are probably familiar with copper, silver, and gold—three of the
elements in group 11, Because they are so stable and malleable and can be
found as free clements in nature, these metals were once used widely o
make coins. For this reason, they are known as the colnage metals
Because they are so expensive, silver and gold are rarely used In colns
anymire, The United States stopped making evervday coins with gold in
1933 and colns with sibver in 1964, Most coins now ane mixtures of nickel,
gine, and copper, as shown in Figure 7.

The colnage metals have a variety of other uses, such as in the athlebk
medals in Figure 7. Copper is often used in electrical wiring because of its
superior ability to conduct electricity and its relatively bow cost. The
LI.II!\IHI-L:I!hlﬁ silver iodide Ia'\p.ll and silver bromide i.—\thI are used o make
photographic film and paper because they break down when they are
exposed to light. Silver and gold are used in jewelry becaose of thelr
attractive colors, relative softness, resistance to corrosion, and rarity

lL_EfGel I?

Explain why gold's relative softness makes it a good material for use
n jewelry.

Zinc, cadmium, and mercury

Line, cadmium, and mercury are found in group 12 of the periodic
table. Zine combines with oxy gen in thir atr to form a thiln, ll:I'ilh,'i e
coating of zinc oxide on its surface, Fine and cadmium, which also
§  forms a protective coating, ane often used o coat metals such as iron
: Cadmium also is used in rechargeable batteries

Mercury is the only metal that is a lguid at room temperature, 18 is used
in thermostats, switches, and batteries. Mercury is toxic and can accumu-
late in the body, so it is rarely wed in modern thermometers, People have
died from mercury polsoning due o repeatedly eating Fish that lived in
mercury-contaminated water

Wl dxiall 6 Ao

The Colnage Metals

Es

Iing, Cadmiam, and Medoury
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Compare between the properties of metals and nonmietals, ldentify the nonmetal & metal part in different chemical compounds (ionic) using the
periodic table of element, compare between the alkali metals & alkaline earth metals

textbook, periodic table fig 15, figures 4, 7, 10, 13, 415, 424, 427, 430, 433

LESSON 2

NONMETALS

FOCUS QUESTION
What are the properties of a typical nonmetal?

Properties of Nonmetals

Muost of your body’s mass is made of ovvgen, carbon, hvdrogen, and nitrogen, as
shown in Figure 10. Calcium, phosphoras, sulfur, and chlorine are among the other
nonmetals. Nonmetals are clements that are pamnlly gases or solids at noom tempera-
ture. Solid nonmetals are not malleable or doctile, but ane brittle or powdery: Non-
metals are poor conductors of heat and electricity because the electrons in nonmetals
are not free to move as they do in metals.

Percent by Mass of Elements in the Human Body
the Blements in the Human Body ]

Figure 30 Homans are composed of mostly nonmatsis The me chart breals dows the reto of Slesenis n the
hurran body by mass fleft) These slements mostly (2 = Be sorenetal porbon of the penodic table Fght)
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Chiorine and bromine

The odor that vou sometimes smell near a swimming pool i chlorine. Chilorine
compounids, like those found in the tablet shown in Figure 13, dsinfect water. Chlorine,
the most abundant halogen, is obtained from ssawater at ocean-salt recovery sibes
Houschold and industrial bleaches that are used to whiten flour, dothing, and paper
also contain chlorne compounds

Bromine, the only nonmetal that is a hquid at room temperature, also & extracted from
compounds in seawaler. Some hot tubs use bromine compounds instead of chlorine
compounds to disinfect water. Bromine compounds were once used in cosmetics and as
Erequently.

Another bromine compound is osed to stady genetic material. such as DINAL The bro-
mine compound binds to the DNA in certain areas and acts 2 a sort of tag. Under
fluorescent light, the bromine compound sbsorbs the Meoreswent Bght and emits a
reddish visible light. as shown in Figare 13.

‘Emm

MName some uses of chiorine and bromine compounds.

lodine and astatine
lndine, a shiny purplegray solid at room temperature, & obtaned from seawater When
heated, ioding sublimes to a purple vapor, as seen in Figure 13, lodine s essential in vour
diet for production of the hormone thyrodn and to prevent goiter, an enlanging of the
thyroid gland in the neck . lndine compounds are also nsed as disinfictants

Astatine i the last member of group 17 It is radicactive and rare but has many proper-
ties similar to those of the other halogens. Because i is so rare in nature, scientists
possibility of nsing astatine’s radinactive properties to treat cancer.
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Describe changes of state in terms of the attractive forces, and energy of particles, Analyze all feature on heating curves. & Predict the cooling curve

textbook, figure 7 358
features for the same matter %, figu

‘ s

Heating curves

A graph of temperature v. time for heating of 1.0 kg of water is shown in Figure 7. This
tvpe of graph is called a heating curve. It shows how temperature changes over time as
thermal energy is continuously added. Notice the two areas on the graph where the
temperature does not change. At 0°C, ice is melting. All of the energy put into the ice at
this temperature is used to overcome the attractive forces between the particles. The flat
line on the graph indicates that temperature remains constant during melting.

After the attractive forces between the particles of the solid are overcome, the particles
move more fre_ely, and their temperature increas?s. At 100°C, water is boiling.: the tem- Heating Curve of Water
perature remains constant again, and the graph is flat. All of the energy that is put into

&

the water goes to overcoming the remaining attractive forces between the particles. o 120 €
When all of the attractive forces between the particles of the liquid are overcome, the ‘; 100 pr
energy goes into increasing the temperature of the gas. ‘é 22 F 4
& 40 21 C
IGEt It? %’ 20 d
Explain why the graph in Figure 7 is flat at b. = ol .
—-20
Time g

Plasma State

o o Figure 7 Although thermal energy is added at a constant rate, the temperature of the water increases only at g, ¢,
So far, you have learned about the three familiar states of matter—solids, liquids, and and e. At b and d, the added energy is used to overcome the attractions between the particles.

gaws. However, there is a state of matter beyond the gas state. [ is matter that has Infer how this graph would be different if 2.0 kg of water were being heated instead of 1.0 kg of water. How would
enough energy to overcome not just the attractive forces between its particles but also this graph be different if 0.5 kg of water were being heated?

the attractive forces within its atoms. The atoms that make up a plasma collide with such
force that the electrons are stripped off the atoms. As a result, plasmas are made up of
electrons and other charged particles.

You may be surprised to learn that most of the ordinary matter in the universe is in the
plasma state. Every star that you can see in the sky, including the Sun, is composed of
matter in the plasma state. Most of the matter between the stars and galaxies is also in
the plasma state. The familiar states of matter—solid, liquid, and gas—are extremely rare
in the universe.

11/12/2023 at 1:16 PM
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1 Differentiate between constant, control, dependent & independent variables and assign them in a given example (scenario)

textbook, table 1, figure 13

7,8,19

Form a hypothesis

AWi&Jpﬁn&Hcmmﬂ to a question or 3
possible solution to a problem based on what vou know
and what vou observe. When tryving fo find a betier
material o protect the space shuttle, NASA soenticte
looked to other materials that were used n somsler sstvs-
tions. Scentists knew that a ceramic coating had been
found o solve the guided missile problem. They hvpothe-
sized that a ceramic material might work on the space
shutthe als

Test a hypothesis

Some hvpotheses can be tested by making observations. |
(]iwﬂcmhrlrmdhhﬂdingl m‘lﬂdl‘ﬁﬁﬂﬂl‘ e taokyry Shenomesy = SCorpardy
o real-ife stuations. One common way o test a hvpothe-

<is i% b0 perform an experiment  An experimwent te<t< the

effect of one thing on another using a control

Variables An experiment usually contains at least two variables. A variable &5 a quantity
that can have more than a single value Table 1 summarires the tvpes of variables For

, numerous experiments aboard space shuttles and the Internatonal Space
Stafeom (155) have studied the effects of microgravity on plants. Before these experiments
could begin, scientists had to think of every factor that might affect plant growth. Each of
these factors is a variable.

is the dependent varishle becavse its value changes sccording to the changes i the other
variables. The variable that is changed to see how it will affect the dependent variable is
called the independent variable The microgravity is the independent variable Scientists
on the IS5 are using microgravity as an independent varable in other experiments a<
well, as shown n Figure 4.

Constants To be sure they were testing to see how microgravity affects growth. mission
specialicts kept the other possible factors the same A fartor that does not change i<
called a constant. The micrograity expenments wsed the same soil and type of plant
Addionally, each plant was grven the same amount of ight and water and was kept 2t
the same temperature. Tvpe of soil, type of plant, amount of Bght, amount of water, and
temperature were constants for this experiment.

Tabie 1 Types of Variables

changes aiiording 1o the change: of the mdependet
e

the vanabis that & changead o ==t the efec on e
cependent vanahie

a fartor that does Not Change when other vanahies
sl

Controls A control i the standard by which test results can be compared. After the
mission specialists gathered their data on the plants grown in microgravity, they
compared their resulis with the same types of plants grown on Earth’s surface with the
same constants. This comparison allowed them to analvze the data and form a conclusion
about whether microgravity has an effect on plant growth

B et

Identify What is the purpose of a control in an experiment?

Analyze the data

An important part of every investigation includes recording observations and organizing the
test data into easv-to-read tables and graphs. Later in this module, vou will study ways to

display data When you are making and recording observations, vou should indude all results,

even unexpected ones. Many important discoveries have been made from unexpected results.
Scientific inferences are based on observations made using scientific methods. All possi-
ble scientific explanations must be considered. If the data are not organized in a logical
manner, wrong conclusions can be drawn. When a scientist communicates and shares
data, other scientists will examine that data, consider how it is analyzed, and compare it
to the work of others. Scientists share their data through reports and conferences. In
Figure 5, a scientist is presenting his data.

Draw conclusions

Based on the analvsis of the data, the next step is to decide whether the hypothesis is
supported. For the hvpothesis to be considered valid and widely accepted, the experi-
ment must result in the exact same data every time it is repeated. If the experiment does
not support the hypothesis, the hypothesis must be reconsidered. Perhaps the hypothesis
neads to be revised, or mavbe the experiment’s procedure needs to be refined.

FgureS An ewcifing and nportart part of
e _\n.f-"?t-'}" Ln ] :"'!;"'"Q your ideart weih

s
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COMMUNICATING WITH GRAPHS

FOCUS GUESTION
When would you use a bar graph instead of a line graph?

AT ] TAim
A Visual Display

Scientists often graph the results of their experiments to make it easier to detect

in the data A graph is a visual display of information or data. Figare 13 = 2 graph that
shows the time and distance from home 2 a girl walked her dog The horizontal ais,
called the r-avis, mescres time Time s the independent vanable. becance a< it changes,
it affects the measure of another variable The distance from home that the gird and the
dog walk is the other variable 1t is the dependent varable and is measured on the
vertical axis, called the y-axis

Graphs are useful for displaving numerical mformation in business, science, sports,
advertising, and many evervday situations. Graphs make i easier to understand patterns
by displaying data in a visual manner

Scientists often graph their data to detect patterns that would not have been evident ina
table. Businesspeople mav graph sales dollars to determine trends. Different kinds of
graphs—line, bar, and cirde—are appropriate for displaving different tvpes of informa-
tion Additional information on makine and using sraphs can be found in the Math Skill
Handbook in the back of this book

Distance from Home Figare T Thes grase ik e sanry

of Be mofor T Dalee piaew e

3 g taars ter dog o @ Wt

a=i_ The deoerden! vanabie = on
% p-iin ind The Daenencent
el v oF T »odar

% Digtance

D GO OMNLINE 1 find Tuwr sciwiey, ind more nesources.
Lalx Who contributes carbon dhomde”

diferent ourtres

a‘mkﬂp Reading Graphs
Anshyre & grapt 1o dstErmne Sow Dy TeE | e b anderitans and detert o reen
L=l

Lesson 3 « Communcatng wih Graphs 19
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7 Define peer review, bias & blind experiment, to evaluate the effect on the guality of them on problem solving & scientific method texthook, figure &

Controis A contral is the standard by which test resultc can be compared. After the
mission spedalists gathered their data on the plants grown in microgravity, they
compared their resulic with the same tvpes of plants grown on Earth’s surface with the
same constants. This comparison allowed them to analvze the data and form a conclusion
about whether microgravity has an effect on plant growth.

B e

Identify What is the purpose of a control in an experiment?

Analyze the data
An important part of every imvestigation inchudes recording observations and organizing the
test data into easy-to-read tables and graphs. Later in this module, you will study wavs to

display data When you are making and reconding observations, vou should indude all resuits,

even unexpected ones. Many important discoveries have been made from unexpected results.
Scientific inferences are based on observations made using scientific methods. All possi-
ble scientific explanations must be considered  If the data are not organized in a logical
manner, wrong conclusions can be drawn. When a scientist communicates and shares
data, other scientists will examine that data, consider how it 5 analvzed, and compare it
to the work of others. Scientists share their data through reports and conferences. In
Figure 5, a scientist is presenting his data.

Draw conclusions

Based on the analysis of the data, the next step is to decide whether the hypothesis is
supported. For the hypothesis to be considered valid and widely accepted, the expen-
ment must result in the exact same data every time it is repeated. If the experiment does
not support the hypothesis, the hypothesis must be reconsidered. Perhaps the hypothesis
needs o be revised, or mavbe the experiment’s procedure needs to be refined.

ACANFEMIC VOCABULARY
Infer
to come o @ loger S conckeson Sesed on obsenvatinns and svdencs

Affer ofmenaing o trodf of onts in his ioichen, Joe inferred thot be o spilfed some Sogar

b Cany e
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Peer review

Before it & made public. scence-based information is reviewed by scientists” peers—
scentists who are in the same field of study. Peer review is a process by whach the
procedures and results of an experiment are evaluated by other scentists who are in the
same field 2= those who are conducting similar research  Reviewing other scenticts’
work B 2 responsibility that many scientists have.

Being objective

Scientists abso have a responsibility (o minimize biss in their investigations. Bias ooours
when a scientist’s expectations change how the results are analvzed or condusions are
formed. Bias might cause a scientist to select a result from one trial over those from other
triak. An exampie of bias would be presenting positive test results to promote 2 product
and withholding enfavorable results.

Scientists can reduce bias by running as many trials as possible and by keeping acourate
notes of each observation made. Rgure 6 shows a scientist who is researching a
medication’s effectivenssz. One way to reduce bias in this case would be to conduct the
experiment o that the researchers didn’t know which group was the study group and
which group was the control  This is called a blind experiment

Vahd experiments must aleo have data that are measurable. For example, a scientist
performing a global warming study must base his or her data on accurate meacures of
global temperature. This allkws others to compare the results 1o data they obtain from

sirnilar experiments. Most importantly, the experiment most be repeatable Findings ane
supportable when other scentists around the world perform the same experiment and

gt the same resulis

\Eﬁet K?

Define What is bias in science?




Identify the 51 base unit for different guantities (Time, length, mass, temperature, amount of a substance and electric current), and convert between
thiese units using the prefixes

tables 2 &3 13, 14
texthook, ’

Intermnational System of Units Tatie 2 Sl Base Units

In 1960, an improved version of the metric system was _

devised Known as the International Svstem of Units, ~ Length Tl m
this system is often abbreviated S, from the French  Mass | Miogam | W |
Lr Systemye Internationale d Uniies. All 51 standards are T ] s .
throughout the world. e e K
All of the uruts in Sl are based on fundamental Amountolsbstance == mole | mal |
phwvsical constants that are the same throughout the inensity of bght [E— - :

universe. For example, the standard meter equals the
exact distance that light travels throngh a vacuum in
17299, 792,458 seconds.

A base unit in Sl is one that is based on 2 universal phvsical constant There are seven
base units in SL The names and symbaols for the seven base units are shown in Table 2
All other SI units are derived from these seven mnits. The base anit of mass the kilogram,
wit revently redefined o be based on a conctant known 2= the Planck conctant

Sl prefizes
The 5l system is easy to ose becanse it = based on
multiples of ten_ Prefives are used with the names of L

the units to indicate what multiple of ten should be Deci- |

used with the units. For exampie. the prefix ki

means "1000," which means that one kilometer equals

1000 meters. Likewise, one kilogram equals 1000

grams. Because dec- means “one-tenth,” one decimeter
equals onedenth of 2 meter. A decigram equaks one- '

k 1000

4 | a1 |
Conts- - o0
M- | - | 0.001 |
Mecro- B 0L.000 DO
Nano- | n . 0000000001 |

tenth of a gram The mosl frequently tsed prefives are
shown in Table 3.

Bearw

Calculate How many meters i 1 km? How many grams i 1dg?

Converting between Sl units
Sometimes quantities are measured using different units. A conversion fackor s a ratio
that is equal to 1. It is used 0 change one unit to ancther. For example, there are 1000
ml in 1 L. so 1000 mL = 1 L. f both sides in this equation are divided by 1 L.
the equation becomes:
000 =L
i

To convert units, multiply by the appropriate conversion factor. For example, o convert
17551 wml  multiply 1755 1 by a comeersion factor Use the comversion Ector with
new units (ml) in the numerator and the old units (L) in the denominator.

000 il

T =DS5ml

12550 =

CONVERT UNITS How long. n centimeders, i a 3075-mm rope?

Identity the Linknowrn: rope length in cm
Lizt the Knowrd: rope ength @ men = 3075 mm
1m =100 cm = 1000 mm
Set Up the Problem: e e e
Sotve the Problem length in cm = 3075 mm x pee = 3075 cm
Checit the Answer Miilimeters are Smalier than Cenmelens. SO Mmaks Sure your

SNEWT I MM S Qreater Than the measurement in om. Becsuse S1
& Dasad on B0, e SNdwer N mm should differ fiom the eagh in
om by a factor of len.

PRACTICE Probiems
S If your pencil ks 11 &n long. how long & # in milimeters?

& CHALLENGE Some bids migrate 20 000 miles i 1 mile equals 16 diometers, calculate
the distance these birgs iy in klometers.

Measuring Length

The word kength is used in many ways. For example. the length of a novel & the nomber
of pages or words it containe In scientific meacurement, however, length is the distance
between two points. That distance mighi be the diameter of a hair or the distance from
Earth to the Moon. The 51 base unit of length is the meter {m). A baseball bat is about

1 m long. Metric rulers and metersticks are used o measure length. Figare 10 compares
a meter and a vard

Fipare 10 Ome meter = shorSy pnder thee | yeed, 2o 100 = = shetly onoer e 2 Dol fesd
Predict ety pou Sew Ky 2 FO0-= Sem® wonit? b Sty More o beid S o Sow o @ D0y Al

STEM CAREER Connection

Computer Systemms Anatyst

Computer syshems anafysh oy an orfancahor & Coman (oo ier sysieess angd opoCedtuess
i SR it 1o Relp B Sgatabon O il Sdry RCerSy ad clectvely

e P P oy S




State the features of water on the Celsius, Fahrenheit, and Kelvin temperature scales, and compare between them textbook, figure 12

Celsius

Look at Figure 12. For much scientific work, temperature is
measured on the Celsius (C) scale. On this scale, the freezing
puint of water is 0°C, and the boiling point of water is 100°C.
Between thise points, the scale is divided into 100 equal divi-
sions. Each one represents 1°C. On the Celsius scale, average
human body temperature is 37°C. and a typical room tempera-
ture is between 20°C and 25°C.

Kelvin and Fahrenheit

The 51 unit of temperature is the kelvin (K). Zero on the Kebvin
scale (0 K) is the coldest possible temperature, also known as
absoluie rero. Absolute rero s roughly equal o =273°C, which is
I3 C below the freezing point of water.

Most laboratory thermometers are marked only with the Celsius
scale. Because the divisions on the Celsius and Kelvin scales are
the same size, the Kelvin iemperature can be found by adding
273 o the Celsius reading. So, on the Kelvin scale, water freeses
at 273 K and boils at 373 K. Notice that degree symbols are not
used with the Kelvin scale.

Figure 12 Therse throe thermonertery duitiate e The lemperature measurement with which you are probably
three moal common temperatune scakes. The dofied  most familiar is the Fahrenheit scale. On the Fahrenhadl scale,
et show atachule ters. the beasng pont ol wale. by freering point of water is 32°F, and the boiling point is 212°F.

angd the boilieng pomt of mates ! ;
.
P i —— :::mmundd’lnnnnn on the Fahrenheit scale s 5/9° on

|E Check Your Progress
Summary Demonstrate Understanding
= The international System of 7 Explain why it is imporiant to have exact standards of
Units, or 51, was established 1o measurement
provide a standard of measure- 8 Make a Table Organize the following measurements from
ment and to reduce confuson smaliest 1o largest and include the multiplying factor for each.
= Conversion factors are used to kilometer, nanometer, centimeter, meter, and micrometer.
change one unit to another and
invoive using a ratio equal to 1 Explain Your Thinking
- The size of an object 9. Explain why density is a derived unit.
determines which unit you 10 LI Connection | Make the following conversions: 27°C
will use to measure it to kelbvins, 20 dg io milligrams, and 3 m to decimeters.
1. [[ZAEFConnection | What is the density of an unknown
metal that has a mass of 158 g and a volume of 20 mL? Use
Table 4 1o identify this metal

LEARNSMART Goonine to folow your personaiized learming path 1o review, praciice,
and remnforce vour understanding




1o Analyze and interpret data from given graphs textbook, figures 15, 16, 17 21,22.23
Circle Graphs Sources of Heat
Constructing line graphs . Experimental Data Tatie 7 Classroom Size . Classrcam Sire A circle graph. sometimes called a pie chart, is used to show how
In addition to choosing a scale that makes a graph readable, other n _ some fixed quantity is broken into parts. The circular pic represents
factors are involved in constructing useful graphs. The most import- &0 5 hmmﬂﬁw'hmdmnw.
ant factor in making a line graph is always using the r-axis for the Bso — 1 percentages
independent variable. The y-axis is always used for the dependent !..,-, o= — E] f “ Figure 17 illustrates how a circle graph could be used 10 show the
variable. Recall that the dependent variable changes in response to : n 2 3 ) 3 percentage of buildings in a neighborhood using each of a variety of
the changes that you make to the independent variable, and the P [ 1 2 [ s heating fuels. You easily can see that more buildings use gas heat
independent variable is the variable that vou change to see how it . 1 4 3 l, than anv other kind of system What other information does the
will affect the dependent variable. ﬂmnws::mn =T - 3 graph provide?
Volame | i 1
Another factor in constructing a graph involves units of measure- R I e 26 5 rum.mmqmmuumummmnmm
ment. You must use consistent units when graphing data. For MI o ks il ot et i ol | 27 | 2 } O e e e Wlhwdhmmwnh{l@#hth Figure 1T & cirthe graph shown Ihe difleient
example, you might use a Celsius thermometer for one part of your P — neighborhood. For each type of heating fuel, you divide the number ity of a whole quantity
npmﬂﬂindlhhrcnhritthﬂmrﬁrrhum!hﬁ But you S oESuRngs taing anch (ypn OF faut Ly e 0 (743, Than SISy
B, that decimal by 360" to determine the angle that the decimal makes

s \ F"m” P — I“ ikt nas s Figure 36 The height of sach bar cormesponds o the in the circle. For example, 18 buildings use seam. Therefore, 18 + 72

, PO TReRE yome ) w':“m"mm'”k“wwm = 0.25, and 0.25 % 360" = 90" on the circle graph. You then would
Once the data is plotted as points, a straight line or a curve is measure %" on the circle with your protractor. You can abo calculate
drawn based on those points. This shoulkd not be done like a that if this graph shows 50 percent of the buildings use gas, then 36
connect-the-dots game. Instead. a best-fit line or a most-probable Bar Graphs of the bulldings use gas (050 x 72 = 36).

smooth curve is placed among the data points, as shown in
Figure 15.

In the past, graphs had to be made by hand, with each point plotted
individually. Today, schentists, mathematicians, and students use a
variety of tools, such as computer programs and graphing calcula-
tors, to help them draw and interpret graphs.

APPLY SCIENCE

Make and Use Graphs
Line graphs. are usetul looks for showing the relation-
shag Bar an independent and & deprenaent

varable In an espenment. you checked the air
termperatune 8 cerain howrs of the day and recorded
it bn the dais table shown here.

igeritify the Problem
tame = independent varable
lemperature = dependent variable

Temporature n the depencent varable e suse

it varies with teme. Graph tme on the s-axrs and
temporatune on the yaca Mark egual increments
on the graph and inciude all measurements. Piol
each point on the graph by finding the time on the
x-auis and moving up untl you find the recorded
temperature on the y-axis Continue placing points on
the graph. Then, connect the points from kel 1o rght.

800 Am | arc 1
| 1Z2:00 rm | < |
| 400 Fu { 30°C |
Solve the Problem

1. Based on your graph, what was the temperature at
1000 A 7 What was the temperature al 200 P 7
2. What i the retationship between tme and
hempeed ature 7
3. Why is a kne graph a useful 100l for vewing this data?
A, For whast othes types of data might a Ine graph be
useful?

lla-un

line graph.

A bar graph is useful for comparing information or displaying data that do not change
continuously. Suppose you counted the number of students in every classroom in your
school and organized your data in Table 7. You could show these data in a bar graph like
the one in Figure 16. Notice vou can easily determine which classrooms have the groatest
and least numbers of students. You can also casily see that there are the same numbers
of classrooms with 21 and 22 students and with 25 and 26 students.

Bar graphs can be used to compare oil or crop production, to compare costs of different
products, or as data in promotional materials. Similar to a line graph, the independent
variable is plotted on the r-axis, and the dependent variable is plotted on the waxis.
Recall that you might need to place a break in the scale of the graph to better illustrate
vour results. For example, if vour data set included the points 1002, 1010, 1030, and 1040
and the intervals on the scale were every 100 units, you might not be able to see the
difference from one bar to another. If you had a break in the scale and started your data
range at 1000 with intervals of ten units, you could make a more accurate comparison.

Describe possible data for which using a bar graph would be better than using a

When vou create a graph, think carcfully about which type of graph

wous will use and how vou will present vour data. In addition, consider

the conclusions you may draw from your graph. Make sure your
conclusions are based on sound dormation and that vou present
your information clearly.

|E Check Your Progress

Summary Demonstrate Understanding

= Graphs are 8 visual represents- 12. identity the kind of graph that would best show the results
‘tion of data. of a survey of 144 people, of which 75 ride a bus, 45 drive

- Scipntists often graph their data cars, 15 carpool, and 9 walk 1o work.
1o detect patterns. 13. State which type of variable is piotied on the waxis and which

= Aline graph shows a relation- type is plotted on the jpanis,
ship between an indepengent 14 Compare and Conirast How are line, bag and circle graphs
and a dependent variable. similar? How are they different?

= Bar graphs are best used to Explain Your Thinking
by Counting. 15. Explain wiy the points in a line graph can be connected.

- l ' ﬂ MATH SElplil-amaiely b."'mlwm“““u
mhmﬂ;n:,:n of 245 people would rather drink orange juice than coffee in
into parts. the moming. Calculate the percentage of a circle graph that

orange-jukce drinkers would occupy.

LEARNSMAIRT Gooninetololiow your personsired leaming path 1o review, practice.,
and reinforce your understanding




i1 List the assumptions of kinetic molecular theory as explanation of how the particles in gases behave textbook

LESSON 1
MATTER AND THERMAL ENERGY

FOCUS QUESTION

How do changes in thermal energy affect the particles that
make up matter?

Kinetic Theory

You encounter solids, liquids, and gases every day. Look at Figure 1. Can you identify the
states of matter present? The tea is in the Bguid state. The ice cubes dropped into the lea
to cood it are in the solid state. Surrounding the glass, as part of the air, is water in the gas
state. How do these states compare?

Gas state

To understand the states of matier, we must think about the particles
that make up matter. Consider the air around you: it is composed of
nitrogen, oxyvigen, and water, along with other gases. These atoms and
molecubes—the particlhes that make up the air—are constantly moving,
The kinetic theary, also known as kinetic molecular theory, is an
explanation of how the particles in gases behave. To explain the
behavior of partiches, it is nevessary to make the lollowing assumptions:

1. All matter is composed of tiny particles (atoms, molecules,

and jons),
2. These particles are in constant, random motion. Figure | Water 5 2 sutntance thel con et in o
hie (oemwmDen ke OF muatias af Tl Lmer T
3. The particles collide with each other and with the walls of " - . s
any container in which they are held ..“waw T T —
4. The amount of energy that the particles lose from these
collisions is negligible

Figure 2, on the next page, dlustrates the kinetic theory. Because the particles of a
substance in the gas state are in conslant motion, colliding with each other and with the
walls of their container, gases do not have a fived volume or shape. The particles that

mﬂ:up:gﬂaﬁrﬁdmﬂmlhlﬂq!ﬂlm:mmﬂuvmm
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12 Differentiate between states of matter and describe the thermal energy associated with changing between these states

textbook 356, 357

Thermal energy is the total energy of a material's partiches. Thermal
energy B one of the ways enengy manifests at the macroscopic scale

It includes both the kinetic energy of the particles as well as their
potential energy. Energy from the motions of individual partickes and
energy from forces that act within or between particles are both forms
of thermal energy. Energy from the motion of an object as a whole
and energy from its interactions with its surroundings are not thermal

CNeTEY

Temperature

Temeperature is the berm used o explain how hot or cold an object is
lemperature represents the serage kKinetic energy of the particles
that make up a substance. On average, molecules of water al ('C have
less Kinetic energy than molecules of water at 100°C

What happens to a solid when thermal energy is added to it? Think
about the ioed water in Figure 4. The particles that make up the water
are moving fast and colliding with the particles that make up the ice
cubes, Those collisions transfer energy from the water to the oe. The
particles al the surface of an ice cube vibrate Easter, transferring

eneTgy 1o other particles in the ioe cube

Melting and freezing

Soon, the particles that make up the ice have enough kinetic energy

o overoome the attractive lorces hodding them in their crvstalline
structure. The ice melis. The melting point is the lemperature at which
a solid becomes a llqllul Energv is In{ul!nl for the parts s tin \ijp ot
of the ordered arrangement of a solid. The heat of fusion i= the enenny
required to change a substandce rom solid W bguid at its mi.'||:|.I:|!.: poini

Figure 4 W

H-' iransher of oner By T'lu'fl.u"'u p.1l1 W ||."\. el Iuiuu! I|:||u,1 |'\,|rl|.|. ll_"‘- ol =i -Enl
causes the ice to melt, but what happens to the particles of hiquid after
they collide wath thee solsd? They slow down because they have less
kinetic energy. As more of these collisions occur, the average kineti
encrgy ol the particles of the bquid decreases, and the bguid cools

Freezing is the reverse of melting. When a liquid’s temperature is lowered
the average kinetic energy of the molecules decreases. When enough
CIETEY has been removed. the molecules becomae Toed inito !_hhl.h-ln I e

freezing point is the temperature at which a liguid turns into a solid

ACADEMIC VOCABLH ARY | (559 CROSSCUTTING COMCEPTS
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How does a hgquid become a gas? Kemember that the partscles that
make ap a hguid are constantiv moving. When particles move st
enough o escape the attractive forces of other partscles, they enter
the gas state. This process is called vaporization. Vaporization can

occur N two wavs: evaporation and boiling The process m which

a gas become= a liguid i= called condensation. Condensation is the
reverse of Vaporizaton

Evaporation Evaporation ocours at the surface of a iquid and can
happen at nearly any temperature. To evaporade. partiches must be
at the bguid's surface and have enough kinetic energy to escape
the attractive forces of the Bguid

Boiling Shown in Figare 5, boiling is the second wav that a liquid e When T emengy oeals suffios
can vaporize. Unlike evaporation, boiling oocurs throughout 2 . ’ ; .
Bquid at a specific emperature. depending on the pressure on the e

surface of the lquid —

The boiling point of 2 bquid = the temperature at which the

pressufe of the vapor in the hagusd = egual b0 the echemal presssre acting on the surface
of the hguid. Thes external pressure pushes down on the bguid, keeping particles from
escaping. Particles require energy o overcome this pressure. The heat of vaporization i
the amount of energy required for the bguad at its bosfing point to becomse a gas

Sublimation Al certain pressures. some substances can change directly from solids into
gases withoot poing through the Rauid phace  Soblimafien i the process of a solid
changing directlv to a gas without forming 2 liguid Figure § shows frozen carbon diox
ude, also known as dry we, whach = a common substance that undergoes sublimatson




13

Differentiate between the principles that describe the behavior of fluids and relate them to daily life examples

textbook, figures 13, 14, 15, 16, 17, 18

362, 363, 365, 367, 368

LESSON 2

PROPERTIES OF FLUIDS

FOCUS QUESTION
What principles describe the behavior of fluids?

et | ¥

A
airplane o take off and Lnd on thewr decks. Despate their wesshis, these ships floas There =
Whiat is the force pushine up on the ship? It i called the boovant fosce I the baovant
force is equal to an object’s weight, the obyect will float If the buovant force s less than

an object’s weight. the object will sink. Buoyancy is the ability of a fluid—a Bquid or a
gas—4to ewrrt an upward foroe on an obyect mmersed it

i

v
LN

-y LIS O

Archimedes’ principle Suoyar

In the third century 5.0, 3 Greek mathematician T'.E lr

ramed Archimedes made a discovery about ==

force an an obyect s equal to the weight of the Buoid l

displaced by the object. For example, i vou place 2

block of wood in water, i will push water out of the E——

wan' as it begins o snk—but only until the wesshe

of the water desplaced equals the block's wenght

When the wesght of water dieplared —the buswant

foroe—becomes equal to the weight of the Block, the W gt
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7 identify Crosscutting Concepts:

Comparing buoyancy and weight
Look again at the wood and steel blocks in Figure 13. They both displace the same

wolume and weight of water when submerged. Therelore, the buovant forces on the
blocks are equal. Yet, the steel block sinks and the wood block floats. What is different”

The steel block weighs much more than the wood block. The gravitational foroe on the
steed block is enough to make the steel block sink. The gravitational ferce on the wood
block is not enough to make the wood block sink.

Density and buoyancy
Omne way to know whether an object will float or sink is to compare its density to the
density of the fluid in which it is placed. An object floats if its density is bess than that of

the fluid. Remember that density s mass per unit volume. The density of the steel block
s greater than the density of water. The wood block’s density is less than that of water

Suppose you formed the steel block into the shape of the hull of a ship filled with air, as
shown in Figure 14. Mow the same mass takes up a langer wolume. The overall density of
the steel boat and air is less than the density of water. The boat will now float

lﬁﬁatn?
Expilain why a steel block sinks but a steel ship floats.

rnd Pressuyre

ascals ncipie a #

Blaise Pascal (1623-1662), a French scientist, discovened that pressure applied to a Muid is
trarsmitted throughout the Muid. This is why when vou squeeze one end of a toothpaste
tube. toothpaste emenges from the other end. The pressure has been transmitted through
the toothpaste. In order to understand Pascal’s principle, vou must first understand

pressure

Figure W The overall cemsity of & Wrpe whip i lower than the demity of water bec ause ity empty hull contam
MOLDYy X
et Wity o Bocf Connod B¢ SO0e O Wi Shee

Pascal's principle

The idea that pressure is transferred through a fluid can be written
as an equation: pressure in = pressure out Since pressure i force
over area, Pascal’s principle can be written another way.

FF_
ATA
Piston 1 Pi=ton 2
Hydraulic lifts Auto repair shops often make use of hydraube Lifts, P=8
which move heavy loads in accondance with Pascal's principle i
A pipe that is filled with fluid connects small and large cyfinders :‘E - _:_f:_j__ SR ':ce £

as:hmnmf"mlil'rnm;pph:dn:l}u‘amalq'hnhis —
trans<ferred through the fhad and to the larpe cvlinder With a

hydraulic lift, vou could use vour wesght to Eft something much
heavier than vou

CALCULATE FORCES A hydraulc Bt 5 used o ift & heavy machine that & pushing down on a
2 8-m" piatform with a fosce of 3700 N What force must! be exarted on a 0072-4m” picton 1o it the
heavy machene?

List the Unkmowns: force on piston: F_
List the Knowns: force on platioem: F_ = 3700 N

meaof pattorm A__ =28 m*

area of pston A_ = 0072 m*
Set Up the Problem: ;l=;=

F IT00N

Sabve the Problem: F_-l:c}n_-[m}m—‘-ﬂﬂ
Check the Answer The rato of the forces chould be the sams a< the rato of the arsas.

The area of the platiorm & sbout 40 tmes the ares of the piston.
Therefore, the force on the platform chosdn he shout 40 mes, the
force on the pton. 3700 N = showt 40 times grealtes than 95 N
50 they NSwer S reasonabie

PRACTICE Problems K ADOIMIONAL PRACTICE

L. A car weighing 15,000 N & on a hydraulic B platform measuring 10 m™ What is the
area of the smaller pision if & force of MO0 N & used 1o R the car?

1. CHALLENGE A heavy crale appios a force of 1500 N on a 25-m piston. The cmailier
peston & V30 the size of the lrger one. What force s needed 1o It the crate?




13 Differentiate between the principles that describe the behavior of fluids and relate them to daily life examples textbook, figures 13, 14, 15, 16, 17, 18 362, 363, 365, 367, 368

—————————

LESSON 3

I - 1
Vi LY
Another property exhibited by a fluid is its tendency o flow
While all fluids flow, they vary in the rate< at which they fow.
Viscosity is the resistance of a fuid to Mowing. For example,
when you take syrup out of the refrigerator and pour it. as
showan in Figure 18, the flow of svrup is show. But if this syrup
wore heated, ot would flow much faster. Water flows casily
because it has low viscosity. Cold svrup flows slowly because
it has high viscosity

BEHAVIOR OF GASES

FOCUS QUESTION
How do gases respond to changes in pressure and temperature?

— ' —
= e TTE - ¥ F Talel =l
et

What causes viscosity? When a container of bquid is tilted to
allow flow to begin, the flowing portion of the liquid transfers . .
energy 1o the portion of ihe liquid that is stationary. In effect,
the flowing portion of the hq'l.nd is pulling the stationary
portion of the liquid, causing it o flow, too.

e’ = = LRV ¥ e - = & =

Tk - -
Figuare W This maple syrup Sown 4

o Have vou ever sevn a weather balloon. ke the one shown in Figare 197 They carry
identity oifer esompsn of by (DETE sensing mstrumends o very high altitudes to detect weather nformation. A weather
balloon is inflated near Earth's surface with 2 low-density gas

Recall that a gas completedy fills s container The balloon rernains nflated becavse of
collisons between the gas particles inside the balloon and the balloon itsell. In other words.
these collisions between gac particles and the container wall cauce the gas o ewert presure
on the container. As the balloon rises, the atmosphernic pressure outside the balloon
devresses. This decrease in pressure allows the balloon o evpand, sventually reackheng a
volume between 30 and 200 times its origmal size. Boyle's Law describes. the relationship
betwern gas pressure and volume that explains the bebavior of weather balloons

li the flowing portion of the liquid does not effectively pull the other
portions of the hquid into motion, then the ligquid has a high viscosity,
which is a high resistance to flow. If the flowing portion of the bguid pulls
the other portions of the bguid nto motion easily, then the Bguid has low

viscosily, or a low resistanoe bo fow

o b

0060 m7 if the platform being kfted has an area of 3.0 m*?

I EARKDODRMART

Fats rbemtn, B Rl e Lo ot b Bt ki

|& Check Your Progress Eoaw
Describe what happens o weather baloones a< they ree.
« If the buoyant force on an 13. Describe how fluids exerl forces on objects.
object 5 equal to of greater 1. Explain why a steel boat floals on water, but a steel block
than the gravitational force on does not
that object, the object will fioat. 15. Expisin why squeezing a plastic mustard bottle forces mus-
if the buoyant force on an tard out the top
object is less than the gravita- 7 2
tional force on that object, the ﬁ.ﬂﬂﬂhmmw.hﬂnm“m Figue 18 Aweathe
object will sink off of buildings. Sabe S AES 8
- Pascal's principle states that Explain Your Thinking e i
pressure applied to a fluid is 17. infer If you blow up a balloon, tie & off, and release it, it will Evertiaty e hadce
ransmitted throughout the fluid. fall to the floor. Why does it fall instead of float? Explain what wtureL I
Bernoulli's principle states that would happen if the balloon contained helium instead of air. S
85 the vlocky ot & fuld 8. [EERIFConnection] The density of water is 1.0 g/cm’. How -
increases, the pressure exertied many kilograms of water does a submerged 120-cm® block
by the fuid decreases. displace? Recall that 10 kg weighs 9.8 N on Earth. What is the
he ORI Sow Dy & i Suoye i :!mﬂ:het Dewt ) L £ tse you Sommce Joemi© | {03 G0 OMLINE fo find s ackvibes 250 more siowes
s cafled viscosty. & To it an object weighing 1000 N, recon e vcice o coec i o
how much force = needed on a piston with an area of you cofpiete Sa redciings st &::’ oo the el of chipts s guessens il Songehare o8 &
artivitees i this ieson. i

wage Of 4 g
Ryt the Encowrrter the Phenomenson Queston
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14 Calculate pressure from force and area, and apply pascal's principle on hydraulic lifts to find force or area

Textbook, Example problems 1 &2, practice problems 364, 365

Pressure

Right now, pressure from the air is pushing on vou from all sides, like the pressure you
feel underwater in a swimming pool. Pressure is foroe exerted per unit area.

mw
mm-ﬁ
P=5

The 51 unit of pressure is the pascal (Pa). Because pressure is the amount of force divided
by area, one pascal is one newton per square meter (N/m’). Most pressures are given in
kilopascals (kPa) because 1 Pa is a very small amount of pressure.

EXAMPLE Probiom 1

CALCULATE FORCE Aimospherc pressure al sea lovel & about 101 kPa. With how much total
force does Earni's atmoiphee push on aN avedage Maman being ol sea leve? Assume that the
surtace area of an average human is 180 me.

List the Unknown: force F

List the Knowns: pressure: P o= 101 kPa = 101,000 Pa
area A = 1.80 m*

Set Up the Problem: P=%

Solve the Problem: 101,000 Pa = 15e—

F = 101,000 Pa = 1L.B0 m*
-mn-m-mﬁ.-pﬁmu

Check the Answer: You've sét up your eguation commectly if the units ame the
b O Bolh sidei: units of predsuie = Pa = Nm’, and
{units of forcepjunits of area) = Minr. The units on both sides
of the equation match. Now, just double-check the calculation.

PRACTICE Problems

B. A diver who is 100 m underwater experiences a pressure of 202 kPa. If the diver's surfsce anea is
150 m’, with how much total force does the water push on the diver?

9. A car woighs 15,000 N, and its tires are inflated 1o & pressure of 190 kKPa. How large i the ses of the
car's tires that are in contact with the road?

0. CHALLENGE The atmosphenic pressure af the surface of Venus & 91 imes the pressure 8l seas evel

on Earth. With approsdmatedy how much 1o0sl force would Venus's aimosphene push on an aversge
human being at sea level? Assumne that the surface area of an sverage human being is 18 m*.

SCIENCE USAGE w COMMOM USAGE

pressure

Science wsoge force per und aea

Incredsing e Pr¢LSON O 8 O CRCHPSeT @Y WOk

Comman wioge: the burden o phywcal o mental stess

Teochen offen leel o lof of pressore o hedp thes sipdents do wed in schood

Pascal's principle

The sdea that pressure is transferred through a fluid can be written
as an equation: pressure in = prisssure out Since pressure s force
over area, Pascal's principle can be written another way.

Pascal's Principle

input force N = output force ) A,
input ares (AT outpust are =)

Pston 1 Fiston 2
Hydraulic lifts Auto repair shops often make vse of hydraubc lifts, P=R
which move heavy loads in accordance with Pascal’s principle. = The e —
A pipe that s filled with fluid connects small and large cylinders, oo = PSS Rt
as shown in Figure 15. Pressure applied to the small cvlinder is e
transierred through the fod and to the large oviinder Witha
heavier than vou.

EXAMPLE Probiem 2

CALCULATE FORCES A hydraukc ¥ 5 used o Bt & hedvy machine that 5 pushing down on &
2 8 o' platform with & force of 3700 N What force Mot be emsrted on & QO072-m’ pecton to 6t the

ey TR ?
izt the Uinirowrs: force on piston: F_
List the Knowns: force on platior: F_ = 3700 N
area of platiormc A__ = 28 m*
area of peston: A_ = 0072 mr
SetUp the Problem: 1= = 2=
Seive the Problem !_-('E')l_ =(T3g7 ) 0om2p =95 N
Check the Answer: The rabo of the forces shoubd be the same as the rabo of the areas

The area of the platiorm s about 40 Bmes the aréa of The piston.
Therpiore, The force on T platiorm Should be about 50 Bmes e
force on the pecton. 3700 N = about 40 mes greater than 95 M.
30 the answer & reasonable

PRACTICE Problems

L A car weighing 15.000 N = on a hydraulc lift platform measuning 10 m”. What is the
area of the smaller piston if a force of OO N & used 10 BN the car™

2. CHALIFNGE A hoavwy crate appie= a force of 500 N on 2 25-m° picton The cmaller
piston is V30 the sire of the larger one What force s needed 1o B the crate?




Volume and pressure

Because a balloon i= flexdble. its volume can change. In the case of the weather balloon,
the volume increases as the external pressare decreases. The volume of the gas inside the
weather balloon confinues to increase until the balloon can no longer contain it At this
point, the balloon ruptures. and the sensing instruments it was carrving fall to the
ground.

From the weather balloon, we know what happens to volume when vou decrease pres-
sure. What happens to the pressure from a gas of vou decrease its volume—for example,
by decreasing the size of the container in which the gas is held” Think about the kinetic
theory of matter. The pressure from a gas depends on how often its particies strike the
walls of the container. If you squeeze gas into a smaller space. its particles will strike the
walls more often, causing increased pressure. The opposite is also true. If vou give the
less often, and the pressure from the gas will be reduced.

Ilsnu?

Expiain the reiationship between pressure and volume.

Robert Bovie (1627-1691), a British scientist, described this v of gases According
to Boyle's Law, if vou decrease the volume of a container of gas and hold the temperature
constant, the pressure from the gas will increase. An increase in the volume of the
container causes the pressure to drop i the remains constant Figare 20
shows this relationship as the volume of 2 gas E decreased from W0 Lo 5 Lto 251 Note
the points on the graph that correspond to each of these volumes.

l & Pressure-Volume Changes
W
]
3 B
I E' A | JE00Wa Sy
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Figure 20 As volume = SeCreseed 3 GBS SweTls SO [FESEE OF D i of 81 [oetaee The M
CEyEtET &E depared on the grant
Imberprel Whot foppers I B obeme of £ gos f e sressrs on P oo = doades”

Relate Boyles and Charles' laws to observations of gas behavior, and apply the laws to calculate final volume using pressure or tempreature for a
system

An equation for Boyle's law
Bovie's law can be expressed with a mathematical When the lemperature of a
gas is constant, then the product of the pressure and volume of that gas does not change.

Boyle's Law Equation
initial pressure x initial volume = final pressure > final volume

PV, =PV,

The product of the initial pressure and volume~designated with the subscript i—is equal
to the product of the final pressure and volume—designated with the subscript £ You can
use this equation to find one unknown value when you have the other three. The equa-
tion will work with any units for either volume or pressure as long as you use the same
pressure units for P and P, and the same volume units for V and V,

B et
Show how 10 write the Boyle's law equation whan it is solved for the final pressure
of agas.

EXAMPLE Problem 3

BOYLE'S LAW A wealher balloon has a volume of 1000 L when i i released from sea level,
whote the pressure i 107 kPa. What will be the balloon's volume when it reaches an altitude whare
the pressure i 43 0 kPa?

Identify the Unknown: final volume: V,
List the Knowns: initial prossure: P = 101 kPa
initial volume: V, = 100.0 L

ol pressure: P, = 43.0 kPa

vo=v(z)

Solve the Problem: ﬁ-ﬂnt{ﬁﬁ)
=251
Check the Answer: You can do & quick estimale 1o check your answer. The pressure was

slightly more than hatved. Therefore, the volume should sightly more
than double. The final volume of 235 L i shightly more than twice the
initial volume of 100.0 L. Therefon, the andveer se0ms foasonable.

20. A volume of holum occupies 1.0 L af o pressure of 98.0 kPa. What & the new volume if
the pressure drops 10 86.2 kPa?

2. CHALLENGE A weather balloon has a volume of 90.0 L when it is reloased from sea
level What is the atmosphernic pressure on the balloon when it has grown to a size of
msoLw

textbook, figures 208 21, Example problems 3 &4,
practice problems

Figere 11 A1 the temper stare of 2 Lampls of G st

- L comLint previae Scrnini., he eskone sl iRcreaies

00 ._I‘_.\‘I The Gottied by eprrmt os gLt of eapar e
iai dta Neotere thal ol the eviiapolated ines comerge
gm — g @i
o e ], Iy s gt R B e T i R
im-li 5
‘. = -
m:‘-f-" - &3
ATl NN INEEm
- WO WO 200 IS0 30 3O
Tempersture (K]

Charles’s Law—Temperature and Volume

I you've watched a hot-air balloon being inflated. vou know that gases expand when
they are heated. Jacques Charles (1746-1823), a French scientint, also noticed this.
According to Chardes’s Law, the volume of a gas increases with increasing temperature as
lorgg as the pressure on the gas does not change. As with Bovle's Liw, the reverse is also
true. The volume of a gas shrinks with decreasing lemperature, as shown in Figure 21.

Explain the relationship between the temperature and volume of & gas.

The kinetic theory and Charles’s law

Charles’s law can be explained using the kinetic theory of matter. As a gas is heated, the
particles that make up that gas move faster and faster. Because the particles that make up
the gas manve faster, they strike the walls of their container more often and with greater
force. In the hot-air balloon, the walls have room o d. S0 instead of § v
increasing, the volume increases.

'G-II!

Describe How does the kinetic theory of matter expiain Charies’s low?

An equation for Charles’s law

Like Bowle's law, Charles's law can be mathematically. When the pressure on a
s is constant, then the ratio of the volume 1o the absolute temperatune does not
change. The absolute temperatuere is the temgp d i ket

Chatles’s Law Equation
S — R
v
=¥
This shosws that the ratio of the initial volume to the initial temperature is equal o the

ratio of the final volume to the final temperature. Remember that temperature must be in
kelvins.

369, 370, 371, 372




15 Relate Boyles and Charles' laws to observations of gas behavior, and apply the laws to calculate final volume using pressure or tempreature for a textbook, figures 208 21, Example problems 3 &4,

. 369, 370, 371,372
system practice problems

USE CHARLES™ LAW A 2.0l balicon at room temperature [2000°C) = placed in a refrigerator at
3.0'C. Whal is the volume of the balloon after il cools in the refrigoraton?

Ideritily the Liniknown: final volume: V'

List the Knowns: initial volume: V = 2.01L
initial temperature: T = 20°C = 200°C + 173 = 293K
final temperature: T, = 30 C=30C+ 373 = I K

v
SetUpthe Problem: 5 = 1
s By
v.=v(z)
Solve the Problem: v,-:.nl..[%ﬁ]
=19L
Check the Answer: A good Wiy 10 Chock your andwsr R e B thicugh exparmoent’ i

you place a balloon in a refrgeratod, you will notice that the badsioon
shrindcs, but not very much. This is consistent with our answer abowe.

PRACTICE Problems ‘, ADDITIONAL PRACTECE
2. Whiat weoukd be the final size of the balloon in the example problem above | 1 were
placed in a =18'C freezm?

23. CHALLEMNGE A gas B hoated 50 that it expands from a volume of 10 L 19 a volume of
1S L o the initisl temmparature of the gas was 5.0°C, then what & the final temporatune

of the gas?
|E Check Your Progress
Summary Demonstrate Understanding
» Boyle's law states that i the 24 Describe what would happen 1o the volume of a gas if the
temperature is constant as the pressure on it were decreased and then the gas’s tempera-
wvolume of a gas decreases, the ture were increased.
pressure increases. 25 Predict, using Boyle's law, what will happen to a balloon that
« Charles's low states that at an ocean diver takes 1o o pressure of 202 kPa.
constant pressure, the volume
of a gas increases with increas- Explain Your Thinking
ing temperature. 26_Predict what would happen to the volume of a gas if the
. Boyle Charles's pressure on that gas were doubled and then the absohute
:Tﬂnhlmllm temperature of the gas were doubled.
matical equations. 27 [ALP Connection] A helium bafloon has a volume of
2.00 L at /01 kPa. As the balloon rises, the pressure drops 1o
§97.0 kPa. What is the new volume?

28 [[TSIIF Connection] if a 5.0-L balloon at 25°C were gently
heated to 30°C, what wouild be the new volume?

LEARNSMART Goonine o follow your personalized learming path 1o review, pracice.
and rerfoice your understandng.
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Diffrentiate between physical and chemical properties and list examples on them

Textbook, figures 13, 14,17 386, 3BT, 380
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17 State the law of conservation of mass and calculate the masses of the products and reactants of simple chemical reactions

textbook, fig.19, example problem 1, practice problem 7 391, 392

o Ml o Al L S b

The Conservation of Mass

Wood burns, which means it undergoes combustion. Combustion is a chemical change.
Suppose vou burn a large log in a fireplace until nothing is left but a small pile of ashes.
Smoke, heat, and light are given off, and the changes in the composition of the log
confirm that a chemical change ook place.

At first, you might think thal matter was lost as the log burned because the pile of ashes
looks much smaller than the log looked. In fact, the mass of the ashes is less than that of
the log. However, suppose that vou could collect all of the oxvgen in the air that was
combined with the log during the burning and all of the smoke and gases that escaped
from the burning log and measure their masses too. You would find that no mass was
kst after all

Masa is not gained or lost during any chemical change. In fact, matier is neither created
nor destroved during a chemical change. According 1o the law of conservation of mass,
the mass of all substances that are present before a chemical change. the reactants,
equals the mass of all of the substances that remain after the change, which are called
the products. The number and type of stoms do not change, they are just rearranged.
The fact that atoms are conserved, together with knowledge of the chemical properties of
the elements involved, can be used o describe and predict chemical reactions

The Law of Conservation of Mass
total mass of the reactants = total mass of the products

Figure 19 illustrates the law of conservation of mass. Solid sodium bicarbonate in the
balloon reacts with liquid bydrochloric acid in the flask. A gas. carbon diovide. is
released and expands the balloon. Without the balloon in place, the gas would escape,
and yvou might think thal mass was not conserved. With the balloon to collect the gas,

the mass on the scale remains the same. The mass of the reactants is the same as the

mass of the products.

&

CALCULATE TOTAL MASS OF PRODUCT When hydrogen reacts with chiorine, the only product
is hydrochionic acid. If 18 g of hydrogen react compiletely with 633 g of chiofine. how many grams
of hydrochionc acid are formed?

Identity the Unknowr: mass of hydrochloric acid

List the Knowns: mass of hydrogen = 18 g
mass ol chionne = 633 g
Set Up the Problem: total mass of the product = total mass of the reaclants
mass of hydrochionc acid = mass of hydrogen + mass of chionine
Solve the Problem: marss of hydrochion: acid = 18g + 633 g
The mass of hydrochloric acid is 651 g
Check the Answer: The mass of reactants and products are equal because he equation

wirs 5t up according to the law of conservation of mass.

PRACTICE Problems W ADDITIONAL PRACTICE

7. When mathane reacts with aegygen, the products are carbon dioxide and water, How
mary groms of waler are formed il 24 g of methane reacl completely with 96 g of
axygen 1o form 66 g of carbon dioxide?

B. CHALLENGE Sulhw diowide reacts with broming and waler 1o produce hydrogen
bromide and sulfuric acd. i 641 g of sullur diowide react complately with 159.9 g of
bromine and an unknown amount of water 1o form 1619 g of hydrogen bromide and
981 g of sulfuric ackd, then how many grams of water react?

|& Check Your Progress
Summary Demonstrate Understanding
+ Physical properies can be used 9. Explain why evaporation of water 5 a physical change and
to distinguish and separate not a chemical change.
substances. 10. Identify four physical properties that describe a liquid. identify
+ A chemical change is some- a chemical property.
times indicated by cooling, ™. Explain how the law of conservation of mass applies to
heating, or formation of solids chemical changes.
or bubbles.
« The law of conservation of mass  Explain Your Thinking
states that matter is neither 12. Determine Does the law of conservation of mass apply o
created nor destroyed in a physical changes? How could you test this for melting ice? For
chemical reaction the distilation of water?

6. AR Connection]  Bismuth and fluorine react to form
bismuth fluoride. if 41796 g of bismuth reads completely with
113.99 g of fluorine, how many grams of bismuth fluoride are
formed?

LEARNSMART Goonine to folow your personaiized ioaming path 1o review, pracsice,
and reinforce your understanding.

Figure 19 The reaction between sodium baarbonate and ipdrochioric sod produces carboe domsde gas
winch = tllecied in the balloon

Phner reilen i rme o B bt by o ped b mu s S v S pe e §



18 Use the relationship between the atomic number, and the mass number to find number of protons, electrons, and neutrons for a given element from Textbook, table 4

the periodic table

H:Hmlﬂ

Enunm
LR RE

Recall that an element is made of one tvpe of atom_ What determines the type of atom?
In fact, the number of protons identifies the type of atom. For example. every carbon
atom has oy protons. Aleo, any atom with six protons is a carhon atom . Asoms of differ-
are ooovgen abome

EG:I:II‘

Descibe what determines whether or not an Aom is boron.

The number of protons in an atom's nucleus is equal to its atomvic number. The atomic

number of carbon i six. Oxygen's atomic number is eight. as shown in Table 4. There-

fore, if you are given any one of the following—the name of an element, the number of

protons for an element, or the atomic number of an element—vou can identify the other
Bwn,

For example. o your teacher sshed vou to identify an atom with an atomic number of 11,
vou would know that the atom has eleven protons, and it is sodium, as indicated in
Table 4.

Eoeaw

interpret Table 4 to identify the name and the atomic number of the element
with 29 protons.

Mass Number

The mass number of an atom is the sum of the number of protons and the number of
meutrons in the nuclkeus of the atom.

Mas= number = number of protons + number of neutrons

For exampie. you can calculate the mass number of the copper atom Ested in Table 4
29 protons plus 34 neutrons equals a mass number of 63.

Also, if vou know the mass number and the atomic number of an atom, vou can calcolate
the number of newtrons in the nuclens. The number of newtrons is equal o the mass
number minus the stomi: number. In fact, i you know two of the three numbers—mass.
number. aioemic nusmber, and number of neutrons—yvou can always calculate the third



13 Explain how the isctopes of an element are alike and how they are different

textbook, figure 7 406, 407

Isotopes

Atoms of the same clement can have different mass numbers. For example. some carbon
atoms have a mass number of 12, while other carbon atoms have a mass nomber of 14.
The number of protons for each element never changes. So, fior an atom’s mass number
to differ, the number of neutrons must change. Atoms of the same clement that have
different numbers of neutrons are called isolopes.

ﬁﬁetl?

identify What are isotopes?

To identify Botopes, soenticts write the name of the dement followed by the sotope’s
muass number. Carbon with a s number of 12 is written a< carbon-12 Carbon-12 has
six protons and six neutrons. Carbon-14 has six protons and eight neutrons. Carbon-12
and carbon-14 are sotopes of the dement carbon. Some properties of carbon-12 and
carbon-14 are unique due to differences in the number of neutrons that each isotope
contains. For example, carbon-14 is radioactive, bot carbon-12 is not.

Ecar

Cornpare the following Soiopes of chiorine in terms of mass number, number of
protons, and number of neutrons: chiorine-35 and chionne-37.

Suppose vou have a sample of the element boron. Naturally occurring isotopes of boron
have mas numbers of 10 or 11. How many neutrons does each BSotope contain? Locate

boron in Table 4 on the previous page. and determine the number of prolons in an atom
of boron . You can then cabryslade thost bawrorn-10 hos five nestrons and boron-11 has siv

Some BOopes e rAckoactve which means they

decay ower tme. The time that & takes for haif of Lranum- 2528 Leas 208 447 bilius yours_ |

radioactive isotope 1o decay imo ancther sotope Argon-a0,

= callect Bx hatf e Soentis e the half bves of Potasskom-40 | .  aeq | 26DEonysas |

radactive i <] e 1 1
EROPEs 10 meaRre gegiogc : as

Ideviify the Problem [Caton™ = Maogen¥ | ST30yeas

The tabée o the ot shows the hail-bves of come

radcactive sotopes [parent Sokopes] and the

For exampie. # would taie 5730 years for bl of the 1 How many years would it i for falf of the

carbon-H Moms in 2 sampie o change iInto atoms rubictesn-87 soms n a2 peece of rock 1o change nto

of nitrogen-H._ After another 5730 years half of the Srorlen-B77 How msry yeins would 2 take for

_qm:n-m—!mm. hree-fourtts of the stams to change?

Becaurse the rusmber of carbon-M stoms changes Afer period i parent

wtui the rumber of Carhon- 12 stoms does not e 1-;"&‘_:*!.##&;1_“

ratio of e number of carbon-1 atoms 1o carbon-12 —ary RIS o WL DU Drecet the ook o oeT

ot can be vsed 1 Srtermine the ength of e
that has passad.

Average atomic mass

raturally occur 25 more than one sotope, each slement
can be described by an average atomic mass of the
sotopes. The average atomic mass of an slement = the
of an element, measured in atomic mass units (amu),
according to their natural absndances.

For example 80 percent (four out of five) of baron atoms
are boron-11. and 20 percent (one out of five) are boron-10.
The following calculation gives the weighted average of M B SEatlis

these two masses. Thee twen sotopes SFor by ons eubon, Most raturaly
%m_‘_r%m e orrurTeg eemerts hive more Man one nabwaly OCOETRG

The average atomic mass of the dement boron is i e

108 amn Note that the average atomic mass of boron is

closer to the mass of its more abundant sotope. boron-11

EG&!H‘!

Define average atormec mass, and explain how it 5

calculated.

|& Check Your Progress

« Protons and neutrons make up 6 Determine the mass number and the atomic number of &
most of an Stom's mass. chiorine atom that has 17 protons and 18 neutrons.

- Each element has a unique 7. Expiain how the Soiopes of an element are afike and how
number of protons. they are different

= Atoms of the same element with B. Explain wiry the atomic mass of an element 5 a weighted-
different mumbers of neutrons SFErSge mass.
are called sotopes. 9 Calculste the number of neutrons in potassam-40.

» The average atomic mass of an

clement 15 the weighted aver. Explain Your Thinking

age mass of all naturally ocour- 0. Explain Chiorne has an average atomic mass of 35.45 amu.

fing isotopes of that eiement. The two naturally octuming sotopes of chilonne are chionne-35
and chiorine-37. Do most chionne atoms contain T8 neutrons or
20 neutrons? Why?

n EXAER Connection| Use the informaton in Table 3 on

page 404 to determine the mass in iilograms of each

LEARNSMAIRT  Soomne o follow your personaiined lesming path 1o review, practics.
e




Define row and group in pericdic table of elements, explain common physical and chemical properties of elements within a group and/or a row, link

20 the location of the element to the number of valency electrons and atomic number in order to explain why elements in the same group have similar texthook, fig. 11 & 13 412, 414
properties.
’ : Filling higher rows The second row starts with lithium, which has three
The Atom and the Periodic Table P Paa— electrons—two in the first energy level and one in the second energy level.
e Lithium is followed by beryvllium, with two outer electrons, boron, with

such as element name. symbol, atomic number, and 2tomic mass. A
typical box is shown in Figure 10. As vou have learned, dlements on the

periodic table are organized based on similarities in their physical and
chemical properties. The horizontal rows of elements n the periodic
table are called periods and are numbered 1 through 7. The vertical

e W) Each bex on the perodic table
many, and i vt of mater

three, and so on. Neon has a
outer electrons. Electrons begin filling energy bevel 3 for elements in the
Electron dot diagrams

Elements in the same group have the same number of electrons in their

columns in the periodic table are called groups (also called families), and
they are numbered 1 through 18. Hements in each group share similar
properties. For example. the elements in group 11—induding copper.
silver, and gold—are all umilar. Each element 15 a shiny metal and a good
conductor of heat and dlectricity. Why are these elements so similar?

arpgen?

Electron cloud structure

You have kearned that each atom has a charged substructure consisting of
a nuclews that is made of protons and neutrons. But where are the elec-
trons? How many are there? Because an atom does not have an overall
charge, the number of electrons is equal to the number of protons.
Therefore, a carbon atom has siv protons and sy dectrons. An oovgen
atom has eight protons and eight electrons. Blectrons surround the
nucleus and are located in an area called the dlectron doud .

Energy Levels Scentistc have discoversd that electrons within an
electron doud have different amounts of energy. Scientists mode] the
energy differences between electrons by placing electrons in energy
levels, as shown in Figure 11. Electrons located in energy levels close o
the nucleus have less energy than electrons in energy levels farther away.
Electrons occupy energy bevels in a predictable pattern from the mner o
the outer levels.

12 ewczrom
Step 4 = ensigy keve 4 L s i,

Sep 3 = snegy e 3 | ®Beterwons, =~ 0000 -
Siep2 = coergyever2 | Beiecwmne =

Step 1 = erergy kv 1 2 swcEom _.E; .

Fagare 1l Eoogy leveh: & aoem ran be e ed by siw=ims. Ear sSo sy Yo O
P, repTT N e B P et of e oy el B s o, The Bt
Sy hven L hokt Moee SSCToN.

Bkl W = S pinee st of

outermost energy levels. In fact, the repeating patterns in the table reflect
these patterns of outer electron states. These electrons determine the
chemical properties of an element. They are so significant that American
chemist G. N. Lewis created a diagram to represent an element’s outer-
maost electrons. An electron dot diagram consists of the chemical symbol
of an element surrounded by dots o represent the number of electrons in
the outermost energy level. Figure 13 shows the dectron dot diagrams
for the group 1 elements.

Same group—similar properties

The electron dot diagrams for the elements in group 1 show that all
members of a group have the same number of outermost electrons.

Remember that the number of outermost electrons determines the 2"“ ":::“""“"‘"
chemical properties for each element. e e
A common chemical property of group 1 metals is the tendency o react

with nonmetals in group 17. The nonmetals in group 17 have clectron

dot diagrams similar to chlorine, as shown in Figure 14. For example,

the group 1 element sodium reacts easily with the group 17 element

chilorine. The result is the formation of the compound sodium chloride

(NaCl}—ordinary table sak.

Group 1B Not all elements will combine casily with other elements. The
elements in group 18 have complete outermost energy levels, meaning
that they cannot hold any more electrons. This special configuration
makes many of the group 18 elements unreactive. Figure 1 shows the
electron dot diagram for neon. a member of group 18.

Thee piectrem dol digesn bor grossp 17 Sodurm tombnes with chiorme 1o gve axch  Neon, a member of goup 18, e & bl ouler
ronssts of Bwes sets of pared dots and EEment & (ompiEtE oulsr ensTgy evel nthe  energy kevel Neon han ssgit Sectrons = #

Figire M Blatron dof dusgrarin whow Bhe election m an elemest 'y gubsrmo] saergy el

Relate e properties of Na. O, ond Ne ot and thesr posiions i the pencdic iobie o Me
rrongema of ihes S,
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