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Y BIGIDEA):

CHEMISTRY AS THE
CENTRAL SCIENCE

Essential Questions:
1. What properties are used fo describe
matfer?

2. How can maffer change its form?

) CHEMYSTERY

Which One
Is Not Like
the Others?

In Yellowstone
Natioral Park, thers are
mors than 300 geviers If
vou 2r2 2bls 1o witnes: 2 Z=yier srupting,
vou will see water and st=am shooting out of
the ground

In Glacier National Park, the bottoms
of zlaciar: go throuszh malung and feszing
cycles. These cycles produce vallzys that are
scoursd into 2 U-skaps and 2re flankad by
stezp zides of eanth

In Acadia National Park, the leave: on the
daciduous trees chanze color sach f2ll The
leaves zo from sreento rad, orange, or vellow

All three of thase sizhts 2r2 amazinz to0
sze Thev 2ll result from chanzss Ars they
physical or chemical changes? Onz of tham iz
not 1ike the others. But which ons i3 different,
and why?

» Connect fo the BIGIDEA Az voursad
2bout matter, think 2bout how matear is
2ltsrad by physical and chemical changes.

NATIONAL SCIENCE EDUCATION STANDARDS
A1 B2 B3 E2,G3

Chemistry 2
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e .] Properties of Matter

o)

Q: Why are windows made of glass? When vou think of a wmdow; vou prob-
ably think of something that vou can look through Most windows: ars mads
of glazs and ars ranzparsnt, maaning vou can s2¢ through them If vou
found a pi=ce of broken gla: on the sround, vou would probably recoznize
it a2 zlass It iz hard, vet 2asy to shatter, and it i heat resistant. In thas lesson
vou will leam how propartie: can be usad to clazaify and wdentify martsr,

) Describing Matter

Key Questions

(= Why do off samples of a = Why do all samples of a substance have the same infensive
substance have the same intensive  Properfies?

properties? Urderstanding marter bezins with observatior, and what you observe when
What ore three siates of vou look at 2 pamicular z:ample of matter is its propartizs. Is 2 solid shiny or
matter? o dull? Does a liguid flow quickly or slowly” Is 2 zas odorless, or doss it have

; 2 :mzll” Properties usad to dascribe mater can be classifizd 23 extensive or
IHOYE > physical changes intensive properties

Vocabulary Extensive Propertfies Racall that matter is anything that has mas: and

tak=: up space. The mass of 2n object is a measurs of the amount of matter

: xme ths ozt corin:. m w2 o:'_ the baskgtbﬂl in I-'f.gura 21 1s greater :!':zn
g the mass ofthe zolfball There i 2ls0 2 &fferance In the volume of the balls
~erEBEE . The volume olan objeq. is 2 meazure of the space occupied by the object The
T A, voluma of tha bazketball iz zreatar than the volums of the gelf ball Mas: and
o physical property volums 2rz both sxamples of sxtanzive propertizs. An exjensive property 1= 2
e olid propeny that depends on the amount of matter in a sampla.

: ::'d Infensive Properfies Ba:ketballs may appear to be 21l the same. Buz, there

* vapor 272 propartis: to consider when selecting 2 bazkatoall bazides mas: and vol-

* physical change ume. The outer coverinz may ba mads of leather, rubbar, or 2 synthetic com-

Chemistry

positz Each of thess materials has differant properties which maks ths
baszketballs suitable for different plavins situations. For exampls, lzather ball:
2re suitzblz for indoor play but not outdoor play. Leathar
balls absorb water 2nd dirt mors than rubber balis.
Abzorbancy iz an example of an Mtansiva propany
Arn intensive properfy iz 2 propary that depands on
th2 typ= of mattar in 2 sample. not the amount

of master D)
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a Substance Each okject in Figure 2.2 has a dif-
faremi ical maksup, or compesitdon. The soda can i= mainly
zhomimum The watering can is manly copper. Matter that
has a uniform and definite compozition is called A subsionce.
Alnminom and coppsr are examples of subsences, which ars
2]z refarred to ax pure shslanices. [l Every sample of a given
subslance has ldentical inlensive properties because every sam-
ple has the same compasition.

Alumimam and copper haws some propertiss in commar, bt
there are differences besides their distinctive colors. Ahmninnm
iz highty reflective and is efier used in sihver paints. Pure cop-
per czn scrabch the sarface of pure 2homimien becanss copper is
harder than alumirnm Copper is better than alomimemm as 2
carductor of heat or eleciric current. Copper and 2luminnm ars
both malleable which means they can be hammered into sheatz
without breakins Hardness, coler, conduortvity, and malleabil-
ity are examples of provzical propertiss. A physical property &= 2
quality or conditden of a substance that can be observad or mea-
sured without chanzing the substance’s composition

Tazblz 1 1 hists pinvsical propertss for some substapces. The
states of the substances are Siven 21 room temperatore. (Althaugh
sCIeMfists Use roam tEmpeTais o rafer to 2 rangs of temper-
znmes, in thiz beok it will be nsad to refer to 2 specific tem-
perafure 1052 ) Phoysical propertiss can help chamists idenfisy
substances. For example, a colerless substancs that was foued to
bodl at 100°C and melt 2t 072 would likely be water, A cologless
substance that boiled 2t 78°C and melted at —[17°C would defi-
nitely mot be water. Bazed oa Table 21, it wmnild likely be etharal

Ll

4

Chemistry

Intro to Chemistry

Figure 2.2 Alvminum and Copper

This soda con is moda almost enfirely of o thin
shoat of aluminum. Tha walering con is moda
of coppar, which hos beon hommered o g
its lstured oppeorono.

Analyze Data Which of the properties
listed in Table 2.7 could not be weed fo
distinguish copper from oluminum ?

FHEMISTR D) |

G Cilass i ojften used o make windows,
while copper is affen wsed in dectrical
wires. Whial properties of pless make it a
desirable material o use for windows?

Maiter ond Change 35
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) States of Matter

= What are three states of matter?

Deparding on the circumstances, vou use thrae diffarant words to rafer o
watar—water, (o2, and steam Water, which iz 2 common substance, exists
in three differsnt phyzical stata: So can most other substances (59 Three
stales of matter are solid, liquid, and gas. Czram charactenstics that can
diztinzuish thess thres states of matter are swmmarized in Fizurz 23

Solids A solid is 2 form of matter that kas a definits shaps and volume
The shaps of 2 :0lid doz:n't dzpend on the shaps of its container. The panti-
cles in 2 solid are packad tightly together, often in 2n orderly amanz=mans,
a: shown ir Figurs 2 32 As 2 result, solids are almost incomprassible; that
1s, it is difficult to sgueeze 2 z0lid into 2 smaller volume In addition, solids
axpand only slizhedy when keated.

Liquids Look 2t Figure 2 3b. The particles in 2 liquid are in close contact
with one another, but the arranzament of particles in 2 iquid is rot rigid or
orderly. Bacause the particlzs in 2 liguid are fr22 to Sow from ones location
to arother, 2 liquid takes the shaps of the contairer in which it is placed.
Howsver, the volume of the liquid dosan't chanze a: it: shape chanzes Ths
volume of a liquid is fixed or constant. Thuz, aliquid iz 2 form of mat-

ter that has an mndefinits shaps, fiows, yet ha: 2 fixed volume Liguids are
almost incomprasible, but they tand to expand :lizhtly whan heated

‘,3 Figure 2.3
Tha arrangement of partides is difforent in sclids, liquids, and gases.
Relate Cause Effect Use the arrangements of their partices to
explain the general shope and volume of solids ond goses.

Solid In o salid, the portides are Liquid In a liquid, the partices Gas Ina gas, e paricls are
pocked dosaly together in o rigid ara closa togather, but thay are free relatively far opart and con
arrangemant. 1o flow past ona another. maove froaly.

36 Chaopter 2 ® lesson |

Chemistry 5
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Gases Like 2 liguid, 2 zas takes the shape of itz container.
But unlike 2 liquid, 2 z2s car sxpand to Il 2ny volums=. 4 gos
15 2 form of matter that takes both the shape and volume of its
container. Look back at Figurs 2 3c. As shown in the modal
the particles in 2 g23 ars usually much farther apart than the
partcles in 2 liquid Secau:s of the space between particles,
Zasas ars sazily compresaad mto 2 amaller volums.

The words vapor and gas are sometimes used mter-
chanzeably. But thers iz 2 differance. The tam gas is vzed for
substances, Hks oxyzen, that exist in the s2320us 12t at room
temperanure (Gaseous 3= the 2dizctve fomn of gus.) Vapor
dascribes the Z2:eous state of 2 substance that = genanally 2
liquid or solid 2t room tzmpsraturs, 2s in waler yapor.

Physical Changes

& How can physical changes be clossified?

Thea meltinz point of gallium metal iz 30°C. Fizurs 1 4 shows
how heat from 2 person’s kand can melt a sampls of zallium
The shaps of the sampla chanze: during melting 23 the liquid

Intro to Chemistry

begins to flow, but the compozition of the sampls does not chanze Melting is Figure 2.4 Physical Change

2 physical chanze During 2 physical change, :ome proparties of 2 material The sivery substonco in e

chanze, but ths composition of the material doss not changs. photograph is gallium, which has
Words suck 23 boil, freeze, mell, 208 condense are uzed to describe phyzi- @ malfing point of 30°C.

cal chanze: So are words such 2: break, splil, grind, cul, 2nd crush. However, Infer What can you infer about

there is 2 differance between thess two sets of words. Each set describes 2 the femperature of the hand

different type of physical chanze (0 Physical changes can be classified holding the golim?

as reversible or irreversible. \Mzlting iz 2 exampls of 2 revarzibls phyzical

charge If2 sample of liguid zallium iz cooled below its melting point, the

liquid will bacoms a solid. All phyzical changes that involve 2 chanza from

ona stats to another ars reverzibla. Cutting kair, fling natls, and crackmsz an

222 are examples of imreveraibls physical chanzes

Comy 4
v @21
, 1 LessonCheck

1. (& Exploin Explzin why 2l s:amples of 2 given 7. Explain Iz the freezinz of mercury a revarsible

substance have the s2me intensive properties or ieversible physical change? Explain vour

Chemistry

2. G identify Name three states of master e

3. (3 Describe Dz:cribs the two categories usad
to clazsify physical changes

4. \denfify Nama two catazories used 1o clz2asify proper-

tes of matter BIGIDEA

8. Explain Explain why samples of platinum 2nd
coppsar can have the sams extensive proparties
but not the :ames intensive propartias.

5. interpret Id)les Which property in Table 21 can CHEMISTRY AS THE CENTRAL SCIENCE
most 2asily diztinzuisk sodivm chloride from the other 9. How would understanding the propemiss of

solids?

matter be helpful in other fields of study be-

6. Compare and Confrast Ir what way are liquids and sides chemistry?

zaz2: 2lik=? In what way arz liquids and solids differant?

Matter and Change 37
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Mixtures

Q: Why aren there coffee grounds in a cup of coffee? Coffze 1s often brawad
by mixing hot water with sround coffes beans. But when people drink coffes,
the srounds ars ually not m their nmz. In this l2szon, vou will l2am how to
clazzify and separate mixmres,

¥ Classifying Mixtures

Key Questions {2 How can mixiures be clossified ?
(== How can mixtures be A =2lad ber, like the ors in Fizurs 1.5, provides a rangs of it=ms, such 23 let-
dassified ? tuce, tomatos:, chesse, and sreen peppar: Customers chooss which itams

ixh to uz2 in their s2lads and how muck of each it=m to uze So each zalzd mix-
gx:ﬂ - ture k2: diffarant types and amounts of component: A mixiure i 2 paysical

blend of two or mors componant:

Vocabulary Mozt samples of matter are mixtures. Soms mixtures are e2sier to rac-
* mixiure oznize than others You can easily racozniza chicksn noodls zoup 23 2 mix-
* heterogensous mixure ture of chicken, noodles, and broth. Recognizing air 23 2 mixturs of gaszes iz
* homogeneous mixture more dificult. But the fact that air can be drier or mors humid shows that the
® sohsion amount of onz componant of air—watsr vaper—can vary. Chicksn noodle
:P"'“"’ soup 2nd 2ir reprazent two different type: of mixturzs. {39 Based on the dis-

tribution of thelr components, mixtures can be classified as heterogeneous

Chemistry 7
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<) Heterogeneous Mixtures In chicken noodle soup,
the ingredients i the soup ars not svanly disributad
throuzhout the mixtars. Thars i3 likely to be diffzrant

Chemistry

Chapter 1

Intro to Chemistry

\

Quick Lab )
To sepanate Separating Mixtures

2 mixture using paper —
Materials I.Usem;imm;dﬁniipenmmwne
2 : across 2 trip 0 paper, 25 shown
3 -ﬁh’““ S in the drawing The line should be

i 2 cm from one end of the strip.
iy 2. Tape the unmarked and of the £
* clear plastic tape ter paper to the center of 2 pencil 5o
* pancil that the strip hanz: down when ths
* rubbinz alcohol pancil is hald horizontally, 22 skown in
-wmmm the diagram balow.
* clear plastic wrap

Analyze and Condlude

the procedurs?

unknown typs of Zresn ink?

3. Workinz in 2 well-ventilated room,
pour rubbinz 2lcohol into a plastic cup
to2depthofl cm.

4. Rz:t the pancil on the rim of the
cup =0 that the ink end of the strip
touchss the rubbing alcohol but does
not extand balow s surface. Usz plas-
tic wrap to cover the top of the cup

5. Obzerve the s=tup for 15 minutes.

1. Idenfify How did the appearancs of the filter paper charze during

2. Analyze Dato What evidence is thers that green ink is 2 mixwrs?
3. Apply Concepts How could vou use thiz procedurs to identify an

amounts of ckicken and roodles in sach spoonful A mix-
ture in which ths composition is not uniform throuzhout
iz 2 heterogeneous mixture.

Homogeneous Mixiures The substances ir the olive oil
i Fizure 2.6 ars evenly dismbuted throughous the mix-
turz. So, olive oil dossn't look liks a mimmurs The sameis
true for vinegar Viregar is a mixturs of water and 2cetic
acid, which diszolvas in the water. Olive oil 2nd vinszar
ars homozansous mixturz:, A homogeneous mixture i: 2
mixture in which the composition iz uniform throuzkout
Another rame for 2 homoganzous mixtirs i: 2 solufion.
Many solunion: 2r2 liguids But some 2rs z2zes, lk= arr,
and soms are zolids, like stainless stee] which i= 2 muoiturs
of iron, chromium, 2nd ricksl.

The tamm phase = uszd 1o describe 2ny panof 2
sampla with uriform compozition and properties. By
definition. 2 homogensous mixturs consists of 2 single
phass. A katerozansous mixtars conzists of two or mors
phase: When oil and vinegar are mixad, thay form 2
kzterogensous mixrurs with two layvars, or phases. As
shown in Fizure 2.6, the oil phaze float: on the watsr, or
vinzzar, phaze.
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*3 Figure 2.7 Filirafion
A filler is used o seporoie ground
coffes boons from browed coflea
This process is o ype of filiroiion.

‘::"EI I

Q: Hrewing coffee is @ mixiure
af ground coffes beans and
waler. What process is weed o
separaie ground coffes beans
Sromn brewed coffe?

Y | YOU |

+—Steam at
U 'L=|[E,:

A0 Chapier 7 = leszon 2

Chemistry

Chapter 1

) Separating Mixtures

3= How can mixtures be saparated ?

Ifvoo kave 2 salad contaiming an ingredient yvou don’t liks, vou czn uz= 2 fork
to remawe the pisces of the unwanted ingrediznt Damy mixbores ar= not as
easy o separaie To separzie 2 mixbore of plive ol and vineger, for example,
wou could decart, ar pear off, the oil lzyver O you mizht copl the mizhrs
umiil the ofl mumed zolid The first method takes advantzze of the fact that

pil floats on wakr The second method fzkes advamzzs of a differsnce i the
t=mparatres at which the olive pil and vinszar feeze. | o Differences In
physical properties can be wsed Lo separale mixbures.

Filirafion Ths coffes filter in Fizurs 1.7 can separate ground coffee beans
fromn brewed coffee. The lonid brewsd coffes pezses throush the paper filtar,
bt the splid cofee sroumds canmaot pass tiweagh the filter Filter peper usad
in 2 labpratory iz similar to coffee fliers Filter paper i3 often placed in a fim-
rzl Then the mipurs is peared into the furmel. Solid particles that carmet
pss throush the flisr remain in the fonnel The rest of the particlss in salo-
tion pazs throwgh the Slier peper The procs:s that ssparates a solid fom the
lignid in a beterozeneous mivure is called flnolion.

Distillofion Tzp water i 2 homogenspas mizre of water and substances
that are dizsolved in the water Ome wary to sepamate waier from the other
COMponants in tp water is throngh 2 process called distillatden Dharing a
disfillafion, 2 liquid is bofled to produce 2 vapor that is then condensad into
2 liquid Fizure 1 2 shows an apparams that czn be uzad to performs 2 small-
scale distillation.

Az pater m the distillation flask is heated, water vapor forms, rizes m the
flzsk, and passzes into a glass tobs in the condenszar The whe iz surpanded
by cold water, which cools the vapor to a tamperaiors at which & nums back
mto 2 liguid The Hguid water iz collecied in a second fask. The zolid zob-
stances that were dizsalved in the water remain in the distillation flask
becmse their boiling peints are muock higher than the boiling point of water

Cold
—— 43 Figuers 2.8 Distillation
e A distillation con ba used ho remaors
waier chonges inlo woior vapor,
st letft bahind in tha disillation Bask
&
I-\Q\
& Cold Receiver
 water fazk
in

{a—ﬂisﬁllﬂl
e fer

Intro to Chemistry
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SampleProblem 2.1

Chemistry

Separafing a Heterogeneous Mixture
How could a mixtura of aluminum nails and ron r2ils be separated?

‘Andyzn Identify the relevant concepts. In order 10 identify how to separats 2iu-
minum and iron p2ils, the propertias of both aluminum and iror must be knewn

© soive Apply concepls Lo this situation.

Alurminum Iron

« metal « metal

* gray color * gray color

* doecn't dicaokie nwatar * dosan't diocobve in water
« not attractedtomagnet.  « atiracted tomagnet

The ability Lo be attracted by 3 magnet I a property that iron
m‘;::ﬁ l and auminum do not share. You could 152 3 magnet Lo remove
the ron nall: from a mixture of iron and suminum.

10. Wha: phyzical propemias could 11. Air is mainly a moure of nitrogen
be usad to separate iron filinz: . 2nd oxvgan, with small amounts of
from table zalt? other g2:2s such 23 argon and carbon

dioxide \What property could you
uss to separate the zases n 2k’

12. {9 Identify How ar= mixtures clas:ifizd? 16. Compare and Confrast How are 2 substance
13. 39 List What tvpe of properies can be used 2nd 2 zolution similar? How are they diferent?
10 separate mixmres? 17. Concepls mm:m;\@%gnmmd
: 3 tration to 3zparate 2 mixture wi
14.5plon Dol b M ST it e s i

- : 18. Explain Describe 2 procedurs that could be uzed
'5':::'7 Chssotlf}hﬁ;f the following 25 2 10 seperate 2 mixture of s2nd and table s2it

A ol s BIGIDEA
b. ica cubes in Hguid water EMIST ENTRAL SCENGE
c‘maghgd unpeslad potatoes 19. G ﬂ:r:ese“:nph have separatad
d. . Give = 0f whan vou have zg
mixtures 21 home.
Matter and Change 41
10
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D)

3 Flements and Compounds

Q: Why does burned loast lasle so bad? Braad that is toasted to a nice zolden
brown makes for 2 tazty additon to braakfast. Bur most peopls would azrss
that braad that 1= cooked zo long that it 12 bumead and black is not tasty.

) Distinguishing
Elements and Compounds

!(eyQueshons = How are elements and compounds different ?

L) How are *""";" and Substances can be cl2szified as clements or compounds. An element i: the
compounds different’ simplest form of master that has 2 tnique 221 of propamiz:. Oxyzan and

=3 How can substances and kvérozen ars two of the mors than 100 knonn elzmants. A compound iz 2
mixtures be distinguished ? substance that contains two or more slements chemically combinad in 2 fixad

) What do chemists use fo rep-  Proportion For sxample, carbor, oxyzan, and hydrogen 2re chamically com-
resent elements and compounds? birzd in the compound sucroze. Sometimes sucross is called tabls suzarto

~ =it 0e % e c . é.i N SVervV s ..‘3 CI0s ]

= Why is a periodic fobk damngzuizan from other suzar o_n:.poux In zven g of acrose, th :

fol? are twice 2s many hydrogen particles 23 oxygen particles. The proportion of

kvdrozen pamicia: 1o oxyzZen particles in sucross is fxed Thers is 2 key dif-

Vocabulary ferance between zlemenss and compounds () Compounds can be broken
* slement down Into simpler substances by chemical means, bul elements cannot.

-

= z::‘m ihmge Breaking Down Compounds Physical methods that are usad to sepa-

* chemical symbol Iatz mintures carnot e usad to brazk 2 compound into simpler substances

* periodic table Boil liguid water and vou Zat watsr vapor, not the oxygan and hydrozan that
* period water contains. Dissolva a suzar cube in water and you still have sucross, not
* group oxyZan, carbon, and hydrogan. This result does not mean that sucross or

water cannot be broksn down inte simplar substances Sut the mathods must
mvolve 2 chemical changs

<)
Figure 2.9
Chemical Changes
When table sugar
is hoated, it goos
th a sarias of
d:‘gold'aagnx
The find

of hase

are solid carbon
ond watker vapor.

42 Chapter 2 * leszon 3
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b A chemical change i: 2 chanzs that produces matter with 2 differant
compozition than the orizinal matter Haatng 1s one of the procasse: usad
to braak down compounds mto simpler substances The layer of suzarin
Fizura 1 0 is keated t 2 skillet until it breaks down into solid carbon and
water vapor. Can tha substances that arz produced also be brokar down?

Thers iz no chamical procas: that will break down carbon into simpler
substances because carboxn i3 an elamant Heat will not cause watsr to braak
down, bat electricity will When ar slacinic currant passes throuzh water,
OxYEen z2: and hvdrozan zas are produced. The followinz dizzram summa-
rizes the overall proca:s,

Chomical chcrgn

mw ~=» Carbon + Water
toment Compownd

|

Water =% Hydrogsn + Cxyzen
Compound 1 lemant Homarnt

Chemical chonge

©

hes of In zereral the propartis: of compounds
are quite different from thosz of their componant slemant:. Suzarisa
sweet-sting, white solid, but carbon iz 2 black, t2steless solid Hyvdrozenisa
g2: that bums: in the prazence of oxyzen—a colorles:s zas that support: bum-
iz The product of this chemical charze iz watsr, 2 Houid that can stop mats-
rizls from buming Fizurs 2 10 shows samplas of t2ble salt (sodium chlorids),
sodium, and chlorine When the elaments sodium and chlorins combins
chemically to form sodium chloride, thers is a chanze in composition 2nd 2
chanza in properties. Sodium is a soft, zray metal. Chlorine is 2 pale yellow-
Srsan poisonous Zas Sodium chlorids is a white solid

Intro to Chemistry

CHE 14 2Le.

Q: What hq:pens to the
campounds in bread when
if is overcooked that causes
the changes to the laste of
the bread?

Figure 2.10 Properties of
Compounds and Their Hements

from which they form have
difforent propertics. The clemants
sodium and chlorine have
difforent from cach
other and from the compound
sodium dhlorida.

Observe Based on the
photographs, describe two
physicol properties of sodiom
and two of chlorine.

Sodium is stored under oil 1o keep it Chllorine is usad 1o make
frommo:!lqmlhoxygmum that kill harmbd organisms in

12

ostﬂ:bx*)lsum-muwdb

season or praserve jood.

Matter and Chang= 43
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ol
Element,
Figure 2.11

nrhinhn'l.-?

Tha Rovechart
tha procoss for dossifying
maiar. soompa of
n'u:ﬁ'l.::l'iw on clomant,

o coempound, or o mixkr.
Inte
What is the key difference
behween o substonce and
o solution?

44 Chapier 2 * leszon 3

Chemistry

Chapter 1 Intro to Chemistry

*) Distinguishing Substances and Mixtures

2= How con substances and mixfures be distinguished ?
Deeriding whether a sample of mattsr is 8 subsiance or 2 mixiore basad solely
on appearancs can ke diffioalt Afier all. hompgensons miniures and sob-
stamces Will both appear to contain enly ans kind of matter. Sometimes you
can decids by considaring whether thara iz mare than one verzion of the
marerial in guestion. For example, vou can boy whoele milk, low-fat milk, no-
fot milk, light cream, or heawy cream From this information, you can con-
clnds that milk and crezm are mixtores You might infer that thess miziures
differ in the amount of ft they contzin Mot g2s stions offer at least two
blards of gaseline. The blands have diffarant octana ratinzs and different
costz per gallon, with premiom blends costing mose than rezular blands So
E2soline must be a mimure

Yoo can ze their geperal characteristics fo distinzuizh substances fom
mintures [ I the comiposition of & material is fixed, the material s &
substance. If the compositlon of a material may vary, the material ks a mix-
ture. Fizure 1 11 summarizes the gensral characieristcs of elements, com-
pounds, and miximres.
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SampleProblem 2.2
Classifying Materials

When 2 certzin blos-zreen solid is heated a cologless zas and a black selid
forma All thres materials are substances. Is it pozsible to classify these sub-
stamees az elements of compoands?

'.‘ﬁudym Tdenitify the relevant concepis. A compoand can
be broken down ins simpler substances by a chemical change, A compaund ks mads of twe
but an element cannat Heating can cause 2 chemical change. a1 mors slamants that ars

chamizally comirinad.

aﬁdwjpplycmputulhhmlma

List the: kmoamn fods ond
redevont concepis.

Determine i the subsionces are « A coloriess gas and & Pack Solld appear,
or compounds. Biefore heating, them was one substance. After heating, thers
were Lwo SubsLances. The Dlus-green colld MUst Be 3 Gompound,
Eiasid on th Information ghen, It 't poscibie Lo know ¥ the
COMONEss §as A the Mack SOl AN Sements or compounds.

= A Pue-green Sokl ks heated.

¢ 240 Liowid 4 and Liquid B are clear lignids. They 21. A clear liquid in an open confainar iz
are placed in apen containers and allowad allowed to evaporats. Afier three dayz. a
to evaperzte When evaposation iz complete, selid is et in the confainer Was the clear
there is 2 white solid in confairer B bat no ligquid an element. a compeund, or 2 mix-
zolid in comiainer & From thezs results, what mre? How do vou kmow?
can yvou infer about the tore lguids?

) Symbols and Formulas 49 Figure 2.12 Element Symbols The
(=) What do chemisfs use ko represent elements and e
compounds? and tha English chemist Johm Dalion
The common names waler and lable sall do rot provids information "“ﬁHMbﬂﬂﬂdd‘ﬂ'ﬁw
abmat the chemical compesition of these substances. Alzo, woods are " - 4 by ona- o
ot Ldsal for showing what happsns fo the compositon of matter dar- two-fatiar symbols

ng a chemical change [ Chemists use chiemical symibods Lo rep-
resenl elements, and chemical formulas o represent compounids.

sing symbaols to represent different kinds of matier is not a new
idea For thonzands of years, alchemisiz usad symbals, such as the
ones in Fizurs 2 12, to represent slements. The symbals uzed todzy
for alements are bazsd on 2 sysiem developed by a Swadizh chemizt,
Tdres Jacoh Barzalips (1770-1848). Ha bazad hiz symbols on the Latin
rames of elements. Each element is represented by 2 one- of two-
Lester chemioal symbel. The firs: letier of 2 chamicz] symbel iz alway:
capitalizad Wher 2 second letter is used. it is lowercase.

Matier and Change 45
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£ the Englisk nams and the Latin name of an elemeant are similar, the
svmbol will 2ppaar to have been darived from the Enzlish name. Examples
mcluds Ca for calcium, N for nitrogen, and S for sulfur Tabla 2 2 shows
gxample: of elaments for whick the symbols do ot match the Enslish names
Ckemical symbols providz a shorthard way to write the chemical formulas
of compourds. The symbols for hydrogen, oxveen, and carbon 2r2 H, O, and
C. The formul2 for water is HO. The formula for sucrose, or table suzar, i
C,.H,,0,, Subscripts in chem:cal formulas t=ll you how many of each typ= of
alamens are in the compound. For example, the subscript 2 in 5.0 indicates
that thera are 2lways two par: of hydrozen for 22ch part of oxygan in water
Because 2 compourd has 2 fixad composition, the formula for 2 compound is
alway: the same.

The Periodic Table —A Preview

Why is a periodic table useful?

All the krown slements ars organized in a spacial t2blzs called the pariodic
t2blz A periodic table = 2 2manzamen: of slements in which the slements
are s2paratad into sroups bazed on a 32t of repeating propertiaz (20 The
periodic table allows you Lo easlly compare the properties of one lement
(or a group of elements) to another element (or group of elements).

Fizurs 2 13 shows the most commonly uzed form of the modem: periedic
t2blz, sometimes c2llzd the long fonm Each element is identifiad by iz sym-
bol placed in a square. The slemeants are listzd in order rom left to right and
top to bottom by atomic numbsr, 2 number that is unique to e2ch elament
The 2tomic rumber of the alament iz shown cantersd abovs ths symbol You
will lsam more 2bout atomic members m Chapear 4 Hydrozan (H), the lizght-
g3t glemant, i in the top left comer Helium (He), atomic number 2, is 2t the
top right. Lithium (L1), atomic number 3, iz 2t the laft end of the 3zcond row

Each horizorsal row of the pariodic t2ble iz called 2 period. Thers 252
s2ven paricds in the periodic table. The number of zlemants per period rangss
from 2 (hydrogen and heljum) in Period 1 to 32 m Peried §. Within 2 period,
the propartiss of the slemants vary 23 vou move 2cros: the pariod. This pai-
t=mn of propartis: than repaats 25 you move 10 tha next period.

46 Chapter 2 ® leszon 3
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©
Ezchvertical column of the periedic tabla is callad 2 growp,
or famtly. Elemant: within a group have similar chemical and
vaical properties. Nota that =2ch zroup 13 identfied by 2 mam-

ber and the letter A or B. For example, Croup 1A contains the L D Fioure 2.13 The Periodic Toble
elements beryllium (Be), magnesivm (Mg), calcium (C2), stron- Bt mtw By I
tium (Sr), barium (Ba), arnd radium (Ra). You will leam more pariodic table in ordar of atomic number.
about spacific trands in the paricdic t2bls in Chapar 6 Inferpret Diagrams How many
elements are in Period 22 In Group 247
1A sA
I 2
“ 7A 3A 4A SA &N A 'b
3 4 B30 [ty |1 1wt Theel 1
7 Ll Be B 26 N0 'F) Ne
» S Wy e (s IEa Al e
m w k] 4B 8 (3 P 82 2 h N s P s o k
W oar| Ay Gaas| [y [Gae) [as Flak ||| S| B fant ey s e el asl Rk
“K C S T V C Mn Fe C Ni C In Ga Ge As Se Br Kr
7 v N |-4) | AR m A | As | A | LR ey e WL |8 s 5N e
“Rb Sr Ir Nb Mo © Rvu Rh Pd Ag CGd In Sn Sb T | Xe
o o bsEY e (s G P e x| T ol el Cany e (L el sl G
C Ba lv Hf Ta W Re Os Ir Pt Av Hg T Pb Bi Po At Rn
, W s M 04 05 106 w7 we 19 10 W m2 N3 e N5 N6 W s
Fr Ra Ir Rf Db Sg Bh Hs Mt Ds Rg Cnh Nh FI Mc Iv & Og
57 53 SH 6 61 & & 4 & & &4 & &K M
la C¢ Pr Nd Pm Sm Ev Gd T Dy Ho Er Tm Yb
® o =0 92 93 94 § 9 9 % 9 100 W0 W02
Ac Th Pa U Np Pu Am Cm Bk C E Fm Md No
Comilt £ 2
* @23
‘,94» 3 LessonCheck
22. C3 Compare How is 2 compound different 28. Idenfify Write the chamical symbol for each of
from an slement? th2 following clements:
B . a. le2d €. silver e. hydrogen
23. gm;e How Sn vou distinguizh a sub- b. oxvzen d. sodium f aiuminom
- 29. idenfify Nama the chemical zlements repre-
24. 1 %‘Q&u&ed%?lm symbols and sentzd by the following symbols:
IS aC <X e e
25. (& Explain What makes the periodic table b. C2 d. Au £ Cu
.3 \
SN 2 et 30. Idenfify What elements maks up the pain
26. Idenfify Nama two methods that can bz used to ralisver acetaminophen, ckemical formula
break down compourds into simpler substances. C.H,0-N? Which slemant is prasent in the
27. Classify Classify sach of these samples of manar greatest proportion by numbsr of particlas”
2z 2n elemens, 2 compound, or a mixture 31. Idenfify Nams mwo elements that have prope:-
@. t2ble suzar ¢. couzh syrup ti2z similar to thosz of the slemen: calcium (Ca)
b. tzp water d. ritrozen

Matter and Change 47
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* 24 Chemical Reactions

Q: What happened lo the malch? Matches ars often used to light candles ona
cake. A match 12 usually hit at the tip and then burn: down the match So vou
better be quick, or vour fingers will be bumed by the it match A Lit match
iz differant than an unlie march. In thiz leszon, vou will leam to recognize
whether the bummz match 12 a chemical change or phyzical chanze.

<) READING SUPPORT tion iz 2 produdt. In the burninz of charceal,
Build kills: Proview carbon and oxyzan are the main reactants, and
Bafore you stort carbon dioxide is the main product
roading tha lesson, praview
the visudls In Figere 2.16. <€) Figure 2.14
Than write wo quastions Phrysical and Chemical Changes
you have about the visuals. Charcoal is vsed as o fuel in
Aber you finish reading, choranal grilk. @, Bracking e
answar your quesiions. charcoal into smaller pisces is a
physical change. b. Burming the

¥ Chemical Changes

Key Questions

o What chways happens = What always happens during a chemical change?

during a chemicol change? Tni compg'und ﬁox‘!:;ted when iron rasts is ﬁnxide Fe O x} “btrjlsl such

. bl 2s burn, rol, rusl, decompaose, fermenl, € g, 2nd corrode wsually siznify

E mm bas ,i:; 2 chemucal charze. Tha ability of a substance to undergo 2 spacific chami-

place? cal change iz called 2 chemical propertyiron iz 2bls to combine with oxyzen

£ How are the mass of the to form rust. So the ability to rust is a chemical proparty of ror. Chamical

P PRI P e e proparties can be used to idemify 2 substence. But chemical properties can be

producs of a chemical readion obszrved only whan 2 substance undargos: 2 chamical chanzs.

redated ? Fizura 2 14 compares a physical changs and a chemical change that can
occur in a sample of charcoal Whan charcoal is broken mto smaller pisces,

Voocbulory the changze iz 2 phyvsical chanze. The substances present befors the changs are

* chemical property
* chemical reaction

ths same substance: presant after the chanze, although the charcoal piaces
are not as larze. Recall that during 2 physical change, the compozition of

* reoclant master never changes. During a chemical change, the composition of
* product matter always changes. Whan the charcoal is keated and bumnad, 2 chami-
® precipilole cal change occurs. The substances in charcoal react with oxyzan i the 2irto

* law of conzervation of mass

48 Chapter 2 ® leszon 4

Chemistry

form other substances
A chemical changa 1z 2120 c2lled a chemical reaction. One or more sub-
stances chanse into ons or mors new substances during 2 chemical reaction.
A substance prasant at the start of the raaction
iz 2 readont. A zubstance produced i the reac-

charcoal is a chemical dhange.

17
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Figure 2.15 Chemical Change

Production of o Gos Change Precipitate

Bubblos of carbon dioxide gas form When o ket sxip is dpped no Ona stop in the production of choase is
whan an antocid toblot is dropped intle . solulion, the color change is used o a reaction that causas milk ko separaie
a gloss of wakee datermine tha pH of the soluticn. irto sokd curds and fiquid whey.

Recognizing Chemical Changes

What are four possible dues that a chemical change has

taken place?

How can vou t2ll whather 2 chamical chanze has taken place? Thers are
four clues that can serve s 2 zuide (o Possible dues to chemical change
Indlude a transfer of energy, a change In color, the production of a gas, or
the formation of a precipitate.

Evary chamical charze involves 2 ransfer of epsrzy. For example, energy
stored in natural g2s i3 used to cook food. Whan the mathans in natural g2s
chemically combines with oxyzzn in the air, energy is siven off in the form of
heat ard lizht Some of this snergy is ransfemed to and absorbed by food that
15 cooking over 2 It Zas bumear The ensrzy causss chamical chanza: 1o t2ks
plzce in the food. The food may changes color and brown 2s it cooks, which is
another clus that chemical changss ars occuming

You can obzerve tvo othar cluss 10 chamical chanze while claaninz 2
bathtub. The ring of so2p scum that can form in 2 batktub is an example of 2
pracipinate. A predpidale iz 2 :olid that forms and satdes out of 2 Lquid mix-
ture. Soma bathroom clearsrs that you can use t0 ISMmOove 502p scum stan o
bubbles whan vou spray them on the scum. The bubbles are produced bacause
2 g2 iz rzleased during the chamical chanze that iz aaking place in the claaner

If you obzerve 2 clus to chemical change, vou cannot bs certain that 2
chemical changs has taken place. The clus may be the result of 2 physical
changzz For smample, erarzy is always transfemed when matter charzes om
one state 1o another Bubbla: form when you botl watsr or open 2 carborated
drink. The only way to b surs that 2 chemical change has occurrad is 1o test
the composzition of 2 :ampls befors and after the chanzs, Figurs 2 13 shows
sxamples of practical situation: in which different cluss to chemical change
2re vizible.

Matter and Change 49
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) Conservation of Mass

(2= How are the mass of the reactants and the mass of the products
of a chemical reaction related?

When wood burns, substance: in the wood combme with oxyzen from the
air As the wood burns, 2 sizable amount of matter is reduced to 2 small pile
of azhaz The reaction seems to volve 2 raduction in the 2mount of mat-

ter. But appearances can be deceiving {39 During any chemical reaction,
the mass of the products s always equal to the mass of the reaclants. Two
of the product: of buming wood—carben dioxids zas and watsr vapor—ars
relzazed into the 2ir When the mass of the:s zases iz considsrad, the amount
of matter iz unchangad Carsful measuraments show that the totz] mass of the
reactants (woed and the oxyzen consumed) aquals tha tota] mass of the prod-
ucts (carbon dioxide, water vapor, 2nd 2sh).

Masz 2150 holds constant during physical changz:. For example, whan 10
grams of ice melt, 10 grams of liquid water ara produced Similar obzerva-
tions have bean racordad for 21l chemical and phyzical changes studiad The
scientific law that reflects theze obsarvations = the law of consarvation of
mas: The low of conservation of mass st2t2: that in any phyzical chanzz or
chamical reaction, mass &= conserved Mass i3 neither craated nor destroyed
The conzervation of mass iz mors 22:ily observed when a chanzs occurs in 2
closad container, 22 in Fizure 2.16

) o216
Conservation of Mass
Whan the liquids in a.
are mixed, thay reoct The
products are shown in b,

None of the products are

Analyze Data How do
you know that a reaction
took ploce and that mass

¥ 24 LessonCheck

32. (3 Explain How does 2 chemical chanze affect
ths composition of mattes?

33. {3 List Name four possible clues that 2 chemi-
c2l chanzs has taken placs

34. (& Compare In 2 chemical reaction, how doss
the mass of the reactants compare with the mass
of the products?

35. Compare What is the mamn differance betwean
physical chanzes and chamical changes?

50 Chapler 2 ® Leszon 4
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36. Classify Clas:ify the following changes 23 physi-
c2l or chemical chanzas.
a. Watsr botls
b. Salt dissolva: m watsr

37. Explain According to the law of conssrvation of
mazs, whan 1= maszs conzssrved?

38. Calculate Hydrozan and cxyzen react chami-
cally 1o form watzr. How much water would form
if4.8 zrams of hydrozen reactsd with 38 4 rams
of oxvzan’

c. Milk turns sour
d. A metal TUStS
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BIGIDEA

CHEMISTRY AS THE CENTRAL SCIENCE
Physical properties, such 23 malting point and
boiline point, and chamical properties, such as
whather 2 substance will corrods or bum, are uzed
to describs master Mattar may be mads of slemant:
or compound:. Elaments and compounds 2rs purs
substances but can bs physically combined to make
hetzrozenous or homogansous muxtura: Thass
different forms of matter may undergo phvzical or

2 Compounds can bz broken down into simpler
chemizalhanzz substances by chemical means, but elements cannot

- s’ (33 I£ the composition of a materiz2] iz fixed, the
material iz 2 substance. If the composition may vary,
roperties tha material is a mixture
Every sample of 2 Ziven subssance ks identical Chemzsts use chemical symbols to represent
imtanive properies bacause svary sample has the sams alements, R chemical fomaulas to reprazant
composition Compaunds.
Three statas of master 2re solid, liquid, 2nd zas The periodic table 2llows you to 2230y compare
(3 Phyvzical chanzes can be clazsified 2z raversiblz or A N SRR 0 R )
vever ble = = Srecasaian to anocher elemers (or Zroup of elaments)
* edement |47)
* mass [34] * solid [36] : mw‘:, 2
* volume (34) * biquid [34] * chemical change (43}
* extensive property | 34) * gas (/) * chamical bol [45)
*inlensive property [34]  *vapor (37] m«w&nﬁ%l '
* substonce (35) * physical change [3/)  period {44
* physical property (35] * group {47)

| 2.2 Mixiures ) 2.4 Chamical Reacions. |

Mixtara: can be classified 2: heterozensous : R N
* ; S (a9 Durirz a chemical changzs, the composition of
mixpira: or 25 homozensou: mixtures, bazzd on the £ 2 chamical Ze, the camposition 0
= mater alwavs chanzes

diatribution of their componants, SUE e R =
- S 2 2 < (e Four possibla clues to chemical chanse include a
,c= Dﬁaﬁfn&a S SRyRCRE FE P e o el transdar of enargy, 2 change i color, the production of
separats mixtare: > Qe S
2 g2s, or the formation of 2 precipitas
* mixture (18] (9 Curring any chamuical reactior, the mass of the
* heterogensous mixture |39) products is always equal to the mass of the reactants,
* homogeneous mixture {39
* solution (35} * chemical property |4E]
* filtration |40} * reactont |48]
* distillasion {40)] * product (48}
* precipitale [47)

* law of conzervation of mass (50

54 Chapter 2 » Study Guide
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2 @2 Assessment

Lesson by Lesson |
2.1 Properties of Matior

38, Diezcribe the diffsrence between 2n sxiensive
propery and 2n imbensive property 2nd give m
example of each.

A, List thres pirysical properties of copper.

41, Wame two phyzical propertiss that conld be
uzad o distingnizh between watsr and ethanal

* 42, Wame aee phyzica] property that could not be
uzad o distingnizh chlprine fom oxyEsn

43, What i= the pioyzical state of each of these

matarials 2t room temparature’
a. gald
b. Ez:oline
€. DEYEEN
d. n=on
g, olive oil
E. zulfur
. mErcury

*44, Finzemail-polish remover {mostly acetone) is a
Liguid at roam temperamre. Wowld you dascribe
acetone in the gazeos state as a vapar or 2 gas’
Enplzin vour answer

&

. Compare the ameanzements of individual par-
ticles in zalids, liquids, and gazas
A, Uze Takle 2.1 to idestify four substances that
umdergo 2 physical change if the temperaiure
iz redoced from 30°C to —50°C. What is the
phy=ical change that ftakes place in s2ch caze?
* ¥, Explzin why sharpering a pencil is 2 diferent
type of pioysical change than feszing watsr to
mzke ice cubes.
2.2 Mixures
A8, What iz the difference between homogensous
mixhures and heterozensons mizares?
46, Hew many phases does 2 solution kave” Explain
VOUr 2NWeT.

Chemistry 21
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* Soluticns oppear in Appendix E

* 50, Classify each of the following as a hompgensons
or helerogensoms mixfors
a. checolate-chip ice cream
b. zresn ink
c. c2ke batter
d. conkdrE il
e, Zramite rock
f. salt water
g- paint
h. 2 zilver ring

51. What t= tha zpal of 2 distillatien” Describe

briafiy how thiz zoal is accomplisked

2.3 Hements and Compounds

52, How could vou distingnizh an elament from 2
compound?

*53. Classify the following materals 23 2n lemeant,
compound, or miztare. Give reasons for your
AMIWErE
a. fable zalt (Wall)

b. salt water
. Sodium {Ma)

54, Drescribs the relztionship between the thres
items in sach of the following groaps. [damiify
carch item 23 2m slemant, compound, or
mixfure
a. Inrdrogen, oxyzen, and watsr
b. nitrogen, owygen, and air
€. sodium, chiprine, 2nd table alt
d. cerbon, water, and table sugar

55. Name the elements found in each of the
following compoumnds
o 2mmonia (MH )

b. poiazzium comds (BLO0
. suwcmass (O H 0
d. czlcium =ulfide (Zak)

56, Mot all element pames come from English ar
Latin words. The symbol for hmzzten iz W fem
tha German word wolfram. The symbol for mer-
cury iz Hz from the Gresk word hydragyrum.
Usa the symbals W and He to explain the sys-
tem of symbels for elemenis

* 57, What does the fommla H, O t=1l youo about the
compesition of water?

Maotier and Change 55



