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GEOGRAPHIC VISUALIZING THE PERIODIC TABLE

Figure 12

he familiar periodic table
that adorns many science

classrooms is based on a

number of earlier efforts to iden-

tify and dassify the elements. In
the 1790s, one of the first lists of
elements and their compounds
was compiled by French chemist
Antoine-Laurent Lavoisier, who
is shown in the background
picture with his wife and assis-
tant, Marie Anne. Three other
tables are shown here.
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John Dalton (Britain, 1803)
used symbols to represent
elements. His table also
assigned masses to each
element.
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An early alchemist put together

this table of elements and com-
pounds. Some of the symbols
have their origin in astrology.

Dmitri M‘;ndeleev (Rus-
sia, 1869) arranged the
63 elements known

to exist at that time into
groups based on their
chemical properties and
atomic weights. He left
gapsforelements he
predicted were yet to

be discovered. [rTpre—
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Energy Changes With no more than a board, a lot of snow,
and a slope, this snowboarder goes from
Temperature standing to moving at speeds greater than e -
SO — 50 km/h. The snowboarder’s speed increases
S— energy causes all the changes that occur

ab Comparing Temperature Changes
% i around you every day.

ppaistttedunalll  Science Journal  List three changes that you have

L seen occur today, and describe what changed.
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GEOGRAPHIC VISUALIZING BATTERIES

Figure 16

M any electrical devices use batteries to supply electrical energy. Every battery consists of one or more I eve I Re d ( é | ’
. . . . . s . /
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cells. The chemical reactions in a cell produce a voltage when the cell is connected in a dircuit. Each
cell has three parts—an elec-

o = - Positive terminal
trolyte, a positive electrode, and a neg- The positive electrode is

ative electrode. The electrolyte a porous carbon rod. ABMBEE"EHSNE"X— 2 OAHE - FI%FHAEHNRAFASUERENEY) - BUILSHRZME - AR

Chemical reactions occur - (

contains chemicals that cause chemical : Plastic insulator
in the rod that remove

readi?ns to occur at the positive and electrons that enter the In a zinc-carbon battery
negative electrodes. There are two rod from the dircuit. the electrolyte isa moist
types of cells—dry cells and wet cells. paste containing the

chen!icals .ammoni.um %Jﬁzﬁz}ﬁ

Dry-Cell Batteries Flashlight batteries and the batteries that ::?::ﬁ;lanr:ecszlgzﬁ?ée 'I .
run portable CD players are dry-cell batteries. This type of cell . M'H L2 HA  Z2IRZHEIE (WE - 1E3 g L4 ) ; EEKE - FRE - ARSEXRNEREE ; 915
is called a dry cell because the electrolyte is a paste, and not a Th gy A N yE (s ea \EEFH o
el apind i el | Menegatie dctode ERMETSTROBS, TRIWEGERAH - MISABNIE - NESEEFEIMAS B

voltage of 1.5 V. The most inexpensive dry-cell batteries are : chemical reactions

zinc-carbon batteries, shown on the right. N , remove electrons from
the zinc atoms.

The negative electrode is Negative terminal
Negative a gel containing powdered careTemne jj E}(J*B E 1/'5}%

terminal zinc metal and an electrolyte.
= FERERENM AL, Sm. o) WRESNAE ; FYENSEER(EHERNE——RELFREXEL
HEFRBEREER - BIASEEEA ( BITERRE -~ Btk ) - IEYBEINMRAMFOIR -

FALLN AR

A silver oxide battery is a button-shaped or
coin-shaped battery, often used in a camera or
a aalculator. This type of battery also is a dry-
cell battery, and usually has a voltage of 1.5 V.

HERR E

) _ \ 3 NN R ST YRR, awgﬁHL,f@ﬁﬁ%Ea@zﬂf@%x%ﬁﬁ;ﬂzm‘z#ﬁu;*ﬂhﬁ?ﬁzsﬁfﬁﬁ——ﬁm
Btmapionentinal ©. .. — B EEEEDS - MPARSEEEINERES | MERARK.
n electrolyte paste. Chemical [REQULE] Positive terminal

eactions here change the
ilver oxide to silver metal.

Wet-Cell Batteries Inawetcell LT i ~ e} A
et-Cell Ba er!es .n a.we ce enega_nveelectrodem 4
SADORS AR NI ... cocions v M MBEAMAIRERAE  THEESENVSB RNV LSHENL | RENSERABRE CEk.

most common wet-cell battery is

a car battery. A 12-V car battery FurgEine e o e | BERAA) CAZEMOEAZIEEEYZEDM -

L sulfate and produce
contains six wet cells connected electrons. The positive electrode in

in series. Each wet cell produces each cell is lead dioxide.

2 V. Unlike the dry-cell batteries The electrolyte in a car Chemical reactions here
shown above, a wet-cell battery battery is a solution of Partition change lead dioxide to
is rechargeable sulfuric acid. lead sulfate.
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Observing the Law of
Conservation of Mass

Procedun o] 2 |-5] .
1. Place a piece of steel wool
into a medium test tube.
Seal the end of the test
tube with a balloon.

2. Find the mass.

3. Using a test-tube holder,
heat the bottom of the
tube for two minutes in a
hot water bath provided
by your teacher. Allow the
tube to cool completely.

4. Find the mass again.

Analysis
1. What did you observe that

showed a chemical reac-
tion took place?

2. Compare the mass before
and after the reaction.

3. Why was it important for
the test tube to be sealed?

Figure 4 The law of conserva-
tion of mass states that the num-
ber and kind of atoms must be

equal for products and reactants.

CH3COO0H + NaHCO0,
Reactants

¢ Using Formulas The word equation for the reaction of bak-
i ing soda and vinegar is long. That’s why chemists use chemical
¢ formulas to represent the chemical names of substances in the
equation. You can convert a word equation into a chemical
: equation by substituting chemical formulas for the chemical
i names. For example, the chemical equation for the reaction
¢ between baking soda and vinegar can be written as follows:

CH,COOH + NaHCO, — CH,COONa + H,0 + CO,

Acetic Sodium Sodium Water Carbon
acid hydrogen acetate dioxide
(vinegar)  carbonate
(baking soda)

: Subscripts When you look at chemical formulas, notice the
small numbers written to the right of the atoms. These numbers,
¢ called subscripts, tell you the number of atoms of each element in
¢ that compound. For example, the subscript 2 in CO, means that
i each molecule of carbon dioxide has two oxygen atoms. If an atom
¢ has no subscript, it means that only one atom of that element is in
the compound, so carbon dioxide has only one carbon atom.

Conservation of Mass

What happens to the atoms in the reactants when they are con-

verted into products? According to the law of conservation of mass,
: the mass of the products must be the same as the mass of the reac-
¢ tants in that chemical reaction. This principle was first stated by the
i French chemist Antoine Lavoisier (1743-1794), who is considered
¢ the first modern chemist. Lavoisier used logic and scientific meth-

ods to study chemical reactions. He
proved by his experiments that nothing
—y is lost or created in chemical reactions.
He showed that chemical reactions
are much like mathematical equa-

)
e q

tions. In math equations, the right and
left sides of the equation are numeri-
cally equal. Chemical equations are
similar, but it is the number and kind

of atoms that are equal on the two

sides. Every atom that appears on the

reactant side of the equation also

appears on the product side, as shown

in Figure 4. Atoms are never lost or

CH3C0O0Na + H0 + €0, created in a chemical reaction; how-
Products ever, they do change partners.
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Pioneers

Radioactivity

A Surprise on a Cloudy Day

Most scientific discover-
ies are the result of meticu-
lous planning. Others
happen quite by accident.
On a cloudy day in the spring
of 1896, physicist Henri
Becquerel was unable to complete
the day’s planned work requiring the sun as the
primary energy source. Disappointed, he
wrapped his experimental photographic plates
and put them away in a darkened drawer along
with some crystals containing uranium. Imagine
Becquerel’s surprise upon discovering that the
covered plates had somehow been exposed in
complete darkness! The unplanned discovery
that uranium emits radiation ultimately led to a
complete revision of theories about atomic struc-
ture and properties.

Marie Curie's Revolutionary Hypothesis

One year before this revolutionary event,
physicist Wilhelm Roentgen discovered a type
of ray that could penetrate flesh, yielding photo-
graphs of living people’s bones. Were these “X”
rays, as Roentgen named them, and the radiation
emitted by uranium in any way related?
Intrigued by these findings, scientist Marie
Curie began studying uranium compounds. Her
research led her to hypothesize that radiation is
an atomic property of matter which causes

atoms of some elements to

emit radiation, changing

into atoms of another ele-

ment. Her revolutionary

hypothesis challenged current beliefs that
the atom was indivisible and unchangeable.

“The Miserable Old Shed”

Marie Curie’s husband became interested in
her research, shelving his own magnetism stud-
ies to partner with her. Together, in the labora-
tory she referred to as “the miserable old shed,”
they experimented with a uranium ore called
pitchblende. Strangely, pitchblende proved to
be more radioactive than pure uranium. The
Curies hypothesized that one or more undis-
covered radioactive elements must also be part
of this ore. By eventually isolating the elements
radium-and polonium from pitchblende, they
achieved the dream of every scientist of the
day: adding elements to the periodic table. In
1903, Marie and Pierre Curie shared the Nobel
prize in physics with Henri Becquerel for con-
tributions made through radiation research.
The first female recipient
of a Nobel prize, Marie
Curie was awarded a sec-
ond Nobel in 1911 in
chemistry for her work
with radium and radium
compounds.

B

Investigate Research the work of Erest Rutherford, who won the
Nobel prize in Chemistry in 1908. Use the link to the right to describe
some of his discoveries dealing with transmutation, radiation, and

atomic structure.

¥ nline
For more information, visit
blue.msscience.com/time
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Webat You'll Learn

are visible only during certain
seasons.

m Distinguish between absolute
magnitude and apparent
magnitude.

W@ It’s Important

The Sun is a typical star.

® Review Vocabulary
star: a large, spherical mass of
gas that gives off light and other
types of radiation

New Vocabulary

® constellation

® absolute magnitude
@ apparent magnitude
® light-year

Figure 1 The stars in Orion
appear close together, but they

really are many light-years apart.

. Constellations

It’s fun to look at clouds and find ones that remind you of

i animals, people, or objects that you recognize. It takes more
B Explain why some constellations imagination to play this game with stars. Ancient Greek.s,
: Romans, and other early cultures observed patterns of stars in
i the night sky called constellations. They imagined that the con-
: stellations represented mythological characters, animals, or

¢ familiar objects.

From Earth,a constellation looks like spots of light arranged

i +in a particular shape against the dark night sky. Figure 1 shows
how: the constellation of the mythological Greek hunter Orion
: ‘appears from Earth. It also shows that the stars in a constellation
: often have no relationship to each other in space.

Stars in the sky can be found at specific locations within a

¢ constellation. For example, you can find the star Betelgeuse
: (BEE tul jooz) in the shoulder of the mighty hunter Orion.
: Orion’s faithful companion is his dog, Canis Major. Sirius, the
brightest star that is visible from the northern hemisphere, is in
: Canis Major.

# Betelgeuse

o | Dellatrix Mintaka

*«Alnilam |
OAInitak !
Onon nebula

.Na'lr al Saif

Distances from Earth in light-years
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explanations, or hypotheses, to account for the
formation of Earth’s Moon. As shown below,
these indude the co-formation, fission, capture, and
collision hypotheses. The latter—sometimes known
as the giant impact hypothesis—is the most widely (N
accepted today.

' v
S cientists have proposed several possible

. CO-FORMATION Earth and the Moon
form at the same time from a vast cloud
of cosmic matter that condenses into the
bodies of the solar system.

. FISSION A rapidly spinning molten
Earth tears in two. The smaller blob of
matter enters into orbit as the Moon.

CAPTURE Earth’s gravity captures the

Moon into Earth orbit as the Moon passes
dose to Earth.

COLLISION A Mars-sized body collides
with the primordial Earth.The colossal
impact smashes off sufficient debris from
Earth to form the Moon.
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