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Reading an Element’s Square The periodic table has one
square for each element In this book, cach square includes the
clement’s atomic mumber, chemical symbol, name, and
atomic mass, Other periodic tables may nclude more nforma-
tion, and some may include les. Look again t thelarge periodic
{abie shown ealer in ths section and find the squae fo iron.
“That squar s reproduced below in Figure 16. The frstentry n
the squar s the number 26, the atomic number for ron, Recall
tha the atomic number tels yo that every iron atom has 26
protonsin it nuceus. Because it has 26 protons, an iron atom
50 has 26 clectrons,

Just below the atomic number are the ltters Fe—the
chemical symbol for iron. Most chemical symbols conain
ether one or two lettrs. Often, an element’ symbal is an
abbreviaion of the element’s name in English. For example,
zinc’ symbol i Zn, the symbol fo calium is Ca and the sym.
bol for silcon s . Other elements, specialy hose that were
Known n ancient times, have symbols thatare abbreviations of
ther Latin names. For example, the Latin name of sodium is
natrium, 5 is symbol i Na. The Latin name of potassium s
Kalium, 50 its symbol is K. The symbol Au for god stands for
aurum, Fe for iton stands for ferram, and Pb for lead stands
Tor pumbu.

Average Atomic Mass The last number in the square is
the average atomic mass. For iron, tis value is 55,547 amu.
“The atomic mass i an average beciuse most dlements consist
of amixture of sotopes. For examl, iron is a mixture of four
sotopes. About 92 pescent ofiron atoms are fron-36 (having.
30 neutrons). The rest are a mixture ofiron-4, ion.-57, and
ron-58. The average atomic mass of iron s detérmined from
the combined percentages of al s sotopes.
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How Elements Form in Stars

You have learned that elements are the simplest substances
from which other forms of mater are made. D you wonder
where the clements come from? The answer might sucprise
you:stars By studying the sun and other stas,scentists have
formed hypotheses about the origins of matter on Earth,

Matter in the Sun Like many other stars, the sun is made
‘mostly of one clemeni—hycrogen. This hydrogen exisis at
tremendously high pressures and at temperatures 2s hot as
15 million degrees Celsus. A thee extremes, matter does not
exis as solid, liquid, or gas. Instead, it is plasma, a sate of
‘mater that consits of  gas-like mixture of free lectrons and
il of atoms tht have been stripped of elctrons,

Remember that atomic nuclel contain protons, which are
positively charged. So the atoms that are stripped ofthlr lec-
trons in 2 plasma are positvey charged nuckl. Usually posi-
tive charges repel ome another. But n sars, the pressure s so
high that muclel are squeezed close together and colid.

New Elements from Fusion When collding muckei have
enough energy, they can join together, a shown n Figure 17.
Nuclear fusion s 3 process in which two atomic nucll com-
bine, forming a arger nucles and releasing huge amounts of
energy. Nuclear fusion, which occurs n stars on a huge scle,
combines smaller nuclei into larger nucle, creating heavier
elements. I the sun,different sotopes of hydrogen fus, pro-
ducing nuclelof hlium, The energy produced in this reation
i the most important souce of energy in the sun.
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As elium builds up in the sur's core, othe fuson reac-
tions ocour Overtime, two or morehelium mucllcanfuse,
forming berylium. Another helium nudeus can fuse with
2 berylium mucleus, forming carbon, and so on, Sars the
size of the sun do ot conain enough energy 1o produce
lements heavir than oxygen. But lrger stars do. These
starsare hot enough 0 produce lements such 2 magne-
sium and siicon, In more massive sar,foson conties
unt the core s lmostall ron.

In the fnal hours of the most masive stars, slentists
have observed an event called 2 supernova. The star
explodes, producing temperatues up to | billon degrees
(Celius. A supernova provides enough energy to create
the heaviet lements. These elements are blown offinto
space a the star burns ut.

Most astronomers agree that the matter in the sun
and is planetsoriginally came from a gigantic supernova
that occurred billons of years ago. I 50, this means that
the matter all around you was created in a star, and all
‘matter on Earth is a form of stardust.
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Writing in Science
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Discover Activity

Which Is Easier?

1. Make dstsof 10 paper squares,
usinga iffrent colr for sach
set Number thesquares in cach
“etram 1 shrough 10,

2 Placeal of the squares on  lat
surface, numibered sde up.Don't arrange them i order

3. Askyour partner to name a square b color and number Have
‘yourpartner time how long it takes yo o find this square

& Repeat Step 3 twice,choosingdiferent squareseach ime.
‘Glculate the average value o the thee tmes.

5. Rearrange the squares intofour rows, one foreach color.
‘Order the squares n ach row from 1 10.

6. Repeat Step 3 tree times. Calculate an average ime.

7. Tradeplaceswith your partner and repeat Steps 2 through 5.

Think t Over

Infrring Wiich average ime wasshorter, the one produced n

Step ot Stap 67 Why do you tink the times were different?

‘You wake up, jump out of bed, and siart to get dressed for
school. Then you ask yoursela question: I there school today?
To find out, you check the calendar. There’s no school today.
becanse it Saturday.

“The calendar arranges the daysof the month into horizon-
tal periods called weeks and vertcal groups called days of the
ek, This arrangement follows  repeating pattern that makes.
it easy o keep track of which day it . The chemical lements
canalsobe organized o something ke calendar. The name.
of the "chemists calendar” i the periodic table.
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Patterns in the Elements

By 1869, 2 total of 63 elements had been discovered. A ew
were gass. Two wereliquids. Most were solid metals. Some.
reacted explosively as they formed compounds. Others
reacted more slowy. Scentists wondered i the properies
of elements ollowed any sort of pattern. A Rusian scen-
tist, Donitel Mendeleev (men duh LAY ), discovered 2 et
of gattens that appliedto l he clemens.

Mendaleev's Work Mendelees knew that some cle-
‘ments have similr chemical and physical propertes. For
‘example, both fluorine and chlorine are gases tht iritate
the lungs and form similar compounds. Silver and copper,
shown in Figure 11, are both shiny metals that tacnish if
exposed to air. Mendeleev thought these similarites were
important clues o 2 hidden pattern.

“To find that pattern, Mendeleev wrote each element’s
melting point (M.P), density, and color on individual
cards. He also included the element’s atomic mass and the
‘umber of chemical bonds t could form. The atomic mass.
s the average mass of al the fotopes of an element. Men-
deleey red various arangements of cards. He noticed that
2 patiern of propertics appeared when he arranged the.
clements in order of increasing atomic mass.

Mendeleev's Periodic Table Mendeleev found _that
the propertes of elements repeated. Afer fiuorine (F),for
instance,the next heaviest cemen. he knew was sodium
(Na). (Neon had not yet been discovered.) But sodium
reacted with water the same way that lithium (L) and
potassium (K) did. o he placed the cardsfo thse elemens
into: group. He didthe same with other similar clemens.

Bt ) Whatpropertesdosiver and copper share?
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Prodicting New Elements Mendeleev found that arrang
ing the known elementsstictly by increasing atomic mass did
ot always group similar elements together. S0, he moved a few
of his clement cards into groups where the elements did have
simila propertes. After acanging all 63 elemens, three blank
spaces were lef. Mendeleev predicted that the blank spaces
‘would be filled by clements that had not yet been discovered.
He even predicted thepropertesof those new clements.

In 1869, Mendeleev published the first periodic table. It
looked something lke the one shown in Figure 13. Within
16 years, chemists discovered the three missing elements—
scandium, gallium, and germanim. Thei propertiesae close
o those that Mendeleev had predicted.

The Modern Periodic Table In the periodic table used
today,the propertics of the clementsrepeat in each period—or
£ow—of the table. (The Word periodic means “in 2 reguiar,
sepeated pattern”) The periodic tabe has changed a it snce
‘Mendeleev’s time. New elements were added s they were dis-
covered. Also, an important change occurred in the early
1900s.In 1913, Henry Mosele, a Beltsh scients,discovered a
way to measure the positive charge on an atomms nuceus—in
other words, the atomic number. Not long afte, the zble was
rearranged i order of atomic number, ot atomic mass. As 3
reul,  few of the elements shifted positon, and some of the
patterns of properties became more regulas. An up-to-date
Versin of th fable ppears on the next two pages.
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‘Organization of the Periodic Table
‘The propertis of an clement can be predicted from its loca-
tionin the periodictable. This predictabilty s the reason that
the periodic table i so useful to chemists. Knowing how the
tabl s organized can make the able wseful 0 you, too.
Remember that the periodic table is arranged by atomic
‘mumber. Look over the entir tabl in Figure 14 on the previ
ous two pages, staring at the upper Let with hydcogen (1)
‘Notice that the atomic numbers increas from eft o right.

Periods The table is organized in horizontal fows called
periods. A period contains  series o different elements,ust a5
2 week on a calendar s aseies of differnt days From Ieft to
right, the propertis of the clements change n a pattern. For
‘example, lements on the eft side of the table are highly reac-
tive metals. Lessreactive metals are i the middie of the tabe
Next come the metaloid, fllowed by the nonmetls on the
right This pattern i repeatedin cach period.

Groups Asa feslt of the repeating pattern of propertes, the
elements of the modern periodic tabl fall into 18 vertical ol-
‘umns, or groups. These groups —somelimes known as am
lies—consist of clements with simiar characteristics. For
‘exampl, The clements in Group 1 are metals that react vio-
ety with water, while the elements in Group 2 react with,
water slowly or o at all. Group 17 lements react violently
with clements from Group 1, but Group 18 elements rarely
reactatall.

“The clements known as the lanthanides and the actinides
are part of Periods 6 and 7. But these clemens are usually
printed below the others, and they are not part of the 18

Fausets groups already described. Fgure 15 shows a difeent form of
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