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Lesson 1
THE ELEMENTS
AND THE PERIODIC TABLE

The number of protons in the nucleus of an atom is referred to as the atomic number, or
proton number, Z.The number of electrons in an electrically neutral atom is also equal to the
atomic number, Z.The total mass of an atom is determined very nearly by the total number of
protons and neutrons in its nucleus. This total is called the mass number, A. The number of
neutrons in an atom,the neutron number,is given by the quantity A-Z.

The term element refers to a pure substance with atoms all of a single kind.To the chemist
the “kind” of atom is specified by its atomic number, since this is the property that determines
its chemical behavior. At present all the atoms from Z=1 to Z=107 are known: there are 107
chemical elements. Each chemical element has been given a name and a distinctive symbol. For
most elements the symbol is simply the abbreviated form of the English name consisting of one
or two letters, for example:

oxygen=0 nitrogen=N neon=Ne magnesium=Mg

Some elements, which have been known for a long time, have symbols based on their Latin
names , for example :

iron=Fe(ferrum ) copper=Cu( cuprum )lead=Ph( plumbum )

A complete listing of the elements may be found in Table 1.

Beginning in the late seventeenth century with the work of Robert Boyle, who proposed the
presently accepted concept of an element, numerous investigations produced a considerable
knowledge of the properties of elements and their compoundsl.In 1869, D. Mendeleev and L.
Meyer, working independently, proposed the periodic law.In modern form, the law states that the
properties of the elements are periodic functions of their atomic numbers.In other words, when
the elements are listed in order of increasing atomic number, elements having closely similar
properties will fall at definite intervals along the list. Thus it is possible to arrange the list of
elements in tabular form with elements having similar properties placed in vertical columns®.Such
an arrangement is called a periodic table.

Each horizontal row of elements constitutes a period.It should be noted that the lengths of
the periods vary.There is a very short period containing only 2 elements, followed by two short
periods of 8 elements each, and then two long periods of 18 elements each3.The next period
includes 32 elements, and the last period is apparently incomplete. With this arrangement,
elements in the same vertical column have similar characteristics. These columns constitute the
chemical families or groups.The groups headed by the members of the two 8-element periods are

designated as main group elements, and the members of the other groups are called transition or
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inner transition elements.

In the periodic table, a heavy stepped line divides the elements into metals and nonmetals.
Elements to the left of this line (with the exception of hydrogen) are metals, while those to the
right are nonmetals. This division is for convenience only; elements bordering the line - - the
metalloids - have properties characteristic of both metals and nonmetals.It may be seen that most
of the elements,including all the transition and inner transition elements,are metals.

Except for hydrogen,a gas,the elements of group I A make up the alkali metal family.They
are very reactive metals,and they are never found in the elemental state in nature.However, their
compounds are widespread.All the members of the alkali metal family form ions having a charge
of 1" only.In contrast,the elements of group IB — copper,silver,and gold — are comparatively inert.
They are similar to the alkali metals in that they exist as 1* ions in many of their compounds.
However, as is characteristic of most transition elements, they form ions having other charges as
well4.

The elements of group Il A are known as the alkaline earth metals.Their characteristic ionic
charge is 2'.These metals, particularly the last two members of the group, are almost as reactive
as the alkali metals.The group Il B elements — zinc, cadmium, and mercury are less reactive than
are those of group Il A5,but are more reactive than the neighboring elements of group I B.The
characteristic charge on their ions is also 2",

With the exception of boron, group Il A elements are also fairly reactive metals. Aluminum
appears to be inert toward reaction with air, but this behavior stems from the fact that the metal
forms a thin , invisible film of aluminum oxide on the surface, which protects the bulk of the
metal from further oxidation.The metals of group Il A form ions of 3" charge.Group Il B consists
of the metals scandium, yttrium, lanthanum, and actinium.

Group IV A consists of a nonmetal, carbon, two metalloids, silicon and germanium, and two
metals, tin and lead.Each of these elements forms some compounds with formulas which indicate
that four other atoms are present per group IV A atom,as, for example, carbon tetrachloride , CCl4.
The group IV B metals—titanium, zirconium, and hafnium — also form compounds in which each
group IV B atom is combined with four other atoms;these compounds are nonelectrolytes when
pure.

The elements of group V A include three nonmetals — nitrogen, phosphorus, and arsenic -
and two metals — antimony and bismuth. Although compounds with the formulas N,O,, PCl,, and
AsCl, exist, none of them is ionic.These elements do form compounds—nitrides, phosphides, and
arsenides—in which ions having charges of minus three occur.The elements of group V B are all
metals. These elements form such a variety of different compounds that their characteristics are
not easily generalized.

With the exception of polonium, the elements of group VIA are typical nonmetals. They are
sometimes known as the chalcogens, from the Greek word meaning “ash formers”.In their binary
compounds with metals they exist as ions having a charge of 2".The elements of group VIA are

all nonmetals and are known as the halogens, from the Greek term meaning “salt formers”. They
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are the most reactive nonmetals and are capable of reacting with practically all the metals and

with most nonmetals, including each other.

The elements of groups VIB , VIB,and VIIB are all metals.They form such a wide variety of

compounds that it is not practical at this point to present any examples as being typical of the

behavior of the respective groups®.

The periodicity of chemical behavior is illustrated by the fact that,excluding the first period,

each period begins with a very reactive metal. Successive elements along the period show

decreasing metallic character, eventually becoming nonmetals, and finally, in group VA, a very

reactive nonmetal is found.Each period ends with a member of the noble gas family.

element| 'elimont | n. JTTHE
proton|[ 'prautan | n. Jii ¥
nucleus| 'nju:klos | & nuclei
['nju:kliai] n. #
atomic[ 2'tomik | a. JETH)
atomic number 5L J¥ 4
neutral[ 'nju:tral] a. PHERY
mass[ maes | n.
mass number i 1 £
atom| '®tom | n. J&
neutron[ 'nju:tron ] n. ¥
single kind [[]—2&
chemical [ 'kemikal] a. f£2£ 1Y
n. AL
symbol[ 'simbal ] n. £ 5
accept| ok'sept | vt. 5%, FKIA
(:()ncepl[k:)nsept ] n. mﬁ
compound[ kam'paund | n. fb &9
property| 'propati | n. 145, 5%
periodic| piari'adik | a. B HH
periodic table  J& %
periodic law  J& ##
state[ steit ] ve. JLBH AR
function[ 'fapkfon ] n. EBE ; %L
tabular| 't&bjula] a. MY
vertical[ 'va:tikal] a. ", FE H Y

New words and Expressions

column[ 'kolom | n. £, 3 ; 9431
horizontal [ hori'zontl] a. 7K ; B =0
row[ rou | n. HE, #§%1

period[ 'piariad | n. J& 1

family[ 'faemili | n. (J8 W] ) i%
gmup[gru:p] n. %, %k, A

transition[ treen'zifon | n. it ¥ , #5715
metalloid[ 'metaloid ]| n. #E4: %
characteristic| kaerikta'ristik | n.a.
alkali[ '®lkalai] n.
alkali metal Bk & /&
reactive ri'®ktiv | a. {H LAY, BN Y
inert[ i'na:t ] a HHVEM , ATE LN
coinage| 'koinidz | n. i 1, B
ionic| ai'onik | a. B 7Y
alkaline[ '@lkalain | a. %Y

alkaline earth metal B+ % /&
thin[ 0in ] a. /Y, WAY; o2
invisible[ in'vizobl | a. PR A WY
film[ film ] n. 8, B
aluminum oxide % {LH
surface| 'sa:fis | n.a. 21
formulal 'fo: mjula] n. 53 FX, 205
oxidation| oksi'deifan | n. # 1k



{2

Lo,

carbon tetrachloride P4 fk Ak
combine kam'bain] v. k&, 454 (with)
non-electrolyte[ 'non-i'lektralait |

n. 4 L fife S
nitride[ 'naitraid | n. BiL®)
phosphide[ 'fasfaid | n. B {4
arsenide[ 'a:sinaid | n. #i{k$
chalcogen| 'ka&lkadzon | n. HiJ& , B %
ash former( 2 ["'fo: mo | KU , UK ()
binary [ 'bainari] a.n. ZJC(H), DY)
halogen| 'haelodzan | n. K %
salt former[ 2 1t'fo: ma |Eh U A, lEE (#)
periodicity[ piaria'disiti ] n. J& 1%

L: I
in-[in- ] (il-,im-,ir-) A, JG,3E

incomplete , inorganic, invisible , impure ,

P EWEE

irregular
non-[non- J4E, R, &
nonmetal , nonelectrolyte,, noninflammable
(A#AAY ) , nontoxic (JCHERY )
di-[dai- ] =, X, B, 5 ,
dipositive , dioxide ; dimolecular, diatomic,
diphenyl (H( %) , dibenzoyl (K4 H1 8 ) ,
dichromate (L5 REEE ) , dipole (84 )

B %

-on[ -on, -onJ(Z&idiA )
(DA 5T ROk
proton, neutron , ion, electron
OIE[Z3 S 3] -2
argon , boron, carbon, silicon
-ic[ -ik OB A AFER)
ionic, periodic , atomic , catalytic

-ide[ -aid |- bWy (2 iR )

oxide, chloride , hydride , halide , nitride
i A
referred to as-+- FRAy------ B R

equal torr  FF e fiSE
refer to--- W 382

(be)abbreviated form«=+  J@+-+-- EE
E ...... Z%

consist of =+ H-reee- A

(be) based (up)on--+ FRF--- :
Dol

begin with--+ M\ +=--=- Frih
in modern form FEITC

a function of  Pifi+++++ WA, -« Y R &L
in other words /]G ik
in order of >+ f#greeer (HEF)

followed by+ %4 462 A , Ja 1l /&
main group element FHEITE

for convenience A7 il W

divide A into B and C 38 A 53+ B Al C

except for=-  Pf--eee Z5k
make up*++  JERL, A K

in contrast /% , 5HAT
similar to--+  FE{LLTF

exist agtss  PA[reoees e | fi e

-as well [ [a/FE

known as g2l UL e y
1) QR

protect A from B4 A 4537

B---[5¢m1 ;AT B

composed of--+  fH-e-- b1t

to some extent {EXCFPFERE

a variety of**+ B FEFER

capable of (+ing) A+ I - R Bk
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Table 1 IUPAC* Names and Symbols of the Elements

Name Pronunciation Symbol At.No. Chinese
Actinium [k 'tiniam] Ac 89 |
Aluminum [2'lju : minam] Al 13 1
Americium [22ma 'risiom] Am 95 i
Antimony ['@ntimani] Sh 51 i
Argon ['o:g:m] Ar 18 Tl
Arsenic ['a:snik] As 33 fi
Astatine ['estatin] At 85 il
Barium ['beariom| Ba 56 il
Berkelium ['ba:kliam| Bk 97 723
Beryllium [be'riljom] Be 4 B
Bismuth ['bizma0) Bi 83 B
Boron ['ba:ron] B 5 1l
Bromine ['broumi: n] Br 35 "
Cadmiun ['keedmiom] Cd 48 )
Calcium ['keelsiom] Ca 20 5
Californium ['keeli'fo : niom] Cf 98 i
Carbon ['ka:ban] C 6 i
Cerium ['siariom] Ce 58 i
Cesium ['si:ziom] Cs 55 e
Chlorine ['kla:rin] Cl &) )
Chromium ['kroumiam] Cr 24 il
Cobalt [ka'ba:1t] Co 27 B
Copper ['kapa] Cu 29 o]
Curium ['kjuariom] Cm 96 5
Dysprosium [dis'prousiom] Dy 66 i
Einsteinium [ain'stainiam] Es 99 5
Erbium ['a:biom] Er 68 il
Europium [jua'roupiom] Eu 63 i
Fermium ['feamiom] Fm 100 i
Fluorine ['flu(z)arin] F 9 3
Francium ['freensiom] Fr 87 &
Gadolinium [igaeda'liniom] Gd 64 L
Gallium ['galiom] Ga 31 %
Germanium [d39:'meiniam] Ge 32 4
Gold ['gould] Au 79 &
Hafnium ['haefniom] Hf 72 B
Helium ['hi:ljom] He 2 A
Holmium ['holmiom] Ho 67 B
Hydrogen ['haidrad3an] H 1 -
Indium ['indiam] In 49 i
lodine ['aiadizn] 1 53 il
Iridium [ai'ridiom] Ir 77 23
Iron ['aion] Fe 26 B
Krypton ['kripton] Kr 36 il
Lanthanum ['lenBanam] La 57 il
Lawrencium [15:'rensiom] Lr 103 iy
Lead [led] Pb 82 B
Lithium ['liBiam) Li 3 £
Lutetium [ljuz'tizfiam] Lu 71 i
Magnesium [meeg'nizziom] Mg 12 173
Manganese |'meengani:z] Mn 25 i
Mendelevium [imenda'liviam] Md 101 il
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g%
Name Pronunciation Symbol At.No. Chinese

Mercury ['mal:_kju_ri] Hg 80 K
Molybdenum [ma'libdiznom] Mo 42 iH
Neodymium [ini(z)2'dimiam) Nd 60 %
Neon [inizon] Ne 10

Neptunium [nep'tjuniom) Np 93 i
Nickel ['nikal] Ni 28 i
Niobium [nai'oubiom)| Nb 41 e
Nitrogen ['naitrid3zan] N 7 -
Nobelium [nou'beliam] No 102 75
Osmium ['ozmiom] Os 76 514
Oxygen [':)klsid3an] 0 8 £
Palladium [Pa leidiom| Pd 46 i
Phosphorus | fosforas] P 15 ik
Platinum ['plaa‘tinarn] Pt 78 gl
Plutonium [plu:'tounjom] Pu 94 {71
Polonium [pa'louniam] Po 84 Eh
Potassium [pa'tszsjarln] K 19 il
Praseodymium [ipreiziou dimiom] Pr 59 [
Promethium [pra'mi:Biom)] Pm 61 Hn
Protactinium [iproutzk 'tiniam] Pa 91 BE
Radium ['reidiom] Ra 88 i
Radon ['reidon] Rn 86 £}
Rhenium ['rizniam] Re 75 Bk
Rhodium ['roudiam] Rh 45 fE
Rubidium [ruz'bidiam] Rb 37 o
Ruthenium [ruz'@iniom] Ru 44 k1
Samarium [sa'meariom] Sm 62 (7
Scandium |'skaendiom] Se 21 Bt
Selenium [si'li:njom] Se 34 iy
Silicon ['silikan] Si 14 3
Silver {:silva_] Ag 47 i}
Sodium [‘snudjam] Na 11 b4
Strontium ['stronfiom] Sr 38 i
Sulfur [:sA]_fa] S 16 i
Tantalum ['tzentalom) Ta 73 ]
Technetium [tek'niz fiom] Te 43 #
Tellurium [te'ljuariom] Te 52 iy
Terbium ['tashiam] Th 65 ik
Thallium ['@zeliom] Tl 81 ¥
Thorium ['@ozriom] Th 90 it
Thulium ['Bjuzliom] Tm 69 73
Tin ["tin] Sn 50 I
Titanium [ti'teiniom)] Ti 22 7%
Tungsten ['tapsten] W 74 iy
Uranium [jua'reinjom] u 92 it}
Vanadium [va'neidiam] A 23 N
Xenon ["zen:)n] Xe 54 fin
Ytterbium [i'tathjam] Yb 70 fix
Yttrium ['itriom] ¥ 39 74
Zinc ['zink] Zn 30 PF
Zirconium [za:'kouniom| Zx 40 #

*[UPAC /& International Union of Pure and Applied Chemistry , B ; “ [ Fralipefb 22 RN AL 221K 4 " 10 46



