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LESSON ONE

THE ELEMENTS

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 eleciri-
cally 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 neu-
trons 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 Lo a pure substance with atoms all of a singlekind,
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 becn known for a long time, have symbols
based on their Latin names, for example;

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

A few elements have symbols based on the Latin name of one of their com-
pounds, the elements themselves having been discovered only in relatively
recent times,! for example;
sodium = Na ( natrium =sodium carbonate )
potassium = K (kalium = potassium carbonate )
A complete listing of the eluments may be found in table 1,
In addition to identifying an clement by its symbol, information on the

composition of its atomic nuclei may be included along with the symbol.

A 14 16 24 32 56 207 238
ZX means; 7N 80 1zMg 168 261*6 82Pb 92U and so on,

What is represented by the symbol ?X is an atomic species called & nuc-

lide of the element X, having an atomic number Z and a mass number Al
One of the nuclides shown above, that of the element oxygen, is an atom
with eight protons and eight neutrons in its nucleus and eight electrons outside

the nucleus,



All atoms of a given element must have the same atomic number, but
they may have different mass numbers, The different nuclides of an element are
referred to collectively as isotopes of the element, In Section 2-7, where the
discovery and characterization of isotopes was discussed, it was pointed out
that there is one type of neon atom with a mass 22/20 as great as the predo-

minant atomic species,Actually three different nuclides exist; there are three
isotopes of neon, By symbol,these are :nge, f(l)Ne, and%(z)Ne. The natural abun-

dances of these nuclides are 90,9, 0,3 and 8,.8%, respectively. Sometimes
the mass numbers of isotopes are incorporated into the names of elements,such
as neon-20, carbon-12 and oxygen-16, In a neutral atom the number of elec-
trons must be equal to the number of protons, Z, But if an atom either

loses or gains electrons, it acquires a net electric charge; it becomes an ion. -
The species%gNe* andigNe“are ions, The first one has ten protons, ten neu-

trons,and nine electronss;the second, ten protons, ten neutrons,and eight elec-

trons,

Table 1, IUPAC* Names and Symbols of the Elements

Name Symbol At No, WiE
Actinium (ek’tiniom ] Ac 89 4
Alumigum {e’lju; mingm ) Al 13 2]
Americium { same@’risiem ) Am 95 ]
Antimony [ ‘eentimeni ] Sb 51 &
Argon fa:gon] Ar 18 i
Arsenic ’a:snik) As 33 B
Astatine ( ’eestotin 3 At 85 #
Barium { 'bgpriem ) Ba 56 &l
Berkelium [ "beskliem ] Bk 97 i
Beryllium (be’riljpm ) Be 4 &
Bismuth {,bizmeB) Bi 83 &k
Boron {’bo:ron) B 5 |
Bromine C’broumi:n3} Br 35 R’
Cadmium {’kgedmigm ) Cd 48 222
Calcium ( ‘keelsiom ) Ca 20 i
Californium { ,keeli’fo : nigm ) Cf 98 N
Carbon {’kq : ben) C ] i
Cerium ( ’sigriem ) Ce 58 &
Cesium (’siszjem ] Cs 55 %
Chlorine [’klo:rin) Cl 17 #

2



Chromium
Cobalt
Copper
Curium
Dysprosium
Einsteinium
Erbium
Furopium
Fermium
Fluorine
Francium
Gadolinium
Gallium
Germanium
Gold
Hafnium
Heliuvm
Holmium
Hydrogen
Iadium
Iodine
Iridium
Iron
Krypton
Lanthanum
Lawrencium
Lead
Lithium
Lutetium
Magnesium
Manganese
Mendeleoium
Mercury
Molybdenum
Neodymium
Neon
Neptunium
Nickel
Niobium
Nitrogen
Nobelium
Osmium
Oxygen
Palladium

(’kroumjom )
Cke'boalt)
(‘kope]
(’kjueriem ]

[ dis’prousiem )
(ain’stainiem ]
(/9! biem ]

{ ju®’roupiem )
(/feomiom ]
C/flu( s )erin)
({ freensiem )

{ geedo’liniem J
[ /geeliom 3
{d3o: ‘meinieom ]
C/gould]

[ ‘heefniem J
C’hi:ljem )

( ‘holmigm )

{ “haidred3en ]
[/indipm )
(’aiedi:n)]
Cai’ridiem 3
(/aien)
("kripton ]

( ’1sengenem J
{101 ’rensigm]
[ led)
[ ’libigm )

Clju: ’ti s fiem ]
(meag’ni + ziem]
{,meeynge’ni: z]
[mend@’liviem]
(‘me: kjuri]
[(m>lib’di : ngm)
Cni(s)e’dimiem)
(‘ni:en)
(uep’/tjuniom
(“nikel)
(nai’oubiem]
(’naitrid3en)
[nou’beliom]
[/ozmi@m]
(’oksid3en)
(po’leidiom]

Ge

He

Md

24

29
96
66
99
68
63
100

87
64
31

32
79
72

67

49
53
77
26
36
57
103
82

71

12
25
10
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Phosphorus
Platinum
Plutonium
Polonium

Potassium

Praseodymium

Promethium
Protactinium
Radium
Radon
Rhenium
Rhodium
Rubidium
Ruthenium
Samarium
Scandium
Selenium
Silicon
Silver
Sodium
Strontium
Sulfur
Tantalum
Technetium
Tellurium
Terbium
Thallium
Thorium
Thulium
Tin
Titanium
Tungsten
Uranjum
Vanadium
Xenon
Ytterbium
Yittrium
Zinc

Zirconium

(’fosfares]
(‘pleetinem?
Cplu: "tounjom)
(pe’louniem]
[pe’teesjom]
{,preiziou’dimigmn’
{pro’mi : gigm]
[prouteek’tiniem?
(‘reidigm)
{’reidon?)

(’ri: nigm}
{“roudiem]
Cru: ’bidigm)
(ru: 8i: nigm)
(s8’ medriom ]
[’skeandigm)
(si’li : njom]
[’siliken]
[’silvel
(“soudjom)
[/stronfigm]
[’salfa)
[/teentelem)
Fiek’ni s figm)
[te’ljueriem)
[(‘te: biem)

[ 'Ogeliom]

(0o rigm]
[’8ju : liom)
(tin]
[ti’teinigm)
[tagsten]
fjud’reinjom)
(ve' neidigm)
(‘zendn]

(i’'te: bjem)
(‘itrigm)
(zigk]
{za@: ‘kouniem]

15
78
94
84
19
59
61
91

38
86
75

37
14
62
21
34
14
47
11
38
16
73
43
52
65
81
90
69
50
22
74
92
23
54
70
39
30
40

AR R R R N R - R EREE R

*[UPAC = International Union of Pure and Applied Chemistry,
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element [“eliment] n, TLE
proton [/ prouton] n, )i

nucleus [“nju:kles] & nuclei [“nju:

kliail n, i
atomijc [e/ tomik] a, BR -1
atomic number KR
neutral [“nju:trall a. Rk
mass [mees] a, B ik
mass number i %1
atom [/setem] n, BET
neutron ['nju:tron] n, -
quantity [“kwontiti] n, &, ¥E

A, AW
ﬁ!’" ;lg; 'ﬂz}ﬁ

2

term [to:m] n,
kind [kaind] n,
single kind

specify [“spesifai] vi, B e, W
chemical ["kemikoal]l a, {LZ3ERY

n, fbEEm
distinctive [dis’ tigktiv] a. HEXH
#, AR

5

referred to asre %’j}g......’
WAy B
equal to--- T, H..o.HE%

Wk, BHZ
(be ) abbreviated from-«f2 e - 145
G, R 2

refer to---

® X

symbol [”“simbel]l n, &

abbreviate [o bri:vieit] vt, 45

Latia [“leetin] a, n, HTi#

identify [ai’dentifail vt. %51,
P

nuciide [“nju:klaid] n, #%E

net [net] a, ¥Ry, SRR

jon [“aien] n, BT

atomic species Ji T

carbonate [“kabanit] o, BEEBIL(FK)

W G

TRER 4

collectively (ko lektivli] ad.
%k, Sk, &6

sodium carbonate

potassium carbonate

] it %
F o
incorporate [in’ ko:pereit] v,
&3, BE
Wi

isotope [“aisetoup] n,

abundance [9’ bandans] n,

acquire [a’ kwaijol vt.

i

in addition toese [eeess p
along with Heeero—jH

xE B

predominant [pri’dominent] a, FEH

1.A few elements have symbols based on the Latin name of one of their com-

pounds, the elements themselves having been discovered only in relatively

recent times. % H,” A few elements---compounds,” i:3:4],” the elements--

recent times,” A M3 5554, JATEMM S, RWEL:

“o LR EMRERHES

TH

r
N



—Fhib Bt TR AR A 4 0, TR e on A BRI Sk R A 2 I, Y

2 ,What is represented by the symbol%X is an atomic species called anuclide
of the element X, having an atomic number Z and a mass number A, ZEA
fnjﬂf-‘!;”what is -+ symbol %X "RAIE NG, whatLERRE, Blthe element which,
"called a nuclide of the element X 7H3dd:4rAl4iE{Eatomic speciesfFEiF,
"having -+ number A” Z2IIE/r I FIIE, {F the element X E‘Jﬁiﬁi,?ﬁ’lﬂﬁi:“ﬁ:‘%‘%xﬁ

PR 5 — A I T 3 XA B F R, %063 BT 7 I M 2R T A,
S T

C 1) 4t “X having an atomic number Z and a mass number A, 7
(2 —miE “X with left subscript Z and (left ) superscript A, 7

LESSON TWO
THE PERIODIC TABLE

Beginning in the late seventeenth century with the work of Robert Boyle,
who proposed the presently accepted concept of an element, numerous investi-
gations produced a considerable knowledge of the properties of elements and
their compounds®, In 1869, D, Mendeleev and L., Meyer, working independen-
tly, proposed the periodic law, In modern {orm, the law states that the pro-
perties 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 i{s 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 each®, The next period includes 32 elements,

6



and the last period is apparently incomplete, With this arrangement, elements
in the same vertical column have similar characteristics, These columns con-
stitute the chemical families or groups, The groups headed by the members
of the two 8-element periods are ¢esignated as main group elements, and the
members of the other groups are called transition or inner transition elements,
In the periodic table, a heavy stepped line divides the elements into me-
tals 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 pro-
perties characteristic of both metals and nonmetals [t 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 IA make up the alka-
li metal family, They are very reactive metals, and they are never found in
the clemental state in nature, However, their compounds are widespread., All
the members of the alkali metal family form ions having acharge of 1+ only,
In contrast,the elements of group 1B—copper,silver,and gold—are comparatively
inert, They are similar to the alkali metals in that they exist as 1+ ioans in
many of their compounds, However, as is characteristic of most transition
elements,they form ions having other charges as well®,

The elements of group IIA are known as the alkaline earth metals. Their
characteristic ionic charge is 2+ ,These metals, particularly the last two mem-
bers of the group, are almost as reactive as the alkali metals, The group
IIB elements—zinc, cadmium, and mercury are less reactive than are those of
group ITA®,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 IIIA elements are also fairly reactive
metals, Aluminum appears to be inert toward reaction with air, but this be-
havior stems from the fact that the metal forms a thin,invisible film of alu-
minum oxide on the surface, which protects the bulk of the metal from fur-
ther oxidation”, The metals of group IIIA form jons of 3+ charge, Group IIIB
consists of the metals scandium, yttrium, lanthanum, and actinium,

Group IVA 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 IVA atom, as, for example,carbon tertachloride, CCl,,The group
IV B metals—titanium, zirconium, and hafnium—also form compounds in
which each group IVB atom is combined with four other atoms; these com-
pounds are nonelectrolytes when pure,

The elements of group VA include three nonmetals—nitrogen, phosphorus,

7



and arsenic—and two metals—antimony and bismuth, Although compounds
with the formulas N,0,,PCls, 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 VB are all
metals, These elements form such a variety of different compounds that their
characteristics are not easily gemeralized,

With the exception of polonium, the elements of group VIA are typical
nonmetals, They are sometimes known as the chalcogens, {rom the Greek

"?, In their binary compounds with metals they

word meaning "ash formers
exist as jons having a charge of 2-, The elements of group VII A are all
nonmetals and are known as the halogens, from the Greek term meaning “salt
formers,” They 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, VIIB, and VIIIB 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, exc-
luding the first period, each period begins with a very reactive metal. Suc-
cessive elements along the pericd show decreasing metallic character,eventual-
ly becoming nonmetals, and finally, in group VIIA, a very reactive nonme-

tal is found!* Each period ends with a member of the noble gas family.

i it
accept [ak’sept] vi. 372, AGA tabular [’tebjule] a, FH
concept ["konsept] n. & vertical [“ve:tiksl] a. M, IEHM

/!.
]
compound [kem’paund] n, L&Y

column ["kolem] n, ., ¥: 47
property [ ‘propeti] n, i, #Fi: horizontal [hori’zontl] a. /KYHy;s
periodic [pieri’adik] a, iR M
periodic table J&#i# row [rvou] n, FE, 17

periodic law  J& ik period [’piaried] n, 53R

state [steit] vt. W, Ak vary [Vveeril v, n, A, Lk
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definite ["definit] a. BH#if.
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apparently [o peerentli} ad, # &R
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group [gru:pl n. J& A& ;s
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designate [’/ dezigneit] vt, i,
8-+ 148
transition [treen’zifen] n, T ¥,
i
division [di’veizenl n, X4y, R4
border [’ bo:de] v, 4Bir, 4B4E
metaloid [/ meteloid] n, HE&E
characteristic [keerikto’ristik] n,a,
P, S
alkali [“eelkolai] n. B
alkali metal W&B
reactive [ri’aktiv] a, {FiRM, KM M
widespread [/waidspred] a, J7ZH,
ik
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stem [stem] vi &I, 4 (from,
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thin [8in] a, F§KY, WM o, W2
invisible [in’vizobl] a, WRE & L &
film [film] n. &, KA
oxide [“oksaid]l n. k¥
aluminum oxide A kiR
surface [“so:fis] n, a, FHA
formula [“fo:mjule] n, 4T X, Ak
bulk [balk] n, Rk, il K&,
KE
oxidation [aksi’deifon] n. &ik
carbon tetrachloride
g Sk

combine [kem’bain] v. k&,

#4 (with)
non-electrolyte [/ non-i"lektralait]
n, JEEBMHEHR
nitride [“naitraid] n, &/
phosphide [“fosfaid] n, Btk
arsenide [‘a:sinaid] n, #fL ¥
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n, #%, fd
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typical [“tipikel] a, MK
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periodicity [piori®’disiti] n, Rk
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exclude [iks klu:d] vt. HEE:, FR#s
eventually [i’ventjueli]l ad, #-T
B R
in- [in-] 4, 3Jf; incomplete, invi-
sible
non- [non-] 3, nonmetal, nonelec-
trolyte
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oxide, chloride, hydride make up-- B, HK
iw 4 in contrast MK, 53t
begin withes phoeeeee LB similar to- BT
in modern form HFITAFTR exist asee  PL [eeeee BRI R
a function of [T, - HIEH «-as well [[R&]
in other words ¥u4)i% ik known as FREEE WA,
in order of- oo CHEZD Bl oo 2R
followed by- 23, 4%2ZH, FHZ protect A from B HiIAFRT
main group element FHITLE B--- [ ; #A#TB
for convenience FH{EAEZN, composed of«-s v ZHE
divide A into B and C AL HEBMC to some extent FERFPEE L
with the exception of-- a varjety ofe«« &4t
v e 2 51 capable of  +ing) A#-w, Hi-TThE

except fores RrerreeZ Ah

1,

ot

® X E B

beginning in the late seventeenth century with the work of Robert Boyle,
who proposed the presently accepted concept of an element, numerous inves-
tigations produced a considerable knowledge of the properties of elements
and their compounds, HH/numerous investigations --- compounds, 73 F4,
Beginning B S84 815 EZRIEIRIE, "who-ran element” JZ B Robert
Boylegysg MM . FaiFX: “BETLHEERDY, PARK - BEXERFHRT X W I
B, MM THREANRITERS, KENPRERITNTERECAPHERE THY
0T e ’

Thus it is possible to arrange the list of elements in tabular form with elements
having similar properties placed in vertical columns, ZAad it BB =i\,
#%”to arrange---columns.” ANEXMHiHE, dEIEPR with elements--columns Jjk 37
g ET LRE, Bifarrange, H3L: TR, BAGRUERNTEIERID 5,
MBI R R ERIB AT, 7

. cach: FEWAERNFE, —REATRKRE, BEL “G47, “F(MH)”, BHEER

WA, i “each horizontal row” F1 “each of these elements” ,
This division++and nonmetals: R 5[4y, B A4sr4yth”characteristic of both
metals” BIERWEWHNE + LKA R 5, /BB EE, Bifiproperties,

. However, as is characteristic of most transition elements, they form ions

having other charges as well, iXH”they form--as well” BEE4, 7as is-ele-
ments” FRRZNW as FIRIEEN, BIHRANATF, as KEEMPE 2B, &
MPEIL: R, RSB EMBA NN, EIHLERE AR E B e W
.?.o » .

than are those of group IIA :Than JFiMA), HHE, HBEH.
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7. Aluminum appears to be inert toward reaction with air, but this bhehavior
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.” Aluminum appears--air,” 5”but this.- further oxidation,” 4 Jf
PIE &4, TEE 35/ that 3 BRI E WA & fact BIRIALIE, which3] RIER
MAIEM invisible film, AEEX: “@EES0NENBHEEEY, XG4 EHET
S BEEEREN . RREARNE BN, X -HERPEBEAS AR
. ”

8 . from the Greek word meaning "ash formers” J[H{i/i%% 1%, WiPthe chalcogens.

9. 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 res-
pective groups, "They form---compounds”f&F4], "that it is--fyR" B that g
B2 BARE W), WA rPas + BLESA S5 “being---groups” J& examples W .
B “EAVBRT SR REAEY, EX— K LRI EARESE B EMERISET
F IR EH T 7

10. successive elements along-- nonmetal is found, RIHIE &4, —JrH)"succes-
sive---nonmetals” H.f “decreasing metallic character, ” fl”eventually beco-
ming nonmetals? F3F 5% A sh46 W %, 1EEm K EE show WL, BN Tand

B’and finally-- is found, ”

LESSON THREE
THE NONMETAL ELEMENTS

We noted earlier that nonmetals exhibit properties that are greatly dif-
ferent from those of the metals, As a rule, the nonmetals are poor conduc-
tors of electricity ( graphitic carbon is an cxception) and hcats they are brit-
tle, are often intensely colored, and show an unusually wide range of mel-
ting and boiling points, Their molecular structures, usually involving ordi-
nary covalent bonds, vary from the simple diatomic molecules of H,, Cly,
I;, and N, to the giant molecules of diamond, silicon, and, borouv,

The nonmetals that are gases at room temperature are the low-molecular

-weight diatomic molecules and the noble gases that exert very small inter-
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