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| Lesson 1 Atomic structure

Atoms consist of a dense, positively charged nucleus surrounded at a relatively large distance by nega-

tively charged electrons. The nucleus consists of subatomic called neutrons, which are electrically neu-
tral and protons which are positively charged. Though extremely small—about 10~* to 10~ ° meter
(m)in diameter, the nucleus nevertheless contains essentially all the mass of the atom. Electrons have
negligible mass and orbit the nucleus at a distance of approximately 10 '° m, thus, the diameter of a
typical atom is about 2>X 10 m,or 2 angstroms(A) ,where 1 A=10"" m. To give you an idea how

small this is,a thin pencil line is about 3 million carbon atoms wide.

An atom is described by its atomic number(Z) , which gives the number of protons in the atom’s
nucleus,and its mass number(A) , which gives the total of protons plus neutrons. All the atoms
of a given element have the same atomic number—1 for hydrogen, 6 for carbon,17 for chlorine,
and so on, but they can have different mass numbers depending on how many neutrons they
contain. The average mass number of a great many atoms of an element is called the element’s

atomic weight—for hydrogen,12. 011 for carbon,35. 453 for chlorine,and so on.

One early outgrowth of quantum mechanics

M-shell

was the simplified Bohr atomic model (Fig 1). 1 Electron

The Bohr model represents the atomic energy oot

levels with discrete levels much like the orbits 8 Electrons

of planets around the sun. A more complete K-shell

; 2 Electrons
picture of the electrons would show them as

Nucleus
11 Protons
12 Neutrons

probability clouds where the ‘orbit’ is merely
the most likely distance from the nucleus. For

most purposes of chemistry and materials sci- Fig1 The Bohr atomic structure—Na
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ence, this quantum-mechanical view of the atom is not necessary,and the simple orbital model

with its discrete energy levels is quite adequate.
The complete description of the electron arrangement around an atom is given by a series of
numbers that describe the shell(‘orbit’)and the number of electrons in the shell. The filling of

the shells is based on quantum number and energy levels.

Thus,iron(atomic number 26)isls? 2s* 2p° 3s’

3p° 3d°® 4s’meaning that there are 2 electrons in f—d—
the first shell(in the s level),a total of 8 elec- f—d— IS):
trons in the second shell (2 in the s,6 in the p f_d—l::
level) a total of 14 electrons in the third shell(2 T d_ls)_——
in the s,6 in the p,6 in the d)and 2 electrons in ? d—g:
the fourth shell(in the s level). s Is’:

pP—
Two illustrations of the sequence of atoms in the . _S_
periodic table are shown in Fig 2. One shows the
approximate energy levels of the various shells,in- 2 3 4 5 6 7
dicating why,for instance, there are electrons in the Principal quantum number,n —
4s level before the 3d level is filled. The second  Fig 2 Schematic representation of the relative
shows the same sequence emphasizing the fact that energies of the electrons for the various
there are pairs of electrons in each shell and level, shells and subshells

with opposite spins.

atom [‘eetem ] n. JRF

dense ['dens ] adj. HREK,THEH

positively ['pozativli ] adv. HIEHH#

nucleus ['nju:klies ] n. ;&0 B F&

negatively ['negetivli:l adv. 77 71 H b

electron [ilektron ] n. BT ,

subatomic [.suba'tomik ] adj. WEFH, LR/ EREFHB
neutron [ 'nju:tron ] n. ¥

diameter [dai'zemita (r)] n. HE

10. essentially [i'senfali] n. &JF E ;A% BA

11. negligible ['neglidzabl] adj. AT LAZRLH s IR/ A RIER
12. orbit ['o:bit ] vt/vi. AL (REZE)EHEEZEFT;n. HliE
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13.
14.
15.
16.
17.
18.
19,
20.
21.
22.
23.
24.
25.

proton ['prauton ] n. (IE)R T 58

neutral [‘nju:trel ] adj. Kb B HER ;P RIE ; AT B E

charge [tfa:d3z ] vt. 33T W) ;78 B s (AN 6 7006 AR, B 8%
nevertheless [\neveda'les | adv. {3RGR) , At

outgrowth [‘autgreu® ] n. (HAREDERREY; BI=Y

quantum [ 'kwontem ] n. [ 2)&E F

discrete [di'skri:t ] adj. NEZEH

adequate [ 'zedikwit ] adj. EYK; BB, TS

iron [aian ] n. &

shell [fel] n. 5E;458; B5E; N

illustration [ila'streifon ] n. U&BH , BI3F , 5264 ; R 36 E

opposite ['opozit | adj. MXFH, X SLH; EAHR B, BOTH s AR D
spin [spin ] n. Jig#%

atomic structure JR 458
consist of e 2 Y,

atomic number JEFF ¥

mass number Ji &%}

atomic weight JFF+E8D

Bohr atomic model 3 /R F 45
atomic energy level JEFHER

the periodic table JGCZE E#HFE

The nucleus consists of subatomic called neutrons, which are electrically neutral and protons
which are positively charged. J&¥F & i AH B b FF4 IF B8R T4 BB . which are
electrically neutral J& &% M 7] #& #fi neutrons, which are positively charged & & i& M ] & ifi
protons,

Electrons have negligible mass and orbit the nucleus at a distance of approximately 10°° m, thus,
the diameter of a typical atom is about 2X10 ' m,or 2 angstroms(A) ,where 1 A =10~ m. HH,
THERERNESRTENPEERKAE 10 " m AL, — M EFHERZKYE 2X
10°° m,8 2 81 A =107 m),where 1 A=10"' m, 1B M A angstroms,

All the atoms of a given element have the same atomic number—1 for hydrogen,6 for car-

O ERAREFRH X E T F & (relative atomic mass) .
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bon, 17 for chlorine,and so on,but they can have different mass numbers depending on how
many neutrons they contain. ¥ F—MEEMITE, iANETHAEMRNE FFEH—E
TRMETFECH LBTRNEFFEN 6, R TENRFREN 17.5% 84414 A 55~
R R, FN RRBRBEFISHT FRRENGHTFEFREMHRAMNTERS,JRF
BIEAAR ) . depending on-:-they contain Jy BLZE {5 B & 15 8 4fi mass numbers,

4. The complete description of the electron arrangement around an atom is given by a series of
numbers that describe the shell(“orbit”)and the number of electrons in the shell. JE¥H fy
ML HESI AT LR BCF R Rom . XA B F AR B RN E W FEBAMSBE FEPHE T, that
describe---the shell 2} £ 1& M A] & i numbers.,

5. One shows the approximate energy levels of the various shells,indicating why, for instance,
there are electrons in the 4s level before the 3d level is filled. HH—F R B R T AR B F
FHRIRBARE RS, MR AT UMBNE FAHEA 4 s UEMIE 3 d EMER . indi-
cating---are filled J& BLFE /3 1A4E J5 B E 1B B i energy levels, HH1, why---are filled & J& F 4R
M A

1. Put the following into Chinese
(1) Atoms consist of a dense, positively charged nucleus surrounded at a relatively large dis-
tance by negatively charged electrons.
(2) An atom is described by its atomic number(Z) , which gives the number of protons in the
atom’s nucleus,and its mass number(A) , which gives the total of protons plus neutrons.
2. Put the following into English
¥ ®BF J’T ETFZ HER EFFE FE TR
3. Guided writing

This description of experimental process is a commonly used technique in EST. The description
aims at telling the students the procedures of the experiment, thus the imperative mood is often
used. Passive voice is typical in such writings,as what we want to describe is a thing. In the
description, present tense is normally used to refer to present time. If you want to know what

happened before, past tense is your choice to the exclusion of laws and truths.

Stage 1
Rewrite the following paragraph,pay special attention to the linguistic features of experimental

description.



Lesson 1 Atomic structure

Close one end of a large glass tube with a stopper. You fill half of the tube with water. Care-

fully fill the rest of the tube with alcohol. We must be careful not to mix the liquid while filling

the tube. Seal the open end with another stopper. The tube is tipped back and forth to mix the

alcohol and water,

Stage 2

Write out the description to the Chinese given below.
FAMEREE — FURFRORE, AR ER0BE, A—-FEBERE L, ARARESELEEE
F—RMTFHNE FEEZAMNBE G- RBREL. BE_RRFERKESE -RRBRTL
T (5 G 35 T AR b A — R B BRI, ZE B AR B AL A s R B 1) T T T R
W FE R Y. ESEAB AL E I B R R R .

)

R

N

IW/\/‘%%%‘W AR A A AR RSN AR RN AN RSN ARG,

T AICURBRNER

L1 REFEAHHR

KEZ, WaMESFEARE. FH I O8EM, TYRAEZ , AREILE LI, FHE.
AR BFFREEFAKR, GRFEEE, WM.
It should be made clear that the cumene route for the production of acetone is
more complex but yields another important petrolchemical({ phenal) as well as ac-
etone and that benzene is alkylated with prepylene in the reaction in the same
time:

CsHs +CH, =—CHCH; —C; H; CH(CH;),
benezene propylene cumene
XREXABULITVRE—IKG, XA - TARQIMENES, G FK,F
BEX,AOERTHIZVEEFINEANMFL, N AN I T LR THRELSHAE
EERRE,

1.2 EZEEAR

THEZXFKRMENWBENHNKG:
For measuring temperatures below - 40°F, thermometers filled with alcohol are
used. Because of the low melting point of glass,it is limited to use these thermome-
ters for temperatures as high as 1 000°F, as the rising of mercury and the increase of
the gas pressure.

ZAFERTHEMESH—RAEN , XEXTZEVREPRABT L, — A EENE
SHETFAARBREENGRAAEOE LEMNESOFEEER T IBZVEARAR
XUHRETWEXRTAMIIFTAE, LOAPHRELERAXKRURNNE, BRE TN

§

NS N NSRRI AR EEANERNER R \ERNEZRNER
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Peremenes - T i
BIXHRR, RAENESHER T XM AL ENEILE, ERK, HWNEST 2B
FHEAETVERE IBS, aNSmMmE A IZ VAP EAABS—RELXESENRE
§ XR TUEXAE—RIEN, #—PRETEVHENMNE, KGO0, 5

AN, ¥ 814 (Conciseness)FIE # M (Accuracy)th 2L TE W EBMIBE4 5, LT
FVREREZEAEARITELVAIALCKBENMMREZYE , XHSBTEREN IR
ZIEHEENT ZXKB. W BREEET BREREH HE HERIENG, T EEET
AXRBAXRNG, AERLIET U B B K IEMN G, 21878 4 0 5T AR K & 1
AF  ETEBE, RACIZVMRXAINEEFNFE, ASFHEXRAEEEZEE)
RAEH XL HME P BE TR, )

§

i

((Reading material)

Chemical bonding

There are three principal kinds of bonds that form between atoms: metallic,ionic,covalent. It is

the electronegativities of atoms that determine what bond type forms. If the atoms have high
electronegativity,they share electrons in a covalent bonding between individual pairs of atoms.
If the atoms have low electronegativity, they share electrons amongst all of the atoms in a me-
tallic bonding. If some of the atoms have high and some low electronegativity, the electrons are

transferred from one atom to another resulting in an ionic bonding.

The forces between atoms are electrostatic, and for the strong bonds depend directly on the
electrons that surround the atoms. The different bond types are characterized by how elec-
trons are shared, which controls the geometry of the atom packing, and by the relative
strength of the bond(revealed in the temperature needed to melt the material and break the
bonds) .

Perhaps ionic bonding is the easiest to describe and visualize. It is always found in compounds that
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are composed of both metallic and nonmetallic element, elements that are situated at the horizontal
extremities of the periodic table. Atoms of a metallic element easily give up their valence electrons
to the nonmetallic atoms. In the process all the atoms acquire
stable or inert gas configurations and, in addition, an electrical
charge;that is, they become ions. Sodium chlorine (NaCl) is the
classical ionic material. A sodium atom can assume the electron
structure of neon(and a net single positive charge) by a transfer of

its one valence 3s electron to a chlorine. After such a transfer,

the chlorine ion has a net negative charge and an electron configu-

ration identical to that of argon. In sodium chloride,all the sodi- Fig 3 Schematic representation

of ionic bonding in sodium
chlorine(NaCl)

um and chlorine exist as ions. This type of bonding is illustrated

schematically in Fig 3.

Many nonmetallic elemental molecules(H, ,Cl, ,F;,etc. )as well as molecules containing dissim-

ilar atom,such as CH, ,H,O, HNQO, and HF,are covalently bonded.

In covalent bonding stable electron configuration are assumed by the sharing of electrons between
adjacent atoms. Two atoms that are covalently bonded will each contribute at least one electron to
the bond, and the shared electrons may be considered to belong to both atoms. Covalent bonding is

schematically illustrated in Fig 4 for a molecule of methane(CH,).

H
1”7 Bonds in plane of
Bond projecﬁn;}.\\ \\_/ onds in plane of page
below plane HOXCH Bond projecting above
plane

Fig 4 Schematic representation of covalent bonding

in a molecule of methane(CH,)

To describe any molecule we need to know the angles,lengths,and strength of all of its bonds.
For methane these parameters are that H—C—H bond angle is 109°28',C—H bond length is
0.11 nm,C—H bond strength is 104 kcal/mol®,

Metallic bonding is found in metals and their alloy. Metallic materials have one, two, or at
most,three valence electrons,with this model;these valence electrons are not bound to any par-
ticular atom in the solid and are more or less free to drift throughout the entire metal. They
may be though of as belonging to the metal as a whole,or forming a ‘sea of electron’ or an ‘elec-
tron cloud’. The remaining non-valence electrons and atomic nucleus form what are called ion

cores,which possess a net positive charge equal in magnitude to the total valence electron

® 1 kcal/mol=4. 184 kJ/mol.



L TEWRE

charge per atom. Fig 5 is a schematic illustration of metallic bonding.

Van der Waals bonding (secondary bonding) exists @ @ @ @
between virtually all atoms or molecular, but its @ ’ @ ’ @ ’ @

presence may be obscured if any of the three prima-

@Metallicion
* Electron

ry bonding type is present. Secondary bonding is @ @
evidenced for the inert gases, which have stable

Ion cores

electron structures, and in addition, between mole- ) ) o i
Fig 5 Schematic illustration

cules in molecular structures that are covalently

bonded.

of metallic bonding

bond [bond ] vt. HLEIMLERBESESES FLERIEIN o feEi
electronegativity adj. [#y32 Y60 B H , FH B 1

individual [.indi'vidjual ] adj. B—), 51K, B0

amongst [a'manst ] adv. FjE A, FE--e o 1]

magnitude ['meegnitjurd ] n. K/ BGEIEFIRE

electrostatic [i'lektroustatik | adj. B, FHE¥ZH

characterize ['keeraktaraiz ] vt. Faneer-- HIREPE s Lheeeeee RFEHE A e HIFFIE
geometry [d3zi'omitri | n. JUa[2; JLATIEAR

visualize ['vizuslaiz ] vt. (f#) B3 ;48 4%; ()L 1L, (#) Bikfk

metallic [mi'teelik ] adj. £BH;E&BEN . &REH ;&R HH

. nonmetallic adj. dEE&EH

. extremity n. AR, Rk Wi, R E

. element [‘eliment ] n. (LY E

. configuration [ken/figju'reifon ] n. Zit;5ME ;KLEY 0 FHIEFH)O AT, HEF)
. ion [‘aien] n. [FEEIEF

. classical ['kleesikl ] adj. 7 8LH, £S5 0, BUBLH) , 2 BLHY

. neon ['nion] n. MEZEVROTEL . F5H Ned; FOLAT, BILAT

argon ['a:gen ] n. ¥ IECTERL . FF5H Ard

illustrate ['ilostreit ] vt. (T . B #8225 36 BH ; 26 B 3E BA ; b b 4 P [ 4
schematical [ski'meetikl ] adj. 4K WEK; EFER, EEERX[AXIH
. dissimilar [di'simile ] adj. RFE#, R—HH

. adjacent [a'd3eisnt | adj. BE4RAY,4BITHY

. methane ['mi:Bein ] n. [bFIF K, BX

. alloy [zlbi] n. &%

. valence ['veilons | n. H{EZEIHLE) M URFOM

© 0 N e o os W

ST G T S T S T O T S e e e R T e e
U‘I%WNHOKDOO\]O’U‘I»POON!—"O
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26.
27.

© 0 N > U A W D

[ e T T e e T
D Ul A~ W DN = O

1.

3.

virtually ['ve:tuali ] adv. ZEZPr b ,5CE F,BE5E
obscure [ob'skjua ] vi. SR ; B &k

chemical bonding {24k
covalent bonding F:HEE
metallic bonding £ JB&

ionic bonding B T

van der Waals bonding i fE4E 4

be composed of Hyeeeeer 2H A% 1Y
give up HFF

Sodium chlorine & {L&N

be identical to Hereeeo LAY
. at least F/b

. belong to BT
. at most E.,.E2XE

the valence electrons J&EF#rH F

electron cloud HWF=

. ion core BTN, BT

inert gas EMES A

It is the electronegativities of atoms that determine what bond type forms. If the atoms have
high electronegativity,they share electrons in a covalent bonding between individual pairs of
atoms. If the atoms have low electronegativity,they share electrons amongst all of the atoms
in a metallic bonding. If some of the atoms have high and some low electronegativity, the
electrons are transferred from one atom to another resulting in an ionic bonding. Jf T K H, i
PEoE TEREAE, MREFUADE &S A, 77N EKIE IS 7 i RR
FUDBRWERYE  EFEREFHFULSRENEA AR FMREFP - EETRER
B B R L T 5 b — e R T, M RN — DN R FEBR S —NMETFHERERE.
transfer from+++to+-- M ...... §|J ...... %g R

The different bond types are characterized by how electrons are shared, which controls the
geometry of the atom packing,and by the relative strength of the bond A~ [&] B4 7] LA F 2 il
JELF S LAY JL AT TR i B F 36 R R XA B 1) 98 BB SR R 78 HFF4E . which controls the geome-
try of the atom packing /& € 1& M\ BB BT 1 B how electrons are shared.,

Atoms of a metallic element easily give up their valence electrons to the nonmetallic atoms.



