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Atomic Structure
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Hydrogen Atom Spectrum
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[ (1) . the of which ) ]

4 : Visible light, the wavelength of which is between 400 and 700 nanometers, is visible to

the naked eye.
PAHR AT HRasAy o] RO - HOR R AEE 400 F] 700 FOR 2R

[ (2] account for . ]

4 - Electromagnetic waves, invisible to the human eye, account for the majority on the other
hand.
NBRAEE R AT RGN A A E R 7 -

oS |

4 - Since the gas particles are heated or placed in the electric tube, the light excited by the
high-voltage electricity is passed through the prism, and its spectrum is composed of
discontinuous light.

BRSNS B E B A S BB AT DY BB =R R 0 B
CEE T HHAN A AR AR L -

[ o by means of : ]

4y - Different atoms have different emission spectra, and these spectral bright lines represent
light of specific wavelengths, so the types of elements can be identified by means of the
emission spectra of atoms.
AENETBEAREREOERE - Bt m SRR ENRIVDE - R A DIFEH
JR RS SR e T R AR -
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After studying this chapter, students should be able to know that:

BT BREIEHTN B - SRR R SRR TR S TR -
Students can come up with the wavelength, frequency, and energy of electromagnetic waves,
and calculate the frequency between each series of spectral lines with the Rydberg equation.

o BIEERE s
5l RE—

StH ¢ B REREHDCIRIE Rat EOLAE

Students can calculate the energy of light from the wavelength of the light source.

-
D ETFRRET AR T S o0 A EEREFT Y S

A commercially available nano photocatalyst of a certain brand contains nano-sized titanium
dioxide (TiO2). When it is irradiated with a light source with a wavelength of less than 380 nm,
the titanium dioxide can be sterilized. What is the energy in kJ/mol of the light with a wavelength
of 380 nm?

T BB A 2ok R S bgk (TiO2) - JELIRETIFE /I 380 nm
Y » T 4 SR AR B AU DAE - 5K IELOES 5 380 nm 93¢ 45 LA 1 13 %5/) Kd/mol 2

(PE—hR 110 TERA CEEEEID F—8 F9H &KE 1)

Teacher: The solution to this question is to calculate of light energy with a wavelength of 380
nm. What is the formula for light energy that we have learned?

Student: E = hv.

Teacher: That's right, can we know the frequency of this light source from the statement of
the question?

Student: We couldn’t tell. We need to calculate frequency with c=Axv,

Teacher: That's right, we use this formula to transpose as v=c/A, so we can know what the
frequency of the light source with a wavelength of 380 nm is ...?

Student: 3.0x108 /380x10~°=7.90x10%

BOORAABEFRETRLL O EPEFRE G
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Teacher: Great, how much light energy can be calculated after bringing the calculated
frequency of the light source into the formula of light energy?

Student: E =hy=6.626x10"3* x7.90x10'* =5.23x101°J

Teacher: It's great, but pay attention to the units. The unit we calculated is J, and the question
is asking for kJ/mol, which is “how many kilojoules of energy per mole,” so how do
we convert it?

Student: It should be divided by 1000 to convert to kJ, and multiplied by the number of moles,
so the answer is
5.23x101°J x 6.02x102%*mol ~1x10 2 kJ/J = 315 kJ/mol.

TN SR HETESTEDE & 380 nm HYEEE RyZ6/b kiimol » FRFIEESERERT ARy
fATUE ?

B4 . E=hy-

RN 0 028 FRAMIRESIEEE H SRRV SRR ?

B AHIE o FTREM =M sHREIE -

T 28E > FMIAI A EE A ZREIE B v=c/\ > FTLART DLAIEG & 380 nm B IRAESR
F2%/b 2

A 0 3.0x10% /380%107°%=7.90x10% -

EHN IR EARRETE AR AR AR ARt K% ?

B4t HE=hv=6.626x10"* x7.90 x10=5.23%x10"J -

CRN R (HEDEEEA > FMEREHARNEALE T - EEHAEZEK ki/mol - 5k
EEEHZ/ DT EHNEE - T M EFHREE ?

B4 FRrDL 1000 R k) - AGSRAEHEL » FTIEEE
5.23x10°J x 6.02x10%mol~1x10 2 kJ/J = 315 k/mol. -
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Students can calculate the wavelength and frequency of spectral lines by using Rydberg's

formula.

Estimate the wavelength and frequency of the second spectral line of the Balmer system

according to the Rydberg formula.
RN EEAT(EEEER AN 2 fRebar 2 & FARER -

(FE—HR 110 FRRA CERLEN) 55 F9H &HE 2)

Teacher: For this question, we should first know how much n. and ny are in the second line
of the Balmer system.

Student: The n. of the Balmer system is 2, and the ny of the second spectral line is 4.

Teacher: That's right. Then you can use the Rudberg formula to calculate the frequency.

-1 1 1
Student: - _ 5 o (_ __ﬂ)
A n,-  ng-/
Teacher: That's right. Then replace n. with 2 and ny with 4. Can you tell me how much the
wavelength is?

Student: 1t (1 1

A=1.097x10"2x\2= 4_) Therefore, A = 486.2 nm.

Teacher: It's great. What formula should be used to calculate the frequency of light?

Student: The formula of the speed of light. (¢ =Axv) .

Teacher: That's right. We can also learn from the formula that v=c/A, and what frequency can
be obtained by substituting the calculated wavelength?

Student; 3.0x10%/486.2 x 10 ® = 6.167x10.

Teacher: Great, so what is the wavelength and frequency of the second spectral line of the
Balmer system?

Student: The wavelength is 486.2 nm, and the frequency is 6.167x 104 (s?) .

S E— BRI S AT K S5 2 BRI A e B ?
s EERAN NI 2 0 5 2 BRI e B 4 -
4 s AR PR AT R D R T B A R R IR 2
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1 1

1
1=1.097x10 &[F"‘EJ,FﬁELx=4862nmo
JEEE  FASERMEED AR A IE ?

JEERH AT c=hxy o

288 MIREENABIAR v=c/h  FETEHARAEERRA > IILEEBER

%/ DIg ?
3.0x108/486.2 x 10 ° = 6.167x10™ -

R > FTAE R ZRHYSE 2 RaEER 2R FIRR Ry %/ Vg 2

W R 486.2 nm > FEERE 6.167x10% (s 1)
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1-2 KEHIRFEH

. Bohr Model of the Hydrogen Atom

A EERE B T AT AU FERR T JE B KB IE BT EAY SR A DU B PR R
o BEATHETEENELEEH - B TREARRRITERILEL > SATEE
B SR BT REEL R 5 > DU R A BB ENE 27 JE BB

EB¥ thiE EF thiE
energy level AEFE ionization energy R
ground state FrE electronic transition B
excited state SR

()

® However, . J

4] - However, according to Rutherford's model of the atom, there is no specific limit to the

amount of energy an electron can have.

PAMARIE R ZE R R TR - &7 o] AR HYRE B0 AR E HIIRA] -
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[ (2] from to ) ]

47 - When electrons “jump” from a high energy level to a lower energy level, if energy is
released in the form of light, an emission spectrum of a specific wavelength will be
produced.

BB TSRS rEE 2R AR - BHLOIPRIRE & - KE AR e =A%
e -

[ ©® Conversely, : ]

i) - Conversely, if electrons absorb light of a specific wavelength, they can promote from a
lower energy level to a higher energy level.

2 > EBETRIFFERRAE - AR RS 2RimpefE -

o BEEHE »

FEEERE S AR TT% - BAEREE DI NER

After studying this chapter, students should be able to know that:
BARLARER ST SRR E X/ - WREHE L RS RS R
JRFeE -

Students can calculate the energy of each energy level of the hydrogen atom, and explain the
spectrum of the hydrogen atom through the transition of electrons between different energy
levels.

BOORAABEFRETRLL O EPEFRE G
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Students can understand the concepts of electronic transition and energy level, and judge

the wavelength relationship of each series of spectral lines.

In the spectrum of hydrogen atoms, the wavelengths of the first and second bands in the
ultraviolet region are A 1 and A 2, while the wavelength of the first band in the visible light region
is A 3. Which of the following relational expressions is correct?

(A) A+, =15

® Ztn=a
1

© r+i=1

D) L +A3=4,

(E) MA; =43

TR TSR RIMEEEE 1 FRFIZE 2RIV R A M~ A T 0] ROEIESE — RV R A As
RIS Z1 e (X for 2 TR 2
(A) L+, =12;5

1 1 1
® Ztn=xn

1 1
© it%=%
(D) Al + 2.3 = Az

(E) My =23
(F—HiE 110 T CBERE(LER 1) 5 R B 7R

Teacher: For this question, we must first know how much n. is in the ultraviolet region.

Student: ncin the ultraviolet region is 1.

Teacher: That's right, what kind of energy level shifts are the first and second in the ultraviolet
region?

Student: The first is that n=2 releases energy to n=1, and the second is that n=3 releases

energy to n=1.

10 B A AMBRERETREY CEPEERE Y S
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Teacher: Great, we can draw a graph like this.

n=3

n="7

-

vy

=l

How much is n. in the visible light region?
Student: n.=2 in the visible region.
Teacher: That’s right, what kind of energy level transfer is the first item in the visible light
region?
Student: The first one is that n=3 releases energy to n=2.
Teacher: Great, if you want to draw an energy level diagram, how should you draw it?
Student: n=3

=3

Ay

2 =1

Teacher: Great, As we know, energy is inversely proportional to wavelength.
Therefore, if we use energy to represent it, we get E1 + E3 = E2. How should the
energy relationship of these three wavelengths be expressed?

1 1
Student: n + A,

RN B EERMERFESIOE o f %/ DIE ?
B4 BIbtE ni=1

LRl JREE 0 BIMEESE 1 IRATER 2 iRy B S RIAEAE FE Ay IS IE ©

B4 BLHRE n=2BREEEFIn=1>F 2f& n=3 BiEEF I n=1"
ERL R o BAFTAT LAE S RAYIE] -

=3

fi=1

Ay

| & |

=]}

FARAT RO o Fy 26/ DIE 2
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5l =8 —
SHH ¢ REREERAR TN DAIE E R B ) BLAC TR RR (% -
Students can understand the relationship between pressure and volume in Boyle's law.

The figure below shows the spectral lines of the Balmer series. Jia () and Ding (']") are the
rightmost and leftmost spectral lines in this series, respectively. Which of the following related

statements is correct?

TR < 8

(A)  Frequency size: Jia () >Yi(2.)>Bing(7)>Ding (]).
(B)  Jia () is the spectral line obtained by reducing n=oo to n=2.

(C)  The longest wavelength spectral line is Jia (FH).
(D)  The Leman series spectral line should be on the right side of Jia (FH).
(E)  Theenergy of Ding (']) is equal to the ionization energy of the hydrogen atom.

TEEEHRZRYEER - HEL T AR &Y T i B /2 AR SR - N YIRHRE R ]
HIEHE?
(A) BEERKR/AN:H>Z>H>T -
(B) I /H n=ool#E] n=2 FrisEIfVaELR -
(C) ERERHFEGRRR -
(D) K=ZZIFERIELTHVEE
(E) THREEFNEETHYFHERE -
(ERPRAR 110 FERA CEE(EEEN) 555 H 47 H HEH6)

Teacher: For this question, we need to look at the graph to judge the relationship between the
spectral lines. First, we have to determine what kind of energy level transfer of
spectral line jia FH.

Student: It is the line where n=3 releases energy to n=2.

Teacher: That's right, it is the first spectral line of the Balmer series, so what is the correct
order of the wavelengths?

Student: Jia FH, yi Z,, bing 4, ding T .

13 B A AMBRERETREY CEPEERE Y S
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Teacher: Great, so should the frequency be directly or inversely proportional to the
wavelength?

Student: Inversely proportional, so the order of frequency is ding |, bing 14, yi £, and then
jia .

Teacher: So which side of the Balmer series should the spectral line of the Lyman series be?

Student: Left.

Teacher: Great, so the ionization energy of the hydrogen atom refers to the energy required
for the transfer of electrons from which energy level?

Student: n=1 absorbs energy to n=co.

Teacher: That's right, so can the spectral lines of ion energy be seen from the Balmer series
of spectral lines?

Student: No, because the Balmer series of spectral lines are all spectral lines reduced from

high energy level to n=2.

Ehh B RERMTEEE A SRR AR (% 0 & eI F R SRR P A H A
g ?

B4 Zn=3 BIEEREE n=2 Uz -

EHN  28E o R EEHARRIINE —RelGa - AT LU R R/ NIEF Ry a[uE ?

B H>Z>K>T -

EHT R SRR B R AIE LRI 2 R EEE ?

B KU BRDUBERANEF R FR<Z<H<T -

N PR B YRR AR EZ AT HOR 25 IHIIRE e 2

B iR

R IEERE - NEIE AR e BT R RE PSR AT R HYAE &2 e 2

B4 n=1RIEEF I n=0o0

ERN 288 0 PRI B AR AR EE 0 UG E AR YGRS 2

B4 N7 RBEFERAVEEGEZEHSEMREZR n=2 fUs54 -

14 B A AMBRERETREY CEPEERE Y S
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Atomic Orbital

N\
A/ NERAET R TAERRS M BT R & T B A SR T WIS IR R sk
W51 > R AR T M E T IR T U ERE RV =R -
A/NETFES S E A TR ER | FIA TR (A BT R R ) AYSESR) R R ER A A L ]

sR U~ = (R T EERERE o S A AR T A E A A BB
SRAFAER IR (5

=¥ i By i
magnetic quantum
orbital IR ——
number
principal quantum number | ¥ &8 spin quantum number Eld=g
angular momentum
AEhEE T electronic cloud B

quantum number

electron cloud: electron | TE+FE ; T

shell R
density map F I [E]
volatility BB Subshell El7%)E

we VFFXEFREFATY <
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B HEBGQRBEERATGF Sentence Frames and Useful Sentences

(1) be used to = be used for

4+ The principal qguantum number is used to indicate the shell in which the orbital is located.
= The principal quantum number is used for indicating the shell in which the orbital is

located.

B TR RIS EN TS -

(2] be related to = be relevant to

47« Because of the interaction between electrons and atomic nuclei and between electrons and
electrons, the energy level of the multi-electron atomic orbital is related not only to the
principal qguantum number but also to the angular momentum quantum number.
= Because of the interaction between electrons and atomic nuclei and between electrons
and electrons, the energy level of the multi-electron atomic orbital is relevant not only to
the principal quantum number but also to the angular momentum quantum number.
ZEFIF PSR - BN E B 2 S B 2 S AEH - B
FEENMEHTE AR - tEEEhEETEAR -

® When and , orbital exist.

4] - When the principal quantum number n=3 and the angular quantum number | =0, 1, and

2, only 3s, 3p, and 3d orbital exist.
TETH n=3 B AETHI=0-1-A1 2 74 35 3p - 3d WskiFis -

® The principal quantum number indicates that

#4 = The principal qguantum number n=5 indicates that there are five orbitals with different
shapes, namely 5s, 5p, 5d, 5f, and 5g.
FETEH n=5F"T~H 5 EAFEIIRIVEIE - 73512 5s ~ 5p ~ 5d ~ 5f ~ 1 59 -

16 B A AMBRERETREY CEPEERE Y S



%‘ ot ’ = — S e by — > s PR =< S - e .
\_g} KTIFFRT 2 FFH T @ [ T P EFREAL Y

o BEEHE »

After studying this chapter, students should be able to know that:
A BRI IR TRV SR - WL SR+ M S TR T RIsaEfs S i

Students can distinguish the types and shapes of atomic orbitals, and compare the atomic

B

orbital energy levels of hydrogen atoms and multi-electron atoms.

w BIREERE s
BlzE—

st ¢ EERE MR T USRS o G EEERERE S -

Students can distinguish the types of atomic orbital and compare the energy levels.

The principal quantum number n=5. Which of the following statements are correct?
(A) Itcan hold up to 18 electrons.

(B) There are 5 kinds of subshells.

(C) The 5s orbital is a spherical orbital.

(D) For iodine atom, the order of energy order: 5s < 5p.

(E) For helium ion (He+), the order of energy order: 55 < 5p.

FEETH =5 THIHBRLILE FHE ?

(A) fZ R LI 18 (HE T -

(B) IFH SEEIRYE -

(C) 5s WU RERTHTHE -

(D) HBUREFS > REREA/MEFF © 5s<5p

(E) H&ukT (He' ) M= - AEFEA/NIERS : 5s<5p -

(AR - GbkiR 110 FERAS CEREE ) B—F F47TH HE8)

Teacher: The purpose of this question is to understand the characteristics of the shell with the
principal quantum number of 5. First of all, how many different shapes of orbitals

does the principal quantum number of 5 represent?

17 YRGB EERETREN CEPEFRT Y E
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18

Student

Teacher:
Student:

Teacher:

Student:
Teacher:
Student:
Teacher:

Student:
Teacher:
Student:

Teacher:
Student;
Teacher:

Student:
Teacher:
Student;

Teacher:

: The principal quantum number n=5 indicates that there are five orbitals with

different shapes, namely 5s, 5p, 5d, 5f, and 5g.

That's correct. What shape is the 5s orbital?

The s orbital is spherical.

Yes, what is the mathematical relationship between shell n and the maximum
number of electrons?

The maximum number of electrons that can be accommodated = 2n-.

Great, so how many electrons can the principal quantum number n = 5 hold?

50.

Next, let's first judge whether the iodine atom of option (D) is a single-electron or
multi-electron atom.

A multi-electron atom.

How do we judge the energy level of multiple-electron atomic orbitals?

The energy level of a multi-electron atomic orbital is determined by the sum (n+£)
of the principal quantum number and the angular momentum quantum number.

It's great, so which energy order is higher for 5s or 5p of iodine atoms?

S5s n+{=5, 5p n+{=6, so 5p has a larger energy order.

That's correct. Then let's first determine whether He+ is a single-electron or multi-
electron atom in the (E) option.

A single-electron atom.

How do we determine the energy level of a single-electron atom orbital?

Compare the principal quantum numbers directly.

Great, so which energy order is higher for helium ion 5s or 5p?

Student The principal quantum numbers of 5s and 5p are both 5, so they are the same.

i -

B
1
B
- ¢
B
- ¢

B

E-EHIE TEEE TER S (RENVRE BhEETER S AR
TEA [FETZIRHYHIERIE 2

FETEN=5F1A 5 EAFRAVEIR > 57572 5s ~ 5p ~ 5d ~ 5f ~ 59
BT o 5 HIHUEGE HEERE ?

s P REREY -

238 > ARG n Bl 2 RN 2 BT B A (T TR R A AE ?
BB YNE T =207 -

R > FTALEETEIn=>5 &% n] LB EETIE 2

50 i -

B A AMBRERETREY CEPEERE Y S
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TIREFF R Y R AR T P

R PR (D)EETES MBS T TR S TR TR ?
B SETHIRT -
EH BRI B TR T HUSATRE R AN ?

LRl R > BTLIBE T 55 R 5p WHERERE AE 2

40 5sHyNn+€=5> 5pHyn+t=6 - ArLUE 5p HYREFEEERIA -

EEN BEHT o HEEE) B He ERETERSETNETIE?
B4 BETHET -

ZRl - BTN H T B B 1 S s AE PR R/ NI 2

B4 HEmEETH -

RN RAE - FTLAEEET 5s R Sp WHERERE KIE 2

B4z ¢ 5s Al d5p (Y EE T H#HVE 5 ATbL—HK -

pIE—
st B REHIER I sy S E

Students can determine the plausibility of atomic orbitals.

Which of the following atomic orbitals does not exist?
(A) 2p
(B) 2d
(€ 3p
(D) 3f
(E) 4d

L == ik N
(A)2p  (B)2d  (C)3p  (D)3f  (E)4d

(PE—HR 110 FERA CEE(EE ) F—F HF29H HES)

Teacher: The purpose of this question is to determine whether the principal quantum number

and its orbital exist. First, what kinds of orbitals do the main quantum number n=2

have?
Student: Two, 2s and 2p.

Teacher: That's correct, then what kinds of orbitals do the principal quantum number n=3

have?

19

Student: Three, 3s, 3p, and 3d.

BYOp AR EARE TR 1 E M

B4 ZETIETHESHREIEH L E T ESASER T AV (n+0) HE -

oo L EEHEFEL L

?I§ E=S
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Teacher: Great, what kinds of orbitals do the principal quantum number n=4 have?
Student: Four, 4s, 4p, 4d, and 4f.

Teacher: Excellent, so which electronic tracks do not exist in the options?

Student: 2d and 3f do not exist.

LA R R B T RN ESRE S BT ETE =2 A&iE
HIURIE ?

A iR > 25 il 2p -

FET 28 TR B T8 n=3 HIEHRIE 2

g4 0 =ff - 3s-3p- 3d -

Zhh R AEEEFE n=4 G2 IEIE ?

B2/ PURE > 4s -~ dp - 4d ~ 4

R JREE o T LASEE P TS R AR ?

B 0 2d F 3fF RIFLE »

B A AMBRERETREY CEPEERE Y S
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Electronic Configuration

-

FEA/INETR > RS R R AR PR B TE RISy ¢ DURAR T - i T 4HRR S TR

RNETTERAIEE -
Fo 1 AR AE IR TAEHIS A o (i LR > SR R E AU E R T A Ay A
AEERT TRy~ ST ) BT R AR AR A ST 2 TR TR R T AU AR

JFH ~ BT R A EE A E = (AR -

EF thiE EF thiE
electron configuration | ZT-4HAE Aufbau principle e Y LB
Pauli exclusion principle | EIIAHZEEE | Hund's rule AEER]
ground state FERE inner shell WNRkE 5 %JE
valence shell E7k valence electron HET
main group element FirE transition element BIETTR
valence orbital {E I excited state EERE
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refer to ; }

BIe -

Electronic configuration refers to the electronic arrangement of the most stable ground-

state atoms.

B AHREER RIS E L AR R TRV E T HRY 5 -

comply with : ]

G

When the electrons of multi-electron atoms fill the orbital, they must comply with the A

Aufbau principle, the Pauli exclusion principle and Hund's rule.

BT R TAVE T E ARG - DR IRER R - B A A REARDEER] -

, otherwise . ]

T

The electronic configuration cannot violate the Pauli exclusion principle, otherwise it does
not exist.

BT HBATEN I AEERE > BAAFE -

There is a pair of electrons in orbital. ]

: There is a pair of electrons in 1s orbital.

1s Ggis —HpEE T -

There is an unpaired electrons in the orbital. }

BIey -

There is an unpaired electrons in the 2s orbital.

2s WA —(EAREET -

BOOA AR EERE TR SR E R RS
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After this lesson, students should be able to know:
EARE TR T AR ROR T~ B AR = (EF A -
Students can understand the expression, meaning and three basic principles of electron

configuration.

» BIEER o8
BlE—
SRR ¢ B AR RE A FH AR AR = (RS R AR R I AR E T
Students can use the three basic principles of electron configuration to judge the stability

of atoms.

The electronic configurations of a and b atoms are as follows: a : 1s22s?2p®3st - b : 1522522p®3d,

Which of the following related statements are correct?
(A) ais the main group element
(B) aand b are different elements

(C) ais more stable than b

(D) b violates Hund's rule
(E) aisthe ground state.
a~ b WEFETHYE TAHREATT ¢ a: 1s°225°22p°3s' < b 1 1s°2572p°3d" - FHIAHRARCL - Bkt

1EHE ?
(A) a /TR
(B) a-~b A AEITLE
(C) attb®@E
(D) biEREEEH
(E) aRERE-
(EMRRR 110 BERA CEE(EEN) £ F 30 H 4H 1-5)
BYARRBEREFRET RPN P FPEFREYF
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Teacher: In class, we learned what three principles should be followed to write the electron
configuration of atoms.

Student:  Aufbau principle, Pauli exclusion principle, and Hund's rule.

Teacher: Yes. Which family of elements does option (A) require us to judge? What should
we do?

Student: A has 11 electrons and the valence shell is 3s', so it can be determined that Na is in
the main group element. Therefore, the (A) option is correct.

Teacher: Then (B) asks whether a and b are different elements. How should we judge?
Student: aand b are the same element because the total number of electrons is 11 electrons.
Only the b atom is in an excited state, while a atom is in a ground state.

Teacher: Well, what principle does it violate to say that the electronic configuration filled
with b atom does not follow the low energy level to the high energy level?

Student: Aufbau principle.

Teacher: Yes, it is not a violation of Hund's rule. So what are the correct options for this
question?

Student:  (A)(C)(E).

e AE (I - %gﬁﬁ%aﬁaﬁ%@%ﬁ%%uﬂﬁ [EBRRIACHLA 2
R JRRIEE - B RAIAURE R -

G - H(A)BEE T R — E;céﬁjn/%”?/wﬁmuﬂé&?

Bk a1 (EE T FLERE R 3t BT LUHIET A st i Na » I (A )i

THIERE -

ZHl: ANB)EEEM a ~ b B E AAEITE ﬁﬁﬁ%ﬁﬂﬁﬂlﬁ%ﬁ ?

B4 aflb BHFEDTER - NRSEETHHE 11 (HET b R R4 RE - i a
JET R RE

D RE o HRTER b R ERSE AR E TR A T IR KA R S Rl R T
AR — Il J Al 2

B4 REFE -

AL OREE > MEIEEER THAEEN - NI REIERER AL 2

2L (AC)E) -
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Students can use electron configuration to judge the elements in the periodic table.

When an artificial element is in the ground state, the configuration of 7p® can be obtained by
filling in the last electron. According to the periodic table of elements, which statements about
this element are correct?

(A) The atomic number is 118

(B) Similar in nature to blunt gas

(C) Non-radioactive passive gas elements

(D) Its electronic configuration is[Rn]6d'°7s27p®

(E) The number of protons in a positive divalent ion is 116

H— NETE R » PR — (T S B TP 4SS - (ST R - A
BT R AR RS TR 7
(A) FTFER 18
(B) EHSIRARDI
(©) FEAMSFHENETE
(D) HAETAAE K [Rnl6d7s27p°
(B) TF—{EHETHIE T80 116
(BEMGHE 110 B39 CBE(LE 1) % $ 31 H fI 1-8)

Teacher: According to the question, the last electron of this element in the ground state can
have a configuration of 7p®, which means that the valence electron configuration of
this element is 7s27p®, so we can know which period of the element it is, and which
group it is. What about the elements?

Student: It is the noble gas element of the seventh period.

Teacher: That's right. So we can calculate the atomic number of this artificial element by
adding the atomic number r of the noble gas in the sixth period e and the 32 elements
that can be filled in the seventh period. So what is the atomic number of this
element?

Student: The atomic number r of Rn is 86, plus 32, which is 118, so the atomic number of

this element is 118.

25 B A AMBRERETREY CEPEERE Y S
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Teacher: Great, so we can deduce how the electronic configuration of this element should be
filled in.

Student: [Rn]5f*6d*°7s27p®.

Teacher: Yes, so the option (D) is wrong, and the electronic configuration is missing 54,

Teacher: Is this element radioactive?

Student: Yes, because man-made elements are radioactive.

Teacher: Wonderful. And option (E) says that the number of protons of positive divalent ions
is 116, is it correct?

Student: Wrong, because the gain and loss of electrons will not affect the number of protons,
so the number of protons is also 118.

Teacher: That’s correct, so the answer is (A)(B).

EAR S E R T R ERER R RN —(EE T oS EE 7p° (V4HAS - FoRERILTER
AAEE F4HAR By 7s°7p° » TRILERAM o] DU S RSB 24 E AN T 2 - DUROE T
—JEHITTERIE ?

B4 RETHERHEIRETE -

LT 28 SRR AT LA S N A B R A I e 0 B A S AR AT LA
AR 32 {ETER » A0t — AR P Eh a LAIHER I S e EmW IR 7 R T
ENRFF %D ?

B4 RniYRF 75 86 Fint 32 > BIfy 118 » Rt TEMNE 7 Fy 118 -

EET : AREF PRI DA tH LT R AV EE AR RERZ AAT LSS 2

B4 o [Rn]5f46d107s%7pb -

ERT 98 > RIL(D)BEESE T 0 BB rAHRE s T 51 e

N BT R E G H BN ?

B4 7 RABANETREGAIUENME -

EEN - ARAF - T (E)BETEER I (ERE AV E RN 116 A IERE ?

B4 R ARETIVEEANGE8E TF1vHH - HIIE FH—5E 118 [ -

EHN ¥ NIEEZEEA)(B) -
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\Periodicity of Elemental Properties

TEA NEU A F i —/ NEf P ERAY B 4R REAY RSB S, - 5 1B AT amT R IR Y

TR BT - FEERE ~ BRJE -

FEsEE HH > A/ NIHVAERERME R R LR/ - WA P ST i 4 ] Bl g i
AT R IR AR T -F RSB THE  TakRE - T ZERIRA (A

BF hEE BF thEE
ionization energy IFHERE electronegativity BAEY
van der Waals radius FUASELFER nonpolar covalent bond I e
polar covalent bond e P atomic radius JFRFE

‘ (1) increase with ; ]

4+ The atomic radius of the same group of elements increases with the increase of atomic
number.

[E]— R C R A IR A B I 1 A8 i s o -
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(2] decrease with

4+ The atomic radius of the same periodic element decreases with the increase of atomic

number.

(5] — AT 2R A R R SR T e s i ek b o

® The ionization energy required to remove the valence electrons
, and the ionization energy required to remove the inner
electrons

47 : The ionization energy required to remove the valence electrons is low, and the

ionization energy required to remove the inner electrons increases rapidly.
B TR RS © BEABE TR S K -

(4) be distributed in ;

4 © Those with larger electronegativity are usually distributed in the upper right corner of the
periodic table; those with smaller electronegativity are in the lower left corner of the

periodic table.

BAMEAE @M ARG B BRERNERTEEIIRA T A -
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After this lesson, students should be able to know:

AR T T R MERVERAM: - BAEIR T R TA DU RS B A TSI E #2
B -

Students can understand the periodicity of element properties, including atomic radius and

ionic radius, as well as the definition and concept of ionization energy and electronegativity.

o BIEERE s
5l RE—

S ¢ BARE TR Y B R R A R R T HYIEBERE AU
Students can understand the meaning of ionization energy and judge the size of the
ionization energy of different atoms.

Which of the following comparisons of the first ionization energy in each group is correct?
YIS AH S —IEERE A/ NERER - WIRLE TR 2
(A) Na>Mg
(B) Na>K
(C) Li>He
(D) F>Li
(E) He>Ne
(A + Edkhie 110 BERAS (LR N) F£—% F40H 4EH 1-8)

Teacher: We have learned in class that the definition of ionization energy is the energy
required to remove an electron from the ground-state gas atom or ion from the
outermost shell. What is the definition of the first ionization energy?

Student: It refers to the energy required to remove the first electron.

Teacher: Yes, let's first see whether the (A) option is correct.

29
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Student: Incorrect, because both Na and Mg dissociate electrons in the 3s orbital. According
to the octet, we know that the 2s? electrons of Mg are filled, so it is difficult to
remove electrons and the dissociation energy is high.

Teacher: Yes, option (B) is the same group of elements. We say that the greater the atomic
number of the same family, the greater or smaller the required ionization energy.

Student: The smaller, so the ionization energy of Na is greater.

Teacher: Is the option (C) correct?

Student: Incorrect, because He is the element with the largest ionization energy.

Teacher: In option (D), they are elements of the same period. In option (E), they are elements
of the same group. How do we judge the size of ionization energy?

Student: The elements of the same period will increase with the atomic number, and the
ionization energy will decrease with the atomic number. Therefore, the (D) and (E)
options are correct.

Teacher: Excellent, so the answer is (B)(D)(E).

RN RPERRE SR AL Y E FoE (AR HY RS R T Bl T I s S E S A& — (i
BT EAVEER - SRR E ZR T ?

B4 EHERES - HE TR IR -

ERL 28 PR (A) BRI 5 1A 7

B g Ay Na & Mg BfFae 3s §uskiyea 1 - R/ \PEAG - FRMTT LAAIZE Mg /Y
25 B TR - NIERSE o T - ik RE RS o

EHD 288 (BYEHBFERIITER - IR EIERIE TR - B aR e EloR
BN Y

Ead: o U AL Na BFFRERERCK -

- (C) BEEEAEHE?

Eadg: o g AR He ByllsSRERRNIITE -

Rl T (D)EEH A E Y TR > (B)BEE R [FI AT R > sL AT HIE i R AN 72

B4 FEF I TREEE R T RO o e EON - FIRAE S R o
REAV]N » AL (D)AI(E) ZETHED A -

Ehl - R NIEEFEB)(D)(E) -
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Students can understand the definition of electronegativity and compare the

electronegativity of different substances.

Which of the following statements about electronegativity are correct?

(A) The electronegativity of elements of the same group increases with the atomic number.

(B) For the main group elements of the same period, the electronegativity increases with
the increase of the atomic number (except for inert gas).

(C) Electronegativity is maximum in F.

(D) Those with greater electronegativity usually belong to metals; those with smaller
electronegativity usually belong to nonmetals.

(E) When two atoms are covalently bonded, the shared electron pair tends to favor the less
electronegativity atom.

NHIRHHY R A SRR - WREETERE ?

(A) F—HRHYTER > BRI Z g -

(B) E—HEEIERITER - EEEER T2 EmEm ($sskRb) -
(C) BEEDF&EAK -

(D) EREEAS > BEBENEE  EREENE > BEBENIESE -
(B) DULEBGE SRR T HEMHE T HEWHENE &R N MIFET -

(AEHMERERAR 110 3RA CEE(E2 1) B—% HF41H §I1-128)

Teacher: We know that the definition of electronegativity refers to the relative ability of
intramolecular bonding atoms to attract common electron pairs, while the
electronegativity of elements of the same group increases or decreases with the
increase of atomic number.

Student: Decrease.

Teacher: That’s correct. Is the option (B) correct?

Student: Correct, nonmetals will have greater electronegativity than metals in the same
period, so electronegativity will increase with atomic number.

Teacher: What is the element with the most electronegativity?

Student: Fluorine, followed by oxygen and nitrogen.

31 B A AMBRERETREY CEPEERE Y S
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Student:

Teacher:

i -

Bt
7

sk

4 -
B
4 -

Bt
i

According to the definition of electronegativity, is it correct that the common
electron pair of the two atoms with the (E) option combined by a covalent bond will
tend to be the atom with lower electronegativity?

Incorrect, shared electrons tend to be attracted to atoms with higher
electronegativity.

That’s great. The answer is (B)(C).

HAIHE B R E R E T EHE T PSSR 10 5 [ FEH S T BRI RETT - i
[Fl— AT R B SRR e Z i g s ?

EUN

23k ﬁB(B)fﬁ_iIE%ﬁﬂiEﬁ ?

e [F— SRR E S E RN 8 - NI & & b R 1 i i
ijJD °

BRER AR ETE ?

A HRXEEHAESE -

RIFEE TSR AN EEMERGE SRR T HEHE T HEHEERE
SERY NSRS IR ?

B o LA TR e R SRR T

Ry > NIEEZFEB)(C) -

BYOp AR EARE TR 1 E M

o T EFREFL

?I§ E=S
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Chemical Bonding

BOLRACATREASM bR A HEE B bATEAEMEE 2 DRER
BITFALEREARSR I GE R RIRE BIIACEIREASE I GE & TR

KEELNEAFEETHEREEN - B bR b= Gk - HERLKSS
i PEEE ARG SLERAVE SR MM - RS F T EEEEERT - B

MU EL B i
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2-1 {CEHEpviEsa
Types of Chemical Bonds

\

IEE/ INETE S [ B AR A [F A LR AR N IS 2 i B TR R R A A T i 1
it~ SHER RS BIRAIP RO U A
B R B A AR A TR R R MR B ) -

BF hEE BF thEE
chemical bond {LEE g bond energy FERE
ionic bond BT bonding pair PRt EE T
covalent bond HAE G lone pair KLt N E T
metal bond B covalent network solid | FL{EE/IRE S
lattice energy e FRAE electron sea EH
valence electrons | {(E&E T delocalized electrons FEEE T
bond length R alkali metal Hi <>
bond order R
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[ (1) tend to . }

4 : Non-metallic elements tend to gain electrons to form anions.

IEEBIT R NG EIE TOREEET -

[ ® Except for , . = Apart from : . }

i)« Except for helium which has only two valence electrons, other noble gas elements have

eight valence electrons.

BT R (EAMEEE TN - EtERc R (EEET -

[ ©® The -er ..., the -er. }

4] : The more charges the ions carry, or the smaller the ionic radius is, the greater the attractive
force between anions and cations will be, and the stronger the ions bond.
BT AR AV BTSSP RO NI - el BRIy S [JBoR - o
R

[ 4] have a great impact on : }

4 - Metal bond strength will have a great impact on metal properties.

TR EEBIEE -
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After studying this chapter, students should be able to know that:

RS [N E AR AR S A L E YRR -

Students are able to understand different types chemical bonds and the properties of their

compounds

o BIEERE s
5l RE—

st ¢ BARRE TR LR A PR AR RE S, -
Students can understand the concept of bond energy in chemical bonds.

B~ Z ~ N ~ T arefour gaseous hydrogen halide molecules, and the relationship between the
bond energy and bond length of their chemical bonds is shown in Figure 1. Regarding the
correspondence between these four molecules and hydrogen halides, which one of the options in

the table below is the most reasonable?

600 - 1:
Z §
* G #5001
(A) | HI HBr HCl HF 8E | ?:'i
(kJ/mol) 400 - Z,
(B) | HF HCl HBr HI | . .
300 4 %

(C) | HCI HF HBr HI —
100 120 140 160

(D) | HI HBr HF HCI BE (pm)

(E) | HF HI HBr HCI

[ 1
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o~ 2oy W T RIMERREE (LR T - BALE Ay A Sl R AIRE (A8 1 For -
ST EVUE > TR L GRS R (5 - MREEHAT > (A5 S

6004 1
[ ]
FH Z ] T g ,
; 500 1
(A) | HI HBr HCl HF 8E ] Pf.i
(kJ/mol) 400 - 7
(B) | HF HCl HBr HI ] o -
(C) | HCl HF HBr HI 300 1 .

100 120 140 160
s (pm)
&l 1

(D) | HI HBr HF HCI

(E) | HF HI HBr HCI

(110457 H=F)

Teacher: Based on the statement of this question, first of all, which type of chemical bond

does the four hydrogen halide molecules belong to?
Student: All are non-metallic elements that exist in the form of covalent bonds.

Teacher: Very good, and from Figure 1 we can see that the smaller the bond length, the greater
the bond energy will be, and hydrogen halides are covalent bonds formed by single
bonds, so we can use the atomic radius of different halogen elements to judge the

bond length. Then what is the order of the sizes of their atomic radii?

Student: F<CI<Br<I.

Teacher: That's right, so we now can deduce the order of the bond lengths of the four

compounds?
Student: HF<HCI<HBr<HI.

Teacher: Yes, so the smaller the bond length, the greater the bond energy. Then what is the

order of their bond energies?
Student: HF>HCI>HBr>HlI.
Teacher: That’s correct, so which is the correct option that we should choose?

Student: (A).

Ehl B EARE - BB UE R b E Sy T RS T PR Y 2

37 B A AMBRERETREY CEPEERE Y S



38

D RTIEERT A EaRT P 0o I EEREFL Y <

B4 WEIkeETE o DI EEREGTY FE -

T ARG TiEE 1 IR AR SR SEAEAEROR - 1 AT DA
TR AR - PRI EAMT AT DA R A [E] B 22T 2R B R =R N £
A R AR R MR B AT 2

B4 1 F<CI<Br<I -

TEN 288 o RIEHAM AT DS TR L & s = X N BRRE Befa] 2

B4 ¢ HF<HCI<HBr<HI -

EHT ¥ NS REY]N - SEEERIEECR - P DASRE AR/ N Ryfa] 2

B4 HF>HCI>HBr>HI -

EHN 0 IR o RIPEARIE SRR B M e e 7

B4 (A)-

BlE_

SHH ¢ BERE TR B RS HVIRAS R -
Students can understand the bonding properties of metal crystals.

Which of the following statements about metal crystals is/are correct?
(A) They have metallic luster.
(B) They have ductility and malleability, making them advantageous for processing.
(C) Metallic bonds in metal crystals have directionality
(D) Metal bond in metal crystals is the electrostatic attraction between metal cations
and valence electrons.
(E) They are thermal insulators.
THIE R & BRI - TREETERE ?
(A) BEEBLE-
(B) BEAZEM KRN  SAEFIITHEER -
(C) &BmEEITEM -
(D) &B/EECESHTEEE T HVFFRERS(ST -
(B) REVEEGHES -
(FE—hR 110 ERA CEEEE ) B8 F 71 H FiE2-2)
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Teacher:

Student:
Teacher:
Student:
Teacher:
Student:

Teacher:

Student:

Teacher:
Student:

Teacher:
Student;
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In class, we learned that metal crystals are bonded in the form of metal bonds. In
solid state, a metal crystal has a sea of electrons, and therefore possesses certain
characteristics. Can you name the characteristics?

Thermal and electrical conductivity and excellent ductility.

That's right, and what is the typical color and luster of metals?

With a metallic luster.

That's right, so can first tell which options are correct and which are wrong?

(A) and (B) are correct, while (E) is wrong. Metals are good conductors of heat.
Good job. How do we determine if metallic bonds have directionality? in option
(C)?

It can be known from the characteristics of the sea of electrons that these valence
electrons are not fixed between specific cations, so they do not have directionality
Is option (D) correct according to the characteristics of metal bonds?

Correct, because the metal bond is found where atoms can easily lose electrons to
form cations and free valence electrons, with electrostatic attraction between them.

Great, so what are the correct answers to this question?

(A)(B)(D).

fEeRE p M2 e B ie e e B RIvE (st - FERFeEseRN e
B - REAWREEE
REE AR DL A E’ﬁ?é’ﬁ_?f
250 H @y et E ] ?
HEeBE -
e o RIELFAM BT PAS R £ 88 T T E R EL BRI B R 2
(A)B)IEME(E)FHR » /B HEY REHE -
TEHE - 1 (C)EETH R B s 2 5 5 7 Ry ke an e A 2
] DL SRR A - B EE TN gEE AR EN G 2 0 BT
LLgHE Tt
HB(D)ZEEAR R & B s iV M e 4 1A 2
B - R EERsE B FIRE SR EE TP G FUERER (EE
+ 0 PEBERIARRER ST -
R4 » R M RE IR R A 25 Ryl 2
(A)B)(D) -
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2-2 HFHIHR
Molecular Shape

RANOES IRV RVl 7Ry i S S - N i e e | 7 N R R )= BN P A
(E7R e T O R R B i SR A R 0 1 S B T RIS TR B PSR A A N
AR TR s 8 ) B IH P DO RE MY A B T S

Bx hEE Bx hiE
Lewis structure PR S HTAE resonance structure HIR4ERE
valence shell electron
fERLJE & T35 O s/
central atom o R+ pair mutual repulsion
VSEPR &7
model
peripheral atoms | 41NEJE T bond angle Sy
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[ O First, , and then , and finally : }

7147 - To make a Lewis structure, first we calculate the total number of valence electrons, then
determine the central atom and peripheral atoms, and finally arrange the electrons to
satisfy the octet rule.

BB ERE ZAaiteis - Mt B EE RN FAE O T BLSNE
JR B &R (E B e/ \FEES -

[ |

4y« In the resonance structure of sulfur dioxide, there is always a single bond with a longer

bond length and a double bond with a shorter bond length.
“EALRAVIRGE R o 19E —(E R R AT HEE N (ER RO g

[ ©® The sum of ; }

4+ The sum of mutually repulsive electron clouds in the central atom of the sulfur dioxide

molecule is three, and the shape formed by the electron clouds is a plane triangle.

“EEM D TR OETN A FETERE L= ETEPRNIGR B FH=AF

o« BEEHE »

TEEEE AR iR - ARG DI TER

After studying this chapter, students should be able to know that:

B gE IR ER T aE g 1A [F o B ES Y A RIIR -

Students can understand the bonding forms and shapes of different molecules through the

Lewis structure.
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Students can learn how to determine the bond order of molecules.

Based on the Lewis structure of NO3-, determine the bond order between N and O.

(BEMERR 110 TERA (EEEALEE 1) F & flE 2-3)
(E R ZKJE - http://earthkart2011.blogspot.com/2012/12/resonance.html )

Teacher: First of all, can we know the structure of this molecule from the question?

Student: Resonance structure.

Teacher: That's right, how was this resonant structure generated?

Student: After drawing the Lewis structure according to the octet rule, a lone pair of electrons
can be shared between N and O, so three different Lewis structures can be drawn.

Teacher: That's right, so every resonance structure will have two single bonds and one double
bond. What is the bond order then?

Student: 4/3.

B A AMBRERETREY CEPEERE Y S
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28 NI —(E I IRGE RS & A W {8 BE 5 ke —([E 8 > Prllsia g%/ 2
(1x2+2)/3=4/3

iR ¢ ERAREERE BT R [E o T RIS -

Students can learn to judge the bond angles of different molecules.

Compare the three molecules H>O, NHs, and BeH: in terms of the order of their bond angles.

EEEL H20 ~ NHs jz BeH: =f5y ¥ » HIgAHY A/ NER -
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Teacher:

Student:

Teacher:

Student:

(SR SRR 110 TERA (EEME(EEE 1) 5% 25 H &E 2-6)

Before comparing the bond angles of the three molecules, we should first draw the
Lewis structures of the three molecules. How do we draw the Lewis structures?
First, calculate the total number of valence electrons: H.O has 8, NH3 has 8, and
BeH. has 4. Then determine the central atom and peripheral atoms, and finally
distribute the remaining valence electrons to obtain the Lewis structure.

That's right. According to the Lewis structure drawn, we can judge the shape of the
molecule by the number of mutually repulsive electron clouds, and then its bond
angle. The number of mutually repulsive electron clouds includes the number of
bonds between the central atom and the peripheral atoms and lone electron pairs.
What are the shapes of these three molecules as a result?

H20 has two single bonds and two lone electron pairs and the number of mutually
repulsive electron clouds is 4, so it is curved, and its bond angle is 104.5 degrees.
NHz has three single bonds and one lone electron pair, and the number of mutually
repulsive electron clouds. It is 4, so it is a triangular pyramid, and its bond angle is
107 degrees. BeH> has two single bonds, and the number of mutually repulsive

electron clouds is 2, so it is straight, and its bond angle is 180 degrees.
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Teacher:
Student:

i -

Eh

B4

Great, so what is the order of the three?
BeH2>NH3>H-0.

FEEERE =M T HY S A R/ NZ i B ek P % 25 = (o TRk S it
A [H] ez A0 ] 25 HHES STt 2

D OHEREHEE FEIAEA] > H2O £ 8 0 NHs & 8 > BeHa £y 4  HEEE g s

JFF RAMNER T - BRI TR EE T - BIA5EE S Hr4E -

DR o MARREE ARV B AT AERE AT LUE S B FR i T BB EAHE 77 TR

eI FET R A - Hdh B R BB E A 0 R B NE R T SR AR
B RANETEAREE - ML= T8 AR Rl 2

boHO ERER R R WEIIE T GRETEREE 4 NIEEHH - K

G5 1045 [ 5 NHs A = (BB —¥ B4 > B FRETFEHEZ 4 W
= AR - HgEfa R 107 1B > BeH AWi{EEE - BB FEHER 2
Rt R ESTE - Hi#A R 180 & -

RAF > R = E BT Fyfo]?

BeH>>NH3>H20 -
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2-3 ([EfIEwR
Valence Bond Theory
\
IE/INERZET 48 o SR m SRRSO - MR E SR AT TR - S0 (R SRR L o i ~
n SRR G - PR R U AR H B IR - B ESRE
TEHEAZ/INERRT > 0] DURHEE B A R S VR LA AR RN BT » 75 /M4 B RE sRl - o]

DA A BEGINRE A S o $#F0 o SEAVECIE » ABUERsy - BAhn] 5 B E AL RILLEA) T % o
SREL n SEARTE o AREE sp® ~ sp? K sp RAREIISIITEEL -

-
FERT R AR P oo T EEHFFTC S

B¥ thiE BF thE
valence bond theory (B PR hybrid orbital ARG YR
o bond o §# coordinate-covalent bond FCfir S(E
7 bond i linear pattern HEIP
plane triangle EH=AEP bent shaped Ui
tetrahedron VUTHI S triangular pyramid =
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[ (1) be formed when . }

47 - Bonding orbitals are formed when atomic orbitals overlap and share electrons to form a

covalent bond.

BT E R TR R - BEE RS I -

[ ® The strength of Is weaker than that of : 1
4 : The strength of a = bond is weaker than that of a ¢ bond.

n EAYFRELL o $# 5T -
[ © can be obtained by mixing orbitals with a orbital. ]

4 - Four spe hybrid orbitals with the same energy can be obtained by mixing three 2p orbitals

with a 2s orbital.
DA 2s BBl = (& 2p $ig R R % - AISEIRE B EAYVU(E sp® SRR -

[ o , Which is in group , forms one covalent bond to fill its octet. }

47« Fluorine, which is in group 7A, forms one covalent bond to fill its octet.

LFY TA FRE G TR — (8 L5 DUE R L (B -
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After studying this chapter, students should be able to know that:

BERE TR o $RE n EAYRE] o MEREEK spe  spe K sp REHUEATIZ R «

Students can understand the difference between ¢ bond and & bond, and the formation of sp3,
sp2, and sp hybrid orbitals.

w BIREERE s
BlzE—

st ¢ EERE MY o SR n SRAVRF(E -

Students can distinguish the characteristics of 6 bonds and 7 bonds.

Which statement is incorrect regarding ¢ bonds and  bonds?

(A) A obond can be formed by overlapping atomic orbitals along the axis between two atomic
nuclei.

(B) A mbond can be formed by parallel overlapping of two p orbitals, resulting in zero electron
density along the axis between the nuclei.

(C) A o bond exists in both single and multiple bonds, while a © bond only exists in multiple
bonds.

(D) A o bond cannot be formed between p orbitals.

(E) When a o bond is formed, the electron density is symmetrically distributed along the
nuclear axis when observed from that direction.

YR o $REL m SRAYRGT > (] EhER ?
(A) o §H R ER B0 8 R I A R e T [ B RS S T
(B) m s a] R p HUs-PATE B - EXEE ERVET#ERE -
(C) o SEFEMN BT - ) n BEREFEN ST -
(D) pHIREFET K o & -
(B) o $#EEANT - EinE MR T mEE - BT EEE A -
(F—hR 110 FERA BRI F—F HT19H &E4)
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Student:
Teacher:
Student:

Teacher:

Student:

Teacher:
Student:
Teacher:
Student:
Teacher:
Student:
Teacher:
Student:

Teacher:

I

B
1
B
- ¢
B
1
B
- ¢
B
- ¢

B
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In this question we are to identify the characteristics of 6 and © bonds. We can start
by drawing the overlapping state of the ¢ and 7 bonds and their internuclear axis.
First, how should the ¢ bond overlap?

Overlap in a head-to-head fashion.

What orbitals can form o bonds?

Both s and p orbitals can form ¢ bonds.

Yes. If we observe along the internuclear axis, will we see a symmetrical
distribution of electron clouds?

Yes. By folding along the internuclear axis, which acts as the axis of symmetry, we
can observe that the electron cloud is symmetrically distributed.

Great, so how should 7 bonds overlap?

They should overlap side-to-side.

Yes. Is there an electron cloud distribution along the internuclear axis of a = bond?
No, the electron density is zero along the internuclear axis of a  bond.

Great. Which types of bond orders contain ¢ bonds then?

Single bonds, double bonds, and triple bonds all contain ¢ bonds.

How about = bonds? Which types of bond orders contain 7 bonds?

Only double bonds and triple bonds contain  bonds.

That's correct. So only statement (D) in this question is incorrect.

iE e AT o SR SRAVERE  FRM AT LA o $iEE n SR E AR AIRER DL
M FIATRZ R - B o SEIERZ A0 AR ?

DA TR 7 AR

AIDUP R o SRV A TREE ©

s H1 p WskFE AT LA

E8E  WFTE L IR 7 R RS S ERIE BT ?
B o DAL R R R T o] DSR2 R

iM% > FRIEE m SR FERZ A0 o] EE AR E 2

DAy 77 e

G5E AR SREAVEX I B = o 2

GH > BTEERZO0:

1R#%E > TR 4 TSR 7 AT o SRUE ?

P~ RS RE I T o B -
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Students can determine the shape of molecules through hybrid orbitals.

Which of the following molecules have all their atoms in the same plane?
(A) Ethene (B) Methane (C) Boron trifluoride (D) Ammonia (E) Benzene

AR Ty B S E A [F] Pk 2
(AZFE BHKE  OC=xtl O EF

(EPRRR 110 FERA CEEEE ) 5 543 H HE16)

Teacher: The purpose of this question is to use hybrid orbitals and lone electrons to determine
the shapes of the molecules. First of all, what is the hybrid orbital of ethene?

Student: Ethene has sp? hybridized orbitals.

Teacher: That's correct. What is its shape then?

Student: Planar.

Teacher: Yes, ethene is planar, so all atoms are in the same plane. What about methane? What
are the hybrid orbitals and molecular shape of methane?

Student: Methane has sp® hybrid orbitals and no lone pairs, so its shape is tetrahedral.

Teacher: Great. Now, what are the hybrid orbitals and molecular shape of boron trifluoride
then?

Student: Boron trifluoride has sp? hybrid orbitals and no lone pairs, so its shape is a planar
triangle.

Teacher: Great job! What are the hybrid orbitals and molecular shape of ammonia?

Student: Ammonia has sp® hybrid orbitals with one lone pair, so its shape is a triangular
pyramid

Teacher: What about the hybrid orbitals and molecular shape of benzene?
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Student: Each carbon atom in benzene is sp? hybrid orbitals, and it is a planar molecule.

Teacher: Good job! So which ones are planar molecules?

Student: Ethene, boron trifluoride, and benzene. So the correct answers are (A) (C) and (E).

i -

B
£ -
s

Eh

g
4 -
B
4 -
g
4 -
B
5 ¢

B4

88 H @A A RBHUIBRIINE T EHE 75 TaI AR » B 2GR
FfruE ?

ZIHHE sp? JRAREI -

8 o TR TEEIZARE ?

EHEE o

o ZWE e > BTLURF AP o B H R RIS A
AR By falug 2

FEE sp® JRARENIK @ (4 EIMETH > Fr IR EIUEE -

TR - HRIEE = CHA R BB 7T TEAR R UfE 2

ZHACHE sp? JRERE > (R EINE TE > FrbUEFE =A -

IEFEE - [HVEBEIBRI 2R R fruE 2

ST PR - B —HINE ¥ AR E =Mk -

wi% > ARHVEREISA AR By falie 2

ROV BRI T sp? BRI - B (EFE ST -

R4 | B AR 2~ F I 73+ UE 2

ZW ~ —HACIIATE o R IEEREEEZ(A) (C) (E) -
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. Intermolecular Forces
AR G A i — D PR SR AT 52 B0y T AE TR B A M - 6 4 (AR - (R AR
77 ~ BA-E SRR ST ~ 23T~ ESREE VU S TRIIER T DURANEI S 2 BB AARAE -
VARG ~ HEERARRE WS

FEHEAANETRT > 2T ] e B AR R S ERGEIR 7450 - (BRI SRR > AR
1% o aeft eSS ) A AR > HECRERAE SRS T RIAY(E A D HRR RS

-
FERT R AR P oo T EEHFFTC S

EF i BF i
polar covalent bond e A nonpolar covalent bond | A St (B
polarity fix e electronegativity EEE
bond dipole e Y bond moment AR
dipole moment R dipole-dipole force - (AR
induced dipole-dipole force | fffix-37%3 {1 /7 | dispersion force SYETT
hydrogen bond S van der Waals force NAFET]
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{ (1) be defined as ; }

4 © The magnitude of the bond dipole is defined as the product of the partial charge transferred

between the two atoms and the distance between them.

SRR AR R NKE 38 R R I R B 1S 7y R oy B i e B R YV AR

[ ® When , resulting in : }

4 - When the bond dipoles within a molecule cancel each other out, resulting in a zero net
dipole moment, the molecule is nonpolar and is referred to as a nonpolar molecule.
BTN E SRR G ARFEOR - o EEE RS - N B o R R I ER
MY -

[ © depends on : }

47 = The strength of dipole-dipole forces depends on the size of the molecular dipole moment.
Generally, the larger the dipole moment, the stronger the forces between large molecules.
et A 7 58 R R o0 AR ARAE Y R/ N » 38 T AR AR » R 70T A -
R T ke o

P |

4 - Nonpolar molecules still exert forces on each other, as the rapid movement of electrons

can cause momentary uneven electron distribution, resulting in instantaneous dipoles and
induced dipoles in neighboring molecules.

et T Z YA A AERY ST BN R e E AT - m s ERE ISR
B i~ o EEBEE AR - FESE S AHA - -
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After this lesson, students should be able to know:
EBEBE T RDUTE S RAE R IV EARTEE N EFE -

Students can understand the basic properties and definitions of the four types of intermolecular

forces.

o BIEERE s
5l RE—

SH3 ¢ AR By T Z R IR -

Students can identify the types of intermolecular forces between molecules.

Which of the following statements about the main intermolecular forces in each substance is
correct?

(A) The main intermolecular force in BF3 is dipole-dipole force.

(B) The main intermolecular force in Xe is dispersion force.

(C) The main intermolecular force in Hz is hydrogen bonding.

(D) The main intermolecular force in C2Ha is covalent bonding.

(E) The main intermolecular force in HCI is ionic bonding.

YA RSB YT EEAE R IR - (AT I 2
(A) BFs EZEH ) RofBti- (i EH 7T -
(B) Xe EZERARIEST
(C) Hy EEIEHTIHES -
(D) CoHs EZEHT] R AESE -
(E) HCl EZAERI ) Rl 182 -
(110 5% 6 )
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Teacher:

Student:

Teacher:
Student:

Teacher:
Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:
Student:

Teacher:
Student:

Teacher:
Student:

Teacher:

This question requires students to identify the types of intermolecular forces
between different molecules. First, let's review the various types of intermolecular
forces.

There are dipole-dipole forces, induced dipole-dipole forces, dispersion forces, and
hydrogen bonds.

That's right. How are dipole-dipole forces formed?

Dipole-dipole forces are generated when two polar molecules are close to each
other.

How are induced dipole-dipole forces formed?

Dipole-induced dipole forces are formed when a polar molecule comes near a
nonpolar molecule.

How are dispersion forces formed?

Dispersion forces occur because the constant motion of electrons causes uneven
distribution of electrons in nonpolar molecules, creating instantaneous dipoles in
two nonpolar molecules.

Great. How are hydrogen bonds formed?

Hydrogen bonds are the attraction between the lone electron pairs of H and F, N, or
0.

Excellent. Now we can identify the intermolecular forces of the different molecules
in the answer choices. What is the intermolecular force between BFz molecules?
BF3 is a nonpolar molecule, so the intermolecular force between the molecules is
dispersion force.

What is the intermolecular force between Xe molecules?

Xe is a nonpolar molecule, so the intermolecular force between the molecules is
dispersion force.

What is the intermolecular force between H> molecules?

H> is a nonpolar molecule, so the intermolecular force between the molecules is
dispersion force.

What is the intermolecular force between CoHs4 molecules?

C2Ha is a nonpolar molecule, so the intermolecular force between the molecules is
dispersion force.

What is the intermolecular force between HCI molecules?

B A AMBRERETREY CEPEERE Y S
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Student: HCI is a polar molecule, so the intermolecular force between the molecules is
dipole-dipole force.

Teacher: Excellent. So only option (B) is correct.

Ehl - EEEORERAEYESAE R R E DAY - AR AT o PR
B N E R IR

B4 AiEM-EETT - ER-EREEST - R ER -

Rl J2eh o AMEER- BT A AR ?

B2 ¢ (i) S W (AR My T SR Y -

ERN - S R AT RE 2

B2 (- S AR R AR M oy T SR R M T Y

EEl ORI ERE ?

B R RREETMEES) » (BRI S THVETEE A A0 > WETE
fi b oy A g ] i A -

Ehl R Al SRR e ?

B4 HAF~ N~ O Rl TH ZMEALRRS T -

ERL JEE R BEERAMTRE AT DAHE B T & E S THIER ST T - BRs S35 fEIEYLE
IR ?

B 0 BREIREMES T LUy TR ERTIZ 080T -

ZHl 0 Xe o yfEHITE R T IZ B 2

B4 0 Xe BIRMNEr T ALl TRIBTERTIZ 80

EET 0 Hz o1 EEIE 321 EE ?

240 Ha BB+ BTl o TR ER 320807 -

ZHl 0 CoHa 73 TERYIE R T2 A 2

B 0 CoHa B3RS 1 - BTl T RIIER D& mHid -

Ehl - HC T RIEE R D& e ?

B 0 HCUZM M+ ALy TR E T2 iR - (557 -

RN JRERE > ATPUAA (B)EERIEE IERERY -
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Students can understand the causes and relationships of chemical bond formation and

molecular polarity.

Which of the following statements about chemical bonds and molecular polarity is incorrect?

(A) lonic bonds are mainly caused by electrostatic forces between anions and cations.

(B) The dipole moment of a covalent bond is caused by the uneven distribution of the bonding
electron pair between two bonded atoms.

(C) Linear molecules cannot have polarity.

(D) Ina polar covalent bond, the electron pair is typically closer to the more electronegative
atom.

(E) Nonpolar molecules can have polar covalent bonds.

YA R LS K oy TR PERYFOIL - [T gEER ?

(A) BT o8 T 22 thF R Bl 5HE - REnVRREE S [ IR -

(B)  FL{ESRAY (R AGAE - B PRl S B - S A W g A [ T o AN B P -

(C) EHPHIFAREEARE -

(D) M ERFAVE Y EEETEAERARNET -

(B) FEtit: oy mlae BA MR E i -

(B—hi 110 FaRA CEREE ) -8 5 114 5 HEESE 8 )

Teacher: This question mainly asks about the causes of different chemical bond formation
and their relationship with molecular polarity. First, how is an ionic bond formed?

Student: Anionic bond is formed by the Coulombic electrostatic force between an anion and
a cation.

Teacher: Correct, so option (A) is correct. Next, how is a dipole moment formed?

Student: The dipole moment is formed because the electronegativity of different atoms in
the molecule is different, resulting in an uneven distribution of electrons.

Teacher: Great, so do electrons tend to be closer to atoms with higher or lower
electronegativity?

Student: Atoms with higher electronegativity.

Teacher: Correct, then can nonpolar molecules have polar covalent bonds?
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Student: Yes, because some molecules have polar covalent bonds that are canceled out
because of the molecular shape.

Teacher: Can you give an example?

Student: For example, CCl..

Teacher: Correct, C-Cl bond is a polar covalent bond, Because the structure of CCls is
tetrahedral, it is a nonpolar molecule. Although each C-CI bond is polar, the four
C-Cl bonds' dipole vectors cancel each other out due to the tetrahedral symmetry of
the CCls molecule, resulting in no net polarity for the entire molecule.

making CCls a nonpolar molecule. Can linear molecules have polarity?

Student: It is possible, such as HCN, where the electronegativity of the atoms on either side
of C is different, resulting in polarity.

Teacher: Very good, so options (A) (B), (D), and (E) are also correct. Only option (C) is

incorrect.

ERl B E R FEYEERAV RN o PURT T ERMERYRE (R - B - BETER
AT RE ?

R BT SREIREE TN R TR AR R TP R (R

LRl U2k 0 FTLUA)BEIRZEEIHY o AREHEAE A0 (A RAYIE 2

B4 PAEEERNRRER RS TP AR TRESEAE - WE TR
7 HEE T EA BT -

AL R AR TSR R R R ISR T ?

B4 BREARNET -

ERN 8 o IR T B R S R

24 g WAL THAREAMEIEIER - (BRI R TIIRI R T AR
BT e

Rl AU {E T 7

B0 Bl CCly -
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EH 948 C-Cl BRI - (R R CCl HSSHEZITTAS - TUE(LEE (CCL)
SEIRRRME ) T - BRI C-Cl SV RAME - (H FR T LT 5y T 2 DTS
SH + DUIE C-Cl SRV AR TG - A S5 TH 0 A HBRIRLE -
CCla {7 — (3 P 53 (R MERE T LA T ARG 5 T A %2 - BRI - 7
LT B FRIE 5 1) TP M 1 B4 S 2 ) - IR EL 495
F A AR 7

B HTRS » (R HON » C MBS FREIER—HE - FILLEA M -

E IR FTLAGA)B)(D)ENEE LS A (C)BIAREA -
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Chemical Reaction Rate

BOLRACATREAS bR A HEE B EATEAEMEER 2 DRERE
BITFEALAIGEASR T GE R BIRE B CAIEIRSR T GE R R

AREE S BN EHERAYESR ~ N ZRARELR EVIRIHIRE (R DU R S T BRI FoR 5 3
=9

PEE e RER R A AL T RHEIARI S T EE NG BR BN EEI TSN
WE - & HUNEESRA AR - RARSNEYRIAE ~ RE - S - Rk iE
{EHI S B SRR R -

AEEH > B ERE SRR ETEE > PIAIRZNEIE R R B R B IR
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3-1 REZEXRER

N Reaction Rate Law

FERE/INER - Bl ] S s (R 22 A B rh PR B B AR SO AR TE 26 MR R HNE
PEETERA T R R R AR B TSR - IR SO TR - 14
TEARARRER A T R A AR IE A -

ERAE R R I B B A R B R SR PR AT R Ay ) BB TRE > DU TER RS

B thiE BF thiE
reaction rate 2 FE AR colorimeter Fhfast
femtosecond Ey (10 F) rate law R

average consumption
[ FEWSPES 4 #E 3% | rate constant AR
rate of reactants

average rate of product
ERRAIE AR B | zero order reaction TR K7 E

formation
instantaneous rate g 2R half life A5
conductivity HERE first order reaction — RS TE
‘ TR P -14
conductivity meter HEEEE, radiocarbon-14 dating
EHFE
precipitation Th reaction order 7 FE4R Y
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B HEGRBERSF Sentence Frames and Useful Sentences

O As time progresses,

4 - During a chemical reaction, as time progresses, the amount of reactants decreases, but

the amount of products increases.

FEALEER R AR T > BEE TR0 > SEYIREIER - (BRI EIRY -

&

® That s to say, . = In other words,

4 - During the same reaction time, the ratio of reaction rates between different species is equal
to the ratio of their equilibrium coefficients in the reaction equation. That is to say, within
the same reaction time, the reaction rate ratio between different species is the balance
coefficient ratio between species in the chemical equation.
= During the same reaction time, the ratio of reaction rates between different species is
equal to the ratio of their equilibrium coefficients in the reaction equation. In other words,
within the same reaction time, the reaction rate ratio between different species is the
balance coefficient ratio between species in the chemical equation.

FEAH EIY S FERFEI A » AR [E1)RE 2 FETH S B 2R P LS S S FE e Y V-t
BEEAHE - thtEsR - EAHEIRY S FERF A » S )TE R A S B R L Ry S
BV TR

® Therefore, we can learn that

4« Therefore, we can learn that this reaction is a first-order reaction for H, and a second-
order reaction for NO, and the total reaction coefficient is 3, that is, a third-order reaction.
FHIEE]AT - BEEES Ha TS /2— 4K » ¥ NO 2 4R e » N IE(REUE 30 Bl
= RILIE -
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[ 4] have nothing to do with . ]

4« In the process of first-order reaction, the half-life is a certain value, which has nothing to

do with the concentration of reactants.

—ERERT IR T R e - B YR SR -

o BEEEHE »

TR e AR IR - ARG DITES
After studying this chapter, students should be able to know that:
BLAERE T R BRI B R SOR R ERAYETE -

Students can understand the meaning of reaction rate and the calculation of rate law.

o IEERE s

BlE—

A ¢ B RIS R R A S R E Y -
Students can write the rate law formula and deduce the rate constant based on the table.

) [NO] [Cl2] initial rate
experiment number .

(M) (M) (Ms ™)

1 0.15 0.20 2.25x10 2

2 0.30 0.20 9.00x10 2

3 0.30 0.10 4.50x10 2

A student used the initial rate method to detect the reaction rate of the following reactions:
2NO(g) + Clz2(g) — 2NOCI(g)

The experimental data is shown in the table above.

Try to answer the following questions:

(1) Write down the rate law for this reaction. r=k [NO]? [Cl2 ]*

(2) Calculate the value of k and list the units. k=5.0 (Ms1)
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[NO] | [Cl] | W=

HEdmTt o | owy | oms
1 0.15 0.20 | 2.25x10 2
2 0.30 0.20 | 9.00x10 2
3 0.30 0.10 | 4.50x10 2

FAER R AR S E RSB ZESR © 2NO(g) + Cla(g) — 2NOCl(g)
HEREIRN L3 - sll0Z MIFRE

(1) SR ERERERE - r=k [NOJ* [Cl2 J*

(2) K K EAARNIEFTH AL - k=5.0 (M%)

Teacher:

Student;

Teacher:

Student;

Teacher:

Student:
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(FE—hR 110 TRRA (RS N) 5503 % 55 133 H flRE 3-3)

In this question, we are going to explore the relationship between the concentration
of the participating reactants and the rate, so we can infer the correlation between
the concentration of each reactant and the rate. Now, what formula can we list first
based on what we have learned in class?

r=k [NOJ*[CI2 ]".

That's right. We can compare and bring in the statistics of different experiment in
the table to find out x and y. So, how do we find x and y?

In Experiments 1 and 2, [Cl;] is the same, but [NO] in Experiment 2 is twice that of
experiment 1, and the rate becomes four times. So it can be inferred that x=2. On the
other hand, in Experiment 2 and 3, [NO] are the same, but [Cl2] in Experiment 2 is
twice that of experiment 3, and the rate becomes 2 times, so it can be inferred that
y=1, so the rate law formula can be r = k [NOJ? [Cl» ]*.

Very well. Now let's find out the relationship between the reactant concentration and
the reaction rate. To formulate the equation, we need a rate constant k. How do we
find it?

Bring the rate law formula into one of the experiments to obtain it. If the data in
Experiment 1 is brought into the formula 2.25 x 1072 =k x (0.15)2 x (0.20), we can
get k=5 (Ms1),

B A AMBRERETREY CEPEERE Y S
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ERN  EREAERE 2 BN SOV B AR A B (5 DRIIEE AT R DA G PRElE 25 T S
VIR e AR AR - AT AP R aRE tp AR - mf DS (1 2

B4t r=K[NO]*[CL. ] -

LW O28E  BATATLAELER RN FE EERHVEEE - AR x By - FrDA x By 52401
A >R e 2

b IkERGETE 1~ 20 [CRIME - B 2[NODREbE 1 AYNIfE - ZREVURE - NI
HHERT x=2 - T E GRS 2 - 3 [NOIH[E - Bl 2[Clo] A&l 3 HYRIf > 2K
% 2 f% - [RULTTHEET y=1 » AR E ARy r=k [NOJ? [Cl2 ] «

Zhl R AERAEBM R S YR B PR AR - IR Ry T A F AR E
—EERE R K B ?

B REEARE A AR P —E RS B AT 1 hI e 2.25 x 10 °=
kx (0.15)?x (0.20) » & HJ45E] k=5 (M?st) -

pIEE—
st B RE R ARV IER] -

Students can learn the application of the half-life.

The decomposition reaction of a certain substance A is a first-order reaction, and its half-life is

10 minutes. Which of the following statement(s) is/are correct?

(A) When the reaction reaches the 35th minute, the concentration of A is half of that at the
25th minute.

(B) Atthe 20th minute of reaction, the concentration of A is 1/4 of the initial concentration.

(C) When the concentration of A is doubled, its half-life increases to 20 minutes.

(D) When the reaction reaches the 20th minute, the reaction rate is 1/8 of the initial rate.

(E) When the concentration of A is halved, the half-life is shortened to 5 minutes.

HE A 2R ERy— R IE - HEAERA Ry 10 S3f > TYIRURIITEL TERE 2
(A) RIEZSE 35 78 A WRERRIERS 25 Sl —3F -
(B) RIEZE 20 7y8#EF » A FURERAVIRER 1/4 -
C) K A ZREANfENR: » HAPAIS RNy 20 778 -
(D) RIEEE 20 Fy§ls » RIEHER Fp)H*E > 1/8 -
(BE) & A ZRFEIRAEEE > FAEIRRGE R 5 78
(AR - BEfERR 110 FeRA (CEE(LEN) F=5 F 126 H #HE 3-5)

BYOp AR EARE TR 1 E M

i oo L EEHEFEL L

?I§ E=S



£
B
il

gk
il
s

65

D ORTIFTRT 2 ERT P

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Based on what we learned, for a first-order reaction, does the half-life change with
changes in concentration?

No, the half-life of a first-order reaction will be fixed. Therefore, (C) and (E) are
incorrect.

That's right. According to the data given, if the reaction reaches the 20th minute, the
half-life of substance A is 10 minutes. How will the concentration of A change?
The concentration of A should be reduced to 1/4 of its original amount because it
has undergone two decay periods.

How will the initial rate of the reaction rate change?

The same 1/4 of the initial rate. Because this reaction is a first-order reaction, the
concentration of reactants will be proportional to the reaction rate. Therefore (B) is
correct but (D) is incorrect.

Very well. Is (A) true? Is the concentration of A half of that at the 25th minute when
the reaction reaches the 35th minute?

That’s correct, because another half-life has passed from the 25th minute to the 35th
minute. So the concentration will become half of that at the 25th minute.

That's right, so the answer should be (A) and (B).

TEARE P IR B — AR T > RIS A B R Ry R FE B T i s, 2

g > —RENEEFAERGEE - R AI(C)(E)RUtEEas -

GEE o B EREE 20 4yeE o MREREE PR iYE A AR 10 S 0 AT A
TRFE e L 2

A RIZTES By JF2RHY 14 - RRECHE T AV

A S FE R AR R A e A el 8B 2

—REEFAR VA % > RAILRIER U E - RIEYRIE S B AR I
tt - ERIEE(B)IER#E(D)$EER -

1R AB(A)BIRI S EZRZE 35 Jr3Els - A HYRE BRIEZREE 25 frfisiy—
F B IEE ?

IEHE > RS 25 43 22 56 35 oy WA | —ICHAH RIS S EENE
25 Sy —F -

G5E NI EZEZEA)(B) -
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3-2 WHiEERER
Collision Theory

N

b/ INEF AT DA P P e R A T i LR I MBS S FE ) Rk il > R P 2 AR 22
AR AN G o PRSI ERE R R  JE LR S{EE SIS B A T AR L ER S A 2R

IE/ INETHY ) B ER A SRR A RE S B B P B B3I A T

B¥F thiE ¥ thi
collision theory hizER==S0) transition state ENETINEE
effective collision HRhiiE activation energy a1 bR
threshold energy KPERE reaction mechanism 2 ERA TS
reaction energy diagram | 57 fEAE & [E rate-determining step HAETE N ER

mid product/intermediate
activated complex HLE G FREIEY
product
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[ O First, , and second ; }

4 - There are two conditions for an effective collision. First, the particles have must sufficient

energy, and second, they must have an appropriate collision orientation.

ARREARIEAWIE > Bt R BA RV R > B4 ZAEERTRIEALR -

[ (2] can be seen as . ]

4] = Activation energy can be seen as an energy barrier that a chemical reaction needs to

overcome.

A BREAN[R]— (B LA R e AR B SE AR AV RE B FEE -

[ ® It can only be made possible ( ) if : ]

4« 1t can only be made possible for reactions to happen if there is enough energy to make
the Kkinetic energy of the reactant exceed the threshold energy.
AR ERERE T - JHEA RMIVER - (EAEYIEIREEaKIREE - SKEAH ]
REAE -

[ ® neither nor ) ]

4« Among them, N20- is neither a reactant nor a final product, and is called an intermediate.

FHoop NoO2 BEAZSEY) > A B R LR > 8 R EY) -
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After studying this chapter, students should be able to know that:
B pe R ar KT AR S TERE IR -

Students can learn to interpret and understand reaction energy diagrams.
w IREERE o8

plE—

SRR ¢ BEREASR OB N ERE B BN B e R N Y S RS AL
Students can learn to interpret reaction energy diagrams and calculate the activation

energy of the reverse reaction.

The figure below shows the change of potential energy during the process of a chemical reaction:
CO(Q) + NO.(g) — CO.(g) + NO(g). Try to calculate the activation energy of the reverse reaction.
Under the same circumstances, which is more likely to occur, the forward or the reverse reaction?
Ea'=341 kJ/mol. The forward reaction.

Energy :
activated complex

(kJ/mol)

product

reaction process

S
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XA LR EE TR T HALRERVE (LIS ME AR - CO(g) + NO2(g) — CO2(9)
e T E R ERELRERZ /D ? HERIER T IE - B EMEER 5 %4 ?

+NO(g)

OV BT EFRT 2 ERKT

Ea'=341 kJVimol - [EfZFE -

69

Teacher:

Student:
Teacher:
Student:
Teacher:

Student:

Teacher:

Student:

A

TREF

mEEER

(kJ/mol)

REEFTSH

(FE—AR 110 TRRA CEREE ) F=5 fE 3-1)

First of all, we can see from the figure that the positive reaction activation energy
of the reactant is 116 kJ/mol. Can we tell the reaction is an endothermic reaction or
an exothermic reaction?

It’s an exothermic reaction.

That's right. How much heat is released in this reaction?

—225kJ/mol

That's right. Then, how do we determine the activation energy of the reverse
reaction with the data given in the question?

The heat of reaction of this reaction can be obtained by subtracting the activation
energy of the reverse reaction from the activation energy of the forward reaction.
By using the equation 116 kJ/mol -Ea'= —225 kJ/mol, the activation energy of the
reverse reaction can be obtained as 341kJ/mol.

That's right. Under the same circumstances, which is easier to carry out, the forward
reaction or the reverse reaction?

The forward reaction. Because the activation energy of the reverse reaction is
larger, it is not easy to carry out. On the other hand, the activation energy required
for the forward reaction is smaller, so it is easier to carry out.

B ORGP EFRET R (L E P
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N EHRIRMMEEIER R EREE T YR IE R S (LEE S 116kI/mol » HEIPREE
{MIRE K1 L S T2 — (B BN i g S RS JE 2

B EE -

EEN R8s o IR ERH T2/ VELE ?

2R 1 —225kd/mol AEIAI A ELRI AR 52 S e TS B A

EEN 288 AN H EORAY I S S AR L AR A H ELATARCOR A 2

B4 0 M IERERE{bRe R K S LEE - BURI 1S3 L FEAY RS - R AT %]
H=CF 116 kd/mol - Ea’ = —225kJ/mol - a5 K7 E G {EEE & 341kJ/mol

EN: O28s  IMEHEEIENT 0 IF - SR EEERA S T ?

B IENRIE - REH R EE{LREERNR - RILEA B 5 T - IR ER A E{bRE
/N RIS Z T

BlE_

s ¢ BN BRI R L S EEN - I T S FERE R T S EY) ~ TELE &8 KA
YIHILE
Students can use graphs to calculate the heat of reaction, and learn to understand the
positions of reactants, activated complexes, and products in the reaction energy diagram.

The attached figure shows the reaction energy diagram of the reaction process of

A + B — C + D. Which of the following statement(s) is/are correct?

Energy \

....................

C+D

reaction process

(A) In the figure, A, Y, and D represent reactants, activated complexes, and products
respectively.

(B) The energy of the activated complex is 115 kJ higher than that of the product.

(C) This reaction is endothermic, AH > 0.

(D) The activation energy for the forward reaction is 40 kJ.

(E) The reverse reaction of the reaction is easier to carry out than the forward reaction.
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ffffE % A+B— C+D HINRIERE L IEREERE - YR ERE ?
(A) BT A~Y -~ D BFRKEY - TEEEERE ~ £ -

(B) ‘ELESEERLENYIFEERS 115kJ -

(C) IERHE R B, AH >0 -

(D) IEERFEE(ERER 40kJ -

(E) IRV ER T S IER S Ed T -
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Teacher:
Student:

Teacher:

Student:

Teacher:

Student:
Teacher:

Student:

(FEMEAR 110 FaRA CEREEN) F=8 F 132 H {l#E3-6)

For (A), we need to determine what A, Y, and D are. Is the statement correct?
Yes. The reaction process begins with the reactants, then proceeds through the
transition state, reaches the activated complex Y, and finally ends with the products.
So option (A) is correct.

How about (B)? Is the energy of the activated complex 115 kJ higher than that of
the product?

That's right. The energy difference between the energy corresponding to Y and the
energy corresponding to the product C+D is 115kJ. So it is correct.

It can be seen from the figure that the energy of the reactant is higher at the
beginning, while the energy of the product is lower. Is the reaction in (C)
endothermic or exothermic then?

It’s an exothermic reaction.

The activation energy of the forward reaction can be calculated from the energy
difference between the reactant and the activated complex. So, is option (D)
correct?

The energy difference from A+B to Y is 40kJ. So option (D) is correct.

B ORGP EFRET R (L E P
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Teacher:

Student:

ERi

B

-
B

R

B

Eh

B4

R

Option (E) asks whether the forward reaction or the reverse reaction is easier to
carry out. How do we tell?

By looking at the respective activation energies of the forward and reverse
reactions, we can tell that the forward reaction activation energy of this reaction is

lower. So the forward reaction is easier to proceed.

(A)VBETHZHIET A ~ Y ~ D IR > SE1 (A)EE R H T AU A5 TEAE 2

B B EERE - FRIE RIEY) - BACKEREEIEIGIRGS - B Y HYE
b EHe > BIRFINIEE R R o B AA)EETH I E
ANB)BEIRR R A S bR SR RE ELL A YIRE B 115 kI E A EhfE 7

2 Y BIERER E C+D A RYIBIIERIRE R > B 115Kk] » ATPAIEHE
(C)IEETRME FTH - SEY—BRanrVRE RS - MAERIRE B8 - NILEER e
BN EN R RS E ?

TS E

IR EALAE AT FH SRS (LR i Z R RE E 225 T OR[N (D) 282
A IERE ?

A+B Y HYRE & 7y 40kJ [N L (D)EETH IEHE

I 2 S I S e 2 B T I I . R E I S M Y AP AR L
2RHE ?

HHIE S A B HE RREACHIET - PR FERYIE R VS (LAER - [RIFEIER FEES
BOHHET -
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3-3 HEREBEERRNEZE
Factors in the Reaction Rate

N
b/ INBT P EHE T B A AR B TP TR s BN M R N 2 IR AV ~ TR ~ PR I
15~ R R MR ETSE - SRR R ERER oy T EhRE  JE(LREEUL LR GE - EIRASRET S
PRI 23 IS e 2R JRUA
ng 0 7 0 BRI ] Uk SR AR PR MR B - SRR B R - AT

AU L ER AR IR EGE DU TE T Y B AR R Z IR ATEISR - SRR AR MEE SR
IR (% > ELANRR Rz BOE TSR B -
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FERT R AR P oo T EEHFFTC S

BF thiE B¥F thE
homogeneous reaction M E heterogeneous reaction FEYIHE S T
Haber process WA catalyst fEALA
enzyme fZ specificity H—M
threshold energy KRB kinetic energy of molecule | #3F@&E
substrate E
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[ ©® There are many factors , including : ]

4] : There are many factors that affect the rate of reaction, including the nature of the
reactants, concentrations, pressure, surface area, temperature, and catalysts.
BN ERARTMENIRERRS - BWENEVIINAE ~ BT - BT - HlaE - JfE
ey

[ |

4 - Reactions with higher activation energy tend to have slower reaction rates, while reactions

with lower activation energy tend to have faster reaction rates.

JEERERCRHIRNE » N EERENS » S EREBU NG - HR AR AR -

[ ® When IS , the reaction rate is usually faster. ]

4 - When the concentration of reactants is higher, or when the contact area between reactants

is larger, the reaction rate is usually faster.

[ REPIRRIE e » ERA YA R I PR AR - 4 SRR I R

[ ® The-—er..., the—er.... ]

4 : The higher the contact area between reactants, the faster the reaction rate usually becomes.

[ HER) 2 FEIHYBE T JHOR. > S e A 3 e s

[ (5) be divided into and . ]

4+ The catalytic reaction can be divided into homogeneous catalytic reactions, where both
reactants and catalysts are in the same phase, and heterogeneous catalytic reactions, where
they are in different phases.
BRI R o3 Ry S MEV R AL RIS A [EIAH A T RIS R BRI - R [EAE
[EIET THYI R AE AR A E -

BN AMBEERETRLL EREF RS

#



-

KT N ERT 2 EHT P 0 T EEHEET Y

o BEHE »

TEEERE e AR TT% - BAEEGIITER

After studying this chapter, students should be able to know that:

AR RE T s BN NE RSN IR 2R e T AR BN RE oy MR 4R B -

Students can understand the factors in the reaction rate and interpret dynamic distribution
curves.

o BIREERE s
5l RE—

B ¢ BRI N RS T oy FEIREAY /AT o SRARRER I S R A -
Students can explain the effect of temperature on reaction rates based on the distribution
curves of molecular kinetic energy at different temperatures.

The attached figure shows the dynamic distribution curves of the same reaction at different

temperatures. Which of the following statement(s) is /are correct?

(A)  Temperature: T:>To.

(B)  The number of molecules with energy above the threshold energy: T2>Ti.

(C)  When the temperature increases, point A moves to the left, and thus the reaction rate
increases.

(D)  Average molecular kinetic energy: T2>T1.

(E)  Effective collision frequency: T1>To.

75 BB BAERERE TR EREFRE



KT FR T ENET P oo L EEHEFEL L

Pt ] 3y 5] — S REAE A R FERF Y EHRE - M H &R - 5RO 1A 2

Ty

NP

AL BECBRR
OO\, WERSAER

A BRE

(A) RIS Ti>T2e
(B) EBEEIREELL LAEENS T : T>T1e
(C) CREFIER - AR » B BRI K -
(D) S FI3GEIEE : T>Ta e
(E) ARMFEAE : Ti>To e
(FEMEHR 110 TERA (EEELE ) =8 5138 H & 3-7)

Teacher: This question is asking how temperature affects reaction rates. Which curve in the
graph has a higher temperature?

Student: T. has a higher temperature, because as the temperature increases, the average
kinetic energy of the particles increases, causing the curve to become lower and
flatter.

Teacher: Great. Then how do we determine the number of molecules with energies above the
threshold energy?

Student: If we look at the area to the right of point A, there are many molecules with T»
energy exceeding the threshold energy.

Teacher: What about the effective collision frequency?

Student: The effective collision frequency is also higher at To.

Teacher: Great. Will the minimum energy required for the chemical reaction change if the
temperature is increased?

Student: It won't change. Temperature only affects the kinetic energy of molecules.

Teacher: So which options are correct then?

Student: Option (B) and (D).

Teacher: That's right! So, only option (D) is incorrect.
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B4 0 ToORfEs - WRIRETE » Ry FaEhaesgin - i B e By -

W R EEAEIREELL ERERHY ) TR EEEE ?

B4 0 B ABTGEWNE - FTLUE T2 e EBERIRENIN FRETHE - RLTHYF
BIREW I > HERB G AR TBES

EHl A R SEERIE ?

B HET% -

Eh: JEERE > MRERETNS  (EERRERTRR R (RAE B g R ?

B g RSB GUE S THIERE
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Eh J2sh o FrLlSE A (D)EHRAAGIUE S -
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Students can understand the reason(s) why catalysts can change the reaction rate.

Which of the following statement(s) about catalysts is/are correct?

(A) Adding a catalyst can increase the yield of the product.

(B) Catalysts can change the distribution of molecular kinetic energy, making thus speeding
up the reaction faster.

(C) Catalysts can catalyze both the forward and reverse reactions at the same time, so they
cannot change the reaction rate.

(D) Adding a catalyst can lower the activation energy required for the reaction, thus
increasing the reaction rate.

(E) Catalysts are not consumed, so they do not participate in the reaction.

ARG AR RAERCIE - {F] 2 IEAE 7
(A)  JOAMEAERE] - A[FETTEYIRYESRR -
(B) MEALRIRECE > THIBIRE AT > (ERENIER -
(C) MEALARIEIRFAE(LIE ~ WORE > FTLARAC SR R R
(D) HOARE(CH - PIERFERTRRHYE bRERE - SR BRI -
(E) MLHEINGHONM - BULHE2BE -
(EpRRR 110 TERA (BRI =% 551 H HE18)
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Student:

Teacher:

Student:
Teacher:
Student:
Teacher:
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What is the purpose of adding a catalyst in a chemical reaction?

To increase the reaction rate.

Correct. Why can a catalyst increase the reaction rate?

During the reaction, the catalyst will form an activation complex with a lower
potential energy with the reactant, reducing the activation energy required for the
reaction, increasing the effective collision frequency, and thus increasing the
reaction rate.

Great. Now we know that option (D) is correct. Let's see why the other options are
wrong. First of all, can a catalyst increase the yield?

No, the catalyst can only increase the reaction rate but the yield will not change.
Correct. Can catalysts change the distribution of molecular kinetic energy?

No, they can’t.

Among the factors in the reaction rate that we learned before, which one can change
the kinetic energy distribution of molecules?

Temperature.

Great. Does the catalyst participate in the reaction?

Yes, it will form an activated complex with the reactants.

You all did a great job.

A A LER S E PR I B H B2 G 2
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Ward’s Science featuring Ward’s World

TRt e PR R A B - AR - AR
(HASEA RN

https://wardsworld.wardsci.com/chemistry

Middle School Chemistry

PRt B A se B R fe g | BB EE  HER o
https://www.middleschoolchemistry.com/

American Association of Chemistry Teachers

EHBEMEE S > REEMSERBETE R
https://teachchemistry.org/

Khan Academy

TR - AR B R R A

https://www.khanacademy.org/

Interactive Simulations, University of Colorado Boulder

e ERER > R T2 BEHEHMEAR -
https://phet.colorado.edu/

B A AMBRERETREY CEPEERE Y S


https://wardsworld.wardsci.com/chemistry
https://www.middleschoolchemistry.com/
https://teachchemistry.org/
https://www.khanacademy.org/
https://phet.colorado.edu/

N BT TR T 2 ENET P oo FFCEFREFT

BAFRNEENEERTFM : (BN EFRARAE

[ E2E2() ]

A Reference Handbook for Senior High School Bilingual Teachers in
the Domain of Natural Sciences (Chemistry): Instructional Language
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[ Elective Chemistry (1) ]
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