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Oxidation-reduction Reaction and Electrochemistry
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Oxidation State/Number

\
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SR R ATILL “electric”  “oxide” HF A MARMFAIIA S » HEE
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B¥ thE BF thE
oxidation state/number | E(LE electronegativity BEE
electric charge EGE element TLERE
monatomic ion BHE T hydrogen &
metal hydride EEa( Y non-metal hydride IEEBELY)
oxide E4t peroxide BEEY)
superoxide HELY compound ==l
polyatomic ion % T organic compound EiEEY)
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oxidation reaction SR E reduction reaction B e

oxidant E=R il reducing agent B U]

concentration p=3i:3 acid and base value 1% R &5

©® Ingeneral,
= Generally,

4 : In general, the oxidation state/number of oxygen is —2.

— R - ERVEIEER -2 -

[ (2) is defined as . ]

47 : An oxidation reaction is defined as a reaction in which the oxidation state/number

increases.

SULNEE R BE(LBIE AR E -

[ (3] equal(s) : ]

4 © The sum of all oxidation states/numbers equals the total charge carried by the compound.
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After studylng this chapter, students should be able to know that:
— ~ BARSRNEEIER -
Students can state the definition of oxidation state/number.
= BARRBEEIEAETEL TR « B R bEYTINE L -
Students can calculate the oxidation states/numbers of elements, ions, and compounds
based on the rules of oxidation state/number.
=~ A ge A E A LR HnslE b HIE FA LB IR S E
Students can use changes in oxidation state/number to identify oxidation-reduction
reactions.
VU~ B4R RE A S E A LR RE B ek DB A A LR LA A -
Students can use changes in oxidation state/number to identify oxidizing and reducing

agents.

» IEERE s
BlzE—
B - AT E e ERITTENE LR -

Students can calculate the oxidation states/numbers of individual elements in compounds.

lodine can form many different oxides with varying oxidation states/numbers. One particularly
unique compound of iodine and oxygen is known as iodine iodate. Given that the oxidation
states/numbers of the iodine atoms in this compound are +3 and +5, which of the following is the
chemical formula of iodine iodate?
(A) 1203 (B)1:0s (C) 1306 (D) 1405 (E) 1409
BT LUP R ZHEE (LY - Bl B A A ERYE(LE - A — BRIV EL S R L &P Ry
BRI - A Y SR8 B R+ 3 B145 - AN Y el R e it 2R 2
(A) 1203 (B)1:0s (C) 1306 (D) 1405 (E) 1209

(105 5% 2)
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Teacher: The question mentions the compound iodine iodate. What is its chemical formula?

Student: Itis 105",

Teacher: Correct. Now, how can we calculate the oxidation state/number of I in 10,~?

Student: The sum of all oxidation states/numbers of the atoms in a polyatomic ion is equal to
the charge of the ion. So, assuming the oxidation state/number of 1 is X, we can list
this formula: x + (—2) x 3 = —1. We thencanget x =+5.

Teacher: That's correct. Now that we know that the oxidation state/number is +5, how do we
add an iodine ion with an oxidation state/number of +3 to the chemical formula?

Student: Since iodine iodate contains I** with an oxidation state/number of +3, which needs
to pair with three 10,~ iodate ions each with an oxidation state/number of —1, the
chemical formula for iodine iodate is I(10;) 5 .

Teacher: Correct. What can we get after simplifying the formula?

Student: I,0,.

Teacher: Yes, E is the correct answer then.

2Ef R RS (LY - 5 R R (LR R 2

B RI0, -

El G BEE R LA 10,7 | EYE(LIRE 2

BUE MBS TEET D R TR LIS R A A L > PRSI |
LB R - BTG x + (—2) X 3 = —LiS{ERT » fd x = +5 -

EET 28 IRME NS B A LR AR ME AR AL +5 19HL I
B AR LR A SR +30TBEE T ©

Bk RBBEEHRAE 3095 17 N 3 (8 —1 RERR 10,7 BUREE
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Students can determine the range of oxidation states/numbers and understand the

definition of oxidation reactions.

Which of the following oxides cannot react with oxygen?
IHIEALY) > (B AR R S E ?
(A) CO
(B) N20
(C) As;03
(D) P4O10
(E) SOs
(99 F45% 2)

Teacher: The question asks you to find the oxide that cannot react with oxygen. What type of
reaction does this imply that this oxide cannot undergo?

Student: It means it cannot undergo oxidation reactions.

Teacher: That's right. How do we know which compounds cannot undergo oxidation
reactions?

Student: When the oxidation state/number has reached its maximum, it can no longer undergo
oxidation reactions.

Teacher: Yes, how can we know the range of oxidation states/numbers for each element?

Student: Nonmetals usually have oxidation states/numbers in the range of
(valence electrons —8) < oxidation state/number < group number."

Teacher: Great! So, which option has already reached its maximum oxidation state/number?

Student: S is +6.

Teacher: Correct. Since sulfur is in Group 6A, its oxidation state/number usually ranges from

—2 to +6. Therefore, the answer to this question is E.

0 FYOpRHBEARET AL CEPFTFRE B
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Balancing redox equations

AT S AR R R A R BUA PR SR - FEAY NETAGENES & AT — B Ry S B
A TR BBUR M A ST P S A L FUE - TERER T IR
BEERA - PR EERNER R BN MERTR S S M ST IR R BB IR

ng = 7 > ERAERESEE R PURIE RS S TR . CERE) , FYRETTZ > AKEtHRE
{EBUERIF R -

S

&

E¥ hiE B¥ hiE

half-reaction method R EE oxidation number method SUEECE

the law of charge
ERFE the law of mass conservation | & &~ EH
conservation

(1) should follow the law of ; J

[

4 - Redox reactions should follow the law of mass conservation.
AIbEF N ERETE B TRER: -
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[ (2] are used in environments ) ]

@4y - H ions are used in acidic environments to balance charges.

FERgEIRs PRI H SEHER -

[ ® According to : : ]

4+ According to the law of mass conservation, H,O is used to balance H and O.

fRIBEEFIER - A HO ¥ H-O-

o BEEEHE »

TEEE A% - BAEERLITE S
After studying this chapter, students should be able to know that:
— ~ f/b8E
1. BAREEHNEFE- AR - I H B S LB EEY -
2. BAgesk BRI A LEUEAHE -
3. BRAmEMRBEE AT - AU HY K OH™ “PEfrEEfs
4. BEgRBEESTIRER > FH H0 Py H-~O-
The Oxidation Number Method
1. Students can calculate the oxidation state/number of each atom and identify the compounds
whose oxidation states/numbers change.
2. Students can balance the change in oxidation state/number by multiplying coefficients.
3. Students can balance charges using H* and OH~ according to the law of charge
conservation.

4. Students can balance H and O using H,0 according to the law of mass conservation.

3 FUhRGBEFRETRIP A EPTFRE G



KT FR T ENET P oo L EEHEFEL L

= FNEE

1. B4 ge e b e g 2 R -

2. BARRERA(LEHNEENEAETIVEE -

3. BAmetRIBEE AT~ - AU HY ke OH™ ~PHreEf -

4. BAREMBEETNER > FIH H,0 ¥ H-O-

5. BAERETR LA E TSR -

6. AR EBE(L eSO F N EHITUHEAET -

The Half-Reaction Method

1. Students can identify oxidation and reduction half-reactions.

2. Students can determine the number of electrons gained or lost based on changes in
oxidation state/number.

3. Students can balance charges using H* and OH~ based on the law of charge
conservation.

4. Students can balance H and O using H,O based on the law of mass conservation.

5. Students can balance the electrons gained and lost by multiplying coefficients.

» BIEERE o8
BIEE—

sl L AR TR SR THER LR I HAET S BRI L&Y - S24E Rk LAE(E
FSALBEE AR - B4R A B I E AP H A R R -
Students can calculate the oxidation states/numbers of each atom and identify the
compounds whose oxidation states/numbers change. Students can multiply by
coefficients to make the changes in oxidation states/numbers equal. Students can balance
the other coefficients according to the law of mass conservation.

Sodium thiosulfate (Na,S,03) can effectively remove residual chlorine from water, and its
chemical reaction is shown below: Na,S,05; + x Cl, + y H,0 — 2NaHSO0, + z HCI

In the equation, X, y, and z are the coefficients of the balanced reaction. Which of the following
statements are correct?

(A) z=2x

(B) x+y>z

(C) Cl, isoxidized.

(D) The oxidation state/number of S changes from +2to +4.

(E) This is a self-oxidation-reduction reaction.

10 FUhRGBEFRETRIP A EPTFRE G
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Na;S;03 + x Cly +y H,0 — 2NaHSO, + z HCL 31 X~y B 7 Bt [ JEA S P& H (%
B o NHIWPLLR A EE ?
(A z=2x
B) x+y>z
C) Cl, #E
(D) S HIA(LEIF+2 Beric+4
(B) IMENRIEREBSREFE
(102 45% 18)

Teacher:  Which atoms undergo redox reactions in the given problem?

Student: The sulfur atoms in sodium thiosulfate and sodium bisulfate, and the chlorine atoms
in chlorine and hydrochloric acid.

Teacher: What are their oxidation states/numbers?

Student: The sulfur atoms in sodium thiosulfate and sodium bisulfate are +2 and +6, and the
chlorine atoms in chlorine and hydrochloric acid are 0 and -1.

Teacher: In this case, how can we determine which elements and compounds undergo
oxidation and which undergo reduction?

Student: Sodium thiosulfate undergoes oxidation because the oxidation state of the sulfur
atom increases; chlorine undergoes reduction because the oxidation state of the
chlorine atom decreases.

Teacher: Exactly! How much do the oxidation states/numbers increase or decrease in the
oxidation and reduction reactions?

Student: Each sulfur atom increases by 4, and each chlorine atom decreases by 1.

Teacher: How do we adjust the coefficients to make the increase and decrease in oxidation
states/numbers equal?

Student: (+4xX2) X 1K (—-1xX2)x4-

Teacher: Very good. Can you tell me the coefficients of Na,5,0;, Cl, and HCI?

Student: The coefficients of Na,5,0;, Cl, and HCI are 1, 2, 4 and 8, respectively.

Teacher: And which law should we use to balance the other coefficients?

Student: The law of mass conservation.

Teacher: What is the coefficient of H,0?

Student:  The coefficient of H,O is5.

Teacher: Correct! Therefore, the answer to this problem is A and B.

1 FYODRGBEFRETRAP A EPE IR
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B4 0 FERE TS B 4 - FHEEFE TS EBR 1 e

EHl - PR R A TR R AR B B I S R D A B R 2

B4 (44X 2) X 1R (-1x2)x4-

N AR BB EE TR AR B B R ?

LY Na,S,0,~ Cl, K HCl fAE R 12 4 k8-

RN PR PR A (T E Rt A (A B 2

B4 EESINEE -

EED - ASEA SV REURT 7

B T H,0H(REUR S -

LD IEHE | NIEREEZE R A KB -
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Students are able to calculate oxidation states/ numbers, write oxidation and reduction
half-reactions, and obtain overall reactions by eliminating electrons.

Using the semi-reaction balance method, write the reaction equation for the generation of sulfate
ions (S0,%7) and chromium (I11) ions (Cr3*) from sulfite ions (SO57) and dichromate ions

(Cr,0,%7) in an acidic solution.

S EEFF R EPE - S EERBE RS T (S05°7) 1 SRIEIREET (Cr0,°7) 1EREVERS
R S REAERREE AR T-(S0,"7) RIEE(NEET (Cr3*) AYRIER -

(FEMEAR 110 TRRACEEZ(EE IV)F—E 19 H fl#E 1-4)

Teacher: Which two ions participate in the reduction reaction?

Student: C€r,0,°" and Cr3*

Teacher: Why?

Student: Because the oxidation state/number of each chromium atom decreases from+-6 to
-+ 3, and a decrease in oxidation state/number is a reduction reaction.

Teacher: Correct! Let's balance the chromium first to make the coefficient of Cr®* become

2. How do we determine the gain or loss of electrons?

Student: The chromium oxidation state/number in Cr,0,*~ is+ 6, and the chromium
oxidation state/number in Cr3* is +3. Therefore, the oxidation state/number of each
chromium atom decreases by 3.

This means that the total decrease in the oxidation state/number of chromium in
Cr, 0,°~ is 6, which is equivalent to gaining 6 electrons.

Teacher: Very good. Therefore, we can write down Cr, 0.~ + 6e~ — 2Cr**. Now, the
question mentions an acidic environment, so which ion do we use to balance the
charge?

Student: H *

Teacher: Now, what is the coefficient of H ¥ ions?

Student: Assuming the coefficient of H ¥ is x, -2+ (—1)x6+1 X x = (+3) % 2,
This gives us 14. Therefore, the coefficient of H * is 14.

Teacher: Wecanwrite S0,*~ — S0,°~ +2e~ + 2H . Now, according to the law of mass

conservation, what do we use to balance H and O? What are the coefficients?

Student: We use H,O to balance H and O, and the coefficient is 7.

B AASEARETRED O EPETRE
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Teacher:

Student:

Teacher:

Student:

Teacher:
Student:
Teacher:

Student:
Teacher:

Student:

Teacher:

4 -
B
4 -
g
4 -

D RTIEERT A EaRT P 0o I EEREFL Y <

Correct! We have completed the reduction half-reaction, which is
Cr, 0.2~ +6e” +14H * - 20r* +7H,0
Next, why do S0, and 50,° participate in the oxidation reaction?

T

Because the oxidation state/number of sulfur in $0;°" is +4, and the oxidation

state/number of sulfur in 50, is +6. An increase in oxidation state/number
indicates that it is an oxidation reaction.
How do we determine the gain of electrons?
The oxidation state/number of sulfur increases from +4 to +6, which is an increase
of 2, which means that sulfur loses 2 electrons.
Good, so we can get $0,*~ — 50,*~ + 2e~. How do we balance the charge?
Weadd 2H ¥ on the right side of the arrow.
We can write 50,*~ = 50,>” +2e~ +2H *.
Now, according to the law of mass conservation, we use H.,Q to balance H and O,
and what are the coefficients?
The coefficient is 1.
Correct! We have completed the oxidation half-reaction, which is

" +H,0 50, +2e” +2H *. How do we use the oxidation and
reduction half-reactions to obtain the overall reaction?
We need to make the number of electrons gained and the number of electrons lost
equal in the oxidation and reduction reactions. In the reduction half-reaction, we
gained 6e~, and in the oxidation half-reaction, we lost 2e~. Therefore, (reduction
half-reaction) x1+(oxidation half-reaction) x 3=overall reaction.
Excellent! After canceling out the electrons, we obtain the overall reaction, which
is Cr,0,°~ +350,°" +8H * - 20r* 4+ 350, +4H,0

75 [ R o e 7~ 22 LR R S E 2

Cr,0.°~ K cr3to
Ry T8 ?
R B HERE R T B L8 + 6 85+ 3 » EALBUR VLB R IE -
288 | TSR S nVBCE T (3 Cr¥ A RBCE R 2 AT HIESL %D
&g 2
Cry 0, HUSEEMEEURS +6> cr’ HUsRE(REUS +3 > RILEEEMNE LR
3 RILCr, 0, s S LBERILRE D 6 BIR155] 6 [HET -

BYORRABBERET R CEPEFRE
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BT H TR AT IR IR P =2 (5 P R — {2kt a2
H *o

AEFBEEAE - H TIGEIEZ B/ ?

BREH THMERE B —24+ (1) X6+ 1 xx = (+3)x 2 fEH x = 14> HIL
H THGES 14 -

AL €50, +6e” +14H 7 — 200 3 PARRMIBEE BFIE
& FIHEESREM H -~ O ? (REE 2%/ Dig ?

A=A H, 0% > 8 R 7 -

TERE | FofI5erk T BIF LK IE  Cr 0,7 + 6e” +14H ¥ - 20r* +7H,0-
50,7 F1S0,> SHGLIIE - BofHE 2

© RES05T hERIVEILER +4 > 50,7 HIRIVE(LESR +6 > ELBOEIIRLESR

{ERJE

UM HET R 2 D E T 7

TRAVESCEH +4 SR +6 - EeEdyin 20 BlfkE 2 (HET -

4 REEFRFTT AR S0, = 50,% + 27 » FEZRITEAA T H B 15 2
PREEAHRE R 2H T .

BB HS0,*” - 50,7 +2e”+2H * > WMRBEEFEERZEH
H,OZFfr H~ O » (R8I 2/ DIE ?

HEUR 1 -

EHE | RSER AL E 50,7 + H,0 — 50,5 +2e™ +2H © o HFART
I AAT R FH S A S FE B IR [ S PSR IS 2 R TE 2

D REERCERTERETHVEEAEE - R SETEE] 6e”  SALAE

tideze”  HIE (BFEELE)X 1+ (EALEE)x3=2 K E -
KT BRE TR TSR 2K ER
Cr,0,°” +350,°~+8H * — 20r® + 350, +4H,0 -
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Oxidation Number
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i 0 /7 0 ERAERESIE MR T R R BB AR BB R RS & B EE R S SR Y
BB T E Y "equivalence™ 1 “end" f£ H YT SIHE - TopBh SR A 5 (iR B R AH A
AL E AR

BF thEE BF P
oxidation-reduction titration | E/LEFEE | molarity RRE HRE
volume i number of moles SHE
equivalence point & e end point T TEH R
indicator FERA starch ian)
iodometry W™ E A coordination complex | $5&%)
direct titration HPEEREZ indirect/back titration | [/ &4
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[ O If , it will be called . }

4y« 1f oxidant and reductant reach a complete reaction, it will be called an equivalence point.
& A LR [R50 4 S e A oy & 2R

-

[ ® When , it will produce

4] - When iodine reacts with starch, it will produce a blue complex.

LR TF & A B s &) -

[ ® When : change(s) into : }

#i4) - When it reaches to the endpoint of the titration, the color of the solution changes into light

purple.
R E A REI - ARBA I S R -

o BEEHE »

TR E A% - BBAEERLITE S
After studying this chapter, students should be able to know that:
— ~ B gERR Y E B R BUE E AR E £ -
Students can state the definitions of the equivalence point and the endpoint of a titration.
2 BAERERIH Cox X Vox X Nox = Crea X Vyea X Npeqt F IR AR ERY E AL 28 R
i -
Students can calculate the unknown concentration of an oxidizing agent or reducing agent,

using the formula C,, X Vo X oy = Creq X Vieq X Nyeq-

17 FUhRGBEFRETRIP A EPTFRE G
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Students can determine the endpoint of a redox titration.
g~ AR el R & R Y B RS E A B EREEE A

Students can distinguish between direct and indirect titration methods in iodometry.

w BIREERE o8
BlE—

sl ¢ 24 e IR LB UM E WY AR BLHE SRR - 2R RO eSS R
Students can explain the process of oxidation-reduction titration and identify the

oxidizing agent, reducing agent, and endpoint of the titration.

In a redox titration experiment, the concentration of potassium permanganate solution is first
standardized with sodium oxalate, and then the content of ferrous ions in the unknown sample is
determined using the standardized potassium permanganate solution. Which of the following
statements regarding the experiment is/are correct?

(A) The mass of sodium oxalate must be accurately weighed to determine its precise mole
number.

(B) The standardized potassium permanganate solution must be stored in a brown bottle
and kept away from light.

(C) In the standardization process, potassium permanganate is the reducing agent and sodium
oxalate is the oxidizing agent.

(D) When standardizing the potassium permanganate solution, a single standardization is
sufficient to accurately determine its concentration, and there is no need to perform multiple
standardizations and average the results.

(E) The endpoint of the titration is reached when the light purple color of the solution
persists after adding the standardized potassium permanganate solution to the sample

containing ferrous ions.

- \AFT Bz ?\(? }ﬁi{llz,ug,f;l_g;
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(A) ZFiRTER R E RS E R L)\%%Dﬁéﬁﬁﬁﬂﬁgﬁﬁl

(B) BEEKRHBHIEITER - WRRBFEREEHRT - B#RLR -

(C) HEEBRET - BRI RE [ - SRR RS B -

(D) EREEBERNL AR » B —KEVATEHER G HIRE - ST 2 KR
i e
(E) DABEERHVESEERS AR E R mT @R T - 2RRRRERHK > Bk
T E SR o
(105 £457% 25)

Teacher: The question states that sodium oxalate is the standard substance used to titrate
potassium permanganate. Is it necessary to accurately weigh sodium oxalate?

Student: Yes, it is necessary to accurately weigh it to obtain to a known number of moles to
standardize potassium permanganate and to determine its concentration.

Teacher: Correct! Therefore, option (A) is the right answer.

What kind of container should the titrated potassium permanganate be stored in?

Student: It should be stored in a dark container to prevent decomposition due to light
exposure, which could change its concentration.

Teacher: Correct. Therefore, option (B) is also correct.

Which substance is the oxidant and which is the reductant during the titration
process?

Student: After titration, potassium permanganate is reduced to manganese ions with the
oxidation state/number changing from +7 to +2. It is the oxidant. Sodium oxalate is
oxidized to carbon dioxide, with the oxidation state/number changing from +3 to
+4, acting as the reductant.

Teacher: Therefore, option (C) is incorrect.

Do we need to perform multiple experiments and take the average during
standardization, just as we do during titration?

Student: Yes, this can help to reduce experimental errors.

Teacher: Excellent! Therefore, option (D) is incorrect.

How do we determine the end point during titration?
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Student: MnO,~ titrates Fe** to get Mn** and Fe®'. When Mn0O,” is no longer
reduced to Mn>*, the solution has reached the end point. At this point, the solution
turns light purple.

Teacher: Well done! In this case, the correct answers for this question are (A), (B), and (E).

EEf 0 R E RO A B R S PO AT IR SRR ST o BRI AT 2

B4 o TR EICANERE > AT BN - HEE R R -

ZEf 0 288 | RIL(A) TR IEREDT - L E R AV B e ST e R R E N — A Es 2

B4 o RO T o BB iR RR PO LIR R i o IR -

EHT B RIL(B)ETEE IERERY o BEE AP & BAELIE R o3 7l Rk — (& 2

B4 0 RUETR  BRIESTE R IV T > SR -7 82 RE(LH] ) ElEiN
%R T EAERR - SUEEEH 3 E 4 R ER -

Zhf 0 R (C) RS RRNY AR E R R IR e — 1% FER L TALE
0 2

B4 0 B AU B E o

ZEf 0 RAF | RIL(D)EETE R R RRAT o AR A (n] R R A I T AR 2

B4 1 MnO, EEFe™ > A[{§Mn*T KFe® » HILEMno,” A B R M 1
R AR e IR AR Rk R o -

EHL KET ! HibiE—ENEZES(A)B)E) -
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Students can identify the oxidizing agent, reducing agent, and endpoint of oxidation-
reduction titration, and calculate the concentration of an unknown oxidizing or reducing

agent.

Dissolve a commercially available vitamin C tablet (molecular formula CsHi20s, molecular
weight = 176) in water to prepare a 100 mL solution. Take 20 mL of this solution and place it in
an Erlenmeyer flask, then add a suitable amount of starch solution as an indicator. Twelve mL
of 0.10 M iodine solution is required to reach the titration endpoint. The chemical reaction
between vitamin C and iodine is as follows:
CeH1206(aq) + I,(aq) — CeHsO06(aq) + 2H* (aq) + 21~ (aq)

Which of the following statements regarding the experiment is/are correct?
(A) The pH of the solution in the Erlenmeyer flask increases at the titration endpoint.
(B) In the reaction, iodine acts as the oxidizing agent.
(C) In the reaction, each mole of vitamin C molecules releases 2 moles of electrons.
(D) When the blue color no longer disappears, it indicates that the solution in the

Erlenmeyer flask contains a slight excess of iodine.

(E) This commercially available vitamin C tablet contains approximately 500 mg of vitamin C.

M ELEM T C (T3 CeH1206 * 77 TE=176) NI/KEEESE 274 » BoBipk 100

mL JAK - BUAR 20 mL BA—#EPHE - A EE AR RIE Rfamm - F5H 12

mL {9y 0.10 M BURREE - ZEPHESE - 4ifhan C BB LEE S ER A T -
CoH1206(aq) + I;(aq) = CsHgOs(aq) + 2H* (aq) + 217 (aq)

NI > TRLE A ?

(A) RS REIRF ST PRy pH B BT -

(B) SFEH - BUREALH -

(C) REEHEEE &fthdy C R 2 ZEETF -

(D) EBREFFEHNE  RnEEATEREH VAR -
(B) LA B 4Efay C h&yE7 500 mg HyERtas C -
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Teacher: How can we determine whether the pH value increases or decreases after titration?

Student: The pH value decreases because H* is generated after the reaction.

Teacher: Correct! Therefore, option (A) is wrong.

What are the oxidizing and reducing agents during the titration process?

Student: The average oxidation state/number of carbon in vitamin C changes from 0 to +1,
indicating that it is the reducing agent. The oxidation state/number of iodine changes
from 0 to -1, indicating that it is the oxidizing agent.

Teacher: Option (B) is correct.

How can we determine how many electrons each mole of vitamin C molecules gains
or loses during the process?

Student: We can tell that iodine gains two moles of electrons when it becomes 2I~. The
number of electrons gained and lost is the same in redox reactions. Because the
coefficient of vitamin C is 1, we know that 1 mole of vitamin C loses 2 moles of
electrons.

Teacher: Correct! Therefore, option (C) is correct.

How can we determine the endpoint of the titration?

Student: I, is titrated with C H,,0, to produce C,H.0. and I" in the solution. Starch is
added to the solution as an indicator. When I, is no longer reduced to -, the
solution has reached the endpoint and turns blue.

Teacher: Very good! Therefore, option (D) is correct.

How can we determine the amount of vitamin C in a commercially available vitamin
C tablet?
Student: Assuming there is x grams of vitamin C,

CDI X Vo.r X ”’ox = C:l'ad X V;"ad X ”’:l'ar.!
X

— 176 4 50x10 % x2=01x12x1073x2
100 % 107

=x = 1.056 g=1056 mg

Teacher: Correct! Therefore, option (E) is wrong.
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HePTRT AL FIBRASE it pH {1 E7F 2K e 2
PH (B T » BRI 2 H ™ -

EEFT | R (A)BIEREAY R A o (LRI 53 71 B T
%2

DOYEfar C hbRAYTEYEBEER 0 BEpl 41 S(EEUEINE EA ¢ Ay SR

FH 0 Rk —1 > SALBUs VE S -

(BB IERERY o IBRMBEAEHSAIE A 4fran C - FSRIEREL/VE

F9

DA DR L B2 S RIS E] 2 mol HYEE T ELEIFR PSRV E T EUHE -

R Byéeftinan C HYGEUEy 10 BRIEL 1 mol By4Eftas C 225 2 mol HYEE

236 | INIE(CYZEIHE IERERY o AR MRz a0 rHIETR e 438 2

L TE CeHy,0, 0 1] 15CH 0, K 17 0 ERTIIAMR Y & s~ A > NI E
L ANEEPEEIRR R sRERER SR R ARE R -

{RAF | At LA(D)BETRIE IERREAY « 32 T 2P o] LAy R 28— 5 Hy4efttian C o
R %/ Vs C?

- fBER A C x B

Cox X Vo.r X Mow = C:l*ar.! X Vrad X Mped
X
176

100x% 1073
=x=1.056 g= 1056 mg

288 | AT LA(E)BETRZ S ERAY ©

X50%x10 3 x2=01x12x10"°x 2
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1-4 SEEMEEMHE
Electrochemical Cells and Battery Voltage

AN BT B A T AR e LB A SR B LA AR IS
FoR R st RN ERR - TR
JRTRREEE A BURTEHNIEIZ MR [F S AT E 2 -

nH = 0 BGRIPERTES s e, Aye I E B e R B TR BN T R A B

7 ﬁﬁ—%@ﬁ E@ﬁ[ _\'ﬂ:
B Y AH BB G EL I EL (B R - AR FZER 2T

\
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BLEERE 7 [EIHVRA % -

BF thiE EB¥ thiE
spontaneous EE2EEED| nonspontaneous FEEFMER
chemical energy {EEERE electric energy EAE
electrode L electrochemical cell | B LEM ({EEEE)
electrolyte BRR salt bridge EEfE
anode [P cathode e i
positive electrode TEfR negative electrode =L
half cell PEEM electric current o
external circuit PANEA S internal circuit NEERE
electric potential B voltage G5

B¢ REBEEFIRE

TiREp

CEPE TR
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BE¥ thiE ¥ thiE
electromotive force ESEyE standard hydrogen electrode | f224E & EE Ak
primary cell —REM secondary cell ZEA
fuel cell PRI A dry cell ECEN
alkaline battery B AT lead storage battery SR
lithium battery SHER

o

consist(s) of

4y © The oxidation-reduction cell consists of a zinc plate and a zinc sulfate solution.
SbEFEM B R SR PR R AL -

K

move from to

4 - Electrons move from the anode to the cathode through an external circuit.

CRR e Pl i ALl = i

o

transform(s)

into

|

4] : The device that transforms chemical energy into electrical energy by spontaneous

oxidation-reduction is called an electrochemical cell.
MBS ER > B LA ERENAEE > T AE(LEM -

BYATEEARETRLY CEPEEREE




-
P RTIEFTRET 2 AR P 0o I EEHEFT Y S

o« BEEHE »

TEEE A% - BAEERLITNE S
After studying this chapter, students should be able to know that:
— ~ B g AR B - PSR IR A
Students can identify the anode, cathode, positive, and negative electrodes in a battery.
o BARERHENRRNE -
Students can write the battery notation.
=~ BRI AR -
Students can summarize the characteristics of half-cells.
g~ B4 gEA A L SO BN ST R AV -
Students can calculate the voltage of a battery using oxidation-reduction potentials.
h~ BN BN HE A LB JF R 52 55 ~ BRI B R & B 4% -
Students can use potentials to determine the strength of the oxidizing agent and reducing
agent, the electrodes of a battery, and whether the reaction are spontaneous.
N~ ERAEREER N A BRI AH B R G L LR -
Students can describe the composition and reactions of various batteries and compare

their advantages and disadvantages.
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Students are able to determine the cathode, anode, positive and negative terminals, and
the cell notation of a battery, and can calculate the voltage of the battery using oxidation

and reduction potentials.

A zinc-silver battery can be represented in the following way:

Zn(s)|Zn?* (aq)||Ag* (aq)|Ag(s), where "||" represents a salt bridge. Which of the following

statements about the zinc-silver battery is/are correct?

(A) The overall reaction of this battery is Zn(s) + 24g™*(aq) - Zn**(aq) + 2A9(s).

(B) During discharge, electrons flow from the zinc electrode to the silver electrode
through the external circuit.

(C) Inthe expression of this battery, the left side represents the cathode.

(D) Ag* gains electrons to produce Ag, so the silver half-cell is represented as
Ag*(aq)|Ag(s)

(E) The voltage of this battery can be directly obtained by subtracting the reduction potential

of zinc from twice the reduction potential of silver.

PN TP AR © Zn()|1Zn®" (aq)||Ag™ (aq)|Ag(s) » Hr M|y AREHE -
IERR SR EEI AR > IRLE A 7

(A) HEMNERERZn(S) + 249" (aq) > Zn** (aq) + 24g(s) -
(B) BAMBER - ETHFHREIMERMHRE -

(C) —EAMAVFIRA T A Rt -

(D) Ag™ RBEETEE Ag- FERFE MRS Ag'(aq)|Ag(s) -

(B) Ib—ERiAYERE o] DU B W (B RV SR R AR S # I R B L A
(104 F£457% 21)

Teacher: How can we determine which metal is the cathode and which is the anode in a zinc-
silver battery?

Student:  Zinc is more prone to losing electrons, so zinc is the anode, and silver is the cathode.

BN AABEARET RN R PH

P
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Teacher:
Student:

Teacher:

Student:

Teacher:

Student:

Teacher:
Student:

Teacher:

Student:

Teacher:

4 -
g
4 -
B

Sk
B

4
e

Correct. So how do we write the overall reaction of the zinc-silver battery?

Zn(s) + 2Ag* (aq) — Zn?*(aq) + 2Ag(s), zinc undergoes oxidation and becomes
ions, while silver ions undergo reduction and become silver.

Very good, so option (A) is correct.

Now, how do electrons flow during discharge in a zinc-silver battery?

Zinc undergoes oxidation and loses electrons, and silver ions undergo reduction and
gain electrons. Electrons flow from the zinc electrode to the silver electrode through
the external circuit.

That's right! So, option (B) is correct.

How can we interpret battery notations?

In battery notation, "||" represents a salt bridge, "|" represents an interface, the left
side is the anode, the right side is the cathode, and it's written as "Anode |Anode
ions ||Cathode ions |Cathode."

So, option (C) is incorrect. How do we write the half-cell notations?

Zn loses electrons to form Zn?*, so the zinc half-cell notation is Zn(s)|Zn?*(aq).
Ag™gains electrons to form Ag, so the silver half-cell notation is Ag*(aq)|Ag(s).
Excellent! Hence, option (D) is correct.

How do we use reduction potentials to calculate the voltage of the zinc-silver
battery?

Battery voltage = Reduction potential of silver - Reduction potential of zinc.

So, option (E) is incorrect. Therefore, (A)(B)(D) are correct statements.

AP m] DAL AT R $ R B AT o P B e 53 1] R R — (18] < 2
FHRE R EE T NI Rt - $RREEH -

28 > A AR ZE AT 5 R ER A A 2 O E -

Zn(s) + 2Ag*(aq) - Zn**(aq) + 2Ag(s) » PR EALE T - SRk T A8
R -

REF > FTLUA)EEIRIZ IEHERY - AlEEsR A R 8 2 BBy ?

e ERbRRE T REETREEREEET %?Z“EE%%E%’“%EWU[L
(A1 RAR -

HIHY | LB ERIEE IEAERY » ANFAT AT LA AIER B ook 2
BFRATH I ForEE o |ERSAE > RS o AR - Bk
|- I B gt - | e =

FERRABEFRETREL (PR
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I FTLLC)BEER RN - AR P B L BT 2
P ZnR BB TEAIN  FREEMRR S In(s)|Zn* (ag)

AgTREIERTELAg o RFEMFTTRR AgT(aq)|Ag(s)
ERl - REE | NIL(D)BETRE (R - ToMTA0{ A2 IR (st R SR A A FE R 2
B4 1 BB =RV F B A - R -
Ehf - FrPAE)BEESERRAY - NS ZE R(A)B)(D) -

pIEE—

i BRI A AL A B A LR L R A 5R 55 -

Students can use potentials to determine the strength of oxidizing and reducing agents.

At 25°C, the standard reduction potentials for the following three half-reactions are given as

follows:

At (aq) +3e™ - Al(s) E° = —1.66V
I,(s) +2e™ = 21" (aq) E° = +0.54V
Mn0,” (aq) + 8H*(aq) + 5e~ - Mn?*(aq) + 4H,0(1) E° = +1.51V

Under standard conditions, which of the following is the strongest reducing agent?
(A) Al**(aq) (B) Al(s) (C) I(s)
(D) I"(aq) (E) Mn0, (aq)

25°CH > A= (&S BRI SR AL T

A3t (aq) +3e™ - Al(s) E° = —1.66V
I,(s) + 2e™ - 217 (aq) E° = +0.54V
Mn0,” (aq) + 8H*(aq) + 5e~ - Mn?*(aq) + 4H,0(1) E° = +1.51V

AIMERREARRE T - TA{AIE Ryt oAy 22 A 2
(A) Al**(aq) (B) Al(s) (©) L(s)
(D) I"(aq) (E) MnO, (aq)
(107 5% 14)
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Teacher: What is the definition of a reducing agent?

Student: A reducing agent causes others to undergo reduction while it itself undergoes
oxidation.

Teacher: So, which substances in the question are serving as reducing agents?

Student: AL I~ and Mn?*,

Teacher: Correct. Now, how do we determine the strength of reducing agents?

Student: The greater the oxidation potential, the stronger the reducing agent.

Teacher: What are the oxidation potentials of these substances?

Student: Al(1.66V) > I~ (—0.54V) > Mn**(—1.51V).

Teacher: Very good. Therefore, the strongest reducing agent in the question is Al(s).

EH . BRI E R ?

24 BEBFREMNAZR  BoB4ERL -

EHh - NI E ALY S & E B R -

g4 0 AL I and Mn?* -

EHN 0 288 A Bl HET R AR R ESVE 7
24 S/LEMAREREERE o

FHR - AliE Y E A BN A R 2

EUE T AI(1.66V) > I7(—0.54V) > Mn?*(—=1.51V) -
EHD R - RILRE H @i Z R Ry Al(s) -

30 BB RGREFRE TR P FRE



31

PR T A ERT

1-5

we VFFXEFREFATY <

BROE

Electrolysis and Electroplating

N

FEA /N S A B R A A
FRERFY S FHI IE P R e S e R R B B BB O PR TP BT SRR
T > ERAERE(E FHFHBR S SC A

wo THEE
BIEE B FEH IR E - DU BRIS A IE 2R E SR
R ACRL FR AR R A R HI (L ER R HE -

SE A ERRET NEYIRER] > WA E AR E YA

A_E .
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BF hEE BF PR
electrolysis R electroplating B
electrolyzer BB direct current IED
power supply BRIt ERS fusion state el
graphite Vot inert electrode 7 14 BB il
Faraday's laws of electrolysis | JAFUZEEEfEEE | proportionality IEEE
chlor-alkali industry R E T2 Downs process BIE
electrorefining BRI IR corrosion e
electroless plating IR EE I
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‘ (1 is proportional to : ’

4 : In the process of electrolysis, the mass (m) of the same substance deposited is directly

proportional to the amount of electric charge (Q) passed through.

FEREfAAE T [F— BT A E () 2iE AR R (Q)RIELL -

(2] is/are for the purpose of

4 : Electroplating is used to coat the surface of a metal with an inert metal for the purpose of

rust prevention.

MR R EiE e m I R isRa 5y -

© (be) plated with

14 : Tinplate is iron plated with zinc.

« BEEHE »

FEEE AR TR  BAESGLINER
After studylng this chapter, students should be able to know that:
— ~ B RERR BB EFR -
Students can prowde the definition of electrolysis.
T BB RS
Students can draw the setup of an electrolytic cell.
= REHIETER R EAER - PHHRELE - B -
Students can determine the cathode, anode, positive, and negative electrodes in an

electrolytic cell.
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g~ BAEREE RS IRV BB S ER -
Students can write the reactions and overall reactions at the anode and cathode.
ho~ BAERBEIERE - b AR LA M E AR EE KA SER -
Students can write the reaction for electrolyzing water using inert electrodes in acidic,
neutral, and alkaline solutions.
A RERR AN B E RIS -
Students can explain the content of Faraday's laws of electrolysis.
o~ BERE T IRERRIIIER -
Students can understand the applications of electrolysis.
J\ ~ E2ERENE Y B A I R R e L B g

Students can apply the principles of electrolysis to explain corrosion and electroplating.

» BIEERE s
BlzE—
il EBAgE R UM E R E K ~ PRI RS - 0 FIE a1k -

Students can write the reactions at the anode and cathode when electrolyzing water using
inert electrodes, and can determine changes in acidity and alkalinity.

Before conducting the "Simple Electrolysis" experiment, Teacher Lee demonstrated a basic
electrolysis experiment on the laboratory desk for the first-year high school students. Using the
setup shown in Figure 12, Teacher Lee used a platinum wire bent into the shape of a needle to
serve as an electrode for electrolyzing purple cabbage juice. Soon, the solution on the right side
of the partition gradually changed from purple to red, while the solution on the left side of the
partition changed from purple to blue and then to green. The students were quite amazed by this
experiment, which resembled the "Yinyang Sea.” They asked the teacher why. Smiling, Teacher
Lee replied, "Think about this. How is it different from electrolyzing water?" and then wrote
down Table 1 on the blackboard, explaining the relationship between the color of purple cabbage
juice and its pH value.

In the experiment demonstrated by Teacher Lee, which electrode on the left side of the partition
would cause the purple cabbage juice to turn green after electrolysis? (Choose two)

(A) anode (B) cathode

(C) positive electrodes (D) negative electrodes
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he - ZEATAE 12 (VEE > DIGERESEHHIIN - (FAEMRIIER R HET -
A RIR GG EHER R G BALE - ERAEERER - Al RO
REath o EIME RekE - B4R TEECIE " 2050 ) AvEBRIHE ST - MR ?
FEMKES - T EEE > BEUKEAAMARE? o MWERBKRERE TR 1 SRR HE
S EAESp H{EMR R

Bl B

1
pH i B o
2 #L
7 8
8 5
10 #5

s R ERTFT AR E S - HIBH /B S - R G R H B8 Bk R 2T
fiix 7 (FEEERIE)

(A) F5 1

(B) k= 1

(C) IE fi

(D) & fi
(93 £EEL 46 )

Teacher: The electrode on the left side of the partition in the picture causes the purple cabbage
juice to turn into green, indicating a change in the solution after electrolysis. What

does this change represent?

Student: According to the table, green corresponds to pH = 10, which means the solution
becomes alkaline.

Teacher: Correct! Now, please write the reactions at the anode and cathode when water is

electrolyzed by using inert electrodes.
Student: Anode: H,0(1) > > 0,(g) + 2H* (aq) + 2¢

Cathode: 2H,0(1) + 2e” — H,(g) + 20H".
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Teacher:

Student:
Teacher:
Student:
Teacher:
Student:

Teacher:

Very good. So, from the reactions at the anode and cathode, which electrode causes
the solution to become alkaline?

The cathode, because hydroxide ions are produced.

What reaction occurs at the cathode? Does it gain or lose electrons?

Because of the reduction reaction, it gains electrons.

Exactly, so if it gains electrons, which end of the battery should it be connected to?
Negative electrode, because the negative electrode of the battery is where electrons
flow out.

Excellent! Therefore, the answer to this question is (B)(D).

o e 7 SRR C S E R (R e H B T sk - (AREMR RIS ESE
(HIEEEL ?
RFEF B EEpH = 10 - RSN
S 1 FREE R RS DA M B A R A /K RS P A B e A 7 e =

P HyO (L) =5 04(g) + 2H* (aq) + 2¢™ ¢

Fefii © 2H,0(1) + 2e™ = Hy(g) + 20H™ o

1RAF > P AT ot e ety Sz FECH A P LA ZE 2 W — i i 7 i BB el A 2
bt > RIREEAE T SEMREET -

ARkt R 3 AL TR E ? 13T B RE T ?

@@ﬁﬁ’\%¥o

HHY - AR A5 E T e & B s AT — Ui 2
%ﬁ’lﬁ%&méﬁm% ARt

KT | BrblUE R E 2 F(B)(D) -

FOOp RS EFRE TR 0 F P

e 1T EFREFT

z)(%‘f?f’i:
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sEH ¢ B AR R M S M R N I B A HE A -
Students can determine the relative reactivity of metals and understand the application of

inert electrodes.

After returning home, student Wang imitated Teacher Lee's experiment and used an iron needle
as an electrode to electrolyze purple cabbage juice. However, the result differed from what
Teacher Lee had obtained. The next day, Wang described his experimental process and sought
guidance from the teacher. After understanding Wang's issue, Teacher Lee took off a gold ring
from his finger and said, "Straighten out this ring and use it as an electrode, then try again."”
Which electrode should Wang use this gold ring as to achieve results similar to Teacher Lee's
Yinyang Sea? After electrolysis, what color will be observed on the side where the gold ring is
used as the electrode? (Choose two)

(A) Anode

(B) Cathode

(C) First blue, then green

(D) Blue

(E) Red

TR MR - BRI T R E s - B RS E (PR ERREHE T
GERBIRZAFTSHIAE © R TEEER T - BOL AT RAUE - AR T
TESZHFEER > EHCTHE LAY T —Ee8ds - Wk T s —Eis i ER E(FE
fii > A ) o ol ERBRERE s 2 i A R s R E Iz
3 7 B e RIE(E HEBRIV—&E - §EHRTEEE ? (EERHE)

(A 5 &

(B) = fix

(C) JeEEtRk

D) & &

(E) & &

(93 FEE2H 47)
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Teacher:
Student:

Teacher:
Student:

Teacher:
Student:

Teacher:

T -
CEE
4 -
IR

2
sk -

EH

Why did Wang's experiment yield different results from mine?

Because Wang used an iron electrode instead of an inert electrode, causing
oxidation to occur during electrolysis.

Correct, so which electrode should the gold ring be placed at?

The gold ring is an inert electrode and should be used as the anode. The iron needle
should be the cathode to prevent oxidation reactions.

Well said. What color would the solution be after electrolysis?
Anode: H,0(l) —» %Oz(g) + 2H*(aq) + 2e producing H* ions and making the

solution acidic, corresponding to pH = 2 as shown in the table, so the solution
would be red.

That's correct! Therefore, the answer to this question is (A)(E).

i ] R (1T LRI B B B BV & SR A ] 2

R Rt =y Bk K i - AR E IS - EEErERE P S(E T -

V28 > Pt DA S TR AR — R

IR R TSR - B B RS S E S e B e - A g AEdE
2 HE

2 HSERE A e & 2 F (T TEEACIE ?

Fotis - H,0 (1) - %02 (9) + 2H" (aq) + 2e” » EEAHTAREREEE - HIEFIFR

HipH = 2 PRI RALE -
EH T FrUEREE H(A)E) -
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Application of Science in Daily Life

BLEACATREA S bR R HOE
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BRI 4 - (RS T s Se e Y S LA B SO E

fE = T > ARETARESR TR AR O - BT R DB A AR

HEHE > &y [EEEEBRARES - MBI EEEN - R s ERICGE
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fEsEE Z E15 -
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BF hiE BF hiE
hydrogen = isotopes [Efir &
protium T deuterium e
tritium i activity EME
combustibility AT A active metal TSR
amphoteric metal W < coke BEAE
cracking reaction e ESEE Haber process MEAEE
oxyhydrogen flame k0] carbon 153
allotrope EELS7 diamond O (EHa)
graphite G buckyballs Ceo (2 5EEK)
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BF P BF PR
carbon fiber s i carbon nanotube ZokRE
graphene ARG carbon dioxide = vl
carbon monoxide — & [bh% nitrogen £,
nitrogen fixation EEEARAEEE ammonia 2
nitric acid T Ostwald process B
oxygen &) ozone k=
silicon 154

[ (1) exist in the form of

4« Hydrogen in nature exists in the form of diatomic molecule.

BRI & LR T TP AL

[ (2] be produced by

#i4) : Hydrogen gas can be produced by reacting active metals with water.

Jh BN B A R

[ (3) is called

747« The mixture of carbon monoxide and hydrogen gas is called water gas.
— b EL S RIR S YIRS R /KR, -
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After studying this chapter, students should be able to know that:
— ~ BERESRHIE - E - A WIVRIETTE -
Students can state the preparation methods for hydrogen, nitrogen, oxygen, and silicon.
=~ B RE bR [F] 2R P AG LAS RS BUR Rl -
Students can compare the structures and orbital hybridisation of allotrope of carbon.
=~ BRI T R - F - WA LAY H BB E -
Students can state the preparation and reactions of common compounds of carbon,
nitrogen, and silicon.
g~ A gELEI ARV IFEI R RIS

Students can compare the allotrope of oxygen.

o IEERE s
5l RE—
BREH ¢ B4R T RE AN S B G - MR IR ARG S FEE A E R o

Students can understand that metals with higher reactivity than hydrogen react with dilute

hydrochloric acid, dilute sulfuric acid, and organic acids to produce hydrogen gas.

In the following metals, which one will not react with hot dilute sulfuric acid to produce
hydrogen gas?
(A)Mg (B)AlI (C)Fe (D)Cu (E)Zzn
BT - A AR O R S EE A SR ?
(A)Mg (B)Al (C)Fe (D)Cu (E)Zn
(93 FHEHT)

Teacher: What are the methods of preparing hydrogen in the laboratory?
Student: Hydrogen can be prepared by reacting active metals with acids, amphoteric metals

with strong bases, active metals with water, and metal hydrides with water.
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Teacher: Great, so based on the description in the question, how can we determine that it
belongs to which method?

Student: Reacting active metals with acids.

Teacher: Which metals reacting with acids can produce hydrogen gas?

Student: Metals with reactivity greater than hydrogen.

Teacher: Correct, so the answer is (D).

Ehh . B TEERERESLN AR ?

B4 ADEREBINEE - WittEEIIaEE - SEESEIK - EESLYIiK -
EH ARG FNMERE B SRR M T AR R I — 7% ?

B4 TERSEIE -

RN VAR EE Rl DUE A SR 7

B4 TEERNEHEE

EHN 28 BEEZEEQD) -

BlE_

2%HH : Students can compare the structure and orbital hybridisation of carbon's isomers and

understand the applications of carbon materials.

B2 e bR AV [ 2R RS AR LR AU R, T AR RHIIEA -

In 2010, the Nobel Prize was awarded to scientists who discovered and pioneered research on
graphene, which is a single layer of graphite. Which of the following statements about graphene
are correct?

(A) The carbon in graphene has spZorbital hybridisation.

(B) Graphene has similar mechanical strength to graphite.

(C) Graphene and graphite have similar opaque black color.

(D) The carbon-carbon bonding in graphene is between a single bond and a double bond.

(E) Graphene consists of only a single atomic layer, so it is a non-conductive molecule.

FERRABEFRETREL (PR
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£ 2010 £ - 55 H SRR SR R BARINT FTn SIGHVRIER 2062
THIEREOSRIEEIRL - L IERE ?

(A) ARFTHRER sp” REER -

(B) hEia R HAM LIHIISIRGRE -

(C) LA OEEAMHLAAEHERE -

(D) ABfFTAVER —REEF (BE) NMNEREMRETR -

(B) 4EGHEFHETE  FILUENEENTT -

=

i
I
&
my
502

(100 ££457% 22)

Teacher: Graphene is a single layer of graphite. What kind of hybrid orbitals are present in
carbon in graphene?

Student: Each carbon attached to three other carbons, with three ¢ bonds and one 1 bond,
creating sp? hybrid orbitals.

Teacher: Correct, option (A) is correct. What is the carbon-carbon bonding in graphene?
Student: There are three single bonds and one double bond among the three carbon atoms,

and the bonds exhibit resonance. Therefore, the bond order is 1&.

Teacher: Very good, so option (D) is also correct. How can we compare the mechanical
strength of the two?

Student: Graphite has weaker van der Waals force between layers, making it easier to slide
and giving it a softer texture. Graphene, being a single layer of graphite, is a covalent
network solid connected by covalent bonds, giving it a strong texture.

Teacher: So, option (B) is incorrect. What about the color difference between the two?

Student: Graphite is black, while graphene is almost transparent.

Teacher: Therefore, option (C) is also incorrect. What about the conductivity of graphene?

Student: Graphene has delocalized electrons m, making it a conductive covalent network
solid.

Teacher: Very good, so option (E) is also incorrect. The correct answers to this question are
(A) and (D).
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ASEMGERENOE > FH OGP HIRE TR R ?
T9E C B 3 {1 C §74% » 3 EHodd » 1 {Enf - Fysp® BRI -
V288 o (AVEETH Ry IERERY - B & Ko fer ?

3 b 2 [E3HA 3 {Hof - 1 {Emie - Hm e s - NILRE S 1% °

RAF > FLA(D)EETRtLZ SHY » AR Z AN ] ELfee i - e o e 2
CERENEEARGIHI NG L] - BEAEFFTLUE R - A2 HE O
e EGGIREIRE - I E R R B -

FTLA(B)ZEIH S sHaReY - B Z A (A ?

AERBROH > ORG%TEY -

RIEE(C)BEIA L S RRAY © A SRR Ry ?

AN BEARESITE T > NILE r B EAIRERS -

R4F > FLA(E)EBETAtE 53R - 15— RV IEHES R R(A)(D) -
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Common Metals

TR EE%EEW(Z’?E - HtRheE ETHEATS A EEEEE B #EE

FEFMEVAEE FER TRz - flansEss » sl o &b ERulE AR
i< il T 28 - M AR EI RS (R E H Ry BRI S m B - 1E
AR - BCAZ b Praiic B4 R op AR > iy Bl e o i 5L B (i By s+ R Bl Za Ry Bl
e

nh = 7 0 EETE UE B ATE T E R AR T R R A E A A E B
A FECRAVEEG T FERIEA

e

A AR

BF hEE B¥F thEE

alkali metal i <2 2 sodium Ea

flame el sodium chloride AL
sodium hydroxide =Rl sodium carbonate TR £
sodium bicarbonate T % R Solvay process HHARE
alkaline earth metal (s magnesium B
magnesium oxide AfbEE magnesium sulfate Wi I 5%
aluminum i bauxite Fize-da
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BEF thiE B¥ thaE
Hall process ERA alumina oxide =) (ki
aluminum hydroxide FEAbim alum B3
transition metal 23 A iron #
coordination complex | Bifit{b&Y) EE&Y)) ligand o ks
coordination number [LTRAVA4 hemoglobin Mm&rz
chlorophyll TR

[ o exhibit(s)

4 - Sodium salts exhibit a yellow flame color when burned.

BRSO T 2R E O e

[ (2] iIs commonly known as

4+ Sodium carbonate is commonly known as baking soda.

IR NIRRT T -

[ © is related to

|

4« The number of ligands is related to the size, charge, and electron configuration of the

central metal.

RO 8y 2 S8 T YRV ~ S BB dE T 4HRE AR
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After studying this chapter, students should be able to know that:
— ~ BAEgESINE R E R E Bl -
Students should be able to describe the properties and examination of common main-
group metals.
T BARBENE R F RSB EEY TAEE N ER
Students should be able to write the methods for preparing common main-group metals
and their reaction equations.
=~ BAREHESEIEEYRIERE -
Students should be able to write reactions involving metal compounds.
g~ A gERE R R R LAY -
Students should be able to name common main-group compounds.
T~ B pELtn ~ 8 - gn=TEoCRAVIEE -
Students should be able to compare the properties of sodium, magnesium, and aluminum.
N~ BAERERR I RIS S A EE R TTL
Students should be able to describe the properties and preparation methods of common
transition metals.
t - BAgohe BT ivEae -
Students should be able to distinguish the colors of metal ions.
J\ -~ B g NN L &Y H s R -
Students should be able to explain the bonding principles in coordination compounds.
PR 225N ca LW TAR R
Students should be able to classify ligands.
+ ~ At BN EPRIEc i -

Students should be able to calculate the coordination number of coordination compounds.

PG RHBEERE TR EPEFRE
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Students can write the relevant reactions of metal compounds.

In the process of bread making, baking soda (NaHCO3) is commonly used as a leavening agent.
However, before the use of baking soda, ammonium bicarbonate (NHsHCOs3) was also used as a
leavening agent for such food products. When using ammonium bicarbonate, during the bread
baking process (approximately 190 to 230 °C), three gasses, A, B, and C, are released. Among
them, A has a pungent odor, while B and C are odorless. If baking soda is used to bake bread at
the same temperature range, two gasses and sodium carbonate (Na2COz) will be produced.
Which of the following statements regarding these two baking processes are correct?

(A) 1 mole of ammonium bicarbonate produces 4 moles of gas.

(B) 1 mole of baking soda produces 3 moles of gas.

(C) Aisnot produced when using baking soda.

(D) B and C are produced when using baking soda.
(E) A produced when using ammonium bicarbonate is urea ( (NH2)2CO ).

AR B ERERR S > DUNERFT (NaHCOs) (iU 5275 - SRIMAEE I/ NERIT 2 Rl > i
Bed#% (NHaHCOs) TR R iS5 B an IR RAH - (E FbREE @ pitks - AR B ERE T (&Y
190 £ 230 °C) FrEHH - ZERN=fERA: > HIPRARIEE - 2B AwRE -
A I FEE ] PN (5 PR/ N TR Ry Uy 2R i e S B iy (NaoCOs)
YA R R AR AR - TREL IEHE 2
(A) 1 ZHMREE St EEL 4 ZHARE -
(B) 1 EHAVNARTTEES 3 ZHARE -
(C) GER/INERITIRF » AEFELH -
(D) GER/INGRITRF > GEAZER -
(E) (EHtxBE ST > FrELERTHZERRZR((NH2)2C0) -

(107 F457% 24)
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Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

4
gk
4
i
4
i
4

Please write the reaction equation for the heating of ammonium bicarbonate
(NH4HCO:3).

A
NH4HCO3(s)—= NHz(g)+H20(g)+CO2(9).

That's correct. So, we can tell that for every mole of ammonium bicarbonate, three
moles of gas are produced. Now, can you tell me what the pungent gas of A is?
Water vapor and carbon dioxide are odorless, so the pungent gas is ammonia gas.
Very good. Therefore, options (A) and (E) are incorrect. Now, please write the

reaction equation for sodium bicarbonate (NaHCO3z) when it is heated.

NaHCO35 NaxCOs(s)+H20(g)+COz(g).

Excellent! So, every mole of sodium bicarbonate will produce two moles of gas,
which are water vapor and carbon dioxide. Therefore, the correct answers for this

question are options (C) and (D).

FHEEET EEES (NHHCOs) JnzEteFys fE=, -
A
NHsHCOs(s)> NHs(g)+H20(g)+COa(g) ©

258 - IR o] ARIE S — S HAREE S s E T =5 AR - AEEHEA
I S PR SRS T Ry ] 2

IKZERBL A bhta ks - NILHRIG BER -

R4F - IIEL(A)(B) BRI R B3R - APEIEEEE 5 /MR d T (NaHCOs ) 52 ZUEJE -
NaHC03é> Na2COz(s)+H20(g)+CO2(g) °

R | NIt —EHAVRBE S g E L 2 HHAYRG - HR A/KZRN &
Eh © AT LS —$e iy IEREREE Fs(C)(D) -
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Students can calculate the coordination number of coordination compounds.

The dissolved oxygen level in cell culture media is hard to detect, but it can be measured using
certain specific complex compounds. In solution, the fluorescence signal intensity of the
complex compound decreases with increasing oxygen concentration. One ruthenium complex
compound, with the chemical formula [RuLz]Cl>, exhibits this property. Ru is coordinated with
three ligands L. Figure 7 shows the structural formula of ligand L. Which of the following
statements about this complex compound is correct?

(A) Ruis a +2 valence ion.

(B) Ligand L is a monodentate ligand.

(C) [RuLs]Clzis a 6-coordinate complex.

(D) The coordination complex has 21 double bonds.

(E) Precipitation occurs when silver nitrate solution reacts with a complex solution.

AR T REREA S EMN - (B R E s SR EO R DU - s
SEEPINVEDCERSRIRIE - GREECRAVRER IO N - Fe—(Egr i &) - RIS
HAEZEH[RuLs]Cl Horr > Ru BE={EfcfirA: L $&e - B 7 M L AYEERE -
MY R LS SRR - RLE IEHE 2

(A) Ru Ry+2 fEil T~ - O O

(B) Fifir ke L 2B of 4 o ) _/
(C) [RuLs]Cl> % 6 ERATEISE L) - —{ N
(D) $&&YIEA 21 (HeEEs - -

(E) BSBESRY A RORISE S e P F B T8 -
(110 £45% 21)

Teacher: How can we determine the valence number of Ru in the ruthenium complex?
Student: [Ruls]Cl, =>[RuLs]?*+2 CI', and from the structure in Figure 7, we can see that L
is a neutral molecule, so Ru?*is a +2 valence cation.

Teacher: That's correct, so option (A) is correct. How can we determine if ligand L is

monodentate or polydentate?
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Teacher:

Student:

Teacher:

Student:

Teacher:

Student:
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Each of the two nitrogen atoms on the ligand has one lone pair of electrons, so it is
a bidentate ligand.

Great! So, option (B) is incorrect. How can we determine the coordination number
of Ru?*?

We can determine it from the number of bonds between the central metal and the
ligands. Ru?* forms bonds with 3 bidentate ligands, so [RuLs]Cl is a 6-coordinate
complex.

That's right! So, option (C) is correct. And can you tell how many double bonds the
complex has?

Each ligand has 13 double bonds, and there are a total of six ligands, so there are
39 double bonds.

So, option (D) is incorrect. How can we determine if a precipitate is formed when
silver nitrate is added to the complex solution?

The complex dissociates and produces CI-, which reacts with Ag from silver
nitrate to form a precipitate: Ag*(aq) + Cl'(aq)=>AgCI(s).

That's correct! So, the correct answers for this question are (A), (C), and (E).

B aT AAer RIS S T $6 &+ Ru BB ?
[RuLs]Cl; >[RuLs]*+2 CI » H{EEI A4S 0T LAKIE L BT » RIS
It Ru?* Jy+2 {EAIRSHET-
SRR (A) BETH R IERERY » APETa el ERC A+ L R B AR 2 S A 7
FofizF E6Y 2 {8 N i+ EASA —EIHE T RIS -
TRAF | FTLA(B)BEE RSG5/ » ABEAMIA0fEI K128 Ru* HECAT#Y -

BIHE R R AR A TRV SEAE B H 15 > Ru* B 3 (R oF BLC 7 78845 -
FE[RULS]CL, £y 6 FCfiz s &) ©
KEFT | FrbA(CYEEIE 2 IERERY - WiEE &N HIET 0 S Y)a 26 (M e g -
FERCfz A 13 (EEEg - HLERCAL T B 39 (= -
Ft CA(D)BE IR FE 3 HY > AR T FIEir BE SR B S8 S YA RS S AR U 7
EaYIEREg A CI o B RE SRR AYAg T AR © Ag™(aq) + CI
(aq)>AgCiI(s) -
s | ATbUERERY IERES 2 R (A)(C)(E) -

y

i
X
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Common Alloy

F/NEIEE R GE - BAR T e FNERTAERZGENREL - R RERATH
FHidas  FIEESERAASEH  SE26% AMEEBIFESBIESHERSELME
DRIIEE L e ) e e el B o 0> - AT E PRI U E B AR R T S TR & A -
a7 ERTE DU BUAS PR A T R G SR > DI AR E EEEAAY A
AR E TE P E SR RD-HE - A " EE ) ~ T4k BRI T/ NERE
IOV =t i

BF thiE BF thaE
alloy = bronze Vet ik
copper il tin 21
gold = white gold He (K&
platinum H silver PR
nickel 5 pig iron R
wrought ingot A steel i
tungsten steel it wolfram i
chromium % manganese i
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o is one-third of (N) .
4 : The mass of aluminum is approximately one-third of that of iron.

SRV E B RHy 1/3 -

()
_

-

[ (2] an alloy consisting of

4 - Bronze is an alloy consisting of copper and tin.

FHias e o A e -

[ (3) are suitable for . ]

4 - Metals are suitable for making various instruments and tools.

o AU F S R L T A, -

o BEEHE »
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After studying this chapter, students should be able to know that:
— ~ BARSRNEENESR - 4 - MEE BRI -
Students can explain the definition, bonding, properties, and melting point characteristics
of alloys.
T BARES NS -~ - eIV EER) -

Students can state the main components of gold, aluminum, and iron alloys.
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Students can understand the characteristics of metal alloys.

A commercially available metal blackening agent is composed of potassium chlorate ( KCIO3)
and another substance X. If a zinc plate is placed in the blackening agent, the surface of the zinc
plate can be dyed red first and then turn black. Which of the following options could be the other
substance X in the blackening agent?

(A) Iron powder (B) Graphite powder (C) Black paint

(D) Zinc carbonate (E)Copper sulfate

TG EARE - 2 SRR (KCI03) Ei5—WVE X Pk o SRR E T
il > AR SRR A e AL 6 - MR R - Bl NI —ERIE ] gE Rk A &
e X ?
(A) i (B) 84 (C) %
(D) ks (E) Bl

(103 FEf5%5 7)

Teacher: The surface of zinc turns red. What substance is most likely to be?

Student: Copper, because its color is red.

Teacher: That's correct! So, what is the role of copper ions?

Student: Copper ions act as oxidizing agents, while zinc acts as a reducing agent, reducing
copper ions to form copper metal.

Teacher: Exactly! Now, what is the role of potassium chlorate?

Student: Potassium chlorate acts as an oxidizing agent, causing the copper metal to oxidize
into black copper oxide.

Teacher: Very good! So, the answer will be option (E).
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B > INRHEAG RELE -

EEf 0 SE8E | BNEE SR T E A R A 2

g T E AL > SrEE A BRI
Ehl By | AR SRR HI(E A Rl 2

B SR E S BRI 8 S bR RIS -
Ehl - REF ! BrLUSERE R R(E)EEH -
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Students can understand the reactions of alloys and their components.

Wang wants to analyze the composition proportion of an aluminum-magnesium alloy. It is
known that both aluminum and magnesium can react with hydrochloric acid to produce hydrogen
gas (unbalanced reaction equations like Equation 1 and Equation 2). If equal weights of the
aluminum-magnesium alloy and pure aluminum are separately reacted with an excess of
hydrochloric acid, and then the volumes of hydrogen gas collected under the same conditions
are measured, the composition proportion can be determined. If the measured proportion of
hydrogen gas volume (aluminum-magnesium alloy: pure aluminum) is 9:10, what is the weight
percentage of aluminum in the alloy (which contains only aluminum and magnesium)? (Mg=24 ,
Al=27)

(A) 20 (B) 40 (C)60 (D) 70 (E) 80

TR Hen S SRR - ERISAIEEES v IANEERE S e AR E R (RSP
AN ER A0 L A= 2) - AR S EERVERE S S&isaf - o pIATE B B S E -
FRAIEAEAE EROE T ATCEE I SR AGTERE - TR VE B BRI - S5 TS &SR
BOfELE (Pagfed - 4ign) K91 100 HlZas (Hamiist) o s biyEEH It
Ffa] 2 (Mg=24 , Al=27)
Al(s)+HCl(aq)>AlClz(aq)+H2(g) =1
Mg(s)+HCl(aq)>MgCl2(aq)+Hz2(g) =2
(A) 20 (B) 40 (C)60 (D) 70 (E) 80

(110 FFEEZHIEIH 12)
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Teacher:
Student:

Teacher:
Student:

Teacher:

Student:

Teacher:

Student:

Teacher

i -

B

Please balance reaction equations 1 and 2.
Al(s)+3HCl(aq) > AlCl3(aq) +2Hz(g)

Mg(s)+2HCl(aq)>MgClz(aq)+H2(g)

How do we determine the molar ratio of hydrogen gas?

According to Avogadro's law, the volume ratio of gasses is equal to the molar ratio
under the same temperature and pressure. Therefore, the molar ratio of hydrogen gas
(aluminum-magnesium alloy: pure aluminum) is 9:10.

That's correct! If we assume that 27 g of pure aluminum produces 1.5 moles of
hydrogen gas, then how many moles of hydrogen gas are produced by the aluminum-
magnesium alloy?

9:10 = x:1.5

9x1.5
10

X = = 1.35(mol)

That's right. Therefore, the aluminum-magnesium alloy, which weighs the same (27
g), produces 1.35 moles of hydrogen gas. If we assume the moles of aluminum and
magnesium are represented by m and n, what is the relationship between them?
27Tm 4+ 24n = 27

1.5m+n =135

m=06 rn=045

27%0.6
27

X 100% = 60%

aluminum=

. Very good! So, the answer will be option (C).

HTMH 1R 2 (RIE -

Al(s)+3HCl(aq) > AlCls(aq) +2Hz(g)

Mg(s)+2HCl(aq)>MgClz(aq)+Hz2(g)

AT R SR AT H TR 2
R OEIICERE - [FUREBE T SRBGHVRRREE N EHETE - NS SRHIH=E
Bt (mprag - 4lign) /591 10-
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ZHER 288 | BEIRMBRGKEL 27 g iY4lignF S EE AR 1.5 mol » I EEsRiE e %
EHRRETE A ?
BEA T 9:10 =x: 1.5

__9%X15

= 1.35(mol)

10
ZED J28E > HILEE (279) HEEEENEE AN R ET A 1.35 mol -
FriEen M EE A H B R A m K n o S5 2 RA (T TERE A 2

B4 27m 4+ 24n = 27

1.5m+n =135

m=06n= 045

%:27:70.6 x 100% = 60% °

EE B TSR B R (C)BEIH
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2-4 ANEERSY
Synthetic Polymers

N\

NGRSV REEM AT - (C8E - BRRELLEIERE - D7 MRV RR TR
PR BRI R - FEEA R A S R S I B R R SR A
RERPRIEE O IR R S ASRE T -

nh = 7 0 A DU RIS R A TR S IR AH AT R o 6 H DABH M R s R A
pSIESE SE=erin) 7 ya I st LG S SN SR IR

BF thEE BF P
polymer A= molecule 5
mixture BEY synthetic fiber Er Rl
cellulose W glucose ki
protein EHE amino acid i7Es i
synthetic fiber EID% i polyamide AT,
polyester A blending SR
synthetic plastic EREE thermoplastic VAN
thermosetting BE] 14 natural rubber RINGIE
synthetic rubber BREE
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‘ o is formed by the polymerization of and . ’

4 - The monomer of Nylon-66 is formed by the polymerization of hexanedioic acid and

hexamethylenediamine.

‘ (2] be composed of : ’

4« Cellulose is composed of glucose units.

A28 R AT S TR ©

‘ © is primarily used to : ’

4 - Polybutadiene rubber is primarily used to make tires.

BT RS X AR Fw g
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After studying this chapter, students should be able to know that:
— ~ AR HE SV E R -
Students can state the definition and characteristics of polymers.
T BARRE RN B S A
Students can distinguish between natural fibers and synthetic fibers.
= ~ B RE SN B A T BN P SRR
Students can classify and compare thermoplastic and thermosetting plastics.
Y~ 2R pE IR e SR EER LA - BREGAHER - FRIERIER -
Students can identify and describe recycling symbols, monomer composition,
characteristics, and applications.
h~ BAERIPRIBIBEL GG -
Students can distinguish between natural rubber and synthetic rubber.
N~ AR NSRS YIRS -
Students can name the monomers of each polymer.
€~ B RE TR AR REY G R B NI SR T
Students can understand the environmental impact of plastics and implement waste

separation and plastic reduction initiatives.
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Students can distinguish between different types of polymers and determine the

polymerization method from the monomers.

Polylactic acid (PLA) is an environmentally friendly and biodegradable polymer that can be

polymerized from monomer A or monomer B, as shown in Figure 8. Which of the following

statements are correct?

(A) PLA is a polyether polymer.

(B) PLA is not easily soluble in water.

(C) Monomer B can directly undergo a condensation reaction with dehydration to form PLA.

(D) Using equal moles of monomer A and monomer B for polymerization produces equal
weights of PLA.

(E) Using equal weights of monomer A and monomer B for polymerization, monomer B

can result in the formation of heavier PLA.

AN RS A AR GY) > AT HERHEEE R LR SR HEREE
8 o TNHIFHBAAYALAL - WL IEAE ?

o) 0 0 \HJ\O
E/O%OJ\WOW)LOJY& Mo 52
(0] O OH o
AL HAGH Hig L

= 8
(A) BABRAEREEAY
(B) BABFHERA -
(C) B Z P L R4S ph i 0 2 M K 2 O L -
(D) [P BB AR R B Z Y B (TR T SRRV -
(E) MFSERITEMT R S RETRS - RH LRI RN -
(110 45374 22)
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Teacher:

Student:
Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

From the structural formula of polylactic acid (PLA) in the figure, how can we
determine which class of polymers it belongs to?

A polyester! Because it contains COO functional groups.

That's correct. Therefore, option (A) is incorrect. How can we determine its
solubility in water?

Polymers are high-molecular-weight substances, and their solubility in water is
generally low.

So, option (B) is correct. How do monomer A and monomer B polymerize?
Monomer A undergoes a dehydration polymerization to form polylactic acid, while
monomer B undergoes ring-opening polymerization after adding water to form
polylactic acid.

Therefore, option (C) is incorrect. Then which one is heavier when equal weights
of monomer A and monomer B are polymerized separately?

Monomer A undergoes dehydration during polymerization, resulting in a lighter
weight after polymerization, while monomer B results in a heavier weight after
polymerization.

That's correct! Therefore, option (E) is correct. When equal moles of monomer A
and monomer B are separately polymerized, what is the approximate weight ratio

of the resulting polymers?

BLE HAH Bz
T [ 8 —

IV ERIE T I N
(0]

TR B HEZ CH
3
1 8 2 n

The weight ratio is approximately 1:2.
Very good! So, the answers will be option (B) and (E).
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o T EFREFL



N KT FRTZERKT P oo T EHEREF]

ERN - PEE R AL RRR SR EM  DRE C R R S ?

B TS NAHSBEA COO iYEREE -

LRl ek o NIL(A)BEIREERR o AR AN T H B HA KRR 2

B4 BEVRSSTYE - SUKAERER -

Al - FrPAB)ETHE IEHERY © APERRG R Z o3 B AR & 2

B2 RHRRPERUKESRCEAR © R KR HERRGE &R SR A -

D - NEE(C)BEIERES: - NILFEEAG T T R S H R E -

24 HRRNRESHRIKALESREERE BRI FEGREE -

RN 28E | NIL(E)BEHIEE - (8 S E H BB AGH R BAS 20 I TR G > 4
RAVEELEA /%D ?

0
5’7_/0%(10)\(’)‘/0\%(10)\(’)‘/% \OiiOH \O);/OK 0
0

@)
BAR BERH HEEZ
n & 8 — CH; n
0 0 0 i
0
E/OW)LOJ\(OW)‘\O%X/% \)J\OH \O)\”:\ O
0 0 OH 0 9)
LR EE-E Bz
n s L3 CH3 n

EREELB L2
ST (R | FRLUEREIVE K B (B)E) -
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Students can identify the monomers of a polymer based on its structural formula.

Synthetic rubber is commonly used as a material for car tires. The local chemical structure of a
specific synthetic rubber is shown in Figure 6. This synthetic rubber is a linear polymer formed
by repeating the carbon-carbon bond formation through one end carbon atom of monomer
compound A, and this process does not produce any other byproducts. What is the approximate

molecular weight of monomer compound A?

CHzBI’ /CHzBl' CHEBI’
HC=—=C HC—=C HC—
: /0 N\ / \ /o \
_CH2 HzC_CHz HgC_CHQ Hzc%
6
(A)54 (B)68 (C)100 (D)147  (E)161

BRI MOR R ERARAIAT R - e — SRR FEM LR REAIE 6 AR - Iha R

RSV R BERG - I R —Imhi R T ThR-bR R4S - AL EE R AR T i Y SR
ey e EMmEEYER - SRR LSRN FRORZ D ?
CHEBI' CHzBl‘ CHzBr
HC=—C HC=—C HC—
: /N / \ /o \
_CH2 HzC_CHz HgC_CHQ Hzc%
6
(A) 54 (B) 68 (C) 100 (D) 147 (E) 161
(109 £45% 14)
Teacher: Based on the structure of the polymer in the diagram, please identify the repeating
portion.
Student: CH,Br CH,Br CH,Br
HC——=C HC—=C HC——
: /N + /N | /N
_CH2 Hzc CHl HzC CH2 Hzc%
6
Tgt’ ”F'- % 1?3(53 )}'ﬂ_{_{ll.ll-gﬁ,l_ﬂ;
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Teacher: Therefore, from this repetitive pattern, can we deduce the monomer?

Student: CH2=CH-C(CH2Br)=CHoa.

Teacher: Very good. What is the molecular weight of this monomer?

Student: The molecular formula is C2H2Br, and the molecular weight is
12X54+1X74+79.9%x1=146.9

Teacher: That's correct! So, the correct answer to this question is option (D).

ERN  ERIRIEE TR SIS Y] o HEEAE T -

A CH,Br CH,Br CH,Br
HC—=C HC—=C HC—=
/ \ / \ / \
_Cllz HzC CI]Z HEC C”2 Hzc%
6

- NI (R AP o] DAl L B AG Ry o]

£/ ¢ CH2=CH-C(CHzBr)=CH -

Eh - RAF - ANEE AR TR A ?

B L 3 FE CoHeBr» 2385 12X5+1x7+79.9x1=146.9 -
T 0 288 | FrLUE AR IEREE 25 Ky (D)
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Advanced Materials

N
FEA N ER AL T g BB EEAR) - e e R ~ EE
7~ R REA -

H > 24 F
b7 EHE
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e Ealliabi SR e O e e
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BF hiE BF haE
semiconductor FERS silicon 5%
germanium 671 energy band HETT
band gap HEPS diode RS
transistor —IRAS(BESLAE) | integrated circuit (IC) TERS L
liquid crystal i I(ifgis)crystal display NI AN
conductive plastic HEWE Zirgzzi(c;:fgggimitting U175 ) M L1 -
nanomaterials R Lotus effect ALY E
superhydrophobic K ::tri?ce-area-to-volume EER AR
quantum effect ETRE

YRR REFRETREL CEPEFHRETF
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‘ (1 increase(s) with : ’

4+ Semiconductor conductivity increases with rising temperature.

PO AR RRET R TR -

‘ (2] Is divided into : ’
4+ The energy band is divided into valence band and conduction band.

REty 70 Ry (EmT BLEHER -
‘ © exhibit properties. ’

4] - Nanomaterials exhibit superhydrophobic properties.

FORMEHE A HUKAVRHE -

o BEEHE »

EE A% - 2AEERLITNE S
After studying this chapter, students should be able to know that:
— ~ BERESR R TR B E -
Students can state the elements and properties of semiconductors.
= B T R o
Students can explain the energy band theory.
=~ BRI S BER - PERBIEGIGIVAEREEER (% -
Students can compare the energy band gap and conductivity relationships in metal
conductors, semiconductors, and insulators.
O~ ERARRE I p AR n BUEAEES
Students can distinguish p-type and n-type semiconductors.
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Students can describe the composition and applications of diodes, transistors, and integrated
circuits (1Cs).
N~ AR RS HAREE ~ AR ~ Rt E A
Students can explain the states, materials, characteristics, and applications of liquid crystals.
€~ AR R R BRSSO R ERI A AR -
Students can write the structure of conductive plastics and explain their conductivity
principles and uses.
I\~ BAEREE R AR R H R M
Students can define nanomaterials and describe their unique properties.

w BIEFERE o8
BlEE—
SRER ¢ B RE T SOOI

Students can understand the properties of nanomaterials.

Silver nanoparticles of different sizes exhibit different optical properties, with some emitting
light when illuminated and others not. Silver nanoparticles used for sterilization on the market
are larger and do not emit light, while silver nanoparticles composed of dozens of silver atoms
can emit light. A simple method for synthesizing luminescent silver nanoparticles is to add DNA
and silver ions to a neutral aqueous solution and then add NaBHa to form silver nanoparticles.
In this synthesis, DNA primarily forms complexation with silver ions to prevent the formation
of silver hydroxides or oxides. At the same time, DNA can also protect the formed silver
nanoparticles, keeping them stable in the aqueous solution and reducing their interaction with

oxygen. Based on the above information, which of the following statements are correct?

(A) NaBHz4 is a reducing agent.

(B) DNA is an oxidizing agent.

(C) DNA's bases have lone pairs of electrons (lone electron pairs).
(D) Oxygen oxidizes silver nanopatrticles.

(E) Inan alkaline aqueous solution, silver ions react with hydroxide ions to produce silver atoms.

o8 BB RGREFRE TR P FRE
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AE RSFHSRZRL T BA A R - AR g3 - AHAE - b
I A HIEREORRL T > FERIER A& 3856 - (8 E - $RIR - 4H B ARk Hl
HEHE o SRR EHLIRAORII TV B 7AER DNA AR IIA PR S -
JIA NaBHa (EEFERERTORKLT » FEE LT > DNA EEUEMEREE 2RSS &) > &%
IEERH G EEPIEEAEY) > [FllF DNA JRAI CREEFTE RIS > (EHARE Y
KR AL RN ECRE FIRVARRE » MRIZ B3 NHUERERGL - Rt b 2
(A) NaBHs RIRJFH -
(B) DNA Ry LA -
(C) DNAHJEBEAERMHET (METH) -
(D) SREE(LIRTOKMLT -
(B) Mt ACE®RS  sREE TSN @S MREE T E A RE T -

(109 F£457% 14)

Teacher: Please write the reaction for the formation of silver nanoparticles when silver ions
are added to NaBH4 .

Student: 2Ag++2NaBHs—>2Ag+H2+B2Ha+2Na+.

Teacher: That's correct! So in the reaction, what are the oxidizing and reducing agents,
respectively?

Student:  Silver ions are reduced to nano-silver, so silver ions act as the oxidizing agent;
NaBHz4 is oxidized to B2H4, so NaBH4 is the reducing agent.

Teacher: So, option (A) is correct, and option (B) is incorrect. How do we determine if DNA's
nucleobases have lone pairs of electrons?

Student: DNA can form complexes with silver ions, indicating that DNA's bases have lone
pairs of electrons and can act as ligands.

Teacher: Very good! So, option (C) is correct. What other reactions can occur with silver
nanoparticles?

Student:  Silver nanoparticles have a total surface area and high reactivity, making them
prone to oxidation reactions with oxygen. Additionally, they can react in an
alkaline solution: 2Ag+(aq)+20H-(aq)—>2AgOH(s)=>Ag20(s)+H20(1).

Teacher: That's correct! So, the correct answers for this question are (A), (C), and (D).

FERRABEFRETREL (PR
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ERR SR HEREETIIA NaBHs JERGSRZKAL FHIRESR -

B4 ¢ 2Agt+2NaBHs>2Ag+H2+B2Ha+2Nat -

D 2 | BTLUE R T S R ER AR SRR 53 1 Ry fa] 2

B4 SREET @R RAAORR - NEEEREE T & S A - NaBH4 S (LY BaHa > AL NaBH4

Ryl [ o

Rl PTLUA)BETHIENE > (B)EEIHR - MU HFIET DNA Hylei & B AIEE
¥ °?

40 DNA FEREET LIPS &) - nI#5H1 DNA fYligA A I E T a] &L
F o

T ARAF | FTLA(C)EETRZ IERERY o AISRAORHL TR G SRR EE R E 2

B4 EoRrRERERARUETER - BoBE R AL E - HRmtEraR
e Ed 4 7 FE ¢ 2Agt(aq)+20H-(aq) > 2AgOH(s)>Ag20(s)+H20(1).

EHR 485 | FiblE—RENIERES Z B(A)(C)(D) -

BlE_

siEH © ERAERE TR RS RAS T

Students can understand the bonding of semiconductors.

Silicon crystal (Si) is an important material for semiconductors and solar panels. Silicon atoms
in the crystal, like diamonds, form sp® hybrid orbitals with four neighboring silicon atoms.

If one silicon atom is located at the center position 1 in Figure 4, where are the positions of the
other silicon atoms adjacent to this silicon atom? (Note: Center position is 1, the other corner

positions are 2-9)

(A) 23,45 3 )
(B) 2,4,7,9 ’ ol

(C) 2,45,7 ! 8
(D) 3,6,7,9 P 5

(E) 3,7,8,9 4
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W& (Si) Fo-F-2EHa KORIGREIRHTEERT ) - Se T Evey - a0l o —k - BT Ay
(EREFLL sp® SRR RS o 5 — (85 S E 4 HIETL TR O i E 1R - H
SHBILRY J T B A SR BI B R 7 (RE - O ER 1> HEfAsir &R 2-9)

(A)2,3,4,5 \ )
(B) 2,4,7,9 , .
1

(C) 2,45,7 | .
(D) 3,6,7,9

6 9
(E) 3,7,89 A

(109 F45% 11)

Teacher: Silicon crystal (Si) is the main material in semiconductors, and its bonding is sp®
hybrid orbitals. What are the positions of the other Si atoms when the center is at
position 1?

Student: The shape of sp? hybrid orbitals is a regular tetrahedron, so the possible positions
for Siare (3,5, 6,8)or(2,4,7,9).

Teacher: Very good! So, the answer to this question is option (B).

EAH OB (S BEaghry E TR > HEEE 0 sp® TR > sERTH0R
1 Hgk Si BYALE Fofn] ?

B4 0 sp® CREREUSIIIAR Ry IE VU A - [RIE Si mRERIALE F5(3 56~ 8)ZE(2 4
7-9)-

EH 1R | prbliE —RERYE K Fy(B)EETH -
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Bl 49h£EEIR More to Explore

Ward’s Science featuring Ward’s World

teftEd R E e R R - AR o AR
(ASEE R

https://wardsworld.wardsci.com/chemistry

Middle School Chemistry

PRt - se R g | - B » HEE R -
https://www.middleschoolchemistry.com/

American Association of Chemistry Teachers

EFFEEER T > FRIHEIS I E IR T = -
https://teachchemistry.org/

Khan Academy

TR - AR E R B R R AR o

https://www.khanacademy.org/

Interactive Simulations, University of Colorado Boulder

OEjAERES > R T(EE > BFHEHMEAER -
https://phet.colorado.edu/
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