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Chemical Equilibrium
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Reversible Chemical Reaction

FEFRARE ERIEITACE 28 n g B R n] AR o [ FH R K 28 SR Y B R 82 A 1 T
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B¥F thEE BF thiE
equilibrium Sty reversible Y
collision Tl homogeneous HMEM/EE T
dynamic (v./adj.) FhES/ (BRERY) | evaporate 7ERE
lid =T rate R
microscopic Ry macroscopic B
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[ (1) be in accord with }

47 = In reversible reaction conditions, if the forward reaction rate is in complete accord with
the backward reaction rate, the reaction will be in dynamic equilibrium.

FERJ R ERRIE T > S5 IR R E R S ORI - St & 2 B RET -

[ (2] depend on J

4+ The equilibrium state of the chemical reaction depends on its equilibrium constant and

initial condition.

B {8 S FER S ERRREBUA TS B F- i BUR RV ATRE -

[ ® no longer : }

4 - The reaction will reach equilibrium when the concentration of product and reactant no

longer change.

BB FEYIN R A - E(E B E o

[ O One , the other }

4 « | have two cups of water here. One has a lid but the other doesn't.

WEBAMMK - A—MEIIE - Mg -
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After studying this chapter, students should be able to know that:
— ~ AR DL T LA E £ -

Students can understand the basic definition of chemical equilibrium.
» BIREER o8

pIE—
R ¢ B2 ] DIER BT FI N S e A E -y

Students can learn how to judge whether the reaction reaches equilibrium.

Which of the following characteristics can be used to judge whether a reaction is in equilibrium?
(A) The concentration of reactants and resultants remains constant.

(B) The limiting reagent is completely used.

(C) The concentration of the reactants is equal to that of the resultants.

(D) The total mass lost by the reactants is equal to that added by the resultants.

(E) The reaction in the forward and reverse directions completely stops.

NEAITE S R - A PR S R A e Rl 7
(A) KIEVIEREYHIREEREHE -

(B) RESMCEMF -

(C) KIEVIREFEREYIRE -

(D) KIEPrR D HIE BN EYIE IR E R -
(E) IE ~ i J5 M IS ESE 44 1k -

Teacher: | put 2 cups of water on the table yesterday. One had a lid but the other didn't, right?

Student: Right.

Teacher: After a day, do you find any differences between these two cups of water?

Student: Some water in the cup without a lid evaporated while the water in the other cup
didn't.

BORAABEFRETRLL O EPETRE F



Teacher: Exactly, it means that in a confined space like the cup with a lid, the rate of water
evaporation is in accord with that of condensation. We know that dynamic
equilibrium is reached when forward reaction equals to reverse reaction.
Macroscopically, the amount of water doesn’t decrease. Microscopically, the
amount of water evaporation is equal to that of water condensation.

Student: Ok, got it.

Teacher: Alright, now let’s turn to page _ and look at example one.

(RI—RKEEE R LT MK > — A IIZE M)
EET 0 EAER S EARIMOK 0 —HCEIIE - —FOE - AR -
B I %o
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ERBNES RENE -
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Students can understand the principle of chemical equilibrium.

Chemical reaction of industrial ammonia synthesis is: N + 3H2 = 2NHj3(g).

When one of the systems has reached equilibrium, which of the following is true?

(A) Nitrogen and Hydrogen will no longer become ammonia again.

(B) The overall number of the molecules on the left is equal to that on the right.

(C) The molar ratio of the nitrogen, hydrogen and ammonia is 1:3:2.

(D) The molar ratio of the nitrogen, hydrogen and ammonia is 1:1/3:1/2.

(E) The rate of nitrogen reacting with hydrogen to form ammonia equals that of ammonia

decomposing into nitrogen and hydrogen.
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T3¢ ERAANEESES Naw) + 3H2 S 2NHs() » 5 (EILSIERY S 22 E PR R
NHRCIA ] TERE ?
(A) FHEGNHLERSE -
(B) RIEA/CRIN 53 TSN A HIHTAEEL -
C) & - & FNEFHR 132
(D) &~ &~ EHVEHETLS 11312 -
(B) SESSERHRHNERENR O HEHEREHTEE -
(110 REEREERA CHO1 P10 %Ki 1)

Teacher: Let me give you another example.

Student: Ok!

Teacher: The example | just mentioned is about water. What will happen during the
equilibrium if I change it into a chemical reaction?

Student: T don’t really know.

Teacher: Like the way ammonia is produced industrially, the Haber process. The equation of
it is N2(g) + 3H2 = 2NHz(g). Now, | can say that during the equilibrium, the forward
rate is equal to the reverse rate and the molar ratio of the nitrogen consumed, the
hydrogen consumed and the ammonia produced will be 1:3:2.

Student: T still don’t get it.

Teacher: In other words, the concentration ratio of the nitrogen consumed and the hydrogen

consumed versus the ammonia produced is 1:3:2.

HEN . ARG T !

B 4

L ATEERKEIBIF o BRSO — A AR S - fE P g EARE 2

Bhg . RER -

HHET R T ERYER TR AR ERRIERZE Nag + 3H2 = 2NHs() @ it
B O] DABR AT S IE S e =20 S » T EUHFERV L H 8 - SUHRENTEEH R
RAERNEEE > B EHNWEFRHILEE 132

B BENE

EH  WELEEER ST RN RS SR RS E 132
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\Equilibrium Constant and Calculation

BE/NEE R R B 1T P = 4 AR B AR R AR B R 2 MR b2 P RS- 2 1R
W NER AR > FRE C R A 2B ) SRR S R T P B (e K=K IE/K
» [ G RE AR I AR B KR By K2~ —fAy) -

N

r=kg[A]2[B]° r=kg[Al°[B]"

1 ER P R EREHS
MIAMOI LA rate(r)2RFT R ERZE

nA = /7 > AT DU AR SRR A IS N R~ LRSS
HIREA - MR

EF thE B¥F thEE
numerator af dissociate it it
denominator Bk coefficient %8
fraction pax 4 significant HE
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reaction quotient [ FERS syringe AN
reaction mechanism | 7 fER&RE constant HE
dilute (BWEIED) product By
[ o stands for : ]
4 - “r” stands for the rate of reaction.
“r7 RERSEES -
[ ® On the contrary, ]
4 - For endothermic reaction, e reaction will be faster in higher temperature. On the contrary,
the reaction will be slower in lower temperature.
HINRENE - EfRERE » EEREGE R - A - ERERRE » SRR
18 -
[ ® Dbe/have (something) to do with : ]
47 = The equilibrium constant has to do with the concentration. The way to express this is: K
= [CI[D]Y[AT[B]P, also called the law of mass action.
S SRR - =0 0 K= [CIDIYAP[B] - tf§ks the law of mass
action!
[ o as soon as : ]
4 - If the reactant side has a greater number of moles than does the product side, the gas will
be compressed as soon as | push the piston in the syringe. Thus, it will proceed in the
direction of the product.
WIS AE IR BRI NS S FE IR ERT » & TR E 1 B A EZE R RTHE - ARy
RACEERYE - e gAY
8 BYRRABRREFRET AP M EPETREY F
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After studying this chapter, students should be able to know that
(YA -
Students can practice and become familiar with the operation of the equilibrium constant

— ~ B DISRE WSVt Y

expression.

w IEERE o8
Students will become familiar with the way of writing the equilibrium constant expression

BlE—
S ¢ B A A DIAGR P =Y EDE -
Try to write down the equilibrium constant expressions of the following reactions

A L B SRR - B =

(@) PCl3(g + Clyg S PCls(g
2CI‘O4 (aq) + 2H (aq)

(b) Cr207*(aq) + H20() S
(€) Pblzs) S Pb* (ag) + 21 (ag)

A%
(@) Kc = [PCIs)/[PCI3][Cl2]
(b) K = [CrO#2[H*Y[Cr202]

(110 EpEligsiAx CHOL {LEE-PHy P.27 1 1-3)

Teacher:
before?

Student:
reactant.

(¢) Ke = [Pb*][I]
Does anyone remember the definition of equilibrium constant that we mentioned

I only remember that the formula has something to do with the concentration of the

TiREp

'Lgﬁ’l"; FREYE

B¢ REBEEFIRE
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Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

1
B
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m

ERi

That's fine. Since you are not that familiar with equilibrium constant now, it’s good
enough for you to define it roughly. Let’s take a look at Item A. Take a reversible
reaction A S B(g for example, the forward reaction rate will be ks [A] and the
backward reaction rate will be k; [B]. When achieving dynamic balance, kr [A] = kr
[B]. Kcrepresents ki/krand the result of cross multiplication will be [B]/[A]. Thus,
the answer to the first question can be written as K¢ = [PCIs]/[PCI3][Cl.]. So far so
good?

Yes!

The power of A and B will be the reaction coefficients of A and B. For instance,
aAg) S bB(g) can be written as [B]®/[A]®. Let’s look at Item B. For this one, please
try it yourself!

Is the answer K¢ = [CrO42 T [H*]*/[Cr.07*][H20]?

Almost there! Do you remember that the reactants or resultants of the reaction of
nonaqueous solution contains water vapor or water? Since the concentration of
water vapor or water will not affect the reaction equilibrium, we don’t need to take
its concentration into consideration. Then, the correct answer will be K¢ =
[CrO.2T[H*]%/[Cr.07%]. | will leave the last item to you. Remember that the solid
state of Pbl> will not affect the concentration, either. It will not be included in the
equilibrium constant expression either.

Ok, I got it!

(E2A A | 50 - Filiai SE AR 2 1B P & — BRFE /KHUAREE - )
RFBEERM 2 AR R E B e F0E 2
R HME A FEIH R AR o

R R > IRTIERZE A KR REHHAREERCLRE T | AVERFIZE a 3
53 BRHIER—{E AT 2 S FE A S B IERIERZRELEE ke [A] > HFGRRLE
& ke [B] o {EZFENFEHF > ke [A]l =k [B] > [ K (AERAVELE Z kilkr » [F]IFAE
NHHFNGE R FERBIA] - BB2F —/NERFATLLER K =
[PCIs)/[PCIS][Cl2] - 27278 - ZEiRfF L1 ?

G

i AR BV TTEEE 2 A BR B IVRERE » 225150 aAg) S bB) » BRI
[BIY/[A] » FEARIRMES —/NE - SRR E Sl E HiE |

592 5 K, = [CrO2 T [H* T/ [Cr.074] [H.0] & 2

B AMBERRE TR CEPEFRE
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Spm 0 BT VRMIEREIFKA RN ES - RRIEYISUEY&H /K2R EKE ?
REEREAGEZEREYEH > MUENEERNHZEER | K =
[CrO ] [H*/[Cr207*]
FITHE =/ NERMEECEREE - AR EEEREN Pol A g 8087 - ff
DAEIEAR gy A LEEE = o

B o MET !

pIEE_

atEA ¢ R — b/ NESRE o B REE R T =CRYET R - M DI LT BV EACER -
Through some practice exercises, students can review the basic calculation of

stoichiometric amounts and know how to calculate equilibrium constant expression.

Put 1.0 mol of CO(g) and 1.0 mol of H2O(g) in a 1.0 L vacuum container. When it’s t °C, the 1.0
mol of COg) and 1.0 mol of H20(g) react and follow the equation:

CO(g) + H20(g) S CO2() + Ha(g)

There are 0.20 moles of CO(g) left when the reaction achieves equilibrium. Try to figure out
the answers below:

(1) What is the equilibrium concentration of H,?

(2) What is the equilibrium constant of this reaction?

(3) What is the percent yield of this reaction?

(4) Under the same condition, put 1.0 mol of COg) and 1.0 mol of H.Og) in a 1.0 L vacuum

container respectively. What will the equilibrium concentration of H, be?

0 1.0 5=HHY COq Al 1.0 H=HAY H0@ EFY 1.0 FFEZERET » {£ t °C BHE T
[ e A S © CO(g) + H20(g) S CO2(q) + Hag) » SFERZE I - CO@) T 0.20 FH. -
oK
(1) Hz B VHERE -
(2) IERERT P E SRy e 2
(3) MESIEAYES RyfA] ?
(4) FEAHEGRAET - 5350 0.10 SHAY COgAll H0q T ALRLERARaT > 3K Hz (Y

SPETIRIE Ry fl 2

(110 -pEfgARA CHO1P.34 {5]1-6)

TEf#Z (1) 0.80 M (2) 16 (3) 80% (4) 0.080 M

1 B AASEARETRED O EPETRE
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(1)
7
K
S

QK=

) EHR (%)=

CO(g) + H20(g) S COz(g) + Ha(g)
10M 10M

-0.8M  -08M +0.8M +0.8M
0.20M 0.20M 0.80M 0.80M

0.80x0.80
0.20x0.20

=16

BRI == =
ERES

HimrE e

x 100% = 0.8(80%)

1.0 x 100% = 80%

(4) COy + HOg S COy9 + Hz)

¥ 0.10 M 0.10 M

FEF  -xM -X M +x M +x M

g 0.10-x M 0.10-x M X M X M

Ke = (0.10—2:::(0.1—@ =16=

(O_f_x) =4 = x =0.08 = [H]

Teacher: Alright, let’s move on to the next question. Do you remember how to calculate
stoichiometric coefficients? Since this one is a chemical equation, we need to use
concentration to calculate.

Student: Yes, I do. | remember that!

Teacher: As we can see in the question, when the reaction reaches equilibrium, there are 0.20
moles of CO(g remaining. The coefficients of CO and H20O are both 1. This means
that there is also 0.2 M H2O left when it is in equilibrium. In other words, both CO
and H20 will be consumed 0.8 M and the concentration of the products will be 0.8
M too. Now, try to calculate it with the chemical equation.

Student: | am done. Is the answer 16?

Teacher: That’s right. Let’s move on to question number three. Do you remember what

percent yield is? Under normal circumstances, the chemical equation will not reach
100% completion. The formula is “Actual yield/Theoretical yield x 100%”.
Theoretical yield is the calculated perfect amount while actual yield is the amount

obtained after experimentation.

B AASEARETRED O EPETRE
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Teacher: Let’s look at question number two-1 M CO and 1 M HO. According to the
coefficient ratio 1:1:1:1, the concentration of the product should be 1 M COzand 1
M Ha theoretically. However, after the calculation, we know that the concentration
is only 0.8 M. Therefore, the percent yield can be written as:

Student: 0.8 M/1 M x 100% = 80%

Teacher: Excellent! We can use the answer to question number two, k.= 16, to calculate the
equilibrium concentration. But here comes the problem—we don’t know how much
the two reactants are consumed. Thus, we can suppose the consumption as x and
substitute it with kc just like the way we did in question number one. Then, the x

will be the equilibrium concentration of Hy that the item is asking.

(A EAEE T EANPEES  BREEEF AR

RN FHIRMIES TN —E TS ? R E S LR 2 ARBHVEEL ? N BEN
EEREERES - BT IR RS AR -

B EHilE )

Zhh . (ETMRELUARE) EE BRSPS eFE T T 0.2 M —& (b
FOKIEARB A GEEE 1 ETAERZ IR K &g R T 0.2M» fl#
#HhErHFE 0.8 M HARYIMAVRER EZ 0.8 M » BAEFFEZME— T A
MEEEEA © ke = [CO][H2)/[COJ[H20] -

B4 BT BEZL6UE?

ERL %8s 0 FBIRPTERE =/ NE > IMRMER A TTER AR ? FEEETT » 3K
TMH R IERAR & 100%4ER - AR " EEESHHEEx100% , - Hig
EErEiTEIRTEENESR  BREESERBREENESRE - ME _/ NEEH
PRFAMEREL 1M CO B 1 M H20 - fRIRGEEE 1111 > BiEs EA RV RE
€% 1 M COz i 1 M Hz» & MmIMIEE R AMa A A5EE T 0.8 M
e > BT AFRF o] DR E R R AL,

4 1 0.8M/1IM x 100% = 80%

Ehl s JERET | =/ INEFEHEE U/ INERIFHY k=16 L] IR HSEEDRE  HE K
TVERAMTA 1 ST R P R R AT A R 2 P {8 S FER A T 2670 > At LAFRAT
A DU S E AR FOHFERY x M > RS —/INE[ERRAV T A ke SKIGFRAFIHY
x o [EFF L ERE H Y Ha AR -

13 B AASEARETRED O EPETRE
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1-3  #h4E5IRE

Le Chatelier Principle
N\

b/ NS [ AR T AR AN ) DR S [ BRI e L MR TE 2 B R BRI R

N — Bt

nh 0 > BETR LA AR > 5 R SR B E RN R 4 ~ T AL
WY H BRIV E VIO jﬁ%@ﬁﬂ@ﬁﬁ@@@%mE/ SR -

BF thE BF thzE
absorb IQiig Haber process EAAA
colorimetry BEEVEN industrial (adj.) TR
compress ER4E Le Chatelier principle /DR JE

14 B ARAMBPEEIRET AL L FHEFREF
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dissociation iz nitrogen dioxide “E8IEE
decomposition iR piston T
dinitrogen tetroxide | PU& (L% reddish-brown AR eEE!

[o

be divided into

|

G

pressure and catalyst.

s B ER RN A LAy

NS
/L

The factors that affect the reaction rate can be divided into temperature, concentration,

J& ~ JRIE ~ BRTT o MMEAEH -

[9

in order to

|

pIs

When the equilibrium is disrupted by external factors, the system will move in the direction

to counteract the disruption in order to achieve a new equilibrium.

EPERIREZ ESMERN RN - 280G U TR 7 a8 - LUEEHHY

T -

use

as

|

HGR

Haber Process for ammonia synthesis is a way that uses iron as catalyst to produce NHa.

It is also a common example of Le Chatelier principle in action.
e AR R T3 FRLE S T 2L DA R LA - 2 F RV R YIERE

o -

BORAABEFRETRLL O EPETRE F
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[ (4] be (directly) proportional to : 1

47 : The concentration of a solution is directly proportional to the depth of color. By measuring
the intensity of light absorbed by a colored solution, we can determine the content in the
solution. This is the principle of basic colorimetry.

IBIRRIE BB RS 2 IELE - FEHUADEHEA SIS - BT AT LARTE SR
PYENITEE - ERtEAARL AR FE -

o BEHE »

B EARE TR - RAEEGLITES
After studying this chapter, students should be able to know that:
— ~ B RE T s BT R SN AR R 1R SR P T 1)
Students can understand the factors in equilibrium and the direction of equilibrium shifts

upon the addition of the factor(s).
» BIERR o8
BlE—

st B ] DB BN RN R A A CA R E T e A -

Students can apply the concept of factors in reaction rates to solve problems.

After pressurization, which of the following reactions will shift to the right?

(A) N2O4g) S 2NO2(g)

(B) C2Ha(g) + Hz(g) 2 C2He(g)
(C) 2S02(g) + Oz(g) 2 2S03(g)
(D) Hag) + Clz(g) 2 2HClyg)

(E) N2g) + 3H2(g) @ 2NHj3(g)

16

BORAABEFRETRLL O EPETRE F



If\\ ?{?"'KEHT’“‘i ;ﬁ,{h’?{g &

17

THE T MENNERT% » S (L J5E T 7 e [y A5 A% ) 2
(A)  N204() S 2NOx()

(B) CaHa(g) + Hag) @ CaHe(g)

(C) 2S0O2(g) + O2(g) 2 2S03(g)

(D) Hzg) + Clyg @ 2HClg)

(E) Nz@)+ 3Hz2@g) & 2NHz(g)

£
s
il

Teacher:
Student:

Teacher:

Student:
Teacher:

Student:

Student:
Teacher:

Student:

Teacher:

(110 E&rp B bEEERT B—= —(bE2-PHS 25 A 10)

Let’s take a look at an example about how pressure affects reaction direction.

Ok.

Now that you know that pressure is one of the factors in the reaction direction, do
you know which way pressure will cause the reaction to shift, right or left?

Left.

Well, nice try, but it’s not the correct answer. Do you remember the Ideal Gas Law
PV = nRT?

We can take the reaction coefficient as the number of moles that increases or
decreases. The sum of reaction coefficients on the left can be seen as the number of
moles that the reactant consumes, while the sum of reaction coefficients on the right
can be seen as the number of moles that the product produces.

Teacher, I still don’t get it.

For example, in item (A) “N204g) S 2NOzg)”, I can say that the ratio of reactant
and product is 1:2 because the ratio of reaction coefficient is 1:2.

The number of moles increases as the reaction heads to right in (A). According to
the Ideal Gas Law, moles are directly proportional to pressure. So, the pressure will
be higher, the answer is (B)(C)(E).

Excellent, that’s right! If I can make sure that all the reactions go right, then the
pressure will increase when the coefficient decreases.

HAIRE — (BB IR B E T MBI T -

4 -

IRFIR1E REPRBR ) /2 B 5 Tl —(ERAYINZR - IR(FIRIE R S & (S e
B 7

YR AR EARE TR L E

oo L EEHEFEL L
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D ETREERT R ERKT P

B A

B RE S LR EFER - PRSI TREA PV = nRT 15 2

MR TR DA (B B PSR D BT LR o T M T (R o LA
KRS REAT B - A5 0T B B e AL L -

BUE L PATRE R -

EH SR IRPTERE HTI(A) NoOug S 2NOx Rt FT LRI IER) © AERpIEL 1:2 - (5
B TEGIER 122 -

BUE BB S ERE (A) A R A ISR A R B
PR 2 TEAER » BEARIEEA - LA B)(C)(E) |

B KT | BRSBTS R AT o RS N3
EEEAIR |
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Students can understand the impacts of concentration on reaction direction by learning

about homogeneous and heterogeneous reactions.

In the chemical equation “2CrO4? )+ 2H* 2 Cro07% (ag) + H20q)”, which of the following factors
can shift the reaction towards the forward direction?

(A) Add K2CrOs4)

(B) Add concentrated NH3(aq)

(C) Add BaCly

(D) Add H20q)

(E) Add concentrated HNO3(aq)

2CrO4% ag) + 2H* 2 CroO7% gy + HaOqy  “Pfir iz FEZth » TR H1IR s PR 22 AT IAfef 7 J ] 1E K2 e
J7IAR%E) ?
(A) LA KaCrOsg)
(B) AR NHsgag)
(C) A BaClzg)
(D) JIA H20q)
(E) T0A¥E HNOs(aq)
(110 EERA (B2 ) B£—% 5 10 H #f]2-2)
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Student:

Teacher:

Student:

Teacher:

Student:

Teacher:
Student:

i -

ERi

: (Write on the blackboard: Fe®* ag) + SCN (ag) @ FESCN% (aq))

We just mentioned that pressure and volume can have an influence on the direction
of equilibrium. Do you know that concentration can also affect the direction of
equilibrium?

Yes. If | add Fe(NOs)s, the Fe** concentration of the reactant will increase.

To counteract this concentration, the reaction will move in the direction of the
product. Besides, if | cut down the concentration of FeSCN?*, the reactant will move
to the right in order to make up for the concentration of the product and the reaction
will shift to the right.

Excellent! Now let’s do exercise 1-7. Forward reaction direction refers to moving to
the right. Do you know what causes the reaction to proceed to the right?

| need to increase concentration on the side of the reactant, which means to increase
the concentration of [CrO4*] and [H*]. Thus, I need to add K,CrQOa, acids to provide
the needed concentration.

That’s right, so we can choose (A) and (E). Now, can you explain why (B), (C) and
(D) are incorrect?

For (B), adding NHz@qwill neutralize the reactant H* and cut down the amount of
H™*, so the reaction will go left when the reactant decreases. In (C), when BaCl; is
added, it will form a precipitate BaCrO4 with the reactant CrO.%, reducing the
concentration of CrO% and thus making the reaction go left.

Great! Then you are supposed to know why (D) is false, right?

In (D), adding water means the amount of the product will increase. It will move to
the direction of the reactant to counteract the concentration of water, so the reaction

goes left.

(FEEMET © Fe* (g + SCN (g 2 FESCN ag)

e P P2 BB 7 BRG] A BN P 5 1) > AR PRI R Rt o] DL
TR 2

R > SR TR > SEVIRISEE TR - Ry TSR - &
TEG LRI T 88 - JLAh > EHIE) FeSCN ' HYRERE » SR IEYITE
AR ERTINRE - WEEEEES -

K 7 AR BRAE RS — & A 1-7 > FraBAY IR T mgtE A - AN
PRI YREE A 2R o] LA R A T

FUODAGEEERE TR L E P

oo L EEHEFEL L
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ERi

B

B AL R FEYIHIH— B IR -t st 2 B4 I [Croa> 1 AR [H TS » AT AR 7R

FFEHMA KoCrOs ~ BRFEYE SR HEFT R RS |

288 0 FTLAFRAFT AT LAEE(A) ~ (E) o fR{MTH] DUiERE(B)(C) (D) FE R T TR 2

(B)Dﬂf\gmﬁ‘zﬁﬂ}ir VIR H > g HE > AT DU FEYR VIS S TE & 1
7+ (C)IIA BaClz RF & i1 57 Y1 CrO42 2RI BaCrOy » /1> CrO4 1y

A%E » RIEFILE -

SRR | IIR(MIFERL R0 D Fyfrr g5 |

(DYIMAKRFERABAIEG N - SR IEY) 7 1m EHESH/KARE - FrAU A /L -
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The Relationship between Dissolution Equilibrium and

\ Solubility Product

B E R IR F AR o KHATEEErIRES IR AT DER I E R E] T
T -
SRER CaFysyBiA7KH @ CaFas) 2 Ca?*(ag) + 2F (ag)

4 N )

BREIRIS
CaF, RUiA R & B 5 Ca’* » 2F ERKf1E
BT Ca’ - Ia% M - AT AT
7 2F RifE - 10 T ERERY
ARG TTBEME -

U J /

—J

SEE T » SHTE DUB RIS [ PRSI A B A T B - I A
ST -

EB¥ thiE B¥F thiE
common-ion effect (Gl precipitation JUR
dissolve Ay qualitative analysis EMETTT
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enamel DEHRE quantitative analysis JE &I
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By knowing the solubility of ions or the concentration of ions, we can determine the

solubility product of this salt.
BAT R LUk A B 1A i B B TR LUK S I B B e -

o

, also referred to as ) }

EE

The solubility product constant is the equilibrium constant for the dissolution equilibrium,

also referred to as the “solubility product” in the equilibrium equation.

VR R U S R T P B i R P AR Py TSR -

include  (N/V-inq) . ]

BIey -
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Examples of common ion effects include the salting out of saponification, gout and kidney

stones.

R EN SR E - BIEREAVEET - e - BEEG -
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After this lesson, students should be able to know:
—. BERET BT -

Students can understand the solubility product.

o BIEERE s
5l RE—

SEE ¢ ERE AR RS A S R S A M BRSO U I A -
Students can apply the differences in solubility properties of salts for precipitation and
separation purposes.

During blood collection, it is common to see nurses using tubes of various colors. Each color
represents a different medical purpose. For example, the gray tube contains calcium oxalate as
an anticoagulant. Sodium fluoride can be used to prevent the glycolysis of red blood cells and is
commonly used in glucose and lactic acid testing. In order to prevent clotting of extracted blood
from the body, calcium ions must be removed from the plasma. Therefore, the function of
anticoagulants such as oxalate ions (C204%) is to remove calcium ions from the blood. When the
concentration of C204% is high enough, the reaction between calcium ions and oxalate ions will
form solid CaC20s precipitate. It is known that [Ca2*] in the serum sample is 2.2x10° M. Try to
answer the following questions:

(CaC204 Ksp=1.96x108, K,C204 molar mass 166 g/mol)

(1) Atwhat concentration of [C204%] in the blood will calcium ions precipitate?
(2) At least how many milligrams of potassium oxalate (K>C20s) are needed in a 3.0 mL
vacuum blood collection tube to inhibit blood clotting?

23
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Ege

HHMAYEHE - FE oI EEAEE ABNEARRIME - AEBEAERIME 7RI RN
[EHYESRE AR - B0 IRERYE T & A EREES E FDUARIUR] - Ja (L o] 8 o &L BopE g -
A PR IR T aa NI FLER © K 7R R ARG RYIMUREESS » VRS MEE PR
S58ET - FTABUBERIRE g2 S RRIMR P 858 T AIEREIR(C204%) < & C047 &Sy
RS o S TR SRR & TR ERE CaCa04 Ul - ERIIIE it [Ca®™] = 2.2x10°M - 2
[ IR
(CaC204 Ksp=1.96x10% » K,C,04 ELFH'E & 166 g/mol)
(1) MRHAIE5HET(E[C202 TRIA 2/ VIE » S 400 ©
(2) —3Z 3.0 mL WWEZEHME T - &/ HEH %/ V2 vty SRS (K2C204) 74 AIHIIHIIR
e[ 2
Ans:(1) 8.9x10°M (2) 4.4x10°3mg
(1) FEERIIRIIRAVFTIREZEZE Q> Ko MER [Ca*]=2.2x10°M " FZ[C204] =X
Q = [Ca?*][C204%] = (2.2x103 M) x X >Ksp=1.96x108
1.96x10%8/2.2x103 .. X =8.9x10°M
(2) M x V =mole .".8.9x10°Mx(3x103) = 2.67x10® mole
mole =FE&/K2C20s I FE BXresE V), ¥/166.7 = 2.67x10°® mole = 4.45x10°% g =
4.45x10°mg
(110 L BEfEERA S EE L2 B 5B IE i 2-6 p.86)

Teacher: Let’s take a look at example 2-6. Don't be intimidated by the length of the question.
Please read the entire question carefully.

Student: We finished reading it.

Teacher: All right. Then what conditions are required for oxalate to precipitate?

Student: (Students point out the key points of precipitation judgment on page 92 of the
textbook)

To let the reaction proceed in the direction of precipitation, Q needs to achieve the
solubility product. So, Q needs to be greater than Ks,= 1.96x10° here.

Teacher: Great job! We can then substitute the known concentration to get our answer
8.9x10° M.

Teacher: How about question number two?

2 B AMBERRE TR CEPEFRE
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Multiply the concentration obtained in the first question by the volume of 3 mL to
get the number of moles, and then deduce the number of grams from the number of
moles.

Remember what the answer wants is milligrams, not grams. So, we have to multiply
that by 1000.

Thanks for your reminder!

i E P 2-6 - ANEEIEE TR - s MTEE A LOET |
e !

o 1 ABRAREE M — N RS BT e A S BEATR) DR R S A TR R4 2
(BAEFEHERAES 92 BHDURHIEN PR 1Y B R EE )

2-3 7t

1. BERA

2. JIRAHIET © EETRELL Q Bon

(1) Q<K * FoRILIHTY Ry AR BRI B0 U2 -

(2) Q> Ko If = RIEITEAI BN T 1 #E T » RS -

3. HIEETRUE - N EEREENARS o A BB E AR > SR
AR L EEA SRR -

Q ZHENSEREA G EDAIUE T T AT AR Q FTEKRN Ky =
1.96x108

ELASRATIR | B ER B o] DUC EARE A B T A R MAV A 8.9x10°
M o

5B/ INEETERE ?

HE—/NEREHVRE RGN 3 2THMSFHEEE » HREEBEHTS L -
B EEEE N EE | FrPUEZEE 1000 |

T AR |
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Students can understand the definition and calculation of common-ions.

At 25 °C, the Ksp of Mg(OH); is 3.2x10°%, try to answer the following questions:

(1) What is the solubility of Mg(OH)2 in pure water in Molarity?

(2) What is the solubility of Mg(OH)2 in a 0.01M Mg(NOs3)2 solution?

(3) What is the solubility of Mg(OH)2 in a 0.01M NaOH solution?

(4) Compare the answers to questions two and three. Given equal concentrations of [Mg?']

and [OH], which one will cause a greater decrease in the solubility of sodium hydroxide?

25 °C [ » Mg(OH)2 HY Ksp £ 3.2x10 » Stk
(1) Mg(OH)2 FE4/K A RRE o2/ M 2
(2) Mg(OH)2 7 0.01 M Mg(NO3)2 3255 AR FE -
(3) Mg(OH)27E 0.01 M NaOH (A f#fE -
(4) LLEGE(2) ~ QMEZE > IEART - FERZMN[ME™] ~ [OHTEE - (TEgEE A LN
HYS RS AR AR SR 2
(FEMEHR 110 FERA (ZEE(LE ) E—= 5 88 H #iff] 2-7)

Ans:(1) 2.0x104 (2) 2.8x10° (3) 3.2x107 (4) [OH]
FEf7E : B[OHT ~ [Mg™ JHREE Ky X
(1) Mg(OH)29 2 Mg**a)  +  20H @)
XM +X M +2X M
. Kep=[Mg?][OH]?=3.2x10" = Xx4X%?=3.2x101! - X =2x10*

(2) Mg(OH)25) @ Mg*ag +  20H(ag)
XM 0.0l M+X M _+2X M
(0.01 7 1 Mg(NO3s)2 2 MgZ+2NOz HJ[Mg1)
- Kep = [MgZ*][OH]2 = 3.2x10 = (0.01+X)x4X?=3.2x10! "X = 2.83x10°

(3) Mg(OH)25) 2 Mg** 2  + 20H (ag)
-XM +X M 0.01 M+2X M
(0.01 #K [ 7> NaOH 2 Na*+OHJ[OH])
Ko = [Mg#][OH]2=3.2x107 = Xx(0.014+2X)2=3.2x10! .*.X =3.1995x107

BN AABEARET RN R PH

TR R R AR P 0e HFXERFRRFFAYP &

P



PRI TR T A BT T v T EFEREFL

Teacher: Now let’s take a look at the example of the common-ion effect. Before doing this
practice, please recall the definition of common-ion effect.

Student: By adding ions that have the same properties as salt, according to Le Chatelier's
principle, an increase in ion concentration will cause the reaction to move to the
left, thereby suppressing the dissociation of the salt and leading to a decrease in
solubility.

Teacher: Right, can you help us solve these questions?

Student: The way to solve the first question is to assume [Mg?*] and [OH]?as X, multiply
them and get the solubility product.

Teacher: Remember the coefficient of OH™ in question number one is 2, so it needs to be
quadratic. That’s great. The calculation of common-ion effect is used in questions
two and three. You know how to solve them, right?

Student: Due to the high concentration of ions, | need to include the concentrations in the
equilibrium equations. So in the second question, [Mg?*] with the addition of 0.01
M Mg(NOs)2 would be 0.01+X, and in the third question, [OH] with the addition
of NaOH would be 0.01+2X. In the fourth question, [OH] will bring a larger impact
because it is 2X, while [Mg?*] is X. Therefore, [OH] has a greater effect on
decreasing solubility compared to [Mg?*].

Teacher: Clear explanation. Would you like to come to the stage and write down the answer
for everyone?

Student: Ok!

Zhl  RERMACE RSB BE - BiSE AT SHAKEE— TR UEny
B Rl A BA BT *EITW%&? RISV » B R R e i Ak
R 7e - e B A A e 1 |
LRl T2k o AR AT DL RIS ?
B S/ NERURIEIMGT] ~ [OH T Bk X A TOIB LR -
Rl (REEC S —/INVERY OHREUE 2 At AR - JER 4T |
IR =/NERLE HEIFEEETRETE | (RIEZ T |
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FH[MgZIEHIA Mg(NO3)2  0.01 M k& iz 0.01+X > fi 55 =/ NI [OH T{E I
A NaOH W5t er & 0.01+2X
TN NEF A G R OHN BT 2X MM 1E X Frl e
BNl Z s QL RERENE
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N Precipitation, Separation and Confirmation of lons

HATHIE S Kep B80INEF > K2 G U [ 1= (RS RS I > (£ B 4G S e
HRp A1 B0 R BT L S s MU SO RS E -
A [E IR AN [E] Y Ksp BRI Pt T B P50 45 e ORI -

ex:BaSO, ex:CaS0, ex:NacCl
< > < *e >
[
I 10°M 10'M

A 0 ] ] DR A B RER AR (o PSRN IR B (7 > s R auIR GRS £ A H]
REME

B

o

BF thiE BF thE
anion b+ ion exchange Ber2c
cation T predict TR
clarify BH reagent Gl
coral T saturated A
electrolyte EfRE selectivity B
hydrolysis IK i slightly soluble moatE
identification HE turbid SRR
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on the basis of }

4y« Salts can be divided into soluble, slightly soluble and insoluble salts on the basis of the
difference in solubility.
BRI AR R Y 7= 52 ] DA 73 R PO ~ s B S PRI -

[ ® dueto+N }

]

: Soap loses its cleaning effectiveness in hard water due to the formation of a precipitate

with calcium ions at its hydrophilic end.

HEE AR 7K o IR R FORR /K D A5 e 12 B TC T 26 25 e R SECR. -

have the potential/chance/opportunity to }

Bi4] -
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When the concentration of salts exceeds their solubility, they have the potential to

precipitate.
RIS S ARSI U A R A AUk -

~
BRI E 0 HFEFREFIL v
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After this lesson, students should be able to know:
— ~ BERERTERAN) DB AT T OB S IE o
Students can use the precipitation table they learned to determine the order of ion

precipitation.

w BIREERE s
BlE—
SRER - B4 BT S fe I T DUEE B A E SR (SR B T P S AR LB S T -

Students can learn that when dealing with multiple ions, they can sequentially precipitate

ions by adding appropriate reagents

The table below shows the results of the interaction between solutions of Pb(NO3)2, Mg(NO3)2
and Ni(NOg)2, and solutions of NaOH, Na,SO4 and NazS. In this table, “+” indicates precipitation
occurred, and “-” indicates no precipitation.

A certain solution includes three cations: Pb?*, Mg?* and Ni?*. If NaOH, Na,SOs, and NazS

solutions are used as reagents for separation, what is the correct order of adding these three

reagents?
(A) NaOH, Na>S0s, Na>S (B) NazS, NaOH, Na>SO4
(C) Naz2SOs, NazS, NaOH (D) NazS0s4, NaOH, NazS

(E) NaOH, NazS, Na,SO4

Pb(NO3). Mg(NO3). Ni(NO3)2
NaOH +(white precipitate) +(white precipitate) +(green precipitate)
Na2SO4 +(white precipitate) - -
Na2S +(black precipitate) - +(black precipitate)

31
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ORI ERSS ~ BHIREE - DA BRSE SRR A AL - BOERER ~ BRI LA = MAR R FEY
GEE 0 Ry T+ FORBADE ~ T-, TRLAEIR

MRS P? ~ Mg?* B Ni*" =58 T - # L NaOH ~ Na2SO04 Jiz NagS 7R AT Kyt
PlfeE oy - AR AN =R URIHY SerRIEF? - A7 IEAE?

(A) NaOH, Na>S0s, NaxS (B) NazS, NaOH, Na>SO4
(C) Na2SOs4, NazS, NaOH (D) Na2SO4, NaOH, NazS
(E) NaOH, Na>S, Na>SO4
Pb(NO3)2 Mg(NOs)2 Ni(NO3)2
NaOH +HEHEDIR) +(H EIUR) +HEEEUR)
NazSO4 +HEE)E) - -
Na.S +H(EREIR) - +(FREUR)

(110 EpEfgsRA mrhEME(LE HoEI0RSE &Efl 2-3 p.80)

Ans: (C)

BB E S A U e i DTSR - BAESE — O b i Tl A — S

B EE A1) URY) > A0SR PR R WA e T AR ) DR RS i 2 B U R

LSBT A M B A S e S M A/ D AERY . TR R NapSOs - 1A
ELLEHIBR T Pb?* > [RIILTESE —RERAT 0] DUEESE NaoS 257k Ni** - Jef& A & 578 Mg™ -

BREIEF & © &)U B OB —4RE0)I0R - # B RINEFAM 0T LR S A1)

B et I -

Teacher: After doing the experiment in the laboratory, now you all know how to separate and
identify the ions, right?

Student: Yes!

Teacher: The so-called separation means it can only produce one precipitate at a time. So, if
it produces more than one kind of precipitates after adding the reagent, the goal of
separation will not be achieved, right?

Student: Right!

Teacher: So, which solution should be added first?

Student: Na>SOa, because it will only react with Pb(NOs)2 and form a precipitation of PbSOs.

BN AABEARET RN R PH
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Student:

Teacher:
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Then we have to choose NazS because Pb(NOs)2 is removed and only Ni?* and Mg?*
are left in the reagent. Only NaxS will react with Ni(NO3z), and produce a
precipitation of NiS. The last one we have to choose is NaOH and it will produce
Mg(OH)s..

Great! You are good at learning by analogy. The conclusion is that the reagent that

produces the least precipitation will be our priority.

B FEEREMGEERE - K RE TSIy B 8 e sy |

B3

FITeBi ik > Bt —RAGEE —EIURY) » BRI E A
JURYD > BREREER T EE B T RS 2

¥ !

FIT DA AP e % 25 2

Na2SOs » K BT H &A1 Pb(NOs)2 1y Pb> iE 4= PbSO4 HY3 1R ©

PEEHLTEEE NaoS - Ry Pb(NO3)2 AL HE AR T Iy H &~ NiZt ~ Mg?* >
7 NagS & 81 Ni(NO3)2 &4 NiS » £21& 4 & NaOH » ZE4: Mg(OH): -
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Students can understand the solubility and color of chemical compounds formed by

common anions and cations.

In analytical chemistry, there is a qualitative analysis method that identifies ions in a solution
through chemical reactions, based on the possible color changes, precipitations or other
observable phenomena that related to specific ions. The table below is the result of the “anion
and cation precipitation experiment”. The concentration of each ion is 0.1 M. Equal volumes are
taken and mixed to record the precipitate situation. Please try to answer questions one and two.
(1) In how many cells of A, B, C, D, E, and F will not produce precipitation?

(A)1 B2 (C©)3 (D)4 (E)5
(2) Which of the following colors is closest to the color recorded in cell E?

(A) White

(B) Black

(C) Yellow

(D) Red

(E) Green

lons Ag* Pb?*

CrO4* A D

S04 B E

NOs C F
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TESNTEES » B—EEMES TS BB L2 E > SHEF E T I se BB EE L
JURECE M TR S DS E AR T RVEET - TRE B BT IURE R 2 'S
B BIEBE AR 0.AM > EERESLSIURETR - SBEIEEQ0) - (2 :
1) H-Z~F"~T -k C6gEY B ETIRRIENHRE ?

A1 (B)2 (C)3 (D)4 (B)5
(2) JRASFATECERIVBEE - BT NAIfAfERE R 2

(A) B

(B) A&r

C) =

(D) 4Lt

(B) &kt

%‘E% Ag+ Pb2+

CrO4* HH T

S04 Z. 3%

NO3 [ [

(EyPRAR 110 ERfA CEREE D %—F %109 H 4E 1-12)

Teacher: Since you all know the basic definition of ion separation, do you remember the
colors of different kinds of precipitates?

Student: No!

Teacher: Alright, then let’s review what you have learned on page 108.

Teacher: Do you know what will produce precipitations?

Student: NOs is an ion that will not produce precipitation, so C and D will not produce any
precipitation with Ag*and Pb?*.

Teacher: You are half right. Actually, there is another answer.

Teacher: What ions will SO4>- react with?

Student: %I [ #% % 251 So, it will react with Pb?* but not Ag*. B will not produce
precipitation, the answer is (C)!

Teacher: Let’s look at question number two. According to the color of the precipitate on page

108, do you know the color of the D precipitate?
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Student:

Teacher:

Student:

Teacher:

I remember that the color of PbSO4 is white.

It seems that you remember it very well! Then, do you remember the colors of the
precipitates for compound A and compound D?

AQ2CrOg is brick red and PbCrOg is yellow!

Exactly!

BEARF A HEE VA E R T ARG E RS SR VR HIBR E15 2

=
i M GE R Y — T - Bl s ZaA B Ir M P.108 BN
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Acid-base Reaction

BN RACATREASM B A MhLta
BT FALEIREA SR T GE R BRATE

mEBAREEES b5 (£) BRI RRES E - 2R AT ekl i
BB R HR S > (e tp EEE HE L VIR BRI ARS8 - FE— T KAIMREEN
J& - BLANATETRUKIETRAYT pH {H - J0HE A LIS R AR 59 MR EL 5o inA AR el - ISR EDA AV
FREIMEE o BEIESRIE TR TR ARSI i B R BT 5 AT DUETT
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Naming of Acids and Bases

b/ NS R R A SR AR Bl e PR A - RE IR s KR g A Sl T E R
fREET - BEE LSBT KA LR E R - AR L SYIE /KR R L
SN0 FH 2R B R e B e e AR A

nH = 0 > PR A ] AR B Bl a4 > eI R E R HEER
AU H AR o [FREEN A LIS CRER Y E AR E -

B thiE B thiE
hydracid EEE M carboxylic acid E2 i

Pt
N
il
K
s

polybasic acid | %7T dioxide A1t
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polybasic base | 27Tl organic base Hikin
oxyacid i organic acid HH%BE
hydride L w2 inorganic base Ei i
hydroxide = (w2 inorganic acid Byl
[ (1 can be divided into and ]
4 - Acids can be divided into inorganic acids and organic acids.
BE ] o R AR A A T BE -
[ (2] contain groups and are called ]
4y - Organic acids contain carboxyl groups and are called carboxylic acids.
AR H R TRAER -
[ ® dissolve in water to form }
#i4) - Non-metal oxides dissolve in water to form oxyacids.
JEeBRILYIBEN K &R -
[ o dissociate in water to produce , making the solution }
4 - Oxyacids dissociate in water to produce hydrogen ions, making the solution acidic.
SRABEIK PR EL ST - EARERE
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After studying this chapter, students should be able to know that:
— ~ EARRE T By e AL AR A o

Students can understand the naming rules of acids and bases.

o BIEERE s
5l RE—
REH © B4 g HET L eI

Students can judge the acidity and alkalinity of compounds.

Of the following solutions of compounds, which ones are basic?
(A) NH3(g) (B) SOs() (C) CaOg¢
(D) P4Oss) (E) Ba(OH)z(s)

TEUEEYIRI KR > Hvee S gtk 2
(A) NHs() (B) SOs(9) (C) CaOg)
(D) P4Oss) (E) Ba(OH)2(s)

(HERBAR 11_ERfA CEEEE I) =% F 111 7 #HE 3-5)
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Teacher: When hydroxide is dissolved in water, hydroxide ions will be produced. Is the
aqueous solution acidic or alkaline?

Student: It would be alkaline.

Teacher: Very good. Which substance’s oxide will become alkaline when dissolved in water?

Student: Metal oxides are alkaline when dissolved in water.

Teacher: Good. Do you have any other questions?

Student: 1 would like to ask a question. Why is NH3 aqueous solution alkaline?

BORAABEFRETRLL O EPETRE F
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Teacher: Good question. When NHjs dissolves in water it will form NH4"™ ions and OH- ions,
making the solution alkaline.
(The teacher can write down the reaction equation on the blackboard:
NHs(g) + H200) — NHa"@ag) + OH ag)

Student: Got it!

Ehh . SEYIEN KR 0 GEAGSEREET > SFM R AR RRE IR Ry o] ?

B gl -

EhL - REF - SEMMEYE R a Kk 2R MENE ?

24 EBAYaiR /K2R mE -

EAR 0 JEEA - FIETEA MRS

B2z 0 ERM > AR R NHs /KA 7R 23 IE 2

Fhm 0 FEENRBEIEE T - NHs JB7KE PR NHO 8B OH BT > [0A 7R 231
e o
(ATERAR E5 TN NHag) + H20() — NH4"aq) + OH (ag) )

Bz o EATIRE T HEEAT -

pIEE—

s« BAREHETI R LA K RN ERM -

Students can tell that non-metal oxides dissolve in water to make the solution acidic.

Many physiological reactions in organisms require the catalytic ability of enzymes to proceed

smoothly. When the pH value of blood is unstable, it will affect the ability of enzymes. It is

known that the concentration of CO: in the blood will affect the pH value of the blood, and

breathing rate will affect the concentration of CO: in the blood. When breathing accelerates, the

expulsion of CO> from the body also speeds up.

Which of the following statements is correct?

(A) When the pH level of the blood is higher than the normal value, breathing will slow
down to increase the CO:2 concentration in the blood and bring it back to normal.

(B) When the pH level of the blood is lower than the normal value, breathing will slow down
to increase the CO> concentration in the blood and bring it back to normal.

(C) When the pH level of the blood is lower than the normal value, breathing will become

faster to increase the CO2 concentration in the blood and bring it back to normal.

B AMBERRE TR CEPEFRE
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(D) When the pH level of the blood is lower than the normal value, breathing will slow down
to decrease the CO> concentration in the blood and bring it back to normal.
(E) When the pH level of the blood is higher than the normal value, breathing will become

faster to decrease the CO. concentration in the blood and bring it back to normal.

A WIRGINET 2 AR B N RS R I R AV LRE A REIRAHE T - B IR A B R (E A TR E R -
GRERZAEET - EAIMURTHY COz RE e EMIKRAIERER{E » PR ATIR IS S
MR THY COz JRIE - EIFRANTAE - BEAPEE CO2 HISEDR -

NHRCH— T A 2

(A) BMURFHRREBEBIEEEER - R ERE - DMK CO2 R - EHE1E

¥ -

(B) e P AIBA B TE 5 (1R - PR @18 - LU NG CO; AP - (ELIEN(E
T -

(©) Hmpeoh I R A TE 6 AL - PR @bl UMM GO, P - (55LIEI1E
T -

(D) e P BB (T RS - PR @808 - LURMSITLG O, AP - (ELIET(E
-

(B) ¥ oh M (A TE B A - PR @bt DU GO, P - (5L
T -

(109 FARBFEEHALESF 5 12 8)

Teacher: What is the acidity and alkalinity of the solution after non-metal oxides dissolve in
water?

Student: It would be acidic.

Teacher: When the pH value in the blood is higher than the normal value, what would the pH
level of the blood be? Is it alkaline or acidic?

Student: Alkaline.

Teacher: Good! Then would the CO> concentration in the blood be higher or lower?

Student: It would be lower.

Teacher: Very good. When the CO. concentration in the blood is low, should the CO;
concentration in the blood increase or decrease in order to restore it to a normal

value?

Student: It should increase.

12 B AMBERRE TR CEPEFRE
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Teacher: Great. When breathing accelerates, the expulsion of CO, from the body also speeds
up. Therefore, when the CO2 concentration in the blood is low, should breathing be
faster or slower to return to the normal value?

Student: It should be slower! | got it!

Zhh . IEEBAELYAT K - AR R Ry 2

B4 etk -

EhN B MR B EEEE E &R > R ERERTE R (Ie ? 2t B e iR
M

B4 ik e

ZEh RS | R Y CO2 R = 8 R 2

B4 -

L IREL - IR Y CO2 RfEEyRy - REREHEIEEE - R IIE
DI HHY CO2RE ?

A4 e

EEf 0 RAT o EURERAITES o BEAPEE CO REEY: - NILE MR HY CO2 JEEHK
R > PPN FESE PUEE SRS A REfE R IEFE 2

B4 B8 | ZEE T !
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N Bronsted-Lowry Theory of Acid and Base

FERE/NGT - BRAEEREAT -V BRI ERER N ~ AR IR L E 3 - NE RIS RE TR0
IR e RGeS - (BERARESTE(LER R M A TP P AL HEE ~ i - G H TR AR
ZGRITHIET S E TS [ o

ah = 0 ERAERES(E FH LR BRI B A FEIRTERE M - DU SRR 2 T -

B¥ g BF thE
The Bransted-Lowry acid-base theory | fi-/&lBHEE25% | conjugate base | FL:H#ElER
Bransted-Lowry acid -8 1% strong base SR
Brgnsted-Lowry base -7 strong acid SR
amphoteric substance R EE proton g
conjugate acid-base pair HHENE g T weak base Tl
conjugate acid HLHEEE weak acid S9B%
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B HEGQABERGF Sentence Frames and Useful Sentences

o donates protons and is called Bransted-Lowry acid; while
accepts protons and is called Brgnsted-Lowry base.

4 - Hydrogen chloride donates protons and is called Brgnsted-Lowry acid; while water
accepts protons and is called Brgnsted-Lowry base.

FULSIEEVE T R -8 K2 E 18 R AT -8 i

(2 loses a proton after the reaction and becomes
while gains a proton and becomes

4 - The acid (HA) loses a proton after the reaction and becomes a base (A’) ; while the base
(B") gains a proton and becomes an acid (HB).
Be(HA) S ER KR E TR IR m(A) - mia(B)ESE 128 K H AR (HB) -

© and are conjugate acid-base pairs, is the
conjugate acid of , and Is the conjugate base of

4 - HA and A are conjugate acid-base pairs, HA is the conjugate acid of A", and A" is the
conjugate base of HA.

HA H1 A'E R HaERg Y - HA B AHYEEEERE - A% HA By -

® Substances that can protons are called acids.

4+ Substances that can donate protons better are called strong acids.

RMIVE TR 7T T Rysalg o

©® The --er/more ..., the -er/more ....

4 © The stronger the acid, the weaker its conjugate base.

PR > H L Rl gy H s -
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® A substance that can act as both an acid and a base is called an

amphoteric substance, such as

4 © A substance that can act as both an acid and a base is called an amphoteric substance,

such as H-O0.

Bt T/ Rg - JRA[ iR IE > TR R RIEYIE > a0 HaO -

o BEEHE »

B EARE TR - RAEEGLITES
After studying this chapter, students should be able to know that:
— ~ BT - FEFIAN R IR AR A -

Students can understand and apply the Brgnsted-Lowry acid-base theory.

» BIEERE o8

plE—

st ¢ BARE BER P P SRR > MR SE T R I E B R A YRS -

Students can identify conjugate acid-base pairs from chemical formulas and determine

the relative strengths of acids and bases from the direction of the reaction.

Given the reaction H3POus(g) + HCO3 (ag) = H2PO4 (ag) + H2CO3(ag) tends to proceed towards the
right, which of the following statements are correct?
(A) HsPOusis acid, and HCOs' is base.
(B) HsPOu4 is the conjugate acid of H2POa.
(C) HsPO4and HCO3 are a conjugate acid-base pair.
(D) H2CO3z is more acidic than H3PO4
(E) HCOs is more alkaline than H2PO4
46 BYRRABRREFRET AP M EPETREY F



47

KT SEFRT A ERKT P

oo L EEHEFEL L

E%ﬂ H3P04(aq) + HCO3_(aq) = H2P04_(aq) + HZCO3(aq) > Et}i@éﬁ@igﬁg ’ Fﬁ”%ﬁﬂﬂﬂK%E

il ?

(A) H3POs A& » HCO3 Bl

(B) Hs3POs kA H:POs HyILEERE

(C) HsPOs B HCOs 7 kdtiliBtiins
(D) H2COs HYEEME#EE HaPO4 5

(E) HCOs HYyE#MEEX H2PO4 78

1 -
B
- ¢
B
i -
B
- ¢

B

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

Teacher:

Student:
Teacher:
Student:

Teacher:

CERPRRR = P EER 1N ERA 2-2 55 82 | #iffl 2-2)

In this reaction, which two substances lose protons?

H3PO4 and H2CO:s.

Correct! So, are H3PO4 and H>COz acids or bases?

They are acids.

Which two substances gain protons, and are Bransted-Lowry bases?

H2PO4 and HCO:3'.

Very good! So, which two are a conjugate acid-base pair?

HsPO4 and H2PO4 are a conjugate acid-base pair. H:COz and HCOgz are another
conjugate acid-base pair.

That’s right! Since the reaction tends to proceed to the right, which one is the
stronger acid?

H3POs..

Which one is the stronger base?

HCOs".

Good!

TESE R e - W (E e AR E+ 2

HsPO4 ~ H2COs

588 | Rl HaPOus ~ HoCOs i 21l 2

% -

AR EY B IS E T RAf-r&lig ?

H2PO4 ~ HCOs"

RAF | DRI RE =& B Ry Fhamik i 2

HsPO4 ~ HoPO4s G Ry ik g - HoCOs ~ HCOs B By H#ifs i ¥t -
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EHN 288 | WRIETT ARG - o B MR 2
B4 0 HsPOy o
RN IR R 7

B4 . HCO;z -
Ehh - JEFEF !
BlEE_—

SHE ¢ AR REIEAT R BRI B & S B TT IA) » W AS & B R AT ERUE H- P B N
[ HE -
Students can use the Brgnsted-Lowry acid-base theory to determine the directions of
various reactions, and combine it with what they have learned before to identify the
reaction with the smallest equilibrium constant.

Under the same temperature, the order of acidity of the following five substances in water is
HCIO4s>CH3COOH>HCN>H>0O>NHs. Which of the following reactions has the smallest
equilibrium constant?

(A) HCIO4@g) + CN(aq) = HCN(aq) + ClO4 (aq)

(B) HCIOsaq) + H20¢) = H3O0 ag) + ClO4 (ag)

(C) CH3COOH(ag) + OH (aq) = H20()y + CH3COO (o)

(D)  NHz'@q) + H20) = NHs(ag) + OH a)

(E) HCN(ag) + CH3COO (ag) & CNraq) + CH3COOHiagq)

MERCEET » Ty REYEEKS 2 iR 5sIET F
HCI104>CH3COOH>HCN>H0 >NH3 o S5 T %1HF— (& 5 B =00 S S/ ©

(A)HCIO4(aq) + CN(ag) = HCN(ag) + ClO4 (aq
(B)HCIO4(ag) + H20() = H3O"(ag) + ClO4 (aq)
(C)CH3COOH@g + OH (agqy = H200) + CH3COO g
(D)NH2 (ag) + H200) = NHs(aq) + OH(ag)
(E)HCN(ag) + CH3COO"(aq) = CN"ag) + CH3COOH aq)
(107 FEREHEEFERLEERL 55 2 78)
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Teacher:
Student:

Teacher:

Student:
Teacher:
Student:

Teacher:

Student:
Teacher:

il
B
£

m:
S -
B :
2

B
Sk

Do you remember the equilibrium constant formula? If you do, please write it down.
Equilibrium Constant = [Products]/[Reactants]

Great, you all remember it very well! The question indicates that the equilibrium
constant is at its minimum. Then which would be lower, the concentration of
reactants or the concentration of the products?

The concentration of the products would be lower.

Perfect! So, in which direction should the reaction proceed?

Towards the left.

As mentioned in this chapter, does the reaction tend to proceed from a strong acid
toward a weak acid or from a weak acid toward a strong acid?

From a strong acid towards a weak acid.

Excellent! Therefore, the answer must satisfy both the condition that the reaction
proceeds from a strong acid towards a weak acid and the condition that the reaction
proceeds towards the left. Only option E satisfies these conditions, with the acidity:
HCN<CH3sCOOH, the reaction proceeding towards the left, and the equilibrium

constant being at its minimum. Hence, the answer is option E.

RERECSPHEBATNE 7 5855 0 58 M ERAR -

Al S = [E VI R EP]

RFEEES > JEET | EH PR HrE e - RERNEVE R EYRE
SR ?

By -
RAT | TR T B I (T 2
iz -

FEARERTEE] - SMEE A iR ER 1 59 RRHY T R T T8 2 59l AL R IR T R 1T
UE ?

BT SIRR -

AT | NIEEZE ARG SRR 1 59 7 FIErT H A RERI 7 - 3887H
i B B85 > &M - HCN<CHsCOOH » K fE[AI7E » P S/ » i ZE e
E o
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2-3 BeERRYRERE
Acid-base Dissociation Equilibrium

N
FERE/INGTT > B2 B R B i AR -t - B AR IR i e e B e R R R A T R SEIE

g9lREy pH {E + T REFEEETS0E MEt B ENER Z pH (H - a0 E T RE I in-P -
"B Hhy > SRR IR 23 Tl (D) - AL 0P &) ) YA RURTE -

BF thE BF thE
ion product constant BEFTEE common-ion effect | [E]8ET-XE
complete dissociation St R polyprotic acid %8 s
partially dissociation H o charge balance BT
degree of dissociation e mass balance Ehari)
percent dissociation fEsEE ot buffer solution FENAR
hydrolysis 7K i

we VFFXEFREFATY <
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[ ® The -er/more ..., the -er/more .... ]

BIE)(L) -

BIE)(2) -

BIE)@) -

The strength of an acid can be determined by the magnitude of its dissociation constant.
The larger the Ka value, the stronger the acidity

B Hy55 55 A] FHBR AR SOV NHET > Ko HRAE > HERM RS,

At the same temperature and concentration, the larger the Ka value of different acids,

the larger the dissociation percentage, and the higher the hydrogen ion concentration.

PR T > FEUREAYA FIEE - Ka (ERCK - SREEE PR @l Rtk -

For the same weak acid at different concentrations, the greater the concentration, the

higher the hydrogen ion concentration, but the lower the dissociation percentage.

A EPRERTE TR - R - |l TREAR > HAREES rEEAv) -

[9

is called/is known as . J

#i4(1) : When a weak acid reaches equilibrium on dissociation, the ratio of the concentration of

dissociated hydrogen ions to the initial concentration of the weak acid is called the
degree of dissociation of the weak acid.

& SaRE R P o REAREE D Y SEETORIE - BgRE ORI AR Z ELE
T Ry SR AR

f4(2) : The total charge of cations in aqueous solution must be equal to the total charge of anions,

51

which is known as charge balance.
FEACE IR T e T IR B T b2 BE VAR 2 - T R ER e P

we HIFFNEFREFLY
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After studying this chapter, students should be able to know that:
— ~ S pE PR NG e V- SO o WA P iR P A EORS R -
Students can understand acid-base equilibrium reactions and use the acid-base

dissociation equilibrium formula to find the answer.

o BIEERE s
5l RE—

#HE ¢ BRI BT KIG S ENREE T - SF B e A ORI E X -
Students can use what they have learned to determine the hydroxide ion concentration,

and use the acid-base dissociation equilibrium formula to acquire the answer.

At 25 °C, the test results of the lake water samples showed that the pH value of the lake water
was 7.98. Assuming that this value is completely affected by a certain basic compound A in the
lake water, and the concentration of compound A at that time was 0.01 M. Which of the
following values is closest to its base dissociation constant?

(A) 10 (B) 10 (C) 108 (D) 10'° (E) 1012

1£ 25 °C I » JB/KEELERsE REBUIH/K 2 pH By 7.98 @ S ILEUE e 2 2 /K A
P e E > MERMLEYFIEE R 0.01M » A fefifEk s B s m 151
A — S (E?

(A) 10 (B) 10°® (C) 10°® (D) 1010 (E) 1022

(107 S REHREH MBS 5 17 )

Student:  Sir, how do we find the dissociation constant of a base?

Teacher: First, use pH + pOH = 14 to find out the pOH value of the lake water. What is the
value?

Student: 7.98 + pOH = 14, so pOH = 6.02.
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LY KT RETRT RS oo TIFFAEFHREFLC S

53

Student:
Teacher:

Student:

Teacher:

Student:

Teacher:

gk
4
s
4
gk
4
s
i
gk
4

Now that we know that pOH
approximately ?
10°.

Very good. Therefore, the lake water is weakly alkaline. Now, what is the

6.02, what is the [OHT] concentration

dissociation formula of the weak base?
[OH 1=/ CoKy,
Then bring the [OH] obtained just now and the initial concentration Co in the title
into the formula to find K.
Kp =107,
Good!

A > TR R R B O 2
SR pH + pOH = 14 » SRELHIKEY pOH {2 % /DI 2
7.98 + pOH = 14 > Fif1/ pOH = 6.02

FEH pOH = 6.02 » SRH[OHTALT R %/ VIR 2

10 -

{55 SN it VAN NG 1 AN ISP = N et /N W2 I 2
[OH 1=/ CKs,

FRAIERAS[OHTT 58 H R HIRIRIE Cor AATUH » SKH Kb
Kp= 1010

FEH LT !
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BB ¢ B RE A HIET SRR A1 mRAVMEE » WH H BR R REE T i A - Bl R RIS E
TORSEE -
Students can determine the properties of the solution after mixing, and use the acid-base
dissociation equilibrium formula and acid-base neutralization reaction formula to obtain

the answer.

It is known that the K, of HCOOH and CH3COOH are 1.8x10* and 1.8x107, respectively. There
are 4 cups of aqueous solutions on the laboratory table, which are (1) 0.1 M CH3COOH, (2) 0.1
M CH3COONga, (3) 0.1 M HCOOH and (4) 0.1 M HCOONa.

If equal volumes of (1) and (2) are mixed to obtain solution A, equal volumes of (1) and (3) are
mixed to obtain solution B, and equal volumes of (1) and (4) are mixed to obtain solution C, then
what is the order of [CH3COOH] of solutions A, B, and C from small to large?

(A) A<B<C (B) B<A<C (C) C<B<A (D) A<C<B (E) C<A<B

.41 HCOOH Eil CH3COOH #y Ka 43 AE 1.8x10* Bl 1.8x10° - HEGE A 4 FR/KA

0 43R E(2) 0.1 M CH3COOH ~ (2) 0.1 M ) CH3COONa ~ (3) 0.1 M [/ HCOOH Eii(4)

0.1 M {J HCOONa -

G ERRR(OEQESEERY - FRRUEQPRSHERL - FREQO)AEAREE

B > ADERH ~ ZEAAREY[CHsCOOH]H/INE R HINERE Fofa] 2

(A)F<Z<A  (B)Z<HI<H  (CO)R<Z<H D)F<H<Z  (BF<H<Z
(PR + 110 - REFREH LR 5 14 )

Teacher: Think about it, equal volumes of (1) and (2) are mixed to get solution A. What kind
of solution is solution A?

Student: It is a buffer solution.

Teacher: That's right. Now use the acid dissociation equilibrium formula and bring the initial
concentrations of HCOOH and CH3COOH into the formula to obtain the dissociated
[H*]. Note that when solutions are mixed in equal volumes, the concentration is

halved.

[CH,COOH]

[CH,COO "] )

[H+] =K. X (
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Student: [H*] = 1.8x10°

Teacher: Then subtract the initial concentration of CHsCOOH from the concentration after
the solution is mixed to determine the concentration of CH3COOH in solution A.

Student: 0.05-1.8x107. It roughly equals 0.05 M.

Teacher: What kind of solution is solution B formed by adding weak acid to weak acid?

Student: The solution is weakly acidic.

Teacher: Very good, so let’s use the weak acid-base dissociation formula to find the
dissociated [H*].

[H']=CK, +CK,
Student: [H*] =3.14x1073
Teacher: Then subtract the initial concentration of CHsCOOH from the concentration after
the solution is mixed to determine the concentration of CH3COOH in solution B.
Student: 0.05-(3.14x107. It roughly equals 0.047 M.
Teacher: What reaction occurs in solution C when a weak acid is mixed with a weak base?

Student: It would reach acid-base neutralization.

Teacher: Very good. Therefore, we have to write the acid-base neutralization reaction
formula. Use stoichiometry to find the consumption of CHsCOOH and find the
dissociation constant K. of this reaction formula.

CH;COOH+HCOO — CH3;COO +HCOOH 1.8x10-
8x
=——=0.1

C

0.05—x 0.05—x X X  1.8x10°°

What is the value of x obtained through the dissociation constant formula?

Student: x =0.012.

Teacher: Then subtract the concentration of acid-base neutralization consumption of the
solution from the initial concentration of CH3COOH to obtain the concentration of
CHsCOOH in solution C.

Student: 0.05-0.012, which approximately equals 0.05 M. | understand! [CH3COOH]:
C<B<A

RN FAFEED HERFNQ)EQESTEERT  ERT RIS RYE ?

B4 REER

Rl Jesh o R FHERHAREEP#r A 3 » Kf HCOOH B2 CHsCOOH 4T ALY
A KISEREEAY[HT] - SRR EFRRES - R -
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K, X ([CHJCOOH]

[H']= -
[CH,COO |

)

B D [HY = 1.8x10°

EHN - AREF o FF CHsCOOH WGBS A SRR S 12 MRS - KA AT
CH3COOH 3 -

2 1 0.05-1.8x10° 5 ALY 0.05 M

N AR HSSNGIBEIE SR L T TR RS IRE 7

B RKESIERE

EEN  AREF o R 99 B A2 o SRR AY[H'T -

[H']=JCK, +CK,

B4 1 [HY=3.14x103

EHT PR CHsCOOH W46 7% 5 i 25 /8 R & (& MR B YR » KA R 219
CH3COOH s -

B4z 1 0.05-(3.14x107) » KLY 0.047 M -

RN FEAFEE - ISR RN » B AR E ?

B4 BRI -

2 0 FREA o R HMZEE R A1 S FER > AFEEEETE oK H CHsCOOH HyJ¥H
MR o ORI EAHYAREE R B K ©

CH3COOH+HCOO — CH;COO +HCOOH 1.8x10-
B x

C

=——=0.1
0.05—x 0.05—x X X 1.8x10™*

BRI EATORE x B2/ g ?

B4 1 x=0.012

EHT © P CHsCOOH %A e B Bk 25 /5 IR i i T MM FE RV R > SR LA IR HY
CH3COOH & -

B2k 0 0.05-0.012 - KLY} 0.05 M « ZHFHME T | [CHCOOH] : F<Z<FF
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BE/NE - B4 T AREEAVRIE ~ O R HOKAR GRS - WA TR B K AR IR A
FIEGHRRim T > RIS & e ER S AR il v B TR B /KAy pH (H -
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E (1 can be replaced by : }

4 : The dissociable H* in the acid can be replaced by a metal cation or NH4".

W% o] Ry HE 9 R il T2 NH U -

E ® A combination of is called : ]

14 : A combination of two or more cations or anions is called a double salt.

FHRTREEURTARLL b (05380 T S 401 3 T oA e -

® If only undergo reaction in the aqueous solution
will , making [OH] [H*]. As a result, the aqueous solution
IS

4« 1f only anions undergo hydrolysis reaction in an aqueous solution, the concentration of
[OH] in the solution will increase, making [OH] greater than [H*]. As a result, the
aqueous solution is alkaline.

A 7K I P E b3 AR /K AR S T » RIS R A [OH T &8 i - {E[OH TR [H'] -
R 2t -
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After this lesson, students should be able to know:
— ~ SR e RN E B S B R B K LR E -
Students can understand and apply the concept of salts, including salt hydrolysis and

reactions.

w BIREERE s
BlE—

SeHH ¢ ERE RS R /KR o AR B LD Y R P HE KO IR AT B M
Students can understand the hydrolysis of salt, and determine the acidity or alkalinity of

an aqueous solution through the anions and cations dissociated from the salts.

Which of the following aqueous solutions with a concentration of 0.1 M is acidic?
(A) NaBr

(B) CH3COONa

(C) NH4CI

(D) NaHCOs

(E) NaxCOs

FRTE Ry 0.1 MY NAIS /KSR » il 2l 2
(A) NaBr
(B) CH3COONa
(C) NHCI
(D) NaHCOs
(E) NaxCOs
(R + EPRRGERAZEZALER 1N 2-4 55 102 H #if] 2-9)

Teacher: Do the cations and anions of NaBr undergo hydrolysis when dissolved in water?
Student: Neither Na* nor Br™ does.

Teacher: So, what is the acidity or alkalinity of the solution?

Student: Neutral.
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Teacher: Very good. Do cations or anions undergo hydrolysis to make the solution acidic
when salts are dissolved in water,

Student: Cations.

Teacher: That's right. How about the salts in options B-E. Which cation will undergo
hydrolysis?

Student: NH4Cl and NH4" in option C will hydrolyze.

Teacher: Very good! Therefore, the answer is option C.

Zhl 0 NaBriat/Kig » FRRGEE T2 &g /KE ?

B4 Na'8l BrafiRsKfig -

EH - ALY s Ryl 7

B ke

NIRRT - SBEARKEIA K. - BTS2 T B KRR - (AR
EREMEE ?

B4 T -

ERN: J%8E - BEE > 5 ESEETH B~E WERE - ([ EHAVIGEE TS A K ER ?

E/E 0 35ETH C 1Y NH4Cl > NHa & 8845 /K fi -

EHL - REF | HEEEERC -

BlE_

A ¢ 2SR BN B2 rh - S IIESE R BV EDY) -
Students can deduce the products of reaction after heating from the given information
and the chemical formula of the salt.

In the process of making bread, baking soda (NaHCOs3) is often used as a leavening agent.
However, before the use of baking soda, ammonium bicarbonate (NHsHCOs3) was also used as
a leavening agent for this type of food. When ammonium bicarbonate is used, three gases, A, B,
and C, will be released during the baking process of bread (approximately 190 to 230 °C). A has
a pungent smell, while B and C are tasteless. If baking soda is used to bake bread within the
same temperature range, two gases and sodium carbonate (Na,CO3) will be produced.

Which of the following statements about these two baking processes are correct?
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(A) Each mole of ammonium bicarbonate will produce 4 moles of gas.
(B) Each mole of baking soda will produce 3 moles of gas.

(C) When baking soda is used, gas A will not be produced.

(D) When baking soda is used, gases B and C will be produced.

(E) When ammonium bicarbonate is used, the gas produced is urea ((NH2).CO).

FEAE BB ERERE T DUINGRTT(NaHCO) U R RA] > ZRIMAE(E I/ NGRFT Z A1 > bR
A #H(NHIHCOs) I & i M Bt YA RAT - (o PR ety > A Bt A2 o (49 190
£ 230°C) RN - LB =fRRE - HPHAREN > I8N aRE < HR
[0 i T A {5 P/ ok TR by > T 7 2 R TR SR e S i 379 (Na2C Os)
NI R L R TR AR AR YA - THREE hE 2
(A) & 1 EAHARREHGELE 4 ZHAVRR -
(B) & 1 EHAVNKITGEL 3 ZHAYERE -
(C) FER/NERITHF > AEELR -
(D) GERV/NERITHY > FELEZERN -
(E) (HEIbxEE 2L - ArEE A FHERZR ((NH2)2CO)
(AR - 107 4575 24)

Teacher: When NH4HCO:s is heated, three gases will be produced. What is the pungent-
smelling gas produced?

Student: NHs.

Teacher: Good. The odorless gases will contain carbon atoms or hydrogen atoms, so what
are the odorless gases B and C?

Student: COz and H20.

Teacher: Now please try to write the reaction equation of NH4HCO:s.

Student: NHsHCOs — NH3(g) + COzg + H20(g).

Teacher: Very good! Now, if 1 mole of ammonium bicarbonate is used, how many moles of
gas will be produced?

Student: A total of 3 moles.

Teacher: Yes. Next, what two gases will be produced after NaHCOs3 is heated?

Student: CO: and H20.

Teacher: That's right. Now please try to write the reaction equation of NaHCO:s.
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Student:

Teacher:

Student:

4
T
4

B
4 -
B
1 -
B
4 -
g
1 -
B
4 -
g

2NaHCO3 — Na2COgz) + CO2(g) + H20(g).

Correct! So, when 1 mole of baking soda is used, how many moles of gas will be
produced?

A total of 1 mole.

NH/HCO; s & = Rds - HhgEs A SRR ?
NHs

ReF - AW ENREY 2 AREFEEE T - RILAE®EN ZHEN RS
Ffal ?

CO. B H,0 -

BAFE5 K5 E 55 Y NHHCOs 1 7 FE 2= -

NH4HCOs — NHs(g) + CO2(g) + H20() °

JEELF | IR 1 BRI S8 - G A %EH AR ?

4Bk 3 B

Z | B2 T2k NaHCOs filzEhi% & e 4= I i e SR S e

CO2 B H0 -

9t BEE R F E R H NaHCOs YR E HfE,

2NaHCOs — Na;COs+ COzg + H20(g °

TERE | R E R 1 EHANRST > GRS ERASE 2

Mtk 15H -

FYRRGBERFIREFT R (P

e HiFFREREFT S

;?,(5‘3?’3:
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2-5 #ZEEBR
Buffer Solution

A - B PRARGEEARAE R PR - BT R AR HIIER > B SeAlRT
R TR ENAREY pH (H > WEAAFETR A FEEEIARAY pH H - #RETE

Al A0 AR B BIA0 © MR - (EER A RES R R AR A4S & > A ERRE

hELE PR R EA -

sh S 7 AR R REGE R AR A

BF thEE BF thEE
buffer solution RENAR sodium hydroxide EE=R
buffer capacity GRERE ) muriatic acid i
acetic acid Rt ammonia =)
sodium acetate e Iz 7 ammonium chloride w7

‘ ® The -er/more , the -er/more }

4 - The higher the concentration of the buffer solution, the better its buffering effect.
ERESRA RS AR - SRRSO A -
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® The of a solution consisting of and does not
change significantly by the of acid or base.

%5 : The pH value of a solution consisting of acetic acid and sodium acetate does not change
significantly by the addition of acid or base.
FHAATZ EARSRE SR AE AR > o pH {EA & IR R AR B Sl i AE 5 -

® If a strong base, such as , Isadded to a , the will
react with almost all the in the

4 - If a strong base, such as sodium hydroxide, is added to a buffer solution, the hydroxide

ions will react with almost all the hydrogen ions in the solution.
EAER AR T IAGRES - PSS sl - RIS ffFEEsR P sE 342K

JEZ%F-HI5E -
O In order to maintain the , the will dissociate in a
amount to restore the to its original concentration.

47 - Inorder to maintain the dissociation balance, the original weak acid in the buffer solution
will dissociate in a small amount to restore the hydrogen ion concentration to its

original concentration.
EENSIR P IRANTIEE Ry TR REE P > &/ D BAREE - (FEEE TREREZEAR

-
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After this lesson, students should be able to know:

— BRI AR ETAIRAE RSO E - TR B TRV R EAR TR U 2 FIRYRA (%
A FER SRR s T B L SR ENE IR pH (E -
Students can understand the definition and configuration of buffer solutions and the
relationship between the concentration and buffering capacity of buffer solutions, and
calculate the pH value of buffer solutions using what they have learned previously.

o BIEERE s
5l RE—

stHH B AR R B AR B TRHY E R BLAH AL -
Students can understand the definition and composition of buffer solutions.

Take 1 mole of the following substances to form a mixed solution. Which ones are buffer
solutions?
(A) CHsCOOH and NHs.
(B) CHsCOOH and CHsCOONa.
(C) HCI and NaOH.
(D) KH2POs and KzHPOA4.
(E) NHsand NH4Cl.
THISPE SN 1 EEPRREAR » W A& EnaiR ?
(A) CHsCOOH #1 NHs.
(B) CHsCOOH #1 CHsCOONa.
(C) HCI F1 NaOH.
(D) KH2POs f1 K:HPOA4.
(E) NHsFI NH4CI.
CEMRRRGERACERZ(LER 11 2-5 565 107 H &5 2-10)
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Teacher: Everyone, what is a buffer solution?

Student: A buffer solution is a solution where the pH value does not change significantly
when a strong acid or strong base is added.

Teacher: Very good, then how do we configure the buffer solution?

Student: We use weak acids and their salts, or weak bases and their salts.

Teacher: That’s right! You are all quite familiar with the definition and configuration of
buffer solutions! Next, please choose the combination that can be configured as a
buffer solution among the options.

Student: B, D, and E!

Teacher: Correct!

R [FEE - AR RN E 2] Ry (] 2

B Al - SR A EAR o AR pH (ER g AR -

EEN  IREA o IS R B AR T ARIE ?

B (AR SR i AR -

RL 88 | AREHEABREEARNERAICE | #12  BHAFRENEHEF A
ACE R &R E A RIS

B4 B-D-E!

EET : IERE !

I
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Students can calculate the pH value of a buffer solution using a formula.

If you want to prepare a buffer solution at pH = 4.3, which mixture of the following weak acid
and its conjugate base at the same concentration would be most suitable?

(A) Nitrous acid, HNO2 (Ka = 5.1x10™)

(B) Hydrofluoric acid, HF (Ka = 6.6x10™)

(C) Benzoic acid, CeHsCOOH (Ka = 6.4x107)

(D) Hypochlorous acid, HOCI (K, = 3.1x10%)

(E) Hydrocyanic acid, HCN (Ka = 4.9x107%9)

(A) EEfYEE HNO, (Ka = 5.1x10%)
(B) @& HF (Ka=6.6x10")
g CeHsCOOH (Ka = 6.4x107)
(D) K& HOCI (Ka = 3.1x10°8)
(E) 4 &% HCN (Ka=4.9x1010)
(G - HEMERGRAEEALEE 111 3-6 55 142 FH #ify] 3-14)

—~
0O
N—r”

+

|

Teacher: What is the optimal ratio of the concentration of weak acid or weak base to its salt
in a buffer solution to achieve the best buffering effect?

Student: 1to1l.

Teacher: That’s right! Good. Next, how do we calculate the pH value of the buffer solution?

Student: We have no idea.

Teacher: Recall that the formula for calculating the pH value of a buffer solution is
pH = pKa + Iog( 4 ) Just now everyone answered that the concentration ratio of a

weak acid or a weak base to its salt should be 1:1, which will have the best buffering
effect. Substitute the formula pH = pKa + log(1) = pKa, so pH = pKa at this time.
Please calculate the pH values of options A to E and choose a solution with pH =
4.3.

Student: The answer is option C!

FERRABEFRETREL (PR
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N HAFREFEEAR Py iRBl RESTRE LA R %D - B AR
SRERTE 7

B 11

EEN  O2eE | IEEA o B N AGE M AR T R AR EIARAY pH {EYE ?

B ARIE -

A

RF IS R pH (AT ¢ pH = pKa+ log(od) » BB B 25598

BT EPRURELEAIZE & 11 g A RIFNEERE - HHAALZ pH
= pKa + log(1) = pKa » RIFLEERF pH = pKa « 55K ZETH A T E BE5H/Y pH {H
HH pH = 43 HER -

B4 BZEECHEH
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2-6 8 R E B E 4R
Acid-base Titration and Titration Curve

AN > B B R R e IR AR P B BRSO RE AR Bl TR RIUE - IR R R e Y
fRERIpom e R [E] - fElE IRy pH (E > A IR AR ~ S5l sa -
S-SR E ISRV ZE R - SRERGYRE-5RIR - SRAR- ST E AP B RGP RGRES
R e SEE T SR ATSE BT E A HIAHERE FRE -

EF thiE B¥F thiE
acid-base indicator Ml fe Al phenolphthalein R
methyl orange FHELAE universal test paper JE FH a4
methyl red FHAAL equivalence point o
litmus yaFo half-equivalence point FEEE
bromothymol blue RN E R end point T TE 4% BE
phenol red &l titration curve T T HH 4R

69 BURBMEREFRITRAL O FPEFRETF



): KTIFRFRT 2 AR T D

2,
e

&

B HEGQABERGF Sentence Frames and Useful Sentences

® When the pH value is less than , the appears

4 - When the pH value is less than 6.8, the phenolphthalein indicator appears colorless.
& pH {E/INFY 6.8 5 F kTR m A 2 AR o

® Near the equivalence point, the pH value changes very obviously, and
thecurveatpH=__ ~ isalmost vertical, so an indicator whose color
change range falls around pH=__ ~  can be selected.

4 - Near the equivalence point, the pH value changes very obviously, and the curve at pH
=4~10 is almost vertical, so an indicator whose color change range falls around pH =
3~11 can be selected.

EEEIFAT > pH [EEEIFFE IR > 1F pH =4~10 Ay Hh4R 24P & - [N A DLsE A
’EE%EI %IE pH = 3~11 2GRS B -

® When mL of M solution is titrated with M
, the pH value is at the half-equivalence point.

4 : When 25.0 mL of 0.10 M ammonia solution (Kp = 1.8x107) is titrated with 0.10 M
hydrochloric acid, the pH value is 9.26 at the half-equivalence point.
LL 0.10 M FYEIRE R E 25.0 ZFHHY 0.10M E/KZ0R (Ko=1.8x107) » s 8 5E

B > pH=9.26 -
O When titrating mL of M (ag) With M
(aq) can be used as the indicator.

4« Titrate 40.0 mL of 0.100 M NH3g) with 0.100 M HClag). Methyl red can be used as the

indicator.
LL 0.100 M HClag) € 0.100 M NHs(ag) 40.0 mL » 7] %5 F FHELAT A da ] o
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After this lesson, students should be able to know:
— ~ B gE S E AR B R R o NOE T E AR ER T E A RAERE ~ pHE -

frEE R R
Students can understand the meaning of titration curves and calculate the concentration,

pH value, dissociation constant, etc. of a solution through titration curves.

w BIREERE s

plE—

A - R REE AR E AR B E R - DA BEGE ELERIVRE - B -

Students can understand the meaning of titration curve diagrams and calculate the
concentration and dissociation constant of the solution through the graph.

A 20 mL organic monoprotic acid solution of unknown
concentration is titrated with 0.1 M NaOH aqueous solution. The

titration curve is shown in the figure on the right. Which of the

following statements about this titration experiment is correct? z ’
%0 w0 @
(A) Methyl red (color change range is pH 4-6) can be selected as NaOH (mL)
the indicator for this titration reaction.
(B) The concentration of this organic acid is 0.05 M.
(C) The mole number of H* in the solution at point B is equal to the mole number of OH".
(D) The solution at point C is a buffer solution.
(E) The dissociation constant of this organic acid is less than 1.0x10.
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LL0.1M Hy NaOH /KR E—Hafmf 20 mL ~ REERAHVAREE TR > H
EE -SRI A B TR o YA R R e EERHRGL - U BEIE - ?

(A) BT E S E T B PN R AT (B dif® /&y pH 4-6) RyriE ol -
(B) IATEREH TR K 0.05M -

(C) 1£ B BiZimRH HHYEHEE OHHYEHE -

(D) 1£ C BB Ry —4REAK - PH
(B) HAMERHIAERER BUNY 1.0x107

0 20 40 60 80
NaOH (mL)

(107 45+ 4)

Student: Sir, why is the concentration of organic acid 0.05 M?
Teacher: At the equivalence point, the volume of sodium hydroxide consumed is 40 mL, so
the following formula can be applied
NaMaVa = nsMsVs
1x M, x20=1x%x01x40
Ma=0.05M
Student: | see! Why is the dissociation constant of organic acids less than 1.0 x 104?
Teacher: The dissociation constant of organic acid needs to be obtained from the buffer point
A, using the buffer solution formula:
[HA]
[a7]
At buffer point A, half of [HA] is used up, so [HA]=[H']=[A], and Ka=[H*]=10",
107 is less than 1.0x10,
Student: | see!

[H*] = K, %

B T B HIEATRER 0.05 M IE ?

T TEREE RS MRS 40 mL » BRI RTLUE A FAIAR -
NaMaVa = nsMsVs
1x M, %x20=1x01x40
Ma=0.05 M

B R | TR A R R BN 10X 1070 2
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[HA]

a1
TELRIERE A RS » [HAJFRE—f » BELHAIS[H'I=[AT » i Ke=[H']=10° + 10°
S/NHA 1.0x10% -

B AT |

[H+] = K, X

BlE_

sl - BRI E AR E T - HIETARA R A T R R - R GINE- SRR -5
W EH - FlEPE BRI AEEIAE -
Students can determine the acidity or alkalinity of a solution from the titration curve and
calculate the concentration, and in weak acid-strong base or strong acid-weak base

titration, a buffer solution is formed at the half-equivalence point.

Li found two bottles of acidic solution of the same volume in the laboratory. To determine the

concentration and strength of the acids in the two bottles, he titrated each acid with 0.2 M sodium

hydroxide solution. Taking the volume (mL) of the added i

sodium hydroxide solution as the X-axis and the pH value 12
10 -
of the solution as the Y-axis, the resulting titration curveis ¢ |

shown in the diagram on the right. 6
4 -

2 -

Which of the following statements is wrong?

I
20 40 60 NaOH (mL)

(A) The concentrations of the two bottles of acid are similar.

(B) The gently sloping region near point A in the diagram is the buffer solution.

(C) The pH value of point A in the diagram is the pKa value of this acid.

(D) The solid line titration curve represents a strong acid, and the dashed line titration
curve represents a weak acid.

(E) Points B and C in the diagram represent the equivalent points of the two bottles of acid

solution respectively.
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e 0.2M HYESEAbsha BT i MBI E - LUFTIIA @& b R Ae A (=
TR X Bl 7R pH ER Y Bl 1521V E A B FTR « NYIR0E - W—IHEE

Ei? pH
12 A
10 A
8

(A) AR AT

(B) &l SRR AT 4% Hh SR I B 4R AR -

(C) EITHYHE: pH {ERIALLELRY pKa H -

(D) BRHH TR - ERHVEESR T -
(B) ElTHYZ ~ PRIBL AR IS WORB A A R -

(108 45+ 9)

Teacher: When two acidic solutions are titrated with NaOH, the volumes at the equivalence
point are both about 50 mL. Therefore, when the number of protons dissociated
from the two acidic solutions is the same, their concentrations are the same. Got it?

Student: Got it! Then why is the solid line titration curve for a strong acid, and the dashed
line titration curve for a weak acid?

Teacher: This is a great question! Please observe the pH values of the equivalence points of
the solid line and the dotted line.

Student: The equivalence point of the solid line has a pH of approximately 8, and the
equivalence point of the dotted line has a pH of 7.

Teacher: Good! From the pH values of the equivalence points, it can be determined that the
solid line represents a weak acid-strong base titration, so the pH value is greater
than 7, and the dashed line represents a strong acid-strong base titration, with a pH
of 7.

Student: Got it!
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Bl 49h£EEIR More to Explore

Ward’s Science featuring Ward’s World
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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
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https://www.khanacademy.org/

Interactive Simulations, University of Colorado Boulder

OEjAERES > R T(EE > BFHEHMEAER -
https://phet.colorado.edu/
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A Reference Handbook for Senior High School Bilingual Teachers in
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