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Substance Identification and Chemical Reactions
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Characterization and Identification of Substances
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(1] be related to of
= be associated with
4 - The solubility in water is related to its chemical properties.

= The solubility in water is associated with its chemical properties.

PIE R KRR I LR E AR (4 -

e

be subjected to . ]

Bl -

Under the condition of the fixed elution and filter paper, the same pure substance is
subjected to the same force of developing solution and filter paper, so the ratio of the
moving distance of pure substance and elusion will be the same.
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be used to . J
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Thin layer chromatography can be used to identify the painkillers sold in the market, such
as acetaminophen, ibuprofen, or aspirin, and determine whether they contain caffeine.
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In addition, . ]
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In addition, we can also add a small amount of ammonia to observe whether there is black

silver oxide deposits.
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After studying this chapter, students should be able to know that:
EARE TR RAVIE R ETTE

Students can understand common methods for identifying substances.
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Students can comprehend the chromatography method's principle and the experimental

precautions.

Paper chromatography is a simple method for separation mixtures. First, use a pencil to draw
a thin line (as shown in the X and Y lines in the figure on the right) at a proper distance (about
1cm) from the upper and lower edges of the long strip of filter paper. Then, point the sample
at Z with a capillary tube and put it into the developing tank containing the appropriate
developing solvent (The developing solvent is the solvent that is placed into the developing
tank used to develop your TLC plate). Which of the following options are correct about the

principle and operation of paper chromatography? (2 items should be selected)

(A) Paper chromatography is to separate mixtures based on the different properties of
each component in the mixtures, such as the adsorption force on the filter paper.

(B) When the sample solution is spotted on the Z of the filter paper with a capillary, it must be
continuously contacted for about 10 seconds to increase the sample content.

(C) Sufficient developing solvent must be used to let its liquid level just contact the horizontal
line at X.

(D) The expansion can be stopped when the fastest-moving component reaches the fine line at
Y.

(E) Changing the developing solvent composition can change the mixture's separation
effect.
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(D) EFIEE] Y &REIAHE Ik

(B) The capillary only needs to reach the filter paper briefly.

(C) The elution should not reach line X and should expand from the bottom.
(D) The elution should stop when it reaches the line Y.

Teacher: Do you remember the principle of chromatography?

Student: Chromatographic method separates the substances by using the different adsorption
of different substances on the stationary phase.

Teacher: That’s correct. How do we spot the sample on the filter paper?

Student: We can use the capillary tube to contact point Z on the filter paper quickly.

Teacher: Wonderful. Where should we add the developing solvent?

Student: We should add below the origin line so we do not reach the horizontal line at X.

Teacher: How do we distinguish whether the developing solvent can be stopped?

Student: The developing solvent reaches the line Y.
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Teacher: Excellent. Finally, will changing the developing solvent_influence the separation
effect of the mixture?

Student: Yes. Different substances exert different forces on the spreading liquid.
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Students can use precipitation reactions to separate substances.

Four solutions are on the attached table: silver nitrate, lead nitrate, barium nitrate, and nickel
nitrate. They react with sodium chloride, sodium sulfate, sodium sulfide, and other three
solutions, respectively. If the concentration of all solutions is 0.01M, please answer the

following questions:

Reagent | AgNOs Pb(NOs), Ba(NO3): Ni(NO3)2

NaCl white precipitate | white precipitate | - -

NaS04 | - white precipitate | white precipitate | -

Na2S black precipitate | black precipitate | - black precipitate
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A solution contains 0.01M of Ag*, Pb?*, and Ni?* ions, respectively. If 0.01M of NaCl, NazSOx4
and Na.S solutions are used as reagents to separate Ag+, Pb?*, and Ni?*, which of the following

is the order of adding reagents?

(A) NaCl, Na2SO4, NazS
(D) Na2SOas, NazS, NaCl

b Ry bR It ~ sty ~ BMIR SR ~ TR BRSR FVURORIR - 7 Bl B A bsh

(B) Na2SO4, NaCl, NazS
(E) NazS, NaCl, Na;SO4

(C)NaCl, NazS, Na,SO4

FoMARIERMNGER  STE A RITEERE 0.01IM - 5{[0% F5IME
7 | AgNOs Pb(NO3)2 Ba(NOs)2 Ni(NO3)2
NaCl | HE&k SRV - -
Na2SOy | - SREV/W SREV/W -
NazS | SBEK B - BEJR

* Wit B > BB

BH—aswaH AgT - Pb? ~ NiZ* =fEif % 0.01M » Z5{H 155 0.01M £y NaCl ~ NaSOs ~
NaoS A 18 Fyaaliil - {8 Ag* ~ Pb?* ~ Ni** 53t » AR AR INE T K T 50— 2
(A) NaCl ~ Na2SOs4 ~ NazS
(B) Na2SO4 ~ NaCl ~ Naz2S
(C) NaCl ~ NazS ~ NaxSOq4
(D) Na2SO4 ~ NazS ~ NaCl
(E) Na2S ~ NaCl ~ Na>SO4
(HEMERR 110 EERA (LR ) B5—F F 16 H i 1-2)

fZRE Solution:
ERRTEH Agh - PO* NP =FEEE T > AR B R
A A Ag' Pb** Ni2*
Cr H B H Bk -
SO |- RSN/ -
S* BEUR BEUR BT
7 B RARGBEERETRIP VB BFRNRTE
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(DI NaxSO4 1% » {8 Pb* A i BE £l PbSO4(s) [ i) -
(Q)FFIIA NaCl B - HIEL Ag 4l @A BEE AgCl(s) (= (i) -
)EZ1ENIA NaoS B - (i Ni2 Bl S™A: pfifi{L88 NiS(s) B gy -

If the solution contains Ag*, Pb%*, and Ni?* ions, the attached table can be simplified as:

Reagent | Ag* Pb?* Ni2*

CI white precipitate | white precipitate | -

SO& |- white precipitate

s* black precipitate | black precipitate | black precipitate

1. When NazSO; is added, it only generates lead sulfate, PbSO4 (s), white precipitate with Pb?*,
2. When NaCl is added again, silver chloride, AgCI (s), white sediment is formed with Ag™.
3. Finally, when NazS is added, Ni?* and S form nickel sulfide, NiS (s), black sediment.

Teacher: The solution in this question contains three ions: Ag”, Pb**, and Ni*". The table can

be simplified as follows.

Reagent Ag+ Pb** Ni%*

Cr white precipitate white precipitate -

SO4* - white precipitate

S* black precipitate black precipitate black precipitate

The vertical direction is the reagent we want to add. Which reagent should be added
first to produce a precipitation?

Student: Adding Na,SOs first will only form a white precipitate with Pb*".

Teacher: That's right; now, Ag" and Ni*" are left in the solution. Which reagent should be
added to produce a precipitation?

Student: When NaCl is added again, it will form a white precipitate with Ag".

Teacher: Excellent, what reagents should we add at the end?

Student: Finally, NasS is added, which will form a black precipitate with S,

Teacher: So what is the correct option for the order of adding reagents?

Student: (B) Na2SO4 ~ NaCl ~ NaxS

8 BB BB ERRETRLY MR FEREF
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(B) NaxSO4 ~ NaCl ~ NaxS -
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Equilibrium of Reactions and Stoichiometry
\
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BEF thiE EF thiE
reactant 2 TER) catalyst {7
resultant/ product R EY) solid state [E]7E
coefficient %85 liquid state TRHE
law of conservation of mass | EHE=~FIEEHE | gaseous state SAAE
conservation of charge E iR aqueous solution KA
stoichiometry ¥+ limiting reagent R 5
yield FER excess reagent A S
theoretical yield HEmESE actual yield HEER
combination reaction w=yd decomposition reaction | 73 fi# S JE
displacement reaction B E
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[ o comply with . }

5] : The formation of water molecules from hydrogen and oxygen complies with the law of

conservation of mass.

FORMESREL /Ky TR FEESFRERE -

[ (2] , which is in the form of , . ]

4« According to this chemical equation, we can find that hydrogen and oxygen, both of

which are in the form of gas, react to give liquid water.

FRIZILAEEE R S, - BefMIRE 43R RARHY SR RRHY S S IR G AR REHY K

[ © Itis that . ]

14 « 1t is by adding ammonia that we mainly deal with nitrogen oxides currently.

HESEMELIIARRN T2 REHEEELEY) -

[ O In the process of redox titration, . ]

%14 « In the process of redox titration, an acidic potassium permanganate solution of known
concentration will react with oxalic acid to produce pink divalent manganese ions and
carbon dioxide.

EETRLB R ENEET - CRRENRE M AR SR g R EHESE
WAL B SR T(Mn®*) DLR — &AL -
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After studying this chapter, students should be able to know that:

B4R I SEA L e L BT -

Students can learn to balance chemical equations and acquire skills in stoichiometry

calculations.

o BIREERE s
BlzE—

SEA ¢ BAERERIA TR A0 TSP ARSI S -
Students can balance the reaction formula via “atom immortality” and “charge
conservation.”

What is the coefficient of H2O after balancing the reaction formula:
NOs; +2Zn+OH +H20 — NHs+Zn(OH)4+? (the simplest integer ratio)?
(A2 (B)3 (C)4 (D)5 (E)6

L ES  NOs +Zn+0OH +H20 — NHs+2Zn(OH)4*
Prte (RRHEREEEEL) - H20 HYGRE R ?
(A)2 (B)3 (C)4 (D)5 (E)6
CEIPRRR 110 ERRA CEE(EE D) 5 H 31 H HE3I)

fi#ZRE Solution :

A TERFAR A TSR SR S B R ARy
aNOs; +Zn+bOH +cH20 —d NHz+eZn(OH)4* -

(LB RS2 MERT Nl Zn [ F4EBR8E cd=a - e=1-
QF#HIFEF : b+2c=4+3a-

Q) FEOJEF - 3a+b+c=4-

(4)FtreEfE - ath=2-

fglsinr J7fE0r15 a=0.25> b= 175> ¢ = 1.5 > $ZLLBH bR G - S g
B NO3 +4Zn+70H +6 H20 —1 NHs+4 Zn(OH)s2 ™ -

12 BB ANERERSTRLL CEH FERRE
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Use the equilibrium reaction formula "atom immortal” and "charge conservation." The reaction
coefficient is assumed to be:
aNO3 ™+ Zn + bOH ™+ cH,0 —d NH3 + eZn(OH)4%~
1. Because the total number of N and Zn atoms remains unchanged before the reaction: d = a,
e=1
2. balance Hatom:b+2c =4+ 3a
3. Dbalance Patom:3a+b+c=4
4. Dbalance charge:a+b=2
Solving the cubic formula, we can get a = 0.25, b = 1.75, ¢ = 1.5, scaled to the simplest integer
ratio. Therefore, the balanced reaction equation is:
NO3 ™+ 4 Zn+7 OH™+ 6H20 —1 NH3 + 4 Zn(OH)4>~

Teacher: Which two laws or rules should we use to balance the reaction?

Student: We can use the law of atomic immortality and the law of charge conservation.

Teacher: That's right. Observing the equation, when a single element Zn appears, we can
assign its coefficient as 1 initially. For the other components, we can assume
reaction coefficients as follows:
aNO; + Zn+ bOH + cH,O — dNH3 + eZn(OH)s*
Based on the principle that the total number of N and Zn atoms before the reaction
remains unchanged, can you know what d and e are equal to?

Student: disequaltoa,andeis 1.

Teacher: Great. Then, what can we learn if we balance the hydrogen atoms first?

Student: b plus 2 times of ¢ is equal to 3d plus 4. Because d is equal to a, b plus 2 times ¢
equals 3a plus 4.

Teacher: Then, what will we get if we balance the oxygen atoms?

Student: 3 times of a plus b and c is equal to 4.

Teacher: Then what should we do next?

Student: Balance charges. The total charge on the left side of the equation must equal the
total charge on the right side, and we learn that a plus b equals 2.

Teacher: The last step is to solve the simultaneous equations and scale them into the simplest

integer ratio. What are the reaction coefficients you calculated?

13 BB RUBEFRETRER R FFHRE
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Student: Solving the system of equations yields a = 0.25, b = 1.75, and ¢ = 1.50. Scaling
them to the simplest integer ratios, the balanced chemical equation becomes
NO;~ +4 Zn+7 OH™ +6H>0 — NH3+4 Zn(OH)4>~.

The coefficient of H>O after balancing the reaction formula is 6.

R PE R FIE R (E E T R 2

BB 0 H R OE R R AT <P AL R

HAG g8 Selg AT EHAERE TR Zn FATATDISEET R 1 TEA
A LU S (48R - aNOs +Zn+bOH +cH,0 —d NH; +eZn(OH)4?
TR S HERT N A Zn JRT-48BORE > a]DUAIE d F e SR HEE 2

B4 dFERa e FiR e

AN R BTSSR T o T RARE T 2

EBAE T b Il 20 S 4+43d o KB d % a o bl 2¢ A 443a -

RN AR R T - AT LARIE P ?

B2 0 3aflib e Fr 4.

LR IEERE BRI ?

BRrp 1 PR - X /B AR R S G B AR SR v DAKIE a il b R

2o
LRl BRI RER o FE IR BRI - IR AR AR B (T
UE ?

B4 ML ENFGa=025b=175>c= 15 ZLPHLEGRGEEELE > HF
#yE Ry NOs” +4 Zn+7 OH ™+ 6H20 — NH3+4 Zn(OH)s* -
PRIEL > SP-Mfrf% H20 (Y2 REfSE R 6 -

14 BUORAGBEFRETREL B EERE
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Students can determine the limiting reagent from the quantities of reactants in a chemical

reaction.

Potassium superoxide is often used to fill the respirator, which can produce chemical reactions.
Its reaction formula is as follows:

4KO2 +2CO; — 2K:COz3 + 302
The oxygen released from the reaction can provide breathing for the wearer in the pit, under
the water, on the mountain, or flying high above the ground. If the reaction between 0.16 mol
KOz and 0.10 mol CO: is complete, which of the following statements are correct?
(A) KOz isa limited reagent.
(B) About 4.8 g of oxygen will be generated.
(C) The higher coefficient in the chemical reaction formula is always the limited reagent.
(D) The one used up first in a chemical reaction is a limited reagent.
(E) The substance participating in the reaction with less mass may not be the limited

reagent.

FEE(LHFE N IR PR E S - sed B E » EREST -
4KO2 +2C0O; — 2KoCO;z + 30,
[ FEFTREHHINEGR - TIHREEERYT ~ KA T ~ Sl RS R TE 2 B EcE P, -
& 0.16 mol 1y KOz £ 0.10 mol 1y CO2 5E & [ FESE BEF » 5T TN FI R IEHE 2
(A) KO: RfREHA -
(B) KrAERKERLT 4.8 5T ©
(C) (bEBRIEA BRI R R E A -
(D) (LEBRIEFETHERATEEARERA -
(BE) ERSHERENYE  BEBRVEF—ERBRESRD -
(REEHGEME R 110 FERA CEEEE D) £ F41H ZEEE 1H)

15 BB RUBEFRETRER R FFHRE
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#ZFH Solution :
4KO, +2C0; — 2K,CO;3 + 30
EESENER I 0.16 0.1
SLAVEHE | -0.16 -0.08 +0.08 +0.12
RIEZEHE |0 0.02 0.08 0.12

B S 50 S R PR B A - A KOz RIREFA - AR 3.84 0 -

4K 0, +  2CO2 —  2KoCOs + 302
original mole 0.16 0.1
mole of change -0.16 -0.08 +0.08 +0.12
mole after reaction | 0 0.02 0.08 0.12

The one used up first in chemical reaction is a limited reagent. KO- is the limited reagent, which

generates 3.84 grams of oxygen.

Teacher: How can we tell the limited reagent from others?

Student: The reactant completely consumed first in the chemical reaction is the limited
reagent.

Teacher: Can a limited reagent be directly judged by the reaction coefficient or quality?

Student: No, divide the molar number of each reactant by its coefficient; the smaller the value
is, the limit reagent is.

Teacher: Great. Which one is the limited reagents in this question?

Student: KO:. is a limited reagent. KO. molar divided by its coefticient 0.16/4 is 0.04, and
CO.molar divided by 0.1/2 is 0.05. As a result, the value of KO. is relatively small,
so it is a limited reagent.

Teacher: Excellent. Next, we can infer from the actual quantities involved in the reaction
using the coefficient ratios to deduce the amount of product generated. Therefore,
when the limiting reagent is consumed at 0.16 mol and given the coefficient ratio
of KO» to oxygen is 4:3. How many moles of oxygen are produced? How many
grams?

Student: The oxygen produced was 0.12 moles, which will be 3.84 grams.

16 BYOD RS EERE TN BP F RN
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Teacher: Great, so what are the correct answers to this question?

Student: (A) (D) (E).

RN 0 SR A R IR E SUHIE ?

B BB REF RS S e A Y R IR 2 A -

EHh 28 IREAFIREEFEHREGEEE 85 HES ?

B AT BRI EYRE IR DI RS BE S N AR R E U -

Eh JEERE - BB RIREER 7

B KO 2RERA » KRy KO EEEFR DI85 0.16/4 & 0.04 » CO EEHEFRLA
HA%80.1/2 F 0.05 » KO Hy{EEL#E /N LUZ PR el o

ERN : EHEE - BEEELEET AR EE S DR - PR LR EES B FEN & (%
bk Hesm » NIbE R EHE# A T 0.16 mol - HH KO» FIE RV HRELEE 4:3
KA RR /DR ? /DTl ?

B BRERE 012 55H > 3.84 5 o

Ehh s R HittiE ISR EE ?

24 (A)D)E) -
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N Types and Properties of Heat of Reaction

B LTS R R R - SRIAPERE L H AR R E RN - SRR TR
BN RIS THNZER - BEE A MR E R E RIS ERAT R R > SKEURFE SR A
AEI AN SR R A e B LERE - SRIHESEAES - (NIEES L& LERA
KA AR R - 5350 > KR A: PR AR S RERR A A S AR AR AR (S F B R
HILEThRERY A AL TR

EB¥F thi¥ B¥F thiZ

heat content Bes thermochemical equation LTRSS

heat of reaction [ FEER molar reaction heat SH I EEL

standard status TEEAE R A standard molar reaction heat | EEX4EELH 7 JEEZL

exothermic reaction TN T heat of molar formation B E AR
standard molar heat of

endothermic reaction | W € REAE L H AR
formation
Hess's law/ the law of AT E R, S EE

thermochemistry L

additivity of reaction heat AR E
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[ (1) is called . }

#47 : In a chemical reaction, the difference between the sum of the heat content of the

products and the sum of the heat content of the reactants is called the heat of reaction.

{EERET - AR R G BRI BN JEYIRE G BRI 2 7= H - TR SR

[ ® As is shown in the graph, . }

14 « As is shown in the graph, when the total heat content of the reactants is greater than the

total heat content of the products, this is an exothermic reaction.

WERTR > & REYRIEE G BN BRI EER G B - IR BEEE -

[ ® On one hand, . On the other hand, . }

%14 - Thermal reactions are divided into two types. On one hand, when the total heat content
of the reactants is greater than the total heat content of the products, this is an exothermic
reaction. On the other hand, when the total heat content of the reactants is less than the
total heat content of the products, which is an endothermic reaction.

BN E Sy Ry WA - —J71H] > & R EY)RAEEN S EkEAéEBZ%EI% ZLE BN o AT
BN E 55— J7H > & EYRIEEE S B/ NN A I SR BN & I - IEE Ry AR JE -
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After studying this chapter, students should be able to know that:
EERE TR BB TRV E R T A BB B RE BRI L -

Students can comprehend the writing style of thermochemical equations and the changes in

energy within chemical reactions.

w BIREERE s
BlzE—

S ¢ AR R H AR RN

Students can learn to calculate the heat of formation.

Please check the table below to know the molar heat of the formation of glucose at 25 °C and

1 atm, and write the corresponding thermochemical equation. How many calories need to be
absorbed or released to produce 270 g of glucose? (CsH1206 = 180)

ﬁ—F%U\Tﬁ‘%ﬂ 25 °C ~ latm H—f%ﬁffﬁﬁ’]ﬁﬂ@éﬁk‘““ I%Hﬁﬁﬁgfﬁﬁglm'fb%}i@fb .
AR 270 o HIRTAINE » BETREH S/ BR 2 (CoHiOp—180)

e

—Sftlk BE Ik wEE BEE BR —S(tE KEF K

CO(g) GHOH() CHyg) CH;,04s) MgCOis) CH(g) NO(g) HO(g HO(U)

— 1105 | —277.7 | 523 — 1260 | — 10958 — 748 90.2 | — 2418 — 2858

(AEHSERF i 110 E3RA CEBEE) 5% $29H flE1-1)
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#ZFH Solution :

6C(s) + 6H2(g) + 302(g) — CeH1206(s) AH= —1260 kJ
R = H 8= 1.50 mol

EEnER 1260 kJ, molx1.50 mol =1890 kJ

6C(s) + 6H2(g) + 302(g) — CgsH1206(s) AH= —1260 kJ
The number of moles of glucose = 1.50 mol

Need to exotherm 1260 kJ/molx1.50 mol=1890 kJ

Teacher: What should we do before figuring out how many calories we need to absorb or
give out to produce 270 grams of glucose?
Student: We should write the chemical equation for the production of glucose.
6C(s) + 6Ha(g) +302(g) — CcHi206(s)
Teacher: That's right. Based on the thermochemical equation, how to calculate the heat of
reaction based on the data in the table.
P » \ L 2 / /é‘ ; ‘&

—§itH B % HER BEE PR —StE KEE K

CO(g) GHOH(®) GCH(g) CHpO(s) MgCO(s) CH,(g) NO(g) HO(g) HO(Q)

—110:5% | —:277:7 523 — 1260 — 10958 — 74.8 90.2 — 2418 — 2858

Student: The sum of the heat content of the products minus the sum of the heat content of

the reactants, which for this question will be
—1260 kilojoule—0 kilojoule = —1260 kilojoule.

Teacher: Great, so the molar heat of the formation of glucose is -1260 kilojoule. Is it
endothermic or exothermic?

Student: Exothermic.

Teacher: Yes, write the corresponding thermochemical equation.

Student: 6C(s) + 6Ha(g) +302(g) — CsH1206(s) AH=-1260 kJ

Teacher: We got the heat of formation per mole of glucose. How many moles is 270g of
glucose?

Student: 270 g/ 180 g mol =1.5 mole
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That's right. And we know that the production of 1 mol of glucose releases —1260
kJ. Therefore, the production of 270 g of glucose, which is equivalent to 1.5 mole,
requires the absorption or release of how much heat?

1260 kJ molex1.50 mole= 1890 kJ, 1890 kilojoules of heat are given out.

FER AR 270 g iYRENE - TR B 2%/ VEE 2 RiTE Se M S St T
E

5 A R A R EEE S FESL © 6C(s) + 6Ha(g) +302(g) —  CeHi204(s)

258 MRIREMEE TR » PP fer 5 i HE S MBS FE S 2

A IR ER B BRI FEY)RY BN & E 4R - L FLRERY R BBV R — 1260 T8

H -
REF > LA RN S E AR BN — 1260 T-HEH. » Ry EETER ?
e

Y B ENE R ES -

6C(s) + 6Ha(g) + 302(g) — CeHOs(s) AH=—1260k]J

M HEEETEEAAREL - 270g AVAE I H%ER ?

270 5E/(180 o/EH)=1.5&EH -

R MIMIAIERARK 1| EE fEaEEeg it —1260 TAEE - KR
270 g Wy B ELE 1.5 = H. - FRRUEit %/ bEvE ?

1260 kJ /' molx1.50 mol=1890 kJ » iz} 1890 T-HEH.AYELE -

YR ABEIRE TR B FEERT S
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Students can understand the calculation of Hess’s law.

(1) 4NHs(g) +302(g) — 2N2(g) +6H0(1) AH= —1530kJ

(2) N2O(g) + Ha(g) — Na(g) + H20(1) AH=—367 k]

(3) Ha(g) +1/202(g) — H2O0(1) AH=—286kJ

How many kJ is the heat of the reaction of 2NH3(g)+3N20(g) — 4N2(g) +3H20(1)?
(1) 4NHs(g) +302(g) — 2N2(g)+6H0(1) AH= —1530kJ

(2) N2O(g) +Ha(g) — Nao(g) + H20(1) AH=—367KkJ

(3) Ha(g) +1/202(g) — H2O(1) AH=—286kJ

AloK ¢ 2NH3(g) +3N2O(g) —  4Na(g) +3H20(l) HIRIER RS 1 kI 2

(AEHBEERERM 110 EagsE (BEEERED -2 H39H &@hls5)

fZFE Solution :
(1) 3eLL0.5 > 2NHs(g)+3/20x(g) — Na(g)+3H:0(1) AH=—1530*0.5

(2) FLL3 > 3N20(g)+3Ha(g) — 3Na(g)+3H20(1) AH=-367 * 3
+) (3) FLA(=3) > 3H0(1) — 3Hx(g)+3/20x(g) AH=286 *3

ONHi(g)+3N20(g) —  4Na(g)+3H0(1)
AH=—1530 * 0.5+ (—367 * 3)+286 * 3=—1008 kJ

(1) multiply by 0.5, 2NH3(2)+3/202(2) — Na(g)+3H0()  AH=—1530* 0.5
(2) multiply by 3, 3N20(g)+3Ha(g) —  3Na(g)+3H,0(1) AH=-367 *3
+) (3) multiply by (=3), 3H20(I) —  3Hax(g) +3/20x(g) AH=286*3

ONHi(g)+3N20(g) —  4Na(g)+3H20(1)
AH=—1530 * 0.5+ (=367 * 3)+286 * 3=—1008 kJ

Teacher: By reading the title, we can combine the heat of the reaction from the known
thermochemical equations. The heat of the reaction of a thermochemical equation
can be obtained by summing up the heat in different ways. What law will such a

reaction obey?

Student: Hess's law.
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Teacher: That's right. The requirements of the title, how can we apply Hess's law to calculate
the heat of the reaction accordingly?
Student: Because the desired balanced reaction is
2NH3 (g) + 3N20 (g) — 4N> (g) + 3H20 (1), oxygen gas must be eliminated, and
N20 must be present in 3 moles while NH3 (g) must be present in 2 moles.
So, first multiply formula (1) by 0.5 to cancel out the oxygen term when combined
with equation (3), formula (2) by 3, and formula (3) by —3. We can get the answer
after we calculate their respective heat of reaction and find the sum, which is the
heat of reaction for this question.
(1) multiply by 0.5, 2NH3(g) + 3/202(g) — Na(g) +
3H>0(1)
(2) multiply by 3, 3N20(g) + 3H2(g) — 3Na(g) +
3H>0(1)
+) (3) multiply by (—3), 3H20(1) — 3Ha(g)+ 3/202(g) AH=286 * 3
2NHs(g)+3N20(g) —  4N2(g)+3H20())
AH=—1530* 0.5+ (=367 * 3)+286 * 3=—1008 kJ

AH=-1530*0.5

AH=-367*3

So, the heat of reaction of 2NH3(g) +3N>0(g) — 4N2(g)+3H0(1) is —1008 kJ

RN PEEERERMEEE CRIEMEE T2 A & HACRAV R IEEL - T —{EE B2
JEXHV S ERA AT FH AR ER TS - S HBERIIMORES » BRI ESE STt
JEETEE ?
A RRTERE
ERE 285 - RILARRE EHAVEDK » TMez 0 E AR E T B AR R B 2
BAE L RBERARAICR I ES B 2NHa(g) + 3N20(g) — 4Na(g) + 3H0(1) » RIHZEBE,
FoHZ - HNoO A 35EE » NHi(e)f A 2 = E. > FrRUER=(DFRM 0.5 5 T
FIHGYHESR » H(Q)FEDL 3 0 HB)FLL-3 » FH H A B BRI K LG
BB JHLRE A R Y, -
(1) FeLL 0.5 » 2NHs(g) +3/202(g) — Na(2)+3H0(1)  AH=-1530* 0.5
(2) FELL 3 > 3N20(g) + 3Ha(g) — 3Na(g)+3H20(1) AH=-367 *3
+) (3) FeLl(=3) > 3H0(I) — 3Ha(g)+3/20(g) AH=286*3

2NH;(g)+3N20(g) —  4Na(g)+3H20())
AH=—1530 * 0.5+ (=367 * 3)+286 * 3=—1008 kJ
RlIE 2NH3(g)+ 3N20(g) — 4N2(g) + 3H20() Y FEEE —1008 kJ.
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2-1 mEStE

Gas Properties

-

b/ NS R A SRR - MR SRAS T HY SN - BRI P SR AR EE YR
- FRRE B OB D E AR =B D aH IR T R R AR B TR R

AEIh e R R AT A AR Y > Hica AR A E LR EE
EAERTTETHYE R

E¥F th3 B¥F thiE
barometer AR atmospheric pressure KRR
expansion R RRME Pascal IELIES
fluidity JrEtE compressibility FR%EME
vacuum H7ZE closed-tube manometer PR S5t
open-tube manometer | [ C1EEJJET International System of Units | EJFEEE 7 Z2470

26 B AMBEERE TR EP F RN E


https://terms.naer.edu.tw/detail/3815606/?index=1

o
S

&/
nn.‘f’y

S

g‘iw_i
R

=

KT INEF ? b A’ﬁ,{h‘?{s 7 [ T ijgﬂ’-'}‘ ’E%F%?i?”ﬂi" ?ow

[ o have/has an impact on . ]

4] © The flow of the atmosphere illustrates the fluidity of gas, which has an impact on the daily

life of human beings.

KRRHIRERR I TSR REnE - e B NEHE AT -

[ (2] be related to . J

4] © The flow of the atmosphere is closely related to changes in the weather and environmental

problems.

RSBHR BB AR L AR S FTREE S AR -

[ (3) be abbreviated to . }

4] - The unit of pressure adopted by the International System of Units is Pascal, which can
be abbreviated to Pa.
[P BRI S PR PR BR T B AL R et - el Rt

[ O There are two types of . One is , the other is . }

4] : The tool for measuring the gas pressure in a closed container is called a manometer, and
there are two types of them. One is a closed-tube manometer, while the other is an open-

tube manometer.

MR A S5 N SR AR B Iy T EAE BB S Jat - IR I5T 3 Re i - — R RPHIIZN
B3t - s —taEh =R T IaT -
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After studying this chapter, students should be able to know that:
B RE TR RAGHIMEE SRS YR -

Students can understand the properties of gas and the measurement of gas pressure.
» BIERRE o8

pIEE—
St ¢ AR SRR TR AR A -

Students can understand the causes of gas pressure from a microscopic perspective.

The figure on the right shows the model of the free movement of gas
particles in a closed container. This model expresses that the pressure of
gas comes from the concept that gas particles collide with the container
wall. According to this particle motion model, which of the following

statements are correct?

(A) The magnitude of the pressure depends on the number of impacts per unit time and
the impact force.

(B) At constant volume, the gas pressure increases when the number of impactor wall
collisions per unit time increases.

(C) At absolute zero, ideal gas particles still have kinetic energy.

(D) When the temperature rises, the number of collisions per unit time and the impact force
remain unchanged, so the gas pressure also remains unchanged.

(E) At the same temperature, the speed of gas particles is not exactly the same.

28 BB RUBEFRETRER R FFHRE
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A Ry b s SRR LT B RS B IAAL - AR i SR G BE T2 A E SRR 1
Wi S 2R BERUMES  MRIZIEDRL T2 ENHAY - T HIRCICIl L (b 2
(A) BIRR/NEUAN GBI R ER SRRy R s s -
(B) BAT - BEARFRRHEREERBIE K - AIRER MK -
(C) e Zny - BRI T R AEhEE -
(D) & mfETE B Rl a e X B R il i A 5 > (NG

SRAZEE I ANEE -
(BE) E—IRER - RRRTFHYERIIEE 2

(B—HR 110 EERA CEEEE D F 5 Bl ZBEEE 23)

Teacher: From a microscopic point of view, how is the pressure of gas in a closed container
generated?

Student: It is through the number and force of the gas hitting the wall of the container per unit
of time.

Teacher: That's right, how would the gas pressure change if the number of hits to the wall of
the vessel increases?

Student: It will increase.

Teacher: Great, what happens to the pressure if you raise the temperature?

Student: It will increase because the rate of motion of the gas will increase and so will the
frequency at which it hits the walls of the vessel.

Teacher: What about at an absolute temperature of zero?

Student: The gas may have no pressure because the gas particles do not move freely, they do
not collide with the walls of the container to create pressure.

Teacher: Excellent, so at the same temperature, do the gas particles move at the same rate?

Student: No, gas particles collide with each other in the container, which will cause some
particles to be faster and some slower. Therefore, at the same temperature, the speed
of gas particles is not the same.

Teacher: Very good, so what are the correct options for this question?

Student: The correct options are (A) (B) (E).

T LABIBCE © SR R A A BE T AT R 2
Bk G B T A 2R SR BT X ORI T
AT A AR BB - SRS A T 2
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Students can calculate the gas pressure by the height difference of the manometer.
We know that the atmospheric pressure is 760 mmHg. As shown in the right figure, the pressure
of a gas is measured with an open-tube manometer. The height difference between the left and
right mercury columns is 140 mm. How much mmHg is the pressure of this gas?

How many atms are equivalent?

ERIASREE ] Ry 760 mmHg - (A EFTR - IR ZUKEREETIET B,

SHITE — =5 Fie s RSN N mmHg 1 140 ‘ P=27 atr
MEFRABIVEET) - 72~ GE/KIREATSEZE R 140 mm » KL ¥ o b/

A
SRASHVEE S Fs %5/ mmHg ? AHE % /) atm ?

(EyPRAR 110 EERA (CEEE(EERT) 2% 5 10 H & 2-2)

Teacher: Which side is at a higher pressure in the picture?

Student: The right side. This is because the mercury level on the right is lower than that on
the left.

Teacher: That's right, how much mmHg is the right side bigger (or larger) than the left side?

Student: 140mmHg.

Teacher: So how should we figure out the gas pressure on the right?

30 PR AGEEERE TR EP EERRF
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Student: 760 mmHg plus 140 mmHg equals 900 mmHg.
Teacher: The answer is correct, how to convert the 900 mmHg unit into atm?
Student: Because the atmospheric pressure is 760 mmHg, after it is divided by 760 mmHg,

we will learn that 900 mmHg is equal to 1.18atm.

T (EE IR EA BRI EEEeR ?

B4 G RGENRIEREERNLE -

TN 8% GEBEIEAAE K%/ mmHg TE ?

B4 1 140 mmHg -

T P ABIEZ A B A B RAEE ST ?

B2 1 760 mmHg ff 140 mmHg 2574 900 mmHg o

Ehl - FH T A 900mmHg BLATHARYE atm FANAHATINE ?

B [RE—KREBEE 760mmHg - FrLIEEERDL 760mmHg » 900mmHg 2552 1.18atm °
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Gas Law
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BF thE ¥ thaE
air column B mercury column RKAE
liquid level ARTH Boyle's law KU HEE
closed end £ EAvR atmospheric pressure KRR
gas expansion rate RS AR Charles's law EHEFE
extrapolation SME% absolute temperature scale ACEap
Celsius WmERE Avogadro's law S IIRRE R

TR EiHT P 0o IIFLEEREFT Y o
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fil4) © With J-shaped tubes, British scientist Boyle explored the relationship between the pressure

and volume of a quantitative gas in a closed container under a fixed temperature.
FEIRMEZOR DLEAA ) AVETGEHEE S RERIRCGE T BRI A sy
R RS < AR (% -

[ (2] , which means .= , meaning . ]

4] : When the volume of the gas column is 60mL, the difference in height between the two
ends of the mercury column is zero, which means that the gas pressure at the end of the
closed column is in equilibrium with the atmospheric pressure outside.

ERAEASTE Ry 60mL I » Wil R AR AN S S 2 R - ForEPAE IR RASEE T
BRSNS BR T2 VIR RE

[ © in explanation of . ]

5] : We can use Boyle's law in the explanation of human respiration.

AT AT LR IR PAELRE AR A AR (R -

[ ® In conclusion, . ]

4] : In conclusion, under the same temperature and pressure, the same volume of gas contains
the same number of molecules, that is, the gas volume is proportional to the number of
moles.

SEmptas > FUE -~ [FERT - MHERSREY R S A EER T8 BRSe R E
BRIELE -
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After studying this chapter, students should be able to know that:
SR TR RS MR 2 FIHVRE (A

Students can understand the relationship between the properties of gases.

w BIREERE s

plE—

S ¢ BARRE TR EE R - BB » AR HEIRA (% -
Students can understand the relationship between the volume and the number of moles

of a gas at a constant temperature and pressure.

There is a container containing two diatomic gas molecules X2 and Y2, the molar ratio of which
is 1:2, reacting at a constant temperature and pressure, after the reaction is completed, the
volume becomes 1/2 of the original volume, if the reaction is only A product, and it is a gas,
what is the possible molecular formula of the gas product?

(A) XoY

(B) XY

(C) XY2

(D) X3Y2

(E) X2Y3

H—HaA X Yo WEEFEFIRE DT  EEHEER 12 28R - EB TR
JE » RIETEHARRSIRE Rk 12 HZRIERA—EEY) - I B RS - AR
FEPIHI 7 T2 AT RE R ] 2
(A) XoY
(B) XY
(C) XY2
(D) X3Y2
(E) X2Y3
(110 f55{EEER} 3B 5 )
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Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

OV KT TRT A ERET P we TITEBHHREFT

To find the molecular formula of the gas product of this reaction, what can we do
first?

We should assume the desired molecular formula is XaYo.

That's right, then we need to find out the relationship between the reactant and the
product in the chemical equation to derive the molecular formula of the product, so
how to write the chemical equation based on our assumptions?

With the law of atomic indestructibility and mass conservation, the chemical
a

. . X242 ¥ao Xa¥i
equation can be written as e .

Then we can write the equation after the reaction as

aX2+ bY2 - 2XaYbh
1 2

—ma —mb +2m

1-ma 2-mb 2m

Originally a total of 3 moles reacted leaving 1/2 of the original amount, and in other
words, 1.5 moles are left. What equation can we formulate?

1-ma+2-mb+2m=1.5, the simplification of which will be (a+b-2)m=1.5.

Very good, then let's assume that X2 is a limited reagent, so 1-ma=0, m=1/a.

What will be obtained by substituting (a+b-2)m=1.5?

1+(b-2) * 1/a=1.5, and a=2b-4.

That's right, and because a and b must be positive integers, we can get a=2, b=3, so
a:b=2:3. If Y2 is assumed to be a limited reagent, it does not meet the answer, so

the answer is (E).

Ry 7KW N R SRR EY) 3720 B SeakPIRE e /e ©

{EEse AT KB 7320 XaYo ©

2t FEE IR EI BRSBTS B R BR (R AR S Y 2 oy
T3 NI MR sz a5 BB A R 2

a b
RS T TR R E P AR 2 0 T2 T e

PR R DU R IR Y T A2 B i

aX2+ bY2 - 2XaYb
1 2

—ma —mb +2m

1-ma 2-mb 2m
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JF A 3 BUELT FEMS T N IEARAY 1/2 » FRBAFIR 1.5 BEH. » F{FTa] DA+
JERER ?

A ¢ 1-ma+2-mb+2m=1.5 > {Lf§& 5 (atb-2)m=1.5 -

EED R BEERM e EEE X2 2IREHE - Kt 1-ma=0 » 5 m=1/a > {{ A(atb-
2)ym=1.5 F{FEI(HEE ?

Bz 0 1H(b-2) * 1/a=1.5 » 15 a=2b-4 -

RN 0 0288 0 NS a fl b H R IEEEE - AR AI1S a=2, b=3 » Ak a:ib=2:3 » 5%
22 Y2 BIREBFHBIAIATFEEE » ELEE) -

plE_

SEER ¢ AERRERA TG DLHE (R BT LA AR 5 -

students can understand the relationship between pressure and volume in Boyle's law.

The neon light commonly used in advertising signs is a lamp containing neon gas, and the neon
gas filled in the lamp tube can emit red light after passing through an electric current. Bending
the glass tube into the required characters or patterns, then installing the electrodes, taking out
the air in the glass tube, and then filling it with neon gas, it can become a red neon light. It is
known that the neon used in neon lamps has a pressure of 2.4 mmHg in a 0.50 L container.

At the same temperature, when the gas is completely injected into a 0.30 L neon lamp glass

column, how much pressure will it produce?
(A) 4 (mmHg)
(B) 5 (mmHg)
(C) 6 (mmHg)
(D) 7 (mmHg)
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(A) 4 (mmHg)

(B) 5 (mmHg)

(C) 6 (mmHg)

(D) 7 (mmHg)

CEgPRAR 110 EERAS (BEE(EER D) F2%8 5 13 H &l 2-3)

Teacher: To find out the pressure generated in the 0.3L neon tube, I can see that what I want
to discuss in this topic is the relationship between volume and pressure, and from
the laws that we have learned, which one is about volume and pressure?

Student: Boyle's law. PV is equal to a constant value, and pressure is inversely proportional
to volume.

Teacher: That's right, what else is needed if it complies with Boyle's Law?

Student: The gas must be in constant temperature and quantitative in a closed system.

Teacher: Therefore, based on the known information on the topic, what formula can we list
to obtain the desired pressure?

Student: PI1V1=P2V2, 2.4 * 0.5=P2 * 0.3. P2=4 (mmHg).

D - B TORHAE 0.3L iYERALEE E ANV - $er] DI R H T ESEPRET Y
TR R BRI R (3 > T B FRMIPT SRR RASE 2 o DS E B TR e R
KBRS IR 2

B4 0 O DIHERE - PV=EME - B ERSRRRREL -

ERN 0288 TFER DIEE FE AR TR ?

B REGLHE R TE - E] -

Zhl - NI EREEER - AT T ACREERTR Z BT 2

B4 ¢ PIVI=P2V2 > 2.4 *0.5=P2 * 0.3 > [At} P2=4 (mmHg) -
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Ideal Gas Equation
N\

b/ NS R ER AR SRR A A B S AR A 383 > SEE IR SR e T AR (R R e A > T
PR B R A B RE SR AR IR 22 22

A BERE o AT LN R A S B AR LRl N e = R R AL AT A [F SR G A~ 8
BRTTE 2 R ELRE - AEf R SRR TR Y AUl s e S TR > B8
FISESCEITHRRE - BRI AR BN RE = < RV FERA (4 -

Elll’

B¥F thEE ¥ thiE
ideal gas equation HABREAETHEZC | Boyle's law KU HEE
constant temperature | JEJh Charles-Gay-Lussac law | 7 5a.-45 (= i b B (3
constant pressure TEBE Avogadro's law ao IR E 12
standard temperature and
quantitation EE TEAE ) BR(STP)
pressure

-
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[ O deduce from . }

4] : We deduce the ideal gas equation from Boyle's law, Charles-Gay-Lussac law, and

Avogadro's law.

HAP IR A EEE ~ v -4a o B v e A A IIBIE 1R 2 L B RS G T s -

[ ® Under the condition of , . }

ffl4) : Under the condition of the same temperature and same pressure, gas molecular weight is

proportional to gas density.

FEFRE ~ [FIBREIIRAE T - SRAesr T B R B S IR -

be considered

(3] be viewed as
= be regarded as .

%4 - The property of ideal gas is assumed to be: with mass, extremely small volume of gas
particles, and no force between gas particles, and the collision effect in the vessel wall can

be regarded as a completely elastic collision.

REEER N BAEE - fEi ety - fEsiFREmER T 0
%Eﬁ?ﬂé’%ﬂﬂ%ﬂfﬂ% » A Ry Se i ERIE

[ ® at the same y . }

4] © At the same temperature and pressure, the molecular weight is proportional to the density.

[E]0 [E BRI - 7y T B AIE ERRIELE -

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

A pe B AR E RS T IR I ER AR RS L L B R = AL -

Students can understand the ideal gas equation and understand the difference between ideal

gas and real gas.

o BIEERE s
5l RE—
SRER ¢ B RE N AR H RSN E R R EEE - B -

Students can use the ideal gas equation to compare the density, weight, pressure, etc. of
different gases.

There are four kinds of gases: H>, CHa, O2, and NH3. Which of the statements are correct?
(Atomic weight: C=12, N=14, O=16)

(A) At the same temperature and pressure, the density of Hz is the minimum.

(B) When the weight is the same, the mole number of H: is the maximum.

(C) When the molar number is equal, NH3 contains the largest number of atoms.

(D) At the same temperature, pressure, and volume, the weight of O is the maximum.

(E) At the same temperature, volume, and weight, the pressure of H: is the maximum.

A VUTERAS © Ha » CHa ~ O ~ NHs3 o REIMHBERCI0LE [ 2
(FF&E :C=12-N=14-0=16)
(A) FEIRFERRES > D H: R/ -
(B) FER » M H: EHEEK -
(C) FEEEEHF » NH; FralIE FEEm -
(D) FRFEERFERER - L O: NERKAK -
(E) FAFBEEERER - M R VB -
(F—HR 110 FERA (EEB(EED) F£-
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Teacher: Step one, calculate the molecular weight of the four gases.

Student: The molecular weight of H is 2. CH4 is 16. Oz is 32. NH3 is 17.

Teacher: Yes. Option A asks for density, so we should use PM=dRT. At the same temperature
and pressure, what is the relationship between molecular weight and density?

Student: Molecular weight is proportional to density, so the density of H» is minimal at the
same temperature and pressure.

Teacher: Excellent. What is the relationship between mole number and molecular weight at
the same weight?

Student: The mole number is inversely proportional to molecular weight, so the mole number
of H» is the largest at the same weight.

Teacher: Very good. When the mole number is the same, which gas contains the largest
number of atoms at the same molar number?

Student: CHa, because CH4 contains 5 atoms.

Teacher: That’s correct. Next, the volume is mentioned in options D and E, so we should use
PV=nRT to find the answer, while n=W/M. At the same temperature, pressure, and
volume, the mole number is also the same. What is the relationship between weight
and molecular weight?

Student: Weight is proportional to molecular weight, so the weight of O is the largest.

Teacher: Very smart. What is the relation between molecular weight and pressure at the same
temperature, volume, and weight?

Student: Molecular weight and pressure are inversely proportional to pressure, so the
pressure of Hy is the largest.

Teacher: Very good, so what are the correct options for this question?

Student: (A) (B) (D) (E).

Tl B EIUERRT TR -

B4 Hyi&2 > CHazgz 16 O3 32 NH3 & 17 »

N 28R A BEIHEE BT LA PM=dRT - [ElR[E BRI » 73T 2RI EERR (R Fs T 2

B4 T EMNEERGELE - FrllEDR [E BRI H 2R /) -

L AR - MHEIEER - EEEN T ER G ?

B4 EHEM TR - FrDHEEER H EHEER % -

N JRERE o MHEEEEEE - PR &R T B S ?

B34z ¢ CHa» Ry CHa B 5 EHF -
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EHN 988 0 BE TR D FIE ZETEIEEIRSNR - FTLAZEA PV=nRT H[& - il n=W/M - [d]
s [F]ER [EIRG RN - (AREHE AR - EEN S FERVEI (R R 2

B4 0 HENOTEMIELL - Tl O FEERK -

Ehh - REERA - ABEDREIRSEEIEER - T EMERR IR R 2

B4 eI - BTl He BRI K -

Zhh 0 JEEA > LR IERESETE S EE ?

241 (A B)D)(E) -
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Students can understand the differences between ideal gas molecules and real gas

molecules.

Which of the following statements about real gas and ideal gas is incorrect?

(A) The molar volume of a real gas varies with the type of gas.

(B) The real gas molecule itself occupies volume and has mass, but the ideal gas molecule
itself doesn’t occupy volume and has no mass.

(C) At the standard temperature and pressure, the greater the attractive force between real gas
molecules, the smaller the mole volume.

(D) Under high temperature and pressure, the real gas behavior is more consistent with
the ideal gas.

(E) Atnormal temperature and pressure, the behavior of blunt gas (such as He and Ne) is close

to ideal gas.

THIEREE RIS E R AGHRCL > A2 [ 7
(A) HEREHERRGE SR EmeE -

(B) HERESTASGERGNE BAEE  BEHERES TASMEAENE > ~R
%‘FFE

(C) FEEREET - SEAE TS I > AR -

(D) I%}ﬁ'i"l ‘HJ@%#T Eﬁ‘ﬁ%ﬁﬁaﬁﬁ%ﬁé@’@ﬁ%

(E) HEET > $l5R (41 He B Ne) PRATEMTRASIT Ry
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Teacher: What is the difference between ideal gas molecules and real gas molecules?

Student: The real gas molecule itself occupies volume and there is attraction between
particles, but the ideal gas molecule itself does not occupy volume and there is no
attraction between particles.

Teacher: Yes. The molar volume of real gas will vary with different types of gas. Do you
remember which gas will be more consistent with the ideal gas?

Student: Noble gas, because it is a monatomic gas.

Teacher: Great. What if it's a polyatomic gas?

Student: This will be because the greater the intermolecular attraction force, the smaller the
volume.

Teacher: Great job. Under which conditions will the real gas be more consistent with the ideal
gas?

Student: At high temperature and low pressure.

Teacher: Very good, so what is the correct option for this question?

Student: (D).

RN HRRRE ) TRIEE SRR T Z IR R R 2
B4 HERES TASERER  RrHEEARS 1 HEEERES T AT A

ARets o KRS -

ES RS ﬁﬂﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬂﬁ PE SRR EM 22 - EaceE RS gt
fﬁé SRAGHS -

D AREE > AANRE R R TRASTE 7

240 GRET TS UEAE - fefiiv) -

RN - JEER > AMEWPE R N EE RS E T S E R RARTE ©

b SR RER -

EET 0 B RE IR 2 Ry el 2
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Gas Partial Pressure
\,

FERE/NEI AR b/ NEE A A E R AR T AR MM A B A S E HHA Y Sy B E A
BERANR GRS R e -

i = PERHTEY Y FEBH ARGy BEE N DU B/ NERFTERRY T HEEL ) R EEARE D
B2 RUR R R AR A - 2 FAVRA (R o AESREENI SRS T > B ER A Z(E FIAHRR A 5
RFLEEFTA e H e AR S

B¥ thiE BF thiE
gas collection by water
saturated vapor pressure BEAIZE SRUBR HEKERE
displacement
partial pressure o7 ER atmospheric pressure KREES
Dalton's partial pressure law | 5§57 EAEE | cock JEAE
Gas collecting bottle R correction REIE
gas collection by upward gas collection by
e]_EHRRIE A N HERE
delivery downward delivery
total pressure 4B R
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In a uniformly mixed gas system, the measured pressure is called the total pressure. The
pressure value provided by each part of the gas is called the partial pressure, that is, the
pressure when (of) each component of the gas occupies the container alone.

AR EN RIS RS - SRR IR R4REE - 2530 RAS TR (VBRI (E
Ry BE - RIS Ry RAG B8 S A% B asie B S -

be equal to . ]

G

In a system of nonreactive gases, the total pressure of the system is equal to the sum of the

individual partial pressures.

FEOANTERRIR RS - S GRHIRBRER R B ZA -

According to y . }

G

According to Dalton's partial pressure law, the total pressure is equal to the sum of the

individual partial pressures.

PRI B A 57 BR 2 8 A KGR BRI 73 BE 2 A

be soluble in . ]

il -

45

It is necessary to collect gas that is not easily soluble in water, gas collection by water

displacement is suitable.

HRWEA GIETKE SRR - AEGAPPKERE -
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'%“‘E] “’Ff %r—%?’cg ‘/})%”{‘P ,Lg? ~P3F’:;}7:P%q+ 53



£
- }.

o

o

S

JINIS;

ey

0e HFFXEFRREFLY

WEFFRT 2 RS 7
o« BEEE »
EEHEARE TR > BEESEUTE S
After this lesson, students should be able to know
B8 /E gE B iE HUH BRI E R TR -
Students can learn to calculate Dalton's Law of Partial Pressures

w BIEERE o8
BlE—
SRHR ¢ B REE EE RS TR SR E HE oy BRE YT R -

Students can use the ideal gas equation and Dalton's law of partial pressure calculations
Student Lin wanted to explore the purity of a bottle of old potassium chlorate (KClO3) reagent
in the laboratory. From what he learned in class, he learned that potassium chlorate can be
completely decomposed at high temperatures to produce potassium chloride and oxygen, so he

took 1.50 g of the potassium chlorate sample and put it in the test tube. It is heated and
decomposed, and oxygen is collected by the method of water drainage and gas collection until
no more oxygen is produced, and a total of 250 mL of oxygen is collected. During the
experiment, the temperature of the water is 32°C and the atmospheric pressure is 736 mmHg
Based on the above experimental data, try to answer the following questions. (It is known that
the saturated vapor pressure of water at 32°C is 36 mmHg, and the solubility of oxygen is

extremely small and negligible)
How many moles of oxygen were collected in this experiment?

(A) 1.6 x 10~
(B)4.1 x 1073
(€)9.2 x1073
(D) 8.8 x 10~
(E)7.3 x 1072
EFRGRT F

Ep

BPEIREFTRIP .
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PR AT FEBR S Py — BB R0 (KCIOs) VAL - ph 3RFREsias « GmEs(E
BB T A SE R R RSP RISER » FORHUL EIEPEEE 1.50 ¢ AR - 3f
FHPKERENESR  HEERHASRES - HUE 250 mL #VEE - B - K
HISRIEE By 32°C ~ KEEBE ST By 736 mmHg o % bl BEBRURHS » BlIEIE T 5RIRE - (240 32°C
KBRS By 36 mmHg > HSSRITARRIEH] > W28 T35t
LB BRI 2 D R R R, 2 SR B R=0.0820 Latm K—1 mol —1
(A)1.6 x 1073
(B)4.1 x 1073
(©)9.2 x1073
(D) 8.8 x 1072
(E)7.3 x 1072

(107 5% 4 18 /)

Teacher: The question requires calculating the mole number of oxygen. Although we can’t
directly get from the question, what can we get from this information?

Student: Partial pressure of oxygen.

Teacher: Yes. According to what law do we know the partial pressure of oxygen?

Student: According to Dalton's partial pressure law, total pressure = partial pressure +
saturated vapor pressure of water. Therefore, 736=oxygen partial pressure+36, and
we can know that the partial pressure of oxygen is 700mmHg.

Teacher: Good job. After knowing the partial pressure of oxygen, what formula can we use
to calculate the number of moles of oxygen?

Student: The ideal gas equation.

Teacher: That's correct, so how to formulate according to the equation PV=nRT?

Student: (700/760) * 0.25=n * 0.0821 * (324+273), son=9.2 * 107 moles.

Teacher: Yes, so the answer is (C).

EHT : EHFTRRBE L ERAVETE - BN ARE H CARE S EE RS - N
HATAT LLSETERE H R Hy A2 2

B4 FORHYTE -

R 28 RPTEMRIB M E HR GRS RAT 7B ?

A RIS E S BE E T AN AREE — SR BE KAV BERIZE SRR - BRIIEL 736=% R0
BA+36 > A4 SR TEE Ry 700mmHg

47 BYOD RS EERE TN BP F RN



RTREFRT R ENRT P vo iiEFEEFEFEL Y o

FHL - RE > KEERTBEIRMEF HATH T2 TR AT R E A RNV = 7
24 0 HAHRERTER -

EHT - 288 > IR E TR PV=nRT Z A 51

E2/E 1 (700/760) * 0.25=n * 0.0821* (32+273) » Kt n=9.2 * 107 ZLH -

CHN - JZ8E 0 MEEZEEC) -

BIE_

m

StEH ¢ B AR B By B E RS R A o R & R AS Y AR B SR B B o SRR B T Y
%%D °
Students can use Dalton's law of partial pressure to know that the total pressure of the

mixed gas in the container is equal to the sum of the pressures of the individual gases.

At 27 °C, fill the syringe with nitrogen gas of 2.0 atm and volume of 0.50 L, and another
container filled with oxygen of 5.0 atm and volume of 2.0 L (as shown in the figure on the
right). After opening the cock, fill the syringe with nitrogen gas completely. Into the container,
assuming that the volume of the thin tube connected in the middle is ignored, what is the final
total pressure?

(A) 5.5 (atm)

(B) 6.6 (atm)

(C) 7.7 (atm)

(D) 8.8(atm)

27 °C % » DISHEEE A 2.0 atm ~ #2315 0.50 L 55 °» AN EFEEH 5.0 atm ~ §5f& 2.0 L
HIER (AAR) @ KPERTTFE - FEENNE R 2EAR ST - ek e
ERSEAET > Al 88 S Ry 2o/ 0 ?
(A) 5.5 (atm) ‘
(B) 6.6 (atm) EEEE Ly
(C) 7.7 (atm) 5.0 atm 2.0 atm
20LER 050LER
(D) 8.8(atm)

CEFPRAR 110 EERAS (CEEE(EER D) SF = 5528 H FE#f) 2-10 )
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Teacher:
Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

From the description in the question, what law can we use to find the total pressure?
Dalton's law of partial pressure.

Yes, so we can get it by adding the partial pressures of nitrogen and oxygen. How
can we get the partial pressure of nitrogen?

According to Boyle's law P1Vi=P>V>, we can know the relationship between the
pressure and the volume before and after opening the cock to calculate the nitrogen
partial pressure. 2 * 0.5 = P2 * 2. We realized that the nitrogen partial pressure is
0.5 atm.

Excellent. How can I get the partial pressure of oxygen?

Because there are still two liters of gas after opening the cock, the partial pressure
of oxygen remains unchanged at 5 atm.

Wonderful, so how do we find the total pressure?

0.5+ 5.0 =5.5 atm. The answer is (A).

FHRE H FR AR - B R T ORASAEEE - Rl DR R T e Aok AT 2
EHHITFRERE -

288 REEAM T LA E SRR E RN 7 BRIz 0 K e S R0
Ay

TR LELERR PiVi=P2 Ve AT DIRTEF RIS 2 Filfs BE T EERS TR RA (Fok
ERITEE - 2%05=P2*2> fa@ﬂ’fm;? 73R Fy 0.5atm o

REF > HREANY Y B Al K15

%ﬂﬁaﬂ@ﬁé@%%ﬁﬁ/\ﬁﬂ@%ﬁ% » RIS RS BEAN 88— 1% Ky Satm

14T - RIEAEER el SR HY 2

0.5+5.0=>55atm » KZHEE (A) -
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Liquid and Solution

BT ALRTE RS bR R HEE  BIIR CATE RS EEE R BREZE
BV AW N @53:.,% Blefd B bAIEEAEIGE S fRE=

AREE SehE R AL R T AR A /KHY =B LR IR BRI 5 - 43S ~ 2658

\\\\\\

BR R AHETEERE > P/t P HOE R SRET A EAE ROAR S eN 2 R BRRTS 8 > iR
R R ZSRJBE T2 ~ ShE BTt ~ BEERRE N ~ 2B B E S IR IR A K ER] -
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3-1 KH9E

. Properties of Water

ANETEE T K AR R 2R  AEB PIEER SR A B KR PRI » HTIE
TEIERT R Y - BEE TR A - I/NEERT R AE Ry - ERAET ERE
HEHRERE AR -

nH = abo o BETR S A S B RV A - PR A A AR B A B /KRy = A
bR ARBRRYERR - #ET ] e A Se B A1R 45 T [HIAS -

BF thi¥ BF thiZ
heat of melting peagfwea melting point jeat e
freezing heat BRI, molar heat of fusion SEEIA L
heat of vaporization AAREL molar heat of vaporization BEEREE
heat of condensation PRAE IR boiling point Pt
heat of sublimation HIEEE vaporization vl
relative humidity TR apparent temperature HERRE
evaporation Z&EE boiling it
heating curve IR Hh4R
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#14] - When a substance vaporizes from a liquid to a gas, the change in its heat content is

called the heat of Vaporization denoted by AH;ap
PIE HRAR S LR RSER » RS EELRSILE > DL AHpep®om ©

{ (2] is called . J

#1457 © Amole of water molecules changes from solid to liquid, and the energy absorbed is called

the molar heat of fusion.

1 SLHK 1 E R RORAE - AT HIRE B AL B SRR -

[ © will accordingly. }

4] : When the temperature rises, the saturated vapor pressure will increase accordingly.

ERERER o NARBEIRE LT

[ (4) can be defined as . J

4]« Relative humidity can be defined as the percentage ratio between the partial pressure of

water vapor in the air and the saturated vapor pressure of water at this temperature.

TR E A T 28 Ry 7 SR /K2R SR o BR B ZO R N /K B B ANZA SR BB Y E 0 R (E
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After studying this chapter, students should be able to know that:
AR YA INERE BV L S AR -

Students learn about energy changes in states of matter and vapor pressure.

o BIEERE s

pIEE—
St ¢ SEARE TR FEYIE R A F R R AR -

Students learn that different substances have different saturation vapor pressures.

The saturated vapor pressure (mmHg) of the four liquids A, B, C, and D are shown in the table
below:

The order of magnitude of normal boiling point?

(A) B>A>C>D

(B) B>C>A>D

(C) C>A>B>D

(D) D>A>B>C

temperature ( °C ) Liquid saturated
25 50 75 100
vapor pressure ( mmHg )
A 24 93 289 760
B 32 87 201 644
C 57 212 631 1795
D 103 317 845 1476
53 BUORAGBEFRETREL B EERE
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PUFERAE A ~ B~ C ~ D iYREAIZEAEE (mmHg) 1 FRATR -
TEH R A NIEFRE 2

(A) B>A>C>D

(B) B>C>A>D

(C) C>A>B>D

(D) D>A>B>C

,ﬁ?i;{ Z )) TRARHBTRIZR SRR 55 50 75 100
" A 93 289 760
. 0 87 201 644
c 57 212 631 1795
= 103 317 845 1476

(AR« EpRhi 110 EERAC (BEME(EER 1) SB=% P22 & 3-7)

Teacher: Before solving the question, can you tell me what is the definition of normal boiling
point that we learned in class?

Student: As mentioned in the textbook, when the temperature rises, the saturated vapor
pressure of various substances will increase accordingly. When the saturated vapor
pressure increases to 760 mmHg, it will just balance with the atmospheric pressure,
and the substance will start to boil. The temperature measured at this time is called
the normal boiling point.

Teacher: Excellent. We can know from the definition that if a substance reaches a saturated
vapor pressure of 760mmHg at a lower temperature, it has a lower normal boiling
point and the opposite is true. Now, from the perspective of the four substances A,
B, C, and D, how should we put them in order, from the high one to the low one,
based on the normal boiling point?

Student: We should find the temperature corresponding to the saturated vapor pressure of the
four substances at 760 mmHg.

Teacher: That's right, what are the temperatures corresponding to the saturated vapor pressure
of the four substances A, B, C, and D at 760 mmHg?

Student: Ais 100°C; B is over 100°C; C is between 75°C~100°C; D is between 50°C~75°C.

Teacher: Great. We can then rank the number of the normal boiling point, and the answer is
(A) B>A>C>D.

54 BB RUBEFRETRER R FFHRE
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DORRARTRE] - BRI ETHR - SRV ERVEINI ZCRBE G ERE I I - EAIEGR

EASETNE] 760mmHg If > Wl4F G BLASRER )V - VIR EGEndE - LEiReH
BRI RE LA Ry IEH 08 -

TRAF o DI AT LUK 8 A P (R (5 T 22 51 760mmHg HYBEAIZESR
BRRYEE - RURAT ] AR EE B A A IR b8 - SV E R R ST 4 r]
#l| 760mmHg HYRIHIZABRAEE > IR AT LR Y E AR e Y IE 5 bRl -
BEE A ~ B~ C ~ D TUREPE AR M4 A0 R IR b EEY AN 2

TR VIR E BN 2GR BEAE 760mmHg T ATEEA R -

236 > A~ B~ C~ D VUFEYIE 73 HI{E 760mmHg HY ¥R E Ry (A ?

A F5100°C ~ B 100°C ~ C /14 75°C~100°C ~ D /14F 50°C~75°C

R - Fr AR AT BES T IE & SRR AN - LB ZE(A) B>A>C>D -

YR ABEIRE TR B FEERT S
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Students can understand the properties of liquids.

Which statements about the properties of liquids are correct?

(A) At the same temperature, the higher the saturated vapor pressure of the liquid, the
lower the boiling point.

(B) At the same temperature, the higher the saturated vapor pressure of the liquid, the
smaller the intermolecular force.

(C) Boiling begins when the rate of evaporation of the liquid equals the rate of condensation
of the vapor.

(D) Boiling begins when the rate of evaporation of the liquid is greater than the rate of
condensation of the vapor.

(E) Under constant pressure, the higher the boiling point of the liquid, the greater the

intermolecular force.

AR ERIRGL - WAL ?

(A) [ELERF - RAEHVEEAARBEEAE » FHRGEK -

(B) FEET - H&%%ﬁ@%ﬂ%ﬁ@i@kﬁ » S FEHER I -
(C) ERACHIZES AR EF 2 Bea Ry - RIBALGEbE -
(D) S/Tiﬁméﬁ?iéﬁi_ﬁjﬁ/\ﬁmé’m%ﬁ AR > HIBARE -
(BE) EET - RERZHRES - Qlo-rRERIEX -

(A mEfgh 110 EERA (BB D F=5 % 148 H EH&#H 3-1-1)

Teacher: How would we describe such a state, in which the number of evaporated and
condensed particles per unit of time is the same at a constant temperature? We have
learned this in class!

Student: The evaporation rate is equal to the condensation rate.

Teacher: Very good. We also call such a process to be “achieving a dynamic balance.” Now
when will a substance start to boil?

Student: When the temperature rises, the saturated vapor pressure of various substances will
increase accordingly. When the saturated vapor pressure increases to 760mmHg, it

will just balance with the atmospheric pressure, and the substance will start to boil.

Teacher: Yes, so which two of the following options are incorrect?
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Student: (C) and (D).

Teacher: As we have learned, when substances are at the same temperature and with a higher
saturated vapor pressure of the liquid, would the boiling point be higher or lower?

Student: Lower. The substance is at a temperature closer to its boiling point.

Teacher: At the same temperature, does the greater saturated vapor pressure of the liquid have
greater intermolecular force, or the smaller one?

Student: The smaller, because substances with lower boiling points indicate that the force
between particles is smaller.

Teacher: Yes, so options (A) and (B) are both correct. How about option (E)?

Student: It is correct, because under constant pressure, the higher the boiling point of the

liquid, the greater the force between molecules.

T BT EE » 1R T RIS RSSO T RO » (P
ﬁ%ﬁﬁﬁ@%m%%?

SR SRR = R
fﬁﬁiﬁ%’&ﬁmﬁﬁﬁmﬁﬁﬁéﬂ—ﬁﬁﬁ$@ e ol
T 2

B EORE ETMR > STEYE AR R B G IR E BN - R 2 R R R ]
760mmHg 5 > Wﬁ?@iﬁ‘hﬁjﬂ$ fr - PrEghHmE -

LRl Jgeh o NILAWM EEEERE T

= R (ORN()

RN RAMTAEYYEAEEDRE - RASHY AR T BRAOR 2 bR s 8 R

B4 T K I%%Tﬁb% %EE%/%EEE%

Zhl - ANEDRES - TREGHVERAZO BRI > o3RRI TR A UK NE 2

S CoR UN I%xﬁ%!rE{EEE’JfF@ ST ZFEAITE A TI/0N

LRl 28 NEE(A) ~ (B)BETH S IEAE - AI(E)BEIRE A IEAEE 7

B IRHE > INRERE T - TRAGHY RIS - Fonsr TRV ERITIROR -
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3-2 ARMNERBHUTHER
Vapor Pressure of Solution and Raoult's Law

FEA/NETET P A—/ NE AT S 2 RBR E RS [ - R 7 R BR B - B e

T ER A BRI A BN 2SR B TR e 2 FEIAV IR (> 0K T A [RIVAE RO A 2 SRUBR
N2

PENE R TIRENT - B I RR oy R 2 A BUB R B - GARER AR DR G BB 4y A 2

REEHTOE T K e R AR -

EF thiE EF thiE
molar fraction BH R dilute solution MR
colligative property REMEE Raoult's law frrHEH
ideal solution HAEA R Henry's law EHEE
fractional distillation panic solubility curve VAT Hh 4R
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[ o be proportional to . ]

ffl5] © At a constant temperature, when a non-volatile solute is added to a solvent to form a dilute
solution, the vapor pressure of the solution will be proportional to the mole fraction of
the solvent in the solution, which is called Raoult's law.
TEN T o RS A E ISR T B ISR - AR ZERBE G BUSRIES
IRFPHISEE T ZREIEL - AR FEER -

t

[ (2] be equal to . }

#i4) - When the solution contains nonvolatile and non-electrolyte solutes, the vapor pressure of
the solution is equal to the product of the saturated vapor pressure of the pure solvent and
the molar fraction of the solvent in the solution.

EISIRT e A IER N - FIREMEIEER AR R ST A BRI 2R RUER
BUARIE SR EE R 7 SefafE -

[ © comply with . ]

5] = A solution that completely complies with Raoult's law is called an ideal solution

SEEESFAI T HE EREIR - Pl R EUAR -

[ O At constant , . ]

fil4] © At constant temperature and pressure, when the number of molecules of carbon monoxide
gas exchanged between the liquid phase and the gas phase is the same in a unit time in a
closed container, it is called the solution equilibrium state.
TEM ~ EBE T PREEAEET o AL A — S bR AR AR RO Bk SR
[EIEY o3RO [EIF - 7 R o V- IR A
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After studying this chapter, students should be able to know that
A RE T AR RS IR B o HOE R SR G S

Students can understand the ideal solution and Raoult's law and gas solubility.

X L
X5 0 02 04 06 08 1.0

w FIERER o8
plE—
AﬁEﬁ 'ﬁé T%EEIU\/§/TQ‘*D§IEEEILJ\/§/F§E/jﬁ
Students can understand the meaning of ideal and non-ideal solutions
According to the figure on the right, the red line
= PBO
e :_’_:/—:,/'/
L0 OIS Of6 Ot4 02 0

represents the vapor pressure curve of the solution

measured after mixing A and B in various proportions
and the dotted line represents the ideal solution. Which of

the following statements are correct?
(A) Intermolecular attraction increases after mixing

(B) Aliquid has a lower boiling point
(C) Take 10 mL each of A and B. After mixing the two liquids, the volume of the solution

is less than 20 mL
(D) The mixing process is an endothermic reaction

(E) With Positive deviation from Raoult's law
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(B) A JRHEGHY BRI -
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(D) SR AR R IE -
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Teacher: As what we learned in class, if there is no change in the force before and after the
solute and solvent are mixed, what law or principle does such a situation obey?

Student: Raoult's law is also known as the ideal solution.

Teacher: That's right. On the contrary, if the solute and the solvent form a strong force after
mixing, the distance between the particles will be shortened. Will the volume of the
solution turn out to increase or decrease?

Student: It will decrease.

Teacher: Yes, such a situation will be an exothermic reaction, causing the vapor pressure of
the solution to drop. In this case, we call it a positive deviation, or a negative
deviation.

Student: It is a negative deviation.

Teacher: That's right, and the picture in this question describes the negative deviation of the
non-ideal solution. So we can judge from the graph which options are correct and
which options are not?

Student: (A) and (C) are correct, while (B), (D), and (E) are not.

Teacher: That's right, how should we correct the mistakes in (B), (D), and (E)?

Student: (B) is changed to liquid A with a higher boiling point; (D) is an exothermic reaction;
(E) is a negative deviation.

N FERRE IR - EEEENIERIR SRR A ERI8E - FRAFTAT LA

BRI U ST E R ?

BB AMBEERE TR R

B



GV BT EFTRT R EERT P 0 IFCEFREFLY S

B4 TP EEE - e EAAR -

EEl R K2 ERENSRIRG R RGRIER T RIS T2 5
IERIEEREE - IR RS B 0 2
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B4 Al -

R %8s LRV E S FE AR A 2RI IEN » IR BAPT AT AP
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B4 (A~ (OrEHE > (B) ~ (D) ~ (B)$Ha ©

R Jgsh > AMRMIEZ A IE®B) ~ (D) ~ (E)AISEERE ?

B4 (B)IUs A TRARATRREGS - (D) ABEARIE - (B)RIAEfFE -

BlE_
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Students can understand the solubility of gas and the significance of Henry's Law.

At 25°C, the pressure of carbon dioxide gas above sea level is 0.0025 atmospheres. If it is known

that the solubility of carbon dioxide gas is 0.0040M at this temperature and pressure, answer the

following questions based on the above:

(1) From the formula of Henry's law, what is the size of Henry's law constant ku in M/atm?
kn=1.6M/atm

(2) If the gas pressure of carbon dioxide becomes 0.0050 atmospheres, how many grams of

carbon dioxide can be dissolved in 1 liter of water? 0.35g

25°C B » /P 5 —SAbhRRBERE T B 0.0025 KERE > B AFISREEHET
AR R AR By 0.0040M - AR bl [E1 T 51 R REH]
(1) HEMEFRACKFHERTEE kn K/NEsZ%/D M/atm?  kn =1.6M/atm
(2) = R [ChRAYFERSEE I8 By 0.0050 K FHE - Al 1 ATFHHY/KH A A A ey — &bk ?
0.35¢g
(RS - BERERR 110 FERA (B D B=5 124 H #3-7)

62 BYOD RS EERE TN BP F RN



KT FR T ENET P oo L EEHEFEL L

Teacher: Based on Henry's law, we know that at a constant temperature, the solubility of an
insoluble gas solute in a solvent is proportional to the partial pressure of the gas on
the liquid surface. To generate a relational, we need a constant, which will be
Henry's constant, and in this way, it can be written as the formula Sg=ku *Pg. Now
how do we find the answer to the first question?

Student: Because Sg= ku *Pg, 0.0040M= ku *0.0025 atm. Therefore, ku = 1.6M/atm.

Teacher: Very good, we now have Henry's constant, so as our gas pressure changes, our
solubility will also change. The question is if the gas pressure of carbon dioxide is
changed to 0.0050 atm, how many grams of carbon dioxide can be dissolved in 1
liter of water?

Student: By bringing ku = 1.6M/atm into Henry's Law formula Sg= kun *Pg, and assuming
that the solubility of carbon dioxide is x M, we can get
x=1.6M/atm*0.0050atm=0.0080M.

Teacher: That's right, how do we come up with the number after we have the concentration?

Student: Weight/molar mass is equal to mole number, and mole number is equal to volume
mole concentration multiplied by solution volume. As a result, the weight of carbon

dioxide is 0.0080M*1L*44 g/mol, which is 0.35g.

Ehh s B FE RN E R SR T SAN RS A B A R S mH A R
FURHE _E RS B R IEEL - RIE R T E R —ERA (R » MR —(EE
8 Rt EFHIE S - A — KA AT Sg=KH*Pg » At ATRAFTaz 20{] oK
HEE—/ NEIVE R ?

B2k 0 [HB Sg=ku *Pg > 0.0040M= ku *0.0025 atm > fifLL ku=1.6M/atm o

EEN : AREF o FRPERAEA T AR > FrDABEE IR RAG B IR R - TR
e IRE R » NS K B e S LRI RASER J18 5y 0.0050 A SREE -
Al T AFHEIK A A2 e 0y A bhix 2

B4 0 ka=1.6M/atm 75 A\ FFERIVAT Sg=kn *Pg > Wi — S LI A RS Fy
x M > Hi] x=1.6M/atm*0.0050atm=0.0080M -

CHN s M TORE 2 B A R v B E ?

24 HE/SAHEE=FEHY > MEHBH=BREHREARERE - ATl &bk
(Y EE & =0.0080M* 1 L*44g/mol=0.35g
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Properties of the Solution
N\

A/INEFRE B A D R R AR U S AR 2B S E SRR AIAE Ry S -
PURGERBRE I E A - BFEgbRE > BRERS N - (2B B > WA H & ATSE BRI
BIEBTIZIBIIRE -

HiRE S S ERMEN DUHRA SR E A FHIFE(F T (under the condition of...) Y&/
[EIHIIEE - HeR A RIER B Bh SR B A [F AR M E Y S LB

%{ Pt
¥

EF thiE B¥F thiE
Vapor pressure TESRER freezing point ot [ B
pure solvent iyl nonvolatile JEEREME
antifreeze Eam vl Van't Hoff factor JUFFA] KR
osmotic pressure B RR semipermeable membrane FER
0SMosis BIEE isotonic solution FIRAR
hypertonic solution =R hypotonic solution RRA R
boiling-point elevation | J#hEE EFf freezing-point depression A E B

64 ‘% i E‘:;“’ %F%?Ig ‘/)ET’{'Pl w;? ‘F‘gj?\’%w 5



-
P RTIFRERT AL P 0o I EEHEFT Y S

o

nothing but . J

ple]

ATy = Kp*Cn applies nothing but dilute solutions formed by non-volatile and non-

electrolyte solutes.

ATo=KoxCr (RN RS ~ FREARE A E PTG SAIR -

Under the condition of y . ]

: Under the condition of quantitative solvent, the more moles of solute, the higher the

degree of boiling point elevation.

FEERBERORE T HEAEEERS - bR ET B -

adding in . ]

Bils)

Adding ethylene glycol as an antifreeze in the water tank is an application of freezing

point depression in life.

FE7KFE PO Z B R PURER R SEEIRE N e A TS AVIER -

be related to . J

T

According to the colligative property, whether the solute particles are in molecular or ionic
ion state, the amount of vapor pressure drop, the degree of boiling-point elevation and the
degree of freezing-point depression of the solution are all related to the number of solute
particles.

RIS IREIEE - fsm A B LT Ry 7 B0l TIRRE - 28R MR~ AR R BT
JERELRE IR T [ S B B B T (E R R -

depend on . ]

G

65

The property of the solution depends only on the number of solute particles, but has

nothing to do with the nature of the solute, which is called the colligative property.
RIS RAUR OSSR T IVECE - BB A E R - B REE -

FUORREBEEFRET R P BT R
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After studying this chapter, students should be able to know that:

RS TR B E R BRI R % ~ bR BTt ~ BERERE T g 502

Students can understand the application of solution colligative properties, including vapor

pressure drop, boiling-point elevation, freezing-point depression, and osmotic pressure.

» BIEERE s
5l RE—

SRHA ¢ AR RERE AR EL R R R (R HI BT RS S OB IRORE
Students can use the relationship between vapor pressure and temperature to determine

the boiling point and solution concentration.

It is known that the relationship between vapor pressure and temperature of non-electrolyte

solutions a and b composed of pure solvent ¢ is shown in the figure below (K, of pure solvent ¢

=1°Cm™"). Which of the following statements is correct?

(A) The concentration of solution A is 3 M.

(B) The volume mol concentration of solution B is 1 M.

(C) The solute molecular weight of solution A is 30.

(D) Boiling point:a < b < c.

(E) To make solution b boil at 80 ° C, the liquid level pressure should be less than 760
mmHg.
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CRIFAAT ¢ AIJFEME a & b FrAARHIRR - HIE R R A E L FE (4l
R ¢ B9 Ko=1°Cm ') A FFIA0M A% EFE ? : ¢ba

3 760 ’

2

i e
(A a ERHIEER3M - e A

303183
aE (°c)

(B) b TR ELIRE R | M -
(C) a e HES TRE 30 -
(D) HBEEE : a<b<c o

(E) #KGE b YWTAE 80 °C Holl - HIVKTEIRESTHE/ N 760 mmHg -

(AR« bRl BEEAEER IERA SF=8 B AAEE 16 )

Teacher: The subject of this question is to understand the relationship between the vapor
pressure of a non-electrolyte solution and the degree of boiling-point elevation.
Knowing the Ky of the pure solvent ¢ from the description, and knowing the AT of
the solution a and b through the figure, what formula do you relate?

Student: AT = KpXChn.

Teacher: That's right, then after we bring the AT of the solutions a and b and pure solvent c,
and the Ky of pure solvent ¢ mentioned in the description into the formula, we can
find out what is Cp, can we?

Student: Yes. The Ci, of solution a is 3m and the Ci, of solution b is 1m.

Teacher: Great, note here that the weight molar concentration unit is m, not the volume molar
concentration M. Can we find the molecular weight of the solute in solution a?

Student: Hmm... I cannot find it.

Teacher: That's fine, this question does not give the molecular weight of the solvent, so the
molecular weight of the solute in solution cannot be found. Next, look at the picture
to judge what is the boiling point under the same vapor pressure?

Student: Taking 760 mmHg for example, a is 83°C, b is 81°C, and c is 80°C, so the boiling
point is a>b>c.

Teacher: Great, option (E) asks if solution b boils at 80 °C, is the vapor pressure higher or

lower than that of 760 mmHg? Let’s look at the vapor pressure corresponding to

solution b at the boiling point of 80 °C in the figure.
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Lower!
That's right, so what is the correct option?

(E) is correct.

N

iand - HHVE T PR B s R 2 BB TSR (G - 1ERGIATE
GAR ¢ B Ko > DU E O] DASHDANR a ~ b FYAT > fR{FTEBAEENEE A
= ?

AT=KpXCp ©

e o FBERATTHEAIK a #1 b BLLAR ¢ FYAT » DIURGE H &S RAVEUAR] ¢ 1Y
Ko T AR 0 SR Co 2570 2

B afy Cm By 3m > 5 b Y Co Fy Im o

R EETEIESEEEHREEAE m AEREEERE M - AFfT
AILCKHY a RS BRI T ENS ?

WAL JFEORA HAER -

R ERGAGAEINI S TE 0 BTN a WA EN D T&E - H NKE
[ I A (5] 2% SR BRI 3R BE R e (R Ry fer 2

LL 760 mmHg {5l > a B 83°C > b & 81°C » ¢ J 80 °C » K ihELE a>b>c
R - (B)EEIERTAIER b 7RAE 80 °C ikl - 78R BALL 760 mmHg /572 {KIE ?
FeMEE R 80 °C BV b HIEAVZERER -

A 760 mmHg °
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Students can judge the direction of water infiltration through concentration and osmotic

pressure.

In mammalian nerve cell membranes, the concentration of sodium ions is about one-tenth of
that outside the cell membrane. If only the above conditions are considered, which of the
following statements is correct?

(A) Water will osmose from inside of the cell membrane.

(B) Sodium ions will osmose from the inside of the cell membrane.

(C) Water will osmose from outside of the cell membrane.

(D) Sodium ions will osmose from outside of the cell membrane.

(E) Water molecules cannot penetrate the cell membrane.

R LA AL SRR A - SR T RS RIS MY+ 2 — » S (B R R ReE - AR
Bl (] 3 1A 2

(A) K& EHMREAEINSIE -

(B) & HAiiEiE N RSN -

(C) K HHHEAINRIPZE -

(D) ST & 4IRS a2 1A

(B) /Koy THAZFBAINEE T2 18 -

(FE—hR 110 ERRAC (BEE(EER D) =5 HE HEEE 10 &)

Teacher: From the description, can you tell whether the concentration of sodium ions inside
the cell is higher than that outside the cell?

Student: Yes. The concentration of sodium ions in the cells is lower.

Teacher: That's right, can sodium ions and water pass through cell membranes?

Student: Sodium ions cannot pass through the cell membrane, but water can pass through the
cell membrane.

Teacher: Great, so we are sure that (B), (D), and (E) are incorrect. Now we have to judge
which way the water will seep. Is the intracellular osmotic pressure higher or lower?

Student: The intracellular osmotic pressure is lower because of the lower intracellular

concentration.
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Teacher: That's right, and since water moves from low osmotic pressure to high osmotic

pressure, how does water permeate?

Student: Water will permeate from the cell membrane to the outside, so the answer is (A)

Teacher: Good job.

A RE H0 ] LU A AR A H it TR LAl M e g 2 RIE 7

AP RS TR R -
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Bl 45h£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

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

American Association of Chemistry Teachers

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

Khan Academy

TR - A RSB R R R AT

https://www.khanacademy.org/

Interactive Simulations, University of Colorado Boulder

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