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F—E [ BIEFERRMER
Chapter 1 The Behaviors of Gas. Liquid and Solution

§1-1 RAEWHER
The Properties of Gases

$ﬂ%$55 AN e
TE /R IR € (Dalton’s law of partial pressures)
2. PR AN R e # (Amagat’s law of partial volumes)
3. MFLFEWSAAY BUER (Graham’s law of diffusion)
—\ EE?E’—IP-IS (Ideal Gases) —— L S A4 BATIEE B RARHTS
- A ARER AR BAR TR
SRS IR AR AR BES, — BCRT LU
SR T AR B PTG AR R N TR AR
Eﬂ%%"?‘zfﬂﬂ”ﬁﬂ%ﬁTu%% \¥Zl§§fﬁ’1jtd\ﬂu%fﬂ%5’] A, FROVEAR K.
2. FUARSAR — MRS, b AT, (HMRES R 1 SEPR AT — g %
TE’JB& PR 5T
3. SERRTMARAEAT AEIL T B AR R A AR ?
R R L AR T IR, SEPR U A 3 T AR UK. RORFE R R T
%?Iﬁﬂﬁﬁﬁ\%ﬁﬁiﬂﬂ, FREREAE & T%, 7 B AR R AT DL
—., BESAKERE (The Ideal Gas Law)
1. ik
(1) Boyle’s law (1627-1691) British physicist and chemist — The pressure-volume
relationship
nv T A%, Vo< 1/p or pV=constant
(2) Charles’s law (1746-1823) French scientist
1787 - & WL — The temperature-volume relationship
nv p A8, Vo< T or V/T=constant
(3) Avogadro’s law (1778-1823) Italian physicist
Avogadro’s hypothesis :Equal volumes of gases at the same temperature and
pressure contain equal numbers of molecular.
Avogadro’s law The volume of a gas maintained at constant temperature and
pressure is directly proportional to the number of moles of the gas.
T.p A&, Ven
2. HAESATTFEZL (The ideal-gas equation)
HE=XE: V o<nT/p, Bl pVocnl, SINELHBIHE R, #3: pV=nRT
3. R: Gas constant

I-atm-mol™!-K~ m? -Pa-mol™-K~

Units | J-mol-K™! X cal'mol™"-K™! I-torr-mol™-K™!
Numerical Value 0.08206 8.314 8.314 1.987 62.36
TERFHER LT - nRT _ 1.000 XO.(1)8020006 x273.15 ~2241(L)

P .
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4. PARASMATRES A (Application of the ideal-gas equation )

AR BE R i 5
W BExp, Vi T, m R M
Qc%p, T, p KM

5. PR (Real gas) 5 HUAES A1) {F % (Deviations of ideal behavior)

(1) S&fl: 1mol JUMSUE pV/RT ~ p #h4k

20 3

s 200 K
THy
500 K
15 = 5
: 2
eV — Ideal pas | PV
zT 10 o 1000 K
Ideal
1 oas
0k
0 0
0 200 400 B0 ) 1000 0 300 500 200
P atn) P {atm)
A Figure 1.2 PV/RT versus pressure for 1 mol of

A Figure 1.1 PV/RT versus pressure for 1 mol of several
gases at 300 K. The data for CO, pertain to a temperature of
313 K because CO, liquefies under high pressure at 300 K.

MBS A, AT BRI

nitrogen gas at three different temperatures. As
temperature increases, the gas more closely approaches
ideal behavior.

a. T /NARRIE D TN, 73T R BB A SR R 23O 2 K

b. WG, SR, WEBN.

F,F,:/

small forces

<—— Bi,— Bij;

large forces

(2) LRI AAFAEE M AR
Repulsion FIGURE 1.3 This curve shows
Y how the intermolecular forces
8 vary with separation. As two mol-
;;5 ecules approach (read from right
£ to left), they attract each other
é " St‘Paratifjn increasing!y squngly, as shown by
B the dropping of the curve well
- Attraction below zero. Then, when they are
‘ close enough to touch, they repel
strongly, as shown by the rapid
| rise of the curve above zero.
FIGURE " 1.4
Intermolecular attractive forces
stabilize molecules that are close to
;j} 0 one another. The plot shows that there
Lﬂué } Averase are lérger attractive energies between
__________________ t bromine molecules than between

molecular
kinetic energy
at 298 K

fluorine molecules. This is the reason
that at room temperature, fluorine is
more stable as a gas, but bromine is
more stable as a liquid.

Intermolecular distance

7
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SEIGIER], IANRJR TR AR d <4ARY, fu- 8 EEMEM: d=4 ~ TAR,
Fan@ EEAEH], d >TARY, SR T 1EH 208 . X T 250 T HfER, s
AERA RO B, Ry IR RG] mRENE.
) MH TR E AR, PV >>nRT, FONEHFAIMIER R, RIS K—E 1
70, BTHRR IR, SRR ARREAN AN, BrRL Y SERR R, A I
72, WPV >>nRT; W5 I8 EEZAFEHN, PV <aRT, RXRMT0 T2
FERI S T3, AE5r T X AN A8 N o BT EA p SEBR /N, PP U ZE o PV <
nRT .
6. X PRARS AR E FH1E IE— van der Waals equation (1837-1923)
Dutch scientist, Z<3K 1910 4 Noble physical prize
(1) ek

2

(p+a%) (V —nb)= nRT
@) Wit: XY piaVia=nRTHHL:
a. Via=Vy—nb, n Ny mol ¥, by mol 70 1AL LA I AN
S Vae—nb BT SRS TAG HAERBR O TR, BN Vi

2 2
n n
b. py =D tas A EAE p o IR N — T as B2 A4 po<p B2

B IS AR R B AN 5T . (0) B30 T AR AR, i DA 2370 45 B FO il
FRBOE D, TAEEIREC S 2 TR (n/ V) BRIEEE; (i) 705X & BERE i A

R, THMIERT n/ vV, FibUERIEIER T n2/ 72, Bl p,+ a%ﬂmo

8
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Given Nine other particles, each
particle of which can form a pair
with the given particle.
\ Each particle can interact
P 9 v (D pair-wise with all other
Wall| Wall| : \i\\® particles to give (10)(9)/2
\ t\ @ distinct pairs.
NS
®ll® \b
© @
(a) (b) Gas sample with 10 particles
Figure 1.5 Figure 1.6
(a) Gas at low concentration— lllustration of pairwise interactions among
relatively few interactions between gas particles. In a sample with 10
particles. The indicated gas particle particles, each particle has 9 possible
exerts a pressure on the wall close partners, to give 10(9)/2 = 45 distinct
to that predicted for an ideal gas. pairs. The factor of ; arises, because
(b) Gas at high concentration— when particle 1 is the particle of interest,
many more interactions between we count the @---@ pair; and when
particles. The indicated gas particle particle @ is the particle of interest, we
exerts a much lower pressure on count the @---@ pair. However, @---®
the wall than would be expected in and @---® are the same pair, which we
the absence of interactions. thus have counted twice. Therefore, we

must divide by 2 to get the correct
number of pairs.

a. b FKA van der Waals constant, HiSZ56Hf 7E o
7. Mo fiashie it S AR Sk E

(1) AR B (Basic hypotheses) :

a. WIS FEUR . S, FE—E=HERpmm, RN TRIR
FE & —FE 5

b. S TAEARINLEE);
. ARG X] i B PR AR A 5 L

(2) #£F(Deduction): BLAK L K—DILITHETs HPA NDNIES T BT
JREA m, WER u. A NB ARSI x M7 iesh, HahEN mu. 75F
HEE A AERE A J5, DUESREEE M4

&R BRI |, JB0 R Ao, ]
B AR, 4 T INEN BB T |
2mu. A TFRRE, THE, [ amonl L,

RIS A DS, SAvEE A JESPTIKAE P ey —
e Z [T ERI BB N 2L, FTLAEA T

TG 1 2 B O Fig. 1.7 An elastic collision of molecule
mi with a well
2mu/(2L/u) :T
N/ 3N FRer sl & s N
N mu’ L o
35 (AL RN B ), P (R =f/S=f/L1?

9
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N m N mu’ Nmu®
- = , Bl pV =
P L3 3 14 P
%BTJ:nl 6] ’ }_‘_‘7'3 Uis ,ﬂ;»ﬂkl:
pV=% (mu® + nou® ++++ + nut + +++), N:Zni
2 2 2
Ly 3 + +oetnul e —
w3 u’ =2 ”WZN A T TN T E YD

m_—2 2N1 — 1 —5 —
AL, & PVZ?N” =Tgmu2, —muz:Eijj

Gt B Rl T AR TP s R SRR R: BRI

—_ N AY — 3
e SIRERI R AR EK :EkT, k—Boltzmann’s constant,

. 2N 3
. pV =""-ZkT = NkT
32

5 pV=nRTELLH: nR=Nk, W k=nR/N, T N/n=Na
8.314

m_ 1.381)(10723]'1(71
X

. k=R/N, =

k W)L SR o TR AL
=\ BERImaEERE (Dalton’s Law of Partial Pressures) 1801 &£
1. Deduction: A —HBESIAKIEAY), WIRESYIA G RIESAK, EHEET

‘F lj—jlﬁ‘%*/[{jj v, /tb (=) /:h%%'éﬂéj\j‘jl (=1, 2, 3, i, "')
HHER AR SR T 2 A5
RT RT RT
P1=”17 , p2=l’l27 , eeeees , pi:ni7’ ......
RT RT
= n.———=n——= 4 = ;
P (TN = Pe BIPs =P

2. FikR: Py =P
3. CFAUR: TERERRFUE RN, FAATE ST &S AR A AER 1 S22 R

RT
4. H—MERIEEA: LV M X, — mole fraction
Py RT  n l
iy ni
V

PRI BEAARE E N, BARSAIREY T, SHAEN S E (o) FTEE (p )
e LAz 5 I BE IR 7380 (x)
5. SEIGUERH: Ramsay (1852—1916) — British chemist, %3k 1904 Nobel chemical prize

10
SEHERR, 15T www.kaoyancas.net BFEREIEEB, EyETHEIR. R



http://www.kaoyancas.net
www.kaoyancas.net

ESEMEREG., FE. FKE 0. WSYIRFE, Uih: www.kaoyancas.net

I e l: Pd flNVE R o E /Ul A

U EAMEEA R, P

=)

m

. Dr = Do+ Du, » RIECES TS
—. Wk ir :*LJJ
(pH2 A pHZ )y I)_I\Up—r =pAr+pH2 s

= Py = Da P, s o RARAE, WIRIE

Fig. 1.8 Ramsay’s apparatus of verifying the law 1 Dalton 73 F 52 it
of partial pressures
6. Application of Dalton’s law of partial pressures
(1) Ko [k
Sample Exercise 1: Suppose that hydrogen is collected over water at 25°C .How much H»
(expressed in moles) has been collected when the volume of gas is 223 ml under atmospheric

pressure of 74.2 cm Hg?

Solution: P, =Py, * Puo »  DPum—/42cmHg

The vapor pressure of water at 25°C is 23.8 mmHg (=2.38 cm Hg)
*e Pu = Pun—Puo = 742-2.4=71 8cmHg

Solving the ideal gas equation for n, we find
ne pV  (71.8/76.0)x0.223
RT 0.08206x 298.15

=8.61x 107 (mol)

(2) R
Sample Exercise 2: VAR latm &, A4Bo(g)E% AR 34T W 7

A4Ba(g) 2A5(g) + Ba(g)
BB, FERHE SN 14atm, SR AB LR N Z /D2
Solution: AsBa(g) —— 2Ax(g) + Ba(g)
1 0 0
l—a 2a a
: ! a=02

"1 a+2ata 14
M. P RFRERE (Amagat’s Law of Partial Volumes)
1. Hram gl RESAEF Ay i opfEfE, JHHARASAREE, Rt
B, BT RA AR v, BONBS SR ( 2o, BRA:

ny + ny <> ny ny
L | T piERER
BYRR Y SRRV, SRRV,

2. pABUER: HIREE, EMHRER, EESUER SRS T B A R A

11
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3. Deduction:
nRT (n+n,+--+n,+--)RT
p p

V =

=nRT /p+n,RT /p+ --+nRT Ip+ -

=nRT/p+mRT/p+--+nRT/p+--- =V,+Vy+-+V, 4= DV,

. RAIEEBUER (Graham’s Law of Effusion and Diffusion)

1. Difference between effusion and diffusion . The mixture of one gas with another is called
diffusion. Effusion means gas molecules move from a high-pressure region to a low-
pressure region through a pin hole

2. Graham’s law: Thomas Graham discovered that the effusion rate of a gas is inversely
proportional to the square root of its molar mass

TR T, RN R SRR 5 (SRR BP IR b

3. FikR: w/m, =+[p,/p =M, IM,

4. BiE
(1) SEESE: B AWEESE DR, S PR SRy sos .
Glass tube Air Air
Al NH; {Ag/' M [ |
AlE HOL il
\7 L v J 8 ~ J
dNH, o duci 5
Cotton wet with White ring of NH4CI (s) Cotton wet with
NH,(aq) forms where the NH3 and HCl(aq)
HCI meet

(a)
Figure 1.9
(a) A demonstration of the relative diffusion rates of NH, and HCI molecules through
air. Two cotton plugs, one dipped in HCl(ag) and one dipped in NH,(aq), are simultan-
eously inserted into the ends of the tube. Gaseous NH; and HCI vaporizing from the
cotton plugs diffuse toward each other and, where they meet, react to form NH,Cl(s).
(b) When HCI(g) and NH,(g) meet in the tube, a white ring of NH,Cl(s) forms.

Q) HBIES B TEDROBITI: T —]Svp—V(pV— 2NT)

1
_, y S p=constant , U €C—
N-m/V V P \Jp

i, =4/ p, Moot o poeM
B YR SEE (BUERFEE) ZERRRIT?

/tzzx/p1/p2 :\/Ml/Mz

g
w
=
A
=
=
=
W
of
i
1

M,IM,

:I
:
|
~
:I

5. Application of Graham’s law
(1) U FH L E AT DA 58 R U 7> T8 (BUJE 78D , Ramsay B2 F k%,
€ Rn JETH
Sample Exercise: An unknown gas composed of homonuclear, diatomic molecules effuses at a
rate that is only 0.355 times that of O; at the same temperature. What is the identity of the

unknown gas?

12
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rate M, rate 32.0
Solution: 2= 2 2 =0.355 —— =0.355
rate,, M., rate,, M,
1
Mx, =254 g/ mol SRR E = %M5=unymm
.. We conclude that the unknown gas is I2(g).
(2) P LA B A AL 2R
HAR T 25U 5 0.7%, 28U 15 99.3%, 25U mJ LAl #h P RRAR, 1 28U ANig
iR AR,
MAEHH" (pitchblende) (M AIH", UO)fil%& UFs (b.p.=56T) :
3U0; + 8HNO; == 3UO»(NOs), + 2NO + 4H,0
300 °C °
2UO(NO3); === 2U0O; + 4NO; + O, UO0s + Hy 22500, + Hy0
UO; + 4HF == UF, + 2H,0 UF4 +F, == UFs
rate ;s M o 238.05+6x18.998  [352.04
e = = = ' = [ =1.0043

235.04 +6 x18.998  \349.03

rate s Uk, M UE,

XFPC-F A ZE 5, 23R gaseous diffusion plant must be very large. The
original plant in Oak Ridge Tennessee had 4000 diffusion stage and covered an area of 43

acres (267 H, 1H =6.07 H)

§1-2 Wik
Liquids

TR BT 230 R B RE I L SR e 1. e A T 58 AR AL AOIRES AL A |52
A EARA Z 8], B PLVE BEAN R R AR IZ SR ISR S AR 5, SOAN R S A T
FE, I —E PO RREEAE — 2o Eh A, PRI ) e BRI K R 2 H o B AR B
o (HVRAEA G — ke PE, 0. KGR (viscosity) 2 5K JJ(surface tension). [
(freezing point). ¥ s (boiling point). A28 <% (saturated vapor pressure of liquid) , fijFR
RZEVRIE (vapor pressure of liquid) o A5 AT 32 E5 1R W AR 1 TR RN 2% <0 R0 4 ] A
—. RIFHIZESE (Vapor Pressure of Liquid)

1. AR
(1) ZER AW —F 7=, W] DIFRONAHAR IS FE (phase changes) » 7&K I3HE
PRl A 5 K22 10 (energy changes). fRRAR, 43ARAAE N HM SR ST & 11
TN, BRI R, WRARSIRE TR, ZREEMEE 5.
(2) WA I 75 & #(heat of vaporization), tHHK 7% & J& (enthalpy of vaporization).

fEE HIR T, AERRRAR 2K T 2
R, FRONIIR IR A C G |
2. WARRIRAZE S CRIFRZE SR e
Cotid ensation
13 E Sublirraticn Deposition
SEELIR, %17 A www.kaoyancas.net AR & T
S g
E Melting Freezing
| ol
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(1) AR, R F2sien) o 7, AR IR 7T S], BT
——ER.

() FEE AT, FEARWTZAKBFR,  H7r 28 e 5T [l SR ——BEE

G)E—EIE T, EEHEST, e —EnE, RRSERERE, XK

b1 S A= e M L S A
A _E 2SRRI 28 « Figure 1,10 Energy
(4) AN ZE S R R SRRV 28 S, i changes accompanying phase
. changes between the three
M z& S & (vapor pressure of liquid) states of matter, and the names

associated with them.
i/

(5) T [F—FBUA 1 78 SR A OE TR KRR,
APE TR, REEEAR, PRI SRR AR A K
7

BB 72525k, A& IRM Boyle’s law?
3. ZRRE 5 2R INT) R A (The relationship between
6
vapor pressure and enthalpy of vaporization) —The
Clausius—Clapeyron equation ((%¢ 55 & Hi—7a i P s
NI RE)
(1) AL AIZE SR AR E In p X 28060 5 4
% (VD EE, BRKNERE—%E
&, LM Inp 51/ THRAZWARE, & 3
. 00028 00030 00032  0.0034
T ) BT R T
A Figure 111 Application of the Clausius-Clapeyron
In p=- vap (] / T) +C equation, Equation 11.1, to the vapor-pressure-versus-
R temperature data for ethanol. The slope of the line equals

—AH,,p/R giving AH,,, = 38.56 kJ/mol.

R: gas constant C: HLZM#EUE
A vapH: enthalpy of vaporization per mole of substance
(2) Clausius-Clapeyron equation
BBAE Ti~ TR TA N, A v AN, 28735009 pi K pa, W

A H A _H
Inp =-———1/T)+C (1) Inp, =——2—@1/T,)+C (2)
R R
=@k, 8 In(p,/ p,) === (- 1
— ok, & _ 11
1 2 R ],2 ],1
qE le(p o)=Ly
N SRR T BR T, T
PR A 3 57 18 3 — v b DU 7 2 2

(3) Application
a. CHITiv Piv Tos Py 3R AvpH;
b. EFIAvpH M—NRE N po K —MNREZ T po
Sample Exercise: The melting point of potassium is 62.3°C. Molten potassium has a vapor
pressure of 10.00 torr at 443°C and a vapor pressure of 400.0 torr at 708°C. Calculate the heat of
vaporization of liquid potassium.

Solution: By using the Clausius-Clapeyron equation

14
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A, H 1 1
i e
p, R T, T

2 1

1000 A H 1 o
! 400.0 8314 708 +273.15 - 443 +273.15}
AvapH =81.32 (kJ - mol™)
. &A% S (Boiling Point of Liquids)
L. TR TR R FRVBUAA (1 RN 28 SO 5 0 O A S I RIS
2. RHE: FEURIRET, SAGEREANIR R REAT, AR I I .

[
34_.6"!:/ l?S.EF'C/ 10070 .
200 % ~ B 4 Figure 1.12 Vapor

”%“ Notsnal boding pressure of four common

< 00| Diethyl point liquids, shown as a function of
=

z th -

: ether Bty kbl tempgrature The temperatu_re
& fethanol) Water at which .the vapor pressure is
g A 760 torr is the normal boiling

= point of each liquid.

200 i
Ethylene
glyrol

] 20 40 i) 80 100
Ternperature (°C)

3. WSRO AKRART W SR N A, R TER R BT, BT
FEP 1A BOVRAA A AL 206 R VA AL AN R Y

4. The boiling point of a liquid at | atm pressure is called its normal boiling point

=. &IFHYEE = (Freezing Point of Liquids)

L. YRR R 780 5 JEL T ) 28 0T A S8 P PR T BE PR v A s ] o

2. TR SRR it ¥ WAA (super cooling liquid). X FHEL G it ¥ B % (super
cooling phenomena). JRARHEZE, W ILGBM™E, 2K A] LA 21-40°C A IT UG4S
UKo DIQIRAAGBREE, 25 S rp OB . A IR R AR E PIRES . Z5f— BTG,
RRA AT B

3. JKI) = #H £ (Triple point): <, — ¥ — [ = AHP-PA7 o BP 2l KR Pl K 28 SR T B
AL, A W AR A HoOo T VK R TRAERRHEIR IR, s A R 7K g st
[l g, B RMAKIER (A DR Ny 0oy Ar%5) HIDK (4l HoO) PR
JZo FrUOKE =AHRURAR — el fIR iR, 2 MREDEAZRPIRE: KKK
R NHBE R R, BANF AR E 2R

15
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RSHEMMEN RS, FR EK

218 D 73
““““““““““““““ atm
a Liquid !
%’ water [
b (liquid) : v
Y G [ S S = =5
g latm - N 2 5.1
isg| COLD ; : g atm
; | |
mTE A Mam g
(i keasy
il ] |
11 ] ]
0 100 374
0.0098

Temperature (°C)

(@)

Temperature (°C)
(b)

Fig. 1.13 Phase diagram of (a) H>O and (b) CO». The axes are not drawn to scale in either case. In (a), for water,
note the triple point 4 (0.0098°C, 4.58 torr), the normal melting (or freezing) point B (0°C, latm), the
normal boiling point C (100°C, latm), and the critical point D (374.4°C, 217.7atm). In (b), for carbon
dioxide, note the triple point X (-56.4°C, 5.11atm), the normal sublimation point ¥ (—78.5°C, latm),
and the critical point Z (31.1°C, 73.0atm).

4. JKEINGFHEE Te (Critical temperature)

ST MR A RE PR K . SRERUF BT AT D 9 374.2°C 1 2.21x107Pa. i fE &
F3742°C, KABEUSENERAE, HMZKIMNE, SAEBAGERMK. 7F3742°C
PAE, BESRVS OAEAATE, WA S—WCFE. Aril D SURS — P ih 4 T
i, HUAR K I RS

W R0l S5 AT (TARRAIE 2 A S I S it A 2

B — AN B 5 88 I s, AR R NS R BRI (B, 31°CLLF
A CO o FEZRBET, ZYWRESEMOIERRIE, LERMZESEN, <—
TP AHIE BUAH T4, ARSR T N P I ST . Mz 2, RESWiRET &,
SRR, 54 Clausius—Clapeyron Ao U025 —5EE Sl G CO2s %
RN 31°C) R— AR S SR e, PIAHAS A —AM, HAMFINEE, U
PRI CRARIEHO NE, X — S FRNIZY R 11 5 45 (critical point).

B T>Te, p>pe TR NEBIG LR (supercritical fluid) o )5 7E# I FiR
BN LeRRRR V1 R -

(1) TEIfG Tt AT, B SRS E BRI, MR TR

(2) R SR I 25 P B R 0 10 28 Ak SO AR R 5

(3) PN AE G FERAS B 0T CUA AR VE 22 ARSI AN REVE IO, 1T ELIX R A P52 B
AR = SR NI

§1-3 %W
Solutions

—, —LEAKHEER (Some Basic Concepts)
1. 7r# R (Dispersion system)

16
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(1) — R el J LR R 0 S5 A 23 HICPE 57 — R B ) 5 s o TP R 2R, AR 0 R
IR O A

53 HUAH (dispersion phase) = B 7> BUHI 5 AR 20 BUHH
I3 HUA i (dispersion medium):  Z¥ 445 BURH ) SRR N 43 B 5
(2) 5r2%(Classification):
a. %5141 & (homogeneous dispersion system)
b. A5 BUAR (heterogeneous dispersion system)
(3) 7 ENAH B4
d<lnm ¥ , d=1~100nm ¥#HZ , d>100nm B FLIE.
2. i (Solutions)
(1) WA 8 R EAHES HUH
(2) ¥ ) Fh 2 (kinds of solution)
Table 1.1 Examples of Solutions

T (solute), 7B Bi—V 7 (solvent).

State of Solution State of Solvent State of Solute Example

Gas Gas Gas Air

Liquid Liquid Gas Oxygen in water

Liquid Liquid Liquid Alcohol in water

Liquid Liquid Solid Salt in water
Solid Solid Gas Hydrogen in palladium
Solid Solid Liquid Mercury in silver
Solid Solid Solid Silver in gold

3. % (Dissolve)
(1) R R B 2 R o IR 35 A VA o PR BSR4 8
PEREARFRAR L, Pl BE RN
(2) ¥R (solubility)
a. WP 2 — A8 P (dynamic equilibrium).
b, WUMEE R R A] LU R IE MR . EARIERR T ¢/100g H0 0,
A mol-dm™, % KR
c. fEEET, s >10g/100g H:0 B A5, s 78 1~10g/100g HoO FRATIH, s 7E
0.1g ~ 1g/100g HoO FrNHLA, 5<0.1g/100g HoO FRAMER » 263N 4 i
R
d. SRR FERIR R
() A “AHAAEE: H2O (polar solvent) — B 7454 (Tonic compounds)
K — e 43F (polar molecule) HHAH 4T
non-polar solvent —non-polar molecule FH¥& % 4F
(i) ZMA: G (temperature) Al 5 (pressure)
IJZ: Solid: MWEETHE, WHEAMEK, A%, HiRb;
Liquid: #REFHSE, HMREE K.
CORET RS TR, S TS
Gas: WRJETm, WM.
JEaR: FRURIE RIS, XA ARV IR AN, AR AR 1 5 A 2 5
MR K 6
4. FR|EMR (Henry’s law) — " SARE iR €
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=

Sclubility (g of saltin 100 g HyO)

(1) BUR: £ — € i B — AR B T, BT A U B B 5 1% SR ) 7 e il
Eoo Bltn: 0°C. latm ) CO IVERRFE: s0=0.335g/ 100ml H,O, 0°C. 2 atm [

COx AR . so=0.670g/100ml H,O
2.0
Cz
Q |

100

20

20

70

&0

50

Solubility (o)
=
]

40

30

20
B Cen(S0
£AS043 0 10 20 30 40 50
0
10 20 30 40 B0 60 FO 80 90 100 Temperature (*C)
Temperature #0 P Figure 1.15 Solubilities

of several gases in water as a
function of temperature. Note
that solubilities are in units of
millimoles per liter (mmol/L),
for a constant total pressure of
1 atm in the gas phase.

(2) R AR RSB IEIN o, B AR BAR NS WIGIN o 65, BTV
R BTE WG o . SCFR RS e AR BT R B0 1atm B2EEAE
I AR e A U AU 4.7 1, B RPN R po, = 0.21atm. JT A
SRR LR, TSR BV AR B 5 L T R EE

(3) #1#3KiL: ku=p/x (ku: Henry’s constant)

P REIER AR 0 T CEL mmHBg AL x 2 IR R AE VR BT o )
T F R A U A R AROA T, W, Hsm#n] LRI 8L, fr e
FER A, 5 ) S 7 ) e A ke )R
FEFATEARIEA S, BEIRDE () RTEEMNE, "D (p) KA mmHg
FE, BTRA ks B SR B 2 mmHg A .
Sample Exercise: 20°CHf, S TIEMEAEKH = FE % 80N 2.95<10'mmHg #, 1E
WHE KA, E RN 0.21atm,  BREAE £ /0 BEJRESIALE 1000g 7K H 2

Solution:  p, =0.21x760 = 160(mmHg) , &, =2.95x10"(mmHg)
Po,

V Figure 1.14 Solubilities of several ionic

solids as a function of temperature.

160

HIFRER k=—=, fx, =p, [k=——"-=542x10"
X, z T 2.95%10
n n 1000 .
— oy 2 (n, <<1), o n, =542x10"°x =3.01x10" (mol)
n,, +1000/18 ™ "~ 1000/18 : : 18

@ FREeEHTERE AN BEASEBERMEERNSA. HCl. NH: S5 5KE
MEAER, FrCLETFRA RN 2 R et .

=\ B®H9KRE (The Concentrations of Solution)

1.

TR LR IRIE

18
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(1) JFiFE 540 (m/m) : (mass fraction, mass percentage), ppm(parts per million),
ppb(parts per billion)
oK RS AN 0.05ppm (= 0.05mg/1L H,0)
Q) IR (M=n/V) Molarity:
YR EIRE (M) =moles of solute/liters of solution
Q) FEYFRMERIE (n/1000g H2O) Molality:
R EWRE (m) = moles of solute / kilograms of solvent
BIEWARFERY, p=1, FrLL kg EHEAEAE ILIER, W M~m
(4) BE/R 530 (xi) Mole fraction of component:
JEE /R 43 %0 xi = ni / n = moles of component/total moles of all components
(5) Normality (N) CHERE)
MEWRE (N) =n x moles of solute/liters of solution
ERR N T, n TSN H B OH ¥ H, 7 Ox-Red N, nZ&ET
Imol ¥ E AN E B BB . B R IR A, TR .
2. HFhIKREEZ 35 (Units exchange )
TR (1) 3 B Q)N (S) L R MR B T s (2)~ (5)Z M) ) EL 8 b ZBURNAR 25 e

Tk
3. B FRAS [E] 2l R R B R
L2 4ti: Guarantee reagent (G.R.) AT 4li: Analytical reagent (A.R.)
fe224fi: Chemical reagent (C.R.) SEUGRF: Laboratory reagent (L. R.)
=\ BB/ EE (Colligative Properties of Dilute Solution)
Colligative KR H$L T 1#: colligare, =M. —IE . KB 2 U SR

HRORE AN B MR, TSV I R R T %
1. BRI ZESEPREK (Lowering the vapor pressure) TV AR BUPE B AZ 0
() fE—EWE T, M AE 7 oM AR KRS BT, IR 28 SR AT IR 2 T )
AL
() fE—EWE T, WA E/DNT40E RN AR E
(3) Fr L /R E mwﬁ&l%?%#%m(mmm> SR WA
RS B IR JEE R G B Ok

Ap= p% —D=Xup -p%u » FEA Raoult’s law. HH p% AR BT 2h R 725

&, p NFE—EE NHERESE
X RE P RIE AR : xgtxu=1
L Ap :p;u —pP= (l_xfé‘ﬁu)‘p;u’ M p=x, ’p?fu
XA—FE AR, CFRRRN: R T, EXEEREERNERN R RS
Tl v 70 10 258 S UE 3R LU 71 1 BE IR 43 4

Vapor

AR R

Water Aqueous Aqueous
solution
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(a) (b)
Fig. 1.16 An aqueous solution and pure water in a closed environment.
(a) Initial stage, (b) After a period of time, the water is transferred to the solution.
Sample Exercise 1: Glycerin, C3HsO3, is a nonvolatile nonelectrolyte with a density of 1.26g/ml
at 25°C. Calculate the vapor pressure at 25°C of a solution made by adding 50.0ml of glycerin to
500.0ml of water. The vapor pressure of pure water at 25°C is 23.8 torr.
Solution: Moles of C3HzO3; = % =0.684 (mol)

S00x1 _ )78 (mob) Yo -8 976

27.8+0.681

Moles of H,O =

Pio = X0 - Prio = 0.976x23.8 = 23.2(torr)

AR REAEE RN (VAR FEAR S PR AR BRI, W gy >> g

ne n Ny
= R
g + Ry Ny g

S ILTRLL M,

My My =—— Ty o M
I T000/ M,y B = m Moy fONAp U

BAp=x;-py=M,-plmz=K-mz (K=M, p), ~T=CH, p)=C)

BPPE— B BE N, FMEHE R AR H RO A 1A VR ) 255U T [ 5 o ) I 11 VA
1B MR YR, XA RiE A PARAW (ideal solution) o 7ESZFIFRARSAKIE KT,
NATT A G — P P AR VAT

a. EFAEWEW, S50 FrRuAHL, PAEUEAN T 8 AH BAE RS DL e 4 — 3

b. HEHD 5 FIREGRS, AP BN AEFRN.

JIr AR 5 S FE ) S5 o A BR ARV Hh 7 R4 R RIRE R SR Hh 1 23 7 84— FF o
(4) WP P R A 4 R TI  (two volatile components), AR _F T IZESE (pr)
TSP PR R AR TR S B — PP, 91 1 CeHe (benzene) 1 C7Hg (toluene)
IR A, A PN AR, FROVBEARIER, B4 P A DA AR] LR A5 FH VR
&, HIEB MR S R Ed. B pi=xip®, pr=x2p?°

W LD AR P =P+ P, = XDy + XD,

Sample Exercise 2: Such a solution, consider a mixture of benzene, CsHs, and toluene , C;Hs
containing 1.0 mol of benzene and 2.0 mole of toluene (x ven = 0.33 and x o1 = 0.67). At 20°C, the
vapor pressure of the pure substances are p,. = 75torr, po, = 22torr. Calculate xpen in vapor.

Solution:

Poen = Xoen " Py = 0.33%x75=25torr  p, = X, - Py = 0.67x22 = 15torr
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= + =25+15=40torr X, 1n vapor = =0.
p total p ben p tol ben p 1 5 +25

BIRFAEE AL 33mol%, (HAEZE T 63mol %, LA G #E KIS ERAR T E
L, BN ZTEER (distillation) ) 5 LA
(5) X T-F S P P [l A = PR DRV T RV VR, FLI R T 28K pr
AR . p = x; pp + X0
HIRIVEWN . p, = pg: +xﬁup§ru CRP 59 Jo 1 B8 7R 43 6 %)
BB V55 AR UE DR 4 M P ] 3 i A s o R R B DT I 28 U 2 X
2. W I FE R (Boiling point elevation of solution)
(1) TR 28 SRR T Aiva A 280 o i DAV VARl a2 vy T Al 550 1 o s
B Ty> Toys ATy = To—Th,

/ :
latmn ! 4
. e
1t
& . i < Figure 1.17  Phase
g Pure liquid o diagrams for a pure solvent and
% Salid solwent P for a solution of a nonvolatile
E ; ) ! : solute. The vapor pressure of the
Triple point Solution 1 | solid solvent is unaffected by the
E ) of solvent B presence of solute if the solid
2 Fiare solid i freezes out without containing a
polwvent Boiling paint 1 | significant concentration of
% : 7 % of solution : i solute, as is usually the case.
= reeZing PO o
; 4 L of solution o
Triple point | 4 - : Boiling point &, |
. (s Freeming point i
of sn:\lu:mn T il of solwent \\“‘LY—):
ILT"I
ﬁI;, Termperature AT,

QYHTAp=Kmy, MSHEBOMERTER, L, W#adtaEfREX8 AT =Ky m,

Ky 9 molar boiling point elevation constant. 7EEUE FAELFEE T 1m A6 25 ETHI RS
B, HHAN (C) K- kg mol.

(3) Application:

a. CHIAT,, R Ko
Sample Exercise : 1.00g JRZ[CONH2)[¥E T 75.0g 7K, A3 L3 7R 19335 558 100.114°C,
SRR T8N 60.1, RKIKH Ko
fif: CONH2): I m = 1.00/60.1 =0.222 (m)
75/1000
AT, =100.114-100=0.114C, K»=0.114/0.222=0.513 (C/m)
b. CHIAT,, KA BE /R B &
3. EWRAOEEE S HIFE{E (Freezing point depression of solution)

(1) TR A P, = pog BHOOIREE . TIAERLIREE T Py < Pl -
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Sopw > p e PULRA IR TRER, 1T py FEMAER— 8 OLEEAT A
) AREEI p g =p g X PVREEA RIFRAVEEE 5 Te, BT Te<Tr,» FTEA

VA VB ) ] AL T 7 ) ) e e
() FFEHAp = K - m, ATUAFEEERE s PR RIE KRR N: AT =K m
K¢ molar freezing-point depression constant.
(3) Application
Sample Exercise 1: Automotive antifreeze consists of ethylene glycol , C:HgO2, a nonvolatile
nonelectrolyte. Calculate the freezing point of a 25.0 mass percent solution of ethylene glycol in

water.

. , 25.0/62.1 .
Solution: ~ Molality = —————=5.37(m) AT:=Kr-m =1.86%5.37=9.99 C
75/1000
W 5.37m £ S BEHE IR 5 =0 - 9.99 = -9.99°C
Sample Exercise 2: Lauryl alcohol is obtained from coconut oil and is used to make detergents. A

solution of 5.00g of lauryl alcohol in 0.100 kg of benzene freezes at 4.1°C. What is the molar mass
of this substance? (Ktr=5.12, T¢, =5.5°C of benzene)

Solution: AT:=55-41=14C, HAT:=Ksr m
5.00/M
0.1
(4) ¥ [ 5 BEARIE I E 2+ & P s S il o+ B R . ROA KeBUE R T Ko,
JIr DA S0 5% 28 AHRE /N— 28 LRI ] fUnF, ] DA I R B4 K
(5) X T HE R, m AIRER T T AER S E TR R EY RN ERE. Fla 1m
NaCl(aq) H& i IR IREEN 2m.
Sample exercise 3: 3.24g Hg(NOs), fll 10.14g HgCl 43 B MRAE 1000g /K, 5 15 [ 2
5391179 —0.0558 C #1-0.0744°C,, [ Wk Ah ELAE 7K h ABS THIRSAFAE? (Kr=1.86)
AT, 0.588

5 5.12x 1.4, f#f5 M= 1829 (g- mol™)

Solution: Hg(NO3), m= ——=10.0300 (m)
K, 186
3.24/324 1 o .
i %:o.m (m) . Hg(NOs) 7E /K Bl B TR A 17 7E
g
AT.  0.0744
HgClz: m=—L= =0.0400(m)
Kf
10.84/271 1
i %:o.w (m) - HeCh 34 WA TR
g

Sample exercise 4: List following aqueous solutions in order of their expected freezing points:
0.050m CaClz. 0.15m NaCl. 0.10m HCI. 0.050m CH;COOH. 0.10m Ci2H22011
Solution: 0.050m CaCl,~0.15m in particles 0.15m NaCl~0.30m

0.10m HC1~0.20m 0.050m CH;COOH~0.05~0.10m 2 [A]
.. freezing points’ ordering is NaCl. HCIl. CaCl>. Ci2Hi2011. CH3COOH
low high

4. #iEE (Osmotic pressure)
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(1) FFEME (semipermeable membrane )

a. FEl: Certain materials, including many membranes in biological systems and
synthetic substances such as cellophane, are semipermeable. Cus[Fe(CN)q] JEFR7E
KRR AN, A EEENE.

b. fEH: They permit the passage of some molecules but not others. They often
permit the passage of small solvent molecules such as water but block the passage
of large solute molecules or ions.

c. structure: Semipermeable membrane character is a network of tiny pores within the
membrane.

(2) BiE (osmosis) = 77T IE I B NMVE LA HIE BT IR B IELE, BN
Bk
There is a net movement of solvent molecules from the less concentrated solution into
the more concentrated one. This process is called osmosis.
The important point to remember is that the net movement of solvent is always

toward the solution with the higher solute concentration.

A Figure 1.18  Osmosis: (a)
Net movement of a solvent from
the pure solvent or a solution
with low solute concentration to
a solution with high solute
concentration; (b) osmosis stops
when the column of solution on
the left becomes high enough to
exert sufficient pressure at the
membrane to counter the net
movement of solvent. At this
(b) point the solution on the left has
become more dilute, but there
still exists a difference in
concentrations between the two
(@) solutions.

# N
P

Concehtrated
solution / |

Semipermeable
4
membrane

1) A Figure 1.19  Applied
N ‘\V\ pressure on the left arm of the
Solution Pure
ya solvent apparatus stops net movement
emipermesble of solvent from the right side of
membrane ‘

the semipermeable membrane.
This applied pressure is known as
the osmotic pressure of the
solution.

(3) 546 (experiment)
Bl 1.8 am, PMAIRNKRIER, HILRAEGER: BR8240
GRIF RIS LA E IR « HT\AREE3, AT ER1%E, WK1 .18
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b, ‘BERMHTEBEIEN, FOMEEL, RINURE PRI ZE: WAL U #
ERRIAIM—AED), AT ARIEE R T iR s, i 119,
(4) 1887 4 van’t Hoff (1852—1911) [ JuUfBER, far =ML, H3K 1901 FFif
DURWAE VI LR BE e, HE50 0y V8 040 BTE — B AR A 791 h v
3% AVE T B S R A B SR S —#, Bll: 2V =nRT or z=cRT
(The osmotic pressure is found to obey a law similar in form to the ideal gas law)
EE: a. WAXREMN TARRMBFRAER: b, ERMERT, —THEBIL A
E 1kg V&7, Prllr=mRT: c. RALENEBAAET, AHeRIHEE
[k d. BRI = cRT 57UKH) pV = nRT 2 &77 &, Hak p i
F IR R e AN [ o
(5) Application
a. R ¥R BEEE TS T2 BNE
Sample exercise 1: £ 25°C. 1 FFRPE 5.0 R AR LMEIVETR, Hr=7.6mmHg, KRR
LI T

5.0

Solution: 7#=7.6/760=0.01 (atm) nzﬁ , T=298K

50/ M

Mz =cRT 5 RT =r
V
5.0RT 5.0x0.08206 x298

M = = =1.22x10* (g/mol)

zV 0.01x1

WO LI 7> T8N 1.22x104
b. FECHIEBIEW (isotonic solution) : BIE RAHSERIA, HIANLL MERFEE T
5 0.9%M1) NaCl(aq) BB AR . # MBI T 0.9%NaCl i+, 7Kk
BN MERF, ZOIMBRE K, wlELMmERe 2, FRONEIMAIER (hemolysis) ;
HACMBIEAN KT 0.9% ) NaCUE R, ZLIER P RIK A0S 20 MERGE /I
(shrive), It LAKEE B ERBKES D20 H1 5 MBAHSF 2 I8 IS A RN T, A4
5| S 7™ B T o
Sample exercise 2: The average osmotic pressure of blood is 7.7 atm at 25°C. What concentration
of glucose, C¢H120s, will be isotonic with blood?
T 7.7

c= = =0.31 (mol/L)
RT 0.08206x298

Solation: iz =cRT %5

c. AIfEHEAIRA
5. VA BAREME I S 4h
(1) MEFE A MR PR o T R AE VA R ] AR TS VR, e 28 U PRI b T
i e SR LA OBE R, S1E — i B B0V 7 B — g AR R R BT I8 A ) ¥
JR R BE R B E LG, T S R B A T TG R . FRATHEX PPV BT AR A A
PEFR MR EPE Ccolligative properties)
(2) ZURPEAC, Wb s T A ] S PSS e x B m SR PRSE R, B EATZ A
KR, AR TREREZ L. ERHTZASER TR, 50 1 b ST m A PR .
/9. BXPARi& (Colloidal Solution)
1. BAERRE L 4 BHRLF ) EARAE 1~100nm Y N 35510 BUR
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2. A& RA 8 (gas-gas FRAM) , AT FE RIAR I BAE A O A4 2R — W I
(sol-gel) &

3. ¥ 4% (preparation):
(1) BEIE%
a. YIEECRE:

() AR B IORS T R BN 7K R R 9 e 5
(i) ZZABERVE: R RN 2s T, RERMEREEAIWEY K , 1fEZ%
SAEFTE RN Caerosol) o

b. fb2EEEER
() & JZER] Au B : 2HAUCl + 3H,0, == 2Au + 8HCI + 30,
(ii) LB R : 2HoS + SO, ==3S + 2H,0
(i) ZHRVEBISLEIZ: Ni(CO) =2=Ni () +4C0
(iv) K] Fe,03 /KIEZ: 2FeCls + (3 + x )H,O0 ==Fe,0; - xH,0 + 6HCI
() i - HLbR. ML R RS S
4. VIR
bR T o TR AL, IR B 43 B 5 70 B/ T 2 (B AR 2 W S I ) B 5 T
(1) T8RS (Tyndall’s effect) :
IR R, UK, REA~d 5 BRI R AU .
(2) H3kI % (Electrophoresis) :
TERIIERT, AR 1€ M5 . XU B RO 4 R PR f e, R
HLI7 S AR AN B T AR 8, FRONHLIENT (Electro-osmosis )
IEH AR : Fe. Cd. Al. Cr. Pb. Ce. Th. TiZ&&EMYIER
TR : Au. Ag. Pt. SZEVEHE, As:S3. SbhaSs. HaSiOs. 45R%E,
3) BIEATRE, JHE— R E, 2PUEHEK, HHMASENE, ANREFERIE
B, IR AR o
(@) F TR — MR, B AN BUEZ BITE S, (H5F EAR
100nm-1nm 2 [8], —MAT A, WIERFRE. BT8R I fg 2 i,
©RARERA RSN, WRA TR, HIEHEIKIAR.
(5) BRI LIS : SRR FIBE (WD IR A& 8 Ko TR, 2%
ez GEEWETHROFEAR R AESME R, EEEEREEMSA
T HLf 4E R AR R A R, IR R B T e — R R .
5. JRRLHT [E R EL A (1 5
(1) Liepatoff’s rule(Z={AFE R M) kL2 1R M W Bt 5 & A & S5 AL B 7 o
(2) SEf:
a. SiOVAER: FIM Si02 + HHO == H1Si0; === Si0:* +2H", [SiO2]. ki
Bt Si05%, AHRE T F1 FL A
b. Fe(OH): X1A: FeCls7Kfi#t, sk Fe(OH);, — 84> Fe(OH)s 5 #hMR [ WA i,
FeOCl, FeOCl H 5, Api FeO F1 Cl -, JKRi[Fe(OH)s], " FeO i 1E B fif
c. Klagfl AgNOs@q N, il Agl #K: 24 AgNOs it &R, Agl ST Ag'
BT, WIEHAT A KIER Agl iR T &7, 7w,
(3) BRI R A5 5 -
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a. FAMBRIFNL:

R
: A L TR
{ [Fe(OH)3],,* nFeO" , (n— x)CI }¥++xCl
Btz XEETF FEREF BHRBT

.

iy
JEhE

iiodil
b. RERIEWR

{ [SiOs],,* nSi05%~ , 2(n —x)H* ¥ .2xH*
K% RAEF RERSF HHRETF

.
AL

il
6. BRI R UTAERY 732
(1) B HIER DT (Coagulation)
a. MMNHMRRT: () & F MR, BRI (APF>Mg>>Na') , ves
(B FHATEDS; () RETRKEREEAN, 8BS RDI (i) =& TSR
B, S RUT: b, MAAHR A AR ¢ TR
Q) BRI IINIE SIS TR, (HEKDSRAEBNIER, RiEAZIR
FEH.

"% Chemistry at Work Supercritical Fluid Extraction

At ordinary pressures, a substance above its critical tem-
perature behaves as an ordinary gas. However, as pressure
increases up to several hundred atmospheres, its character
changes. Like a gas, it still expands to fill the confines of its
container, but its density approaches that of a liquid. (For
example, the critical temperature of water is 647.6 K, and
its critical pressure is 217.7 atm. At this temperature and

percritical CO, extraction include removal of nicotine from
tobaccos and removal of oil from potato chips, producing a
lower-calorie product that is less caloric but has the same
flavor and texture.

WV Figure 1.20 Supercritical extraction is used in the
production of some types of decaffeinated coffee.

pressure, the density of water is 0.4 g/mL). It is more ap-
propriate to speak of a substance at its critical temperature
and pressure as a supercritical fluid rather than as a gas.
Like liquids, supercritical fluids can behave as solvents,
dissolving a wide range of substances. This ability forms the
basis of a system for separating the components of mixtures,
a process known as supercritical fluid extraction. The solvent
power of a supercritical fluid increases as its density increas-
es. Conversely, lowering its density (either by decreasing pres-
sure or increasing temperature) causes the supercritical fluid
and the dissolved material to separate. With skillful manipu- o —
lation of temperature and pressure, it is possible to separate ’-.-,m:’_';fl' Decaffeir
the components of very complicated mixtures. [ " Coffee o~
The process of supercritical fluid extraction is now :
under extensive study in the chemical, food, pharmaceuti-
cal, and energy industries. A process for removing caffeine
from green coffee beans by extraction with supercritical car-
bon dioxide has been in commercial operation for several
years (Figure 11.19 »). At the proper temperature and pres-
sure the supercritical CO, removes caffeine from the beans
by dissolution but leaves the flavor and aroma components,
producing decaffeinated coffee. Other applications of su-

!1 ’
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