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

§1-1 AAGWHER
The Properties of Gases

ZIK*ﬁEI’JE RUE AN
TE /R W5y K €@ (Dalton’s law of partial pressures)
2. PR N R e # (Amagat’s law of partial volumes)
3. WP FWAS AT HUER (Graham’s law of diffusion)
—. BB Sk (Ideal Gases) —— 1L S A RATIEE B RARBS
1. HZ# (SRR AR S A ?
SR TR AR ES, — BT A
SR T ARG P AR B N T AR AR AR
Eﬂ 1148’\?2@1?)5@7'77%%5%7 \¥ZIKEJE’U</J\ﬁLJ@H%E‘JEMZIS, PR BRAR AR
2. PUARSER MRS, bR AL, (HHES R [ SRR — 8 A
T%m PR AR T
3. SERRIMRAEAT ATE LT B AR EAR AR ?
BRI S A T BRAR I, SEPR U A I T PR Uk . BRORTESL SRR T
oy T BRI, PR RE A i&ia 1%, 5 b AR ] 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%, Ve 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. HAESATTFEA (The ideal-gas equation)
HE=XE: V o<nT/p, Bl pVocnl, SINLLBIHE 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 x0.08206 x273.15 ~2241(L)

p 1.000
6
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4. PRSI RES A (Application of the ideal-gas equation)

AR BE R i
W BEHxp, V. T, m R M
QCHp, T, p R M

5. SRS (Real gas) 5 HUAES A {F % (Deviations of ideal behavior)

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

2.0 3
N2 200 K
THy
500 ¥
15 = 5
e 2
eV — Ideal pas | PV
BT 10 i 1000 K
1 Ideal zas
0k
0 ]
0 200 400 B0 go0 1000 0 300 500 900
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 /NIARRIE D TN, 73T ORBIRR R R ) 7 T 2 K

b. WG, SR, WEBN.
(2) SEF TR T Z (AR M AR

FIGURE 1.3 This curve shows
how the intermolecular forces
vary with separation. As two mol-
ecules approach (read from right
to left), they attract each other
increasingly strongly, as shown by
the dropping of the curve well
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
one another. The plot shows that there
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SEIAE, WANEIR TAZZ AR d <4AWF, fu-R T EAEH; d=4 ~ TAR),
fa B EEZAEH, d >7AR, @RT 2 AAIER 20 T 200 e, &b
HER A, (2RI R R R RSl mREAE.

(3) L S EEAE AR, PV >>nRT, FNERFARERT, BB —E /)
£, HFHR IR, SARRIARBEA SN, BrLL VbR, 7E A IE
%, WPV >>nRT; 45| JRFEMERR, PV <nRT, XEMT/HT 27
TEMIWR G 71, BT XA AR 178 /e FTEA p SEBRfm/N, PRz M Pr<

nRT .

6. X PRARS AR E FH& IE— van der Waals equation (1837-1923)
Dutch scientist, Z3K 1910 4 Noble physical prize

(1) X

2

(p+a%) (V —nb)= nRT

Q@) Wit: XY piaVia=nRTHHL:

a. Via=Vae—nb, n N mol #, b N mol 1A G 56 FIAEM

S Va—nb BT SR TAS SR CIER TRIAE, BN Vi

nz ‘ 2
b py = py +ame AT p o TR g WE? HIAAA po<p W2
14 V

BRI Z R AN I () B2 7 WARER EAER], BrBLo>1 ) 3 BE Al
FIRBOE D, TR EC S 2 TR (n/ V) BRIEEE; (i) 705X & BERE i )

2

Bl , TWIEWT n/V, FiCUEAMICIERT n2/ 12, aup.ﬁa%:pido

_ t
Wall i—’ Wall Q\ :
(a) (b)
Figure 1.5

(a) Gas at low concentration—
relatively few interactions between
particles. The indicated gas particle
exerts a pressure on the wall close
to that predicted for an ideal gas.
(b) Gas at high concentration—
many more interactions between
particles. The indicated gas particle
exerts a much lower pressure on
the wall than would be expected in
the absence of interactions.

www . kaoyancas . net

Nine other particles, each

of which can form a pair
with the given particle.

\ Each particle can interact

(D pair-wise with all other
TN

Given
particle

particles to give (10)(9)/2

K distinct pairs.
@
°ll® N
YRS

Gas sample with 10 particles

Figure 1.6

lllustration of pairwise interactions among
gas particles. In a sample with 10
particles, each particle has 9 possible
partners, to give 10(9)/2 = 45 distinct
pairs. The factor of % arises, because
when particle 1 is the particle of interest,
we count the @+ @ pair; and when
particle @ is the particle of interest, we
count the @---@ pair. However, @@
and @---® are the same pair, which we
thus have counted twice. Therefore, we
must divide by 2 to get the correct
number of pairs.
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a. b A van der Waals constant, HSZ5Hf 72
7. Mo Tiashie i S BAR ke
(1) AR B (Basic hypotheses) :
a. VSRR S ms. =W, HRFroR/N . TR
AER & —FE s
I FAEARNIZ 5 ;
. ARG X i B PR AR A 5 L A
(2) #:'F(Deduction): &K L HKI—ASLFE T HbAE NS T BT H
JREA m, WERN u. A NB ARSI x M7 Mies), HahEN mu. 751
HEE A AERE A J5, DUESRPHEEE M4

& RBERD |, H 3R Ao, ]
AR, 40T I R T |
dmue A TFGRKE, T, Aom L,

HIZH A S, SavEE A ES N IAE v le—— | ——>
2 [P EMBE N 2L BTN 1

Fig. 1.7 An elastic collision of molecule
TR B B & N g
with a well

2mu/(2L/u) =%
N /300 sl &l N
N mu’

?x . =f (AN NS ENA), P (JE#) =f/S=f/12

N mu’ N mu’ Nmu®
3 L 3V

s £ m AN, HEEN w, VR ILE:

m
pV= 3 (mu® + nou® ++++ + nut + ), N=Zni
i

2 2 2
nu; +nyuy et nu; e

S ut = v ! vy FONERP TP EME 1D
m_.—2 2N1 — 1 —F5 —

: 7= ——Nu ="——mu’, —mu’ =E,

RANLEA, 15 pl- 3 3 2 > zj]

Gt LS TARES TP SIRE R R BRI
— 3
AL SRR K R: Ey :EkT, k—Boltzmann’s constant,

pV—zg;ikT NKT
5 pV=nRTAELE: nR=Nk, W k=nR/N, 1 N/n=Na
" k=R/NA=L423=1.381><IO‘Z3J~K"
6.022x10
k B R SR oy AR B
=\ BEIRMSEEE (Dalton’s Law of Partial Pressures) 1801 £
1. Deduction: fi%fH —HAESAKKIREY, WIRSGVAG MBS, HERET

T, HEEREBA YV, BESESHS NI (=1, 2, 3, =i, =)

9
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B AR SR T A9
RT RT RT
p1=”17 , p2=n27 , eeeees , p,':”f7’ ......
RT RT
Zpi = ni7:n7:pa, B P :Zpi

2. FiER: Py =P
3. AU TR EERVARUE RS, 38 A7 T A 24k B 2R 1 R 92 R

. RT
4. H—RRILIEA: LV A X, — mole fraction
D RT »n
P ni

Vv

TR JEMARFUEE R, HAESEEEYT, SHSEN D E (o) FTEE (p)
Fe LLZ L 73 K BE IR 08 (x)
5. SEEGAERH: Ramsay (1852—1916) — British chemist, %3k 1904 Nobel chemical prize

I nZelEl: Pd HilNVE R eirE e, A YE

Bz
1 Sl . EAME AN —E R AR, P
L%
)_-I'd E’ pT :pAr+pH2 ° Xtﬁ&ﬁ%%ﬁq}igﬁ.
. H-.E Ar

( sz' > pHZW ) pT' = Par +sz' )
= Py =Pa by pr RRRARAE, NIRIE
T Dalton 73 & E 1.

Fig. 1.8 Ramsay’s apparatus of verifying the law
of partial pressures
6. Application of Dalton’s law of partial pressures
(1) K73 [ :
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, + Pro »  Pam =742 cmHg
The vapor pressure of water at 25°C is 23.8 mmHg (=2.38 cm Hg)
** Py = Pum — Puo =74.2-2.4=71.8cmHg

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

=8.61x10* (mol)

(2) KA.
Sample Exercise 2: CUANHIREE . latm F, A4Bo(g)fE % A H3E4T R 7 fif
A4Ba(g) —— 2Aa(g) + Ba(g)
IEEFETR, FEE SN 1.4atm, SR AB LR NZ /b2

10
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Solution: A4Bo(g) —— 2Ax(g) + Ba(g)
1 0 0
l-a 2a a
1 1

. — = a=0.2
l-a+2a+a 14

PO, FaIgin s cFiE®E (Amagat’s Law of Partial Volumes)
1. fHam s RR: IBESAP A S i AELE, I BANR A SARIIRRE, FEaRAH R
i, FTRA AR Vi, FOIRESAPE i A ki, BRA:

ntn |€«— > ny 1y
L1 7. ptEERS
BRI Y SRRV, DRV,

2. RBUEE: HEE, EAOMFER, RASEKSAFET %A A El i
3. Deduction:
nRT:(n1+n2+-~-+n,.+~-~)RT
p p

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

=mRT/p+mRT/p+--+nRT/p+--- =V,+Vy 44V, 4= DV,

. BRFEEYEERE (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
FEAEEZAPE TS, B T AR HoE R 5 S E (SRR HI-F 7 iR
s

3. Rk

51/1722\/102/@ :\/MZ/MI

Glass tube Air Air

dycl
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,CI(s).
(b) When HCI(g) and NH,(g) meet in the tube, a white ring of NH,Cl(s) forms.

4. GEW: () FRIES O TIEEB IR ST T:;,,V (p V%Nﬁz)
-m

— RN . _ 1
U=,———, AHEEANp=—— . Hp=constant , U OCT
P

11
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u i, =~p,/ p o peM S fuy =M, M,

(2) SREGIESE: B A SE DR, wriE e Ry Rk R
B v RS EE (SRR Z AR W ?

tl/t2:\/p1/p2 :\/Ml/Mz

5. Application of Graham’s law
(1) AT b AT AU E AR A=A 70 78 (BUJE T8, Ramsay St A A%, I
E T Rn T &.
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?

rate, M, rate 32.0
Solution: = 2 2 =(0.355 —— =0.355
rate,, M, rate,, M,
1
Mx, =254 g/ mol SRR TR = 254xE =127 g/ mol
.. We conclude that the unknown gas is I
(2) AT A B[Rl 2%
HARFH U 15 0.7%, U815 99.3%, UPSt] LAl FFHRRAR, 1 UBS AR
FERALANR &t
MAHH" (pitchblende) (M AIH, UO)fil%& UFs (b.p.=56T) :
3U0; + 8HNO3; == 3UO:(NO3), + 2NO + 4H,0
UO,(NOs), 22£ 05 + NO + NO» + 05 UO; + Hy 2= U0, + H:0
UO; + 4HF == UF, + 2H,0 UF, + F, == UFs
rate s M s 238.05+6x18.998  [352.04
e T — ' 2 = 1.0043

M 235.04 +6 x18.998  \349.03

rate 238 UF; 238 UF,

XFPF-F- A 293, 3R 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, 1 9iH =6.07 )

§1-2 Wik
Liquids
TR PT R B SR AR LSS M A R RE . B AL T 58 R EL UM AR | 58
EHFREARREZE, BV EBEA RS RS IR E AR, SURRER [ 7RI

FE, @ —E I RRPEE— S BT, BRI AR I e £ E e ik 2] B 5oy Eie AR
o (HIRIRAR G — ke PE, 0. RS (viscosity) M 5K /7 (surface tension). [

12
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(freezing point). ¥ s (boiling point). A28 % (saturated vapor pressure of liquid) , f#FK
RZEVRIE (vapor pressure of liquid) o A5 FRATT 32 E 1R R AR 1 VR RN 2% <0 e R ] A
—. RIFHIZESE (Vapor Pressure of Liquid)
1. ARSI
(1) ZER WA —F 7=, W] AR IEFE (phase changes) » 7&K I3HE
FEBEE e 5 K22 40 (energy changes). fRAR, 4IARAAE NP SR SIS e & 11
THOLN, BRI R, WA IRE TR, ZREEMEE S .
(2) WA 75 K& #4(heat of vaporization), tHHK A 7% & # (enthalpy of vaporization).
T FEIR T, AERRRA 28 K T A

P, RO R | _ |
2. WARMIEAZESE (RRRESE) x
(D) TEUA R, RATR T e 4 ]Wmmm Condersaticn
Ty AREFMARE S THIRS, AR g e ek
M ——7 K . & L
@ EBmETh, EREERORN, § B R e B
O3 HRAR L 4 B A — — R | Sid
G)fE—EIRE T, EHMARET, Zid—
R, &R SERIE T, XA <« Figure 1,10 Energy
ML B0 MBIz 1 e ittt Ty
(4) A2 =B B AR N A 28R K, 14 states of matter, and the names

. .. associated with them.
M7 % (vapor pressure of liquid) o

(5) X T A —FBAAR [ 28BN RE TR IR, A BRE TR, R 5EE
AR A AR SR S AR A AR A K

BEB. RAEAUME, BT MM Boyle’s law? 7
3. 2SR HZ K K R (The relationship between
6
vapor pressure and enthalpy of vaporization) —The
Clausius—Clapeyron equation ((%% 55 & ¥—7a iz P .
DOETiRER)
(1) DA ANZE SR A E AR In p X0 IRLEE s
s (/D K, [ERNESZE—%E
£k, ZFEMInp 51/ THRAWER, #Fé 3
. 0.0028 0.0030 0.0032 0.0034
T ELE T A T
va A Figure 111 Application of the Clausius-Clapeyron
In pP=— L (1 / T) +C equation, Equation 11.1, to the vapor-pressure-versus-
R temperature data for ethanol. The slope of the line equals

—AH, .5/ R giving AH,,, = 38.56 kj/mol.

R: gas constant C: HZM#EE
A vpH: enthalpy of vaporization per mole of substance
(2) Clausius-Clapeyron equation
BRBAE Ti~ TR EICTA N, A v AN, 283509 pi K pa, W

A vap H A vap H
Inp, =- R A/TH+C (1) Inp, =- p A/T)+C (2)

13

www . kaoyancas . net



www . kaoyancas . net

. ALH 1 1
(1)_(2)3_&’ 15 h’l(p1 /pz) = (___)

AGH 1 1
' (——)

Bl le(p,/ p,) =
g(p/ py) 2303R'T. T

Ie Ry 50 57 i i — s DU T R 3K
(3) Application
a. CHITiv Piv Tos Py 3R AvpH;
b. CHIAwH M—MEE T p, KIT—MNRE 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

lnﬂ:AL 1 1
p, R T, T
1000 _A,H 1 1

4000 8314 708+273.15 443+273.15
AvapH =81.32 (kJ - mol™)
—. i&iKHI#E S (Boiling Point of Liquids)
L. AR A TR AR B M AN 78 ST 5 A RS AR S I IR
2. FHiE: EUCIREES, SULERE NI EAT, AR I .

[
34,670 783C | 100°C
| \/- - \/ \/ 4 Figure 1.12 Vapor

800
760
g Nl bislivee: pressure of four common
g - - .
= 600| Disthyl /. E2" liquids, showrjr?]s atfunctlo? of
3 th mperature. The temperature
7 ) Ethylalohol Lo e P )
& {ethanol) Water at which .the vapor pressure is
T 760 torr is the normal boiling
= point of each liquid.
200 -
Ethylene
glyeol
0
0 20 40 60 80 100

Termperature (FC)

3. PSS AR ARCRART U AR N R, AR TR R T BT, TR
FE 1 AT BOVBAR A IS 20 fUHBUAR S R AN A
4. The boiling point of a liquid at 1 atm pressure is called its normal boiling point
=. &IBYEEE = (Freezing Point of Liquids)
1. YRR R 78 S0 5 L T ) 28 A 5 P ) i B PR D R A D ]
2. AR AR A A s (super cooling liquid). X PRI SR At v B 4 (super
cooling phenomena). YAEEAE, A IGU™E, SaliKu] LL% B-40°C A TFIR S

14
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VKo PRUAMRMA AL, &5 5 O . R R A RS RS . 455 — B TR,
ERE @R PGS

3. /KM =AH £(Triple point): < — K — [ = AHA P47 s . REAKAE P /K 728 SR R r ke
[, A TR RS HoOo MUK s R TR IEARE R 1R, 3 2 SR 1R 7K 1) e
s, RIS AR ER (A /D& Nay 02n ArZs) FIpK (46 HoO) I P47
FEo FTUAKI =AM S s — el fmriE R, &— MEDEAZRPRE: mKrK
RO — U R R, BEAN KA RIS 2 5

218 D 73
‘‘‘‘‘‘‘‘‘‘‘‘‘‘ atm
atm Liquid !
£ water |
b (liquid) : v
Y G [ S S = =5
g latm - N 2 5.1
isg| (0L e L
i | |
orr BT e A sovater
1 vapor | 1:atm
1y
TR L
() I |
il | |
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. KENEFHEE Te (Critical temperature)

ST AT IR AR . SRIRUE L TR D 04 374.2°CH1 2.21x107Pa. i
T3742°C, KRBULAESHERGELE, BINZ RIMNE, [UEBARRN. 7 3742°C
AL, BEARA AR, WA S—CPE. Pl D RS — T il 2 Ti
Uiy, SR IK G SRS .

PO S A AR AE 2 AT 2 I S A 2

B — N NIPESS B A A IR 2, ANE RN EERER AR (B, 31°CRLF
AN CO2) o FELIRET, EMRSAIH T ERBAE, JIEBMZAERN, <—
TP AHIE BAH P, AR R I B T . a3, A8 IR &,
SRR, 54 Clausius—Clapeyron Ao 480 AR HE—FFE Sl G CO2s %
RIREEN 31°C) R— AR S SR 2, Wi R —AH, HAMEIRERE,
PR (AR RE, X — RFCONIZ) R I 7 R (critical point).

N T>Te p>pe i FIFAAFRAEIG TR (supercritical fluid) o #) B AE R I1E FR
A A — SRR 1) M5 -

(1) FE I S AP, R SRS R FE R L, T R sl It A0 S e R

(2) B SRR R 2 FE Tt s 77 () 28 A SRR K

(3) VIS AE B I SRS R 0] LUA IR VT 2 HAE WA AN BRI M I 0T, T ELX e i e B
i AL e Y P R PN

15
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§1-3 B&

Solutions

—, —LEE KR (Some Basic Concepts)
1. Z3#i % (Dispersion system)
(1) — P el ) LR 5 16 53 R 23 BIOPE 53 — BT (1 5 s b T I A &, RN R
pan E LG
73 HUFH (dispersion phase) = # 7 HL A B RR 43 BOMH
3B i (dispersion medium): 248 7 UM 19420 ) Bk A 43 B T
(2) 4rZX(Classification):
a. $4J%5]14r# & (homogeneous dispersion system)
b. A7 BU AR (heterogeneous dispersion system)
(3) 7 WU ELAZ:
d<lnm &M , d=1~100nm HMK , d>100nm EMHE. FLHEE.
2. ¥ Wi(Solutions)
(1) RN R . BT HUH
(2) ¥ FP 2 (kinds of solution)
Table 1.1 Examples of Solutions

M (solute), 7 BN Jli—¥% 7 (solvent) o

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) VAR AR R P A R o ] A R VA R 8 P B AN, PR 22 [ FR VR 5
PEBEARFRA AL, O AEBE TN o
(2) ¥ f#E%  (solubility)
a. P2 — A8 A P (dynamic equilibrium).
b. VEAIVER AR L AT LAV VR MR . TR ARIZ IR T 2/100g HaO R0,
A mol-dm™, % KN
c. fEZIET, s >10g/100g H.0 FX A 5%, s 1E 1~10g/100g H20 BN T, s 1E
0.1g ~ 1g/100g H20 FroNHLAE, 5<0.1g/100g HoO FRAMER o 265 AN I i
FEBA
d. FEMEE R R 2
() W “AHALAHEE": HO (polar solvent)— B 454 (Tonic compounds) |,
K — 43 (polar molecule) HHAH 4T
non-polar solvent —non-polar molecule FH¥& % 4
(i) ZMA: L (temperature) A1 58 (pressure)
MRS Solid: IRET e, WEMEAMK, AAZ, HEb:
Liquid: &I, EAREE K.

16
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CRETFETA S TIRIEEROR, S TS EE
Gas: @ETHE, WHEERD.
JEam: ARG ORI, XTMEA . ARV AN, AR AR R A A 2 52
MR K o
4. FR|EM (Henry’s law) — S ARE R €
(D) BUR: AE— & il BEAN— @ AR R, BT A 0 AR 0T B 502 U 1) 43 R R E
Eoo Blan: 0°C. latm ) CO IVEMRFE: s0=0.335g/100ml H,O, 0°C. 2 atm [

CO: M AREE: so=0.670g/100ml H,0
20
Oz
(] |

Solubility ()
=
]

10

Ceal50g)3 0 10 20 30 40 50
0
o 10 20 30 40 50 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) ke AR B0 o 6%, AR BENBAA L2 B IN n £, B DLSUAVE
IR B S EHEIN n A WMCFRER S e AR ETE . . latm R4E4A7E
IR R R 2 S RN 4.7 18, O S R EII IE p, = 0.21atme JTEAFE
SRS LR AU, SRR R R B S L TR R EE

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

p ARSI R (UL mmHg AN, x 2V I SAREEIE U BT & )
Jt FR) O

T FAERA VAR KBOA T, W, Hosm#ln] LR ASFE R AL, fr e
FEFI A2, 5 ) S 3 7 ) 7 R ke R RN

FEBATXARIEA S, xR EEWN, p ML mmHg . A ku 547t
& mmHg.
Sample Exercise: 20°CHf, S UAMAEK P A 2 HON 2.95%10'mmHg, 71l

WRAH, EEN 021atm, UL £ /0 BERESIEAE 1000g K12

Solution: p, =0.21x760 =160(mmHg) , £, =2.95x 10’ (mmHg)
Po,

V Figure 1.14 Solubilities of several ionic

solids as a function of temperature.

160

HEFER k=—=, Bx, =p, /k=———=542x10"
X, 2 o 2.95%10
n n 1000
—2—x =2—2 (n, <<1) Soon, =542x107x =3.01x10" (mol)
n,, +1000/18 "% 1000/18 : : 18

O.
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(4) FRERREH TS A SR AR 44, Frbl HCL. NHs 5204k
A H 7 ) E A
—. B&HKE (The Concentrations of Solution)
1. IR FE R R
(1) &2 (m/m) : (mass fraction, mass percentage), ppm(parts per million),
ppb(parts per billion)
YOK R RS B AR 0.05ppm (= 0.05mg/1L H0)
Q) IR EIRE (M=n/V) Molarity:
YR EIRE (M) = moles of solute/liters of solution
Q) FREDFRIEIRE (n/1000g H,O0) Molality:
FREMR T EIKE (m) = moles of solute / kilograms of solvent
YIEBARMERS, p=1, FTLL 1kg WAEALEE IL R, W M=m
(4) BER 348 (xi) Mole fraction of component:
FE /R4 #0 xi = n: / n = moles of component/total moles of all components
(5) Normality (N) (4EHKE)
MEWKE (N) =n x moles of solute/liters of solution
TERRIE N, n TSN B H 8 OH $(H, 7£ Ox-Red XM, n%%TF
Imol M) BB E I S BB . B2 SO Bk B, e 2T U
2. BPhAREE AP #: 5 (Units exchange )
E (DS RS AR E L (2)s (5)Z 8] 1 EL A b R ~F

Ji e

3. B MR AR R -
ik 4hi: Guarantee reagent (G.R.) AT 4li:  Analytical reagent (A.R.)
t2240: Chemical reagent (C.R.) SEEGRFF): Laboratory reagent (L. R.)

=. WA BRHIKEME (Colligative Properties of Dilute Solution)
Colligative KH$L ] &: colligare, WML, —iEMEE . KBS IUL S ER
HHORL AN SR B, 15 I B AR TE K .
1. WRMZESERK (Lowering the vapor pressure) — A K B A% 0
() FE—EIRET, [FA0ER IS R YERE BT, R 28 SR AT 2R 2 9 770 1)
AL
Q) FE—EIE T, WRNZAE N TAER A,
(3) 1880 ik FEML 2 FK AL /R (Raoult) JHILSLIG AL : VA8 R T & 598 B
JEE IR 73 HOH 5%
AP=Dpy—Dp=Xyy Py PN Raoult’s law. ot i ATEREIRE AL 7753
JE, p NIE—i TSR
X IR — TR R o VAT«

x;—;;g+x%q]:1

‘.'Ap:p;u_pz(l_xiﬁf.u)'pi.u’ [ pzxﬁu'p;u
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KoM AR SCFRURN: T, XM AR B 28 R SE
TAl T AU SR ATA IR BE AR 20 4

/_Vapor //_\
AN |

Aqueous
solution

Water Aqueous
solution

(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; = 5092# =0.684 (mol)

00X _ )78 (mob) Yo 8 976

27.8+0.681

Moles of H,O =
Pho = Xuo* Piro = 0.976x23.8 = 23.2(torr)

SR % VO LA VR VRN, 0y >> g

Mg Mg m. = St T |
Xpp=———=—, [ R T— SEARPIL T M,
Mg + Ny Ny g

- 'M‘ - —hm—_—l—lll™SmSl @ — _ N

f3 Ap:xfﬁ'pﬁu:M?‘flJ'p%J'mDP‘i:K'mDﬁ (K:Mﬁu-p%])

RIFE— @I BN, FEMEFE R R FRMR UM I VRN 28 U R 15 5 L i 0 o ) R B e
1B PERESR IR, XA RE A PAREW (ideal solution) o 7E52FIFRARSAKME KT,
NATT A G — P AR VAT

a. EFAEWEW, SH5 0 FrRuAE L, PABCEA T 8 AH AR R A D58 4 — 3

b. HEHN 5 FIREGRS, AP RN AEFE L.

JIr AR 75 S A ) S5 5 s BR ARV Hh 1 I AR LB AAR 1) 73 7 84— FF o
(4) WP P R A 4 RT3 (two volatile components), A _F T IZESE (pr)
S PP R AR TR S B — PP, 91 W1 CeHe (benzene) ! C7Hg (toluene)
PR, A PGSR, FRONIARE, B4 X AP A AT AT L A5 AH VR
&, HIEB MR S R Ed. B pi=xip® , pr=x2p?°

0 0
W E TS E Pow = P1 TP =XP) T XD,

19

www . kaoyancas . net



www . kaoyancas . net

Sample Exercise 2: Such a solution, consider a mixture of benzene, CsHs, and toluene , C7Hs
containing 1.0 mol of benzene and 2.0 mole of toluene (x pen = 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:

Pren = Xoen * Doen = 0.33x75 = 25torr  p,, =X, - Py = 0.67 x22 = 15torr

. 25
Piotal = Pren T Piot = 25+15=40torr X,., 1IN vapor = 5525 =0.63

BARRIEE AL S 33mol%, HAEZESH & 63mol %, ATl 5K M n fE 28 S &S
B, BN ZRTEHR (distillation) ) B 22 5Ll o
(5) X T4 PRI ] A F A v o IR i, HO VR BT 283U pr
AMRERI . pp =X P +X,P%
HIRIVEWN: p, = pgﬁ +x;mpg<U CRP 59 5 1 BE 7R 43 6 %)
BB 15 AR VAR5 R 1 1 AR S R B o RV B DT I AU I 2.
2. W I FE R (Boiling point elevation of solution)
(1) BTV 28 SURAR T2 R 28 U o BT DAV VR IR me 2 v T Al 5 7] ) 0 R
B Th> To,r AT = To—Th,
QY HETAp=Kmy TMHERAMERTER, Ll WA mREREXN A=K m,
Ky 24 molar Boiling point elevation constant. EHU{E _FAG1F5E T Tm #0009 5 BT
FERL, HEArh (°C) K- kg - mol™,

//
latmn 4
e
I
Liquid '
& o i < Figure 1.17  Phase
g Pure liquid o diagrams for a pure solvent and
& Solid solvent (! for a solution of a nonvolatile
E Trivl ; l ! solute. The vapor pressure of the
5 fﬂP 1“-' pount Slition. solid solvent is unaffected by the
: I presence of solute if the soli
g of solwent ! ! f solute if the solid
2 Puare solid L freezes out without containing a
polwvent Boiling paint 1 | significant concentration of
| it 7 : of solution : | solute, as is usually the case.
- P -
Triple point | 4 : - Boiling point 1, |
. (s Freeming point i
of sn:\lu:mn L T il of solwvent \\H“LY_):
ILT"I
ﬁI;, Termperature AT,
(3) Application:

a. CHIATy, 3K Ky
Sample Exercise : 1.00g JRZ[CONH)|¥AfET 75.0g KA, 45 HIF W A3 5o~ 100.114°C,
AR R8N 60.1, KIKH Ky
%:CWth%mngl@i=Qn2(m)
75/1000
ATy =100.114 —100=0.114C, Ky»=0.114/0.222=0.513 (‘C/m)

b. CRIAT,, SR B K B
20
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3. YRR IEEE 55 A% (Freezing point depression of solution)
(1) BT VRAAR IR ] £ 2 4 p;& = py W, TELEE T, puy, < pi?m ,
Sopw > Pae PR MIREE NIRRT, BT pu FEEEER—S ONEEWLE
ﬁ) ’ j‘ﬁ'ég’;ﬂ!p = P e :‘[ZHTJ‘E(J{EIEX%‘{%?&E@#%,@: Tt HH% Tf<Tf0 ’ Fﬁu

VA VBt ] AL T R A ot I
() FFEHAp =K - m, W LIEHEERE mFERRIEX KRR N: ATe=Ke - m
Kr 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 o
Solution:  Molality = ————=5.37(m) ATt=K; - m=1.86%537=999C
75/1000
W 5.37m L REA B =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? (K¢r=5.12, Tr, =5.5°C of benzene)

Solution: ATy=55-41=14C, HAT=Kr - m
5.00/ M
/%‘I“ 512XT=14 ’ ﬁg’/{%‘ M= 1829 (g . mol’l)
(4) 5k [ 2SRRI 5 2 = LL i s S e o T W . RO KeBUE KT K,
FIt DASIZ G 1% 22 AR /N — 2 s LY B[] 50BN, AT DAYR A W R 9
(5) X T HEE W, m AR A SR SIS TR REYRERE. Fla 1m
NaCl(aq) F& i IR EE N 2m.

Sample exercise 3: 3.24g Hg(NO3)> F1 10.14g HgCl 73 VA fEAE 1000g 7K, VA TR AR [
439179 —0.0558 C #1-0.0744°C,, [ Wb EE7E 7K LABS THIRSAFAE? (Kr=1.86)

AT 0.588
Solution: Hg(NOs), m=—t=—""=0.0300 (m)
. 186
3.24/324)mol -
g
AT 0.0744
HegCl: m=—=L= =0.0400(m)
K, 1.86
10.84/271)mol
[iii} %:0_041 (m) S HegClL AR F U7
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 CH3;COOH. 0.10m Ci2H2201:
Solution: 0.050m CaCl,~0.15m in particles 0.15m NaCl~0.30m
0.10m HC1~0.20m 0.050m CH3COOH~0.05~0.10m Z [d]
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.. freezing points’ ordering is NaCl. HCl. CaClo. C12H12011+ CH;COOH

low

4. #iEE (Osmotic pressure)

(1) }-iZE M (semipermeable membrane )

a.

» high

4 %}:  Certain materials, including many membranes in biological systems and

synthetic substances such as cellophane, are semipermeable. Cus[Fe(CN)q] JEFR7E
RESHERRAIILN, WA EEENE.
{EH: 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.

Structure: Semipermeable membrane character is a network of tiny pores within the

membrane.

(2) 31 (osmosis) = o FIE BB FERIT AR EIILG, FRONEBE.

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
point the solution on the left has
become more dilute, but there
still exists a difference in
concentrations between the two
solutions.

(3) 555 (experiment)
K118 ar, @B ILTINIRIER, AILTIANRGER: WA AR B /230
ORIHGE BRSO « B TEAIRERs), mATENZ%E, Wik .18
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s
Solution
Y
Semipermeable|
membrane \

A Figure 1.19 Applied
pressure on the left arm of the
apparatus stops net movement
of solvent from the right side of
the semipermeable membrane.
This applied pressure is known as
the osmotic pressure of the
solution.
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b, ‘ERMHTEBEIEN, FOEEL, RINURE PRI ZE; WRAE U #
ERELM—NES), AR TRIE ), w119,
(4) 1887 4F van’t Hoff (1852—1911) [ JuUfBER, far =WHEAILF5K, 3K 1901 ik
DURMGZE3E | WIS RS ., B850 T2 B — e AR AR A 7 b (132
i A By B SR AR T ) SR S /) —#E, Bl 2V =nRT or z=cRT
(The osmotic pressure is found to obey a law similar in form to the ideal gas law)
EE: a. MAXREMH TAREMBRER: b, ERMERT, —THEBILE
E 1kg V&7, Prllr=mRT: c. RALEFEBAAET, AHeRItEE
Jk; d. BRI = cRT 57UKH) pV = nRT 2 &7 5, Hak p ok
F IR R e AN [ o
(5) Application
a. R ¥R BEEE TS 72 BHINE
Sample exercise 1: 7E 25°C. 1 FFRPFE 5.0 R AR CMIVETR, Hr=7.6mmHg, #KER
LI T

5.0
Solution: 7#=7.6/760=0.01 (atm) n=ﬁ , T=298K
) 50/ M
Mz =cRT 15 RT =r

M 5.0RT _ 5.0x0.08206 %298
14 0.01x1
WO LI 7> T8N 1.22x104
b. FLHIZHEIEW (isotonic solution) : EIFEIEAHSERIAEW, B WL R 1)EE
5 0.9%[1) NaCl(aq) BB AR . #EMBANNT 0.9%NaCl i+, 7Kk
BANLMERT, MERET, PIELLMEReE R, FROMEMER (hemolysis) ;
AAC MBI KT 0.9%H) NaCLIEHR , ZLMER P RIK 0B 1, Z0MERGE /I
(sliriver), JIt AR (i ik S oo 2R A 5 I VBUAR S RSB TR A REN A, B I
| 7S 7™ B R 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?

=1.22x10* (g/mol)

T 7.7

Solation: Him=cRT 5 c= =
RT 0.08206x298

=0.31 (mol/L)

c. AIfEHEAIRA
5. M IRAKREE R B g

(1) HESE R A R R BB AR TR R T R AR, B SURRRIC. W Tt
i e SRR CL OB E R, SE—E B BV 7 B — g AR R R BT T A 1) s
JR I BE SR B E L, T S R B A T TG G . FRATHEX PP AE M ot b A Ak i A
PEFR MR ELYE Ceolligative properties)

(2) ZEURPEAC, b s T e Rt ] 5 A2 EH x B m SR ERE I, PRI EATT 2 T A
KR, MASEFERZ L. ERHTASIEN TR, 5IE 7T g &
FEAIG

M. BRiAiBi®& (Colloidal Solution)
1. BAARRE L 4 BERLF ) EARAE 1~100nm YO N 35510 BUR
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2. IRAERA 8Fh (gas-gas BRAN) , FRATTHIFFE B A - BOAE MR P BRI S R R — TR
(sol-gel) &

3. ¥ HiI 4% (preparation):
(1) BEERE
a. PRk,
(1) A JTE IR VA VR B N K T BB TR 5
(i) ZASEERE: fERRI R B, ZRMERESEINEY CR , 114
SAFTE NS Caerosol)
b. fb2EEEER
() I JZ LR Au s : 2HAUCl + 3H,0, == 2Au + 8HCI + 30,
(ii) LB R : 2HS + SO, ==3S + 2H,0
(i) ZHRVEBISLEIZ: Ni(CO) =2=Ni () +4C0
(iv) K] Fe,03 /KIEZ: 2FeCls + (3 + x )JH2O ==Fe,0; - xH,0 + 6HCI
(2) /e« Wbk, W EBAEBEESE, RIEE S
4. TR
bR T o TS AL, IR B4 B 5 0 B/ oL 2 (B W I ) B A T
(1) THBIRZM (Tyndall’s effect) :
IR R, WU RE IR, REA~d 5y BT RAEHU .
(2) H3kI % (Electrophoresis) :
TERIIERT, AR 1€ M5 . XUl A OB 4 R M B e, R
HL37 TR & AR AS S TR RS, FROAHLENT (Electro-osmosis )
IEH A AR: Fe. Cd. Al. Cr. Pb. Ce. Th. Ti & EMWIER
AR Au. Ag. Pt. SEEIFML, As:S3v SbaSiv HaSiOs. RS
Q) ERATEE, THE—ERE, UK, HEIMASEN B, AR
B, IR AR o
(@) F TR — MR, B A BUE 2 BE A, (B EAR
100nm-1nm 2 [f], —MEAT AN, HIERIE. S0 TR R i,
©RARBRA RSN, WRA TR, HICHIKIAR.
(5) BRSPS : SRR FIGEIR (WD M. ATE T Koy TV, A2 )%
FRERR: EHENETRFEAREWIESMAE R, FEESIFRE R
T HLA AE R R A R, R 22 R B T e — Rk R .
5. JRkrHT [E R EL A (1 )5
(1) Liepatoff’s rule(ZAHFE R BN :  BRLE R IE PRI I 5 E A B S5 AR T
(2) SEf:
a. SiIOVAER: FIM Si02 + HHO == H1Si0; === Si03> +2H", [SiO2]. KKK
B Si0s>, AR i s 471 L7
b. Fe(OH):[BifA: FeCly/Kfi#, Ak Fe(OH)s, —#F%> Fe(OH)s 5 £h /R [ i A ik
FeOCl, FeOCl H, &, £ FeO A1 Cl™, JKki[Fe(OH)s]n W FeO i 1E H fif
c. Klagfl AgNOsug b, il Agl i : 24 AgNOs it &I, Agl I Ag'
BT, WIEHAT A KI &R Agl iR T 8-, 7.
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(R idib)idZiEy SRR
a. FAMBRIFNL:

B Bf )2 S
- ~ > U=
{ [Fe(OH)3],, - nFeO" , (n—x)CI }xt.xCI~

Bt THET RERBT BARET

iy
JEhE

iz
b. HEERIER

{ [SiOs],,* nSi03%~ , 2(n —x)H* ¥ .2xH*
A RERSF HHREF

.
AL

il
6. VAR EUTA RS T7i2:
(1) B HIER DT (Coagulation)
a. BONEMRER: () RE TR, RITBIR (AP*>Mg>>Na") , ves
(BT HATED)S: (1) RETRIKE AN, 85D (i) RE T35 R
By, RS RUT: b IIAAHR G VEIR: e TR,
Q) BRI R: IINE A7 TR, (HERDS R AEBIIER, AR Ok
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-
lation of temperature and pressure, it is possible to separate
the components of very complicated mixtures.

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-
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