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(The behaviors of Gases Liquid and Solution)
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AHRNERREANER:
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Dalton’s law of partial pressures .

2. PUESnaEiR e

Amagat’'s law of partial volumes .

3. BUFASET BUER.

Graham’s law of diffusion
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— BES &2 (The Ideal Gas Law)

1HIK:

(1) Boyle's law : n,T A% Vollp or pV =constant
(2)Charles'law: np A% VoT or V/T =constant
(3)Avogadro'slaw: Tp A4F V ocn

Avogadro’s hypothesis :Equal volumes of
gases at the same temperature a molecular
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.



2. 1B S & TER The Ideal-gas equation
EF =318 : pVocnT

S5|ANLEE Bl &= 28 R 18 : pV=nRT

3. R: Gasconstant

Units l-atm-mol"'K' J-mol"-K' m’-Pa-mol'K"
Numerical Value 0.08206 8.314 8.314
cal- mol 'K 1-torr-mol 'K’
1.987 62.36
FERROL T 5

nRT _ 1.000 x 0.08206x 273.15
p 1.000

V = =22.41(V)




4. BESAEHFERNA Application of the ideal-gas
equation.

AREREE 1) WPV, T,wRkRM
2) CHP, T,p XM
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MNTFERTTRER. RAEFRREEE, BRLUKR
BN BBHRF; PERS; BRAFE.

URABREEEHN, PV >> nRT, BREHRF
HER TR A—RRES. TR NER. &
ERERBARLST N, FTAVERRK. FPEME, W
PV >> nRT ; AHR5|/1EFEEHN PV < nRT ,iX
EEH‘%"FZI‘B?#EB‘J'&%‘IJ’J, 5 e R B8 ) A b

BTeAPSERRfizh, FeERME. & PV< nRT .




6. XTHAESAKERENZIE—van der waals
equation

2
(p+a-— )(V-nb)=nRT | 5%

4 e

At APx<PaWe? FEEFIERREBEAT
. 1)HTaFRFERELIEM, FrlaF
X e B )l 8 2 09 21> i Al 1 PR 25 o )
FRERIE. 2)70 X438 R R E IR .
BWUAELT n/V, FiREERIELT

a, b 7’8 van der Waal’'s constant,
FH SE56 A 7€ .
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FRUI BN FERNNENNTEEDN 2mu/(20u)=mu’/l

NGNS FED N E TS Z mu” g RdE RO )

N mu’ N mu’ N
= /S = /l* = X = X SpV = —mu2=—Nu2
P=IS=J1 p= X 3 <y WPV = 3 3

X E, =%kT (k=R/N,=138x10"J-K™")

FRUA : pV = N ,knT = nRT
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6. Application of Dalton’s law of partial pressures

1)R%
Example: Suppose that hydrogen is collected

over water at 25°c .How much H2 (expressed
in moles) atmospheric pressure of 74.3 cmHg?

Solution: p,,., = py + Puo  Pum =74.2cmHg

the vapor pressure of water at 25° Cis 23.8mmHg(= 2.38cmHg)
Pu, = Pum Pu,o =742-2.4=7T1.8cmHg

pV _ 71.8/76x0.223

— =8.61x10 " mol
RT 0.08206x 298.15

n =



9. F3Sina4Ekf 2tk Amagat’s law of partial
volumes

1 fFam R BESEPFRASIRMELE, H
HAMEBEESENER, KRMERN, BrAANEHR
Vi SRR & SUEF B 2 105 E R

2 HAERER: JERE, EOMEER, BESERN
BARREFETSHS ERZN

3 Deduction:

V =

nRT _ (Z,.:"")RT _yuRT 5,
p p . o




. BINFEBRYEGER Graham’s law of effusion

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 pinhole

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

EEEZXHFT, X—RBETRENT BERSHE
E (BREERRE) BV RERREL
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5. Application of Graham'’s law
1)@@%%@5{%&*%%@9@%&% (BREF
H
2)0 o EEAE isotope

Blin. Tk 4235
3U0, + 8HNO, =3U0,(NO), +2NO +4H,0

UO,(NO), =UO, +NO+NO, +0,
U0, +H,=00,+H,0

UO, +4HF =UF, +2H,0

UF, + F, =UF,

B \/ 238.05+61x8.998 _ 352.04 _ ..
235.04+61x8.998 \349.03

a: 235 UF6 2 238 UF,)




§ 2 Witk (Liquids)
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2. BENBANRSE (ARRER)
1) Eg R, Rgﬂi‘i‘Fi&ﬂ%mﬁ?Z‘ﬁﬁﬁﬁ@B)&ﬁ?mm%Ii&

2) E*ﬁ%ﬁ%‘lﬂ, EABRXNFAN, BRSNS EHE B

3) !E—'E FHRAET, S0 —ENE, KRRXSRFELHF
5, ﬁﬁgﬁhﬂﬁ RAOURNEANRS.

4) HEARTNFENERFABANRE, RMERRE.

5) N TR -MBERENHRIUERARE TRENER, TARETRS
#®@H, R Eﬁ&’ﬁ#& ﬂfuﬁgfﬁé\\'—iﬁﬁ*ﬁﬁlﬁﬁﬁ%.




3. RAUEERRANRKRR:
1) DRARSENBRXN BN AN RENASERRANBEARE
—%H&, FETHNHEH&EAHE

2) Clausius-Clapeyron equation

AH AH
Inp, =- R""”;+C Inp, =— R”””;+C
| 2
P Ay 11
P, R I, T,
AH 1 1
=gl = - )

p, 2303R T, T,

3) Application



Example : The melting point of potassium is 62.3 C.
Molten potassium has a vapor pressure of 10.00torr at 443" C

and a vapor pressure of 40.00torr at 708" C.
Calculate the heat of vaporization liquid potassium.

Solution : By using the Clausius - Clapeyron equation

AH
m 2= _ "“1’(1_1)
D, R 1, T,
AH
In 10.00 . vap( 1 | )

40.00 8314  443+27315 708+ 27315
S AH = 81.32(kJ -mol ")
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4 The boiling point of a
liquid at | atm pressure
Is called its normal
boiling point
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§ 3 %AW (Sol
—. BEX|E
1.8 R

utions)

1) —FERJLA R R Q2 BUEE R — YRR QR ATE RRR,

WATER. ARRPLDN: 480,

(BRI N’

MRS R) A5 BUE R RN 5 B R

2) AR: a WAZHR, b RINTHR

BRI A sk |/ i (solute)
: ¥ lven

e O R Sreurin: i (solvent)

State of solution Solvent 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
CL T Solid Solid Silver in gold




3.6 %

1) ARIERVDENAZTE: B haE %R AR,

AR Z REE;: W AR, t AR BE B,
2) WRE (Solubility) - ‘ ~
I ML TSR
a. B R R — A il RS K,
(dynamic equilibrium) @Xﬁ%ﬁ%ﬂ‘]?ﬁﬁ# 5 SR
b MR R R BT LA R ) ) y
Bl AR ERR T Flg/100gH20FE R, S GRk) T
AT H mol/l . % FExR. (g/100gH20)
d.¥RARENER: H----- I B
@E%Tﬂ%, S 1~ 10 ki
St AT L ki
<0.1 RN
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1. 8UR: E£—ERET; —ERRIBES. B
BRNSAERESZSEN 2 RRIEL

R JSAENEREINNG; BASEIEANBE
RIS RIRINngS, PrCAS4AS KN EEHIRINn
. MFREBREHESENSTELX

2. 8% KA ku=p/X: (K«: Henry's

constant)

FHERAGHTERBREAD. S5E7H
HAEARS 4 AHCI, NHs &S &8~ EH
FH R (B




5] 20CHY , |SIEXKFARER

Henry®EZ{ /8 2.95x10"'mmHg.

—RRSF , &5 B7 EE 0.21Pa.

W EZVERNE 3 BE 100g7KT ?

& . po, =0.21x760 =160mmHg, k, =2.95x10’mmHg

Henry’slaw : x, = Po, _ 5.42x107°

KH

n, n,

2

y) = xo ~
n, +1000/18 *1000/18
o, =3.01x10"* (mol)




N WA,

solution)

B (The concentration of

1. BBIRERRNE
1) RESH (m/m)
2) KRR ERE (n/V)
3) REAFENERE (n/m)
4) ER7E (n/n)

2. SMREZ R EHE.

3. AR
AL
VAR IELR
(SR

S B

) 24 BE A0 B R -

“uarantee reagent
/nalytical reagent
“hemical reagent
| aboratory reagent



=. BBBAKEE ( colligative properties of
dilute solution)

Colligative kA& fiEiR, BARS. —EHR

Bo WREETR IR DU S BB P oA AN 3R R

R, TSHERPIFMRTLX.

|

4.

. Lowering the vapor pressure
2 ]
3 =]

Elevation of the boiling point.
Freezing point depression of
solution

Osmotic pressure
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(1) Raourt's law= p = xsolventpo ﬁ A = xsolutepo
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Exercise :

Glycerin,C,H;0O,,is a nonvolatile nonelectrolyte with a density of 1.26g/ml at

25° C .Calculate the vapor pressure at 25° C of solution made by adding 50.0ml

of glycerin to 500.0ml of water.The vapor pressure of pure water at 25°C
is 23.8torr.
Solution : Moles C,H;0, = 0.684(mol)
Moles H,O == 27.8(mol)
27.8

www . kaoyancas.net
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Exercise :
Such a solution, consider a mixture of benzene (C,H ,)and toluene(C,H,)

containing 1.0 mole of benzene and 2.0 mole of toluene (x,.,, =0.33and x,, = 0.67)

At 20° C,the vapor pressure of the pure substanceare p,,. = 75torr. p.,, = 22torr.

Calculate x,_ in vapor?

ben

Solution: p, . =X, XPp., = 0.33%75 = 25torr

ptol = Xtol X p?ol = 0'67 X 22 - 15t0rr

25

25+15
This is the basic theory of the distillation technology

X,., In vapor =

/% /g/?:
UE XS T HER TETF BRI HI76 70 RIE 0 757/
AR : p=x,py+ X, Py
VAR : p=p,+ Xy
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(1) HTEBRNRSEK
TaiRARE. Bl
R R E R T 4%
TR R

(2) Rikx:
AT =K, -m
(K, #/molar boiling - point

elevation constant)

( 3) Application:
a.CmTR K
b.oR%& R R EE /R R &
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(1) ATFHEENRURETA
AR RSE. BFreAREm
ﬁﬁ PREE T A B 8

(2> B2k, - m
(K, “/molar freezing - point

depression constant)

( 3) Application
#l 1
#l 2




Exercise :
Automotive antifreeze consistants of ethylene glycol, C,H O, a nonvolatile nonelectrolyte.
calculate the freezing point of a 25.0 mass percent solution of ethylene glycol in water.

Solution : Molality = 25.0/62.1

=5.37(m
7571000 (m)

T=K,-m=1.86537=9.99K
t=0-9.99=9.99'C

BE SR EENES TERRSRARZENE S TE
ERR. EAKEE KX T Ko, BrUAEi iR ZHXTh—is,
HRPEERE mnt, 0 AR BERIRER

NTHBERBBE, m REBABRPHTERRESNET
RENERKRE. #linlM NaCl(aq) AR KR
FIREARN2M  (HIE)




Example 3..24g Hg ( NO, ),#110.14g HgCl, 5 5I35f£1000 g7k |

SARAEEE D R - 0.0558° CF1 - 0.0744° C

[AJERFRIAT K R LA RS (K = 1.86)
Solution : Hg(NO,), m = AT;/K, =0.0300m

3.24/324 . .
1 W =0.01m Hg(NO3)2pE'5% BAIRSE
HgCl, m=AT,/K, =0.0400m %

m % =0.041m, HgCLER FBH5FIRSA L

Example:

List following aqueous solutions in ord of their expected freeaing points :
0.05m CaCl,,0.15mNaCl,0.10m HCI, 0.050mCH ,COOH,0.10m
C12H2206 ?
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(1)Semipermeable membrane (£iER)

a.##l:Certain materials, including many membra in
biological systems and synthetic substances such as
cellophane, are semi%gmeable Cuz2[Fe(CN)e] EHRER

EHERRALA, BEHE

b./fEfi: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%‘%%?%?5(3%): BRA TiEEERRBERTT ARSI R,

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.

P20




(3)Experiment(:%)
aBlth, FBEBREDW
ARBR, HAPA
W WAL ES)
AL (RIFREBE
IRGHERRE) . H
TEARRR, ™4E
THEAZE, mBb.E&
HTE2&Es 'K, KA
BE K, B AURIE R
R ZE; WREVEE
Eam—AKk7, "L
BHAE A 7 F RIS,
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(4) van' t Hoff 7#&:

7V =nRT
EE
HARREH TFIEHRBHRHBER
BB, —FABBRIENEELKGHE R .. 1 = mRT
RE®E —@f%ﬁl? TR BEE
?%ﬁ‘ﬁﬁﬂﬁﬂﬁ zV = nRT 55468 pV =nRT

STEMNE

=2 ﬂ'—ﬁpF”_H’JJEI SPeUNE

( 5) Application:

a. R 1E
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Gl : E25°C, , 1HF , I AARRRRXRERSHEH ~=7.6mmHg
RREFZIHHD TR 2
B :m =7.5/760=0.01 (.01 ( n=5.0/MT =298K

7=cRT = S'OVMRT=7I
M= S5.0RT _ 5.0x0.08206 x 298 —1.22x10*g/mol
VvV 0.01x1

MO FEAFFEH



EB W (isotonic solution) %i&
EASERNER, PlnankeErs
0.9% i INaCl(aq) B EEMHF. HE
MBEHAN DT 0.9%NaClEHE T, KiE
ALLMERA, 21 10 FR ¥ K 0] 45 20 Bk R,
MABMER (Hemolysis) ,&HHBAKX
T0.9% K INaCha® +, £ m¥ER+ riKs
BB, aimER4a/N(Sliriver), FrAX
B HER KR ST 040 e ) -5 YR AE S5 B E
EAGRMAH, S5 E™ENERA.
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(1) JAAFERENFRBRRERERANF, ERR
MW, EHNRUEMRE. BRAR. BE KRR
KA KR BIE K5 E— RN —EAERAE R

o I 8 A B ¥ TR ) B AR R L AURRIE B, T S5 ¥ R

MARRTER . BAHEZFPIEBAEME R L3RRI

BERAMBBRKEE (Colligative
properties)

(2)RAURMER. PR/ T+ RAGEE R R ER 2 H
xso"lem*mﬁ: ..“:t ‘"]ZIHjﬁﬁg: ﬁ%%&
FEEZLD. ERHTRSENTRE, 51&E
RIT R A5 E R R .




M. BR{E%B % (Colloidal solution)

1. RERE X: aBUEN TR ERE
1~100nmyt B N39S 78R
2.5k REG8M (gas-gas R4

AT 70 B4 0 AR AR B R S
R—ER--- sol-gel.

3.%#l%&(preparation):
(1) &Rk
(2) 57 H0E . &, mews)




a. WFR AR E T AT RE Y VBB 2K R T R 1
@f(i%&f\ﬂ {%)

b.{b¥hRE: ERHFIRMNEST, B (£R8)
504 (F) ESHEP T RBNEB
(Aerosol) (ESBRE)




() EREHSBER:

2HAUCI, + 3H,0, =2Au+8HCI + 30,
(i) FALERIWBR:

2H,S +H,SO, =3S + 3H,0
Gil) FREHIRER:

Ni(CO), = Ni+4CO

(iv) KEERIFARK IR
FeCl, + (3+x)H,0=Fe,0, - xH,0 + 6HCI



4. BB E: RTRaT7RRNEERIN, BRNTEMES S
B RZRFESEHENYENE
(L) TE/R¥AL (Tyndall's effection) B BRETR
REUE AKX
(2)HXMR (Electrophoresis)
XU AR AL T F A, MR RHPEMAAMBEERS), R
HNEEW (Electro osmosis)
IEH&R#: Fe,Cd,AlCr,Pb,Ce, ThEE S LB
fMEBRERE: Au,Ag,Pt,SERR
(3) BBRARE, HE—ENE, SUtEHK, SHNAIERE, &
RS ER, XRATHE
(4) R THRR—ANHAER, ATRASEHEZREHH, B
MBBEEARBBOKEYE, BAFTERUN, HEHEKRR
(5)RETHAR: FBRENRR (M BE. &HBKas TER
» BRRAZRERR: RENRTRAEZARENETHER, FEES
AREHMFEOBRTERERNANRE, BEUEEIERRE—RER.



5. KRNt 4 & R B A

1. liepatoff’s rule(ZEEFERMN): BORS R EFEHER
RN SEXRSEHHELNET

6. WRRITMRIFGE
a. BRI (Coagulation)

| INARFR: RETHRANER, RIUER; REFH
KeFalh, BHRI:; RETFEZBRH, 8%

i AN R HR e ¥ R

il FREE
b. B#RKIRY: MABIN/STTER, HEXDIRE
BLfER, R BIRER






