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dp™(T, P,z) = VdP — SdT + RT(d1In z), d,u%pjp = RTd(Inx)
pe (T, P) = p”%(T, P) + RTIn(P/P"), duf p= RTd(InP,)

In x In P,
o =dufp, [ dmay= [ dnpy
nl n PO

P’ —P, =P —zP"=(1—-2)P° = zsotute P’



vaper pressure of water / hPa
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form "A Technical Databook for
Geothemal Energy Utilization"
(LBL, UC Berkley 1981)
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Xsolute = Msolute / (Msolute+1solvent)
= mWsolvent / (mWsolvent + 1000 Wsolvent / Msolvent)
=m / (m+ 1000 / Msolvent) = mMsolvent / 1000

P’ — P, =P — 2P’ = (1 —-2)P’ = zeoiute P’

M o1vent
:PO sovenm

1000
PO _ Px Msolvent

— T

PO 1000

i
FERE(ERYID 2 =) 0.034 kg mol!

#fE : 2x18/ 1000 = 0.036 kg mol!

ali]l




Fhm



R —HE (colligative property)

ATb — Kbm

[K mol! kg][mol kg ']

TILHR LA TER
ebullioscopic constant



https://en.wikipedia.org/wiki/Ebullioscopic_constant
https://en.wikipedia.org/wiki/Ebullioscopic_constant

TILiHR LA ER
ebullioscopic constant

Compound Boiling point in °C  Ebullioscopic constant Ky, in units of [(°C-kg)/mol] or [[C/molal]

Acetic acid 118.1 3.07

Benzene 80.1 e

Carbon disulfide 46.2 s ¥

Carbon tetrachloride | 76.8 495

Naphthalene 2179 5.8

Phenol 181.75 3.04

Water 100 0.512

H—HIEE (colligative property)



https://en.wikipedia.org/wiki/Ebullioscopic_constant
https://en.wikipedia.org/wiki/Ebullioscopic_constant

dp™(T, P,x) = VAP — SdT + RT(dIn z)
dup = — S“dT + RTd(Inz)
d,u?g’G = —5%dT
dpp = dp's”

RTd(Inz) = —(8% — SY)dT = —(AyapS)dT =

b—|—ATb In x
/ — —RTb/ d(lnw)
In1

A
A — —RlyInx
Inx = ln(l — xsolute) = —Tsolute
AanH
P ATy = RTy Zsolute
1

RT?

— Lsolute

ATy, =

Avap H

dT’



Xsolute = Msolute / (Msolute+1solvent)
= mWsolvent / (mWsolvent + 1000 Wsolvent / Msolvent)
=m / (m+ 1000 / Msolvent) = mMsolvent / 1000

RT{? L RT]? M solvent

ATy, = — Lsolute —
DT AvapH T 1000A vy H

v+
il

B%ME  0.512 K kg mol
EER{E 0.515 K kg mol”



w—HEE (colligative property)

ATf — Kfm

= UZ

=]

[K mol! kg][mol kg']

mETER

molal freezing-point-depression constant



|

1 —AYEE (colligative property)

AL ZEE s /°C | K¢/ K mol-! kg
7K 0 1.853
—rORVEY 5.76 6.852
-7 FIL7IL A=) 25.82 8.37
TR R 3R -22.95 29.8
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TJ)LEE molality [mol kg™']
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e MW
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CERTYIvIL=T1DFIEMLILEEDFTITXRILF—ZI

KD IKDF KB D IKDF
ice 1i
Hwater (Tv Awater ) — ,uwcelxter (T7 Uwater )
ice 0,ice .
,uwater(T) — ,Uwater (T) : 7K617J<§J\.7F@0_9~
liq 0.1i
Hwater (Ta awater) — ,Uwager (T) + R1'In awater
pure water : freezing point 1" = T}) ”
0.ice 0,lic
Hwater (T](C) ) — Mw;ati)r(T]? ) + RTfQ 1\11/1/

=0

(%)



< THE RS
dilute solution SEUA AR
Inawater =~ InZwater = 111(1 — ajsolute) = —Tsolute
—1 1 (=1)° 1
In(l—2) ~ In(1-0)- - 24 = _p— g2
( ) ( ) 1—xw=0x+2(1—x)2$:0$ " tT ot
\/j %EE k@\b + &5 7 j:\ NN L \\
* I\ 7 /%é /|\\T‘ 7J<7b /ﬁ‘lj—l——l—g—@T

dilute solution : 1" = TJQ
0.i 0 0.li
Uwgiir (Tf ) < uwalt(i:r(T})) o RT]9 Lsolute

BEMETTDE, NTVRT B,
dilute solution : freezing point 1" = 17

SR
v
0,1 0.1
ﬁ Q05 () 08 () R
()




1 0.ice 0.li
~sotwe = o (ivarer(T7) = Hvater (7)) (**)
1 0.ice 0.lic
In1l 10 (Nwat,or<TJ9) o “Watér(T}))) (*)
RTY

' i 0.ice 0,li
ater(Tr) = tiwarer(T5) 1 Puiater (T7) = fiiarer (T7) 1

water watel
—Zsolute — 10 1

i Iy R T})
~ ﬂ?vziiil (Tf ) — u?vzltltf(ln (Tj) Tj(") — 17
: R TyT?
O.ice T, — 0.liq T T o
~ :U“water( f) :uwater( f) f f
" (T})?
r _ \
Tf a TJQ - 0.ice R(Tf ) 0.liq Lsolute
N /LWater(Tf ) — luwater<Tf ) )

0.,ice 0.li
psater (TF) = tgater(Tf) <0 — Ty =T} <0

water water



f

R(Tf* ) 2 Mwater

1000A Hy

R: [UATEE J molt K-,
Mwater: 7k@§]\%% / g m0|'1, AHf i ;;3%3 @I\/Q)b to_ /J mol?

Freezing Point Lowering (°C)

2.0

1.0

ol
0

BEDTOBRETRBIHTETS:
R—BV4EE colligative property

Te: FEREE D #E = 1 K

Figure 16.7 The depression of the

|

freezing temperature of water is a linear
function of the concentration of glycerol
(0), dextrose (@), and sucrose (O).
Source: CH Langford and RA Beebe, The
Development of Chemical Principles,
Dover Publications, New York, 1969.

0.2 04 06 08 1
Molality (mol kg—1)

.0

Xsolute = Msolute / (Fsolute+/1solvent)

= mWsolvent / (mWsolvent + 1000 Wsolvent / Msolvent)
=m/ (m+ 1000 / Msolvent) = mMsolvent / 1000



N=R
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Osmotic Pressure

van’t Hoff’s 11 = n RT

equation \‘L

Z
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&5
A
K
=
B

U1 USRI, ACEIN) &2 2 O— 2K B CER) DK
BT BE, BN RDICEEUCEREIDKEN B LS,

ORHGFICKDREEDZEAL

P33 | —i =
| mEICHHTS
— KIOCAFULY
f JIL—TiEEL
i | EZHO0-RXK
B — AR%E, KICE

R

0.8X107*  1.6X10™* 2.4X10™"

mol/L mol/L
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Osmosis

O -Water

-Sugar Selectively Permeable Membrane
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Low Sugar Concentration | High Sugar Concentration
High Water Concentration Low Water Concentration

N
=17t
Osmotic
Pressure
-
N

o
© 6o o

More concentrated Less concentrated|

= Solvent = Osmotic
solution é; / solution pressure
s i , Y
| Time
—_—_—
Semipermeable
membrane
M7 ‘EEH""'
pvi) ; Pure solvent
© 200 00°50%°% 0%
0 qgg°°0°0°°g°0
°°° 0000090 90000
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Membrane « 5 0% °= - X o
7@ 9 0‘ )
Solvent molecules on the™ g ooo 0: 00 o 0:09
solution sngie h?]vealorver 0.020m°900%9.°9 0% o
concentration than mo ecules 0% o 29 ° 0 o ¥P0 00
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0 0 09" 900 0 0 o
Solution



Membrane

o

Solvent molecules on the™
solution side have a lower

concentration than molecules ()

on the pure solvent side.
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Membrane

o
Solvent molecules on the™ . /\ /\

solution side have a lower
concentration than molecules |
on the pure solvent side.

Solution
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P P+ 11

pure water solution
\\% (solute A+

solvent W)

KCE#H) DALF R
T UYL ETER
D7 A T LW

bZRT> v )lic LB

-

pure water
P+11 add solute

solution
P+

pure water
P

~

uw (pure water, P, xw = 1) = pyw (solution, P + II, zw)



(1) L O
uw (pure water, P + I, zw = 1) = puw (pure water, P,zw = 1) +/ 8—Pdp
P
(‘MW o oV —
oP — ONw

dG =VdP — SdT +» pdN; L 1)

uw (pure water, P + I, xww = 1) = pw (pure water, P,zw = 1) + Iow,
(vw indep.P)

uw (pure water, P, xw = 1) = puw (pure water, P + I, xw = 1) — Iluow

(1)

ww (solution. P 4+ 11, zw ) = pw (pure water.P + I, zw = 1) + RT In aw

)
= uw (pure water.P + I, xw = 1) + RT Inywaw
= pw (pure water.P + I, xw = 1) + RT In~yw + RT In(1 — z4)
~ uw(pure water.P +Il,xw = 1) — RTxza, (yw =1, za<<1)
—1 —1 (=D(=1)
111(1—x):11r1(1—(f))+1_37 x + T 1) 2 4

x=0

1
= —x— —x°...
2



[,uw(pure water, P, zw = 1) = uw (solution, P + II, ﬂfw)J

uw (pure water, P + 11, zw = 1) — [low = pw (pure water, P + I, zw = 1) — RTxa

IHow = Rl'za

V N
11— = RT
N Nw + Na
Na  Nw
I1=RT ~ T
L N v, =l
FEEEE
Inaw = —xa (1 +azxa + By — ...)
N—— ——

—=¢(osmotic coefficient)

[Towwy = RTxa (1 + axa)



M/ atm

25 —

Osmotic pressure of sucrose solution
at 298 K

I I
0.2 0.4

c / mol dm-3

0.6

0.8
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T =-Au,!V, van’t HoffBll c[g/dL]
= RT( C FACHAC + ) 4,(0)=0
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