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Chapter 6. The Thermodynamics of Solutions
6.1 Ideal Solutions

(T, P)=x"(T, P)+RTInx, for &/~ component
(fi'j5! &% definition, ' #'| entropy of mixing 8/ &EH )
(Note) LP*E%IJ?, standard state J[|£% pure substance at T, P

[:_H Xi = 1 Eﬁa ﬂia-a P) = /ui.(Ta P)

(1) Raoult’s Law : P =P*x.

LFP WP
pure substance  FJTES P (4P P
mixture SR

ideal solution BQQJ' Raoult's law
R © BUAR AR, = i, °+RT ln(Fyoj for gas (ideal gas)

4= (T, P)+RTInx for solution (P[] solution V vapor pressure )

Yo (E P 7 iRl P* (vapor pressure of pure liquid) > 73t p [ P-dependence 2L

< (T, PY)=p (T, P)=V (P =P) 5 liquid
Pure liquid E\ﬂj , ITESEE P = H,

i 1 (T, R = o+ RT ln(P%oJ

SolutionE\ﬂJ? , BITESL P, 4= 4,

p
qr e s P
A (T, P)+RT Inx; = g —kRTln(/O o
f*
w (T, Pi.)_\7.(Pi._Pi +RT Inx = £°+RT ln(%o) P
0 R’ _ o R

#°+RT In| ' po +RTInx, =4°+RT In| /5,

ﬁy Pi:Pi.Xi A

XB

(2) ideal solution ./ mixing == ideal gas /(]
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Clsom = Z Mith = Z n [ +RTInx |, 4= p +RTInx,
i=1 i=1

i (S =8 —Rinx [ﬂs_iz—(%j — |4 Rinx,
T Jo, 0T ),

{H, = H, =Z+T§=E+Rﬂnxi+T(5_;—R1nxi)=y_;+Ts_;
}Hj LA dng, [ .
Vove v :(%J _[om
\ oP ). (oP ),
: (unmix) Znﬂl FFS!‘ :AGmix _RTzn(lnX) i

mix

n o[
eyt s 0y = T
AH, =0 GG PIAH =AGHTAS  f7] —=|

AV =0 E'Jvi:(%j WELAV, =V,

mix aP soln pure

(3) Phase diagram of 2-component ideal solutions

@ Pressure-composition phase diagrams

Xa, Xg £ soln..V mole fraction

P.
® For gas phase P, =P, X, + P;X;

composition of vapor

P P, x
oo =D =B WEl X, T
b BTt P, ~ T
Py Py X
P———— L S A5 2 S - RV N
XB b P Pix, +Pixg % T P
Xy =0 xg= 1 xS =L x,
PT
I
ﬁy Pr=—: : B\ 0 | D o N E“'%’E;l‘
P +x{ (P, - P) |P +X (P —Ry) |
%—)0 , PR—>PB;
1P, =P+ (P = PD)xg >0 . R=R

M x [E[ 1&5\“[‘ [ [E[_IM/_A N1
. . . v P =« I T
:PA+(PB_PA)X](3)P_]: I_IIJ ‘{\‘

B

PaPr = PP + (P —POXPy



?«]‘ﬁ?’ﬁﬂ—a phase diagram
GV T)
P

liquidus curve

100

PR )R (R S am
- 1 Py Xg P 1-x
[:4&”;”,1, o _1 > (] A)
X P, X P, X
:1__8 1__
P[;( XA)
1 P, 1 1
- =2 (=), By R B B 1o e 1
1(\) PD XA ’ * JJE () XA
XA X, 7Y xg)ﬁkiiﬁ‘ X,
binary ideal solution
(1) phaserulef:c—p+2=4-p
p=1 E%’ja f:35 ]EZ’[j:D Pa T) XA(E9 XB)
280 P=2[. =2 BIHIP ¥ T (1 x, 1 %,)
| tieline p=3 E\ﬂj, f=L, B PRT (ﬂ—%ﬁ[%[{l 3))

(2) H]liquid (solution) & MEhyRERET, 7]
Eﬁ@ Eﬂj B F, vaporize, 7255 5% @), x,~0.74
([4‘J B fif volatile)
s I liquid 5255 EE O — @
vapor 255 g Q) — @)

3)

bl

A
Xz =0

composition curve

(leverrule)

<Hfji>

B liq. » vapor mole F* /1 lever rule 1}t

(4) EF - I liquid, 7255 5 Q), M vapor 255 @)
TR liquid

(5) FIREES= “ﬁﬂ vaporize

T ¢+ gregion I%? | n,mole  liquid 5= 7% £% X,
n, mole [/ vapor =59 £ X
X I EERERY BT X

HIl (ny +n,)X=nx +n,X,

n _ X=X

n,  X—X

(a) P; =280 Torr, P; =100 Torr at 60°C, A = 2-Me-propanol, B = 2-propanol

Xg =0.5=X, E\ﬂj, P, =50 Torr, B, =140 Torr, P. =190 Torr

X\ =50/190 =026, x) =140/190 = 0.74
160—-100 60 1
b) J[1 P. =160 Torr, [ x, = = =—
() TPy M, 280—100 180 3



280><l

X)) =——3-058
160

Fle Hﬁ&??"ﬁ t lig. % vapor 7 mole Bvt={J]
(c) TrrES] ™ i ﬁ] solution vaporize?
AN p - 280-100 28000 28000

S - -
meen 280-180x”  280-90 190
280-X, P, —100
Y FLIH A P x) = 0.5 = SN Ky = ———
B R TR "7 280-100
i 280 X, =0.5 P,
{18OXB:PT—100
560 X, =P, , X = 100, TR0
560-180 380
56000

P, =———=147.4 Torr
380

@ Temperature-composition phase diagrams (T vs. X;)

(P =760 Torr)
T condensation curve
=

( Boiling point curve)

108.5 ROt
760 = P/x, +P; (1-X,)
100- Wy, =0 Fy
P:—P;

82.3
Ml x, =

|

|

|

|

|

B

0.22 0.42 / X, =0.22
boiling pt. curve ( Condensation curve)

Constant - pressure distillation:

) 5 i R LZSH  pure B
22 Z AR Figure 6.5

more volatile component

PR )R

{7 = at 100°C, P, =570 Torr - (methyl propanol)
P; =1440 Torr (propanol-2)

liquid ~760-1440 _ 680
570—1440 870

=0.782

X = 570><0.78%60 =0.585,xy" =0.415
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3-dimensional diagram = [ﬁ[ (% ?ﬁ solid, liquid, ™ vapor)

222K Figure 6.4 2Z K Figure 6.7
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6.2 Henry’s Law and Dilute Nonelectrolyte Solution

for non-ideal solution {[!f:L”ideally dilute ” solution

22K Figure 6.9

1. Henry’s Law
® Raoult’s law 7+ X; — 0 (for

1;2")
A% X, — 0 (for “l")E\ﬂj, A=
b
J[] : nearly pure component ¥
7 ideal

4[] : solvent in a dilute solution
obeys Raoult’s law

@ Henry’s law X, — 0 E?J?
(for “27)

4[] : solute in a dilute solution

obeys Henry’s Law
QJF[J EIJ m, E[” ki N ki(m)
P =kx “1 [H standard state BT [l
T\T FLH] P* asin ideal solution

& . P
U_uﬁ%lj lui(soln) = lui(vap) i lui(gas) T RT IHF

il ity ol
=l + RT lnP—Ll-i-RT Inx,

) s e I
= 1™+ RT Inx ™

tf@ﬁ! (1 ™ 7) fiv standard state
A[]5! k; vapor pressure ./ pure substance
(iﬁﬁiﬁ TV pEERYE ideal solution— fEVFEST)
i kL Henry’s Law < i if! £751 ideal soln.
f kL reference state 7 fﬁj
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<JE" > : (1) Nernst distribution law 7 2 {[# phase [[1 (J[1 : F V)

([ 4 = 4 + RT Inx®

am _ , H 1
L = gy + RT In X

i

(Y] (H) (H) (1)
/Ui =4 s By — iy = RTInx" -

(H) (H)
, Hiqy — Hian k,
K, =exp| ——— In——
Ky p{ RT } {

(2) COZi?\ﬁ?\ﬁ‘, k™ =29.4 bar m*"'

HIl Peo, =1 bar i, 1=k, -m

Ff’y m=0.034m"

Solvent obeys Raoult’s law {f! solute obeys Henry’s law fiL

Gibbs-Duhem : FUkL N, dgy+n, g, =0, FHb x, [%) +X, (%
X T,P

8X2 T.p 2 T,P

)
k 0

X,RT

X,

X, Oy =-X L , =%, Oy +RT =0
OX, . OX, - oX, .

{3,
T,P X

1 1

Hix =155 x =x =1-X,

(%)= (% =1)=RT | In(x; )= In(1)

AT 44 (%) = 1" +RT Inx,, FI Raoult's law —~ 15

RTInx” =RT InK,

}_

(l)
i BN o2 FHF l’
K

0%,

=RJ

PR )

F‘, ,@_}']’ Gibbs-Duhem eq. ?

J :O
T,P

Eﬁ
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6.3 Activity and activity coefficients
T3] Raoult’s law 1Y Henry’s law H I }ﬁf’_ ?

1. Non-ideal solution-activity
w4 =up +RTIna [H]a ’FUQ T (B RFE1D fugacity vs. P)
ai fi'*'] mole fraction xi iy B /P°, m;/m°, ¢;/c"*V

® 9% | dimension
© a =1 for standard state

activity |1 HEL iﬁ[_i , [EEVECA]] “ideal JE2AE  (FEISEFT reference state)”

(1) a for a pure solid or liquid
[~ standard state £ pure substance at P° (1 bar)

ﬁ?azl for P =1 bar

P P° 5, 14,(P) = 47 +V; (P =P°)
=4 +RT Ina,

| 1{%} = he

1.805x10%(2—1)x101325
83145%298.15
= exp(0.0007378)
a=1.000738 ~ 1

(ffly: 2 atm, 298.15 K H,0,, :exp|:

(! 100 atm, a~1.074
(2) a for an ideal gas

¥} ideal gas: g =’ +RT In %0

I!ryA ai = FVO .. "
P activity coefficient

(3) afor anon-ideal gas/ I I, {f/ P — f,

f a. (real) f. | . .
a = /0 Y, =———= | |, ideal gas [/ vy, =1
TP | T g Gideal) | P s

P . _
F[JSF = +RT ln% , Wi S M fugacity

(4) a for an ideal solution :

a =x, FL[’sr = ekl solid fHIEN<E 3K gk solid

(E! LFEE?T solute ./ reference state J[]£% supercooled (metastable)

{7 : naphthalene in benzene

Eﬂ
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<Note> ﬂ—'fﬁ?ﬁ standard P kL at the pressure of the solution, JiijZ[F5 ~ ’Fﬁ £ P

ideal
tiy +RTIn B = 47 +RT In X
pure : 44, +RT InB" = g
Raoult's law
tiy +RT InB*X = g4 + RT In;
A gy, +RTIn B = 45

i "i", gy +RT InP* = 44, 2] pure substance .V liq. == vap. V" fit-

(5) a for a non-ideal solution
(A) Convention [
177 solvent AT solute, [!¥} mole fraction

] std. state £% pure substance at the T, P of the solution.

solution gas
" o o P'
LFE% 4y +RT Ina; =44 +RT In 4"
Yol

0 P O 4z .
,uig+RTlnF+RTlnai ,FF,V P=P’a

P
| al =2
I >

'] Raoult's law

yO = 3 P R

T X; P™X; Pi(ideal)
{a FLATref.F=, ﬁ‘}ﬁ‘ jip) £4" ideal” V. mole fraction
y RLA ideal 55

A4 = compare, B/ 5. FLEfol

]
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(7 1) x=0.25, vap pressure = 60 torr for pure liquid
=48 torr for solution

48
a=_2_

= =0.8
60
0.80
=——=32
" =025
ﬁ‘} y:i:ﬁzgz
60x0.25 15

(9] 2) % solute ﬁlj?,, Y[ obey Henry's law, {E*' [convention I, []] 2l = k{"x, / P}
7 =k"x, /P, =k / P}
¥} solvent [f JF;' , I[N obey Raoult's law, fl[] a” = P°x, /P* = X,
71(1) =R /P’x =1

(B) Convention II
73 solvent = solute, solvent lﬁj[ﬁljﬂ “1” , solute L. “2"
(O solvent == convention I ﬂ‘[ﬁj

P
m_ o__"N
71 71 P
@ solute *'| Henry’s law ./ derivation

(H)

0™ = 0 = 0© 4 RT lni;—o

M a4 = " +RT Ina” Iyl

, K P
[ i +RT In -+ RT Ingj” = 4" + RT In_©

a7 | P =ka™ S[H=1 Henry's law 1V x, =] a SVt

a/ _P

S SRRy > 1.0 convention — 4 = 4 " +RTInx

<Note>LF'zE\3J5 » %F solute F'IJFEI » U1 obey Henry’s law, {fi*'| conventionIl -
Hlal™ =ki"x, /ki" = x,

(6) Express activity coefficients with other concentration expressions
(A) molality: m 1000g solvent FA[ m mole I solute, HIfhI'f m™&.V (3[] : 1 m)

10
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1
M,

== M, £% solvent IV 57=" &l (in kg)
m+A/| e T
FIJSF m A/' )I(\/I %= xMm [xMm ifx —1
Xl 1

i Henry's law i *1% P, =k{""mM x,
c H
—K™m k™ = KM x,

o = 1" +RT Iny)"x,
= 45" +RT Iny"mx M, (74" =1, m=1m°, x 0 1 £5 25™)

(mn
=15 +RTInM mS, ° L RT In 2241 ,m°=1mol kg™’
& - m°
e 3"

=W +RTIn (™M) ' =y

molality activity coefficient

(B) molarity(FX 4 *i concentration”)description, =[] M

X, [l Cl TeV (v, in liter)
C+=
\Y
o©)
Wl 4 =59 +RT In 22— 7 C Ayt ¢®=1mol L
o
I'E 1 = ﬂz(u) +RTIn ]/(H)CV (7/(11) =1, c=1c°, Vv zVl- E\jj: 308 O(C))
LRV any/
= ™ + RT In 2 Vite? = 2 4 RT InVy e+ RT In 25—
eV’ N ~— V' ¢
@ 2 yéc)
QL VIV v

i 159 = 15" +RTInV/'eo , 74

1
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6.4 The activity of Nonvolatile Solutes
nonvolatile P/FIZGTVESNE, T pAE
@ﬁ | fi'F[I¥'] (1) Gibbs-Duhem, (2) Debye-Hiickel, (3) ”F'ILT‘I'%%%“‘J E A
(1) isopiestic method
KClaq k- reference solution (A), ?fﬁ 1 solution £% (B)
IS, PR

solvent kL 1, solute £L2, 4™ =4 =y, =a™ =a®

 KClgg) \'FWEU solln.
\A [/ \B/J

(&) (A)

® - SYARE g O i SRR

, a(B) al(A) g
1 XI(B) Xl(B) X(B) e F

W xdln(a )+x,dln(a,)=0 (Gibbs-Duhem, X,dz; +X,dz, =0)

B[ Convention I, a =y,X, & =7,% (FFS"AD")
< xdIn X =dx;
Fr,'f XRT dlny, +RT dx, + X,RT dlny, +RT dx, =0
X, dlny, +x, dlny, =0
dlny, = —ﬁdlny1 = —lidln(yl)
X

2 =X
Fix =x"~1 A& x =x'

il g (%) == I_XI

ESLANE Efi’?@ﬁ& /%“J LRCIRAN (=
(2) Debye Hiickel Theory

12



6.5 Thermodynamic Functions of Nonideal Solutions

1. Partial molar quantities

=4 +RTIna, = 4" +RT Iny"x

= : ) My
Si :—(%j — % _Rln}/i(l)xi—RT aln}/l XI
aT P,n aT P,n 6T Pon

@
=(S’-RlInx)-RIny" —RT (Mj
o )

_ g0 _Rn 0 R | 200
| | 6T P,n

HIUH, = +TS; |i'

(H
[AVASAVA RTaln_;/,
oP p

2. Thermodynamic Function of Nonideal Solution
Gy = 2N, [,ui" +RTIn ai]
i=l

— AG,, =RT) n/Ina

i=1

=RTZ:(ni Inx, +nIny,)

i=1

=AGI" +RT D niIny,

mix
i=1

E _
G = G(actual) - G(ideal)

excess Gibbs energy

i SF =—RY.n Iny, ~RTYn, [al‘lTﬂ
H¥ =AH,, =—RT*Yn, [—61‘1”)
a ),

VE=AV, =RTY n [0
P ),

P,n

3. Enthalpy change of solution :

(1) integral heat of solution

AH AH .
mix , AH — mix

int, 2
1

AH

int, 1 —

(2) differential heat of solution for solute

13
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AHdiffzz(aAHmixJ :H_z_Hz.
’ anZ T,P,n

4. Tabulated thermodynamics properties for solutes
AH; (i, soln.) = H: - H°(clements)
{E;[FI?J’E'J m’" ELIEE
AG; (i, soln.) = z’ —G°(elements)
i1 Table A8 ﬁﬁ[ﬁ :
ao #<71- aqueous solute, not ionized

ai %<7 aqueous electrolyte solute, ionized

14
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6.6 Phase Diagrams of Non-ideal mixtures

bRy
1. Liq.-vap. Phase diagram

distillation-theoretical plate

BREZBAFigure 6.11

ethanol-diethyl ether, 20°C
positive deviation—Ex] /&
Raoult’s law ﬁ,'J (I

Vcurve)

2EF AR Figure 6.14

acetone-CHCl;

negative deviation

PER (- )| [~ %

S2ER A Figure 6.12 2ERAFigure 6.13
ethanol-diethyl ether, 1.84 atm ethanol-benzene
boiling point #if ideal {% (foI%; »  positive deviation | azeotropes (4 3/14%)
1.V curve) it %ﬁf, TRFEAIEA Ry I 3 A,

[ flef phase A 55 AL

22K Figure 6.15

[ it liq. phase
T, : upper critical soln. pt.ﬁ? upper

azeotropes— | fi'fj= £~ 1 distill consolute pt.

#Ip)- %
?ﬂlﬁ% excess AG
negative— A-B §i&AEE

it T I') F7EV% £ 1-phase
L

Y| F'f=F | upper & lower T, !+
* nicotine, T.=61.5C % 233.0C

{nega‘[ive deviation fJ]: dioxane/water upper—f thermal motion < I

positive- A-B §it AR E
7 : HCI/H,O

lower—5% complex, 7! :
triethylamine

15
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S2EZ MK Figure 6.16

Positive deviation "B
2-phase 5 JH =] lig.-vap.
T+ 97.9°C-2 {j liq. phase, 1 {fi

gas phase
f=2—-3+2=1 (PorTf[1l~
()]

steam distillation—furfural
b.p.~160 C, J[fsix fi' it 97.9
‘C bol, ‘(ﬁ‘(%”éé, 20C,x =0.78
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108.6°C, 80%H,0  78°C, 4% 7
2. Solid-lig. phase diagram

S2EZIMAFigure 6.17

2EH K Figure 6.18

Au-Cu
solid solution « and
eutectic point—Egfhi BT PIET (%

W%

REZ K Figure 6.20

PRS8BT 55 Z m B

Pz 5

Au-Cu 7+ Lﬁ'FEH}T&FEfQF[J Tk
PJ%UE'J zone refining 77 {= Ejlﬁkﬁ[%ﬁﬁﬁfﬂﬁ
%, (— [[5”zone”) “KAEE Jyﬁy,g_
(7] = UFBAIE 1 clear #1555

!

HUB DA SR
SE AR Figure 6.19

cooling curve

“[s7 j8-phase transition of _“pure” substance
eutectic point

DSC—differential scanning calorimetry, ™ [Y[1Z4H] C,
e T

xylene-bromobenzene

[ {lit solid 2% insoluble

solder: 67% tin 33% Pb, 183°C % v e g
» o tin 0 ?ﬁl‘[ /'TQEFIUJ\Eﬁ}E(ﬁ _'J(
IF/ES: 23% NaCl  77% H,O0, -21.1°C< ,_~ °~
(A E#T

16
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3. Solid-lig. phase diagram with compounds

Y [ £ P

aniline (A) and phenol (P)

5 AP (1 1of A 2 P) [619], { A Py T H
(EV AP 5 7%, A AFIF=T912 solution
(congruent melting), /][y ]'[E'ﬁ[g%ﬂ,j/ Ry

W%

2 A Figure 6.21

TS 4 et F’ﬁf}”i : LaCug, LaCuy, LaCu, ¥ LaCu
congruent melting : LaCu, » LaCus

incongruent melting : LaCu * LaCuy

(e my i, 5% ot g )

REBK Figure 6.22 A, B £} peritectic point—= ff1H &, El 27y ECH
L S R (f21)

Yz 735°C fv LaCu,
F¥ 551°C fiv LaCu

4. 3-component phase diagram

2% A Figure 6.23 2% H A Figure 6.24 BE R A Figure 6.25
FIFT (x1, X2, X3) FPEE x1+x2+x3  H,0, acetone, ethyl acetate = #Ei5" | compound 77
L Y, 7t 30°C ¥ latm. Tie line > Fﬁ]ﬂr N SIo YT

17
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6.7 Colligative (tied together) Properties ((AEIrfE7ET)
Ff\[ﬁ'ﬁ@ﬂ%ﬂ, [177-" 1 identity = FT;J E,I £ (U

(1) FP depression (2) BP elevation (3) vapor pressure lowering

PP )]

(4) osmotic pressure

Eﬂ

=

e el

(1) FP depression

Hag +RT Ina,

I'] solvent ¥4 “A” , ¥ A IV EERK
=, atFP
= Hy, for solution

([{F 1) ideal solution , [

(1 2) AH,

Haqy +RT Inx, = 43

/J/.x(l)/T +RlInx, :ﬂ:«(s)/T’ ~

8% _-H
T

_H/;\(|)+RdlnXA :_Hé(s)
T dT T
dinx, Hi—Hag

dT RT?

T I AT pl v =k

-
In X,

. AHfus _1
I R e —— L solvent IV AH
AH 4/ 1 1 A1 solute E*F}]%

| Inx, =—== [ —
R EPIT*® £ normal FP

T T

o X<l i 0,9 T">T

AH. >0

fus

FP depression
@ Y[11% BP elevation, H ¥4’ %t Clausius-Clapeyron Eq. In —- h_zaHf1 1
Pl R T2 Tl

P=R"T ALT

P,=P"x, , A[Jpral =4
® <plif> FHE A = A AGE=-RT InK =—RT Inx, */i
@ [F= £ “solubility” Fﬁ]fé?j ideal solution
< 2 solute = Bk
}' fjrg?r Xa=1 7 flizsl non-ideal solution
T A[] " equation Fi ,ﬂ?’j\_ HIIE | [%)%
A

= curve 3 A I ”solubility”
(P}~ component T~ E:4L B)
A B 19
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(L 3) X, =1L X, = 1%, L %, L]
Hlln x, =In(1-X5) = —Xg

F[Jsr %(TT;T j;_XB , "&J AT =T°—T
AT AH m
T.2%:XB Xle—BszMA
M +Mmy
A
o2 %)
AT = Z—-Ir Xg = il-—l; M,m, =K, m,
fus fus
M ,RT*
K =—2—— ("¢ "] STunit)
" AHfus
RF™ 1 _ )
Ty ([ A, £5 1000 g solvent ./ AH)
f

1.987x(273.15)
80x10°

(F: 7 1g IV AH, =80 cal ~1.86

(2) BP Elevation %i{l] FP depression

Hap T RT InX = pi,  atBP
S, RTInP (! P=1atBP
M ,RT.” RT.”
A b m, = b m,
AH,,, A

vap

Fq’? AT =K, ,m, =

(3) Vapor Pressure lowering

~P

solvent

+P

solute

P

total —

=X, P, ifideal solution

P

solvent

if solute £I. non-volatile

Fr['sf AP =P; —x,P: = x,Ps

(4) Osmotic Pressure
Mg ™ Moy

, . . P+ ‘7
(B (T, P+ = (T, P)= [ VidP =T1V;
i TIV; =-RT Inx, ~RTx,
[M=2eRrT
Vi
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螢光標示


e IO e L A

~n,V,

1 n n _
M %= n fn zn_B V=NV, 5V,
(f%{F 1) ideal soln Athg My
(5% 2) diluted soln i T Ny RT _CRT

Pl van't Hoff Eq.

YN ideal fIIF] T1=1icRT

[TV =n,RT (V =n,V,)
(B 81 [CI]=0.55M , [Na” [~ 0.47M , {5 c~1 M
[1=1x0.082-300 = 24.6 atm

§ Reverse Osmosis
Pressure P

200
14.7

——=13.6 atm =-0.082-300

c=055M

| e (—E— Ak @ RO V work =[]V
<l

8.314

Note: [[V, =x,RT =-RT Ina,

PR BT an ) B,

ﬁfJFIJ FITIT 3] & of solvent
(T L solute)

@O — 4¥membrane fi' =" 200 psi

=13.6-18x10° x——— =25 T mo
0.082

1—1

B T AH, = 539x18x4.184 =40600 J mol™

(£ #7E catridge ./ PIr,
RV efficiency, ﬁgﬁ"}fﬁﬂ/iﬂ*’]‘? B
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