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k =1/t {n a/a-x
GV 5y guall 2
k= 1/t tn P/(2P; — P)
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-16 -



Ty (XTI ©s270 paadill|

Alpass DM LA AsS > Al 3l ¢ eS| Ol AuilasS O yulsio duidd
= 16.67 kcal mol™

Ky Jelatl de yo coils Sle Jguamll (Guguinn 5 Uolas) dagiid] BBl Uslas anziaws -11

3_\9}1‘ L‘L«.ﬁ‘fd‘j&bﬁﬁi‘ :\_‘Y.J_' t()sj.q.a.”ga.m_v L@.Lcj ij :\%J_s 70 3)‘):-«_” 337).\ Je

e ingie 25 isys wie Ky Jelatl de y i cnli e Jgaasdl ey pEnt g conldaall 2
tob less (Ghaall yeall Caal

T,=25+273=298 K T,=70+273=343 K
(to.s)1 =12
E, = 16.5 kcal mol'

k; =0.693/ 12 = 0.0578 min'

£n kz/k] = (Ea/R) {(TQ-TI)/TQTl}

£n k2 = (Ea/R) {(TQ'Tl)/TZT]} + {n k1
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CHg CH—CHy—

X

SO3H SO5H
Polystyrenesulfonic acid

O Limla : 1 e

(RCHO) aldehyde < fuwd¥1 4 (RCOR’) ketones el guent! dimla idac de puw H500
2 e Lo Ul Je il de y (9505 ¢ ¢330l ke suclall gf (aesdl ycie ¢ a9yl @300
Jlaciul o halogenation Lzl ! g .5uclall o7 (aesdl 3055,3 550 pa de peadl w339 Jolatll daud
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. _
CHs.CCH; + HA-klyil CHs‘C.‘CHs + A
0O slow

CHs—C -CH:I + HI <';.2 CHs —C—CH: + HA
I

15ygall Gle uinesd]
Rate = k, [CH;COHCH;'] [AT] (2-3)

;33 alusiuls CH3COHCH;  jusm 55 e Jpnanll p5nas 5
K; = [CH;COHCH;'] [A]/[CH;COCH;] [HA] (2-4)
[CH;COHCH;'] = [CH3COCH;] [HA]/[AT] (2-5)
Rate = k; k, [CH;COCH;] [HA] (2-6)
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550l e gaelall
Rate = k; [acetone] [base] (2-7)
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el dacgll 2 5V 52
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P! 3ed ddee Re i 0033 9 idl g Sl JemEall g paesd! L ¥ us ity «elel!
leadl o2 ] A LuEailen ] (oyids g piaeml] 3uEm,5 5005 ps

K ' ®

R—C—OR' + H R—C--OR'
H - [
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+

R OH + R—C—OH + H

H
0
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cole Juass (oYl Aslas e A colidl i ¥l e Garsaills
Rate =k K [TI"] [Ce™] [Ag")/ [Ce™] 2-1H]
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[E]; = [RE] + [E]

ky [R] [E] = k. [RE]

[E] = [E]; - [RE]

[RE] = [Rl [Ek
k) + [R]
ky
Rate = k; [RE]
k> [R] [E]
Rate = , kifky = kg (2-13)
ky + [R]

JE=I e 98 5 pulnie cally colldl Lo 9 otiie 9 pulSaie Uslasy 5)u3 Y| Aslall e

(2-2) J=a 2 s ga go Lass Ll oniia g palois Uolas Jied o 9 o g lsw Jeli
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slope = c-1/cV,,

Intercept = 1/cV,,

P/P°
coladatl spae 51 EBT dolal ALt @ )
ozl 9 552l 50U 95 2 35501 Joad adl dasall croeed 98l (ulidia g aniiew .8
rlalall ansmind Gl jlad caal anded Al e
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e,
Hg
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coli K gty s pnesad Jiedl (aesdl asliis doe N g el (aesdl asllnys soe N G
el (G 3uEm 0 o @Al e il paestl @l sae cewsd paesl G151 s 5 C g ol 33
Dl s 9 e
N=(0.1-0.01)/1000 = 0.0099 mol
role Jras pangaidly
0.009/N,, = 1000x0.01/{1+(1000%0.01)}
N = 0.0099 mol
Ml (pe ceusd @omall al o A liva
A =N, x 6.02x107x23x10%

=0.0099% 6.02x10%x23x10™%°
= 1370.8 mL]

ildae 200 0yluda = e el el iess ‘2{97 S N A1
W, = (0.5 — 0.35) x 200/1000 = 0.03 g

EARHICEI NP RPN
Wa — K Cl/l'l
K =W,/C"=0.03/(0.35)"*=0.05
slalall (e 33l 5,y sy .12
In (C/Cy) = (Q/R) {(T2- T / T T4}
Q = RTle/(Tz—Tl) {n (Cz/cl)
=2x298x313/15 {n I50.05/0.2)
=-17.242 kcal mol™

slalall e 35l 5,y ey 13
tn (Ki/K») = (Q/R) {(T»- Ty)/ T,T;}
2 osad g chagie 125340 5 20 5501 Gy e €y 0 ied s Ky 5 Ky cleasty
1O pa a0y dolas
0/1-6 = KCL]
tigie iy 20 50 > dx iy e
0.25/1-0.25 = K;x0.05

K=0.0167
0.5/1-0.5 = K,x0.45

tlugia i 3040 5> i s e
K, =10.225
2 e 5 e ol 5 10sms
Q =RT,T\/(T>-T)) n (K,/K3)
=2%298%313x{n (0.0167/0.225)
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A=V, % 6.02x107x 12.6x107° x W/22414

Byl (39 W g el Bl (g tatl e sl gl dadatl daw Wieos
A=0.21x6.02x10"x 12.6x10° x 10/22414
=7.1m.

tsledl 3oy FEll L) Sl Alstl 2. Jnsy 1S
P/V=1/KV, + P/Vun
s (gl adall da Vig 5 03Y1 cols K g 3aell 3L ema Voo juell 5 dais P e

. 011&;3\.“.3 Vm[)p%d.ej 9.13 L;;j\.ut:’

—@— experimental
------ best fit

15 |-

13 -

12 |-

P/V, mmHg/cm®

11

10 -

0 200 400 600 800
P, mmHg

A=V, x6.02x10%x 19 x10%° /22414
= 0.11 x 6.02x10%x 19 x10% /22414 = 0.56 cm>
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{n (Pz/Pl) = (Q/R) {(Tz - Tl) / Tle}
Ta s Tialmdl s aie pllaiaall Py g Py g 35581551, Q e

-

en(P,/4.6) = (-20000/2) (60/239x353)
P,=0.013 atm.[]
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Ol sl ol cpidl e ghadll e eloddly (Jullma (550 9 ligl (re Lsall FMaYl (uls Ul
oo Jillmas 09523 (iEmey ¥ usaall Gl g Jdlme Liayl (5523 5 onladd] Jis dlaall jue slsll c0lS
Ul Yl e @ 2 Jlll 983 0B g 0¥ g i) e (3T dex o ol dliadll 5 <UL
shdie 9 10lad Lol el Jdladl ole ciubaall Ul bl 5. ddeall of ALl of A3t el
o5 Y gl alole (el Hgpe pn agld ¥ g o gunll

el By JBY )35mll oy cudazh iole (oo r35me Jsladl i Luulyll daeul
oan 2 Joladl e oy doglies Al I dedidl Comy g .S0lUte il Uiy cas ¥l yoay Laiusolvent
ligyall 5. colloid oyl Laww Le 58 5 (Jolodl (e juaiay Calizma disal 5 &yyallall aslss
9 byl vl o yd Lilsaa] 9 &gl Aoyl 5 e gunall coids Jia (Julladl (e Lajad olsa
Jsbomald Sl sl 2 Lol Il pimall Loty g3l Jlie cnlll o .ol 531 (o Loyl
s Judlnd | ¢ 1921

Teaa¥l @y Skl (e 33uas £l sue Il g coill Ul o S| @rdi Saa
Jsadl paszly 9 @] 108 339 Ll (olgn glad g dalize (pilsa] pa>d L Ldle 5 Ladadd]
Sl e 330 1937 (4-1)
RENT{ PPN (L PAPPESRY A BN PV C S DI PREN

Y il il Jeldf b

S e de gazme (o e ST Hle sl $ile
Y grug Yl Sl sle $Hle

| Lo e $ile

BEET=N{IPWATY Sl Filw Sl

(H,O + CO») 134l sle Sl Sl
S 5T le Jslone P Sl Jil
O30l pedies 330, Sl o o
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m = IOOOXWB/MBWA (4-1)

Al Samsy el g ¢ Caddl 039 38 Wa g cisad! dijgs wlidl ilics Lea Mp s Wi o
.mol kg oo d¥ sl a9
! g oliell el eliiat! sue I ol el sae d g : X Gl sgiad! juss
Xp = np/(ng+ng) = (We/Mp)/ {(Wa/M,) + (Ws/Mg)} (4-2)
FETR W L“,fu»):-..ﬂ D gaMa g ol g coddl ol Ioae Leang g Ny o
il Gueal @l Jules dulys Sh Lesdy
il G e S o AigSe Jutlne .1
el 2 glhsddl el LI Gl elpw (Jolma le Juasn Jilw 2. 5601 of Hle Ll e
2 251000 31 fuess aeiss 9 HCL HBr, SO3, NHj e sl 2 0Lyl s of <N, O, H s
Ol dmm & S g coldl g SN Lae 93 9 55 ol A a9 Ll dadis Gle coddl (e (nae @z
(G Hlal pasd (primic dads e g
:Henry’s law ,ia oy5il2
G2 Kl daris pe Lyl el Lo Jiliw (o Oran e 20 LSIAN Gl s HLAI1 Al
LY Aalatls Ly 0yg3lall sie pums 9.5y pamd| G ys gl e ¢ Jilad!
m=kP (4-3)
okl lam g Lle a9 ol 5 3Ll colik 5 Gl dais Py Ll dkss m G
hes o dasdly o ciygin 25 da s wie cuglsull 2 HCL jle gligd a5l (4-2) Jgaad! yebay 4
sl Jl 250 Len P 31 dadis pn Lo jdo cenalis X &y pasay Lgie pae L5101 5L

e v

Ko 508 ol Lo yas 2l ded e
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G e Gl Cayay 5 o Slgadl 2 dabinl] @B Golaiel LbLLE e il sk ga
Gpeliall B dall ) dlysad w9 mL Ly
Hugia 25 55l iy e Guededtl 2 HCI 3e oligs Bl 4-2) Jgu

PHCl / atm|_| XHCI k_l
0.0033L] 0.00141 0.0427L]
0.0338L 0.00154 0.0456
0.0964L | 0.00431L 0.0446/_
0.158 0.00702L1 0.0444[_|
0.282 0.0126L] 0.0446(_|

> dais cmd g Ligas 351y D)y wie Ll e aslg alle aedy’ 201 (1 atm, 273 K) STP
rMall s Jolall sle Jga=ll 9.1 atm So> dors usly (golaw SN
o =v/VP (4-4)

iyl daiiall Py Jileadl @ Vg ciaalyall Cag Il e qomsndl ] dligsd i S0 e V) G
atm” s jolate¥! Jeles puld sum g oof dan ¥ S5l
1Y Lo (bl (o AgS0 Jutlme .2

0520 J a5 onlileadl (e &y 5T Lemm> e ST o OF o Lis zl5ae¥l alay duady
oae) 55|yl A3 2 i e 9f il 7y e Ll T oDy 0y 5eeadll g sl e M« Jolone
> 5 Leso 9 iy 1B T o giedl Blgwadl agoma fgame o Jolodl @ Ja) 03 Ui (0,0 4
Jo iyl days Gle dadd yud daliay VAPOT pressure (b dais Linyl Julleell pla ¢ Jil gl
(551 2) ] 2 5l B lytl] ol L 5 Jolod] 20 Legiansd 5 oulilaad] Lesi e Lingl
Sl paas (i Emay «Jslmall 5Ll daiall lglis y AV g3 e 2 tll 5 (AH,, o34
non-idls & Jdl=s gideal solutions idlis Jdles :cnewd | 715l Lol oalile e Lyl
.ideal solutions
4Bl St

toh e 953 dlmill 698 (ol (B g A il (e 95 lie Jglmd

A-A = B-B = A-B (4-5)

e T linpa o ! s Lo y35 (gghead oalileatl culiim s 5oLl gl il 553 o1 Glls i
Wia ¢l pall g il Capoyill 2 aliall s calipyond) Dl 2 108 Jolay O ey 9ol
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dall (olgadl 75055 o Blaill e (e ity 9. 0ogd st 9 Cpidl o aiiagagrd! 9 aping sl
tob Lo Bam (o 5 conliladl polsa o Uawg (5523 9 Jolmall

AHp =0 ydall dygles 2300 550 s .1

AV =0 51 T conlileadl Gazmad Lisloss Jolodl @ 55y .2

J9315 0silE) Jslmall sl g odpmmald Shadl eyl dogiunll pun>s .3
: Raoult’s law Jg31, ¢yel2

Oyl 1) 5l pnso pn Lyl Jolma 20 (i) pullatie (ssal ()l dadall ol

suadl Jl o=l 1o ciliha e Lt 98 Jol=e 2 (95l siadl juss (LB aslas 9o Lo g
101 ey Jsladl @ligeal Al

XA =Np / (HA + IlB) (4-6)
Xp=ng/ (np + ng) (4-7)
I =Xat Xp (4-8)
095 Oplall Gasd dule o
Po o« na/(ns+ng) (4-9)
Po = C np/(np +npg) (4-10)

Liglews Pa ng)""” L..QJL'LJ\ dascall O (N = 0 b«ay 0 )dal Yo ceewld cull C TN
PP il Sl (gLl daial

Py = P°A {na/(na+np)} (4-11)
P, = P°% X, (4-12)
tode Juamid (B s gemmall il (el dadiall Gl 5men Sl
P = P Xz (4-13)
Cbileall nd ! cndasall ¢ saamd Liglews cgdls 53l8 Gag Py Jslmall (6l dasiall (5520
P, =P, + Py (4-14)

Gl of ity 5. B BLadl cgiadl juss Gle Lyedl dosainll slaie @-1) J5=i oy
Jolmall (65l dl dagcall Lol Slasdl 7500l Gle Jog Les Ladions doglai oye 55l &I
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Benzene - Toluene

P, mmHg

P(benzene)

P(toluene)

0 X 1
Seslsll 5 capiall (oo e Jslond il s Jilie DLl dagiaall :(4-1) S
dAdlEl e (Lt
solsn L) 5 GELall g Sl oyl 2 Zaline Jilgud ali zliiel oo Ll Jullee
Lis Do Oyl 9 2598059155l 750 oF (gl 9 (99 )50 afipiSs 75e Mike ddlides Ll
foome Goban ¥ Jololl @ plo s . AHp # 0 o @Te(aybs o (ae) 3l 551 2 igus
sgandl olaSY a9y . 9515 0533 e 3gudl s Ty « AV # 001 T cda g3ll Sl gead o e
@b Jdl=s g positive deviation Lol g el Julloee 1 LJEL jue Jladl e lecid Iliga
.negative deviation e g
toaloa ¥l dguatl el LIEL jud Sl -1
(CH;COCH; + C85) (132l aiuyis 9 Gguns¥l (o Jolomo 1 Jle
t ol Lo Sl o Dl 2 das Sy
AHp >0 Gyl pas gD Lxge z3dl 550 o= .1
AV >0 207 6T eoliladl ama o &l Jolonll @z 95y -2
D Bl L e el Jalmald Al 5 cnlilall Syl eyl dogiall op5<a3 .3
Lo g alamitl (653 O JI eI 2 coadl (3 5. (J 9315 008 (329 Dgumd| (e e
o
A-A # B-B > A-B (4-15)
Jslodl cra gl Jund clinpandl o 5 508lee cnlileadl culiim o yaLEdl 353 o) el iy
Lina Gl ias g AL Jslodl poe £55Latl (g ledl dadall glasyl ) elly g5 5 5lmass 7501 )
T sy @l LiagT o saliall dm s Lo g el 551> (olialial

-63-



a1 5o @s270
el Al 5t Olsulus AgileedS O ycisie Auid
£ Pt
E
£ |ccu
o ccla
Methanol
P CH30H
0 X 1

lmal 350 (63 ey Jslod sgiad! yuss Jilie iyLedl dogiall :(4-2) J<a i
RPN [NV I [
otbeadl gt el Rl Sl -
(CH;COCH; + CHCly) a 5535556l 5 0y5ea¥l (yn Jslona 5 Jlke
oA L Jllodl oiaa s 2 s,
AHp <0 Gyl pmll syl D) b 30 55 s 1
AV <0 0T T el ez (0o yiol Jslonll @ 5my .2
JB1 5D LBl Ll e JBT Jslmald SAEall 5 bl S5l ¢ iyLndl dogiall o5 .3
o e (0353 odlamill (593 O 1 I 2 el S5m0 9 (3315 0333 339 Dgaanmd] ¢y
A-A # B-B < A-B (4-16)]
Jsloll 2 sl Junds caliiad! o 5 sl culilad] clinpa oy odlatll 353 o Gl iay
Aomih 350 pde Limal lly iy g L gl s £5Lalls (g5l daiiall (olasal () lts sa30s
A el LiaT iy dlmill s o piledl by i o daol gy 90

Acetone
Pt

CCI3H

P, mm Hg

P CH3COCH3

P CCI3H

0 X 1

SYEPPE PP I v
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Byl Ay 2 JBY1 (gD [ulles EesVI (el el gssmn el Lo Lagee o «Jslonll sy
tOl gy 9P o 9 (XA 52 5Ll 2 A Blll e il s (T (4540

PA = Pt X,A (4-17)
93l 0ele e
PA = POA XA (4-18)
XA = (P°A Xa)/ (P°A XA + P°5 Xp) (4-19)
X,A/XA = POA/ (POA XA + POB XB) (4-20)
= 1/(X,y + (P°s/P°,) Xp) (4-21)

o 5y Y| Aslall 3858 dule 9 « PP > P 95mn (B 9l (e ollat JSssi A (Ll (T (i 4d
day Led i Less el ciligsall Juad {ilee lide daastloda wal 5. X4 > X (5520 O
: pbade cuie (B pllade pd fe (o AdgSe Judlana .3

Ol Jlls Jin cdue gl o3 il SSleassdl janll 20 Laskas Sl Jilstl cdad
Jio 5 ey 9 Lyadd! 5 @leld! 5 psmdl Jdlema Jie U1 20 905 Gl ddall Sl g lyglally
e ST 5o Lia solute Il 5o (yssmn 5 .caidl Bledl i le dagd feenty 4l Jdlad) el
Laaladl ol e 9 Jdladl oda 5udh (oled ol jalsl )T LaD 5 Lobyudll coldl (oles
Sle b ot Lad e olgdl sia uauas ¥ ¢ .Colligative properties of solutions J.dl=eU
oolel Gle QI 8D a9 pEmell e g daaladl elss cusla Lin e g (Jolonll 2 03 s
2 Wty odnT g olly Gias old ccodll 2 Gl @liya e T GlEad ane doydy g,V
by naladl ol e3l cye daiill ool sall Fia¥l cadssill ola col3lall 2 Jladl oo less 5 .,Lac Yl
salsl Ll ks Ul Ulall 58 LAl ol pin 5 OlEmell 5B Sl Il jusm )3 ()3 o
daal!
bt Lonald daelaat | yalgéit
rum g ol e Xp sia ruso e gsim Jslome junasi e 1g)liedl dadeall (olasal -1
1AMl Glasy Jslmall (o)Ll dasall (ol ccoldl e Xa s55

Pt — POA XA + POB XB (4—22)
rade 9 (P =0 glo ¢ pullaie il I O G g
Pi = P Xa=P° Xy (4-23)
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Less aasleatl Alslakl e yuanill Emang . aly 6505 daias 39258 P 30 0L POA el Joiaal s
rob

-

P, =P°(1-Xg) = P°- P° Xy (4-24)
P°—P/P° = AP/P° = P°Xy (4-25)

DI s peuso po Liayls cenalin Jolmall (gl dl daziall 2 (lase¥l o 5,3 V1 Alslall yglas
Y ALeladl (35 oliall iyl 3sll ol (65Ul dainll 2 olani¥l aluieieal (o
AP/P® = (Wg Mp)/{(Wg Mg) + (Wa Ma)} (4-26)
Jlasinl wie .coddl g oldall HLéniat! iyl MAﬁ MBQ coldl ¢ ol blies Wy 9 W s
3 yg0all ) Zialead! Dslall Jols «Wp —0 (g7 iadims Jllone
AP/P° = (W5 Mp)/(Wa My) (4-27)

Mg = (AP/P°) W5 M, / Wp (4-28)]
Ol iy 2 planyl Jolmall gylmdl dadanll (olasil e b robalidl 5ylpm days plasy)l -2
axlg) laladl ouie Gy g2 daiiall ABC dainll oy .(4-4) JEmis (ya Glls ity e (Jslond
oo G, C2 syl Lalizes onlslms 9 coldl Glde eyl oLl 5 ala s dblay 5 «Gole (g9
C2 13um )5 LAY Jolonkl 0 5 (10 Coilly &lie ot glomall Libad] iy 2o gLkl llin o) s 5]l
Al e Sy g1 9 Cl 3060 ,5 as V1 Jolonll e 12 lef days e Sliy

Boiling point Cc2=C1

Vapor AA D
Pressure
C
Solvent //

Solution 1 /

Solution 2

to t1 2

TIC
oyl Lalizes dglma g coldeld HLdatl olimia :(4-4) J== i
1Ol G S gl 4203 ADE 9 ABC il aulis oy

AB/AD = AC/AE (4-29)
(t - t)/(t2-t;) = (P°-P)/(P°-P,) (4-30)
AT//AT, = AP,/AP, (4-31)
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1 Jo gl e (4-12) daladl s o

At, 0 AP o X (4-32)
Atb = kXB =k nB/ (nA+nB) (4-33)

ZSJ}AA_” u‘l &Lu_” dalall JLAAJ:J s 9 (M <<y O (daaz=ll Jﬂ.ﬂa-«.“ Ul %3
Atb = k(WB/MB)/(WA/MA) (4-34)

t Al it (4-1) Uslall 329 LIV Cayyad e g
At, = k(M4 /1000) m (4-35)
Atb = kbm (4-36)
a9 ol JE=t jes 94 g.molal elevation constant LYol glas ¥ coll e cals kp ¢
oSl e gl Ld¥ g ok pe Lyl ol oldadl da s 2 plasy VI Hladae o daled! dalal
ialel 9 (4-34) Aolall o Gl Siyad! el Gle Jpmmll (LI ys 2 pLasy ¥ Jlextiod
13 yeeall Lle Lenlies
Mg = 1000 ky, Wg/(At, Wa) (4-37)
ezl Ay 2 alasal Jslmall (6l dl dadiall (olasil e Lial i s el o yo yolazal -3
BJ.QLM.QT\ dﬁ-\:«i‘ ..LA:J :\%)A .%U‘:L:}:u}“ )‘..LB.A ur.).u:’ Jilaa U“L djm_” Ué"‘“:’ﬁ ;e..\.“g :\_ULB.A
(4-4) J=i 2 gl 5 freezing point desill da s pe (e dasiall a3 e §pall clidl
el e Jpamdl e ciliad! sl 2 Less zli¥ 2 andill 5 culilil] 4l alasiulyg
Atf = kf m (4-38)
. molal depression constant _I¥Well aas=il coli Kf g aamill 551> i yn 2 (mlasa¥ Aty G
oY Aslall 38y cld o il sl e usll ols e wliell Jiiadl o)ell cpuad Juadsg
raazma Jsldl 95y o dojdung
Mg = 1000 kf Wi /(Aty Wp) (4-39)
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Freezing point Cz=C1

Solvent
Vapor A
Pressure ZC Solution 1

B
Solution 2
DFT|E
2|1 |to
TIC

Syl Labies cplslma g coliall damill ciliimia ((4-4) Ja s
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ol apan pan ¥ Sall did sl O Gl 5 (Jolall I JEin eI sa coddl of sl
ey Jolmbl e B50 gy 1 ol yon oF Loyl 139 .OSMOSIS &) sec¥ly 5 pallall ola ey
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Pressure

Reference— |
point

l H

solution

solvent
solution

semipermeable
membrane

Sl 9 lsoyd (6h5end) dadiall Gulial daiiis @uyi(4-5) S5
AL Jdlrall (659l daiall Van’t Hoff (aga cils Uslas
&) caase Jolomll 9mn o (Jobonll 342,35 Lo (@ gans¥l dadiall slatie | Cauald Usles o
LY Dl B Less B N 503 Jen s 15D 5 (@bl 2 Less Il

nV =nRT (4-40)
nV = (WB/MB) RT (4—41)
n = CRT (4-42)

s gy @zl Vg mol/L &3 Vsl 50 50 I 5055,5 C 5 At s 93 (G3gened| dadall 58 T G
Caga cald Geilal suide byge sy Yl Uslall g .clladl culs R g caalhall 5, sl days T 4,5l
R ied e (ognd o calasgllslel e (ansaill wie o o LJEL Jdlmall (65 50ndl dazall
Linl s mm HG 50> 50 (6h5ee¥l dninll (50 L 33le 5 .0.082 L atm K™ mol™ ,laatl,
3l Ol omead Lol ol el slagdaill (e 9670 Gle dewdlly o dads I Jys=l!
e muatl @G-41) Wslall Lusd Jeeadl o g .olpaldl g gl Jre 23Meadl @liyoll sy
15y guanll
Mg = WgRT/nV (4-43)

:Van’t Hoff factor caga cils Jale

ezt Al 2 Ja9) Calind Zaslondl (ol g3l (e 6T dagd ol clijonll (015 5T pend Gigas e
e el daaladl i 1 oY Liay Leadss sadd il dgapdall Legdll e (Gulll Ul 20 33
ol Llee Liall Lea ol Lowd 7ol o 5 -Jslonll 20 lall particles clijond adall sasll
t09Em G ¢ 1 iyl dd sy 9 cBga cald Jale Lyl Lplas (Saes Gl nadall Lo L]

i = AP/(AP), = Aty/(Aty), = Atf(Aty), = ATt/(AT),  (4-44)
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i = AP/(AP), = 1+(n-1)o/1 (4-46)
a=@G-1/@m-1) (4-47)

: Fractional Distillation g padl!
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toluene composition

TIC

solution benzene
composition
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AP=P°—-P=Xj
Xg=(W/M)g /{ (W/M)A + (W/M)g}

— (10/69)/ {90/18 + 10/69} = 0.0281
P=P°—Xy=39.5-0.0281 =39.47 mm Hg
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Pt ) mmHg XB PB PA
300 0.0 0 300
290 0.1 20 270
280 0.2 40 240
270 0.3 60 210
250 0.4 100 150
240 0.5 120 120
230 0.7 140 90
210 0.9 180 30
200 1.0 200 0

o A dasall g o gsaall ! el pndadiall e JE5 il IV @)1 Jie

P/ mm Hg

Mbenzene (C6H6) =178

300

250 -

200 -

150 -

100 -

50 -

PA
—— XB

—O—P‘

0.2

0.4 0.6 0.8

1.0

:U"f L“&Uﬁ)"'."u ;é}q-«.”jméﬂ Y3TL.HH‘>& 5

D Mtoluene (C7H8) =92

Xoenzene = (70/78)/ {70/78 + 30/92} = 0.733

Xioluene = 1.0 = 0.733 = 0.267

_ o
Pbenzene - (P X)benzene

_ 0
Ptoluene - (P X)toluene

1095 relsill sl s dle

MAll laay (o pidl il dasicadl

=118.2x0.733 = 86.6 mm Hg

=36.7x0.267=9.8 mm Hg
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Pt = Pbenzene + Ptoluene =86.6 + 9.8 =96.4 mm Hg
@ldaall .6

P, = 760 mm Hg Pochlorobenzene = 939.4 mm Hg
Pobromobenzene =95.8 mm Hg Xchlorobenzene =7

Lj"f less Joldl 2 fyningyelssall ;L:QP_”J.M& 39w 2 Jol>dl causo )b Ol 4S5 an
Pt = Pchlorobenzene + Pbromobenzene
P =P° X
chlorobenzene chlorobenzene <Xchlorobenzene
P =P° X
bromobenzene bromobenzene <>bromobenzene
Xbromobenzene + Xchlorobenzene =1

_ PO o
Pt =P bromobenzene Xbromobenzene +P bromobenzene (1 - Xchlorobenzene)
_ 0 0 0
Xchlorobenzene - {Pt —P brompbenzene} / {P chlorobenzene ~ P bromobenzene}

=760—-95.6/ {939.4-95.8} =0.787

aldastl 7
Wurea = 5 g Wwater = 100 g
= 24 mm Hg Psolution =7
18Mall 399 Jol=ol L:gjl_’,_.ﬂ boa sl Glas ysman
AP/P° = Xp
PO - Psolution / PO = (W/M)urea / (W/M)urea + (W/M)Water
24 — Pyoution / 24 = (5/58) / {5/58 + 100/18} = 0.015
Psotution =24 —24 x0.015 =23.64 mm Hg

oldastl .8

Tf=-1.5 OC TOfZOOC

K¢=1.85 °C/molal k, = 0.5 °C/molal

1A Y1 2BMall 399 Jola) LtV ge Colews Vol g Jolanll Glile 3o 3 iliwsnd
Atf=Tof—Tf = kfm
m=T;—T% /k; =0.0-1.5/1.85=0.81 mol kg
Atb:Tb—TOb: kbm
T, =100+ 0.5x0.81=100.4 °C

aldaadl 9
V=500mL=05L Wrotein = 50 g
n=19/760 mm Hg =0.025 atm T=20+273=293K

rAMall 339 gyl uiadl el ol s
AV=nRT=(WM)RT
M=WRT/nV
M =50 x 0.082 x 293 / (0.025 x 0.5) = 96,104 g mol”'
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n°=CRT=0.5x0.082x 288 =11.8 atm
b L Yl (ol A 3 b oy 9y 3V Jolomall Sadonll (63 gece¥l daiall Lo Ju3
K,CrO, { 2K' + CrO~

- o 20 o
n=1+2a
233l (LAl 5 Laiaandl) Laslodl s Ll oo CBpa il Jale dasiyy
1=Teq/ " =n/1
el o ol bt £6l5e i yoll Sadondl soiall (e das iy s Ll 2 3,401 oof dan ¥
1=1+2a/l
21=1+2a
a=2.1-1/2=0.55
t=ixn® =2.1x11.8 =248 atml |
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Tya)l da)s aie Wi e bo5¥l Jaddl Lle Jomz=ll g 55l i olaatal 1 J gV 5 glasal|

W, =q =RT, tn (Vo/V)) (5-37)
Wi o ibis¥1 il e Syl G 551y dueso olisial s 2ol 35lasl
W, =q =-C (T, - Ty (5-38)
Ts 550 Gy e Wi aydgia¥l Jaidl e Jyuamld Gs 551y e obunial s 35lasl
W3 =q3=RT, {n (V4/V3) (5-39)
Wi ossibo¥l il le Jpaxll gasylp Lo polaatial a1 5 5lasd
Wi =q=-C (T - Ty (5-40)
W=W, +W, + W; + W, (5-41)

W= RT, {n (V,/V,) + C(T;-Ty) —RT, €n (V3/V4) - C, (T; - Ty) (5-42)
ol @ld] yEma Lemwbia¥l aldeall 55l B3l e

Vz/Vl = V3/V4 (5-43)
W =R(T, - T,) tn (V,/V)) (5-44)

9h5lE5 5593 389 Jad J1 55l Jaged Bemill eulglase a MU Sled! S :(5-6) Y=
uT‘_,.u.cu (Eff = W/q L@-\:‘-":’J-’-:“L;l 3)‘)""'“.}'13"‘3 pelass

Eff =W/q=ql-q2/ql
= R(T1 — Tz) {n (Vz/Vl)/ RT1 {n (Vz/vl) (5-45)
Eff = q: — qz/ o] = T1 — T2 /T1 (5-46)
BVl resd L 5,1yl cilays By2 e Jid J1 5yl Jagd selass Cadgm clly Lo
OB (Bl yaall Js o oo ¥ ELeEmi¥l e 5yLal 3yl dlee ciles U asladl 3,ky
atien 3)‘)}3 Z\.»jm g\q-)ﬁ 367 é‘):o:g‘ 2.3:)& calss ‘Al )LLA/IOO ‘;1 J-‘A:'UTUE-'Q DA PT=y |
- selasnll uLﬁ 4:\_15.;m :\%)A 40 ﬁJLQ_” Cj)é Jac

Bff=T,-T,/T, = {(367+273) — (40+273)}/(367+273)
= 0.25=25%
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Sl Jad JI Jsm ) 9o dadd asly paw Gl Wyl Lpiar @il 4 (5 e o e
25 e JBT aeBl ol selasall o iaas . Slesdl 231511 2. Emen ud L
50 bl Aslall (e Lol Jumd¥ e oles Leyy Ul ol (e Cousdl Jid 1odg AU AN

(46
toygall 20 (5-46) Uslall Lliss o
Q/Ti + @/T,=0 (5-47)
>q/T =0 (5-48)
S =0 (5-49)
.cal I<_1 u.a.\&v :\::)A d&d).e_u IS EY] gdﬁ):u;}” u.uLEzi 9 g_'ﬁ)la;}” ‘U\..L) djatv Lnj.da S = q/T GIWEN
KV-NISVIS | L:gj\.ue dewsae dals ddaal g—‘ﬁ):“y‘ Jlga § gaxa Ole (5-49) dasladl e C“b‘ﬁ 9o Lag

A1 eemd 10Ema ¢ idaadl Hlas Sle aaiay ¥ A8Lgd! Aadl S 2SIy D) e Jgs ol o ia
Sle Wl 2,6l e il S Jlaadl oda Sl o assialionga s Wly of Ul s 19,5V
:Sjj.m.”
AS = S; - S (5-50)

9 k@ e ¥ gy 2yt (T I deid] g 511 g Ll oillsdl Les S, Si e
o il pas Llaall dadd 98 o)lude Ol Al @ b e 5= 9 Luwsae Ldee 20 Y] diges
gl ) Lay,0s

ﬁUa; %Tl B)b:-._” ) Jae J)\g PS” 9 Ty 3)‘)& Aoy Jae U’L"" Leaasi 4qu.¢.u> <Ila d\:m

090 L 5 (8) Lwsse Lleall (955 Laie allaill g,,ﬁ):diﬂ 2 ol Gl Wy g (Jyraa
(5-T) J=Ed 2 i 9o Lo (b)) rwsae e ddeal
2 il oY rale gt 2l Glus (e Y Resadl e el dndlly (sl

39> 9 oyidd Of o (@) ecssall ideadl Ul 2 iwsne idae (o ot O coa AS ag,iY|

(b)

RPN (Ur P SIS0 (e TP PRV PN [ (P v I G RV B ==
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J&.ﬁnj‘ww &ﬁj@jﬁw‘WBJ‘PJ‘JALG@QJjﬁ“ﬁUa.J‘ d)‘.)u!a:mu'a.uﬁ
9 «Th-dTaie L8 5T daodl dacigll (pa sy I Ty e oLl @austl e 351yl Sl @
Jue ){_J.\BUMTJA:Q.U Ja.u}”uﬁ;)}uﬁ’rg S 4))\._1.” ‘“’“"’” dl SJ‘JQJ‘MC&%‘M%

odbed! cileall dlama ga AS Lagyi¥I 2 sl T+ dT

AS = ASsystem + ASsurroundings (5'51)
ASsystem = AShotbody + AScoldbody (5'52)
= 'q/Th + q/Tg (5-53)
ASsurroundings = ASho'[ surroundings + AScold surroundings
=-q/T, + /T, (5-54)
AS =0 (5-55)
2 ASied e Jsamlly yamll Dl AS (eead duwcnall Lleadl 2 dils clly Lo o
tdde g ¢ ASsurroundingS: 0 UTU.M.\ cdasdd Ja.uj.” o9 Jeg Al j o Ldasll
AS = ASSystem = —q/Th + q/Tg ) Th >Tg
= +ve value

g Ao laad LALEE ddae o )b pus JI O3 Lo muan e 55l JLED) Ldee o dasY
¥l 2 sl ple pala s I b e e JEB el OF o pds oy B 2 il

[y
AS = ASsystem = q/Th - q/TE D Th >TE
= -ve value

Lo Sload L5160 e Ldee o g O3l pus I b pes e 8l JLEST idee o dasY
ol duleal LHEL Lle yisess gVl 2 il aladial (Soe Guw Les ougyD¥ 2 il Ll
Jie cLesmelinnga il Jloall dallall Legall cnaad 51 Gl 5me ¥ Ledw 5 . 013Y1 JI Jso 5!
e lail] alelentl slgall dipad Smas Blall Lugyi¥l la o5 pmdl DLl 5 JESY! o audslad) 23l
29y Jay allait] aUSTl o1 Lelss allaitl aUsTil ade 5T &lsdie lade 2dlgll 2 agy 0¥ Guds
5aliys o biay dase ada ol iyl By 2 )3 () L LAl ane 5ol ae a9y Y dje Leig
33 Al 20 0 9&all gy iV Ole gy Lgud wujo AALAEN culileall ciles W g ugyo¥I 2
AS = 0 () iwsae Ldae
AS = +ve L5l Liwsae pe ddac
AS = -ve i8lEb e Ldee
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AE=O QLAB)‘)}J‘ EA)JQ‘%ZJ.LCQ:QP nuﬁujﬁﬁthLA)u:a:LAﬁj}:\y‘ﬂw‘% _T

Qrev = Wmax = RT €n (V¢V)) (5-56)
AS = ¢/T=W/T (5-57)
AS =n R {n (V¢V)) (5-58)
Q=0 Cayadl (o tigs bW cldeadl 2 -
radde g
AS = qg/T =0 (5-59)
s Goluial lgd @b Luwsae Llee o (oyad cdaiaall cigd aie 1d;bg5a¥) cildeal! 2 Nd
:J9¥ 0N s fia N e (ot e (e e dg syl ]
dg, = dH (5-60)
= nC,dT (5-61)
dS =ndq,/T (5-62)
=n C,dT/T (5-63)
topaeell el (g 0
JdS=InC,dT/T (5-64)
AS =n C, {n (T¢/T;) (5-65)

Aoy Byl Al 55y Ao s e @ ()3T Ul I Ldbud Ul Jood ddee 1yl ulilae 2 -5
djﬂ‘ QLJJ.A.C (e dj:ﬁLU el SJ‘PJL' a_"nj.a:a 3)‘):..” % P ng‘ﬂ J).’a:vjiuala:sjdjxﬁ‘
PV Ml i ot Auleat gy V2 il Glasmt g leai¥l g Galiaill g aesd] g LI
AS = IlAHtrans/Ttrans (5‘66)

pEYIY Y J}‘j ;é)} dg_‘?_ﬁ Ll 3)‘)::._” P} ‘:,.A AHtransj d}.‘gﬁ‘ YESR g—QTtrans TS
13 et | AB LI A3

9kl Jopee allad 20 @i 1 calieal) yosd oladly gl 20 gy Al alasinl (o
Uy i onegd o o 9 free energy s>t &Blall Ulog sonasd! DIl Sewdy (T Lisaalinnga,d
PSP PPUY. A =2 g @21 ;8 g dasiall gl e auztiudg Gibb’s free energy s ytf 3Ual yuis
A @=>dl gl e auxild 9 Helmholtz free energy & sl Blall 3uisgala dls 9 G ja
rora Y | @ Matly L) (B yad g A e )

G=H-TS (5-67)
A =E - TS (5-68)
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Ghe i eha (e JI s (Bgl H) alladd) B3l o gnidsledd! cn@lall o das
5A TG ga sl Jid I Jsmill UL EUA fies a5 TS 58 5 allaill cligase alas!
Bl 45 TS Ll cismyodl Blass A 5T G yiad O (5o eyt Ll Bl e £5L6LL
Jondl 5T yaaadl s g0 LA 153 3L Jia 5 yomdl DL ulisg .o
0 ALLEL Bl Zlitil ae 5 6yl BlAU Guir D13 Gl dulyadl yuakin b Lad
Ay Lall ki S sealen

Y oleass 55l Lo Gy 5 cileadl slae le saiad ¥ Ala 13 5yl DL 13 o dasY
3 yguall le 5yl BBUAN 2 ) inll GLlies e el Ll g Ladl Lle gt

AG = Gf - Gi (5-69)
&"‘f Ln& (5-66) :d.\\.a.l‘ u.A 3):-._” Z\BUQ_” %):ul” umuﬁ.;qf 3)‘):-._” :\%).5 Qj.ﬁ Jas
AG = AH - TAS (5-70)

13yl @Bl n5da
(5-66) :\_‘.\La.l‘ .%).Ia_‘ J.AALG: ;‘)}L_t ‘39.3_} 3):-..” Z\BUQ_” 2_”_\ ‘a}g.a.n L"! d.m}’uu

dG = dH - TdS — SdT (5-71)
=d(E + PV) - TdS — SdT (5-72)
=dE+ VdP +PdV - TdS - SAT  (5-73)
VdP=0, SdT=0 rdaratl 93,0l iy gl e
dG = dE + pdV -TdS (5-74)
role Juasd bl Aslall 2. (aeailly 5 dqrey = TS 2 Liwsme @3 Lleall O (o o
dG = dE + pdV -dqe, (5-75)
dE = dqrev - dWinax taguall 2 Jo¥l Olall Lliss S
-dG = dWpex - pdV 5 syt U2 s canll muny (augailly g
-dG = dW yeequ (5-76)

Doy’ @alil Jaidl of dasy sueill Jid (B allaidl dlady 1 gl Jaidl g dWogent G
leall Ul 2 Clew 9mn 5ydl BN 2 il of (s e .5 ,md| 23U 2 sl Ll dauds
Sle Jsrae JAddl (o corge iyl B 2 5aill (9 Lediey palh Jad 750 Sl o 5Lk
Ul 2 Llaall (5555 yiuall 5ol 23T 2 il goles 1] sl 2SN ud Lleall O 6T callad

O3
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dG =0 wie dwsasll Hesad idanl

dG =-ve e LALEL ¢ Lewsae e (9t ddaall
dG = +ve sie L8y (9t Ldaal
tlecsae Sy Sle Hlat s pstl daliall 2, ant

PAV = dWpae ,  TdS = dgues IR
£(5-73) aslakl 5 yodl 23N B 5 aild Dl Ll 55 9enll B jongailly
dG = dE + dW,, + VAP - dqe, -SAT (5-77)
dE = ddpey — AW ey 9 Gall (e ) 5
dG = VdP - SdT (5-77)
151 Aslall J53 5yl pmdl o ys cagdd i 13 pod] D3I Lo dadaall 505
dG = VdP (5-79)
Y el 5y gunll 2 Aslall st el G GIBL 3L 5300 cpa (agally
[dG = nRT |dP/P (5-80)
AG =G, — G, = nRT £n (Py/P)) (5-81)
1o ygeall o 5Vl Al Cassd 5 ¢ dwliall b el Bl Lo Jiasi s
G=G°+nRT (nP (4.82)

Sl dasaal Caddall @yle sl ae Ldas 035 Il Sl & o) 23U Of 5y V1 Uslall yglas
e Lo ls $5id Ay ul 33 5yt ] daiuall i3 e bkl e Uslall i ey
2 Lgalusin Eaas 5yl BBUAY (s gens iaV @Valall J<s o t2lell g (Sl of delasdl 5ol
(il o il of duyle) dolugV! e
t d) eS| S LT (ol B gt | DLt A0S Gl
tusmall (Ol Jelanl!

aA +bB < cC+dD (5-83)
LML Jelatl o350 cols Llaa

K =P Pp’/ PA* Py’ (5-84)
s e il 5 ) aBlall 2, sl

AG=X Gproducts - 2 Greactants (5-85)
tole Juasd (95 J523 5l Bl e (anganlly

AG = AG® + RT {n {Pc° PpY/PA* Pg°} (5-86)

AG® =G + G - G% - G°4 (5-87)
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sole Juass (5-86) Wslall 20 (5-854) slall cye ausailly

AG =AG°+RT inK (5-88)
idde 9« AG=0:0153Y1 wie

AG’=-RT (nK (5-89)
: J1(5-78) Uslall Jg35 cdaiiall cagd ic 13 yomdl BBUAN Lo 5,0yl Zny3 5305

dG =-SdT (5-90)

s ynd| BUA 2 il lada gl IO (e 1D g I LAY o9y Couad A pds 0 5,0 Y1 ALl
:SJ}LA_” Jaladl Jo-.ti QMF—L&LU Z‘.""‘“‘“" S_E.UQ_U 3)‘)_3-«_” :\J-J.JJ Z\.H.u.db

dAG/dT = -AS (5-91)
2GY ) Uslall Juasy o 54 (5-69) Uaslall o (ingadls
dAG/dT = (-AH - AG)/T (5-92)
sole Juass casyall salelig
dAG/dT - AG/T = -AH/T (5-93)
o Raladl S Ll e lg al il
du/v) = (udv — udv)v’ acldll G S VET gu=AG gl
:3)5.44_” d! (5-93) ZJALQ.L‘ UAH;Y‘ J).IA.H d}.‘i’&tﬂ
T dAG/dT = dAG/dT - AG/T (5-94)
b e (93) Uslall Lliss y5me 1040
TdAG/dT = -AH/T (5-95)
dAG/AT =-AH/T? (5-96)
d(¢tnK)/dT = -AH°/RT? (5-97)
d(¢n K)/d(1/T) = - AH*/T (5-98)
{n K =-AH’/RT + constant (5-99)
tn (Ky/K,) = -(AH°/R) (1/T, - 1/T}) (5-100)
Jelill 550 55) bl Sy 2 il ol Legalaiind oSae (5-100) 5 (5-99) oladlal
e lanlt (delal!
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Aagia 00 55t s g lyal 10 Sled! @l gealyal S Slam¥ @t gala!
So, )l e 2 5l Hlude Le 85y apbe 2l 5yl Ll ol Ja cdaladl DLl 2. 2
Fagia 40 JI iasia 60 e 5yl G s oyt Jgias allad 2 e 52 e by 4 sus 3
e e iyl Ll yd| Laadl 5ol Gess g LU Lla ol BBUAN 2 ) g i) o
By s JEsd ya 2 golud el
S Ol Sl weeal ol Lale LU ilgill @l sl daLal DLl 2 4
S Uladl 2 JEYN 2 a5
ralall o il Bl IESYI 2 aill Cnl 6
CioHg) T 1205 — 10CO,,) + 4H,O()
288 K 5| ,> ix 3 wie 619 keal mol™ ciles culs > e By 5 e ol Lele
o gy d] g el g Jilidl Bl 551> @b eilss 298K 5yl dxys wie 7
Jelidl 0053 350> cacanl .94.2 kcal mol™ 4 84 keal mol™y 173 keal mol™
399 e 2 ol e (653 alha Gligd e saelaill &)l (dysia 18 5> iy e .8
A0l B 2 sl sl . 20.8 keal mol™ cales aa91 Uslall
Feg + 2H g — Fe''ug + Hag
LAY Jelanlt Y2 Sl sl 9
ALOs) + 3Cgraphitey — 2Al) + 3CO( ;
eyl Byimd 9.7.01 keal cols dasos ot duwssl wie daay asdisl¥l e alydl 0L Lele
. 67.6 kcal mol™ Laylaiie 3, dawny ¢ 4091 Dslall 38 ¢ culi dais e
93055 T 9 0095553 55 sl 10
Cgapticey + 72029 > CO
84 keal  :lea ol daiis cumd (g0 pEall apwssl Jof 9 el ] 3lyisl 55 Giedd oL Lele
. 64.6 kcal mol™ 5 mol”
310.7 kcal mol” culadl 3lyasl SHl> ob Lele ¢ onbann¥ 5096t 55l sl 11

.84 kcal mol™y 94.2 kcal mol™ ¢yss yentl srussi U (2950 5]y Aagd 9 o g ug
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2 il sl 429K Gl da s die 22.0 cal o asddl (e ey sia s 5yl 12
sl Gala
A+B — 2C s A Jelaw. 13
ALY 2 il s 25 °Ciyl > dnps aie 153 keal mol™ (gsluw aIlaY1 2 il
6.2 cal K" mol”,a Cy By A slsall iyl yadl cslacadl o1 Lale . 300 °C e Jelitf 1]
. 7.3 cal K' mol” 5.1 cal K" mol ™
ol o> dars g (Lge i s 100) GLAAI djs e cla sl JI Wl e alya 30 J95.14
2 il g Jaddl g Latell 5yl Lass sl . 192 keal mol™ Ll ¢Ldad dialentl 5,0 ol
RWEN N[N DERPU L (PORTYer
.80 °C wie asladl 5,kas 9 200 "Cotie 553531 3y &Iyl G guaall selasall sl 15
ex>dl o138 ¢ dasis 93yl A s ade Luaydgnl g Lewsoe a9yl e e aluya S sual 16
¥ 2 sl sl TS el 3 e
30°C J1 20 °C e Ul oo cubalyn 10 5505 ys pdiys Losie gyu¥1 2 il el 17
18.5 cal K mol™ cLelt i jmtl &yl ! dad
] e 200 °C 351y iy e 0.01 Gplea cold daiis oo awsme Jelas of331 cqls 18
el Loulall 5 ot 3UAN 2
10 atm J| 1 atm ¢ye Lghais adiyl cnomeensa¥ e csli i BYAS 3 pondl BBUAIN 2. 563 Coun ] 19
25°C il i ya e
el 0.031 5 0.12 Lea 150 °Cy 25 °C 5, i ys e rusme Jelas ol331 s 20
Jeladl sy,
syl aiblls 3yl 5 -110 keal mol™ (golus ol p> dass Jelind LagyB¥1 2 yaal sl 21

ugie 25 5,0, dxya aie -120 keal mol™ Ssbew
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W=nRT/{n (Vf/Vl)
= 10x2%333 {n (10/5)

=4.616 kcal.
:Jo¥! yeilall 3aga AE=0 g W=tve ol s .2
q=AE+W
q=W
Al ded (golan Laylade 955 olaiel i Les q= HVE (950 O o 10558
q=4.616 kcal.
q=AE + W Jo¥ §5ilal cows 9q= 0 Lo Lyl Jgpas allaitl o e .3
AE=-W
W=-nC, AT
=4x2x20 =160 cal.
AE =-160 cal.

s e Sloa¥ asldeal 53l M s 4

(T/T)VR = ViV,
(50/60)** = 2/V;
Vi=3.67L
raladl ISV 2 sl ded Glaas S
AH=AE + W
AH=0 s AE=-W ;i to

Pl (e Cenamy ALY 2 il L6
AH = AE + AnRT
An =10-12=-2
AH =-618,800 - 2x2x288 =-619,952 cal
cislall oy Jeilidl oyemy 7
Clgraphite) T 2Ha(g) + 7205 — CH30Hy + AH (i)
toh e JSAldl) 5 o gyl 9 Gsa sl By
Claraphitey T O2(e) = CO; -84,000 cal (1)
2H2(g) + Oz(g) — HZO - 94,200X2 cal (111)
CH3OH(£) + 1/202(g) — CH3OH(15) -173,000 cal (IV)
:4:& 9 c(l) -UAL«.I.‘ ulc JM‘ ué'-“:’ ¢ (IV) Aolatl C)Ja 9 (111) 9 (11) Q:}:JJLQ.U t"""
AH = -84,000 — 2x94,200 + 173,000
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=-99,400 cal
8l oy Al lad 2Bl da i )3 (AH) saelatd] s, yt1 .8
AH = AE + AnRT

An =1-0=1
AH = -20,800 - 1x2x298
=-21,396 cal mol'

Y e Yaladl 38y Y1 Jelaill LS 2 5aill Glus (5 9
A1203(S) + 3C(graphite) — 2A1(s) + 3C0(g) + AH (1)

3C gaphiter + 3/2 Oz — 3COg -67,600x3 (ii)
ZAI(S) +3/20, — A1203(S) —7,010x2x27 (111)

:44.\.:3

-~

AH = 378,540 — 202,800 = 175,740 cal
tol LeSs (g yEatl aesT Jol (953,10

Claraphite) T 7202(g) — CO + AHy (i)
Claraphitey T O2(e) = CO; -84,000 cal (1)
COy + %405 — CO; 64,600 cal (i)

:4.:.\:.3

AH = 84,000 — 64,000 = -19,400 cal mol™'
RPN (RN B

Zc(graphite) =+ Hz(g) — CH=CH + AH¢ (1)
2Cgraphite) T 205(g) — 2C0O;, -2%84,000 cal (i1)
Hz(g) + I/ZOZ(g) — H02 - 94,200 cal (111)

CH=CH + 5/20yg — 2CO, + H,0 -84,000 cal  (iv)
:4,5.\.:3 4(1)
AH = 2x84,000 — 94,200+ 310,700 = 48,500 cal mol™
:JoY! elal e 12

q=AE+W
idde gAn=1 g W=AnRT @&Mall pe dblws yEaay Jaddl 9 q =22 cal
AE=q-W

=22 -8.58=13.42 cal

dAH/dT = AC, B gy yeild 3udat. 13
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AC, = > C,(product) — > C,(reactant) O

:3)3.44_” u.\.c. «Jﬁ.&ﬁ& Jslas :u\:& u&nﬁ
AH,- AH,/T,-T; = Y C,(product) — > C,(reactant)
AH, +153,000/(300-25) = 2x7.3 — (6.2+5.1)
AH, = 152,092 cal mol”
30/18 = 1.667 (gglews g mlinyadl sue Yol e, 14

sl Slaey Jad conlay U Lde

W =AnRT
= 1.667x2x373 =1243.58 cal

q=1.667x192,000 =320, 000 cal  :iuxiell 5|yl duess

q=AE+W ¥ Oslal s
AE =q—-W =318,756 cal
AS = An AH,, /T, Pt (e ey gy VT 2yl

= 1.667x192,000/373
= 858.08 cal K'!

:8Mall e Slaed Ggenall selassdl 15
Eff = Th - Tg/Th
=473 —353/473 =0.25
Pl e laay Lleadl oS ogyi¥I 2 5ul 16
AS =n RT {n (Vf/Vl)
= 5%x2¢n(7.5/3)=9.16 cal K™
Ml e laay Luleall oS ogya¥I 2 ull 17
AS =n Cp {n (Tf/Tl)
= (10/18) x 18.5 £n (303/293) = 0.34 cal K''

LBl 385 ol 1Y) Cols cye diwliall 5 pmdl BBl (w3, 18
AG°=-RT tn K
= _-2%573 {n 0.01 = -5277.5 cal mol’

LMl a5yl BUAY 3. 19

AG =n RT {n P¢/P;
=3x2x298 fn 10 =4,114 cal
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adl igale¥l Lo ey Lala¥l das U
107 f femto giea
107 p pico s<=u
107 n nano g
107 H MICro g ,&na
10° m milli L
10 ¢ centi iiw
10™ d deci wws
10° k kilo sl
10° M mega Lr.e
10° ] giga Lo
10" T tetra |,

tJelall sus ol Lo ls Ul
1 m=10dm= 100 cm =10° pm
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Byl | i) Sl s

EN EA ; IE § r Coell aaadl et raiall
kJ mol”  kJ mol A . .
ol gl

2.2 1312 0.37 1.008 1 H O 9y

- 2373 0.5 4.003 2 He A gala
1.0 -58 520 1.52 6.939 3 Li &gl
1.6 250 1.11 9.012 4 Be a5l
2.0 23 0.88 10.811 5B .,
2.6 -108 0.77 12.011 6 C 99 2
3.0 0 0.70 14.007 7 N O gyl
34 0 0.66 15.999 8 O o]
4.0 -333 0.64 18.998 9 F * ysla

- 2080 0.70 20.183 10 Ne O
0.9 -53 496 1.86  22.99 11 Na A5
1.3 230 1.60 24.31 12 Mg o gurenis L
1.6 -44 1.43 26.98 13 Al ?ﬁjﬁﬁﬁ
1.9 -135 1.17 28.09 14 Si ool
22 74 1012 110 3097 15 P .
2.6 -200 1.09 32.06 16 S o pums
3.2 -348 0.99 35.45 17 U RS

- 1527 0.94 39.95 18 Ar O
0.8 -48 419 2.31 39.10 19 K A gucalisy
1.0 154 590 1.97  40.08 20 Ca PPN =
1.6 52.00 24 Cr YER
1.5 54.94 25 Mn Sdimia
1.8 5585 26 Fe ..
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1.9 58.93 27 Co gl
19 58.71 28 NI ey
1.9 63.54 29 Cu
1.6 65.37 300 Zn s
22 77 121 74.92 33 As 503
3.0 -324 114 79.91 35  Br a3
; 1356 1.09  83.80 36 Kro oo
0.9 120 215  87.62 38 ST
1.9 107.87 47  Ag i
17 112.40 48 Cd e
2.0 121 140 118.69 50 Sn .
2.1 -101 141 121.75 51 Sb
2.7 -295 133 126.90 53 I sss
; 1176 130 131.30 54 Xe s}
0.9 52 217 137.34 56  Ba 2ok
1.7 183.85 4 W s
22 195.09 78 Pt S
2.0 169.97 79  Au LAl
1.9 200.59 80 Hg 55
2.3 -101 175 207.19 82 Pb .,
2.0 -100 1.46 208.98 83 Bi .

I= 3,000 4ad Caad BN = i yesall Lol EA = 159ty 1291 1E = ol 3l
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225 i Glyglitg oles 31 SIS Calgd

elesat) cols ot gyien i
ka oolex Yl
k,=43x107",k, =5.6x10""  H,CO, Gligr St e
4.8x107" HCN Ll yug Il e
1.8x107° CH;COOH (USIDELS! (aes
1.8x107 HCOOH (i) cliaysall (e
6.3x107° C¢HsCOOH cligyid! (e
7.2x107" H;BO; el ygull e
107 HCl hyslem g yugdl pae
10° HBr hiagrg el oo
10" HI azgalg gl e
k, =6.9x107,k, =6.2x10"°,  H;PO4 el gd sl e
k, =4.8x107"

5.9x10°[] H;BO; ool Gaes
k, =8.9x10°,k, =1.2x10™"  HaS O gy iy Es (e
ke aelgd
1.7x10° NH,OH A 5e¥] gy e
4.1x107" CeHsNH; Ay
5x107 CH;NH, Jed! cnal
1.7x107 CsHsN O
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Ol oLt ¥al i k) ezttt 9 (ko ) g La5, ¥ LOLS

ke Ky Ml
°C/molal °C/molal

1.86 0.51 H,O S

1.22 CH;CH,OH Jeiluy!

0.83 CH;OH Jsilidl

5.12 2.53 CoHs !

CoHsCH; sl

2.02 (C,Hs),0 il

3.63 CHCl 2558355l

5.02 ccl, syl ol

Og =l

37.7 JUERY

3.9 CH;COOH LI (e

20 CeHi2 Al s 1|

14.4 CoHsBr ORR 5490

6.9 oy

7.3 :JHﬁ
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25 s Y il s g1 hsbagill|

oo L ga¥) Tlpn gll - 5011 Q52!
349.8 H' O3y
38.69 Li" asll
50.11 Na' asspeal
73.52 K" TEIR
73.4 NH," asisad]
59.5 1 Ca’ NIRRT
127.2/2 1;Ba’ assyLdl

AL oobio !
105.6/2 1 Zn' !
198.0 OH- i gy
75.23 Cl- PRERT
78.1 Br- eyl
76.80 I- !
40.9 CH;COO- |
79.8 14504 TRy
138.6/2 14,CO5™ il el
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AJI3R81) 325 s 1350519 BubauS ¥ N ALY e g

ukeall gl Je Lot
-3.045 Li" +e=Li
-2.925 K'+e=K
-2.714 Na +e=Na
-1.662 AP +3e= Al
-0.763 Zn* +2e=7n
-0.440 Fe*" + 2e =Fe
-0.36 PbSO, + 2¢ = Pb + SO
-0.250 Ni*" + 2e = Ni
-0.136 Sn*" +2e=Sn
-0.126 Pb*" + 2e =Pb
0.00 H +e=1/2H,
0.15 Sn*" + 2e = Sn*"
0.153 Cu* +e=Cu’
0.222 AgCl+e=Ag+Cl
0.268 Hg,Cl, + 2e =2Hg +2CI
0.337 Cu’" +2e=Cu
0.521 Cu +e=Cu
0.536 L +2e=2I
0.68 0, +2H" =H,0,
0.771 Fe’" + e =Fe™
0.799 Ag +te=Ag
1.229 0, + 4H" + 4e =2H,0
1.455 PbO, + 4H" + 2e = Pb*" + 2HO

-135-



G w270 k|
5 S sl a1 5T ol

/——

225 wis U1 B g Ao 7 MM D l3Y Jual

Ky ala¥ Jols 5L
3.7x107" Al(OH); asiesl ¥ s gyin
1.2x107" Mg(OH), A gueid U] dngn gy

Ba(OH), psldl dusag 00

Cu(OH), ool s gy e

1.0x107"° AgCl oaall uyysles
1.5%x107" Agl Ladll adg
7.7%x107" AgBr Ladll ey
9.0x107" Ag,CrOy inall ileg e
85x107* CuS ocalm il oy
HgaS 55285 dinpss

7x107% PbS oolin 1 Uiy
Bi,S; &gyl s

Ag:S add| oy

1.1x107" BaSO, 2 gLl b
CaSO, asreallentl cilipes

CaCO; agredlestl lig yes

BaCO; ponldl b=

2)(10_10 ZHCO3 uj.u:)u‘ «LL’%)&
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225 dis GLS salt (AH® /kcal mol ™) duwl@l (9sSiti A3l

AH° wss,ll | AHP T3 L P
11.72 CeHe oyl Jilos | -20-42 CO (0 pEadl aecssi J ol
-57.08 CH, Jgslidl il | 9405 COp syl sl il5
-66.41 CoHs bt fib | -17:89 CH, ol
-33.2501 CCly Oy3aEall aysles ol Sl 54.19 CoHy onlaY|
-68.32 H,0 .U L. | -20.24 CH;CH; oLVl
-98.35 NaCl Clall agasgenll s sl | -24.82 C3Hg ooyl
-270.53  NaCO; cliall asusguall cilignyss | 19-82 CeHe o3t
-217.92 Si0; Cliall smulid! ey | -48.08 CH;0H gl
28873 CuCO; clall aguallentl ciligyyes | ~56.63 C,HsOH Uil
-51.20 PbO lall obs 1| apwss] -57.80 H,O U
-30.38 AgCl Clall Lnall oy ygles | -11.04 NH; Lo gVl
-23.80 AgBr (Ll 2l agagyy | 2206 HCT g 950511 sl
-14.93 Agl clall Laill wgy | ~8:60 HBI ¢ 55! e s
-23.52 PbS Cliall ol Il agnyuss | 62 HI ¢ gyl aasgs
-70.96 SO, copsall spussi b6

9445 S0, oyt apwssi eIl

12.50 CoHy el

-1160] HCOH weailla o

J.M.H D9 F,,Br,,Cl,,0,,N,.H, Jie aulyladl (el Bl -
2 dgdly el glu“).&J‘jﬁﬁAj.mj‘jujﬁﬂluJ‘jC«:@\)aﬂdlnM‘ Mol ppgean Bl -
yduall
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day y 10 28l dayl y M NIRRT dayl y M
323 H—Si1 432 H-H
305 C—N 146 0-0
358 Cc—0O 160 N-N
259 C—=S 154 F-F
485 C—F 239 Cl-Cl
339 C—Cl 193 Br-Br
276 C—Br 347 C-C
240 C—I 614 C=
272 N—F 839 Cc=C
200 N—CI 418 N=
243 N—Br 495 O=
799 C= 413 H—C
1072 Cc=0 427 H—CI
607 N= 467 H—O
887 C= 391 H—N
941 N= 363 H—Br

347 H—S
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Byl Glapla

: Ol L gl algs

oY1 5o saall @usle st ola (power) (i g (base) pulad 3)3m 2 g die T Ll Wie
: Lad oluged bl Slia,

10g Gl 13 @iyl sl aay 10 saadl .1

I Gule¥1 130 @inple sl amg @ = 2.71828 suall 2

- 34.67 saall g yduall @inyle olilg audall @insle sl as gk 1 Jlia

log 34.67 = 1.540
In 34.67 = 3.5459

376 saall (g yduall @yl g BLEL sty —1.67 suall Gagdadl @iyle olf DAL saadl us sl 2 I
Anti log (3.76) =5754.3393
Anti In (-1.76) = 0.1720

eleylagltf 2 Julatl dglaall

log A +log B # log (A+B) e

log A - log B #log (A-B) * yLall

log A +log B =log (AB) * puall

log A - log B =log (A/B) PR

B log A =log (A®) * )

log A =log () *slal
log10=1;lne=1
log0=1In0=-00
logl=In1=0

In A=2.303log A g

ldaallsia 2 log elliwe In el ®
119 Jogme D AL Az | Walas

13yl e LS L yudl (ye Uslas 3o Jperms o ] pa¥l zlio Lo |piss
ax’+ bx+c=0

) S | FEUIEND, QR i { I N I L P c,b,a E
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X=(-b++b* - 4ac)/2a

Adslall 38 X el (lie® Ilis o s 611 (a9

HAaY! sl 33 X deud e | 2 Jlia
X* +2x=4
vialall 3yl 2 Aslall Cassix ()
ax’+bx+c=0

X*+2x-4=0
b@%MXMU.\aJM

X =(-b++/b? —4ac)/2a
= (2+,J4-4x1(-4))/2x1

x=-3.236 5 x=1.236

s gt

oebedl oia 2w szl e Scientific notation dueladl iy tatly slae ¥l Lliss a5
e Guladll ga Sl Laysels sl B30 Gle gim dawr sie J5¥1 onfoms suall e pny
LD Slae Y1 923 Latie Lagds el ] zlim el Laud Jo¥1 yandl s 3303 (553) (¥ ] £58,
oo Aol Saay (LA dmgpe e daall Led LS day)b pual G jrall oT sl
Als QS alginlly paT ulaa] (s 3 e pulaY)
033 Lnging yiEal ooy 35.7x10° Lalall 5y5unll Lo anlics o Saey 3570000000 saath: 1 Jlie
L3 o1 daally Guliws
35.7x107 Cagms o oyEmas Lol 3.57x107° 5, gunll e sy 0.000000000357 saall 2 Jlie

oo Jolaitl Ciglhall 301 Cous cllag 357x107° o
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s | yalgs
A10° +B10* = (A+B)10° w?\’%meﬂgmt@. 1
A10°-B10*=(A-B)10° oY 2 cpamie usae b 2
10°10° = 10®*" ¥l Gy 3

1010° = 10" ) Lur¥ iecd 4

1/10*=10"
10°=1
10% = o0
0°=0
0.0037,0.00081 (yu30all g gazma amgi:1 Jlia
Vigaladl 5 yeenll Ll cpaaadl Cagai s ol
37x107* +8.1x10™
=(37+8.1)10* =451x10™* =0.0045]
810771107 usuall oy Juolo amsl 2 Jlie

2 Jadi
8x10° x7.1x107° =8x 7.1x10°> =65.8x10° =6580
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gl JalShg Jiald
Cla @gd an o bl Lle comg slhenssdl 20 alusen ¥l Ladld Jalssidly Jus ol Lidee
ol LB (i dgalgi oall ibareadl J1gall el

icalgd @, N o (X)) as gl Jggad! cld Jlaud! Jslas .1

a1 S Lad|
ax adx
X" nx""
In X dx
X
e" e”dx
a 0
1 —dx

X x?

1 dx

a—X (a—x)’

L (XDl gll Jogmdl ol Jloadl Jaless 2

Dl sasdl e Jelesit!

X &
x " 1 y 1
n+1

e” e”

a ax

1 InXx
X

1 —ln(a——x)
a—Xx

-142 -



EIRY 05270 ikl

il 1 G S i Al
Y PPRIPPIRY

dae sajall sue g o loll @ual ol Sorall e 5 slangaal sles Glelis 5 Gugall jjall e sesi -1
21996 (olopdl coamayl s ¢ dalall slissgaltl il 4l

2 1982 ( Liagyale s calie tama deml Lom )3 ¢ ablipuall sloasdall gyl a ayon -2

s hersadl elialinga )il ¢ Gilamadl Al ase Supall sue s sl sles olede -3
2 1998« aliyl ¢ sy

el g eladl ;adll —spac Ul Zasls cdalal) slausst) clalad (Sl Galaias yow -4
1993 ¢ bl

Ity (FYIRY

1- Ralph H. Petruccii and William S. Harwood, General Chemistry, Principle and
Modern Applications, Prentice-Hall, New Gersey, 1997.
2- James E. Brady and John R. Holum, Chemistry, The study of Matter and its
Changes, Wiley, New York, 1993.
3- Petter Atkins and Loretta Jones, Chemistry, Matter and Change, 3" Edition, W.H.
Freedman and Co., New York, 1997.
4- James E. Brady, General Chemistry, Principles and Structure, 5" Edition, Wiley, New
York, 1990.
5- David E. Goldberg, Schaum’s Outline Series, Theory and Problems of
Chemistry Foundations, International Editions, McGraw-Hill, New York, 1991.
6- James E. Brady and John R. Holum, Fundamentals of Chemistry, 3" Edition, Wiley,
New York, 1988.
7- Raymond Chang, Chemistry, 5" Edition, International Edition, McGraw-Hill, New
York, 1994.
8- R. Abu-Etta, Y. Essa and A. El-Ansary, General Chemistry, Cairo University Press,
1998.
8- P.W. Atkins, Physical Chemistry, Oxford Press, Oxford, UK, 1982.
9- G.M. Barrow, Physical Chemistry, MacGraw-Hill, New York, USA, 1996.
10- Maurice Wahba, Hanna A. Rizk, Introduction to Physical Chemistry, Anglo-

Egyptian, 1978.
11- Robert A. Alberty and Robert J. Silby, Physical Chemistry, Wiley, New York, 1992.

-143 -



Oyl w5270 el
415 LaasS1 S bl S G ke ol

//
Ol

e | VWL d o) VPN rd (L 2
St | Y T 57
13 - S ladeY ) ALy
-19 - . . . . . . . . . .. . . . . Chemical Catalysis gilws!! sax!!
=33 - gl
S34 - L i ek Al
=39 - s el
=50 - GBIl
=52 - S laded ) ALy
=59 - S
=TS - GBIl
=TT = S laded ) ALy
S83 - il Ayt LSl
103 - L Gl
105 - o S laded ) ALy
-112 - . . . . . . . . . . . . . . . . :Phaserule (auall) gal sl
-122 - Gl
123 - o S laded ) ALy

125 - L et el paa
125 - L Gl e

S126 - L ke G
S126 - . IK=1°CH273.16
S126 -

S127 - L bt Ol



Silagiad | @270 paaill|
A | g oS & sl dleauS O iz duidls
127 - oL s

S128 - ket
C128 - ke dE W ey

S130 - . ek
—139—@“&«3“’\#

S143 - et






el Giall copuilly Giall eulaild dalall deaausll ;i
390l (lileal)) Saaias ] 4T o A5 5 (o aall I

GOTEVOT appreciates the financial support provided by BAE SYSTEMS

BAE SYSTEMS



