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o M, Lﬂuﬁ'mﬁn'[mm]_numﬁ'lui
uanendl demwnsonniminTusnsiefuvesfalugutuld dfl

yIngn3 PV = nRT
et w8 B =
PV = (Lw/M_)RT
win PM,, = {%) RT
= dRT

o d usraswwdwsssfosmuilsohiu L wsv

In = IwM, deomsnsdusumedoeed

avusassassnvas o] 3)

#wthafl 18 ﬁ'm"l:rh‘:nm:unni'ﬂ'lﬁﬂ:muﬂnd'ln'[ﬂnwﬂqmuqﬁﬁwn (H, = 2H)

wazeuu@lW B, usr H Urswgidndufogaund smasmuwisessieiola e
fqungdl zo0d ¥ e lelaninuunnd a3 weflowdluidueznen ilanufuriiu

T WTmme
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M wesussRInaued e e lenisudl w1 luateuwends
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£ :
s dwlueiowe = dnoulusves 1, fnde + Swmluswes B

= 0.67 + 0.66
= .13

MIIET M,, = E_Ei

Lo,

(0.67 mal)(2.0 % 10~ *kg/mol)) + (0.66 mol)(1.0x 10~ kg/mal)

i’lﬂﬂ'“ d =

(0.67 + 0.66) mol

1.5 x 1077 kg/mol
PM

= OV

RT
(1 atm) (1.5 % 10™? kg/mol)

(0.0821 liter.atm/K.mol) (273.15 + 200MK
B.037 x 107% kg/liter

wsasan e ldrmrumwuduensfasrni iy 8.037 = 10-5 Alandu/Bng
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1.4 WYANIINYBININDIS (The Nonideal Behavior of Gases)
ﬁwr‘m::’mqﬁnﬂuﬂﬂr‘mqnmﬁdmﬂnﬁwﬁﬁ:ﬁm’nﬂuir’uihmn 9 unsiigm-
woigwan g wimiu H'mihl*lamn'wiuqﬁquunim'lﬁﬁuﬂwﬁaﬂm‘mﬁ'u'ln 7 uh1
s=fiedlfunnmed (facon ndmRadudn i uawns wafegaund (PV = nRT 13 uTun
uinmesid “Snlssinfunenune” {compressibility coefficient) W30 (compressibility factar)
l¥aydneidoh z dnlu sunmisrusdmivmeseuns adodl i

PY = ZnRT seirnirnnnnnne] 1.39]

wia i XN,

nikT
PV
= ®T : (AP e 11
- J— i i
die v illwdTuetdelus Séuvadu vin
| X b s o =
iz fduasdEhwzdmiufesiudarein Saasulsumsreiwinsils
HnEufugmwnils fafie Tﬁuﬁ'ﬂﬁmﬁmiﬂﬁ {1.5)
*

Tl = -""'
=70 o
Lo e s
H (8
z® - -
" & s
1.1 [] J:Hl shaEEEfE --'1"5'-‘."-'4
ai |
qlﬂ [ 1 3 L]

PRLVIURL, AT
;ﬂﬂ ) waradils: Bnfvasemunessfm oy Salufaffuvomiudufigungiaig g fu

vingy (1.5) e mTufhrgaunfisziim z = 1uddhfela g O zannndmiae
found 1w AedusiwgAnsuiufols defelelid z annndy 1 ureeh
FrantuiinTune (compressibility) ﬂﬂn‘iwﬁquuhi (PV > nRT) WA Z HoUnd1 1 WA3
usmrhmowidanunaganhiwgaued PV < nrm) Taomlifeaudunfussgumgl
iz < 1 udfeadugaldhguaplecidurile z > 1o
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lﬁ‘tﬁﬂh}ﬂTﬂﬁLﬂﬂﬁiTTmTﬂﬂiﬂﬁ (1.5) ud? R q arwtussauluay
wenalfidudn 'i:ﬁ&aﬂuﬂnmufﬂuuunmﬁu"l.ﬂmnmwwm'[mquﬁwmﬁ'mfmﬁ’m
ulmimoddanina snftadasfusisgarswheluensuesfie Seesilimiruues
Tutaqnﬂuﬂﬂ'mwu:nnm uasiDunalwnusuussfiress

ﬂ"lﬁﬂ1m1[n|.nr‘|m_’|'f.ﬁﬁ1-.dawaﬁ'fl:r'mmmu:'[nu'l.ﬁuiﬁ:'[umqﬂuglj'luu?nm v,
MRS V, ATUETAL ﬁ'a;ﬂ‘ﬁ' (1.6) UREEHWLRA LW u1m1=ﬁ11:m'1u[mﬂqmﬁnwﬂu F e
fvmlusnsfuion v, Wannfuiuses s §..... ussnisifiidelwansvesfie 4
Ui v, smaniiu 2037 W8S 47 ... i i:Lﬁuﬁunm:ﬁﬂ%mq&rimw’{mqm’!n
pranaaduarmduii (o) velusnsluuTiamy, omanssiuing usanssindaluans
TuuSiom v, ﬂt‘ﬁua;dﬁ'un'hmi'u TuraaluanaluuToon v, iuis

r "

f v,
i

i j Ll A ;
]'lld 1.8y usnaflauTanisinrewilinanageiafie]lnufon v, uaz ¥, Tz

CH 243 18



anfu uum:ﬁ'l1:'.-.'ha'[maqﬂ'luu"mmﬁmmﬁuﬂﬁﬁun‘r:uuﬁu*ﬁ'mma'[umqn
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= 1/V p— ]
fa v iwinnsdelus

vinarushiftt  arududusesfeluntionds 9 molumousssndu

nsen WIzasiy C, =G dounumums (1.46) aalusums (1.45) 3= 1dnadwiie
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ki ?E: ennsnsenseseald AF)

tilouaunylug Uitouf 9214
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a ¥ —
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o .
mataA (11) IR o W8S b YesIEne g

i . 4

(CLEERTEE nlint, FAETE 5] (w1 /Tun)
H, 0.2444 0.02661
He 03412 0.02370
N, 1.390 0.03913
0, 1.360 0.03183
cl, £.403 0.05622
NO 1.340 0.02780
MO, 5.284 0.04424
H,O 5.464 0.03040
CH, 2253 2.04278
C,H, 5.489 0.06380
C,H, 8.664 0.08445

C,Hin) 14.47 0.1226

€, Hglisol 1287 0.1142

€M, 5(n) 19,01 0.1460
Co 1.485 0.03085
Cﬂ: 3,502 0.0426T

sumTvesweeied ldnvineunmsfogeued Teonitefuw ﬁqmquaﬂ
wainsruvesesiadoaoulunnfageund uguaesusanssirssninsluansuas
UTanrvealumans Fangrvesfregeundlilémlifussfoudscdedis szdaiu
biimoinTrafinlouiun e R Ewhefiforng A Tiase e
woRinssufuandatudmiufesd wensaln itz  uss b 'lum.lm'nﬂum#*ﬂunq
MUT TTUTIRUEIMTITunacTin
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frothail 1o 1 Tusmedloi mqugﬂmm 10 By uasilgooandl 150 @ sefmuImATy
dunasledn Tauldaumadelud

n) unIvefrgaua

1) aurTeswanied
Wi n) RumTEBITgRUAR

vnnﬁn:'r PY = aRT
P = ORI

(1 mol) (0.0821 liter.atm/K.mol) (27315 + 150) K10 liter

31.474 atm
 }
- arwdusedlad Ay 2.474 UTTOIMR

1) aurnTaaTeet R

2
nIngasT (P +:—:}{1"—nh]- = oRT

i SoamumyIvdasldnadwifa
e o {ﬁLFiF} - %

o ausz b vodloin wildinesnaf (1.1) usslddh
a = 5.464 BT utIoamesTasd
b= 0.03049 An3/lus

(1mol)(0.082 1 liter.atm/K.mol)423.15K) _ (Imoly*($ 464liter” atm/moi?)

Lﬂﬂunuﬁﬂ P =
{10liter — (1moly0.030450er/mal)) {10.0 liter)t

= 3485 — 0055 atm

o arusupesladwinfiy 343 wITmw

! R I:I"IH F J .

wufia arueueed e fueslumausUSees 10 Bath 42315 K eeliemedu
WY 2.43 UTILANA
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1.5 H'I'I‘Hﬁ!-l'l’ﬁ-llf P¥T 'ﬂﬂiﬁ]‘!llﬂﬁ"ﬂﬂlﬂﬂ'}

{lwfnsruudai p, v, Tilufuy ldrsymoms vosmftaylugUvesivr vas
wad wasvaady Samunsodmueumaia Ui mive s luemruzee 5 Durunismus
(@umT (1)) dpfTInneT i T P AL v muaﬁwﬂqmﬁqﬂwﬂ udidays
184 P i v irndmudunsm iuns i idSond elmnedy (isotherm) -ﬂﬂ:unﬁmqﬁnnu
mnaﬁwﬁ'q pan gl At

I.ﬂE'I.I‘I"J.I‘rmdﬂ'LIEi PURE V qumnqﬂlha 9 wnivuiunsw sldnrmlalonedu
gy (1.7)

ATNAY (P)

Ui vy
3 an uumn‘nﬂ'lu'[-nﬂn'hrlwﬁﬁ'ﬁqnhﬁ_ﬁiu1 fiu

ningy (1.7) %:nu"]‘;‘ﬁqmmqiﬁw‘m 9 (T, WMnT Py axiiwgRnTTuRiERR
rufmgaund falaauni iy dlemelum thuﬁqmn.l]ﬁﬁ'umn AT LAUNTIH PV
Miredwginrrufalysnfogaund Sefinldn fige A ssuusegharwildufe
athadin fhenufnmsnin v, mausiuni smsisssfuiumdafoms v, fiyed
ez unrueiuiuseanss M emiTuesestsuudelthden 9 moldnrudund
s lihemusiuuee avannniwmuindy unssianiafineg v, ﬁinﬂaﬂﬁim-ﬁ
whsegluszuy Mufersvuhznsuduusaveufinsethafivy fecanTanrdaluBnaufe
v, finaldnudiug ann (Auarwiunn e fis P') s UTinatao e avens liraon do

o
wnwn (InTunadn)
- - a [~ | b E
(’f*nﬂuqmaqwnﬂ:uu\ﬂ'ﬁaﬁwmu 9 Wi TRmIf AT essaw
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sty o e ruiiledy iagaumpiiueszsuutl T, wernelalgnenusbuiu
vaama wanvinfienaiuasnzamiariniy mﬁunq:nr.qfrﬁﬁ qungiringm (T) du
rmifesikonh Aruddinge () uszfigafingn MeusseansieziwgiinTu
il duqungifiganh .o Agrngil 1, WunTm ey iwginTafisdoniaty
firegnunf

dadssmmmuaruduiufzwhe p, v uss T wfeu q M 11070 16 Tae
Yl 3 0 84 p, vuse Tihumeteu #iagu (1.8'n) dunT Tz PuRs v#qmqﬂ
el l@dunTmidont lelwinefu Gsotherm) dagu (1.8 1) AmnTMTIwhG P
waz T fMUSminef asididunsmiidont  loloned (isochore nielalmunind
(isometrics) #a3U (1.8 A) uAznT Iz V URE T ianuduadf GonnTvhiuh
Naland (isobar)
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{1)

1 (1.8 (n) ummem ATz P,V T iy (solid lines) iuleTmne fu, w1z (dashed-
lines) tIulaloind uanduldua (dotted lines) (Julolmunin

(1) doRanTWIEMa P uss W Lﬂﬂquuqﬂmﬂ (n19lalemedy)
(n) wBRANIMIEWIng P uss T lledTamandd (niwlelmuning
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o
1.6 n1leTamaiuvosaumIauaeined (The Isotherms of the van der

Waals Equation)
#nToaumITwaafed (sums (1.49) ) danq‘luzﬂ
ey s~
(¥ - g

1 7 dulFunarde Tusuasiisunn Hummﬂuﬂﬂmmmﬂuuum:maﬂquuni

wzh b Simlamnnden Seudfivuty 7 ussfiquagiigann 9 mew a7 santodeili
e foufioufane RT/AT - b dielfrumTmuned msfrfwammesuduiud

szwie Puss 7 udniunasge ploy sldnsmlelemadu fagud (1.0)

AU (P)

UTuwms (V)

-|'|li'.[ 1.8y wananTid lelmvefuvosrinof el

wingssiudlutrnFumegann 9 wanswlelomedy fMosinginsy
wuufgmund (iaigannd Ty wibiiafiqungiligatn uss Sinessaudnalien wwrh
WunTmuanmslusinfegaund dnfuneuig 9 umumrmueeinefadoniunia
Vs wmﬁ.wﬁmmm N #qmr{ﬁﬁnqn (1) Nyl fya Rovemm
V1 (point of inflection) YffiyA E S mfgmwmnlainds T (iw T, weivayagunzyaiige
waant v lalanedy

ﬂmﬂ‘iﬂmmu‘[ulmﬂnfmmfﬂﬂiﬁuﬁwﬁa |['.r1.|ﬂ[1 1) wiinTmitlngfu
i uifigrmgll T 'lug'dﬂ (1.9) w=FunT My Lhem (Sshaped) U929 DA dsmoandoatu
T4 (platesw) Tugufl (1.7) Tmﬂﬂuunnmdﬁmm‘:nnlmmn'luhmnfuma
TraneiTed Sadnwnctoadulf ABuss pe i odR RN NngmItimIeeo WL
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ingy (1.9) ﬁﬂﬂﬂiﬁmmwaﬁwﬁmnqﬁ T, muﬁt:tﬁu‘ﬂuﬂunﬁﬂhhmh
uilagn D Failrawe P, uﬁiﬂwﬁnﬁnwuﬂuﬁmﬁnﬂu WA MLINT BaN IR WU T AR
UTannrdialy arwdudid snafuiunduntiv wilegn cumaeilugie pe drui
fraganhaudilound vldrzvudegluammalufoothafo dnensfiinduitonh
ﬁwau'lunnﬂ:u':mali‘h (supersaturated WIB supercooled vapas) [WATHE SRE fufanFarng
mawmmﬁqmﬂqﬁ T, Frakasansrmiogn A Tl g, ﬁﬂﬂﬁmn:mumrmﬁn
%u_- uat e Aedu uesUFiedmadindely rudiezanaam AR un T ABURS 5
warfioglnuTion An ﬁtuﬂiu:n*ﬂ:ﬁ'hunam (superheated state) ﬁmnanm-;:ﬁ'ana'ﬂiﬂa
Fu ez uafins (metastable siates) tufn SIFssunmmsnmosenfiongntos
a=iu nﬁ'l'h‘.'*.r:umiﬂﬂﬂm wfafuinh dmivdas se fildrun muToudvyléru
dringnireila 9 uastudniurnteeildafios

i o

1.7 ﬂ11H1H1HIﬂ111~IIﬁH{T}Ihﬂ" (Determination of van der Waals Constanis)

i'i'wi*mumwn-nwmnfrmﬁmﬂ?"l*mﬂﬂnn'n:ﬁnqn TIERAT oA AT
urednafvoafigla g Tnuﬁ‘mamﬂnﬁﬁmﬁ’mqn (critical constant) veafnaiu 9 14
aatl

TN (1.50)

P +%1].;i - b = - RT

PV  — (P + ROV  +aV ~ab = 0

w11 RuMIdun TN P AeeR

T+ EI.;,I: Rt EV - %’- - 0 ceerrereeeee {150

ifaarnaunis (1.51) 1usuniaindamny (cuble equation) ¥aUTNT dmdy
ATYA PURE TR Y Lﬁuﬁﬂauﬂ (1.8) afirTow andiudgadha g miuniﬂﬂ'ﬁqmwlqﬂ

T, 9:0 3 younadunTmifSanudiarhiy p_ AnafuszymmsiuszagfivTinm 7,7V
aduwrmfimuvesTinarluaems (1.51) feglutromugarznineigmapnasedmns

(sammuazitg) sInmmToudoug Ui (1.7) Augud (1.e) lﬂﬂqmnqﬁﬁu{mfuu y
miuiﬁﬂfﬁ’iymrwfanamq:uqaﬂt:fuﬂmm.uhaun*s:ﬁ"-:ﬁa?ﬂunﬂ E ﬂunﬁnﬁ

CH 243 27



41 §HINGM (critical poing Taszflamudu qungll ussuFinmndu p,, T usz v, muddu
w.:ﬁi"aamqm nn‘ﬁ'iﬁnmmfnmﬁuﬁw ewrirmrsenfineslueums (151
mRuusussfipingn TmiEsmedRnmerhfafnmting @) ol erarn
\HnusrunrrideueslTunet ndléh

V-V iV -v¥)o-¥v") = 0 s 10y

farasingeeli Ve = ¥ = V¢ = V_dnf sums (1.52) ssBouundu
¥ - v J'= ovlsvnumauss 1

= ST—— | |

z; o —
v 1% {b + _::i Idlz +__=l., v — = ﬂ aul.ul--.n-n-uills41

dganneums (1.83) uas (1.58) adheumamdrumaTinenior Wodan
wWinnfoufuss dfussinfweaudseindases v whiufe

IV, = b+ RT/P, e Ee K.
L
IV, = /P, essrnsesens(1.56)
WhE V. = ab/P, 15T

vineuma (1.58) w=ldm o 1u

i

a = 3PV, ceeseese(1.58)
AWM bW WINmMIWIIRNMT (1.57) fansunts (1.56)

b = V. A3 SR (W
unudt b lueume (1.88) uddaFoarunm vl s2lddLr

R = 8VPSAT, RSN (B

wonntiuds Fmatud auss bisEwTam v, P, e T, Winruma

(1.58),(1.58) ua= (1.0} s\ usdnfmuindy Ful
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Vv, = 13b SR W1 )
P, = a3 V_E - a1 B R | I 1
T, = BVP/3R = Ba/2TRb RT3 |

WeRnTaneums {1.40) F'mm'::*mqm:‘lﬁ'um:Eﬂf‘m:ﬂ'ﬁunn i

Z, = PV/RT —

aa 8 — N
Wownue p_, v uas T, Waglunoyes auss bzl z,

. (@27ph3b 3
Z, = FEuTED S F " 05 (169

wléin z, vy 0.375 1Dwieedl Loy fusfinvasfive Aeludufum auss b
fuSoufud z, fumfldsnmimesss sswuhlddfdaiu

1.8 NQUEIANITTOANADY (The Law of Corresponding States)
desrinmanesessuenesiiumaw v, lwnoutes p_uss T, Invend
aun17 (1.60) ls

v, = 3IRT./EP, cresrasensesd 166)

wonwinilisadiennsonm auss b Woyluneves p_uss T, Wleesheums
(1.66) wrmlumumy (1.58) uns (1.50) s=lfnadmdaall

a = 2T(RT)/64P, R
b = RT/EP, R

vineumITweed Ned (FumT (1.48) ) fa
RT a

F--—--—--——-E

V-8 vV
Weunud a, buss R VINENMI (1.58), (1.59) WAt (1.80) s\ fundmddall

& =12
s AR BRE
AT (V -V /) v
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FaTusrumnielmilioglugy

3
E- 8 (T/T.} - —_— rersensanssens{ 168
Fe VNI -1 AP

sumIasUsznaudndaiidwees PP, T/T, ua: V/V, Badpra e
Fun FuUIAR (reduced variables) wazidwail Talfiwian

Wile P, = P/P_ATunmudlen (reduced pressure) ............{1.70)
T, = T/T idluqungiion (reduced temperature).........(1.71)
V., = VIV, MUFI®T 69 (reduced volume) ......uunenne1.72)

inrumay (1.88) Lﬂmﬁuulugﬂ!ﬁmh AL 1A

P _ - Tr _ _L

r 3 f, e} t r:"—rr.lli ..-,.,,....,..[1.?3]

inaums (1.73) saiudilifmeylaflsineusams mwaimay $alulduls

BUTTTI BRI EEING A niweln g Armas P, T, us: v oo desdiwofingsamiiew
N iﬂ'!'un"hn;}wmrm:nnwnim {The Law of Corresponding States)
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nuidmtadmuuni 1

11 FeviavileiuTines «oo grinafiaufiamsmulfin s o0 uITEnmA
wasgmannil 20 esmuTufing sofinnseafeiifienuii 135 uTInme ognannil
20 GAUTUAININ

1.2 thuttyfelummueAiiSines 12 f03 uscloudu 2.00 usstnae 7
grngll 6 = qumuqﬂtﬂﬂmwﬁuwaﬁwﬁlﬂu 2,00 UTTUMA

1.3 Masfawlonin 0.0 nfu TalTunes1d & gnnarfimuiawn figungd
ode uszauaL 7eo nesd ni‘lmmmﬁwin'[umqwmﬁﬁ'ﬂﬂ

1.4 Lﬂnu*nqﬁlrui'mm s ndy IwvwdeiliFant 1 81 vaeflenseztadals
MATIWAKIANNTY 10 UTILNN iaﬁﬂmmqmu.gﬂﬁﬁwﬁi:ﬂmwﬁmnﬂ!:fnlﬂ'mn
1=idald

1.5 ﬁwmﬂaﬁmﬁmﬁam11nq1uﬁﬁﬂﬂ?um 50 BT WREHFTAEM 150 UTIENMA
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