
~don;iun:nan~unisfinwiLiua~ufiig ~ . r i n i u i . r m ~ ~ ~ r i i ~ ~ ~ b ~ u  2 d.re~nniia 
4 CV ax ld a 

I .  riia~sffanqsni.rpnuclZ (ideal gas) HUIU~~J ~ i ~ d ~ u ~ n ~ u I u u ~ ~ ~ Z u ~ . r a u a i ~  
~ n u r i ~ ~ u n ~ ~ f i i a d . r : : b n n d ~ d d ~ b ~ ~ ~ ~ ~ n f  : W ~ I J Q ~ ~ I ~ ~ Q J ~ I  IJddiiin.ma:dwq~n.r.ru 
tiluldmungdi~ 7 l I ~ J i i l T l  b ? h  ng~vo~uoud (Boyle's Law) n ~ ~ o ~ n i i a l f  (Charles's Law) 

~iluKu 
4 nr 

2. 6ir~eu-~sffan~ern~110?.a (non-ideal gas) WUIU!J fiiaha 7 Idddoio i~ lu 
dd a m d d  

a. r . rurn~b~~:db~. r~~~~nf :~9~i~oymn~o~f i i~nud~uin f  $~u"ufl~ao.r~o~uw~~n.r.rubdo~buu 
~ d n n n g d ~ ~  .; qotfi~a ud!ul~ama:6ln&b~n'ufii~~nun~u1n~d0n"1~o^s~$uo~dnn1a: 

1.1 QPln1%9189Q6)10dE (Equations of state) 

lun n~u:ln 7 ~o~~ i . rCnor  ~?i~un&udia.~~m.r (v),naluRir (~),qnrrrqii (I-) LLa:uaa 
w 

Q ~~u"unun~.ruo~nmuto=:~na:~$aer dimm nnu$w~~:qnr~gSdauuaa~o~b~i.rM'uo:~~ 
ed' d  I i i l ~nnun~~qo~sn iu :  d~na~u~ur iuau~~uu 'bu~dnf ing~nnf l$ l~  



nproqusud (Boyless ~ a w )  

h~iifm uou6 (ROW Boyle) I ~ ~ ~ n ~ n a i ~ ~ u ~ " ~ d ~ : n ~ ~ ~ n ~ i u ~ u ~ u ~ ~ u i m ~ " ~ o ~ f i ~  
qmnpji~a:uaauo~fianA kald~ilunguo~uosfl  "a. qnrvpsaa:aJ~auoJfianJd 

w u  dY d~msuodiha~:~ihr1ad'~6~f1w'un'unai~~uuodfi~u d~~$uh~dnficnn?~mflamw 

~ d o r i i ~ y a d ~ ~ ~ i n n i ~ n a a o ~ ~ ~ ~ ~ ~ u 6 ~ i ~ ~ u u ~ ~ u n ~ i ~ ~ : n ~ ~ ~ n ~ i u ~ ~  (PI flu 
11 11 d rlu d5um.r cv, N. qw~qs T nnm~:I~nnli~ld~+uni I Q I ~ L ~ D ~ U  (bth-) %duanl)~:bgu 

h Y L ~ f J f l l J E l 1  (hyperbola) 



o i n n s i ~ ~ d d  (I .I) ~ ~ n d 1 ~ d u - h r ~ o ~ m ~ ~ ~ ~ d ~ u ~ : ! ~ 8 d ~ n a i u ~ u r r 6 5 : d ~ u i 6 1 r ~ ~ d  
r i i a u ~ : n . n A ~ ~ ~ ~ ~ ~ ~ 3 d 3 u ~ n e i o n i ~  qo:rflu~dcnung~od 
uou8~iob.i n i r u n " ~ ~ ~ i v i i ~ ~ n u ~ i u " ~ ~ ~ d \ ~ o i n n i r w n ~ a ~ u i r ~ a u n . r i v l s : ~ - i i ~  PV 

TYIJ P rria v ~~Imci~rrd~rrioo:~~uun~i~s:rr-ii~ P riu I/V ot'kins~dnj~dd (1.2) UR: 

(1.3) ~ 1 ~ 6 1 6 ~  

nnadd (1.2) o:lkriY(~$umd d~finaiu%.uilu~ur? d?uldd (I -3) o:l/inslAr#u 
d d A 

ns~iiu~nk~6wr~:!naiu~hn'u k ~ j f u n i r n ~ ~ o ~ r i i a l n 7  nqmrrqznm moriiu'oynn 
d d 

n~mmsa~ua!uuns~A~uu~dw (I .2) rria (1.3) ~~~:\(inrivl~~unraniu~dw (I .2) H ~ Q  

(I .3) rrh ~ s i ~ r a ~ d l ~ ~ i i r i i a ~ u r ~ u l d m i u n g ' ~ o ~ u a ~ d  
6'aadld 1.1 riiaaftnrr~~us~~~uniau:~u"d^3'~1ns 0.5 Smr niuliinaiusiu i .o ur sui 

A dyd nin nqnr~qi! 2S a s~tiiuacudiuinsuo~n"iauwnaiu~u i .s urruinin m.qmrrqii 2 3  
sd 0 am1 I~nS6i~unI~~'qruvqi jn~d (2 i a) 

niunguo~uau8 p1vl = p2v2 

r~wudiuo~~woueii~ 7 fi,qlu~unir 
(latm)(O.5 liter) = (1 .5atm)V2 

V2 = 0.33 liter 
Z d A n kuu riiawnaiuciw i .s ursuinin m.qmrrqb 25'a orudruimrrdin'u 

0.33 hl'l 

n 4 r e ~ n i a 6  (Charles's L ~ W )  
ndpl I a i f ~ R  aaanS-biauan l~n~iw~~o~qmrrquwunodI"aui~\ruo~n"ia nnnimnsod 



It: dcr 
w u i i  " d i u i a . r ~ ~ ~ f i a o z ~ d u ~ u  1~73.1s irii.ya~dirna.rd b a qn 7 ~ s ~ n u n i s ~ ~ u ~ m ~ q ~  

dtt A 
IC~J#UYI~~QJRI n i u I i i ( 2 i ~ ~ ? n ~ n  LUQGI t fidI~ainni.rnmfio~duiL~uuL~unai~ 
5 ~ ~ ~ i d d ~ U i ~ 3 % ~ d ~ i ~ n ' ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 2 i ~ $ ~ w ' ~ a ' 6 9 n 6 j i 2 ~ ~ ~ b ~ ~ ~ d  (I .4) 

~ d a ~ a i . r m i ~ d ~ ~ n d i ? ~ h  a z ~ ~ u ~ i n i . r ~ d ~ ~ ~ 1 ~ d f i ~ d 5 ~ i a a . y  adn"ia-azbbdaer"sa 
A It: It: lmua.r~iTuqm~qC ~u~mn~~ua.rm~u~lfifiuldaud~bbnu~a~qm~qC ~ha.r~nmumaz6m~bnu 

d Ym IA a ~ u d n  ~n It: gm~qfidg~%2iTu 4!a%cu~q5-273.1 J ~r ngmmaar~~ud.rmnnw umunr.r~~~tnmrmaG~ 

Lnfiiuy6a qmYIqiiqufi$uy36 (Absolute Zero) ~ ~ ~ l . a ' t ? + ~ ~ n l l 6 ~ 1  0 K hulzL.$uubau 
9 4 0 ,  Y svunianBaerinaflm~~u 

T = t + 273.15 . . . . . . . . . . . . . . .(1.5) 

t = q~Mg~l~Md2u~dRlLaf ib%~~ (OC) 

nnw finimmfi~d~admffif ~~W=:L~~-$ILLWCI mui.robduun~iulw'ua'Kdn~~~flo~'I'u 
v u  2 jdaun~snfin~ianf lmn~u 



A II 
)rl% VCCT ramnnuZiM (PI nsn 



~do~iaijni.r~d~ouuda~naiu$u~~atqm~gC ~.rimui.raiiuuaum.rauni (I .I I) I~d16 
I 

Y A '  I 

a 4% 

ngve~aihn1L.r (Arogadro9a Law) - 
1iinka1.ili Wiuia.ruo~Rialn 7 ~r~~d.r~u1aua.r~n'u4iuau~ua91~~n"iaf~1~ 

W Y  A' niuIiiqcu~g~uarnaiu$un~d*~ ~luu~w~dauni.rnfincnwnflaa~u 

V a n  

v = kn (k bfl~di~4d)  ........... (1.13) 

n  tio4iu~prluauo~ii1a 

1.2 wqh333l~~d~l~g619JfI~ (The PVT Behavior of Ideal Gases) 

nnnguo~uoul~atng~o~gi fa f  ~.n~ui.rn~inaiu~uw'uduo~diab~da (variable) 
W Y  A' dt~uiuii4diuin.r n3iu8u u a r q m ~ q i u a ~ l i i d ~ n ~ u  

A ~innguo.suau8 v a ,- I ~uaqru~g i  T n ~ d  o1nauni.r (1.2) 

~ ~ r i n p v o ~ s i f a f  v a T danaiuh P o1naunq.r (I .I o) 
t: r ,  A' 

L d ~ ~ ~ u k 7 l u ~ ~ ~ ~ d ~ ~ 4 n ~ W 4 ~ ~ 4 ~ t ~ ~ ~ ~ ~ r ( ~ ~ 4 ~  

T V a p  .............. i(1.14) 

. . v = k y  (k ~ZIudin.14) 

H ~ Q  y = k ............. (1.15) 

d Y p7nauni.r (1.1 5) k L ~ U ~ ~ I ~ J W ~ ~ Y ~ O I J ~ ~ ~ ~ ~ I ~ ~ Q J ~ ~ I ' I ~  ~ ~ I I G c ~  1 Iua 

~t18ri7 k wii o.os~os sn~.u.r .ru~nin/o4~i~na~u dwiit%io r i i n ~ d ~ o ~ i h a  (gas 

6 CH 243 



1 0 1  (. a40 
constant) I+i?ycinlr&i~ R a n o ~ n ~ a g n u n s m u ~ u ~ # n w ~ u ~ n n i ~  i b a ~ . r ~ ~ % e w a u n l r  
IMoj15il 

............... . . P = d . =  (1.18) 
M 

tdo d = W/V 



I 

I 
d D hsdi~A 1.2 mmct~und~udauiaaai~~u~~iin'u 44.8 Em3 ~ ~ u a a ~ f i ~ ~ ~ ~ l l l n d ~ o ~ d  

u'nnuciu 1 uaamni~ ~a~u'qmnq5 oOa ~ ~ r j i u ~ w Q i ~ a u l u ~ ~ o ~ n " i a  
I 

44 8 arni Qinqna PV = nRT I 

i 

(1 atrn) (44.8 liter) 
n = (0.0821 liter. atm/K.mol) (273.15 + 0) K 

= 1.998 mol I 
:. Biuauluauosn"7arn'in'u 2 t 

- - (740/760 atm) (60 x 10 '~  kg/mol) 
(0.0821 liter . atm/K . mol) (298.15 K) 

- - (0.961 atm) (0.524 liter) 

(0.0821 liter.atm/X.mol) (301 K) 

= 2.04 x mol 



d t hdi-an 1.6 ai.rd.rrnou~ila~a.rmiuou~a~~d~n.r~u~a~a~Ou H(c%)~ H hriim.ruu 

Man 1.1 0 x 1 0-4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ M S ~ ~ ~ Q ~ Z M L ~ ~ Q ~ ~ Q ~ Q ~ ~ ~ ~ ~ Q ~  - L U C U Q  (Victor Meyer 

apparatus) ~ ~ I ~ ~ ~ Q ~ Q J W I T ~ J A ~ ~ ~ U I Q ~ T ~ ~  2.7 x 1 O+ 5im.r i q ~ w q i i  2ia ~~aznaluqu 
0.978 u.r.ru~nin o ~ ~ i u ~ & ~ i i n ~ u i a q a u a z r i i i i u a ~  n .~o~a i~~. rznouI i la Ia~ 

miiuou 
Pd a aam oinqnr M = ;# 

- - * 
(1.10 x kg) (0.0821 liter . atm/K . mol) (273.15 + 26) K 

(0.978 atm) (2.7 x liter) 



brm"ild~~Ka ~ ~ M ~ n ~ u ~ f l ~ a u o d h d h u a m ~ i n ~ r n f  pv = ,,RT (n~~110dhaq(lun?i) 

qedhq~n . i in ian~f indda~uim 1 - 2 ~doiau.' ~ w a i r i i f i i ~ ~ a u l ~ ~ ~ : ~ d u ~ ~ ~ l ~ ~ i n n ~  

uosfia 

1 .S ~TUUZ~UIJ~~IJUBJRCUDIBU (Some Properties of Gas mixtures) 
t W d n i i a r r J i ~ K a ~ i ~ & ~ a u u ~ ~ u n i a ~ ~ i a m i ~ ~ ~ ~ n i a ~ ~ i ~ o ~ n " i a  ~~arnaiuCuGud 

o. 4 dd 
~rrr-jl~fiud.mWd~~fii~ua~mxuodn"ia brm^~-roli-ainfiia~~~~~aa~auanunia~d~uw~d~d"u~d 

A 
6aud.r udds:nciiadold$~~u~ioJlifuan'uniawrun'uuo~iii'~~qmrrJnik~~~d~o~~Gauu'bd 

l d l  &!riiidijn'iai~nuaonicn'u ~~:s: l i i~uniauo~~iaqmunGui~~f i~iaminiawaunicvoc 

fiia i i ~ r i n a i u 6 ~ ~ u u " n u i ~ o d i ~ ~ ! 6 ~ i n n i a w ~ u n ' u 1 1 ~ d ~ i a n i u ' b ~ ~ n i a ~ ~ ~ i ~ u ~ ' b ~ d i ~  

f l a ~ ~ 9 t 1 1 8 1 f h  (Dalton's Law) 



RT PA + P, = (n, + n,) 7 

L L ~  P = P, + P, oinwunis (1.19) 

. . n = .............. n~ + "B .(1.23) 

oinsunis (1.23) otl6~iuadu~w~~n"ia~au~din'~u~uanw~~i iuau'bu~w0~ri ia  A u a n h  

?%a B 

~dariisunis (I .21) osisiYauaunis (1 2 0 )  orlA 

PA/P = nA/n 

= nA/(nA + n,) 

Ld'd n,/(n, + n,) L . ~ M L R Y [ ~ ? ~ ~ . J R  (mole fraction) V O J ~ ~ I ~  A I.a"l?~L%lkt $41 Y A 

Iu~iuos~ffuan'us~l6naiuKuei0uwo~riia B $a ' 

P, = Y,P 

oinaunis (1.24) ~ s i a i ~ i s n ~ ~ d l 8 i ? i  naiu6udauwo~riia A o:~din'ul?miau'bu~~~ 
w w  A' riia A ~ ~ 6 a u n a i u ~ a u w ~ ~ n " i a w a u  ~ J L ~ U M L ~ W ~ U ~ I S ~ L ?  7 ldlmm~u 



cz r A' ~ ~ a w ~ i . r t u i r i n i a u T u a " ~ ~ ~ f i i ~ ~ i n ~ u n i a  (1.23) ~ ~ I G I ~ ~ I ~ ~ ~ U ~ ~ R Q J " I I G ~ S I U I ~  

uiw aunSloq'luniau:~$uan'u rnuliiqru~~~ntd ~:liY4iuauTu~uo~fiaw~u cn) n ~ d  

" 1 1 = - +3+2+ .............. "n n n n  + -  n 

4 
M ~ ~ L R ~ Q  1 

fl~1184b1011$@l (Amagat98 law) 1 
I 

d o, ~ f l u n ~ ~ u m n ~ n u n ~ ~ 1 0 ~ a i n w ' p 1  ud~nw8ddiulaadouu~dfim~n~bnt~~d~flun~ ~ 
7541 *d3u1~~~au~~~ii7'11w~uor~~1n'uwauan~~~di~iaad0u~~~ii1"11d~0~1da~1datn0u" I ~ 
~nudi i in idnt~a~ i f ludaudarn~u1~ni '11p1~~~~u"p1or6~~d~m~~~~~nrm~1~8ui f l  T 

I 
I 

uar P rnu/18uid~~iluan'uAi~w1u#p1 7 



:. Vl + V, + V, = V .............. .(1.32) 

d o  v,. v,, v, ~~ud~ui~a~auuadih~bbd1::'11~61d~iui~aun'u~uni'11utd~ 

yi LJUL~I)~~UTUR (mole. fraction) Y O d f i l g  i 

v ' sJud5uimaaau~o~n"i~wau 
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:. n (N2) + n (02) - Pv 
- RT 

(0.5 atm) (2.0 liter) unucil 
+ (0'01 = 

(0,0821 liter . atm/K . mol) (283.15 K) 

= 0.043 mol 

:. n (N2) = 0.b43 - 0.01 = 0.033 r n ~ l  

o ~ n n i a ~ i u a r w o ~ l ~ ~ i u a o r T u ~ V ~ ~ n " i ~ ! u T ~ ~ ~ o ~ ~ ~ i ~ u  0.033 Tua 

A 
U I Q  n a n<N2) 

= (0.5 atm) (2.0 liter) . T (0.033 mol) (0.0821 liter. atm/K. mol) 



~ w ~ i c i i  M, = Z "i"i 
Z ni 

- - (0.67 mo1)(2.0 X 10-~kg/mol)) + (0.66 mol)(l.Ox kg/mol) 
(0.67 + 0.66) mol 

- - (1 atm) (1.5 x kg/mol) 
(0.0821 liter.atm/K.mol) (273.15 + ~ ~ O Q I K  

= 8.037 x kg/liter 



1.4 wqWn33~~a481%~?4 (The Nonideal Behavior of Gases) 

n"iaai~~:~wrlftn.r~u~~un"iaqw~~ido~da6~aai~a:~~~~na~u~u~~u~n 7 uardqm- 
w 

ngiigrruin 9 ~riiJic 9 uAi 

a~&3 \6~dn~o f  (factor) ~ n n j n ~ ~ ~ ~ u ~ & ! d l ~ a u n ~ . r ~ ~ ~ n " i a q n u n f t  (PV = nRT) ~. r i~%n 
4 ,  4 ' -  d 

LLdnLmo~M'll ~ u ~ ~ : ~ w E ~ Q J ~ ? I ~ ~ ~ "  (compressibility coefficient) H?D (compressibility factor) 

PV = Z n R T  .............. (1.39) 

oinld (1.5) iiiclfun"iaqnuna:d z = J ucifiiliiialn 7 i t i i  z uinniiclio 

cionni, 1 a h  riia~u~:i;wrliin.r.ruL0un"i~~f3 ~ ~ a r i i a l ~ i i d i  z u inn i i  1 u a n ~ i i  

fi%tuiin3lunn (cornpressibilit~) ~ i n ~ l ? i ~ ~ ~ n ~ ~ i  (PV > nRT) LLdkl Z h f l n i l  1 ~ ~ 8 3  

aaatiiriia#uin3iunnB3nii~ia3aun~ (PV < nRT) I ~ U ~ ~ ~ ~ ~ ~ ~ I ~ ~ M ~ ~ Z L L ~ ~ ~ I U H ~ ~ ~  
41 z < i ~ ~ ~ d n ~ i u ~ u ~ ~ d i i ~ m ~ g ~ a : : ~ ~ i ~ d i ~ n  z > i Lauo 



d0u7 ~ 0 %  a7~bmQhlf ld  (J.C. van der Wads) ~ 6 b ~ ~ ~ I ~ n 7 3 ~ 0 l ~ t ~ 7 ' ~ 1 a " ~ n " 7 ~  
A' 

l i d  ~ ~ k ~ t i n ' u ~ r n n g ~ ~ t ~ : n a ~ u ~ u k a  7 I d  k w  

n2a (P + p-) (V - nb) = nRT 



aunis (1 .44) i i l I Y n ~ i u j i  z ~r~Bu~~n'.a'~bauns~n'unaiu<u~~arinaiu.a'u~Buuan 

~ d i n ' u b / ~ ~ ~ r d b d o f i ~ 1 3 ~ i ~ i n ~ d ~  (1.5) L L ~  ~ ~ w u ~ i A n ~ i u < u ~ i  7 na~a~.a'u~td~ibi lu~u 

~~aatW%rh ~ r & ~ i i u d n ~ ~ a i i / u u o n ~ n d o ~ ~ i n " ~ u i a ~ o ~ b u ~ a q a ~ $ i u i ~ n d ~ a 4 o ~ ~ a u  

~~dnuoin jndia orbi(ua&d6uu~dn"dga3f~didbubaaavodn"ir B~qriiIIYninlivuuad 





auni.ruo~aioa~~ofaiai 1Cuiiunauni.riiiaq~unti l ~ u n i . r o ~ u i u ~ ~ ~ ~ ~ w d  
w ~ n ~ ~ u u o ~ i i i a s i ~ ~ d u ~ ~ ~ l o a ~ n ~ o i n n " i a q ~ u n ~  l~~nJuo~u.r~n.r:ii.r~e~~i~'bu~aq~~~~: 

w e  d d diuinsuoc'buaq. ~dnguodiiiaq~un~~d~~nioadndbbn:n"iabbd65:~a~rb~oa~aa: don'oa 
i i l ~ % ~ i n . r . r d ~ ~ d o o a h ~ u ~  ~ ~ 3 1 :  R ~hhndihaaina dm~urn.rmwaofmai o:iioaiu 

d 8 d& wqiin.r.rununncii~n'oaii~a'~ln"iaoi~~~d~:~Ge~ ~wnrrii a uar b h~uni.riiluninuuod 

~uaaauaiQuosn"iaoi~~~dwr~G~ e 



= ( 1  mol) (0.0821 liter.atm/K.mol) (273.15 + 150) K/10 liter 

= 3.474 atm 

:. n ~ i l m i c v o ~ I o ~ i ~ v i i ~  3.474 u 3 3 u i n i .  

Y) RU~I~~O~?IULRO~?IR~ 

n2a qIn!(I3 (P + - ) (V - nb) = nRT 
v2 

~ ~ ~ 4 u s w u n i s l f s i ~ t ' b 6 w ~ K w B ~ o  

P = nRT n2a - - 
(V - nb) V2 

rdo a LLRL b ~ o d ~ o i i  Y i i I i i l i n m i ~ i d d  (1.1) LLR~IX~I  

a = 5.464 Gm32. U S S E J I ~ I H / ' ~ ~ R *  

rdounuri1 P = 
(lmol)(0.082lliter.atm/K.mo1)(423.15K) - (lmol)2(5.4641iter2.atm/mo12) 
(IOliter - (~mo1)(0.030491iter/mo1)) (10.0 liter12 

= 3.485 - 0.055 atm 



rra1utYu (P) 



' A  '4 ma~klh IUMUL~~~IUR~IOLGUVU L U O ~ ~ U ~ $ ? I O J S Z U U ~ ~ ~  T, orwuhii id~~nrnubdpbb~u 
vos.waa u~nnndnaiu~uuawiriiv6~~d18'~ ~ s i ~ 4 s n  qocvpii?nq~ (TJ dau 

d nnu&icnawir&kn% na~uRiiinqn (PJ ua::ngn?nqa h7auazwt~~vlaa.uziwqGnaau 
d d w ~rriiourtw dauqm.wq~iq~n;i T, ~ d u  nqru~@ T~ tkunsid PV oziiwrl6n~audnhunam 

n m  d rr I # n d  3 UR m u  P, v UR:: T ~ i h ~ l n u # m ~  Cdzd (I .s tn) d?unmlmi . I~  P u ~ z  v dqcu.w@ 
A J ~  ~ : I ~ i l i i l l n s i ~ d ~ ~ u n ; i 7  Ia lamafu  (isotherm) k i d  (1.8 TI) daunsids::.whd P 

UR:: T ~ L J T U I ' R S F I J ~  s z I & ~ u n s i d d ~ i s n ' i i  b l a n o i  (isochofe) M ~ o ! Q ~ ~ ~ u R ? ~ ~  
A 8: 

(isometrics) &ad (I  .8 n) ~ ( l  n s l d 3 ~ ~ d l J  v URL T L U Q ~ ~ I U ~ ~ R J ~  ~ iunnsiduu' i i  
I~~'IflJlf (isobar) 





1.6 f l 3 l d ~ o ~ ~ ~ o ~ N % ~ 9 ~ N n 1 3 2 1 ' t d 1 ( ; 1 ~ % " 2 1 a ~  (The Isotherms of the van der ~ 
Waals Equation) 1 

'tc---. -- 
.A - - - ! ) ~ i ! ~ i i  v 1  I 1 \ B  in' j -" v 

' oin~ds:~Gu4iluda~dSuim~q~uin uotnsivllolamof u iiiaoriiw j8nsru 

wuriiaqmuni ( ~ h i q m ~ q 5  TJ ~im2Ud?~d~m~lq5lil j~~n U R : ~ S ~ ~ ~ T ~ Q U % J ~ $ U  ~ t w V j i  

~ciunsiAumndi~lds~nn"i~qmufii ~~$uiunauh~ q lu~uni.raiwmohnn'o:~o~Gi~~iGm 

ifmum ~drnmsn~m~~~d~dnha~umouh L$U dqmw$Enqa (TJ n m ~ ~ ~ : ! ~ m ~ d ~ u u n n u  
, d d d t 

L i l  (point of inflection) ElyVlm E [ / ~ u I ' ~ ~ N w ~ z ~ I ~ ~ ~  T,,(bd~ T2) ~ t - ~ l ' l J ~ ( ~ ~ ~ ~ ~ : ~ ~ d l ~ ( l  

uo~n~idlo'ba~noiu 
II Cd ~~o~d~ou~uu~a1amo~uaiu~m~fai61dn'un"i(ir (2dd(i.7) ) o:l&h.riAn~nntnu~ 

d nir uddqq&~qii T, I u ~ d d  (1.9) o:~nitiuntldgrhan (S-shaped) ~udad ?A ~Juomn8o~n'u 
c Y  

LL~UI~J~IU (plateau) Iup~d (1.7) o i n n ~ ~ u ~ ~ m n ~ i ~ u ~ i u ~ ~ n o ~ u i ~ ~ i n I o ~ ~ ~ ~ ~ ~ u u o ~  
t nwmoinni $ ~ ~ n i i w ~ o ~ ~ ~ u l  AB ~ a :  DC uu oio~~~Iol~nn~(nn~ms&m3~~no~~& 



~ i n q d  (1.9) t Y i ~ n U i ~ 1 a ~ u ~ ~ i i d ~ m ~ ~ i j  T~ mu~u~:~iu$uaiun3i~1o1aL~8iu 
'd 2 A' P U B J ~ ~  D BJOR~IUR~( Pe U R : ~ ~ ~ U ~ I ~ R ? U L L ~ U ~ ? S L E @ ~ ~ U  u ~ ~ u v I J ~ ~ ~ ~ Q I ~ ~ ~ w ~ ~ I ~ I R ~  

diuia.rcio"h.J n?iuKun'&n~~~u$uniu~kun~i . r l~1u~~~n c uanr i i luhd DC dn;n?iuKu 
d a  A' 2cr fiiagmiinnuK'odnt ~ I ~ ~ ~ : ~ ~ ~ J Q ; " ~ ~ A ~ ~ L ~ ~ ~ I ~ Q U ' I J L ~ U ?  Knvm:,mnnuuuc3unii 

fiaoq2upim?:~~w?~d~ (supmaturated +Q s u p s c m ~  vapar) Iui i  w JLG~~VYU ii7bdudima3 
d d 2 

u~~ua~~n~?nqmnqO T~ ~~IUCU~:B~RJOUBJF A &dn?iuKu pe nlnuni3~:~n~ln~.r~:LiiR 

$u ~ u c i n i l  Jifia~iin$u u~:diuia.r&n~16ucioW n?iunic.~:~n~~aiu~cv"un3id AB LLR:V& 
d 2 P: 

LHR?nQ$~?luuil?m AB UP:Q~~UR~I?LC(~OULI?~~J (superheated state) ~JROJR~~?L&~~I?V~J 
:.a V d A  61.4 L L B U A ~ ~ :  ~!JLRBUI (metastable states) UUAQ ~IUR ~ 3 ~ n ? ~ l l n n l ~ ~ Q n l ~ U  JLh~QLl 

a: i~ni i l~3:uuth~ania:d~wfiu~ni i  R.IR%J?J BC L i j l J ~ i ~ i ~ n ~ d 9 ~ u d ~ u l C n " u  
d3ingnis$ln 7 afl :~ui l t~uani?:~~~bafiua 

d 
1.7 ~ 1 3 ~ 1 d l ~ . l ~ 7 1 ~ 1 ~ 8 ; 7 1 ~ 6  (Determination of van der Wads Constants) 

d d t Y i r i i a u n i ~ u o ~ ~ i u ~ n 0 i ~ i ~ d u i ~ ~ 1 i ~ m ~ n ~ n i ~ : ~ n q a  uia iu i~nni r i in tn  

~ m u o  f ~ I R Q J I  7 ~ u d i u ? m ~ q n i i n ~ d ? n ~  (critical constant) YQJEITI~ 7 15 
" 2 
n3u 

l~QJ0lnaunl3 (1.51) L~~UAU~I~~~I$JAIU (cubic equation) 11QJdi%J1(13 d l l l ? ~  
d 

iinun P UR: ~ l n  7 ~dadip~d (1.9) u i f l ~ i ~ m i  WL%~I~N~IJ 7 u~~gun3iYlnqmnqd 
d d P: ~d - ,  - 1 1  - 1 ~  

T 0:i 3 9nuu~cv"un~iYlCfinaiuK~viin'u P, n~~n~~~:~~ndiuu~1:~;ndiuiaa v , v ,V 
d2 d . a ~ ~ ~ u s i n # ~ a i u u o ~ d ~ u i ~ a ~ u a u n i . r  (I .5l)  n o ~ ~ u d ? ~ a u ~ R 3 ~ n i l ~ ? ' g n i ~ ( p h a r e ) ~ ~ ~ ~  

d ' Y  A 
( ~ O J L H R ~ U R L ~ I . ~ )  0 inni3~diuu~iuuzdn (1.7) <u;dd (1.9) ~ d ~ ~ r n ~ ~ i i ~ a u u u u ~ ~  7 

z P: 2 a : ~ 5 r i i d ? ~ i ~ m m ~ a ~ ~ ~ ~ ~ u ~ ~ < u 0 : ~ u ~ " a ~ b b n u ~ $ 1 0 u n 3 : ~ ~ ~ u  q E liongnu 



11 gclinqQl (critical point) 6 d O ' . ~ f l ? l ~ < ~  ~ (UM@ L L A ~ % J I R ~ L ~  PC, Tc UR:: Vc ( I l ~ t ! l & J  
8: 8: %: ~nrr~rhdau~f ls : r r~ ida '~mmd~od~w~ ~:wu~isinndmuu~dd?maa~u~unis (i.si)~::ii 

mndk tu~d~s~d~ '?nqa  sidmuuo~uimmebhn'~maa^an9a fld 5du mRiman 
b!uu~uniafii~d~iuuodd?uiaa~rri~&~7 

- (v - if') (f - V") (f - q"') = 0 ...............( 1.52) 
d - 8: d nrm?:'?nqm:ln'V = v = v = v kuu aun1.r (1 .52) O L L ~ I U ~ ~ J I L ~ ~ U  

( J  - i,,'= o ~6auuiumou~zlA' 



(a/27 b2)3 b - 3 
Zc = R (8 a/27 Rb) ............... - - = 

8 0.375 .(1.65) 

1.8 fl~~a~a8ll?~a06lnbia4 (The Law of Corresponding States) 

~6oao1nn1.rna.oJci?uu1nln8un1~61 V, lurnouuoa pC T, IRUDIPJO 
aun1.r (1.60) oz!: 

a u o n o ~ n u t . r ~ u j a ~ u ~ . r n ~ ~ e i ~  a us: b l f la~lwaouua~ P, na: T, I f i u r i ~ a u n ~ s  
r w  X 

( I  .ee) unduaunls (I .sa) ua: (I .59) o:!<~aciwantu 



P 8 (TIT,? - 3 - = 
PC ( I c - 1  ( f / V J 2  

a' 
nun1a~:da:nouii?u8maidau~o~ p/pC, TIT, uar V /Vc  d c 8 m s i d ? u ~ r r  h u  

L%Jndl niud~an (reduced variables) UR:LBUT~I~~GMA?U 

P I 
LaJQ Pr = P/P, L~UR?IU$URI (reduced pressure) ............. (1.70) I I 

Tr = T/Tc L ~ U ~ I U M ~ ~ Q R  (reduced temperature). ........ .(1.7 1) 
- ............ V r 

= / V C  ~Bud,?u~m sn (reduced volume) .(1.72) I 

- - 
d 

n'9r ( ~ J L ~ ~ ~ ~ I ~ ~ ~ Q  JRJll?:r3onfIkl J (The Law of Corresponding States) 1 
1 





I .lo / i l ~ ~ ~ J ~ ~ H d J d ~ l H ~ n ' b ~ b R ~ R b ~ l n ' ~  150 d ~ ~ u ~ d m u a u n i s ~ o ~ m ~ . ~ m o f ? i ~ d  
2 dyiinqa fim-ariirnu~iuu~:q~nq~~~u loo ussuinin LL~:: i&a rnuhiii~ a~iiu?ruvn 

d d d n) <uds:'mauoJn?iunm PVIRT -a:~diuinnli~u~n~nia:naiuKu~~a: 
q m ~ q t ~ V u  (500 ussuinin UR: sba, 500 usseinm unt i n k ,  50 ussuinin LLa: 66a 
nio 50 ussuinif l LLWr 126a) 

d 2 
Y) ~ j l d s : : ~ n f ~ ~ ~ n ~ i u n m n ~ m ~ n q a u  w 

1 .I 1 fiinumlKdin~d5nqaua~ii~o 374%. 218 ussuinin LLRI 0.0566 Pas/Iu~ 
' dm 

- a ~ i i u ~ ~ ~ i i  a, b LLR: R ~6;?~diuu~Ciuudi R n n i u ? n i l ~ ~ ~ u ( i i d ~ n i i ~ ~  ciouiIKiiu?mdi 
d 

nJn a kc*: b n n  P, UR: T, ~ i i t u  ~~n:los"lQeli R d0n60~ iiu?rudid5ums5nqa~~ia~el"3uu 
I d o  ~iuuninniu~m!iifiudid~i~umuilK 

1.1 2 ( i i ~ f u ~ ~ a u d d i n ~ d 5 n ~  pC ~ i i f l u  49.0 usssinin an:: T, Miin'u 305.2 K 

Y) n g l l ~ J / i l ~ q ~ ~ ~ ~ ~  
din~d5nqauo~ co, ~~nm~I?rwRisi~ninwu?n 

1 .I 4 L~QJI 2 nf j lya~f i iaIaImT~-au~~.t  16 n ? ~ y o ~ / i i a o ~ n ~ ~ a u u i ~ u C I i ~ ~ u  
# d d  P uouu a~udsuins~i i f lu I Bas dqmnqii 700 K niun.jn~s~umi~~:~~Ji~fimu'u -ad 

iiu~mnnuciudoluu:crRjniaIumiel i i~numl~~olnqiinad~~~::/i ia~~uId~iuaunia~oa 

a ~ u ~ ~ m o i a i a f  \ 


