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STETE o M hi STATARAl Bl g1 37d: el skt fafe= srarensti i
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5.1 3TdT-3TTUgesh oA

STARATRATRTY U (TRATI[ST qo U[eti) oF HeA
SR 3R GiqRdoT Sl b * STaU-3Tvereh ot ed
21 39 I 1 aed < foadia Smaf e o e
agd 91 W A1 SH o ¥ S 0] H WHAIST i A
T ®, e R

A SATMVeeh SHV-aE ! Se aieIaed
(1837-1923) o THM | “Gietarcd &t %ed 2|
Tleteed 3 ey SHaer ¥ ardfash 16l o oo
H I el o gN THEE, TSR qeAEE 'W W
A H AWM HN| diekded dall oh R o
fafaeran eidt 21 sueh siaia ofed =, fgya 5ar qen
IR fgga a1 o 21 Uw a9 ged R I
feya-foya e fspan erggior s 21 hael o
3107 &1 ETESIo sier fomior ¥ 9T of Wehd 21 3T:
T Yol Hat ® 1@ T §1 39 S fRa o aR
Heq qd ¥tk 4 ¥ 9@ g 2l

Tl &M <1 g 997 I8 ¢ T Uw e qen
e fgya & e e 9d, 5% eem-faya o’
el Wl €, ‘Sietered g’ el 2l e 'd fafa=
YR o ety dell ol AT FH|

5.1.1 UehlUH oA TaT g ot

T QA YA ] Ggd WA B9 8l T
faya el & g 8, i T el ey
Ay TAftd €9 ¥ faala ®a €, Wy SSEE wEmge
71 erupest ® off fgya fafa w9 § 3= fwan o
Fohdl €1 38 T YehR THE S Gehal &1 1 TR <
TTH] A T B THh-TR & g & (Fo 5.1 &)1
TH 81 Tehdl @ T hIE Uk WRAIY] T A dreeifoen
w9 9 STEAMA B ST, A S AY Th AR
sifyes 81 ST (91 5.1 @ @1 1), @ S§eh! IRom
Tg el € o A we) § o wmg & fau e
fgya SO= © WM ¥ e STeumias  draforn
feya o= T B, (St 3Heh fke €) & Toee
e i fawfud #X <1 21 gRomesy WA B §
Ra feya st & S R

WA A 9o B % srerlt fgya UH-gEt i
TR hed B 3 WehR o1 URA fgea sropeni o oft
S foha S Tehdl 21 TH R ok STRYOT oA

B

SRl eh STATT 319 T WA fgawor
(=)

+—>

AT A TETTR T B Uid
SEoie ek s
(@)

erJ,Aars’eﬁI wBﬁﬁa

m“w %l M

T 5.1

Teelt aR S ifae fame fRes ded 7yt
fram sHt ®R 3 oRemh fgya o e o STRu
H1 TieT 91 Fel WAl g1 3§ g HT Tk 3 M
WehIUI oIeT &1 39 Yeh oh oct EHYN JATEREUT oIt eid
& q1 T SAARRARN HUN % HeA H T F B3
oA & SFhANI (31Uid 1/r°, ST r Y N ok
e ) B €1 3 9 Sheaet o T (~500 pm) T
& Hewaqul B €| SeRT URATT Ul i g | F1eR
Tl 21 Wl Hl § YeRio Sol SUfed w@d 2l

5.1.2 fgga-fgyga a1

Rl fgya e ovpeti & 7 fgya-feya o
F # B1 fgya o f ‘ eiferen smeen’ W €1 5%
e 1eR 2ol (5) W e feran smam 21 ¢ svifyren
A9 Hd THEE TORIE A (1.6 X 10719C) 9
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Y Bl 81 et 3] Fepeed @10 @ == e
F@ 21 Fod 5.2 (%) TESNA FAEe & fgyd |
SO 1y faawor &t qen o 5.2 (@) I HCI
st o wed fgya-feya o= foean &1 wef¥m
H | T8 A feopa M-8 Y gl o el
Bt €, ifer T sheret MYt STEen € W o €
foya o T i Se ¥ A AHHY T I W
Tei off swe feafa =1 & W STtk w1 el
yferd e1ueti o we g0 o ok HIdl Bl 81 TEeR
yferd erupe (SH— Sl W) o WA AR i
Sell 1/1° o a1 Ff01q ¢fad STt o 7 1/roh
FHET Bl €, W81 r ¢eta STupef o we i gl )
el 370] eie dall o6 g i 3= fohan Y Hehd
&, foraeht wfmfaa g = g @ fo ydia stopet &
el Ha-3NTvaeh ael 9¢ S 2

& o

i

) FAR T 3R 31feren
AT T

& & & &

(@)
a7 5.2: (%) Ty 379 HCLH Seragii-ieh ST o faaxor
(@) 3 HCI 31937 & 77 fGYa-Ta4a 7= foher

5.1.3 fgga-uRa fgga s«

9 YRR o STRUU d, iRl fgya @rere ga
STUfeT qen TRl fgya TRl W@Here STust o Hem
FEE T T Tl f5ye TEeren S Sgd SIiE
310] o IR 1Y i fahd wih fgya i &
1 B 3H YR 31 0] W YR fgee S © S
21 7 fefa & off setor 1716 a1 o GHEAET B
®, Sl r 3 eropel o Hed i g0 21 URa gy s,
ol fgga o fgya el qen fompq SA o1o] o
gferl T 99 e €1 Tohen 4 W B9 9% UG b € T
T AR ok V[T i ST ¥ yfad foman s Fehar
21 I=9 Yaviiad SR Sl hi gHed § gy el
21 3 frafd § o yivl weli qoun feee-3fa feam
== T (Interaction) e E’{LEH ERICEC)
Ffeqe g 21

—
& &
TR faya srfor &1
(T yfad 1)
> >
5
el fgya aﬁﬁﬁ%
(T yfed s7)
fora 5.3 Tt feya aer 9Ra fya st=—= forer
5.1.4 TISSIA TE

T Theh 4 ° € 78 W@ goh ® (S @E 5.1 g9
T ®) f e fgya-feya o= fean =t s fawm
frarfa 1 BEgem emdy S oot o iy @, o
3 Yot N—H, O—H 31281 H—F 37y 3qferd B
2| Ty eEgieH SEEH N, O 91 F e & HifHd g
2, T C1 S W] *ff eEgisH ee § 9 oid 2
TIESISM @Y &l Soil 10 ¥ 100kJ mol ! & H&A
Bl 21 98 TH wiefe Aen oS B @1 of:
AferheR AT (ST~ T T ferersh 37wt
H G q1 oI ok URer | TRgeH oTeY THh
HeIqul et &1 Teh 270] ok TIegaazoil WA qon g
3T0] & - STEIT BTESIS IXHIY] o HEA STRHU 9a1
SN TESISH STaY 1 wmed i gt 1 A= fean
T fot BTESiS e o T 1 TRRE i B

3+ o— &+ o-—
H-F.--H-F

- anfveaes oo, et saren s #1 T 2,
ARV I BId F| IS o A TH-TW & Ul
iRy o B 81 59 & T TH-GW F Hoh §
3 €, q <HT S1UET o geeRA 319 (Cloud) o e
e ST STupsA o ARl oF T WfaeRdur o et
?1 < g SuE % meg w1 g8 s ¥ wiawdu
1 URATT g STl 21 e R © o 59 U 3
Tiifeq e wfoq €1 3 feaferd & oy g # &
THh-TR o e gueh o g &1 o1: A qA: Fateq
%1 oyl wLd €| sy giaensu S e o
gfg 2t 21
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5.2 S HAl

Tk ugred o 3707 A1 WU 1 (A o RO S
TS el Bt 1 98 U1l o A1 o SHEI erdl 2l
To7 oh RN I SEd TAS ST 1 AT B o HI
€ HUN o T oh Ty SErEl Bt @1 Ul o 39
T ) S T FEd B
5.3 3{aT-3Ugeh ot SATH S
== R
B W § R sfqu-enfvass ot erupe @ qrE-a
@Al B, WY S St Ui - W
21 %54 1 I TR S o AT MU el
A FHF ol o HEA e 1 IR 2
sTfvae ST fsha 98 gaal 8 ohl 3TaEen
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] y-TY e frorfg o T i © qen o e
T B T 1 sherel Hdted g fad 7Et feman S
Tohdl 7, FAT TEH 319 Th-TW o 31 e on
WA & TAT SR U o ATUhad B Sl €, ey
IS A9 Y Heh TSN 1 SEHI ol HH I Sl
®, 99 T 1 @ W gfaa fma W1 "Rl B1 T
e Wi A TR W SHE Sl qen effvee
3= foRan ot qetgwifaran =61 g9 o g1 gwirn
Hehdl B—

W—» 5 ——» I

-3 T4 fohal BT qEyIfea

< Te—— %9 «——I¥
S H w1 gEgHIad

S HI A ATENS ok I o HRON ohi
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foR O TR 3 7T T ATF BH Hell X1 H
Eauf
5.4 THT 3TaEAT
I 5 k1 LOIAH ST T BH 319 YUl SHeehTel
H 91 % HerR ¥ g9 wd &, S A4 1 fason g
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21 B9 agHed ®1 HeW A= Wd AR, S
T ot o gRI geelt ¥ oeft @l €, § Ssfte e
F &1 IHEH HI e Tdell W gER Se o ferg
Tew@Ul ¥ 9% WA TR BIThR fafmn | T
FHIA B TEH  SESATHEISH, SEASEISH, Hiad
SRS, SedTy e Sufterd et €

319 TH 31T A Ui % ST FaeR W higd
FH, S A9 TS <@ 1 G aiikteE o e
e § Bl 81 W yifefadt § sferd aneft |
Fad 11 ae 6 sEeen § wd ¢ (o 5.4)1

-
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Cl | Ar
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Xe
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fora 5.4 199 s1Eee O ®d 7ERE a9

e sreren o frefataa difdes o gr =ita
fopa =1 wepar 2
o T sy Eited e 2
o T weft fewned H wHF <@ Ui et 2
o 3Gl qen gdl *1 o | TG %1 U ST
%1 2l 2
o T w1 YA qen S A= B 21 A
IS T SR 9 B SO et B
o Ty Tt Fifer Hemar o fo yew U
H qof fafya et 21
Tl 1 W 36 qed ¥ uRerterd et € T
TToh S o HEA SHYUl 9o 0T e &1 gk
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A, AI9 Al SHM) Sgd WUl §, Fife &
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T W o w9 Sadey T el s gean e €
A @ o en 19 o fEm o 9r o H@iE
5.5 Trg ok Tam

o o fem, e ereee o e i, 9 %
iferer ol W T TraTfesal de oy T Wit o aftomm
1 T o 5 il W v fervere | Tl SR
SR Sitgel 5 T 1662 W fehan o1 = forem, Tt
U et feran, ‘sitaet w1 fem’ e §1 91g |
TRH A o TR 57 a1g H 31 o T A 3
ot 1 @i o fau Stwd el e T-ode H
A foram SRl qun ST SR A o T
e o aR A 3 GEAd |

5.5.1 Stget Rl =W ( STa-3MIa 9 )
3T FAT o MR R Ta aigat 39 Fohd | 789
for ““feer a0 W Trm A Tafyera e (erarta wet
W TG ) W I IHeh AT oh SGHATTATT
BT 21" 39 ‘ot w1 M wed €)1 i w9 9
TH 3 YR foran S wehd 2—

D 1 (FeR T q91 n W)

v (5.1)

= p=k —

v (5.2)

3@ (p) M —>

600K
400K
200K

v

AT (V) dm® —>»

ferg 5.5 (37) (A= dr9i W T 99 & FaT V a9l p
& g7 g%

WA fagm

T (p) M —>

v

I (1/V) —»

forT 5.5 (a)ﬁyakwaw%a%www

Tel k, THAfae feeris €1 feeris k&1 7
g 1 A, 9 % dI9 9o 34 gREAl, {9 5] p
T VI o W €, W e s 21w 5.2
1 Yedafted % W ed U € T
pV=Kk, (5.3)
i ‘feer a9 W T4 w1 FAfved 71 #1 S qen
e 1 OAEA feer g 71’ afg 19 &t fAfvea wmn
1 FEeR 19 T W <& p, qM1 A V| H i fepan
Al 8 (S 3T v, 7o < P, &1 S, 1 ‘afa
o |’ & STER

p,V, = p,V, = feetisn (5.4)
p V.
p—; = 7? (5.5)

ot 5.5 ® @iga o 99 1 3 YR o AEg e
g e e mn @1 fae 5.5 (@) fafvs @l
THIRTOT (5.3) B AF 21 k, H1 HH Joh T 6
o gerep-gereg ©, Fiffs ot T 3 g Ty g
o oIt 8 ohael a9 o T gREfdd e g1 T
% (Graph) f a9 @ Hefuq 21 38 wwardt ek
(feeR 99 %) B4 ¢ =9 9% S=d d9 § Fatud
B €1 98 A <F A o1 ¢ TR A T o < aen
fopell a1 &, A1 719 o1 SAIGH ST 81 Sl 1 WRoi
5.1, 300 K W 0.09 HieI CO, s 3f¥aq T TE o
H i g B
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|RUt 5.1 300 K W 0.09 HWiel CO, o 3T&aT WY I1a 1 TN

T/ I/ /vy)/ pv/
10* Pa 103 m3 m3 102 Pa m?3
2.0 112.0 8.90 22.40
85 89.2 11.2 22.30
3.5 64.2 15.6 22.47
4.0 56.3 17.7 22.50
6.0 37.4 26.7 22.44
8.0 28.1 35.6 22.48
10.0 22.4 44.6 22.40
fot 5.5 () pdA 1/VeF HeA AF hl =
p,= 0.2 bar ,

#2198 U fag 9 et g Wt W@ €1 S S
T S o M 9 foreer guid 81w aRtferfaa
o e o el TEr g T2 B 2

AT &9 § S % g9 98 g w9 8
o e arfess wdifed gl 8, it o Th 19 &
fEU T geque i wdifed fran S €, a9 SHeh 3]
T T ST & SHHT a9 I8 € o S=d i Wy
feren o B St @1 Si9el o o BT STE
T o IE 91 e oh HEd Ueh Ga 9w erl 2
JRET & STER ¥Mc d, 3T¥a VAl §99H m o

Ty d=%%laﬁ%ﬂaﬁa$ﬁm$aﬁw

53 ° § AFad &1 9 39 e § W, 9 g4 I8 gau
oI BT B—

L (m)
“k,JP
& YT e © T feem am W i o fafvea
ST 1 @ S oh FHMEA B 2

ST 5.1

S oft 81, T TR § IR 6 d9 R SRS
T it St 21 A€ <9 H 0.2 bar ¥ AR
T 7 S 2, A e TR He S 2 A
bar €@ W T 2.27 L &0 9l €, qf foher
AP T TeAR I Gl S Fehdl €2

T

sige o 89 p, V,=p, V,
I p, =1 bar @, V, =2.27 L,

v _PVi _lbar 227L
v p, 0.2 bar
<[feh TSI 0.2 bar <€ T F S €, SEAY
34 (R &) 1135 L AFH dk Farn ST

Tehell B

=11.35L

5.5.2 TH okl 99 ( aTq-3TTadT Haier )

TR Tohileh 1 S-1d oM oh faT <med qen
- 3 |l W fafi= gam feu) Sen srEeE
T & fop feer <@ W ffyea goomm ol 1w &
A A9 S W S@dl 91 919 HH H T T B
S T am w1 v feilt § gfg 9@ dw
fafe=a AEn o oTEaE § 3k 0° C 19 o ST |
%émaﬁq@%ﬁ%lm:aﬁowwﬁcm
ferelt 19 &1 STEA wET: V, qe1 V, @, @
t

V. =V, + 1%
¢ ©  9273.15 °
=V, = V0[1+ j
273.15
273.15+t
L = (228152
¢~ Yol 7973715 (5.6)

3g fearfa § g9 A9 o U ¢ HYHT Hi 39 THR
fuif it & & 1T 99y | toc # T, = 273.15
+t T 0°C &I T, =273.15 5N faa s €1 59 7¢
T WU i ke dd WUgh 37eaT UTH arg
(Absolute Temperature) AIAhH wed %I
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31d: YfeTad ATIHH T 0°C; THATT HIIHH T
273.15 K & SR Bid1 81 & 7 A 924 98 © T
W d17 WUehA § a9 sl foaa aue et o fog
T T @ T Srar @1 shfes A9shH g
T SR ATTehA f hEd 8| SHeRT I Teish
At #1E | feran S 2

o1d: Ofews ™ OTUshy 9 shfead AMIHH e i
o fou gm 273 (Ifus afys €9 9 273.15) S€ 3d
g1 afs TR 5.6 § §0 T, = 273.15 + t 9 T, =
273.15 ford, d frefafea dee 9 g 2—

T,
vo=v (1)
TO
Vi _ T
=>70 T T (5.7)
3d: T W GHIFI 30 YR foran smar 2
V2 — TZ
v, T (5.8)
%
T T,
vV .
7= fers =k, (5.9
3 V=k, T (5.10)
4/
T" p<p<P/
_%:5;315' J J J >
-300 -200 -100 0 100
g (C) —>

farT 5.6 3797 TF a9 (°C) F TET IRG

WA fagm

feeRioh k, &1 WM 9 %I A, TH o I qel
e T (Toed e v oo fven o ®) 9
fruifta fman s 2

THIFHT (5.10) =ed o oy &1 T 'Y
2, S = w © fF Rem I W T W @t
Trfyera amT T TaaT SHeR UTH AT oF FHIAT
Frar 81 =g = g T fRu e 9w (Sfeaam
) qe I % T UE Wl W@ § el 21 TR 9
I T deM W U @l i 318 o —273.15 °C
W 3fd: Ge T 2 i e W @it w6 e fae
IS B §, Wy Y SAEH R Fedeh 1@l - 318 |
-273.15 °C W fherdt & (1 5.6)1

Y qAT AT oh HEA TTH bl Godeh @1 Fl
HHSTE @1 Fed 2| AfE e 5.6 § t o A
~273.15 °C BRI o Y, a1 =1 oh Y&I0N Sl Had
fohan ST TR 21 W @ € fR R T 1 st
-273.15 °C R Y[ € Sl 21 31 a9 T ® R
T 1 fede & T@a 81 ardd o 39 A W Ige
T 7d & T T xfod B S 71 9% =AaH HieutTeh
AT, fSamR T S 7RI BReft 8, i U 9T (Ab-
solute Zero) & 2| §gd hH T TAT I= dd W
oIk T ‘sigel o e’ T e il 2l

3qTeIUT 5.2
YeId FEEFR H U& WeN 9dd "{Hd dm
23.4°C W TH &R i 2L 91 & 9 =1 56
wETSt &% WeTarR, WET a1 26.1°C W UE €,
o qgEm, a9 eI 1 STEGH F B ?
&'
V,=2L T,=26.1+273
=(23.4+273)K = 299.1K
=296.4 K

ey o HIAER

ViV, VT,
=V, =12
Tl T2 Tl

2Lx299.1K

= =2Lx1.009=2.018 L
296.4K
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5.5.3 {-oraer Fom (STe-ama deier)
Torferd el o <A | e 9 : WHE Wl €, W
T o fedl W g srcafies 9 Wl @1 A g e
7= e gHrEfS el fohan Se, af SRR %e S|
el o foi o &9 urd € foF e oF TR < !
%W B Sl 21 919 TS < o [eA Mg Heie i
S o 3 v fe, B f-orier fem
FHE W T TTh SER— “feer amEaw W TRt
THfera wEm ol /M @ I SHeR IMEAH
[Tt gt g1’ e w9 6

\4 .

—=femia =k,

T

V,<V,<V,<V, v,
T 1 V2
5 v
E ' / V4
— T T T T

0 100 200 300 400
a9 (K) ——>

faT 5.7 : T 9 & @ a9 a9 (K) & 7eF SRG
(GH-3Ia 3IRE)

T g9 i diadl oh 9 91 =ed o 99 g

ot freftd foman ST Hepan 21 e Hiel 31Ead W <&

q a9 (Shfeem) o A @ &! fa3 5.7 § <9
T 21 SHh YAF W@ ) HEEEH FEd B

5.5.4 TMARTEr W ( 3TATT-HTET Holer )

T 1811 H Teclt o dAwIfTeh SENTR + eTeed
T fagia qen -l Hge e fagid o
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gy frepd o we ufererm 3, o strarmst frem!
o &Y H W1 Sl 81 36eh STTER— aTq qeT I aht
T gRfefaa § SuE Easeret | § g e
WEAT o 3107 B 2| 39! qcqd T2 ¢ fon < a9 ue
T feor @ €, df T #1 TeH SHoh vl i
& T A1 3 ) § 19 w1 A0 W R 2
ot w9 o en fom wehd g

Von (SEl n 19 % Al %1 9&41 ©)

V=Kn (5.11)

Th Hid T A s 1 G 6.023%10%
feifta =t 7 2, for ‘ emais) feerwisn’ wed €1 98
o€l He 8, St oare Tweh | § Hiel i i
o g2l o g w2

<feh 9 R AT Al FT @A S qEI
Bl ®, 1 Yo 119 &1 Tk Hiel, W 19 o <6
(STP)*, Tt arqd 273.15 K @ 1 bar (10°
Pascal) Bl 8, SHM SFd W@dl 81 STP W g
T 1 HeR A 22.7 L mol ™ Bl 81 s 16
HieR 3Fae |reft 5.2 o fean wn 2—

|RUM 5.2 : 273,15 K dT 1 bar (STP) W &S
Tl @ ferex wfa oot o Hier-siaas

A 2237
e SEATFAES 22.54
SRS 22.69
EIES RIS K] 22.69
I EHEEEE| 22.72
aTee T 22.71

Tk 9 o il 1 T ] AT 59 YRR H
S FRd B

m
n=—

v (5.12)
&l m = 390 o SN T W1 SeIHM adl
HeR §99E ©, 37d:

V=k4% (5.13)

* STP-YRY ® STP w1 GRS 0° §. G 1 Bar W | 30 YR o IER STP W &Y 719 I AR 3TFd 22.4138

Litre mol™! I 21

Ueh UREw a0 Td e (SATP) *1 uRfefadl Fo o= @l W o et ?, sl STP uRftafml @ aregd 298.15 K
el 1 Bar (10° Pascal) 21 &d:, STP (1 9 g2 298.15 K) W 3Ty 9 &1 Hiol T&dH 24.789 Litre mol™! &l 21
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FHRIUT 5.13 I TH YHR YHAfGATTd foman S Fehar
Fa

M:k4$:k4d (5.14)

Tl d 19 o1 e & T 5.14 © g9 Frehd
fepterd € o forell T o1 oFca SEeh HieR §eFEH
1 G e 2l

T 19, S SEe o T, =l o e qen
A& o o 1 gola: qren w §, atEst |
A €| T8 T hieqieh ¢ TEl HH Sl € o
eyl T o sl % WA Wl S-S o
Sufted & B €| afas T ohad $ fawm
Tfifeafaal §, & 3= ot Wi 9 9 0T g
€, 3 Tl 1 wer et €1 o el uftfeerfaet o
o€ 3yl Faer 4 fa=er it 2

5.6 TETT T AHIHIUT

A Frreml, fent 1o g9 o/ dh R ek §,
Teh ISR o g SISl ST Hehdl 81 3H 1S9 T4
HHRTOT Ed Bl

feoR T @9 n W V=t Staet 1 frag
p

R p @AM n W Vo T a0 & 190
R p @M TR Ve n SAEME &1 20

T
d: Vel (5.15)
p
T
V=Rn? (5.16)
R U& gurqifas feeris g1 GHieor 5.16 i
AT 7 W eH I € T
pV=nRT (5.17)
_pv
R=— (5.18)

R &1 ‘T fodien’ ed €1 g 9t 76 & forg
YA Bl 81 37d: 34 wratye 9 Fradie off wed
21 gt 5.17 1 anEyt T\ wHteuT wEd B
iRt 5.18 <3t & fF R o1 A 39 Shedl W
el o B, fS¥ p, v @& T 1 |19 ST 21 A
Giifertor § i =) F@ e, A =i i Ml S S
Hehdl ¢ 39 THIH0 ¥ B9 Ed ® foh feer a

WA fagm

<@ T R 19 % n A 99 ST W@ §, FE
nRT

V=7 Tl n, R, T 4 p Teer 81 wa forelt T

RN 3EY SIEeR oh T BT §, dl I8 HHIH
et off g W o] & "l 21 STP uRfeurfaar o
(273.15 K @1 | bar ¥@) T At < T
ST 22.7 Litre mol! 81T €1 37 uRfeufrat & w
Tiel et 19 o R o WM %1 TUMT 39 TR 1 S
ekl B—

(10°Pa)(22.71 x10° m?)
(1mol)(273.15 K)

_ (10° Nm)(22.71 x10° m?)

~ (1mol)(273.15 K)

=8.314Pam?K ' mol" (FfF 1Nm = 1J)

=8.314 x 102 bar L K! mol!

=8.314 J K'mol!

STP uRferfaai (0°C Ter 1 agHe™ @) ™
R &1 AM = 8.20578 x 102 L atm K'mol! gIdl

2l

et 9 gt 1 Hay 39 9] =0 9 @
fdt T &1 ST H1 AN w8l Id: 39
STTEAT HHIRTOT ot hed &

e TS T TRl WG foer | 7 =
o wHerfre IRede o faw @1 =fg et fafyea amn
et T H1 AW T, A V, M@ p W,V
q p, T UREfd e €, @ &9 fora wed € R

T, T
pVi _ PV,
= T, T, (5.19)

T 5.19 T ST THHT ¢ A ST
Do H 9 U™ W % AH A e, o SR =R T
TOET RO (5.19) BRI T ST Hehell 21 36 HHIHLOT
1 Bge | Fem wed €

I 5.3

25°C T 760 mm (Hg) I@ T TF 6 600 mL
AFAT B B fRE ot TH W, Wl a™

10°C. 3T¥dA 640 mL B, 19 1 <@ =1 B2
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'

p, =760 mm (Hg), V, =600 ml;

T, =25+273 =298 K

V,=640 mL, T, = 10 + 273 =283 K

V. V.
Hop e e % STER p;—f—”;;

Dy = Vi T,
= > T1V2
(760mm Hg) x (600mL) x (283K)
= Dy =

(640mL)x (298K)

= p,=676.6 mm (Hg)

5.6.1 FHa uated T 99 UE HioR
g
AT 19 HHRTO T YA T W EH I © 6

(5.21)

HHRTT (5.21) 1 YAk HH W FH Th
19 o Hiel SeTHM 1 AT i o oy fefafed
oY g W © —
dRT

M ="

p (5.22)

5.6.2 Slceq ohl VTR STd okl HIH

30 a9 *1 S Sfeed 3 99 1801 ¥ wfawrfed fewam
3T AR 3 Toham @ fadi= Tt ok fastor ar
Fel <16 Yok T o 3TT9TeR T o 1T o SRTeR
B &1 7ufq 9% @ w9 39 TG H 9w gHH
gffeefaai o, TUH ST a6l U § gUrh-gerg §]
fohan STa1 2, Yo 9 gR So R T I@
3NifoTeR S1& Fed 21 o w9 6
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Pyo = Py *D,*D* - (feR T, VW) (5.23)

Sl p,.. T % fagol %1 el < 8 @M p,. p,,
W%Wm%

Gl 1 |G S % S TS R S 2
Ia: A 9 et &1 TG 9, fre Stetersy off gt
2, % IS | ¥ Seiaraes M W Yk T % 9
1 TOMT &1 ST Gehdll &1 STa™d gRI T SHeled
T h TeAlT a9E’ wed &) fafem a W S &
AT aE i GRel 5.3 § T wen @

S IEEEICS (5.24)

Py i = P

|rul 5.3 fafus ag ok ST SRt St 91 ((Sea-2e )

qra /9
0.0260

qld/bar
0.0060

qia/K
295.15

qm /K
273.15

283.15 0.0121 297.15 0.0295

288.15 0.0168 299.15 0.0331

291.15 0.0204 301.15 0.0372

293.15 0.0230 303.15 0.0418

W 39T & w9 W 3Teh @1 a9 T |
V STaee 9 | e T, SR i g e
D, p,, 91 p, %T@'TTI'SC%HBI
- uRT

D v (5.25)
_ IR 5.26
Do v (5.26)
_ ngRT 597
P3 = v (5.27)

Sl n, n,, 91 n, & 6 & Hiell B gen §
Py = DT P* Dy
RT _ RT . RT

=N — 4Ny — + Ny —
1V 2 SV

(5.28)

R
= (n1+ n2+ ns] 7

plaﬁpﬁﬁﬂméﬁmmqﬁ%ﬁs—
D _( n, JRTV

Prota ntn,+ng ) RTV
_ n _y _
ntn,+tn, n
STl n= n+n,+n,

X, e |
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E‘ﬂ?f:p1=xlp§m

T YR 31 & Tl o Ty 8w for@ wehd €

Py =%, Ppy T P3 = X, P

3T Teh T FHIRTUT 1 39 YRR foran s
kel &—

P;= X Ppy (5.29)

W&l p, A x, i 79 % FHEAA: ACAH T SR
At @91 &1 4z TG & fasor 1 Fe 3@ 7@ e,
GHIRIOT 5.29 o NI Ycsh T8 W Scq= AT 1l okl
Ja foran S wepen B

3SMEXUT 5.4

T ArsTi-grstiods fagm o 70.6 M
STEATSRAISH q1 167.5 UM et €, 9 i o
a9 &1 e @ 25 bar B, A 70 H A=
oI SIEATRATS 1 T & A B2
&

SRl & w5 gen = 008
32 gmol™!
=2.21 mol
it % el %1 Hem = L0108
20gmol ™’
= 8.375 mol
Sleliom o el 51 = s
ST 2.21+8.375
_221 _
10.585 "
8.29
=222 _0.79
AT o5 HIA AW o

37 ®9 § 31 ol Hidd 379 =1-0.21=0.79
T T SARE T = WA S x FA I
AT 1 AR

=0.21 X 25 (bar) = 5.25 (bar)

R ERCT R INEC

=0.79% 25 (bar) = 19.75 (bar)

WA fagm

5.7 Tfast St TS 37Uk fA

i o 310 fReR fq e Ted €1 i e wme
TE TH | SR I I Gar o WY T 2
THeh HRUT UL i T SR St ufEfdd erdt
@dl B zEfay et off emor wsft syopeti @ wfa
IR Foll Tk FHH &l eI T: TH STUSH i
nﬁrméﬁmaﬁwnﬂﬁaﬁmm%wﬁ
H‘Eﬁﬁn\%ﬂﬁﬁﬂﬁ"ﬁmu ....... u,
e @ ST W SiEd T, u aa‘rtrﬁwqﬁt-r

ghR 9§ foRar ST ST 2

Hgdd @R diesmE 3 wi¥m fra &
T 1 eTEdfeh faaor 9 o enfvaes geaHH
AR A9 W AR L 8| e 3 wiE ot fow
T I STUS hl @ T h o6 AT Th
T 61 gor forar- fem-5.8 # < o=t @i T,
SR T, R 1t # Hemn iR enfew fa %
Te UMk S0 T4 21 WE | fE@m T e o6
foqeor w1 TG 1 Herqdo-sioesTHE  TaaR
FEd T

Frga
T M (u,,) T,>T,
Afq g
T (u,,,) / culif
B < T T (,)
Bl rm=
B | 9%
X

(0, 0) e

fere 5.8 Tfal 1 HeFgde-aiceTa faaRor
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T W Ial =t © TR oga eifush iR wgd
T TG ST S H GEN ¥gd HH el 2l
T w1 v fag @ wfa wei¥| s © S
AfpaR e+ e ?1 zw wfa w el
e M,y Fed B AT A H i T
o wgd e B B1 419 SgM @ eifa Haren Tifd
93 Sl 81 SHeh 3TfaRferd S=a 19 W T feraeon
o5 gl B Sl €1 a5 1 =iel B feEn @
o sifaer Tifd @ TIfame STopstl st W ag St
g1 a1 oo et o germm W oo fek
T T THF d9 W 3AfUeh FeAuE orel STupet
#1 Tfd eeeh AU w1 qo W i B 2
ISR, FHA q9 W gesh SIS AU A
FARA A0 | o T w21 erd: fepet off
XU T M9 W A o T[S & AT A
T A o SRl W St B ¢l A
3R TESSH o Ul Wi TiaAl o o @i
fo=-5.9 # <fEu Tafy fed Ff a9 w® s7opst
1 froft nfq ufafda et wdt @ w= it
foaeor =t Tl 2l

¢
@ u,, FAE o fag
# u,, T & fo
=
5
afoaes Tfd -

e 5.9 300 K @9 W FARIA iR F1eierT & s7oei
&1 Tl 1 R

Y S © T fordt o1 &1 Tifast St ol
frrefafiead st gro fean s 28—
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Trf%m“m_vﬁ:%mur"
Tafere afe &a 19 & Hu w1 et Y o

TN W A T S, %muz,waﬁf
& & W e F U o % shw,

W2 H STERFewRal Bl 38 e YRR 9 Wi
fopa ST 2

J— 2 2 2
e Wt u,

n

T o o w1 SiEd T o STupe Wi eiiEd
Tt St <R Hem @19 g €1 A gw e %
o1l o 3Td W T gl of of eH a1 S
T WIS €Il € 98 i HHed T IR s i
¥ =1 Bl 1 9 T 1 =t wie get o (Root
mean square speed) Fed € 3R @ Frefafaa
v g & S R

a2
urms_ u

ot Are g o, ofi|a T @ik eifa Hearea
fg ¥ frefefed day g 8-

u_>u >u
rms av mp

A et w1 e fefefEa e 2

uocuocu 1:1.128:1.224

mp

5.8 TEl whT 3TUTTiaer fagta

T8l B4 o Traml (siae fam, =red fem enfe)
1 e foman St afent g U U gt et
1 Tfer HeF 71 3 SRR fafe 1 e SreeEes
T W EH U € foh hig e fafv= aitfeafaa o
Y RN H &1 S Y qet Tfd 8 S €,
9 oA I8 WA o T Segs ®d € R e
39 YHR 1 HER F i 87 seewnd — 79
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o 5 ® fof ST <1 srern i 7, 9 T Hifea
et ®, W g9 98 o W =R foR s e wditea
1 Sl €, q9 ok 3AfUaeh &R 9 o1 Bl 82 39
e % S <H o fou wew fagia s e g9E
fagid sUR STaciiRl i oT=Sl e WHEH H UHh

WA fagm

fafma = g 7, srefq fafere smp #1 S ®
Red B Wehdl B, Wq P ol FEeR o well 21 T8
AfTEla 39 qea W eneia € o 79 o1 T vider
I SO T B €1 AfE T ok Squpe R I B S,
a9 TS B WA, S arafas Yeror & faada

Higel 1 1wl ¢ o8 fHgTd, S TH o HeuER
1 TR0 1, T T AU Tagia’ e
21 I8 Ty e aTfvaes fagid % YER 2

G e fergia g e A
T F| A AR 3T 0] qe WA ¥ Heifed €,
fSeht 2@ & S Hehar @1 or: 4 fagla T %
geaaell gfeey 21 fEl & epfa fagia w snenfa
UM G STHH Sk TETiTeh Yeroil o 3T&d eI ©
T T A o HYG Y Hl LG H T —

9 eAferen HE | GEEY Ul (AT 91 377))
Y TRt Bt B1 3 U1 S BR-BIE qe g
TR e T FF TH-210eil &1 el A ST T
o o T 1 qor § 0 g @1 e iR
i i Seu GrEHdl i oFed Ll B

Y= A9 Ue <@ W TH-RUN o HeY hig
RN 56T T il B 39 SR 1 SM¢R T €
o 19 gafid ge S fofy, Suetsy T &1 gufa:
B ol © 991 W o9 U <™ W geighd 7el
B 21

9 % U AR e el § ®d 81 9k
3 o7 Teer sraen | e, a1 19 U e ersta
T Y e, TG T Werd giar et 2

T o 01 Y doe e o dieft Y@ | e
F3 wd 1 AT T % A A e | st I
%1 KER ¥ THA Wd &1 T o gR1 Scqd S, U
Rl W 19 % Ui gR R MU ERl 1 ufomm
g 1

T o AU o HeA WeeE YUl WedreY Bt B
TR A I8 € T Heree & ud ud uveq Srust i
Foll GAE @l 71 HeeZ H SYUS oh Hed ol ol

gfdehel BT

forelt oft @ T o fafem ol o1 o fam-fim
Bl €| Horaey foafie Tfas $d it 21 98 qed
& 3k ot W ufied @ war @1 A @t sropen ok
R A T A, @ 6w % Tw S
TSl W Bl Sl 81 TR SHeh A fae-fare
g S B1 ¥E o7 AR uRefdd g Edl 21 56k
FrerR A= a9 R ol T fIawor gue == T /)

g ek 310 § fafem am g €, @t STkt fafv
Tfast Soitd, BT UE uRfeerfaal & &9 ohae i
TS ol i ST T Hehd §1 SO T o U
AT T © T T8 o Sruetl T Sid TifaS Sl SHeh
A 19 o TEEU B 71 TE S T ¢ f A
IGH W T 1 FHR B € TS A% e feer @
ST, d < dEd € (Aol 9o N-ode w1 ) | T
T fRT W W FO #] S S a9 S ©,
a8 3 1= A PR W Afuw dSt ¥ TER HW 2
Hed: iU I I BT 2

T 1 STopfa fagia Ssifas €9 W -2
o TeA Gey g T o fram (Ree sreee wn gd
el o Y ek &) ol Hiquiied i B

5.9 M=yl e’ ¥ o=

6 1 Ygifaes gfaey gl s o 9 2
FfeTE T S Bl §, @ BH I A T T
# & fF pV = nRT &1 Ga¥ el qeh T4 o qr9-
-3 o HEA Hael o1 SC Tdl 81 39 927
Tl T o T &9 T4 % pV Wi p oh foeg 3@
e 21 dfe & Framgar, fer " w pyv fer
B M6 G pV 3R p o HeA 3@ o et @
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(S 181 & FAFIR 7) 9 e =nfew) (fast 5.10,)
273 K W fafim 76 o orafass stfel W anenia
T YR oF IR@ I <M 2

pv —
T
©

0 D —

e 5,10 39l 19 e et 19 @ 7T pv a9l p &
e SIRE

TE AT W @ S Fehal ® foh fEeR a9 W
arsdfees 6l & fg pv den p o weA en@ o
et T g 7 Bl Bl 3 eyl e er ¥ T
forarerm fe@rE 2@ @ a1 91 YR o o fe@rE °d 2
39 9% H SEeEgeH o gifaad o fau I@ sgH
W pV o1 TH i S Sl 81 e AAleiedEs ae
e & foru fedta e o1 oo fietar 81 36 TR &
Ik § YRS H 3TSY HOeR W FHoncHss fagen fierd
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ElrsIcCokic

| b

A\

I —>

ferg 5,11 375 9 qe At 9 & 7T /-3
& T SRG

I <@ T T arsdtaes 16 et aitfeefaar
argd, T qel SAErsl o | 1 qul ued T
FHedl T 3T I I SR T
@) T ey oHeEr o oo w6 < €2
() o i o gRfeafai €, s T ®i oesia 9

ferafera st €2

Ifg g9 TGi o e1up-Tfa fagia i e ©
AfER &, @ 4 39 T 1 S U Sl g9 i
& fF eru-wifa fagid =1 1 Fegmd get 7 &1 9 T
() T o Rt o HeA IS SARYU-a TEl el
(@) TG o ST HT AT T R =R T A i

21 I 9gH W IRT § pV T A H e, AdH
TR doh gl ®, TR o € @I aneel 7 ki Y@ i
N < {eh ST ST Toreier Siiar 1 31d: e g
¢ ToF areafess 14 stge Fr, = fram qen stemeE)
e 1 qul: oo welt ferfaai o = et €

e CE-AA e Wi S g, a9 ey
eeR U faeer Sl 81 Sl €1 ordfersh i oh
T a3 3@ o Wi 3ffshs qen eyl 7Y
& foau afFe & faugar dgifes &9 &t ToEd
ot B =few fas 5.1 H ¥ o fem §) 3=
T T AT S IR S 9 Sfue g @,
Safer 7 J@ W AU 92 IReRfad & Th-35R
o T B €

g | Sgd 9 Bl 2

AR () kol da Tl €, 5T 719 heft off
gellehd A @1, oifeh 89 S © foh 381 i W a
Tifed o W TG i Selihd fopan <1 Gehal ® qen
59 & et &I gdifed & s g @, stufq
T I Ta TS B © R gaw et § st
& emdd w1 foly & 21 A el (@) @@l
2, A -3 @ ¥ ardias 19 o TR
HAiwe qen atgel o e W i dgifae Tl
Th-THR o FUrT 8 =Meul

Iredferh T 3T1Ret SRR ¥ fa=er safery guidt
g, Fiifer o70] amaE W = fRe N B e
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T HUST I UE-UE A T YA R 2, Seih
JITREUT 9 AU I Th-TR d T L H1 TIH
Fd T =9 @ W A9 ok 210 qof giae o G
o T R W T T €, Fifen snfoeae syreRtr
I oF HRU 9 U Hi SR ST TR oK WY
ARGV I TegE FW | T TG & st g U
1 R W S e 1 FAIfeId el &1 o7 Idferh
T o BN S q@ AN T o 9 Y FH Fe ¢

pm&f:paﬂaﬁm’LC\l;
Uferd <@, SefEa o]
el a T Teea 21
7 frofq o wfqedo oa o el & S 2
Hicrertor ==t forard e W § Eidl € 9 S/ 3]
Tsh-GE o T Heh § BN €, 79 3 Tiefsh &l St
g1 7% feufq S=u @ W S et 1 Hiaedor o
3TUETl h! e, WY AT Tt i g FoRR HH &
fau uftd wxd €1 Sropet o g S T etHdA o
el B S ®, Hifer 3] Vot | fewrno &
WA W (V- nb) 3@ H fo=ro & & fag
Hidiferd 81 W €, el nb T o YUfE gRI R MY
ArEdfesh TP o RIS ek 81 b Tk e 2l
TE STEAT oh T WIMEA Hl AW H W gL BA
FHERIOT 5.17 i 3@ YN for@ Fehd e—

(5.30)

2
[p+ ;;”2 ](V— nb) = nRT

(5.31)

GHIRTT 5.31 I ‘AT TR Fwed Bl n
9 o Hidl 1 G Bl a A1 b aletene feti® €,
SepT 7 19 o =i i W e e 21 a @
T T o STU[ | - STU[H STRTU Sl 1 AT
g, S a9 e ge W R @ s R

% A9 T A - ol qefh & S ¥,
Fifer 0] wH S ¥ T HW €, e A )
TH-TR F MHY o Y 59 B | Srdforeh 19 qa
eyl SR YR il €, 6 -3k &
T &Y § UG Bl S| St 9 e ot et
HIER YR HLAt §, 5 @ YA & S

WA fagm

3Rt FeeR ¥ foree &l Sdigadl #Re Z §R
AN S Hehdl €, S p, V @ nRT o UM%
I B B1 o w9 |

pV

nRT

el el o e z = 1 e B, it @t A

TS §@ W pV = nRT Bdl 81 Z T8 p & T4 3@
e W e W 9 St |, S Qe 278 o GaEial
gt Bl (st 5.12)1 3 6 § Z 1 °E s W

(5.32)

N
1.8
1.6 N,
1 H,
4 O,cH,
% 1.2 CO,
aTest g
S 1.0
Q, \/
4 0.8+
0.6
0.4
0 1 1 1 1 1 >
200 400 600 800 1000
p/eR

fer 5,12 o 4l & giiggar FRF ° TRadT

foafera & < 8, S emeyie @ fawem i@ €
et </ W e |9 T ok Tt 2 < 1 g ©
3 3TeEl T w1 G SRR H 7, W I T R
Tl 7 o few z > 1 2 81 st 3 Hiifed e
wfad g &1 geAed! g™ W Z < 1 gl @) 3a: W
T GIRT SR TR STTEaH Sgd 3ifieh o, A aretadh
Tt frarfar & STUTeH T ST TS WA ST Hehelt
Bl o= vl § — @ e agd 9 g €, o i
SRR Afeen TEY 81 S €1 fohe < ek T ared
ol 1 e HT, TE TE H FHEA qe 99 W
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o h e

el s 21 9% qm, fSEw 1 arafas 19 i
<@ H AR W Sy T i eER wl €,
A A9 1 S fog, FEerd 1 Th 19 H1 g
fag 1@ =) ypfa W R w21 afga foag @ o
ArEfereh T STEITd W eTeHeh forrer uidl € el Z
1AM Tk U 31k eial €1 T0pAl S WA SRl ot
Tgd &l B 21 dfF fog @ N 3@ W W
ArEdfeh TG w1 Z 1 HH R W %W Bl © a1 I :
T dGH W Z 1 HE AR S&dl Hell Sl €l
ST AT ¥ I T el € o $=a g qen f=
@ W ArEdfesh 19 31eel wraer guiid 81 faf i
o foru 3 wRftefaal fam-fae g 8

Ifs g0 frfafed o= &1 @, @ Z & Hgd
o g 3fi stfrer e 9T Bl 2

— pVaTﬁfaa
nRT

g 9 a7eyl SHaer <9, at
v =nRT
@t p

niTésqmaﬁwﬂwsss Y T W Ed

a © R
7 — _ e

(5.34)
VC‘}TI?{‘\’f

THIHI 5.34 W T T R Giegar i T
o SEfereh AeR A qel ST a9 Te 3re 9T S7eel
T o HieR 3T <1 3T 211 ¢1 39 T § &1 21877
1 fop et qen 5o eraen | fadg e guwe e
T Ao FH ST SR =9 SfUad Y A |
%8 1 119 o1 7ad STeree HH ST Gehdl 21 89 I8 ot
ST o T P A % A S et 2
foIu woard aehl 1 ST e YR fman S @)

5.10 FAT hT FEATRIOT

Toreit Tl h1 T e S TN ok feTu Se-3TedA-ad
geei oF Ul AThe YW SR oMY TS A Hed
reiEEe % fou fRKul sl fafem ardl W
TTESTFIES o THAYT @ W9 (o 5.13) 1 I |
=g U T TR aredferes T e SrgasiieEe o HH

(5.33)

151

ferT 5.13: fafsm ardi @ S1e SE37aEs o Hard IRE

EER <Gt &1 Urgsl A =@ foh I=d a9 T HHardt
ST SR T % TATT ST % WA a5
e ot wrn b S=u <@ W 19 ) gfaa Tl fman
S Hehdl 21 59 A9 Y RIS 2, @ 99 1 Sl
Rafda el St € qen Siene aeyl HeRRr U fowe
T €1 30.98°C W 73 TIRHSA @ W Y shia
eSS Y 5o sraee ° wd @ (faw 5.3 ¥ fog
E)| 73 AASH™ I@ W HTe SESAFIEE Tgall aR
%a el W Yehe Bl @1 30.98°C A9 e
TEeATFIEE 1 hifdeh AT (T) e ¢l I8 o8
Afereham qm 2, foIR 59 w1 SEeiiEe e gt
2 qen SAfe 99 W ¥E T e 2

hifdeh O9 T Teh Hiel 19 1 A= shifaeh
I (V) 1 39 9 W I Fhifaeh I (p)
e &l

Shifdeh AT, Shifdeh Q& QAT Hhifdeh ST ohi
‘shifaer feeien’ ed €1 TH: @ d@H R X e
SElaEe Hdifed & Wil §1 @Sl W K e
SESFIES % GHAM SR@ w YERE Sl 2l
ST @ TgM W Fiead H Y =JAd1 Fal i
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FH Giead &I Y[ Fd 71 21.5°C W &5 B d%
e SEAFES T e ¥ wdl gl g B W
fafire e1maae =1 59 9 el 21 9ok SUia gted
W @ qREfia T e 81 59 qen T e SgsiRe
Y- wA BT YA @M WO HT G
arferer e € e fag ¢ Wi e 21 fog ¢ W gd T
GEfT &1 St §1 qeeee I < 98 W g 9gd
FH HAifed g1 € a1 T stfagen @ faed €1 v,
YV, T AFE W ged wdied p, ¥ p, T H
srfegerr s @ (Forst 5.13) 1 30.98°C (hifaes @)
Y 9 Yo% a9 T YR 1 WI TR e 2l
Y AT T heel &fast @1 %I @arE ¥ gig sl 2l
wifaer fog W &fast 9m wek fog o faefia & s 21
31d: B 2@ ® fk fo 5.13 o fag A g sreren
1 T HA €1 D foIg 59 Sraeen i yaf¥ wHn
2, ot 39 fag @ F9 acqw mpfa o e
STEATFAES hi g el TE Sfereen Frereen | gl
21 @t T feer 90 W e (HEard wded) W
e SRATHAES o HHH FEEN TSR Hidl 2l
SRIF e 78 ff <wid € & st o faw Tai
1 hifder ard @ == 387 Teman ST Hehan 81 Shifesh g
o SAehRan a9 gl 8, T geiehd 19 gem 4R
fe@r <t 1 ol i (sreiq @ T, Sz % AE A
AR ST foree Yaf¥a st &) o Seiehio &
fou a9 § & o Wg-wy gA| ghed Aavas
gl 21 e, 9 o e & uE-u €,
S A9 HH FE G TS F1 T FH & S S,
31 STV 3= fopan &1 A TIfaefiel S7opsti st
G-I HIA § 9T 79 gelhd 8 St 81 Tk T
%a W 91 59 i 19§ Toh Weed § @d g giafid
fepan < wehar B1 SeRoned— o 5.13 W A9 AgH W
S g9 fag A @ F &1 3R 9 €, d9 39 GHard! ek
(31.1°C) o ®WER fEeR aM W 79 =i gdifed wH
W fag G fierr 21 sHoh U W A9 HH Hich
FeateR e i R fag D W W €1 99 € g fag
H & TR &3 ¢, 99 & eH 59 91 g1 7, W el
off q yreemd sufterd & T € Ak @w wREe
Fifdeh d9 W G B €, A uSref had TH €
e | Tl B

WA fagm

31d: g8 qen W sraeen § gqe (Fan) @
TH Hqcd SEE 1 TEEFH o foq 19 91 g9 o
T 9t U R TAN H R S 8 3T 59 I g
& Huffd &9 H @1 S Gehdl 1 Sa a0, Hifaeh ard
Qo A9 W E § (qU SHRT S T[EETA T
o Bl d %o aun 1 o fadg fma s e €, Fitw
7q ufifterfq § ga qen 19 wremeeen § 8 © 3w
e o we fadeent) wd faar <t 21 75 favd
A w1 sruferfa H ww feh off fafy g @
sraeenat | fase 78 w2 gad 71 wifdes a9 WA |
%d 1 YR 9 qel Had el ©, & Wl
Yok HIACAl T 21999 & Sl € (T 5.11.1)1
ifaes a9 § = frel ot 719 1 el @ agET
Fellehd fehal S Hemel 81 38 S® Ugref w1 a1 hed 2|
Hifqes a@ | 9 FreT SEATFAREES &I HTEA
eTEATTEE O’ hed €1 e gait o shifash feerieRt
& WA 9RO 5.4 § fRw T 7

ARUN 5.4 FS UETAT o whifdeh (eelich

T, /K p. /bar V,/dm® mol?

H, 33.2 12.97 0.0650

He 5.3 2.29 0.0577

N, 126.0 33.9 0.0900

(0 154.3 50.4 0.0744

CO, 304.10 73.9 0.0956

H,O 647.1 220.6 0.0450

NH;, 405.5 113.0 0.0723

ST 5.5
s g Tiifter wifas qu @ 2, fee
RHTOT T o STU[SH o HeR SYaNIUEh Sl W
it Shear 1 STHITR qe e SESATRIES o
Sifdeh a9 HHY: 405.5K 921 304.10K 21 4
T 1 500K ¥ FHETGT d19 deh HH HY, dl i
o T Ted Feiehd eil?

'

ST T FAHIOT TBS BN, Hifh SHhT
Shifdeh A9 el U< 81 ST e SE3iiaaEs
o gelehtul o TeTu 31X eAferek itder s i
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5.11 o 3197
T ST HY IO W, T ST H SHH A
afferen gl BId B1 Seh 1] Sa4 UG- B § TR
3ok w7 o T Sgd A el 1 O aiiefaEt
" g %) go o 59 fesk g B 2

Tl o 3] AU SAHYT dcAl g S T
& gdi 1 I HfYEa g @1 iR 7] Th-gEm
T gk €l e §, Sefh 59 o 1] Yo &9 H THA
F wd €, oo 59 yafed @9 €1 59 %I TR I
T TR I H Sl S Tehdl € den g o o 39 @
Sl B, S 1 ATHTq TE0T T oidl 21 36 @S § &Y
59 % FS TN, S TSR, T3S q AT H
I |

5.11.1 dqUgTa

7fg W Faifad o=t &1 53 9 e ®9 9 9 S
2, dl S 1 D AN aTdihd Bl UTS o 9T SAFA
1 9 B YR W Fa a1foad Bl © qe o o g
%d &I g W AT T I (arF I@) H ghg Bt
STt B F® THG UvE 98 feR @ S ® qen
S-S UG AS]-STGXq oF Hed 9 i @l
Sl B TE ARl H ATEe W STeTe ST
I ATIETe el g i TS i giehar ad W
e it ©, o7 Fordlt 59 o araerE &1 ==
G A9 1 Seoid HET SEYTER el 2

e 5ol 1 Gel a5 § TR TR S 2, 99 98
T Hag § arsdighd il 81 Sl g9 1 STHS[e STl
T o A B W1 €, q9 QR K T ORI B
ST § q1 STSg 379 IREST H ged ®Y | gEifd gl
21 9yl 59 & g et at fefa i Seer’
Fed 21 9g Y, TR & 59 &1 arieE 9w SE
o THH B S ®, 98 SH <6 W Ke 1 e
FHEAM T TP WH T o aIE A 514
T Y &1 Teh AGHSAE Sd W SIS i |H=
TR Fed 7| A & TH bar &, @ T H
s FaHleh %ed 8| el 59 %1 A e
T F9oHi% | T W Bl ¢ i Th bar I
T dAgHSA T ¥ HO %Y Bl §, 3d: Sl
Y FELAIR 100°C (373K) §, Sefeh A FaeHish
99.6°C (372.6K) &I
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900 A

800 4

760 -

700 A

600 -

500 A

400 A

areaere (THfH Hg)

300 4

200 A

100 A
60 T

|
|
|
|
1
1
1
1
1
|
|
|
|
|
|
1
1
1
|
1
|
|
|
1
|
|
|
1
1
1
1
1
|
|
|

0

lzgsx T T T T
273 293 313 333 353 373
a9 (K)

forT 5.14

I=d AN W AIHSHA < HH Bl §, 3
TEAA &1 ol H I=d AR W 59 HH q9 W
el 1 e TeTel W St %Y A9 W Saeldl §, 37d:
A Hl TR o AT U¥R Hehl 1 SHHA BT
el 2| fafreqerl ® vea-fwan o #m e
IUHION T AlFerd H IaTeTeh AMIRfed fohan Siar
2, Fifer siiciata & 7@ W 9 W@ <6 a51 9
3o fHfed STet o1 Faeris g = €l

e B 59 1 &S U H S ©, a9 FaeH el
BIal B T A oY S TR SougTe Sgdl €1 IR |
e q1 TS S HeA Uk e Tt fewrd & R,
Fifeh %o SIS 1 gorl | ATeeh To Bl 81 -y
A9 G S ], -S89 SAfreRTfyeh 7] STy e
H ufafda gt € de TSy 1 S Sl S 21 Hfeh
3] - B €, € I TR B &1 4 o qel
917 T T THM 2 Sl €, T 59 91 oY ok TeA
1 G- 21gvd @ S @1 g ag ‘shifass
e €, fEeh! =ren g9 e 5.10 § w9 2l
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5.11.2 U dAld (Surface Tension)

Ig Fefafed a2 ¥ & <9 U 1 TR Te0 HT o
&1 wehdl 1 S Fag T hel 1 S TMewR HivwehT
& ¥ K F et 82 0 ok dd H g F H0
YE-geh ol B § qe Sred Rl o W Wiy
e sl W €7 ShfSteht Tell bl %9 ol o Hueh o
M W RIRT el § 5 @l Ael Saial i 8?2
3 geft yeeA 39 & fafre o, 9 ‘ge-awa’
FEd &, % HRO A T 5T F TH YA § TH 0] Tt
fegmati W THM STRT el W Sl § 9l gRoH
RT Tt I BT €, T Hde W e 310] v
1= oF STU[3AT o R 59 o 31T Fi 3T AR I
I9d Al 2 (Tt 5.15) Fifh gk SR 1] e
B

HAg! 3] :
za H 3T &I
3R SRt
gt feemed
w | e
—
ferd 5.15 : 59 &1 Gag W a7 59 o 37 9T 7] |
SR &t

59 STTH Tde i <AdH H F1 YAE HIAN 7, TdE
o SUEHT T A o A hT AR B @ AR ST e
gS o Sufterd o7ups w1 el 9 e B @ Hifw
TS o ST W 2 g &l g1l s9fe et ggfd
g R Y U] TWH T el 21 A G H T 379] e
TR AR HAg I FGHT ST Al SHRY FcAl hi IR
AT BN Tk foq St =59 Bl 81 forell <9 =t
qag | Uik ghg o a0 STEwasd ol &l ‘O&E
S’ Fed 71 TH! 3HE Jm? T 71 Tw W i
TE Teh W@ i Thish dae W AT dic] TAded 9l hi
‘gs3-qera’ whed €1 38 e wsk y () 9 weiE
F T TEhT 3HTE kgs> q1 SITHE H Nm! €l

WA fagm

21 frelt a1 1 Freae Seie a0 Bl €, S/ 3T
I3 & freaw =l 39 feufa & esfa d@qs
Fd T L FHRO1 § fom i R S e wehd w1 o
TR R Bt & A1 hi= o 1807 T ol TRH Hieh
Fereh 1 ST ST Eehell B TR fRT SIH O hi=r forerern
2 1 59 1 TR0 el ST o o1 FAE Ll @,
TSRy fopmrr ool s e 81 39 i b1 Stfiq-difersr’
(Fire-polishing) ®&d &

J3-T1d oF R Teh ShyMIaiehl H §d Fgdl A1
A B 5 TGS I AW HL a1 ¢, Fh a8 e
WA o &Y H o] 1 Gde W el ST 81 GST ok H
F0 IH-99 Bd ¥, Fifh St H Udell WA
TS-qA1d FH & Sl 71 TS Y3 9 € § S 5 Kl
TAE ! T HT 07 31 2| T[Eed-F9Td ok HROT gt
SR e S A e e
el | g8 qof Merenr gt 2|

I3-qAd 1 IRETT T Sk STUST o WA
AR Tl W R 81 S SeRyv-ae 2t
I €, 7 JeS—aTd 31fereh el 21 I "eH W S0
FI TAS-Sol I8 W € qe SR Sk fRAr
FIfEdT A 8 St 81 $7d: A9 g W YRE-ad FH
Bl T 2

5.11.3 9ACT

Ig 5ai 1 Afaenefirer o1 21 59 % YaTg 1 STaEn
Y Sl @A I T ThH-SH o H e €, 79 STk
T I W] el o WY i A Hed ¢ T
UL o HeA Yool SAqU AU Sell o I Bl @
ST TRell T Tk G e T € SR SR Th - W
e 1 Fieiy i 2

Sa g9 1 YA fedl fEer Hdg W e €, 99
3G (59) H 98 WA, S Hag & G § e g,
Tl B S €1 S-S Tl W W SO aal
T et St €, S-S TRA <RI o el ST €1 37
9 YR 61 YA, S99 T Ta ¥ g0 TG &1 o
THUYT: Tgdl el Sl §, T Yorg | wmeeldl g1 Ak
B9 Yaited 59 § forelt ot @@ &1 94 (o= 5.16) @
IO S TG THHT O SRl ©, Selfeh el o
AT H HH HE 2
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ﬁl

=7

u+du

e
/

A o

farT 5.16 :

I g dz T A 1 ST du IREfdd e €, @ am

Wﬁ%@wﬁmmw%mﬁf%maﬁ

AT WA o foIU Ueh 91c 1 STEvFehdl Bt &1 98 o
Huehgad Tdl oF &hel AUl AT-Yaurdl o HHIYT
Bl 2l
3 Foc A (A HTH FT 4T 8)

du

F o —
dz

(et S A ¥, sl g % W A A
Tfad 21)

Foe a3 L popnady
dz

A
N dz

el T T et €, o9 ‘v qunies’

T gaT8 d o T GO

ed B| AN Ok o ol ®, Se av-Weurdl ae
HYeh 1 &A% SHIE BNl 39 YRR 1) foemifaar +i
1Y 1 It ToTish 1 SIThTE 1| =24 Hehe 9fa
A, (Nsm™), aﬂﬁqwﬁaﬁpas=lkgm’l st
2l cgs TS W wAMQl OTE HT TR RS (HE™
SR S ogd TEseiel & AW W) T

1 poise=1gcm's?=10"'kg m's™

YA 3T B W %1 YaT8 agd Hi B
2| BIESISH 981 a1 Sisteney al o Ul TaehiiEd
93 STl ¢ i T A fadfaw 59 81 98 300 W
el € fop gweh stferenter o1 S @ firerd ©

A9 S T YANAT 1 0 HH B @€,
Fiifeh ek a9 W Tupe T fast el Ak Bt
2, TE8 s ool Rl WA H TH-TR W
fhgerdt 21
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WA fagm

RI9T

%54 o HUN oh HeA SAUH o B B A oA 3 Fawia Mafvra St o Hed Sea e Al fEer S
aait o fo=1 g €)W € A 39 el w1 o gEfEd T2 €, S gegdsn §u 0 < e S o
Tl 31 ISHIT Sl qe ARV ST TR o weA wfigfgd s 1 eraen wi fuifa et &1 55
T U (S TG 1 SRR, ol qe Sl o 0T S STRT e | qRed, sredet Huil qe ek HeA
= fopan R FeRk hed €1 =il o Tt o1 SUhT steen o U | gt el e €, W Skl
fepamefierar Wiifdsh staeen w el w2

TG % U o HeA AHYU-IA A A B § qo AR THEAAE Yhfd R et ffR T
£ hw Yeruita o1 (S-S, SR, A19 G SoAHH) i Siateiar 3 T o Wi STeEEl oh S
fafa T e fKw) sitge o FREREr gead aiffael & wh e wefa el 9 %1 e SHeh e
o SRAA Bra1 &1 Wl 1 e geemEt uRkftefaal o ofeed qen W 919 o qed Gele i S 2
79k AR, foret fafvea wefq arelt 19 =1 e1ae" e WA 19 o SHEE! el 81 4 71 1 g
S p VlamTlﬁuﬁﬁaﬁmamqﬁaﬁﬂﬁpz, stﬁITzﬁmm,ﬁﬁﬁWﬁéenw

il 1w o g e E S = P § e 4 o e o A
Tl =R A1 foman ST ehel 21 AR & STHER, A9 TS I 1 M aRfefEt & 6 & 90 e
H a7upsti Bt T sft guE et €1 Sleed & S <@ o FrEmHeR, sifwaria 6t o faso w1 e I
3ok YR T ok A o SR FAT €, 1M AT, TE, STHAH 91 Wil i WA o 9eA siadey 9 w1
e 1 Ui ear 21 39 N9 &1 sraee g0’ wed ) ey 19 o fory st e py =
nRT N &, Sl R 19 feemish 31 <@, SIFa a1 a9 &1 g T 36 W 3Tk 7 FeR L 2

= T AU HH A9 W G o Ut % WeA S -ael Yool €1 S §, aiteh 3 370] qrH-ure
3 WA €| A9 TS <@ i Suge qriefad | 19 i geigd fhAn S wehdl 81 %9 Rl i SAFdA & o
T hT HdleH e HHT S Gehell 81 Feiel SV SARHU-ael oh RO 56 o s 101 TS, Al
a7t &

A

51  30°¥. @ 1 bar 3@ W a1F o 500 dm® 3T 1 200 dm’ T HUlfed & oh foag foma
IAqH e T SALAHRAT SN2

52 35°W. A9 Ul 1.2 bar <@ W 120 mL AT ol 91 | 9 et ffved wnn wf @)1t 350
Y. WG *I 180 mL IR oIl sk | THIANG Rl S @, @ T 1 < @ g

53 STER-GHIHIU I STAN Hd gU T HifQ fo KU 10 a9 R 719 %1 57 719 6 9 H
FHMEU B 2l

54 0°C W G 2 bar & W {eHHl T4 o A(AEE &1 T 5 bar T T SEAELSH o S
o HOE @, A ATHEE 1 SU-9R F1 72

55  27°9 R TH UM Y TG 1 I 2 bar T o GHH 19 T € R 3TH I TH A TG
e St &, @ <@ 3 bar @ S &1 3 TG % 109X § Few Torfuq wifew)

56 Il IR T 9 SHeE § ged A A UgAtEm g 21 98 Sifes 9l 9w w
STZEESISH T 1 €1 A 1 bar 9 20°C €9 W 0.15 U™ efat=m stfafwan wam,
i SRS ®1 A 1 g2
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5.7

5.8

5.9

5.10

5.11

5.12

5.13
5.14

5.15

5.16

5.17

5.18

5.19

5.20
5.21
5.22

5.23

Jfg 27°C. W 9 dm’® NidreTe Tk | 3.2 | T 97 4.4 UM hie- SEAEs &1 g
B, O SHHT <@ o B2

27°C @9 W 54 1 fetet & % | 0.7 bar W 2.0 foleX SEeiiasH a2 0.8 bar W 0.5 L
SEEESISH 1 90 S ©, d 6 g 1 g @ em?

g 27°C 9 A1 2 bar 6 W Teh 19 1 5 5.46 g dm® 8, @ STP W 3G ¥ 1
ghm?

I 546°C T 0.1 bar & W 34.05 mL HIEHRE 15T T IR 0.0625 ¢ €, Al BHRE w1 Hiel
AT F1 B2

T fomnefl 27°C W MA UL o FoeEw | SIAfRA-TaYT e o T a1 39 Tk &l
ST R @ T 5 999 9vEn] 39 AU A 1 SR gl 38T STl i Hewd
Y TR 1 A9 477°C T A9 FqEC o a1 1 foha 90T waren § ey e
3.32 bar W 5 dm® 3R G 4.0 mol T ok 1Y i TUMT Hifery|

(R=0.83 bar dm® mol ™)

1.4 g STEAESSH T | SURted el Selagiql 1 W& 1 TUHT HiTS)

Ifz T "ehe H 10" 7§ o I faafta frw S, af smarmei-Hen o aveR <M faafa s
o foraT wHg @

27°C A9 W | dm’® SEAE TR § 8 UH ST 91 4 U SEEESSH o e
1 e <@ TR M2

TeIR o IR A foeenfud 91y & IR % i H ‘Uelie’ FEd €1 9 27°C W 10m HeamEm
TR H 1.66 bar W 100 kg Efaad v SQ, q Yale &I TN FHifs| (G H =TT
=1.2 gmm™ ¢ R = 0.083 bar dm’® mol ™)

31.1 C @1 1 bar ¥ W 8.8 UM CO, SR *R T I 1 UM Hifory)
R=0.083 bar L mol™

THM T W hHl T o 2.9 g TAHM 1 95°C AU 0.184 g SEETEEISH 1 17°C W I
THM 2| 9y foh TH 1 HeR S| 9 el

T bar <19 W TEEESSH qU SEAFHSH o 4201 § 20% TEEESSA (WK §) Wl Sl
2, Al SEEESSH W1 SR @ F e

pV2T2/n T & fau SI s&E F1 BhM?

ed o o o YR R TRy R =Ea Had a9 -273°C g 2

e SIESTRATES el WA o1 Shifdeh AT sHAg: 31.1°C TE -81.9°C €1 310 ¥ fohed ol
W AMveh ol & el 2

Fi-etaTed el %1 difdes iefehar i qHEEy
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