T W TR

STATES OF MATTER

ELE

TG Weheh oh 31T o oIS 3I—

FHUN F HeA AA-3T[EH @l qel
FEHE S H TR Gqad o SAER
™ HH Gohl;

e Tl o sFEe i et S

ardfaes Siteq 1 fafy= aftfeafat w

Bcs| Tl 1 STHIA Y Fehl;

s a-cic ) e ol o i croc

yfifeerfaal i = T T,

i dqen ga staeen § e =
Y

i atereen qen oy | a9 e 9,
T3V SRV o IR T 5
o U I TR HT Gkl

11084CHOS

fira & a@ae fRAuT gt af &1 M 4 ¥ &1 uid 9af 3 Xl
e e 3% ATy 3R UETSt g uv agd FAr @i wiler aar

T 3T BN

uf=ra
T T4 oF 1A H T 557 o U HU Y Haferd o SR RAfves
T, STE T2, oo STaT S, 3TfUeh STehR, gardr 31fE
&1 e TR TaEfte dFf o sifuser dfer oM, RS Ew
o ¥, %51 % T T PR R E s 3 e o e
TET § Ut pEl, wEEt W e o WHE 9 Fefud g €
IEnd— 59 1 fat u o10) T, ifug SR T St &1 el
T 1 U1 ST o AR o e 1 Bl © Tk 319] sh1 El| Wl 5t
o &Y W, Sl Teh 319 ©; B el | e SIS St 99 o &9 | T
e § S W @l 21 9%, Sl 9o o § ifeen o7 -
Bt €1 i 21 sTareensti § Wit i TEEE Heed H,0 § W €1 5 d
i A STeEst o TUTHH STl oF STI3T hi SHell a2l 3%k T H Tehd
B % TR W FeRk w1 § 9e o= aerel & faw st T 9

foredt wred o Al o SHeRt e stawen wRafdd @9
¥ itefda T B €, W TEEteh SAfafma i <X difden e
99 et 1 woR-melt R o Sfiehel R UM i THA $A
e o M 1 STETIH Bidl ¢ 37 St R i srawensti 6
i e slifies el o1 STHAT Uk TR o fore streeess g
T 0 ek H eH 507 W1 T A Wik stereenati, feria: a1 qen T
TN oF IR H AfYeh TGl a0 STfvas el ohi Yepfd, STifvaeh
AR S RN Y T T HH Sl o GHe i YR T GHEAT
EYTh €, Fifeh g7oh o= e & qred i erareen fuifa st 81
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5.1 3TdT-3TIUash oA

STAFITRATRTY U (RIS qo AU[eT) o Hed
SR R GiqerdoT Sl bl * STau-3Tverh o’ ed
21 39 I 1 qread < foradia S e o Hqed
agd 91 W 1 SH o 9 S {0 H ARt i e
T ®, e R

A ATMVeeh SRVl ! Se aietaed
(1837-1923) o THM § ‘aietarcd a1’ ed 2|
AieEed 3 ARy SHoRR W arkifash i o e
H 3 el o g HESE, e AR ¥W oW
FE H AWM FN| dietaed dell o A o
fafaqean eidt 21 sueh siaia oied =, fgya = qon
IR fgya o1 o 21 Uw a9 ged HR I
feya-foya e T erggior ov 21 hael %o
3107 &1 BTESIo sier fomior § 9T of Wehd 21 3T
T YR Wertl W T@T T §1 39 3 TR & an
Heq qd # w4 W 9@ g <l

Tl M 34 AT 92 Ie € TR uh e aen
& fgya & a1 o 9, 5 eem-faya o’
el Wl 8, ‘Sietered g’ Tl 2l e 'd fafae
YR o ety dcll 1 AT |

5.1.1 UShIUH olcT TN IS oct

T QA YA Y] SEd WA W 8l T
faya el & g €, it T el ey
Ay gAftd €9 ¥ faaid @1 €, Wy SSEE et
71 erupett ® oft fgya fafa w9 § 3= fman o
Fohdl €1 38 T WhR WHE S Gehdl €1 9 TR <
TTH] A 991 B TH-TR & g & (Fo 5.1 &)1
T B ThaT & TR I UH WA WA A drceifors
®O W AT B WU, oA STEw 319 Th IR
ity = W (o 5.1 @ q@en 1), @ S9eht qioms
Tg el € T A WA ® %o gHg & fau dweifirs
fgyd SO= © WM ¥ T8 STcumiah  defurn
foya o= T B, (St 39k ke €) & soee
e faefud w2 <1 21 gRomesy W) B |
R fey@ s & S 2

WA A 9o B % srerlt fgyd UHh-gEt i
TR hed B1 3 WehR o1 URA e sropeni o oft
I foha S Tehdl 81 TH YRR o STRYOT oA i
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Teelt aR S ifae fame fres ded 4y
foram sHt ®R 3 owemh fgya o = o SR
%! TS ot el Sl 81 59 ol &1 Tk 3 19
WehIUT ot 81 59 ThR o ol BHN SATERYUT &et Bl
& q1 S SAARRARN HN % HeA H U F B
oA o SFehANIl (31Uid 1/r°, ST r < O ok
77 3) e €1 F I S o 54 (~500 pm) TH
& Hewaqul B €| SeRT AT Ul i gea | F1eR
Tl 21 Wl Hl § YeRioA wor SUfed w@d 2

5.1.2 fgga-fgyga s

Rl fgya e st & 7 fgya-feya o
F # B1 fgya o f ‘ eiferen smeen’ W €1 3R
e 31eR e (5) W e feran sman @1 ¢ svifyren
A9’ T TRIE TORIE A (1.6 X 1019C) 9
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Y Bl 81 et 370] Fepeed! o0 @ == fehan
F@ 21 Fod 5.2 (%) TESNA FEe & fgyd ®
SO 1y faawor &t qen o 5.2 (@) I HCI
st o wed fgya-feya o= foean &1 wef¥@
H | T8 A feoman 31— Y g | oo
Bt €, ifer 3o sheret MY a9 € W o €
foya o T i Se ¥ A AHEV A I W &
Tel off swe feafd =t & we sTAafhar w1 el
yferd e1ueti o we g0 o SJohHIdl Bl 81 TEeR
yferd eropel (S— Sl W) o weA SRl i
Sell 1/1° o a1 Sf0rd ¢ffad STt o " 1/roh
FHET Bl €, 581 r ¢eta STupe o weA i gl B
el 370] e dall o6 g Ht = foRan Y wehd
<, foraeht afmfad gome = g @ fo ydta stopet &
el Ha-3Avaeh gl 9g S 2l

& o

i

) FAR T 3R 31feren
ST T

& & & &

(@)
ferT 5.2: () THYAT 379 HCL H Setaii=ah SeT 1 [’
(@) 3 HC 31937 & 77 f3Ya-T4a ST foher

5.1.3 fgga-ufi@ fgga ==

9 YRR o STHRUV 9d, Wil fgya W@He gdia
STU[eH den TR fgya el e STupst o "e
FTEE T T T f5ye TEaren o1 Sgd ST
310] o IR 1Y i fawd wieh fgya i &
A1 21 3H YHR = 0] § UG fgye S @1 S
21 7o feafa o off srertor 1/r6 a1 o EEAET Bl
8, STl r <1 S7upedi o wWem w1 g 81 URa fgya e,
ol fgga o fgya ol qen fompq 3= o1o] o
gferl T 99 e 81 Woheh 4 W B9 98 WG ok € TR
T AR ok V[ i ST & yfad fan sm g
21 I=4 YAviiad ST Sl hi THed § iy !
21 3 frafd o off yepivl welt 9o feee-9fa feya
== T (Interaction) & E’{[ﬁﬁ ERICEC)
e g 21

>
& &
TR faya sryfor &1
(T yfad 1)
> >
«» O
¥
ot fgya aﬁﬁﬁ%
(T yfad 1)
fera 5.3 Tt foya aer 9Rka faya st=n= fore
5.1.4 TISSI ATEET

T Theh 4 ° € 98 W@ goh ® (S @e 5.1 g9
T ®) fF e fgya-feya o= fean = us fawm
feorfa 21 egieT eey v S § e €,
#fd gelid N—H, O—H &1/ H—F 37&¢ 3ufeed 2l
2| Ty eEgieH SEeH N, O 91 F e & HifHd g
2, T C1 S W] i eEgisH ee § 9 oid 2
BESSM &Y &1 et 10 ¥ 100kJ mol ! o T
Bl 21 98 TH @i Ann W oS Bt @1 of:
Aferehat TRl (SSTETOM— WA qen ferereh 31T)
T G q1 N ok FTURer | TRgeH oTeY UHh
HeIqul 5ic1 &1 Teh 279 o fagaskolt TRam] qerm g
3T0] o HH- 3T BTEEISH URHTY] o He SAThH YU a¢]
SN BESISH STaY 1 wmed i gt 81 7= fean
T fost BTESiS e o FTHior 1 R i B

3+ o— &+ o-—
H-F---H-F

- anfveaes a1, Ter! saren s 1 T 2,
RV I TId Bl IS ok HEF TH-TW o Ufd
iR o B 81 59 & T TH-GW F Hoh §
3 €, q ST Ut o seeRR 319 (Cloud) o LA
qen ST TupeA ok ARl oF T WfaeRdur o et
?1 < g e % meg 1 gl S ¥ wlaw
1 TR 9 ST ¢ A RO 2 fF 59 0 3
Tiifed weT e €1 3 feafeal # oy gdf + &
TH-TW & e Fueh ¥ e 21 ora: A qH: gl
%1 foliyl wLd €| sy giaeyu o e o
gfg et 2l
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5.2 S Sl

ek Ugred o 3T0] A WRATIRA T T o HROT HEHE
Foll Scq= eIt B1 8 g1l ok 19 o GH Bl 2l
T o ROl hi SHA TIiST il o1 HIT B o R0
g HUIl o T o foIu STEE et 81wl % 3
T 1 S T wEd 2
5.3 STAT-ATUAh o SATH o

== Teram
&0 WA & o sfau-enfuas ot srope i qe-
@Al B, WY S St Ui - 9 g
21 %A i i e S & SR SNfvaen well
T FHT ol o HEA e w1 IR0 2

i I Tsha =g gaa g i sTawen
T, 519 T A9 HH Hich Soll A 9 I ST, T T
] y-TY e frofg o 7 e © qen o e
T €| TG 1 heet Hited g1 sfad @ famen S
THA T, T T A TH-TW F FAd Fwe on
WA & A S U o ATYhad B Sl ¢, auiy
IfE A9 Y Heh STUST 1 SEHEI el H T AT
2, 99 T4 & @M 9 sfaq fRar 1 gk 71 T
1o @t ST B SeiE e qen enfoas
3= TR &t qagwforat i 39 o g0 gwiien
kel &—

W—» 58— I

-3 T fohal BT qEgfera

< THe—— %9 «——3I9
S H w1 gEA A

T hl A SATLNA o A h HRUN h
&0 g W € THg goh ¢ 379 e T 91 59 e
3N 5o 1 T SFereenat s At e 2 i
IR ¥ TeT| 3 STITT T 1EATH BY HeN X1 H
Eauf
5.4 THT 3TaEAT
I 5 k1 IO ST T TH 39 YUl Skt
o 919 o He@rR ¥ g Td €, S 1 b1 fagor g
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2| BW OHSA 1 HeW el WA AR, S
T ot o gRI gedlt o oeft @l €, o Sfe sl
Fd &1 IHEA Hi TE Taell TWa gHR S o forg
Tew@Ul ¥ 9% WA gEN wfeRe fafEwn o e
HA B THA  STESTeISH, TSRS, Hred
SRS, STadrd fg Sufterd it )

319 TH 31T A Ui % ST FaeR W higd
FH, S A9 TS <@ w1 GEe aRiefad | e
e § Bl 81 W gifeefad o aed wwoft o
Fad 11 ae 6 sraeen § @ ¢ (Fo 5.4)1

-
S 1§ 15|16 [ 17 | 18

H He

N | O| F | Ne

Cl | Ar

Kr

Xe

Rn
fora 5.4 16 s1Eee O ®d 7@RE a9

e sreren o frefataa difdes o grr =ita
o S Hehal B
o T sy Eited e €l
o T ueft fewnedi § W T Ufa et €
o 3Gl qen gdi w1 o # TG &1 T ST
*4 Bl 2
o TG W A qen ST e Bt 21 A
IS T SR 9 S AT At 2
o T Tl Fife wema & fo g e
o gof fafya et 2
6l 1 Wl 39 qeF 9 uReted e §
Tk AU o HE SHUT & UG B ¢ Tk
T gRI @i T €1 A e i o A i o
e e H S E TH FD O (8- T@,
ARG, T 9 SAHM) 9gd HewIqul &, itk 57
= o HeA Gael g1 N9 1 STl 1 A KL 2
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T W o HeA Siadey T el s s wd g
A @ o &n 19 o fmi o 9y o w@ie
5.5 Trg <k Tam

T o fem, SR stemaR o'W i, T ok
iferer oIl W T TraTfesal deh oy T vt ok afomm
1 71 o 5 il W g faveree " wrell- SEien
SR sitgel 5 T 1662 W fehan o1 a1 Torem, forgent
o Swei feman, ‘sitaet w1 fem’ e §1 91g |
TRH 9 o TR 57 a1g H 31 o T A 3
i 1 @ioH o fau SR aed 9o -
URd feraml STERTS e e SRl 4 o T
e o R | 3 g |

5.5.1 et okt =W (STe-3Tmaas d@aer)
3T FEA ok SR W Ja siaet 39 et W wge
for ““feem a0 W | i Tfyera wo (et Wt
T HEAT) T IMA I A o FTHATTUTA
BT 81" 30 ‘Sige 1 fEm’ wed €)1 i w9 9
T4 TH YR foran S Tk -

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= dr9f W T 99 & FaT V a9l p
& g7 g%

e fagm

T (p) M —>

v

I (1/V) —»

faT 5.5 (a)ﬁyakwaw%a%www

Tel k, THAIfae feere 81 feris k, 1 7
TG T W, TG ok AT9 91 3 A, SR 5N p
N VoI o W €, W e R 21wl 5.2
&1 Yedafted &1 W ed U € R
pV=Kk, (5.3)
i ‘feer 99 W g w1 FAfy=a 7 %1 e den
e 1 OAEA feer g 71 afg T &t ffvea 7
1 FEeR 19 T W <&l p, qM G V| H THifid fepan
Sl 8 (S 3T v, 7o < P, &1 5, 1 s
o |’ o STER

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

o 5.5 # afaa o 199 ! I TRR o AHE eI
SN TS fepan e 21 fomt 5.5 (1) fafve @i w
THRTOT (5.3) T TF 21 k, BT AH Foh T h
fore geres-gerep , sifen el T ok faw 1o soqmm
& AU 78 Shael a9 & Wy wfEfdd a8 g
% (Graph) f a9 9 Hefuq 21 38 wwardt ek
(feeR 19 9% ) B4 21 3=4 9% I=q a9 G Hared
B €1 98 &9 1 Irg 9 ¢ T AfE 19 %1 S anen
fohan STt 8, A1 719 <1 ST ST @1 S @1 9Rol
5.1, 300 K ® 0.09 HieI CO, & 3f&aH W &€ o
TS I S 2
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|RUt 5.1 300 K W 0.09 Wiet CO, o 3M&aT WX e &l U

T/ I/ /vy)/ pv/
10* Pa 103 m3 m3 102 Pa m3
2.0 112.0 8.90 22.40
2 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
fost 5.5 () pdM 1/VH TeF AE hl o
p,= 0.2 bar t,

3 21 I8 g fag 9 Tt g8 Wl W1 21 3= <
T e o oM 9 foreer guid 81w uitferfaa
o e o el Y@ W T2 B 2

T &9 § S % YA 98 g w9 ©
fo T srcafeer Tdifed it €, it e s 79 ok
fEU T gequ i wdifed feman Sl ®, 99 SHeh 39
W T A | SHRT arcqd 98 ¢ o 5= < W
feren oM Bl St @1 S19el o 9 BT STE
T T o TrE 91 Tdel oF Hed Ueh Heldl e gl 2|
JRET & STIER ¥Md d, 3T¥a VAl §98H m o

g d=%%lﬂ&%ﬂaﬁaa€ﬁmém

53 W § AFad &1 9F 39 e 4 W, g9 I8 Gy
oI B B—

L (m)
“k,JP
e YT wean © T feem a0 w i o fafvea
ST 1 @ S oh FHMEA Bl 2

ST 5.1

o oft 21, T TR | SR o a9 W TR
T ol St 21 A€ < 0.2 bar I Afw
T f&1 S €, @ I8 TSN Fe S 2 A 1
bar €@ W T 2.27 L 30 St €, 1 e
AT qo ToaR 1 e S Hehal &2

T

aa & EER p, V,=p, V,
I p, =1 bar @, V, =2.27 L,

v _PVi _lbar 227L
v p, 0.2 bar
<[feh eI 0.2 bar <€ T F ST €, FEAY
34 (R &) 1135 L ¥ dk Farn ST

Tehell B

=11.35L

5.5.2 STed kT 19| (ATT-3TTIaT daler )

&R Thleh 1 S—1d oM oh U <o qen
o 4 Tl W fafa= wEm fr) SR ergdeE
Tia € foF feer 3@ W fafveq gemm ot i @
A A9 9@ W S@dl 91 d19 % HT T T B
I=H T am w1 v feilt § gfg @ dw
faf=a A o oTEAe | 3WeR 0° C A9 o e |
%émaﬁq@%ﬁ%m:aﬁowwﬁcm
ferslt 19 &1 ST wET: V, qe1 Vv, @, @
t

V. =V, + 1%
t ©  9273.15 °
=V, = V0[1+ j
273.15
273.15+t
v =V [—]
¢~ YolT97315 (5.6)

zg feafqd § g9 A9 o U ¢ HUHYT Fi 39 THR
fuif % & fF T 79y | toc # T, = 273.15
+t T 0°C &I T, =273.15 5N faa T €1 59 7@
M9 HIGHH i Shicad g WIUehA 7Ud] WH ard
(Absolute Temperature) AIAhH wed %I
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37d: WicHad ATIeRH W 0°C; THATT HITHH T
273.15 K o S g1l 21 &4 <7 A 929 I8 @ T
IR A7 WUk ® a17 @ fered wwa feu o fog
T WA T2 T S 1 hfeed AUy +1 arg
T SR ATTehA f hEd 8| SHeRT AT Jeish
At ®1E | feean S R

o1d: Ofews ™ OTUshy 9 shfead HAMIHH 9w i
o fou gm 273 (Ifus afys €9 9 273.15) W1 3d
g1 afs TfieRw 5.6 § §0 T, =273.15 + t 9 T, =
273.15 ford, @ frefafea dee 9 g 2—

A
VO TO (5.7)
3T Teh U HHIHOT 36 YhR foran s %—
V2 — TZ
v, T (5.8)
AR
T T
v .
- feE =k, (5.9
3 V=k, T (5.10)

B p<p< )

=

_— -

AFEH —>

A -
,,,,,,

__fé—273 151 T T T

-300 -200 -100 0 100

v

farT 5.6 3797 TF a9 (°C) & T IRG

e fagm

feeRioh Kk, 1 WM 9 I A6, T9 & 9 0
a8 g (TSed oo v oo foven e 2) ©
Fruifa fran S 2

Tl (5.10) =1ed o 99 &1 e €9
2, S = w @ fF Rem @ W U W @
Tafyora Ao o1 2TTIas SHoR URH |19 % WHIITr
BT 21 =1ed A e T fRu T qe WA (e
) N S o WeA Ut Wl 3@l § el Bl 3R g
I T deM W Uk @l d 318 o —273.15 °C
W 3id: Ge S 8l ol S W @it w6 e fae
WIS B §, Ry Y AFH R Fedeh 1@l - 318 |
-273.15 °C W fherdt & (o1 5.6) 1

T qT TG o Hed UTH i Godeh 1@ hi
HHSTE @1 Fed 21 afg et 5.6 | t o A
~273.15 °C R o &Y, A1 =1 oh Y&T0l hl e
fohan ST TR 21 W 3@ € fR fRE T o1 st
-273.15 °C R Y[ € Sl B1 31 a9l TE ® R
T 1 fede & T@ar 81 ardd o 39 A W Ige
T 7d & v 19 o 8 S §1 9% <AaH Hieutis
AT, fSRamR T ¥ 3T =Refl 7, i U 9T (Ab-
solute Zero) & 2| §gd hH T TA I=d dd W
oIk T ‘sigel o e’ T e il 2l

3qTEYUT 5.2
YeId FEEFR H TH WRN Jdd "I dmd
23.4°C T TH &R i 2L a1F 9 90 T 5
weTet &% WeTErR, WET a1 26.1°C W UE €,
o qgEm, 79 T[eaR 1 STEGH F B ?
&'A
V,=2L T,=26.1+273
=(23.4+273)K = 299.1K
=296.4 K

e o HIHHER

v\ Vv, VT,
=V, =12
Tl T2 Tl

2Lx299.1K

= =2Lx1.009=2.018 L
296.4K
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5.5.3 {-oaer Tem (STe-ama Geie)
Terferd el o A | e 9 WEE Wl €, W
T o fe i W U srcfies W Wl @1 A g b
3T=E! TRE WHTtId el foRan ST, df SRR e S|
el o el o 29 U € o are o TRR W e i
FH B Sl g1 99 T <[« o HeF AT Tae H
S 1o § e e, T o fram
FE W 1 3 SAR- “feer atmaem W e
fafyora o arelt T w1 I SR AT ok
[T gar g1’ e ®9 6

\4 .

—=feri®=Xk,

T

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

0 100 200 300 400
a9 (K) ——>

ferg 5.7 : T 919 & 39 a9 a9 (K) & 97 SRE
(T~ 3RE)

39 G i atae o 99 a1 =ed o g g)
off frefi feran ST ehar 21 feer Aier 21T W TE
qen A (Shfeem) o A& 3@ & o 5.7 § <90
T B SHRT Yeh 1@l i FHEGA HEd B

5.5.4 STMEARTEr &89 ( 3TTHAT-HET HaeT )

T 1811 H Tl o dAwIfTeh STANTSI H TTeed
v fagia qen fi-oie Wgw oTEed fagid o
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e ferd 9 us IRehea &, o emanmst fam!
o &9 S ST 81 THoh STUR— A1 A9T ST ot
T gitfgfaal § T9E sEaHarer E H 'ue
HE&T U 3707 B1d 2| 58T a9 9% © fon o g ud
T feor @ 2, df T H1 e SHeh St &
& T AT 3 ) § 19 1 A0 W AR e 2
ot w9 o en fom wehd B

Von (& n 19 % Al &1 9@ 2)

V=Kn (5.11)

T Al T W st W WEN 6.023x10%°
freifta =t 7 7, for ‘ smais) feewisn’ wed €1 98
€l we §, St oaret T | § Hiel i aier
o Hed 4 g w1 2

<Jfeh 9 R STFAH Al w1 @A S qEI
Bl ®, 31d: e 19 o1 T Aiel, e ard To <«
(STP)*, Tt ard 273.15 K @ 1 bar (10°
Pascal) Bl 8, SO 3Fd W@dl 81 STP W gt
T 1 HieR A 22.7 Lmol™ Bl €1 o T8l
Hie) 3T GRoft 5.2 | feon e e

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

A 2237
e SEATFAES 22.54
SRR LIS E] 22.69
TSI 22.69
TRERGSH 22.72
et T 22.71

T 119 o Hidll 1 §&A1 F1 AT 39 YHR
S FRd B

m
n=—

M (5.12)
&l m= A9 o SNF NH T AN ql
TR’ 399M ©, o:

V:k4% (5.13)

* STP-YRY H STP ! GRS 0° H. M 1 Bar W il T8 URWMW oF TR STP W 3T T4 &1 HleR TFaT 22.4138

Litre mol™! &l 21

UHer UREY a10 Ta e (SATP) 1 uifefadl Fo o=t @l W o et 8, s STP uRftefml @ aregd 298.15 K
el 1 Bar (10° Pascal) 1 &d:, STP (1 &R @@ 298.15 K) W M€Y H9 &1 Hiol &dH 24.789 Litre mol™! &l 21
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FHIRIUT 5.13 I 39 YHR YAGATTA fman S Fehar
ra

M:k4$:k4d (5.14)

Tl d T 1 S 1 HHRTT 5.14 W g e
feperd € o fordll 19 1 S STk HieR SeA9H
1 G i 2l

T W, S dFd & Ew, e o fem g
eIl o o w1 gola: qrem et €, et |
FHEA 1 I8 T et g1 TEn q S #
ey T % Ul % Hed Wod HaU-STUE &
Sufted & B € arafas T hdd g favim
gfferfeai &, Sa ST oIe1 Wit €9 9 0T g
€, g Tl o1 oo et 21 o el uffeerfet |
€ ey EEr 4 fa=er eid 2

5.6 TSt W HHHIOT

A Frreml, frent 1o B9 o1a dh T ek §, I
Teh THISYU1 o gRT SISl ST Hehdl 21 39 1S9 4
HHRTOT Ed B

feoR T @9 n W V=L Stae 1 frag
p

R p @M n W Vo T a9 &1 190
R p @M TR Ve n SAEME &1 29

ad: Vel

o (5.15)
T
V=Rn? (5.16)
R U& gugfas feeris €1 GHiehor 5.16 i
HAfS=TEd 3 W ed U € R

pV=nRT (5.17)

_pV
R=— (5.18)

R &1 ‘T fodie’ ed €1 g 9t 7@ & forg
Y B 21 oAd: 36 grdfyes | Fraaiw off wwd
21 HieRTor 5.17 i omEyt M WHEROT wEd 2
GHfieRTor 5.18 <@t € foF R &1 A 39 goEdl W
el o 8, S p, v @& T 1 |9 ST 21 A
Giiertor | o9 SR A e, A <N i UMl i S
Hehdl ¢ 39 THIHO § B9 Ed © foh TR a

e fagm

<@ T R 19 o n Hid 99 ST W@ §, Fih
nRT

V=7 el n, R, T 4 p TR 81 <a fendlt 71 =t

RN ey STEER oh GHH Bl ©, a1 I8 HHIHu
et off 9 R ] & "l 21 STP uRfeufaar o
(273.15 K @1 1 bar ¥) TH A < 79
ST 22.7 Litre mol-! BT €1 37 ufRfeurfat & w
Tiel et 19 o R o WM %1 TUMT 39 YR 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’ (Ff& 1Nm = 1J)

=8.314 x 102 bar L K! mol!

=8.314 J K''mol!

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

2l

et 9 g w1 ey 39 9] =0 9 @
fdl T 1 Sferen H1 AN wal &l Id: 39
JTTEAT HHIRIOT ot hed &

379 SEY T qHeRor W g foem Y 7 =)
o wHerrer IRede o faw @1 afg feredt fafvea wmn
et T HT AW T, A V, A& p W,V
q p, T UREfd e €, @ &9 fora weRd € R

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

G 5.19 T ST THHT ¢ IS ST
Do H 9 U™ W % HE A 8, O ST =) T
TOAT T (5.19) BRI T ST Hehell B TH HHIHLT
w1 Bge T\ Fem wed

I 5.3

25°C T 760 mm (Hg) I@ T TF T 600 mL
AFAT B @1 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.
Fop e e % ER p;—f—”;;

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

(640mL)x (298K)

= p,=676.6 mm (Hg)

5.6.1 THS uaTel Rt 99 TS HieW
THT
AT T8 HHRTO T YA T W EH U © 6

(5.21)

HHRTT (5.21) 1 YAHGREIT HH W EH Th
19 & HieR SeIHME 1 TUET i o foe fefafed
oY U W § —
dRT

M ="

D (5.22)

5.6.2 STced ohl VTR STd okl AW

39 a9 &1 S Sieed 7 91 1801 H fauifea fwam|
THoh STIHR 1= Teram @ fadi= frt o fasror =t
Fel ST6 Yok T o 3TIT¥TeR aTel oF N1 o SRTeR
BT &1 1fq 9% @ w9 39 TG Ha Hm quH
gRfeefaai ®, T9M STIGH aTel U | gerh-Jereh §g
fohan ST 2, YO 9 gR Io R T I@ 6
3nifoTeR T Fed ©1 T w9 6

145

Pyo = Py *P,*D* (feR T, VW) (5.23)

Sl p,. T % fagwn %1 el < & @ p,. p,,
W%Wm%

Gl 1 HHRIG: S % S TR R S 2
3q: A 1 B &) Aige T, fed oy o e
2, % IR | ¥ SelaoaeE Y2 R ISk 79 o g
T UM T S GRdl B AT g S e
T H AT a9E’ wed 8| fafem a" W S &
AT aE ARl 5.3 § fean e 2
— el 9|

P 1 = P (5.24)

|rul 5.3 fafis 9 ok ST Rt Seltd a1 (aea-2e )

qra/dm
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

WS 249 & &Y § 2ATITeR T a9 T T
AVA: DI o e | e B A £ S e o | R ol = =

D, P,, 91 p, % @l T % ar
_nRT

b= v (5.25)
_ IR 5.26
Do v (5.26)
_ ngRT 5 97
P3 = v (5.27)

Sl n, n, 91 n, & 6 & Hiell w1 gen §
Py = DT P* Dy
RT _ RT . RT

=N — 4Ny — + Ny —
1V 2 SV

RT
=(n+n,+n) — (5.28)

\%
plaﬁpﬁﬁﬂmﬁ?{%’qﬁgﬁﬁ—

D _( n, JRTV

Prota ntn,+ng ) RTV

_ n ny

n+n,+tn; n

Glgln n+n+n

X, B N T 1
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SHAd: Py =X Doy

Tl WK 311 1 i ok fory &w fore weRd B

Py =%, Pgy T4 P3 = X, P

37d: Ueh W HIHO il 39 YR foran s
Tehell &

P;= X Ppy (5.29)

W&l p, A x, i 9 % HAA: AH T SN
At @91 &1 Az G o fasor 1 Fo g@ 7@ e,
THIRTT 5.29 o R e T8 U Seqo AR el i
Ja fohan S Hemen 21

ISR 5.4
T Aret-erstiode fago o 70.6 ™
STEATSRAISH q 167.5 UM et €, 9 i ok
a9 1 o @ 25 bar B, @ g0 F Heti
oIl SIS 1 TR & - B2
&

SRS & w5 gen = 008
32 gmol™!
=2.21 mol
Feitt % Het # wen = L0798
20gmol ™’
= 8.375 mol
R R L L
ST 2.21+8.375
_221 _
10.585
8.29
=222 _0.79
AT o5 A T o

37 ®9 § 31 ol Hied 39 =1-0.21=0.79
T T SARE 9 = WA A x FA I
AT 1 ARSI

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

BRI INEC

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

e fagm

5.7 Tfast St TS 37Uk fA

T o 310 R Tfa e Ted €)1 i wed Tw
g IH | SR U HI ARl o WY TH &
THeh HROT AU i A AR Foil qREfdd it
@dl B gEfey ferelt off emor |sft syopeti @ wfa
3R Foll Tk FHH &l eI 3T: 7W STUEH ki
nﬁmwmmﬁaﬁaﬂméwﬁ
H‘@ﬁnﬂﬁﬁﬁﬁﬁﬁmu ....... u,
e @ eTpe W SiEd T, u anwﬁwqﬁﬁr

qhR 9§ foRan ST Sl Bl

Fgdd iR diegsaE 3 wi¥| fra
T w1 STEdfaeh foreor 9 o SMfUeeh FeuHM
FAR a9 X R e 21 Hewee 3 e o fawi
T I STUST h @ T hE 6 AT Th
T3 61 Gor foran- fem-5.8 # < fa=t i T,
SR T, R S # Hemn iR enfvew A %
T UM% I T B WE H fg@e wu it o5
foaeor =1 Wi 1 Hegee-aleesHE  ferawon
FEd &

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

(0, 0) e

fere 5.8 Tl 1 HeFgde-diceTaE faaRor
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W W T4l =t © for aga efush iR wgd
T T ST S H GEN ¥gd HH el 2l
mE H I fag g M W[ w7 oS
Afepar el # e ?1 zw wfa w el
Hare M, U Fed €1 AR Y siea T
o wgd e B &1 @19 SgH @ eifd gurex T
93 St 81 SHeh STfaRferd S=a 19 WX T feraon
o5 gl B Sl €1 a5 w1 Hel B fe@nn @
o sifeer Tifq & TIfae STupstl st W ag it
21 T o1 feorawor st o e Wt faeR
HT T FHM q W AfUE FoAHE arel v
#1 Tfd eeeh AU w1 qor W i B 2
IS, THA 919 W ok "SS9 i
FARA 0 | o T w21 erd: fepet off
L L | e el | e Tl b s e W e )
T A o SRl © At Bl €1 S
AR TS o U Wi Al o o @i
fea-5.9 # 3f@u gafu fedr off a9 eToget
1 froft 7fq ofafda et wdt @ w= it
faaeor =t war 2l

4
@ u,, FAA o fag
# u,, T % fo
"
§
fvaes Mad —

fer 5.9 300K @9 W FaRiT 3R el & STusi
@1 Tl @ AR

Y S © T fordl o1 &1 Tifast st ol
frrefafiead st g fean s 8-

147

Trf%m"‘m_\rﬁ:%mur"
TfeT afe =a 19 & Hu w1 et Y o

T W SGd T S, %muz,waﬁ
Al B el et & el % e o oA,

W2 P SETIRAl Bl 39 YRR 9 W
fopan ST 2

J— 2 2 2
e Wt u

n

Tt o ot w1 eiEd W o erupe i stEa
T STt T Hrem W9 g @1 A gw i o
o1l o a1 gl of df eH Tfa w1 S
T WIS i € 98 i wHed T IR s i
Y =1 g1 21 39 Tfq 1 9 we gt S (Root
mean square speed) Fed € 3R @ Frefafea
v g & S g

a2
urms_ u

ot Are g o, AiEa A SR eifd Haren
Tfa o frefafad gau g e-

u_>u. >u
rms av mp

A et o e e e 2

uocuocu 1:1.128:1.224

mp

5.8 AT =kt TUTiaeR fagia

T8l s 3k framl (afaet fam, =red fram enfx)
1 e foman St a=fent g0 U U wreEfiTes et
o1 TET her B1 S e faferi st WenT e
W WEH U € foh 1E e fafv= aftfearfaa o
Y RN HIA €| ST YT qea Tefyd 8 S €,
9 ISH I8 S o Y SF wd ¢ fR Frem
TH YR 1 FGER i Hial 22 seeonyd — g
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o 5 ® fof 9 <1 sieren S ®, 9« T gifeqd
et B, Wg B9 98 off W =R R W T wdifea
1 Sl €, T ok 3AfUaeh &R 9 o1 Bl 82 39
Yo % W <A o fau uw fagia sAEn wem aw
fagid sAR STaclwl i =S WE e | Th

e fagm

fafma = g 7, srefq fafere o) #1 wef ®
URed Bl Wehdl ®, W el Sl R & @t 81 T
AfipEld 39 qea W eneia € o 7 o1 T vitder
I S T B €1 AfE T o6 Squpe w1 Tifd T W,
@ T THA B S, S A Yeor o fauda @

Higel 1 1wl ¢ o8 fHgTd, S TE o HeER
1 TR0 1, T BT ST T’ e
21 I8 THvETy qen afifvaes fagid 1 YER B

il 2 ST P A wE AfER e
T B A AR 39 0] e WHIE ¥ Fafid €,
fSent 2@ & S Hewan €1 ord: 4 fagia | ok
geaaell gfaey 21 el o epfa fagia W enenfa
TOMME Qe STHM 3ok JrfiTeh YeTonl oh 3T&Y i ©
T T AISH o HYG Y H LG W © —

| eAferen e § qHEY O (RAT] A7 37])
Y TRt it Bt B1 3 U1 S BRI qe g
TR e T FF -0t &1 Fal AT T T
o o M &) qor § T g #1 T AR
i w1 S GEHAl i oFe Ll B

GE A9 TE <6 W -0 o HEd hig
RN ST T il B 39 AR 1 MUR 7 €
o 19 gafid g S fofy Suetsy T &1 gufa:
B ol © 991 W 9 U < W geighd 7el
B 21

9 o U AR Tiden STEeq § wd g 9
3 07 Teer ereeen | g, a1 9 T fAfvea snefd
TR I dl, T e Uferd e et )

T o %01 Y Hud fgen o dieh Y o e
F @A 21 AT T o A A aE | 3t U
&1 IR ¥ THUd @d 21 T8 o g Sead S, UT hi
farl W T % Ui gR T U erl w1 aftomm
g 1

T o AU o HeA WeE YUl WedreY Bt B
Tk AT e € T Geree o g e uve STuEh w5t
Fofl g Tt B Heee H St oF Hed Sell b

gfdehel BT

foreit ot wo T ok fafe ol o1 an fim-f
Bl €| Horaey fafie Tfas $¢ Bt B1 98 qe
& 3k o H uftad @ s 21 At geft srope ok
S A A E, @ weE % e
TSl GHS Bl Sl &1 TR SHeh A fae-fare
g S B F8 o7 OAR uRefdd g Edl 21 3ok
TrerR A= a9 R ol T fIawer gu =4 e 7

Ifg weh 310) § fafem am g €, @ STkt fafi
Tfast Soitq BT UE uRfefaa o g9 vt el
TS ol w1 ST T Hehd &1 SO T W W
AT T © T T8 o Sruetl T Sfd TIfeSt Sl SHoh
A 19 o GEEU S ?1 TE <@ T 2 fw
IEH W T 1 FHR B € U A% e fer wn
ST, d < d5d € (Aol 9o Nl 1 ) | T
1 T fRT STH W RN HT TS Sl 5g Sl €,
588 3 1= A PR W Afe dS ¥ TR FW 2
Herd: ek 9 S BT ¢

T 1 STopfa fagia Ysifas €9 W -1
% W Wele qe i o e (e serr w1
el o Y ek &) ol fauifed e 2

5.9 eyl =HasrR ¥ o=

i w1 Sgifaes gfaey gl i o 1 2l
FfTE T I B §, & BH I A T T
# € fh pV= nRT &1 Ga¥ e qoh T4 o dqr9-
-3 o HeA Ha¥ o1 ST Tadl 81 59 929
Tl T o T &9 T4 % pV Wi p oh foeg 3@
e €1 dfFer & Framgar, fer " W py fer
B W6 G pV 3R p o HeA @ o Weft @
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(STt 218 o WHMIR ©) 9 B =tew) (fas1 5.10,)
273 K W fafee i o arfass stferel W anenia
T YR o IR@ I < 2

pvV —
T
o

0 , —
e 5,10 39l 9 e e 9 @ 7T pv a9l p &
e IRG

TE AT W @ S Gehal ® foh fEeR a9 W
arEdfaess M6 @ AU pv @€l p o Hed @ H
et T g e Bl 21 e eyl e er ¥ e
forarer fe@re 2 @ a1 91 YR o o 4@ °d 2
39 9% H T[EeEen adl gifaed o fau @ seH
W pV 1 TH i IGd ST 81 e WASHES qe
T o foTu fgdts TehR o1 ok Tield 21 39 YR o
Ik § YRS H 3TEY eer W Honces fage fieran

149

St 19

| b

4

AFH —>

ferg 5,11 375 9 qe ardta® 9 & o7q /-3
& T SRG

T <@ T TR arsdfoes 1 gl gftfeefaar o
atgd, Fred qel SAErsl o | w1 qul ued e
Hedl T 3T I I SR T
@) T ey HeEr o foder w6 < 22
() o @i o gRfeafai €, s T ®i oTesia 9

ferafera st €2

Ifg g9 i o S7u[-Tfa fagia &1 sfemon w
AR &, @ 9 31 el b1 S e STl g9 U
& foF erop-mifa fagia &t <1 Ferand we T 719§
() T o 3YULEH o HEA i SAHYU-Te TEI Bl
(@) T ok UL T S TH gRI BN T AT h

21 I 9gH W IRT § pV T AH F eHh, AdH
TR doh gl 7, TR o € @I 3neel 7 ki Y@ i
N h{eh TR SR Toreer Siiar 21 31d: Hferd g
¢ oF areafess 14 stger frm, =ed fram qen stemeE)
o 1 qol: oo |l feofaat o & =t )

e CE-AEA SRE Wiw S ¢, a9 ey
EER § faeier Sl 81 Sl €| srdfers T o
foTT S-S 3T ok qrEifiTeR stiehe qen eieel
& foau afFe & faugar dgifes 9 &1 e
ot B =few fas 5.1 § T e fem 21 3=
T T AT ST IR S § ik 2§,
S T <@ W HIftd qe IRehfoad ST Teh-38
o T B €

g | Sgd 9 Bl 2

AR (%) ket da TEl €, 5 719 et oFf
gellehd A @1, oifeh 89 SMd € foh 381 s W a
Hdifed 1 W T i geliepd foman <1 Fehar € ao
%d o S i Hdifed e wisd gl €, e
TiRET oI T T B § R gem emee H ropei
o e 1 foiy i 21 A Al (@) wEl
2, A -3 e H et 19 % qEfis
affehe qe sigel o o W e Hsifaen afeher
- % HOE e e

ArEereh T STyl e § foree ety <uid
g, iR o70] eaE W = fRe e B e
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T AUST I UE-UE A T YA H 2, Seih
JIThREUT 9 AU Hl Th-TR d T HH &1 T
Fd T =9 @ W TG ok 9] qui giaend oF @re
o T R W T T €, Fifen v Rl
I o HRU o W &1 SR I ST & WY
AR T Hegd F 21 I8 79 o ST gR qA
1 SR W S <6 1 JAIfEd Hel 21 3 Sdferh
T o BN S q@ S TH o 9 Y FH Fe T

pm&f:paﬂaﬁm’LC\l;
yfed <@, Helfea o]
Tl a T Teegs 2
7q feufa o wfqedu o off wefe & S 2
Hicrertor =t ferard e ann § Bl € 9 S 3]
Tsh-GE o T Heh § B €, 79 3 Tiefeh &l Sl
21 e feufd 3= <@ W 3= Bl g1 yfasuu aa
3TUaT b1 e, Wy AT A Hi Aifd FTER HH oh
fau aftd wxd €1 Sropet o g S T etHdA o
el B S €, Hifer 3] v oerEad | fowror &
WM W (V- nb) 3T d fo=ror & & fag
Hidiferd 81 W €, Sl nb T o AUpE g R MY
Ao S o S SeR 81 b Teh feeish 2l
TE STEAT oh T WIMEA Hl AW H W gL BA
G 5.17 1 39 YR forg Hehd —

(5.30)

2

[p+ a‘? ](V— nb) =nRT (5.31)

GHIRTT 5.31 hl ‘AT THERT FEd €l n
9 o Hicll i H&A €| a qU b Fisted el €,
SepT 7 19 o6 =i o W R e 21 a @
T T o T[T | - 3TU[h SThYUl Sel 1 AT
?, S 9w ge W i T 2

% @9 T A - 5l el & W ¥,
Fifer 0] wH S ¥ T wW S, e A &)
Th-TR H MHY o T 59 Bl 2| ardfersk 19 7a
eyl SR YRR il €, S S-S0 ue
T &Y W UG Bl ) St T e ot erest
HIER YR w8, 5 @ GA & S

e fagm

3 AR ¥ fo=e™ 1 Hiiegdd #Re Z 5/
AN S Hehdl €, S p, V @A nRT o UM%
I B B1 g w9 W

pV

nRT

el el o forw z = 1 e B, it @t a

Td € W pV = nRT 81 €1 Z T p & HeA 3IR@
e W el W 9 St |, S Qe 2787 o gHEial
gt Bl (Fst 5.12)1 3 i § Z 1 7E s W

(5.32)

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

ferT 5.12 %o 4 & GoIgId FRE ° IRTAT

foafera &1 < 8, S smeyie @ famem <l €
e < W e |l | o Ty Z ~ 1 'l 2
9 oTeel T F ifd FeR I ¥, W =9 @ W
Tl 7 o faw z > 1 2 81 St 3 Hiifed e
FfeT g1 B HeAedl g9 W Z < 1 B ) 3 WS
T R ¥R TR ST Sgd 3ifieh o, A aretadh
Tt ferfar & STUTei ST AT TS WA S FWRAT
213 sl § — e <19 ogd e et @, a1 6
SRR Afeh ey 81 Sl €1 fohe < aeh T aree
femil 1 qreH Sl 7@ e w1 wRfa g aM w
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el s 21 9%, fSEw g arsfas @ v
<@ H AR W Sy T A HeER w €,
gt a1 1 drae fog e g1 Tk 19 H S
fag @ =) wpfa W R w5 21 9faa fag 9@ o
ArEdfaeh 119 Sl ¥ eTeHes oo Seidt € e Z
1 HH Teh W AT el 1 ST0SH o WA SThu ol
Tgd &l B 21 a9 fog @ e 3@ W W
ArEdteh TG w1 Z 1 7 R H ¥ Bl € a1 I
T dGH W Z 1 HE AR §&dl el Sl €l
ST A ¥ I T el € o $=a g qen f=
Td W ArEdfesh 19 1Ryl wraer guiid 81 fafs i
o foru 3 wftfeerfaal fam-fom e €

Ifs g0 frfafed o= &1 @, @ Z & Hed
o g 3 stfees SR 9T Bl 2

— pVaTﬁfaa
nRT

e 9 a7eyl Sqaer <3, &t
v =nRT
@t p

n§T$s¥rmﬁwﬂws.33 T W Weq

a © R
7 — _ e

(5.34)
VC‘}TI?{‘\’f

THIHI 5.34 W T T R Gtegar uns T
o SEdfereh HieR 3TEaH qefl ST a9 e &e T 37eef
T o HieR 3T T 3T 21l €1 39 B H 81 76777
1 for Tt qen o eraeen ° fag S T w9e el
T q° FH A iR =9 SNfUad SR % A |
%8 1 119 o1 Tad STeree I ST Gehdl €1 89 I8 ot
ST B T o A % A S AR
oI, woardt aeht 1 39 e YR feman S 2

5.10 FAT hT FETeRIOT

Toreit Tl Rl T e g9 STareen ok el Se-3TEaA-d
el o ol sffhe Yo OR oMY el A Hred
TrEeEEEe % o Ru) s fafe Al W
TRATFIEE o HHAM TN Wid (fa 5.13) 1 a5 |
=g U1 T TR aredferen T e SRS o 9HH

(5.33)

151

ferT 5.13: fafs ardl @ sh1e SE3aIIES & THardt 3IRE

EER <IMGT &1 Urgsl + =@ foh 3=a a9 W gHard!
T STyl T 3 AT ST % A e §1 3=
7 ot aren for S <@ W ot T A wfaa & T
S Fehdl | e A9 Y TR a1 €, @ o5 1 AT
uRafda &1 St @ qen stk o1eyl R | o
T €1 30.98°C W 73 THSHA™ T ¥ Y e
STgeTTEE T 5o sreee ¥ wEdt @ (faw 5.13 o fag
E)| 73 aASH™ T@ W HTe SEAFRIEE T8all ar
Td LYl W ke Bl B 30.98°C AU e
TEATIEE 1 hifdeh 1T (T) e ¢l I8 o8
Aferhad a9 €, fR 59 e SRstiRTES W Bt
& o etfueh a9 W T 19 et 2

hifdeh O19 T Teh Hiel 19 1 A=A shifaeh
IMIAT (V) q1 3 9 W IE Fhifaeh I (p)
e &l

shifdeh AT, Shifdeh <& QAT hifaeh ST oh
‘shifaeh Teerie’ wed €1 TH: T @M R o e
SESlaEe Hdifed & Wil €1 @<l W@l g9 e
TEFIES & GHAH @ YEl| S el
ST @ TeM W FUead H Y& AT Fal i
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FH Giead &I Jf¥[ Fdt 71 21.5°C W &5 B d%
e SEAFES T e ¥ wdl 81 f9g B W
fafire eTmaae =1 59 9 el 21 9ok Suia gred
W e qiefdd el e 81 5o a2 T shie SEsieEEe
Y- wA B IE YA d@H WO HT G
arfersk et & den fag ¢ wrwt g @1 795 ¢ R 9l T
o B S @1 eI O <6 @ W gd S8
FH Hifed g1 € a1 Tk stfagen @ faed €1 v,
YV, T AP W ged gded p, ¥ p, T H
stfagerr s & (Forst 5.13) 1 30.98°C (hifaes @)
Q 9 Yo% 9% T YR 1 YI TR e 2
Y A9 T oheel &fast @1 i @arE § gig sl 2l
wifaer fog W &fast am wer fog o faefi= = s 21
31d: B9 2w & Tk fo 5.13 o fag A g sveren
1 T H €1 D foIg 59 Sraeen i yaf¥i e
2, otk 39 fog 9§ F jaqm ompfa § weH
STPATRATSS 1 S qeN T Yeren qreareee o gl
21 @t T feer 90 W wdEA (FEardt wdEd) W
e SRATFAZE o HHH EIEN WERE Hidl 2
SRIF e 78 «ff wid € & i o faw Tt
1 hifder ard @ == 37 feman ST Hehan 81 Shifesh @
o 3ffuehad amd B ¢, TR gdiehd T qem ar
fe@r <t ©1 ol Wi (srerfe 9 T, Sz % owE A
AR eTeHe o TS et €) o Sl o
fau am 9 = & 9Y-9y qai| gied STevas
gl 21 Wited, 9 o Sfupel i uE-I o €,
Safeh A9 HH I Y TS T THA HH B Sl B,
31T AT 3= foharn &1 & Tifasfier STopsTl ot
G-I FIA § 9T TG Felhd 8 S 81 T T H
%9 | a1 59 i 19 H T yrewe | ®d gy uRkafid
feran < wehar B1 SeRoned— st 5.13 ® A9 dgH W
S g9 fag A @ F &1 3R 9 €, d9 39 GHard! e
(31.1°C) o ®WER TR a™ W T = gdifed w
W fag G fierar 21 sHh TS W A9 HH Hich
FeateR e i 3R fag D W W €1 59 € g fag
H & TR &3 ¢, 59 & eF 59 91 g1 8, W el
off q yreemd sufterd T B € ARk @@ wRme
Fifdh d9 W GO B 2, A uSref had TH €
e | Tl B

e fagm

3 g9 qe THE srEee ¥ "o (FRawan) ®
TH A SEE 1 TEEFH o Tolq 9 99 59 oh
U 9t UE R TAN H R S 8 37 59 I g
& HEffd ®9 | @1 S Gohdl 81 Sa 9, ifaeh ard
T A9 W E § (q° SHRT S [EEIAT i
o Bl d %o aun 1 o fadg fma w1 " €, Fifw
7q ufifterfq & ga qen 9 wremeeen 9 8 © 3w
e o we fadeent wd faard <t 21 7| favd
Ra &t sufarfa H zw fwet of fafy gmosA R
sraeenat | fase 7Ef w3 "o 2| whifdes a9 WA H
%a 1 YR Tgcdel qel Had el ©, & 9l Wi
Yk HIACA! T 2199 B Sl € (W 5.11.1)1
ifaes a9 § = frdl st 719 1 el @ aQET
Fellehd fehal S Henel 81 38 S® Ugref 1 a1 shed 2|
Hifdes a9 | 9 FET SEATTARES HI HTET
STEATTEE o’ HEd &1 S Tl o shifdeh feerien
o T GROf 5.4 § fEu T ©)

ANUT 5.4 S UGSl ok shifdeh (ANl

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

IR 5.5
s g Tt wifds qau w@d 2, fhee
RHTOT T o STU[S o HeR YU Sl W
Fft Shear 1 STHITE qe HTe SESATRIES o
Sifdeh a9 HHY: 405.5K 92 304.10K 21 4
9 1 500K ¥ FHETST A9 deh HH HE, dl i
o T Ted Feiehd enil?

'

ST T SO TgS BN, Hifh ST
Sifdeh AT Jgel U< 21 S| Hied SRS
o galeRt0l oh T 3T eaferes sfiaer e sl
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5.11 o 39T
T TN HY IO W, K STl H SAeTH 9
afferen gl BId 81 S9eh 1] Sa4 UG- B § TR
37k T fio T Sgd A Bl 81w aRferfE
" g %) go | 59 oifesk e B 2

Zal o 3] AUV SARYT Al g S @
& ot 1 T ffeed g €1 FifE 1) ThE-TW
T gk TEl eI §, Sefh 59 o 310] G €9 § THA
F Wl €, oo 59 yafed e €1 59 H T U
Y TR U= H Sl S Tehdl € a1 forg o 39 @
ST B, S 1 SAMHTd TE0T T ol B T8 TS | &Y
59 % FS TON, S~ STSIRTE, TS q AT h
ST |

5.11.1 dqgTa

g we faifad o= &l g9 9 TS €9 W 90 S
2, 59 1 S A ATIehd Bl TS o I ST
1 9 B YRH § 5o afoad Bl © qe ard o gl
%d &1 Hdg W @ MY @ (I I) H Jhg Bt
S ®1 FP GHF UvEN 98 TR @ S @ aen
S-S UF arSq-TIX] oF Hed 9r Tid @l
Sl B TE ARl H ATEe W dTeeTe 1l
I ATHETel Fecldl g i TS i Fiehar ad W
aTenfid it ©, o7 fordlt 59 o arasrE 1 ==
G A9 1 Seoid HET SEYTE Bl 8l

e %9 1 Gl TF H TR A S 7, 99 9%
AT HaE 9 arodiehd Bl 1 Se % sl ST STEl
T[E & THE W1 S, T W K HT AHHI0T BH
ST € T 9TSg 379 URESt § ged &Y | gEifid g
21 "yl 59 % e arodieRtor St fefq i Seer’
Fed 21 98 Y, TR 5l 59 &1 arIeE 9w SE
& M B S §, T8 SH @ W 59 HT  FILAR
FEA B HS EN FAl % argeE o 5.4 H
TUIT T §| T AgHEHTT 6 W T FI W
FAYAIE FEd | AR @ T bar &1, q F2Hi% i
UFeh FaeHleh %ed 8| el 59 %1 A i
T F92Hih | F2 w9 Bl ¢ ik Tk bar &
T AgHS T ¥ %O HH Bl €, 3: S
Y FLAIR 100°C (373K) §, Sefeh A FaMih
99.6°C (372.6K) &I
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760 -
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500 A

400 A

areaere (THfH Hg)
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|
|
|
|
|
1
1
1
|
1
|
|
|
1
|
|
|
1
1
1
1
1
|
|
|

0

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

forT 5.14

S I R IgEEed 9 FH el €, 37
THEAA I ol H Iod IR W 59 HA q9 W
Il 21 e TeTSl W et %Y A9 W Saeldl §, 37d:
A Hl TR o AT U¥R Hehl T SHHA R
vedl 21 fafraaeml o vea-fear § &m erem
IYHION 1 Alard B Salereht AMURTed fhan S
2, Fifer siidiata & 7@ W 9R W@ <6 951 9
3o fHfed STet o1 Faeris 9g S €l

e B 59 1 &S U H S ©, a9 FeE Tél
BIal B1 T A T S W aouee Seal 81 IR §
79 q AT % WeA U T HiW-d feerd ot |,
ifeh e SIS 1 ot § SAferen Fo Bl 81 Se-s
A9 S S §, oH-S9 SAfreRTfyeh 7] STy e
H ufafda g € de o 1 S sear S g1 <
3 - e €, o6: J G e S| 54 g9 qel
o7 T T THM @ S €, T 59 91 oY ok TeA
1 HHE-an 21gvd € S @1 g ag ‘shifass
e ¢, fSEeh! = e0 @€ 5.10 § o b 2l
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5.11.2 U dAld (Surface Tension)

Ig gefafed 9o ? & 59 U 1 TR T HT o
&1 wehdl 1 < e W Held i Sl MR [iiwehT
& ¥ H & et 82 0 ok dd H g F H0
YE-gUeh ol B & 9 sl el 9H W wy
e sl S €72 ShfSteRt Tell bl %9 ol o Hueh o
M W TR el | g9 weal el Iatdl #4872
3 geft e 59 o fafere o, N9 ‘g-amma’
FEd §, % HRO A T 5T F TH G § TF 70 gft
fegmatl § HH STRT Sl W Ll © el IRomH
RT T T T ©, W Tee W T o1 31
1= oF STU[3AT oh R 59 o L i 3T AR e
I9d H 2 (Tt 5.15) HAifh 3Tk SR 1] e
Bl

Hag! 3] :

a H 3R *l

3R SR
@ EIGIECTC 1

[eft fegmet
w" 7 e
__
ferd 5.15 : 59 &1 Gag W a7 59 o 377 9T 877 |

ARIfd 57

59 STIH T ki AdH F FI YAE HIA 7, FdE
o STt W A o F9 AT 3R BT © 3R ST Sl
gS o sufterd Srups w1 e 9 At B @ e
IS o ST W 42 9t TEf 2l SEie Se B wef
e W W 0] T 1 Bl 21 AR G | W 9] He
W AR HqE 1 AGHET STl AR Sl i IR
FTA BN 9ok feq Setl =4 it 21 foRedt 59 1
Hag H THi% ghg oh o0 STavas Sei &l ‘OB
S’ Fed 71 TEHT SHE Jm2 B 1 T W G
TE Ueh W@ i Tehich e W AT dTc] dAded 9l hi
‘gs3-qrd’ hed €1 3 Wi s y () 9 weiE
Fd T TEhT 3T kgs> q1 SITHE H Nm! 2l

e fagm

21 frelt a1 1 Freae Seie a0 Bl €, ST SEeh
I3 & freran = 39 feufa & Temsfa dqs
Fd B L HRO1 § fop i BT S den wehd w1
TR R Bl & AT shi= o 1807 fehv ! TRH Hich
TR S ST ekl 1 TRA fRT ST R i et
2 1 59 1 TR Tiel SMehTd o o1 FAE Ll @,
TSRy fepmrr ferehel o1 e 81 39 i BT S1fiA-difersr’
(Fire-polishing) ®&d 2

J3-T1d o hRUT Teh ShyMIciehl H §d agdl a1
A B 5 TGS B AW HL 21§, FH a8 e
WA o &9 H o] 1 Hde W el Sl &1 GI1 o
F0 IH-U B4 ¥, Fifh St w1 Udell wd
T3-qA1d FH e Sl 71 T8 Y3 qF & € S 5o Bl
GAZ ! T BT 0T 3T &1 T[EeT-F91d o HROT geait
A R LT N e e
el | ¢ gl Merer gt 2|

I3-qAd 1 URETT T Sk STUST o WA
AR Tl T R 81 S ST 2t
I €, 7 Je3-—aTd 3Tfeeh el 21 19 "@M W S0
FI AS-Fol g W § q FeR U A 1
FIfEdT A 8 St 81 $7d: AI9 g W YRS FH
Bl T 2

5.11.3 9dACT

Ig 5ai T Afaenefires o1 21 59 S JaTg 1 STaEn
Y Sl T BT TR ThH-SH o HU ToRdl €, 7 Ik
e I YT el o HIY i TAFA Hed | Tl
UL o Hed Yool S SAfVersk Sl o HIROT Bl @
ST TRell T Tk 1 A @ € S Sk TH-TR W
e Wl iy i 2

w9 el 1 WA fRd fen wde W e €, 7
39 (59) 1 98 Wd, Sl Gag o GIH § el ®,
TR 8 W @1 S-S e W § S Wl
T el St 2, S-S59I T O gl Wl 21 3
TH YR 1 Yorg, TSEH T wed @ gEdl Td 1 an
U : TG Tel Sl ¢, ST Yore’ dhedrd 8 At
T Yaited 5a § forelt ot a1 99 (o 5.16) @
IO S TG gHH] o §@wl ¢, Seleh ool wa
AT H FHH B 2
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ﬁl

=7

u+du

e
/

L[S

farT 5.16 : @AOF A€ § a7 FT FUiHT

I g dz T A 1 ST du IREfdd e €, a3

Wﬁ%@mﬁmw%mﬁ%mﬁ

TAIT WA o oTU Ueh et 1 S99kl Bt 21 I8 o
HUehge Tl o &Shel 9 av-Jaurdl o HHIAw!
B 2l
3d: Foc A (A HTh &1 kel 2)

du

F o —
dz

(et S Ay #, e g % we A A
Tied 21)

FoenAdY L ponady
dz

A_
N dz

el T T i €, o ‘v qonie’

ed B| AN Ok o &l €, St SN-Weurdl qe
Hqeh 1 &AR SHIE ol 39 THR 1) foemifaar #t
1 | I ToTish 1 SIThTE 1 =24 Hehe Wfd
A, (Nsm™), aﬂhwﬁaﬁpas=lkgm’l st
21 cgs TS § ANl UNE I THE e (HEH
SR S ogd TEseiel & AW W) T

1 poise=1gcm's?=10"'kg m's™

A SAfHeh B W Fd 1 Yo &g HR Bl
2| BIESISH 58 A1 SISTeed gel o HRU fareahTi
93 STl §| Sia T A fadfa 59 ¢ 98 31 e
el € fop gweh stferenter o1 S @ firerd ©

A9 S T YANA 1 0 FHH B @ L,
Fiifeh Ak a9 W Tup T fast el Afusk Bt
2, TE8 SRUEE oell B W #R TH-SW R
fhgerdt 21
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e fagm

RI9T

%54 o HUN oh HeA AU 5l B 21 A o 3 Faoia Mafera i oF Hed Sea B ol fEer S
aait o fo=1 g €1 W € A 37 Aol w1 ot g TE wd €, S gegasn g9 § Q1w oo
Tl | SSHIE TS qe Sl 1= TR o Hed widglga weA i steeen i Fuiia el 81 57 ok
T U (S TG 1 SRR, ol qe Sl % U 3R STRT e | qRed, sedet Hull 9o Sk Hed
= fopan R el hed ©1 wref o e or STt STereen o g O yefed e g €, g St
fepamefierar Wiifish staeen w el w2

g o STUpAl o HeA AHUU-Set Mfd = B B A STh! TEEARTR i W o R 72w
E| hw Yeruita o1 (SR— e, SR, 19 G SoAH) i Sareiar 3 T o iR el oh SWid
fafa= T e fRw) sige o FRmEER weard aRftefae § T fivea gefq el 19 1 < S5eh ST
o A BT 81 <Ted 1 st gRfeofal & s den W qi9 o T G i SEid
Tk AR, et fafvem el arelt 19 w1 e1rae" S9eh WA a19 o GHEA g 81 3 i S gRiis
S p VlamTlﬁw@ﬁaﬁmamqﬁaﬁ-—rﬁpz, stﬁTTzﬁthm,aisﬂaﬁaﬂwaﬁémw

il 1 i g e S = P w4 e o e o AL A
Tl =R A1 foman ST Gehal 21 SAERTS! & STER, A9 TS I 1 GAE aRfefat & 6 & g6 e
H 37upsti ot T off 9uE el §1 leed o o1ifere <@ o FEmER, afkaric T\ % fago w1 g e
3ok SR T ok A ok SR FAT €, 1 AT, T[E, STHH 91 Wil %l WEA ok 9 siadey 19 &
e o T heat 21 59 ‘T 1 Yo WHIHOT Thed €1 SEY WY o foiu sree Wi pv =
nRT M 8, Sl R 19 feoriss 21 <@, S1aad e ard &1 g T8 3o W 58t 9 Rk e 21

= [ 91 HH A9 R TG ok AU o Hed AR -oA Yool & S &, Fifh A 0] qE-q
3 S B 919 TS < 1 S9g Rl § 79 i gdiga fRa S gshdl €1 59 H1 w9 Edd & |
T T Hle e AT S Gehell €1 Folel SRV TehH0-ail oh SRVl 5o oh o 101 TS, Tl
a7 €

A

51  30°¥. @1 1 bar 3@ W a1F % 500 dm® 3T 1 200 dm’ T Hulfed & oF foag foma
AT TE i STALIRT B2

52 35°W. A9 Ul 1.2 bar &6 W 120 mL a1 ol oS § 19 w1 fAfvea qen @ 2 At 350
Y. W T I 180 mL HIRAT STel Tk § TAHIARA TR Sl €, Al T 1 <@ @ g

53 STER-GHIHIU T STAN Hd gU T HIfQ fom KU 10 a9 R 719 H1 57 719 ok 6w
THMEUT B 2l

54 0°C W @1 2 bar @ T fHEl T4 o 3ffFAES 1 5@ 5 bar @ W SEAESH & Hcd
o HOE @, A ATHEE 1 SU-9R F1 72

55  27°9 R TH UM NS TG 1 I 2 bar T o GHH q19 T € R 3TH I TH A TG
e St &, @ <@ 3 bar @ S @1 37 TG o 109X § Gee Torfuq whifew)

56 Il IR T 9 SHe § ged A H UgAtEm g 21 98 s |l 9w
STZERSISH T 1 €1 A 1 bar 4 20°C 9 W 0.15 U™ Qeiat=m stfafwn wam,
i SIERTRgeM &1 ST¥aT 1 ghm?
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5.7

5.8

5.9

5.10

5.11

512

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’® &NiATeTe T | 3.2 | T 907 4.4 UM e SEFIES &1 fHgo
B, O SHHhT <@ 1 B2

27°C @9 W 574 1 folet & % | 0.7 bar W 2.0 foeX SEsiasH a2 0.8 bar W 0.5 L
SEEESISH 1 9 Sl 2, d 6 e =1 g™ @ en?

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

I 546°C A1 0.1 bar & W 34.05 mL HIEHRE 15T 1 R 0.0625 ¢ €, Al BREHRE w1 Hiel
AT F1 B2

e faeneff 27°C W e 9 & werek ¥ sAfafman-fago e ga T 9 39 v 6
ST R W@ T 5 999 9vEn 39 AU A 1 ST gl 3§ STMEdT 1w
Y TR 1 A9 477°C T A9 FAEC o a1 w1 foha 91T v § a8 e
3.32 bar W 5 dm® 3P ST 4.0 mol T o T9 i TUMT SHifey|

(R=0.83 bar dm® mol ™)

1.4 g STEAEISH 9 H SURYA el Selagiql 1 & i U] SHiferu)

IfE T Fohe ¥ 10" g o W faafd fhe S, df STeinei-Sean o aXeR g fadia &
o fora wHg @

27°C M9 W 1 dm’® ST Folreh § 8 TH STEaifaiis qei 4 U S[EeEesH & THem
1 A <@ R M2

eI o R a1 foeenfid o1 o 9R & S 1 Uelie’ ®ed €1 9 27°C W 10m e
TR H 1.66 bar W 100 kg Tfaad w SW, q Yale i TN Fif| (AF H =TT
=1.2 gmm™ e R = 0.083 bar dm’® mol ™)

31.1 C @9 | bar <@ W 8.8 T CO, §R R Y R i UM Hifor)
R=0.083 bar L mol™

THM T W HHl T o 2.9 g TAHM H1 95°C AU 0.184 g SEETEEISH w1 17°C W 3G
TAM 2| 9y foh TH 1 HeR S| a4 en?

TF bar <19 W TEEESSH qU SEAFISH & 4901 § 20% TEEESSA (WK ¥) W Sl
2, A SEEESSH 1 SN I 1 e

pV2T2/n T & fau SI s&E F1 80?2

wed o o o YR R GHET R =Han Had a9 -273°C g 2

THTe SIESTRAES qell WF ol Shifdeh aTd SHA: 31.1°C TE -81.9°C 21 310 ¥ fohed ol
W AMveh ol & a1 A2

AietaTed e i i Fefehdl s TuEE)
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